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~ t u d e  de la semelle metamorphique du complexe du 
Mont Albert, Gaspesie, Quebec' 

Y. Denis Gagnonz et Rebecca A. Jamiesonz 

Division de la lithosphere et du Bouchier canadien 

Gagnon, Y.D., et Jamieson, R.A., ~ t u d e  de la semelle mbtamorphique du complexe du Mont Albert, 
Gaspesie, Quebec; W s  Recherches en cours, Partie B, Commission ggologique du Canada, Etude 86-lB, 
p. 1-10, 1986. 

La semelle metamorphique du Mont Albert represente une zone de cisaillement A haute temperature. Se situant 
structuralement au-dessous de la peridotite, elle possbde les principales caracteristiques des <( aureoles dynamother- 
males ,, associees aux complexes ophiolitiques. Plusieurs coupes geologiques faites dans le secteur nord-est de ce 
complexe caracterisb par d'intenses dbformations, la presence de protolites, une association structurale avec la pbridotite 
sus-jacente, ainsi que de forts gradients thermiques et barometriques inverses, ont permis de distinguer lasuperposition, a 
I'intbrieur m6me de la semelle metamorphique, de quatre terrains distincts composbs d'amphibolite et de mbtasediments. 
Les etudes petrologiques et structurales semblent indiquer que sa formation aurait debut6 en milieu oceanique pour se 
terminer en bordure de la marge continentale et se serait produite de la fa~on suivante : 

1) transport et mbtamorphisme sous la peridotite des roches de plus haut degrb; puis 

2) incorporation successive des roches de degrb moins eleve la semelle mbtamorphique alors que la pbridotite 
chevauchait des terrains plus riches en sediments et a temperature plus basse. 

Abstract 

The metamorphic sole of the Mount Albert complex is a high temperature shear zone, structurally underlying the 
peridotite and showing the main characteristics of dynamothermal aureoles associated with ophiolite complexes. Several 
geological sections in the northeast part of this complex, characterized by intense deformation, the presence of protoliths, a 
structural association with the overlying peridotite, as well as high inverted temperature and pressure gradients, have led to 
the recognition, within the metamorphic body, of four superimposed zones composed of amphibolite and metasediments. 
Petrographic and structural studies seem to indicate that formation of the metamorphic body began in an oceanic 
environment and ended along the edge of the continental margin, and involved: 

1) transportation and metamorphism, under the peridotite, of the highest grade rocks, followed by 

2) successive incorporation of lower grade rocks into the metamorphic sole while the peridotite overthrust lower- 
temperature terranes that were richer in sediments. 

Contribution au Plan de developpement 6conomique CanadaIGasp$sie et Bas Saint-Laurent, Volet Mines 1983-1988 
2 Departement de geologic, universitb Dalhousie, Halifax, Nouvelle-Ecosse B3H 3J5 





Introduction 
La peridotite du  Mont Albert se situe dans les monts Chic- 

Choc, en Gaspesie (66'10' longitude 0; 48'50' latitude N; 
SNRC:22B/16). Elle se retrouve A la bordure sud-est du domaine 
interne des Appalaches quebecoises (St-Julien et Hubert, 1975), 
en Gasphie, et se prksente sous forme d'un klippe semi-cir- 
culaire de 5 sur 8 km. Elle se compose essentiellement de 
bandes metriques d'harzburgite et de dunite partiellement ser- 
pentinisees et repose structuralement sur, et est entouree par, 
une cc semelle metamorphique ,, composee d'amphibolites et de 
metasediments. I1 s'agit en outre de roches foliees et plissees. Le 
complexe du  Mont Albert, qui inclut la peridotite et la semelle 
metamorphique sous-jacente, est entour6 sur trois c6tes par les 
roches mktasedimentaires et metavolcaniques du  groupe des 
Chic-Choc et est bord6 au sud par la faille Chic-Choc Sud 
(fig. 1.1). 

Les resultats des travaux sur le terrain executes au cours de 
l'ete 1984 viennent appuyer les conclusions de Beaudin (1983) 
fondees sur des considerations structurales, petrographiques et 
regionales, et aux termes desquelles cet auteur suggere que la 
peridotite du  Mont Albert soit une peridotite de type alpin 
plut6t qu'intrusif (MacGregor, 1962, 1964; MacGregor et Basu, 
1976, 1979). Dans le cadre du  present rapport, I'observation 
detaillee des roches metamorphiques entourant la peridotite 
semble indiquer que le degre du metamorphisme augmente 
vers la peridotite depuis le groupe des Chic-Choc, mais qu'il ne 
s'agit pas d'une progression continue du  metamorphisme ainsi 
que l'ont indiquk MacGregor (1964) et Beaudin (1983). En outre, 
il a kt6 souligne (Gagnon et Jamieson, 1985) que les roches 
metamorphiques qui entourent la peridotite du Mont Albert 
sont structuralement et petrographiquement tres differentes 
des roches du groupe des Chic-Choc et ne peuvent deriver du 
metamorphisme des roches m6tavolcaniques et metasedimen- 
taires du groupe des Chic-Choc ainsi que l'ont prkcedemment 
suggerk MacGregor (1964) et Beaudin (1983). 

A la suite de recents travaux effectues au cours de l'6t6 1985, 
il appert que les roches metamorphiques qui entourent la pe- 
ridotite forment une semelle metamorphique comportant les 

principales caractkristiques structurales et petrographiques des 
cc aureoles dynamothermales ), associees aux peridotites alpines 
(Williams et Smyth, 1973; Coleman et Irwin, 1977; Jamieson, 
1980; Spray, 1984). Dans son ensemble, la semelle metamorphi- 
que du Mont Albert montre d'intenses deformations associees 
au metamorphisrne, de  rapides variations lithologiques, p6- 
trographiques et texturales ainsi qu'une association structurale 
avec la peridotite sus-jacente. Les rksultats obtenus A partir de 
coupes geologiques faites depuis la peridotite jusque dans le 
groupe des Chic-Choc ont permis de distinguer la superposi- 
tion de plusieurs terrains lithologiquement et petrologique- 
ment distincts. 

La discussion qui suit porte sur la description detaillee de 
ces coupes g6ologiques faites depuis la partie nord-est de la 
peridotite du  Mont Albert jusque dans le groupe des Chic- 
Choc. Cette localit6 a 6th choisie en raison de la presence d'une 
couverture vegetale tr&s peu developpee et de son profil to- 
pographique representatif de la structure interne de la semelle 
metamorphique. L'analyse de ces coupes geologiques permet 
de distinguer quatre differents types de terrain a partir de 
criteres petrographiques, texturaux et structuraux. Aux fins de 
description, ils porteront les numeros 1, 2, 3, 4, allant du pre- 
mier (terrain 1) sit& en bordure du  contact de la peridotite et de 
la semelle metarnorphique au quatrieme (terrain 4), A la base de 
la semelle metamorphique en bordure du groupe des Chic- 
Choc (fig. 1.2). 

Descriptions lithologiques des terrains 
Terrain 1 

Le terrain 1 borde la peridotite. I1 se compose d'hornblen- 
dite, d'hornblendite a grenat, d'amphibolite a clinopyroxene et 
d'amphibolite A clinopyroxene et grenat. Les hornblendites 
sont composees essentiellement de  hornblende en  cristaux 
trapus de  3 A 6 mm que l'on peut appeler des hornblendites A 
grenat lorsqu'elles contiennent des quantites appreciables de 
grenat. Des bandes riches en  grenat ou en clinopyroxene, ou les 
deux, se retrouvent dans une foliation donnee par l'orienta- 
tion planaire des crystaux de  hornblende, formant ainsi les 

Figure 1.2. La semelle m6tamorphique du Mont Albert, secteur nord-est. Voir la legende a la figure 1.1 





amphibolites h clinopyroxene et les amphibolites h clinopy- 
roxene et grenat. Ces dernieres, caracterisees par la taille 
moyenne de leurs grains, presentent des textures granoblasti- 
ques oh porphyroclastiques. Ces roches contiennent des quan- 
titees variables de plagioclase et d'epidote et sont ainsi 6gale- 
ment caract6risees par un rubanement produit par de tres 
importantes variations compositionnelles et texturales. 

Terrain 2 

Le terrain 2 se compose de hornblendite, d'amphibolite h 
clinopyroxGne, d'amphibolite B clinopyroxPne et epidote, 
d'amphibolite felsique, d'amphibolite B grenat et de metasedi- 
ments. Dans le terrain 2, les amphibolites sont caracterisees par 
un rubanement compositionnel dQ principalement B la pre- 
sence de bandes riches en epidote ou riches en plagioclase. Le 
clinopyroxene, la hornblende et le quartz se retrouvent en 
quantites variables. Des lentilles de hornblendite h grains 
moyens se manifestent, en moindre quantite, dans les amphi- 
bolites. Des bandes riches en epidote et clinopyroxene provien- 
nent du cisaillement et de l'allongement de soucoupes et len- 
titles clinopyroxene et plagioclase. A I'kchelle de l'6chantillon, 
la formation de l'epidote associee aux bandes h clinopyroxene 
semble s'etre effectuee aux depends du plagioclase. Dans les 
amphibolites felsiques, des porphyroclastes de feldspath de 
I'ordre de un h trois centimetres se retrouvent allonges dans le 
plan de la foliation principale. Un dyke tardif, compose essen- 
tiellement de plagioclase, a 6t6 trouve en un seul endroit du 
terrain 2; ce dyke B texture pegmatitique recoupe la foliation 
principale. L'amphibolite B grenat n'est presente que locale- 
ment, soit en bordure de bandes metasedimentaires. Les meta- 
sediments, presentes en ordre decroissant d'importance, con- 
sistent en des gneiss quartzo-feldspathiques B biotite et grenat, 
des schistes h biotite et muscovite (avec oQ sans grenat), des 
quartzites h grenat, et des gneiss feldspathiques h biotite et 
muscovite. Chacune de ces roches se retrouve en bandes oh 
lentilles d'epaisseur variable (10 B 30 cm) qui, assemblees, cons- 
tituent les bandes mktasedimentaires megascopiques repre- 
sentees sur les coupes geologiques (fig. 1.3). Leurs foliations 
sont generalement bien developpees et concordantes avec la 
foliation des amphibolites adjacentes. 

Sur le terrain, on observe une interdigitation partielle des 
bandes metasedimentaires et des amphibolites, 18 oh elles sont 
en contact. I1 en r6sulte localement la production d'une roche 
cc melangee n contenant h la fois des materiaux mbtasbdimen- 
taires et metabasiques. Cette interdigitation semble la cause de 
la reapparition du grenat dans les amphibolites en bordure de 
bandes metasedimentaires (souvent riches en grenat dans le 
terrain 2). 

Terrain 3 

Dans le terrain 3, l'amphibolite dominante est de nature 
felsique (riche en plagioclase et quartz), h grains fins, et h texture 
generalement protomylonitique. Les feldspaths se retrouvent 
parfois sous forme de porphyroclastes allonges dans le plan de 
la foliation. Ils sont d'echelle centimetrique et souvent entoures 
d'un fin revetement de hornblende. I1 s'agit gkneralement de 
quartz intersticiel. Ces amphibolites felsiques se retrouvent 
avec des quantites variables de bandes d'amphibolite B epidote. 
Ces dernieres sont gknkralement plus cisaillees et A grains plus 
fins que les amphibolites felsiques. De fines lentilles de 
hornblendite h grains fins se manifestent entre des bandes 
d'amphibolite B epidote et d'amphibolite felsique. On peut 
alors observer une diminution de la quantite de pIagioc1ase du 
c6t6 de I'amphibolite felsique adjacente. 

Les bandes megascopiques de metasediments sont com- 
posites et ces derniers, d'aspect gneissique ou schisteux, se 
reconnaissent h leur nature feldspathique ou quartzo- 

feldspathique souvent caracterisee par une abondance de mus- 
covite et de biotite. On retrouve egalement de petites quantites 
de grenat, de chlorite et d'epidote. Ces bandes font preuve, 
entre elles, de contacts francs et cisaillants. Ces roches se mani- 
festent en bandes de 10 cm h 1 m d16paisseur. La foliation de ces 
roches est generalement bien d6velopp6e, grossiere et subcon- 
cordante avec la foliation des arnphibolites adjacentes. 

Comme dans le deuxieme terrain, on peut parfois observer 
une interdigitation partielle des m6tasediments et des amphi- 
bolites aux endroits de contact. I1 en resulte ici une augmenta- 
tion de la quantite de feldspath dans les amphibolites adja- 
centes. Une lentille metrique de marbre a 6t6 trouvee h un 
endroit dans une zone legerement brPchifi6e du terrain 3. 

Terrain 4 

Le terrain 4 se compose essentiellement d'amphibolite avec 
des quantites variables d'epidote, de plagioclase, de horn- 
blende et de quartz formant un rubanement compositionnel, 
qui consiste d'amphibolite felsique et d'amphibolite h epidote. 
Ces bandes d'epaisseur centimetrique, montrent des contacts 
cisaillants et francs. Une granulometrie tres fine et une texture 
mylonitique avec une orientation prefbrentielle tres bien deve- 
loppee caracterisent les roches composantes. Une lineation 
minOrale egalement bien developpee est donnee par l'aligne- 
ment de fines aiguilles de hornblende dans le plan de la foliation 
principale. Le quartz, genkralement intersticiel, y est abondant. 

A l'ouest du Mont Albert, les peridotites du Mont du Sud et 
du Mont Paul occupent la m&me position tectonostratigraphi- 
que que celle du Mont Albert. Le Mont du Sud possede une 
semelle rnetamorphique similaire B celle du Mont Albert. On y 
retrouve, dans le m6mes positions respectives, un terrain de 
type 1 et un terrain de type 3 fortement plissb. Ce complexe 
repose sur les roches du groupe des Chic-Choc. La peridotite 
du Mont Paul, pour sa part, repose directement sur les roches 
du groupe des Chic-Choc. Sa mise en place a produit la defor- 
mation et le metamorphisme des roches proximales du groupe 
des Chic-Choc. 

Structure 

Le rubanement general de la peridotite dessine un pli ma- 
croscopique couch6 avec un axe orient6 selon 240-45" et une 
surface axiale, selon 140-45" (fig. 1.1). Les plus importantes con- 
centrations de chromite se retrouvent dans la charniere de ce 
pli. En outre, il est important de noter la nature discordante du 
rubanement dans la peridotite par rapport au contact de la 
peridotite et de la semelle rnetamorphique. Toutefois, en bor- 
dure du contact avec la semelle rnetamorphique (A moins de 
40 m), la peridotite est mylonitisee et moitre une foliation pa- 
rallPle au contact de la vbidotite et de la semelle metamorvhi- 
que. Les contacts entre, d'une part, la phridotite et la semelle 
metamorphique et, d'autre part, l'aureole et le groupe des Chic- 
Choc sont represent& par des failles majeures. Les contacts 
entre les terrains 1 et 2,2 et 3, et enfin 3 et 4 correspondent h des 
variations lithologiques rapides, et cela dans des zones B inten- 
sit6 de cisaillement relativement elevee. 11 faut eealement noter 
que I'extension laterale de chacun des terrain: peut s'averer 
variable en raison de la nature composite de la semelle meta- 
morphique. Ces terrains se retrouvent en bandes subparalleles 
au contact de la pkridotite et de la semelle metamorphique dans 
la partie ouest, nord et nord-est du complexe. Dans la partie 
sud-est, des mouvements de faille semblent avoir influence leur 
rbpartition. 

Dans le terrain 1, un seul episode de deformation se traduit 
par le d6veloppement de la foiiation principale superposee au 
rubanement. Aucunes structures anterieures ou postkrieures 
n'y ont 6th observees. Le rubanement m6tamorphique se 
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Figure 1.4. Chimie des minkraux 

La presence de rev6tements de hornblende et epidote au- 
tour de grenats et la destabilisation des clinopyroxenes en horn- 
blende, indiquent un metamorphisme retrogressif dans les 
conditions associees au facies A epidote-amphibolite. I1 est inte- 
ressant de noter que, plus ces roches sont cisaillees dans le plan 
de la foliation principale, plus les produits de ces reactions 
retrogressives sont abondants. Cette observation s'applique 
aussi aux terrains 2 et 3. 

Terrain 2 

Les amphibolites du terrain 2 sont caracterisees par un 
rubanement compositionnel cause par des bandes riches en 
epidote ou en plagioclase. Toutes deux peuvent contenir des 
quantitks variables de hornblende, de clinopyroxPne et de 
quartz. Dans le terrain 2, la hornblende est generalement 
hypidiomorphe, bleu-vert, trapue ou allongee, et contient de 
frequentes inclusions d'epidote, de quartz, de plagioclase et de 
mineraux opaques. La hornblende est toujours orientee dans le 
plan de la foliation des amphibolites. On peut toutefois la re- 
trouver neoformbe autour de grains de clinopyrox6ne. Les 
clinopyroxenes, pour leur part, se retrouvent sous forme d'ag- 
gregats dans les bandes d'amphibolite A epidote et clinopy- 
roxene ou dans les lentilles clinopyroxPne et plagioclase; gC- 
neralement deformes, ils presentent des bordures arrondies et 
sont invariablement amphibolitises. L'bpidote est commune 
dans ces amphibolites; elle se retrouve sous forme d'aggregats 
ou de grains isolks, generalement hypidiomorphes, et se dis- 
tingue par la presence de nombreuses inclusions concentrees 

au centre des grains. Le plagioclase est deform6 ou recristallise, 
ou les deux, presque toujours sericitise et remplace, partielle- 
ment ou completement, par repidote. Dans les amphibolites, 
on retrouve des bandes composees essentiellement d'epidote. 
Elles peuvent resulter soit du cisaillement et de la retrogression 
de concentrations de plagioclase, soit du cisaillement de veines 
d'epidote. Sur le terrain, on note que les bandes riches en 
Cpidote et clinopyroxene proviennent du cisaillement de len- 
tilles de clinopyroxene et plagioclase. Des observations de- 
taillees, ont permis d'etablir qu'il s'agit possiblement de 
clinopyroxenes ignes (residuels) plutdt que metamorphiques 
dans certains cas. Ainsi, ces derniers ne pourraient contenir 
d'informations precises sur les conditions physiques du mkta- 
morphisme prograde MI. De plus amples indices texturaux 
sont necessaires afin de pouvoir conclure A ce sujet. 

Dans la partie superieure du terrain 2, de fines veinules 
peu deformees, de composition gabbro-anorthositique (P1 + 
Cpx + Hb + Sph), recoupent par endroits la foliation principale 
des amphibolites. Ces veines temoignent de la presence de 
phenomenes intrusifs synchrones B la deformation et au mbta- 
morphisme. Dans les amphibolites, le clinopyroxene est de 
moins en moins abondant vers la base du terrain 2. En outre, en 
se dirigeant vers la base du terrain 2, les amphibolites devien- 
nent de plus en plus intensement Cpidotisees, et cisaillees dans 
le plan de la foliation. En combinant ces observations, il semble 
que l'effet dynamique du cisaillement a permis une meilleure 
reequilibration des assemblages associes au metamorphisme 
retrograde et ce, dans les conditions associees au facies A epidote- 
amphibolite. 



Les principaux elements constituants des roches quartzo- 
feldspathiques sont le feldspath, le quartz, la muscovite, la 
biotite, le grenat, l'kpidote et la chlorite. Lorsque present, le 
grenat contient souvent de nombreuses inclusions bien ali- 
gnees. La biotite se retrouve en paillettes isolees ou bien elle se 
forme au detriment de la muscovite ou autour des grenats. Les 
feldspaths, generalement sericitises, se manifestent par en- 
droits sous forme de porphyroclastes; ces derniers donnent 
l'impression &&re de caractere orthogneissique. Les quartzites 
B grenat, les schistes h biotite et muscovite et la majorit6 des 
gneiss quartzo-feldspathiques sont sans aucun doute des 
roches m6tasedimentaires. Toutefois, il n'est pas exclut que 
certains gneiss quartzo-feldspathiques derivent du cisaillement 
et du metamorphisme de roches ignees felsiques. 

Terrain 3 

Ces amphibolites sont rubanees dans le plan de la foliation 
principale. L'epaisseur des bandes varie entre 1 et 4 cm et Yon 
peut observer d'importantes variations texturales et granu- 
lometriques d'une bande B l'autre. Les contacts entre ces bandes 
sont francs ou transitionnels (texturaux, mineralogiques et 
granulometriques). Ainsi que dbjh mentionne, les textures gra- 
noblastiques et protomylonitiques dominent dans les amphi- 
bolites du terrain 3. Ces textures ont ete produites par d'inten- 
ses deformations cisaillantes qui ont efface les indices 
permettant de preciser la nature texturale des protolites. Les 
amphibolites du terrain 3 sont caract6risCes par l'assemblage de 
hornblende, epidote, plagioclase et quartz. La hornblende, 
mineral dominant generalement de forme prismatique allon- 
gee, est fortement zonee et orientee dans le plan de la foliation 
principale. L'epidote et le plagioclase sont zones et se manifes- 
tent sous forme d'aggregats de grains arrondis ou entre les 
cristaux de hornblende. Le quartz est generalement intersticiel 
mais peut se retrouver par endroits sous forme de fines lentilles 
dans la foliation principale. 

Dans le terrain 3, la distinction entre differents episodes 
metamorphiques n'est pas nette. Cela peut dependre du fait 
que, mCme s'il y a eu differents kpisodes metamorphiques, ces 
derniers se sont touts produits B I'interieur des faci6s des am- 
phibolites et B Cpidote-amphibolite. Toutefois, un meta- 
morphisme retrograde dans les conditions associees au facihs B 
kpidote-amphibolite, accompagnk d'importants cisaillements 
et du plissement P3, caracterise maintenant ces roches. On peut 
distinguer que les bandes d'amphibolite les plus intensement 
cisaillees (protomylonitiques) sont celles contenant le plus 
d'epidote et que cette derniere se forme souvent au detriment 
des plagioclases adjacents. L'epidotisation des plagioclases 
semble ainsi avoir ete aidee par des deformations cisaillantes 
lors du metamorphisme retrograde. Le rutile, l'ilmenite et le 
sphene se retrouvent comme mineraux connexes; dans ces 
roches, le sphene remplace l'ilmenite et le rutile. 

Terrain 4 
On trouve dans le terrain 4, des amphibolites felsiques et 

des amphibolites B epidote tres bien rubanees. L'epaisseur de 
ces bandes varie entre 2 et 4 cm et les roches presentent des 
textures de nature mylonitique et protomylonitique. repidote, 
tr6s abondante, se prbsente sous des formes variables, forte- 
ment pleochroi'que, zonke et souvent en aggregats avec le 
quartz. Le plagioclase est hypidiomorphe ou xenomorphe, et se 
manifeste generalement sous forme de grains intergranulaires 
sericitises. Un seul assemblage de hornblende, epidote, quartz 
et plagioclase. se distingue dans les amphibolites du terrain 4. 
Cet assemblage resulte d'un metamorphisme dynamique qui 
s'est opere dans les conditions associees au facihs B Ppidote- 
amphibolite. Cet episode de metamorphisme a ete accompagn6 
d'intenses cisaillements ductiles dans le plan de la foliation 
principale, ainsi que du plissement majeu; P3. 
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Dans l'ensemble de la semelle metamorphique, l'on re- 
trouve de fines veinules tardives d'epidote. Elles suivent et 
recoupent la foliation principale des roches, phCnomene qui 
semble indiquer que le metamorphisme retrogressif a touche 
l'ensemble des roches de la semelle metamorphique. 

Les resultats preliminaires indiquent que les hornblendites 
21 grenat, les amphibolites h clinopyroxene, et les amphibolites B 
clinopyroxene et grenat sont des roches mhta-ultrabasiques 
avec des teneur en SiO, variant entre 41 et 45 %. Les amphi- 
bolites 21 clinopyroxene et grenat ont des teneurs plus faibles en 
P20,, TiO, et Na,O que les hornblendites B grenat. Les amphi- 
bolites felsiques et les amphibolites h Cpidote, elles, sont des 
roches mktabasiques dont la teneur en SiO, varie entre 45 et 
51 %. Selon la classification adoptee par Whitehead et Good- 
fellow (1978), ces roches se situent dans le domaine subalcalin. 
Les metabasaltes du groupe des Chic-Choc situes a proximite 
du complexe du Mont Albert contiennent, pour leur part, entre 
46 et 53 % de SiO,. Dans l'ensemble, les diagrammes de Na20, 
A120,, MgO, CaO, FeOl(Fe0 + MgO), P,O, et TiO, par rapport 
B SiO,, montrent que les amphibolites felsiques et les amphi- 
bolites B epidote ont une chimie transitionnelle entre les roches 
mkta-ultramafiques et les metabasaltes du groupe des Chic- 
Choc (fig. 1.5). Toutefois, les roches de la semelle metamorphi- 
que se distinguent par leur teneur plus faible en SiO,, TiO,, 
Na,O et P,O,, et leur teneur plus elevee en MgO, CaO, Cr(ppm) 
et Ni(ppm) que les metabasaltes du groupe des Chic-Choc. Ces 
derniers sont d'affinite differente, se situant dans le domaine 
alcalin (Whitehead et Goodfellow, 1978). De plus amples ana- 
lyses eventuelles pourront possiblement mettre en evidence les 
variations chimiques entre les differents terrains ainsi que celles 
B l'interieur mCme de chaque terrain. 

Sommaire et conclusion 

Les analyses geochimiques n'ont relev6 aucun indice de 
metasomatisme. Le metarnorphisme, dans son ensemble, peut 
Ctre considere comme isochimique. Les protolites du terrain 1 
paraissent de composition ultrabasique, riches en FeO (total) et 
en Ni (ppm) et pauvres en Na,O et &O. I1 semble qu'il se soit 
agi de ferrogabbros rubanes issus de la croiite oceanique. Les 
protolites du terrain 2 paraissent basiques et riches en FeO 
(total); il s'agit, ici encore, de ferrogabbros de la croiite odani- 
que. 11s ktaient possiblement rubanes avant l'episode de meta- 
morphisme. Toutefois, dans ce terrain, la segregation meta- 
morphique accompagnee de deformations cisaillantes pourrait 
expliquer B elle seule les variations compositionnelles du 
rubanement. Plus d'indices texturaux sont necessaires afin de 
conclure 21 ce sujet. Dans le terrain 2, la presence de metasedi- 
ments dans les amphibolites s'explique facilement si I'on consi- 
d h e  que leur insertion a eu lieu lors de l'incorporation de ce 
terrain a la semelle metamorphique en voie d'assemblage. En 
outre, la presence localisee d'activite magmatique synchrone a 
la deformation et B un metamorphisme de haute pression peut 
&re reliee au transport du complexe au-dessus d'une zone de 
subduction. Ce phenomhne expliquerait alors I'insertion de 
lentilles sedimentaires dans les roches gabbroi'ques de la croiite 
oceanique. Les roches du terrain 3 semblent resulter du m6ta- 
morphisme et de la deformation d'une intercalation de skdi- 
ments et de basaltes subalcalins de composition tholleiitique. 
La presence de grandes quantites de m6tasediments quar^tzo- 
feldspathiques, de schiste et d'un peu de marbre intercales dans 
ces nktaba'saltes semble indique; une provenance h proximite 
de la marge continentale. Les protolites du terrain 4 paraissent 
basiques et d'affinite subalcaline. I1 peut s'agir de basaltes 
tholleiitiques pauvres en Na20 et K,O. Lors de leur incorpora- 
tion B la base de la semelle rnetamorphique, ils devaient se 
trouver dans le milieu de transition entre le domaine oceanique 



Figure 1.5. Chimie des roches 
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et la marge continentale, ou sur cette derniere. Cependant, on 
ignore si ces basaltes se sont kpanches A cet endroit ou s'ils y ont 
ete transport&. Dans ce dernier cas, il n'est pas exclu que la 
cause en soit le chevauchement du complexe ophiolitique vers la 
marge continentale. 
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Bref, les amphibolites des terrains 1 et 2 resultent du meta- 
morphisme de roches intrusives ultrabasiques et basiques de 
composition ferro-gabbroi'que (tabl. 1.1). Les amphibolites des 
terrains 3 et 4 sont les produits du metamorphisme de roches 
basaltiques de composition tholleiitique. Les topologies des 
amphibolites des terrains 1, 2, 3 et 4 representent, respective- 
ment, les facies A amphibole-kclogite et epidote-amphibolite, 
amphibolite B degrC eleve et Cpidote-amphibolite, amphibolite 
et epidote-amphibolite, puis epidote-amyhibolite (tabl. 1.1). Les 
roches de la semelle metamorphique sont structuralement, p6 
trographiquement et geochimiquement tr6s differentes des 
roches du groupe des Chic-Choc; elles ne dkrivent pas d'un 

metamorphisme prograde des roches m6tavolcaniques et mkta- 
sedimentaires du groupe des Chic-Choc. 
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La petrologic et la structure de la semelle metamorphique 
du Mont Albert semblent indiquer que les roches de plus haut 
degre ont kt6 les premieres a @tre transportees et meta- 
morphisees sous la peridotite, puis que les roches de degrk 
moins eleve ont 6t6 successivement incorporees B la semelle 
metamorphique pendant la periode de refroidissement de la 
peridotite qui chevauchait des terrains plus riches en sediments 
et ?i temperature plus basse. La phase terminale d'incorporation 
des materiaux est representee, dans la partie nord-est du com- 
plexe, par la presence d'un lambeau d'amphibolite myloniti- 
que, en contact avec les roches du groupe des Chic-Choc. I1 
semble donc que le processus de formation de la semelle meta- 
morphique a debut6 dans le domaine oceanique pour se termi- 
ner en bordure de la marge continentale. Ces observations, 
ajoutees aux donnees g~ochronologiques de la region, corres- 
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Tableau 1.1. Lithologie, texture, structure, mdtamorphisme et chimie des terrains 1, 2, 3 et 4. 
, .  . 
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pondent B Ifinterpretation generalement admise du developpe- 
ment des processus orogeniques des Appalaches du Nord, au 
cours du Taconique, ainsi que clairement decrits par St-Julien et 
Hubert (1975). I1 s'en degage que les ophiolites des Appalaches 
du Nord representent des sections de la lithosphere proto- 
Atlantique. Ainsi, I'histoire du complexe du Mont Albert est 
liee au developpement et B la destruction de la marge proto- 
Atlantique de I'Amerique du Nord. 
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etude 86-lB, p. 11-18, 1986. 

Des travaux recents permettaient de concevoir une application de l a  methode Th/U en 
radiochronologie B l a  datat ion de l a  matiere organique de nature fossile. L'analyse d'une cinquantaine 
dq6chantillons de bois provenant d'unites interstadiaires e t  interglaciaires de I'est e t  du nord-ouest du 
Canada a conduit les auteurs B nuancer ce t te  proposition. Une bonne concordance des donnees Th/U 
e t  14c, et  une coherence d'ensemble des resultats n'apparaissent qu'en autant que l e  sediment d'oir 
proviennent les Bchantillons a constitu6 un mi l ieu geochimiquement clos. Perg6lisols e t  sediments 
argileux A faibles gradients hydrauliques semblent constituer a pr ior i  les mil ieux les plus favorables. 
Cet te  methode peut fournir, avec precaution e t  en part icul ier en c e  qui a t r a i t  au dernier cyc le 
glaciaire, des elements chronostratigraphiques part icul ibrement precieux en I'absence d'une autre 
methode applicable. 

Abstract 

Recent work i n  radiochronology has led t o  the development o f  a method for  dating fossilized 
organic mat te r  using U-Th. A f t e r  analyzing about f i f t y  samples o f  wood f rom interstadial  and 
interglacial  units in  eastern and northeastern Canada, the authors were able t o  qualify this proposed 
method. Good agreement between U-Th  and "C data and general consistency o f  results are possible 
only when the sediments f rom which the samples are taken formed a geochemically closed 
environment. Permafrost and clay-r ich sediments w i t h  low hydraulic gradients would seem a pr ior i  to  
form the best environments. Used w i t h  care, this method can supply chronostratigraphic information 
that is especially useful, part icular ly for the most recent glacial  cycle, since no other method can 
be used. 

GEOTOP, Universite du Quebec h Montreal, B.P. 8888. succursale A, Montreal, H3C 3P8 e t  
Laboratoire de GBologie du Quaternaire du CNRS, Marseille-Luminy, 13288, CEDEX 9, France. 



Introduction 

Les unitds interglaciaires et interstadiaires d e  I'est et 
du nord du Canada sont  reprdsentdes par des  ddp6ts alluviaux, 
lacustres, palustres (tourbes) ou marins, e n  gdndral 
discontinus dans l e  t e m p s  et dans  Itespace (Prest ,  1970; 
Fulton, 1984). Les corrdlations des  unes aux a u t r e s  s'appuient 
par consdquent sur leur data t ion <<absolue>>. Au-deli  du 
Wisconsinien moyen, toutefois,  les fossiles organiques qu'ils 
renferment  ne  peuvent Ctre datks  par le  "'c, malgrd Itaccks 
aux mesures par spect romdtr ie  de  masse (Tendetrons, 
Tandems Van de Graaf,  e tc . ) ;  I 'enrichissement isotopique ne 
permet  gukre,  non plus, d 'dtendre le domaine chronologique 
du carbone radioactif ,  eu  kgard au poids croissant des 
contaminations dventuelles. 

Parrni les mdthodes donnant accgs  h une chronologie 
<<absolue>> au-del i  des  quarante  derniers milliers d'annees 
environ, le  ddsdquilibre radioactif  Th/U const i tue  I'une d e s  
plus Cprouvdes (Ivanovich et Harmon, 1982). Cependant,  son 
application i la  data t ion des  ddpBts continentaux ( e t  rn@me 
li t toraux) n 'est  pas immddiate.  Parfois appliqude avec  succ6s  
aux carbonates,  cornme les concrdtions karstiques (voir p. ex. 
Gascoyne et coll., 19781,- e l l e  a 6 t h  envisagde dans  quelques 
r a re s  c a s  pour i t ab l i r  I'dge d e  bois ou d e  tourbes fossiles 
(Vogel et Kronfeld, 1980). 

Vu la  rare td  des carbonates  authigknes dans les  ddp6ts 
non glaciaires d e  I'est e t  du nord du Canada, i l  d t a i t  t e n t a n t  
d e  vdrifier l e  potentiel  radiochronologique des  bois fossiles, 
relativernent plus abondants. Plusieurs dossiers analytiques 
ont  ainsi pu Ctre dtablis sur des kchantillons provenant de 
skquences sddirnentaires bien dtudikes, dans  les  provi?ces d e  
l lAtlantique et l e  golfe du Saint-Laurent (Nouvelle-Ecosse, 
Tles-de-la-Madeleine), et dans  l e  nord-ouest du pays (Iles 
Banks et Victoria, Territoire du Yukon et de l t a  du 
Mackenzie). Les donndes gdologiques sur la plupart  des  s i t e s  
Cchantillonnds ont par ail leurs d tk  publides; l e  p r i sen t  
rapport  f a i t  simplement d t a t  des  donndes gdochimiques 
cornpldmentaires. 

Mdthode analytique 

Des travaux antdrieurs,  notamment  sur l a  mat ikre  
organique d e  la  coupe-type d e  Grande Pile (Woillard e t  
Mook, 19821, ont  ddmontrd que contrairernent aux 
observations d e  Vogel et Kronfeld (l980), les tourbes 
consti tuaient un milieu t rop  poreux et donc gdochirniquement 
ouvert ,  impropre i I'utilisation d e  la  mdthode Th/U. Des 
dchantillons d e  bois fossile qui, a priori,, pouvaient const i tuer  
un milieu plus propice, o n t  donc d td  selectionnds; a u  to ta l ,  
plus de  50 dchantil lons o n t  k t 6  analysds. Tous on t  subi un 
t r a i t emen t  identique. La plupart  d t en t r e  e u x  son t  d e s  
morceaux d e  t roncs  ou d e  grosses branches; seuls quelques 
dchantillons d e  1'Arctique s e  prdsentent sous l a  fo rme  d e  
minces branchettes.  

Aprgs un nettoyage rndcanique soigneux, ayant  pour 
obje t  d e  ddbarrasser I'dchantillon des sddirnents englobants, 
la  par t ie  centra le  de chaque morceau d e  bois a d t d  prklevde 
de  f a ~ o n  h finalement conserver,  aux fins d'analyse, une 
par t ie  aliquote de 20 h 100 g ,  selon l e  cas. Placd dans  une 
coupelle d e  quar tz ,  I'dchantillon a k t 6  par la sui te  calcin6, 
sous atrnosphgre, dans un four port6 h 800°C. Les cendres  
recueill ies ont  d td  rnises e n  solution dans  d e  I'acide 
chlorhydrique (HCI) concentrd.  La skparation des  isotopes d e  
I'uranium et du thorium a d t d  e f f ec tude  sur rdsine dchangeuse 
d'ions, selon l a  mdthode tradit ionnelle d e  Goldberg et 
Koide (19621, apr6s avoir introduit  d e s  t r aceur s  dans  l a  
solution: e n  I'occurence, un m6lan e connu d e  2 3  'U 
(kmetteur a), "'Th (dmet teur  a) e t B 3 * T h  (drnetteur B) 
d e s t i n i  i determiner  les rendements  chimiques et d e  
comptage des  priparations.  Le double t r a sage  e n  thorium 
permet  d e  contr6ler le ddsdquilibre radioactif kventuel e n t r e  

les isotopes 228 et 232 du thorium dans  l'dchantillon, h la  
suite, par exemple,  d e  l a  mi ration d e  2 2 8 ~ a  (isotope du 8 radium, interrnddiaire e n t r e  2 3  Th et 228Th)  dans  l e  fossile. 
Quoi qu'il e n  soit ,  l e  ddp6t d'uraniurn et celui  d e  thorium 
s lef fectuent  sur disques d'acier poli, par dlectrolyse,  assurant 
ainsi une g i o r n i t r i e  pa r fa i t e  de  la couche act ive ,  
particulikrernent i rnpor tante  pour une bonne ddfinition des 
spect res  d'dnergie des  radioisotopes. Ces  derniers sont 
obtenus dans un ensemble  de  spect rom6tres  a (EGG-ORTEC) 
couplks ?i un analyseur multicanaux (Davidson) e t  i un 
microordinateur (IBM-XT), pe rme t t an t  d'obtenir, de  stocl<er 
e t  d'analyser d i rec ternent  les spect res  d'dmission a. Un 
deuxigme calcul  du rendement  chimique d e  I 'extraction du 
thorium e s t  assurd par cornptage B du 234Th ,  h l'aide d'un 
ddtecteur  h barr ikre  d e  surface.  

Dans l a  plupart  des  cas,  on ob t i en t  d e s  rendements  
chimiques d e  I'ordre de  60 %, e n  uranium comrne e n  thorium; 
a u  cornptage, ceux-ci  sont  rdduits au  t iers,  environ. I1 e s t  
no te r  que, dans  plusieurs cas, l a  qualitd des  spec t r e s  obtenus 
i par t i r  des  i lec t rod6pSts  e s t  t e l l e  que la  rksolution 
thdorique des  de tec t eu r s  e s t  ef fec t ivernent  observde 
(ici: 25 keV environ). 

Les dchantillons d e s  provinces de 1'Atlantique 
et du golfe  du  Saint-Laurent 

On t rouvera  dans d e  Vernal e t  Mot t  (1985) e t  de  Vernal 
e t  coll. (sous presse), t ou te s  les inforrnaitons concernant  les 
s i tes  kchantillonnds, notarnrnent sur l'ile du Cap-Breton, et 
dans  Grant  et coll. (19851, ce l les  re la t ives  aux  bois fossiles 
des  I l e s -de - l a -~ade le ine .  

Dans l a  plupart  d e  c e s  ent roi ts ,  l e  point cr i t ique  
concerne  la  fer rneture  re la t ive  du systkrne gdochimique 
depuis l a  fossilisation. En e f f e t ,  contra i rement  aux milieux 
plus septentrionaux (voir plus bas), oh l a  pers is tance  quasi 
continuelle du pergdlisol a permis d e  l imi ter  la  circulation 
dteau dans  les sddiments et, par suite,  l a  remobilisation des 
isotopes des farnilles radioactlves de  I'uranium e t  du thorium, 
les ddp8ts si tuds aux  anciennes marges  e s t  d e  I'inlandsis ont 
connu des  a l ternances  d e  pdriodes de  gel  (au moment  de  la  
glaciation, par exernple), et d e  ddgel. A l'Holockne, e n  
particulier,  une percolation importante  susceptible d'ouvrir 
considdrablernent le  s y s t h e  gdochimique Th/U, a a f f ec t6  l a  
plupart  des coupes dans  les  ddp6ts rneubles. 

L'ouverture du systkrne gdochmique apparai t  dans 
plusieurs pararngtres: une  dispersion significative des  teneurs  
e n  uranium, dans  d e s  dchantil lons provenant d'une m e m e  
unit6 gCologique, e n  e s t  un indice certain.  Un accroissernent 
d e  l a  teneur  e n  uranium s 'accompagne sys tdmat iquement  
d'une diminution d e s  Sges apparents  des spCcirnens (par ex. la  
locali td d'East Bay: unitd I; tabl. 2.1). On note,  
parall&lement,  un f o r t  accroissement des  proportions 
de 'Th, par rapport  au 'Th, dans c e s  rnCmes dchantillons. 
Celui-ci ne  peut migrer,  h I'intdrieur des  morceaux d e  bois 
(en cornpagnie d'ailleurs d'une ce r t a ine  proportion 
de  2 3 0 T h  <<initial>>), q u ' i  la faveur d'une a l ternance d e  
phases d e  dessication e t  d e  rdhumidification qui a l tk re  l e  
tissu ligneux et permet ,  par conskquence, I 'incorporation des 
phyllites argileuses porteuses. 

En cornparant I'ensemble des  donndes, i l  s'avkre 
irrdaliste d 'accorder l e  moindre crkdi t  chronolo ique aux 
Rhan t i l l ons  renferrnant plus d e  30 8, environ, d e  "Th (par 
rapport  au  230Th). De meme, l e  rneilleur indice ernpiri ue  9, d'une re la t ive  fer rneture  du sys tgme radioactif  230Th/23  U 
rdside dans  I'homogknditd des  concentra t ions  et des  rapports 
d t ac t iv i t i  des  isotopes d e  I'uranium. Tout Cchantillon 
prksentant  des  kca r t s  irnportants,, par rappor t  aux valeurs 
observkes dans  l'ensernble de  I'unltd gdologique considdrke, 
devient suspect. De f a ~ o n  pratique, la porositd du sddiment 
englobant e t  les gradients  hydrauliques sont  ddterrninants: les 



Tableau 2.1. E a s t  Bay 

Numgro &chanti l lon "U 2 3 s u / 2 3 8 ~  2 3 2 ~ h  2 3 0 ~ ~ 1  2 3 b u /  2 3 0 ~ h /  
/ t e r r a in  /Labor. (p.p.m.) rap.dlact .  (p.p.m.) Th 'Th 4~ Age b ru t  L o c a l i t i  Ident i f ica t ion  6chant .  

123400 E a s t  Bay - 
+30000 
-23400 

126400 E a s t  Bay 
+ I5000  
-12800 

106600 E a s t  Bay Pinus strobus 
+9600 
-8600 

60800 Eas t  Bay Juniperus sp. 
+5100 
-5000 

I Les nornbres e n  caract&-e g r a s  indiquent l a  va leur  d e  l a  d6via t ion  norrnale 
- 

Tableau 2.2. ~ o u v e l l e - ~ c o s s e  et go l f e  du Sain t -Laurent  

Num6ro ichantillon 2 3 8 ~  2 3 4 ~ / 2 3 8 u  2 3 2 ~ h  2 3 0 ~ h /  2 3 4 ~ 1  2 3 0 ~ h /  

/terrain /labor. (p.p.rn.) rap.dlact. (p.p.m.) 2 ' 2 ~ h  2 3 2 ~ h  2 3 4 ~  Age b r u t  Localit6 Identification &chant. 

Unit6 I 

MS 84-20A UQT-175 0,041 1,221 0,030 3,561 5,031 0,708 126400 East Bay 
0,001 0,042 0,004 0,290 0,420 0,032 115000 

-12800 

MS 82-4E UQT-184 0,864 1,453 0,579 3,823 6,577 0,581 89400 Le Bassin Pinus strobus 
0,027 0,032 0,060 0,098 0.,296 0,024 +8000 

-7100 

MS 82-48 UQT-183 0,661 1,399 0,405 4,491 6,921 0,649 106400 Le Bassin Pinus strobus 
0,015 0,024 0,047 0,116 0,275 0,022 +WOO 

-8000 

MS 82-4A UQT-182 0,770 1,390 0,624 3,282 5,202 0,631 101700 Le Bassin Pinus strobus 
0,02 1 0,028 0,146 0,140 0,425 0,048 +I7000 

-14200 

MS 82-388 UQT-I81 1,725 1,115 0,862 4,540 6,768 0,671 117400 Green Point Juniperus sp. 
0,019 0,006 0,135 0,096 0,270 0,024 +10000 

-8800 

Unit6 I1 

MS 8236W2C UQT-109 0,173 2,096 0, I04 6,151 10,547 0,583 86900 East Bay Tsuga canadensis 
0,005 0,062 0,018 0,176 0 ,445 0,020 +6000 

-5700 

PL 75-83A UQT-185 0,763 1,229 0,130 12,098 21,854 0,554 84900 East Milford Picea sp. 
0,016 0,019 0,048 0,625 1,314 0,020 +6500 

-6100 

PL 75-83D UQT-186 0,178 1,317 0,100 3,953 7,140 0,554 84200 East Milford Abies balsamea 
0,005 0,038 0,025 0,180 0,562 0,038 +I1300 

-10100 

Unit6 111 

MS 84-23W UQT-177 0,234 1,202 0,006 66,907 151,603 0,441 62100 East Bay Picea sp. 
0,007 0,029 0,012 10,251 23,760 0,018 +5000 

-4600 

MS 8222 BA UQT-178 4,073 1,539 0,049 138,797 386,178 0,359 47000 Bay St-Laurt. Larix Iaricina 
0,087 0,011 0,399 24,955 72,992 0,022 +4700 

-4300 

Les nombres en caractere gras indiquent la valeur de la d6viation normale 



dchantil lons enveloppds dans une argi le  sa turde  dans des  
endroi ts  caractdr isds  par des  gradients  hydrauliques faibles, 
prdsentent l a  plus grande hornogdn6itd et sont  donc 
susceptibles de  fournir les rneilleurs donndes 
radiochronologiques. 

En tou t  & t a t  d e  cause,  les ages  radiorndtriques obtenus 
sur les  unitds interglaciaires et in ters tadia i res  d e  
~ o u v e l l e - ~ c o s s e  et du golfe du Saint-Laurent (tabl. 2.2) 
doivent Ctre pris h t i t r e  indicatif: sur 20 dchantillons 
analysis,  neuf ne rdpondent pas aux c r i t i r e s  retenus 
ci-dessus. Dans I1ensernble, il s1agit  d e  milieux relativernent 
peu favorables h I1application d e  l a  m6thode. 11 res te ,  
cependant,  que I'on observe une concordance accep tab le  des  
bges calculds pour l a  plupart  des  formations considdrdes; e n  
appui au dossier palynostratigraphique dtabli  par 
MM. R. Mott  e t  A. d e  Vernal (voir plus haut), i ls  perrnettent 
d la t t r ibuer  raisonnablernent chaque unit6 i un dpisode 
climatostratigraphique reconnu (par ex: unit6 I = s t ade  
isotopique 5e; voir fig. 2.1). Un dernier argument  perrnet 
dlappuyer ces  conclusions. Les couples de  valeurs 
y = ( 2 3 0 ~ h / 2 3 2 T h )  e t  x = ( 2 3 4 ~ / 2 3 2 T h )  de  I1ensernble des 
dchantillons d e  I1unitd I, incluant ceux prdsentant des  teneurs  
klevdes en 232Th, ddfinissent une d ro i t e  d e  rdgression 
lindaire obdissant I1dquation: 

a v e c  un coeff ic ient  d e  corrdlation d e  0,97. L1ordonnde 
I1origine, proche de  zdro, sernble indiquer qulune cer ta ine  
quantitd dluraniurn a systdrnatiquernent d t d  introduite dans  
les  dchantillons, probablernent aprks la  dernikre ddglaciation; 
e l le  in terdi t  t ou t  ca lcul  d e  la  valeyr du rappor t  init ial  
0 2 3  0Th/232Th§,  correspondant a la cornposante 
<<d6trit ique>> du syst6rne radioactif .  Cependant,  au vu du 
coeff ic ient  de  corrdlation, i l  sernble que I1on puisse accorder  
un ce r t a in  crddit  h la  pente  de  l a  droi te  de  corrdlation qui il 
ne  f a u t  pas oublier, reprdsente l e  rappor t  2 3 0 ~ h / 2 3 t ~  
significatif d e  I1bge d e s  dchantillons (voir 6galernent 
Schwarcz e t  Skoflek, 1982). Dans l e  cas  prksent,  la  pente de 
0,69 l ivre un 2 e d e  120 000 ans  environ, cornpte tenu des  9 rapports 'uI2 'U rnoyens observis.  C e t t e  approche 
permet  d'observer une ce r t a ine  confirmation d e  I1bge proposd 
i par t i r  des rapports isotopiques des  dchantillons considdrds 
cornme les  plus fiables. 

Les kchantillons des  i les  Banks et Victoria 

Dans des  milieux oG domine l e  pergdlisol, i l  nlest  pas 
surprenant dlobserver des  proportions beaucoup plus faibles 
que prdcddernrnent de  thorium <<ddtr i t ique>>dans  les  
echantil lons de bois, cornrne I1indiquent les rapports 
2 3  0 ~ h / 2 3  2 ~ h  du tableau 2.3. Par ailleurs, les bges calculds, 
aprks correct ion des  appor ts  ddtri t iques (sur l a  base des  
rappor ts  dlactivitd dlun dchantillon holoc&ne), rdpondent 
exacternent  aux a t t e n t e s  que les  d tudes  stratigraphiques 
(Vincent, 1983; Vincent et coll., 1983) laissaient entrevoir.  
La surprise, dans le  c a s  prksent,  vient des ddterrninations 
dlbges Th/U sur les coquilles de  rnollusques fossiles des unitds 
marines assocides d'origine interglaciaire ou interstadiaire,  
ou l e s  deux. En particulier, les faunes  a t t r ibudes  h la  rner 
Big, considdrde cornme d a t a n t  du dernier  interglaciaire,  sinon 
d e  l a  ddglaciation qui lui a prdcddd, rnontrent une dispersion 
que nlexplique aucune anornalie gdochirnique. Quoiqulil soit  
cornrnundrnent adrnis que les rnollusques s l a v i r e n t  des  
dchantillons peu propices aux  mesures d'dges radiorndtriques 
Th/U (Kaufman et coll., 1971), ce point de  vue n'est pas  en  
to ta l i tk  par tag6 (voir Hillaire-Marcel et coll., sous presse). 
Dans l e  cas prksent, les coquiles ont conservd leur nature  
aragonitique initiale; les proportions de  32Th re s t en t  faibles; 
les teneurs e n  ''0 et e n  13C ntindiqu:nt aucune ouver ture  du 
sys tkme carbonatd; rien, par consequent, n e  perrnet d e  
rnet t re  e n  doute l a  reprdsentativitd chronologique des 

A G E S  APPARENTS EN K A  

F i u r e 2 . 1 .  Histogramme d e  frequence des  Bges 
23(dTh/234LJ obtenus sur leo Bchantillono de bois des provinces 
de IIAtlantique. De c e  diagramme, sont  exclus les 
Bchantillons presentant  plus de 30 % de 2 3 2 ~ h  (c. 2 3 0 ~ h ) .  
L1histogramme e s t  const rui t  en  t enan t  cornpte d e  la 
distribution gaussienne des  r6sultats,  e n t r e  + 3, soit  dans  un 
intervalle d e  conf iance  de  plus d e  99 %. On observe un bon 
regroupement des  Bchantillons, notamment  ceux des unites 
palynostratigrapiques I e t  11, respect ivement  autour  dlenviron 
110 000 e t  de  87 000 ans. 

rapports Th/U. I1 e s t  difficile de t i r e r  une conclusion e n  c e  
qui a t r a i t  h la contradiction apparente  e n t r e  les donnges 
g6ochirniques et cel les  des  d tudes  d e  terrain.  I1 suff i t  d e  
rappeler,  cependant ,  que la  plupart  des  dchantillons 
proviennent d e  ddpdts deltaiques a t t r ibuds  h la rner Big sur 
des  bases uniquernent rnorphostratigraphiques; par ailleurs, 
des indices de  rernaniernent on t  6 td  signalds (Vincent, 1983). 
Le seul dchantillon indubitablernent prdlevd e n  place a livrd 
un dge de  I1ordre d e  100 000 ans  qui slaccorde re la t ivement  
bien a v e c  la  chronologie attendue. On peut  signaler, h ce 
propos, que des  rnesures des  taux d e  rac6misation des acides 
arninds, dans  les rnCrnes dchantillons a t t r ibuds  h la  rner Big, 
on t  livrd des rgsul ta ts  aussi <<dispersds>> que les 
rapports isotopiques Th/U rnentionnds plus hau t  
( ~ c c h i e t t i ,  cornrn. per.); ces dchantillons pourraient donc 
ref ld ter  une histoire gdologique plus complexe qulil n e  
paraissait  h prernisre vue: y a-t-i l  eu rnklange de  populations 
d'bges diffdrents? ou rnise en place d e  de l t a s  et d e  ddp6ts 
marins au cours dlun dpisode relativernent long, e n  relation 
a v e c  la  si tuation d e  rnarge glaciaire d e  IIUe Banks? Des  
anomalies d e  ce type  ont ,  par exernple, k t 6  observdes par  
Blake(1975) et England(1983) sur les cd te s  d e  I1ile 
~~~~~~~~~~e. Finalernent, les faunes  recueill ies dans les  
au t r e s  u n i t i s  glaciornarines, plus rdcentes  que l a  rner Big, n e  
prksentent aucune anornalie chronologique par t icul i i re ,  
au -de l i  des  correct ions  rnineures dues  h l a  prdsence d'une 
faible quant i td  d e  thorium <<ddtritique>>. 

Les Cchantillons du d i s t r i c t  d e  Mackenzie 

Les donndes l i thostratigraphiques sont  ici dlune grande 
imprdcision: niveaux repk:es t rks  rares,  remaniement  t r k s  
f requent  des  ddpdts  a la  faveur  d e  conditions 
therrnokarstiques ou bien d e  rnouvernents glaciaires,  ou les 
deux; bois fossiles souvent allochtones (J.-S. Vincent, 
cornrn. pers.). Les donndes radiochronologiques Th/U peuvent 
donc Ctre dlun grand in td re t  dans un t e l  domaine, d l au tan t  
plus que I1existence dlun pergdlisol leur assure  une ce r t a ine  
validitd. On comprendra  cependant,  au  vu des  discussions 
prdckdentes, qulune approche s ta t i s t ique  s'irnpose. 



Tableau 2.3. Ile Banks - Tle Victoria 

Nurnbro Cchantillon 
/ terrain /labor. 

Mollusques fossiles 

VH 74-042 UQT-I41 

Bois fossiles 

VH B1032c UQT-116 

Age brut  

17500 
+I100 
-1200 

46000 
+2700 
-2300 

92400 
+7000 
-6400 

20500 
+I000 
-1000 

42300 
+2600 
-2400 

52500 
+3400 
-3400 

66500 
+5000 
-4600 

104600 
+7600 
-6800 

1 13000 
+10000 
-9400 

15200 
+I000 
-1000 

71800 
+5200 
-5 100 

69900 
+6000 
-5100 

>200 000 

>200 000 

corrlgk Initial Formation 

rner de  Schuyter  Point 

rner East  Coas t  

rner PrC-Arnundsen 

mer Big 

rner Big 

mer Big 

mer Big 

rner Big 

rner Big 

62800 1,2 lnterstadiaire  
Wisconsin~en 

68000 1,Z Cap  Col l~nson  

>ZOO 000 1,2 Morgan Bluffs 

>ZOO 000 1,2 Morgan Bluffs 

1 Les nombres en ca rac t6 re  g ras  indiquent l a  valeur d e  la diviat ion normale 
* Age au carbone radioactif de  VH 74-042 : 10 200 ans  B.P. ( 5  170) (CCC-2990) 

Cornrne dans  l e  cas d e  I1ile Banks, on observe des  
quantitks faibles de  232Th  (voir tabl. 2.4); 5 une exception 
prks, l e  rapport  dlactivitk 23 'Th r e s t e  supkrieur i 
6,66. Les trois dges 1es plus dlevks (>I50 000 ans  environ) 
correspondent bien aux dchantillons appar tenant  aux 
s6dirnents considdrds cornrne les  plus anciens dlapr&s les  
informations stratigraphiques (3.-S. Vincent, cornrn. pers.). 
Toutefois, tous les au t r e s  kchantillons k ta ient ,  jusqulh preuve 
du contra i re ,  a t t r ibuks  h un kpisode associk au  s t ade  5 d e  l a  
clirnatostratigraphie isotopique ockanique (ibid.). Trois 
d lent re  eux  o n t  livrk ef fect ivernent  des  2ges Th/U 
compatibles a v e c  cette interprdtation: i ls  pourraient 
appartenir  h un 6pisode corrklatif  des  sous-stades 5 c  ou 5a, 
ou les deux. Trois aut res ,  cependant,  on t  livrk des bges 
apparents  rnoins dlevks. Rien nlernp&che d e  croi re  que 
ceux-ci ne sont  pas reprksentatifs,  dans  la  rnesure oh 

I1existence d1unit6s interstadiaires du Wisconsinien rnoyen 
n'est pas 6cartCe. I1 f a u t  cependant  rnentionner l e  f a i t  que  
I1kchantillon l e  plus c<jeune>> (UQT-233)a f a i t  I'objet dlune 
rnesure d15ge radiom6trique 1 4 C  (CGC-4075) contradictoire:  
>36 000 B.P. Ainsi qulen f a i t  d t a t  plus loin l e  pr6sent rapport ,  
dans  la  plupart  des  a u t r e s  c a s  d e  double contr,6le, les  deux 
chronologies son t  coh6rentes.  Dans l e  cas  present,  aucune 
anomalie gdochimique nlest  perceptible h par t i r  des  seules 
donn6es analytiques Th/U; il s e  peut  que l e  milieu englobant 
llkchantillon nla  pas pu rnaintenir une fer rneture  du s y s t i m e  
gdochimique: il s e ra i t  souhaitable de  prockder h un nouvel 
dchantillonnage d e  l a  locali t6 e n  s l e f f o r ~ a n t  d e  recueill ir  d e s  
rnorceaux d e  bois dans  les par t ies  les  rnoins poreuses du 
milieu. I1 s e  peut,  e n  e f f e t ,  que ce r t a ins  kchantillons, dont ce 
dernier,  a i en t  incorpork secondairernent de  I1uraniurn, i la 
faveur dlune circulation d'eau, te l le  qulelle s e  produirait dans 
un mollisol. 



Les  dchantillons du Terr i to i re  du Yukon 

La majoritd des  dchantillons reckle,  ici encore,  une 
f rac t ion dktri t ique peu importante  (voir tabl. 2.5). Les 
concentra t ions  e n  uranium sont  t r6s  faibles, dans  tous les  cas 
infdrieures au pg/g.  Les rapports d'activitd 4 ~ / 2  3 8 ~  sont  
t rk s  peu diffdrents d'une valeur rnoyenne proche de  1,4. Deux 
kchantillons on t  cependant  livrk des  rappor ts  des  isotopes d e  
I'uranium beaucoup plus f aibles (UQT- 17 1 et UQT- 170). Rien 
nlernpCche d e  croire,  eu  kgard h la remarquable homogdnkitk 
des  valeurs observkes dans l'ensernble, que c e s  dchantillons 
o n t  connu une remobilisation par t ie l le  de  I'uranium; ce 
phdnorngne au ra i t  pour e f f e t  d e  l ivrer des  Sges  apparents  plus 
Clevis que les Sges rdels. Quoi qu'il e n  soit ,  les kchantillons 
d e  bois paraissent provenir d'unitks interglaciaires e t  
interstadiaires d'Ages varids alors que, dUapr&s les  donndes d e  
ter ra in ,  on  pouvait raisonnablement tous  les  a t t r ibuer  a u  
dernier interglaciaire ou des dpisodes non glaciaires 
antkrieurs (3.-S. Vincent, cornm. pers.). A ddfaut d'une 
conclusion, on peut  cependant  avancer quelques dldments qui 
pe rme t t en t  d e  donner foi, dans  une ce r t a ine  mesure, aux  
donndes radiochronologiques Th/U. En e f f e t ,  un dchantillon 
(UQT-198) donnait un rapport  d 'activitk 2 3  'Thl2  'U 
<canormalement>> bas (0,19) qui, compte  tenu d e  l a  prksence 
d'une quantitd non ndgligeable de  232Th, donc d e  thorium 
d'origine <<ddtritique>>. pouvait correspondre i celui auquel 
I'on s 'at tendrait  d'un kchantillon d'dge holocgne 
(p. ex. UQT-116, tabl. 3). Sur cette base, une  data t ion par  la 
mkthode du 14C a d td  ef fectuke:  un dge d e  8 250 ir 80 B.P. 
(CGC-4005) e s t  venu confirmer I'interprdtation basde sur les 
seules donnkes Th/U. Par  ailleurs, c e t  2ge radiorndtrique 1 4 C  
perrnet d e  calculer un rappor t  d'activitd 230Th/232Th  initial 

Tableau 2.4. District  d e  Mackenzie 

(phase <<dktritique>>) tle I'ordre d e  0,4 qui pourrait  
appartenir  des  phyllites argileuses originellernent pauvres, 
ou appauvries par lessivage, e n  uranium. 

Un a u t r e  indice d'une stratigraphic cornplexe, dans  c e  
ter r i to i re ,  peut Ctre donnd: une population d e  rnollusques, 
prdlevks en  place, par  J.-S. Vincent, a f a i t  I 'objet d e  t ro is  
analyses inddpendantes. La premigre, d'une pa r t i e  aliquote 
d e  7 g environ (UQT-110); les deux au t r e s ,  d e  par t ies  
aliquotes de  30 g environ (UQT-301 et UQT-366). La 
dispersion re la t ive  des rksultats (tabl. 2.6) r e s t e  acceptable ,  
s i  I'on t i en t  compte  du f a i t  qu'il s'agit d e  coquilles const i tuant  
un milieu gkochimiquement ouver t  pendant la phase originelle 
d e  fossilisation, c'est-;-dire, ce l le  d e  la  fixation de  
I'uraniurn. Les deux derniers rksultats,  obtenus sur  des  
quantitds plus grosses d e  mater ie l  (donc <chomogkndisant>> 
mieux les  mi langes  dventuels d e  populations, quoique ceux-ci 
soient peu probables, d'aprks les observations d e  terrain),  ont  
Iivrd des rapports 2 3  0ThJ2 'U kgaux respectivernent h 
0,30 t 0,01 et 0,33 ir 0,01 (ir la). Ces  rappor ts  donnent au 
calcul  un 2ge moyen d e  I'ordre d e  40 000 ir 3 000 ans, si  I'on 
n e  t i en t  pas cornpte d e  la  prdsence d'une fa ib le  par t  de  2 3 0 T h  
non authigitne, indiqude par l e  232Th.  Si l'on suppose un 
rapport  init ial  Th tz3  'Th dgal h I, 1'2ge corrigd tomberai t  
aux environs d e  30 000 ans; ce dernier e s t  <<minimal>>, 
puisqu'il correspond au t emps  d e  r6sidence rnoyen d e  
I'uraniurn. Si I'on adrnet que l a  plus grosse pa r t i e  d e  I'uranium 
est fixde au  cours  d e s  premiers  rnilliers d'annkes suivant 
I'enfouissement des  coquilles (voir p. ex.  Stearns,  1980), 
celles-ci ,  dans le  cas  prdsent,  da t e ra i en t  nkanrnoins du 
Wisconsinien moyen e t  s e  s i tuera ient ,  hklas, aux 
limites, sinon au-del i ,  d e  la rndthode d e  data t ion a u  
carbone radioctif. 

- - - - - - - - - - - - - - - - 

Numdro dchantillon 2 3 8 ~  2 3 4 ~ / 2 3 8 ~  2 3 2 ~ h  2 3 0 T h /  2 3 4 ~ /  2 3 0 T h /  
/ ter ra in  /labor. (p.p.rn.) rap.dlact. (p.p.rn.) 232Th  2 3 2 T h  2 3 4 ~  age brut  1 

VH 83-149 UQT-200 0,059 1,241 0,191 1 ,402 1 ,152  
0,001 0,038 0,009 0 ,047  0 ,048  

Les nornbres e n  caract&-e gras indiquent la  valeur de  la  ddviation norrnale 

ca lculable  =-I 



Tableau 2.5. Territoire du Yukon 

Nurndro~chantillon 2 3 8 ~  2 3 4 ~ / 2 3 8 ~  2 3 2 ~ h  230Th/ 2 3 4 ~ /  230Th/ 
/terrain /labor. (p.p.m.) rap.dlact. (p.p.rn.1 232Th 232Th 2 3 4 ~  a g e b r u t  

V H  83-090 UQT-198 0,708 1,468 0,965 0,622 3,265 0,191 22700 
0,017 0,036 0,020 0,018 0,118 0,007 +I300 

- 1300 

VH 83-071 UQT-196 0,336 1,414 0,137 5,322 10,532 0,505 73400 
0,009 0,038 0,024 0,257 0,593 0,020 +5700 

-5300 

V H  83-072 UQT-197 0,291 1,444 0,213 2,900 5,982 0,485 69300 
0,008 0,041 0,020 0,122 0,298 0,020 +5300 

-5100 

VH 83-0596 UQT-171 0,198 0,985 0,079 5,113 7,491 0,683 124900 
0,004 0,029 0,015 0,373 0,569 0,029 +I4800 

-12200 

V H  83-023 UQT-168 0,200 1,481 0,163 4,867 5,510 0,883 188700 
0,005 0,046 0,023 0,224 0,292 0,033 +25000 

-20600 

VH 83-043 UQT-169 0,044 1,436 0,110 2,291 1,739 1,317 non 
0,OO 1 0,036 0,009 0,117 0,092 0,051 calculable 

V H  83-052 UQT-170 0,154 1,131 0,510 1,221 1,036 1,178 non 
0,003 0,026 0,024 0,038 0,046 0,050 calculable 

VH 83-123 UQT-199 0,483 1,612 0,160 18,621 14,739 1,263 non 
0,013 0,045 0,086 1,392 1,178 0,047 calculable 

Les nornbres en caract&-e gras indiquent la valeur de la  dgviation norrnale 

Tableau 2.6. Territoire du Yukon : dchantillon V H  83-088 

23eu 23sU/23~u 2 3 2 ~ h / 2 3 0 ~ h  Age non corrig.4 
No de I'analyse (p.p.rn.) (rapports d'activitd) (Th initial nul) age corrigC1 

UQT- 11 0 0,115 1,45 0,20 68,600 63,800 
+ 0,003 + 0,05 + 0,02 + 5,000 

UQT-301 0,121 1,46 0,32 37,900 28,000 
+ 0,003 t 0,04 t 0,02 * 2,000 

UQT-366 0,091 1,45 0,27 42,100 30,600 
t 0,002 + 0,04 2 0,Ol + 3,000 

Selon I1hypoth&se: ( 2  ' ~ h / ~ '  O Th)=l ,  au temps z6ro. 
Les nornbres en caractere gras indiquent la valeur de la ddviation norrnale 



Conclusions 

Lt6chantillon UQT-198, d6crit  ci-dessus, comme les 
aut res  spdcimens dont I'age pe rme t t a i t  un contr6le par l e  ''C 
(UQT- 116, UQT-141, UQT- 178), tendrai t  h convaincre d e  la  
validit6 de  I1hypoth&se de travail  retenue: pour autant  que l e  
milieu prdsente des  indices d e  re la t ive  f e rme tu re  
gbochimique, en  I'occurrence des circulations d'eau t r i s  
res t re in tes ,  la chronologie Th/U peut const i tuer  un outil  
radiochronologique applicable aux fossiles ligneux. Toutefois, 
dans  son ensemble,  l e  dossier analytique qui vient dlCtre 
examink ne  permet pas d e  considdrer la  m6thode ,Th/U 
comme une panacde. Ainsi que d6jh mentionne, e n  
introduction, les tourbes semblaient prdsenter un milieu t r & s  
propice h l a  fixation d e  I'uranium mais, par suite,  peu 
favorable h la  f e rme tu re  du sys tkme radioactif  Th/U; l a  
rnCme res t r ic t ion s'applique h tou t  6chantillon d e  bois 
fossilis6 e n  milieu gdochimiquement ouvert. En prerni&re 
approximation, It6chantillonneur, sur le  terrain,  peut donc 
&re en mesure  d16valuer 11applicabilit6 d e  l a  mCthode, selon 
l e s  conditions d e  fossilisation et d e  pr6servation qulil peut 
d6duire de  ses  observations et d e  s a  connaissance du milieu. 
I1 repose sur lui d'dchantillonner avec  clairvoyance pour que 
Itanalyse ultdrieure a i t  son ut i l i t i :  e n t r e  le  morceau de  bois 
enfoui dans le  pergdlisol, et celui, pourtant d taccks  plus aisd, 
pris dans.le mollisol, l e  choix du premier stimpose. De meme, 
un dchantillon prdlevd dans une couche d e  graviers t r&s 
perrn6ables ne prgsente aucun int6rCt du point d e  vue 
radiochronologique. Finalement,  dans tous les cas  d e  figure,  
un dchantillon isold n e  pourra donner lieu h une in t e rp r i t a t ion  
cer ta ine;  la  coherence dtun ensemble d e  donndes 
g6ochirniques est l a  rneilleure garant ie  d e  c l6 ture  d'un 
sys tkme radioactif. I1 r e s t e  que cette rn6thode peut  appor ter  
des 6ldrnents chronostratigraphiques, lorsque d'autres fon t  
dkfaut,  notarnrnent au-delh des  dernikres dizaines d e  milliers 
d1ann6es couver tes  par l a  rn6thode d e  data t ion au  "C. 
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Abstract 

The Long Range Inlier, the largest external Precambrian basement massif in the Appalachians, comprises mainly high 
grade polydeformed quartzofeldspathic gneisses of plutonicorigin with wispy remnants of supracrustal rocks. The complex 
is intruded by granitoid and gabbroic plutons of Middle Proterozoic age, by an Eocambrian mafic dyke swarm, and by a 
Devonian granite. Greenschist facies retrogression of earlier granulite and amphibolite assemblages occurred in the Late 
Proterozoic and Early Paleozoic. 

Cambro-Ordovician platformal strata deposited on the Precambrian were penetratively deformed in the Middle 
Paleozoic, but the basement was not. The major structural detachment this implies, westward thrusting of the inlieroverthe 
platformal rocks and over Taconic allochthonous rocks, and the fact that fabrics in the Precambrian rocks do not control 
Appalachian trends, suggest that the Precambrian terrane was involved in thin-skinned Appalachian deformation, and 
forms a thrust slice rather than a basement massif. Carboniferous redbeds unconformably overlie parts of the inlier and 
adjacent Silurian and Devonian rocks. 

La fenbtre Long Range est le plus grand massif externe du socle precambrien des Appalaches, elle se compose 
principalement de gneiss quartzofeldspathiques plutoniques fortement metamorphises qui ont subi de multiples deforma- 
tions. De petites inclusions de roches supracrustales sont parsemees dans ce complexe gneissique. On y trouve des 
injrusions de plutons granito'ides et gabbro'iques datant du ProtBrozoTque moyen, ainsi qu'un groupe de filons mafiques de 
I'Eocambrien et un granite devonien. La retromorphose en facies de schistes verts d'anciennes associations de granulites 
et d'amphibolites s'est produite au ProtBrozo'ique supbrieur et au Paleozo'ique inferieur. 

Les couches de roches clastiques et carbonatbes cambriennes-ordoviciennes de plate-forme qui se sont deposees 
sur les roches precambriennes ont 616 d4formees par penetration au cours du Paleozo'ique moyen, ce qui ne fut pas le cas 
du socle. Cette separation structurale importante entre le socle et la couverture, le charriage vers I'ouest de la fenbtre sur 
les roches de la plate-forme et, localement, sur les roches allochtones de la phase taconique et le fait que la structure des 
roches precambriennes ne commande pas les directions generales appalachiennes laissent supposer que le terrane 
precambrien a subi une deformation superficielle des Appalaches, il constitue un lambeau de charriage plutbt qu'un massif 
de socle. Les couches rouges du Carbonifere reposent en discordance sur certaines parties de la fen6tre et des roches 
siluriennes et devoniennes adjacentes. 

1 Contribution to Canada-Newfoundland Mineral Development Agreement 1984-1989. Project carried by 
Geological Survey of Canada, Lithosphere and Canadian Shield Division. 

2 Department of Geology, University of Alberta, Edmonton, Alberta, T6G 2E3. 



Introduction 

Extending across most of the width of the Humber Zone, 
the Long Range Inlier is the largest of the Precambrian external 
basement massifs of the Appalachian Orogen. It forms a resis- 
tant block of high grade crystalline rocks uplifted in the mid- 
Paleozoic through an unconformably overlying Cambro- 
Ordovician clastic and carbonate platformal cover. It separates 
regional structural depressions occupied by major Taconic 
klippen (e.g. Humber Arm and Hare Bay allochthons), and 
Silurian, Devonian(?), and Carboniferous rocks. 

A systematic investigation of the inlier,until now the largest 
single unmapped part of the Island of Newfoundland, has been 
initiated under the Canada-Newfoundland Mineral Develop- 
ment Agreement 1984-1989. Field work in 1985 covered half of 
the unmapped portion of the inlier (Fig. 3.1), an area of 
3000 km2 in Sandy Lake map area (NTS 12H). It included an 
extensive remote portion of Gros Morne National Park being 
considered for development by park authorities. 

Two projects were carried out simultaneously, (1) complete 
reconnaissance mapping, and (2) detailed mapping of an area 
of 800 km2 in NTS 12Hlll map area where preliminary work 
showed the widest variety of rock types. The report of recon- 
naissance mapping is presented here; the results of detailed 
mapping were described by Owen (1986). This report will be 
complemented by an open file map at 1:100 000 scale incorporat- 
ing results of petrography and geochemistry. The isotopic age 
determinations reported here are results of work in progress. 

Previous and related work 

A summary of previous geological investigations in various 
parts of the inlier since Murray and Howley's (1881) first survey 
is given by Erdmer (1984). Recent and current work in rocks 
surrounding the inlier has been carried out by Knight (1985), 
Knight and Boyce (1984), Nyman et al. (1984), Williams (1985), 
and Williams et al. (1984, 1985). These studies have established 
in particular that moderate westward transport (a few tens of 

NEWFOUNDLAND 

Figure 3.1. Main tectonic divisions of 
northwestern Newfoundland, and location 
of NTS 12H and 12Hl l l  map areas. The 
extent of mapping by Bostock (1983) is 
outlined. Abbreviations: PC = Precam- 
brian, C-0 = Cambrian and Ordovician, 
SDu = Silurian and Devonian (?) rocks 
undifferentiated. 



kilometres at the widest part of the structural salient, on the 
basis of regional truncation of litho-stratigraphic belts) of the 
Precambrian rocks has occurred over both platformal and al- 
lochthonous sedimentary rocks, along brittle thrusts of mid- 
Paleozoic age. 

Hyde (1982; personal communication, 1983) reported the 
occurrence of metamorphosed and tightly folded Lower Pal- 
eozoic platformal strata (now marble, quartzite, and mica 
schist) at several locations along the southeastern margin of the 
inlier. These rocks separate the Precambrian crystalline rocks 
from the unconformably overlying Carboniferous strata of the 
Deer Lake Basin. 

Smyth and Schillereff (1981, 1982) mapped the southeast 
contact of the inlier with Cambro-Ordovician cover rocks. The 
unconformable contact with overlying clastic and carbonate 
rocks is commonly reworked and is mostly a steeply east- 
dipping fault. Dunford (1984) mapped approximately 25 km2 of 
the terrane underlain by the Devils Room Granite, a late 
tectonic, massive pluton of Early Devonian age. 

General geology 

In its structure and internal stratigraphic relations, the 
southern part of the inlier is broadly comparable to the northern 
portion described by Bostock (1983), and is characterized by 
large lithotectonic units (Fig. 3.2). The oldest rocks within the 
inlier comprise a heterogeneous basement complex of leuco- 
cratic to mesocratic polydeformed quartzofeldspathic gneisses. 
The widespread occurrence of thick lenses of granitoid orthog- 
neiss and the scarcity of clearly supracrustal rocks suggest that 
the complex is mostly of plutonic origin. As fabrics in the com- 
plex are truncated by a suite of granites of Grenvillian age, the 
minimum structural age of the gneisses is Middle Proterozoic 
(time scale of Palmer, 1983). 

Supracrustal rock types are graphitic and hematitic 
quartzite, sillimanite schist, diopside marble and calc-silicate, 
quartz- and muscovite-rich schist, biotite psammite and quartz- 
rich gneiss. A large number of small basic plutons and dykes 
that are now variably foliated amphibolite, metagabbro, hyper- 
sthene diorite and leucogabbro were intruded into the gneiss 
throughout the area. 

A large intrusive body of olivine gabbro to metagabbro, 
gabbroic anorthosite and diorite appears to be younger than 
most of the small basic plutons. It is massive and locallv displays 
primary cumulate layiring Regional metamorphism of i r k -  
ulite arade occurred before or with the emvlacement of the basic 
rock; and may be related to them. Its prdducts, although com- 
monly retrograded by later events, are preserved in many 
places. 

Several large, distinctive megacrystic or massive grano- 
dioritic to granitic plutons postdate the granulite meta- 
morphism, and they record only greenschist overprinting. 
Quartz diorite and hornblende diorite plutons that cut across 
the regional foliation may be tectonic contemporaries of the 
granitic to granodioritic suite. Smaller bodies similar in com- 
position to these plutons occur throughout the area. Basic and 
metabasic dykes that intrude nearly all the above rocks trend 
largely northeast, and are correlated with the Long Range 
swarm described by Bostock (1983). A massive, fresh granite, 
the Devils Room pluton (Smyth and Schillereff, 1981) of Devo- 
nian age, postdates both the high grade metamorphism and the 
other granitoid plutons. 

Retrograde greenschist facies minerals, mainly chlorite, 
epidote and muscovite, are widespread throughout the ter- 
rane, and are inferred to be Proterozoic (Grenvillian) and (or) 
Paleozoic (Acadian). 

Deformation of the basement gneiss has been polyphase, 
with a northwest-striking fabric predominating. In the western 
part of the area, this fabric defines large steeply plunging folds 
(10 to 15 km amplitude) in the uniformly banded or "straight- 
e n e d  gneiss. In the centre and east, superposed deformation, 
possibly accompanying the basic intrusions, has produced 
complex interference patterns. 

The emplacement of the megacrystic plutons rotated fab- 
rics and rock units into parallelism with the margins of the 
plutons, which suggests a relatively deep level of intrusion. The 
plutons are massive in the centre, becoming progressively more 
foliated outward. Inclusions of host rocks are rare. 

The Devils Room granite cuts across all fabrics and contacts 
at a high angle, suggesting a higher level of intrusion than the 
megacrystic granites. 

Paleozoic deformation is restricted to the fringe zone of the 
inlier and is not regionally penetrative; it developed most in- 
tensely in the small prong at the southern tip of the inlier. 
Brecciation and recementing, iron staining, pervasive chlori- 
tization and quartz veining characterize many brittle shear 
zones; these truncate the contact with overlying Cambrian 
rocks at a high angle. The zones are locally diffuse and exhibit a 
wide range of strains. They are commonly the locus of normal, 
strike-slip and reverse faults of mid-Paleozoic age, especially 
along the southwestern margin of the inlier. 

Map units 

Metamorphic basement gneiss. 

Heterogeneous basement gneiss underlies approximately 
two-thirds of the terrane. It comprises leucocratic, medium-to 
coarse-grained, two-pyroxene or hypersthene-biotite ( +  chlo- 
rite) quartzofeldspathic gneisses of overall granitic to dioritic 
composition. The rocks are pink to buff to light grey, hetero- 
geneous, commonly nebulitic, and generally well layered in 
outcrop and approximately equigranular in hand specimen 
(Fig. 3.3). Hornblende, or epidote, or both, occur together with 
biotite locally. Migmatite layers of at least two generations 
(older, folded layers, and undeformed crosscutting ones) are 
common. In outcrops where migmatitic transposition is not 
pervasive, areas of homogeneous rock are almost invariably 
granitoid orthogneiss that grades into the surrounding more 
complex gneiss. The most homogeneous of these areas 
(Fig. 3.4) are differentiated in Figure 3.2. The proportion of 
plutonic protoliths appears high; this is also the case in nearby 
inliers to the south which are dominantly metaplutonic, such as 
the Indian Head and Steel Mountain inliers. This contrasts with 
Bostock's (1983) interpretation of a chiefly metasedimentary 
origin for the northern part of the inlier. Radiometric U-Pb 
dating of zircon in two-pyroxene orthogneiss near the head of 
Western Brook Pond yields an age of approximately 1250 Ma. 

Supracrustal layers in individual outcrops include quartz- 
rich gneiss, pelitic and semipelitic schist, marble and calc- 
silicate.rock, quartzite, and a wide range of nebulitic or grada- 
tional rock types intermediate between these homogeneous 
end members. The largest of the supracrustal layers are dif- 
ferentiated in Figure 3.2 and are described below. 

Amphibolite layels, lenses, and boudins (Fig. 3.5) are com- 
mon inclusions throughout the gneiss complex and constitute 
up to 90% of the outcrop locally. As they commonly cut across 
the foliation in adjacent gneisses (they are only locally con- 
formable), they are interpreted as being largely metabasic dykes 
intruded at several stages of the gneiss history. Large more 
equidimensional bodies of amphibolite differentiated on Figure 
3.2 are inferred to represent mafic plutons of various ages. 





Figure 3.3. Nebulitic appearance of heterogeneous mig- Figure 3.5. Striped amphibolite inclusion in a granodiorite 
matitic gneiss near the centre of the inlier, south of the Cat Arm lens in the gneiss complex. The hammerrests on an apliticphase 
pluton. This texture characterizes many outcrops in the gneiss of the orthogneiss. 
complex. 

Relationships between the protoliths of the gneiss complex 
have been obscured by deformation so that relative ages are 
difficult to establish. The oldest components are of Middle to 
Early Proterozoic age. 

Supracrustal rocks forming map-scale bodies 

Nearly pure, glassy, white to pale grey, massive to locally 
well banded quartzites form resistant uniform ridges up to 
20 km long near the southern margin of the Cat Arm Granite, 
south of Parsons Pond, north of the Taylor Brook Gabbro Com- 
plex, and northeast of the Lomond River Granodiorite. These 
quartzite layers are commonly more than 100 m thick; fine, 
dusty banding and laminations which may by transposed bed- 
ding are outlined by graphite and hematite specks. A reddish to 
light orange or pure white weathering is characteristic. Some of 
the quartzite layers coincide with distinctive positive anomalies 
on 1:50 000 scale aeromagnetic maps. 

Figure 3.4. Foliated granitic orthogneiss in the gneiss corn- Pelitic and psammitic schist and gneiss occur as rusty 
plex. weathering commonly recessive biotite-rich layers up to several 

hundred metres thick, in which sillimanite is locally extremely 
abundant. An outcrop 25 m across near the margin of the Taylor 
Brook Gabbro Complex is more than 90% sillimanite, which 
shows development in at least two separate generations in this 
section. 

Figure 3.2. Geology of the inlier south of 50°00 N. Legend as follows: 1. granitic to tonalitic biotite and 
(or) hornblende migmatitic gneiss complex, undifferentiated; with abundant amphibolite inclusions; la, 
granitic orthogneiss; Ib. granodioritic orthogneiss; 2. amphibolite, amphibolitic gneiss, foliated meta- 
gabbro; 3. supracrustal rocks; 3a. massive to banded glassy quartzite or minor quartz-rich gneiss; 3b. 
marble and (or) calc-silicate rock; 3c. pelitic or psammitic schist or gneiss; 4. massive to foliated gabbro, 
olivine gabbro, metagabbro, and anorthositic gabbro; 5. dioritic plutons; 5a. hornblende quartz 
diorite; 5b. hornblende diorite; 5c. quartz diorite to tonalite; 5d. gneissic phase of 5c; 6. massive 
to foliated granitoid suite; 6a. biotite granite; 6b. megacrystic granite; 6c. megacrystic granodiorite; 
7. masive, fresh granite; SDu, Silurian and Devonian(?) rocks, undifferentiated. C-0, Cambrian and Ordovi- 
cian. Geology in NB 12Hl11 is largely interpreted from Owen (unpublished data, 1985). Geology atperiphery 
of the inlier from Williams (1985), Williams et al. (1984, 1985), Hyde (1982), and Smyth and Schillereff (1981). 



Figure 3.6. Well banded graphitic tremolite and  diopside Figure 3.9. Well foliated interlayered quartz diorite and to- 
marble along the southern margin of the Taylor Brook Gabbro nalite that grade into a homogeneous gneissic phase near the 
Complex. southern boundary of the inlier: 

Characteristically mauve garnet up  to 2 cm across is com- 
mon in the pelitic schist. Psammitic layers that do  not contain 
mesoscopic aluminosilicates grade into the sillimanite layers 
locally, and occur alone elsewhere. Hybrid, quartz-rich, biotite 
and/or muscovite-epidote-bearing gneisses and schists are in- 
cluded with the supracrustal rocks in Figure 3.2 

Marble (Fig. 3.6) and sandy calc-silicate rocks are exposed 
along the periphery of the Taylor Brook Gabbro Complex. They 
form layers up to a few hundred metres thick in which tremo- 
lite, diopside and graphite are locally abundant. These rocks 
are treated in detail in the description of NTS 12Hll1 (see Owen, 
1986). Scapolite was found in a thin section of a small (5 cm 
across, 30 cm long) carbonate lens within the gneiss complex on 
the north shore of Western Brook Pond. Similar wispy, minute 
metacarbonate nodules were noted in a few other outcrops in 
the gneiss complex. 

Figure 3.7. Olivine rimmed by orthopyroxene in gabbro of the 
Taylor Brook Gabbro Complex (high relief grain in centre of field). H~moneneous  plutonic rocks 
Photomicrograph under plane light; field of view 2 cm (long Zones of orthogneiss occur throughout the complex gneiss 
dimension). in most outcrops; however, their contacts with the gneiss are 

nebulitic or gradational and their original relations are un- 

Figure 3.8. Massive to megacrystic biotite granite of the gra- 
nitoid suite (Cat Arm pluton). This suite is inferred to b e  
tectonically equivalent to late granitoids along the eastern mar- 
gin of the inlier north of 50°00 N {' Erdmer, 1984). 

known. ~ h e f d o  not generally form maFpable units. The oldest 
of the large, clearly intrusive bodies in the map area appears to 
be the large, locally olivine-bearing mafic complex (Fig. 3.7) that 
straddles the Upper Humber River near the southeast margin of 
the inlier, named here the Taylor Brook Gabbro Complex. It is 
described in detail by Owen (1986). 

Members of a voluminous suite of megacrystic to equi- 
granular, leucocratic, mostly biotite bearing granites and gra- 
nodiorites occur along the periphery of the inlier. The largest of 
these plutons are named here the Cat Arm Granite (Fig. 3.8; 
pink, megacrystic biotite granite which may be the southern tip 
of the Lake Michel Pluton of Bostock, 1983; Pringle et al. (1971) 
obtained an  Rb-Sr age of 1130+90 Ma for the Lake Michel Plu- 
ton), the French-Childs Granodiorite (pink, mostly megacrystic 
(K-spar) granodiorite with a characteristically dark chlorite 
groundmass in its eastern part), the Lomond River Gra- 
nodiorite (pink, megacrystic biotite granodiorite), and the Kill- 
devil Hill Granite (buff, equigranular biotite granite). All these 
plutons have similar ages of crystallization; U-Pb zircon deter- 
minations yield an age of 1042 f 2 2 -  11 Ma for the suite. Several 
other bodies of similar composition and comparable size, and 
many smaller plutons are included in this group. These plutons 



Structural geology 

Figure 3.10. Small mafic dyke correlated with the Long 
Range swarm, cutting across granitic gneiss. The vertical cool- 
ing joints strike east-southeast. 

are characteristically massive and homogeneous in their centre 
and strongly foliated at their margins, where they contain 
gneissic inclusions. Contacts with the adjacent gneisses are 
gradational, and structurally concordant. 

A hornblende diorite to monzonite (?) pluton more than 
5 km across that is locally garnetiferous occurs northwest of the 
Taylor Brook Gabbro Complex. A hornblende quartz diorite to 
tonalite pluton which grades southward into a homogeneous 
gneiss of similar composition (Fig. 3.9) occurs east of the Lo- 
mond River Granodiorite. These plutons appear to be more 
strongly foliated than those of the megacrystic suite, and their 
relation to the latter is unknown. 

Basic metadykes of dominantly 020-030" strike occur 
throughout the inlier; the only unit in which they were not 
observed is the Devils Room Granite. Their width ranges from 
more than 40 m along the east margin to commonly (but not 
invariably) less than one metre in the western part of Gros 
Morne National Park (Fig. 3.10); they appear to decrease in 
frequency and to be less metamorphosed towards the west. 
Thev are correlated with the Long Range swarm of Bostock 

The inlier displays structures resulting from several peri- 
ods of Precambrian and Paleozoic deformation. Deep-seated 
ductile fabrics characterize most portions of the basement 
gneiss; these were affected by the intrusion of the mafic and 
granitoid plutons, which are in turn foliated along their margins 
together with the gneiss. A major phase of brittle strain coin- 
cided with the mid-Paleozoic phase of the uplift of the terrane 
and subsequent readjustment of its cover. 

The penetrative gneissosity, schistosity, andlor migmatitic 
banding visible in most of the gneissic terrane is commonly 
folded isoclinally in outcrop; open, irregular folds of migmatitic 
layers and boudinaged mafic layers are also present. However, 
large areas of the gneiss complex have regular, "straight" folia- 
tion on the scale of the map, as in most of Gros Morne National 
Park. The broad, large-amplitude folds characterizing these 
areas clearly predate the emplacement of the granitoid plutons 
(e.g. Killdevil Hill, Lomond River), because the granulite facies 
mineralogy in the gneiss defines the fabric, and it is absent in 
the plutons. A dominant northwest fabric trend characterizes 
most of the central and eastern part of the inlier. This trend is 
modified in the vicinity of major plutons into parallelism with 
their margins for a distance of up to 5 km (e.g. around the 
French-Childs pluton). This trend is also modified into complex 
interference patterns where it intersects the large folds exposed 
in the northern part of Gros Morne National Park. 

The prominant quartzite layer exposed south of the Cat 
Arm Granite forms a refolded isoclinal fold on the scale of the 
map; the quartzite shows faint graphitic banding parallel to its 
margins that may be transposed sedimentary layering or a 
tectonic fabric. This suggests that two (three, if the banding is 
tectonic) distinct structural events affected most of the base- 
ment gneiss, and that the supracrustal rocks were involved in all 
of them. This is further supported by the local occurrence of at 
least two fabrics at low angles to each other in outcrops of 
gneiss. Where migmatization is not extensive, one of the fabrics 
is invariably seen to cut across or overprint the other(s), and the 
fabrics appear unrelated. 

The fabrics in the gneisses and in the outer portions of the 
granitoid plutons are parallel, suggesting that at least one defor- 
mation event postdates the intrusion of most of the plutons. The 
age of this deformation is probably Late Grenvillian. It appears 
to be younger than the emplacement of the granitoid intrusive 
suite. 

(19&). A few mafic dykes striking 0%' oc&r in the eastern part The intrusion of the Long Range dykes, which are high- 
of the inlier; these have been noted by other workers (J. Tuach level extensional features, in latest Precambrian time implies 
and ". Owen, persona' communications~ 1985). They may be- that most of the uplift of the inlier had taken place by that time. 
long a later# swarm as are parallel to This is further supported by the occurrence of flood of 
dykes cutting cover rocks along the eastern margin of the inlier the ~ i ~ h ~ h ~ ~ ~ ~  cove ~ ~ ~ ~ ~ ~ i ~ ~ ,  the extrusive equivalents of 
near 50"N. the Long Range dykes, that rest unconformably on the Pre- 

The massive Devils Room Granite (Smyth and Schillereff cambrian rocks in the northern part of the inlier. 
1981, 1982; Dunford 1984) cuts across all'fab;ics in the adjacent 
gneiss. Few xenoliths occur along its margins. It includes both 
biotite- and muscovite-bearing phases, and is largely mega- 
crystic. Violet to mauve fluorite occurs along its eastern margin 
in small veins and cryptocrystalline silica-rich fracture fillings 
0. Tuach, personal communication, 1985). The boundary with 
the French-Childs pluton to the north is a steep lineament, 
interpreted as a faulted, originally intrusive contact. Radio- 
metric U-Pb determination of zircon ages yield 398TG7 Ma. 

Paleozoic deformation is expressed as moderately to steep- 
ly east-dipping thrust faults that place Precambrian rocks above 
Paleozoic sedimentary strata along the southwestern margin of 
the inlier, and by steep faults and brittle shear zones that trun- 
cate both Precambrian and Paleozoic rocks. Williams et al. (1985) 
discussed the evidence for overthrusting of the inlier in Gros 
Morne National Park and concluded that displacement is re- 
stricted to a maximum of a few tens of kilometres. The depth of 
involvement of the basement rocks is unclear; the observation 

Fresh, leucocratic, white to buff to pale pink quartz-feld- that the Appalachian structural front lies about 15 km offshore 
spar porphyry dykes a few metres wide were noted in the near the north end of Gros Morne National Park (P. Gordy, 
eastern part of the terrane 10 km south of the Devils Room personal communication, 1985) raises the possibility that deeper 
pluton, and in several outcrops in 12Hlll map area (V. Owen, thrusts underlie the basement and the Paleozoic rocks at the 
personal communication, 1985). These rocks are masive, and western margin of the inlier. A deep geophysical transect 
form thin flinty shards when broken. They are interpreted to be through the structural salient defined by Williams et al. (1985) 
Paleozoic, and may be related to Silurian volcanism to the east. would help establish relations in this critical area. 



Figure 3.11. Granoblastic texture of fresh two-pyroxene gran- 
ulite gneiss in the central part of Gros Morne National Park. 
Photomicrograph under plane light; field of view 1 cm (long 
dimension). 

The steep faults and brittle shear zones postdate the thrust- 
ing at least in part, as a portion of the Humber Arm Allochthon 
shows horizontal separation along a fault that also truncates 
Precambrian rocks. These faults form two main sets, striking 
northwest and northeast, that are best developed in Gros 
Morne National Park. Movement along the faults is generally 
oblique slip with the major component down dip to the west. 
These faults are restricted to the zone of maximum overlap of 
basement onto platformal and allochthonous rocks (the struc- 
tural salient suggested by Williams et al., 1985). Their map 
pattern is consistent with brittle fracturing of a thin sheet of 
competent rock (Precambrian gneiss) above or in a more ductile 
stack (Lower Paleozoic sedimentary strata) during thin-skinned 
tectonism. The age of this deformation is constrained between 
Late Ordovician (thrusting postdates emplacement of the 
Taconic allochthons) and Early Devonian (intrusion of the 
Devils Room granite). 

Rocks in the vicinity of the steep faults and along the frontal 
Long Range thrust are commonly reddish, brecciated and rece- 
mented, and they locally contain a dark fine granular cement 
separating lenticles of crushed rock. Strong chloritization of 
joint faces and the development of chlorite seams along late 
quartz veins are also characteristic. This deformation is most 
pervasive in the small 10 km long prong at the southern tip on 
the inlier. 

The steep northeast-trending fault along the east side of the 
inlier follows the sub-Cambrian unconformity. It cuts either up 
or down section locally, as evidenced by the preservation of 
undeformed pockets of basal clastic Cambrian strata in places 
and the direct juxtaposition of Doucers Marble (Smyth and 
Schillereff, 1982) against the Precambrian rocks in others. As 
these structurally higher Paleozoic cover rocks record pen- 
etrative deformation that is absent in the basement, a major 
detachment between cover and Precambrian basement must be 
situated close to the unconformity. This fault surface is inter- 
preted Lopredate the Devils Room pluton, i.e. the pluton would 
have stitched the detachment. However, as the pluton is clearly 
faulted in the east, regional post-Acadian strike-slip is thought 
to have reactivated the Lower Paleozoic west-verging detach- 
ment. Additional study is required to resolve this question. The 
detachment is similar to that observed along the southwest 
margin of the inlier by Nyman et al. (1984), and westerly thrust- 

ing of the Lower Paleozoic cover rocks above the Precambrian 
terrane is suggested by mesoscopic kinematic indicators in at 
least one place near the Taylor Brook Gabbro Complex (Owen, 
1986). 

Paleozoic faults cut indiscriminately across Precambrian 
structural trends, which suggests that the latter had no influ- 
ence during Appalachian tectonism; this implies tectonic con- 
trol at deeper levels than those now exposed. The entire inlier 
appears to have behaved as a discrete slice during thin-skinned 
Appalachian deformation. 

Metamorphism 

Granulite and amphibolite facies mineral assemblages are 
developed in many places. Retrograde greenschist facies meta- 
morphism affected these assemblages heterogeneously; it is 
strongest in the eastern third of the inlier, where higher grade 
minerals are commonly completely altered. This retrogression 
appears to decrease gradually westward. 

Hypersthene (Fig. 3.11) is present in most outcrops of the 
gneiss complex in Gros Morne National Park and occurs spo- 
radically across the terrane, to within 10 km of the eastern 
margin of the inlier (Owen, 1986). Sillimanite is present in pelitic 
horizons in several localities. Pervasive migmatization charac- 
terizes most outcrops of the gneiss complex. The age of this 
high grade metamorphism is older than 1042 Ma, as the gra- 
nitoid plutons cut across foliations defined by the high grade 
minerals, and are themselves only weakly metamorphosed. 

These products of peak metamorphism are commonly re- 
placed by lower grade assemblages in the greenschist and 
(lower) amphibolite facies: fresh amphibole and biotite are 
widespread and characterize large areas of the gneiss complex. 
They are developed in the plutons of the granitoid suite and in 
the Taylor Brook Gabbro Complex. Epidote, chlorite, and minor 
actinolite locally replace higher grade minerals in all rock types 
including the Long Range dykes, with the exception of the 
Devils Room Granite. The epidote and chlorite are associated 
locally with rocks that contain at least two separate generations 
of biotite. Radiometric sphene ages cluster around 400 Ma. It is 
not clear whether one or two episodes of greenschist facies 
metamorphism, as suggested by Bostock (1983) in the north, 
affected the inlier. Structurally continuous Lower Paleozoic 
rocks surrounding the inlier are metamorphosed to lower 
greenschist grade along the margin of the inlier, and the Long 
Range dykes are similarly affected. 

This evidence of Lower- to Middle Paleozoic metamor- 
phism suggests that the greenschist metamorphism of the Pre- 
cambrian rocks is largely of Appalachian origin. However, on 
the basis of the truncation of chlorite-defined schistosity by the 
Long Range dykes and of greenschist metamorphism of the 
Precambrian rocks along the western margin of the terrane, 
where Paleozoic rocks are barely metamorphosed, at least part 
of the greenschist metamorphism is Precambrian. 
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Abstract 

Gneisses in the southern part of the Long Range lnlier record a polymetamorphic history spanning late Precambrian to 
early Phanerozoic times. They preserve a granulite facies mineralogy which crystallized at ca. 800 L 50°C and moderate 
pressure ( 26  kbar). U-Pb (zircon) data indicate an early Grenvillian age (ca. 1250 Ma) for this event. The granulites are 
retrogressed to amphibolite facies assemblages, particularly where overprinted by a W- to NW-trending schistosity. This 
schistosity occurs in discordant Grenvillian granites (ca. 1040 Ma) but not in the ca. 605 Ma Long Range mafic dykes or an 
Acadian granite (ca. 398 Ma). It is attributed to post-plutonic Grenvillian orogenesis. Effects of Phanerozoic orogenesis are 
recorded by the Long Range dykes. Their polyphase, medium grade metamorphic mineralogy indicates a low pressure 
event, followed by higher pressure metamorphism. The higher pressure event is attributed to burial by Cambro-Ordovician 
platformal rocks thrust westward over the iniier during the Taconic Orogeny. A greenschist facies overprint may reflect an 
early Acadian thermal event accompanied by regional granite plutonism. 

L'analyse des orthogneiss et des paragneiss affleurant dans la partie meridionale de la fen6tre Long Range dans 
I'ouest de Terre-Neuve revele une histoire polymbtamorphique s'etendant du Precambrien superieur jusqu'au Phanero- 
zo'ique inferieur. Les gneiss prbsentent une mineralogie Btendue du facibs des granulites et se sont cristallisbs B environ 
800% 50°C et B unepression modbrbe (26 kbar). Une datation U-Pb (zircon) indique que le mbtamorphisme eleve a eu lieu 
au debut du Grenvillien (il y a environ 1 250 Ma). Les granulites sont rbtromorphos6s de f a~on  variable en facies 
d'amphibolites, en particulier 18 ou il y a eu superposition d'une schistosite bien formbe B orientation ouest-nord-ouest. 
Cette schistosit6 s'observe Bgalement dans les granites discordants du Grenvillien (env. 1 040 Ma) mais pas dans le groupe 
de filons mafiques Long Range datant d'environ 605 Ma et dans un granite acadien (env. 398 Ma) contenu dans lafenbtre. 
Elle est donc attribuable A un bpisode post-plutonique ulterieur de I'orogenese du Grenvillien. Les effets de I'orogenese 
phanerozo'ique sont enregistrbs dans les filons Long Range. La minbralogie des filons indique un metamorphisme moyen 
polyphasique incluant un stade initial B pression relativement basse suivi d'un metamorphisme a pression plus blevee. Ce 
metamorphisme B pression plus blevbe peut-gtre attribuable 8 I'enfouissement de parties de la fenbtre par des roches de 
plate-forme du Cambrien-Ordovicien charriees vers I'ouest par-dessus la fengtre au cours de I'orogenese du Taconique. La 
superposition du facies des schistes verts relevbe localement dans les filons et leurs roches encaissantes peutQtre le 
resultat d'un Bvenement thermique remontant au debut de I'Acadien, accompagne d'un plutonisme granitique regional. 

1 Contribution to Canada-Newfoundland Mineral Development Agreement 1984-1989. Project carried by Geological 
Survey of Canada, Lithosphere and Canadian Shield Division. 

2 Department of Mines and Energy, 95 Bonaventure Ave., St. John's, Newfoundland AIC 5T7 
3 Department of Geology, University of Alberta, Edmonton, Alberta T6G 2E3 



Introduction 

Crystalline rocks of the Long Range Inlier form the core of 
the Great Northern Peninsula of western Newfoundland. They 
include high grade ortho- and paragneisses, intruded by mafic 
to felsic plutonic rocks, which together record the effects of both 
Grenvillian and early Phanerozoic orogenesis. 

Approximately half of the Long Range Inlier has been 
mapped on a reconnaissance scale (Fig. 4.1). The northern por- 
tion has been described by Bostock (1983), while the geology of 
the southern and eastern parts of the inlier was reported by 
Erdmer (1984,1986) and Owen (1986). Bostock (1983) described 
amphibolite facies gneisses, anorthosite, mangerite, and asso- 
ciated rocks from the northern portion of the inlier. He inferred 
a sedimentary protolith for most of the gneisses, and concluded 
that the rarity of orthopyroxene in these rocks demonstrated 
that granulite facies conditions were barely, and only locally, 
attained. He further noted a spatial relationship between 
orthopyroxene-bearing gneisses and plutonic rocks of the 
anorthosite-mangerite suite, and suggested (Bostock, 1983, 
p. 17) that "regional folding. ..which accompanied the meta- 
morphic maximum, occurred.. .perhaps about the same time as 
the emplacement of the mangerite plutons". This implies that 
the high grade gneisses in the northern part of the inlier record 
the thermal imprint of the plutonic rocks. This does not appear 
to be the case farther south, where orthogneisses are more 
extensive, in places have migmatitic fabrics clearly cut by plu- 
tonic rocks, and contain a granulite facies mineralogy across 
much of the inlier. 

This report summarizes and interprets features of high 
grade gneisses from the southern part of the Long Range Inlier 
in light of new U-Pb isotopic dating and analyses of mineral 
assem'blages used to estimate metamorphic P-T conditions. The 
results provide the first available quantitative constraints for the 
evolution of this Precambrian massif. A preliminary appraisal of 
the effects of Paleozoic metamorphism in the area is also pre- 
sented. 

Petrography 

The bulk of the gneisses exposed in the southern part of the 
inlier are quartzofeldspathic rocks interpreted to have plutonic 
protoliths. Major rock units of the gneiss complex and younger, 
plutonic rocks of the inlier are listed in Table 4.1. Three catego- 
ries of felsic orthogneiss have been recognized in this area. 
Although not distinguished on the generalized geological map 
(Fig. 4.2), their distribution has previously been depicted in the 
Silver Mountain area (NTS 12Hll1, Fig. 4.1) by Owen (1986). 
Felsic orthogneiss comprises quartz dioritic, tonalitic, and gra- 
nitic variants, which show a limited range of modal composi- 
tion within and between outcrops. Mafic gneisses are grouped 
as a single unit including amphibolite and dioritic gneiss, which 
consist of amphibole, plagioclase (andesine in at least one sam- 
ple), and locally biotite, quartz, clinopyroxene, andlor ortho- 
pyroxene. 

Felsic orthogneiss consists principally of quartz, oligoclase 
(An20-28), and microcline in varying proportions; textural fea- 
tures and the mafic mineralogy are also diagnostic of the three 
compositional variants. Tonalitic gneiss is characterized by a 
granoblastic texture and the common occurrence of both clino- 
and orthopyroxene; biotite and amphibole may also be present. 
Granitic gneiss typically is migmatitic, biotite, locally with 
orthopyroxene 2 clinopyroxene, is the principal mafic mineral 
in this unit. Quartz dioritic gneiss has a distinctive "flecky" 
texture defined by 5-10 mm ovoid aggregates of amphibole and/ 
or biotite; orthopyroxene was observed in the gneiss at only one 
locality in the study area. In a few places, bands of garnetiferous 
granitic gneiss up to about 100 m wide occur in the quartz 
diorite gneiss. 

Figure 4.1. Geological setting of the Long Range Inlier, show- 
ing the location of the study area and the extent of mapping by 
Bostock (1983), Erdmer (1986), and Owen (1986). Abbreviations: 
PE = Precambrian, CO = Cambrian and Ordovician, SDu = 
Silurian and Devonian(?) rocks. 

Table 4.1. Major rock units of the southern Long 
Range Inlier 

~ - -  

PLUTONIC ROCKS 
Biotite granite-granodiorite 
K feldspar-megacrystic biotite granite 
K feldspar-megacrystic biotite * hornblende 

granodiorite-granite 
Biotite + hornblende granodiorite 
Pyroxene + olivine metagabbro, pegmatitic 

leucogabbro (Taylor Brook Gabbro Complex) 

GNEISS COMPLEX 

(1) Paragneiss 

Quartzite 
Pelitic gneiss 
Marble, calc-silicate rock 

(2) Orthogneiss 

Amphibolite, dioritic gneiss 
Granitic (to granodioritic) gneiss 
Quartz dioritic (to granodioritic) gneiss 
Tonalitic (to quartz dioritic) gneiss 





. :  CONGLOMERATE ; REDBEDS 
(DEER LAKE BASIN) 

CAMBRO- ORDOVICIAN 
PLATFORM 

PELlTlC GNEISS 

METACARBONATE ; CALCSILICATE 
ROCK 

GRANiTE - GRANODIOR ITE MAFlC ORTHOGNEISS 
(GRENVILLIAN OR YOUNGER) 

TAYLOR BROOK GABBRO 
COMPLEX 

FAULT; THRUST OR REVERSE FAULT. f -  -" GEOLOGICAL CONTACT 
UNCONFORMITY 

Figure 4.2. Simplified geological and sample location map of the southern Longe Range lnlier of the 
northern Long Range mountains. Numbers in brackets are average peak metamorphic temperatures ("C) 
determined by two-pyroxene geothermometry ("p" prefix; clinopyroxene temperatures; Lindsley's (1983) 
calibration) and garnet-biotite geothermometry ("g" prefix, Perchuk and Lavrent'eva's (1983) calibration). 
Pyroxene data for E083-163, -173 show core and rim temperatures determined for zoned clinopyroxene. 

Paragneiss is a minor but distinctive component of the 
gneiss complex. It includes the derivatives of both clastic and 
chemical sedimentary rocks. The metaclastic rocks include both 
quartzose and pelitic strata. Massive, grey or white ortho- 
quartzite (Erdmer, 1986; Owen, 1986).occurs as bands up to 
250 m wide in orthogneiss. Although the metaquartzite locally 
contains narrow pelitic screens, pelitic gneiss more typically 
occurs as bands up to 0.5 km wide near metacarbonate rocks 
(e.g. enveloping the Taylor Brook Gabbro Complex, see Erdmer, 
1986 and Fig. 4.2). In addition to quartz, plagioclase (An3& 
and biotite, these pelites locally contain variably perthitic micro- 
cline, orthopyroxene, cordierite, graphite, garnet andfor sil- 
limanite; in places the latter two minerals are replaced by fine 
grained hercynite and cordierite. 

The metacarbonate rocks form bands up to 0.5 km wide, 
and consist of grey, buff, or white marble commonly with cen- 
timetre- to metre-scale layers of dark grey calc-silicate rock. 
With one exception, the metacarbonate rocks, although com- 
monly folded, lack a penetrative tectonic fabric. Marble typ- 
ically consists of carbonate with minor forsterite andlor diop- 
side, whereas calc-silicate rocks contain carbonate, forsterite, 
diopside, phlogopite, and rare spinel. Forsterite in both rock 
types is variably serpentinized; the carbonate is magnesian 

calcite (1-3% MgO). One sample of tectonized calc-silicate rock 
from the northeast flank of the Taylor Brook Gabbro Complex 
consists of wollastonite-rich bands (typically 5 1 cm wide), and 
diopsidic clinopyroxene (salite) + plagioclase (An,,) rich bands 
(typically 21 cm wide). The compositional layering in this sam- 
ple is tightly folded about a steeply northeast-dipping (75"NE) 
axial planar fabric, which may coincide either with the develop- 
ment of early (Fl) isoclinal folds seen elsewhere in the gneiss 
complex, or with the W- to NW-trending schistosity formed 
after the emplacement of Grenvillian granitic plutons in the 
area. 

Mineral chemistry 

Analyses of mineral assemblages suitable for estimating 
metamorphic P-T conditions were performed using the JEOL 
JXA-50A wavelength dispersive electron probe microanalyzer 
at the Department of Earth Sciences, Memorial University of 
Newfoundland, using a beam current of 22 nanoamps and an 
accelerating voltage of 15 kV. Counts were made for 30 seconds 
or to a maximum of 60,000. Bence-Albee corrections were em- 
ployed in data reduction. Analyses were performed using cal- 
ibrations based on natural and synthetic standards, and were 
checked periodically against two of these (FCPX and ACPX, 



Appendix 1). Where possible, the same calibration was utilized 
in analyzing different unknowns in order to maintain con- 
sistency between analyses. The oxidation ratio of iron 
(=  Fe3+1(Fe3+ + Fez+)) was estimated indirectly by the 
method of Papike et al. (1974). This method is highly sensitive to 
variations in SiO,, and it is recognized that results obtained 
using other empirical methods may differ significantly. Pyrox- 
ene analyses are presented in Table 4.2; analyses of coexisting 
garnet and biotite are listed in Table 4.3. Pyroxene analyses 
were recalculated to 6 oxygens, biotite to 22 oxygens, and 
garnet to 24 oxygens. 

Metamorphic temperatures in the southern part of the 
inlier were estimated by garnet-biotite and two-pyroxene geo- 
thermometry; metamorphic pressures were evaluated both di- 
rectly, by clinopyroxene-plagioclase-quartz geobarometry, and 
indirectly, from the mineralogy of pelitic gneiss. Coexisting 
garnet-biotite was analyzed in four samples of granitic gneiss 
and two samples of pelitic gneiss, and clino- and othopyroxene 
pairs were analyzed in three samples of tonalitic gneiss and two 
samples of granitic gneiss. The mineralogy of the analyzed 
samples is listed in Appendix 2. 

Estimation of the ferric iron content of biotite by 
stoichiometric means is hampered by site vacancies. Further- 
more, in the present case, utilization of the same calibration in 
the microprobe analysis of biotite and garnet led to somewhat 
high (ca. 103%) totals for garnet analyses, despite good 
stoichiometry (Table 4.3). Resolution of the microprobe is at best 
k1.5-2% (relative). We therefore consider that errors resulting 
from high oxide totals for the garnet analyses are insignificant, 
since potential "between-calibration" errors were minimized by 
retaining the same calibration for analysis of garnet and biotite 
in these samples. 

Garnet occurs as porphyroblasts up to 3 mm in diameter 
in granitic and pelitic gneiss (Fig. 4.3). Garnet in grey-rose 
granitic gneiss bands (VO-85-503, -574, -685) enclosed by 
garnet-free quartz diorite gneiss is a solid solution of almandine 
(64-74 mol.%) and pyrope (30-38%), with minor grossular 
(2-4%) and spessartine (1-2%). Garnet in these samples is criss- 
crossed by thin, phyllosilicate-bearing fractures. Garnet in a 
sample of green-brown porphyroclastic granitic gneiss 
(VO-85-617) is relatively rich in almandine (74%) and grossular 
(14%) and poor in pyrope (10%). Garnet in pelitic gneiss 
(VO-85-659-1, -879) contains 61-67% almandine, 27-30% pyrope, 
3-8% grossular and 1-2% spessartine. Garnets in both granitic 
and pelitic gneiss show a core-to-rim increase in Fe and Mn with 
a concomitant decrease in Mg. 

Biotite is an essential constituent of both granitic and 
pelitic gneiss. It occurs principally as subidiomorphic to idi- 
omorphic crystals (Fig. 4.3), although it is also present in the 
pelites as xenomorphic crystals fringing opaques (ilmenite?), 
and in places it contains symplectic quartz intergrowths. Only 
non-symplectic, (sub)idiomorphic biotite was analyzed in this 
study. All biotites are unzoned with respect to MgIFe. Biotite in 
granitic gneiss is brown to greenish brown, with an Mg number 
( = Mg/(Mg + Fe)) of 0.45-0.59, with Ti = 0.29-0.32 per formula 
unit (p.f.u.), and Alvi (octahedral Al) = 0.39-0.54 p.f.u.; biotite 
from sample VO-85-617 has a higher FelMg and Ti content, and 
lower octahedral A1 (Table 4.3). Biotite in pelitic gneiss is red- 
dish brown, reflecting a relatively high Ti content (0.51-0.59 
p.f.u.); these biotites have an Mg number of about 0.38, with 
Alvi = 0.33-0.44 p.f.u. 

Orthopyroxene occurs as subidiomorphic grains in 
orthogneiss. The pyroxene-bearing gneisses typically have a 
granoblastic texture (Fig. 4.4); although they are locally partly 
replaced by amphibole, for the most part pyroxenes are fresh. 
The orthopyroxene in these rocks is hypexsthene or fer- 
rohypersthene, with an Mg number of 0.60-0.62 in tonalitic 

gneiss, and 0.41-0.51 in granitic gneiss. The orthopyroxene is 
unzoned, even where it is in contact with clinopyroxene, and 
shows no sign of exsolution. 

Clinopyroxene is subordinate to orthopyroxene in ortho- 
gneiss. It occurs either as xenomorphic grains attached to larger, 
better formed orthopyroxene crystals (Fig. 4.4), or as sub- 
idiomorphic porphyroblasts. Clinopyroxene in the tonalitic 
gneiss is typically unzoned with respect to CaIFe, although it 
may show within- and between-grain variations in A1,03 con- 
tent, and some grains in one sample (VO-85-170) contain min- 
ute exsolution lamellae (orthopyroxene?). In contrast, the two 
samples of pyroxene-bearing granitic gneiss (E083-163, -173) 
contain zoned clinopyroxenes showing a marked core to rim 
increase in CaIFe. 

Metamorphic P-T conditions 

Garnet-biotite geothermometry 

Since the composition of biotite is sensitive to the effects of 
down-temperature re-equilibration, temperatures determined 
using the garnet-biotite geothermometer should be interpreted 

Figure 4.3. Subidiomorphic garnet (g) and biotite (b) from 
granitic gneiss. Sample VO-85-503; plane polarized light; bar = 
1 mm. 

Figure 4.4. Granoblastic texture typical of tonalitic gneiss 
showing xenomorphic clinopyroxene (c) in contact with a larger 
orthopyroxene (0) porphyroblast. Sample V0-85-415; crossed 
nicols; bar = 0.5 mm. 



in conjunction with textural features of the analyzed samples. 
For example, Indares and Martignole (1985a) have shown that 
rim compositions of touching garnet-biotite pairs yield lower 
temperature estimates than core compositions of garnet and 
biotite grains isolated by quartz and feldspar. This also applies 
to the present samples. We have employed two calibrations of 
the garnet-biotite geothermometer in this study. Perchuk and 
Lavrent'eva's (1983) calibration yields temperatures ranging 
from 735-775°C (mean = 757"C, n = 8) for core compositions of 
"isolated garnet and biotite grains (Table 4.2); rim composi- 
tions of garnet from the same samples yield temperatures up to 
180°C Iower (Table 4.4). Somewhat higher temperatures (mean 
= 841°C, core compositions) were derived using the Indares 
and Martignole (1985b) calibration, which is based on Ferry and 
Spear's (1978) experimental expression, but incorporates ther- 
modynamic and empirical correction factors to account for the 
influence of Ca and Mn in garnet, and Ti and Albf in biotite, 
respectively, in granulite facies rocks. The results of this calibra- 
tion are considered to be particularly reliable since Indares and 
Martignole's empirical evaluation of the extent of the non-ide- 
ality of the garnet-biotite exchange reaction is based on the 
composition of natural assemblages which crystallized at tem- 
peratures (ca. 800°C) similar to those independently deter- 
mined below. 

Two-pyroxene geothermometry 

In this study, we have employed Lindsley's (1983) graphical 
two-pyroxene geothermometer, which takes account of the 
effects of minor components on the activities of Wo, En and Fs, 
and which is insensitive to pressure at metamorphic tem- 

peratures (i.e. <lOOO°C). We have chosen this method over 
numerical calibrations, some of which appear to consistently 
overestimate metamorphic temperatures (e.g. Bohlen and 
Essene, 1979). Davidson and Lindsley (1985) have recently re- 
vised Lindsley's (1983) geothermometer by incorporating the 
non-convergent, cation site-disorder model of Davidson (1985). 
Lindsley's (1983) isotherms yield metamorphic temperatures 
some 25°C lower than the revised method. The most consistent 
temperature estimates were obtained from pyroxene pairs from 
tonalitic gneiss, which are generally unzoned except for some 
grains in sample VO-85-170, which was sampled close to the 
TBGC (Fig. 4.2). Unzoned clinopyroxenes from tonalitic gneiss 
straddle Lindsley's (1983) 800°C isotherm on the pyroxene quad- 
rilateral (Fig. 4.5), and are inferred to comprise part of an equi- 
librium assemblage in these samples. In contrast, clinopyrox- 
ene from granitic gneiss shows marked core-to-rim variations in 
Ca/Fe. Zoning in these clinopyroxenes suggests compositional 
disequilibrium, and the resultant temperature estimates should 
be interpreted with caution. Clinopyroxene core and rim com- 
positions from these samples indicate temperatures of approxi- 
mately 830-1090°C and 580-680°C, respectively. The lower esti- 
mate may indicate the temperature at which clinopyroxenes 
were quenched; however, the significance of the higher tem- 
perature estimate is unclear. Orthopyroxenes in all samples 
yield relatively low temperatures (5700°C; Fig. 4.5). This is 
typical of orthopyroxenes from granulites, and, in the present 
case, may reflect incorrect portrayal of the isotherms for low-Ca 
pyroxenes, a possibility acknowledged by Lindsley (1983). It 
should be noted that visual estimation of temperatures by this 
method (Fig. 4.5, Table 4.2) is probably at best accurate to 
2 20-30°C for clinopyroxene compositions, and to k 30-50°C for - .  
othopyroxenes. 

Table 4.4. Compositional parameters and temperature estimates of coexisting garnet and biotite from 
granitic and pelitic gneiss. 

Textural 
VO-85- type Garnet Biotite T C *  

X X X X X X X X 
ME Fe Ca Mn ME Fe Ti A16+ A B 

503 1 - - - .459 .406 .054 ,081 775 926 
3 c* .303 .638 .038 .021 { .532 .349 .053 066 697 750 

574 3 r* .383 .583 .033 .001 ,591 .275 .051 ,083 700 718 
1 c ,379 ,575 ,033 ,013 ,533 ,324 ,055 ,088 764 872 

617 2 r .047 .793 .I34 .026 I- 565 512 
.230 .639 .090 .041 

c ,100 .742 .I38 .021 745 875 
1 u* ,092 ,743 .I44 ,021 .202 ,654 ,095 ,049 762 911 

659-1 1 c .317 .640 .032 .010 .449 .383 .lo3 .066 781 810 
1 c .277 .676 .036 .012 .436 .379 .lo6 .079 735 700 

685 1 r .268 ,697 .023 ,012 > 617 554 
,549 ,304 ,053 .094 

c ,382 .580 .027 .010 740 806 

879 1 r .218 .677 .081 .024 I= 650 622 
.477 ,375 ,090 ,058 

c ,300 ,610 .075 .014 755 829 

Textural types: I-(sub)idiomorphic biotite isolated from garnet porphyroblast 
2-subidiomorphic biotite touching garnet porphyroblast 
3-idiomorphic biotite inclusion in garnet porphyroblast 

*c = garnet core analysis; *r = garnet rim analysis; 
*u = unzoned garnet 

*T = temperature determined from (A) Perchuk and Lavrent'eva's (1983) and (B) Indares and Martignole (1985b, 
"model B )  calibration of the garnet-biotite geothermometer adopting a model pressure of 6 kbar. 



Figure 4.5. End-member compositions of coexisting clinopyroxene and orthopyroxene from tonalitic (dots) 
and granitic (black triangles-cores, open triangles-rims) gneiss. Isotherms are from Lindsley (7983). 

The regional pattern of metamorphic temperatures deter- 
mined here is depicted in Figure 4.2. The temperature of 
ca. 800+50°C determined from garnet-biotite and two-pyrox- 
ene-bearing assemblages is consistent with the mineralogy of 
metacarbonate rocks in the area, specifically the high tem- 
perature assemblage forsterite (Fo >90) + spinel (>90% 
MgAl,O,) (see Schenk, 1984), and coexisting wollastonite, by- 
townite and diopside (% Boettcher, 1970) present in some 
samples of calc-silicate rock. However, the metacarbonate rocks 
(together with some pelitic gneiss) partly envelop the Taylor 
Brook Gabbro Complex. It is therefore possible that the meta- 
carbonate rocks may in part record thermal effects of the intru- 
sion of the gabbro, and not only regional granulite facies meta- 
morphism. 

Metamorphic pressures 

Metamorphic pressures associated with the granulite facies 
event can be indirectly evaluated from the mineralogy of pelitic 
gneiss, and can be quantified using the clinopyroxene- 
plagioclase-quartz geobarometer (Ellis, 1980) for tonalitic 
gneiss. 

Sillimanite in the pelitic gneiss suggests moderate meta- 
morphic pressures, but since it does not form an equilibrium 
assemblage with the garnet in sample VO-85-659-1, the 
Al,SiO,-garnet-plagioclase-quartz geobarometer is inapplica- 
ble. Sillimanite and garnet coexisting on a domainal scale in 
sample VO-85-659-1 are enclosed and separated from each other 
by a fine grained mosaic of cordierite (Mg number = 0.70) and 
hercynite (Mg number = 0.24) (Fig. 4.6). This suggests the 
reaction: 

garnet + sillimanite = spinel + cordierite [I] 
Harris (1981) described this as a pressure-sensitive reaction 

with a slightly positive slope in P-T space. The lower pressure 
assemblage spinel + cordierite develops at P < 6 kbar for the 
temperatures determined above (ca. 800 2 50°C) assuming 
P(H,O) = P(tota1). It should be noted that garnet-biotite tem- 
peratures for this sample (Table 4.4) are consistent with those 
determined for other samples despite textural evidence for 
retrogression. This is attributed to the fact that only the com- 

positions of garnet showing no evidence for partial replacement 
by spinel and cordierite (e.g. garnets isolated from sillimanite 
by quartz and feldspar) were used for garnet-biotite thermome- 
try. 

It is not possible to determine the P-T trajectory in 
VO-85-659-1 since reaction [I] may proceed by an isothermal 
pressure decrease, an isobaric temperature increase, or any 
number of intermediate paths. The proximity (0.8 km) of the 
sample to the Taylor Brook Gabbro Complex is noteworthy in 
this regard, since the formation of spinel and cordierite at the 
expense of garnet and sillimanite in high grade pelitic gneiss is 
typical of some medium-pressure thermal aureoles (e.g. Owen, 
in press). We suggest that reaction [I] was instigated in sample 
VO-85-659-1 bv the thermal imprint of the Tavlor Brook Gabbro 
Complex dur<ng uplift of the belitic gneiss ~ollowing regional 
high grade metamorphism in the area. 

Figure 4.6. Cordierite (pale grey) and hercynite (small, dark 
grey crystals) enclosing and separating garnet (g) and sil- 
limanite (s) in pelitic gneiss. Sample VO-85-659-1; plane polar- 
ized light; bar = 0.5 mm. 



Sample VO-85-024 is from the band of pelitic gneiss flank- 
ing the southwest margin of the TBGC. In contrast to 
VO-85-659-1, this sample is impoverished in quartz (<5%), is 
free of K feldspar, and contains texturally stable porphyroblasts 
of cordierite, garnet and hypersthene, although the latter two 
minerals have not been observed in contact in the thin section 
examined. The garnet, however, is in texturally stable contact 
with porphyroblasts of cordierite. Bearing in mind the prox- 
imity of the TBGC (Fig. 4.2), the occurrence of stable garnet may 
be attributed to the absence of sillimanite in the sample. Possi- 
ble thermal effects associated with the emplacement of the 
TBGC on the mineralogy (andlor mineral compositions) of 
VO-85-024 are, therefore, uncertain, and it is not presently 
known whether the cordierite (andlor garnet, hypersthene) 
porphyroblasts should be attributed to the thermal imprint of 
the TBGC, or to the earlier, regional, granulite facies event. 
Coexisting hypersthene-cordierite-garnet-quartz is indicative 
of pressures of ca. 6-7 kbar over the temperature range deter- 
mined above (cf. Hensen and Green, 1973; Powers and Bohlen, 
1985), although additional thin sections are required to con- 
clusively demonstrate that all four minerals form a stable para- 
genesis in the sample. Compositional data (presently unavaila- 
ble) for the stable garnet and cordierite porphyroblasts should 
further constrain metamorphic P-T conditions. On the basis of 
the petrography of samples VO-85-024 and VO-85-659-1, we 
postulate a minimum pressure of ca. 6 kbar for the granulite 
facies event. 

This interpretation is supported by clinopyroxene- 
plagioclase-quartz geobarometry (Ellis, 1980) utilized in three 
samples of tonalitic gneiss (Table 4.5). We have calculated pres- 
sures assuming a model temperature of 800°C (the approximate 
mean temperature determined by two-pyroxene and garnet- 
biotite geothermometry). Pressures of 5.9 and 6.8 kbar were 
determined for samples VO-85-170 and VO-85-537, respec- 
tively, but a higher pressure of 11.0 kbar was determined for the 
relatively aluminous clinopyroxene (and relatively sodic pla- 
gioclase) in VO-85-415. All three samples have a granoblastic 
texture, and the clinopyroxenes used in geobarometry are un- 
zoned, consequently the relatively high pressure determined 
for VO-85-415 is difficult to interpret. We conclude that meta- 
morphic pressures associated with granulite facies metamor- 
phism in the study area were at least 6 kbar. 

Timing of metamorphism 

Granoblastic, two-pyroxene granitic gneiss from the south- 
ern part of the inlier yields a preliminary U-Pb (zircon) age of 
ca. 1250 Ma (Erdmer, 1986) indicating that granulite facies meta- 
morphism in this area may be an early manifestation of the 
Grenvillian Orogeny. The granulite facies gneisses were subse- 
quently folded (Owen, 1986) and intruded by granite plutons 
yielding analytically identical (e.g. within-error) isotopic ages of 
1130 + 90 Ma (Rb-Sr, whole-rock; Pringle et al., 1971), and 
1042 +:: Ma (U-Pb, zircon; Erdmer, 1986). These Grenvillian 
granites contain a W- to NW-trending schistosity. Where this 
schistosity is present in the gneisses (cf. Owen, 1986, Fig. 62.9), 
granulites are largely retrograded to amphibolite facies as- 
semblages (e.g. hornblende + oligoclase). The regional schis- 
tosity is inferred to be a late Grenvillian feature, since it is cut by 
the ca. 605 Ma (Stukas and Reynolds, 1974) Long Range mafic 
dyke swarm. However, widespread retrogression of the gran- 
ulites may in addition record an  early Paleozoic event, since the 
mineralogy of the Long Range dykes is indicative of amphi- 
bolite facies metamorphism, with a minor greenschist facies 
imprint. Several samples of the Long Range dykes contain 
brown, hornblendic amphibole enclosed by green hornblende. 
The brown amphibole has a markedly higher TiIAI ratio than 
the green amphibole, a feature characteristic of amphiboles 
from low-pressure metamorphic terranes (Hynes, 1982). Both 

amphiboles pseudomorph primary igneous (i.e. subophitic) 
textures in the dykes, but the brown hornblende is absent in 
highly strained (schistose) mafic dykes and in similarly oriented 
(N to NE) high strain zones transecting diverse mafic rocks. We 
infer that the low pressure (brown) amphibole crystallized dur- 
ing a period of partial hydration of the Long Range dykes at 
relatively shallow crustal levels soon after emplacement. West- 
directed thrusting (Owen, 1986) of the Cambro-Ordovician 
Coney Arm Group (Smyth and Schillereff, 1982) over the inlier 
would permit the subsequent crystallization of the higher pres- 
sure, green hornblende in the dykes. The N- to NE- trending 
schistose fabrics in the Coney Arm Group are defined by green- 
schist facies mineral assemblages (e.g. chlorite + albite + epi- 
dote in mafic schist). Granitoid rocks along the east margin of 
the inlier contain a similarly oriented, low grade fabric inferred 
to coincide with the development of the Coney Arm schists. 
This low grade fabric is cut by an  Acadian granite (Devils Room 
pluton, 398 5 7  Ma; Erdmer, 1986), and is thus considered to 
have developed during the Taconic Orogeny; it is probably the 
youngest widespread structural element in the southern part of 
the inlier. The greenschist facies imprint in the Long Range 
dykes, principally recorded by patches of actinolite and chlo- 
rite, is not associated with a tectonic fabric; it may have devel- 
oped during late Taconic uplift, or, perhaps more likely, it may 
be related to a regional thermal overprint accompanying em- 
placement of early Acadian granites. 

Discussion 

Isotopic dating of gneisses and plutonic rocks indicates that 
the intrusive, structural and metamorphic evolution of the 
southern part of the Long Range Inlier of western New- 
foundland spans early Grenvillian times to Paleozoic times 
(Acadian Orogeny), a period of at least 850 Ma. The data pre- 
sently available suggest that effects of the Grenvillian Orogeny 
in this area are recorded by at least three principal features. The 
Grenvillian Orogeny began with granulite facies meta- 
morphism at ca. 800 ? 50°C and moderate pressures ( 2 6  kbar) 
around 1250 Ma. This was followed by a plutonic episode (ca. 
1040-1130 Ma) encompassing the intrusion of large volumes of 
granite (and possibly mafic rocks e.g. the Taylor Brook Gabbro 
Complex). Finally, a W- to NW-trending regional schistosity 
developed in the gneisses and granitic intrusive rocks during a 
period of amphibolite facies metamorphism prior to the em- 
placement of the ca. 605 Ma Long Range dykes. 

Effects of early Phanerozoic orogenesis are less readily 
evaluated, but are recorded by the metamorphism of the Long 
Range dykes and by analogous metamorphic features locally 
present in their host rocks. A post-Grenvillian structural and 
metamorphic imprint attributed to the Taconic Orogeny is lo- 
cally evident, and is recorded by polyphase, pseudomorphic 
replacement of primary igneous minerals, chiefly by amphi- 
bole, in the Long Range dykes, and by N- or NE-trending, low 

Table 4.5. Compositional parameters and pres- 
sure estimates of coexisting clinopyroxene and pla- 
gioclase (+  quartz) from tonalitic gneiss. 

I cPx plag Kd* P (kbar) I --- 

I =- X 
CaTs An 

170 ,024 .021 ,270 .072 5.9 
415 .042 ,036 ,205 .I97 11.0 
537 ,025 .022 .255 .084 6.8 

CPX ~ 1 %  
*Kd = X / a  (Ellis, 1980) 

CaTs An 



grade fabrics locally present in the gneisses and Grenvillian 
intrusive rocks near the east margin of the inlier. These fabrics 
are interpreted to have developed during west-directed thrust- 
ing of Cambro-Ordovician platformal rocks over the inlier; 
structural burial of parts of the inlier is inferred to have insti- 
gated partial, pseudomorphic recrystallization of the Long 
Range dykes under medium-pressure, amphibolite facies con- 
ditions. North- to northeast-trending, amphibolite facies high 
strain zones in the inlier may date this structural burial; how- 
ever, their kinematic significance is unclear. Owen (1986) re- 
ported that a north-trending shear zone in the south-central 
part of the inlier is associated with small scale (a few metres) 
dextral offset of the regional, northwest-trending, late Gren- 
villian(?) fabric. Examination of thin sections of mafic and inter- 
mediate rocks transected by this (and other) high strain zone(~) 
reveals a lower amphibolite facies mineralogy (not greenschist 
facies as originally reported by Owen, 1986) consistent with the 
mineralogy of N- to NE-trending mafic dykes (Long Range 
dykes?) containing a schistose fabric (Owen, unpublished 
data). The significance of medium grade, high-strain zones with 
a strike slip component in the interior of the inlier is unclear in 
the context of a regional, west-directed, low grade thrust re- 
gime during the Taconic Orogeny. Evaluation of the age and 
extent of displacement of the inlier relative to adjacent Cambro- 
Ordovician rocks awaits further mapping in the central part of 
the inlier. 

Pb-Pb and U-Pb sphene ages of both Grenvillian and Aca- 
dian granites in the inlier cluster around 400 Ma, and are similar 
to a preliminary U-Pb zircon age obtained for the Gull Lake 
granite farther to the east. The implication is that an early 
Acadian thermal event accompanied by regional granite intru- 
sion affected large parts of the inlier. Greenschist facies as- 
semblages possibly related to this intrusive event include ac- 
tinolite and chlorite in the Long Range dykes and pervasive 
epidotization of their host rocks. 
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Appendix 1 

Comparison of published values with microprobe 
analyses of natural pyroxene standards FCPX and 

ACPX. 

FCPX ACPX 

Publ. Probe Publ. Probe 
Value Value s Value Value s 

SiO, 49.85 50.79 .55 50.73 50.54 .34 
TiO, .83 .80 .02 .74 .84 .03 
AGO, 7.86 7.98 .19 7.86 7.96 -33 
Cr,O, nd .04 .02 nd .16 .02 
FeO 6.17 6.08 .15 7.86 6.32 .28 
MnO .14 .ll .03 .13 .12 .05 
MgO 15.47 15.84 .32 16.65 16.66 .33 
CaO 17.75 16.83 .74 15.82 15.84 .36 
Na,O 1.27 1.22 .09 1.27 1.27 .15 

n = 22 8 

Appendix 2 

Sample mineralogy (listed in approximate decreasing 
modal abundance) 

Tonalitic gneiss 

VO-85-170: plag(An2,) - qz - opx - hbl - cpx 
- opq - bi - ap - zirc 

VO-85-415: plag(AnZo) - qz - opx - opq - cpx 
- bi - hbl - ap 

VO-85-537: plag(An,,) - qz - opx - opq - cpx 
- amph - a p  

Granitic gneiss 

E083-163: Ksp - qz - plag - cpx - opx - opq - hbl 

E083-173: Ksp - qz - plag - cpx - opx - bi - hbl 
- OP9 

VO-85-503: Ksp - qz - plag(An2,) - bi - gt - opq 
- zirc 

VO-85-574: Ksp - plag(AnZ8) - qz - bi - gt - opq 
- zirc - s p  

VO-85-617: Ksp - qz - plag(An2& - gt - bi - opq 
- zirc - a p  

VO-85-685: Ksp - qz - bi - gt - plag(An,,) - opq 
- zirc 

Pelitic ~ n e i s s  

VO-85-024: Plag(An,,) - opx - cd - gt - bi - qz 
- opq - ap - s p  - zirc 

VO-85-659-1: Ksp - qz - plag(An,,? - gt - bi - sil 
- sp* - cd* - opq (mcluding graphite) 
- zirc 

VO-85-879: plag(An,,) - qz - bi - pseudomorph* 
after opx - Ksp - gt - opq - mu" 
- zirc 

" retrograde phase 
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Abstract 

Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) is a new analyt ical technique capable 
of determining trace level concentrations o f  stable isotopes for  most elements o f  the periodic table. 
Research into fundamental aspects o f  ICP-MS indicates that the technique is subject to  interference 
ef fects  f rom concomitant elements, however, these can be compensated for  by the proper choice of 
sample preparation technique. The determination o f  boron isotope rat ios i n  geological materials i s  
demonstrated. Boron isotope rat ios can be determined w i th  a precision o f  1%. 

L a  spectrom6trie de rnasse par plasma h couplage induct i f  (ICP-MS) est une nouvelle technique 
analytique capable de determiner de faibles concentrations d'isotopes stables de l a  plupart des 
Blgments du tableau pgriodique. Les recherches portant sur les aspects fondamentaux de cet te  
technique indiquent qu'i l peut y avoir une interference causee par des elements concomitants; 
toutefois, on peut y rem6dier en ut i l isant une technique appropriee de preparation des Bchantillons. 
La determination des rapports isotopiques du bore contenu dans les mat6riaux geologiques est 
demontree. I1 est possible de determiner avec une precision de 1 % les rapports isotopiques du bore. 



Introduction t empera tu re  (4000-6000°K) and is  capable  of ionizing a l l  

The development of an ent i re ly  new analytical  e l emen t s  whose ionization potent ia l  i s ' a t  o r  below t h a t  of 
argon (15.8 ev). The argon plasma i s  a chemically s imple  technique is relatively r a r e  in t h e  field of inorganic flame and thus will not introduce many interfering isobaric analyt ica l  chemistry.  In t h e  a r e a  of t r a c e  me ta l  analysis, t h e  species. Samples c a n  be  rapidly and conveniently introduced development of e l ec t ro the rma l  vapourization techniques 

some twenty  years  ago  was  followed by t h e  introduction of in to  t h e  plasma a s  a liquid aerosol,  ga s  o r  vapourized solid. 
As well, t h e  quadrupole mass  f i l t e r  is  capable  of plasma emission about ten years later' Together electronically scanning the entire mass spectrum (0 to these  techniques allowed fo r  t h e  sub-ppb determinat ion  of 

most  e l emen t s  of t h e  periodic table. As well, simultaneous 300 arnu) in seconds,  and has a resolving power of b e t t e r  t han  
0.6 amu. What resul ts  f rom th is  combination is  a n  ins t rument  mul t ie lement  de terminat ions  could be  accomplished during capable of I )  performing rapid (one sample every two t h e  s a m e  measurement  period. minutes) mass  spec t rome t ry  of solutions;  2) analyzing fo r  

With t h e  delivery of t h e  f i r s t  commercia l ly  available many e l emen t s  during t h e  s a m e  run; 3) de termining s t ab l e  
inductively coupled plasma-mass spec t rome te r s  in 1984, a isotopes (and iso tope  ratios) a t  t h e  t r a c e  level  fo r  most  
new analyt ica l  capabil i ty was  made available. It was  now e l emen t s  of t h e  periodic t ab l e  (me ta l s  and non-metals); 
possible t o  de termine  t h e  isotopic composit ion (isotope ratio) 4) taking advan tage  of t h e  inherent  power of isotope dilution 
of  a n  ana ly t e  in a sample  solution a s  well a s  de termine  i t s  analysis; and 5) producing ca l ibra t ion  curves  whose l inear 
t o t a l  concentra t ion .  dynamic range spans  4 t o  5 orders  of magnitude.  

The ins t rument  comprises a s tandard  inductively 
coupled plasma torch  and a quadrupole mass  fi l ter .  The novel 
a spec t  of th is  device is t h e  in ter face  which makes  i t  possible 
t o  join these  two components  together .  Figure 5.1 is  a block 
diagram of t h e  Sciex Elan ICP-MS instrument.  The in t e r f ace  
consists of two  water-cooled nickel cones  each  containing a 
smal l  or i f ice  a t  t h e  cent re .  These cones  (one placed behind 
t h e  o ther)  a r e  d i rec ted  into t h e  plasma ( a t  one  a tmosphere  of 
pressure) and serve  t o  e x t r a c t  a smal l  amount  of ionized gas  
f rom t h e  plasma. While passing through t h e  in ter face ,  t h e  
gases  expand adiabatically ( t o  a pressure of tor r )  
through two  successive vacuum chambers  and a r e  then 
introduced in to  t h e  quadrupole mass  fi l ter .  

The inherent advantages  of each  of t h e  two  major 
components of ICP-MS ins t ruments  combine t o  produce a 
powerful analyt ica l  tool. For example,  t h e  argon plasma i s  a 
good source  of ions which is  primarily due t o  i t s  high 

Table 5.1 is  a comparison of de t ec t ion  l imi ts  (3  sigma) 
fo r  ICP-MS, graphi te  furnace  a t o m i c  absorption 
spect rometry  (GFAAS) and inductively coupled plasma 
emission spec t rome t ry  (ICP-ES). Although detec t ion  l imi ts  
fo r  single e l emen t  solutions seldom re f l ec t  t he  ac tua l  
de tec t ion  l imits obta inable  in sample  solutions, t he se  
numbers  a r e  valuable for  comparison purposes. For mos t  
e lements ,  de t ec t ion  l imi ts  obta inable  by ICP-MS a r e  b e t t e r  
t han  or approximate ly  equivalent t o  those  obtainable by 
GFAAS, and wi th  f e w  exceptions,  f a r  superior t o  those  
obtainable by ICP-ES. The f e w  e l emen t s  not  de terminable  by 
ICP-MS include those  originating f rom atmospher ic  gases  and 
wa te r  (H, 0, N, C) and  plasma gases  (Ar and o the r  r a r e  gases  
t o  a lesser extent ) .  Elements  whose deg ree  of ionization in 
t h e  plasma (i.e., r a t i o  of posit ive ions t o  neut ra l  a t o m s  
produced) is very  low (e.g., F, CI, P and S) a r e  de terminable  
only a t  concentra t ions  in t h e  ppm range. The ever-present 

DIFFERENTIALLY PUMPED QUADRUPOLE 
REGION (INTERFACE) 

/ MASS FILTER 

PUMP 

I I 
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Figure 5.1. Block diagram of Sciex Elan Model 250 inductively coupled plasma-mass spec t rome te r  
(from opera tors  manual, June,  1985). 



large quantity of ' O Ar ions severely degrades the  detection 
capability of ICP-MS for 3 9 ~  and ' O C ~  (Table 5.1). There 
a re ,  however, e lements  for which ICP-MS is very sensitive 
and which a r e  not easily determined by other spectroscopic 
techniques. Among these elements a r e  Sn, W, U, Th, Rb, Ta 
and Cs. 

Figure 5.2 is the  mass spectrum obtained for several 
platinum-group metals. The t e s t  solution contained 100 ppb 
of Ru, Rh and Pd. Evident is the  extremely high sensitivity 
of the  instrument and the ability of t h e  mass spectrometer  t o  
easily resolve adjacent masses. The t ime required t o  obtain 
this scan was less than one minute. Figure 5.3 is the  mass 
spectrum obtained for a solution containing 100 ppb of each 
of the  rare-earth elements. The fourteen rare-earth 
elements (including La) completely fil l  the  spectrum from 
mass 139 to  mass 176. In spite of the  fac t  tha t  there  a r e  
many isobaric overlaps, there  is a f r e e  mass number for each 
of the rare-earth elements. This means that  although one 
may not always be able t o  use the  most abundant stable 
isotope for every analyte, i t  is generally possible t o  find a 

Table 5.1. Comparison of detection limits 

Element Detection LimitIPPB 

ICP-MS GFAAS ICP-ES 

Aluminum 
Antimony 
Arsenic 
Barium 
Bismuth 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Gold 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Niobium 
Phosphorous 
Platinum 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Sulphur 
Tantalum 
Tellurium 
Thallium 
Tin 
Titanium 
Tungsten 
Uranium 
Vanadium 
Zinc 
Zirconium 

0.1 
0.02 
0.4  
0.02 
0.06 
0.08 
0.07 
5 
0.02 
0.01 
0.03 
0.08 
0.2  
0.02 
0.06 
0.1  
0.04 
0.08 
0.08 
0.03 
0.02 
2 PPM 
0.08 
I PPM 
I 

10 
0.04 
0.06 
1 PPM 
0.02 
0.04 
0.05 
0.03 
0.06 
0.06 
0.02 
0.03 
0.08 
0.03 

mass suitable for analysis. Alternatively, i t  is possible t o  
correct  for  a n  isobaric interference by subtracting the  con- 
tribution t o  t h e  to ta l  signal a t t r ibutable  t o  the  interfering 
element(& 

The potential impact of ICP-MS on t h e  geosciences is 
significant. Applications published t o  da te  include the  
determination of lead isotopes in crude oils (Hausler, 1985) 
and rocks (Brooker and Eagles, 1985; Date  and Gray, 1983); 
the  determination of osmium and ruthenium isotopes in 
geological materials (Russe t  al., 1985); and the  application 
of lead isotopes for identifying types of gold and base-metal 
occurrences (Smith et al., 1984). The quantitative 
determination of the  rare-earth and platinum group metals  by 
ICP-MS has been reported (Doherty et al., 1985) a s  well a s  
the  determination of transition-group metals  in natural 
waters (Taylor and Garbarino, 1985) and rocks and minerals 
(Lichte and Meier, 1985). ICP-MS has also been applied t o  
the determination of t r a c e  e lements  in coastal seawater  
reference material (McLaren e t  al., 1985) following a pre- 
concentration and separation step. 

Current Research 

Fundamental Studies 

ICP-MS is very new and l i t t le  is known about those 
factors which can e f fec t  a quantitative analysis. For this 
reason, i t  is important t o  investigate these e f fec t s  while a t  
the same t ime develop specific applications. Of particular 
interest t o  analysts a r e  non-spectroscopic or so-called matrix 
interferences. This type of interference is defined as  the  
effect  any concomitant element can have (enhancement or 
suppression) on the  ion-sensitivity of a given analyte element.  
Non-spectroscopic interferences can cause large analytical 
errors. It is clear from recent experiments (this laboratory) 
tha t  the  degree of severity of any non-spectroscopic 
interference is dependant on instrumental conditions such a s  
the  type of nebulizer used, plasma flow rates,  forward plasma 
power, sample uptake ra te  and ion lens settings. For 
example, a t  a sample uptake r a t e  of two mL per minute, 55% 
of the  scandium signal is lost when a five-fold molar amount 
of lead i s  added. At a sample uptake ra te  of one mL per 
minute, only 25% of t h e  signal i s  lost from the  same solution. 

Not s o  apparent, however, a r e  the  actual  causes for 
these interferences. There a r e  at least  two factors  which a r e  
important in assessing the  nature  of non-spectroscopic 
interferences: t h e  re la t ive  masses of t h e  interfering and 
analyte e lements  and the  degree of ionization of these  
elements in the  argon plasma. Figure 5.4 shows the  e f fec t  of 
increasing interferent  concentration on the  normalized ion 

Table 5.2. Degree of ionization in argon plasma 

Element Degree of ionization/% 

Au 7.9 
Ca  99 
Cd 35 
Fe 74 
K 100 
Li 99 
Mg 85 
Na 99 
P 3 .4  
P t  13 
Se 3 .7  
Si 41 
Sr 99 
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Figure 5.2. Mass spect rum of ruthenium, palladium and rhodium. 

signal obtained f rom a 10 ppm boron solution. A normalized 
intensity of 1.0 indicates no ion suppression while a 
normalized intensity of 0 indicates to t a l  loss of signal. The 
serious influence tha t  concomitant e lements  can have on 
analyte signal is  clearly shown in Figure 5.4. Also included 
with each in ter ferent  curve  is t h e  f i rs t  ionization potential  
(electron volts) of each  of the  interfering elements.  The loss 
in boron ion signal shown in Figure 5.4 cannot solely be 
explained by a shift  in the  ionization equilibria s ince  this 
would show a more  di rec t  relationship between ion 
suppression and in ter ferent  ionization potential. For 
example,  magnesium and lead have very  similar ionization 
potentials and yet  t he  degree  of ion signal suppression is 
much greater  for  lead a t  t he  s a m e  molar concentration. 

When comparing t h e  ex ten t  of ion .signal suppression 
sustained on "B by an  equimolar amount of interferent,  a 
relationship such a s  t h e  one shown in Figure 5.5 i s  obtained. 
In this figure, t h e  ordinate i s  given in a tomic  mass  units of 
interfering element.  Table 5.2 lists t h e  approximate  degree  
of ionization expected (in t h e  axial  channel of t h e  argon 
plasma) for e a c h  of t h e  e lements  represented in  Figure 5.5 

GSC 

(Boumans, 1966; d e c a l a n  et al., 1968). The line in Figure 5.5 
is drawn only through those points representin e l emen t s  
whose degree  of ionization approaches 100% $Table 5.2). 
This is  done in order  t o  equilize any e f f e c t  due t o  ionization 
suppression caused by the  in ter ferent  elements.  Equimolar 
(relative t o  boron) quantit ies of in ter ferent  normalizes t h e  
number of f r e e  e lec t rons  which can be produced and thus  
eliminates ionization suppression a s  a f ac to r .  What remains  
is a very serious mass e f f e c t  with t h e  heavier e l emen t s  
causing t h e  g rea te s t  ion suppression. All o ther  e lements  not  
lying on th is  line a r e  poorly ionized in t h e  plasma and, despi te  
thei r  a tomic  masses,  do not show t h e  s a m e  e f f e c t  a s  i s  
observed for  t h e  more  fully ionized e lements .  For example,  
gold has  an  a tomic  mass  of 197 amu,  bu t  suppresses the  l l B  
signal by only abou t  35%. This is  due  t o  t h e  relatively low 
degree  of ionization (7.9%) of gold in t h e  plasma. 

We can  conclude f rom these  s tudies  t h a t  t h e  heavier 
t h e  in t e r f e ren t  and t h e  more  ionized i t  i s  in t h e  plasma, then  
the  g rea te r  will be  t h e  change in ion intensity for  any  given 
analyte.  These  observations may be consistent with a n  ion- 
repulsion o r  collisional t ype  of mechanism which i s  likely t h e  
principal cause  of t hese  ion suppression effects .  



Table 5.3. ' ' B/' B isotope ratios for some minerals 

Amberlite Std. Dowex 
XE-243 addn. 50W-X8 

COLEMANITES 

NMC 17559 4.016 + .018 4.221 + .I73 4.085 + .025 
NMC 17561 4.055 + .048 3.926 + .022 4.056 + .050 

TOURMALINES 

Villeneuve, P.Q. 4 . 0 1 9 + . 0 4 3  3 . 8 3 5 + . 0 6 3  4.090 + .050 
Ice Claim, Y.T. 4 . 0 0 7 + . 0 5 9  4 . 2 6 1 r . 0 8 5  4.011 + .030 
New Pascalis Prop., P.Q. 3.848 + .054 3.959 + .040 
Leduc Mine, P.Q. 4.014 + .046 4.015 + .I20 
Presque Isle Lk., P.Q. 4.039 + .048 4.004 ? .013 
Louvicourt Mine, P.Q. 4.016 2 .092 

RARE-EARTH ELEMENTS 

PEAK ASSIGNMENTS 
139 La 140 C e  141 Pr 142 Ce.Nd 143 Nd 
144 Nd,Sm 145 Nd 146 Nd 147. Nd 148 Nd.Sm 
149 Sm 150 Nd.Sm 151 Eu 152 Sm.Gd 153 Eu 
154 Sm.Gd 155 Gd 156 Gd.Dy 157 Gd 158 Gd.Dy 
159 Tb 160 Gd,Dy 161 Dy 162 Dy,Er 163 Dy 
164 Dy.Er 165 Ho 166 Er 167 Er 168 Er.Yb 
169 Tm 170 Er.Yb 171 Yb 172 Yb 173 Yb 
174 Yb 175 Lu 176 Yb,Lu 

139.0 145.0 150.0 155.0 160 0 165.0 170.0 175.0 18 1 .O 

MASS GSC 

Figure 5.3. Mass spectrum o f  the rare-earth elements. 
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Figure 5.4. Effect  of concentration of concomitant 
e lements  on t h e  ion sensitivity of "6. 

Determination of Boron Isotope Ratios 

The abundance of boron in na tu re  varies great ly  and is  
found associated with many minerals. Boron isotopes a r e  
known t o  f r ac t iona te  in na tu re  (Shergina and 
Kaminiskaya, 1963) and the re fo re  i t  i s  possible t h a t  t h e  s tudy 
of fractionation pa t t e rns  may help solve geological problems. 
Because of analytical  problems associated with t h e  
determination of boron isotope ratios,  very few applications 
of boron isotope da ta  appear in the  l i tera ture  particularly a s  
applied t o  exploration geochemistry.  For these reasons, 
research is underway in to  finding new methods for t he  
determination of boron isotopes in geological materials.  The 
objectives of th is  work a r e  t o  accurate ly  determine boron 
isotope ra t ios  a t  t h e  t r a c e  level (ppm-range) and t o  do  s o  
rapidly in such a way t h a t  many samples can be  determined 
per workday. 

Initial studies have indicated t h a t  t he  determination of 
boron isotopes is made difficult by the  presence of 
concomitant e lements  (Fig. 5.4). In addition t o  this, i t  was  
discovered t h a t  concomitant  e l emen t s  a lso  introduced a mass  
discrimination effect .  The e f f e c t  was  g rea te s t  (up t o  20%) 
for  those e lements  t h a t  caused the  g rea te s t  change in ana ly te  
ion signal. For th i s  reason i t  became necessary t o  inves t igate  
techniques t h a t  e i ther  separa ted boron from t h e  matr ix  
e lements  or  corrected for these  ef fects .  Samples used during 
this phase of study included a ser ies  of tourmalines and t w o  
colemanites.  All samples were  brought into solution using a 
sodium carbonate  fusion technique. The procedure comprised 
fusing 0.2 g of sample  (-150 mesh) with 0.5 g of sodium 
carbonate  at a t empera tu re  of 850°C for  1 5  minutes. The 
resulting m e l t  was  dissolved in  10 m L  of distilled deionized 
water.  

Sample solutions were  then prepared for  isotope r a t io  
measurement by th ree  sepa ra t e  techniques. First ,  boron was  
separated completely f rom the  matr ix  by applying an ion- 
exchange procedure developed by Carlson and Paul (1968). 
The procedure uses a boron-specific resin (Amberlite XE-243) 
t o  remove boron f rom basic solutions. The resin-bound boron 
is  then converted t o  t h e  fluoride and e luted with sodium 
hydroxide which is  then passed through a second resin (Dowex 
50W-X8) which serves  t o  remove sodium from solution. The 
e lua te  contains only boron in solution. This technique not  
only removes interfering me ta l  ions, but can also be  used a s  a 
pre-concentration technique for samples low in boron. The 
second preparation technique used 100p  L of sample solution 
(dissolved fusion mel t )  which was  diluted t o  5 mL wi th  
distilled water .  One g ram of Dowex 50W-X8 was  then added 
and allowed t o  equi l ibra te  fo r  8 hours. The resulting 
solutions were  f r e e  of matr ix  e l emen t s  and could be  

ATOMIC MASS 
GSC 

Figure 5.5. Ef fec t  of concomitant  mass on ion sensitivity 
of " 6  a t  a l:L molar concentration ratio.  

nebulized di rect ly  in to  t h e  argon plasma. The th i rd  technique 
applied t h e  method of s tandard additions in order  t o  
compensate  for  any e f f ec t s  due t o  concomitant  elements.  
Three sepa ra t e  1 0 0 p L  aliquots of sample solution were  
diluted t o  5 mL with distilled water .  To two  of these,  a 
measured quantity of standard (NBS SRM 951) boron of known 
isotopic composition was added. The ' O B  and "B 
composition of these  solutions were  then measured and the  
isotopic concentra t ion determined by a "double" s tandard 
addition calculation. 

Table 5.3 summarizes  t h e  resul ts  obtained using the  
above sample  preparation techniques. In each  case ,  t h e  boron 
isotope r a t io  is  determined with a precision of approximately 
1% (3  replicates). The absolute value of t he  isotope r a t io  
obtained by each  of t h e  th ree  methods was not always 
consistent for each  sample. Values obtained for t h e  isotope 
r a t io  using t h e  Amberli te and Dowex resin separa t ion 
techniques compare  well with one  another,  however, t h e  
ra t ios  obtained using t h e  method of s tandard additions appear  
t o  be  high for  samples  NMC 17559 and Ice  Claim and low f o r  
t h e  Villeneuve tourmaline sample. These results indicate  
t h a t  t h e  method of s tandard additions cannot  be  relied upon 
t o  compensate  for non-spectroscopic ma t r ix  e f f ec t s .  

Research is continuing on o the r  sample  preparation 
techniques such a s  solvent ext ract ion and methyl-ester 
vapourization of boron a s  well a s  extending t h e  determinat ion 
of boron isotopes t o  mater ia ls  containing less than 5 ppm 
boron. 

Elect rothermal  Vapourization Techniques 

Work has been init iated on a new sample  introduction 
technique using a rhenium f i lament  and graphi te  boat 
e l ec t ro the rma l  vapourization unit. This collaborative project 
i s  being ca r r i ed  ou t  by G.E.M. Hall (Head, Geochemical 
Laboratories) and C.3. Park  (visiting fellow), who i s  
continuing his research on t h e  application of e l ec t ro the rma l  
vapourization (ETV) techniques in ICP-MS. 



ETV techniques involve the  vapourization of a sample 
(liquid of solid) by t h e  resistive pulsed-heating of a me ta l  on  
graphi te  ribbon. The sample i s  placed on t h e  ribbon and, once  
vapourized, is  carried into the  argon plasma by a s t r eam of 
argon gas. This technique has already been shown 
(Park, 1985) t o  give sub-picogram detect ion l imits in 
microgram amounts  of sample. The technique is  initially 
being applied t o  t h e  determinat ion of tungsten in geological 
materials. 
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Abstract 

Concentrations of pitchblende, selenide minerals, native gold and carro l l i te  occur in  clasts 
wi th in  d r i f t  a t  'Twin Lakes' i n  the southern part o f  the Bathurst Inlet area (66O35.5'N, 108°00'W), 
N.W.T. These occurrences were discovered by Cominco L imi ted i n  1975. U, Se, Au, Pb, Hg, Bi, Co, 
Cu  and minor amounts o f  Ni are concentrated i n  the dist inct ive mineral suite which resembles 
assemblages found a t  Nicholson Mine and i n  the D uranium orebody a t  C l u f f  Lake i n  Saskatchewan, a t  
Christopher Island i n  the Baker Lake area, D is t r i c t  o f  Keewatin, and i n  the Otish Mountain Group i n  
Quebec. Most o f  the highly radioact ive detr i tus consists o f  small pebbles o r  granules o f  pitchblende 
and other metal l ic minerals in  some cases attached t o  quartz o r  siltstone. Larger mineralized f loa t  
fragments up to  25 crn long, however, are sparingly present and are composed o f  clasts o f  siltstone 
and quartz i n  a granular quartzose matr ix.  

A 2 0 7 ~ b / 2 0 6 ~ b  date o f  901 Ma on pitchblende represents a minimum age and indicates that i t  
and other int imately associated minerals in  the suite were probably deposited in  late Hel ik ian t ime 
l ike unconformity-related uranium deposits in  Saskatchewan. The mineralized breccia source may be 
concealed subcrop of fanglomerate of the Hel ik ian Tinney Cove Formation rather  than fau l t  breccia 
o r  intrusive breccia. 

Des concentrations de pechblende, de mineraux s616nides, d'or n a t i f  e t  de l e  carro l l i te  sous 
presentes dans des fragments rocheux du d r i f t  de Twin Lakes dans la  part ie sud de la  region de l ' in let 
Bathurst (66"35,5'N, 108°00'W), T.N.-0. Ces gisements ont Btb ddcouverts par l a  Cominco Lt6e en 
1975. L'U, Se, Au, Pb, Hg, Bi, Co, Cu e t  les faibles quantites de N i  se concentrent dans la suite 
minbrale similaire aux associations relevees b la mine Nicholson et  dans le gisement d'uranium D au 
lac C l u f f  en Saskatchewan, B I ' i le Christopher dans la  region du lac Baker, d is t r ic t  de Keewatin e t  
dans le  groupe des monts Otish au Quebec. L a  plupart des detr i tus B radioact iv i te Blevee sont de 
pet i ts  galets ou granules de pechblende ou d'autres mineraux metall iques qui sont relies, dans certains 
cas, 5 du quartz ou de siltstone. Des fragments mineralises de grande dimension pouvant atteindre 
25 cm, y sont dissemines e t  se composent de fragments de siltstone e t  de quartz dans une matr ice 
quartzeuse granulaire. 

Une datation au ~ b ~ ~ ~ : ~ b ~ ~ ~  dtun pechblende I'bvaluant b 901 Ma represente un Age minimal e t  
indique que ce minerai e t  d'autres mineraux int imement associbs dans e t t e  suite ont  probablement 6tB 
deposes 5 la f i n  de 11H61ikien comme d'autres gisements d'uranium relies b des discordances et  situ6s 
en Saskatchewan. La source de la  brsche min6ralisee e ta i t  peut-&tre un sous-affleurement cache d'un 
cane al luvial  cimente de l a  formation helikienne de Tinney Cove plutBt qu'une brhche de fai l le ou une 
br6che intrusive. 



Introduction 

A rare  assemblage of pitchblende, selenide minerals and 
native gold occurs as  rich concentrations in clasts ranging in 
size from granules t o  small boulders within thin drift a t  a 
locality (66'35.5'N, 108°00'W) in NTS 765 and K ,  15 km west 
of Bathurst Inlet and 30 km south of Bathurst Inlet Lodge a t  
t h e  delta of t h e  Burnside River (Fig. 6.1). These 
concentrations were discovered in 1975 during a uranium 
prospecting program by Cominco Limited who staked t h e  
JCW claim group t o  cover the occurrences, and conducted 
various surveys and exploratory tests  in t h e  area between 
1976 and 1979. Cominco Limited subsequently allowed the 
claims t o  lapse, and in 1984 Glen Warner of Yellowknife 
staked the  GBC group of claims covering t h e  anomalous float 
occurrences. The occurrences have been described previously 
in very general terms by Roscoe (1984). 

The precise location of t h e  bedrock source of the  gold 
and uranium-bearing detritus may never be discovered, but 
studies of this detritus may enable us t o  draw some useful 
conclusions about the  character of the  source deposit and of 
rocks that  might be prospected for similar deposits. On 
initial visits t o  the  locality (Gandhi in 1978, Roscoe in 1979), 
we tended t o  seek and collect specimens no more than a few 
centimetres in size composed largely of pitchblende, other 
metallic minerals, and native gold. Roscoe revisited t h e  
occurrences in 1981 and collected much larger samples of 
rock clasts containing subordinate concentrations of the 
unusual mineral assemblage. These have provided bet ter  
clues t o  t h e  character of the bedrock source concentrations 
as  well as additional material for mineralogical studies. 

Geological setting 

The clasts containing pitchblende, gold and selenides 
have been found in clusters in a drift-covered area between 
two northerly trending lakes ('Twin Lakest) that  a r e  about 
1 km long (Fig. 6.2). These clusters, along with areas  of 
anomalous radioactivity and radon concentrations, occur 
within an area about 600 m by 300 m in extent (Fig. 6.3). 
Several pits reached fractured bedrock a t  depths of about 
I metre  and several diamond drill holes were drilled by 
Cominco Limited beneath the area of greatest concentrations 
of exotic clasts. Bedrock s trata ,  siltstones of the  Aphebian 
Goulburn Group, dip gently east. Beds in outcrops and 
subcrop near the pits a r e  predominantly grey siltstone and 
pyritic shale beds, and these a re  underlain by varicoloured 
and grey siltstones and thin beds of red granular hematite- 
jasper iron-formation. The la t t e r  beds indicate that  the 
s t rata  a re  probably correlative with the Mara Formation 
rather than t h e  upper part of the  Burnside River Formation 
a s  shown in Figure 6.1 which was based on mapping by 
Campbell and Cecile (1976b). Tneir map shows the Mara 
Formation, which they had earlier considered an upper 
member of the  Burnside River Formation, wedging out 7 km 
southwest of the  locality of interest. 

As indicated in Figure 6.1, the  Mara Formation is  
overlain successively t o  the southeast by stromatolitic 
carbonate of the Quadyuk Formation (unit 8), mudstone 
rh ythmites of the  Peacock Hills Formation (unit 91, carbonate 
of the  Kuuvik Formation (unit 10) and arkose and siltstone of 
the Brown Sound Formation (unit I I). At East Twin Lake and 
a t  the  east  margin of the  anomalous drift  area, however, t h e  
ivlara Formation is truncated by the  Tub Fault, an important 
northwesterly-striking branch of the Bathurst Fault, and is in 
fault contact with the  Peacock Hills Formation according t o  
mapping by Campbell and Cecile (1976b). Helikian s t rata  of 
the  Ellice and Tinney Cove formations are  preserved in 
grabens formed by major branches of the  Bathurst Fault 
system 10 t o  18 km t o  the northeast. These formations, 
respectively sandstone with conglomerate and locally distrib- 
uted subjacent fanglornerate with arkose, were deposited on 
the  eroded and weathered surfaces of the  various deformed 
formations of t h e  Goulburn Group and, south and north of the  
inlet, on Archean igneous and metamorphic rocks. 

LEGEND 

I 
(from Roscoe.1984 after Campbell and Cecile,1976b) 

I Gabbro sheetshiabase dykes, in part interoreled trom aeromgnetics 

I ALGAK FORMATION : arkose, siltstone 

EKALULIA FORMATION : basalt flows 

KANUYAK FORMATION : dolomite 

- - - - - - - - - - - - - -  d i s c o ~ f o r m i t y - - Y Y Y Y Y Y Y Y Y Y  - - -  -. . - - 

I P A R R Y  BAY FORMATION : dolomite, g r e y  shale 

ELLICE F O R M A T I O N  : kaolinitic quar tz i te  and conglomerate 

- - - - - - - - - - - - -  u n c o n f o r m i t y  - - - - - - - - - - - - - - - - - - - 

4 Intruwve sedimentary  breccia 
W 

' 

N 

0 m ( AMAGoK FoRMATfo. : afiose, minor congtomerate 

TINNEY COVE FORMATION : arkose, polymictic conglomerate 

- - - - -  - - - - - - - u n c o n f o r m ~ t y - - - - -  - -  - - - - -  - - - -  - - 
APHEBIAN (Goulburn Group) 

BROWN S O U N D  FORMATION : arkose. siltstone, minor basalt f lows 

OMINGMAKTOOK MEMBER: solution collapse breccia 

1 KUUVIK FORMATON : stromatolitic a n d  clastic carbonate 

I PEACOCK HILLS FonurTiaa : mudstone rhythrnites 

QUADYUK FORMATION : stromatolitic carbonate 

MARA FORMATION : slltstone, sandstone. hematitlc ironstone, pisolitic 
dolomlte 

BURNSIDE RIVER FORMATION : quartzite, conglomerate; minor siltstone. 
dolomite 

W E S T E R N  RIVER FORMATION : quartzite, argillite. siltstone, dolomite 

Massive to foliated granitic rocks 

Metavolcanic rocks 

Units 1,3,4,15-18 are not represented in Fig. 1 - Geological contact (approximate) 

/ Bedding (inclined, vertical) 

,-- Fault (assumed) 



I 

Bathurs 

Inlet 

Figure 6.1. Map of the southern portion of Bathurst Inlet showing the location of the GBC claim 
group (from Roscoe, 1984, after Campbell and Cecile, 1976b). 
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Figure 6.2. Geology map of  the 'Twin Lakes' area. 



Figure 6.4. Rock fragments composed o f  clasts of siltstone, vein quartz, quartzite, jasper and 
chert. Corresponding autoradiographs show location of pitchblende i n  the samples. 
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The dr i f t  containing t h e  exot ic  mineral-bearing c las ts  
a t  'Twin Lakes' appears t o  be  di f ferent  f rom t h e  widespread 
t i l l  which was transported f rom a direction of about  155". 
The former  has a relatively in t ac t  framework, a hummocky 
surface,  and  is rich in  pebble-size s i l t s tone clasts. An 
examination of a i r  photos led W.W. Shilts  (personal 
communication, 1986) t o  suggest  t h a t  i t  may have been 
t ranspor ted  by a glaciofluvial s t r e a m  perhaps flowing f rom a 
di rec t ion around 200' judging f rom alignments of eskers  and 
scoured areas.  There a r e  no distinctive lithologies in 
sourceward a reas  and amongst  unmineralized c l a s t s  in t h e  
d r i f t  t o  indicate  whether  t h e  d is tance  of t ranspor t  was  shor t  
o r  long. 

Several uranium concentra t ions  a r e  known in bedrock 
southeas t  and  e a s t  of t h e  'Twin Lakes' d r i f t  occurrence  
(Roscoe, 1984). These include pitchblende and copper 
minerals in brecciated, quartz-injected sedimentary rocks of 
t he  Western River Formation on the  YON cla ims 24 km t o  
t h e  eas t ,  and pitchblende with chalcoci te  and ca l c i t e  in veins 
in arkose and basalt  of t h e  Brown Sound Formation on the  
Pomie c la ims 63 km t o  t h e  southwest. Several o the r  
radioactive mineral occurrences have been found between 
'Twin Lakes' and the  Pomie claims, including: uranium- 
enriched ferruginous arkose beds in t h e  Brown Sound 
Formation; mineralized f r ac tu res  in a zone 1.5 km long in 
dolomite breccia (Omingmaktook Member) in t h e  lower pa r t  
of t h e  Brown Sound Formation and adjacent  t o  a diabase 
dyke; and in dolomitic si l tstone of t h e  Quadyuk Formation. 
According t o  Campbell and Ceci le  (1976a), mudstones and 
sil tstones of t h e  Mara Formation a r e  everywhere  distinctly 
radioactive. High radioactivit ies due  t o  pitchblende-bearing 
c l a s t s  i n  t h e  pit a r eas  made i t  impossible t o  determine 
whether any of the  bedrock sil tstone, supposed t o  b e  Mara 
Formation, is especially radioactive. 

sandstone matrix. Some c las ts  were  broken and t h e  space  
between separa ted par ts  was  filled with sandstone of t h e  
matrix. All c l a s t s  a r e  f r ac tu red  t o  some  e x t e n t  and t h e  
f r ac tu res  a r e  filled by chalcedony. 

A var ie ty  of massive t o  laminated, pa l e  t o  dark 
greenish grey s i l t s tone c las ts  a r e  present. Some have r ed  and 
pale t a n  a l tera t ion r ims up t o  5 mm thick, ref lec t ing 
hematization, ser ic i t iza t ion and perhaps leaching. Q u a r t z  
a ren i t e  pebbles and qua r t z  granules in t h e  ma t r ix  show 
peculiar multiple overgrowths and hemat i t i c  rims on qua r t z  
grains (Fig. 6.5). C las t s  of coarse  grained vein qua r t z  conta in  
pyr i te  and chalcopyrite and a r e  commonly r immed by thin 
fi lms of hemat i te .  Other  types  of c las ts  a lso  contain 
sulphides but in f iner  grains and lesser abundance. 
Pitchblende, selenides, and nat ive  gold occur  in veins and in 
del ica te  intergranular networks  of veinlets within ma t r i ces  
between c las ts  and also within clasts. 

It i s  c lear  t h a t  t h e  bedrock source  of mineralized c las ts  
in t h e  d r i f t  i s  not a veined zone but a breccia  zone or  
conglomerate  unit containing c las ts  of country rock and 
qua r t z  veins. 

Mineralogy 

The following meta l l ic  minerals were  identified in 
se lec ted radioact ive  d r i f t  specimens by A.L. Litt lejohn, 
Mineralogical Laboratories,  Geological Survey of Canada, and 
thei r  distribution and relationships studied by S.B. Green: 
botryoidal pitchblende; sooty pitchblende mixed with l imonite 
and hemat i te ;  c laus thal i te  (PbSe); cobaltian clausthali te;  
t iemanni te  (HgSe); paraguanajuat i te  (Bin(Se,S)3); carrol l i te  
( C U C O ~ S ~ )  with t r a c e  amoun t s  of Ni and Se; and nat ive  gold. 

The main pi ts  uncovered a northerly-striking, steeply- 
dipping quar tz  vein up t o  30 c m  thick cut t ing gent ly  east- 
dipping sil tstone beds. The vein contains pyr i te  and 
chalcopyr i te  and i s  radioactive at t h e  bedrock su r face  
beneath t h e  uraniferous drift .  Quar t z  stringers,  dipping 
gent ly  westward a r e  present  in t h e  highly f r ac tu red  bedrock 
walls of one pi t  and a r e  c u t  by the  quar tz  vein. Some 
radioactivity i s  also associated with these.  Appreciable 
uranium associated with quar tz  was  in tersected in drillhole 
number 5, but quar tz  veins and country rocks in tersected in 
o the r  drillholes were  barren o r  nearly so. The radioactivity 
found in pits dug in to  t h e  f rac tured bedrock surface  probably 
resulted from recent  migration of uranium downwards f rom 
highly uraniferous det r i tus  in the  drift. Certainly,  t h e r e  i s  no 
reason t o  suppose t h a t  t he  distinctive mineral assemblage 
found in t h e  dr i f t  could have been derived f rom immediately 
subjacent bedrock and qua r t z  veins. 

C las t s  containing exotic minerals  

Many of the  mineralogical relationships. described and 
il lustrated below were  determined on small, meta l l ic  
mineral-rich specimens t h a t  did no t  include host  rocks 
excepting, in some cases,  smal l  pieces of a t t ached  qua r t z  o r  
siltstone. Larger rock fragments,  up t o  25  c m  in  length,  
containing less spectacular  concentra t ions  of t h e  s a m e  
minerals, however, c a n  be  found locally in t h e  dr i f t  (note  t h e  
occurrence  indicated in Fig. 6.3 of radioactive breccia  in  
dr i f t  in t h e  southern end of t h e  anomalous area), within 
dumps at several of t h e  p i ts  - especially p i t  number 5 - and, 
i n  o n e  case,  in si tu within dr i f t  a t  t h e  edge of pit  number 5. 
These f ragments  a r e  angular and a r e  composed of c las ts  of 
si l tstone, coarse  vein quartz,  pale quar tz i te ,  hemat i t i c  
qua r t z i t e  and perhaps jasper and brown c h e r t  (Fig. 6.4). 
Laminations in some sil tstone c las ts  a r e  curved. The c las ts  
a r e  angular t o  subrounded and a r e  tightly packed in a qua r t z  Figure 6.5. Quar t z  granules with multiple overgrowths and 

hemat i t i c  rims. 



Most pitchblende is concentrated in veinlets and small 
masses in the  sandy matrix supporting t h e  siltstone and other 
clasts (see autoradiographs, Fig. 6.4). It has also been 
introduced into fractures within siltstone clasts. Colloform 
pitchblende along with grains of gold were noted within 
veinlets of paraguanajuatite in one specimen (Fig. 6.6a). 

Native gold occurs interstitially within granular quartz 
matrices. in some cases in association with ~aranuana iua t i t e  

, u ,  

(Fig. 6.6b). It also occurs abundantly in intimate association 
with clausthalite, carrollite, and pitchblende in distinctive 
rosette-like clusters (Fig. 6.7a). The rosettes have multiple 
irregular-shaped gold cores surrounded by cobaltian 
clausthalite which itself is enclosed by a circular chain of 
colloform pitchblende grains connected by veinlets of 
clausthalite, pitchblende and carrollite. A ring of 
clausthalite forms t h e  outer shell of each rosette. 
Tiernannite occurs in lieu of gold in some rosettes (Fig. 6.7b). 
Carrollite is most common within rosettes lacking gold cores. 

Chalcopyrite occurs locally as angular grains interstial 
to  coarse grained, late, open-space filling quartz (Fig. 6.4a). 

Pyrite and zhalcopyrite were probably present in quartz 
veins before they were broken up and incorporated in breccia 
or conglomerate that  became t h e  host for t h e  exotic suite of 
minerals, and that  itself was subsequently broken up t o  form 
the  clasts found in the drift. Hematitic rims on siltstone 
clasts and some of the  oxidation of sulphides t o  form limonite 
(Fig. 6.8a, b) were likely products of weathering during the 
initial erosion of t h e  siltstone and sulphide-bearing quartz 
veins. Ferric iron concentrations in veinlets, however, a r e  

difficult t o  da te  relative t o  pitchblende-selenide-gold 
concentrations and i t  appears likely tha t  some of them, 
eg. intimate mixtures of limonite, hematite and pitchblende 
as shown in Figure 6.8c, a re  coeval with t h e  exotic mineral 
assemblage. 

A close parallel t o  the  'Twin Lakes' mineral suite has 
been described from t h e  Consolidated Nicholson Mine on t h e  
north shore of Lake Athabaska 3 km east of t h e  former s i te  
of the  settlement of Goldfields, Saskatchewan. Here, t h e  
assemblage colloform pitchblende, native gold, tiemannite, 
niccolite, pyrite, and chalcopyrite was observed by 
Robinson (1955) In a vein of carbonate-rich gouge from a 
surface trench along part of t h e  No. 2 Zone. The 'Twin 
Lakes' concentrations of U, Se, and Au a r e  also similar t o  
mineralization in t h e  unconforrnity-related D Zone orebody 
of Amok Ltd. in sandstone a t  Cluff Lake, Saskatchewan 
(Ruhlrnann, 1985), t o  veins a t  Christopher Island in the  Baker 
Lake area of t h e  District of Keewatin (Miller and 
LeCheminant, 19851, and t o  concentrations in t h e  Otish 
Mountain Group in central Quebec (Ruzicka and 
LeCheminant, 1984). 

The suite has distinct geochemical similarities t o  many 
sub-Athabaska and other unconforrnity-related uranium 
deposits in addition t o  the Cluff Lake D Zone deposit 
mentioned above. Its principal chemical difference from 
most of these deposits is its lack of arsenic and paucity of 
nickel. This does not necessarily mean that  nickel and cobalt 
arsenides a re  absent in the mother deposit as these minerals 
a r e  readily decomposed during weathering. 

Figure 6.6a. Veinlet of paraguanajuatite with small spheres Figure 6.6b. Grains of gold set in paraguanajuatite 
of colloforrn pitchblende and grains of gold. interstitial t o  quartz grains. 
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Figure 6.7a. Gold-cored rosette ( 3 )  with concentric shells 
of clausthalite (11, pitchblende (2), and a network of 
pitchblende connected by veinlets composed of a mixture of 
clausthalite, pitchblende and carrollite (4). An unidentified 
selenide mineral ( 5 )  also occurs in this rosette. 

Isotopic dating of pitchblende 

Uranium-lead isotopic compositions and dates were 
determined by Geospec Consultants Limited, Edmonton, on a 
sample of pitchblende (GFA-78-3CW-2-4) collected a t  the  
'Twin Lakes' site by S.S. Gandhi. Technical data  from the 
analyses a r e  given in Appendix A. Calculated dates are: 

2 0 7 ~ b / 2 0 6 ~ b  - 901 Ma; 2 0 7 P b / 2 3 5 ~  - 770 Ma; 
2 0 6 ~ b / 2 3 8 ~  - 726 Ma 

The discordant dates  a r e  considered t o  reflect lead loss, and 
the 207Pb/206Pb ratio date  of 901 Ma is  believed t o  be a 
minimum date, younger - but perhaps no more than about 
200 Ma younger, than the  actual  time of formation or 
important modification of the  pitchblende-bearing mineral 
assemblage in the undiscovered deposit that was the  source 
of the  mineralized clasts. This places the source deposit in 
t h e  same general Neohelikian age bracket a s  sub-Athabaska 
unconformity deposits in Saskatchewan. For example, 
massive mineralization in the  "zone h boules" in the Cluff 
Lake D deposit has yielded a 207Pb/206Pb d a t e  of 
1050 + 30 Ma (Gancarz, 1979, a s  cited by Tona e t  al., 1985), 
and pitchblende-selenide mineralization in the  same 
deposit has given a 2 0  6 ~ b / 2 3 8 ~  and a 2 0  7 ~ b / 2 3  'U d a t e  of 
1150 t 25 Ma (Devilliers and Nordmann, 1974, a s  cited by 
Tona e t  al., 1985). 

Discussion 

The clasts containing pitchblende, selenide minerals and 
gold clearly have had a complex history. Their original 
source was a coarse fragmental rock - a breccia or a 
conglomerate. The apparently sorted quartz grains forming 

Figure 6.7b. Tiemannite-cored rosette ( 3 )  with subhedral 
crystals of carrollite (4) set in a ring of clausthalite (1) with 
minor pitchblende (2). 

the matrix between clasts, the varied character of clasts and 
the varied alterations of rims of siltstone clasts  indicate that  
this source rock may have been a sedimentary breccia, or a 
conglomerate, ra ther  than a breccia developed in a fault zone 
or intruded in some manner like an exotic breccia 5 km 
southeast of 'Twin Lakes' (Cecile and Campbell, 1977). It is 
suggested here that  the  conglomerate was a fanglomerate, 
correlative with t h e  Tinney Cove Formation, deposited a t  the  
base of a scarp formed along a faul t  zone cutting the  eroded 
surface of Mara Formation siltstones. More tenuously, i t  
may be supposed tha t  quartz veins, locally abundant along the  
fault, contained pyrite and chalcopyrite and that  their 
siltstone wall rocks also contained disseminated sulphides. 
Vein quartz, siltstone and other clasts transported short 
distances were covered with quartz sand of the Helikian 
Ellice Formation which also filled interstices between clasts. 
Silica was introduced as  a n  authigenic cement  and also in 
veins in the consolidated rock. Concentrations of U, Se, Co, 
Hg, Bi, Cu and minor Ni were formed through reactions 
involving reduction of introduced fluids and oxidation of 
sulphides and perhaps carbonaceous material in rock clasts. 

The suggestion tha t  t h e  source of the  mineralized clasts 
was a mineral deposit formed in fanglomerate of the  Tinney 
Cove Formation requires an assumption t h a t  Helikian rocks 
once overlay the Mara Formation a t  'Twin Lakes' and that  a 
small pocket of these rocks survived in the a rea  a t  least until 
the Pleistocene. 

The hypothesis outlined above implies t h a t  there is a 
possibility tha t  unconformity-type uranium deposits a r e  
present beneath known Helikian rocks preserved in extensive 
grabens in the Bathurst Inlet area, an idea previously 
suggested by Roscoe (1984). Exploration for such deposits 



Figure 6.8a. Pyri te  crys ta l  oxidized t o  limonite. Several Figure  6.8b. Pyri te  and chalcopyrite (shard-like grains in 
crys ta ls  have been partially to  to ta l ly  replaced by l imonite the  l e f t  c e n t r e  of t h e  mass  being replaced) oxidized and 
which also forms t h e  small  veinlets seen i n  t he  photo. replaced by limonite. 

Figure  6 . 8 ~ .  Amorphous pitchblende with l imonite and hematite.  Rounded 
sulphide grains a r e  pyrite. 



along buried low-angle unconformities between sedimentary 
rock sequences would be more difficult than in Saskatchewan 
where steeply-dipping metamorphic rocks beneath sandstone 
provide geophysical discontinuities that  a r e  useful in 
delimiting exploration drillhole target zones. 
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Appendix A 

Technical data, isotopic analysis by Geospec Consultants Limited of 
pitchblende sample GFA-78-3CW-2-4 from Bathurst Inlet a rea  

MICROMOLES PB 
SAMPLE ATOMIC PERCENT FROM 8 / 6  &8/7(0R 7/61RATIO 

0.00419 93.26270 6.50040 0 .23277 0 .24346 0.24402 

PB TRACER ATOMIC FRACTIONS(4,6,7,8) SAMPLE EX BLANK 
0 . 0  0 . 0 0 2 2  0.0005 0 .9973 0 .00408 93 .26808 6 .49922 0 .22864 0 .24344 LESS BLANK 

U TRACERiFRAC)235,238 TH TRACERIFRAC)230.232 RADIOGENIC PB (AS ATOMIC FRACTION) 
0.99872 0 .00128 0.92040 0.07960 - 0 . 0  0 .93202 0 .06436 0.00083 

SAMPLE IMG.) P8 ALIQUOT IMG.) U-JH ALIQUOT IMG.) PB207/PB206 PB206/U238 PB207lU235 PB208lTH232 
0.50000E+02 0.3742E+01 0.3742E+01 0.6906E-01 0.1192E+00 0.1135E+01 0 . 0  

PB TRACER W T .  U  TRACER W T .  TH TRACER WT.iMICROGM.) U CONC TH CONC PB CONC(PPM1 
3 .9201 9 .5896 0 . 0  0.1220E+06 0 . 0  0.1340E+05 

PB BLANK(MICROGM.)ANO I T S  RATlDS,6/4,ETC 
0.0040 18.350 15.640 38.220 

P8 SAMPLE RATIOS (716,816.416)  
0  0696999 0.0024958 0.0000449 

COMMON PB (MICROGM.) % OF TOTAL CONC. I N  PPM. 
0.1398E+00 0 . 2 8  0.3737E+02 

7716 M.Y. 1618 M.Y. T7/5 M.Y. T8/2 M.Y. 
900.7  725.9 7 7 0 . 1  0 . 0  

PB MIXTURE RATIOS ( 7 / 6 , 8 / 6 1  8/71CALC.) 
0.0698822 0 .0852703 1.2201996 

U MIXTURE ( 2 3 8 / 2 3 5 )  TH MIXTURE 1232/230)  
34.8973999 0 . 0  

COMP. OF COMMON PB16/4 .7 /4 .8 /4 )  
16.118 15.420 35.805 1500Ma C o m n  Pb 
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Abstract 

The B-zone at Heath Steele Mines is a base metal massive sulphide deposit. Pelitic, semipelitic and psammitic 
metasedimentary rocks, with minor beds of quartz crystal tuff, are dominant in the footwall, whereas felsic porphyritic rocks 
are exposed in the hanging wall. A possible alteration zone (acid tuff), concordant with the sulphide deposit, is retricted to 
the immediate footwall of the orebody. The deposit youngs to the north. 

Five fold groups are distinguished on the basis of style and orientation. Relative ages (fold generations) are assigned to 
the groups using mesoscopic overprinting relationships. Only D2 structures significantly affect the orebody: earlier 
structures are inferred so that their effect on the sulphide body is, as yet, indeterminable. The B-zone is inclined to the main 
transposition foliation (S2) and is interpreted as being parallel to the F2 enveloping surface. 

La zone B de la Heath Steele Mines est un gisement de sulfure massif a metal commun. Les roches mbtasbdimen- 
taires pelitiques, semi-pelitiques et psammitiques comprenant de faibles couches de tuf A cristal de quartz, dominent dans 
le mur, tandis que les roches porphyritiques felsiques affleurent dans le toit. Une zone d'altbration possible (tuf acide), 
concordante avec le gisement de sulfure, se limite au mur du gisement de minerai. Vers le nord, le gisement est d'origine de 
plus en plus recente. 

On distingue cinq groupes de plis en fonction du style et de I'orientation. Les ages relatifs (generations de plis) sont 
attribubs aux groupes en fonction des relations de superposition m6soscopique. Seules les structures D2 influent de fagon 
marquee sur le gisement: il existe probablement des structures plus anciennes, mais il n'est pas encore possible de 
determiner les effets qu'elles ont sur le gisement de sulfur. La zone B est inclinee vers la principale foliation de transposition 
(S2) et est interpretbe comme Btant parall&le B la surface enveloppante F,. 

1 Contribution to Canada-New Brunswick Mineral Development Agreement 1984-1989. Project carried by 
Geological Survey of Canada, Lithosphere and Canadian Shield Division. 

2 Department of Geology, University of New Brunswick, Fredericton, N.B. E3B 5A3 



Introduction 

Heath Steele Mines is located 60 km northwest of New- 
castle, New Brunswick (Fig. 7.1) in the northern part of the 
Miramichi Zone (Fyffe et al., 1981). Five significant deposits are 
exposed on the mine property, known as the A-C-D, B and E 
zones (Fig. 7.2), and all are hosted by the Cambro (?) - Ordovi- 
cian Tetagouche Group (Skinner, 1974). The latter is a meta- 
morphosed and intensely deformed sequence of volcanic, vol- 
caniclastic and sedimentary rocks of disputed island arc affinity 
(Helmstaedt, 1971; Davies, 1980). 

The B zone has a tabular shape and dips steeply to the 
north. It has reserves of 24.4 million tonnes grading 4.25% Zn, 
1.41% Pb, 1.24% Cu and 68.9 grammesltonne silver (Davies et 
al., 1984). 

Mine stratigraphy 

A workable mine stratigraphy (Fig. 7.3) has been defined 
by McBride (1976). Except for the acid volcanic rocks, which 
apparently are in fault contact, the sequence is thought to be 
continuous and younging to the north. The following is a brief 
summary of the mesoscopic and microscopic characteristics of 
the rock types exposed at Heath Steele Mines, based on the 
work of McBride (1976) and the authors' observations. 

Acid volcanic rocks 

An absence of quartz phenocrysts and a relative abundance 
of feldspar phenocrysts (2-3 mm) and felsic lithic clasts 
(1-2 mm) in a blue-grey, massive siliceous matrix characterizes 
this rock type. Locally, the matrix displays compositional band- 
ing which may be either primary or secondary (metamorphic 
differentiation). 

Footwall crystal tuff 

This rock is composed of varying proportions of felsic lithic 
clasts and quartz and feldspar phenocrysts set in a light to dark 
grey siliceous matrix. Locally, one or more of these components 
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Flgure 7.1. Location map for Heath Steele Mines. 

is present in sufficient quantities to define a crude bedding. 
Correlation of these beds, however, is difficult due to rapid 
facies changes. In the upper parts of the unit finer grained 
tuffaceous rocks are commonly interbedded with quartz crystal 
tuff layers. Although albite is present, orthoclase tends to be the 
dominant phenocryst. 

The "Sedimentary" Sequence 

According to McBride (1976) three types of clastic "sedi- 
mentary" rocks comprise the sequence: mudstone, siltstone 

Figure 7.2. Simplified geology map of the mine showing A-C-D, E and B zones. Legend: 1 - metasedi- 
ments; 2 -massive sulphides; 3 - quartz and quartz-feldspar crystal mefatuff; 4 - acid volcanic rocks (m 
Davies et al., 1984). 



Figure 7.3. Mine stratigraphy (&m McBride, 1976). 
Legend: 1 - pelitic metasediments; 2 - footwall quartz-feldspar 
porphyry; 3 - acid volcanic rocks; 4 - footwall quartz crystal 
metatuff; 5 -acid tuff; 6-massive sulphides; 7-iron-formation; 8 
- hanging wall quartz crystal metatuff; 9 - hanging wall quartz- 
feldspar prophyry; F - fault; (?) - contact not exposed. 

and sandstone. Each is defined by the variation in the propor- 
tion of phyllosilicate: quartz minerals. Primary sedimentary 
structures are rare and since these rocks contain greenschist 
facies mineral assemblages the authors prefer the terms pelite, 
semi-pelite and psammite respectively, to describe these rock 
types. 

Pelitic rocks. An abundance of phyllosilicate minerals 
and quartz veins is characteristic. The mine term for these rocks 
is "chlorite tuff which is misleading since the chlorite content is 
4 0 %  and the term tuff carries the genetic connotation of a 
volcanic origin, something that is not readily substantiated. The 
colour of the "tuff" is due to microscopically abundant green 
(PPL) sericite andlor phengite (>40%). The remainder of the 
minerals in the pelitic rocks are fine-grained quartz t albite. 

Locally, beds of semi-pelite (siltstone) and psammite (sand- 
stone) are present, but they have a limited lateral extent and 
correlation between exposures is not possible. A general facies 
change, from pelite in the east to pelite-psammite in the west, 
has been identified in the footwall of the B-zone. 

Psammitic rocks: Relatively coarse grained quartz and a 
lower content of phyllosilicate minerals are characteristic for 
this rock type. Massive exposures, with a weak fracture cleav- 
age, are common to the east of the B1 open pit. 

Semi-pelite: Mineralogically this rock type is the same as 
the pelites and psammites, differing only in the proportion of 
phyllosilicates to quartz. 

Acid tuff 

This is restricted to the immediate footwall of the B-zone. 
Apart from disseminated sulphides (principally pyrite) and a 
light grey-buff weathering it is mineralogically identical to the 
pelite, i.e. it is a quartz-sericite schist with minor chlorite and 
carbonate. Opinion is divided as to its origin: a primary facies 
variation of the 'normal' pelite has been suggested (McBride, 
1976), as has a secondary alteration product of the pelite 
(Owsiacki, 1980). 

Massive sulphides 

Chalcopyrite, sphalerite and galena are the principal sul- 
phide minerals of the B-zone, the latter two being concentrated 
in the stratigraphic top (north) of the orebody. A mineral 
banding is generally present in this part of the orebody and may 
be bedding since, locally, it is deformed by D, structures. A 
gossan, enriched in gold, is variably developed as a capping to 
the deposit. An economically significant portion of the orebody 
is a pyrrhotite-chalcopyrite breccia zone (average grade 
1-2% Cu) exposed on the southside of the sulphide body (strat- 
igraphic base). Its origin is uncertain and both a primary debris- 
type flow deposit (Owsiacki and McAllister, 1979) and a tectonic 
faulting mechanism (McDonald, 1984) have been proposed. 

Iron formation 

Above the sulphides a discontinuous iron-formation (max- 
imum thickness, 6 m) is found. Three facies are developed at 
Heath Steele Mines: 1) Oxide facies typified by magnetite; 
2) carbonate facies composed predominantly of siderite; and 
3) silicate facies where Fe-chlorite is dominant. Banding on a 
millimetre scale, generally subparallel to the main foliation (S,), 
and local lithic clasts have been identified by McBride (1976). 
The principal minerals of the three facies are fine grained 
(<O.l mm) and occur in association with very fine grained 
quartz (<O.Ol mm), which probably is recrystallized chert. 
Minor minerals present include pyrrhotite, sphalerite, galena 
and biotite. 

Ooids (<1 mm) in the siderite facies of the iron-formation 
have been identified by McMillan (1969) and McBride (1976). 
Both interpreted their presence as suggesting a shallow water 
envrionment during deposition of the iron-formation. 

Quartz crystal tuff 

Overlying the iron-formation is a more or less continuous 
horizon of quartz porphyry. Locally, beds rich in lithic clasts (of 
pelitic/psammitic composition) occur, suggesting that the por- 
phyry is a tuffaceous unit. At the contact with the iron-forma- 
tion a chlorite-rich matrix is common, grading northwards into 
a sericite-dominated matrix. Recrystallized lapilli (?) and 
orthoclase phenocrysts are minor components in the domi- 
nantly siliceous matrix. 

Mesoscopic similarities with the footwall quartz crystal tuff 
are striking and it is only the stratigraphic position of this unit 
that differentiates the two. 
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Figure 7.4. Lower hemisphere equal area projections for fold plunges and poles to foliations divided into 
both stylelorientation groups (e.g. Group 1) and fold generations (e.g. F,). Figures 7.4H and I combine 
groups 3 and 4. 
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Figure 7.5. Examples of overprinting relationships (at various scales) observed at Heath Steele Mines. 

Quartz-feldspar porphyry 

A wide outcrop of banded quartz-feldspar porphyry is 
exposed in the hanging wall of the 8-zone. A "clean" ap- 
pearance is typical, as are pulled-apart feldspar phenocrysts 
that define a stretching lineation parallel to F, fold axes. Band- 
ing reflects variations in the phenocryst content, lithic clast 
content and mineralogical changes in the matrix. 

In summary, a mixed sequence of volcanic and sedimen- 
tary rocks is exposed at Heath Steele Mines. The favourable 
horizon for mineralization is the contact of the footwall sedi- 
mentary sequence and the hanging wall quartz-feldspar por- 
phyry. Although classified as a base metal volcanogenic mas- 
sive sulphide deposit (Franklin et al., 1981) it should be noted 
that there is a significant sediment component to the footwall 
rocks; "millrock type lithologies (Sangster, 1972) are not pre- 
sent. 

Mesoscopic structural observations 

Unequivocal overprinting relationships are not common at 
Heath Steele Mines. Consequently, the first step in determining 

a structural history is the establishment of groups of structures 
on the basis of style and orientation. Using these criteria five 
styletorientation groups can be defined (Fig. 7.4). 

Group 1 

Rootless, intrafolial folds in quartz veins are characteristic 
although locally group I folds are defined by a folded foliation 
(Fig. 7.5B). In the latter case the axial plane foliation is a crenula- 
tion cleavage and this is thought to be the cleavage type for all 
group 1 folds. Typically, this foliation, known as the main folia- 
tion, dips at moderate to steep angles towards the southwest 
(Fig. 7.4B). 

Group 1 fold plunges are variable (Fig. 7.4A) since the 
majority of the data are from folds in quartz veins. They define a 
girdle coincident with the main foliation. Since the group 1 folds 
are isoclinal, any layering present in the rocks is parallel to the 
axial plane crenulation cleavage, except in fold hinges. The 
main foliation is therefore a transpostion surface (see e.g. 
Hobbs et al., 1976; Williams, 1983) defined by both the axial 
plane cleavage and all earlier surfaces rotated into the same 
orientation. 



Group 2 
Horizontal folds with flat or gently inclined axial surfaces 

are distinctive structures at Heath Steele Mines and are labelled 
as group 2 structures. These folds have an open form (interlimb 
angle > 90") and an axial plane crenulation cleavage. Group 2 
folds form a horizontal girdle (Fig. 7.4C) coincident with the 
intersection of the axial surface with the various orientation of 
the group 1 foliation. 

Groups 3 and 4 

Folds belonging to these groups are considered together 
because of their similarity in style: they are open, vertical folds 
with an axial plane crenulation cleavage, locally defined by 
mica-rich layers. The two groups are differentiated on the basis 
of orientation: group 3 fold plunges define a NWISE girdle (Fig. 
7.4D) whereas group 4 folds plunge predominantly to the SW 
(Fig. 7.4F). Axial surfaces of both groups dip steeply and trend 
NWISE for group 3 and NEISW for group 4 (Fig. 7.4E, F). 

Group 5 

Group 5 folds are rare and have only been documented in 
exposures adjacent to the B1 open pit. Typically they are open to 
tight folds of quartz veins, plunging at moderate angles to the 
west. They have an axial plane crenulation cleavage which is 
vertical or steeply dipping to the north. 

Overprinting relationships 

From a limited amount of overprinting observed in surface 
and underground exposures some constraints can be placed on 
the relative ages of folds of the five stylelorientation groups. The 
most consistently developed mesoscopic overprinting rela- 
tionship is that of a foliation cutting an older fold closure (Fig. 
7.5); true fold interference patterns are rarely observed. 

Group 1 structures are overprinted by folds of all other 
stylelorientation groups implying that the rootless, intrafolial 
folds and their associated axial planar cleavage, are the oldest 
folds on the mine property. However, some group 1 folds are 
seen to fold an earlier foliation, the origin of which could be 
interpreted as either sedimentary or tectonic. We have no 
cogent evidence for either origin but interpret the foliation as 
tectonic on the basis of observations made outside the area 
described here. Pre-main foliation folds have been recognized 
in the Brunswick Mines (van Staal and Williams, 1984) and the 
Sevogle River areas (Irrinki, 1979; Cullen, 1984) and several 
writers have claimed a pre-main foliation deformation on the 
grounds of an earlier foliation (Helmstaedt, 1971; McBride, 
1976). Thus, we interpret group 1 structures as products of a 
second generation deformation and name them F, and S,. 

In underground exposures group 2 folds overprint F, folds 
and are themselves overprinted by a group 4 foliation. Thus 
group 2 is younger than F, and older than group 4. No over- 
printing relationships have been observed for group 3 struc- 
tures so that we have no basis for ascribing them to a generation. 
Since they have the same style as group 4 and since, in geo- 
metrical terms, groups 3 and 4 form a conjugate pair we tenta- 
tively group them together. Group 5 overprints groups 3 and 4 
making it the youngest generation. Thus, in summary, we inter- 
pret group 2 as third generation (F, and s,), groups 3 and 4 as 
fourth generation (F, and S,) and group 5 as fifth generation 
(Fig. 7.4). 

Macroscopic structure 

The B-zone is basically a north-dipping, tabular body of 
sulphides that is locally modified by small folds. There are 
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Figure 7.6. Geological cross-section of the B-zone. Legend 
same as Figure 7.3 (~ Davies et a/., 1984). 

isoclinal folds that have their axial surfaces oriented parallel to 
the enveloping surface to the orebody as well as more open 
folds that have axial surfaces inclined at various angles to the 
enveloping surface (Fig. 7.6). 

Poles to the S, transpositioli define a fully occupied girdle 
with a maximum indicating a dominant southwesterly dip. The 



girdle suggests a southwesterly plunging fold which is approxi- 
mately parallel to the group 4 (F,) folds. However, these folds 
are too open (>90°) to account for the girdle. Further pos- 
sibilities that may explain the S, distribution is that the girdle is 
due either to incomplete transposition of earlier foliations into 
the S, orientation or that it is a result of a combined affect of both 
fold generations (F, and F,). To distinguish between these possi- 
ble interpretations it is necessary to establish smaller domains 
(Turner and Weiss, 1963 p. 94) and to this end more detailed 
measurement is in progress. 

Since we cannot define S2 domains (i.e. S, occupies a girdle 
rather than a point maximum) the remaining data plots cannot 
be adequately interpreted. Never-the-less two points can be 
discussed concerning the S2 foliation: 

1) S2 dips predominantly to the south (Fig. 7.4B; see also 
McBride, 1976) and is nowhere parallel to the orebody, which 
dips north (Fig. 7.6). S, is known to be a transposition foliation 
and where layering can be recognized adjacent to the orebody 
contact, the two are parallel (McAllister personal communica- 
tion, 1986). Thus, the orebody must define the regional en- 
veloping surface. The only alternative interpretation is that the 
orebody is discordant to S,. We consider this unlikely in view of 
the parallelism of the layering and orebody contact. 

2) Those folds in the orebody with axial surfaces parallel to 
the enveloping surface may be overprinted by S, but exposure 
does not allow this interpretation to be confirmed. The point is, 
their axial planes are inclined to the general S, orientation and it 
is unlikely that they are younger than S, in view of their tight- 
ness. They may, therefore, be F, folds. Another possibility is 
that they are F2 folds and where S, passes into the incompetent 
orebody layer it is strongly refracted. Because the orebody is 
generally inaccessible such a refraction would not be reflected in 
our observations. 

Conclusion 

The B-zone at Heath Steele Mines is a north-dipping, tab- 
ular body of base metal sulphides. Franklin et al. (1981) classi- 
fied it as volcanogenic even though the bulk of the footwall 
rocks are metasediments. Quartz crystal tuffs are interbedded 
with the metasediments but the majority of volcanic rocks are 
exposed in the hanging wall (quartz and quartz-feldspar por- 
phyry). Four facies of iron-formation are present: sulphide, 
silicate, carbonate and oxide. The latter facies is a discontinuous 
capping to the sulphides exposed in the hanging wall. 

A structural history for the B-zone is difficult to define 
because of a lack of unequivocal overprinting relationships. It is 
necessary to first define fold groups and then interpret their 
relative ages through the use of limited overprinting of struc- 
tures belonging to different groups. Five fold generations are 
documented using this technique, although the earliest genera- 
tion structure (F,) is inferred. In contrast to previous workers 
we note that the main foliation (S2) is, in general, inclined to the 
orebody and interpret the orebody as being parallel to the F, 
enveloping surface. 
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Abstract 

Neohelikian Korok sheets and dyke f rom southeast of Ungava Bay whose ages are between 
1350 and 1400 M a  have a paleopole a t  133°W,090S. A second dyke also f rom this area yielded a 
v i r tua l  pole a t  166°W,030N which is close t o  the poles o f  the 1220 M a  Mackenzie dykes. 

Les strates et  le  dyke Korok du NBohglikien situds au sud-est de la  baie Ungava e t  dont I'bge 
varie de 1 350 A 1 4 0 0  Ma comportent un pal6opBle se situant A 133OW, 09OS. Un deuxieme dyke de 
ce t te  region comporte un pale v i r tue l  se situant a 166OW, 03ON, ce qui  se rapproche des p6les des 
dykes du Mackenzie datant de 1 220 Ma. 



Figure 8.1. Neohelikian sheets (Korok) and dykes (Korok and Mackenzie?) southeast Ungava Bay 
(Taylor, 1979). Locations sampled for  paleomagnetic study and fo r  K - A r  age determinations 
(WR = whole-rock; B i  = biotite). Thick s t r ike symbols indicate sheets, thinner symbols the s t r ike o f  a 
nearby sheet. 

Figure 8.2. Sample directions before ( le f t )  and a f te r  (centre) A F  cleaning. Solid circles down 
directions, open circles up directions. Site mean directions (right) w i t h  circles of confidence (dashed 
circles, up direction; continuous circles, down direction). Note that  sites FA6709 and 10 have been 
reversed (R) i n  the r ight  diagram. 



Introduction modern decav constant.  One  bioti te and one  chilled whole- 
rock yie lded ages of 1249 + 45 Ma and 1 2 7 8  + 115 M a  

diabase to the Korok sheets and dykes respectively,  suggesting an  a g e  of intrusion between 1350 and may have been described previously from elsewhere in t h e  1400 Ma. A third analysis on chilled material f rom a 25 km shield, t h e  main body of intrusions was f i rs t  described by long NNW-trending dyke yielded 1164 + Ma. This age Taylor (1979) under t h e  heading "Neohelikian diabase". As he  may be significantly different from the two mentioned above, 
the Ungava (Fig. 8'1) particularly in the light of paleomagnetic results, This would 

Occur predominantly in the form of gently SSW sheets support Taylor's suggestion of t w o  unrelated Neohelikian with, in some  locali t ies,  t h e  shee t s  lying in t h e  plane of t h e  mafic intrusive events in this part of the Canadian Shield. 
host gneisses. Taylor concluded f rom regional s t ruc tu ra l  
consideration t h a t  - the  t i l t  of t h e  sheets  primary. The 
sheets  range in thickness up t o  a f ew tens  of me t re s  but in Paleomagnet ic  sampling and laboratory  resul ts  
many places a r e  only a few me t re s  thick. Taylor (1979) Twenty-two samples were  drilled f rom four Neohelikian reported 2-10% olivine in t h e  diabase of t hese  sheets.  Three  intrusions (Fig. and separately oriented by solar compass, 

One of and of 'Oarser Two specimens were cut from each core and one specimen 
the sheets, and from each core was AF demagnetized in ten to  fifteen steps. and t w o  coarse,  indicate  t h a t  t h e  dykes a r e  somewhat  more  A t  l eas t  one  specimen f rom each  s i t e  was  subjected t o  alkalic than a r e  t h e  sheets.  The shee t s  contain about  10% detailed thermal demagnetization. The remaining specimens normat ive  olivine whereas t h e  dykes contain almost twice  were  AF demagnetized in f ive  or  more  s t eps  (Fig. 8.2). 

this. Samples f rom t h e  chilled margins of both dykes contain Initial intensities ranged from .14 to A,m. small  amounts of normative n e ~ h e l i n e .  
Si te  FA6704. All six samples of this diabase sheet  The locations from which Neohelikian diabase mater ia l  proved to be exceptionally stable in response to both AF and was taken for K-Ar age  determinations a r e  also indicated on thermal demagnetization (Fig. 8.3). The samples contained Figure 8.1. Two analyses were  reported by Taylor (1979) on 

chilled mater ia l  f rom t h e  edges of t h e  intrusions, and a third only one  significant component with a slightly up 

on a biot i te  concentra te .  The ages  on Figure 8.1 and ENE direction. This is unusual since diabase almost 
invariably contains a sizable so f t  component re la ted  t o  t h e  mentioned below a r e  slightly higher than those  quoted by recent field direction. 

Taylor (1979) because they have been recalculated using t h e  
FA- 6704(01) 

Thermal 

Figure  8.3. Character is t ic  response of specimens f rom site FA6704 t o  thermal  (a) and alternating 
field (b) demagnetization. 



Figure 8.4. Characterist ic response of  specimens f r o m  site FA6705 to  al ternat ing f ie ld  
demagnetization to  100 mT (a) and (b) and thermal ( c )  demagnetization. 
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Figure8.5. Characteristic response of specimens from site FA6709 to alternating field 
demagnetization. 

Table 8.1. Paleomagnetic data  for 3 Korok sites and one possible Mackenzie s i t e  

NRM Cleaned 
Site N D I K 019 5 AF D I K 0195 

(mT) 

KOROK 

FA6704 6 069.0" 08.0" 59 9 O 800 074.5' -07.5' 192 05.0" 

FA6705 5' 060.0' 47.5' 12 23 ' 350-800 063.0' -21.0' 34 13.0" 

FA6710 4 239.0' 66.0' 32 17' 800 237.0' -08.0' 66 11.5' 

Mean direction of 3 sites above (FA6710 reversed) n = 15, D = 066.Z0, I = -07.9', K = 24, ass = 8" 

Mean pole position from mean direction 133.4'W, 08.7'S, dm = 8.0°, dp = 4.0' 

Mean pole position from si te  poles (FA6710 reversed) n = 3, 132.4'W, 09.7'S, K = 48, ass = 18" 

MACKENZIE 

FA6709 6 168.5" 84.5' 20 15' 800 281.5' -07.0" 125 06.0" 

Virtual pole from si te  mean direction 166.3'W, 2.8'N, dm = 6.0°, dp = 3.0' 

N = number of cores collected a t  a site; D = declination; I = inclination 
K = Fisher's estimate of precision; ass = semi axis of circle of confidence 
a t  P = .05; AF = peak alternating field; dm,dp = semi axes of ellipse of confidence 
a t  P = 0.05, n = number of sets  of data  used in calculation of the mean. 
*The results from one sample of this s i te  were not included because the  cleaned direction was more than 
two standard deviations away from the s i te  mean direction. 
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Figure 8.6. Characteristic response of specimens from site FA6710 to alternating field (a) and 
thermal demagnetization (b) and (c). 



Site FA6705. Specimens f rom this s i t e  were  far  less 
stably magnetized than those  of FA6704 containing both t h e  
ENE up component and a significant s teeply  down component.  
Results of AF and the rma l  demagnet iza t ion  of stably and less 
s tably  magnetized specimens a r e  i l lustrated on Figure  8.4. 
The high field, high t empera tu re  component has a direction 
similar t o  t h a t  of FA6704. 

Si te  FA6709. Specimens of this dyke s i t e  contained a 
strong steeply down component removed by AF cleaning a t  
10 mT. AF cleaning t o  100 mT revealed only a s t ab l e  
WNW up component (Fig. 8.5). 

S i te  FA6710. The specimens of this dyke s i t e  were  very 
stably magnet ized ,  a so f t  steeply down component being 
removed by AF cleaning a t  5 t o  10 mT. The single s t ab l e  
component isolated by A F  and the rma l  demagnet iza t ion  has a 
shallow SW up direction (Fig. 8.6). 

In terpre ta t ion  

Paleomagnet ic  results  suggest  t h a t  two  of t h e  sheets  
sampled, FA6704 and FA6705, and one dyke, FA6710, a r e  t h e  
results  of a single igneous episode; although FA6710 is 
reversed re la t ive  t o  t h e  o ther  two  s i tes  (Table 8.1). The pole 
position fo r  t hese  s i tes  a t  133.4°W,09.00S is close t o  those  of 
similar age  (1350-1400 Ma) f rom t h e  Canadian Shield 
(Irving e t  al., 1972; Berger and York, 1980; and t h e  overprint  
refer red  t o  in t h e  Mistassini dykes of Fahrig e t  al. (in press) 
and consistent with t h e  1350-1400 Ma indicated by K-Ar 
dating. The paleomagnetic result  suggests an a g e  closer t o  
1400 Ma. 

The four th  s i te ,  FA6709 f rom a dyke 25 m thick and 
25 km long yielded a virtual  pole a t  166.3'W,2.8ON which is  
close t o  t h a t  for  t h e  1220 M a  Mackenzie igneous rocks 
(Fahrig and Jones,  1969; P a t c h e t t  e t  al., 1978). The chilled 
whole-rock K-Ar age  of 1164 + 100 Ma is also consistent 
with a Mackenzie age. This introduces t h e  possibility t h a t  
M ackenzie  dykes extended in to  th is  par t  of t h e  Shield. 
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Abstract 

The rat ios o f  3 2 5  and 3 4 5  were analyzed for  py r i te  and soluble sulphate extracted f r o m  twelve 
coal samples f rom the Pennsylvanian Morien Group and for eight gypsum and anhydrite samples f rom 
the Mississippian Windsor Group that underlies the Sydney Basin, Nova Scotia. The evaporite samples 
show a narrow range o f  cS3"s values averaging above +15°/o,, whereas the coal  pyr i te  and soluble 
sulphate show a wide range o f  6 3 %  values averaging about +15%, t o  -5%,. The results are 
consistent w i th  the hypothesis that the sulphur i n  the coals was derived f rom dissolution o f  Windsor 
evaporites, w i th  anaerobic reduction o f  sulphate to pyr i te  in  the Morien peat swamps, followed by 
chemical transformation of sulphate to  py r i te  during bur ia l  and coalif ication. 

Les rapports de 3 2 ~  e t  3 4 ~  ont 6 te  analyses dans de l a  pyr i te  e t  du sulfate soluble ext ra i ts  de 
douze dchantillons de charbon provenant du groupe pennsylvanien de Morien e t  de hui t  Bchantillons de 

ypse e t  d'anhydrite du groupe mississippien de Windsor sous-jacent au bassin Sydney en Nouvelle- 
Eosse. Les Bchantillons df6vaporite r6vblent une gamme e t ro i te  de valeurs 6 3 4 ~  dont l a  moyenne 
est d'environ de +15%, tandis que la  py r i te  de charbon e t  le  sulfate soluble revblent une large gamme 
de valeurs 6 3 4 ~  dont la  moyenne se situe entre +15% e t  -5%. Les r6sultats conf irment 11hypoth8se 
selon laquelle le soufre contenu dans les charbons provient de la  dissolution d'evaporites du groupe de 
Windsor, le  sulfate a 6 t6  transform6 en pyr i te  par reduction anaerobique dans les tourbieres du 
Morien, e t  par suite le  sulfate a 6t6 transform6 chimiquement en py r i te  au cours de I'enfouissement 
e t  de l a  houill i f ication. 
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Ottawa, Ontario K 1 A  OG1 



Introduction 

High sulphur contents  in coals  a r e  normally explained 
by the  proximity of t h e  original pea t  t o  mar ine  wa te r s  during 
deposition (Williams and Keith, 1963; Casagrande et al., 
1977). The abundant sulphate ions in seawater  provide a 
ready source  of sulphur which can  be incorporated in to  t h e  
sediment  as iron disulphides and a s  organically-bound sulphur 
by inorganic and biochemical processes. Sulphur-rich coals  
normally occur  in marginal mar ine  sett ings,  such a s  back- 
barrier and coas t a l  swamps, or  a r e  in tercala ted  with mar ine  
bands formed by periodic flooding of t h e  swamps by t h e  sea 
(Horne et al., 1978). 

The Carboniferous Sydney Basin contains Canada's 
major economic coal  seams, which form par t  of t h e  Morien 
Group of Pennsylvanian age  (Hacquebard, 1983). The sulphur 
content  of some seams reaches 8% by weight and r e s t r i c t s  
t h e  commercia l  uti l ization of the  coal. No marine  s t r a t a  
have been discovered in t h e  Morien Group, and t h e  
sedimentary evidence indicates deposition on broad alluvial 
plains with an  entirely f reshwater  biota (Hacquebard and 
Donaldson, 1969; Rust et al., 1983; Gibling and Rust, 1984). 
Proximity t o  a marine source of sulphate cannot be adduced 
t o  explain t h e  high levels of sulphur in t h e  coals. 

An a l ternat ive  hypothesis for  t he  sulphur enr ichment  
was outlined by Hai tes  (19511, following earlier work by Bell 
(1928) and Newman (1935). He suggested tha t  t h e  sulphur 
was derived f rom dissolution of evaporites in t h e  
Mississippian Windsor Group which underlies t h e  Morien 
Group. The Morien river 'could have carr ied  a high dissolved 
load of sulphate  ions, which could have been t ranspor ted  in to  
t h e  peat  swamps. The sulphur content  in some seams  is 
higher adjacent  t o  fluvial sandstone bodies (Newman, 1935). 
A similar hypothesis was applied t o  t h e  Minto coals  of New 
Brunswick by Hacquebard and Barss (1970). The Windsor 
Group i n  t h e  region contains thick sulphate-evaporites 
(Boehner, 1983) and locally fo rms  an  erosional su r face  over  
which t h e  Morien Group was  deposited. 

Tests  f o r  Windsor evapor i tes  as a sulphur source  

Anhydrite and gypsum of the  Windsor Group in mainland 
Nova Scotia have 6 "S values of about +14"/,,, reflecting 
thei r  derivation f rom Mississippian seawater  (Akande and 
Zentilli, 1984; Thode and Monster, 1965). If no isotopic 
f rac t ionat ion occurred during evapor i te  dissolution, soluble 
sul h a t e  carr ied  t o  t h e  Morien swamps should have had a t 6 S of about +14°/oo (McCready and Krouse, 1980). During 
t h e  decomposition of plant mater ia l ,  an  anaerobic  
environment develops in peat  swamps allowing anaerobic  
reduction of sulphate in groundwaters t o  H 2 S  
(Casagrande e t  al., 1977). Numerous s tudies  indicate  t h a t  t h e  
H2S  is enriched in the  l ighter 3 2 S  isotope by 15°/00 o r  m o r e  
and r e a c t s  with indigenous heavy me ta l  ions t o  produce 
biogenic meta l  sulphides (McCready, 1975; Kaplan, 1975). 
Primary pyr i te  produced within t h e  swamps should have  
6 'S values of - I  O/,, or less (Sweeney and Kaplan, 1973; 
Kemp and Thode, 1968; Goldhaber and Kaplan, 1974). 

During burial  and t h e  t ransformat ion of p e a t  t o  coal  
wi th  increasing pressure and temperature ,  organic  sulphur 
and sulphate  e s t e r s  indigenous t o  t h e  peat  may b e  reduced 
chemically t o  H2S and subsequently r e a c t  with m e t a l  ions, 
producing secondary meta l  sulphides (Casagrande et al., 
1977). However, because these  a r e  produced chemically a t  
higher temperatures ,  t h e  isotopic fractionation will b e  much 
less than t h a t  observed in  t h e  biogenic me ta l  sulphides (Sakai, 
1968). 

Cape Breton coals contain average values of about  
4% pyrit ic sulphur, 1% organic sulphur, and 1% sulphur a s  
inorganic sulphate (McCready, 1983, 1984). If t h e  sulphate  is  

residual sulphate  which has  not  undergone biological 
reduction o r  chemical  t ransformat ion during c o a l  diagenesis, 
i t  should b e  enriched in t h e  heavier isotope (McCready et al., 
1975, 1976; Krouse and McCready, 19791, result ing in 
6 3 4 S  values m o r e  positive than  +14°/00. The associated 
pyrite should have a 6 9 value of about -1 O/oo, if i t  has 
originated by anaerobic decomposition. 

The geochemical model outlined above involves several 
assumptions. Firstly, t h e  model assumes a closed sys t em in 
which soluble sulphate  i s  parti t ioned between pyrite, 
organically-bound sulphur and residual sulphate  in solution, 
a l l  of which a r e  re ta ined within the  sediment.  Secondly, t h e  
model t e s t s  t he  probability t h a t  t h e  sulphur isotope values 
a r e  compatible with derivation f rom Mississippian sulphates; 
although t h e r e  were  progressive changes  in seawa te r  
composition during t h e  Carboniferous,  t he  t e s t s  a r e  unlikely 
t o  preclude a Pennsylvanian seawater  source. 

Sampling and analysis 

Twelve coal  samples were  obtained f rom drillcore, mine 
workings and outcrop of t h e  Gardiner, Sydney Main, Hub and 
Point Aconi seams  of the  Sydney Basin. Two seams  were  
sampled layer by layer through t h e  en t i r e  thickness. 'The 
pyrite i s  in t h e  f o r m  of smal l  grains and aggregates  up t o  a 
few t e n s  of microns in d iameter ,  a p a r t  f rom t h e  sample  f rom 
t h e  Point Aconi seam which w a s  a large  (ca. 5 c m )  pyr i t ic  
nodule col lec ted f rom outcrop. Four gypsum and  four 
anhydrite samples were  se l ec t ed  f rom t h e  Kempt  Head 84-1 
dril lcore in  t h e  Sydney Basin, located close t o  coal  sample  
localities. The evapor i t e  samples were  spaced evenly 
through 318 m of  c o r e  and a r e  considered t o  b e  representa-  
t i ve  of t h e  evapor i tes  in t h e  upper par t  of t h e  Windsor Group. 
Their mineralogical pur i ty  was  checked by X-ray di f f rac t ion 
analysis. 

The coal  samples were  f inely  crushed, spli t ,  and pyrite 
was  separa ted f rom coal  dust  using the  heavy liquid 
te t rabromoethane.  The pyrite was converted t o  barium 
sulphate prior t o  analysis. Soluble sulphate was  ex t r ac t ed  
f rom an additional subsample and converted t o  barium 
sulphate (American Society fo r  Testing and Materials, 1977). 
The sulphur f rom t h e  pyrite,  soluble sulphate,  gypsum and 
anhydrite was analyzed fo r  sulphur isotopes by 
C.C. McMullen at McMaster University. Two duplicated 
pyrite samples showed di f ferences  in 6 3 4 S  of 0.3 and 2.1°/,,, 
and t w o  duplicated evapor i te  samples  showed di f ferences  of 
0.1 and 0.3"/,,. 

Results 

The evapor i te  samples  showed low variabili ty in 6 34S, 
ranging f rom +15.8 t o  +14.55°/00 (Table 9.1). Gypsum and 
anhydrite showed similar values, and no ver t ica l  t rends  in 
6 values w e r e  observed through t h e  s t ra t igraphic  sect ion 
sampled. The values l ie  c lose  t o  those  fo r  Windsor evapor i tes  
e lsewhere  in Nova Scotia (Akande and Zentilli, 1984) and t o  
mean values f o r  Mississippian seawa te r  (Thode and Monster, 
1965). 

The pyr i te  samples  f r o m  t h e  coals  showed hi h 
variability in  6 '*S, ranging f rom r14.65 t o  -5.O0f,., 
(Table 9.1). Vertical  variabil i ty within t h e  Gardiner and 
Sydney Main seems  is  high and no sys t ema t i c  ver t ica l  trends 
were  observed within t h e  seams.  The Gardiner seam,  
stratigraphically lower than t h e  o the r  t h r e e  seams, shows 
much lower 6 values. The pyr i te  6 values range f rom very 
close t o  t h e  evapor i te  values t o  negative values but  none a r e  
more  positive than t h e  evaporites.  

The soluble sulphate  samples  f rom t h e  coals  showed 
high variabili ty in  6'"S, ranging from +18.5 t o  -5.5°/00 
(Table 9.1), a similar range t o  t h e  pyrite 6 values. 



Table 9.1. Sulphur isotope ratios ( 6  34S)  for Morien 
Group coals and Windsor Group evaporites,  
Sydney Basin 

No. 
of 

Materials samples 6 3 4 ~  

Pyr i t e  f rom coal  
Point Aconi seam 1 +10.7 
Hub seam I +14.3 
Sydney Main seam 5 +I 4.65 t o  +4.0 
Gardiner seam 4 +3.8 t o  -5.0 

Soluble sulphate f rom coal  
Point Aconi seam 1 +10.9 
Hub seam 1 +18.5 
Sydney Main seam 5 +14.5 t o  +0.9 
Gardiner seam 5 +7.8 t o  -5.5 

Evaporites 
Gypsum 4 +15.8 t o  +14.5 
Anhydrite 4 +15.1 t o  +14.5 

The 6 values range from very close t o  the  evapor i te  values t o  
negative values, with one  sample  more  positive than t h e  
evaporites. The soluble sulphate values a r e  generally more  
positive than those of t h e  associated pyrites in t h e  Gardiner, 
Hub and Point Aconi Seams, but  a r e  generally more  negat ive  
than t h e  associated pyrites in t h e  Sydney Main seam. The 
6 values of pyrite and soluble sulphate f rom the  sample  
di f fer  by up t o  6.8"/,,. 

Discussion 

The 6 3 4 S  values of pyr i te  in t h e  Sydney coals  a r e  
consistent with derivation of t h e  sulphur f rom a Windsor 
evapor i te  source of about +15°/,,0, followed by isotopic 
fractionation t o  more  negative values during pyr i te  
formation. Following t h e  geochemical model, t h e  Gardiner 
seam pyrites, t w o  of which show 6 9 4 S  values less than 
formed mainly by anaerobic reduction of t h e  evapor i t ic  
sulphate in t h e  Morien swamps. The relatively positive 
values for  t he  o ther  seams suggest t h a t  t he  pyr i te  formed in 
pa r t  by chemical reactions involving evapor i t ic  sulphate 
during burial. 

The soluble sulphate values a r e  difficult  t o  interpret .  
The sulphate  i s  unlikely t o  be  modern groundwater sulphate  
derived f rom t h e  dissolution of Windsor evaporites.  I t  could 
be  residual sulphate l e f t  over f rom pyrite precipitation during 
anaerobic reduction or l a t e r  chemical transformation; 
however, only one sample  showed a more  positive value than 
t h e  evapor i te  sulphate, a s  required by t h e  model. Two 
possible explanations a r e  suggested: 

a. The seams  were  p a r t  of an  open groundwater system. 
Pyr i t e  precipitated over a period of t i m e  f rom ground- 
water  derived f rom evapor i te  sulphate but of fluctuating 
6 value. Thus no consistent relationship resulted between 
t h e  mean values fo r  pyr i te  and residual soluble sulphate. 

b. The soluble sulphate i s  derived f rom recen t  oxidation of 
pyrite,  accompanied by migration o r  mixing of fluids with 
d i f ferent  6 values. 

Conclusions 

6 '"S values of pyr i te  f rom high-sulphur Sydney coals  
a r e  consis tent  with t h e  hypothesis t h a t  t h e  source  of sulphur 
was dissolved sulphate f rom t h e  underlying Mississippian 

Windsor Group (Haites,  195 1). A Pennsylvanian seawater  
source  cannot,  however,  be  precluded, although considered 
improbable on sedimentological grounds. A fuller evaluation 
of t h e  hypothesis would require isotopic analyses  fo r  more  
coal  seams and f a r  m o r e  samples ver t ica l ly  and laterally 
within each seam,  a s  t h e  isotopic variabili ty i s  great .  
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Abstract 

Gold mineralization a t  Bell Creek, Timmins, occurs in east-west striking, finely banded, silica- 
rich zones hosted by basaltic and ultramafic volcanic rocks. Mineralized zones a re  mainly composed 
of carbonates, quartz and albite with lesser amounts of chlorite, muscovite, rutile and pyrrhotite. 
There a r e  minor amounts of tourmaline, sphalerite, chalcopyrite and pyrite. A prominent foliation 
parallel to  the strike of the ore zone is displayed by the preferred orientation of chlorite, muscovite 
and rod-shaped aggregates of sulphide minerals. Intense shearing of the o r e  zones is shown by 
crushed and milled rutile crystals, which a re  in some cases incorporated in recrystallized quartz and 
carbonate grains. Gold is associated mainly with sulphides, which are mostly confined to highly 
sheared zones. The distribution of the sulphides, lack of pressure shadows around the sulphides, and 
absence of evidence of strong deformation within the sulphides grains suggest that  the metallic 
mineralization was contemporaneous with the intense deformation. 

La mineralisation a u r i f h e  du ruisseau Bell, Timmins, se trouve dans des zones finement 
rubannees riches en silice, orientees d'est en ouest, contenues dans des roches volcaniques basaltiques 
e t  ultramafiques. Les zones mineralis6es sont principalement composees de carbonate, de quartz e t  
d'albite e t  en moindres quantites de chlorite, de muscovite, de rutile e t  de pyrrhotite. I1 y a aussi de 
faibles quantites de tourmaline, de sphalerite, de chalcopyrite e t  de pyrite. Une foliation saillante 
parallble A la zone mingralisde es t  mise en evidence par I'orientation principale du chlorite, de la 
muscovite e t  des agregats de  mineraux de sulfure en forme de baguettes. Un cisaillement intense des 
zones mineralisdes est  indiqud par des cristaux de rutile broyes qui sont dans certains c a s  incorpores 
dans du quartz e t  des grains de carbonate recristallis6s. L'or es t  associ6 principalement aux sulfures 
qui se trouvent en grande partie dans les zones fortement cisaill6es. La repartition des sulfures, 
Itabsence d'ombres de pression tectonique autour des sulfures e t  I'absence de signes d'importante 
deformation B Itint6rieur des grains de sulfure indiquent que la mineralisation metallique es t  
contemporaine de la deformation intense. 
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Derry Laboratory, Ottawa - Carleton Centre  for Geoscience Studies 



Introduction Local geology 

The Bell Creek gold deposit, with current  reserves of 
1 102 677 tonnes  of 6.65 g / t  Au (Northern Miner, April 14, 
19861, is  located approximately 12 km northeast  of Timmins 
in t h e  southwestern corner of Hoyle Township. Underground 
mining is expected t o  s t a r t  in t h e  summer of 1986. Two 
producing gold mines, Owl Creek and Hoyle Pond, a r e  also 
located in Hoyle Township. All t h ree  deposits occur on s t r ike  
and a r e  hosted in basalt ic volcanic rocks a t  or near t h e  
con tac t  with carbonaceous shale. The discovery of t h e  Bell 
Creek deposit  in 1981 was made a f t e r  extensive geochemical 
analyses of overburden and subsequent geophysical 
exploration (M iddleton e t  al., 1984). Because t h e  discovery 
was made recently,  t h e r e  a r e  no publications describing t h e  
mineralization. The object ive  of this project,  which 
commenced in t h e  spring of 1985, is t o  describe the  gold 
mineralization in t h e  township and t o  evaluate  t h e  role of t h e  
carbonaceous shale  in i t s  formation. This repor t  describes 
preliminary results of a petrographic and geochemical s tudy 
of t h e  North A o r e  zone a t  Bell Creek. 

Due t o  t h e  scarc i ty  of outcrops,  t h e  geology of t h e  
township has not been well documented. The f i r s t  study was  
carr ied  out  by Hurst  (1939) in t h e  southern margin of t h e  
township. Berry (1941) examined t h e  sparse  outcrops  in eight 
townships including Hoyle Township. Their studies a r e  
incorporated in to  t h e  regional m a p  of Timmins-Kirkland Lake 
(Ontario Division of Mines, 1973). 

Although the  s t ra t igraphic  s tudy by Pyke (1982) does 
not extend t o  t h e  township, t h e  volcanic rocks appear t o  
belong t o  the  lower format ion of t h e  Tisdale Group. The 
lower formation consists mainly of u l t ramafic  and basalt ic 
lavas and pyroclastic rocks. Carbonaceous sha le  t r ends  west- 
northwest on a regional s ca l e  and displays a "2" shaped fold 
e a s t  of t h e  mineralization F i g .  10.1). Pillow top  
determinations in t h e  basalt ,  now covered by mine buildings, 
suggest t ha t  t he  steeply-dipping s t r a t a  young t o  t h e  south 
(Fig. 10.2). Fa r the r  t o  t h e  south,  on Highway 101, t h e  t o p  of 

Tho le i i t e  ' rholeii tel  Ultramafic D i a b a s e  
b r e c c i a t e d  p a r t  r o c k s  

Tuff Graphi t ic  
s h a l e  

/ - - 
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Figure  10.1. Preliminary geological map a t  Bell Creek. Modified a f t e r  t he  preliminary map  by 
A1 Philipp of Canarnax Resources, 1984. 



t he  volcanic sequence is t o  t h e  north. This may indicate  a 
fold, supporting t h e  inferred synclinal axis south of t h e  
deposit  (Ontario Division of Mines, 1973). 

Rocks near t h e  mine a r e  commonly highly foliated and 
several intense shear zones with t ec ton ic  f ragments  were  
observed in outcrop (Fig. 10.3). The foliation and shear zones 
s t r ike  80" t o  110°, dipping about 85" south,  roughly parallel 
t o  t h e  regional s t ra t igraphic  layering. Other  deformation of 
t h e  volcanic rocks is manifested by a highly breccia ted  zone 
near t h e  "2" fold in t h e  carbonaceous shale  (Fig. 10.1). The  
s ize  of t he  angular f ragments  a re  variable and chlorite 
outlines breccia  fragments.  Since t h e  breccia zone is not 
exposed on surface ,  i t s  extent  i s  not known. 

The a r e a  underlain by t h e  o r e  zones is mostly covered 
by glacial till and swamp and, a s  a result ,  geological 
information was obtained principally from drill core.  Intense 
a l tera t ion and deformation around t h e  o re  made exac t  
identification of t h e  protolith impossible. 

Figure 10.2. Pillowed basalt showing the  top to  the  south 
a t  the  main shaft .  The exposure is now covered by the  mine 
building. 

Figure  10.3. A dextrally-rotated, foliated,  tec tonic  
f ragment  re la t ive  t o  t h e  foliation in t h e  host "leucoxene" 
basalt ,  giving a right la tera l  sense of direction to  t h e  
shearing. The foliation in the  host is east-west.  The magnet  
for scale  is six inches. 

Lithological units 

Basalts 

Cation ratios of relatively unal tered basalts indicate  
t h a t  basalts in t h e  a r e a  a r e  of thole i i t ic  affinity.  The basalt  
is character ized by t h e  occurrence  of fea thery  white 
tlleucoxenetl, which is a composi te  Ti-Fe-0-OH phase. The 
basalts in the  vicinity of t he  mine a r e  pervasively altered. 
They typically comprise  chlorite,  quar tz ,  actinolite,  
clinozoisite, "leucoxenel', plagioclase, ruti le,  sphene, 
carbonates  and sulphides. The planar or ienta t ion of chlor i te  
defines the  foliation in t h e  rocks. 

Ul t ramafic  units 

Ul t ramafic  rocks occur in t h e  western  par t  of t h e  mine 
property (Fig. 10.1). They a r e  extensively a l tered and rarely 
re ta in  primary t ex tu res  or minerals. Poorly preserved 
polysuturing suggests an  extrusive origin. Alteration 
minerals include carbonates,  quar tz ,  muscovite,  serpentine,  
ru t i le  and sulphide minerals. Green Cr-rich micas a r e  
in terpre ted t o  be t h e  a l tera t ion product of Cr-bearing 
minerals in t h e  u l t ramafic  rocks. Thus t h e  lithologies with 
green mica near t h e  o re  zones a r e  mapped as ul t ramafic  
flows. Prominent e a s t  striking foliation is displayed by t h e  
distribution of finely milled rut i le  grains, and  qua r t z  veinlets 
and preferred or ienta t ion of serpent ine  veinlets in t h e  rocks. 

Carbonaceous shale 

Black, carbonaceous sedimentary  rocks were  only 
observed in c o r e  samples.  The rocks a r e  fissile, due t o  t h e  
abundant slip planes along t h e  foliation. This f ine  foliation is 
caused by t h e  preferred or ienta t ion of carbonaceous 
mater ia l ,  chlorite,  lenticular sulphide grains and quar tz  
stringers. Sulphide minerals in t h e  shale  include pyrrhotite,  
chalcopyrite and pyrite. 

"Tuff aceous" rocks 

This rock t y p e  is  not exposed a t  t he  surface.  Finely 
banded units near t h e  o r e  zones were  a l l  in terpre ted a s  
"tuffst1 and "pyroclastic rocks". To mainta in  consistency with 
this mine terminology, t h e  name  "tuff" is used he re  t o  
describe these  highly a l tered and well foliated rock units. 
The precise identification of t h e  primary rock type  was 
impossible, due  t o  t h e  in tense  a l tera t ion and deformation. 
The foliation is  defined by chlorite,  carbonaceous material ,  
muscovite and elongated aggregates  of sulphides, pyrrhot i te  
and chalcopyrite.  Carbonate  and qua r t z  a r e  also abundant. 
Some of t h e  units contain finely crushed rut i le  and a lbi te  
crystals,  similar t o  those  in t h e  sheared basalts. Evidence 
t h a t  may support  a tuffaceous  origin includes t h e  presence of 
carbonaceous ma te r i a l  in some  samples. There  a re ,  however, 
o ther  alternatives.  The unit could be an  interflow sediment 
or  intensely deformed and a l tered basalt .  In t h e  l a t t e r  case,  
t h e  carbonaceous mater ia l  could have been introduced during 
t h e  in tense  deformat ion and hydrothermal a l tera t ion a s  
observed near t h e  carbonaceous shale  at t h e  Hoyle Pond 
deposit  (Downes et al., 1984) and t h e  Owl Creek deposit 
(Gagnon, 1986). Underground mapping of t h e  unit may 
answer some  of t h e  questions. 

Diabase 

All t he  rocks, including t h e  mineralization, a r e  cu t  by a 
north-south striking diabase dyke. The dyke cu t s  quar tz  veins 
and t h e  foliation (Fig. 10.41, demonstra t ing post-deformation 
intrusion. The diabase comprises plagioclase (average 
20 vol.%), aug i t e  (25 vol.%), hypersthene (10 vol.%), chlor i te  
(15 vol.%), ser ic i te  (10 vol.%), serpent ine  (15 vol.%), 
magnet i te  (5 ~01.96) and pyrite (<1 vol.%). Relict  olivine 



crystals a r e  pseudomorphed by serpentine.  Chlorite occurs as 
an  a l tera t ion product of pyroxenes. Ser ic i te  replaces  
plagioclase. The strike,  t h e  s ize  and t h e  mineralogy of the  
dyke a r e  consistent with t h e  dykes belonging t o  t h e  olivine- 
bearing var ie ty  of t he  Archean Matachewan Swarm in the  
Timmins a r e a  (Pyke, 1982). 

Since t h e  dyke is  relatively magnetic,  i t s  position is 
well  outlined on the  ground magnetic map and i t  i s  offse t  
along and near the  carbonaceous shale  (Middleton et al., 
1984). These offse ts  suggest t he  carbonaceous shale  
represented a zone of weakness for subsequent faulting. 

Mineralization 

Gold mineralization on the  property occurs in th ree  
main zones, t h e  North zone, t h e  Bell Creek zone (Fig. 10.1) 
and t h e  Marlhill zone. The Marlhill zone occurs t o  t h e  north 
of t h e  carbonaceous shale. Both the  Bell Creek and t h e  
North zones  contain two  sub-zones, an  upper 'A' horizon and a 
lower '8 '  horizon. Since t h e  mineralization appears  t o  occur  
roughly concordant t o  t h e  regional stratigraphy, t h e  o r e  
zones were  named "horizons". The o r e  zones run eas t -west  
and a r e  roughly parallel t o  each other .  In addition t o  these  
main zones, numerous mineralized lenses, mostly parallel  t o  
t h e  foliation, a r e  found nearby. All t h e  o r e  zones consist  
mainly of finely banded carbonates,  quar tz  and a lbi te  with 
l a t e  coarse  veins and veinlets of calcite,  quar tz  and albite. 
In some  cases,  l a t e  veins crosscut and, in o ther  cases, they 
parallel  t h e  foliation. 

The A horizon of t h e  North zone was  se lec ted for  
detailed petrographic study. I t  s t r ikes  i s  103" and dips 70" t o  
the  south. The o r e  zone  may  be  e i ther  a vein or  a complete ly  
replaced host rock. The zone is accompanied by a qua r t z  
vein about 20 c m  wide parallel  t o  the  o r e  zone in the  
intensely a l t e red  and fol ia ted  hanging wall. The rocks in  t h e  
o re  zone a r e  classified in to  t h r e e  sub-units based on cross- 
cut t ing relations, textures ,  and mineralogy; unit  1, 
undeformed, coarse  grained; unit 2, well-foliated, f ine  
grained; uni t  3, coa r se  grained l a t e  veinlets. The f ine  
grained, well-foliated unit contains crushed a lb i t e  grains and 
ground carbonates  and ruti le grains, indicating grain s i ze  
reduction due t o  t h e  in tense  deformation. 

Unit 1 occurs a s  patches  in unit  2 and a s  lenses adjacent  
t o  the  wall rocks. Some of the  coarse  unit is c u t  by unit 2. 
The absence of grain recrystall ization and minor s t ra in  
deformat ion is  taken a s  t h e  cr i ter ion for  identification of th is  
unit  1. It comprises mostly carbonate ,  quar tz ,  and a lbi te  and 
rutile. The occurrence  suggests t h a t  t h e  unit 1 may 
represent  t h e  remnant  of t h e  vein mater ia l  prior t o  in tense  
deformation. 

Unit 2 comprises most  of t he  A horizon. This off-white 
coloured rock has  a sedimentary,  che r ty  appearance d u e  t o  
i t s  f i ne  layering with a prominent mineral lineation. Under 
the  microscope, i t  is  character ized by intensely crushed and 
milled anhedral f ine  minerals (<0.05 mm) (Fig. 10.5). The 
mechanical deformat ion is  especially well  expressed in ruti le,  
which is ground and broken t o  f ine  grains (average 0.02 mm), 
compared t o  subhedral prisms averaging 0.2 m m  in s i ze  in 
coarse  grained parts. Diffused grain boundaries suggest t h a t  
a ce r t a in  amount  of recrystall ization took place. The rock 
consists of carbonates ,  quar tz ,  albite,  chlorite,  muscovite,  
ruti le,  pyrrhotite,  chalcopyrite,  and pyrite. A strong 
foliation is  defined by t h e  or ienta t ion of iron-rich chlor i te  
(ferroan clinochlore), muscovi te  and small  rods of sulphide 
minerals. Each smal l  sulphide rod is  an  aggregate  of anhedral 
pyrrhotite,  chalcopyrite and/or sphaler i te  and/or pyrite. 

Sulphide grains within t h e  small  rods have random 
crystallographic or ienta t ion and display only minor in ternal  
deformation. Because pyrrhotite i s  relatively incompetent,  
duct i le  flow may b e  expected in grains under a high s t r a in  
regime, if pyrrhorite was formed before t h e  deformation. 
Pyrrhot i te  associated with more  competent  grains, such a s  

Figure 10.4. Contact  between the  diabase dyke and highly 
foliated ul t ramafic  rocks. Note tha t  the  diabase dyke c u t s  a 
hydrothermal quar tz  vein and tha t  no foliation exists in the 
diabase. 

Figure 10.5. Photomicrograph (2 mm across) of t he  typical 
uni t  2 in the  North A o re  zone. The foliation is  defined by 
the orientation of chlor i te  and small  lenticular rods of 
sulphides. Rod-shaped opaque minerals a re  composed of 
pyrrhotite,  chalcopyrite,  and sphalerite with minor pyrite. 
Matrix is a mixture  of f ine  anhedral grains of ankerite,  
quar tz ,  a lb i te ,  ruti le and chlorite.  



pyrite and sphalerite,  does not show any signs of deformation 
(Fig. 10.6). Combined with t h e  absence of pressure shadows 
around t h e  small  sulphide rods, and a low sulphide content  in 
coarse  grained units, t h e  occurrence  of sulphides seems t o  
suggest t ha t  the  introduction of sulphides and their  
crystall ization took place during deformation. Assay d a t a  
indicate t h a t  gold mainly occurs in unit 2. Metallurgical 
study suggests t h a t  gold is  associated with pyrrhotite 
(unpublished report ,  Canamax Resources). Gold, ther'efore, 
seems t o  have been introduced during t h e  deformation 
together with sulphide minerals. 

Diffused grain boundaries and t h e  occurrence  of finely 
ground ruti le enclosed within quar tz  grains indicate  t h a t  
minor recrystall ization proceeded in  unit 2. Some par ts  of 
t he  unit display increases in grain s i ze  due t o  t h e  
recrystall ization process (Fig. 10.7). The mineralogy of the  
recrystall ized par t  i s  similar t o  the  fine grained par t  and t h e  
boundary may b e  gradational (Fig. 10.7). Patches  of fine, 
milled grains were  common in t h e  recrystall ized part .  
Quar t z  and carbonate  s t a r t  t o  exhibit  recrystall ization, 
enclosing dust-like fine mineral inclusions on the  former  
grain boundaries (Fig. 10.8). Well crystall ized tourmaline is  
noted in th is  part. The foliation in the  recrystall ized par t  i s  
not a s  prominent a s  in t h e  f ine  grained par t ,  however, t h e  
overgrown minerals i n  lenticular sulphides exhibit  weak 
orientation parallel t o  t h e  foliation. 

0 0.1 0.2 
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Figure 10.6. Typical occurrence of a small  sulphide rod in 
the unit  2. Random crystallographic orientation of pyrrhotite 
is well  displayed under t h e  ref lec ted light microscope due to  
the anisotropic opt ica l  character .  Cp, chalcopyrite;  Py, 
pyrite;  Po, pyrrhotite;  Sph, sphalerite.  

Late  s t age  veinlets cu t  a l l  t h e  above units within t h e  
North 'A' horizon. Some a r e  monomineralic and some  a r e  
composed of quar tz ,  ca l c i t e  and/or albite.  Ca lc i t e  commonly 
displays pressure twins, indicating t h e  prolonged n a t u r e  of 
the  deformation (Fig. 10.9). Carbonates  in t h e  unit  a r e  
mostly anker i te  and calc i te .  

Alteration 

All t h e  rocks in t h e  mine excep t  d iabase  a r e  pervasively 
altered. The a l tera t ion mineral assemblage, clinozoisite- 
actinolite-albite-chlorite-"1eucoxene"-calcite, may represent  
t h e  products of t h e  ear ly  sub-sea floor a l tera t ion or  t h e  
regional metamorphism of greenschist  facies. Primary 
plagioclase i s  character is t ica l ly  replaced by a lbi te  in t h e  
rocks. 

Closer t o  t h e  o r e  zones; t he  amounts  of ac t inol i te  and 
clinozoisite dec rease  and the  amounts  of carbonates,  quar tz  
and sulphides increase.  Muscovite, tourmal ine  and anke r i t e  
only appear near  t h e  mineralization. The in tense  
deformation and hydrothermal ac t iv i ty  re la ted  t o  t h e  Au 
mineralization appears  t o  have obscured any previous 

Figure 10.8. Photomicrograph '(0.35 mm across) showing 
recrystall ization of quartz.  Note fine mineral inclusions 
inside a single qua r t z  grain. 

Figure 10.7. Photomicrograph (1.3 m m  across) of Figure  10.9. Photomicrograph (0.35 mm across) of coa r se  
recrystall ized unit in the right and fine grained portion in the  ca l c i t e  with pressure twins. The coarse  ca l c i t e  veinlets 
left .  Note the  gradational boundaries. (unit 3) cu t  the  unit 2, which is seen in the  upper right corner. 
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al tera t ions  in the  basalts near t h e  o r e  zones and in ultramaf ic 
rocks. Immediate wall rocks a r e  typically composed of 
ankerite,  quartz,  albite,  muscovite, ruti le,  quar tz ,  chlorite,  
pyr i te  and pyrrhotite. Serpentine may occur  in u l t ramafic  
rocks. The f a c t  t ha t  similar a l tera t ion mineral assemblages 
a r e  found in basalts and in u l t ramafic  units near the  
mineralization emphasizes t h e  intense nature  of t h e  
hydrothermal ac t iv i ty  re la ted  t o  t h e  Au mineralization. 

Geochemistry 

Major and t r a c e  e lement  con ten t s  were  determined by 
an ICP to t a l  digestion method using perchloric-nitric- 
hydrofluoric acids. Samples include fairly unaltered basalts, 
North A and B o r e  "horizonst', and t h e  wallrocks of t he  o r e  
zones. The contents  of W, As and Sb in t h e  o r e  zones and the  
immediate  wallrocks were  determined by neutron act ivat ion 
analysis. Levels of t r ace  e lements  a r e  highly variable, bu t  
t h e  following general  pa t t e rns  w e r e  observed (Fig. 10.10, 
Table 10.2): 

i) enrichment of As, W, Cu, Zn, Fe, Ni in and near the  o re  
zones, and 

ii) enr ichment  of Ba, P, K and Na in t h e  wallrocks and o r e  
zones. 

- H 
upper Lower 

A zone B zone GSC 

Figure 10.10. Variations of to ta l  Fe ,  K ,  Na, Ba, P contents  
in wall rocks and North ore  zones. The samples a re  taken 
from DDH 123 (see Fig. 10.1) which in tersects  the o re  zones 
a t  75 t o  80". Ore zone samples represent  a fine grained 
unit 2, except  fo r  t he  sample on the  boundary between the  
Upper 'A' zone and the hanging wall rock. The sample is from 
a late s tage  coarse quar tz  vein parallel  t o  the ore zone. 

The abundance of Fe, Cu and Zn is apparent ly  due t o  t h e  
introduction of pyrite, chalcopyrite,  and sphaler i te  in t h e  o r e  
zones described. The enr ichment  of Ni and  C o  i s  corre la ted  
with t h e  con ten t  of Fe,  suggesting substi tution in pyrrhotite. 
The occurrence  of muscovite in the  o r e  and wallrocks 
explains t h e  observed enr ichment  of K and probably Ba, 
which can  replace  K in muscovite. P may be  present  in f ine  
a p a t i t e  or  i n  muscovite. The variation of Fe,  P, Ba, K and Na 
a r e  plotted with t h e  d is tance  f rom t h e  o r e  zones in 
Figure 10.10. 

Discussion 

The o r e  zones were  originally in terpre ted t o  be  of 
sedimentary  origin since they were  believed t o  be  exhalative 
cher ty  beds hosted in l t tuffaceous" units, u l t ramafic  and 

Table 10.1. Mineralogy of the  North A zone, Bell Creek 
gold deposit  

undef ormed well-foliated 
coarse  grained f ine  grained l a t e  veins 

unit I unit  2 unit  3 t  

quar tz  (40-60%") carbonate* * monomineralic 
(20-70%) qua r t z  vein 

a lb i te  (25-40%) qua r t z  monomineralic ca l c i t e  
(15-40%) vein 

carbonate  * * albi te  quar tz-calc i te  vein 
(10-20%) (2-3096) 
ruti le (1 -3%) chlorite ca lc i te-quar tz  vein 

(0-50%) 
muscovite quartz-calcite- 
(1-3%) a lbi te  vein 
ruti le (1-5%) 
pyrrhotite 
(2-7%) 
chalcopyr i te  
(1-3%) 
pyr i te  (0-2%) 
sphalerite 
(0-4%) 
gold 

* volume per c e n t  
** mainly anker i te  with some ca lc i t e  
t some l a t e  qua r t z  veins conta in  visible gold 

Table 10.2. Trace  e lement  contents  

North o r e  zones Wall rocks 

Zn (ppml* 9 t o  910 60 t o  110 
F e  (%)* 0.36 t o  14.87 4.56 t o  8 .53 
Cu (ppml* 6 t o  4,230 41 t o  410 
W (ppm)? 22 t o  39 ( 2  t o  1 3  
As (ppm)? 59 t o  190 < I  t o  480 
P ( p p d *  15 t o  295 165 t o  780 
C o  (ppm)* 1 t o  335 22 t o  40 
Ni (ppm)* 9 t o  163 40 t o  100 
Ba (ppm)* 20 t o  160 < 1 5  t o  710 
C r  (ppm)* 47 t o  l o o  50 t o  110 

* ICP analyses 
? neutron act ivat ion analyses 



basalt  flows. Lack of surface  exposure in t h e  a rea  makes i t  
difficult t o  identify the  protoliths of t he  host rocks and t h e  
relationship between t h e  o r e  zones and host rocks. This 
preliminary study shows t h e  in tense  and complicated na tu re  
of t he  deformation, hydrothermal activity,  and 
recrystall ization of the  deformed rocks in t h e  area .  At leas t  
some of t h e  "tuff1' beds seem t o  be  highly deformed basalts. 
Some "tuff" beds with carbonaceous mater ia l  may have been 
t rue  pyroclastic units or possibly an  intensely a l tered and 
deformed basalt. 

The o r e  zones mostly consist  of intensely sheared bands 
with la ter  coarse  hydrothermal veinlets. The preferred 
orientation of small  rods of sulphides, muscovite and chlor i te  
in a mixture of fine grained quar tz ,  carbonates  and a lbi te  
produces t h e  cherty,  f i ne  layered appearance. The 
recrystall ization of quar tz  and carbonate  along foliation 
planes suggest t ha t  hydrothermal ac t iv i ty  took place during 
the  intense deformation. The abundance of sulphides within 
the  intensely deformed zones, t h e  rod-shaped occurrence  of 
t h e  sulphide aggregates  parallel t o  t h e  foliation, random 
orientation of sulphides within t h e  small  rods and the  lack of 
internal deformation in sulphides all  seem t o  suggest t ha t  t h e  
introduction of meta ls  took place  during deformation. 

In Hoyle Township t h e  t w o  gold producers a r e  Hoyle 
Pond and Owl Creek. These, together  with Bell Creek, a r e  
located near the  con tac t  with a thick carbonaceous shale  
unit, although t h e  s ty le  of t h e  mineralization in t h e  deposits 
is different.  The o re  zones at Bell Creek appear t o  be  
parallel t o  the  regional stratigraphy. The o r e  zones a t  t he  
o the r  two  mines a r e  apparently hosted in crosscutting, coarse  
quartz-carbonate veins. This study indicates tha t  
mineralization a t  Bell Creek is  similar t o  t h a t  a t  Owl Creek 
(Gagnon, 1986) and Hoyle Pond (Downes et al., 1984) in 
mineralogy, a l tera t ion and s ty les  of deformation in and 
around t h e  ore. The gold mineralization near t h e  con tac t  
with t h e  carbonaceous shale  at Owl Creek i s  in terpre ted t o  
be due t o  a large  competency di f ference  between 
carbonaceous shale  and basalt under high s t ra in  regime 
(Gagnon, 1986). Br i t t le  basalt  near t h e  duct i le  carbonaceous 
shale may have provided di la tent  zones for  gold 
mineralization. The carbonaceous shale  near t h e  
mineralization a t  Bell Creek may have played the  same  role. 
The breccia ted  zone in basalts near  t h e  carbonaceous shale 
and t h e  "Z1' shaped highly deformed na tu re  of t h e  
carbonaceous shale  may support this view. 

Detailed underground mapping may determine the  
na tu re  of t h e  host  rock types  and t h e  relationships among t h e  
ore  zones and host rock types. A comparison of t h e  t h r e e  
deposits in Hoyle Township may provide fur ther  information 
on t h e  nature  of t h e  mineralization. 
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Abstract 

A new KSS31 sea gravimeter system was evaluated during a ten day cruise onboard CFAV 
Quest. The system shows as improvement i n  performance by a factor  of 2 over the older KSS30 
system. Standard deviation on 20 track crossovers i s  0.298 mGal fo r  KSS31 and 0.535 mGal  for  KSS30 
system. 

Un  nouveau systbme gravimdtrique mar in  KSS31 a dt6 Bvalu6 au cours dlune expedition de dix 
jours A bord du CFAV Quest. Le rendement de ce systbme a Btd ameliore d'un coef f ic ient  deux par 
rapport au rdseau KSS30 plus ancien. L16cart-type sur 20 points d'intersection est de 0,298 mGal  pour 
le  systbme KSS31 et  de 0,535 mGal  pour le  systhme KSS30. 

Bodenseewerk Geosystem GmbH, Ueberlingen, F.R. Germany 



Introduction 

The KSS30 s e a  gravimeter system, manufactured by 
Bodenseewerk Geosystem GmbH of Meersburg, F.R. 
Germany, has  been in use since 1981. A significant 
improvement  in t h e  sys tem performance was  achieved 
recent ly  by re-designing t h e  gyro-stabilized platform. A 
10 day t e s t  cruise was organized on board CFAV Quest  in 
November 1985 t o  evaluate  t h e  new system and measure the  
improvements in performance over the  old system. The 
cruise program included a southerly t r ack  t o  a working a r e a  in 
t h e  vicinity of 37"N, 63.5OW (south of t h e  Gulf Stream), f ive  
days  of acoust ic  exper iments  in t h e  working area ,  a northerly 
re turn  t r ack  and approximately 11 hours of work on t h e  
Gravity Test  Range, 80 km south of Halifax (Goodacre, 1964). 
This report  deals with t h e  observations on t h e  Gravity Test 
Range. 

Instrumentation 

The KSS30 and KSS31 s e a  gravity sys tems have 
identical  sensors and similar electronics. The difference 
between t h e  two sys tems is  in t h e  platform design. The KT30 
pla t form (used in t h e  KSS30 system) i s  of a cantilevered 
design and uses a large  gyro manufactured by Anschuetz Co. 
and modified by Bodenseewerk Geosystem GmbH. The gyro 
is  mounted on t h e  platform base  and is outside the  erect ion 
loop. The new platform design (designated KT31) incorporates 
inner and outer gimbals, symmetrically supported and 
balanced. The reference  gyro, manufactured by SACEM in 
France, i s  smaller then t h e  old Anschuetz gyro. I t  is  mounted 
on t h e  inner gimbals and s o  is  a par t  of t h e  erect ion loop. 
Because of t he  symmetr ica l  design and lighter gyro, t h e  
off-levelling errors  a r e  reduced and the  platform response is  
improved. 

The two  sys tems available for comparison used sensors 
ser ia l  number 12 (owned by GSCIAGC) mounted on KT30 
platform (KSS30- 12 or K 12 for  short)  and ser ia l  number 26 
(loaned by BS\V/G) mounted on  KT31 platform (KSS31-26 or 
K26). The outputs  of t he  t w o  ins t ruments  w e r e  merged and 
logged at 10 s in tervals  on a custom designed sys tem named 
CIGAL (Macnab e t  al., 1985). The navigation was  provided by 
the  new, improved, version of Bedford Insti tute of 
Oceanography in tegra ted navigation system, BIONAV (Wells 
and Grant,  1981). This system provides t h e  t i m e  reference  
and t h e  'shot point' control  a t  10s intervals fo r  recording t h e  
readings. In addition t o  t h e  positions, BIONAV supplied t h e  
course  and speed information for calculation of the  Eotvos 
correct ion and for calculation of short  t e r m  horizontal 
accelera t ions  af fect ing t h e  platform erection. 

The navigational sys tem utilized Loran-C radio  signals 
in range-range mode (Grant,  1973) with a rubidium vapour 
oscil lator for t i m e  reference. The clock was  ra ted  by 
comparison with Transit  sa te l l i te  fixes. The ship's log was 
not operational so t h e  velocity correction t o  Transit  f ixes had 
t o  be es t imated.  The overall  positional accuracy  of t h e  
sys tem is  es t imated at about  100 m RMS (Grant,  1977). 

Adjustment of readings 

The gravimeters  were  mounted side-by-side in close 
proximity t o  t h e  ship's roll and pitch axes. There  was  no need 
the re fo re  t o  make any adjustment for t h e  d i f ference  in 
position and i t  i s  assumed t h a t  t h e  accelera t ion environment 
was  common t o  both instruments.  

The harbour base s ta t ion for the  cruise was  an excen t re  
on Je t ty  2A of t h e  Halifax dockyard. The r e fe rence  gravity 
value is 980 564.95 mCal  a t  a nominal 
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Figure 11.1. The ship's track on the Halifax Gravity Test Range between 00 and 11 hrs  GMT on 
0 1  December,  1985. Crosses indicate the  location of bot tom gravimeter  s t a t ions  given in Table 11.1. 



height of 3.2 m above the  mean sea level. The height of the 
gravimeter below this datum was 2.56 m and a correction of 
-0.79 mGal was applied t o  correct  for this height difference. 
The reference readings for K12 gravimeter were  established 
before and af ter  the  cruise by a simple regression of the  
gravimeter readings against the  tidal height giving values a t  
mean s e a  level of -228.17 on day 325 a t  0300 GMT and - 
227.48 on day 336 a t  1600 GMT. The calculated dr i f t  was 
therefore  0.69 mGal in 11.542 days or 4.8096E-5 mGal/min. 
The dr i f t  correction of this amount was applied t o  all K12 
readings. 

There were instrumental difficulties with t h e  
installation of the  K26 gravimeter and a good base value 
could not be obtained before the  departure. There was also 
some uncertainty about the  calibration factor  of K26 which 
was calibrated onlv bv a t i l t  method. For these reasons, K26 
was calibrated against K12 gravimeter by a 
multiple regression on t h e  difference between K26 and K12 
readings against the  latitude and time. The long north-south 
t racks  t o  and from the  main working a rea  were particularly 
suitable for this type of in ter  calibration. 

The multiple regression gave a s  the  mean difference 
between base readings of the  two instruments a value of 
251.12 mGal, a calibration constant correction factor  of 
(1-0.009295) and a dr i f t  of -8.962E-5 mGal/min (in the  
opposite direction from the  drift  of K12). 

Observations on t h e  Gravity Test Range 

A total  of nine, mutually orthogonal lines were run 
between 00:OO and 10:51 hours GMT on 1 December 1985 
(day 335). There were four E-W and five N-S lines. The 
ship's track on the  t e s t  range is shown in Figure 11.1. 

The lines were  run in good weather with wind of less 
than 15 kts and a slight sea  running. The bridge was asked t o  
steam along 63O 30' West for N-S lines and along 43' 30' 
North for  E-W lines but a s  can be  seen from Figure 11.1, 
there  was a s e t  in the  northwesterly direction at the  eastern 
end of the  E-W lines and a t  the  north end of the  N-S lines. 
The E-W lines were  consistently displaced t o  the  north and 
the  N-S lines t o  t h e  west probably because of the  different 
navigational systems used. Bridge used Loran C in hyperbolic 
mode without any corrections, while we used Loran C in 
range-range mode with corrections for overland propagation 
delays (ASF or  additional secondary-phase factor).  

The E-W lines covered t h e  same  ground while t h e  N-S 
lines were  somewhat dispersed a t  t h e  north end. All t h e  lines 
converged on a point near 43"301 N, 63"301 W which was 
considered the  control crossover point. 

This particular section of t h e  Gravity Test Range was 
chosen for . the evaluation because t h e  gravity field variations 
along either line a r e  fairly small (typically less than 2 mGal). 
This can be seen from Figure 2 in Goodacre (1964). (Note: 
The gravity values published by Goodacre were based on t h e  
old Potsdam system (International Gravity Formula, 1930). 
To convert t o  t h e  IGNS 1971 system approximately 16 mGal 
should be subtracted from Goodacre's values.) 

As shown in Figure 11.1, there  a r e  a number of bottom 
gravimeter stations in the  vicinity of our tracks. The 
positional d a t a  and gravity values for these stations a r e  given 
in Table 11.1. The surface gravity values have been 
corrected a s  described by Goodacre and the reference system 
has been changed t o  IGNS 1971. The range of station values 

Table 11.1. Positional da ta  and gravity values for bottom 
gravimeter stations 

EPB. Stn. # Latitude Longitude Depth Surface gravity 

7620 43 26.5N 63 30.8W 171 980 494.57 
7643 43 27.2N 63 34. IW 172 980 493.73 
7644 43 27.5N 63 33.0W 175 980 492.85 
7642 43 28.9N 63 34.OW 171 980 494.30 
7624 43 29.ON 63 37.7W 194 980 493.25 

15193 4 3 2 9 . 8 N  6331 .3W 164 980 493.36 
7623 43 30.3N 63 32.7W 172 980 493.17 
7641 43 30.5N 63 3 3 . 8 8  175 980 493.18 
7698 43 30.5N 63 33.8W 175 980 493.28 
7665 4 3 3 0 . 9 N  6332 .7W 178 980 492.05 

7604 43 31.1N 63 44.5W 22 1 980 492.09 
7651 43 31.9N 63 34.7W 190 980 492.07 
7640 43 32.ON 63 33.5W 177 980 493.28 
7605 4 3 3 2 . 4 N  6339 .5W 209 980 493.77 
7639 43 33.7N 63 33.5W 188 980 492.77 

7606 43 33.9N 6 3  34.6W 195 980 492.25 
7666 43 34.ON 63 32.3W 194 980 491.60 
7652 43 35.ON 63 34.4W 203 980 491.02 
7638 4 3 3 5 . 2 N  6333 .2W 198 980 492.98 
7697 4 3 3 5 . 2 N  6333 .2W 198 980 492.88 
7516 43 35.6N 63 29.9W 170 980 495.37 
7607 4 3 3 5 . 6 N  6330.OW 167 980 496.29 

Note: There  a r e  t w o  repeat stations: 764117698 and 763817697. Only t h e  
f i rs t  of each pair is plotted. 



i s  f rom 980 491.02 t o  980 496.29 mGal. The high values a r e  
a t  t h e  ex t r emes  of north-south lines. Disregarding these  
th ree  stations (EPB s ta t ion numbers 7620, 7516 and 7607) t h e  
mean fo r  t h e  remaining 19 s ta t ions  i s  980 492.84 with a l l  t h e  
s ta t ions  within t 1.6 mGal of t h e  mean. 

The purpose of t h e  Gravity Test Range experiment was: 
1) t o  check t h e  repeatabili ty of readings over t h e  s a m e  
t racks;  2) t o  compare  readings of t h e  t w o  gravimeters;  3) t o  
check for any dependence of gravity readings on t h e  ship's 
heading; and 4) t o  check the  crossover accuracy a t  t he  
cen t r a l  control point. 

Repeatabili ty of readings 

Repeatabili ty of readings over t h e  same  t r ack  is  shown 
in Figure 11.2 for north-south and in Figure 11.3 for eas t -  
west  lines. In both cases,  K12 gravimeter  produced a much 
noisier record than  t h e  K26 gravimeter.  For both 
instruments,  t h e  north-south t racks  were  noisier than t h e  
east-west ones. The envelope of the  profiles i s  about 
? 1 mGal for K26 gravimeter  except  at the  north end where  
t r ack  positions diverged. For t h e  K12 gravimeter ,  t h e  
envelope i s  approximately f 1.5 mGal for E-W lines and over 
f 2 mGal for north-south lines. The N-S lines a r e  
particularly disturbed on lines I N  and 2 s  with th ree  large  
negat ive  'bumps1 exceeding 5 mCal  in amplitude. We suspect 
t h a t  t hese  'bumps' a r e  a consequence of platform e r ro r s  
caused e i ther  by a defect ive  gyro, faulty platform bearings, 
or both. 

K26 profiles ag ree  well with bottom gravimeter  
stations. Goodacre es t imated random errors  in gravity values 
(reduced t o  t h e  surface)  of t he  order of 1 mGal. It is 
therefore  not possible t o  use these  values t o  e s t ima te  t h e  
accuracy of K26 readings but,  qualitatively, w e  conclude t h a t  
t h e  repeatabili ty i s  b e t t e r  than I mGal, probably between 0.5 
and 1.0 mGal. For K12 readings, t h e  repeatabili ty is  probably 
between 1 and 2 mGal excep t  when large  'burnps' a r e  present. 

Comparison 

Comparison of two  gravimeters  is  i l lustrated with the  
plots of t he  d i f ference  K26-K12, shown in Figure 11.4. The 
mean difference of a l l  t h e  lines (with two  exceptions) i s  c lose  
t o  zero,  demonstrating t h e  overall  accuracy of e a c h  
ins t rument  and justifying our choice of t h e  adjustment 
factors.  The I N  and 2S lines showed a sys temat ic  level 
displacement of about +2 mGal (indicating t h a t  K12 was 
lower, probably because of a s teady off-leveling error). 
These t w o  lines were  t h e  lines where  t h e  biggest 'bumps' 
occurred. There were  no adjus tments  of t h e  instrumental 
se t t ings  or configuration between the  beginning and the  end 
of t h e  tes t .  It i s  possible tha t  t he re  was s o m e  subtle change 
in t h e  spect rum of ship's accelera t ions  (perhaps due t o  a shi f t  
in wind direction re la t ive  t o  t h e  predominant swell  direction 
or a change in t idal  current  direction) but  these  were  not 
perceptible t o  t h e  watchkeepers.  

A detailed comparison of t h e  performance of t h e  t w o  
gravimeters  is  shown in Figure 11.5. The upper plot 
(Figure 11.5a) shows a 'good' line; t he  two  instruments ag ree  
with each other  well, within a f rac t ion of a milligal, along 
t h e  whole length of t h e  profile. The raw gravity i s  smooth 
indicating small  horizontal  accelera t ions  and a smooth 
progress of t h e  shop through the  water  without sudden course 
a l tera t ions  or  speed changes. The two corrected t r a c e s  
(profiles 3 and 4) follow each other and a r e  smooth 
everywhere excep t  for a small  'bump' just north of 43O32N. 
This bump i s  introduced by t h e  d a t a  processing and does not 
represent gravity change sensed by the  instrument s ince  i t  
does not appear on t h e  raw gravity t r ace .  The cause  of this 

e r ro r  in Eotvos correct ion calculation a r e  t h e  spikes in both 
course and velocity profiles caused by an update  within 
BIONAV processing system. 

The lower plot (Fig. 11.5b) i s  an  example  of a poor line; 
t h e  ag reemen t  between t h e  t w o  ins t ruments  is  not very good. 
There i s  an  overall  DC shif t  of KSS30-12 s o  t h a t  i t s  readings 
a r e  a lmost  2 mGal lower. Even more  disturbing a r e  t h e  
negative 'bumps', t h e  larges t  of which (just  south  of 43O32'N) 
exceeds  5 mGal. 

The causes of such significant d i f ferences  between two  
lines only six hours apa r t  a r e  difficult  t o  pinpoint but  a 
possible c lue  may  be  seen f rom an examination of t h e  ship's 
heading i.e. raw gyro-compass readings (Fig. 11.6). Ship's 
heading and t h e  course calculated by t h e  navigation computer  
a r e  shown on an expanded scale  (and o f f se t  by t en  degrees  for 
g rea t e r  legibility). 

The upper profile in e a c h  plot shows a strong periodic 
component. The au to  pilot is  difficult  t o  adjust  properly t o  
avoid hunting. In most  ships some  degree  of hunting i s  
unavoidable bu t  i t s  amplitude and f requency di f fer  f rom ship 
t o  ship, f rom t i m e  t o  t i m e  (depending on  t h e  adjus tments  of 
t h e  feedback loop) and also depends on t h e  s e a  s t a t e  e tc .  The 
Ques t  has twin rudders and a ra ther  f a s t  response t o  rudder 
angle, therefore  t h e  autopi lo t  oscillations may b e  somewhat  
exaggerated in th i s  case. On line 7 N t h e  hunting had about  
+ 2 degree  amplitude and a period of 1.2 minutes. On line 
2 S t h e  amplitude was  about 20% greater  and the  period was  
about 20% longer. We surmize  t h a t  th is  change in hunting 
character is t ics  of t h e  autopi lo t  may have been t h e  primary 
cause  of poorer performance on lines 1 N and 2 S. 

The mean heading on line 7 N was  s t eady  and close t o  
000". On line 2 S the  heading was changing a s  the  ship 
struggled t o  g e t  t o  t h e  prescribed track. The mean heading 
s t a r t ed  a t  353O, changed t o  356' a t  43O33'N, t o  359O just 
before 43'32'N and finally t o  001" a t  43'301N. The change 
f rom 356' t o  359' was in phase with t h e  autopilot  hunting. 
Although the  course change was  only th ree  degrees  t h e  ac tua l  
swing of t h e  ship's head was  close t o  t e n  degrees.  This swing 
would produce a considerable horizontal  accelera t ion which 
may have been responsible for t h e  bump on t h e  KSS330-12 
t race .  The new platform and the  new gyro obviously can 
cope with such horizontal  accelera t ions  bet ter .  

Figure 11.6 also i l lus t ra tes  well t h e  d i f ference  between 
t h e  ship's heading and t h e  course made good. In Figure 11.6a 
the  heading was s teady ye t  t he  mean t r u e  course  showed 
some  variation. The most  pronounced change is  over t h e  
northern half of t h e  l ine where  t h e  t r u e  cour se  falls off t o  
t h e  wes t  ending up 5 degrees  off t rue  north. Since t h e  
heading was s teady,  this falling off would indicate  a 
localized, wes t  flowing, su r face  current.  

On N-S courses, Eotvos e f f e c t  i s  dependent primarily 
on course. As t h e  ship swings t o  port  on a northerly course, 
t h e  Eotvos e f f e c t  increases and the  raw gravity readings 
increase  a s  can be  seen f rom Figure 11.5a. 

Heading Correction 

A heading correct ion or a permanent platform t i l t  as a 
function of ship's heading could be  a serious shortcoming in 
t h e  s e a  gravimeter  performance. Such a n  e f f e c t  was 
suspected following an ear l ier  comparison of a KSS30 and a 
LaCoste and Romberg SLI gravimeter  (Macnab e t  al., 1985). 
I t  was though t h a t  t h e  heading e r ro r  may be  due t o  a bug in 
so f tware  s ince  t h e  roll compensation signals in KT30 had 
opposite sign f rom those  in KT31. Careful  search through 
sof tward code following t h e  cruise failed t o  d e t e c t  such a 
bug. 



a. Profiles for gravimeter sensor K26 (KSS31 system). 
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Figure 11.2. Gravity profiles along north-south tracks. Crosses a re  the surface gravity values a t  
bottom gravimeter stations shown in Figure 11.1. 



a. Profiles for gravimeter sensor K26 (KSS31 system). 

Longitude(W1 63 d e g ,  (rninl 

980505 
QUEST 8 5 - 1 3 9 :  GRHVITY K 2 6  

m 
-I 
< 

980500 
D 
0 
ZJ 
m 

980495 \ 

u 

- -  - C) 

\5 JJ 

b. Profiles for gravimeter sensor K12 (KS530 system). 

9 8 05 05 
QUEST 8 5 - 1 3 9 :  G R A V I T Y  K 1 2  

m 
-i 
< 

980500 
D 
0 
2J 
n 

980495 \ 

u 
G) 
m 

980490 D < 

n 

980485 3 
G) 
P' 

V 

980480 
4 0  37  3 4  3 1 2 8  2 5  
Longitude(W1 63 deg, (min) 

980490 

980485 

980480 

Figure 11.3. Gravity profiles along east-west tracks. Crosses a re  the surface gravity values a t  
bottom gravimeter stations shown in Figure 11.1. 

I) 
< 

n 

3 
C, 
PJ 
d 

V 

4 8 3 7 3  4 3 1 2 8  25  



b 

15 
QUEST 8 5 - 1 3 9 :  D IFF .  K26 - K12 

10 

5 
h 

3 
C) 

0 
pl 
d 

w 

- 5 

-I26 2 8  3 0  3 2  3 4  3 6  
L a t i t u d e ( N 1  4 3  d e g ,  ( m i n )  
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Figure 11.5. Detailed comparison of two gravimeters on a. l ine 7 North, and b. l ine 2 South. The six 
prof i les in  this figure are f rom top to bottom: 1, ship's velocity and 2, ship's course f r o m  BIONAV; 3, 
KSS31-26 corrected fo r  Eotvos e f fec t  (dashed); 4, KSS30-12 corrected fo r  Eotvos ef fect ;  5, raw 
gravity for  KSS30-12 (this prof i le  is displaced down by  5 rnGal so as not  to  in ter fere w i th  the two 
corrected prof i les above i t) ;  and 6, the difference between corrected readings of K26-K12 (in a. the 
Y-axis origin is a t  -10 mGal; in  b. the or igin is a t  0 rnGal). 
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Figure 11.6. Ship's heading (given by the gyro compass) and course (calculated by 
the BIONAV navigation system). Two profiles are displaced by ten degrees for 
clarity. Oscillations of the heading are caused by the auto pilot feedback loop. 
Note lower frequency and higher amplitude of heading oscillations on Line 25 
(Fig. 11.6b) compared to Line 7N (Fig. 11.6a). 



The t e s t s  reported he re  show no evidence of a heading 
correct ion unless both instruments had experienced identical  
ef fec ts .  This i s  unlikely s ince  t h e  t w o  pla t forms represent 
radically d i f ferent  designs. The t e s t s  do  show t h a t  KSS30 
could be systematically off level (Fig. 11.4b) but  th is  off- 
leveling is not consistently dependent on heading. I t  appears  
tha t  t h e  off-leveling may be a function of the  past  history, 
i.e. course,  velocity and accelera t ions  experienced some  
hours earlier may a f f ec t  la ter  readings. It is  difficult  t o  
propose a mechanism for  this e f f ec t ,  but  w e  note  t h a t  t he  
ship's speed f o r  t h e  36 hour period before  t h e  arrival at t h e  
t e s t  range was  13.5 knots and then was  dropped t o  11.5 knots 
during t h e  tests.  This may have caused a subt le  change in  t h e  
accelera t ion spect rum,  already mentioned. 

There i s  also a possibility of a hidden mechanical faul t  
in t h e  KT30 platform resulting in 'sticky' bearings. The 
Anschuetz gyro (serial  number 109) used on this cruise was 
suspected of malfunction a f t e r  t he  completion of the  cruise 
and has  been sen t  t o  t h e  manufacturers  for t h e  5000 hour 
overhaul. 

Crossover accuracy 

Crossover accuracy was evaluated f rom 20 crossovers 
of 4 E-W with 5 N-S lines. The a r e a  of crossover points i s  
shown in Figure 11.7. The scale  of this plot i s  great ly  
enlarged; 0.005 degrees  of la t i tude  represents  555 m on t h e  
ground. The spread of crossovers i s  about 600 m in E-W 
direction and 200 m in N-S direction (indicating a be t t e r  
course  keeping in E - W  direction). 

The results of crossover observations a r e  given in 
Table 11.2. The values of gravity of both instruments a t  t h e  
t ime  of the  closest  approach t o  t h e  intersection a r e  tabulated 

together  with t h e  differences which indicate  t h e  crossover 
accuracy. Table 11.2 also gives t h e  t idal correct ion 
necessary t o  bring a l l  t he  crossover values t o  t h e  mean s e a  
level. These corrections a r e  small  but  not  insignificant. The 
larges t  correct ion of 0.21 mGal for  crossover 713 reduces t h e  
discrepancy f rom 0.88 mGal t o  0.67 rnGal f o r  K26 and f rom 
1.68 mGal t o  1.47 mGal for K12. 

The s tandard deviation of less than 0.3 mCal  for K26 is 
an excellent result  (Table 11.3). With a much larger  number 
of crossovers (say several hundred) i t  would probably go down 
and approach t h a t  reported by se ismic  exploration companies. 
If adequa te  c a r e  i s  taken, t h e  gravi ty  measurements  on  a 
se ismic  exploration vessel could be  more  a c c u r a t e  than those  
on  a routine hydrographic survey o r  on an  oceanographic 
research cruise. The reason f o r  th is  is  t h a t  seismic 
exploration cruises of ten  use dedicated, special  purpose, 
navigational sys tems (e.g. Argo, Syledis etc.), t h e  vessels 
s t eam a t  a reduced speed of 3 t o  5 knots (thus reducing t h e  
wave-induced accelera t ions)  and t h e  long seismic cable  a c t s  
a s  a s e a  anchor fu r the r  steadying t h e  ship's progress through 
t h e  sea. 

Conclusions 

From the  results reported here,  w e  conclude t h a t  
shipboard gravity surveys with an  expected probable e r ro r  of 
less than I rnGal for a single observation a r e  now within 
reach using a KSS31 system. To achieve this accuracy,  good 
navigation i s  essential  with a positional accuracy of the  order  
of 50  m and t h e  accuracy of eas t -west  velocity of be t t e r  than 
0.02 knots (0.5 cm/s). In addition, t h e  ship should no t  be  
much smaller than t h e  Quest  (2200 tons displacement). Our 
t e s t s  were  carr ied  out  in good weather.  Unfavourable 

QUEST 8 5 - 1 3 9 :  TRRCK: D A Y -  3 3 5  

LONGITUDE I 
Figure 11.7. Detail  of t r acks  in the  vicinity of crossover points. The roughness of t h e  lines is 
probably due to  random noise in navigation r a the r  then jerky motions of t he  ship through the  water.  
The distance between lati tude lines is approximately 555 rn and between longitude lines is 806 m. 
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KSS31-26 KSS30- 12 

Mean observation a t  
crossover points (N.40) 980 493.05 980 492.81 

Mean di f ference  a t  
crossovers (N=20) 0 .47 0 .90 

Standard deviation 0.341 0.574 

Mean di f ference  a t  
crossovers a f t e r  t idal  
correc t ion  (N=20) 0 .42 0 .80  

Standard deviation 0.298 0 .535 

Mean of bot tom 
s ta t ions  (N=19) 980 492.84 

Table  11.3. Summary of results  on crossovers Acknowledgments 
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Abstract 

A unique bryozoan fauna composed of the common Ordovician genus Peronopora in association 
with Hallopora magnopora (Foerste) and Stictoporella sp. is described from the Early Silurian pre- 
Llandoverian C1-C2 beds of the Clemville Formation, Gaspesie Peninsula, Quebec. 

L'Btude decrit des bryozoaires uniques, composBs du genre commun Peronopora de I'Ordovicien, 
associes ?I des Hallopora magnopora (Foerste) e t  Strictoporella sp., provenant des couches prd- 
IlandovBriennes C1-C2 du debut du Silurien e t  faisant partie de la formation de Clemville, en 
Gaspgsie, au Qudbec. 





Introduction 

Bryozoa a re  never abundant in the  Silurian rocks of 
Canada. Their scarcity, plus poor preservation in comparison 
with Ordovician and Devonian Bryozoa, does not encourage 
studies of such forms. They have been described from the  
Middle Silurian (Wenlockian) Rochester Formation of the  
Niagara Peninsula region, southern Ontario, and neighbouring 
United States (Bassler, 1906; Bolton, 1966a, PI. 1 I), Early 
Silurian (Alexandrian-Llandoverian) Manitoulin Formation of 
the Bruce Peninsula and Manitoulin Island, southern Ontario 
(Bolton, 1957), Early Silurian (Anticostian-Llandoverian) of 
Anticosti Island, Quebec (Bassler Twenhofel, 1928; Ross, 
1960, 1961) and Late Silurian (Ludlovian and Pridolian) of t h e  
Canadian Arctic Archipelago (Bolton, 1966b). 

Investigations into t h e  Silurian bryozoan faunas of 
Arctic Canada and Anticosti Island are  continuing. These 
studies, along with t h e  present report detailing a well- 
preserved association from the Early Silurian (Llandoverian) 
Clemville Formation of Gaspdsie Peninsula, Quebec, 
hopefully will enlarge our knowledge sufficiently that 
establishment of a biostratigraphic framework based on 
Bryozoa might become feasible. 

At least 15 genera have been recognized within the  
Early Silurian bryozoan fauna of t h e  Manitoulin Formation. 
Hallopora, Subretopora, Helopora, Phaenopora, Ptilodictya, 
Pachydictya and Rhinopora dominate this assemblage. The 
earliest Silurian beds of Anticosti Island, Quebec (member 6 
of t h e  Ellis Bay Formation and lower beds of the  overlying 
Becscie Formation - Bolton, 1981a) a r e  characterized by 
Stictoporella, Phaenopora, cyphotrypa, Hallopora, ~ e l o ~ o r a ,  
Nematopora, Ptilodictya and Pachydictya, with cryptostome 
bryozoans again the  most common. ~ h r e e  genera of Bryozoa 
a r e  described herein from the Clemville Formation, 
Peronopora, Hallopora, and Stictoporella sp. The Clemville 
Formation was studied by M.J. Copeland and T.E. Bolton in 
1966, 1977 and 1981, and G.S. Nowlan in 1979 and 1981. Thin 
sections were prepared by G.P. Martin, photography by 
R.J. Kelly. 

Clemville Formation 

The Clemville Formation of Bourque and Lachambre 
(1980, p. 32-35), as exposed along the  Little Port Daniel 
River southwest of the village of Clemville (Bourque, 1981, 
p. 44, fig. 31), is a heterogeneous 105 m thick sequence of 
alternating mudstone, thin calcareous sandstone 

and siltstone. It is underlain unconformably by the  Middle 
Ordovician Mictaw Group and overlain conformably by t h e  
Weir Formation (Nowlan, 1981, p. 268-270). 

A Rhuddanian (Llandoverian As-Ab) age  Stricklandia 
lens typica brachiopod zone has been delineated in t h e  
upper 20 m of the formation (Boucot and Bourque, 1981, 
p. 3171, and Llandoverian A? - C2 age Oulodus? nathani and 
Distomodus kentuckyensis conodont zones have been 
described (Nowlan, 1981, p. 270; 1983, p. 102). A few thin 
coralline beds are  present a t  various levels of the  formation. 
Colonies of the tabulate coral Paleofavosites sp. (Bolton, 
1981b, PI. I, Fig. I-3), Acidolites clemvillensis (Parks), 
Propora conferta Milne - Edwards and Haime, Syringopora sp. 
indet. and the  rare solitary coral Streptelasrna? sp. have been 
identified from 40-41 m below the top of the formation in 
the  type section. A second pocket of Paleofavosites sp. was 
located in beds exposed on the  east side of the river, 
upstream from t h e  type section, south flank of t h e  Clemville 
anticline, 36.5 t o  37.5 m above the base. 

The bryozoan beds occur some 3 t o  10 m above the base 
of the formation on the south flank of the Clemville 
anticline, and t o  a t  least 36.8 m above the  base on the  north 
flank, some 30 m below the first occurrence of C1-C2 
conodonts (G.S. Nowlan, personal communication, 1985). All 
three bryozoan species, Peronopora juvenis n. sp. (PI. 12.1, 
Fig. 1-6; PI. 12.3, Fig. 4, 6; PI. 12.4, Fig. 5), Hallopora 
magnopora (Foerste) (PI. 12.2, Fig. 1-6; PI. 12.3, Fig. 1, 2) 
and Stictoporella sp. (PI. 12.3, Fig. 3-61, occur together 6.7 m 
t o  13.4 m above t h e  base. 

Systematic paleontology 

Order Trepostomata Ulrich 1882 

Family M onticuliporidae Nicholson 1881 

Genus Peronopora Nicholson 1881, emended Boardman 
and Utgaard 1966 

Type species. Chaetetes  decipiens Rominger 1 866. 

Peronopora juvenis n. sp. 

Plate 12.1, figures 1-6; Plate 12.3, figures 4, 6; 
Plate 12.4, figure 5 

Description. Zoaria non-bifoliate laminar expansion from 1 t o  
5 mm thick, f l a t  or slightly elevated. In tangential sections, 
zooecia a r e  subcircular to  5-, 6- or -/-sided, in contact or 

PLATE 12.1 

Figures 1-6. Peronopora juvenis n. sp. Clemville Formation. 
1. Tangential section through maculae showing large mesozooecia and acanthopores in 

corners and walls, x 40; GSC locality 98406, paratype, GSC 82125. 
2, 4. Longitudinal section showing zooecia directly arising from epitheca, abundant 

Prasopora-like cystiphragms lining both walls and resulting central siphuncle-like 
structure, and long, clear acanthopore tubes or styles, x 20, and tangential section 
showing thin walls, abundant mesozooecia and rare  acanthopore in corner, x 40; 
GSC locality 98032, paratype, GSC 82133. 

3. Tangential section showing thick integrate walls, rare  large acanthopore in corners, 
x 40; GSC locality 98409, paratype, GSC 82135 (see PI. 12.4, fig. 5). 

5, 6. Tangential and longitudinal sections, x 40; GSC locality 98420, holotype, GSC 82123. 





separa ted  a t  corners by smal l  angular mesozooecia of various 
sizes (PI. 12.1, fig. 3, 5), rarely surrounded by larger  
rnesozooecia (PI. 12.1, f ig.  4), walls generally thin;  zooecia 
range f rom 0.36 to  0.56 m m  in d iameter ,  la rges t  in macu lae  
(PI. 12.1, fig. l) ,  5 t o  5 112 in 2 m m  length,  4 t o  7 whole 
zooecia in 1 mm square ,  1 t o  I I whole mesozooecia in 1 rnrn 
square,  4 t o  5 on t h e  average; maculae  contain 3 t o  4 zooecia  
in I m m  square  with 6 mesozooecia and 3 acanthopores;  
round acanthopores 0.04 t o  0.06 m m  in d iameter ,  0 t o  6 in 
I mm square  normally, located  a t  corners and rare ly  in walls, 
c lear  cen t r e s  (PI. 12.1, f ig.  1). 

In longitudinal sec t ions ,  zooecia ar ise  d i rec t ly  f rom 
base (PI. 12.1, fig. 2; PI. 12.3, fig. 4, 6), rarely recumbent  f o r  
a very shor t  d is tance  f rom t h e  epitheca; walls uniformly th in  
excep t  where  thickened by c lear  s t ra ight  and hooked 
acanthopore  rods or s ty les  (PI. 12.1, fig. 2, 6); zooecia with 
s t ra ight  diaphragms only, low overlapping cystiphragrns along 
one  wall and short  s t ra ight  diaphragms, and overlapping 
cystiphragms lining both walls with shor t  s t r a igh t  diaphragms 
res t r ic ted  t o  a cen t r a l  t ube  a s  in Prasopora (see Ross, 1967, 
p. 406, text-fig.  2A), spacing variable; rnesozooecia long, 
with horizontal diaphragms evenly spaced 11 t o  13, rare ly  16, 
in 1 mm length.  

Discussion. Boardrnan and Utgaard (1966) redefined 
Peronopora t o  include zoar ia  with and without a median layer  
(bifoliate and non-bifoliate encrusting). The new species fa l l s  
within t h e  l a t t e r  t ype ,  with m a t u r e  specimens similar t o  t h e  
encrusting Peronopora sp. i l lus t ra ted  by Boardman and 
Utgaard (compare the i r  PI. 136, fig. 4b with PI. 12.1, fig. 6 
herein). They recognized 10 species of Peronopora,  3 of 
which were  encrusting fo rms ,  whereas  Astrova (1978, p. 94) 
l isted 14 species,  a l l  f rom Ordovician rocks. 

Within t h e  Ordovician t repostomate  bryozoan faunas  of 
Anticosti Island, Quebec ,  Bassler ( i ~  Twenhofel, 1928) 
established P rasopwa  canadensis  n. sp. cha rac t e r i s t i c  of t h e  
Richmondian Vaureal Format ion and Aspidopora si luriana 
n. sp. res t r ic ted  t o  t h e  overlying members  I and 2 of t h e  
Gamachian Ellis Bay Formation.  The older species  might 
best  be  assigned t o  t h e  genus Monticulipora d80rbigny 1849, 
whereas  t h e  younger species was reassigned t o  t h e  genus 
Peronopora Nicholson 1881 by Boardman and Utgaard (1966, 
p. 1097). 

Zoaria of A. si luriana Bassler ( i ~  Twenhofel  1928, p. 149, 
PI. 7, fig. 4; PI. 8, fig. 4, 5) a r e  smal l  laminar  expansions 1 t o  
2.2 m m  thick,  f requent ly  encrus t ing  brachiopods (PI. 12.4, 
fig. 6). In tangent ia l  sec t ions  (PI. 12.4, fig. 1, 31, t h e  zooecia  
a r e  rounded t o  oval t o  5- or 6-sided, normally in con tac t  or 
separa ted  a t  t h e  corners  by smal l  angular mesozooecia ,  with 
an  average  d iameter  of 0.28 m m  but ranging f rom 0.2 t o  
0.36 rnm, 6 t o  10 in 2 mm length ,  10 t o  15 whole zooecia in 
I rnm square;  zooecial  walls thin,  c l ea r ,  ama lgama te ;  
acanthopores  round, 0.02 mm in d i ame te r ,  l oca t ed  only in 
corners ,  a r ranged in clusters.  In longitudinal sections 
(PI. 12.4, fig. 2, 4, 6), zooecia  a r e  rare ly  recumbent ,  walls 
th in  with r a r e  hollow acanthopore  rods, wi th  single 
continuous rows of overlapping l a rge  cystiphragms, 4 t o  6 in 
1 mm length,  and s t ra ight  comple t e  diaphragms both present; 
mesozooecia  long, in single o r  double rows with abundant 
evenly spaced thin horizontal  diaphragms, 16 t o  16 112 in  I mm 
length. 

Several  of t h e  thinner (I t o  1.5 rnm) laminar  expansions 
of P. juvenis n. sp. i n  longitudinal sec t ion  display single rows 
of cystiphragms (k., PI. 12.3, f ig.  6 (right side); PI. 12.4, 
fig. 5) and mesozooecial  zones up t o  0.8 mm wide t h a t  closely 
resemble  P. si luriana (PI. 12.4, fig. 6). The presence of 
double rows of overlapping cystiphragms in th icker  sec t ions  
of P. juvenis n. sp. and acanthopores  located  in both corners 
and zooecial  walls s e p a r a t e  t h e  two  species.  

The development of double rows of t h e s e  overlapping 
cystiphragms within t h e  exozone o r  throughout m a t u r e  
zooecia  indica tes  a c lose  relationship between Peronopora 
juvenis n. sp.  and Prasopora.  Thick colonies of P. juvenis 
n. sp. in particular a r e  similar t o  t h e  Middle Ordovician 
Prasopora sirnulatrix Ulrich 1886 (corn a r e  Ross, 1967, 
PI. 47, fig. I with PI. 12.1, f ig.  2 he*ut in t he  new 
species  t h e  zooecia a r e  consistently la rger  (0.36 t o  0.56 mm 
compared t o  0.2 t o  0.3 mm), t h e  cystiphragms a r e  lower 
(longer vertically and thus  narrower),  and t h e  horizontal  
diaphragms of t h e  mesozooecia  a r e  m o r e  sepa ra t ed  (11 t o  13  
compared t o  9 t o  28  in I m m  length). 

Astrova (1978, p. 90) l isted 19 species  of Prasopora 
(including, Aspidopora species  which s h e  considered 
synonymous) f rom t h e  Middle Ordovician, 10 f rom t h e  Upper 

PLATE 12.2 

Figures 1-6. Hallopora magnopora (Foerste).  Clemvi l le  Formation.  
1, 3. Longitudinal sec t ions  showing variation in number of diaphragms in zooecia and long 

mesozooecia  in endozone and exozone, x 20 and x 40; GSC local i t ies  98414 and 98039, 
hypotypes, GSC 82140, 82139. 

2, 5. Tangential  sections showing abundant mesozooecia  f requent ly  isolating t h e  zooecia,  
x 40; GSC locali ty 98414, hypotypes,  GSC 82141, 82140. 

4, 6.  Transverse sections showing oval zooecia  and variation in s ize  and number of 
mesozooecia,  x 40; GSC locali t ies 9841 1 and 98406, hypotypes,  GSC 82137, 82136. 





Ordovician and 2 from the Silurian. P. gothlandica Hennig 
1908 from t h e  Lower Ludlovian Hemse Group (Borg, 1965, 
p. 55) consists of zooecia averaging 0.14 mm in diameter 
according to Borg (1965, p. 57) or 0.2 to  0.25 mm and 7 to  8 in 
2 m m  length according to Hennig (1908, p.28); the 
characteristic prasoporid cystiphragms are not well 
developed so that the exact generic assignment of this 
species is uncertain. P. parmula Foerste 1887 from t h e  
Brassfield Formation of Ohio has been assigned t o  Aspidopora 
Ulrich 1882. An additional Silurian form, P. codonophylloides 
Yang and Xia 1976 from Yunnan, China, is characterized by 
zooecia ranging from 0.22 t o  0.27 mm in diameter and 6 to  9 
in 2 mm length (Yang and Xia, 1976, p. 49) - this might be a 
species of Monticulipora d1Orbigny 1850 as mesozooecia a re  
rare. Accordingly, the  genus Prasopora may be restricted t o  
Ordovician rocks. 

Types. Holotype, GSC 82123, GSC locality 98420, basal 3 m 
of t h e  Clemville Formation as exposed in the  north flank of 
the  Clemville anticline, east  shore Little Port Daniel River 
just upriver from M ictaw Group exposure; paratypes, 
GSC 82124-82126, GSC locality 98406, 6.7 mm above base 
just downriver from Mictaw Group exposure, 
GSC 82127-82130, GSC locality 98420, GSC 82131, 821 32, 
GSC localities 98411 and 98412, 13.4 m above base, 
GSC 82133, 82134, GSC locality 98032, 15.5 m above base, 
and GSC 82135, GSC locality 98409, 36.8 m above base, all 
upriver from Mictaw Group exposure. 

Family Halloporidae Bassler 191 1 

Genus Hallopora Bassler 191 1 

Types species. Callopora elegantula Hall 1852 

Hallopora magnopora (Foerste) 1887 

Plate 12.2, figures 1-6; Plate 12.3, figures 1, 2 

Callopora magnopora Foerste, 1887, p. 173, PI. 16, fig. 5. 

Callopora magnopora Foerste. Bassler, 1906, p. 42, PI. 15, 
fig. 1-8; PI. 26, fig. 3. 

Description. Zoaria irregularly ramose. In tangential 
section, zooecia a re  oval (PI. 12.2, fig. 4, 6; PI. 12.3, fig. I), 
to  subpolygonal, in contact or separated by angular 
mesozooecia varying in size and number (PI. 12.2, fig. 2, 51, 
0.32 t o  0.48 mm in diameter, rare  0.56 mm in maculae, 2 t o  
2 112 present in 1 mm length, 3 t o  5 whole zooecia in I mm 
square, 7 t o  8 or rarely 10 whole mesozooecia in 1 mrn 
square; walls thin, thickest in exozone; no spines present as in 
H. elegantula (Hall) a s  defined by Ross (1969, p. 271) and 
Corneliussen and Perry (1973, p. 191). 

In longitudinal section, zooecia open either obliquely 
(PI. 12.3, fig. 2) or directly to  surface, flat diaphragms in 
endozone rare, one or two diaphragms normally in exozone 
turning upward into walls (PI. 12.2, fig. 3; PI. 12.3, fig. 2), 
and two or three closer, flat to  inclined diaphragms near 
periphery (PI. 12.2, fig. I); rnesozooecia usually long in 
exozone, 8 t o  14 diaphragms in I mm length. 

Discussion. Some Clemville specimens differ from 
H. magnopora Foerste as determined by Bassler (1906) in that 
t h e  mesozooecia can be more abundant in the  latter.  In 
occasionally opening obliquely t o  the surface (PI. 12.3, fig. 2) 
the  specimens resemble H. obliquipora Bolton, 1957 from t h e  
Early Silurian M anitoulin Formation of Ontario, but zooecia 
in tha t  species a r e  slightly smaller (3 in 1 rnm length) and 
mesozooecia a r e  more abundant. 

Types. Hypotypes, GSC 82136, GSC locality 98406, 
GSC 82137, GSC locality 9841 1, GSC 82138, 82139, 
GSC locality 98039, 32 mm above base, and GSC 82140, 
82141, GSC locality 984 14, 36 m above base of the Clemville 
Formation, all collections upriver from Mictaw Group 
exposure. 

PLATE 12.3 

Figures 1, 3. Hallopora magnopora (Foerste). Clemville Formation. 
Oblique transverse section showing oval zooecia with thin and thick amalgamate 
walls, rare  zooecial diaphragm, and longitudinal section with diaphragms in both 
endozone and exozone, and long mesozooecia, x 20; GSC locality 98039, hypotype, 
GSC 82138. 

3-6. Stictoporella sp. Clemville Formation. 
Longitudinal and oblique longitudinal sections displaying well developed short superior 
and long inferior hemisepta (fig. 3, 6) or long superior and short inferior hemisepta 
(fig. 4), and transverse sections with no median tubuli in mesotheca (fig. 5, 6), x 40, 
x 40, GSC locality 98406 and x 40, x 20, GSC locality 98032, fig. specs., GSC 82143, 
82142, 82144, a ,  b, 82145, a ,  b (associated with Peronopora juvenis n. sp., paratypes, 
GSC 82124 (fig. 41, 82134 (fig. 6). 





PLATE 12.4 

Figures 1-4, 6. Peronopora si luriana (Bassler). Ellis Bay Formation,  Upper Ordovician, Anticosti  
Island. Ouebec.  , .. 

1, 2. Oblique tangent ia l  and longitudinal sections,  x 4 0 ;  Junction Cliff ,  holotype,  
USNM 79499. 

3, 4. Longitudinal sec t ion  showing large  cystiphragms, f ew  diaphragms, wide mesozooecia  
and distally located  hollow acanthopore rods,  and tangent ia l  sec t ion  showing smal l  and 
large  zooecia and large  acanthopores in corners,  x 40; GSC locali ty 62137 (BF 121), 
L a  Loutre  road 3.8 krn south  of main highway, hypotype, GSC 82875. 

6. Longitudinal sec t ion  of encrusting fo rm showing long acanthopore  rod and equal 
development of cystiphragms and diaphragms, x 40; s a m e  locali ty a s  f igure 3, 
hypotype,  GSC 82876. 

Figure 5. Peronopora juvenis n. sp. Clernville Format ion.  Longitudinal sec t ion  showing zooecia  
arising d i rec t ly  f rom epi theca ,  abundant continuous overlapping cystiphragrns a s  in 
P. si luriana (compare  with fig. 6) and r a r e  lining of both zooecial  walls, x 40; 
GSC ocal i ty  98409, para type ,  GSC 82135 (see PI. 12.1, fig. 3). 
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Abstract 

Three chaetet id cora l  specimens f rom the Late Ordovician (Richmondian-Gamachian) o f  
Ant icost i  Island, Quebec and northeastern Manitoba are assigned t o  Chaetet ipora ellesmerensis 
Norford, a species originally described f rom northern Ellesmere Island, Canadian Arct ic.  

Trois Bchantillons de coraux chaBtBtides datant de la  f i n  de l1Ordovicien (Richrnondien- 
Garnachien) de L'fle dlAnticosti au Quebec e t  du nord-est du Manitoba ont  BtB classes dans Itesp&ce 
Chaetetipora ellesmerensis Norford, une espgce d6cri te I'origine par t i r  dlBchantillons recuei l l is 
dans le  nord de 191e Ellesrnere, en Arct ique canadien. 





Introduction 

Three  chaete t id  Ordovician species have been described 
f rom widely separa ted  regions of Canada within t h e  Red 
River-Stony Mountain Soli tary Coral  Province of Elias (1983, 
p. 924, t ex t .  fig. I): Chae te t e s  perantiquus Whiteaves, 1897 - 
Selkirk Member ,  Red River Format ion ( l a t e  Maysvillian- 
Richmondian), 'Lower Fo r t  Garry', southern  Manitoba; 
C h a e t e t e s  akpatokensis Oakley, 1936 - Richmondian, 
Akpatok Island, Dis t r ic t  of Franklin; Chae te t ipo ra  
ellesrnerensis Norford,  1971 - Richmondian, Daly River,  
Judge Daly Promontory,  northern Ellesmere Island, Dis t r ic t  
of Franklin. Each species was based on a single corallum, and 
distinguished essentially on t h e  d i f ference  in cora l l i te  
d iameter .  Flower (1961, p. 17, 61) included C.  akpatokensis 
a s  one of t h r e e  species  within his new co ra l  genus 
Trabeculi tes.  Subsequently, Norford (1971) included all t h r e e  
chaete t id  species  in t h e  genus Chae te t ipo ra  Struve,  1898. 
More  recently,  specimens of Chae te t ipo ra  sp. c f .  
C. el lesmerensis Norf ord,  associated with Paleofavosites sp.  
and Calapoecia  sp., have been reported f rom t h e  L a t e  
Ordovician in t h e  White Mountains of t h e  Fairbanks- 
Rampar t s  a r ea ,  cen t r a l  Alaska (Oliver e t  al., 1975, p. 24, 
PI. 4, fig. 3-6). 

The present study records  two  more  occurrences ,  again  
f rom widely sepa ra t ed  locali t ies (northern Mani toba  and 
Anticosti  Island, Quebec),  in both Richmondian (Caution 
Creek  and Vaureal formations) and slightly younger 
Gamachian (Ellis Bay Format ion)  s t r a t a ,  containing t h r e e  
colonies bes t  assigned t o  C. ellesmerensis Norford. Hill's 
(1981, p. F506) assignment of chaete t ids  t o  t abu la t e  corals 
r a the r  t h a n  Sclerospongia is  herein followed. Comment s  by 
O.A. Dixon, University of O t t awa ,  and B.S. Norford, 
Geological  Survey of Canada,  were  welcomed. 

Sys t ema t i c  paleontology 

Family Chae te t idae  M ilne-Edwards and Haime,  1850 

Genus Chae te t ipo ra  Struve,  1898 

Type species.  Chae te t ipo ra  confluens Struve,  Visean of 
U.S.S.R. 

Chaete t ipora  ellesrnerensis Norf ord,  1971 

P la t e  13.1, f igures 1-7 

Chae te t ipo ra  ellesmerensis Norford, 1971, p. 4-5, PI. 1, 
fig. 1, 2. 

Description. Cora l la  range f rom massive, encrus t ing  e i ther  a 
Sarcinula (holotype, GSC 25522) or a Saffordophyllurn 
churchillensis (Nelson) (GSC 69251) cora l lum,  nodular 

PLA'TE 13.1. 

Chae te t ipo ra  ellesmerensis Norf ord, 197 1. Fig. 1, 3, 6, 
longitudinal (x 10, anchored in corall i tes of Saffordophyllurn 
churchil lensis Nelson and x 20, showing l ight and dark walls) 
and t ransverse  (x 20, showing oval and meandroid cora l l i tes  
and incom ple te  wall development producing mural  pore-like 
s t ruc tures)  sec t ions ,  hypotype,  GSC 69251; fig. 2, longitudinal 
sec t ion  (x 10, showing bifurcating continuous walls), hypotype 
GSC69252;  f i g .4 ,  t ransverse  section (x20) ,  holotype, 
GSC 25522a; fig. 5, 7, t ransverse  (x 10, showing oval and 
meandroid corall i tes)  and longitudinal (x 10, showing both 
comple t e  and incomplete  walls) sec t ions ,  hypotype,  
GSC 69253. 

(GSC 69253), o r  nodose laminar (GSC 69252) in shape. 
Cora l l i tes  vary f rom meandroid t o  r a r e ly  subpolygonal 
(holotype, PI. 13.1, f ig.  41, t o  oval (0.32-0.6 m m  in d iameter) ,  
t o  subpolygonal t o  submeandroid with openings varying f rom 
0.28 x 0.56 t o  0.40 x 0.80 m m  in outl ine (PI. 13.1, f ig.  5, 6). 
Cora l l i te  walls thin c l ea r  t o  th icker  t r abecu la t e  t h a t  in 
t ransverse  sec t ions  display dist inct  l ight and dark  areas .  

In longitudinal sec t ions ,  t h e  th icker  dark  walls conta in  
V-shaped t o  shallow U-shaped coccoserid-type t rabeculae  
fibers,  a r e  continous in encrus t ing  cora l la  (PI. 13.1, fig. 1, 3), 
rare ly  bifurcating,  but more  discontinuous in nodular and 
laminar coralla.  Tabulae  complete ,  horizontal  t o  gently 
convex and upturned in to  t h e  walls, irregularly spaced; in 
some  coralla zones of closely spaced t abu lae  occur  t h a t  form 
stromatoporoid-like laminae  and pillar s t ruc tu re s  (PI. 13.1, 
fig. 2, 7). No tabel lae .  

Discussion. The new specimens d i f fer  f rom t h e  holotype in 
displaying fewer  meandroid corall i tes,  and t h e  development 
of more  dist inct  zones of more  closely spaced tabulae,  
part icularly in nodular forms; t h e  maximum t ransverse  
cora l l i te  d iameter  also is  g rea t e r  by 0.2 mm.  The smal l  
cerioid t o  meandroid na tu re  of t h e  cora l l i tes  favours 
assignment of t hese  chae t e t id  fo rms  t o  Chae te t ipo ra  ra ther  
t han  t h e  closely similar genus Chae te t e l l a  Sokolov, 1962; 
e lsewhere  both essentially range f rom Middle Devonian t o  
Carboniferous.  In wall s t ruc ture ,  C. el lesmerensis closely 
resembles examples of t h e  cerioid coral  genus Trabeculi tes.  
The  meandroid na tu re  and consistently smal l  d i ame te r  of t h e  
cora l l i tes  serve  t o  s e p a r a t e  t h e  genera.  

Types. Holotype, GSC 25522. Hypotypes, GSC 69253, lower 
member ,  Caut ion  Creek  Format ion,  Churchil l  River Group, 
GSC locali ty 25384 (not 25304 - see Nelson, 1963, Fig. 4), 
South Knife River,  nor theas tern  Manitoba,  collector:  
S.J. Nelson, 1951; GSC 69251, upper member ,  Vaureal 
Formation,  GSC locali ty 36276 (BF 92b), Jupi ter  River road 
(1964), 76.8 km f rom Por t  Menier,  2.4 km south  of main 
highway, collector:  T.E. Bolton, 1958; GSC 69252, member  4 
bioherm, Ellis Bay Format ion,  GSC locali ty 84385 (BF 403 - 
s e e  Copeland, 1981, Fig. 8), e a s t  bank Vaureal River,  second 
bend above main  highway bridge,  collector:  
T.E. Bolton, 1981. 
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Abstract 

Southern New Brunswick is transversed by two prominent sets of faults; NE-trending and NNW-trending. The NE- 
trending faults are long, straight and have undergone a long history of movement, both in the ductile and brittle regimes. 
They are associated with mylonite zones. In the Acadian ductile regime, the movement in the shear zones was dextral 
transcurrent, now shown by various kinematic indicators. In the Carboniferous, brittle movements on those faults varied 
from dextral and sinistral transcurrent to high-angle reverse and normal faulting. Thrusting associated with the Variscan 
Orogeny occurred at high levels on the shore of the Bay of Fundy. 

The NNW-trending faults are brittle faults, are not associated with mylonite zones, and show both dextral and sinistral 
strike-slip movements. Most of these faults are not indicated on the published geological maps but can be recognized on 
topographic maps and interpreted by association with similarly oriented features mapped as brittle faults throughout the 
northern Appalachians. 

Resume 

Deux grands groupes de failles, I'un orient6 nord-est et I'autre nord-nord-ouest, traversent la partie sud du Nouveau- 
Brunswick. Les failles B orientation nord-est sont longues et droites et ont subi une longue histoire de mouvement ductile et 
cassant. Ces failles sont associbes B des zones de mylonite. Dans le regime ductile acadien, divers indicateurs 
cinbmatiques revelent qu'il y a eu decrochement dextre dans les zones de cisaillement. Au cours du Carbonifere, les 
mouvements cassants le long des failles ont varie des decrochements dextres et senestres aux failles inverses et normales 
B angle presque droit. Le charriage associb I'orogen8se du Varisque s'est produit a des niveaux blevbs sur le littoral de la 
baie de Fundy. 

Les failles B orientation nord-nord-ouest, de nature cassante, comportaient des d6crochements dextres et senestres; 
elles ne sont pas associbes aux zones de mylonite. La plupart de ces failles ne sont pas identifiebs sur les cartes 
gbologiques publibes mais peuvent &re reconnues sur les cartes topographiques et interprbtbes par association a d'autres 
elements B orientation similaire qui y sont reprbsent6s comme des failles cassantes que I'on trouve partout dans le nord 
des Appalaches. 

1 Contribution to the Canada-New Brunswick Mineral Development Agreement 1984-1989. Project carried by 
Geological Survey of Canada, Lithosphere and Canadian Shield Division, Project 850023. 

2 Department of Geology, University of New Brunswick, Fredericton, New Brunswick, E3B 5A3 



Introduction 

The area studied is situated in southern New Brunswick, 
and is part of the "Avalon terrane" (Williams, 1979; Williams and 
Hatcher, 1983). Major NE-trending faults bound the Avalon 
terrane (Haworth and Lefort, 1979; Hanmer, 1981; Keppie, 1982), 
but the exact nature of the movements on those faults is un- 
known. The uncertainty regarding the ages and types of fault- 
ing in southern New Brunswick might be due to the inability of 
most early workers to differentiate between an early ductile 
period of faulting and a later brittle period. 

Most workers in New Brunswick described only the latest 
movements on the faults (Brown and Helmstaedt, 1970; Garnett 
and Brown, 1973; Gussow, 1953; Webb, 1963,1969) which corre- 
spond to Carboniferous faulting. Although fault terminology 
may be confusing (Higgins, 1971; Zeck, 1974; Sibson, 1977; Wise 
et a]., 1984; Mawer, 1985), ductile shear zones and brittle faults 
produce similar results (i.e. the relative displacement of various 
rock units) and both should be included in the study of any fault 
system to understand the extent and complete history of fault- 
ing. 

This study will demonstrate that faulting in southern New 
Brunswick has had a long and complicated history, both in the 
ductile and brittle regimes. These results are consistent with the 
histories of other parts of the Avalon and Meguma terranes. 

Previous work 

The New Brunswick faults have received a great deal of 
attention throughout the years. They have been interpreted in 
all possible ways, i.e. as: a) high angle reverse and thrust faults, 
b) normal (and oblique) faults, and c) dextral and sinistral strike- 
slip faults. 

a) High angle reverse and thrust faults. Gussow (1953), in 
his synthesis of Carboniferous rocks and structure, proposed a 
series of NE-trending "master" faults (Belleisle, Kennebecasis, 
Clover-Hill, and Harvey Hopewell faults; Fig. 14.1) that were 
listric thrust faults with movement in the Carboniferous from 
the NW towards the SE. His interpretation was based on seismic 
profiles combined with extensive geological mapping. Other 
workers have suggested thrusting or high angle reverse move- 
ment on one or all of these master faults (Brown and 
Helmstaedt, 1970; Brown, 1972; Garnett and Brown, 1973; Mc- 
Cutcheon, 1981; Ruitenberg and McCutcheon, 1982) but with a 
thrusting direction from SE to NW. Thrusting on these NE- 
trending faults was consistent with a NW - SE maximum prin- 
cipal stress direction determined from fracture analyses per- 
formed in both New Brunswick and Nova Scotia (Eisbacher, 
1969,1970; Anderson, 1972; Garnett, 1972). One can argue about 
the validity of the fracture analyses but an overall NW-SE short- 
ening is a reasonable interpretation in view of fold and fault 
orientations for at least part of the deformation history. 

Thrusting has also been demonstrated on the southern 
coast of New Brunswick where the faults are shallowly dipping. 
This thrusting was associated with Variscan deformation (Rast 
and Grant, 1973a,b; Rast and Currie, 1976; Rast and Dickson, 
1982; Currie and Nance, 1983; Rast et al., 1984; Nance, 1982; 
Nance and Warner, 1986; Plint and Van de Poll, 1984). It occurred 
at a higher crustal level than the faults discussed above and 
produced fairly limited displacements (Currie, 1986). 

b) Normal (and oblique) faults. Belt (1968), with his rift- 
valley model for the development of the Carboniferous sedi- 
mentary basins, proposed that the major faults in the Maritimes 
were of the high-angle normal type. He based his interpretation 
on sedimentological data. Bradley (1982) combined dextral 
strike-slip and normal movements on the major faults (oblique 
slip) to explain the formation of the same basins, as pull-apart 
basins. 

c) Dextral and sinistral strike-slip faults. Carboniferous 
dextral strike-slip movement was first proposed by Webb (1963, 
1969). Webb suggested there was as much as 64 km of dextral 
movement on the Belleisle fault and a total of about 200 km for 
the New Brunswick fault system as a whole. The distance was 
determined from the displacement of Carboniferous markers 
across the faults, and dextral motion was further supported by 
the orientation of subsidiary folds and faults with respect to the 
master faults. This latter evidence is only valid if the subsidiary 
folds and faults can be shown to have formed synchronously 
with, and in response to, the same deformation as the master 
faults. Anderson (1972) proposed dextral strike-slip on the Cata- 
maran fault and Ludman (1981) the same movement on the 
Fredericton fault. 

Sinistral motion was first proposed by Wilson (1962) for the 
Cabot fault, based on the orientation of minor faults in the Notre 
Dame Bay area of Newfoundland. Further detailed study in the 
area by one of us (P.F.W.) reveals that the brittle faulting pattern 
is extremely complex and Wilson's simple model is not substan- 
tiated. Wilson's extrapolation of the Cabot fault (ibid.) into New 
Brunswick has also been shown recently (Avalon Workshop at 
the Atlantic Geoscience Society annual meeting in Amherst, 
Nova Scotia, January 1986) to be a much more complex issue 
than he suggested. 

Currie (1984) proposed sinistral movement on the Belleisle 
fault to account for the formation of small north-trending Car- 
boniferous grabens formed by tension along the fault. Currie 
(1986) further proposed sinistral movement on the Belleisle fault 
in Precambrian time to account for some north-trending basic 
dykes in the Seven Mile Lake - Loch Alva area. 

A 1500 km sinistral motion on the Fredericton fault was 
proposed by Kent and Opdyke (1978,1979,1980). This proposal 
was based on paleomagnetic data, and many paleomagneti- 
cians agreed with the Kent and Opdyke model and lent sup- 
porting data (Morris, 1976; Van der Voo et al., 1979; Van der Voo 
and Scotese, 1981; Lefort and Van der Voo, 1981). Thismodel was 
discredited, however, when Roy and Morris (1983) showed that 
the paleopoles for Upper Devonian and Lower Carboniferous 
rocks calculated by the previous workers were in fact paleopoles 
resulting from a Late Carboniferous and Permian (Kiaman) 
overprint (see also Irving and Strong, 1984; Kent and Opdyke, 
1984; Seguin et al., 1985; Seguin and Gahe, 1985). No geological 
data were ever presented in support of such a magnitude of 
sinistral movement on the Fredericton fault or any other fault in 
New Brunswick. 

Acadian ductile faulting 

Ductile shear zones in southern New Brunswick are 
characterized by mylonites (Rast and Currie, 1976; Rast and 
Dickson, 1982; Ruitenberg and McCutcheon, 1982). These are 
NE-trending and occur only in Precambrian rocks. We propose 
that these mylonites are of Acadian (Devonian) age, and the 
evidence is presented and discussed below. 

The Pocologan mvlonite zone 

Introduction. The Pocologan mylonite, a Precambrian 
basement rock belonging to the Avalon Zone (Williams, 1979) 
has been described by Rast and Currie (1976), Rast (1979), and 
Rast and Dickson (1982). They interpreted it as the product of a 
major transcurrent zone of unknown sense of shear. Rast and 
Dickson (1982) observed two overprinting cleavages. The first 
cleavage, trending 060°, was interpreted as Precambrian. The 
overprinting cleavage, trending 090°, was interpreted as Car- 
boniferous because they observed that it was better developed 
near the Carboniferous thrust planes. The authors are at vari- 
ance with the above interpretation and suggest that the two 
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Figure 14.1. Regional geological and structural map of southern New Bruns wick after Chandra, 1982, BF 
- Belleisle fault; KF - Kennebecasis fault; CHF - Clover Hill, (Caledonia fault); CF- Cobequid Fault; Kt3 - 
Kennebecasis Bay; GB - Grand Bay; LRB - Long Reach. 
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Figure 14.2. Evolution of an idealized shear zone, with devel- 
opment of S, C and C' foliations. Adapted from Simpson, 1984. 

cleavages are related to the same period of Acadian deforma- 
tion. 

Field observations. Very well developed by S-C and C-C' 
structures (Fig. 14.2; Berthe et al., 1979a,b; Simpson, 1984) along 
with subhorizontal mineral stretching lineations (Fig. 14.3) are 
observed throughout the Pocologan area, and they indicate a 
dextral sense of shear. 

a) Petrology. The protoliths of the Pocologan mylonite 
are granitoids, volcanics, and acidic and basic intrusions (Rast 
and Dickson, 1982; Ruitenberg and McCutcheon, 1982; Poole, 
1980) and were dated as Late Precambrian by Poole (1980). The 
metamorphic conditions during the ductile deformation were 
in the albite-amphibolite facies based on the assemblage 
quartz - albite - epidote - hornblende in the basic rocks 
(Miyashiro, 1973). Temperatures of approximately 450°C are also 
compatible with the observation that quartz crystals were de- 
formed ductilely into ribbons (Vauchez, 1980) while the feld- 
spars were broken (see Tullis, 1983). 

b) Structure. S-C mylonites (Lister and Snoke, 1984) are 
found throughout the Pocologan area. In the granitoids, abun- 
dant occurrences of very well developed C-C' (or Sm-Ss) my- 
lonites (Fig. 14.4; Platt, 1979; White et al., 1980, Berthe et al., 
1979a,b; Platt and Vissers, 1980; Gapais and White, 1982; Weijer- 
mars and Rondeel, 1984; Simpson, 1984) clearly demonstrate 
that the motion was dextral and that the bulk strain was large. 

Figure 14.3. Subhorizontal mineral stretching lineation, 
Pocologan. The outcrop surface is vertical, hammer is 38 cm 
long. 

At Pocologan, the "C" foliation (for "cisaillement", Berthe 
et al, 1979a) trends 060°, parallel to the regional Acadian cleav- 
age. The "C"' foliation ["shear band" or "extensional crenulation 
cleavage" (Platt, 1979; White et al., 1980)l trends 090". This 30" 
angle betwen the two cleavages is characteristic of C-C' my- 
lonites (ibid.). The "C"' cleavage developed late during the my- 
lonite formation and often appears to overprint the "C" folia- 
tion, but is still related to the same deformation event. Also, 
especially if a compressional motion is associated with the 
strike-slip (transpression, Harland, 1971), the shear zone may 
attain higher crustal levels while deforming, causing the second 
cleavage to show more brittle features than the first (Fig. 14.4d). 

Seven Mile Lake 

Work in progress in  the Seven Mile Lake area (Fig. 14.1) 
suggests that the ductile deformation was due to a dextral move- 
ment on the Belleisle fault. This interpretation is based on large 
steeply plunging "Z-folds. 

Norton 

Exposures along Bloomfield Brook and Bloomfield Creek 
just west of Norton (Fig. 14.1) show the sharp transition be- 
tween highly deformed Precambrian Kingston Complex rocks 
to the north and unmetamorphosed but folded Mississippian 
sediments of the Albert Formation to the south. The contact, the 
Kennebecasis fault, does not outcrop but one may approach to 
within a few metres of it. Field observations did not lead to any 
conclusion concerning the sense of the ductile movement, but 
thin section obsevation reveals asymmetric structures (Fig. 14.5) 
that indicate dextral sense of shear (Simpson and Schmid, 1983). 

Carboniferous brittle faulting 

Based on the conclusions stated above, the Acadian ductile 
deformation must have occurred at depths of approximately 
15 km. Uplift due  to oblique movement or to transpression 
gradually brought the rocks to higher crustal levels. In a trans- 
pressive shear zone environment such as the Alpine fault of 
New Zealand, uplift along the fault may attain a rate of 1 mm a 
year (Sheppard et al., 1975), so rocks deformed at depth in a 
ductile regime during Acadian times could easily be raised to 
the surface and subjected to brittle deformation by the Car- 
boniferous. It is this Carboniferous deformation that has re- 
ceived the attention of most previous fault studies. 



Figure 14.4.a. Well developed C - C' structuec Pocologan. Figure 14.4.b. C - C' structure, Pocologan, showing how the 
Plan view, penny for scale. C' foliation overprints the mylonitic C foliation. Plan view, camera 

lense cap  for scale. 

Figure 14.4.c. Photomicrograph of section from Pocologan, Figure 14.4.d. Well developed shear band overprinting the 
showing the mylonitic foliation and the shear band foliation. mylonitic foliation (shown by arrow), Pocologan. Plan view, cam- 
Shear bands are heterogeneously distributed throughout the era lense cap  for scale. 
section. Note shear band through ductile quartz deformed in 
upper left corner. Crossed polars, scale bar is 1 mm. 

Brittle faulting was extensive in the Carboniferous. Every 
master fault was reactivated and new faults were initiated. The 
movement was generally transcurrent and the pattern of fault- 
ing is predictably complex with bends in the faults leading to 
positive and negative flower structures. Thrusting, folding, and 
basin formation can all be explained in this manner (Aydin and 
Nur, 1982; Reading, 1980; Mann et al., 1983). 

Northeast-trending brittle faults 

Belleisle fault. The Belleisle fault was active as a brittle 
fault in the Carboniferous. At Beaver Harbour, in southwestern 
New Brunswick, it juxtaposed Precambrian Coldbrook Group 
and Carboniferous Beaver Harbour Group rocks. The fault 
there is subvertical and has been interpreted as dip-slip by 
Helmstaedt (1968). 

At Seven Mile Lake, northeast of Beaver Harbour, Car- 
boniferous movement on the Belleisle fault juxtaposed my- 
lonitized Precambrian felsic volcanics and relatively un- 

deformed Late Devonian granitoids. Garnett (1972) described a 
zone of fault gouge associated with the movement and noted 
that it was at an angle to the mylonitic foliation. He interpreted 
the fault as reverse, and the movement as minor, because he 
could follow some lithologies across the fault. 

The nature of the brittle Carboniferous movement on the 
Belleisle fault is difficult to assess. Webb's (1963, 1969) proposal 
of a 64 km dextral movement was based on the displacement of 
Carboniferous markers across the fault. Belt (1968) pointed out 
that across the fault in New Brunswick and in Prince Edward 
Island, Horton Group sediments (Upper Devonian - Lower 
Carboniferous) range in thickness from zero on the platform 
side of the fault to more than 3000 m on the basin side, thus 
suggesting a large normal component for the Carboniferous 
movement. Further, the rapid facies change from shale and 
sandstone on one side to fanglomerates on the other side indi- 
cates that movement and sedimentation were synchronous. 

A volcanic ash bed at the base of the Hillsborough Member 
of the Carboniferous Moncton Formation has been interpreted 



Figure 74.5. Photomicrograph of section from Bloomfield 
Brook, near Norton. This section is taken from the Precambrian 
rocks north of the Kennebecasis fault. Asymmetric augens sug- 
gest dextal sense of shea~  Plane polarized light. Scale bar is 
2 mm. 

as indicating an extensional regime (Bradley, 1982), which 
would also suggest a normal component of movement. 

Wheaton Brook fault. The Wheaton Brook fault lies just 
northwest of the Belleisle fault. It was described as a high angle 
thrust fault by McCutcheon (1981) owing to a revised stratigra- 
phy in the Long Reach area. Currie (1984), however, proposed 
that the Wheaton Brook fault was a major sinistral strike-slip 
fault. He objected to NW-directed high angle reverse or thrust 
movement on the fault because unmetamorphosed Cambrian 
strata to the southeast of the fault is juxtaposed with hornfelsed 
Silurian rocks to the northwest. 

Kennebecasis fault: In the Kingston Uplift - Indian 
Mountain area, a late normal faulting event is probable, and the 
Kingston Uplift is almost certainly a horst-type structure 
(Greiner, 1962). The extent of the Kennebecasis fault is un- 
known, as it does not show continuity on the aeromagnetic map 
and does not outcrop in the Moncton Subbasin. 

Slickenside orientations recorded along the Kennebecasis 
fault are very variable and include horizontal and vertical striae. 
It would be reasonable to interpret them as a product of trans- 
current faulting accompanied by related or later normal faults. 

Clover-Hill (Caledonia) fault: The Clover-Hill fault does 
not outcrop but juxtaposes the Precambrian Caledonia Moun- 
tains to the south and the Carboniferous sediments of the 
Moncton subbasin to the north. Along the trace of the fault, 
numerous Carboniferous fanglomerates composed of Pre- 
cambrian boulders indicate a north side down movement. Ac- 
cording to Gupta (1974), geophysical evidence indicates a SE dip 
on the fault and he  therefore interpreted it as a reverse fault. 
Whether or not strike-slip movement was associated with the 
reverse faulting is unknown. 

North-northwest trending brittle faults 

The shoreline directions that predominate on the south 
coast of New Brunswick are NE and NNW. The same directions 
are prominent inland as lineaments and are reflected in the 
orientation of lakes and rivers (e.g. stretches of the Saint John 
River, Grand Bay, Long Reach, Belleisle Bay, Kennebecasis Bay, 
Loch Alva). We interpret these lineaments as a reflection of the 
northeast-trending faults discussed above and of another group 
of faults that trend north-northwest. The latter d o  not generally 

outcrop in the study area. Faults of this approximate orientation 
are, however, well known to us  from Newfoundland and Nova 
Scotia and are known from the Bathurst area of New Brunswick 
(A.L. McAllister personal communication, 1986). Ongoing 
work by one of u s  (PFW) reveals that these faults in New- 
foundland and Nova Scotia have a horizontal separation that is 
generally sinistral but locally dextral. 

One fault belonging to this group has been described from 
New Brunswick: the Oak Bay fault, interpreted as transcurrent 
and sinistral (Donohoe, 1978). 

Even in areas of good outcrop large faults belonging to this 
group generally do not outcrop well. Smaller mesoscopic exam- 
ples can, however, be seen in coastal outcrops and in Nova 
Scotia and Newfoundland. They are commonly gradational 
with kinks. This point is demonstrated on a large scale in Nova 
Scotia where the faults and associated kinks are readily seen on 
the Aeromagnetic Vertical Gradient Map for Country Harbour 
(Geological Survey of Canada, 1985). There, as elsewhere, the 
faults cut all earlier structures. 

Discussion 

At the southern boundary of the Avalon terrane in the 
Musquash Harbour area, Currie (1986) explained an en echelon 
distribution of ductile faults in terms of an overall dextral trans- 
current zone within which the movement was accommodated 
by short faults, where, as one fault dies, an adjacent fault takes 
up the movement. However, since we know that despite their 
lack of outcrop, brittle faults are regionally abundant, the en 
echelon pattern can be explained equally well by late offset by 
the north-northwesterly striking faults. If the ductile faults were 
originally all segments of a single zone the late faults would 
have to have a dextral component whereas most faults of this 
orientation have a sinistral component. Both senses of move- 
ment are known on these faults in the Meguma terrane and in 
Newfoundland. 

At the northern boundary of the Avalon terrane, in the 
Loch Alva area, the same model may be applied to the Belleisle 
and Wheaton Brook faults. They appear as en enchelon to the 
left, but could have been the same ductile fault, later displaced 
by a north-trending sinistral brittle fault. Currie (1986) noted 
that the Welsford complex (Silurian) was offset sinistrallv bv 
several hundred metresalong a north-trending lineament ;tar{- 
ing at the northeast end of Loch Alva. Thus, the lineament is 
known to be the site of sinistral faulting in post-Silurian times. 

Movement on northeasterly trending brittle faults remains 
a problem. Faults of this orientation and relative age (i.e, post 
ductile faulting) are known in Newfoundland where they have 
a strong strike slip component. In New Brunswick there is good 
evidence for vertical components but no cogent evidence that 
the faults are primarily transcurrent. Suitable markers for in- 
dicating horizontal movements on such faults are, however, 
generally lacking in New Brunswick. 

Large transcurrent movement on a planar fault of infinite 
extent cutting normal crust, will juxtapose rocks of different 
metamorphic grade, stratigraphic history etc. without any ver- 
tical movement taking place, thus giving the illusion of vertical 
movement. Large transcurrent displacement of real faults, 
which are neither planar nor infinite in extent, must produce 
real vertical movements. It is therefore not meaningful to say 
that a fault is clearly normal or reverse because of evidence of 
vertical displacement. 

Vertical displacements obviously occurred in southern 
New Brunswick and slickensides indicate that horizontal move- 
ment also occurred. Thus, in view of observations outside the 
area and in view of the compatibility of the vertical movements 



with transcurrent faulting, we tentatively interpret the north- 
east-trending brittle faults as primarily transcurrent structures, 
with related vertical movements. 

Age of faulting 

The age of ductile faulting in southern New Brunswick is a 
controversial issue. One school favours a Precambrian age, the 
other an Acadian age. The two proposals are discussed in this 
section. 

Precambrian faulting 

Precambrian Cadomian deformation has been well docu- 
mented in the Maritime provinces (Currie et al, 1981; Ruiten- 
berg and McCutcheon, 1982; Keppie, 1982,1985). The question 
is whether or not this Precambrian deformation event is related 
to the deformation associated with the large scale faults de- 
scribed here. 

Rast and Currie (1976) contended that the Pocologan my- 
lonite zone was Precambrian based on their observations that no 
Phanerozoic rocks in the area showed a similar intensity of 
deformation. If this age is correct, it seems strange that the 
mylonite zone exactly parallels the regional ~cadianjrend right 
across southern New Brunswick and that Devonian, Silurian 
and Cambrian rocks show similarly oriented foliation, even 
though they are apparently less strongly deformed. 

Rast (1979) and Rast and Dickson (1982) proposed that the 
Pocologan mylonite zone had been the site of the opening of the 
Iapetus Ocean in Late Precambrian times. The dyke swarm 
observed in the Coldbrook Group would have resulted from the 
extension during the creation of Iapetus. They further observed 
that the dyke swarm was in part "later than the most intense 
mylonitization" (Rast and Dickson, 1982, p. 251), thus giving a 
Precambrian age for the mylonite. They supported the Pre- 
cambrian age by noting that the dykes were of amphibolite 
grade, while amphibolites of that type were not found in any of 
the Phanerozoic rocks of the area. 

The authors are at variance with that interpretation. First, 
in an area of large ductile transcurrent faulting, rocks showing 
different metamorphic grades can easily be brought into jux- 
taposition. Second, the metamorphic hornblende and epidote 
found in the Precambrian basic rocks of the Seven Mile Lake 
area define the regional Acadian cleavage. We thus suggest that 
an epidote-amphibolite grade metamorphism accompanied the 
deformation of the Coldbrook Group. These were subsequently 
brought to the surface by oblique or transpressional faulting. 
Thus the amphibolite grade of the Pocologan dykes and sheets 
are not incompatible with an Acadian metamorphism. 

McLeod (1979) suggested that the Coldbrook rocks of 
Campobello Island had suffered a period of penetrative defor- 
mation prior to the deposition of the Silurian Quoddy Forma- 
tion. He suggested an unconformity between the two terranes, 
even though the unconformity is never seen in outcrop 
(McLeod, personal communication, 1985). However, all that he 
demonstrated was a difference in the development of deforma- 
tional features, a difference that is readily explained by attribut- 
ing the deformation to ductile faulting which is normally het- 
erogeneous in its distribution. 

The Kingston Complex dyke swarm was used by Currie 
(1986) as evidence for sinistral faulting on the Belleisle fault in 
Precambrian time. He observed that a regional sinistral move- 
ment parallel to the NE-trending fault would create E-W exten- 
sion along the north-trending lineament, thus allowing Pre- 
cambrian dykes to intrude the Kingston Complex. Some 
problems exist, however, with that model. 

First, we do not know the relative positions of the Wheaton 
Brook and Belleisle faults at the time of formation; they may 
have been one continuous structure. We do  know that their 
extremeties are joined now by a north-trending lineament 
which, from independent evidence is believed to represent a 
sinistral fault of Silurian age. If in fact the two faults were 
originally one, there is no reason for any special extensional 
area between them. Secondly, if the dykes are old, it is unlikely 
that their original orientation has been preserved. Thus, we do 
not consider that a strong case can be made for Precambrian 
sinistral faulting, on the basis of the dykes, until we have a 
better knowledge of the history of emplacement and deforma- 
tion of the dykes. 

In summary, the evidence for Precambrian faulting is not 
convincing. It is based on tenuous interpretations rather than 
on cogent evidence. 

Acadian faulting 

Throughout this paper, we have proposed that the my- 
lonitization was Acadian. This is based on the following obser- 
vations. 

a) The mylonitic cleavage at Pocologan, Seven Mile Lake, 
and Norton parallels the regional Acadian cleavage. This Ne- 
trending cleavage is present in all Paleozoic rocks of southern 
New Brunswick where penetrative deformation occurs. 

b) The strain is similar in Precambrian and Lower Pal- 
eozoic rocks of the Beaver Harbour area (Brown, 1972) thus 
suggesting that the first penetrative deformation in that area 
was Acadian. Ludman (1981) showed the same relationship for 
northeastern Maine. 

c) Helmstaedt (1968) published a date of 369 2 21 Ma for 
actinolite crystals of the Coldbrook dykes in the Beaver Harbour 
area, and proposed that it represented the age of the first pen- 
etrative deformation in the area. 

d) The same pattern of ductile and brittle faulting is consis- 
tent throughout the Atlantic provinces. In Newfoundland and 
Nova Scotia, where the outcrop is better than in New Bruns- 
wick, the ductile faults cut Paleozoic rocks, including some 
Devonian plutons andlor their metamorphic aureoles. Further, 
in Newfoundland, they overprint thrusts and folds of Llan- 
doverian and younger age (Karlstrom et al., 1982) bracketing the 
ductile faults as Silurian or younger. 

Conclusions 

The faulting history of southern New Brunswick is ex- 
tremely complex and efforts to unravel it have been hindered by 
the poor exposure. It involves ductile faulting in Paleozoic times 
(presumably Acadian) on NE-trending faults and younger brit- 
tle faulting that was active at least during the Carboniferous. The 
brittle faults trend NE and NNW and overprint mylonites asso- 
ciated with the earlier faults. 

Mylonites in the Pocologan area exhibit very well pre- 
served S-C and C-C' structures which demonstrate that the 
Acadian ductile faulting there was dextral. Other kinematic 
indicators indicate the same sense of shear for the Belleisle fault 
and the Kennebecasis fault. 

Brittle transcurrent faults in southern New Brunswick can- 
not be demonstrated at this time but evidence of such move- 
ments in other better exposed parts of the northern Ap- 
palachian suggests that the same pattern may have existed in 
New Brunswick. The vertical movements observed on many of 
the New Brunswick faults are not incompatible with transcur- 
rent movement, especially in a region of oblique or trans- 
pressive faulting. 
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Abstract 

The Topsails igneous terrane consists o f  a complex suite o f  bimodal volcanic and intrusive rocks 
which, based on recent U-Pb zircon ages, formed during a b r ie f  span i n  the Early Silurian. The 
earliest intrusive component, the Rainy Lake complex, may be transit ional between subduction- 
related volcanism and the later, extension-related, within-plate basalts and maf ic  intrusions o f  the 
Topsails suite. The felsic volcanics, which are mainly subalkaline, bear a close chemical resemblance 
to some intrusive components o f  the suite, but  contrast markedly w i th  the voluminous peralkaline 
intrusive phases. Fract ional crystal l izat ion along w i th  magma-mixing may be viable processes to 
generate the various components o f  the suite. Comparisons w i th  other Silurian igneous rocks of 
western Newfoundland should outline large scale igneous suites and provide a bet ter  understanding o f  
early Silurian tectonics. 

Le terrane ignd de Topsails se compose d'une suite complexe de roches volcaniques et intrusives 
bimodales qui, d'aprhs les Bges obtenus rgcemment par datation de I'U-Pb dans les zircons, se seraient 
formees au cours d'une b r h e  periode du Silurien ancien. L'dldment intrusif  le plus ancien, qui porte 
le  nom de complexe de Rainy Lake, pourrait representer une transition entre le volcanisme l i e  A la 
subduction et  la  mise en place plus rdcente, A I ' intdrieur de l a  plaque, d'intrusions mafiques e t  de 
basaltes de l a  serie de Topsails qui sont l ids A des phdnomhnes d'extension. La chimie des roches 
volcaniques felsiques, qui sont surtout de nature subalcaline, ressemble dtroi tement A cel le de 
certains el6ments intrusifs de la  serie, mais font fortement contraste avec les phases intrusives 
peralcalines volumineuses. La cristall isation fractionnee et  le melange magmatique pourraient avoir 
donne lieu aux divers elements de la  serie. Une comparaison de ces roches et  d'autres roches igndes 
siluriennes dans I'ouest de Terre-Neuve devrait permet t re  de del imiter les grandes series ignees et  de 
mieux connaitre l 'histoire tectonique du Silurien ancien. 



Introduction 

The Topsails igneous t e r r ane  sepa ra t e s  the  probably 
allochthonous oceanic volcanic sequences of cen t r a l  
Newfoundland f rom the  autochthonous miogeoclinal t e r r ane  of 
western  Newfoundland (Fig. 15.1). Though formerly  regarded 
a s  a Devonian batholith (Poole e t  al., 1970; Williams, 19781, 
r ecen t  mapping (Whalen and Currie,  1982, 1983a, b) 
summarized in simplified form in Figure 15.2, showed the  
Topsails t e r r ane  t o  exhibit a complex sequence of intrusive 
relations and t o  be  a s  old a s  contiguous ter ranes  bu t  of 
d i f ferent  character .  U-Pb zircon and whole rock Rb-Sr 
geochronological da t a  (Whalen et al., in press b) have 
established a tightly constrained ear ly  Silurian age  for t h e  
voluminous, bimodal intrusive and volcanic rocks (Topsails 
igneous sui te  - map units 6 t o  8 in Fig. 15.2) and a middle 
Ordovician age  for t he  screens  and roof pendants of older 
intrusive rocks. This, along with o the r  r ecen t  work on t h e  
volcanics (Graves, 1983), and on corre la t ive  ear ly  Silurian 
volcanic and intrusive rocks t o  the  north (Coyle e t  al., 1985, 
1986; Coyle and Strong, 1986; Kontak and Strong, 1986; 
Chandler et al., in press), indicates t h a t  the  genet ic  
relationship between t h e  various ear ly  Silurian igneous rocks 
in western  Newfoundland is  of g r e a t  importance. In th i s  
paper,  emphasis i s  put on t h e  volcanic and maf i c  intrusive 
rocks and their  gener ic  relationship t o  t h e  felsic plutonic 
rocks. 

General  geology 

A U-Pb zircon a g e  of 438+/-8 Ma (Whalen et al., 
in press b) established t h e  Rainy Lake complex (unit 6, 
Fig. 15.2) a s  the  oldest  component of the  Topsails suite. It 
consists of a distinctive,  massive, mildly saussuritized gabbro 
with c lo ts  of pyroxene, bioti te and amphibole. Various 
mesocrat ic  diorites, tonal i tes  and granodiorites c u t  t h e  
gabbro. Most of t he  intrusive rocks a r e  fine- t o  medium- 
grained, have quar tz  and K-feldspar a s  minor l a t e  in ters t i t ia l  
phases and a r e  character ized by light t o  strong actinolit ic 
amphibole plus chlor i te  and epidote a l tera t ion of maf ic  
si l icates.  The rocks contain accessory apat i te ,  t i tani te ,  
zircon and opaque minerals. The Rainy Lake complex 
intrudes t h e  Glover Formation (unit 4) and is  c u t  by dykes of 
potassic grani te  equivalent t o  unit 8. As t h e  Rainy Lake 
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Figure 15.1. Location of the Topsails igneous ter rane  in 
relation to o ther  tec tonic  ter ranes  of western  Newfoundland. 

complex bears a close lithological resemblance t o  recent  
island-arc intrusive complexes (Whalen, 1985), i t  was 
previously regarded a s  a deeper  level equivalent of t h e  
middle Ordovician Glover Formation (Whalen and 
Currie, 1982, 1983a). 

Bimodal volcanics, thought t o  be equivalent t o  t h e  
Springdale Group volcanics t o  the  north,  outcrop in t h e  
cen t r a l  and northern par ts  of t he  Topsails igneous ter rane .  
The volcanic assemblage has  been folded and t h e  fold axes  
a r e  sinuous and appear  t o  wrap around neighbouring unit  8 
plutons by which they a r e  intruded, indicating t h e  volcanics 
form screens or pendants in t h e  younger grani t ic  intrusions. 
The Springdale Group corre la t ives  in t h e  Topsails t e r r ane  
consist  of abundant felsic volcanics, lesser basalts and very 
minor sediments. The main type  of fe ls ic  volcanic i s  a brick 
red  t o  dark brown, flow banded rhyolite which generally 
conta ins  small  (1-3 mm) bipyramidal qua r t z  and euhedral 
K-feldspar phenocrysts. Rhyolites with spheroidal s t ructures  
ranging in s ize  f rom 2-3 mm t o  2-3  c m  a r e  common. Felsic 
flows which contain f la t tened pumice f r agmen t s  (fiamae) and 
chaot ic  flow breccias a r e  thought t o  r ep resen t  ignimbrite 
type  deposits. Some of these  flows conta in  evidence of 
magma mixing: f la t tened,  bleb-like, grey dac i t i c  inclusions 
occur  in  a red rhyolit ic matrix.  The t ex tu res  suggest t he  two  
compositions were  liquid a t  t h e  s a m e  time. There a r e  also 
some  minor beige t o  red, f ine  grained, laminated,  probably 
water-laid, quar tz  and feldspar crys ta l  tuffs. The felsic 
volcanic rocks consist  of alkali  feldspar and qua r t z  forming 
finely spheroidal and botryoidal s t ructures ;  maf i c  s i l ica tes  
a r e  a l t e red  t o  chlor i te  plus ser ic i te  and opaque minerals and 
they contain accessory zircon, f luor i te  and secondary 
t i tani te .  The rocks a r e  generally intensely f rac tured,  and 
commonly have chlor i te  plus carbonate  f r a c t u r e  fillings. A 
sample  of flow banded rhyolite yielded a U-Pb zircon age  of 
429+/-4 Ma (Whalen et al., in press b), essentially identical  t o  
t h e  zircon a g e  of 430+/-6 Ma obtained by Chandler et al. 
(in press) f rom a Springdale Group rhyolite t o  t h e  north. 

Reddened basalt  flows with frothy vesicular tops, 
indicating subaerial  extrusion, a r e  present in t h e  lower par t  
of t h e  sequence, which outcrops on t h e  wes t  s ide  of t h e  
Topsails terrane. The amygdules a r e  fi l led with epidote  plus 
chlor i te  and carbonate  and t h e  host basal ts  a r e  extensively 
altered. Mafic si l icates a r e  replaced by epidote  plus chlor i te  
and plagioclase is albitized. Limited a reas  of volcanics a r e  
thought t o  be slightly stratigraphically younger, due t o  thei r  
less  a l t e red  and deformed s t a t e  and the i r  close spat ia l  
association with younger subvolcanic intrusions (unit 8e). 
Fairly f l a t  lying, orange, quartz-K-feIdspar porphyritic 
rhyolite and minor basalt  flows occur nor thwest  of Hinds 
Lake, fringing t h e  north side of an  ovoid quartz-K-feldspar 
intrusion. Peralkaline rhyolite, which is  underlain and c u t  by 
dykes of quartz-K-feldspar porphyry (unit 8e), c a p  t h e  
summit  of Mt. Seemore,  just wes t  of  Sheffield Lake. This 
rhyolite, t h e  only s tudied fe ls ic  volcanic in  which t h e  maf i c  
mineralogy is well  preserved, contains spectacular  poikiolitic 
arfvedsonite,  aeger ine  and aenigmat i te  phenocrysts. 

The youngest and most cha rac te r i s t i c  rocks of t h e  
Topsails sui te  form a ra the r  diverse group of syenites and 
granites. Based on  degree  of a l tera t ion and intrusive 
relations,  a group of intrusions ranging in composition f rom 
gabbro through syenite and grani te  (unit 8a), appear  t o  be  
older than t h e  o the r  grani t ic  rocks in unit 8. Within this 
suite,  t he re  a r e  zones and elongate curved screens  of 
a g m a t i t e  (unit 8b), complex mixtures of diverse maf ic  
f r agmen t s  in a matr ix  of variously hybridized granitoid rocks. 
The hybrid host i s  i tself  c u t  by sinuous, locally boudinaged, 
maf i c  dykes and i t s  con tac t s  with o ther  grani t ic  subunits of 
unit 8 appear t o  be gradational.  Peralkaline, coa r se  grained, 
whi te  t o  red,  amphibole grani te  (unit  8c) with prominent 
quar tz  grains and a distinctive in ters t i t ia l  habit  t o  t h e  rnafic 
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minerals appears, t o  be  lithologically and chemically actinolit ic amphibole plus bioti te,  chlor i te  and epidote  and 
homogeneous over very  large  a reas  of t h e  Topsails ter rane .  t he re  i s  ser ic i t ic  a l tera t ion of plagioclase, suggests a la te-  
I t  yielded a concordant U-Pb zircon age of 429+/-3 Ma s tage  potassic a l tera t ion.  High-level intrusive quartz- 
(Whalen et al., in press b). Younger, f iner grained marginal K-feldspar porphyries form substantial ,  presumably 
phases (unit 8d) a r e  diverse and vary from peralkaline grani te  subvolcanic plutons (unit 8e), which locally exhibit  f low 
t o  amphibole-poor b iot i te  granite,  or  even granodiorite and banding and may g rade  t o  rhyolite with r a re  interbedded 
diorite close to  agmat i t e  zones. The more maf ic  basalt. The porphyries range in composition f rom alkaline t o  
compositional variations can be explained by mixing of peralkaline and, based on field relations,  a r e  thought t o  
grani t ic  and basalt ic magmas (Whalen and Currie,  19841, represent a sepa ra t e  intrusive pulse ra ther  than being simply 
which locally has produced spectacular composite dykes. higher level exposures or  equivalents of t h e  grani tes  (units 8c 
Based on field evidence and chemical da t a ,  t h e  maf ic  magma  and 8d). A sample  f rom the  intrusion west of Hinds Lake 
involved in magma mixing, also forms diabase dykes which yielded a U-Pb z i rcon a g e  of 427+/-3 Ma (Whalen et a]., 
c u t  t h e  coarse  grained amphibole grani te  (unit 8c). Unlike in press b), not  significantly younger than t h e  age  of the  
the  host rocks, which a r e  fresh, these  maf ic  dykes a r e  a l t e red  coarse  grained amphibole granite.  The U-Pb zircon ages  
and, on  large outcrop surfaces,  have been seen t o  be indicate a maximum a g e  span of 22 Ma (446 t o  424 Ma) and a 
broken-up into segments,  presumably by movement  in a s t i l l  minimum age  span of less than I Ma for  t h e  Topsails igneous 
hot  grani t ic  host. The diabases contain ophitic-textured sui te  (units 6 through 8 in Fig. 15.2) (Whalen et al., 
plagioclase, clinopyroxene and opaque minerals. The f a c t  in press b). 
t ha t  a high proportion of the  maf ic  minerals a r e  a l tered t o  
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Geochemistry 

Three geologically distinct types or groups of maf ic  
rocks identified in the  Topsails t e r r ane  and represented in 
Table 15.1 are ,  in order of decreasing age: 

I. t h e  Rainy Lake complex (unit 6) 

2. subaerial  basal t  flows equivalent t o  t h e  Springdale Group 
(unit 7a and b) 

3. basal t ic  rocks associated with acid-rnafic magma mixing 
in units 8b and 8d and diabase dykes cut t ing t h e  cg. 
amphibole grani te  (unit 8c). 

Geochemical comparisons will b e  made between these  rocks, 
and also with the  mantle derived (M-type), Uasilau-Yau Yau 
island a r c  intrusive suite (Whalen, 1985). The Rainy Lake 
complex was suggested by Whalen and Currie (1982, 1983a) t o  
be an  M-type suite.  

t h e  Rainy Lake complex a r e  andesit ic t o  daci t ic  in 
composition. This is  in keeping with t h e  field observation 
that  t he  volcanic sui te  is  bimodal and is not thought t o  
r e f l ec t  a sampling bias. On most chemical  plots, t he re  is no 
c lear  separation between the  various Topsails sui te  maf ic  
igneous rocks. Alkalis versus sil ica (Miyashiro, 1978) and 
Tion vzrsus Z r / P 2 0 5  (Floyd and Winchester, 1975) plots 
(Fig. 15.3a) indicate  t h e  subalkaline t o  alkaline cha rac te r  of 
the  Topsails rnafic volcanics and dykes and t h e  less alkaline 
cha rac te r  of t h e  Rainy Lake complex. Also, t h e  Rainy Lake 
complex, like t h e  Uasilau-Yau Yau complex, is  less enriched 
in t h e  incompatible t r a c e  e l emen t s  Zr, Nb, C e  and Y than t h e  
o the r  basic rocks (Table 15.1). Most chemical discrimination 
diagrams fo r  basic rocks show a c l ea r  separation between t h e  
Topsails basic rocks, which plot in the  within-plate basal t  
field, and t h e  Uasilau-Yau Yau sui te  which plots in the  island 
a r c  basalt  field on t h e  Zr/Y versus Zr diagram of Pea rce  and 
Norry (1979) or t h e  ocean floor basalt  field on t h e  Ti-Zr-Y 

Based on the  silica contents,  t h e  majority of t he  triangular diagram of Pea rce  and Cann (1973). On a MgO- 
analyzed rnafic samples a r e  clearly basalt ic (Table 15. I) ,  Fe0-A1203  diagram (Pearce  e t  al., 1977) (Fig. 15.3b), maf ic  
though a f ew samples (81042 and JG28) and components of components of t h e  Rainy Lake and t h e  Uasilau-Yau Yau 



complexes  plot  together  in t h e  orogenic basalt-andesite field, 
whereas  t h e  o the r  Topsails maf i c  rocks  plot  in t h e  
cont inenta l  basa l t  field. REE d a t a  for  Springdale basalts  
(Table 15.1, Fig. 15.4a, b) indica te  they have slight t o  
modera t e  chondr i te  normalized Ce/Yb ra t ios  (1.8 t o  6.0). 
Abundances and slopes of t h e  pa t t e rns  a r e  very similar t o  
t rans i t ional  basa l t s  ( a t  t h e  s a m e  T i 0 2  content )  produced i n  
t h e  Gregory Rif t ,  Kenya (Barker et a]., 1977) and ea r ly  r i f t  
volcanics in t h e  Camel s  Hump Group, Vermont (Coish et al., 
1985) (Fig. 15 .4~) .  

Various components  recognized in t h e  fe ls ic  volcanics 
and represented  in Table 15.1 are :  

2. res t r ic ted  a r e a s  of orange quartz-K-feldspar porphyrit ic 
rhyoli te (unit  7d) 

1. a lower sequence  with abundant flow banded rhyolite 
(unit  7c) 

(a) 

3. a smal l  a r e a  of peralkaline rhyolite capping Mt. Seemore  
(unit  7e). 

4 - 

3 - 

The l a s t  t w o  components,  which a r e  closely associa ted  with 
quartz-K-feldspar porphyry intrusions (unit  8e), may be  
stratigraphically younger. Chemically (Table 15. I), t h e  
quartz-K-feldspar porphyrit ic rhyoli te i s  less fe ls ic  (73 versus 
76 t o  79 wt.% S i 0 2 )  and has significantly higher T i 0 2 ,  FeO*, 
Ba and (Ce/Y)n and lower Nb and Ga/AI than t h e  o ther  
analyzed rhyolites. In t h e  type  Springdale Croup t o  t h e  
north,  Coyle and Strong (1986) documented t h e  presence  of a 
high-silica and a low-silica group of rhyolites with si l ica 
d i f ferences  which closely approximate  those  between unit  7e  
and 7d rhyolites. However, comparison of d is t inc t ive  t r a c e  
e l emen t s  such a s  Rb, Sr, Nb, Y ,  Zr and Zn indica tes  t h a t  al l  
t h e  rhyolites f rom the  Topsails su i te  resemble  t h e  high-silica 
rhyolites. The peralkaline rhyolite, which has been suggested 
by Coyle e t  al. (1986) t o  have obtained i t s  peralkaline 
cha rac t e r  through metasomat ism by t h e  subjacent  quar tz-  
K-feldspar porphyry intrusion,  is  also chemically d is t inc t  in 
having high FeO*, Ga/AI, Zr, Nb, REE and Zn. 

A 

A Diabase Dykes 
0 Silurian Basalts  

Rainy Lake Complex 
A 

o New Britain Plutonics  
A 

43 I 
A I 

A A 
I 

01 0 

Figure 15.3. Chemical  discrimination d iagrams f o r  maf i c  
rocks  of t h e  Topsails igneous sui te  and also island a r c  
intrusive rocks  of t h e  Uasilau-Yau Yau complex, New Britain 
(Whalen, 1985): (a) Ti02-Zr /P205 plot ( a f t e r  Floyd and 
Winchester, 1975); (b) Fe0-Mg0-A1203 plot  ( a f t e r  
P e a r c e  e t  al., 1977). 

Figure 15.4. Chondr i te  normalized REE pa t t e rns  for  
Topsails su i t e  basa l t s  (A) with (Ce/Yb)n>3.0, (6) with 
(Ce/Yb)n<3.0 and (C)  various average  ear ly  r i f t  basalt  units  
of the  Camel s  Hump Group, Vermont (pa t t e rns  1 t o  4) 
(Coish e t  al., 1985) and fo r  ave rage  transit ional r i f t  basa l t  of 
t h e  Gregory Rif t ,  Kenya (pa t t e rn  5) (Barker e t  al., 1977). 



Comparison of chemical  d a t a  f rom t h e  Topsails felsic 
plutonic rocks  (units 8a, c ,  d l  e )  with t h e  felsic volcanic 
rocks, indica tes  t h a t  many of t h e  rhyolites a r e  more  siliceous 
and have high K 2 0 / N a 2 0  values (Fig. 15.5). These f ea tu re s  
can  be  a t t r i bu t ed  t o  a minor deg ree  of si l icif ication and 
a l tera t ion  associated with c o n t a c t  metamorphism. Other  
than these  d i f ferences ,  t h e  felsic volcanic rocks  and many of 
t h e  subalkaline (biotite-amphibole and amphibole-bioti te 
bearing) marginal plutonic phases (unit  8d) bear  a very c lose  
chemical  resemblance.  Both a r e  chemically d is t inc t  on many 
chemical  plots f rom t h e  major peralkaline intrusive phases 
(units  8 c  and 8e) in having lower T i02 ,  FeO*, MgO, Sc, Mn 
and Zr. Ga/AI, an  excel lent  index of t h e  alkaline cha rac t e r  
of felsic intrusions (Whalen et al., in press a), should be less 
susceptible t o  a l te ra t ion  than agpai t ic  index. Figure 15.6A 
i l lus t ra tes  t h e  lower Ga/AI and Zr values and, thus, less 
alkaline cha rac t e r  of t h e  felsic volcanics, excep t  fo r  t h e  
peralkaline Mt. Seemore  rhyolite. In contras t ,  a plot of 
chondr i te  normalized Ce /Y  versus Ga/AI (Fig. 15.6B) sugges ts  
t h a t  t h e  fe ls ic  volcanics have less  f rac t ionated  REE pa t t e rns  
t han  t h e  o therwise  chemically s imi lar  subalkaline marginal 
intrusive phases. (Ce/Y)n values for  t h e  rhyolites a r e  similar 
t o  those  fo r  t h e  peralkaline intrusive phases (units 8 c  and 8e)  
and, like t hese  units, (Ce/Y)n values dec rease  with increasing 
alkaline cha rac t e r  (higher Ga/AI values). Chondrite 
normalized REE pat terns  for  t h e  rhyolites (Table 15.1 and  
Fig. 15.7A1 B) a r e ,  a s  indicated by t h e  chondr i te  normalized 
Ce/Y da t a ,  not  strongly f rac t ionated  (Ce/Y = 1.3 t o  4.3) and 
have  very pronounced Eu anomalies (Eu/Eu = 0.01 2 t o  0.168). 

Although comple t e  REE d a t a  a r e  not y e t  available f rom 
my samples  of Topsails intrusive rocks,  some  published 
g ran i t e  REE d a t a  f rom t h e  nor thern  pa r t  of t h e  a r e a  
(Taylor et al., 1981) a r e  appropr ia te  fo r  compar ing t h e  gross 
f ea tu re s  of t h e  fe ls ic  intrusive and volcanic rocks of t h e  sui te  
(Fig. 15.7C). Syenites have relatively unfrac t ionated  
(average Ce /Yb  = 3.6) chondrite normalized REE pa t t e rns  

Figure  15.5. SiO2 versus K 2 0 / N a 2 0  plot for felsic rocks of 
t h e  Topsails igneous sui te ;  f ields of various intrusive phases  
a r e  outlined and labelled with t h e  map unit number,  symbols 
used are:  

(t) Silurian felsic volcanics (units  7c, d and e)  
(s) syeni te  t o  grani te  (unit 8a) 
(b) bioti te-amphibole bearing 
(a) amphibole-bioti te bearing marginal intrusive phases 

(unit 8d) 
(0) amphibole-aegirine bearing 
(X) cg. amphibole grani te  (unit 8c)  
(*) quartz-K-feldspar porphyry (unit 8e) 

which lack Eu anomalies. In t h e  o rde r  b io t i te  grani te ,  
hornblende-bioti te grani te ,  peralkaline g ran i t e  and quar tz-  
feldspar porphyry, t h e r e  is  a dec rease  in ave rage  Eu 
anomalies (average  Eu/Eu* = 0.13, 0.34, 0.40 and 0.42, 
respectively) and, though t h e r e  is  an  increase  in t o t a l  REE 
abundance,  t h e r e  is  not  much change in deg ree  of 
f rac t ionat ion  of REE pa t t e rns  (average  Ce /Yb  = 4.0, 4.2, 4.8 
and 4.0, respectively).  Within t h e  peralkaline g ran i t e  t h e  
range of chondr i te  normalized Ce /Yb  values (5.1 t o  1.8) 
suggests a t r end  of decreasing f rac t ionat ion  of REE pa t t e rns  
with increasing alkalinity, a s  noted in t he  chondr i te  
normalized Ce /Y  d a t a  (Fig. 15.6B). Comparison of t h e  REE 
pa t t e rns  of t h e  intrusive rocks with t h a t  of t h e  fe ls ic  
volcanics indica tes  t h a t  REE abundances and slopes fo r  t h e  
rhyolites and t h e  peralkaline intrusions a r e  essentially 
identical ,  excep t  for  t h e  e x t r e m e  Eu anomalies of t h e  
rhyolites. The peralkaline rhyolite of Taylor e t  al. (1981) was  
col lec ted  f rom t h e  s i t e  of s ample  TB45 in Table 15.1. I t  has 
a similar pa t t e rn  t o  t h e  o the r  rhyolites but conta ins  a g r e a t e r  
abundance of REE. 

Discussion 

The di f ferences  between t h e  Rainy Lake complex and 
t h e  o the r  ear ly  Silurian maf i c  igneous rocks  of t h e  Topsails 
su i t e  sugges ts  i t  i s  transit ional be tween  subduction r e l a t ed  

Figure 15.6. Ga/AI versus (A) Zr and (B) (Ce/Y)n plots for  
the  felsic rocks  of Topsails igneous sui te ;  f ields and symbols 
a s  in Figure 15.5. 



Figure 15.7. Chondrite normalized REE pat terns  for 
Topsails suite rhyolites (A) with (Ce/Yb)n>3.0, (B) with 
(Ce/Yb)n<3.0, and ( C )  for averaged da ta  of Taylor e t  al. 
(1981) from northern Topsails terrane. 

magmatism and extension re la ted  within-plate volcanism. 
The identical  chemical  na tu re  of t h e  basalts equivalent t o  t h e  
Springdale Group and t h e  diabase dykes cut t ing the  Topsails 
granites,  granites which in t rude these  volcanics, suggests 
t he re  was  no change in t h e  composition of maf ic  magmat ism 
during t h e  main period of Topsails igneous activity.  Though 
the  geochemical d a t a  do not enable a distinction between a 
within-plate oceanic or continental  sett ing, t he  subaerial  
nature  of the  volcanics and t h e  vast  volumes of felsic versus 
maf i c  igneous rocks in t h e  complex clearly indicate  a within 
cont inenta l  p l a t e  t ec ton ic  sett ing. The bimodal cha rac te r  of 
t h e  volcanic sui te  in t h e  Topsails igneous t e r r ane  i s  in marked 
contras t  t o  t h e  calc-alkaline ser ies  f rom basalts t o  rhyolites 
documented in t h e  type Springdale Group t o  the  north (Coyle 
and Strong, 1986). The reason for this d i f ference  i s  unclear, 
though i t  may resul t  f rom a g rea te r  amount  of mafic-felsic 
magma mixing, a s  was described f rom t h e  Topsails su i t e  by 
Whalen and Curr ie  (1984). 

The c lose  chemical  similarit ies but  also di f ferences  
between t h e  fe ls ic  volcanic and plutonic rocks of t h e  Topsails 
sui te  may provide information crucial  t o  an  understanding of 
their  petrogenesis. It is  very notable t h a t  t h e  Topsails su i t e  
silicic volcanic rocks, and also the  type  Springdale Group 
volcanics (Coyle and Strong, 19861, contain a vas t  
predominance (>98%) of non-peralkaline compositions. By 
contras t ,  of t h e  plutonic rocks, t h e  major intrusive uni ts  
(8c, 8e  and a large portion of 8d) a r e  alkaline t o  peralkaline. 
Arguments have been presented by Taylor e t  al. (1980, 19811, 
for t h e  prime importance  of fluid metasomat ism in the  
format ion of peralkaline rocks, with such f ea tu res  a s  t h e  
upward shi f t  in heavy REE fo r  t h e  peralkaline rocks in  
Figure l5.7C being a t t r ibuted t o  metasomatism. This 
assertion is f a r  f rom substantiated; such f ea tu res  may be t t e r  
be  explained by more generally accep ted  igneous processes. 
Felsic igneous sequences have been t h e  subject of 
considerable r ecen t  controversy regarding t h e  cause  of t he i r  
e x t r e m e  f ract ionat ion in minor and t r a c e  e l emen t s  
(Whalen, 1983; Miller and Mittlefehldt,  1984). It has  been 
argued (Hildreth, 1979, 1981) t h a t  such t rends  result  f rom 
liquid-state fractionation, t e rmed  thermogravitational 
diffusion (TGD), ra ther  than t h e  fairly generally accep ted  
process of crystal-liquid fractionation. Problems with 
f rac t ional  crystall ization models for  such rocks a re ,  in large  
part ,  due  t o  insufficient d a t a  on t h e  e f f e c t s  of f rac t ionat ing 
REE-rich accessory phases and a lack of appropriate 
mineral/liquid distribution coeff ic ient  d a t a  for  such rocks 
(Barker and McBirney (1985) and Wolff and Storey (1984)). 
Recent  sanidinelglass distribution coeff ic ient  d a t a  fo r  
subalkaline t o  peralkaline sil icic rocks (Leeman and 
Phelps, 1981; Drexler e t  al., 1983; Nash and Crec ra f t ,  1985) 
indicate a large  variation in values for Sr (3.1 t o  28), Ba (3.2 
t o  24) and Eu (0.16 t o  9.06). Drexler et al. (1983) found a 
negative corre la t ion between agpai t ic  index and Eu 
distribution coeff ic ient  values (sanidine DE, = 3.04 and 0.16 
for  rhyolites with glass agpai t ic  indices = 0.90 and 1.26, 
respectively). Recent  d a t a  f rom accessory mineral phases in 
felsic rocks such a s  allanite (Brookse ta l . ,  1981) and 
monazite (Miller and Mittlefehldt,  1982) have indicated t h e  
possible prime role  of minute quant i t ies  of such phases in 
drastically a l ter ing REE distribution patterns.  Experimental  
work by Watson (1979) on t h e  solubility of Zr in felsic mel ts  
has indicated t h a t  solubility increases dramat ica l ly  in me l t s  
with an  agpai t ic  index greater  than 1.0. Thus, t r a c e  e lement  
behaviour in alkaline t o  peralkaline sa l ic  me l t s  i s  complex: 
d i f ferences  in me l t  composition, t empera tu re  and volati le 
con ten t  a f f e c t  me l t  s t ruc tu re  and, a s  a result, mineral 
parti t ion coeff ic ient  pat terns  (see  Nash and Crec ra f t ,  1985; 
Barker and McBirney, 1985). 

Even though they contain a minor phenocryst content ,  
t h e  Topsails su i t e  rhyolites can  b e  readily argued t o  closely 
approximate  liquid compositions. The plutonic rocks of t h e  
suite,  based on petrographic evidence, a r e  mel t  derived 
(ie. r e s t i t e  or ref ractory  me l t  residue free),  but may, a s  has 
been documented elsewhere (McCarthy and Hasty, 1976; 
Whalen, 1983, 19851, represent  cumulate-melt  mixtures. 
Removal of substantial  K-feldspar f rom a me l t  with a 
composition like t h e  subalkaline marginal phases would enrich 
the  heavy REE somewhat more  than t h e  light REE and 
great ly  deple te  Eu and Ba. In agreement  with such a model, 
t h e  rhyolite and also t h e  quartz-K-feldspar porphyry 
intrusions (unit 8e), exhibit  a t rend of decreasing Ba with 
decreasing (Ce/Y)n (Fig. 15.8). In contras t ,  t h e  coa r se  
grained amphibole grani te  (unit 8c) exhibits t h e  opposite 
trend and lacks t h e  large Eu anomalies of t h e  rhyolites. 
'These f ea tu res  indicate  tha t  t he  grani tes  may contain a 
significant volume of K-feldspar cumulates.  A ca re fu l  
evaluation of t h e  felsic volcanic and plutonic rock 
geochemical d a t a  and deta i led  modelling a r e  required t o  



Figure 15.8. (Ce/Yb)n versus Ba plot for felsic igneous 
rocks of Topsails igneous suite;  f ields and symbols a s  in  
Figure 15.5. 

quantitatively evaluate  a f rac t ional  crystall ization model for 
t h e  Topsails suite. However, this process, in combination 
with magma mixing (Whalen and Currie,  1984), does appear 
capable of explaining some  significant geochemical f ea tu res  
of t he  suite. In addition, comparison of Topsails su i t e  
geochemical d a t a  with d a t a  f rom o the r  Silurian igneous rocks 
in Newfoundland (eg. Coyle and Strong, 1986; Kontak and 
Strong, 1986) may  enable  large  scale  sui tes  t o  be recognized 
and general conclusions t o  be  reached on t h e  t ec ton ic  
significance of Silurian magmatism. 
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Abstract  

The Pointe aux Trembles Formation consists of conglomeratic and breccia flows, tuffs and rare lavas which accumu- 
lated during early Silurian times. It is only moderately altered and the spectrum of compositions observed (53-69 wt% Si02) 
is thought to be primary. The major, trace and REE data unambiguously show that the volcanics are analogous to calc- 
alkaline series rocks found along modern convergent plate boundaries and imply the existence of an ensialic volcanic arc in 
the Appalachians, during Llandoverian times. 

The Lac Raymond Formation, the lateral equivalent of the Pointe aux Trembles Formation, comprises mafic sills of 
unknown age intruded in mudstones, epiclastics and tuffaceous sandstones. The sills are restricted to gabbroic composi- 
tions (49-54 wt% SO2) but their magmatic affinity remains ambiguous: they could either be equivalent to high-alumina 
basalts from volcanic arcs or similar to alkaline (?) basalts erupted in Gaspesie during lower Devonian times. Nevertheless, 
their REE distribution indicates that they are not cogenetic with the Pointe aux Trembles volcanics. 

La Formation de Pointe aux Trembles qui s'est accumulee au Silurien inferieur, est composee principalement de 
coul6es de breche, de conglom6rats volcaniques, de tufs et de rares Bpanchements de laves. Le chimisme de ces roches 
n'a 6te que legbrement affect6 par 11alt6ration et presente des variations de composition (53-69 wt% Si02) que I'on 
considere comme Btant primaire. Leurs teneurs en Blements majeurs, en elements traces et en elements des Terre-Rares 
prbsentent toutes les caractbristiques des series calco-alcalines que I'on retrouve actuellement a la frontiere de plaques 
convergentes. Les caract6ristiques chimiques impliquent aussi I'existence, pendant le Llandoverien, d'un arc volcanique 
ensialique dans les Appalaches. 

On trouve dans la Formation de Lac Raymond, I'bquivalent lateral de la Formation de Pointe aux Trembles, une s6rie 
de sills mafiques, qui se sont mis en place A I'interieur de mudstones, d'epiclastites et de grbs tufac6s et dont I'Age reste 
incertain. Les sills sont gabbroiques (49-54 wt% SO2) et leur affinite magmatique demeure cependant ambigue. lls 
pourraient s'apparenter autant aux basaltes hyper-alumineux associes des arcs volcaniques qu'8 des basaltes alcalins (?) 
semblables a ceux mis en place dans la peninsule gaspesienne pendant le Devonien inferieur. Leur contenu en 61ements 
des Terre-Rares indiquent toutefois qu'ils ne peuvent pas btre cogenetiques avec les roches volcaniques de la Formation 
de Pointe aux Trembles. 
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Introduction 

Silurian-Devonian assemblages are the most abundant 
group of rocks exposed in the northeastern Quebec Ap- 
palachians. However, the global tectonic evolution of these 
Siluro-Devonian terranes is still poorly understood. For exam- 
ple, there is a debate as to whether the deformation of these 
rocks results from large-scale intra-cratonic oblique compres- 
sion (Arthaud and Matte, 1977; Beland, 1982) or to collision at a 
plate boundary (Bird and Dewey, 1970; Ruitenberg et al., 1977; 
Osberg, 1978). One way of contributing to the problem is to 
establish, through the use of geochemical parameters, the 
tectonic environment of the volcanic and intrusive series found 
within these terranes. This method is not new and, in the 
Appalachians alone, several studies have shown the usefulness 
of this approach (e.g. Hynes, 1976; Strong, 1977; Pajari et al., 
1977; Pintson et a]., 1985). 

At present, geochemical studies of Siluro-Devonian rocks, 
from Gaspesie, have mainly focused on the younger magmatic 

products i.e. the late Silurian and lower Devonian volcanics of 
Gaspesie (Laurent and Belanger, 1984; Bbdard, 1985) and the 
Devonian granitoid intrusives (e.g. Whalen, 1985; Whalen and 
Gariepy, 1986). Here we report on the geochemistry of early 
Silurian volcanics from the Pointe aux Trembles Formation and 
of mafic sills from the Lac Raymond Formation to outline the 
main geochemical features of both units and discuss simple 
genetic implications; we defer a more elaborate study of their 
petrogenesis to a future publication. 

Geological outline 

The Pointe aux Trembles and Lac Raymond Formations are 
part of a sedimentary and volcaniclastic pile which stretches for 
125 km within the northeastern Quebec Appalachians, close to 
the boundary with the province of New-Brunswick and the 
state of Maine (Fig. 16.1). The belt likely extends southwest- 
ward, within the state of Maine, where a very similar sequence 
has been described (Boudette et al., 1976). The stratigraphy of 

. . . . . . . . . .  . . . . . . . . .  

. . . . . . . .  ---- 

. . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . .  

. . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . . .  upper SILURIAN 

Upper ORDOVICIAN 6. Lower SILURIAN 

LAC RAYMOND FM 

. . . . . . . . .  . . . . . . . .  POlNTE AUX TREMBLES FM 
. . . . . . . .  . . . . . . . . . . .  CABAN0 FM 

0 Middle ORDOVlClAN 

Figure 16.1. Generalized geologicalmap of the area showing the location of the Pointe aux Trembles and 
Lac Raymond formations (modified from David et al., 1985). 



the studied area has been summarized by David et al. (1985) and 
comprises Upper Ordovician (Caradoc) to Lower Silurian (Llan- 
dovery) rock units (see legend, Fig. 16.1). 

The lowermost unit, Cabano Formation, is a thick pile of 
coarse- and fine-grained terrigenous sediments. It is con- 
formably overlain by volcaniclastics and volcanics of the Pointe 
aux Trembles Formation, which have been assigned a Llandov- 
ery C,., age (Lesperance and Greiner, 1969). The Lac Raymond 
Formation is a lateral equivalent of the Pointe aux Trembles 
Formation (Fig. 16.1) comprising mostly terrigenous sedimen- 
tary rocks intruded by mafic sills. Both the Pointe aux Trembles 
and Lac Raymond formations are unconformably overlain by 
Upper Silurian limestones. 

Lajoie et al. (1968) considered the lowermost Cabano For- 
mation as unconformably overlying Middle Ordovician units 
which have been deformed during the Taconic Orogeny. Recent 
fieldwork has, however, brought up evidence that the contact 
between the Taconic domain and the Upper Ordovician to 
Lower Silurian (UO-LS) sequence is more likely a fault zone. 
The UO-LS sequence is located in a sector that Williams and 
Hatcher (1983) considered as the southwestern limit of the post- 
Taconic continental margin: accordingly this miogeocline 
should comprise a continental sedimentary series. The UO-LS 
sequence, however, shows relatively deep marine facies (David 
et al., 1985) and the sedimentary and volcanic rocks must have 
accumulated farther away from the continental margin, in a 
series of basins that were tectonized during the Acadian 
Orogeny. This could, in part, explain the lack of similar se- 
quences within the Siluro-Devonian stratigraphy of the north- 
eastern Quebec Appalachians. 

Petrography and sampling 

The Pointe aux Trembles and Lac Raymond formations 
appear to be homoclinal units which barely show any evidence 
of internal deformation: no cleavage is present within the vol- 
canic rocks and the volcanic fragments present in breccia or 
conglomeratic flows are not not elongated or rotated along the 
regional schistosity. However, both units have been moderately 
altered and metamorphosed. The metamorphic grade is sub- 
greenschist, and prehnite and pumpellyite are frequently 
found as amygdule fillings and in the matrix of volcaniclastic 
flows together with quartz and chlorite. Epidote is ubiquitous 
in the whole sequence and systematically fills the fracture 
planes. However, when compared to other prehnite-pum- 
pellyite grade rocks (Gelinas et al., 1982, Zen, 1974; Ritcher and 
Roy, 1976) the alteration is less pervasive: more than 50% of the 
thin sections examined still contained plagioclase in the range 
An,, to An,, instead of the albite-epidote-calcite assemblage 
characterizing the most altered samples. 

Several types of volcanic rocks are present within the 
Pointe aux Trembles Formation; these were sampled in a pro- 
portion that roughly represents their field abundance. Most of 
the samples were collected along stratigraphic cross-sections 
which were measured in detail. 

The most abundant group of rocks, representing more 
than 50% of the unit, comprises flow breccias and volcanic 
conglomerates containing lava and tuff fragments (generally 
5 to 50 cm in diameter) of intermediate to felsic composition. 
The lava fragments generally show trachytic textures and vari- 
able grain size (0.1 to 5 mm). Some fragments contain 5 to 20% 
of amygdules (1 to 5 mm in size) whereas others are completely 
massive. Their oxidation state varies from west to east becoming 
less oxidized eastward. In addition, the proportion of highly 
felsic fragments decreases eastward. The samples collected 
from the flow breccias are lava fragments covering the range of 
petrographic types observed in the field. Several lava fragments 

were sometimes collected within the same flow horizon in order 
to evaluate the range of chemical compositions present in a 
single flow. 

The second group of rocks selected for analysis are tuff 
horizons interstratified with the flow breccias. These tuffs are of 
two different types. A crystal tuff horizon outcrops close to the 
top of the Lac Temiscouata type-section (Fig. 16.1). It comprises 
massive beds, 30 to 50 cm thick, covered by a thin layer of fine 
ash; this horizon can be followed over a distance of 15 km. The 
tuff beds are made of broken plagioclase laths, angular frag- 
ments of clinopyroxene and rare fragments of basic and inter- 
mediate volcanics set in a dust of altered and oxidized glass. 

The other tuff horizon analyzed is located close to the base 
of the section, within the central part of the formation, to the 
northeast of Lac du  Pain de Sucre (Fig. 16.1). It is a vitreous tuff, 
more than 4 m thick, made of very thin beds showing undulose 
laminations. A third type of tuffaceous horizon is present in the 
Pointe aux Trembles Formation which is more widespread than 
the former two. However, this material was not analyzed as we 
believe it to be tuffaceous sandstones which did not accumulate 
through volcanic events. 

The third group of samples analyzed are from rare inter- 
mediate lava flows which are found in the topmost portion of 
the formation. Some of these flows formed highly vesicular 
pillow lavas. The lavas contain plagioclase (30 to 50%) and 
clinopyroxene (5 to 15%) phenocrysts set in a matrix of pla- 
gioclase microlites, oxides and glass. 

Finally, a group of gabbro samples was analyzed in order to 
evaluate if their occurrence within the Lac Raymond Formation, 
the lateral equivalent of the Pointe aux Trembles Formation, 
could be genetically linked to the extrusive rocks. These gab- 
bros occur as irregular 20 to 70 m thick sills which extend later- 
ally over a distance of 3 km. The sills are located about 4 km to 
the northeast of Lac des Echos (Fig. 16.1) and they were in- 
truded in the upper half of the Lac Raymond Formation, in 
mudstones, epiclastics and tuffaceous sandstones. The sills are 
massive and show very little textural or grain size variation, 
except for thin quench zones at their borders. They display 5 to 
10 mm long plagioclase phenocrysts set in a fine grained matrix 
of clinopyroxenes and opaques. No country rock xenolith has 
been observed within the sills and no dyke has been found 
within the Lac Raymond Formation or in the underlying units. 
Although the sills must be younger than the Lac Raymond and 
Pointe aux Trembles formations, their age remains unknown 
ar.d they could be significantly younger than the UO-LS se- 
quence. However, these must have been intruded before the 
UO-LS sequence was juxtaposed on the Taconic domain as the 
gabbro sills and the volcanics show the same regional meta- 
morphic grade. 

Analytical techniques 

The samples were reduced into centimetre-sized frag- 
ments using a hydraulic piston and only the freshest, vein-free 
fragments were powdered in a tungsten carbide shatter-box. 
The geochemical analyses were completed at the Universite de 
Montreal using the following techniques: major element analy- 
ses were carried out on glass discs using an automated X-ray 
fluorescence (XRF) spectrometer; the CO, and H,O + contents 
were measured by gas chromatography using the method out- 
lined by Brooks et al. (1969); trace element analyses were com- 
pleted by XRF on pressed powder pellets (Schroeder et al., 1980) 
except for Sc, Cr, Co, Cs, As, Sb, Hf, Ta, Th, Uand the rare-earth 
elements (REE) which were determined by instrumental neu- 
tron activation analysis using the SLOWPOKE reactor and the 
method of Bergerioux et al. (1979). 



Table 16.1 Representative chemical analyses from the Pointes aux Trembles and Lac Raymond formations. 

GABBROS FRAGMENTS TUFS LAVA 

# 398 451 184 4F4 4F24 4FA 4FC 2TV 5TL 1LAV 
G G G F F F F T T L 

SiO, 
TiO, 

Fez02 
MnO 
MgO 
CaO 
Na20 
&O 
'2'5 

H 2 0  + 

co2 
Sc 
Cr 
Co 
Ga 
Rb 
Sr 
Y 
Zr 
Nb 
Hf 
Ta 
Th 
u 
La 
Ce 
Nd 
Sm 
Eu 

. Tb 
Yb 
Lu 

- nd: not determined 
- major elements are expressed in wt% and normalize to 100% on a volatile-free basis. 
- trace elements are expressed in ppm. 

Results modified bv secondarv events. First, in more than half of the 

Representative rock analyses are listed in Table 16.1 and 
the data currently available are illustrated in Figures 16.2 to 16.5. 
In this paper, the data obtained on the gabbro sills are plotted 
together with the results from the Pointe aux Trembles vol- 
canic~; however, and as mentioned above, we do not a priori 
imply that both magma suites are cogenetic. 

Major elements 

The major element distribution is shown on binary di- 
agrams (Fig. 16.2) using the silica content as a differentiation 
index (note that the elemental abundances are expressed in 
molar percentage). The use of other common differentiation 
indexes, such as the FeMg ratio or the MgO content, would 
essentially yield similar variation patterns. 

When dealing with metamorphosed rocks, one important 
question is to assess whether part, if not most, of the geo- 
chemical variations were caused by interactions with fluid pha- 
ses. There are several observations which indicate that the com- 
position of the gabbro sills and the volcanics was not pervasively 

rocks examined, the clikopyroxene and plagioclase are primary. 
Second, the CO, content of the samples is systematically low 
and rarely exceeds 0.2 wt%. Thirdly, the elements which are 
usually very mobile (such as the alkalis or the alkaline earths) 
are not correlated with the water content of the samples. How- 
ever, the rocks show H 2 0 C  contents up to 4.3 wt% and MgO is 
positively correlated with H 2 0  whereas both FeO* and SiO, are 
negatively correlated (see Fig. 16.2F). In our opinion, this is only 
reflecting the higher proportion of mafic minerals (easily trans- 
formed into chlorite and epidote) present in the more mafic 
samples. Nevertheless, this interpretation is not taken for 
granted and the problem will be evaluated through future geo- 
chemical studies. 

Altogether, the samples analysed show a wide spectrum of 
silica contents: the gabbro sills vary from 49 to 54 wt% SiO, 
whereas the volcanics are more evolved, ranging from 53 to 
69 wt% SiO,. The former are thus restricted to basaltic composi- 
tions while andesites, dacites and rhyodacites are present 
within the Pointe aux Trembles Formation with the andesites 
and dacites being, by far, the most abundant rock types. The 
salient features of the eruptive series are summarized below: 



Si02(rnol.0/o) Si02(mol.%) 

Figure 16.2. Representative variation diagrams of the major elements expressed in molar %, except for 
H,O+ (wph). Open circles = fragments from conglomeratic and breccia flows; triangles = lavas; squares 
= tuffs, filled circles = gabbro sills. 
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Figure 16.3. Major element discriminant diagrams showing 
the boundary between calc-alkaline (CA) and tholeiitic (TH) do- 
mains. Boundaries are taken A.: from lrvine and Baragar (1971) 
and B., C. and D.: from Miyashiro (1974). Values are in WP/O and 
symbols as in Figure 16.2. 

1) The volcanics are silica sursaturated and yield 3 to 20% 
normative quartz. 

2) Within a given conglomeratic or breccia flow, the fragments 
show a variation of their chemical composition that is sig- 
nificantly larger than the analytical precision. However, in a 
given flow, the range in composition remains relatively nar- 
row and does not spread over the entire range observed in 
the volcanic pile. 

3) The major elements show a coherent behaviour with the 
MgO (7.4 - 0.8 wt%), MnO, FeO* (10.5 - 3.5 wt%), CaO 
(9.2 - 1.8 wt%), TiO, (2.1 - 1.6 wt%) and P20, (0.4 - 
0.2 wt%) contents decreasing with increasing silica satura- 
tion level (Fig. 16.2A, B, C, G, H). The tuffs and lavas plot 
coherently with the fragments, suggesting that they are 
cogenetic. 

4) The alumina content is high, ranging mainly from 17 to 
19 wt%, and AI20, defines a negative trend with increasing 
SiO, contents (Fig. 16.2E). 

5) The alkali content is relatively high, with Na,O and K20 
ranging from3 to 8 wt% and 0.7 to3.3 wt% respectively, but 
is not apparently correlated with the silica content 
(Fig. 16.2D). 

One of these observations needs to be emphasized, as it is 
not commonly seen in fractionated series: TiO, and P,O, do not 
behave as incompatible elements indicating either that their 
abundances are controlled by mineral phases present on the 
liquidus or by mixing phenomena. 

When compared to the eruptive rocks, the gabbro sills 
exhibit, on most diagrams, very similar geochemical trends 
(Fig. 16.2). The gabbros, however, are restricted to the silica- 
poor end of the range and show correspondingly higher MgO 
(5 - 7.5 wt%), FeO* (7.5 - 10.5 wt%), C a 0  (4.8 - 9 wt%), TiO, 
(1.3 - 2.1 wt%) and P20, (0.24 - 0.41 wt%) contents as well as 
lower Na,O (3 - 5.8 wt%) and K,O (< 1.5 wt%) abundances. 

On the AFM diagram of Figure 16.3A, the samples show a 
trend of enrichment in alkali elements, a classical feature of calc- 
alkaline suites. This is confirmed by diagrams using FeO*/MgO 
as a differentiation index (Fig. 16.38-D) where most of the sam- 
ples plot within the calc-alkaline fields defined by Miyashiro 
(1974). No iron-enrichment trend is defined. Consequently, the 
alkali-enrichment trend of Figure 16.3A is most likely a primary 
feature and not due to pervasive alteration of the samples. 

Trace elements 

Selected trace elements are plotted against the silica con- 
tent in Figure 16.4. The gabbros have relatively low Rb, Ba and 
Sr contents in the range of 10 to 30 ppm, 250 to 600 ppm and 550 
to 700 ppm respectively. In comparison, the volcanics yield 
higher, but still overlapping abundances of Rb (20 to 80 ppm), 



Figure 16.4. Representative trace element abundances (ppm) plotted against the SiO, content (mol. %). 
Symbols as in Figure 16.2. 



Ba (130 to 1140 ppm) and Sr (360 to 760 ppm). Amongst these, 
only Sr displays a negative trend with increasing SiO, (Fig. 
16.4D) parallelling the calcium behaviour (Fig. 16.2C). The er- 
ratic distribution of Rb and Ba is not understood and could be 
due to alteration andlor more complex processes. 

The distribution of Sc and Co, which like Ni and Cr are 
controlled by mafic mineral phases, is shown in Figure 16.4A 
and B. The Co content varies from 30 to 40 pprn in the gabbros 
and from 16 to 35 pprn in the volcanics whilst the Scabundances 
range from 22 to 35 and 7 to 20 pprn respectively. Both elements 
show well defined negative trends with increasing differentia- 
tion. 

In several cases the so-called incompatible elements do not 
behave as such in the eruptive rocks. For example, Zr (430 - 
190 ppm) and Y (30 - 10 ppm) display negative trends (Fig. 
16.4E, H) while Nb and La show flat distributions (Fig. 16.4F, G). 
The gabbro samples show essentially the same trends except for 
Zr which does behave as an incompatible element (Fig. 16.4E) in 
the sills. 

Rare-earth elements 

Chondrite normalized REE patterns for the various rock 
types are presented in Figure 16.5. The fragments sampled in 
the conglomeratic and breccia flows exhibit essentially parallel 
patterns with La contents in the range of 50 to 110 times 
chondrite, (LalYb), ratios in the range of 12 to 20 and no impor- 
tant Eu anomaly. On the basis of their REE patterns, the tuff 
samples are indistinguishable from the fragments (Fig. 16.5A) 
confirming that they are cogenetic. Similarly, the lavas exhibit 
REE patterns parallel to the fragments (Fig. 16.5B), but slightly 
more fractionated and with negative Eu anomalies, suggesting 
a plagioclase control. In comparison, the gabbro samples (Fig. 
16.5C) exhibit slightly lower light REE contents and significantly 
higher abundances of heavy REE, corresponding to (La/%), 
ratios in the range of 6 to 9. 

Discussion 

Based on the geochemical data presented above some con- 
straints can be placed on the magmatic affinity and the pro- 
cesses involved in the fractionation of the Pointe aux Trembles 
and Lac Raymond igneous rocks. 

The Pointe aux Trembles volcanics exhibit several of the 
classical features of orogenic andesitic suites (Gill, 1981) associ- 
ated with convergent plate boundaries. Firstly, they are quartz 
normative and rich in alumina, and they do not define any iron- 
enrichment trend (Fig. 16.3). Their low content of transition 
metals (Ni, Cr, Co and Sc) is also compatible with this inter- 
pretation while their alkali abundances (Na, K, Rb, Ba) are 
comparable to those of high-K andesites: however, we do not 
know to what extent the alkali content has been modified by 
secondary processes. Nevertheless, other trace elements, usu- 
ally considered less mobile, also indicate that the volcanics are 
similar to high-K calc-alkaline suites. These are the high Sr 
(>500 ppm) and Th (>5 ppm) contents and the high T W  (>4), 
La/Ta (>30) and LaITa (>3) ratios (see Gill, 1981). Similarly, the 
REE abundances and the L a m  ratios are comparable to those of 
high-K andesitic suites and the decrease of heavy REE and Y 
contents with silica, although not typical, has been reported 
from calc-alkaline suites of continental margins (Gill, 1981). 

Secondly, there is good evidence that the spectrum of com- 
positions observed in the Pointe aux Trembles volcanics evolved 
through fractional crystallization: 

1) Based on outcrop area, the largest proportion of the suite 
is made of andesitic materials ( ~ 7 0 % )  and only a small 

Figure 16.5. Whole-rock REE data normalized to chondritic 
abundances (Taylor and Gorton, 1977). Shaded field = frag- 
ments from conglomeratic and breccia flows (7 analyses), 
(A) tuff samples; (6) lavas; (C) gabbros (8 analyses). 



proportion is dacitic (2.20%) or rhyodacitic (-10%); this is 
close to what would be expected from fractional crystalliza- 
tion of a single parent magma. 

2) The decrease of MgO, FeO*, CaO, Al,?, and of the transi- 
tion metals with silica can be explained by removal of 
clinopyroxene (?), hornblende and plagioclase. 

3) Removal of magnetite or ilmenite would short-circuit the 
iron enrichment process and explain the decrease in Ti con- 
tent with silica. This, however, would not explain the be- 
haviour of an element like Zr which has a high field 
strength, and does not enter magnetite or ilmence (Gill, 
1981). 

4) The observation that incompatible elements such as P, Y or 
Zr, show consistent decreases throughout the suite is taken 
as evidence for a control by accessory phases such as apatite 
and titanite (e.g. Exley, 1980; Fourcade and Allegre, 1982). 

5) Fractionation of hornblende plus plagioclase could explain 
the absence of important Eu anomalies: hornblende has a 
lower partition coefficient for Eu than the trivalent REE 
(Arth and Baker, 1976), and it could compensate the op- 
posite effect caused by plagioclase fractionation. 

Alternatively, several of the linear trends illustrated in Fig- 
ures 16.2 and 16.4 could be explained by mixing between two 
components. At present, this is considered improbable on the 
basis of the following observations: 

1) There is no petrographic evidence, such as corroded or 
resorbed xenocrysts, for widespread mixing. 

2) The felsic end member would have to be silica-rich, ex- 
tremely depleted in compatible elements and in some in- 
compatible trace elements (e.g. Zr, Y and Sr), while curi- 
ously undepleted in others (e.g. Nb or La). 

3) The high viscosity of such magmas would work against 
efficient mixing. 

Nevertheless, this possibility will have to be evaluated 
when more data are available, especially considering that 
crustal contamination or assimilation would promote crystal 
fractionation. The problem of the ultimate origin of the andesitic 
magmas is beyond the scope of this paper. 

The magmatic affinity of the Lac Raymond gabbros is more 
difficult to ascertain as a large part of the chemical variations 
observed might result from fractionation during the cooling and 
crystallization of the sills: see for example the behaviour of Zr 
with silica (Fig. 16.4E). On one hand, the gabbros exhibit sev- 
eral features characterising calc-alkaline basaltic series. 

1) They do not show any iron-enrichement trend (Fig. 16.3) 
and have a high alumina content. 

2) They have relatively low abundances of the transition metals 
(Sc and Co). 

3) On a ternary Ti/100 - Y/3 - Zr diagram (not illustrated) they 
plot in the calc-alkaline basalt fields as defined by Pearce and 
Cann (1973). 

On the other hand, when compared to high-alumina 
basalts from the Circum-Pacific region (e.g. Lopez-Escobar et 
al., 1977), they yield higher TiO,, P,O,, Cr, Sr and heavy REE 
abundances. Actually, they closely look like early Devonian 
basalts from Gaspesie which were analyzed by Laurent and 
Belanger (1984). These authors equally hesitated to assign this 
type of composition to either one of a high-alumina or an 
alkaline series (Laurent and Belanger, 1984). Future work on the 
chemistry of the clinopyroxenes might help solving the di- 
lemma. Nevertheless, the gabbros are probably not genetically 
linked to the Pointe aux Trembles volcanics. This can be shown 
by comparing the chemical composition of gabbro (sample 

number 184) to that of lava (sample 1LAV; Table 16.1). Both 
samples have a similar bulk composition but exhibit radically 
different REE patterns: they cannot be linked by fractional crys- 
tallization of any phase assemblage and must be derived from 
different parent magmas. 

Conclusion 
The Pointe aux Trembles volcanic suite exhibits all the clas- 

sical features of calc-alkaline series rocks formed at convergent 
plates boundaries, indicating that subduction was active in the 
Appalachians during early Silurian times. This may have im- 
portant implications for reconstructing the tectonic history of 
the northeastern Quebec Appalachians but should be consid- 
ered a preliminary interpretation. 
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Abstract 

Four new U-Pb zircon analyses f rom two bodies o f  granit ic orthogneiss f rom the Yukon-Tanana 
terrane i n  western Yukon Terr i tory (Selwyn Gneiss and F i f t ymi le  Batholith) establish crystal l izat ion 
ages for these units o f  355.4 +13.7/-6.1 Ma and 362.4 +10.2/-5.5 Ma, respectively. These bodies are 
therefore correlat ive wi th  the Simpson Range Plutonic Suite i n  southeastern Yukon Terr i tory i n  terms 
o f  age, lithology, and U-Pb systematics. 

Quatre nouvelles analyses radiochronologiques ont k t 6  effectuees sur des zircons provenant de 
deux masses d'orthogneiss granitique du terrane Yukon-Tanana, dans I'ouest du Yukon (gneiss de 
Selwyn e t  bathol i te Fiftymile). Ce t te  datat ion b I 'U-Pb revble que ces unites se sont cristall iskes il y 
a 355,4 + 13,7/-6,l M a  e t  362,4 + 10,2/-5,5 Ma, respectivement. I 1  est donc possible d'etablir une 
correlat ion entre I ' ige, la l ithologie e t  la systgmatique U-Pb de ces roches e t  de celles de la  suite 
plutonique de Simpson Range dans le  sud-est du Yukon. 



Introduction Sample  descriptions and analyt ica l  resul ts  

Grani t ic  orthogneiss forms an  important component of 
t h e  Yukon-Tanana t e r r ane  in west-central  Yukon Terr i tory  
(Fig. 17.1). Although M esozoic metamorphic  mineral ages  
a r e  available f rom severa l  of t hese  orthogneiss bodies, 
intrusive ages  a r e  poorly constrained. Tempelman-Kluit and 
Wanless (1980) reported U-Pb zircon analyses for  two  
sepa ra t e  gneiss bodies, t he  Selwyn Gneiss and Fiftymile 
Batholith (Fig. 17.1). In t h a t  study, t h ree  zircon f rac t ions  
were  analyzed f rom each sample,  and results suggested a 
middle or l a t e  Paleozoic (probably Permian) a g e  fo r  t h e  
Selwyn Gneiss, and an  ear ly  or middle (probably Devonian) 
a g e  for  t h e  Fiftyrnile Batholith. All of t h e  analyses were  
very  discordant,  however, t h e  ca lcula ted  concordia in t e rcep t  
ages  were  somewhat equivocal. Subsequent U-Pb and Rb-Sr 
dat ing s tudies  of grani t ic  orthogneiss in t h e  Yukon-Tanana 
t e r r ane  of western Yukon (Mortensen, in press) and 
southeas tern  Yukon (Mortensen, 1983, and unpublished data ;  
Mortensen and Jilson, 1985), and in t h e  extension of t h e  
t e r r ane  into Alaska (Aleinikoff et al., 1981a, b; Dusel-Bacon 
and Aleinikoff, 1985) have identified two  major periods of 
granitoid intrusion, in Early Permian and in L a t e  Devonian- 
Early Mississippian t ime. Bet ter  resolution of emplacemen t  
ages  for  t h e  Selwyn Gneiss and Fiftymile Batholith was  
the re fo re  desirable. To th is  end, four additional analyses 
have been carr ied  ou t  on zircon separa ted f rom t h e  original 
concen t ra t e s  studied by Templeman-Kluit and 
Wanless (1980). Together with t h e  earlier analyses, t h e  new 
da ta  provide relatively precise crystall ization ages  for t h e  
t w o  bodies, and permit regional correlations with intrusive 
events  recognized elsewhere in t h e  ter rane .  

Analytical  techniques 

Analytical  techniques for  t h e  original analyses, which 
were  done in 1974, a r e  discussed in  Tempelman-Kluit and 
Wanless (1980). Zircon f rac t ions  analyzed were  separa ted 
f rom t h e  less magnet ic  bulk concen t ra t e  by sieving, and 
consisted of a t  leas t  95% zircon; fur ther  purification by 
handpicking was not employed. The new analyses repor ted  
he re  a r e  f rom samples t h a t  were  carefully handpicked f rom 
t h e  leas t  magnet ic  portion of t h e  original zircon concen t ra t e s  
t o  isolate t h e  most euhedral, f rac ture-  and inclusion-free 
grains fo r  analysis. This mater ia l  was then spli t  i n to  a 
weakly paramagnet ic  and a nonmagnetic f rac t ion using a 
magnet ic  "pin" as described by Krogh (1982a). Both f rac t ions  
were  abraded t o  remove su r face  portions of t h e  grains which 
a r e  most  susceptible t o  a l tera t ion and Pb-loss (Krogh, 198213). 
Chemical procedures were  modified f rom Krogh (1973) and 
concentration da ta  were  obtained using a mixed 2 0  ' p b P 3  5~ 
t r ace r  prepared by Krogh and Davis (1975). Isotopic analyses 
were  carried ou t  on a MAT 261 mass  spect rometer  equipped 
with a fully adjustable multiple collector and e lec t ron 
multiplier, using d a t a  collection procedures outlined by 
Roddick et al. (in press). 

Complete  analytical  results for  both t h e  1974 analyses 
and t h e  new analyses a r e  shown in Table 17.1. Analytical  
results for  t h e  1974 analyses repor ted  by Templeman-Kluit 
and Wanless (1980) have been recalculated using an init ial  
nonradiogenic Pb composition corresponding t o  350 Ma  on t h e  
Stacey and Kramers  (1975) two-stage growth curve, and t h e  
U and Th decay constants  recommended by Steiger and 
Jager  (1977). Discordia line parameters  have been calcula ted  
with a modified York I1 line-fitting model (Parrish and 
van Breemen, 1985). All er rors  a r e  reported at t h e  
95% confidence level. 

Selwyn Gneiss 

The Selwyn Gneiss is  a compositionally homogeneous, 
variably foliated biotite-hornblende granodiorite,  which 
occurs a s  a gently dipping sheet  about  2 k m t h i c k  
(Templeman-Kluit and Wanless, 1980). Zircons in t h e  
analyzed sample  a r e  euhedral,  stubby (1ength:width of 2-3), 
and completely colourless. Most grains analyzed were  
completely f r e e  of inclusions, although a smal l  percentage 
contained fine, colourless rods and tubes. The re  was  n o  
evidence of xenocrystic cores  in  any of t h e  grains analyzed. 

Five zircon analyses f rom Selwyn Gneiss a r e  plotted in 
Figure 17.2. The t h r e e  original analyses were  t ightly 
clustered slightly below concordia a t  about 275 Ma. The new 
analyses yield considerably older Pb/U and Pb/Pb ages. A 
best-fit line through all  of t h e  d a t a  has a M.S.W.D. of 2.69, 
and calculated upper and lower corcordia in tercept  ages  of 
355.4 +13.7/-6.1 Ma and 156.2 +88.0/-93.5 Ma, respectively.  
The old analyses a r e  38 t o  43% discordant,  whereas  t h e  new 
analyses a r e  only 6.5% discordant. This much reduced 
discordance corresponds t o  t h e  much lower U-content of t h e  
zircon da ted  in this study (213-238 ppm vs. 724- 1155 ppm, 
Table 17.1). The d a t a  a r r ay  i s  considered t o  r e f l ec t  normal 
discordance due  t o  post-crystallization Pb-loss, and t h e  upper 
in tercept  age  of 355.4 M a  (Early Mississippian) is  therefore  
t h e  best  e s t ima te  for t h e  crystall ization of t h e  Selwyn 
Gneiss. 

K-Ar metamorphic  ages  (recalculated with decay 
constants  recommended by Steiger and Jager ,  1977) fo r  
bioti te f rom this sample,  and for  b iot i te  and muscovite 
f rom a sepa ra t e  sample  of Selwyn Gneiss f rom about  
3 km t o  t h e  northwest a r e  167.5 ? 6 Ma, 165.0 ? 6 Ma, and 
164.1 i- 6 Ma, respectively (Templeman-Kluit and Wanless, 
1975). These ages  a r e  c lose  t o  t h e  ca lcula ted  lower in t e rcep t  

Figure 17.1. Distribution of grani t ic  orthogneiss (dense 
stipple) in t h e  Yukon-Tanana t e r r ane  (hatchure) in western  
Yukon Terr i tory  and eas tern  Alaska. Sample locali t ies a r e  
shown by solid circles; FB = Fiftyrnile Batholith; SG = Selwyn 
Gneiss. Modified f rom Tempelman-Kluit and Wanless (1980), 
Dusel-Bacon and Aleinikoff (1985), and Mortensen (in press). 
Terrane boundaries f rom Monger and Berg (1984). 



a g e  fo r  t h e  U-Pb zircon analyses (156.2 Ma); however, 
because  of t h e  very l a rge  e r ro r s  associa ted  with th is  lower 
i n t e r cep t  age,  t h e  similari ty is  not necessari ly significant.  

Fiftymile Batholith 

Where sampled, t h e  Fiftymile Batholith is  a banded, 
gneissic, b io t i te  qua r t z  monzonite containing up t o  25% by 
volume of K-feldspar augen. Younger fe ls ic  sills a r e  wide- 
spread and locally abundant within t h e  unit. Zircons 
sepa ra t ed  for  analysis were  very pale pink t o  very pake 
yellow, euhedra l  grains with square  cross-sections and 
pyramidal t o  slightly rounded terminations.  Most grains 
conta in  abundant thin colourless rods and i r regular  tubes ,  but 
t h e r e  was  no evidence for  xenocrystic cores.  

The th ree  1974 zircon analyses (A-C) a r e  plotted in 
Figure 17.3, along with t w o  new analyses (D-E). The t h r e e  
original analyses, when recalcula ted ,  form a l inear a r r ay  t h a t  
nearly parallels concordia. The two  new analyses plot near 
point C (Fig. 17.3), but considerably c loser  t o  concordia.  
Although together ,  t h e  f ive  points st i l l  def ine  a crudely l inear 
ar ray ,  t h e  highly precise analyses of f r ac t ions  D and E, in 
comparison t o  t h e  very high blank level,  l a rge  amount  of 
included nonradiogenic Pb, and consequently low measured 
20"b/204Pb (202.8) obta ined for  point C make th is  point 
suspect.  A best-fit line through t h e  remaining four points 
yields upper and lower in tercept  ages of 362.4 +10.2/-5.5 Ma 
and 102.2 +79.3/-82.5 Ma, respectively,  with a M.S.W.D. 
of 0.16. Because of t he  large  er rors  associated with point C, 
i t s  inclusion in t h e  regression does not significantly a f f e c t  
t h e  quali ty of f i t  (M.S.W.D. = 1.0) or t h e  ca lcula ted  in tercept  
ages  (362.6 +10.4/-5.6 Ma and 104.1 +79.1/-82.4 Ma). Ages 
and associa ted  er rors  ca lcula ted  without th is  point, however, 
a r e  considered t o  be  t h e  mos t  reliable. As with t h e  Selwyn 
Gneiss sample,  t h e r e  is  no evidence for  an  inherited 
xenocrystic zircon component  f rom ei ther  grain appea rance  
o r  f rom isotopic sys temat ics ,  and observed discordance is 
a t t r i bu t ed  t o  simple Pb loss. 

Table 17.1. Analytical da t a ,  U-Pb analyse 

Although t h e  K-Ar metamorphic  age  of 100.0 + 3.7 Ma 
(Templeman-Kluit  and Wanless, 1975, reca lcula ted  t o  new 
decay constants)  on b io t i te  from the  Fi f tymile  Batholith is  
very close t o  t h e  ca lcula ted  lower i n t e r cep t  a g e  (102.2 Ma), 
t h e  large  er rors  associa ted  with t h e  lower in tercept  age  
indica te  t h a t  th is  similari ty is not necessari ly significant.  

Discussion 

Field mapping and geochronological s tudies  of grani t ic  
o r t  hogneisses in s eve ra l  portions of t h e  Y u kon-Tanana 
t e r r a n e  in Yukon and Alaska have resulted in t h e  recognition 
of t h r e e  dist inct  intrusive even t s  based on lithology, age ,  and  
Sr and U-Pb isotopic sys temat ics .  The most  widely 
distributed of t hese  includes large  bodies of grani t ic  t o  
qua r t z  monzonitic augen orthogneiss t ha t  range  in age  f rom 
about  360 t o  340 Ma (Early Mississippian; Mortensen, 1983, 
in press, unpublished da t a ;  Mortensen and Jilson, 1985; 
Aleinikoff e t  al., 1981a, b; Dusel-Bacon and Aleinikoff, 
1985). These rocks  a r e  generally s t rongly  S-type in 
cha rac t e r ,  and typically display ex t r eme ly  high Sr init ial  
rat ios.  Xenocrystic co re s  a r e  present in most  zircon 
sepa ra t e s ,  and a n  inher i ted  Early Proterozoic  Pb component 
i s  ref lec ted  in most  U-Pb zircon analyses. 

A second plutonic sui te ,  t e r m e d  t h e  Simpson 
Allochthonous Assemblage by Templeman-Kluit  (1979) and 
t h e  Simpson Range Plutonic Suite by Mortensen (1983) and 
Mortensen and Jilson (1985), does not appear  t o  be a s  
widespread a s  t h e  augen gneiss suite.  The plutons consist of 
hornblende-bioti te qua r t z  d ior i te  t o  qua r t z  monzonite,  and 
yield U-Pb zircon ages  of 370 t o  350 Ma (La te  Devonian t o  
Early Mississippina; Mortensen, 1983; Mortensen and Jilson, 
1985). They a r e  typically I-type in cha rac t e r ,  and Sr init ial  
r a t i o s  a r e  generally less than0.710. No evidence for  
inherited co re s  i s  s een  in e i t he r  t h e  zircon sepa ra t e s  
themselves,  o r  in t h e  U-Pb isotopic composit ions.  

,s of zircon 

5ampLc ~haracteristics~ i 4 t .  (mg) Pb Concentrations( m)"^ Measured 1soto ic Corn ositions"" Isotopic A 

s,,. blank total ::* 2 0 6 ~ ~ ~ 2 0 4 ~ ~  2 0 6 ~ ~ * , 2 3 8 ~  2 ~ 7 p b C 1 2 ~ 5 U  207pb*,206pb* 207pb*,206:b* -- 

Fiftymile BatholithB 

A$ -37 21.70 3.94 850.1 41.67 495.0 0.04278 (2.2) 0.31242 (2.2) 0.052965 (.28) 327.2 

BS 37-44 10.03 2.03 868.6 44.95 310.7 0.04498 (2.2) 0.32992 (2.2) 0.053196 (.28) 337.0 

I Notes: I 

i $ All samples are from the least magnetic zircon Praction; A = abraded; <M = monmagnetic with "pin"; >M  = magnetic with "pin". 
* Pb* denotes radiogenic Pb (after removal of blank). 

**  Corrected for blank Pb. Errors in isotopic compositions (in parentheses) are given in percentage at the 95% confidence level. 
$ Analyses from Tempelman-Kluit and Wanless (1980), recalculated with revised U and Th decay constants and initial 

I nonradlogenic Pb composition. 
@ New analyses, using mixed 2 0 5 ~ o / 2 3 5 ~  tracer. 
* Ssmple localities: Selwyn Gneiss, 6Z036'00"N; 137°15'00"u; Fiftymile Batholith, 63"47'30"N; 140°28'00"W. 

. 
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Figure  17.2. U-Pb concordia plot for Selwyn Gneiss zircon analyses. Open symbols represent  early 
analyses recalcula ted  f rom Tempelman-Kluit and Wanless (1980); solid symbols a r e  new analyses. 

A third,  somewhat  younger intrusive su i t e  has only been 
recognized in t h e  Klondike Dis t r ic t  of west-central  Yukon 
(Mortensen, in press). A single body of batholi thic 
dimensions, named t h e  Sulphur Creek  Orthogneiss,  is  present  
in th is  area .  It is  a gneissic b io t i te  qua r t z  monzonite,  and has 
yielded a concordant U-Pb zircon age  of 263.8 ? 3.8 Ma 
(Early Permian),  with no evidence  for  an  inherited 
Pb component (fvl ortensen, i n  press). 

Although Templeman-Kluit  (1979) and Tempelrnan- 
Kluit and Wanless (1980) suggested on lithological grounds 
t h a t  t h e  Selwyn Gneiss was  corre la t ive  with t h e  Simpson 
Range Plutonic Suite,  t he i r  ear ly  zircon results  appeared t o  
contradic t  this. The new d a t a  reported here confirm t h a t  
both t h e  Selwyn Gneiss and Fi f tymile  Batholith a r e  similar in 
both lithology and a g e  t o  t h e  Simpson Range  Plutonic Suite. 

Geochemical  and preliminary U-Pb zircon dat ing  resul ts  f rom 
t h e  westernmost  portion of t h e  Fiftyrnile Batholi th in Alaska, 
and f rom a sepa ra t e  orthogneiss body t h a t  immedia te ly  
adjoins i t  t o  t h e  west ,  however,  led Dusel-Bacon and 
Aleinikoff (1985) t o  include t h e  western  pa r t  of t h e  batholi th 
in t h e  su i t e  of S- type  augen orthogneiss. The  Fi f tymile  
Batholith may the re fo re  be a composi te  body of Devono- 
Mississippian a g e  consist ing of e l emen t s  of both t h e  Simpson 
Range Plutonic Sui te  and t h e  augen orthogneiss. 
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Figure 17.3. U-Pb concordia plot for Fiftymile Batholith zircon analyses. Open symbols represent  
early analyses recalculated f rom Templeman-Kluit and Wanless (1980); solid symbols a r e  new 
analyses. 
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Abstract 

Composed o f  leucogranite, hypabyssal porphyry and a variety o f  mainly felsic volcanic and 
pyroclastic rocks, the Ki l larney Triangle Zone lies a t  the southwest ext remi ty  o f  the exposed 
Grenvil le Front, forming a wedge between folded Huronian strata o f  the Southern Province and 
gneissic rocks o f  the Grenvil le Province. The granite intruded Huronian rocks and, along w i th  i t s  
related volcanic rocks, was deformed before northwest-directed displacement and associated 
mylonit izat ion that  mark the Grenvi l le Front Boundary Zone. The volcanic-plutonic suite may be 
related to  simi lar middle Proterozoic rocks that underlie much o f  mid-continental Nor th America. 

L a  zone triangulaire Kil larney, formee de leucogranite, de porphyre hypabyssal e t  d'une vari6t6 
de roches majori tairement volcaniques felsiques e t  pyroclastiques, se situe b 11extr6mit6 sud-ouest de 
la  part ie aff leurante du f ront  grenvillien; elle forme un  prisme entre les couches p l i sdes  huroniennes 
de l a  province du Sud e t  les roches gneissiques grenvilliennes. Le granite, qui injecte les roches 
huroniennes e t  oir se trouvent aussi des roches apparentees aux volcaniques, a 6 t6  deform6 avant le  
mouvement en direct ion nord-ouest e t  associt? l a  mylonit isat ion qui  caract6rise l a  zone l i m i t e  du 
f ront  grenvillien. La sequence volcano-plutonique est peut-btre re l i6e aux roches sernblables du 
Prot6rozo'ique moyen qui forment I'assise principale du mid-continent nord-am6ricain. 

Department o f  Geology, McMaster University, Hamilton, Ontario LBS 4 M l  



Introduction 

The crudely triangular study a r e a  l ies around t h e  se t t le -  
ment  of Killarney, Ontario,  and is  he re  te rmed t h e  Killarney 
Triangle Zone (KTZ; Fig. 18.1). It i s  bounded on t h e  north by 
Huronian metasediments  of t h e  Southern Province, and  t o  
southwest and south by Paleozoic cover and t h e  wa te r s  of 
Lake Huron. Mylonites of t h e  Grenville Front  Boundary 
Zone (GFBZ) f rom t h e  ea s t e rn  boundary, beyond which l i e  
undoubted Grenville Province gneisses and plutonic igneous 
rocks, some  of which prossess only weak or no foliation. The 
a r e a  is t raversed by Highway 637 which gives generally good 
access ;  numerous lakes ensure  well distr ibuted inland 
exposure for  t h e  most par t ,  but  t h e r e  a r e  nonetheless la rge  
patches  devoid of outcrop. The coas t  and nearby islands of 
Lake Huron afford excellent exposures. 

The overriding reason for  studying t h e  KTZ is t o  t r y  t o  
fix i t s  proper position in t h e  geological history of th is  portion 
of t h e  Precambrian of North America. It is  evident,  even on 
t h e  basis of t h e  incomplete mapping repor ted  here ,  t h a t  t h e  
KTZ conta ins  some  rocks  unlike t h e  genera l i ty  of t h e  
Southern and Grenville provinces, a s  well as  t h e  Killarney 
g ran i t e  which is  usually regarded as  one of t h e  several  
"granites" refer red  t o  a s  Grenville Front  g ran i t e s  or ,  more  
recently,  t h e  Killarney batholi th (Frarey,  1985). Rocks of 
somewhat  similar aspects  have been repor ted  f rom 
Proterozoic  te r ranes  in t h e  U.S.A.; they span an  a g e  range of 
1070-1790 Ma, (van Schmus, 1976) and have been regarded in 

pa r t  a s  anorogenic. It i s  remote ly  possible t h a t  KTZ rocks 
a r e  pa r t  of this assemblage.  More immedia te  goals involve 
detailed s t ruc tura l  and lithological mapping t o  supplement 
t h e  avai lable  gene ra l  map  (Frarey,  1985), and provision of a 
useful out l ine  of t h e  n a t u r e  of t h e  volcanic and plutonic 
rocks, and of t h e  s t ruc tura l  history. 

This is  a provisional repor t ;  mapping in summer  1985 
covered perhaps 70% of t h e  area .  Fur ther  work i s  required t o  
comple t e  t h e  map, and t o  refine boundaries and s t ructura l  
relationships now seen a s  inadequate.  

Lithologies 

The map (Fig. 18.1) gives a simplified out l ine  of the  
lithologies of t h e  area .  Detail  wai ts  on  petrography and 
chemis t ry ,  especially fo r  t h e  si l icic plutonic rocks. 

Huronian metasediments  

Along t h e  nor thern  edge  of t h e  KTZ, members  of t h e  
Gordon Lake, Bar River and Lorrain format ions  have been 
intruded and thermal ly  metamorphosed by t h e  Killarney 
granite.  The c o n t a c t  relationships a r e  displayed particularly 
wel l  on  t h e  islands nor thwest  of Killarney Village and on t h e  
mainland southwest  of La  Morandikre Bay, where  grani te  has 
wedged along bedding t o  pry a p a r t  and rip off l a rge  pieces of 
qua r t z i t e  and si l tstone.  

I ' Island 

Figure 18.1. Generalized distribution of lithologies in t h e  Killarney Triangle Zone (KTZ). 1 - Silicic 
plutonic rocks, including Killarney grani te ;  quar tz  monzonite.  l x  - Xenolith-bearing marginal phase. 
2a - 'Nail-head' porphyry. 2b - 'Pin-head' porphyry. 3 - Silicic f ragmenta l  volcanic and re la ted  rocks; 
includes monomict f ragmenta ls  a t  Red Rock Point,  polymict f r agmen ta l s  a t  South Point and 4 km t o  
t he  northeast .  4 - Andesitic volcanic rocks; includes airfall  ash and lapilli tuf f  a t  George Lake and 
vesiculated flow rocks a t  George Lake and La Morandikre Bay. 5 - Mylonitic zone. h - Huronian 
metasediments.  Stippled a rea  is covered by glacial  deposits. (a )  - Boundary of KTZ against  Huronian 
rnetasediments,  intrusive where  mapped t o  d a t e  (Grenville Front  of Frarey ,  1985). (b) - Grenville 
Front  Boundary Faul t  of Card (1978). (c)  - Grenville F ron t  Boundary Faul t  (Davidson, 1984; th is  
project). Le t t e r s  identify locations mentioned in the  text .  



Metavolcanics 

These rocks (Fig. 18.1) occupy much of t h e  KTZ and 
probably include high-level, hypabyssal intrusive rocks  
(as opposed t o  t h e  coarser  grained silicic plutonic rocks  
described below). 

i) South of LaMorandiGre Bay, enclosed in Killarney 
grani te ,  a r e  numerous xenoliths of andes i te ,  one  of 
them upwards of a k i lometre  long. This is a dark grey- 
green rock, mot t led  in outcrop. In la rge  xenoliths, 
t he re  a r e  signs of flow brecciation,  a s  well a s  signs of 
breakage due  t o  incorporation in t h e  granite.  Some 
patches  also appear flow-banded or t o  have a mildly 
fluidal fabr ic  mot t led  by feldspar phenocrysts. 

A possible andes i t ic  f low rock also outcrops  on t h e  
shore  of George  Lake, opposite t h e  western  beach of 
t h e  campsite.  This i s  vesiculated,  wea the r s  pa le  grey,  
and conta ins  amphibole and plagioclase. 

ii) Over much of t h e  area ,  t h e  marked (2) on  Figure 18.1, 
t he re  a r e  feldspar-phyric rocks, now with variably 
developed foliation. These weather  in shades of pink, 
but  may be  pink t o  dark  g rey  on a f resh  surface.  One 
f ac i e s  (2a) - a "nail head porphyry" - has feldspars up  
t o  5 mm in d i ame te r  s ca t t e r ed  through i t ,  but not  
aligned or clustered.  Another fac ies ,  2b, i s  a "pin- 
head porphyry" where  t h e  feldspar i s  never more  than 
2 mm across  (Fig. 18.2). Facies  2b l ies t o  t h e  south 
and e a s t  of 2a for  t h e  most par t ;  t h e  c o n t a c t  of t he  

two  f ac i e s  appears  t o  be  conformable  and no  
apophyses o r  xenoliths of one  have  been seen in t h e  
other.  A scan of th in  sec t ions  shows K-feldspar t o  b e  
strongly twinned, zoned, locally in glomeroporphyrit ic 
clusters,  and essentially undeformed. Groundmass 
includes quar tz ,  K-feldspar, a l i t t l e  plagioclase and 
muscovite a s  t h e  pers is tent  mineral  species. There  i s  
a limited prefer red  or ienta t ion  of muscovite, and, in 
some rocks, a tendency t o  str ips of matr ix  a l ternat ing  
with s t r ips  r ich in phenocrysts. These rocks  a r e  
in terpre ted  a s  porphyrit ic f lows or hypabyssal 
intrusives of si l icic composition. Marsh (1984) 
suggested t h a t  t h e  crystall inity - volume f rac t ion  of 
magma actua .11~ crys ta l l ized-  a s  t h e  magma 
approaches t h e  s i t e  of emplacement  o r  emission has an  
upper bound if t h e  magma  is t o  appear  a s  lava: 
50% crystall inity is  t he  bound for basalt  but  lower 
values apply a t  higher si l ica contents.  The porphyry 
has  a crystall inity ranging f rom 15 t o  40%, t rea t ing  
t h e  phenocryst  population a s  t h e  crys ta l  population 
just prior t o  emplacement ,  and t h e  matr ix  c rys t a l s  a s  
post-emplacement phases. This permi ts  a n  in terpre ta-  
t ion  of t h e  porphyry a s  lava; but s o  f a r ,  no  outcrop 
evidence  of f low processes have been seen in t h e  
porphyry. 

iii) In severa l  pa tches ,  assemblages  of volcanic c l a s t i c  
rocks, some  definitely pyroclastic,  a r e  exposed. A t  
Red Rock Point (Fig. 18.1, A) and f o r  250 m northeast ,  
outcrops reveal  (a) pumice-bearing pyroclastic rock 
~ o s s i b l y  innimbrit ic;  (b) autobreccia ted  flow with ashy 
h a t e r i a l  Elling large  irregular void spaces;  (c) poss ib~k 
thermally c r acked  and a l tered  flow mater ia l ;  a l l  sorne- 
what  intermixed (Fig. 18.3). 

Fa r the r  nor theas t  (Fig. 18.1, B) a quartz-rich ell iptical  
mass is  surrounded t o  ea s t ,  south and wes t  by a breccia.  The 
main mass  shows possible flow banding; t h e  breccia  is totally 
unorganized. Together t hese  a r e  tenta t ive ly  in terpre ted  a s  a 
rhyodact i te  dome/flow plus spall-off breccia  resting on 
porphyrit ic rock. 

Between 7 and 10 k m  eas t -nor theas t  of Red Rock Point, 
t w o  more  patches  of c l a s t i c  rocks, in terpre ted  a s  volcanic, 
outcrop along South Point at t h e  west  end of Philip Edward 
Island (Fig. 18.1, C)  and thence  eas t ,  and on t h e  north s ide  of 
t h e  channel 2 km e a s t  of South Point (Fig. 18.1, D). These 
pa t ches  a r e  flanked by porphyrit ic rock. Within these  out-  
c rops  t h e  rocks range f rom volcanic breccias  having 

Figure 18.2. "Pin-head" porphyry, without foliation. Figure 18.3. Presumed disrupted flow with a l tera t ion  zones 
About 3 km southwest of western  ti,p of Car ly le  Lake. along fractures.  Near  Red Rock Point. 



Figure 18.4. Lapilli tuf f ;  c las ts  not very obviously aligned; Figure  18.6- LapiJli t u f f ,  severely f l a t t ened ,  with a matr ix  
modera te  percentage  of ash matrix.  North side of Philip more  basic than clasts.  George Lake, west  end of  south arm. 
Edward Island, about 1 km e a s t  of South Point. 

Figure 18.5. Lapilli tuff;  c l a s t s  aligned by tectonism. Figure  10.7. Vesiculated and breccia ted  flow, probably 
Poorly sor ted ,  high percentage  of ash matrix.  West end of andesite.  George Lake, north shore of south arm.  
Philip Edward Island. 



apparently angular silicic clasts,  poorly so r t ed  and unaligned 
in a matrix of similar composition (Fig. 18.4) which forms up 
t o  50% of the  outcrop, t o  discontinuously striped outcrops 
which a r e  almost cer ta in ly  much deformed polymict breccias 
(see below, c l a s t  extension lineation). Between these  two  
extremes there  occur deformed but  recognizable breccias 
having perhaps 30% ash matrix (Fig. 18.5). All these  rocks 
a r e  lapilli breccias. 

There i s  another patch of possible lapilli breccia,  very  
poorly exposed, some 3 km inland f rom Collins Inlet  a t  t h e  
eas tern  boundary of the  a rea  (Fig. 18.1, E). All c las ts  a r e  
thoroughly extended. 

Figure 18.8. Coarse grained, r a the r  poorly sor ted  unlayered 
lapilli tuff on lef t  and right (due to  ash flow activity?);  airfall  
ashes in centre .  George Lake, north shore of south arm. 

Finally, at George Lake (Fig. 18.1, F) t h e r e  occur  silicic 
lapilli breccias  in a more  basic matr ix .  All c las ts  a r e  
thoroughly f la t tened and s t re tched (Fig. 18.61, locally 
defining a foliation oblique t o  primary layering. There is also 
vesiculated andesi te  (see above); and s o m e  finely layered 
mater ia l  agains t  t h e  andesi te  and also on t h e  eas t e rn  s ide  of 
the  southern a rm of the  lake which is in terpre ted a s  
probable a i r fa l l  ash or  perhaps a proximal epiclastic unit 
(Fig. 18.7, 18.8). 

These pyroclastic and possible pyroclastic uni ts  imply 
somewhat violent subaerial  explosive volcanic activity,  with 
this ac t iv i ty  occurring on top of a hypabyssal or  flow 
assemblage. A t  location B (Fig. 18.1) xenoclasts of 
ignimbrit ic f r agmen ta l  mater ia l  and of pink porphyrit ic (?) 
lava a r e  incorporated in possible flow-banded rhyolites. 

Silicic plutonic rocks 

Along t h e  western  and northern margins of t he  KTZ and 
also in i t s  c e n t r e  the re  a r e  extensive outcrops  of silicic 
plutonic rocks. So far ,  boundaries between the  two  major 
fac ies  a r e  recognized in  only t w o  places: one  in t h e  road c u t  
just e a s t  of t h e  res taurant  outside Killarney, and t h e  other  
southeas t  of t h e  res taurant  in a small  outcrop in t h e  bush. 

On t h e  western  the  northern margin, a s  mapped t o  date ,  
i s  Killarney granite.  This i s  a coarse  t o  very coarse  grained 
rock dominated by K-feldspar with about  20-25% quar t z  and 
a l i t t le  plagioclase. Bioti te ranges f rom near  z e r o  t o  10%. 
This confirms Card's (1978) designation of this rock a s  grani te  
and quar tz  monzonite. 

South and east of t h e  Killarney g ran i t e  is  a medium t o  
coa r se  grained leucogranite usually lacking dark  mica. There 
is also a pale purple, medium grained qua r t z  monzonite in 
outcrop along Highway 637, 1-2  km e a s t  of George Lake Park 
entrance. Nothing has  been established about  i t s  relationship 
t o  o the r  units. 

Figure 18.9. Foliation t rends  in the  KTZ. Regional foliation (Sf) is marked mainly by phyllosilicates 
and includes short-range (?) shears. Mylonitic foliation (5,) is res t r ic ted  to the Grenville Front 
Boundary Fault. Dips shown a re  local averages. 



All of t he se  rocks  have  e i t he r  no imposed fo l ia t ion  o r  
a n  indi f fe rent ly  developed  one.  

Pegma t i t e s  a r e  conf ined  mainly t o  t h e  e a s t e r n  pa r t  of 
t h e  a r e a  and  a r e  commonly  modified i n to  t h e  myloni te  series.  
Where no t  deformed,  t h e y  a r e  exceedingly c o a r s e  grained.  
They a r e  composed genera l ly  of abou t  60% K-feldspar and  
40% qua r t z ,  though t h e r e  i s  considerable var ia t ion  and  s o m e  
conta in  muscovi te .  

Boundaries range  f r o m  sharp  in a r e a s  away  f r o m  t h e  
mylonit ic  zone ,  and  w h e r e  t h e  pegma t i t e s  c u t  through t h e  
near-isotropic g r an i t e  and  porphyry, t o  somewha t  d i f fuse  in 
t h e  vicinity,  and  just t o  t h e  e a s t ,  of t h e  myloni te  zones. The  
sharply-bounded pegma t i t e s  c u t  across  t h e  planar s t r uc tu r a l  
e l emen t s  which have  been developed  in g r an i t e  and  porphyry. 

Kil larney g r a n i t e  obviously in t rudes  Huronian me ta -  
sediments.  I t  is t he r e fo r e  younger than  those  metasediments ,  
as i t  i s  a l so  probably younger t han  porphyry which i t  invades 
at t h e  southern  t i p  of Geo rge  Island. I ts  re la t ionship  t o  o t h e r  
si l icic p lu tonic  rocks  i s  cu r r en t l y  obscure.  One  ou t c rop  has  
been  i n t e rp r e t ed  a s  having Kil larney g r an i t e  c u t  t h e  medium 
gra ined  leucograni te ;  ano the r  sugges ts  t h e  inverse  
relat ionship.  Finally, xenoclas t s  of porphyry and  pumice-rich 
f r agmen ta l s  in r hyodac i t e  sugges t  t h a t  t h e  subaer ia l  
volcanics a r e  younger t h a n  t h e  porphyries and  t h e  
ignimbrites.  

Structure 

With s o  much ini t ial ly massive,  near-isotropic rock  in 
t h e  KTZ, deve lopmen t  of folds ha s  been  e x t r e m e l y  l imi ted  
and  t h e  genera t ion  of mesoscopic f a b r i c  e l e m e n t s  is a r ea l l y  
r e s t r i c t ed  and  qu i t e  var iab le  in c h a r a c t e r .  

c l e a r l y  primary.  Moving genera l ly  t o  t h e  e a s t ,  t h e r e  i s  
(a) t h e  appea rance  of zones  of s l igh t  d is tor t ion  of pr imary  
fabric:  s l ightly e l onga t e  feldspars,  s h o r t  w a f e r s  of qua r t z ,  
local ,  shor t - range  a l i gnmen t  of phyllosi l icates.  These  zones  
ra re ly  pers i s t  f o r  m o r e  t h a n  a f e w  m e t r e s  a n d  d iss ipa te  by 
anas tomosis  and  f inger ing  i n to  undeformed host .  Some  zones  
a r e  a c tua l l y  ve ry  s m a l l  shea r  zones ,  w i th  loca l  posit ive 
d i la t ion  marked  by q u a r t z  prec ip i ta t ion .  Such zones  appea r  
t o  b e  discoidal  and  a lways  have  X = Y >> Z. T h e r e  follows 
f a r t h e r  e a s t ,  (b) de f i n i t e  a l ignment  of  a g g r e g a t e s  of  minerals ,  
and  p r e f e r r ed  o r i en t a t i on  of minera ls ,  especial ly 

Foliat ion,  Sf (Fig. 18.9) Figure 18.10. Mylonit ic  fol iat ion.  No te  fe ldspar  "beads" i n  
fe ldspar - r ich  layer;  a l so  in t ra fo l ia l - s ty le  folds in upper  l e f t  

In t h e  f a r  wes t ,  t h e  Killarney g r an i t e  and  assoc ia ted  port ion of photo. Island south  of Philip Edward 
c o a r s e  gra ined  plutonic r ocks  l a ck  foliat ion.  Some  of t h e  Island (GFBZ). 
xenoli ths a r e  in te rna l ly  layered ,  bu t  such  layer ing  i s  

Figure 18.11. Lineation t rends  in t h e  KTZ. L - reg ional  l inea t ion;  L, - m e a n  long (X) ax i s  
of pyroc las t s ;  Lm - r i bbon  (s t re tch ing)  l ineation in t h e  myloni t ic  fol iat ion (5,). Plunges shown a r e  
local  averages .  



phyllosilicates, t o  yield a f a in t  but persistent planarity. In 
t h e  s a m e  rocks, t h e r e  may be  rounding and/or elongation of 
feldspars; and qua r t z  i s  fur ther  drawn out. Pa r t  a t  l ea s t  of 
this change in cha rac te r  is  due  t o  t h e  lithological change 
from coarse  grained silicic plutonics t o  finer grained, possible 
hypabyssal or volcanic rocks. 

This foliation persists t o  t h e  eas tern  boundary of the  
a rea ,  i t s  intensity being somewhat variable. Approaching 
that  boundary, however, i t  turns from ENE strikes to  NNE 
strikes,  towards parallelism with t h e  trend of mylonitic 
foliation of the  GFBZ. 

Mylonitic foliation, Sm (Fig. 18.9) 

Along t h e  eas t e rn  boundary of the  KTZ, t he re  occurs s 
s t r ip  about  200 m wide across strike,  within which all rocks 
have been drastically modified in to  members  of t he  mylonite 
series. There is no monotonic sense of change of fabric: 
ultramylonite layers may be sandwiched between layers 
which a re  protomylonite, each  with a differently developed, 
through parallel, foliation. This foliation appears  a s  layering 
down t o  scales  less than I mm; e a c h  layer  may be  ext remely 
persistent in mylonite developed f rom relatively 
homogeneous parent,  or  layers may change f rom pink t o  
white t o  pink again, a s  K-feldspar or quar tz  contributes t o  
t h e  layer. Grains shapes a r e  drastically changed in mylonitic 
layers, t h e  mos t  obvious examples being a quar tz  ribbon 
lineation and rolled feldspars with tails. Grain s ize  is  also 

Figure18.13. Fold in rnylonitic foliation, shown by 
lithological contras t .  Axial surface  is also the  plane of a 
rnylonitic foliation. Island south of Philip Edward 
Island (GFBZ). 

Figure 18.14. Outcrop pa t t e rn  of pinnate extension 
f rac tures  on a l ineated rnylonitic foliation surface.  
Movement up, f rom lower l e f t  t o  upper right,  of block above 
this surface.  

Figure 18.12. Isoclinal fold in mylonitic foliation. 
Note strung out and isolated feldspar. Small Island, 2.5 km 
southeast  of South Point (GFBZ). 

Figure 18.15. Poles to  planes of  shear zones. Circ les  a re  
left-handed, crosses a r e  right-handed shears. Implied 
principal s t r e s s  directions are :  01-110/00, 02 - vertical ,  
03 - 020/00, but  the  s c a t t e r  of points makes  such an 
implication weak. 



dras t ica l ly  changed; much mater ia l  is  barely resolvable under from the  few field occurrences  seen of C-S fabric.  The angle 
t h e  microscope. In outcrop, t he  two most spectacular between C and S planes is always less than 30°,  suggesting 
versions a r e  a very f ine  grained, grey-black, vaguely layered substantial  shear strain.  These kinemat ic  indicators occur 
rock with isolated rounded feldspars marginally comminuted only in rocks having mylonitic foliation, S,, and s t re tching 
(Fin. 18.10) and a  ink-and-white striped/layered rock, lineation, L,. 

F la t tened c las ts  

At George Lake, both eas t  and west  sides (Fig. 18.61, 
and also c lose  t o  Red Rock Point, pyroclasts a r e  obviously 
dis tor ted  in to  crude triaxial  ellipsoids, collectively aligned 
with thei r  XY planes defining a planarity not  visible in the  
matrix.  In both locations, Z is approximately horizontal, 
NNW-SSE; where  noticeably di f ferent  f rom Y, X has  a low 
plunge (<20°) ENE-WSW. In both locations, t h e  pyroclastic 
rocks l ie between units of much more homogeneous mater ia l ,  
which a r e  undeformed or nearly so. 

Clas t  extension lineation, Le (Fig. 18.1 1) 

In four of t he  outcrop patches of pyroclastic mater ia l ,  
c las ts  have been deformed in a very particular way. Seen in 
YZ section, c las ts  can appear angular, poorly sor ted ,  and 
non-aligned. But any sect ion containing X, roughly, shows 
these  c l a s t s  t o  b e  markedly extended and strongly aligned, 
such t h a t  X > Y = 2,  with X/Y reaching 10 in one case.  The 
parallelism of X axis is  very strong*Le, measured a s  mean X, 
i s  invariably horizontal  o r  subhorizontal. No c leavage occurs  
in such cases. 

Folds, with fold axes, Lf 

A very few folds have been defined, a l l  of  them small, 
non-regional. They fall  in to  two  groups: 

a. Isoclinal t o  subisoclinal folds, found mainly on small  
islands south of Philip Edward Island, close t o  o r  in 
t h e  GFBZ. Folds a r e  developed in mylonitic foliation with 
rounded feldspars do t t ed  along t h e  limbs (Fig. 18.12). In 
one of these  folds, a mylonitic foliation l ies parallel t o  
t h e  axial surface  (Fig. 18.13). In all  such folds, lineation 
is  highly consistent (see  below) in s ty le  and orientation. 

b. Somewhat open folds with rounded axial zones, a lso  
developed in mylonitized, pegmatite-bearing rocks. Fold 
axes  a r e  of moderate  plunge but inconsistent in 
orientation. The quartz-ribbon lineation of t h e  mylonitic 
foliation is bent around these  folds, t o  give a qu i t e  e r r a t i c  
distribution when plotted on a stereonet.  These a r e  post- 
mylonitization a t  leas t  locally. 

All these  folds occur in, and very close to, t h e  GFBZ; 
no folds have been seen elsewhere. 

Mylonite "stretching" lineation, Lm (Fig. 18.11) 

In a l l  mylonite outcrops, t he re  i s  a lineation. 
Commonly th is  i s  a f l a t  ribbon of quartz,  perhaps with 
s t r e t ched  feldspar accompanying i t ,  but  t he re  is  also a 
ribbing on many foliation surfaces  not totally of one mineral 
which i s  just a s  conspicuous as t h e  ribbon lineation. In t h e  
absence of l a t e r  folding, th is  "stretching" lineation is 
remarkably consistent in orientation. 

Kinematic indicators 

In t h e  mylonites, ro t a t ed  feldspars with ta i l s  occur in 
abundance locally. In the  same  mylonite, pinnate e n  echelon 
extension f r ac tu res  (Fig. 18.14) c u t  t he  quar tz  ribbon 
lineation. Both imply southeas t  over northwest thrus t ing on  
highly inclined planes. The s a m e  inference  can  b e  drawn 

1 generalized or ienta t ion of these  
e ~ I I U W I I  in Figures 18.9 and 18.11. 

Fractures  and faul ts  

The en t i r e  a r e a  i s  c u t  by joint s e t s  which ex tend  f rom 
t h e  KTZ into  t h e  Southern Province at least .  Most of t hese  
a r e  unexceptional, but t h e r e  i s  a double f r a c t u r e  se t ,  
presumed t o  be conjugate,  which meri ts  comment .  Zones of 
discoloured rocks a r e  actually occupied by s e t s  of e n  echelon 
di la tant  cracks. Some of these  gape  up t o  0.5 cm;  o the r s  
conta in  qua r t z  filling. For any given local s e t ,  (a) set 
orientation is very consis tent  over severa l  zones; (b) s e t  
spacing is  locally fairly constant;  (c)  individual c racks  in a 
zone a r e  very consistently spaced, and equally consistently 
oriented; (d) t h e  angle between an  individual f r a c t u r e  and set 
mean orientation rare ly  exceeds  20°, and (e) every  individual 
crack is curved a t  i t s  tips, and shows a slight "twist" of i t s  
overall  plane moving up t h e  crack. The two  s e t s  have a 
dihedral angle between them ranging f rom I 0  t o  40". 
Sinistral s e t s  outnumber dextra l  s e t s  by a f a c t o r  of 3 at least .  
These s e t s  a r e  s o  unlike t h e  generali ty of f r ac tu res  here  tha t  
they may well imply a n  independent mechanism. Fur ther  
work is t o  clarify this possibility. 

Orientations of t hese  f r ac tu re  ar rays  a r e  qu i t e  varied; 
Figure 18.15 i s  a s tereoplot  of poles t o  f r ac tu re  zones. There 
is no sys temat ic  distribution of these  f r ac tu res  in t e r m s  of 
thei r  s t r ike  direction; they a r e  clearly l a t e r  than any o the r  
s t ructura l  fea ture ,  bu t  do not  imply a unique s t r e s s  field as 
being responsible for  t he i r  formation. 

Faul ts  a r e  hardly eve r  seen;  but t h e r e  a r e  a few places 
where  airphotos show conspicuous l ineaments,  which turn  out  
t o  have s t r ips  and patches  of ca t ac l a s t i c  b recc ia  in 
appropriate outcrops. Neither sense nor amount  of displace- 
men t  can be  determined. Trends of such faul ts  coincide with 
one or  another  of t h e  common regional joint trends,  and seem 
t o  have no connection with GFBZ. 

Comments  and conclusions 

The abundance of silicic plutonic rocks and of subaerial  
volcanics of comparable  composition clearly sets t h e  KTZ 
a p a r t  f rom t h e  Southern Province; probably a lso  f rom t h e  
Grenville Province, though the re  is  a chance t h a t  such rocks 
might occur ,  much deformed and recrystall ized beyond 
recognition, in Grenville assemblages. 

I t  s eems  c lear  also t h a t  t h e  KTZ can  b e  viewed a s  a 
volcanic-plutonic complex (cf. Davidson, 1984). The grani tes  
can be  seen a s  solidified sources for t he  overlying pyroclastic 
rocks. Distribution of pyroclastic mater ia l  i s  patchy; in par t ,  
outcrop is  probably missing, bu t  in pa r t  this ref lec ts  an  
original discontinuous distribution. 

Deformation has  a f f ec t ed  these  rocks in severa l  steps. 
A foliation and lineation has  been produced in t h e  porphyries, 
and, t o  a lesser ex ten t ,  in t h e  silicic plutonic rocks. This 
foliation i s  variably developed, but generally i s  more  
obviously expressed in t h e  eas t e rn  portion of t h e  area.  
Probably a t  t h e  s a m e  t i m e  as  foliation development,  c las ts  in 
t h e  pyroclastic rocks w e r e  f l a t t ened  and elongated. There  
were  clearly s t e e p  s t r a in  gradients  between pyroclastic and 
flow rocks; a lso  variations in t h e  fo rm of t h e  s t ra in  ellipsoid, 
f rom discoidal (X = Y > Z) a t  George Lake t o  blade-like a t  
Red Rock Point (X > Y > Z), t o  cigar-shaped (X >> Y = Z) on 
Philip Edward Island. 



Superimposed on this ear l ier  fabr ic  is  a mylonitic 
foliation and lineation along the  eas tern  margin of t h e  KTZ. 
Mylonite ranges from protomylonite t o  ultramylonite, with 
isolated rota ted  feldspars in an  ultra-fine grained matrix a s  
the  ex t r eme  version. Ribbon lineation is powerfully 
developed. Nearby the re  a r e  a few examples of C-S fabric. 
This fabr ic ,  rolled feldspars and pinnate shear f rac tures  in 
the  ribbon lineation all  imply a southeast  side up-and-over 
displacement on th is  mylonitic foliation of GFBZ. 

Clearly,  substantial  shortening of th is  block is implied 
by t h e  flattening and extension of clasts;  and by t h e  
mylonites, which suggest overthrusting f rom southeast  t o  
northwest.  
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Abstract 

The southern Long Range consists of four, fault-bounded segments, namely the Steel Mountain Terrane, dominated 
by an anorthosite massif; the Central Gneiss Terrane, composed of metasedimentary gneisses intruded by granite and 
granodiorite and containing thin (3-300 m), elongate (up to 50 km) strips of tectonized ultramafic rocks; the Annieopsquotch 
Terrane, dominated by gabbro and diabase of ophiolitic affinities and overlain by Silurian redbeds and acid volcanics; the 
Rocky Ridge Pond Terrane composed of migmatitic metasedimentary rocks invaded by megacrystic biotite granite. On the 
west rocks of the southern Long Range are unconformably overlain by easterly-derived Carboniferous sedimentary rocks. 

In the Steel Mountain and Central Gneiss terranes, mesoscopic fold axes tend to trend north to northwest. Structures 
in the Rocky Ridge Pond Terrane trend northeast. All terranes are cut by a multitude of faults and high strain zones, both 
ductile and brittle. Faults coinciding with terrane boundaries are major transcurrent faults. Northeast to southwest trending 
faults and high-strain zones are post-Lower Ordovician. However, some of the major transcurrent faults like the Long Range 
Fault may date back as far as the Grenvillian Orogeny (1100 Ma). 

Resume 
La region sud du complexe de Long Range est constitube de quatre segments limites par des failles, notamment la 

region de Steel Mountain dominee par un massif d'anorthosite; la r6gion de Central Gneiss, composee de gneiss 
metasbdimentaires A intrusion de granite et de granodiorite, et contenant de tongues bandes (jusqu'a 50 km) minces (3 a 
300 m) de roches ultramafiques tectonisees; la region d'Annieopsquotch dominee par du gabbro et de la diabase a affinites 
ophiolitiques et recouvertes de couches rouges et de roches volcaniques acides du Silurien; la region de Rocky Ridge 
Pond, composee de roches metasedimentaires migmatitiques envahies de granite biotite renfermant des macrocristaux. 
A I'ouest, les roches de la r6gion sud du complexe de Long Range sont recouvertes de fa~on discordante par des roches 
sedimentaires du Carbonifere provenant de I'est. 

Dans les regions de Steel Mountain et de Central Gneiss, les axes mbsoscopiques des plis sont orient& vers le nord 
et le nord-ouest. Dans la region de Rocky Ridge Pond, les structures sont orientees vers le nord-est. Une multitude de 
failles et de zones de deformations blevbes de roches A la fois mallbables et cassantes recoupent toutes les regions. Les 
failles qui co'incident avec les limites de ces regions sont d'importantes failles a dbplacement horizontal. 

1 Contribution to the Canada-Newfoundland Mineral Development Agreement 1984-1989. Project carried by Geological 
Survey of Canada. 
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Newfoundland. Distribution of 1:50 000 map sheets is indicated. 



Introduction 

The southern Long Range of western Newfoundland 
forms an elevated, deeply dissected plateau underlain by a 
variety of plutonic rocks. Due to difficulty of access, geological 
complexity and the reconnaissance nature of previous geo- 
logical mapping, the geological history of this region was poorly 
understood. Williams (1979) showed the boundary between his 
Humber and Dunnage tectonostratigraphic zones passing 
through this region. The Humber Zone displays Precambrian 
Grenville basement and a late Precambrian to early Paleozoic 
cover sequence, locally veneered by early Paleozoic ophiolitic 
allochthons derived from the Dunnage Zone. Similar succes- 
sions have been suggested southeast of the boundary drawn by 
Williams (1979), for example by Brown (1975,1977) and by Herd 
and Dunning (1979). However, Chorlton (1980,1983) and Wilton 
(1983) did not see any conclusive evidence for exposure of Gren- 
villian basement to the southwest of the study area. The region 
northeast of the southern Long Range (Topsails Terrane; Fig. 
19.1) exhibits an assemblage of massive, epizonal igneous rocks 
separated from surrounding terranes by major tectonic breaks 
(Whalen and Currie, 1983a,b). The relatively equant shape of 
the Topsails region suggests that western Newfoundland could 
be a tesselate assemblage of terranes (e.g. Whalen and Currie, 
1984; Keppie, 1986), rather than a few elongate strips as en- 
visaged by Williams (1979). Uncertainties in the geological inter- 
pretation of southwestern Newfoundland strongly affect large- 
scale interpretation of the Appalachian Orogen, since this re- 
gion is one of the links between the much studied geology of 
north-central Newfoundland and the rest of the Appalachians. 

In order to resolve problems of correlation and structure in 
this key region, a helicopter-supported operation was launched 
to map the whole of the southern Long Range (Fig. 19.1) at 
1:100 000 scale. During the 1985 field season the Dashwoods 
Pond (NTS 12Bl1) and Main Gut (NTS 12Bl8) map sheets were 
completed, as well as parts of Harrys River (NTS 12Bl9E) and 
Little Grand Lake (NTS 12Al12). Much of this area was pre- 
viously covered by 1:250 000 reconnaissance maps (Riley, 1957, 
1962). In addition, parts of Puddle Pond (NTS 12Al5) and King 
George IV Lake (NTS 12Al4) were examined in order to integrate 
the mapping of Herd and Dunning (1979) and Kean (1983) with 
the present work. 

The barren uplands of this region generally exhibit good 
bedrock exposure, although parts of the Dashwoods Pond sheet 
are largely drift covered. In the wooded valleys, exposure is 
poor or non-existent. 

General geology 

The southern Long Range consists of at least four distinct 
terranes separated by tectonic breaks. West of the Long Range 
Fault (Fig. 19.1) in the Steel Mountain Terrane (Humber Zone), 
anorthosite, tonalite-diorite, norite and hornblende-biotite and 
psammitic gneiss form a basement of presumed Grenvillian age 
which is overlain by lower grade pelitic to calcareous schists, 
probably correlative with the Fleur de Lys Supergroup of late 
Precambrian to early Paleozoic age (Knapp et al., 1979; Mar- 
tineau, 1980; Kennedy, 1981; Hibbard, 1983a,b; Williams, 1985). 
Autochthonous Cambrian and Ordovician carbonate units lie 
northwest of this terrane (Kennedy, 1981; Williams, 1985). To the 
west Carboniferous sedimentary rocks unconformably overlie 
or are in fault contact with the igneous and metamorphic rocks 
(Knight, 1983). 

The Central Gneiss Terrane (Fig. 19.1), between the Long 
Range Fault and the Lloyds RiverIVictoria River faults, consists 
of migmatized psammitic, pelitic and calcareous gneiss in- 
truded by numerous, large plutons of late tectonic granite to 
granodiorite. The paragneisses, perhaps equivalent to the Fleur 

de Lys Supergroup, contain several thin strips of foliated, 
mostly serpentinized, ultramafic rocks. The northeastern por- 
tion of the Central Gneiss Terrane consists mainly of fine 
grained diabase and medium grained gabbro intruded by minor 
amounts of granite to diorite. This region may be a separated 
portion of the Annieopsquotch Terrane. 

Between the Lloyds River Fault and the Victoria River Fault 
the rocks consist mainly of medium grained gabbro and fine 
grained diabase intruded by minor late tectonic granite to gra- 
nodiorite (Annieopsquotch Terrane). A large portion of the 
mafic rocks has been interpreted to be part of an ophiolite 
fragment (Dunning and Herd, 1980; Dunning, 1981,1984; Kean, 
1983) of Lower Ordovician age (480 Ma; Dunning and Krogh, 
1985). These rocks are unconformably overlain by a Silurian 
sequence of red sandstone and felsic volcanics (Chandler and 
Dunning, 1983). Along the southeastern side of the Annieops- 
quotch Terrane, a belt of volcanic rocks and sediments was 
correlated by Kean (1983) with the Ordovician Victoria Lake 
Group (Kean, 1977) and Devonian (Emsian; C. McGregor, per- 
sonal communication, 1981, in Chandler, 1982) Windsor Point 
Group. This belt pinches out to the southwest, and should 
perhaps be considered a separate terrane. 

Southeast of the Victoria River Fault (Rocky Ridge Pond 
Terrane) the rocks consist of medium grained granoblastic para- 
gneisses (including volcanics?) intruded by large plutons of late 
tectonic granites, many of them megacrystic (Kean, 1983). 
Large-scale compilation maps (Williams, 1978; Hibbard, 1983b) 
show this region as part of the Central Mobile Belt (Gander and 
Dunnage Zone) of Newfoundland, but lithologically the rocks 
at a distance of up to 5 km (in the northeast) or 15 km (in the 
southwest) from the Victoria River Fault resemble those of the 
Central Gneiss Terrane. Farther southeast rocks are of typical 
Dunnage and Gander Zone affinity. 

Description of rock units 

At present we consider correlation of units between the 
four terranes defined above to be quite speculative. We there- 
fore describe the lithological units in each terrane separately, 
and subsequently suggest possible correlations. 

Steel Mountain Terrane 

The Steel Mountain anorthosite (Fig. 19.2, unit S1) forms a 
body 40 by 15 km on the west side of the Long Range Fault. Two 
small, presumably related bodies of anorthosite occur just to the 
north of the main mass. The Steel Mountain anorthosite con- 
sists mainly of a white to mauve, medium grained, polygonal, 
recrystallized anorthosite with a colour index less than 10. Pri- 
mary and layered igneous textures are locally preserved. Spec- 
tacular anorthositic pegmatites, with pyroxene crystals up to 
3 m long, occur west and north of Dennis Pond. Pockets and 
layers of titaniferous magnetite are often present (Baird, 1943, 
1954). Noritic phases are common. Much of the anorthosite is 
pervasively epidotized. Two sparse swarms of amphibolite 
dykes, one trending northwest, the other northeast, cut the 
anorthosite. The Steel Mountain anorthosite is a massif-type 
anorthosite (Simmons and Hanson, 1978), and resembles the 
Grenvillian Indian Head anorthosite (Hey1 and Ronan, 1954; 
Colman-Sadd, 1974) located some 15 km to the west. 

Along its eastern margin, the Steel Mountain anorthosite 
contains enclaves up  to several kilometres across of tonalite- 
diorite and norite (unit S2). Although the tonalite-diorite locally 
displays good foliation, the bulk of these rocks are essentially 
massive. Contacts between these rocks and the anorthosite are 
very poorly exposed and unambiguous crosscutting relations 
were not observed. The tonalite-diorite and norite probably 
represent facies of the Steel Mountain anorthosite. 
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Figure 19.3. Conglomerate of Silurian (?) age or younger 
(unit S7), south of Grand Lake. Sample is 23 cm long. 
GSC-204318 

Hornblende-biotite gneiss occurs south of Grand Lake 
(unit S3). These rocks consist of alternating, plagioclase- and 
hornblende-rich layers, a few millimetres thick, which may 
show intricate small-scale folding. Numerous layers of psam- 
mitic gneiss up  to 10 cm thick form 10 to 60% of the outcrop. 
Biotite locally veneers the amphibole. Migmatitic "sweats" of 
granite occur as thin seams, or as spectacular ellipsoids up to 
30 cm in diameter. No contact between the hornblende-biotite 
gneiss and the Steel Mountain anorthosite complex has been 
observed. 

Metasedimentary schists of low metamorphic grade (unit 
S4) occur near the Long Range Fault in the Grand Lake area. 
Other units in this sequence, described by Martineau (1980) 
include marble and calcareous pelitic schists. Most outcrops of 
this sequence are strongly deformed, so that the schists are 
phyllitic, or show cataclasis. These rocks have been correlated 
with the late Precambrian-early Cambrian Fleur de Lys Super- 
group (Knapp et al., 1979; Kennedy, 1981; Hibbard, 1983a,b; 
Williams, 1985). 

The hornblende gneiss and metasedimentary rocks are 
intruded by granites (unit S6) which may be massive, mega- 
crystic or strongly foliated. Locally, these leucogranites are 
strongly peralkaline (riebeckite + aegirine +I-aenigmatite) as 
noted by Whalen and Currie (1984). The most typical feature of 
the peralkaline rocks is the widespread pseudomorphic re- 
placement of the mafic minerals by ilmenite. Granite types 
range from one feldspar, peralkaline varieties, through various 
two feldspar leucogranites, to spectacular hybrid rocks, appar- 
ently formed by mixing of acid and basic components. They are 
correlated with similar Silurian intrusive rocks of the Topsails 
Terrane (Fig. 19.1; Whalen et al., in press). 

Cambrian and/or Ordovician carbonate units of the Grand 
Lake Brook and Table Head groups (S5) are in thrust contact 
with the metaplutonic and metasedimentary rocks to the south- 
east (Kennedy, 1981; Williams, 1985). These carbonate units were 
not studied by us. A variably deformed, but low grade meta- 
morphosed conglomerate (unit S7; Fig. 19.3) contains cobbles of 
granites resembling those of unit S6. The occurrence south of 
Grand Lake is probably surrounded by faults. The con- 

glomerate is younger than the Silurian (?) granites (unit S6) and 
is correlated with Knapp's (1982) Silurian (?) Red Point Forma- 
tion outcropping along the southwest shore of Glover Island 
(unit S7; Fig. 19.1, 19.2), 13 km to the northeast. Carboniferous 
conglomerate and sandstone of the Bay St. George Subbasin, 
mainly derived from sources southeast of the Long Range Fault 
(Knight, 1983), unconformably overlie the Steel Mountain 
anorthosite in the southwestern corner of the map area. West 
and northwest of the Steel Mountain anorthosite the contact is 
probably faulted (compare Riley (1962) and Knight (1983) who 
showed the whole contact as a fault). 

Central Gneiss Terrane 

The oldest rocks of the Central Gneiss Terrane comprise 
tightly folded, medium- to high-grade psammitic and cal- 
careous gneisses (Fig. 19.4), with minor pelitic and marble inter- 
beds (unit Cl). Boudinaged amphibolitic layers and inclusions 
are common, and may be composed entirely of mafic minerals. 
Trains of amphibolite inclusions may be highly deformed and 
disrupted dykes. In the region south of Dennis Pond, parag- 
neisses are well preserved, but elsewhere the gneisses are 
highly recrystallized, and commonly exhibit a medium grained 
granoblastic texture with prominent feldspar porphyroblasts 
(Fig. 19.5). Stromatic and nebulitic migmatites exhibit ghost 
stratigraphy suggesting that they are first cycle migmatites. 

Psammitic paragneisses in the southeastern half of the 
Central Gneiss Terrane contain abundant gedrite-pyrite-mag- 
netite instead of the more usual hornblende-biotite-magnetite 
assemblage. In the area around Cormacks Lake zones richer in 
pyrite weather out as conspicuous 1-5 m wide rusty zones (Herd 
and Dunning, 1979). Some quartzo-feldspathic gneisses east of 
Dashwoods Pond exhibit similar mineralogies (see also 
Chorlton, 1980, p. 8 for the southern extension of this unit). At 
present we are uncertain whether these gedrite-bearing 
gneisses represent a facies of a single paragneiss sequence, or 
should be considered as a separate unit. 

Granitoid rocks (units C2 and C6) comprise the bulk of the 
Central Gneiss Terrane. In broad terms, the granitoid rocks fall 
into two categories, namely inclusion-rich foliated hornblende- 
biotite granite (unit C2), and presumably younger, leucogranite 
or biotite granite to granodiorite which are massive to weakly 
foliated (unit C6), or megacrystic (unit C7) with locally preferen- 
tially oriented feldspar megacrysts. Presently available informa- 
tion suggests units C6 and C7 are of similar age. Each granite 
type exhibits a considerable range in composition and struc- 
ture, and further subdivision of the granite may be possible 
with additional fieldwork. The hornblende-bearing granite 
commonly develops adjacent to metasedimentary rocks, exhib- 
its transitions to migmatite, and contains numerous inclusions 
of the paragneiss. The leucocratic and biotite granites to gra- 
nodiorites in many cases form discrete, well-bounded plutons 
which are massive or weakly deformed. 

The northeastern part of the Central Gneiss Terrane is 
underlain by weakly deformed gabbro and diabase (unit C3). 
Diabase has a subophitic texture and contains more plagioclase 
than the gabbro. Despite poor outcrop, it can be shown that the 
mafic rocks form large northeast striking units intruded by 
sheets and veins of granite to diorite, probably offshoots of 
units C6 and C8. Coarser grained gabbro (unit C3) forms bodies 
throughout the Central Gneiss Terrane, and locally exhibits well 
developed igneous layering (e.g. along the Burgeo Road (Route 
480), 6 km east of the Long Range Fault). One gabbro body 
(16 km north-northeast of Cormacks Lake) contains a 200 m 
thick serpentinite (unit C4) layer. Zircon dating (Dunning, per- 
sonal communication, 1985) and a K-Ar hornblende date (455k 
65 Ma; R.K. Herd, Stevens et al., 1982, p. 47) of the gabbro 
body (unit C3) at and south of the Burgeo Road (Route 480), 



Figure 19.4. Tightly to isoclinally folded psammitic and pelitic paragneisses (unit Cl). Fold axes plunge 
steeply, axial planes dip subvertical. Geological hammer for scale. GSC-204311. 

Figure 19.5. Granoblastic psammitic paragneiss with feldsparporphyroblasts (unit C1). Match for scale. 
GSC-204311-C. 



5 km southeast of the Long Range Fault (Fig. 19.2), suggest that 
some of these mafic plutons may have been emplaced in the 
uppermost Lower Ordovician, although the zircons suggest a 
complex history. 

Small diorite-tonalite plutons (unit C8) occur throughout 
the Central Gneiss Terrane. East of Dennis Pond, such a pluton 
clearly truncates a massive granite (unit C6). Diorite-tonalite 
plutons often contain mafic inclusions, possibly derived from 
the gabbro-diabase complex (unit C3). Dunning (personal com- 
munication, 1985) obtained an uppermost Lower Ordovician 

age on zircons from these rocks along the Burgeo Road (Route 
480), 7.5 km east of the Long Range Fault. A K-Ar determination 
on hornblende from a deformed tonalite, also along the Burgeo 
Road (Route 480) but more to the east, gave a similar age (455k 
14 Ma; R.K. Herd, 3 Stevens et al., 1982, p. 46). 

The most distinctive units of the Central Gneiss Terrane are 
thin (3-300 m), highly deformed serpentinite layers (unit C4), 
locally associated with deformed gabbro (units C3 and C5), in 
the paragneisses (unit Cl). Commonly gneisses on opposite 
sides of such layers appear to be identical. Paragneiss- 

Table 19.1: Pd, Pt and Au analyses (in ppb) of serpentinized dunite(?), harzburgite and diabase from the Central Gneiss 
Terrane and the Annieopsquotch Terrane. Samples from ophiolite (?) slivers (SDZ = sheeted dyke zone). Analyses by 
Bondar-Clegg & Company Ltd., Ottawa. Method fire assayIDC plasma. 

Sample Element (in ppb) 
number Pd Pt Au Location Rock type Unit 

10 km SSW of Dennis Pond 
10 km SSW of Dennis Pond 
south of Portage Lake 
south of Portage Lake 
south of Portage Lake 
south of Portage Lake 
17 km SSW of Dennis Pond 
17 km SSW of Dennis Pond 
18 km NNE of Cormacks Lake 
18 km NNE of Cormacks Lake 
Annieopsquotch Complex 
Annieopsquotch Complex 
Annieopsquotch Complex 
10 km NE of Dennis Pond 
3 km SW of Little Grand Lake 
3 km SW of Little Grand Lake 

serpentinized dunite (?) 
same sample 
serpentinized dunite 
same sample 
same sample 
harzburgite 
serpentinized dunite (?) 
same sample 
serpentinized dunite (?) 
same sample 
m.gr. diabase in SDZ 
very f.gr. diabase in SDZ 
m.gr. diabase in SDZ 
serpentinized dunite (?) 
harzburgite 
harzburgite 

Figure 19.6. Highly deformed serpentinite with isoclinal folds (?), mostly with broken hinges. Dark layers 
oblique to dominant foliation (around coin) are later asbestos veins. Serpentinite strip (unit C4) 10 km south- 
southwest of Dennis Pond. GSC-304311-K. 



serpentinite contacts are parallel to the foliation in each rock 
unit. Both units are highly deformed. Internally the mafic- 
ultramafic layers may be isoclinally folded (Fig. 19.6). Chromite 
and magnetite may occur as thin seams (Fig. 19.7) or as dis- 
persed euhedral crystals. Veins of talc and asbestos are com- 
mon. Serpentinite layers in the northwestern part of the terrane 
are commonly partially chloritized. The serpentinite layer 
south of Portage Lake exhibits well preserved igneous texture, 
and displays an east to west transition from serpentinized dun- 
ite to harzburgite with minor pyroxenite to gabbro. Veins of 
serpentinized dunite intrude the harzburgite and pyroxenite. 
This occurrence appears to be identical to ophiolitic al- 
lochthonous material of the Bay of Islands Igneous Complex of 
western Newfoundland (cf. Smith, 1958). However, it struc- 
turally lies next to a north-trending, steeply-dipping zone of 
pelitic paragneiss and migmatites. Serpentinite lenses or layers 
hosted by metasedimentary or granitoid rocks appear to be 
quite common in this part of western Newfoundland. They 
have been described by Herd (1978) and Herd and Dunning 
(1979) for the area around the Burgeo Road (Route 480) in the 
Puddle Pond map sheet (NTS 12A15) and just to the west (Fig. 
19.2), by Kennedy (1981) northwest of Grand Lake (Fig. 19.2) and 
by Chorlton (1983) and Dunning and Chorlton (1985, Fig. 3) for 
the Grandys Lake area (southwest of the map area). 

Annieopsquotch Terrane 
The region between the Lloyds River and Victoria River 

faults has been studied extensively (Dunning and Herd, 1980; 
Dunning, 1981, 1984; Chandler, 1982; Kean, 1983), mainly in 
connection with the Annieopsquotch ophiolite complex. Ac- 
cording to Dunning (1981, 1984) and Dunning and Chorlton 
(1985) the region between King George IV Lake and Victoria 
Lake comprises a large ophiolite fragment of Lower Ordovician 
age (480 Ma), invaded by younger uppermost Lower Ordovi- 
cian mafic igneous rocks to the southwest (Boogie Lake gabbro 
and related rocks, included in unit Al). We have examined only 
selected localities in the Annieopsquotch complex (map unit 
Al). In the sheeted dyke zone southwest of Loon Echo Pond 
(see Dunning and Herd, 1980, Fig. 35.1) we found about 70% of 
the outcrops contain a medium grained gabbro or diabase host 
which appears petrographically identical to the gabbro-diabase 
of the Central Gneiss Terrane. The dykes trend 160 to 190". 

Dunning (1984) predicted that a basal fault should bound 
the Annieopsquotch complex to the northwest. We have been 
unable to find such a basal fault. Two almost completely ex- 
posed sections from the high hills down to Lloyds River expose 
medium grained gabbro cut by fine grained mafic dykes and 
medium grained granitic veins. This succession closely resem- 
bles that northwest of Lloyds River Fault. The Lloyds River Fault 
itself forms a narrow ductile shear zone dipping 80" to the 
northwest. The fault affects both the mafic rocks (unit C3) and 
later granitoid intrusions (unit C6, A3). Southwest of Lloyds 
Lake, it is flanked on both sides by gabbro with minor granite 
veining. The Lloyds River Fault could offset the basal fault (Fig. 
19.10 or be a ramp of a moderately to gently dipping basal fault. 

Sheets and stocks of late tectonic granite to granodiorite 
and minor tonalite to diorite (unit A3) intrude the mafic rocks. 
These rocks are unconformably overlain by Silurian redbeds, 
with associated felsic volcanics (unit A5) which have been dated 
at 43125 Ma (Chandler and Dunning, 1983). These rocks are in 
turn unconformably overlain by grey sandstones (unit A6) from 
which Devonian (Emsian, about 372 Ma) spores have been 
recovered (C. McGregor, personal communication 1981, 
Chandler, 1982). 

Mafic and felsic volcanic rocks with minor clastic sedimen- 
tary rocks of the Victoria Lake Group (unit A2), outcrop in a 
narrow zone southeast of the Annieopsquotch complex (Dun- 

Figure 19.7. Chromite-magnetite layers (black) in serpen- 
tinite (unit C4) at Dennis Pond. GSC-204311-D. 

ning, 1984; Kean, 1983). This zone pinches out to the southwest. 
A red, intensely flattened conglomerate (unit A4) of the south- 
eastern margin of the zone has been correlated with the Silurian 
(?) Rogerson Lake conglomerate to the northeast (Kean, 1983). 
The whole region is intensely deformed and cut by numerous 
shear zones. 

Rocky Ridge Pond Terrane 

Southeast of the Victoria River Fault the dominant rock 
types are migmatitic psammitic paragneiss and subordinate 
pelitic schist (unit Rl). Discrete plutons of granitoid rocks (en- 
closed by unit R1) consist of rather leucocratic, medium grained 
biotite granite (unit R3). Near its contact with the paragneisses, 
the leucocratic biotite granite tends to be finer grained and 
contains hornblende. Unit R1 grades to medium grained gra- 
noblastic quartzo-feldspathic gneisses (unit R4). The grain size 
of these gneisses is so coarse (5 mm) that they can easily be 
confused with felsic intrusive rocks. Granite, granodiorite and 
tonalite (part of unit R4) dominate this neosome (Kean, 1983) 
forming 50 to 100 m thick sheets in the paragneisses. The mega- 
crystic biotite granite (unit R5) is probably of Devonian age (B.F. 
Kean, personal communication, 1986). It contain numerous en- 
claves of Bay du Nord clastic sediments (unit R2) which were 
also seen in rocks of unit R4. Both granites and paragneisses 
contain narrow, late, biotite-rich shear zones. These shear 
zones parallel the Victoria Brirer Fault. 



Deformation and metamorphism weathering surface. Gold assays of 12 samples from various 

Northwest of the Long Range Fault, medium- to high- 
grade fabrics (Grenvillian?) occur in the hornblende-biotite 
gneiss. The Steel Mountain anorthosite does not exhibit a per- 
vasive penetrative foliation, presumably because it behaved as a 
rigid block during deformation. Later metasediments (unit S4) 
exhibit low- to medium-grade mineral assemblages. This later 
metamorphism has alterid much of the medium--to high-grade 
fabrics in the older rocks. 

In the Central Gneiss Terrane the oldest rocks, the para- 
gneisses, were tightly to isoclinally folded during regional me- 
dium- to high-grade metamorphism. The axial planes of mac- 
roscopic and mesoscopic folds are subvertical and strike 
northwest to northeast, with a predominance of north to north- 
west strikes (e.g. Herd and Dunning, 1979). Large gabbro- 
diabase bodies were not affected by this regional deformation 
and associated medium- to high-grade metamorphism, either 
because they behaved as rigid blocks (Dunning, 1984), or be- 
cause they are younger. They only have the later low grade 
metamorphic fabric. Serpentinized ultramafic-gabbro sheets 
have also been highly deformed and metamorphosed, but the 
talc-chlorite-serpentine dominant mineralogy of these bodies 
demonstrates that they either have undergone extensive retro- 
gression or a second phase of low-grade metamorphism, sim- 
ilar to their host rocks. Late-tectonic granite, granodiorite and 
tonalite-diorite bodies exhibit only a weakly preferred orienta- 
tion of mafic minerals and may be completely massive. 

Ten kilometres south-southwest of Dennis Pond, two nar- 
row north-trending zones exhibit a high concentration of folia- 
tion-parallel quartz veins with quartz plates (cf. Piasecki, 1980), 
indicating that these zones have undergone high strain. We 
intervret them to be maior shear zones. The western zone 
separates calcareous gneisses from psammitic gneisses. The 
eastern zone lies within the calcareous gneisses, but contains a 
5-10 m thick, more than 500 m long, highly deformed serpen- 
tinite layer. These shear zones predate the emplacement of the 
late tectonic granitoid rocks as they are intruded by those gra- 
nitoids. 

Regional northeast-striking ductile fault zones of low meta- 
morphic grade overprint all earlier fabrics. The latest fabrics are 
high level, brittle deformation zones, such as that exposed 
south of Grand Lake along the Long Range Fault (Fig. 19.2). 
Megacrystic granite on the east side of the fault exhibits a per- 
vasive cataclastic fabric, and portions of the rock are reduced to 
mica schist along anastomosing shears (Fig. 19.8). Garnet schist 
on the west side of the fault is highly crenulated, and contains 
numerous tension gashes filled with quartz fibres grown per- 
pendicular to the gashes. Along the Burgeo Road (Route 480), 
just west of the trace of the Long Range Fault, anorthositic rocks 
exhibit an earlier, medium grade gneissic fabric overprinted by a 
low grade, laminated, fine grained fabric (Fig. 19.9). Both fabrics 
trend north-northwest. This indicates a very long and complex 
history for the Long Range Fault. Many small ductile and duct- 
iletbrittle shear zones occur throughout the southern Long 
Range. They are usually oriented parallel to the major north- 
east-striking regional faults, but some north- to north-north- 
west-trending zones were also observed in the Central Gneiss 
Terrane. 

Economic geology 

The Steel Mountain anorthosite contains numerous small 
pockets of titaniferous magnetite. Baird (1943, 1954) described 

localities with "rusty" peisses  show a concentration below 
detection limit (2 ppb). A concordant magnetite layer 3-20 cm 
wide and more than 2 m long was observed in quartzitic and 
pelitic gneiss south of Dennis Pond. One outcrop of layered 
gabbro (unit C3) on Burgeo Road (Route 480), 7.5 km east of the 
Long Range Fault, contains layers rich in magnetite. 

Serpentinite layers (unit C4) locally contain up to 10% chro- 
mite and magnetite in the form of thin seams (Fig. 19.7) or as 
dispersed euhedral crystals. Au- Pt-Pd analyses (Table 19.1) of 
various serpentinite layers (unit C4) yield up to 27 ppb Au, 
below detection limit Pt (15 ppb), and up to 8 ppb Pd. A 
harzburgite (sample 5VM229) with primary igneous textures 
which occurs together with the serpentinite (unit C4) south of 
Portage Lake contains 81 ppb Pt, 42 ppb Pd, but below detection 
limit Au (2 ppb). Assays of serpentinized dunite from this lo- 
cality (sample 5VM226) show a concentration below detection 
limit for Au (2 ppb), Pt (15 ppb) and Pd (2 ppb). A harzburgite 
(sample 5VM740; part of unit C3) 3 km southwest of Little 
Grand Lake contains very little Au, Pt and Pd. 

Discussion 

The mapping completed this year raises a host of questions 
about the tectonics of southwestern Newfoundland. Williams 
and St-Julien (1982) considered that a major feature of the Ap- 
palachian Orogen, the Baie Verte - Brompton Line, divided 
autochthonous, continental-based material to the west from 
oceanic, possibly allochthonous material to the east. They 
showed the Baie Verte-Brompton Line passing down Grand 

iarge lenses north of Flat ~a~ Brook, which contained about 7% Figure 19.8. Megacrystic granite (unit C7) with large anas- 
Ti02. Psammitic paragneisses (unit C1) locally contain accessory tomosing shears (e.g. fine grained highly fractured material at 
amounts of magnetite or pyrite, or both. Gedrite-bearing units geological hammer). Long Range Fault outcrop south of Grand 
may be particularly rich in pyrite, resulting in a distinctive rusty Lake. GSC-204311-E. 



Figure 19.9. Anorthositic gneiss (unit S1) with later fine grained shears (grey; e.g. at lens cap). Outcrop 
on Burgeo Road (Route 480), just west of the Long Range Fault. GSC-204311-E. 

Lake, and then stepping, along Little Grand Lake, to the Lloyds 
and Victoria River faults. Our mapping of the Central Gneiss 
Terrane shows it to be dominated by metasediments of shelf 
affinites (quartz-rich psammitic and calcareous gneisses with 
minor pelitic and marble interbeds) with potassium feldspar- 
rich granitic rocks. Except for mafic-ultramafic serpentinized 
layers, lithologies correlative to the Central Mobile Belt of New- 
foundland appear to be absent. On the other hand, the north- 
eastern part of the Central Gneiss Terrane contains a gabbro- 
diabase terrane which we cannot distinguish lithologically from 
the Annieopsquotch Terrane, except that it contains numerous 
granite to diorite intrusions (units C6 and C8). 

We suggest that in southwest Newfoundland the Baie Verte 
- Brompton line may not be a narrow zone but a wide zone 
composed of stacked thrust slices of continental and oceanic1 
island arc material. We envisage the width of this zone to be at 
least 50 km and to span the entire Central Gneiss Terrane. Our 
major argument is the widespread distribution of mafic-ultra- 
mafic serpentinized layers in paragneisses. Such strips and 
inclusions have been found from the south coast of New- 
foundland, northwest of the Cape Ray fault (Chorlton, 1983; 
Dunning and Chorlton, 1985, Fig. 3), as far as the northwest side 
of Grand Lake (Kennedy, 1981), spanning the two western ter- 
ranes described by us. Some occurrences exhibit obvious 
ophiolitic affinities, e.g. the outcrop south of Portage Lake. We 
interpret the mafic-ultramafic strips to map the trace of major 
thrust faults (Fig. 19.10). In the map area they coincide with high 
strain zones. The Annieopsquotch - King George IV ophiolite 
sheet dips moderately to steeply to the southeast (Dunning, 
1984) and may be floored by a thrust fault (Fig. 19.10). The 
apparent absence of a basal dhcollement beneath the Annieops- 
quotch complex could be attributed to west side down move- 
ments along the later, steeply dipping Lloyds River Fault. The 
basal dhcollement may surface west of the gabbro-diabase oc- 
currence (unit C3) which is also considered to be part of the 
Annieopsquotch - King George IV ophiolite sliver. A moderate 

to steep southeast dip for this ophiolite sliver along the Burgeo 
Road (Fig. 19.10) is confirmed by asymmetric peaks in gravity 
and magnetic profiles (H. Miller, personal communication, 
1986). 

North- to northwest-trending structures are ubiquitous in 
the Central Gneiss Terrane. Such structures were first observed 
around Cormacks Lake by Herd and Dunning (1979) who ar- 
gued that they were older than the northeast-trending struc- 
tures. Although the exact timing of deformation and meta- 
morphism remains speculative in the absence of sufficient dat- 
ing, some clues can be obtained if it is assumed that the entire 
gabbro-ultramafic suite is of Lower Ordovician age, as sug- 
gested by Dunning (1984) and Dunning and Krogh (1985). The 
metamorphic and structural complexity of the gneisses sug- 
gests that several older events are present, which would imply a 
Precambrian to Cambrian age for the paragneisses. The mafic- 
ultramafic rocks are cut by granitoid rocks, which must there- 
fore be younger than early Ordovician. The dated Silurian rocks 
(Chandler and Dunning, 1983) do not contain any hint of youn- 
ger granitoid plutonism. Hence it seems probable that much of 
the plutonism in the Central Gneiss Terrane may be middle 
Ordovician to Silurian (see also Dunning and Chorlton, 1985). 
Extensive plutonism of this age has been documented in west- 
ern Newfoundland by Whalen et al. (in press). Except for the 
megacrystic granite in the Rocky Ridge Pond Terrane, we see no 
strong evidence for Devonian (Acadian) plutonism or meta- 
morphism in the parts of the southern Long Range examined by 
US. 

An uppermost Lower Ordovician zircon age obtained from 
a tonalite-diorite (unit C8; Dunning, personal communication, 
1985) is compatible with K-Ar mineral ages of similar rocks. This 
age suggests that there was at least one major event of granitoid 
plutonism (diorite to granite) around 460-450 Ma, 20 to 30 Ma 
after the youngest known ophiolites (Dunning and Krogh, 
1985). 
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Figure 19.10. Schematic profiles across the map area. For profile lines see Figure 19.1. For symbols see 
legend of Figure 19.2. High strain zones characterized by the occurrence ofserpentine strips are interpreted 
to be early thrust faults (marked with an arrow). The thrust faults are steepened by continuing deformation or 
another phase of crustal shortening. Steep to vertical, later faults (marked with a T) may coincide with 
terrane boundaries. Letters a, b, c and d added to the symbols for the ophiolitic rocks (symbols C3 and A1) 
refer to: a, pillow lava zone; b, sheeted dyke zone; c, gabbro zone; and d, zone with mainly ultramafic rocks. 

Stratigraphic correlation between the various terranes is Acknowledgments 
speculative a; this stage of the investigation, particularly in the 
absence of adequate radiometric age determinations. However 
a number of possible correlations suggest themselves. These 
have been synthesized in the legend of Figure 19.2, which we 
consider a tentative hypothesis to be tested by further mapping. 
Our correlation implies that the migmatization and formation of 
granite gneiss is most likely to be late Precambrian to Cambrian, 
predating emplacement of mafic rocks, which are assumed to be 
Lower Ordovician. The Long Range, Lloyds River and Victoria 
River faults, are major northeast-striking transcurrent faults 
with moderate to large displacement. Because of the large dis- 
placement along the Long Range and Victoria River faults, rock 
types and metamorphic grade changes across these faults. 

Gold deposits in Newfoundland tend to be related to ultra- 
mafic rocks of ophiolitic affinity (J. Lydon, personal communi- 
cation, 1986), or to major ductile shear zones, e.g. the Cape Ray 
Fault in southwest Newfoundland (Wilton, 1985) which coin- 
cides with a boundary between two contrasting terranes 
(Brown, 1975; Chorlton, 1980, 1983). In the map area the ultra- 
mafic rocks occur in high strain zones characterized by numer- 
ous shear-plane parallel quartz veins and lenses. Shear-plane 
parallel quartz veins and lenses also occur in the major north- 
east-striking transcurrent fault zones which separate terranes. 
Besides 1:50 000 scale regional mapping in NTS 12B/1,12B/8 and 
12B/9E, detailed studies in key areas will be undertaken in the 
1986 field season to analyze the relation between high strain 
zones, ultramafic rocks, quartz veins and gold potential. 
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Abstract 

Late Quaternary glacial and postglacial units in the Torngat Mountains a r e  correlated with units 
mapped on the adjacent continental shelf. Correlations a r e  based on acoustic stratigraphic continuity 
from shelf to fiord bottom sediments, composition, and radiocarbon dating control. We suggest that  
pre-late Wisconsinan glacial sediments in the Torngat Mountains correlate with (unit 3a) on the shelf. 
Late Wisconsinan glacial sediments on land south of Ikkudliayuk Fiord correlate with Upper Till 
(unit 3b) on the shelf, while late Wisconsinan glacial sediments north of Ikkudliayuk Fiord correlate 
with Hudson Strait Till (unit 312). Postglacial raised marine deposits on land correlate with 
glacimarine sediments (unit 4) on the shelf. 

Le present document compare des unites glaciaires e t  post-glaciaires du Quaternaire recent 
dans les monts Torngat avec les unites cartographiees de la plate-forme continentale contigug. Ces 
comparaisons sont bas6es sur la continuit6 stratigraphique acoustique dtablie 2 partir de la plate- 
forme jusqu'aux sediments du fond du fjord, e t  sur la composition e t  le contrele par datation au 
carbone radioactif. On suppose que les sediments glaciaires de toute la periode s'bchelonnant du pr6- 
Wisconsinien jusqu'h la fin de ce t te  &re dans les monts Torngat peuvent Btre correles avec les 
sediments glaciaires de la mdme periode (unit6 3a) sur la plate-forme continentale. Les sediments 
glaciaires du Wisconsinien sup6rieur sur les terres  au sud du fjord Ikkudliayuk peuvent d t re  rnis en 
corr6lation avec le till superficiel (unit6 3b) de la plate-forme continentale, alors que les sediments 
glaciaires du Wisconsinien superieur au nord du fjord Ikkudliayuk correspondent au till du detroit 
d'Hudson (unit6 3c). Les dBp6ts marins soulev6s datant de la periode post-glaciaire que I'on retrouve 
sur les terres  correspondent aux sediments glaciomarins (unite 4) de la plate-forme. 

' Department of Geological Sciences, University of Illinois, Chicago, IL 60680 



Introduction Bedrock geology 

For over 100 years,  investigators have debated the  
ex ten t  of t he  l a t e  Wisconsinan Laurentide Ice  Sheet in t h e  
coas t a l  Torngat Mountains, Labrador (Lieber, 186 1 ; 
Bell, 1884; Koch, 1891; Daly, 1902; Coleman, 1921; 
Odell, 1938; Flint, 1943; Tanner,  1944; Ives, 1957, 1958, 1976, 
1978; LQken, 1962a; Mayewski et al., 1981; Hughes e t  al., 
1981; Clark,  1984; Prest ,  1984). More  recently,  t h e  deba te  
has included t h e  adjacent  continental  shelf (Fillon and 
Harmes, 1982; Josenhans, 1983; Josenhans e t  al., in press). In 
th is  paper,  we co r re l a t e  l a t e  Quaternary  glacial  and post- 
glacial  sdiments between t h e  Torngat Mountains and adjacent 
cont inenta l  shelf (Fig. 20.1). We propose t h a t  glacial  deposits 
in the  Torngat Mountains were  deposited by eastward-flowing 
out le t  glaciers draining t h e  Laurentide Ice Sheet.  These 
glaciers advanced onto  t h e  continental  shelf, where  they 
coalesced and deposited regional till sheets.  The ex ten t  of 
i ce  onto the  shelf was probably controlled by the  net 
discharge of t h e  out le t  glaciers. Ice shee t  advance off t h e  
coas t  of t h e  Torngat Mountains on to  t h e  shelf during t h e  l a t e  
Wisconsinan was less extensive than north (Hudson Stra i t )  or 
south of  t h e  Torngat Mountains. 

Physiography 

The physiography of northern Labrador is  dominated by 
t h e  Torngat Mountains which have relief in excess  of 1300 m. 
They form a highly dissected uplifted plateau, t h e  elevation 
of which decreases t o  t h e  west towards Ungava Bay. The 
location of s t r eam valleys is largely structurally controlled 
and glaciation has fu r the r  modified these  in to  typical  
U-shaped valleys. These U-shaped valleys extend offshore t o  
t h e  eas tern  edge of t h e  Precambrian basement contact .  

Figure 20.1. Location map, generalized bathymetry,  and 
place names referenced in the  text .  

The bedrock of t h e  Torngat Mountains has  been mapped 
by Taylor(1979),  Greene(1970),  Wardle(1983),  and 
Ryan et al. (1983). Taylor (1971) identified Precambrian Nain 
and Churchill s t ructura l  geological provinces. Archean 
granites and quartzofeldspathic gneisses, dat ing t o  3.6 G a  
(Hurst e t  al., 1975), underlie most of t h e  Nain Province. 
Churchill  Province rocks a r e  Proterozoic  a g e  and include 
gneisses, quar tz i tes ,  and marbles (Taylor, 1979). The Ramah 
Group, which outcrop between Saglek Fiord and Nachvak 
Fiord, i s  an  Aphebian supracrustal  sequence comprised of 
folded siliciclastic, argillaceous, and ca rbona te  rocks, and has  
been included within t h e  Churchill Province (Morgan, 1975). 

The bedrock underlying t h e  Labrador Shelf includes 
Precambrian crystall ine rock forming an  inner shelf ,  adjacent  
t o  t h e  mainland, and sedimentary  rocl<s of ea r ly  Paleozoic t o  
Cretaceous-Tertiary ages  forming an outer  shelf 
(Sanford e t  al., 1979). 

Methods 

On land, surficial  deposits were  mapped in t h e  a reas  of 
Saglek, Nachvak, Komaktorvik,  Kangalaksiorvik, and Ryans 
Bay fiords (Fig. 20.1) during t h e  1981, 1982, 1984, and 1985 
field seasons. In addition, deposits in in ter ior  Labrador- 
Quebec between Kangalaksiorvik and Abloviak fiords were  
mapped during 1982. The remaining a r e a  of t h e  Torngat 
Mountains north t o  Killinek Island was mapped by a i r  photo 
interpretation. 

Soils developed in glacial  deposits were  described f rom 
hand-dug soil pits on s t ab le  s i tes  on moraine  cres ts .  Soil 
description methods and horizon nomencla ture  follow those 
of Birkeland (1984). Unweathered glacial  deposits were  
sampled for  analysis of matr ix  (<2  mm)  mineralogy and c las t  
(>4 rnm) lithology. Till composition north of Eclipse Channel 
t o  Killinek Island was reported by Be11 (1884) and 
Ldken (1 964). 

Offshore, t h e  s t ra t igraphic  p lacement  and la tera l  
distribution of Quaternary sediments was  mapped by a 
combination of medium (40 cubic inch airgun) and high 
(Huntec DTS) resolution se ismic  systems. These acoust ic  
s t ra t igraphic  units were  sampled where  they  occur  within 
reach of t h e  piston and grab samplers.  The samples were  
analyzed for sedimentological s t ructure ,  t ex tu re ,  radiocarbon 
dates ,  lithology, foraminifera,  and pollen (Josenhans et al., in 
press). 

L a t e  Qua te rna ry  sediments  

Torngat Mountains 

Moraines. Moraines delimiting t h e  ex ten t  of l a t e  
Wisconsinan Laurent ide  i ce  draining e a s t  through t h e  Torngat 
Mountains and recessional phases a r e  common throughout t h e  
mountains (Fig. 20.2). These moraines a r e  character ized by 
well-preserved, massive, high-crested morphologies t h a t  have 
undergone l i t t l e  post-depositional modification (Fig. 20.3). 
The  moriane sys tem defining t h e  maximum ex ten t  of l a t e  
Wisconsinan i ce  includes those  moraines defined a s  Saglek 
Moraines in t h e  Nackvak and Koroksoak Valley watersheds 
(Ives, 1976), but  not t h e  moraines in t h e  Saglek Fiord a r e a  
defined a s  Saglek Moraines by Ives (1976), which a r e  
recessional (see below). The Saglek Moraines in t h e  Torngat 
Mountains were  deposited during t h e  maximum ex ten t  of l a t e  
Wisconsinan Laurent ide  ice. 

Glacial  sediments deposited during a pre- la te  
Wisconsinan glaciation have low relief moraine  ridges which 
have  been substantially modif ied by cryoturbat ion and slope 
processes (Fig. 20.3). These sediments  project  f rom beneath  
and a r e  distal  t o  t h e  younter l a t e  Wisconsinan sediments.  



Soils. Soils in glacial deposits of t h e  Torngat Mountains 
show a sys temat ic  progression in degree  of development with 
age ,  and a r e  qualitatively useful for  distinguishing deposits of 
d i f ferent  age. Temporal trends a r e  indicated by development 
and thickening of t h e  solum and reddening of t h e  B horizon. 
Differences between soils developed in deposits of d i f ferent  
age  a r e  consistent throughout t h e  mountains provided t h a t  
c l imate ,  vegetation, parent  mater ia l ,  and topography a r e  
comparable. 

Soils described on l a t e  Wisconsinan moraine cres ts  a r e  
weakly developed with thin t o  moderate ly  thick (3-10 cm)  
A horizons over weakly expressed and th in  (< 10 c m )  cambic  
B horizons or d i rec t ly  over  Cox horizons. Cambic  B horizons 
a r e  one hue redder than Cox horizons and may have lower 
values than  Cox horizons. Soils described on pre- la te  
Wisconsinan moraine  cres ts  a r e  weakly t o  moderately 
developed, with thin A horizons overlying cambic  B horizons 
up t o  36 crn thick. Cambic  B horizons a r e  t w o  hues redder 
than underlying Cox horizons. 

Com posi tion. 
Torngat Mountains 
entirelv from under 

Late  Quaternary  glacial  sediments in t h e  
south of Ikkudliayuk Fiord a r e  derived 

,lying Precambrian bedrock (metamorphic 
and igneous rocks of t h e  Churchill and Nain provinces). 
Detailed pebble and heavy mineral studies of l a t e  
Wisconsinan glacial sediments along a t ransect  f rom Abloviak 
Fiord e a s t  t o  Kangalaksiorvik Fiord showed t h a t  maximum 
distances of t ranspor t  a r e  1 6  km, although most lithologies 
a r e  derived f rom within 5 km of thei r  bedrock source  
(Clark, 1984). Postglacial raised mar ine  sediments  south  of 
Ikkudliayuk Fiord commonly conta in  Paleozoic l imestone 
erra t ics ,  whereas glacial dr i f t  comprises only local 
Precambrian bedrock lithologies. 

Figure 20.2. Map of l a t e  Wisconsinan moraines (heavy solid 
lines) (include Saglek Moraines and recessional moraines) in 
the  Torngat Mountains. 

North of Ikkudliayuk Fiord (60°N), Be11 (1884) and 
Ldken (1964) repored abundant sedimentary  c las ts  among 
glacial till. These were  primarily ca rbona te  l imestone clasts,  
but red  sandstone lithologies were  also observed on Killinek 
Island (Bell, 1884). Sedimentary ca rbona te  lithologies were  
probably derived f rom Paleozoic bedrock flooring Ungava Bay 
and Hudson S t r a i t  (Sanfo rde t  al., 1979; MacLean and 
Williams, 1983). Red  sandstone m a y  have been derived f rom 
t h e  Labrador Trough or  t h e  Dubawnt Group in  t h e  Dis t r ic t  of 
Keewatin (cf. Shilts, 1980). 

. A radiocarbon d a t e  of 18  210 * 1900 years BP 
(GX-6362) (Table 20.1) on varved sediments  cored in Square 
Lake (58'38'N; 63'37'W) (Clark et al., 1986) provides an age  
for  deposition of l a t e  Wisconsinan glacial sediments and t h e  
Saglek Morianes. Radiocarbon da te s  on shells of 
9110 ? 410 years BP (GX-9293) f rom outer  Kangalaksiorvik 
Fiord (Clark, 1984) and 9000 2 200 years  BP (L-642) f rom 
inner Eclipse Channel (Ldken, 1962b) (Table 20.1) provide 
minimum ages  for deglaciation of fiords and deposition of 
postglacial raised mar ine  sediments.  

Saglek Fiord 

Moraines bordering t h e  southwestern a r m  of Saglek 
Fiord (Ugjuktok Fiord) were  mapped a s  Saglek Moraines by 
Ives (1976). Field work during 1985 has  refined th is  mapping 
and demonstra tes  t h a t  t hese  a r e  recessional moraines. 
Moraines above and distal  t o  t h e  sys tem mapped by 
Ives (1976) delimit  t h e  maximum e x t e n t  of l a t e  Wisconsinan 
i c e  in Saglek Fiord (Fig. 20.4). Saglek Moraines mapped by 
Ives (1976) north .of Saglek Fiord in t h e  Nackvak Brook and 
Koroksoak River watersheds were  deposited during t h e  l a t e  
Wisconsinan maximum and a r e  corre la t ive  t o  t h e  previously 
unrecognized sys tem shown in Figure  20.4. 

Soil profiles were  described on moraine c re s t s  
delimiting t h e  ex ten t  of l a t e  Wisconsinan i ce  (Saglek 
Moraines) and on adjacent ,  older glacial  deposits distal  t o  t h e  
moraines (Fig. 20.4). In both examples,  a clear weathering 
break is indicated, thus suggesting an age  di f ference  
associated with t h e  degree  of soil development in glacial 
sediments.  

Ice surface  profiles reconst ructed from moraines 
deposited during t h e  l a t e  Wisconsinan maximum (Saglek 
Moraines) and t h e  recessional phase a r e  similar in form 
(Fig. 20.4). The basal shear s t r e s s  calculated for  t hese  
profiles is  0.3-0.4 bar (Clark, listed data). 

A radiocarbon d a t e  on basal sediments  in a c o r e  
sampled f rom a lake  dammed by a recessional moraine  
(cf. Ives, 1976, Fig. 5) i s  11 160 + 520 years  BP (GX-5522) 
(Table 20.1) which, although stratigraphically consistent,  
must  b e  considered a s  a maximum age  because of low organic 
content  of t h e  sample  (Short, 1981). 

Labrador Shelf 

Stratigraphy. Offshore, t h e  glacial-postglacial 
sedimentary  sequence consists of a Lower Till (unit 3a) and 
an Upper Till (unit  3b) which a r e  overlain by well-stratif ied 
glacimarine sediments  which a re ,  in turn ,  overlain by ponded 
muds in t h e  deep  (> 170 m) shelf basins (Josenhans e t  al., 
in press). The distribution of t h e  Lower Till i s  m o r e  
extensive on t h e  shelf than t h e  Upper Till (Fig. 20.5). The 
Upper Till is  an  unsorted, unstratified pebbly-bouldery mud, 
t h e  coarse  f rac t ion of which largely ref lec ts  t he  lithology of 
t h e  adjacent  mainland. The f ine  f rac t ion is mostly derived 
f rom the  underlying semiconsolidated bedrock. The t i l l  
contains no l imestone fragments.  



Figure 20.3. (A) Late  Wisconsinan l e f t  la tera l  Saglek Moraine on north side of Nachvak Fiord; i ce  
flow toward viewer. P re - l a t e  Wisconsinan glacial sediments  man t l e  hillslope above (distal to)  
moraine. (6) L a t e  Wisconsinan l e f t  la tera l  Saglek Moraine in Saglek Fiord; ice  flow toward viewer. 
Arrows point t o  cres t  of moraine,  which runs down hillslope and bends toward viewer. Pre- la te  
Wisconsinan glacial sediments mantle hillslope above (distal to)  moraine. Soils f rom this moraine 
c r e s t  and p re - l a t e  Wisconsinan sediments  a r e  described in Figure 20.4 on north side of Saglek Fiord. 



The glacimarine s t ra t i f ied  sil t  (unit 4, Qeovik Silt) 
which conformably drapes over t h e  t i l l  is  a well-stratified 
muddy sediment  with numerous ice-rafted dropstones. In 
con t rac t  t o  t h e  underlying tills, this unit is  character ized by 
up t o  80% limestone content  within t h e  sand fraction. 

In t h e  closed depressions (> 170 m) on t h e  outer  shelf, 
t h e  glacimarine sil t  is  overlain by ponded silty muds 
designated a s  unit 5a  (Makkaq Clay). These muds a r e  poorly 
s t ra t i f ied  and heavily bioturbated. In contras t  t o  t h e  
underlying glacimarine sil t ,  unit 5a is almost entirely devoid 
of limestone. 

In Hudson Stra i t ,  another  younger t i l l  (unit 3c; Hudson 
Stra i t  Till) overlies t h e  Qeovik Silt. This t i l l  is  confined t o  
t h e  deep  portions of Hudson Stra i t  (Fig. 20.5), is  rich in 
l imestone content  and is in terpre ted to  have been deposited 
by a l a t e  glacial advance tha t  rapidly flowed over unit 4, 
reworking i t  in to  a homogeneous t i l l  (Josenhans et al., in 
press). 

&. Many radiocarbon dates  exist  from Labrador Shelf 
sediments,  but these  show inconsistencies due t o  
incorporation of old carbon and t h e  problem of dat ing to t a l  
organic carbon fo r  which t h e  source  is unknown. 
Josenhans et al. (in press) reviewed all  available da te s  
(ranging from 9 670 t o  31 400 years BP) and concluded t h a t  
deposition of the  Upper Till began a t  approximately 
20 000 years  BP. The Qeovik Silt was deposited following i c e  
r e t r e a t  until ca. 8000 years BP, at which t i m e  Makkaq Clay 
began t o  be  deposited under a current  regime and 
depositional environment which generally exists t o  t h e  
present day. The readvance (surge) of i ce  f rom Hudson S t r a i t  
is in terpre ted t o  have occurred just prior t o  t h e  onset of 
Makkaq Clay deposition ca. 8000 years  BP. 

Correlations 

Glacial and postglacial units in t h e  Torngat Mountains 
a r e  corre la ted  with those  identified on t h e  adjacent  
continental  shelf by (1) acoust ic  s t ra t igraphic  continuity from 
fiord basins onto t h e  shelf ,  (2) similarit ies in lithologic 
properties of t he  units, and ( 3 )  ages  of t h e  units suggested by 
radiocarbon dates.  

Postglacial raised mar ine  sediments  on land a r e  
corre la ted  with unit 4 (Qeovik Silt) on t h e  shelf .  Both units 
contain abundant carbonate  lithologies. Fur thermore ,  
radiocarbon da te s  a r e  similar,  although they suggest 
deposition of unit 4 began ear l ier  on  t h e  shelf ( +  15 000 years 
BP) than on land ( *  9000 years  BP). 

Glacial sediments on land north of [kkudliayuk Fiord a r e  
tenta t ively  corre la ted  with unit 3c  (Hudson S t r a i t  Till) 
because: (1) both units conta in  abundant carbonate  
lithologies; and (2) t h e  southern  l imi t  of ca rbona te  rich t i l l  on 
land (Ikkudliayuk Fiord) and on t h e  shelf can be  corre la ted  
(Fig. 20.5). However, t hese  glacial  sediments on land may 
also in par t  be corre la ted  with t h e  older unit 3b (Upper Till). 

L a t e  Wisconsinan glacial  sediments  south of Ikkudliayuk 
Fiord on land, t h e  l imits of which a r e  defined in t h e  
mountains by t h e  Saglek Moraines, a r e  corre la ted  with 
unit 3b (Upper Till) because: (1) both units comprise pebble 
lithologies derived only f rom t h e  Labrador continent 
(although t h e  Upper Till on  t h e  shelf also includes matr ix  
lithologies derived f rom underlying shelf bedrock); and 
(2)radiocarbon dates ,  while subject  t o  some  error  
(cf. Fillon e t  al., 19811, suggest t ha t  both units a r e  l a t e  
Wisconsinan. 

Older, pre- la te  Wisconsinan glacial  sediments  on land 
may be corre la t ive  t o  unit 3a  (Lower Till) on  t h e  shelf ,  
although numerical ages  a r e  required t o  support  this 
hypothesis. 

Table  20.1. Radiocarbon da te s  f rom Northern Labrador 

Shell 

Laboratory Radiocarbon 
Numbera ~ a t e b  Source Material  Comments  

L-642 9000 t 200 Ldken (1962b) Shell Collected f rom glacimarine 
sediments  a t  head of 
Eclipse Channel a t  29 m 
a.s.1. 

GX-9293 Collected f rom glacimarine 
sediments  containing 
ca rbona te  pebbles a t  Shoal 
Cove, outer  Kangalaksiorvik 
Fiord at 2 m a.s.1. 

GX-5522 11 160 k 520 Short (1981) Total  Organic  Basal sandy mud f rom a 90 c m  
Mat t e r  co re  taken f rom lake 

dammed by recessional 
moraine (see  Fig. 20.4). 
Low organic content.  

GX-6362 18 210 k 1900 Short (1981) Total  Organic  Basal si l ty c l ay  f rom 97.5 c m  
Mat t e r  co re  taken f rom Square Lake 

dammed by Saglek Moraine. 
Low organic content  
(0.105 g m  carbon). 

a L-Lamont, CX-Geochron. 
b All radiocarbon dates  a r e  reported as received f rom laboratories.  No corrections for shell 

da tes  a r e  made based on age  of s e a  water.  
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Discussion 

Correlations presented here  suggest t ha t ,  during t h e  
l a t e  Wisconsinan, t h e  Laurentide I ce  Sheet  drained through 
major valleys and fiords of t h e  Torngat Mountains a s  a 
sys tem of out le t  glaciers which deposited t h e  Saglek 
Moraines along their  margins. Large upland areas  of t he  
Torngat Mountains remained ice-free.  The out le t  glaciers 
advanced on to  t h e  continental  shelf, spreading out  and 
coalescing a s  low-sloping thin piedmont glaciers which 
deposited t h e  Upper Till (unit 3b) (Fig. 20.6). Ice flow on t h e  
shelf was also controlled by topography, and t h e  Upper Till is  
only found a t  depths greater  than 160 m. The l a t e ra l  
continuity of t h e  Upper Till below 160 m suggests t h a t  i c e  
must have been grounded, although i t  was probably close t o  
hydrostatic equilibrium. If t h e  i c e  had been floating, 
s t ra t i f ied  sediment would have been deposited instead of till. 

Laurentide i ce  draining through t h e  Torngat Mountains 
as out le t  glaciers was probably character ized by high 
velocities such as found for  out le t  glaciers draining t h e  
Greenland and Antarc t ica  i c e  shee t s  (Carbonnell and 
Bauer, 1968; Bindschadler, 1984; M cIntyre,  1985). I ce  
advanced 30-50 km onto  t h e  continental  shelf off t h e  coas t  
of t h e  Torngat Mountains (Fig. 20.5, 20.6A), excep t  for e a s t  
of Saglek Fiord where  i ce  advanced f a r the r  onto the  shelf 
through Karsefini Trough.(Fig. 20.68). 

North and south of t h e  Torngat Mountains, i ce  advanced 
far ther  on to  t h e  shelf than i t  did eas t  of t h e  mountains 
(Fig. 20.5) (Josenhans et al., i n  press). We in t e rp re t  this as 
reflecting t h e  influence of t h e  Torngat Mountains on i c e  
sheet  flow because: (1) divergence of ice  sheet  f low around 
t h e  mountains led t o  greater  discharge on to  t h e  shelf north 
and south of t h e  mountains; and (2) i c e  flow from Labrador 
south of t h e  Torngat Mountains on to  t h e  shelf was  not 
res t r ic ted  t o  a source  f rom several out le t  glaciers bu t  was 
instead character ized by sheet  flow. Consequently,  i c e  did 
not thin a s  rapidly on t h e  shelf and t h e  grounding l ine  was 
ab le  t o  advance deeper and f a r the r  on to  t h e  shelf. 

L a t e  Wisconsinan glacial sediments on land and on the  
shelf south of Ikkudliayuk Fiord contain only locally derived 
crystall ine and shelf bedrock lithologies, while glacial 
sediments nor th  of Ikkudliayuk Fiord contain a significant 
percentage of sedimentary  carbonate  lithologies which were  
derived from possible sources of early t o  middle Paleozoic 
carbonate  bedrock underlying Hudson Stra i t ,  Foxe Basin, 
Ungava Ray, and Hudson Bay. The ca rbona te  rich t i l l  (Hudson 
Stra i t  Till) was  deposited by an  i c e  s t r eam flowing through 
Hudson Stra i t .  Josenhans et al. (in press) argued t h a t  
deposition of this till continued a f t e r  deposition of unit 3b. 
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Figure 20.4. (A) L a t e  Wisconsinan morains (Saglek Moraines 
and recessional moraines) in Saglek Fiord area.  Soil profiles 
shown were described on cres ts  of Saglek Moraines and on 
pre- la te  Wisconsinan sediments distal  t o  Saglek Moraines. 
(B) Profiles X-X and Y-Y a r e  ice  surfaces  reconst ructed 
f rom recessional moraines previously mapped a s  Saglek 
Moraines by Ives (1976) (X-X) and Saglek Moraines identified 
in this paper (Y-Y). Note  that  the  two ice  surfaces  a r e  
superimposed, although in f a c t  they a r e  separa ted in space  
(Fig. 20.4A). 

Figure 20.5. Inferred i ce  flow directions and la tera l  ex ten t  
of major Labrador shelf glacial  advances. 
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Figure 20.6. Profiles of la te  Wisconsinan ice  surfaces  
reconst ructed from Saglek Moraines in the  Torngat Mountains 
and distribution of unit 7b on shelf. (A) Nachvak Fiord. 
(6) Saglek Fiord. 

This suggesrs t h a t  i ce  withdrew from t h e  shelf and onto  t h e  
land south of lkkudliayuk Fiord while an  i c e  s t r e a m  remained 
in Hudson Strait .  

The carbonate  rich glacimarine s t ra t i f ied  sediment  
(raised mar ine  sediments  and unit  4) were  deposited a f t e r  i ce  
had r e t r ea t ed  f rom the  cont inenta l  shelf. Because t h e  
underlying t i l ls  and bedrock contain no carbonate  sediments,  
t h e  most likely source  for t h e  l imestone in th is  unit  i s  Hudson 
Strait .  The t iming of Hudson Stra i t  deglaciation is well  
known based on many radiocarbon d a t e s  on shells 
(Blake, 1966; Clark, 1985; Stravers,  1986), and deglaciation 
was  comple te  by 8000 years  BP. We suggest t h a t  t h e  
disappearance of a calving i c e  margin in Hudson S t r a i t  
resulted in the  termination of t h e  ca rbona te  supply t o  t h e  
Labrador shelf. The onset of carbonate-f ree  deposition 
(Makkaq Clay) a t  ca .  8000 years BP suggests t h a t  t h e  t iming 
of these  even t s  agrees  well with t h e  Hudson Stra i t  
chronology. 
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Abstract 

Although textural ly and mineralogically similar, the Cameron Brook and Margaree plutons in  
the Cape Breton Highlands of Nova Scotia are not  similar in age or petrogenesis. Based on Rb-Sr 
whole-rock isochrons, the Cameron Brook pluton is late Ordovician t o  early Silurian whereas the 
Margaree pluton is Devonian-Carboniferous. The Cameron Brook pluton contains plagioclase and less 
abundant alkal i  feldspar megacrysts which generally lack rapakivi texture. The Margaree pluton 
contains predominantly alkali feldspar megacrysts w i th  widespread development o f  rapakivi texture. 
Chemical and isotopic characteristics of the two plutons are very di f ferent,  suggesting d i f ferent  
processes were involved i n  their development. Elevated potassium content and polybaric history 
during crystal l izat ion are thought to  be mainly responsible for development of rapakivi  texture in  the 
Margaree pluton. 

Bien que l a  texture et  la  mineralogie des plutons de Cameron Brook et  de Margaree, dans les 
hautes-terres du Cap Breton, en Nouvelle-Ecosse, soient similaires, 1'2ge e t  la  petrogenbse des deux 
plutons sont differentes. D'aprbs les isochrones Rb-Sr de la  roche entibre, le pluton de Cameron 
Brook daterait  de IIOrdovicien recent ou du Silurien ancien e t  le pluton de Margaree, du Devonien- 
Carbonif6re. Le pluton de Cameron Brook contient du plagioclase et  des megacristaux moins 
nombreux de feldspath alcalin generalement sans structure rapakivique. Le pluton de Margaree 
contient surtout des me,gacristaux de feldspath alcalin e t  presente une structure rapakivique 
repandue. Les caracteristiques chimiques e t  isotopiques des deux plutons sont tr6s diffdrentes, ce qui 
porte A croire que des processus dist incts ont joue dans leur Bvolution. L a  teneur Blevbe en potasse e t  
I 'histoire polybarique qui ont caract6rise la cr istal l isat ion auraient Bt6 en grande par t ie  responsable 
de I'dvolution de la  structur'e rapakivique dans le  pluton de Margaree. 
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Project carr ied by Geological Survey of Canada, Mineral Resources Division, Project 700059. 
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Introduction Jamieson and Craw (1983) who described i t  a s  megacrystic 

M egacr ystic granitoid rocks tend to  be grouped 
together as a distinctive rock type (e.g. Bell e t  al., 1977; 
Speer e t  al., 1979; Strong, 1980) and within a given area, a 
similar origin and age a re  commonly inferred. In many cases, 
however, the  similarities may be more apparent than real. 
This paper discusses two megacrystic granitoid plutons from 
the north-central Cape Breton Highlands - the  Cameron 
Brook and the  Margaree plutons (Barr e t  al., 1985) - which 
despite textural and mineralogical similarities, have 
contrasting petroloqy, geochemistry, and age. 

The Cameron Brook pluton is located in the east- 
central Highlands, west of Ingonish (Fig.21.1). It is 
subcircular with an area of about 25 km2. It intruded 
gneissic, metasedimentary and tonalitic rocks of inferred 
La te  Hadrynian t o  Ordovician age (Wiebe, 1972; Barr e t  al., 
1985). Wiebe (1972) described the pluton as coarse- t o  
medium-grained granodiorite t o  adamellite with locally 
abundant microcline phenocrysts up t o  5 cm in length. He 
suggested t h a t  the pluton may have formed approximately 
contemporaneously with associated metavolcanic units t o  the 
west, and inferred an age of about 560 Ma. Samples for the 
present study were collected mainly from the  southern part 
of the pluton (Fig. 21.1). 

The Margaree pluton is located in the west-central 
Highlands (Fig. 21.1). It is elongate north-south and about 
90 km in area. It intruded varied gneissic rocks of probable 
Late Hadrynian t o  Early Palaeozoic age (Barr e t  al., 1985). 
The pluton has been previously noted by Currie (1975) and 

hornblende-biotite monzogranite. Jamieson and c r a w  (1983) 
reported a preliminary Rb-Sr isochron age of 365+/-46 Ma. 
Samples for the present study were collected from t h e  
southern half of the pluton (Fig. 21.1). 

Textural and mineralogical features  

The Cameron Brook pluton consists mainly of coarse 
grained megacrystic granite,  with less abundant medium 
grained non-megacrystic granodiorite. Aligned biotite grains 
produce a well defined foliation in the granodiorite and both 
amphibole and biotite a re  present (15-20%). The megacrystic 
granite is weakly foliated, amphibole is absent and the 
proportion of mafic minerals is slightly less than in the 
granodiorite (10-1596). Metasedimentary xenoliths a re  
present in both units. 

Large subhedral t o  euhedral grains of plagioclase occur 
in both units. Both normal and reverse zoning a r e  displayed, 
and compositions range from Anns t o  An, (Table 21.1). 
Plagioclase is also present in the  groundmass where i t  is 
essentially unzoned, with composition about An25 t o  Anzs. 
Potassium feldspar occurs both as large subhedral grains 
(Or,,; Table 21.2) and as interstit ial  groundmass grains. 
String perthite is typically present in the large grains, but 
absent in the  groundmass grains. Grid twinning is common in 
both varieties. Some of the alkali feldspar is replacing 
plagioclase; however most appears to  be primary. Rapakivi 
texture  is rarely developed. Alteration of feldspars 
throughout the  pluton is relatively minor, and is dominated by 

Table 21.1. M icroprobe analyses* of plagioclase in the  Cameron Brook (A-F) and 
M argaree (G-M) plutons 

A B C D E F 
core rim core rim core rim core rim core rim 

SiO2 64.56 63.13 62.66 64.51 65.64 65.03 61.30 65.81 64.43 66.26 62.96 
A1203 22.28 22.31 23.70 22.29 20.69 21.89 23.36 21.55 21.58 20.83 23.49 
CaO 3.48 2.84 5.04 3.63 1.98 2.60 4.17 2.50 2.83 1.73 4.97 
Na2O 10.00 9.75 8.82 9.69 10.48 9.92 8.42 10.64 9.63 10.73 8.85 
K 2 0  0.13 0.41 0.27 0.39 0.17 0.40 0.76 0.13 0.05 0.23 0.17 

Total 100.45 98.26 100.49 100.51 98.96 99.84 98.01 100.63 98.52 99.78 100.44 

An 16 14 24 17 9 12 21 I I 14 8 23 
Ab 83 84 75 81 90 86 75 88 86 91 76 
Or 1 2 1 2 1 2 4 I t r  I I 

G H I J K L M 
core rim core rim core rim 

S i02  62.17 61.93 63.50 60.85 67.53 63.50 63.22 63.99 61.91 64.76 
A1203 23.60 23.79 21.97 23.27 19.64 22.36 22.25 22.59 24.03 21.68 
CaO 5.14 5.06 3.48 5.04 0.50 3.72 3.63 3.70 5.60 2.85 
Na2O 8.71 8.89 9.71 8.69 11.57 9.45 9.42 9.72 8.33 9.98 
K 2 0  0.44 0.34 0.38 0.51 0.13 0.26 0.16 0.15 0.56 0.10 

Total 100.06 100.01 99.04 98.36 99.37 99.29 98.68 100.15 100.43 99.37 

An 24 23 16 2 4 2 18 17 17 26 13 
Ab 74 75 82 73 97 81 82 82 71 86 
Or 2 2 2 3 1 I I I 3 1 

Cameron Brook: A-E = megacrysts; F = groundmass. 
Margaree: G = inclusion in K-feldspar megacryst; H, I, M = megacrysts; J, K = synneusitic 
megacrysts; L = groundmass. 

* Cambridge Instruments Micoscan 5 with Or tec  Energy Dispersive Analyser, Dalhousie University. 
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Figure 21.1. Generalized geological map of the Cape Breton Highlands, showing the Cameron 
Brook and Margaree plutons. (Afte'r Barr et al., 1985). 



Table 21.2. M icroprobe analyses* of K-feldspar from t h e  Cameron Brook 
and M argaree plutons 

A B C D E F G H 

SiO2 64.25 63.93 63.79 63.85 63.55 64.67 64.20 63.93 
A1203 18.48 18.40 17.97 18.02 18.01 18.39 18.08 18.26 
CaO 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.10 
Na2O 1.30 2.20 0.69 0.90 0.19 1.09 0.52 0.73 
K 2 0  15.23 13.19 15.93 15.13 16.34 15.13 16.10 15.66 

T o t a l  99.34 97.72 98.38 97.90 98.09 99.38 98.90 98.68 1 

Cameron Brook: A = megacryst 
Margaree: D, E, F, G, H = megacrysts; B = groundmass; C = inclusion in 
plagioclase megacryst. 
* Cambridge Instruments Micoscan 5 with Or tec  Energy Dispersive Analyser, 

Dalhousie University. 
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PHLOGOPITE ANNITE 

I X 2.2 

Fe/ Fe+Mg 
Figure 21.2. Biotite compositions in terms of A1 vs. 
Fe/Fe+Mg (biotite quadrilateral); o = Cameron Brook; 
x = Margaree. 
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saussuritization and/or sericitization of plagioclase and in 
some instances, t h e  development of muscovite. Alkali 
feldspar is typically unaffected. Biotite occurs as  large 
subhedral to  euhedral grains, suggesting tha t  i t  grew early in 
the  crystallization history of the  pluton. It is Mg-rich 
(Table 21.3) and plots in t h e  phlogopite field on t h e  biotite 
quadrilateral (Fig. 21.2). Amphibole, where present in t h e  
granodiorite, is always subordinate t o  biotite. I t  i s  intensely 
chloritized, and no reliable analyses were  obtained. 
Interstitial anhedral quartz grains show extensive subgrain 
development, particularly in the  more foliated samples. 
Accessory minerals include abundant apat i te ,  sphene, and 
opaque oxides. Kinking and undulose extinction in biotites 
and feldspars, and subgrain development in quartz,  indicate 
post-intrusion deformation of the  Cameron Brook pluton. 

AI" 

The Margaree pluton consists mainly of reddish coarse  
grained megacrystic granite with less abundant medium 
grained porphyritic granite, and medium grained equigranular 
granite. Although a sharp contact  between megacrystic 

--------------- ---------------- 
I 

granite and equigranular granite was observed in a boulder, 
relationships appear t o  be  mainly gradational, a t  leas t  
between t h e  porphyritic and megacrystic types, with the  
porphyritic granite containing smaller and less abundant 
phenocr ysts. 

Alkali feldspar, commonly with rapakivi texture ,  is the  
dominant feldspar in t h e  Margaree granite,  in contras t  t o  t h e  
higher proportion of plagioclase in the  Cameron Brook pluton. 
It occurs both as megacrystic grains and in t h e  groundmass. 
Compositions range from Ore0 t o  Or98 (Table 21.2), with no 
obvious difference in composition between groundmass and 
megacrysts. The megacrysts of alkali feldspar a r e  up t o  5 cm 
in length, and a re  perthitic,  with both patch and string 
perthite developed. Twinning is not common, but where 
present is mainly simple, with minor grid twinning more 
commonly developed in the  groundmass grains. The 
megacrysts a r e  typically blocky rather than ovoid, a fea tu re  
in common with t h e  rapakivi granites of southeastern United 
States  (Speer et al., 1979). Some megacrysts a r e  compound, 
made up of three  or four individual grains, each with 
plagioclase, or more rarely, quar tz  mantles, similar t o  those 
described by Vorma (1975). Rapakivi texture  is common but 
by no means ubiquitous, and partial mantling is present 
locally. The mantling plagioclase generally occurs a s  small 
individual grains, commonly strongly altered t o  sericite,  and 
in various orientations relative t o  the  enclosed alkali 
feldspar . 

Less abundant megacrysts of plagioclase occur as  large 
individual zoned grains (An 2 0- 1s core, An 1 6 -  2 rim), and as  
compound synneusitic grains (An 2 o -  1 s), (Table 21.1). Rare  
graphic-like intergrowths with quartz also occur,  as  observed 
in the  rapakivi granites of the  Salmi Massif 
(Sviridenko, 1968). Biotite is subhedral t o  anhedral, 
commonly with ragged boundaries, and occurs both as 
individual grains and in clusters with amphibole, where i t  
appears t o  have locally replaced the  amphibole. Microprobe 
analyses indicate t h a t  t h e  biotites a r e  Fe-rich (average 
Fe/Mg = 1.36), and moderately high in T i02  (2.1-3.7%) 
relative t o  t h e  Cameron Brook pluton (Table 21.3). They plot 
in the  annite field of the  biotite quadrilateral (Fig. 21.21, 
similar t o  those of t h e  post-tectonic granites of t h e  
southeastern United States  (Speer et al., 1979). Lack of 
euhedral grains, t h e  replacement relationship with amphibole, 
and the  overall interstit ial  nature  of the  biotite suggest tha t  
i t  grew la te  in t h e  sequence of crystallization. Amphibole is 
present in the  coarse grained megacrystic unit, except  in the  
south, where the  granite is notably more leucocratic.  It is 
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479-3 479-4 479-5 478-1 478-2 

SiO 2 42.85 43.82 43.73 44.31 40.78 
T i 0  2 1.30 1.65 1.51 1.42 0.48 
A1 2 0  3 8.12 7.69 8.18 7.46 9.81 
FeO 21.51 20.47 20.22 19.83 24.03 
M n o  0.79 0.97 0.86 0.90 0.91 
M g o  8.27 8.96 8.37 9.09 6.20 
CaO 10.84 11.02 10.06 10.87 10.99 
Nan0 1.73 1.69 2.26 1.86 1.55 
K 2 0  1.00 0.94 0.94 0.93 1.26 

Total 96.41 97.21 96.13 96.67 96.01 

Si 6.65 6.73 6.78 6.83 6.46 
~ l i v  1.35 1.27 1.22 1.17 1.54 
Z si te  8.00 8.00 8.00 8.00 8.00 
AIVI 0.14 0.13 0.27 0.19 0.29 
Ti 0.15 0.19 0.18 0.17 0.06 
Fe3+** 0.37 0.19 0.17 0.08 0.42 
Fe '+ 2.43 2.44 2.45 2.48 2.76 
Mg 1.91 2.05 1.93 2.09 1.47 
Y s i te  5.00 5.00 5.00 5.00 5.00 
Mn 0.10 0.13 0.11 0.12 0.12 
C a  1.80 1.81 1.67 1.80 1.87 
Na 0.09 0.06 0.22 0.09 0.01 
X s i te  2.00 2.00 2.00 2.00 2.00 
Na 0.43 0.44 0.46 0.47 0.46 
K 0.20 0.18 0.19 0.18 0.26 
A s i te  0.63 0.62 0.65 0.65 0.72 

Total 15.62 15.63 15.65 15.65 15.72 

** Calculated af ter  Holland and Richardson (1979). 
* Using Cambridge Instruments Microscan 5 with Ortec 

Energy Dispersive Analyser, Dalhousie University. 

Alteration varies from moderate t o  intense; many 
samples display complete chloritization of biotite and 
amphibole, and extensive sericitization of plagioclase. The 
alkali feldspar is relatively unaltered. Veinlets of epidote, 
quartz, and chlorite a re  common. 

Table 21.4. Microprobe analyses* of amphibole absent in the porphyritic variety. Microprobe analyses of 

Overall, although both the  texture and mineralogy a r e  
broadly similar in t h e  Margaree and Cameron Brook plutons, 
the following exceptions a re  significant: (i) the  proportion of 
plagioclase t o  potassium feldspar is greater in t h e  Cameron 
Brook pluton; (ii) rapakivi texture is rare  in t h e  Cameron 
Brook pluton, but widespread in t h e  Margaree pluton; 
(iii) biotite compositions a re  more M g-rich and Ti-poor in the 
Cameron Brook pluton; (iv) more intense deformation has 
occurred in the  Cameron Brook pluton than in t h e  Margaree 
pluton, with extensive subgrain development in quartz, and 
deformed feldspars and biotites; (v) alteration is more intense 
in t h e  M argaree pluton. 

from t h e  M argaree pluton 

Geochemistry 

several grains a r e  given in Table 21.4. Following t h e  
nomenclature proposed by Leake (19781, these a r e  ferro- 
edenitic hornblendes t o  ferroedenites; their Fe-rich 
compositions a r e  similar t o  rapakivi granites elsewhere 
(Simonen and Vorma, 1969; VanSchmus et al., 1975). 
Accessory minerals include apatite,  sphene and opaque 
oxides. 

Despite the presence of two lithologies within the 
Cameron Brook pluton, the  analyzed samples a re  relatively 
uniform chemically (Table 21.5). A weak negative 
correlation with. SiOp exists for FenOst, MgO, CaO, and 
A1203 and a positive correlation for T i02  and P205 
(Fig. 21.3). KzO, Na20 and MnO contents are  relatively 
uniform throughout t h e  suite. Although t h e  granite is 
represented by t h e  more highly differentiated samples, there 
is a gradational relationship between the  granodiorite and t h e  
granite. 

70 75 
65 sio2 % 

Figure 21.3. Major element geochemistry plotted on SiOn variation diagrams. Symbols as in 
Figure 21.2. 
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Figure 21.4. Trace element geochemistry plotted on S i 0 2  variation diagrams. Symbols as in 
Figure 21.2. 

Trace element da ta  (Fig. 21.4) for the  Cameron Brook 
samples show negative correlation with SiOz for Cr, V, Sr, 
Zn, and F and a poorly defined negative correlation for Ba 
and Zr. Pb, Th, Nb, Ga, Rb and Y show no correlation. 

F 

The Margaree pluton shows a wider geochemical range 
than the Cameron Brook pluton, but no consistent differences 
related to  textural varieties are  apparent. With t h e  
exception of NazO, which is relatively uniform, and K 2 0 ,  
which is high and variable, all other oxides show a negative 
correlation with SiOl. With the exception of Ba, Zr and t o  a 
lesser extent V, F, Zn, and Th, all of which decrease with 
increasing SiO2, t race element contents appear t o  be 
independent of SiO2. 

High SiO 2, K 2 0  and F e 2 0  3 t  and low CaO a r e  associated 
with t h e  Margaree pluton, when compared t o  t h e  Cameron 
Brook pluton. Sederholm (1925) considered high SiO 2, K 2 0  

and low M g o ,  CaO and A1 2 0  3 t o  be characteristic of rapakivi 
granites in Finland. Emslie (1978), in discussing features of 
anorogenic granites, and in particular rapakivi granites, noted 
higher (Nan0 + K nO)/CaO and ~ e ~ t / ( F e O t  + Mg0) compared 
t o  calc-alkaline granites. ( N a 2 0  + K 20) /Ca0  ratios for the 
Margaree granite a re  extremely variable (6-65), although 
values in general a re  hi h relative t o  the Cameron Brook B pluton (3-7). F e o t I ( F e 0  + M g o )  ranges from 0.78-0.93 for 
the  Margaree pluton, consistently higher than the Cameron A M 
Brook pluton (0.60-0.68). An AFM diagram (Fig. 21.5) clearly Figure 21.5. Ternary Na20+K20 - FeO - diagram. shows this F e 0 f  and alkali enrichment in the  Margaree Symbols as in Figure 21.2. granite relative t o  t h e  Cameron Brook pluton. 
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Ti02 % 
Figure 21.6. Plot  of Zr against  Ti02.  Symbols as  in 
Figure 21.2. 

Figure 21.7. Plot  of Ga against  ,41203. Symbols as  in 
Figure 21.2. 

There  is a notable  enr ichment  in C r ,  Ni, V and Sr in t h e  
Cameron Brook pluton re la t ive  t o  t h e  Margaree  pluton, and a 
corresponding depletion in Y, Zr, and Nb. These  d i f ferences  
cannot  be  accounted for  by t h e  higher S i 0 2  content  in t h e  
Marga ree  pluton. A plot of Zr against  T i 0 2  (Fig. 21.6) 
fu r the r  shows t h e  sharp  dist inction between t h e  two  suites.  
However,  they do show parallel t rends ,  suggesting t h a t  both 
represent  d i f ferent ia t ion  sequences.  

Collins e t  al. (1982) concluded t h a t  Zr, Y, Nb, Ga,  and 
Zn a r e  enriched in anorgenic (A-type) grani tes  of Australia.  
The d i f ferences  were  a t t r ibuted  in par t  t o  partial  melting of 
a relatively anhydrous lower crus t  in which e levated  F 
ac t iv i ty  enhances solubilities of Ga and Zr. Elevated 
concentra t ions  of Zr, Y,  and Nb in t h e  Marga ree  pluton could 
r e f l ec t  a similar origin. However, Ga/AI enr ichment  was not 
observed (Fig. 21.7) nor do  F contents  appear  t o  be  unusually 
high (Table 21.5) although Cur r i e  (in press) repor ted  f luor i te  
in t h e  northern par t  of t h e  pluton. 

The possible e f f ec t s  of a l te ra t ion  on t h e  geochemistry,  
part iculari ly in relation t o  t h e  Margaree  grani te ,  cannot  be  
overlooked. The s c a t t e r  on t h e  S i02  variation diagrams is 
possibly t h e  result  of a l te ra t ion;  however,  with t h e  except ion  
of K 2 0 ,  Na20,  C a O  and MnO, t h e  overall  variation is  
cons is tent  with differentiation-dominated processes. The  
lack  of corre la t ion  for  K 2 0 ,  C a O  and t o  a lesser ex t en t  N a 2 0  
and MnO, strongly suggests post-magmatic mobility. On t h e  
basis of mineralogical  and textura l  observations,  however,  
t h e  e levated  K 2 0  contents  and t h e  deple ted  C a O  

Figure 21.8. Plot  of Rb against  K20 .  Symbols as  in 
Figure 21.2. 

contents  a r e  considered t o  ref lec t  magmat i c  processes. Thus 
re la t ive  proportions of these  oxides, r a the r  t han  absolute  
contents ,  a r e  significant.  

Sca t t e r  on t h e  variation diagrams for Rb,  Sr, Pb, Zn, F 
and Th can  similarily be  explained in t e r m s  of post-magmatic 
a l te ra t ion .  I t  is considered significant t h a t  Sr closely mimics 
CaO distribution. R b  is s ca t t e r ed  with respect  t o  K 2 0  
distribution (Fig. 21.8,  suggesting s o m e  mobilization during 
a l tera t ion .  

Given t h e  inherent  difficulty of re la t ing  grani te  
geochemistry unambiguously t o  source  rocks, t h e  
reconaissance level of mapping of both plutons, t h e  relatively 
l imited number of samples  included in th is  s tudy,  and possible 
a l te ra t ion  e f f ec t s ,  i t  is  considered p rema tu re  t o  model t he  
geochemistry of e i ther  pluton in t e r m s  of i t s  source  rock, 
t ec ton ic  se t t ing ,  o r  crystall ization history without fur ther  
sampling based on more  detailed mapping. 

Rapakivi texture 

The origin and pet rogenet ic  significance of rapakivi 
t ex tu re ,  t h a t  is, t h e  mantling of potassium feldspar by 
plagioclase, have  been t h e  subjec ts  of much controversy 
a s  t h e  observed f ea tu re s  apparently require a reversal  in 
t h e  normal crystall ization sequence  of grani tes  
(plagioclase followed by alkali feldspar). Rapakivi t e x t u r e  
has  been variously a t t r i bu t ed  t o  se lec t ive  replacement  of 
ear ly  plagioclase by l a t e r  K-feldspar (eg. S t ewar t ,  1959; 
Dawes,  1966; Stull ,  1979), c rys ta l l iza t ion  of K-rich grani t ic  
magmas (Tut t le  and Bowen, l958), and disequilibrium 
crystall ization of grani t ic  magma,  combined with pressure- 
quench e f f e c t s  (Cherry and Trembath ,  1978). 

The following observations suggest  t h a t  replacement  
processes a r e  not responsible fo r  t h e  development of rapakivi 
t e x t u r e  in t h e  M a rga ree  pluton: (i) plagioclase grains in t h e  
mant les  of t h e  K-feldspar a r e  typically not  in opt ica l  
continuity,  and thus  appear  t o  have grown independently of 
each  o ther ;  (ii) veinlets of "micrograins" of plagioclase c u t  
t h e  K-feldspar in random orientations,  suggesting a l a t e  
migration of Na-rich a s  well a s  K-rich fluids; (iii) plagioclase 
grains within t h e  megacrys ts  a r e  commonly in random 
orientation,  unlikely if t h e  K-feldspar represents  a 
replacement  phase; (iv) a highly prophyrit ic dyke, with well 
developed rapakivi t e x t u r e ,  which c u t s  schis ts  just west  of 
t h e  main  pluton, conta ins  alkali feldspar grains which a r e  
largely subhedral  t o  euhedral ,  suggesting ear ly  magmat i c  
growth. It thus s eems  likely t h a t  rapakivi t ex tu re  in t h e  
Margaree  pluton resul ts  f rom ear ly  co-crystall ization of 
K-feldspar and plagioclase. The presence of both K-feldspar 
and plagioclase megacrys ts  in s o m e  samples  (including t h e  
dyke) suggests t h a t  both feldspars (with quar tz)  w e r e  present 
ear ly  in t h e  crystall ization history. Mantled grains a r e  



Table 21.6(a). Rb-Sr isotopic data  for the Cameron 
Brook pluton. Analyses by Geochron Laboratories 
Division, Krueger Enterprises Inc., Cambridge, 
M assachusetts. 

Sample Rb* Sr * 8 7 ~ b / 8 6 ~ r  8 7 ~ r / 8 6 ~ r * *  

1000 165 363 1.316+/-1% 0.71191(13) 
1005 203 296 1.976+/- 1% 0.7161 l (06)  
1010 196 377 1.499+/-1% 0.71320(08) 

* in ppm. 
** errors given as 2 sigma in t h e  last digits. 

AGE: 44Sf 16 M o  

w lni t i  ol Ratio: 0.7036f 0.0014 

0.7 0 0.2 0.4 06 OB 'ID LZ -0 
Table 21.6(b). Rb-Sr isotopic data for the  Margaree 
pluton. Analyses at  Memorial University using techniques 8 7 R b / 8 6 S r  

described by Taylor and Fryer (1983). Decay constant for 
"Rb is 1 . 4 2 ~ 1 0 -  l l / y r  (Steiger and Jager, 1977). Figure 21.9a. Plot of 8 7 ~ r / 8 6 ~ r  against 8 7 ~ b / 8 6 ~ r  for the 

Cameron Brook pluton. 

1 Margaree Granite 

Sample Rb* Sr * 8 7 ~ b / 8 6 S r  8 7 ~ r / 8 6 ~ r * *  

340 184.1 151.7 3.519+/-0.035 0.72393(09) 
476 183.7 172.9 3.080+/-0.031 0.72171(05) 
477 187.2 154.2 3.519+/-0.035 0.72365(13) 
478 160.6 141.0 3.302+/-0.033 0.72283(21) 
4788 161.5 131.0 3.562+/-0.036 0.72364(49) 
479 201.1 155.4 3.572+/-0.038 0.72532(08) 
547 247.4 67.7 10.947+/-0.109 0.75922(07) 

* in ppm. 
** errors given a s  2 sigma in t h e  last digits. 

significantly more common in t h e  porphyritic varieties of the 
pluton, suggesting a possible relationship between pressure 
quenching and the development of rapakivi texture. The 
K-rich bulk composition of t h e  Margaree pluton may have 
stabilized K-feldspar a t  an unusually early stage. This is in 
contrast t o  the  Cameron Brook pluton, in which rapakivi 
texture is rare, and the K 2 0  concentration is lower. In both 
plutons, the  growth of megacrysts is partially attributable t o  
high volatile contents in the melts enhancing diffusion and 
therefore growth rates of phenocrysts. 

A three-point Rb-Sr isochron from the Cameron Brook 
pluton (Table 21.6, Fig. 21.9a) has yielded a la te  Ordovician - 
early Silurian date  of 445 ? 16Ma. Deformation within the 
Cameron Brook pluton is moderate t o  strong, and i t  is 
possible that  there has been some isotopic migration, causing 
t h e  scat ter  in t h e  data  points. It is unlikely, however, tha t  
the  data  have been completely reset from an original 
Devonian - Carboniferous date. Similar Ordovician - Silurian 
ages have been obtained from other granitoids in the area 
(Cormier, 1972). Thus t h e  age difference between t h e  
Cameron Brook pluton and the  Margaree pluton (discussed 
below) is considered significant. 

A six-point Rb-Sr whole rock isochron date  of 
343 2 17 Ma has been obtained from the southern part of the  
M argaree pluton (Table 21.5, Fig. 21.9b). This is t h e  youngest 
date  yet obtained on a large pluton in the  Highlands, and is  
very similar to  the  age of the  Fisset Brook Formation and 
related subvolcanic plutons in the Lake Ainslie area (French 
and Barr, 1984; Huard and Teng, 1984). This is younger than 
the Salmon Pool pluton (365 + 10, -5 Ma; Jamieson e t  al., 
in press) part of which has been reported to  cut  the  Margaree 

f 
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" ~ b / ' ~ s r  
Figure 21.9b. Plot of e 7 ~ r / 8 6 ~ r  against 8 7 ~ b / 8 6 ~ r  for the 
Margaree pluton. 

pluton north of the study area (eg. Currie, in press). A 
preliminary 'At-- 'Ar cooling age on biotite from the 
Margaree pluton has given a significantly older date  
(ca. 380 Ma) than the Rb-Sr isochron (P.H. Reynolds, personal 
communication, 1986). This conflict in t h e  date  raises t h e  
possibility that  the Rb-Sr systematics have been disturbed by 
alteration. 

Discussion 

The data  presented above show that ,  although the 
Cameron Brook and Margaree plutons a re  superficially 
similar, there a re  significant differences, particularly in 
geochemistry and age. These differences must reflect a 
combination of their source rocks, their crystallization 
histories, subsequent alteration processes, and t h e  tectonic 
set t ing in  which the  plutons formed. Not all of these possible 
sources of variation can be evaluated with t h e  present data; 
however, t h e  following points a r e  considered significant. 

In t h e  Cameron Brook pluton plagioclase dominates 
over K-feldspar, despite the  presence of K-feldspar 
megacrysts, and t h e  rocks a r e  modally granodiorites t o  
granites. The M argaree pluton contains a higher proportion 
of K-feldspar and t h e  rocks a r e  modally granites. 
The Cameron Brook pluton contains less K20, Y and Zr than 
t h e  Margaree pluton, and higher MgO, NapO, Cr,  Ni and Sr. 
These features suggest that  the  Cameron Brook pluton is 



petrologically less evolved than the Margaree pluton, but the 
role of crystallization versus melting and source rock factors 
in creating these differences is not clear. However, the early 
crystallization of both alkali feldspar and plagioclase in the 
Margaree pluton suggests this pluton acquired i ts  K-rich 
characteristics a t  a relatively early stage. Although both 
plutons contain normative corundum, the  lack of a primary 
peraluminous mineralogy and the  abundance of hornblende 
and sphene suggest that  this feature may result from 
alteration, and cannot be used t o  infer the nature of the 
source material. 

The relatively low 87Sr/86Sr initial ratios for both 
plutons suggest that  neither pluton was derived entirely from 
a highly radiogenic source rock such a s  an ancient cratonic 
basement. The Cameron Brook pluton has a significantly 
lower 87Sr/86Sr initial ratio than the Margaree pluton - 
0.7036 k 0.0014 versus 0.7067 ? 0.008. The different ages of 
the  plutons allow for the possibility of different tectonic 
environments and different source rocks a t  the time the 
plutons formed. However, until a better understanding of the 
Paleozoic tectonic history of the Cape Breton Highlands is 
achieved, the characteristics of individual plutons cannot 
easily be related t o  tectonic processes. 

The development of rapakivi texture in the  Margaree 
pluton and i ts  near absence in the Cameron Brook pluton 
testifies to  the variable mechanisms of formation of 
megacrystic granites. Growth of Mg-rich biotite early in the 
crystallization history of the  Cameron Brook pluton and the 
presence of abundant pegmatites (Wiebe, 1972) suggest that 
the melt was relatively hydrous, which may have encouraged 
the growth of large crystals. On the other hand, high 
K-concentrations and a polybaric crystallization history 
probably influenced the widespread development of rapakivi 
texture in the  Margaree pluton. 
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Abstract 

The West Branch Nor th River and Bothan Brook plutons are an intrusive complex o f  
granodiorit ic to granit ic rocks, i n  the south-central Cape Breton Highlands. Preliminary 
mineralogical, geochemical, and isotopic studies suggest that they represent a comagmatic suite o f  
late Devonian age. The Sarach Brook shear zone divides the West Branch Nor th River pluton in to an 
upthrusted block of granodiorite in the west, and monzogranite in  the east. Alteration, 
contamination, and deformational features are considered contributors to the observed chemical 
variabil ity. Hemati te-r ich breccia zones i n  the West Branch Nor th River monzogranite, and extreme 
alterat ion in  the Bothan Brook granite, have been ident i f ied and warrant examination for their  
minera l  potential. 

Les plutons de West Branch Nor th River e t  de Bothan Brook forment un complex intrusif  de 
roches granodioritiques A granitiques dans la par t ie  centrale du sud des hautes-terres du Cap Breton. 
L'Btude provisoire de la  minbralogie, de l a  geochimie et  des isotopes por te ti croire que ces plutons 
representent une suite comagmatique df5ge tardi-devonien. La zone de cisail lement de Sarach Brook 
divise le  pluton de West Branch North River en un bloc souleve de granodiorite A I'ouest e t  en 
monzogranite A I'est. L'alteration, la  contamination e t  la  deformation auraient contribue A la grande 
variabi l i te chimique observee. On a examine des zones de brgches riches en hemati te dans le 
monzogranite de West Branch Nor th River, ainsi que des zones fortement alterees dans l e  granite de 
Bothan Brook; ces zones meri teraient dl&tre BtudiBes de plus prhs pour en ver i f ier  les possibilites 
minerales. 

Contribution t o  the Canada-Nova Scotia Minera l  Development Agreement 1984-1989. 
Project carr ied by Geological Survey o f  Canada, Mineral Resources Division, Project 700059. 
Department of Geology, Dalhousie University, Halifax, Nova Scotia B3H 355 



Introduction The ~ l u t o n s  are located i n  the Middle River area of the - - - - - -  

south-cenGal Cape Breton Highlands, where they intrude 
in age and com~OYtion Of the plutonic rocks- 

metavolcanic and gneissic rocks of probable Lare Proterozoic 
Of the Breton makes and age (Jamieson and Doucet, 1983). The West Branch North 
comparisons di f f icul t  (eg. Barr e t  al., 1985). Some suites of River pluton comprises two distinct phases separated by a cogenetic plutons exhibit variations in  alteration that mask shear zone, whereas the Bothan Brook pluton was mapped as 
petrological similarities. On the other hand, some unrelated a separate unit, whose relation to the West Branch North 
plutons are very similar. This paper discusses the petrology, ~i~~~ pluton was unknown (Jamieson and ~ ~ ~ ~ ~ t ,  ,983). -,-he geochemistryy and age Of the West Branch North River and present study suggests that the plutons are related, and that 
Bothan Brook plutons Of the south-centra1 Cape Breton the differences noted i n  the field ref lect variable degrees of Highlands (Fig. 22.1) as an example of the first case; alteration, deformation and a companion paper (~ 'Beirne-Ryan e t  al., 1986) discusses an 
example of the second problem. 

CARBONIFEROUS 

0 Undivided sedimentary rocks 

DEVONIAN - CARBONIFEROUS 

NNI North River pluton 
Bothan Brook pluton 

Bimodal volcanic rocks 

I+-' Granitoid intrusions 
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Granitoid intrusions 

0 Diorit ic intrusions 

LATE HADRYNIAN -CAMBRIAN 
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Undivided gneisses 
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North River granodiorite 

North River monzogranite 

A Bothan Brook granite 

* North River dyke 

Cape Breton National Park boundary 

0 5 10 15 
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. = WBNR granodiorite; A = BB granite. 

= WBNR monzogranite; * = granitic dyke i n  WBNR 

Figure 22.1. Generalized geological map of  the Cape Breton Highlands, showing the West Branch 
North River and Bothan Brook granites (after Barr et al., 1985). 





The Bothan Brook granite is reddish, highly leucocratic, and similar Fe/(Fe+Mg) t o  biotite. Amphibole is absent from 
coarse grained, and relatively homogeneous. Petrographic the WBNR monzogranite and from the BB granite. The 
features a r e  summarized in Table 22.1. Alteration within the mineralogy throughout the suite has been variably modified 
Bothan Brook pluton is strong throughout. Modal and by alteration, however, i t  is generally consistent with a 
normative mineralogy indicate that  this phase falls in the cogenetic intermediate t o  felsic sequence from granodiorite 
monzogranite field, however, throughout the text ,  it is to  monzogranite to  granite. 
referred to  as  the Bothan Brook granite. 

Feldspars throughout the sui te  (ie. both the West Geochemistry 
Branch North River and the  Bothan Brook plutons) a r e  a l l  Major and t race  element geochemistry and normative highly sodic (oligoclase-albite) and potassic (Or 8 o t o  Or9 6 ; mineralogy are listed in Table 22.5. Si02 variation diagrams 

22.2)' in the granodiorite and the for major and t r a c e  element d a t a  a r e  plotted in Figures 22.3 
monzogranite show a restricted compositional range within 
the annite field (Fig. 22.2), although Mn contents of the  and 22.4 respectively. 

monzogranite biotites a r e  notably higher (Table 22.3). The bimodal nature of the West Branch North River 
Biotites from the Bothan Brook granite have been completely pluton is clearly defined by the geochemical da ta  (Fig. 22.3, 
chloritized, hence no comparison of biotite compositions is 22.4). There is a gap in SiO2 contents between 64 and 70% 
possible. Amphiboles in the granodiorite are  relatively that  is reflected by all the other  major oxide 
Fe-rich, with a narrow compositional range (Table 22.4), proportions, with the exception of Na20,  which remains 

Table 22.2. Microprobe analyses* of plagioclase and alkali feldspar from the 
West Branch North River (WBNR) and Bothan Brook (BB) plutons 

---- - 

SiO2 62.77 63.72 63.58 64.51 63.72 64.53 64.60 64.76 64.27 63.98 
A1203 18.18 18.37 18.19 18.49 18.42 18.15 18.27 18.58 18.37 18.12 
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
NazO 0.62 1.26 0.61 0.88 0.50 0.60 0.58 1.26 0.44 0.57 
K 2 0  15.60 14.73 15.70 15.67 16.12 16.10 16.25 15.24 16.28 15.99 

Total 97.17 98.08 98.08 99.55 98.78 99.38 99.70 99.84 99.36 98.66 

I K L M N 0 
core rim core rim core rim core rim core rim I 

1 

S i 0 2  61.50 61.94 61.05 61.89 60.71 62.55 62.97 60.83 61.59 61.01 62.55 
Al2O3 23.83 23.40 23.85 23.53 24.87 23.13 23.19 24.12 23.35 23.80 23.13 
CaO 5.28 4.79 5.08 4.74 6.11 4.37 4.64 5.68 4.95 5.48 4.59 
NazO 8.76 9.09 8.76 8.99 8.25 8.62 9.34 8.55 8.73 8.53 9.14 
K 2 0  0.21 0.21 0.16 0.16 0.14 0.24 0.16 0.17 0.12 0.14 0.08 

Total 99.58 99.43 98.81 99.31 100.02 98.91 100.30 99.35 98.74 98.96 99.49 

Q R S T U 
core rim core rim core rim 

Si02 67.46 65.72 67.99 65.44 64.25 67.34 64.59 69.43 
A1203 19.75 19.48 19.28 22.23 21.91 20.02 21.47 19.95 
CaO 0.45 0.63 0.25 3.07 2.67 0.83 2.52 0.32 
NazO 11.71 11.21 11.81 10.33 9.95 10.58 9.84 11.81 
K 2 0  0.32 0.22 0.18 0.25 0.09 1.21 0.66 0.21 

Total 99.63 97.26 99.45 101.22 98.87 99.98 99.08 101.72 

Microprobe analyses of alkali feldspar (A-J) and plagioclase (K-S) from t h e  WBNR and BB plutons. 
WBNR granodiorite: A,B,C,K,L,M,N,O,P; WBNR monzogranite: D,E,F,G,Q,R,S; BB granite: H,I,J,T,U. 

I 'Cambridge Instruments Microscan 5 with Or tec  Energy Dispersive Analyzer, Dalhousie University. I 



Table 22.3. Microprobe analyses* of biotites from the West Branch North River (WBNR) 
granodiorite and monzogranite 

489-1 489-2 489-3 297-1 297-2 297-3 486-1 486-2 486-3 

S i02  38.00 37.24 37.44 36.83 37.23 37.37 37.80 38.26 37.60 
Ti02 1.67 2.86 3.08 2.60 2.75 2.94 3.02 2.83 2.46 
A1203 15.73 15.27 15.72 15.37 15.36 15.89 15.68 15.98 16.06 
FeO 20.62 20.06 19.75 20.70 20.33 19.72 20.18 19.99 20.83 
MnO 0.14 0.05 0.09 0.09 0.16 0.29 0.56 0.39 0.50 
MgO 11.63 10.96 10.92 10.18 10.89 10.67 10.27 10.64 10.57 
K 2 0  9.44 9.41 9.40 9.12 9.14 9.53 9.67 9.77 9.84 
H20** 4.00 3.95 3.98 3.90 3.95 3.98 4.00 4.04 4.01 

Total 101.23 99.80 100.38 98.79 99.81 100.39 101.18 101.90 101.87 

Ionic proportions 

Si 5.69 5.65 5.64 5.66 5.65 5.63 5.67 5.68 5.62 
~ l i v  2.32 2.35 2.37 2.34 2 .35  2.37 2.34 2.32 2.38 
Z s i te  8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 
AIVl 0.46 0.38 0.42 0.45 0.40 0.45 0.43 0.48 0.45 
Ti 0.19 0.33 0.35 0.30 0.31 0.33 0.34 0.32 0.28 
Fe 2.58 2.55 2.49 2.66 2.58 2.48 2.53 2.48 2.63 
Mn 0.02 0.01 0.01 0.01 0.02 0.04 0.07 0.05 0.06 
Mg 2.59 2.48 2.45 2.33 2.46 2.40 2.29 2.36 2.35 
Y site 5.84 5.72 5.72 5.75 5.77 5.70 5.66 5.69 5.77 
K 1.80 1.82 1.80 1.80 1.77 1.83 1.85 1.85 1.88 
X s i te  1.80 1.82 1.80 1.80 1.77 1.83 1.85 1.85 1.88 
H 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 
0 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 

PHLOG 49.96 49.27 49.52 46.60 48.64 48.72 46.87 48.19 46.89 
ANN 49.70 50.60 50.25 53.17 50.95 50.52 51.68 50.80 51.85 
Mn 0.34 0.13 0.23 0.23 0.41 0.75 1.45 1.00 1.26 
F/M 1.00 1.03 1.02 1.15 1.06 1.05 1.13 1.08 1.13 
F/FM 0.50 0.51 0.51 0.53 0.51 0.51 0.53 0.52 0.53 

WBNR granodiorite: 489-1, -2, -3; 297-1, -2, -3. 
WBNR monzogranite: 286-1, -2, -3. 

* Cambridge Instruments Microscan 5 with Ortec Energy Dispersive Analyzer, Dalhousie University. 
** H 2 0  - calculated based on the stoichiometry of biotite. 

uniform throughout. A well defined negative correlation with 
silica exists for TiO2, MgO and P2O5;  AI2O3, CaO and MnO 
show a somewhat less uniform decrease with increasing S i02  
contents. Only K 2 0  shows a positive correlation. The 
variability in the proportion of mafic minerals in the  
granodiorite is reflected in the data  point sca t t e r  for this 
phase in general. The somewhat variable CaO contents 
throughout the suite may be explained by the localized 
occurrence of microscopic veinlets of epidote. The 
monzogranite is relatively homogeneous, and shows lit t le 
systematic variation in geochemistry, with the exception of 
CaO, A1209 and K 2 0  contents, whose variation is consistent 
with the  replacement features  observed petrographically. 

In the  Bothan Brook granite, S i02  is uniformly high 
(72.35-75.76 wt%), with correspondingly low Ti02,  MgO, 
FepO3t P20s  and Alz03,  all  these oxides decreasing slightly 
with increasing S i02  contents. CaO contents a r e  very low 
and uniform, and K 2 0  values a r e  high, but show a broad 
scatter.  N a 2 0  contents a r e  low relative t o  the  West Branch 
North River samples. These features  ref lect  the  more 
intense alteration of the Bothan Brook granite. Major 
element geochemistry of the  West Branch North River and 
the Bothan Brook plutons a r e  therefore compatible with 
derivation from a single source. 

Trace element da ta  a r e  plotted in Figure 22.4, and with 
t h e  exceptions discussed below, a r e  within the range 
expected for rocks of these compositions. Ba shows 
somewhat anomalous behaviour in this suite, and a non-linear 
trend on the SiO2 variation diagram (Fig. 22.4). The Ba 
values of the granodiorite remain uniformly high, and this is 
followed by a sharp decrease in Ba contents with increasing 
SiOp. The overall decrease in Ba throughout the sequence, is 
similar t o  that  observed for granitic rocks by Lee and 
Doring (1974). In contrast t o  the behaviour of Ba, Sr shows a 
sharp decrease with increasing S i02  in the granodiorite, 
followed by a uniformly lower, though relatively constant 
(156-318 ppm), set of values for the monzogranite, and a very 
low, though relatively constant (101-284 ppm) set of values 
for t h e  Bothan Brook samples. Rb contents increase steadily 
with increasing S i02  in t h e  West Branch North River samples, 
but  a r e  relatively lower and uniform in the  Bothan Brook 
granite. A plot of Rb against K 2 0  shows the  depletion of Rb 
relative t o  K 2 0  in the  Bothan Brook samples (Fig. 22.5). 

Although t h e  behaviour of these elements can  in par t  be 
explained by alteration, tha t  is, they a r e  depleted relative t o  
t h e  elements for which they substitute during post-magmatic 
changes, i t  i s  possible t h a t  the observed trends a r e  a feature  
of the  magmatic phase, and ref lect  crystal fractionation. 



Fluorine contents  show a negative correlation with 
S O 2 ,  similar t o  t rends  recorded for several o the r  grani t ic  
plutons in Cape Breton (Barr e t  al., 1982). Alteration can  
modify F-concentrations (eg. Bailey, 1977; Godfrey, l962), 
thus t h e  F-contents  may not  truly r e f l ec t  t he  
F-concentrations of t h e  magma. Alternatively, a s  F tends  t o  
be concentra ted  in minerals such a s  apat i te ,  bioti te,  sphene, 
and t o  a lesser extent ,  amphibole (Bailey, 19771, i t  i s  possible 
t h a t  t he  observed distribution simply ref lec ts  t h e  higher 
concentra t ion of these  minerals in the  granodiorite.  

Plagioclase f rac t ionat ion will strongly deplete Sr relative t o  Table 22.4. Microprobe analyses* of amphiboles 
Ba, which does no t  become "compatiblett  until K-feldspar f rom t h e  granodiorite of t h e  West Branch 

Zr, Y, Zn and Cr  decrease overall  with increasing S i 0 2  
contents ,  although the re  i s  considerable sca t t e r ,  particularly 
within t h e  granodiorite. It is  possible tha t  this s c a t t e r  i s  t h e  
result  of contamination by t h e  host rocks, however, more  
d a t a  a r e  required t o  evaluate  this possibility. 

begins t o  crystall ize (Cox et al., 1979, p. 337). This can also 
explain t h e  relatively constant  Sr contents ,  and corresponding 
decreasing Ba contents  in t h e  monzogranite and in t h e  Bothan 
Brook granite.  Rb is concentra ted  preferentially in bioti te,  
and t h e  virtual absence of this mineral in t h e  Bothan Brook 
grani te  may account  for t he  s t rong depletion of this e l emen t  
in these samples. 

One sharp  con tac t  between t h e  WBNR monzogranite 
and dior i t ic  rocks t o  t h e  e a s t  has  been observed in the  field, 
and t h e  pluton does crosscut regional trends in t h e  west. A 
Rb-Sr isochron d a t e  of 399.6 + 4.6 Ma on samples f rom t h e  
WBNR granodiorite and rnonzogranite suggests intrusion of 
t h e  pluton in t h e  early s tages  of t h e  Acadian orogeny 
(Table 22.6; Fig. 22.6). Preliminary cooling O A ~ / ~ ' A ~  d a t e s  
of ca.  380 Ma have been obtained on biot i tes  f rom these  uni ts  
(P.H. Reynolds, personal communication, 1986). The Bothan 
Brook pluton is highly a l tered throughout, thus no samples 
have been dated.  The possible e f f e c t s  of a l tera t ion on t h e  
isochron from the  WBNR pluton a r e  considered in t h e  nex t  
section. 

North River (WBNR) pluton 

Discussion 

The geochemical da t a  raise questions a s  t o  t h e  
relationship among the  th ree  units. On the  basis of field 
observations, mineralogy, a l tera t ion fea tures ,  and isotopic 
studies, w e  suggest that  a l l  t h ree  units represent  d i f ferent  
phases of t h e  s a m e  intrusion. This preliminary in terpre ta t ion 
is based on limited da ta ,  and we recognize t h a t  o the r  
in terpre ta t ions  a r e  also possible. 

The WBNR and BB plutons a r e  qui te  d i f ferent  in t h e  
field in t e r m s  of overall  appearance, however, a s t rong c a s e  
can be  made on t h e  basis of geochemistry and mineralogical 
similarit ies t h a t  t h e  BB grani te  i s  a more  evolved phase of 
t h e  WBNR monzogranite. The mineralogy is consistent with 
this in terpre ta t ion,  considering t h e  ex ten t  of a l tera t ion,  
particularly in t h e  BB granite,  and t h e  bulk chemical d a t a  
overlap and fa l l  along essentially the  same  trend. 

The geochemical d a t a  f rom t h e  WBNR pluton exhibit  a 
distinct compositional gap  between the  granodiorite and t h e  
rnonzogranite (Fig. 22.3, 22.4). In any a t t e m p t  t o  de te rmine  
t h e  significance of this fea ture ,  t he  field relations,  isotopic 
da ta  and mineralogy need t o  be  considered. In the  field,  t h e  
most maf ic  p a r t  of t he  granodiorite, and the  most fe ls ic  p a r t  
of t h e  rnonzogranite a r e  clearly d i f ferent  in t e rms  of overa l l  
appearance. However, locally the re  a r e  outcrops in which i t  
is  difficult  t o  distinguish between them. Thus field 
observations suggest a gradation between the  granodiorite 
and t h e  monzogranite. Furthermore,  t he  shear zone t h a t  
separa tes  them has a component of thrusting f rom nor th  t o  

489-1 489-2 489-3 297-1 297-2 297-3 

S i 0 2  44.78 44.09 44.70 43.79 44.58 44.28 
Ti02 1.69 1 .16 0 .98  1 .69 1 .42 1 .64 
A1203 8 .89 8 .89 8 .67 8 .99 9 .24  8 .57 
FeO 18.31 18.26 18.44 18.63 18.75 17.85 
MnO 0.31 0.19 0 .24 0 .24 0 .22 0 .27 
MgO 10.61 10.71 10.53 10.19 10.33 10.64 
CaO 11.38 11.67 11.47 11.25 11.25 11.35 
N a 2 0  1.77 1 . 3 5  1.16 1.62 1 .56 1 .69 
K 2 0  1.10 0.94 0.97 1 .05 1 .06 0 .91 

Total  98.93 97.26 97.16 97.45 98.41 97.20 

Ionic proportions 

Si 6.64 6.61 6.70 6 .59 6 .61 6.66 
AII" 1 .36 1.39 1.30 1.41 1 .39 1 - 3 4  
Z s i t e  8.00 8.00 8.00 8.00 8 .00 8.00 
AI"I 0 .20 0.18 0 .23  0.18 0 .23  0.18 
Ti 0.19 0 .13  0 .11 0.19 0 .16 0.19 
~ e ~ + * *  0.34 0.57 0.59 0.49 0 .56 0.39 
~ e ~ +  1 .93 1.72 1.72 1.85 1 .77 1.86 
Mg 2 .35  2.40 2 .35  2.29 2 .29 2.39 
Y s i t e  5.00 5.00 5 .00 5.00 5 .00 5.00 
Mn 0.04 0.02 0 .03  0 .03  0 .03  0 .03 
C a  1.81 1 .88 1.84 1.81 1 .79 1.83 
Na 0 .15 0 .10 0 .13  0 .16 0 .18  0 .14 
X s i t e  2.00 2.00 2 .00 2.00 2 .00  2.00 
Na 0.36 0.29 0 .21 0.31 0.27 0 .35 
K 0.21 0.18 0.19 0.20 0 .20 0.17 
A s i t e  0 .56 0 .47 0 .40  0.51 0 .47 0 .52 

Total  15.58 15.47 15.40 15.51 15.48 15.53 

* Cambridge Instruments Microscan 5 with O r t e c  Energy 
Dispersive Analyzer, Dalhousie University. 

** Calculated a f t e r  Holland and Richardson (1979). 

south (Jamieson and Doucet,  1983). It is  t he re fo re  possible 
t h a t  t h e  granodiorite represents  a deeper  s t ruc tu ra l  level of 
the  pluton, brought up by thrusting. This could also account  
in pa r t  for  t h e  foliation observed in the  granodiorite. Both 
the  granodiorite and t h e  monzogranite plot on t h e  same  
Rb-Sr whole rock isochron (Fig. 22.5). When samples from 
the  granodiorite and t h e  monzogranite a r e  plotted separa te ly ,  
t h e  isochron is  essentially the  same. Although the  
proportions of maf ic  t o  fe ls ic  minerals change dramatically 
between t h e  two, alkali feldspar and bioti te compositions a r e  
similar in both, and consis tent  with crystall ization f rom a 
common parent.  As outcrop in t h e  a r e a  i s  poor and sporadic, 
and deta i led  mapping was not undertaken, i t  is  possible tha t  
t h e  d a t a  r e f l ec t  a selection e f f e c t  r a the r  than the  presence 
of two  complete ly  d i f ferent  intrusions. Alternatively,  t h e  
presence of hybrid rocks along t h e  eas t e rn  margin of the  
granodiorite,  and t h e  variable proportions of maf ic  minerals 
within t h e  granodiorite i tself ,  suggest possible contamination 
of t h e  granodiorite by t h e  host  rock. 

If t h e  WBNR granodiorite, t h e  WBNR monzogranite, 
and t h e  BB grani te  represent  d i f ferent  phases of t h e  same  
intrusion, a t  leas t  some  of t h e  variation may be explained by 
a l tera t ion effects .  The BB g ran i t e  owes i t s  distinctive 
appearance in par t  t o  in tense  a l tera t ion t h a t  has reddened 
t h e  feldspars and completely chlorit ized t h e  bioti te.  The 
intensity of a l tera t ion may re f l ec t  proximity t o  t h e  Sarach 
Brook shear  zone, which borders t h e  grani te  t o  t h e  west. 
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Alteration is, however, evident throughout t h e  intrusion in e i ther  occurred shortly a f t e r  intrusion, o r  was  not  
t h e  form of epidote  (in veinlets and a f t e r  plagioclase), sufficiently in tense  t o  r e se t  t h e  isochron totally,  or  t o  disrupt 
s e r i c i t e  (which a f f e c t s  plagioclase more  strongly than alkali t he  geochemical t rends  severely. 
feldspar), chlor i te  (afte.r bioti te and hornblende) and local 

- 
Alteration throughout t h e  a r e a  is intensified in of K-felds~ar (after ~~~g~~~~~~~ and proximity t o  shear zones, These commonly contain quar tz-  in These observations suggest a lb i te  pods, suggesting mobilization of Na f rom the granites redistribution of K, Na, and C a  and associated Rb and Sr, and where, in general, plagioclase is more severely altered than possibly account for scatter Observed in these and Other K-feldspar. Within the  monzogranite, subvertical breccia e lements  k g .  Al, Ba, Zn, Pb and F) on the  SiOl  variation zones up to two metres thick trend about 1300. These are 

diagrams (Fig. 22.3, 22-41. The a l tera t ion,  however, in hematite, quartt and monzogranite fragments. 

MnO 

CaO 
% 

Figure 22.3. Major e lement  geochemistry plotted on SiOo variation diagrams. 
Symbols a s  in Figure 22.1. 
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Figure 22.4. Trace element geochemistry plotted on SiO2 variation diagrams. 
Symbols as in Figure 22.1. 

Table 22.6. Rb/Sr isotope date from the West Branch 
North River (WBNR) pluton 

Rb ::I., . , , ,  ;,o;*[i;, , , . , 
PP* 

$00 I 

1 -  

1 2 3 4 5 6 7 8  

K,O % 

Figure 22.5. Plot of Rb against K20  for the West Branch 
North River (WBNR) and the Bothan Brook (BB) plutons. 
Symbols as  in Figure 22.1. 

Sample Rb Sr 8 7  ~ b / ' ~ S r  87Sr/86Sr* 

097 47.5 1149.7 0.1195+/-0.0012 0.70453(05) 
104 72.2 899.1 0.2325+/-0.0023 0.70536(05) 
280 66.0 807.1 0.2366+/-0.0024 0.70528(09) 
489 94.5 778.1 0.351 I+/-0.0035 0.70581 (07) 
283 138.1 331.6 1.2058+/-0.0121 0.71094(05) 
284 179.4 157.9 3.2933+/-0.0329 0.72227(06) 
486 154.5 322.8 1.3815+/-0.0138 0.71181(10) 
488 283.5 173.8 4.7336+/-0.0473 0.73104(06) . 

WBNR granodiorite = 097, 104, 280, 489; WBNR 
rnonzogranite = 283, 284, 286; WBNR dyke = 488. 
Analyses a t  Memorial University using techniques described 
by Taylor and Fryer (1983). Decay constant for " ~ b  is 
1.42 x 10-I l/yr (Steiger and Jager, 1977). 
Rb and Sr in ppm; *errors given as  2 sigma in the  last digits. 

T 



735 1 NORTH RIVER MONZOGRANITE 
-/ 

Age = 399.6 r 4.6 M A  
ln~tiol Rotio = ,70393 r .00006 
MSWD = 2.780 

Figure 22.6. Plot of 8 7 ~ r / 8 6 ~ r  against 8 7 ~ b / 8 6 ~ r  for the  
West Branch North River (WBNR) plutan. 

Near the  breccia zones, the  monzogranite i s  reddened and has 
discontinuous pods and veinlets of specular hematite. The 
complexity of alteration styles and the  ubiquitous nature of 
the  alteration suggest that  the intrusion, and in particular the  
breccia zones, may merit  examination for their  mineral 
potential. 
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Stable isotope studies of planktonic foraminifera 
Globigerina bulloides from cores in the northeast Pacific Ocean 
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Al-Aasm, 1.5. and Bornhold, B.D., Stable isotope studies of planktonic foraminifera Globigerina 
bulloides from cores in the northeast Pacific Ocean; Current Research, Part  B, Geological Survey 
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Abstract 

Oxygen and carbon isotopes were determined on 161 individual samples of the planktonic 
foraminifera G. bulloides. The samples a re  from two cores in the northeast Pacific Ocean and cover 
the Holocene and Pleistocene time span (about 700 000 years). The 6 1 8 0  profiles resemble 
previously published Pleistocene data  and show 18 glacial/interglacial cycles. The magnitude of each 
glacial/interglacial cycle is about 2°/0,. G. bulloides apparently secreted i ts  t es t  in isotopic 
disequilibrium with ambient ocean water; this disequilibrium representing combined vital effect  and 
variation in the rate  of calcification with increasing depth. The studied species shows also a clear 
13c depletion, which may be a consequence of "C enriched Con (from photosynthesis by symbiotic 
algae) in ambient waters. 

On a determine les isotopes d'oxygbne e t  de carbone dans 161 Bchantillons diffgrents du 
foraminifbre planctonique G. bulloids. Les Bchantillons proviennent de deux carot tes  prelevkes dans 
le nard-est du Pacifique e t  datent de llHoloc$ne e t  du PlBistoc6ne ancien A recent (environ 
700 000 ans). Les profiles de I'isotope 6 ''0 sont similaires aux donnees d6jh publibes sur le 
Pleistochne e t  rgvblent qu'il y a eu 18 cycles glaciaires/interglaciaires. L'ampleur de chaque cycle 
glaciaire/interglaciaire es t  d'environ 2O/oo. Le test  de G. bulloides aurait BtB form6 en dbsequilibre 
isotopique par rapport h I'eau ambiante de I'ocban; c e  dbsbquilibre reprbsente I'effet vital e t  la 
variation de la vitesse de calcification avec I'accroissement de la profondeur. L'espBce examinee est 
manifestement dB ourvue de ' 3 ~ ,  c e  qui pourrait &tre  le resultat de la pr6sence, dans I'eau ambiante, 
de  CO2 riche en "C (produit de la photosynthhse par les algues symbiotiques.) 

Derry Laboratory, Department of Geology, University of Ottawa, Ottawa, Ontario K1N 6N5 
Pacific Geoscience Centre, Sidney, B.C. VRL 482 



Introduction The major goals of the  present contribution a r e  the  
following: (1) elucidation of variations in 6 ''0 and 6 13c in Starting with the pioneering work Emiliani oceanic sediments of the northeast Pacific cores  END 77-28 

1966, 1978,  planktonic foraminifera have been utilized and END 77-29 in  terms of their Holocene and Pleistocene 
as a P ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ P ~ ~ ~  for evolution, (2) correlation of these variations with 

biOstratigra~hic, and paleo-oceanographic records for  adjacent oceanic areas, 
(Vincent and Berger, 1981). Emiliani showed that  the  (3) contribution t o  the  understanding of the  oceanic carbon 
Quaternary record consists a series Of regu1ar glacial- cycle from consideration of the established 6 1 3 ~  record, and 

of saw-tooth pattern. Others (4) determination whether Globigerina bulloides sec re te  their (e.g. Shackleton, 1967, 1981; Shackleton and Opdyke, 1973; calcitic tests in isotopic equilibrium with the ambient 
Hays et al., 1976; Berger, 1979; Broecker, 1981; Duplessy, 
1981; Pisias and Moore, 1981) have concentrated on oxygen 
isotopes not only as  a stratigraphic tool but addressed also 
the  ~ r o b l e m  of ice  volume. and the  auestion of climatic Materials and methods 
oscillations. Such studies, however, were  hampered by Two cores from the northeast Pacific Ocean were  
difficulties arising from several considerations. Firstly, i t  is utilized in this These are the core E N D  77-28 located not clear whether the  6 ''0 and 6 ' 3~ in these foraminifera at 48015.601N, 134030.27tW at a water depth of 3725 m, and represent isotopic values in equilibrium with their ambient E N D  77-29 located at 48034.241N, 133056.69tW at a water 
ocean waters  o r  whether they ref lect  isotopic disequilibrium depth of 3695 (Fig. 23.1). 
a s  a consequence of interactions between organic and 
inorganic phases (e.g. foraminifera and other organisms, G. bulloides was separated f rom the prewashed core  
seawater and atmosphere; Shackleton e t  al., 1973; subsamples and usually the  density was sufficient for isotopic 
Grazzini, 1976; Broecker and Peng, 1982, Chapter 6). studies, but some intervals were devoid of measurable 
Secondly, t h e  magnitude of t h e  "ice volume effect"  during specimens. 
g l a c i a l - i ~ t e r g l a c i ~  transitions is not well established and the 161 samples of G. bulloides from both cores and various 

remains despite 25 years Of studies stratigraphic intervals were  selected for  oxygen and carbon (Hays e t  al., 1976, Emiliani, 1978; Savin and Yeh, 1981; isotopic analysis. A single sample contains as many as 
Shackleton, 1981; Mix and Ruddiman, 1984). 
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Figure 23.1. Location map of the studied cores. 



Figure 23.2. (A) SEM micrograph of G. bulloides (sample No. 158) showing wel l  preserved texture o f  
the test; (B) closeup o f  the w a l l  texture showing the pores; ( C )  radiolar ian plate occupying open space 
i n  the test; (D) G. bulloides (sample No. 570) showing we l l  preserved test; (E) par t ia l  dissolution o f  
test wa l l  (a); and (F) coccol i th plate (a) and submarine cementat ion (b). 



100 individuals, each with a diameter of about 100-400 um. 
In some 40 samples, however, the total  number of individuals 
was only 10-25. Each sample was treated with 100% 
phosphoric acid a t  25OC in a water bath in vacuo for 
12 hours, following the procedure of ~c~rea(ll950). The 
isotopic analysis of the evolved C 0 2  gas was carried out on a 
SIRA-12 mass spectrometer a t  the University of Ottawa. 
Oxygen and carbon isotopic ratios a r e  expressed in t h e  
usual 6 notation and given in per mil relative t o  PDB 
standard. Calibration was made via the standard carbonate 
NBS-19 and carbonatite NBS-18. Precision of the  data  was 
determined by daily analysis of calcite I (University of 
Ottawa internal standard equivalent t o  NBS-18) and by 
duplication of about 7% of all samples (1's.d. = 0.1 1 O/oo for 
6 13C and 0.13°/oo for 6 "0). The average accuracies, as  
compared t o  the values given by Coplen e t  al. (1983), were 
0.05°/00 for 6 'C and 0.06°/0, for 6 "0 for calcite I and 
0.08°/oo for 6 1 3 C  and 0.18°/o, for 6180 for NBS-18. The 
relatively large standard deviation for foraminifera1 samples 
is  believed t o  be the  result of isotopic heterogeneity in the 
monospecific samples. In addition t o  isotopic studies, an SEM 
survey (utilizing NANOLAB 7 SEMI was conducted t o  de tec t  
the  presence of diagenetic phenomena. Sedimentation rates  
were determined by a 230.rh method carried out in the 
Department of Oceanography a t  t h e  University of British 
Columbia (Huntley e t  al., in press). 

Lithology of the  studied cores 

(1) Core END 77-29: The core length is 589.5 cm. 
Lithologically, t h e  first 70 cm a r e  composed of silty lutite, 
which is grey t o  olive grey, soft t o  firm and rich in 
foraminifera and diatoms. In the interval from 71-82.5 cm 
foraminifera a r e  absent. The remainder of the  core consists 
of greyish t o  brownish grey lutite, with mottled character,  
and variable concentrations of foraminifera and diatoms. 

(2) Core END 77-28: The core length is 238 cm. 
Lithologically, the  first 50 cm are  composed of soft mottled, 
foraminifera-rich, yellowish brown lutite. The sediments 
become harder below this interval with mottled appearance, 
and some stratification. 'They a re  greyish brown lutites with 
variable foraminifera content. Further lithological 
information for these two cores is available in Bornhold e t  al. 
(1981). 

Results 

All isotopic results for G. bulloides from northeast 
Pacific Ocean cores a r e  presented in Appendix 1. Included in 
this table a r e  calculated shifts from equilibrium 61s0 and 
6 ' 3~ values for assumed summer and winter conditions. 

G. bulloides is a spirally coiled spinose species with 
modern ocean concentrations in the subarctic and 
subantarctic provinces (Vincent and Berger, 1981). The depth 
habitat of recent G. bulloides is in the  upper 100 m of 
seawater, but they predominate a t  all depths of 50 t o  100 m 
(Berger, 1969; Durazzi, 1981; Khan and Williams, 1981). The 
tests  of G. bulloides a r e  characterized by spinose wall 
texture (Fig. 23.2). Living specimens have long acicular 
spines which a r e  represented in fossils as  short bases. The 
tes t  wall is  f la t  with large pores penetrating an unmodified 
surface (Vincent and Berger, 1981). The original low-Mg 
calcitic tests a r e  usually mineralogically and texturally well 
preserved (Fig. 23.2A, D). The pores a r e  usually vacant but 
some can be occupied by sediments and/or by other 
micro-organisms, such a s  diatoms (Fig.23.2C) and 
coccolithophorids (Fig. 23.2F). Evidence for  partial 
dissolution of planktonic tests,  due t o  the  increasing depth 
below the carbonate compensation line (CDD), is  ra re  
(Fig. 23.2E). Submarine cementation, occluding pores and 
cavities, has been observed in some specimens (Fig. 23.28, F). 

Core END 77-29 

Figure 23.3 shows the 6180 and 6 1 3 C  records for 
C. bulloides in this core and includes the percentage of 
CaC03. It should be noted that  carbonate values may not 
coincide in depth precisely with the  samples for isotopic 
determinations. 

Oxygen isotopic values of G. bulloides in this c o r e  range 
from +1.30 t o  4.73'/,, (Appendix I). The observed isotopic 
fluctuations (Fig. 23.3) may be correlated with some success 
with isotopic stages deduced from planktonic and benthic 
foraminifera from other oceans. These include the composite 
isotopic record for the Caribbean (Emiliani, 1978) as  well as 
the  equatorial Pacific cores V28-238 and V28-239 
(Shackleton and Opdyke, 1973, 1976). Using a sedimentation 
r a t e  of about 0.8-0.9 cm/1000 y, t h e  presently studied core 
covers a period of about 700 000 years. 

Accepting that  the sedimentation r a t e  in t h e  core 
END 77-29 has been slow (about 0.85 cm/1000 year) and 
uniform throughout glacial and interglacial stages, the 6 180 
record indicates more than 18 successive glacial-interglacial 
cycles. Their amplitude (>2°/00) is uniform along t h e  whole 
core depth. If interpreted in terms of temperature, this 

Figure 23.3. 6 180, 6 ' 3~ (with respect to PDB) in planktonic 
foraminifera G. bulloides and carbonate content (as % 
CaCO3) of core END 77-29. Isotopic stages are those 
estimated by Shackleton and Opdyke (1973) and 
Emiliani (1978). Time (in thousands of years) is predicted on 
the assumption that  the sedimentation rate  was 0.65 cm/1000 
years. 
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would suggest about 8OC difference between glacial and 
interglacial maxima. This es t imate  exceeds temperature  
variations deduced by others for the  Pleistocene record, but a 
proportion of this 6 180 variance is due to  glacial effects.  
Emiliani (1955, 1966, 1971) advocated tha t  t h e  l a t t e r  e f fec t  
accounted for approximately 30% (0.5°/00) of the  glacial-to- 
interglacial change in t h e  isotopic composition of shallow 
tropical seawater,  while Dansgaard and Tauber (1969), Savin 
and Stehli (1974) and Berger and Gardner (1975) advocated 
about I%, change. For bottom waters, Shackleton (1967) 
argued for about 1.4 t o  1.6°/0, change in isotopic composition 
of seawater.  The curve, however, is noisier than the  
Caribbean curves. This is probably due t o  the  slow 
sedimentation ra tes  which cause blurring of the  record due t o  
bioturbation by burrowing organisms (cf. Shackleton, 1977). 

The 6 13c values for all G. bulloides samples (Fig. 23.3) 
show wide variations with depth, but the  calculated average 
is close t o  OO/oo PDB. The 6 13c of planktonic foraminifera 
as  well as  of other calcareous nannofossils can ref lect  
regional variations in 6 3~ of the  tota l  dissolved carbon 
(TDC) in t h e  oceans (Broecker and Peng, 1982). Shackleton 
(1977) believed tha t  planktonic foraminifera grown during 
glacial t imes have a lower 13c/12c rat io  than do those grown 
during interglacial t imes, but this proposition has been 
disputed by Berger and Killingley (1977). Some of the  6 13c 

variations in G. bulloides correla te  inversely with 6 "0, 
perhaps a s  a result of glacial effects.  Other  par ts  of t h e  
core, however, show opposite relationships (Fi 23.3). This 
complexity is a consequence of the  fac t  tha t  6 "C variations 
may be a result of a multitude of parameters,  such a s  
changes in TDC, nutrient supply, tes t  growth rates,  and 
metabolic activity (cf. Berger and Killingley, 1977; Erez, 
1978; Berger, 1979; Broecker and Peng, 1982). 

The C a C 0 3  content of this core  (Fig. 23.3) suggests 
4 maxima and 4 minima, and they appear t o  correla te  partly 
with t h e  6 1 3 c  curve. Preceding work on carbonate 
variations in the  Pacific Ocean showed a temporal relation 
between foraminifera1 solution cycles and glacial-interglacial 
events a s  determined by isotopic da ta  (Thompson and Saito, 
1974). In detail, however, t h e  ra te  of carbonate  solution 
depends strongly on t h e  location of the  sample s i t e  relative 
t o  the  lysocline and t o  t h e  carbonate compensation depth 
(Berger, 1970). These e f fec t s  a r e  difficult t o  predict and 
evaluate.  

Core  END 77-28 

This core  covers a t ime  span of about 290 000 years, 
providing the  sedimentation r a t e  was about 
0.85 cm/1000 year. Appendix I and Figure 23.4 show t h e  

Figure 23.4. Isotopic value and carbonate content of G. bulloides of core  END 77-28. Time is 
predicted on the  assumption tha t  sedimentation r a t e  was 0.85 cm/1000 years (see text). 



stratigraphic variations in isotopic values for G. bulloides as 
well as  the  associated C a C 0 3  contents. The CS'~O values 
range from +1.92 t o  +4.38'/, PDB and the  oxygen isotopic 
record in this core shows 8 glacial-interglacial cycles. These 
a r e  possibly the cycles 1, 2, 3, 4, 5, 6 ,  7 and 8. They 
correlate fairly well with the  isotopic stages of Shackleton 
and Opdyke (1973) and Emiliani (1978). The amplitude of 
isotopic variations between maxima and minima is  about 
2 %, . 

The carbon curve (Fig. 23.4) shows less variation with 
depth than was the  case for the  core END 77-29, but the 
calculated avera e 6 ' 3~ is again about O.OO/oo PDB. The 
fluctuations in tip3C appear t o  correlate inversely with 6 "0 
and the  la t ter  correlate reasonably well with core 
END 77-29. This agreement suggests comparable 
paleo-oceanographic conditions. Because of the agreement 
between carbonate content and 6 '$0 (Fig. 23.4), glaciation 
results in heavy oxygen isotopic composition of the coeval 
seawater. 

Discussion 

Oxygen isotopes 

The general rules for utilization of oxygen isotope 
paleothermometry a re  well established (Urey, 1947; 
Emiliani, 1955; Shackleton and Opdyke, 1973; Berger, 1979; 
Savin and Yeh, 1981). For planktonic foraminifera, the  

estimated temperature will be a reflection not only of 
surface water temperatures but also of changes in i t s  isotopic 
composition due t o  waxing and waning of ice  sheets 
(Shackleton and Opdyke, 1973; Duplessy, 1981; Zahn e t  al., 
1985). Furthermore, this est imate may also depend on 
diagenetic alterations of t h e  tests  though Imbrie e t  al. (1973) 
demonstrated that  this factor  is  negligible for most 
Pleistocene foraminifera. Overall, planktonic foraminifera 
a re  thought t o  be secreting their C a C 0 3  tests  a t ,  or close to, 
isotopic equilibrium with seawater,  although some may show 
small disequilibrium (Shackleton e t  al., 1973; Grazzini, 1976). 
It is  also generally believed (Hays e t  al., 1976; Curry and 
Matthews, 1981; Durazzi, 1981) that  G. bulloides secretes its 
tes t  a t ,  or close to, isotopic equilibrium. Thus, the observed 
6 '$0 variations should reflect a combination of habitat depth 
(temperature), size variations of the tests, "ice volume 
effect1' ,  and lateral temperature changes. However, Khan 
and Williams (19811, argued that  the  so called oxygen depth 
ranking of the living G.  bulloides from the northeast Pacific 
Ocean reflects,  in fact ,  the  relative magnitudes of vital 
effects.  The present data  a r e  in accord with this proposition. 

The ambient oxygen paleotemperature can be 
calculated as  follows (Craig, 1965): 

where T = is the temperature in celsius degrees; 6 c  = in the  
oxygen isotopic composition of foraminifera1 calcite,  and 
6 w = is the  oxygen isotopic composition of seawater. 
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Figure 23.5. 6 13c vs 6 ''0 scat ter  diagram for all G. bulloides. Es and Ew are the estimated values 
for calcite in equilibrium with seawater for summer and winter, respectively (see text). 



Studies of preferable depth  habi ta ts  for  t h e  Holocene 
C. bulloides indicate t h a t  t h e  species thr ives  in t h e  
uppermost 100 m, with maximal concentra t ion at 50-75 m 
depth (Berger, 1969; Durrazzi,  1981; Khan and Williams, 
1981). The winter temperature  a t  about 50 m depth a t  t he  
core  locali t ies is approximately 6°C. This e s t ima te  is  based 
on t h e  mean January 1978 monthly surface  water 
t empera tu re  of 7.5"C (Thomson, 1981) and t h e  ver t ica l  
t empera tu re  gradient taken f rom t h e  profile for  t h e  Ocean 
s ta t ion "P" (NE Pacific; Khan and Williams, 1981). The 
August water  temperature  a t  comparable depth  is assumed t o  
have been about 12°C. The accepted salinity is  32.45°/oo 
(Thomson, 1981). Utilizing t h e  above t empera tu re  and 
salinity measurements,  and 6 180 of surface  water  of 
-1.03°/00 PDB-I (average of 12 subarct ic  w a t e r  masses; Khan 
and Williams, 1981), t h e  6 in equilibrium ca lc i t e  should be 
about  1.73°/00 PDB in winter and 0.15°/00 PDB in summer. 
The measured values a r e  much heavier (Fig. 23.5), and t h e  
depa r tu re  is even more striking if one considers t h a t  
calcification is more  ef fect ive  in summer (see Fig. 23.6). 
The differences observed between theoret ica l  and measured 
values range f rom +1.15 t o  +4.34°/00 in summer and f rom 
-0.43 t o  +2.76°/00 in winter (Appendix I). The most  f requent  
A '% in summer is  +3.25°/00, while in t h e  winter i t  i s  +2.25°/00 
(Fig. 23.6). Consequently, all "paleotemperatures" a r e  much 
less than t h e  present day temperatures  reported by Thomson 
(1981). It may be proposed t h a t  t h e  discrepancy is due t o  t h e  
f a c t  t h a t  calcification proceeds a t  some depth below the  
surface,  with calcification r a t e  higher during summer months 
when t h e  t e s t s  a r e  heavier and thus sink in to  relatively 
deeper and colder par ts  of t h e  wa te r  column (cf. Vincent and 
Berger, 1981). 

This interpretation, however, is  a t  variance with the  
observed preferred depth of habi ta t  for C. bulloides. If 
seasonal variations a r e  accepted a s  a cause  of t h e  above 
oxygen isotope discrepancy, they do  not  appear  t o  satisfy t h e  
observed magnitude of 6 l e O  trends. This leaves v i ta l  e f f e c t  
a s  t h e  only viable explanation for  t h e  heavy 6 ''0 record, 
although a secondary contribution by some  of the  above 
mechanisms is possible. 

Figure  23.6. Histogram plot of A 6 ''0 for predicted summer 
(A) and winter  (B). 

To util ize the  absolute 6 180 values of G. bulloides for 
paleoclimatological purposes, a correct ion of values i s  
essential. Such correct ions  a re ,  however, unnecessary if only 
t h e  pa t t e rn  of variations i s  considered. Consequently, t h e  
primary usefulness of t h e  d a t a  i s  in monitoring t h e  glacial- 
interglacial  intervals. 

Carbon isotopes 

The variations in 6 ' 3~ of foraminifera  may provide 
information on  t h e  source  of carbon uti l ized by organisms 
during calcification. This, in turn ,  may re f l ec t  nutr ient  
concentrations and hydrographic properties of seawater  
(Williams e t  al., 1977). Many planktonic and benthic 
foraminifera  sec re t e  their  C a C 0 3  t e s t s  in isotopic 
disequilibrium with seawa te r  (Shackleton et al., 1973; 
Grazzini, 1976; Williams et al., 1977; Erez, 1978; Khan and 
Williams, 1981; Killingley et al., 1981). In o rde r  t o  ascer ta in  
t h e  situation for G. bulloides, i t  is  essential  t o  consider 
hydrographic data .  In thei r  absence, i t  i s  assumed that :  
(a) 6 ' 3 C  of COz a t  50 m depth i s  1.7°/00 (Kroopnick e t  al., 
1970, 1977); and (b) t h e  f rac t ionat ion of C isotope follows the  
relationship of Rubinson and Clayton (1979), wi th  

'calcite = Cdiss~ lved  bicarbonate  +0.9 + 0.035 

(T - 25°C) (2) 

The summer and winter  w a t e r  t empera tu re  T in t h e  above 
equation is a s  discussed in t h e  sect ion dealing with oxygen 
isotopes. The uti l ized temperature-dependent fractionation 
coeff ic ient  of 0.035 is  t h a t  of Emrich et al. (1970). The 
6 1 3 c  of bicarbonate is  approximated by t h a t  of C 0 2  
(Kroopnick e t  al., 1977; Williams et al., 1977; Broecker and 
Peng, 1982). With such assumptions, t h e  6 1 3 C  of equilibrium 
ca lc i t e  should be +1.93°/oo PDB a t  6 ° C  and +2.14°/00 PDB a t  
12°C. Again, most t e s t s  a r e  considerably l ighter in 6 ' C 
(Fig. 23.5), and t h e  average A ' C foraminifera-equilibrium 
ca lc i t e  (Appendix I )  i s  roughly -2°/00 (Fig. 23.71, regardless of 
whether summer o r  winter  i s  considered. The lack of 
seasonal d i f ference  in 6 ' 3~ may be a consequence of t h e  
f a c t  t h a t  isotopic f rac t ionat ion of carbon is  not a s  strongly 
tern e r a t u r e  dependent a s  is t h e  oxygen P 
(* ' 'HCO-~ - C a C 0 3  of about 0.035"/,, per "C; 

Emrich et al., 1970). 

The depa r tu re  f rom equilibrium for  6 1 3 c  in 
G. bulloides could be  a consequence of t h e  following factors:  

I. t h e  presence of 13C-depleted metabolic C 0 2  in t h e  
solution f rom which the  ca l c i t e  was precipitated 
(cf. Williams et al., 1977; Erez,  1978); 

2. t h e  role of photosynthesis of symbiotic algae,  which in  
tu rn  increases t h e  amount  of isotopically deple ted 
metabolic C o p  in t h e  in ternal  C 0 2  of G. bulloides 
(cf. Erez, 1978; Khan and Williams, 1981). Symbiotic 
algae,  represented by species  f rom Coccolithophorids 
(Fig. 23.2E), have been associated with G. bulloides 
uti l ized in th is  study; and 

3. Kinet ic  f rac t ionat ion of carbon isotopes during test 
growth (cf. Vincent and Berger, 1981). In th i s  l a t t e r  case,  
t h e  init ial  shell nucleation i s  followed by a slower, near  
equilibrium, thickening of t h e  tes t .  The small  
foraminifera  would presumably have l ighter carbon than 
t h e  larger  massive ones  (Grazzini, 1976). Khan and 
Williams (19811, studying r ecen t  G. bulloides f rom t h e  
nor theas t  Pacific Ocean, showed t h a t  most of thei r  
surficial  collections conta ined predominantly smal l  
juveniles, whereas those  f rom g rea te r  depths contained 
larger  specimens which also had a heavier 6 "C isotopic 
composition. These authors  a t t r ibu ted  t h e  increase in 
heavy 6 3~ t o  test s i ze  and believed t h a t  i t  ref lec ted a 
physiological ontogenet ic  dec rease  in t h e  intensity of 



vital  e f f e c t  during primary calcification and not  a change 
in t h e  depth  of their  habitat .  A t  present,  We a r e  no t  
cer ta in  which single or combined f ac to r s  a r e  involved in 
this carbon isotopic depa r tu re  f rom equilibrium. Tne 
observed disequilibrium is, however, more  or  less uniform 
throughout t h e  cores. 

The relative pat tern  of fluctuations in 6 ' 3~ of 
G. bulloides downcore may have  s o m e  bearing on glacial- 
interglacial  episodes. The l ight peaks may perhaps signify 
high nutr ient  supply in surface  wa te r  during glacial t imes  and 
thus r e f l ec t  variations in TDC with t i m e  (cf. Berger and 
Killingley, 1977; Berger, 1979). 

Conclusions 

Studies of s table  isotopic composition of t e s t s  of 
G. bulloides from two nor theas t  Pacific cores,  and t h e  
associated variations in carbonate  content ,  indicate  that:  

1. The investigated cores  cover a t ime  span of 
700 000 years,  t h a t  is  t h e  whole Holocene and much of t h e  
Pleistocene. 

2. The 6 ''0 values in cores  END 77-29 and END 77-28, 
indicate 18 and 8 glacial-interglacial cycles,  respectively. 
These cycles  coincide more  or  less  with t h e  Pleistocene 
glacial-interglacial s t ages  recorded elsewhere. The 
magnitude of each glacial-interglacial cycle is  about 2°/0,. 

3. The measured 6 ''0 values in both cores  a r e  heavier than 
expected for ca l c i t e  in equilibrium with seawater .  This is  
believed t o  be a consequence of varying r a t e s  of 
calcification of foraminifera1 t e s t s  with depth  o r  of s o m e  
o the r  vital  ef fec ts .  

4. In con t ra s t  t o  oxygen, t h e  measured 6 ' 3~ values a r e  
l ighter than expected for  ca l c i t e  in equilibrium with 
ambient waters.  This depletion may be  due t o  t h e  
presence of ' 3 C  deple ted C 0 2  in ambient  waters ,  perhaps 
a s  a consequence of photosynthesis by symbiot ic  algae. 
Alternatively,  kinetic f rac t ionat ion or o the r  f ac to r s  may 
be important.  The 6 '  3 C  values may re f l ec t  t o t a l  
variations in  TDC and thus  t h e  amount  of nutr ients  in 
subsurface wa te r s  during glacial-interglacial  periods. 

5. Carbonate  content  f luctuates  downcore and t h e  pa t t e rn  of 
t hese  fluctuations co r re l a t e s  positively with 6 ' 3 ~ ,  and t o  
a lesser ex ten t  with 6 "0. The increase  in carbonate  
con ten t  a t  some  in tervals  may signify periods of 
glaciation. 
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Appendix 1 

Isotopic results for Globigerina bulloides with estimated deviation 
of 6 13C and 6 "0 from equlibriurn values 

.- 
~ 6 1 3 ~  (foraurEqui CaCO ) A6la0 (ForawEqui CaCO ) 

Depth (cm) 6 1 3 ~  ( o f 0 0  PDB) 6180 (0100 POB) summer value  - winter  value  summer value  - winter  value  

END 77-29 0 t0.08 +3.40 -2.06 - 1.85 t3.25 +1.67 
6 +0. 18 +2.56 -1.96 -1.70 t2.41 t0.83 . 

I 1  -0.23 t3.58 -2.37 -2.16 +3.43 +1.85 
12 +0.44 +2.82 -1.70 -1.49 +2.670 +1.09 
19 +O. 16 +2.29 -1.98 -1.77 +2.14 +0.56 
23 +O.OO +2.79 -2.14 -1.93. t2.64 +I .06 
27.5 +0.06 +2.65 -2.08 -1.87 +2.50 +0.92 
3 1 +0.45 +2.77 -1.69 -1.48 +2.62 +I .04 
37 -0.49 +1.30 -2.63 -2.42 +I. 15 -0.43 
42 +0.56 +3.17 -1.58 -1.37 +3.02 +I .42 
4 7 +0.26 +3.47 -1.88 -1.67 t3.32 +1.74 
5 3 +0.25 +3.23 -1.89 -1.68 +3.08 +1.50 
59 -0.31 +4.02 -2.45 -2.24 +3.87 +2.29 
102 +0.45 +2.05 -1.69 -1.48 +I .90 +0.32 
110.5 +0.07 +3.11 -2.07 -1.86 +2.96 +1.38 
115 to. 00 +3.49 -2.14 -1.93 +3.34 +I .76 
120 t0.67 +2.72 -1.47 -1.26 +2.57 +0.99 
125 +0.02 +3.50 -2.12 -1.91 +3.35 +1.77 
130 t0.25 +3.01 -1.89 -1.68 +2.86 +1.28 
135 +O. 10 +2.73 -2.04 -1.83 +2.58 +1.0 
136 +0.04 +3.12 -2.10 -1.89 +2.97 +1.39 
141 +O. 19 +3.32 71.95 -1.74 +3.17 +1.59 
147 +O. 12 +3.32 -2.02 -1.81 t3.17 +1.59 
150 +0.69 +4.49 -1.45 -1.24 +4.34 +2.76 
154 -0.04 +3.43 -2.18 -1.97 +3.28 +1.70 
157 +0.03 +3.72 -2.11 -1.90 +3.57 +I .99 
158 to. 10 +3.44 -2.24 -1.83 +3.29 +1.71 
164 -0.09 +3.41 -2.23 -2.02 +3.26 + I  .68 
168 +0.05 +3.27 -2.09 -1.88 +3.12 +1.54 
170 t0.06 +3.62 -2.08 -1.87 +3.47 +I .89 
171 -0.08 +3.52 -2.22 -2.01 +3.37, +I .79 

174.5 -0.02 +3.50 -2.16 -1.95 +3.35 +1.77 
177.5 -0.08 +3.07 -2.22 -2.01 +2.92 +1.34 
I81 t0.03 +3.22 -2.11 -1.90 +3.07 +1.49 
182 t0.52 +&.I1 -1.62 -1.41 t3.96 +2.38 
186 +O. 00 +2.57 -2.14 -1.93 +2.42 +O. 84 
190.5 t0. 19 +2.96 -1.95 -1.74 +2.81 +1.23 
194.5 +O. 30 +2.76 -1.84 -1.63 +2.61 +1.03 
200 +0.27 +2.65 -1.87 -1,.66 +2.50 +0.92 
205 +O. 32 +3.43 - 1.82 >1.63 +3.28 +1.70 
210 t0.11 +4.08 -2.03 -1.82 +3.93 +2.35 
211 +0.03 +2.78 -2.11 -1.90 +2.63 +1.05 
214.5 -0.09 +3.66 -2.23 -2.02 +3.51 +I .93 
218.5 -0.28 +2.36 -2.42 -2.21 +2.21 +0.63 
222.5 tO.02 +3.14 -2.12 -1.91 +2.99 +1.41 
232 -0.02 +2.83 -2.16 - 1.95 +2.68 +I. 10 
237 -0.09 +3.58 -2.23 -2.02 +3.43 t1 .85 
242 +0.62 +4.39 -1.52 -1.31 +4.20 +2.66 
248.5 +0.14 +3.70 -2.0 -1.79 +3.55 +I .97 
250 -0.33 +2.42 -2.47 -2.26 +2.27 +0.69 
252.5 -0.42 +2.63 -2.56 -2.35 +2.48 +0.90 
2 54 +O. 23 +3.46 -1.91 -1.700 +3.31 +1.73 
2 59 -0.01 +3.36 - 2.. 15 -1.94 +3.21 +I -63 
264.5 +O. 00 +2.95 -2.14 - 1.93 +2.80 +I .2? 
266 -0.03 +3.24 -2.17 -1.96 +3.09 +1.510 
272 -0.05 +3.33 -2.19 -1.98 +3.18 +1.60 
274 +0.44 +3.71 -1.70 -1.49 t3.56 +I .98 
276 +O. 05 +2.80 -2.09 -1.88 +2.65 +I .07 
280 -0.04 +3.50 -2.18 -1.97 +3.35 +1.77 
280.5 -0.02 +3.38 -2.16 -1.95 t3.33 +I .65 
285 +0.06 +3.72 -2.20 -1.99 t3.57 +I .99 
288 +0.02 +3.14 -2.12 -1.91 +2.99 t1.41 
292 -0.02 +3.11 -2. k6 -1.95 +2.96 +1.38 
298 +O .OO +3.09 -2.G -1.93 +2.94 t1.36 
304 +O. 14 +3.20 -2.0 -1.79 +3.05 +I .47 
307 -0.07 +2.97 -2.21 -2.0 +2.82 +1.24 
309 +O. 19 +3.34 -1.95 -1.74 t3.19 +1.61 
312 +O. 15 t2.80 -1.19 -1.78 +2.65 +I .07 
313.5 +O. 08 +3.61 -2.06 -1.85 t2.65 + I  -07 
3 17 +O. 14 +3.19 -2.0 -1.79 +3.04 +I .46 
318 -0.07 +2.87 -2.21 -2.0 +2.72 +1.14 
322 -0.16 +3.21 -2.30 -2.09 t3.06 +1.48 
323.5 -0.05 +3.49 -2.19 -1.98 +3.34 +1.76 
327 -0.27 +3.00 -2.41 -2.20 t2.85 +I .27 
328 -0.19 +3.20 -2.33 -2.12 +3.05 +1.50 
331.5 -0.03 +3.25 -2.17 -1.96 +3.10 +1.52 
332 -0.23 +3.23 -2.37 -2.16 t3.08 +1.50 
336.5 -0.39 +2.30 -2.53 -2.32 +2.15 t0.57 
337 -0.19 +3.15 -2.33 -2.12 +3.00 +1.42 
340.5 to. 1 1  +3.10 -2.03 -1.82 +2.95 t1.37 
351.5 -0.08 +3.20 -2.22 -2.01 +3.05 t1 .47 



Appendix I (cont.) 

~ 6 ~ 3 ~  (foram-Equi CaCO ) 66180 (Foram-Equi CaCO ) 
Depth (cm)  6 1 3 ~  (o/oo PDB) 6180 (o/oo PDB) summer value - winter value summer value - winter vaque 

353 +0.02 t2.82 -2.12 -1.91 t2.67 t1.09 
356.5 -0.86 t2.83 -3.03 -2.79 t2.66 +1.08 
360 -0.05 t2.92 -2.19 -1.98 t2.77 t1.19 
365 t0.17 t3.29 -1.97 -1.76 +3.14 +1.56 
370 t0.09 t3.19 -2.05 -1.84 +3.04 +I .46 
379 +O. 39 t2.24 -1.75 -1.54 +2.09 t0.51 
383 to. 19 t2.04 -1.95 -1.74 t1.89 t0.31 
385 +O. 39 t1.71 -1.75 -1.54 t1.56 -0.02 
390 +0.38 t2.51 -1.76 -1.55 +2.36 t0.78 
392 +0.79 t3.34 -1.35 -1.14 t3.19 t1.61 
400.5 -0.35 t3.37 -2.49 -2.28 t3.22 tl .64 
404 +O. 29 t1.89 -1.85 -1.64 +1.74 +O. 16 
420.5 -0.64 +4.22 -2.78 -2.57 t4.07 +2.49 
425 t0.03 t3.61 -2.11 -1.91 t3.46 t1.88 
4 30 -0.42 t3.47 -2.56 -2.35 t3.32 +1.74 
432 +0.26 t3.17 -1.88 -1.67 t3.02 t1.44 
4 34 -0.24 t3.75 -2.38 -2.17 3.60 2.02 
437 -0.05 t3.31 -2.19 -1.98 3.16 1.58 
4 38 -0.14 t3.21 -2.28 -2.07 3.06 1.48 
44 1 -0.28 t2.70 -2.42 -2.21 2.55 0.97 
442 t0.74 +4.73 -1.40 -1.19 4.58 3.0 
44 7 +0.09 +3.08 -2.05 -1.84 2.93 1.35 
4 54 -0.21 t2.58 -2.35 -2.14 2.43 0.85 
465 -0.67 t2.19 -2.81 -2.60 2.14 0.46 
470 -0.08 t2.62 -2.22 -2.01 2.47 0.89 
480 to. 17 +2.67 -1.97 -1.76 2.52 0.94 
486 +O. 07 t2.90 -2.07 -1.86 2.75 1.17 
510 t0.31 +2.23 -1.83 -1.62 2.08 0.50 
515 t0.51 t2.18 -1.63 -1.42 2.03 0.45 
520 +0.47 t3.07 -1.67 -1.46 2.92 1.34 
525 t0.43 t2.66 -1.71 -1.50 2.51 0.93 
530 -0.29 t2.97 -2.43 -2.22 2.82 1.24 
535 -0.17 +3.35 -2.31 -2.10 3.20 1.62 
540 -0.07 t3.33 -2.21 -2.0 3.18 1.60 
545 -0.23 t3.28 -2.37 -2.16 3.13 1.55 
547 -0.32 t3.17 -2.46 -2.25 3.02 1.44 
5 50 -0.21 t3.30 -2.35 -P. 14 3.15 1.57 
555 -0.19 t3.18 -2.33 -2.12 3.03 1.45 
565 -0.12 t2.35 -2.26 -2.05 2.20 0.62 
570 +0.01 +3.50 -2.13 -1.92 3.35 1.77 
575 -0.43 t1.47 -2.57 -2.36 1.32 -0.26 
577 to. I8 t3.20 -1.96 -1.75 3.05 1.47 
580 -0.06 t2.61 -2.20 -1.99 2.46 0.88 
585 +0.03 +2.66 -2.11 -1.90 2.51 0.93 
591 +0.31 t3.05 - 1.83 -1.62 2.90 1.32 

BND77-28 10 -0.32 t3.68 -2.46 -2.25 3.53 1.95 
15 +0.06 t3.93 -2.08 -1.87 3.78 2.20 
20 -0.30 +3.46 -2.44 -2.23 3.31 1.73 
25 -0.26 t3.75 -2.40 -2.19 3.60 2.02 
30 -0.08 +3.40 -2.22 -2.01 3.25 1.67 
35 -0.33 t3.25 -2.47 -2.26 3.10 1.52 
40 +O. 52 t3.85 -1.62 -1.10 3.70 2.12 
50 +0.32 t2.49 -1.82 -1.61 2.34 0.76 
5 5 +O. 26 t2.21 -1.88 -1.67 2.06 0.48 
60 +0.23 +2.60 -1.91 -1.70 2.45 0.87 
65 t0.21 t2.53 -1.93 -1.72 2.38 0.80 
70 t0.46 t2.98 -1.68 -1.47 2.83 1.25 
75 -0.32 +2.95 -2.46 -2.25 2.80 1.22 
95 +0.02 t3.68 -2.12 -1.91 3.53 1.95 
100 +O. 12 t3.65 -2.02 -1.81 3.50 1.92 
105 +0.01 t3.57 -2.13 -1.92 3.42 1.84 
1 10 -0.52 +3.83 -2.66 -2.45 3.68 2.10 
115 -0.29 t3.77 -2.43 -2.22 3.62 2.04 
120 -0.01 t3.63 -2.15 -1.94 3.48 1.90 
125 -0.09 +3.23 -2.23 -2.02 3.08 1.50 
130 +0.07 t2.97 -2.07 -1.86 2.82 1.24 
135 +0.38 t2.91 -1.76 -1.55 2.76 1.18 
140 +O. 10 t3.47 -2.04 - 1.83 3.32 1.74 
145 -0.35 +2.96 -2.49 -2.28 2.81 1.23 
150 -0.13 +4.38 -2.27 -2.06 4.23 2.65 
155 -0.21 +4.19 -2.35 -2.14 4.04 2.46 
165 -0.22 +3.36 -2.36 -2.15 3.21 1.63 
170 -0.29 t2.96 -2.43 -2.22 2.81 1.23 
175 t0.24 t4.09 -1.90 -1.69 3.94 2.36 
195 t0.25 t2.54 -1.89 -1.68 2.39 0.81 
2 00 -0.04 t1.92 -2.18 -1.97 1.77 0.19 
230 -0.03 +2.93 -2.17 '-1.96 2.78 1.20 
235 -0.27 +3.03 -2.41 -2.20 2.88 1.30 
240 -0.01 +3.68 -2.15 -1.94 3.53 1.95 
245 -0.42 +2.47 -2.56 -2.35 2.32 0.74 
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Abstract 

The San Antonio gold deposit comprises a quartz vein network hosted by rocks of basaltic composition. Veins also 
commonly contain ankerite, albite and pyrite and were formed during regional deformation which resulted in the develop- 
ment and subsequent reorientation of penetrative foliation and lineation. Individual veins occupy shear zones and 
stockworks which are thought to be coeval. Wallrocks adjacent to veins have been intensely carbonatized, sericitized, 
albitized and sulphidized. 

Le gite d'or de San Antonio consiste en un reseau de filons de quartz dans des roches basaltiques. Les filons 
contiennent aussi de I'ankerite, de I'albite et de la pyrite, et ont Btb mis en place pendant une deformation regionale qui a 
produit une foliation et une lineation penbtratives ainsi que leur deformation subsequente. Les filons individuels se 
manifestent dans des zones de cisaillement et dans des stockwerks contemporains. Les Bpontes adjacentes aux filons ont 
bt6 intensbment carbonatisees, s6ricitisees, albitisees et sulfurees. 

1 Contribution to the Canada-Manitoba Mineral Development Agreement 1984-1989. Project carried by the Geological 
Survey of Canada, Project 840018. 

2 Department of Earth Sciences, University of Manitoba, Winnipeg, Manitoba. 





Introduction 

Located within the Rice Lake greenstone belt, the San 
Antonio mine at Bissett (52 Ml4) has been an important past- 
producer with a yield of 1.36 million ounzes of gold (42 300 kg) 
in the period 1932-1968. Exploration and development have 
been active at the mine site over the past several years and is 
continuing at present. This study of s t k t u r a l  and ore- 
associated alteration was initiated in the Rice Lake area in 1984 as 
part of the Canada-Manitoba Mineral Development Agree- 
ment. The study involves both regional- and mine-scale exam- 
inations of structural, stratigraphic and metamorphic controls 
on mineralization. D. Ames, A. Galley and H. Poulsen mapped 
the surface geology in the Rice Lake area in 1985 and under- 
ground mapping was undertaken by the authors in 1984 and 
1985. This report summarizes our preliminary results with an 
emphasis on structural geology. 

Stratigraphy 

The study area (Fig. 24.1) covers a portion of the Archean 
Rice Lake greenstone belt which has been mapped several times 
previously at various scales, most notably by Stockwell (1938) 
and our mapping has not resulted in significant changes in the 
definition of geological contacts. The area to the south of the 
Wanipigow Fault was mapped in the greatest detail and is un- 
derlain by low grade metamorphic rocks which represent four 
distinctive lithological associations: 

i) Intermediate volcanic and epiclastic rocks are most 
abundant in the north-central and southern parts of the 
area. Rocks of dacitic composition are particularly abun- 
dant and occur principally as flows, breccias and vol- 
canic conglomerates. 

ii) Volcanic and intrusive rocks of basaltic composition oc- 
cur locally around the northern part of Rice Lake and 
extensively in the east-central part of the map area. 
These include flows, flow breccias and pillowed flows, 
as well as metadiabase and metagabbroic rocks. Limited 
chemical data suggest that these rocks represent a 
tholeiitic basalt suite. 

iii) Felsic plutonic rocks cut both the intermediate and 
basaltic supracrustal rocks. A major body of tonalitic 
composition, the Ross River Pluton, extends into the 
southeastern portion of the map area and smaller bodies 
elsewhere may be of equivalent age andlor, as in the case 
of the elongate body south of the Wanipigow Fault, 
possibly of synvolcanic origin. 

iv) The San Antonio Formation, composed of crossbedded 
arenites and minor polymict conglomerates, underlies 
much of the west-central portion of the map area. 

Although mapping of lithological units and establishing 
structural sequence is straightforward, the interpretation of 
relationships among units is considerably more problematic. 
This interpretation is hampered in part by the rarity of un- 
equivocal way-up indicators in the volcanic rocks. The tradi- 
tional stratigraphic interpretation (Stockwell, 1938) is that the 
basaltic and intermediate volcanic rocks comprise a northward 
facing volcanic pile which was intruded by felsic plutons and 
subsequently unroofed and covered unconformably by sedi- 
ments of the San Antonio Formation. The present mapping has 
resulted in no data to the contrary but the recognition of dis- 
locative structures such as the Normandy Creek Shear Zone 
(see below) within the volcanic rocks makes it unlikely that a 
simple volcanic succession is preserved. 

The large scale structure is dominated by the Wanipigow 
Fault (McRitchie, 1971) which imparts straight trends in the 
northern part of the map area and by a prominent "flexure" in 

stratigraphic trend centred on Rice Lake. These combine to 
form a somewhat triangular-shaped domain (Fig. 24.1) which 
contains the most significant concentrations of gold in the area 
and has been the focus of most of our studies to date. The 
southwestern and southeastern edges are inferred to be dis- 
locative on the basis of map relationships. On the southwest 
side of Rice Lake a back-to-back younging relationship exists 
between the San Antonio Formation and northeastward-facing 
volcanic rocks (see Stockwell, 1938, p. 21 for a lucid discussion of 
the problem). On the southeast side, the evidence for a disloca- 
tion along Normandy Creek is much clearer, as lithological 
units are attenuated and truncated along a zone of intense 
deformation; this has been identified as the Normandy Creek 
shear zone (Fig. 24.1). The significance of this structure has not 
been emphasized previously, although Stockwell (1938) did 
note a well-developed "schistose structure" in this area. 

During the present mapping, mesoscopic structures were 
documented to supplement the qualitative interpretation given 
above. Most volcanic, epiclastic and sedimentary rocks in the 
Rice Lake area contain at least one penetrative foliation and a 
stretch lineation as well as bedding. Typically, the most widely 
distributed, best developed and earliest foliation is a continu- 
ous to spaced cleavage with a more northerly strike than bed- 
ding (i.e. the pole to foliation must be rotated through an acute 
angle in a clockwise sense to coincide with the pole to bedding). 
This foliation is well preserved within volcanic clasts and within 
tuffaceous bedded units. Where elongate clasts are present, 
their long axes are coincident with the axis of bedding-cleavage 
intersection. Where three-dimensional exposure is available, as 
in the mine workings, it is clear that cleavage dips more steeply 
than bedding. Some rocks contain more than one set of fabric 
elements: a second foliation, an  east-northeast crenulation 
cleavage was observed near the Wanipigow Fault and a third 
foliation comprising kink bands and spaced crenulation cleav- 
age, strikes north-northwesterly and occurs locally throughout 
the area. 

Typical attitudes of the various structural elements are 
shown in Figure 24.1. Figure 24.2 portrays the generalized tra- 
jectories of strike of the first foliation and of the trends of 
lineations within it only for the central part of the map area 
where sufficient data have been collected to date. Ranges in the 
value of plunge of the lineations are also shown. The orienta- 
tions of foliation are largely independent of lithological type 
and tend to be presently subparallel to the Wanipigow Fault 
over much of the area; however a major deflection of strike 
clearly coincides with the inferred position of the Normandy 
Creek shear zone. Dip of foliation tends to steepen towards both 
the Normandy Creek and Wanipigow structures. The orienta- 
tion of lineation is clearly influenced by proximity to the 
Wanipigow Fault (Fig. 24.2): lineation trends deflect towards 
parallelism with the fault and magnitudes of plunge decrease as 
the fault is approached from the south. Steeper lineations, with 
a larger pitch within foliation, are characteristic of the rocks 
exposed around Rice Lake proper. 

Aside from orientation data, it is clear from our mapping 
that there are gradients in intensity of foliation and lineation 
development across the map area. Intense fabric development 
adjacent to the Normandy Creek shear and Wanipigow Fault 
contrasts with the virtual absence of fabric southeast of Nor- 
mandy Creek. Weak to moderate fabrics have been developed 
in rocks near the town of Bissett. 

The patterns of lineation and foliation are consistent with a 
previous suggestion by McRitchie (1971) that the Wanipigow 
Fault is a dextral transcurrent structure: the increasing paral- 
lelism of strike of foliation and trend of lineation with increasing 
proximity to the fault, as well as the steepening of foliation and 
shallowing of lineation, are compatible with their reorientation 
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Figure 24.2. Structural trend map of part of the Rice Lake 
area. The trajectories show mean strike and trend of first foliation 
and lineation respectively. Contours show variation in range of 
values for plunge of the lineations. 
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by dextral shear if it is assumed that these fabrics predated and 
were originally oblique to the Wanipigow Fault. Some of the 
observed crenulation cleavages which superpose earlier fabrics 
can also be accounted for in this way. 

Although transcurrent shear can account for reorientation 
of earlier foliation and lineation, the observed patterns preclude 
such shear as an agent responsible for the formation of the 
fabrics, and an earlier phase of deformation is implied. The 
Normandy Creek shear seems to be a locus for this earlier 
deformation and the steep lineation associated with its trace 
suggests that it may represent a ductile reverse fault with pen- 
etrative fabrics developed in its hanging wall to the northwest 
which is distinct from undeformed footwall rocks to the south- 
east. We do not have sufficient data at present to speculate on 
the possible relationship between this earlier deformation and 
subsequent transcurrent shear. 

San Antonio mine 

The San Antonio mine has been developed on a gold- 
quartz vein deposit within a single lithological unit, which has 
traditionally been viewed as a sill of metadiabase (Stockwell, 
1938) owing to its massive texture and absence of unequivocal 
volcanic features. Theyer (1983) has suggested that the unit (San 
Antonio mine unit) comprises mafic flows and tuffs. Un- 
equivocal evidence for either interpretation is presently lacking. 
The host unit composition is that of tholeiitic basalt, which is 
distinct from the dacitic rocks on either side. The host unit 
follows the crescent-shaped outline of the enclosing rocks and 
the mine is on the west limb of the gentle flexure (Fig. 24.1). For 
most of its length of nearly 6 km, the unit is only 15 to 90 m 
thick, but at the mine the thickness is from 120 to 150 m; here the 
unit strikes N50°-60°W and dips 47ONE (Fig. 24.3). The host unit 
is cut by an array of northeasterly-striking, steeply-dipping 
dykes composed primarily of dacitic feldspar porphyry. An 
envelope of buff-coloured schists with local intense foliation 
and crenulation surrounds the host unit: this zone of schists is 
thicker on the footwall side (40 to 140 m) than the hanging wall 
(1 to 20 m) and has historically been referred to as "footwall 
sericite schist". 

Vein Structure 

Two distinctive types of veins form the ore bodies within 
the host unit (Fig. 24.3). A NE set occupies shear zones which 
cut across the host unit at a high angle and the second set forms 
NW stockwork zones which are also discordant to the host, but 
at a lower angle. Both locally offset feldspar porphyry dykes in 
the host unit. 

The NE veins are also known as shear veins or 16-type in 
the mine terminology. They occur within restricted tabular 
zones of foliated host rock and have relatively sharp boundaries 
(Fig. 24.4a) along which there is commonly some evidence of 
post-vein displacement. Veins of this set commonly strike 
N60°E to N75"E and dip 50-60" to the northwest. The shear 
zones, which contain the veins, are more continuous than the 
veins themselves and are arranged en echelon with the host 
unit. The veins pinch and swell within the shear zones and 
range from a few metres to 150-200 m in length and from a few 
centimetres to two metres in thickness. The NE veins are com- 
posed primarily of quartz, ankerite and albite and commonly 
are internally zoned away from the vein wall with a quartz- 
albite-ankerite fringe, an internal contact and a central quartz 
core with ribbon structures, wall rock fragments and scattered 
carbonate patches (Fig. 24.5a). Extensional veinlets composed 
of quartz, carbonate and chlorite commonly cut the main vein 
fillings at a high angle. 

The NW veins are also known as 38-type or "stockworks", 
each consisting of network of smaller individual veins with 
different orientations (Fig. 24.4b). The stockwork zones range 
in strike from N25"-60°W and most dip vertically to steeply NE. 
They all strike 20-30" more northerly than the host unit and they 
terminate up and down dip at the hanging wall and footwall 
contacts. Consequently the long dimensions of these zones 
plunge gently northwest (Fig. 24.3). The stockworks commonly 
attain thicknesses of 10 m. 

At least three types of extensional veins can occur in a given 
stockwork. The first is a stacked or "ladder" arrangement of 
sub-parallel, near-horizontal fractures; the second is a set of 
sub-vertical fractures of variable strike which link and are coeval 
with the horizontal ones; the third, later than the other two, 
comprises vertical fractures which are consistently normal to 
the stike of the stockwork as a whole. Most stockwork zones 
contain a central core composed of angular wall rock fragments 
engulfed in a high percentage (>50%) of vein material. The 
intensity of fracturing decreases outward from the stockwork 
core, both along and across strike, so that at the outer margins 
simple dilation of a reticulate array of fractures is observed. The 
veins in the stockwork zones have virtually identical composi- 
tions to those of the northeasterly-striking set. Individual flat 
"ladder" veins and some of the vertical veins show an identical 
arrangement of minerals as well (Fig. 24.5). As with the NE 
veins, late discordant veinlets contain chlorite as well as quartz 
and ankerite. 

The NE and NW vein sets are auriferous. Additional veins 
are also locally associated with two other sets of shear zones 
which are not known to be gold bearing. The first are shear 
zones of type and strike similar to those hosting the NE veins 
but which dip to the southeast and offset both NE veins and 
stockworks. The second set strikes subparallel to the NW veins 
and dips vertically to steeply southwest. These shear zones 
offset all other structures in a dextral sense. 

The combined distributions of the NE and NW veins define 
the overall architecture of the San Antonio deposit (Fig. 24.3) 
which, as a whole, plunges moderately to the northeast. This 
plunge coincides with the attitude of mesoscopic lineations in 
volcanic rocks near the mine (Fig. 24.2), suggesting a link be- 
tween mine scale and regional structures. Furthermore, the NE 
shear zones within the mine mimic the larger Normandy Creek 
shear suggesting a temporal relationship between vein forma- 
tion and the regional deformational history. We at present have 
insufficient data to permit a unique interpretation of the effects 
on the deposit of the inferred later transcurrent displacements 
on the Wanipigow Fault. 

Alteration 

The wall rocks adjacent to the NE veins are fine grained, 
schistose and highly altered. They are composed principally of 
albite, ankerite, sericite, quartz, chlorite, and conspicuous dis- 
seminations of pyrite. The wall rocks adjacent to most stock- 
work zones are structurally massive but contain essentially the 
same alteration minerals as those adjacent to the NE veins. A 
distinction is that wallrocks of many of the component veins in a 
stockwork are visibly "bleached" for a few centimetres from 
their margins. The bleached rocks are grey compared to the 
normal dark green host rocks because they lack chlorite and are 
enriched in albite. The alteration at the vein scale therefore 
appears to be independent of type (i.e. NE or NW) and involves 
fixation of carbon dioxide, sulphur and perhaps potassium and 
sodium as indicated by alteration minerals. 

Aside from the observed vein-scale alteration, it is also 
clear from petrographic, X-ray and chemical analyses of the 
basaltic mine unit and of adjacent volcanic rocks that CO, is also 
fixed more generally in alteration assemblages at the mine scale. 
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Figure 24.3. Perspective diagram of the mafic host unit to the San Antonio gold deposit. Solid lines show 
the projection of the NE veins onto the hanging wallsurface of the host unit. The NW veins (stockworkzones) 
lie within the host unit and are also shown projected onto the hanging wall. The diagram shows some 
distortion of scale: the typical distance between mine levels is 50 m. 
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Figure 24.4a. Cross-sectional view of a NE vein, San Antonio 
Mine. The adjacent wall rock shows the typical zone of 
schistosity. The vein is cut by a late shear: 

Figure 24.4b. A partially developed central core of a N W vein 
showing stacks of subhorizontal "ladders" cut by vertical quartz 
veins together forming the stockwork. The photograph is of a . 

vertical face in the mine parallel to the strike of the vein and 
therefore is close to a longitudinal view since the vein dips 
steeply towards the viewer: 

Figure 24.6 shows the abundance of calcite and ankerite along a 
transect from footwall to hanging wall on the 16-level of the 
mine. Epiclastic rocks well away from the footwall of the host 
unit are not visibly altered and contain relatively low abun- 
dances of calcite and ankerite. Where the transition to "sericite" 
schist takes place, chlorite is no longer present and the abun- 
dance of carbonate minerals increases. It is to be noted that the 
sericitization does not involve an  influx of K,O, but rather a 
breakdown of alkali feldspar during carbonatization. Abundant 
carbonate minerals are developed in the basaltic host rocks of 
the mine and these are predominantly dolomitelankerite spe- 
cies (Fig. 24.6). The sericite schists of the hanging wall are 
similar to those of the footwall and a progressive decrease in 
carbonate mineral abundance corresponds to increasing dis- 
tance from the hanging wall contact of the mine unit. 

Discussion 

- 
P y r i t e  

95% 
A NE main vein Quartz  core  

Younger veinlat . + + +  + + +  

quartz chlorite c a r b o n a t e  +* 

+ + + +  + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . .  

NE VEIN 
qtz-a lb-cb layer  
along internal  contact  

A O A f ine-grained 
_ _ _ - i I -  _ _ _  _ - - - - -qtz-alb-cb layer 

(b) 

Figure 24.5. Schematic illustration of the form, composition 
and alteration for an example of a NE vein (a) and a NW vein 
"ladder" (b). 

analogous to others, including the Con mine (Yellowknife), the 
McIntyre mine (Timmins), and particularly the Mt. Charlotte 
deposit at Kalgoorlie, Australia (as noted below). The spatial 
relationship between NE veins and NW stockwork zones, and 
their similarities in composition, mineral zoning and related 
alteration strongly suggest that the two are broadly coeval. This 
is essentially what Stockwell (1938) proposed, but he viewed the 
structures hosting the auriferous veins as conjugate shears. Our 
suggestion is that the stockworks are extensional zones which 
link en echelon shears as shown schematically in Figure 24.7. 
Such a direct relationship between extensional structures and 
adjacent shear zones has been clearly demonstrated at other 
Archean gold deposits, notably the Sigma mine, Quebec 
(Robert et al., 1983) and Mt. Charlotte, Australia (Finucane, 
1965). Further studies are required to test the above structural 
hypothesis of vein formation, to fully establish the structural 
history of the map area, and to test the relationships between 
gold and alteration at the vein, mine, and regional scale. 

From our preliminary appraisal, we conclude that the San The data presented above have three implications regard- 
Antonio gold deposit comprises a quartz vein system devel- ing future exploration in the Rice Lake area. First, considering 
oped during regional deformation. Carbonatization of the the analogies drawn above between the San Antonio and other 
basaltic host rock at both the vein- and mine-scale is clearly an deposits, there may be nothing unique about its host rock that 
important aspect of this deposit. In these respects the deposit is makes it a favourable site for gold. Rather, its tholeiitic basaltic 



Figure 24.6. Variations in carbonate mineralogy along a profile through the San Antonio mine along 
crosscuts on the 16-level. The absolute abundances of ankerite and calcite were determined from analysis 
of total rock CO, combined with semiauantitative X-rav diffraction analvsis. Note that the total abundance of 

CARBONATE MINERALOGY 
16 LEVEL 

carbonate min&ls is greatest in and adjacent to th i  mafic host uniiand that calcite and chlorite do not 
coexist in most samples in this zone of CO, enrichment. 
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composition seems to be a common attribute for the host rocks 
of many gold deposits, perhaps because of the availability of 
iron oxides for reaction with auriferous fluids (Groves et al., 
1984). If this is the case, all deformed basaltic rocks in the Rice 
Lake area could be viewed as potentially favourable targets. 
Second, it is clear from our preliminary results that significant 
hydrothermal alteration in the form of carbonatization, se- 
ricitization and sulphidation is an important guide to ore. We 
have observed that such alteration is most common in, though 
not restricted to, the basaltic rocks. Third, structural studies of 
the vein systems show the complexity in three-dimensional 
geometry which can be encountered in exploration. It would be 
very difficult to infer the correct attitude and spatial rela- 
tionships of veins from a few intersections in diamond drill 
core. The particular geometry of veins at the San Antonio mine 
is likely a function of a "stiff" host unit that has undergone 
deformation within "softer" volcanic rocks under a local set of 
3 - c  L : - - - l - - - -  L..-:-L- r ------- L.. -L:-- -  - < - - l J  

o . D . " : G  , -. .-. 
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INTERMEDIATE-FELSIC VOLCANlCLASTlC ROCKS M E T A D I A B A S E  

uerurIIlauurlal c u r ~ s ~ r d l r ~ ~ s .  ru r  e c u r ~ u r ~ ~ ~ c  curlcerlrrauurls ur g u ~ u  
to have formed elsewhere it is not necessary that the same 
conditions be reproduced precisely and different structural 
styles of mineralization might be anticipated (e.g. large single 
shear zones with no stockworks). Based on the above observa- 
tions and the results of our mapping, we suggest that de- 
formed, carbonatized mafic rocks near the Normandy Creek 
shear (and its extension to the northeast) represent favourable 
tareets for futiire exdoration. 
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Abstract 

Records of sedimentation and ice flow patterns in northwest New Brunwsick indicate a complex history of glacial 
cycles, comprising growth and interaction of glaciation centres followed by late glacial events related to relative sea level 
rise. The stratigraphic record is incomplete, and correlation of tills is hampered by the location of the area in an ice divide 
zone, the scarcity of useful indicator bedrock lithologies, and the common occurrence of till-like diamictons formed by mass 
movement processes. Bedrock striations and clast fabric analyses indicate at least three major events, but only twomultiple 
(two) till sections were found. 

Le registre des taux de sedimentation et des modeles dUcoulement des glaces dans le nord-ouest du Nouveau- 
Brunswick indiquent des antecedents complexes de cycles glaciaires comprenant la croissance e l  I'interaction des centres 
de glaciation, suivis d'bvenements glaciaires tardifs relies a une Blevation relative du niveau de la mer. Le relev6 
stratigraphique est incomplet et la comparaison des tills est g h 6 e  par I'emplacement de cette region dans une zone de 
partage des glaces, la pauvret6 des indicateurs lithologiques utiles de la roche en place, et la presence fort repandue de 
diamictons semblables B du till mais formes par des mouvements de masse. Les analyses des stries sur la roche en place 
et de la structure clastique indiquent au moins trois principaux evenements, mais seulement deux sections multiples (2) de 
till ont Bt6 trouv6es. 

1 Contribution to the Canada-New Brunswick Mineral Development Agreement 1984-1989. Project carried by Geological 
Survey of Canada. 



Introduction 

Since indicators of ice movements in a northern direction in 
the St. Lawrence Valley area were rediscovered by Lamarche 
(1971; see Chauvin et al., 1985), many such finds have been 
reported from the Appalachian regions of southern Quebec 
(e.g., Lamarche, 1974; Lortie, 1976; Martineau, 1977, 1979; 
LaSalle et al., 1977; Lebuisand David, 1977; Chauvin et al., 1985), 
northern Maine (Lowell, 1980,1985), and northwest New Bruns- 
wick (Gauthier, 1980; Rampton et al., 1984; Rappol, 1986). These 
northward ice movements postdate the earlier ice flow direc- 
tions of Laurentide ice, and are generally assumed to relate to 
a Late Wisconsinan Appalachian ice divide (Fig. 25.1). Several 
authors have speculated on the origin of this Appalachian ice 
divide (e.g., Gadd et al., 1972; Lamarche, 1974; Shilts, 1981; 
Chauvin et al., 1985), but it seems generally accepted now that 
the upstream progression of a calving bay in the Saint Lawrence 
River depression caused separation of ice in the Appalachian 
region from the main Laurentide Ice Sheet (Chauvin et al., 
1985). Rampton et al. (1984), however, depicted an Appalachian 
ice divide in northwest New Brunswick (their 'North Maine Ice 
Divide') as a permanent feature of the Late Wisconsinan, while 
there are also indications that part of Gaspksie peninsula may 
have experienced only local glacierization during the Late 
Wisconsinan (Chauvin, 1984). 

In northwest New Brunswick and adiacent areas, the aeo- 
logical history predating the northward ici movement is largely 
unexplored. Older events are poorly preserved in the exposed Figure 25.1. Location of the study area, possible position of 

stratigraphic record, and this poor knowledge has resulted in the Late Wisconsinan Appalachian ice divide, related ice move- 
the development of widely divergent views among researchers ment directions, and postulated synchronous marine incursions 
on the glacial evolution of the area. (after various sources). 

- flow from ice divide 

,: New Brunswic 

This report summarizes some initial results of current re- 
search on glacial sediments in northwest New Brunswick 
(Fig. 25.1, 25.2), that was undertaken to obtain a more detailed 
picture of ice flow patterns and glacial stratigraphy. A recent 
description of physiography and surficial materials, and a sum- 
mary of previous work in the area is given by Rampton et al. 
(1984). 
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Chronology Of Ice Flow Directions 

Ice flow directions and their relative age were studied pri- 
marily through an inventory of glacial striations and clast fabric 
analysis (Rappol, 1986). A summary of the recorded striations is 
given in Fig. 25.2. Striated bedrock sites are much more abun- 
dant in the northwestern part of the area than in the south- 
eastern part. This is in part an expression of bedrock type, and 
partially due to a more continuous and thicker cover of uncon- 
solidated sediments in the southeastern part of the area. More- 
over, much of the central part of the study area seems similar to 
zone I11 of David and Lebuis (1985, Fig. 5), in that its surface 
consists mainly of deeply fractured bedrock with no or a thin 
cover of loose till. 

In the northwestern part of the area, two main directions of 
ice movement are recorded by glacial striations and related 
features: an older movement towards east or southeast, and a 
younger movement towards west or northwest. Along an east- 
west transect, a gradual change in direction is observed for the 
youngest ice movement. In northern Maine, latest ice move- 

ment was towards slightly west of north (Kite and Lowell, 1982; 
Lowell, 1985). It is mainly to the northwest in the northwest 
panhandle and Edmundston area, and to the west in the area 
around First Lake. This convergence of ice flow direction, with 
streaming of ice through the Temiscouata Lake low in the Notre 
Dame Mountains, may suggest the presence of a northward 
curve in the course of the Appalachian ice divide, through 
which it joined the ice divide on Gaspesie Peninsula (Fig. 25.1). 
Possibly, this configuration developed in response to rising 
relative sea level accompanied by drawdown in the Chaleur Bay 
area (Rampton et al., 1984, p. 51). 

Northwest flow indicators have been found as far south as 
12 km northwest of Grand Falls, where they cross-cut older 
striations that indicate ice movement towards southwest or 
south-southwest. This older direction is often encountered in a 
narrow zone stretching from north of Sisson Branch Reservoir 
to between Grand Falls and Saint-Lbonard (Thibault, 1980,1985; 
Rappol, 1986). Southeast of this zone, striations generally indi- 
cate ice movement in a southeastern direction. No decisive 
evidence, however, has been found as to the chronology of the 
ice movements towards southwest and southeast, respectively. 

Elongated clast fabric was determined Fig. 25.3 - 25.5) by 
measuring orientation and plunge of the a-axis of 25 or 50 
elongated clasts. These data were processed by an eigenvalue 
method (Mark, 1973; Woodcock and Naylor, 1983) and con- 
toured by a method proposed by Starkey (1977), with a counting 
area of 100/n% of the projection, where n is the sample size. In 
Figures 25.3, 25.4, and 25.5, the blackened area represents 5 or 
more clasts per counting area. 

Although clast fabric analysis of subglacial till does not 
provide us with unequivocal evidence of the sense of ice flow 
direction, in some cases this may be inferred from other features, 
such as subglacial deformation structures, clast lithology, or stria- 
tions on and orientation of certain till-embedded boulders (see 



' Edmundsto 

-47.00' 

0 15 30 km 

Figure 25.2. Summary of observed bedrock striations for various parts of the study area. Relative age is 
indicated by numbers; 1 means oldest. Circle represents eight measurements; Striations of known direction 
are plotted outside the circle. Roman numerals correspond with numbered areas on the map. Data after 
Thibault (1979, 1980, 1985), Gauthier (1982), and Rappol (1986). Hatched area consists of deeply fractured 
bedrock, with only a scattered cover of loose till (as zone 111 of David and Lebuis, 1985). 

below). Moreover, in some cases and especially in very stony 
tills, clast imbrication may be so pronounced, that the sense of 
ice flow direction can be established with a fair level of con- 
fidence. For the investigated area, these results are given in 
Rappol (1986, Fig. 1). In general, trends of elongated clast fabric 
align with the directions derived from erosional features at 
nearby sites, but some additional information was gained. 

In the northern part of the study area where bedrock stri- 
ations indicate a latest ice movement towards northwest, elon- 
gated-clast fabric measurements in the surface till generally 
indicate a preferred orientation in the direction northwest- 
southeast, with, in most cases, a southeastern plunge of the 
computed principal eigenvector. In places where the lower part 
as well as the upper part of the till was sampled, this did not give 
significantly different results (Fig. 25.3). At one site in this area, 
in the western part of the town of Edmundston, a lower till was 
observed, separated from the upper till by approximately 6-8 m 
of sorted sediment. The lower till contains a northeast-south- 
west oriented clast fabric (Fig. 25.4). This latter direction finds 
no support in the available striation data from northwest New 
Brunswick, but an older ice movement in an eastern direction is 
well known from northern Maine, through striation as well as 
fabric data (Lowell, 1985; Newman et al., 1985). 

At another two till section, along Saint John River, south of 
Grand Falls (site A in Fig. 10 of Rampton et al., 1984), tills also 
contain almost perpendicular fabrics (Fig. 25.5). In the upper 
till, clast orientation suggests ice movement towards south or 
south-southeast, a direction that was found at several places in 
Saint John and Salmon River valleys in tills overlying thick 
gravel deposits. On the plateaus bordering these valleys, the 
surface till contains a northwest-southeast fabric (Fig. 25.5). 
The lower till in Saint John Valley shows a fabric with elongated 
clasts oriented east-west or southwest-northeast (Fig. 25.5). 
The absence of erratics derived from the Mississippian redbeds 
of the Plaster Rock area may suggest ice movement in an eastern 
direction. It is remarkable, however, that in all five samples, the 
principal eigenvector plunges towards east (Fig. 25.5). 

Glacial Deposits 

A major concern in present-day glacial stratigraphy and 
sedimentology is the distinction between till, as a product 
formed by release of debris directly from the ice, and diamic- 
tons formed by resedimentation processes (sediment gravity 
flow deposits, including flow till, flowed till, etc.). Much work 
has already been done on the determination of distinguishing 
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properties of these deposits, both in modern and Pleistocene 
glacial environments (e.g., Boulton, 1971, 1972; Kriiger, 1979; 
Lawson, 1979,1981; Shilts, 1981; Ehlers, 1982; De Jong and Rap- 
pol, 1983; Sharp, 1985; Shaw, 1985), but still, and especially in the 
case of poor exposure, the distinction between subglacial till 
and massive stony debris-flow deposits remains problematic. In 
the following sections some characteristic features of these de- 
posits in New Brunswick will be discussed shortly. 

Till - 
The classical till profile consists of a compact matrix-sup- 

ported subglacial till overlain by a loose, blocky, and clast- 
supported ablation till (e.g., Flint, 1971). Although such profiles 
are common in the Miramichi Highlands, to the east of the 
study area (Lamothe, this volume), in northwest New Bruns- 
wick such profiles are seldom observed in well exposed sec- 
tions; generally only the subglacial till is present, directly over- 
lain by sorted and stratified glaciofluvial or alluvial gravels. 

Deposits interpreted as subglacial till may show one or a 
number of diagnostic features that distinguish them from sim- 
ilarly textured sediment flow deposits. Firstly, many subglacial 
tills exhibit a petrographic stratification, ideally with material 
derived from local rock types most abundant in the lower part of 
the till, and more far-travelled material increasing upwards 
(e.g., Rose, 1974; Shilts, 1978; Rappol, 1983). Such an ideal 
situation may be disturbed, or sometimes even reversed as a 
result of synsedimentary deformation, but even then, such a 
petrographic stratification is not normally found in sediment- 
flow deposits. 

This property is well illustrated by the occurrence of brown 
till on top of red till in the area immediately west of Plaster Rock 
that is underlain by Mississippian redbeds. Upglacier of this 
area (towards northwest) till is usually brown (sometimes grey, 
where unoxidized); upon entering the area underlain by the 
redbeds from the northwest, a red colouring is immediately 
observed in the lower part of the till. The boundary between 
red and  brown till is commonly rather diffuse or shows 
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Figure 25.6. Aspects of the compositional variation in a 10 m-thick till section exposed in a gully 
northwest of Salmonhurst Corner (21 Jl13, 037043). 
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Figure 25.7. A. Deformed subtill deltaic gravels; gravel pit near north shore of Long Lake, Maine, south of 
Cleveland (21 Nl8). Ice movement was towards the right (southeast). 6. Detail of A. 

irregularities due to deformation. East of Plaster Rock the entire 
till is generally red, whereas red colouring extends to more than 
15 km eastwards of the area underlain by the redbeds (Gauthier, 
1983). Likewise, in the area underlain by limestones and highly 
calcareous shales, the percentages of these rock types in the 
gravel fraction of till may vary considerably in vertical profiles 
(Fig. 25.6). Although in this profile the compositional differ- 
ences seem to coincide with textural and colour variations, in 
general grey and (yellowish) brown reflect only the oxidation 
state of the deposit; it should be stressed that, in the investi- 
gated area, till colour cannot be used as a confident stratigraphic 
tool. 

A second characteristic observed in some subglacial tills is 
the presence of structures that result from deformation styles 
associated with subglacial shearing. These may be present in 
the subtill sediments as well as within the till, and may reflect 
englacial deformation of debris-rich ice (glaciodynamic struc- 
tures: Lavrushin, 1971, 1978) or may have been formed sub- 
glacially by drag of moving overlying ice (e.g., Boulton, 1976; 
Rappol, 1983). In combination with till fabric analyses, these 
structures are important indicators of ice movement direction 
(e.g., Kriiger, 1979; Rappol, 1983; Hicock and Dreimanis, 1985). 
Subglacial deformation structures are generally well developed 
where till overlies fine grained sediments, as i i  the case in most 
of the north European plain (Lavrushin, 1978; Berthelsen, 1979; 
Stephan and Ehlers, 1983; Ruszczynska-Szenajch, 1983; Rappol, 
1983). In New Brunswick, till is generally observed overlying 
coarse and porous glaciofluvial gravel that resists deformation; 
only few examples were observed in the field. 

Probably the most common subglacial deformation struc- 
ture consists of a recumbent fold with slightly up-glacier dip- 
ping axial surface. The example shown in Figure 25.7 represents 
a simple drag structure, in which the lower limb has basically 
remained in situ. Deformation of the till/subtill sediment inter- 
face may produce up-glacier dipping till wedges, that form the 
core of tight recumbent folds (Fig. 25.8). 

A further distinguishing criterion of subglacial till and sedi- 
ment flow deposits lies in some characteristics of clast fabric. 
Elongated clasts in till generally align with the local direction of 
ice movement, whereas those in sediment flows, if a preferred 
orientation is present at all, reflect local directions of mass flow 
that are unrelated to ice movement (e.g., Harrison, 1957; 

Boulton, 1971; Lawson, 1979). Moreover, Lawson (1979) found a 
large difference in fabric strength to exist between subglacial till 
fabrics and sediment flow fabrics, but in other areas such a 
sharp distinction may be less clea; (e.g., Mills, 1984; Rappol, 
1985). 

A good indicator for subglacial formation is the presence of 
a consistent and strong imbrication as present in some stony 
tills, indicating up-slope transport. This is the case in the lower 
part of the till section described in Figure 25.6, where ice flow in 
an eastern direction is indicated. 

In the present study, fabric did not play any role in deter- 
mining sediment genesis, except perhaps in confirming such an 
interpretation by a parallelism of clast fabric and local striation 
sites. Compared with samples from two other areas, measured 
by the same method, the New Brunswick samples occupy an 
intermediate position in a triangular diagram of the normalized 
eigenvalues (Fig. 25.9A); this is somewhat better illustrated in 
Figure 25.98. In an earlier paper (Rappol, 1985)) the data pre- 
sented by Shaw (1982) were overlooked. He interpreted the till 
in the Edmonton area as melt-out till, with part of the fabrics 

Figure 25.8. Up-glacier dipping till wedge in the core of tight, 
recumbent fold and deformed subtill sediments near Saint- 
Leonard (21 014, 822233). 
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A. Triangular plot of normalized eigenvalues for elongated clast 
fabrics from New Brunswick, and envelopes for fabric sam- 
ples from western Allgau and The Netherlands (from Rappol, 
1985). 

B. Plot of S, and S, eigenvalues of clast fabrics in till from 
different areas, shown as standard deviation around the 
mean values (see also: Dowdeswell et al., 1985, and data 
given by Mills, 1984). Fabric data from Lawson (1979) for 
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Figure 25.70. Bullet-shaped boulder near base of till over- 
lying glaciofluvial gravels at site 146 (see Fig. 25.5 for till fabric 
and coordinates). Two sets of striations are present: an older set, 
parallel to the long-axis of the boulder (180"-360") and a younger 
set  (725"-305") parallel to the till fabric, with abrasion features 
indicating ice movement towards the southeast. 

suggesting resedimentation by sediment flow. The range given 
for the Edmonton samples as given in Figure 25.9B thus repre- 
sents a mixture of different sediment types, in which the melt- 
out facies showed the highest fabric strength. Strong fabrics 
(high S,-values) were also measured by Shaw (1979) in melt-out 
till of the Sveg type in Sweden. 

There are several factors that may play a role in the ob- 
served variability, although their significance in each case is 
difficult to assess. These comprise: 1) till texture; during till 
shear, a higher clast content implies a higher frequency of clast 
interaction; 2) depositional process, for example, melt-out ver- 
sus lodgment, including the effect of synsedimentary deforma- 
tion; and 3) modifications after till formation, e.g. flow or frost 
action (Derbyshire, 1980; Mills, 1984; Rappol, 1985). 

The occurrence of bullet-shaped boulders with stoss-and- 
lee side forms, and consistent striations parallel to their long 
axis, is commonly held to be an additional diagnostic criterion 
for subglacial deposition by lodgment (e.g. Boulton, 1978; 
Kriiger, 1984). Few such boulders were observed in till of the 
study area, which may be primarily a result of the generally 
thinly cleaved bedrock of the area, producing mainly flatstones. 
Moreover, in a few cases, it was observed that bullet-shaped 
boulders did not obviously align with ice movement. Figure 
25.10 shows an example where the boulder was reoriented 
during some stage of its abrasion and now occupies a position 
oblique to ice movement as indicated by a younger set of striat- 
ions and till fabric. 

Sediment flow deposits in ice contact sediments 

Ice contact sediments deposited during the final deglacia- 
tion of the area are characterized by their hummocky topogra- 
phy, and intense faulting or warping of sedimentary layers. 
They consist of variable amounts of boulders, gravel, sand, and 
mud, that are commonly interstratified with or overlain by till- 
like layers (Rampton and Paradis, 1981; Gauthier, 1982). 

These till-like layers differ in many aspects from subglacial 
till, as will be discussed below, and can generally be interpreted 
as debris flow deposits. Moreover, many sandy gravelly sedi- 
ments show evidence for emplacement by sediment gravity 
flow mechanisms, rather than for a strict glaciofluvial origin. 

In many cases, ice marginal debris flow deposits are found 
only at the top of a kame deposit, possibly reflecting their low 



Figure 25.12. Grading in debris flow deposit within ice con- 
tact sediments near Comeau Ridge (21 014,996278). The debris 
flow deposit is overlain by glaciofluvial gravels with an erosive 
lower bed limit. 

preservation potential in the active glaciofluvial environment 
(Boulton, 1972). Debris flow deposits capping ice contact sedi- 
ments, commonly contain coarser elements than the underly- 
ing sorted sediment, suggesting that they were not formed 
through simple reworking and colluviation of the sorted sedi- 
ment, but were probably derived directly from the supraglacial 
debris. 

Stony debris flow deposits may show one or several charac- 
teristics that distinguish them from similarly textured subglacial 
tills. Some debris flow deposits exhibit distinctly gully-shaped 
lower bed limits (Fig. 25.11), with coarser material commonly 
concentrated in the gully fill (De Jong and Rappol, 1983). In 
many debris flow deposits a size grading, vertical as well as 
lateral, is observable (Fig. 25.12), and a coarse grained traction 
carpet may be present at the base, showing well developed clast 
imbrication (Fig. 25.13). The presence of size grading and tex- 
tural variations between debris flows gives many thick debris 
flow deposits a stratified appearance and allows the recognition 
of repetitive debris flow pulses. Also, successive debris flow 
layers may be separated by a thin layer of diffusely laminated or 
massive silt, formed at the top of debris flow deposits during 
water expulsion (Lawson, 1979). 

Sediment flow deposits of a sandy gravelly texture were 
observed in several pits in ice contact kame deposits. These 
mainly were formed as a result of resedimentation of presorted 
glaciofluvial or glaciolacustrine deposits, and may have been 
triggered by the melting of adjacent ice bodies. Figure 25.14 
shows an example that probably formed as a result of de- 
stabilization of the kame deposit. The massive to faintly banded 
gravel deposit is underlain by a layer of diffusely laminar sand 
with dispersed clasts, similar to the shear zone below sandy 
gravelly mass flow deposits described by Postma et al. (1983). 

In the sequence depicted in Figure 25.11, sediment flow 
deposits constitute the main sediment body of the kame de- 
posit. Several distinct sediment flow facies can be dis- 
tinguished. Overlying a climbing ripple bed at the bottom of the 
sequence is a massive sand deposit that is interpreted as a 
liquefied flow deposit (Lowe, 1976). The only structural feature 
of this deposit is the presence of many irregular and branching, 
near vertical channels of a more silty texture (Fig. 25.15) that 
extend upwards towards the layer of laminated silt and sand, 
and may represent fluid escape structures. The massive sand 
layer is overlain by a slightly coarser sand with a laminar struc- 
ture and a basal conglomerate of unconsolidated mud clasts 
(Fig. 25.16), that grades laterally in a more chaotically structured 

Figure 25.13. Imbricated stone pavement at contact of two 
debris flow deposits in the debris flow deposit of Figure 25.11. 

deposit. The presence of laminated silt and sand, half way up 
the section, together with the abundant mud clasts in the sedi- 
ment flow deposits below it, suggests subaqueous deposition of 
the sediments. 

In reconnaissance studies such as this one, it is not possible 
in most cases to study sediment genesis in much detail at every 
exposure, and generally one depends on the traditional and 
rather trivial criteria such as grain size, compaction and over- 
consolidation, presence or absence of primary pores, thickness 
and lateral extension of the deposit. Individually, none of these 
characteristics is of much value in deciphering sediment gene- 
sis, but considered in combination and in conjuction with geo- 
morphic and sedimentological setting, reasonably reliable pre- 
liminary interpretations can be made. 

Stratigraphy 

Although Rampton et al. (1984, Fig. 10) indicated at least 
eight multiple-till sections in the study area, only two sections 
were found where a significant amount of sorted and stratified 
deposits separated two tills, that is, in the western part of the 
town of Edmundston (21 N/8,489452), and south of Medford in 
a roadcut on the east bank of Saint John River (21 Jl13, 997917; 
section A in Rampton et al., 1984, Fig. 10). 

At Edmundston, the section consists of the following units 
(from top to bottom): 

i) 0-6 m: alternating gravel and diamict layers (ice-con- 
tact gravels and debris-flow deposits 



Figure 25.14. Massive clast-supported, gravelly sandy, debris flow deposit underlain by 
a fine grained shear zone with diffuse banding and dispersed clasts. Exposure in kame 
deposit near North Tilley (21 Jl13, 013883). 

ii) 6-8 m: oxidized, very hard, compact and massive 
diamicton (upper till) 

iii) 8-10 m: faintly banded sand and silt deposit with a 
few dispersed clasts (deformation till ?) 

iv) 10-16 m: gravel, sand and silt deposits, commonly de- 
formed bedding, and with a general dip of 
sedimentary layers towards southeast (ice- 
contact deposits) 

v) 16-17 m: compact, partly oxidized diamicton, con- 
taining deformed sorted layers (lower till) 

17 m: base of excavation 

Figure 25.5 shows that the tills contain a different fabric, 
suggesting that the sedimentary sequence represents more 
than a local minor fluctuation of the ice margin. 

At the second two-till section, the two tills also have dif- 
ferent fabrics (Fig. 25.17). Rampton et al. (1984, p. 15) suggested 
a possible pre-Wisconsinan age for the lower till, based on a 
0.5-1 m-thick oxidized zone at the top of the unit. Oxidation of 
the upper part of a subsurface till however is common where 
overlain by porous gravels, as is oxidation of the lower part of till 
overlying gravels. Also, no sign of weathering in the form of 
decalcification was observed, as is possibly the case in the upper 
till (see Fig. 25.17). The decreasing percentage of limestone rock 

Figure 25.15. 
A. Massive sand deposit overlain by a chaotically structured slump deposit; at the top, horizontally bedded 

silts and fine sand. (Detail of section B, Figure 25.11). 

B. Detail of silty veins in massive sand unit, probably formed by water-escape process. 



Figure 25.16. Contact of massive sand and base of faintly laminated sand of section C in Figure 25.11, 
showing the erosive contact and unconsolidated clasts at the base of the upper sediment flow deposit. 

fragments towards the top of the upper till could be a primary 
feature also, when far-travelled noncalcareous material be- 
comes more abundant towards the top of the till. 

If the lower tills at these two sites can be correlated, then 
the intertill gravels suggest a regional deglaciation. If the tills 
were emplaced by ice moving towards the east or northeast, a 
correlation with the St. Francis Till of northern Maine (Genes et 
al., 1981; Newman et al., 1985) seems plausible. In this respect, 
however, the consistent eastward plunge of the fabrics in the 
lower till south of Grand Falls remains an unsatisfactory ele- 
ment, which needs future clarification. Ice movement towards 
the east was inferred from the till depicted in Figure 25.6; this till 
may be correlative on the basis of fabric trend with the lower till 
in Saint John Valley. 

Of further stratigraphic interest is the sedimentary se- 
quence exposed in the Falls Brook gully (21 014, 970113) near 
Grand Falls. The sediments fill a pre-existing valley, deeply 
incised in bedrock, and consist of 2-3 m of brown, presumably 
alluvial gravel, overlying about 5 m of grey till (oxidized and 
yellowish brown in the upper part), with an apparent north- 
south fabric, which in turn overlies 20-30 m of mostly gravelly 
sediments. The subtill gravel consists of two distinct units sepa- 
rated by a thin layer of massive silt. 

The lower unit directly overlies limestone and is itself com- 
posed throughout its entire thickness almost exclusively of an- 
gular limestone clasts (over 90%) that are set in a dense sandy 
matrix. In the middle of this lower gravel unit, a laminated silt 
layer (thickness 1-1.5 m) is present, locally overlain by up to 
1.5 m of laminated sand (Fig. 25.18). The silt is free of pollen 
(R.J. Mott, personal communication, 1985) and locally contains 
dropstones, both suggesting a cold and near-ice environment. 
The upper subtill gravel consists of well rounded clasts with a 
mixed petrography and a more open framework, and is proba- 
bly correlative with similar subtill gravels exposed at many 
places along Saint John River in the Grand Falls area. The lower 
subtill gravel is tentatively correlated with Lee's (1962) 'non- 
glacial' gravel, underlying till and glaciofluvial gravel, re- 
covered from a borehole at Grand Falls (Rappol, 1986). To my 
knowledge, Lee nowhere indicates the reason for the inter- 
pretation of these gravels as being nonglacial, and palynological 
analyses undertaken to establish this nonglacial origin proved 
that the gravels are virtually sterile. Unexpectedly, one sample 
from the overlying glaciofluvial gravel contained a fair amount 

of boreal pollen, but these may have been resedimented (R.J. 
Mott, unpublished GSC Palynological Report 62-32). 

In the area of Anfield (21 Jl13, 130980) and Blue Bell Lake 
(21 Jl13, 113005), an almost continuous till sheet, about 2 m 
thick, covers extensive glaciofluvial and deltaic sediments 
(Thibault, 1980; Rampton et al., 1984). Elevations of the top of the 
deltaic deposits suggest a lake level around 240 m a.s.1.. This 
lake must have been blocked by ice in Tobique River valley 
around Plaster Rock, and in the northwest by an ice lobe in 
Little Salmon River valley somewhere between New Denmark 
(21 Jl13, 070050) and Blue Bell Lake. Deltaic foresets slope in 
directions varying between northeast and southeast, and also 
gravel imbrication in horizontally bedded glaciofluvial gravel 
indicate streamflow in an eastern direction, and originating 
from Little Salmon River valley. The deltaic sediments as well as 
the overlying till contain some granite erratics. Till petrography 
and fabric indicate ice movement towards southeast. 

Subtill sediments were observed at many other places, es- 
pecially in the Saint John Valley area, but no evidence was found 
to indicate that these represent anything other than outwash or 
ice contact deposits associated with an ice advance, with the 
exception of, perhaps, one section in Green River valley (21 NI8, 
615509). Here, a till separates two gravel bodies, and the lower 
gravel overlies deformed lacustrine sediments. Between the 
deformed lacustrine silt and overlying gravel deposit, locally a 
diamict layer is present, consisting primarily of reworked lac- 
ustrine deposits with dispersed clasts. Due to poor exposure, it 
could not be established whether deformations and diamicton 
were formed as a result of mass movement or as a result of 
subglacial deformation and till formation. 

Discussion 

It seems that an explanation of the observed ice flow pat- 
terns in different parts of southeast Canada and New England 
should be sought in an appraisal of the influence and relative 
importance of the following events: 1) The development of 
radial outflow from local accumulation centres during the early 
part of a glacial cycle. More complicated flow patterns would 
have evolved where such centers merged with each other or, in 
some areas, with invading Laurentide ice. 2) A readjustment of 
ice flow pattern, with converging flow towards areas where 
calving bays induced drawdown of the ice surface, resulting 



Figure 25.17. Two-till section south of Grand Falls, along 
Saint John River: Both tills are grey (black triangles) at the base 
and yellowish brown and oxidized (open triangles) in their upper 
parts. In the lower till, oxidation is not accompanied by de- 
calcification. Exposures along the opposite river bank show the 
lower till overlying glaciofluvial gravel on bedrock. 

from glacio-isostatic subsidence, and rising marine waters at the 
end of a glacial cycle. 

There are at least two regions where rising marine waters 
could profoundly influence the ice flow pattern. The first is the 
St. Lawrence River basin, where the effects of the submergence 
have now been fairly well documented (see Chauvin eta]., 1985, 
for a review). The occurrence of Laurentide erratics in northwest 
New Brunswick is well known (e.g., Rampton et al., 1984). At 
present it is not clear at all during which time of glaciation these 
have been transported into the area. It is possible that an Ap- 
palachian ice divide existed throughout the Late Wisconsinan, 
and that the marine incursion into St. Lawrence Valley caused 
the divide to migrate southwards, thereby causing a flow rever- 
sal in northwest New Brunswick. In this case, the Laurentide 
erratics must have been imported during a pre-Late Wiscon- 

Figure 25.18. View of the lower subtill gravel deposit (A, D) in 
the Falls Brook gully, with the laminated silt (6) and overlying 
sand layer (C). The vegetated horizon (E) is the layer of massive 
silt separating lower and upper subtill gravel (F). Laminated silt 
layer is here about 1.5 m thick. 

sinan event. Alternatively, Laurentide ice may have covered 
most of the study area during the early Late Wisconsinan and 
the Appalachian ice divide developed after the marine incur- 
sion. 

A second area of marine incursion is situated in the Chaleur 
Bay area (Fig. 25.1); Late Wisconsinan ice flow patterns in re- 
sponse to rising relative sea level in this area was discussed by 
Rampton et al. (1984) and David and Lebuis (1985). 

In Saint John Valley and the adjacent Chaleur uplands in 
the Woodstock area (Rampton et al., 1984) and in coastal Maine 
(Thompson, 1982) an ice movement to the southeast is followed 
by one towards the south. Probably the southward ice move- 
ment in Saint John and Salmon River valleys of the investigated 
area, and the southeastward ice movement on the adjacent 
plateau, are representative of the same chronology. The origin 
of this change in ice movement direction is not clear yet, but 
may be a response to drawdown along the Fundy and Maine 
coast. 

For future progress, it is essential to gain a better knowl- 
edge of the sedimentology and stratigraphic relations of the 
deposits predating the surface tills. Planned work involves a 
detailed sedimentological study of the subtill sediments in the 
southern part of the area, and a drilling program in places 
where preservation of a pre-Late-Wisconsinan sedimentary se- 
quence is expected. 
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Abstract 

Radiocarbon dating by means o f  accelerator mass spectrometry has two great advantages over 
conventional dating: 1) much smaller samples can be handled and 2) counting t ime is signif icant ly 
shorter. Three new age determinations, a l l  on marine mollusc shells o f  Holocene age f rom Ellesmere 
Island, are reported here. I n  one case the date conf irms an earlier AM5 result  i n  showing that  the 
front of MacMil lan Glacier was we l l  behind i t s  present position 7800 to  7100 radiocarbon years ago. 
'The other two AMS dates reinforce a conventional radiocarbon date and show that the earliest 
Holocene marine incursion in  the Smith Sound-Kane Basin coastal region occurred approximately 
9000 radiocarbon years BP. 

La datat ion au carbone radioact i f  par spectrometrie de masse avec accelerateur (SMA) presente 
deux avantages importants par rapport l a  datat ion classique: 1) manipulation d'bchantillons 
beaucoup moins volumineux et  2) temps de comptage beaucoup plus court. On prBsente trois 
nouvelles determinations d'ftge, toutes fai tes sur des coquilles de mollusques marins de IIHoloci.ne 
provenant de l ' i le dlEllesmere. Dans un de ces cas, l a  date conf irme un resultat precedent obtenu par 
SMA indiquant que l e  f ront  du glacier MacMil lan Bta i t  bien loin de sa position actuelle il y a 7800 B 
7100 ans. Les deux autres datations Ctablies par SMA appuient une datat ion radiometrique classique 
et  indiquent que la  premibre incursion marine de I'Holocbne dans la  region cet ibre du ddtro i t  Smith e t  
du bassin Kane s'est produite il y a environ 9000 ans. 



Introduction The AMS a g e  determinations reported he re  were  

A previous repor t  (Blake, 1985) provided th ree  examples 
t o  show t h e  usefulness and potential  of radiocarbon dating by 
means  of accelera tor  mass spect rometry  (AMS). This note 
presents additional results f rom t h e  s a m e  a r e a  of Ellesmere 
Island, Arc t i c  Canada. 

As emphasized in Blake (19851, t he  most important 
advantage of t h e  AMS technique over conventional radio- 
carbon dat ing in proportional or scintillation counters is t ha t  
ext remely small  samples (milligrams instead of g rams)  can be  
uti l ized, because t h e  method allows di rect  measurement  of 
t h e  abundance of '" atoms. A second advantage is t ha t  a 
much shor ter  counting t ime  is required. Rigorous pre t rea t -  
ment  of samples, however, is necessary t o  remove 
contaminants,  and t h e  various s teps  in th i s  process, together  
with t h e  t i m e  necessary t o  load t h e  accelera tor  
(approximately th ree  hours per batch) t ake  f a r  longer than 
does the  ac tual  counting. 

Examples of t h e  t iny amounts of mater ia ls  t h a t  can be 
dated by means  of AMS a r e  provided by Oeschger et al .  
(1985) and Andrde et al. (1986a) - plant macrofossils (mainly 
Betula fruits);  Broecker e t  a1 (1985) - foraminifera;  
Andrews e t  al. (1985) - marine pelecypods and the  organic 
f rac t ion in marine sediments;  Nelson et al. (1986) - blood 
residues on prehistoric s tone  tools; and AndrCe et al. (1986b) 
- C 0 2  ex t r ac t ed  f rom the  a i r  bubbles in polar ice. For a 
useful general summary t h e  reader is referred t o  Hedges and 
Gowlett  (1986). 

Kane Basin 

carr ied  out ,  u n d e r  con t rac t ,  by t h e  IsoTrace Laboratory,  
University of Toronto, where  measurements a r e  made on the  
IsoTrace accelera tor  mass  spect romerer  (Litherland, 1984; 
Kieser e t  al., 1986; Beukens et al., 1986). The  conventional 
radiocarbon da te s  f rom Ellesmere Island were  produced in  t h e  
Radiocarbon Dating Laboratory a t  t h e  Geological Survey of 
Canada, where  two  proportional counters a r e  in operation 
(Dyck, 1967; Lowdon, 1985). 

This report  is  contribution No. 28 f r o m  t h e  Cape  
Herschel project. 

Sample descriptions and results 

The f i r s t  s i t e  t o  be discussed is  t h e  one  at MacMillan 
Glacier (si te 1, Fig. 26.1) on t h e  north side of Baird Inlet, f o r  
which an  AMS d a t e  was reported earlier (Blake, 1985). The 
work along this and other  glacier margins.  is  pa r t  of a 
continuing program of documenting glacier f luctuat ions  in 
eas t -centra l  El lesmere  Island. The collection, at an  elevation 
of approximately 145 m (as determined by r epea ted  measure- 
men t s  with a Wallace and Tiernan surveying a l t ime te r )  was 
made f rom the  surface  and side of a small  t e r r ace ,  from a 
ridge of brown ti l l  (7.5YR 3/21 adjacent  t o  t h e  t e r r ace ,  and 
f rom t h e  bed of t h e  s t r eam which flows between t h e  t e r r a c e  
and t h e  la tera l  moraine  along t h e  north edge  of MacMillan 
Glacier (Fig. 26.21. 

GREENLAND i 

Figure 26.1. LANDSAT image showing Smith Sound and southern Kane Basin. Numerals refer  to 
s i tes  discussed in the  text: 1 - MacMillan Glacier; 2 - west  side of C a p e  Herschel; 3 - north side of 
Cape  Herschel. The image shows the  development o f  the 'North Water '  on April 4, 1973 
(image E-10255-18054, spect ra l  band 7). 



Because of t he  elevation of this sample,  slightly above 
t h e  level believed t o  represent t h e  l imit  of Holocene marine  
submergence, t h e  possibility existed t h a t  this sample  could be 
in t h e  9000 t o  9500 year-range. The original a g e  determina- 
t ion, on 105 f ragments  of Hiatella a rc t i ca ,  gave  an age  of 
25 700 f. 890 BP (GSC-3897, Blake, 1985), a result which 
suggested t h a t  t h e  mater ia l  was partly of Holocene age,  
part1 y 'old'. 

The newly dated f ragment ,  a partial  valve of t h e  
pelecypod Macoma calcarea ,  gave an age  of 7670 + 100 BP 
(TO-244, Table 26.1). This value, co r rec t ed  t o  a base of 
6 1 3 C  = Oo/,,,, is similar t o  an earlier result  of 7640 f. 60 BP 
(TO-71), obtained on a single f r agmen t  of t h e  barnacle 
Balanus balanus (Table 26.1) f rom t h e  s a m e  collection. I t  
should be  noted, however, t h a t  a t  t h e  t i m e  t h e  ear l ier  
determination was made all IsoTrace da te s  were  being 
corrected t o  a base of 6 ' 3C = -25'/,,. To make TO-71 
comparable  with TO-244 and with all  GSC age  determina- 
t ions on marine  shells, 400 years must be  subtracted,  giving 
7240 + 60 BP for  TO-71 (cf. Mangerud, 1972; Olsson and 
Osadebe, 1974; Tauber, 1979; Lowdon, 1985). 

These two age  determinations show, in convincing 
fashion, t h a t  during t h e  interval between approximately 7800 
and 7100 radiocarbon years ago, and probably fo r  an  even 
longer period of t ime,  MacMillan Glacier was  considerably 
reduced in size,  and the  front was several kilometers west of 
i t s  present position. Until additional dating is carr ied  out ,  t o  
determine the  age  of the  youngest shells in the  deposit, t h e  
t iming of t h e  readvance which transported t h e  shells i s  
unknown. In this connection i t  is in teres t ing t o  note  t h a t  
severa l  age  determinations on shells and calcareous  a lgae  in a 
la tera l  moraine along the  south side of Leffer t  Glacier,  a 

major out le t  glacier 15 km t o  the  north (Fig. 26.1), a r e  in t h e  
range of 2280 ? 140 BP (GSC-3515) t o  2880 ? 70 BP 
(GSC-3793; Blake, 1984a, b), so  at t h a t  s i t e  t h e  readvance 
has occurred somet ime  during t h e  las t  2000 radiocarbon 
years. A t  Le f fe r t  Glacier no transported shells a s  old a s  
those a t  MacMillan Glacier have been found. 

The second s i t e  for which comparable  a g e  determina- 
tions a r e  available i s  on t h e  west side of t h e  Cape  Herschel 
peninsula (si te 2, Fig. 26.1; Fig. 26.3). There,  on t h e  def la ted  
surface  of a pinkish grey (7.3YR 7/21 s i l t  deposit a t  an  
elevation of 11.0 m (determined by levelling instrument),  
Macoma ca lca rea  shells were  found to  be 8940 f. 100 years 
old (GSC-2516). This age  determinat ion,  one of two  similar 
da t e s  in t h e  vicinity (cf. Blake, 1981), i s  t h e  oldest  obtained 
via conventional counting fo r  mar ine  deposits postdating t h e  
las t  glaciation. Two new AMS determinat ions  on shells f rom 
the  s a m e  s i t e  are:  8840 + 50 BP (TO-225) for Portlandia 
a r c t i c a  (parts of nine valves) and 90 10 + 150 BP (TO-226) for  
a single valve of Macoma calcarea .  These results correspond 
closely with t h e  ear l ier  GSC determinations,  and they  show 
t h a t  t h e  ear l ies t  Holocene marine  incursion in t h e  Smith 
Sound-Kane Basin coas ta l  region occurred approximately 
9000 radiocarbon years  BP. The pelecypod-bearing sil t  is  
believed t o  have been deposited in fairly deep water ,  for  
Macoma ca lca rea  shells collected on t h e  ground surface  at 
81.5 t o  83.5 m at 'Moraine Pond' on t h e  north side of t h e  
Cape  Herschel peninsula (1.6 km t o  t h e  east-northeast;  s i t e  3, 
Fig.26.1) a r e  only 8190 + 110yea r s  old (GSC-2913; 
Blake, 1985). The l a t t e r  shells, themselves  reworked, 
probably r e l a t e  t o  t h e  t i m e  when a nearby beach deposit, 
whose surface  is  at 90.5 m (instrumental levelling), was  
forming. The pelecypods, however, may have lived when s e a  

Figure  26.2. Aerial view eas tward f rom MacMillan Glacier along the  north side of Baird Inlet, July 9, 1984. 
The shell collection s i t e  for  GSC-3897, TO-71, and TO-244 is indicated by t h e  arrow. 201464-0 
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Figure 26.3. View westward a t  Elison Lake (right foreground) and the  head of Herschel Bay 
(left  centre)  on the  west side of t h e  Cape  Herschel peninsula. The open arrow indicates the  position 
of the perched del ta  whose surface  is a t  135-140 m a.s.l., the  solid arrow indicates the  s i te  a t  11.0 m 
where  GSC-2516, TO-225, and TO-226 were  collected. August 2,1981. 203107-D 

level was even higher re la t ive  t o  t h e  land, although no 
beaches above 90.5 m have been recognized on t h e  north side 
of Cape  Herschel. One other 1 4 C  da te ,  on a f ragment  of 
Clinocardium ci l ia tum recovered f rom sand a t  532 c m  depth 
in a core  from 'Moraine Pond', resulted in an age  of 
8510 f 50 BP (TO-115). As this d a t e  is  also a n  early AMS 
determination f rom Toronto, correct ing i t  a s  outlined ear l ier  
gives 8110 + 50 years,  a value nearly identical  with the  age  
of t h e  shells on t h e  ground surface.  Sample TO-115, at 
78.0 m elevation, may also re la te  to  the  t i m e  when the  beach 
at 90.5 m was forming, for  Clinocardiurn c i l ia tum is a species 
which commonly occurs  in a water  depth  of at leas t  10 m 
(Lubinsky, 1980). 

Because of t hese  relations between sample  a g e  and 
elevation, i t  s eems  likely tha t  when t h e  9000 year-old 
pelecypods were  living on t h e  south s ide  of t h e  C a p e  Herschel 
peninsula, t h e  s e a  was  close t o  t h e  level of a prominent 
boulder del ta  nearby, whose surface  is a t  135 to  P40 m a.s.1. 
If this assumption is correct ,  this ear ly  Holocene f ea tu re  is  at 
a higher elevation than the  highest 14c dated Holocene 
marine  f ea tu res  t o  t h e  north of Kane Basin (England, 1983, 
1985; Kelly and Bennike, 1985) or  t o  t h e  south of Smith Sound 
(Blake, 1981), although higher dated f ea tu res  a r e  present on 
t h e  west side of Ellesmere Island (Hodgson, 1985). 
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Abstract 

Morphological evidence, coupled with clast composition and clay mineralogy of tills, suggests that a zone of 
convergence between Keewatin lobe ice and Hudson lobe ice existed in the Leaf Rapids area. The zone of convergence is 
marked by a large discontinuous north-south trending esker-like ridge, here defined as the Leaf Rapids interlobate 
moraine, which marks the maximum western extent of carbonate dispersal in northern Manitoba. The western extent of 
carbonate erratics in till and dropstones in Lake Aggasiz clay indicates that the confluence between Keewatin and 
Labradorean ice during deglaciation occurred farther west than previously interpreted. 

Reconnaissance till sampling west of the moraine indicates that large areas of metal enrichment in till are related to 
small scale dispersal from areas of known mineralization and/or from bedrock uniformly enriched in trace metals. A regional 
As anomaly south of Granville Lake may reflect large scale glacial dispersal (>25 km) from a zone of sulphide mineraliza- 
tion in this area. 

Des indices morphologiques, conjugues i3 la composition clastique et la mineralogie de la fraction argileuse des tills 
semblent indiquer qu'il existait une zone de convergence entre le lobe glaciaire du Keewatin et celui de I'Hudson dans la 
region de Leaf Rapids. Cette zone de convergence se caracterise par une large cr&te discontinue a orientation nord-sud; 
cette derni&re, semblable a un esker, est definle dans le present ouvrage comme Btant la moraine interlobaire de Leaf 
Rapids, qui marque la limite ouest maximale de la dispersion des carbonates dans le nord du Manitoba. La limite ouest des 
blocs erratiques de carbonate dans le till et de tuf calcaire dans I'argile du .lac Aggasiz indiquent qu'au cours de la 
deglaciation, les glaciers du Keewatin et du Labradorien se sont recontres plus i'ouest qu'on ne I'avait d'abord cru. 

LUchantillonnage de reconnaissance du till A I'ouest de la moraine elle-meme indique que de vastes zones 
d'enrichissement metallique dans le till sont bees ti une faible dispersion provenant de zones de mineralisation connues ou 
de la roche en place uniformement enrichie de m4taux a IUtat de traces, ou les deux. Une anomalie regionale As au sud du 
lac Granville reflbte ~robablement une dis~ersion alaciaire d'enveraure l ~ l u s  de 25 km) A Dartir d'une zone de mineralisa- - - .. 
tion de sulfure dans cette region. 

1 Contribution to the Canada-Manitoba Mineral Development Agreement 1984-1989. Project carried by 
Geological Survey of Canada. 



Introduction 

In 1983 a program of systematic till sampling and surficial 
geological mapping was begun in northwestern Manitoba. The 
program was undertaken as part of the joint Canada-Manitoba 
Mineral Development Agreement, to be carried out over a five 
year period ending in 1989. The primary objective of the sam- 
pling is to map variations in chemical and mineralogical compo- 
nents of till which may be related to bedrock mineralization as 
an aid to mineral exploration in the area. Detailed surficial 
geological mapping at a scale of 1:125 000 is carried out in con- 
junction with till sampling in order to develop an understand- 
ing of the glacial history of the region as an aid to interpretation 
of geochemical data. This summary focuses primarily on the 
surficial geology of the region and secondly, on general aspects 
of till geochemistry. 

Regional setting 

The study area is located within the Churchill Structural 
Province of the Canadian Shield. To date, regional till sampling 
and surficial mapping have been carried out over four 1:250 000 
map areas encompassing the Lynn Lake - Leaf Rapids region 
(Fig. 27.1). A surficial geology map for Granville Lake (64 C) has 
been published at a scale of 1:125 000 (Kaszycki et al., 1986), as 
have till geochemical data for this area (Kaszycki and DiLabio, 
1986). 

Shield terrane in this region is flanked to the east-northeast 
and to the south-southwest by Paleozoic carbonate rocks, and to 
the far west by Mesozoic sedimentary rocks, primarily Cre- 
taceous shales. Throughout the extreme western part of Man- 
itoba, ice flow was from a Keewatin ice centre, at approximately 
190-210". Till in this region is derived predominantly from crys- 
talline shield lithologies. Farther east, ice flow emanated from a 
more easterly source, with flow directions ranging from 
225-260". Till in this area contains abundant Paleozoic carbonate 
erratics as well as Proterozoic greywackes of the Omarolluk 
Formation, which outcrop along the southeastern edge of Hud- 
son Bay, indicating ice flow from a Labradorean ice centre. 

During ice retreat, inundation by glacial Lake Agassiz re- 
sulted in deposition of calcareous laminated silt and clay 
throughout a large part of Manitoba. Extensive clay deposition 
occurred in the central and eastern parts of the basin, as well as 
along river valleys extending from major inflow channels drain- 
ing Cretaceous terrane along the western margin of the lake. 
The composition of Lake Agassiz clay, therefore, reflects prove- 
nance related to distal sediment sources along the western edge 
of the basin, as well as sediment derived from the two ice 
masses forming the northern and eastern margins of the lake 
during deglaciation. 

Surficial geology 
Morphological evidence, coupled with clast composition 

and clay mineralogy of tills within the region, suggests that a 
zone of convergence between Keewatin lobe ice and Hudson 
lobe ice (terminology after Klassen, 1983) existed in the Leaf 
Rapids area (Fig. 27.2A). The zone of convergent ice flow is 
marked by a large discontinuous north-south trending ridge 
composed of ice contact stratified sediment, informally called 
the Leaf Rapids interlobate moraine. 

Drift composition and regional ice flow trends 

Striae to the east of the moraine record a clockwise rotation 
of ice flow from approximately 190" (oldest) to approximately 
260" (youngest), with prominent directions at 210", 225", 240", 
and 260" at various locations (Fig. 27.2A). Till in this area con- 
tains abundant Paleozoic carbonate erratics from Hudson Bay, 

Wastern llmlt of  carbonate dlsperaal  

Moralne - 
Ice-flow features 

str1ee 

Paleozoic carbonate rock 

j' Mesozoic sedimentary rock 

Figure 27.1. Major glacial landforms of northern Manitoba 
(taken, in part, from Klassen, 1983); Study area is outlined. Striae 
reprebent general trends within the region. 

as well as Proterozoic greywackes of the Omarolluk Formation 
which outcrop on the southeastern edge of Hudson Bay, sug- 
gesting Labradorean provenance and dominance of Hudson 
lobe ice at least during the Late Wisconsinan. Till to the west of 
the moraine contains no carbonate erratics and is dominated by 
shield lithologies. The earliest ice flow recorded in this area is 
avvroximatelv 190" to 210". consistent with the oldest ice flow 
d'iGection mabped to the east. This may suggest that at some 
time prior to deglaciation Keewatin lobe ice covered the entire 
region. The youngest striae to the west of the ridge, however, 
record a late glacial shift of ice flow to the southeast at approxi- 
mately 165", producing a late glacial zone of convergent ice flow 
along the Leaf Rapids interlobate moraine. 

Samples of pebbles were collected from till and of drop- 
stones from Lake Agassiz clay along a transect from South Bay 
to Leaf Rapids and from Leaf Rapids west to Lynn Lake 
(Fig. 27.3). Sample sites were projected onto an  east-west 
trending profile and per cent carbonate pebbles plotted along 
the y-axis. The proportion of carbonate pebbles in till east of the 
moraine varies between 5 and 20%, but trends to zero approxi- 
mately 8 km east of the interlobate zone. Till on the west side of 
the moraine contains no carbonate erratics, which is consistent 
with a Keewatin lobe provenance. The proportion of carbonate 
pebbles in Lake Agassiz dropstones is erratic but averages 





approximately 20-30% east of the moraine. Relatively large con- % Carbonate Pebbles 
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0 Ll producing a lateral fining sequence down current. Ice margin 
retreat resulted in sucessive overlapping sequences charac- 
terized by vertical fining upwards trends (Ringrose and Large, 
1977). Current indicators within these sequences indicate a 
southward flow direction although eastward and westward di- 

1 I I I I I rections have been recorded locally, particularly where minor 
eskers converge on the moraine (Ringrose and Large, 1977). 

mately 15 km east of Lynn Lake. These relationships indicate 
C r r  that Hudson lobe ice containing carbonate pebbles did not ex- 
om tend westward beyond the Leaf Rapids area and that the margin 

of this ice lobe bordered the east side of the interlobate moraine 
during deglaciation and inundation by Lake Agassiz. 

Clay mineralogy of tills and Lake Agassiz clay also illus- 
trates the different provenance of all three major sediment 
types within the region (Hudson lobe till, Keewatin lobe till, and 
Lake Agassiz clay) (Fig. 27.4). Each sediment type exhibits a 
distinctive assemblage of clay minerals and, although rigorous 

a, testing to enable absolute identification has not been con- 

S V) v) $ 
characterize terized by expandable each sediment <14 Angstrom type. Hudson clay species, lobe till interpreted is charac- 

ducted, the general nature of each assemblage is sufficient to 

m 
1. 

as vermiculite, illite, minor chlorite, andlor kaolinite, as well as 
m I carbonate minerals, and reflects the contribution of sediment 
0 

.C! from Paleozoic bedrock to the east. Keewatin lobe till exhibits a 
V) prominent illite/muscovite peak, chlorite andlor kaolinite, and 
2 
0 an absence of carbonate minerals, reflecting Precambrian crys- 
Q talline source rocks. Lake Agassiz clay, on the other hand, is s composed primarily of expandable mixed layer smectite/chlo- 
4 rite, illite, chlorite and/or kaolinite, plus variable amounts of 
.S carbonate minerals. The source for smectitic clays is from major 
V) 
a, inflow channels to the west, draining Cretaceous terrane in 
C 

1 E 8 Saskatchewan and Alberta. The variable amounts of carbonate 

-x 
and other clay species represent sediment contributed from 

I1 

U) 

SE 
- m n  
A m  
a -  

2 g retreating ice, particularly in the vicinity of moraines and 
-0 - eskers. It appears, however, that most Lake Agassiz clay is 
0 

- -0 
derived from extra-basinal sources. 

C 
m 
3 Eskers and kame moraines 
.S Eskers within the study area also exhibit a convergent 
v) 
a, pattern in the vicinity of the Leaf Rapids interlobate moraine 

-0 5 
-4 (Fig. 27.2A). To the east of the ridge, eskers exhibit a regional 
a, 
Q 

trend to the southwest at approximately 225". This trend be- 
a, 
*- 

comes more westerly, approaching 270", near the terminus of 
m 
c many esker systems, thus paralleling the late glacial shift in ice 
0 
Q 

flow deduced from striation data adjacent to the moraine. West 
& e; of the moraine, however, eskers exhibit a more complex re- 
0 .s 
% gional pattern. Major trunk eskers, such as the system imme- 
0 r? 
C 0 diately west of Lynn Lake (Fig. 27.2A), trend approximately 
.o E + 190-200". Adjacent to the Leaf Rapids interlobate moraine, how- 
3 a, ever, both major and minor eskers exhibit a pronounced deflec- s iii 
b-4 tion to the southeast and converge on the moraine at approxi- 

s? mately 165", parallel to the youngest striae measured in the area. 
2 
.S Morphology of the moraine is variable, exhibiting a broad, 

* %  poorly defined crest in some areas and a single sharp crest 

& '3 elsewhere. The internal composition of the Leaf Rapids mor- 
aine is characterized, in part, by fining upwards sequences 

3: m composed of a core of glaciofluvial cobbIe gravel, which is 
.5' a, 
L 4  

overlain in turn by crossbedded granular sand, ripple drift 
cross-laminated fine sand, and capped by laminated silt and 
clay andlor reworked foreshore beach sand and gravel. The core 
of glaciofluvial cobble gravel may have been deposited sub- 
glacially within conduits or at the ice margin as subglacial melt- 
water under a large hydrostatic head debouched into Lake 
Agassiz (Ringrose and Large, 1977). Finer grained sediment was 
transported away from the ice margin by density underflows, 
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These relationships suggest convergent ice flow may have 
been enhanced along the suture between Keewatin and Hudson 
lobe ice by develop&t of a large re-entrant in the ice front that 
localized ice marginal sedimentation (Fig. 27.28). Under these 
conditions a shift in both ice surface gradient and subglacial 
hydraulic gradient would have caused meltwater and sediment 
to be channelled into conduits feeding into the embayment, 
producing a locus of deposition within this area. Propagation of 
embayments and feeder conduits in the up-ice direction was 
generated, most likely, by thermal meltwater erosion and ice 
recession. Englacial or subglacial conduits and ice surface chan- 
nels, debouched into glacial Lake Agassiz, producing a long 
continuous ridge composed of a series of overlapping suba- 
queous fans (Rust and Romanelli, 1975; Banerjee and 
McDonald, 1975; Cheel, 1982; Henderson, in press). 

Although convergent ice flow was most pronounced at the 
interlobate position, it also appears to have occurred in the 
vicinity of large continuous esker systems, as evidenced by the 
orientation of striae and minor eskers (Fig. 27.2A). Striae in 

Figure 27.4. Clay mineralogy of  tills and 
Lake Agassiz clay. Clay mineral assemblages 
in all three sediment types reflect distinctly 
different source areas. 

areas adjacent to trunk eskers occasionally record a deflection of 
ice flow towards the esker ridge. The orientation of minor eskers 
parallels this trend, commonly changing direction abruptly to 
join trunk streams at greater angles than might otherwise be 
expected. These relationships suggest that laterally restricted 
zones of convergent ice flow occurred along glacial conduits 
near the ice margin (Repo, 1954; Shilts, 1984b; Shreve, 1985). 
Localization of surface and subglacial meltwater along these 
channels would enhance thermal and fluvial erosion, produc- 
inga notch or embayment in the ice front (Fig. 27.28). Resulting 
lobation of the ice margin would in turn enhance localized 
convergent flow and the system would be self-perpetuating. 
Minor eskers may have formed in short segments near the ice 
margin (St-Onge, 1984) and, consequently, reflect re-orientra- 
tion of ice flow and hydraulic gradient within this zone. Trunk 
eskers deposited under these conditions may be mor- 
phologically and sedimentologically indistinct from true inter- 
lobate kame moraines, which represent confluence and stagna- 
tion between independentlym active ice masses, and in 
themselves may be considered a type of interlobate or radial 



0 200 , 
km 

_ - -  Interlobate posltlon (Klassen, 1983) 

- lnterlobate position (this report) 

Western limit of carbonate dispersal 

Ice-marginal configurations (after Klassen, 1983) 

Figure 27.5. Major kame moraines (shaded) in northern 
Manitoba and hypothetical configurations of the ice margin 
(after Klassen, 1983). 

kame moraine (Dredge, 1983). Overall morphology of the de- 
posit is dependent upon sub-ice topography, the proportion of 
the sequence deposited within subglacial conduits, and the 
width of the embayment at the ice margin. 

Figure 27.5 illustrates the major kame moraine systems in 
northern Manitoba (modified from Klassen, 1983). Klassen in- 
terpreted the confluence between Labradorean ice (Hudson 
lobe) and Keewatin ice (Keewatin lobe) during deglaciation to 
have occurred along a northeast-southwest trending zone rep- 
resented by a series of linear kame moraines, collectively 
known as the Burntwood-Etawney morainic system (Elson, 
1967). These moraines are thought to have been deposited in 
Lake Agassiz and represent time-transgressive subaqueous de- 
position against a retreating ice front (Klassen, 1983). Hypo- 
thetical ice margin configurations for northern Manitoba (from 
Klassen, 1983; Fig. 27.5) indicate that major northeast-south- 
west trending moraine systems may have developed, in part 
contemporaneously, along large re-entrants in the ice margin. 
Development of ice marginal sublobes may have occurred in 
response to downwasting and thinning of the ice mass during 
deglaciation (Aario, 1977). 

The western extent of carbonate dispersal in till and of Lake 
Agassiz dropstones, however, indicates that the confluence be- 
tween Keewatin and Hudson lobe ice during deglaciation oc- 
curred farther west, in the Leaf Rapids area. The Burntwood- 
Etawney morainic system as depicted by Klassen (1983), there- 
fore, may represent a large interlobate or radial kame moraine 
( ~ r e d ~ e ;  1963) develop& contemporaneously with the Leaf 
Ravids interlobate moraine. during degradation of the Hudson 
icblobe (Fig. 27.5). ~ l t e r n a t k e l ~ ,  thve ~ k t w o o d - ~ t a w n e ~  rnor- 
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Figure 27.6. Regionallithological and structural setting of the 
study area (after Gilbert et a/., 1980). 

ainic system may represent an ice marginal position developed 
after retreat of Hudson lobe ice from the Leaf Rapids area, and 
hence may represent a recessional rather than an interlobate 
moraine (Elson, 1967). Further study of the morphology, com- 
position, internal structure, and paleocurrent indicators of 
these deposits is required before reliable genetic interpretations 
can be made. 

Glacial dispersal and till geochemistry 

The following discussion is based on data from the region 
west of the Leaf Rapids interlobate moraine and covers map 
areas 64 C and 64 F. Glacial dispersal and till geochemistry in 
this area are influenced solely by ice flow from the Keewatin ice 
centre; the till is derived predominantly from crystalline shield 
lithologies and is devoid of carbonate erratics. The orientation of 
flutes and related depositional features has not been signifi- 
cantly influenced by drawdown along the interlobate moraine. 
To the west of the moraine flutes are oriented approximately 
parallel to the oldest striae direction, suggesting that large scale 
dispersal of glacial debris is most likely related to the oldest 
striae within the region. It is unlikely that late glacial deflection 
of ice flow towards the moraine significantly altered large scale 
dispersal patterns. 
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Figure 27.7. Bedrock geology of the Lynn Lake - Granville Lake area (64 C) depicting major 
lithostratigraphic units (Simplified from Zwanzig, 1980). 

Bedrock geology 

Bedrock lithologies within this region (64 C and 64 F) com- 
prise metasediments and gneisses of the Kisseynew and South- 
ern Indian gneiss belts, metasediments and metavolcanics of 
the Lynn Lake Greenstone Belt, and various mafic to felsic 
intrusive bodies (Fig. 27.6). Most known mineralization is asso- 
ciated with the Lynn Lake Greenstone Belt, located in the south- 
ern part of the area (Fig. 27.6). The major lithostratigraphic rock 
units in this area (Fig. 27.7) are referred to as the Burntwood 
River Metamorphic Suite (BRMS), composed primarily of meta- 
greywackes and derived gneisses; the Sickle Group, composed 

primarily of meta-arkoses and their derived gneisses; and the 
Wasekwan Group, composed of metasediments and meta- 
volcanics of the Lynn Lake Greenstone Belt (Baldwin, 1980). 

At several localities, Cu-Zn sulphide and gold mineraliza- 
tion is hosted by Wasekwan Group metasediments and meta- 
volcanics, and Cu-Ni mineralization is associated with gabbro 
intrusions within the greenstone belt (Gilbert et a]., 1980). Strat- 
iform sulphide mineralization also occurs within the transition 
zone between rocks of the Sickle Group and BRMS. This in- 
cludes disseminated and massive iron sulphide, with minor 
chalcopyrite, arsenopyrite, and sphalerite (Baldwin, 1980). 



Procedures 

Helicopter-supported sampling was carried out at a den- 
sity of approximately 2-3 samples per 100 km2 (1 sample per 
30-50 km2). Care was taken to sample bdow the postglacial 
solum, although some samples were collected in profile from 
unweathered glacial sediment up through modern soil hori- 
zons. In nearly all cases, however, samples were collected be- 
low surface weathering horizons and represent soil parent ma- 
terial. Where road access was available, more detailed sampling 
was carried out at approximately 1-2 km intervals. Wherever 
vertical sections throughout the till were exposed, as in borrow 
pits, samples were collected in profile to assess in situ variability 
in till. 

In this study, the clay-sized (<2 p,m) fraction of all samples 
was analyzed for trace element composition because: 1) concen- 
trations of trace elements are greater in this fraction than in 
coarser size fractions due to primary enrichment of metal in the 
structure of clay-sized minerals (phyllosilicates) (Shilts, 1984a); 
2) it provides a more uniform sampling medium than sample 
subsplits comprising a wider range in grain size (e.g., minus 
80 mesh, which commonly contains variable amounts of inert 
quartz and feldspar); 3) it is known to reflect sulphide miner- 
alization because it will adsorb a representative portion of trace 
elements released during weathering of labile minerals (Shilts, 
1975, 1984a). Clay separated by centrifugation and decantation 
was analyzed by Bondar-Clegg and Co. Ltd. for Cu, Pb, Zn, Ni, 
Cr, Mo, Fe, and Mn, using standard atomic absorption tech- 
niques after a hot (HN03- HCl) leach. Arsenic was analyzed 
using colorimetric techniques. 

Till geochemistry 

Trace element concentrations in till reflect, to a first order 
approximation, variations in regional bedrock lithology. Sum- 
mary statistics of till geochemical data for each of 64 C and 64 F 
are presented in Table 27.1. All elements, except Mo and Pb, 
exhibit markedly larger concentrations in the southern part of 
the region (64 C). This regional disparity in trace element con- 
centration in till reflects the difference in gross lithology be- 
tween metasediments and metavolcanics in the Granville Lake 
-Lynn Lake area (64 C), and metasediments and granitic intru- 
sives to the north (Brochet area, 64 F) (Fig. 27.6). Greater con- 
centrations of Mo and Pb in granitic terrane to the north proba- 
bly reflect background enrichment of these elements in acid 
igneous rocks (Boyle, 1968). 

Figure 27.8 shows multi-element anomalies mapped for 
As, Ni, Cr, Cu, and Zn as they represent all known types of 
mineralization within the region. Anomalous trace element 

concentrations were selected as those which exceeded the 90th 
percentile values. These concentrations were chosen, rather 
than the 95th percentile values, in order to demonstrate re- 
gional trends in element concentrations, as well as locations of 
truly anomalous samples. The clustering of anomalies in the 
southern half of the region reflects abundant sulphide miner- 
alization (marked by trianges) associated with metasediments 
and metavolcanics within this area. Anomalies have been 
grouped areally as well as by coincident occurrence. For exam- 
ple, a large zone of anomalous As concentration (>I1 ppm) 
occurs along the greenstone belt west of Lynn Lake; some sites 
also contain anomalous Ni, Zn, andlor Cr. The subzone en- 
closed by the regional As anomaly represents areas of coinci- 
dent As, Zn, Ni, and Cr anomalies. Likewise, relatively large 
regions of anomalous Cr concentation (>I00 ppm) occur in the 
south and southwest parts of 64 C. Subzones enclosed within 
these regions represent coincident Cr, Ni, and Zn. Although 
not shown, this area also includes anomalous Mo concentra- 
tions (>4 pprn). 

In general, anomalous trace-element concentrations in till 
correspond well with sites of known bedrock mineralization. 
The highway east of Lynn Lake follows the strike of the green- 
stone belt in this region, and several samples collected from 
along the road contain anomalous concentrations for several 
trace elements, specifically Cu and Zn. These samples were 
taken a minimum of 300 to 500 m from the road surface to 
minimize possible contamination by dust from ore trucks. Sam- 
ples were also collected in vertical profile at 10-20 cm intervals, 
from the C to the top of the B horizon, at several sites along the 
highway to assess in situ variability in trace element concentra- 
tion. No signs of contamination were observed in any of these 
profiles. 

The eastern part of the Lynn Lake Greenstone Belt is strik- 
ingly outlined by a zone of anomalous Zn concentration. Sub- 
regions of anomalous Cu-Zn and Cr-Ni are located in areas of 
mafic volcanic and mafic intrusive rocks, respectively. Near the 
town of Lynn Lake, Cu-Ni and Zn-Ni anomalies reflect several 
small mafic intrusive bodies. 

To the west of Lynn Lake, the greenstone belt is marked by 
a regional As anomaly which outlines arsenopyrite-bearing 
metavolcanic rocks trending west-southwest from Lynn Lake. 
A subzone of anomalous As-Ni-Cr is located near Gemmell 
Lake, approximately 15 km southwest of Lynn Lake, where a 
gold prospect is now being investigated (D.A. Baldwin, per- 
sonal communication, 1985). 

A second large As anomaly occurs in the south-southeast 
part of the area, where a zone of high As concentration 
(>40 ppm) covers an area of approximately 200 km2. At several 

Table 27.1. Summary statistics of till geochemical data, 64 C and 64 F. 

Arithmetic Arithmetic Geometric 90th 64c95thHc 1 
Element Minimum Maximum mean S.D. mean percentile percentile 

64C 64F 64C 64F 64C 64F 64C 64F 64C 64F 64C 64F 

Cr PPm 
Cu PPm 
Fe % 
Mn PPm 

*Mo pprn 
Ni pprn 

*Pb pprn 
Zn PPm 
As PPm 

* Refers to elements that exhibit larger concentrations in the northern part of the region (64 F). 
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Figure 27.8. Multi-element anomalies in the <2pm fraction of till. Triangles represent 
areas of known mineral occurrences (taken from Baldwin, 1980; Gilbert et al., 1980). 



sites, Cr, Ni, and Zn anomalies coincide with As and appear to 
be related to sulphide mineralization in the upper amphibolite 
units of the BRMS. The highest concentrations of As occur 
immediately down-ice from a known gold occurrence at Wheat- 
croft Lake, approximately 5 km southwest of Granville Lake 
(Barry, 1963). 

Two large areas of anomalous Cr concentrations in the west 
and southwestern part of the region are not as easily inter- 
preted. Both occur near abundant sulphide mineralization, 
mainly Cu, associated with the BRMSISickle Group contact. 

Glacial dispersal 

Manifestation of geochemically distinctive bedrock compo- 
nents as a dispersal train in till is dependent upon various 
factors: 

1) size and topography of both the source and dispersal area; 
2) erodibility of source rocks; 

3) rate of dilution by lithologies in the down-ice direction; 

4) surface weathering; and 

5) sampling density. 

The effects of surface weathering can be controlled by sampling 
till below the postglacial solum. The remaining factors are a 
function of bedrock geology and project design. In this study, 
sampling density is designed to provide reconnaissance level 
till geochemical data in order to outline regions with potential 
for further detailed study. 

Sulphide mineralization within the region generally occurs 
as relatively thin stratiform deposits (Baldwin, 1980) with small 
areas of surface exposure. The size of the source area for glacial 
erosion and dispersal, therefore, is relatively small. This, cou- 
pled with irregular bedrock topography and resistant bedrock 
lithologies, results in dispersal trains that are relatively short 
and/or poorly developed. Detailed studies of till geochemistry 
and glacial dispersal within the Lynn Lake area indicate that 
down-ice transport of material derived from areas of known 
sulphide mineralization cannot be traced farther than 1-2 km 
(E.Nielsen, personal communication, 1986). Based on these 

Mineral Occurrences 
a Copper 

Sulphide 
0 Assayed occurrence 

Figure 27.9. Detail of the As anomaly south of Granville Lake and possible dispersal patterns. As values 
are in ppm; detection limit is 2 ppm. Mineral occurrences from Baldwin (1980). 



studies, it is apparent that the sampling density employed in 
reconnaissance level sampling programs (1 per 30-50 km2) is 
insufficient to reveal small scale dispersal patterns. 

Southward dispersal of trace elements may be marked by a 
subtle elongation or fingering of concentration contours in that 
direction. For example, the east-west trending belt of anoma- 
lous Zn concentration (90th percentile contour) located east of 
Lynn Lake (Fig. 27.8) exhibits a slightly lobate southern mar- 
gin, perhaps reflecting southward dispersal of metals along the 
greenstone belt. Sample control down-ice of the greenstone 
belt, however, is not sufficient to document this apparent trend. 
The large area of anomalous As concentrations west of Lynn 
Lake trends in a direction compatible with regional ice flow. 
This pattern, however, likely reflects the occurrence of numer- 
ous small outcrops of metavolcanic rocks throughout the area, 
and therefore represents the cumulative effect of glacial disper- 
sal from a number of small sources (Shilts, 1975). 

The regional As anomaly, located south-southwest of 
Granville Lake may reflect large scale glacial dispersal from a 
zone of sulphide mineralization along the south shore of Gran- 
ville Lake. No other sulphide occurrences have been docu- 
mented south of this belt (Fig. 27.8), although the entire area 
has been classified as of moderate potential for massive sul- 
phide mineralization (Gale et a]., 1980). A contour map of As 
concentrations in this region is shown in Figure 27.9. The 
largest concentrations occur immediately down-ice from a 
known gold occurrence at Wheatcroft Lake. Values decrease 
systematically to the south-southwest at approximately 190°, 
and also to the southeast at approximately 165". These direc- 
tions parallel both the oldest and youngest ice flow directions 
mapped in the area. The trend to the southeast, however, paral- 
lels a zone of Cu-bearing sulphide mineralization and may not 
be related to glacial dispersal from a single source. If both trends 
are related to a single source near Wheatcroft Lake, then disper- 
sal to the southwest appears to have been more prolonged than 
that to the southeast as concentrations in excess of 40 ppm are 
maintained up to 25 krn down-ice in this direction. Dispersal to 
the southeast, on the other hand, is limited to approximately 
20 km down-ice, at which point As concentrations are reduced 
to background ( 4 1  ppm). This area is located approximately 
20-40 km west of the Leaf Rapids interlobate moraine. These 
dispersal trends, therefore, are consistent with evidence sug- 
gesting a late glacial shift in ice flow towards the southeast, 
associated with drawdown along the suture between Keewatin 
and Hudson lobe ice. 

At present, sampling density is insufficient to determine 
whether this areally extensive anomaly was formed solely by 
glacial dispersal from a single source, or whether it, in part, 
represents a regional increase in background value associated 
with scattered sulphide mineralization. In the former case, both 
the extent of dispersal plus the concentrations of As present 
within the train would require a comparatively large source 
area. More detailed sampling within this region is planned in an 
effort to define patterns of trace metal concentration and to 
isolate potential source areas of arsenic-bearing mineralization. 

Conclusion 

The Leaf Rapids interlobate moraine is defined as the large, 
discontinuous esker-like ridge composed of ice contact strat- 
ified sediment that trends north-south through the town of Leaf 
Rapids. This feature marks the western extent of carbonate- 
bearing Hudson lobe ice in northern Manitoba. West of the 
moraine, noncalcareous shield-derived till was deposited by 
southward flowing Keewatin ice. During deglaciation, ice flow 
west of the moraine shifted to the southeast producing a zone of 
convergence with Hudson lobe ice east of the moraine. Klassen 
(1983) interpreted the confluence between Hudson lobe ice and 

Keewatin lobe ice, at the time of deglaciation, to have occurred 
farther east, at a position marked by the Burntwood-Etawney 
morainic system. This system, as depicted by Klassen, may 
represent a large interlobate, or radial kame moraine complex 
developed contemporaneously with the Leaf Rapids interlo- 
bate moraine. Alternatively, it may represent a recessional mor- 
aine developed after retreat of Hudson lobe ice from the Leaf 
Rapids area. 

Reconnaissance till sampling within the region indicates 
that trace element concentrations in till west of the moraine 
reflect, to a first approximation, variations in regional bedrock 
lithology. Large areas of metal enrichment in till have been 
outlined that seem to be related to small scale glacial dispersal 
from areas of known mineralization and/or from bedrock that is 
uniformly enriched in trace metals. Because sulphide miner- 
alization within the region occurs as relatively thin stratiform 
deposits with limited surface exposure, down-ice transport of 
geochemically distinct bedrock components is limited to a dis- 
tance of less than 1-2 km. Reconnaissance sampling density of 
1 per 30-50 km2 is insufficient to reveal these small scale pat- 
terns of dispersal. A regional As anomaly south-southwest of 
Granville Lake, however, may reflect large scale glacial dispersal 
(<25 km) from a zone of sulphide mineralization along the 
south shore of Granville Lake. Further study is planned in this 
area in an effort to isolate potential sources of arsenic-bearing 
mineralization. 
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Abstract  

During the  last  (McConnell) glaciation, t he  Selwyn lobe of the  Cordilleran ice  shee t  covered 
most of t he  study a r e a  except  for isolated nunataks. Well preserved moraine ridges mark the  margins 
of many of these nunataks. A general  profile of t he  Cordilleran ice  shee t  during McConnell 
Glaciation was const ructed using the  inferred McConnell age  moraines and i ce  marginal channels in 
Glenlyon map area.  

Ice s t r eams  followed major valleys and the  ice surface  was elevated on the  s toss  sides of 
nunataks presumably due to compressive flow behind these obstructions. An equation for the 
numerical approximation of a valley glacier-profile profile of the  Selwyn lobe. 

Au cours d e  la dernibre glaciation (McConnell), le  lobe Selwyn d e  I'inlandsis d e  la  Cordillgre 
couvrait  la majeure  pa r t i e  d e  la region 3 1'6tude A I'exception d e  quelques nunataks isol6s. La l imi te  
d'un grand nombre de  c e s  nunataks e s t  marquee par des c rg te s  morainiques bien conserv6es. Un profil 
genera l  d e  I'inlandsis d e  la Cordillere au cours  d e  la glaciation McConnell a 6 t 6  f a i t  b I'aide des  
moraines mises e n  place  lors d e  la glaciation McConnell e t  des  chenaux proglaciaires d e  la r6gion 
cartographige d e  Glenlyon. 

Les langues glaciaires ont  suivi les vall6es principales e t  la surface  de  la glace e t a i t  surdlevee 
sur les flancs en  pente  douce des  nunataks, probablement en  raison de  I'bcoulement compressif qui s e  
faisait  derr iere  ces  obstructions. Une bquation utilisee pour t rouver  I'approximation num6rique du 
profil d'un glacier de  vallde const i tue  la facon la plus precise de reconsti tuer le profil du lobe Selwyn. 

Terrain Sciences Division, Calgary 
Depar tment  of Geology, University of Alberta,  Edmonton, Alber ta  T6G 2G7 



Introduction 
The modes of flow and profiles of t he  

ex tan t  i c e  sheets  of t h e  Earth can be 
determined through di rect  observation. 
Similar information for  Pleistocene i ce  
sheets  can only be inferred from indirect 
evidence. Profiles can be reconst ructed by 
plotting t h e  upper l imits of geomorphic 
f ea tu res  c rea t ed  a t  t h e  ice/rock/air  in ter -  
face .  Although many profiles have been 
constructed for valley glaciers,  t hey  a r e  
relatively r a r e  for  i ce  sheets  (Mathews, 
1974); unlike valley glaciers,  t h e  thicknesses 
of Pleistocene i c e  sheets  commonly 
exceeded t h e  relief of t h e  land ove r  which 
they flowed. In Pelly River basin, 
topography of t h e  land underlying t h e  
Pleistocene i c e  shee t s  was c lose  t o  or  
locally exceeded i c e  thickness. Pas t  and 
present mapping of Quaternary  geology in 
Pelly River basin has  generated suff ic ient  
d a t a  t o  permit  t h e  construction of a compo- 
s i t e  profile of t h e  Cordilleran i c e  shee t  at 
i t s  maximum ex ten t  during t h e  las t  
glaciation. Such a profile allows t h e  
identification of mountain peaks t h a t  
supported i c e  caps  o r  otherwise stood above 
t h e  i c e  shee t  at i t s  maximum thickness but  
lack definit ive geomorphic fea tures .  The 
composite profile also allows comparison 
and contras t  between t h e  modes of flow of 
ex tan t  and Pleistocene i c e  sheets.  

Set t ing 
Carmacks,  Glenlyon, and Tay River 

map  a reas  ( 1  1 5  I, 105 L, and 105 K) include 
t h e  Glenlyon Range, t h e  M acM illan Pla teau 
sec to r  of Yukon Pla teau,  and par ts  of 
Tintina Trench and Pelly Mountains in t h e  
southwest and t h e  Mount Selous Massif, par t  
of Selwyn Mountains, in the  nor theas t  
(Bostock, 1948; Fig. 28.1). The region is 
drained by t h e  Pelly and MacMillan river 
systems. In MacMillan Pla teau,  t h e  surface  
is incised by broad anastomosing glacia ted  
valleys, creat ing high tablelands which a r e  
surmounted by small  mountain groups. 

During t h e  las t  (M cconnel l )  glaciation 
of the  region, t h e  Selwyn lobe of t h e  
Cordilleran i c e  shee t  (Campbell, 1967) 
covered all t he  study a r e a  except  for iso- 
la ted  peaks t h a t  s tood above t h e  i c e  shee t  
a s  nunataks (Hughes, 1969; Fig. 28.2, 28.3). 
Glacial  deposits here  have a freshness char- 
ac t e r i s t i c  of deposits of McConnell age  
elsewhere in t h e  t e r r i t o ry  in contras t  t o  t h e  
subdued cha rac te r  of deposits of t he  penulti- 
m a t e  Reid glaciation and of st i l l  older Klaza  
and Nansen glaciations (Bostock, 1966; 
Hughes et al., 1968). 

Drumlinoid t i l l  plains a r e  common on 
t h e  floors of t h e  broad valleys and ti l l  
extends  as a blanket or  veneer up valley 
sides and on to  t h e  tableland surfaces.  Those 
valleys t h a t  were  occupied by glacial  lakes 
during r e t r e a t  of t h e  i c e  shee t  have glacio- 
lacust r ine  s i l t  and c lay  on thei r  floors. 

Glaciofluvial deposits, including out- 
wash plains, eskers,  and deltas,  a r e  wide- 
spread on valley floors and locally smal l  
d e l t a  complexes a r e  found in association 
with i c e  marginal channels t h a t  debouched 
in to  ponds confined between t h e  i c e  margin 
and t h e  mountainside. 



Figure  28.2. Location of topographic profiles and stereopairs.  
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Figure  28.3. Generalized topographic profile oriented east-west,  showing the  reconst ructed upper 
l imit  of t h e  McConnell Glaciation. 

Regional profile of t h e  Selwyn lobe 

The maximum McConnell terminus  of t h e  Selwyn lobe is 
marked by well  preserved moraines and sharply incised i c e  
marginal channels in Carmacks  and Glenlyon map  a r e a s  
(Bostock, 1966; Campbell, 1967; Hughes et al., 1968); similar 
fea tures  define former  nunataks (Fig. 28.4). 

In Tay River map  a rea ,  moraine ridges occur a t  1645 m 
on the  south side of Anvil Range and a t  1676 m on t h e  north 
side (Fig. 28.5). The moraines a r e  comparable  in degree  of 
preservation t o  moraines of McConnell a g e  elsewhere in 
centra l  Yukon and a r e  judged t o  mark t h e  upper l imit  of t h e  
Cordilleran i ce  sheet  during McConnell Glaciation, when t h e  
summits of Anvil Range stood a s  nunataks above t h e  i c e  
sheet.  The Selwyn lobe moved generally westward; t h e  
surface  of t h e  i c e  sheet ,  a s  reconst ructed f rom moraines and 
i c e  marginal channels t h a t  mark t h e  upper l imit ,  r ises eas t -  
wards (Fig. 28.2, 28.3). The moraines in Anvil Range a r e  
higher than moraines assigned t o  McConnell Glaciation a t  
locali t ies f a r the r  west,  hence thei r  elevations a r e  compat ib le  
with t h e  inferred age. To t e s t  this compatibil i ty more  
rigorously, moraines and i c e  marginal channels in Glenlyon 
m a p  a rea ,  previously identified by Campbell  (1967), were  
replotted on maps  at 1:50 000 sca le  and elevations w e r e  
determined f rom topographic maps (contour interval 
100 feet) .  The elevations,  together  with those of moraines in 
Tay River map a rea ,  were  plotted on a composite east-west 
profile. A generalized profile of t h e  former  i c e  s h e e t  

(Fig. 28.2, 28.3) was  drawn over a dis tance  of 114 km from 
t h e  i c e  f ront  through t h e  elevations of t h e  locally highest i c e  
marginal fea tures .  This reconst ructed upper l imit  indicates 
t h e  maximum level of McConnell Glaciation but does not 
r e f l ec t  t h e  maximum levels of older glaciations. The 
generalized i c e  surface  profile has a n  average slope of 0°30' 
over t h e  outermost  50 km, 0°19' over  t h e  next 52.5 km, and 
0°03' f a r the r  eas t .  Slopes in t h e  profile have not been 
co r rec t ed  for i sos ta t ic  rebound. 

A check on t h e  accuracy of th is  profile was made by 
extrapola t ing t h e  i c e  profile defined by i c e  marginal f ea tu res  
in  Glenlyon m a p  a r e a  t o  analogous f ea tu res  in Tay River m a p  
a rea  (Fig. 28.3). Moraines in Anvil Range l ie close t o  t h e  
ext rapola ted profile of t he  i c e  sheet  a t  t h e  McConnell 
maximum, supporting t h e  accuracy of t h e  profile and t h e  
assignment of a M cConnell  a g e  t o  these  moraines. 

The reconst ructed i c e  profile in tersects  o the r  i c e  
marginal f ea tu res  on t h e  flanks of upland summits  in Tay 
River map area .  They include small  i c e  marginal channels, 
minor breaks in slope, and abrupt changes in t h e  morphology 
of upland summit  areas.  These f ea tu res  apparently mark t h e  
upper l imi t  of McConnell i ce  or  l i e  close t o  i t .  Well 
developed moraines and i c e  marginal channels, however, a r e  
lacking around these  other  nunataks. Hughes (in press) noted 
a comparable  lack of well defined i c e  marginal f ea tu res  on 
former  nunataks in Aishihik map  a rea ,  t o  the  south. He 
suggested t h a t  this was  because t h e  i c e  surface  around t h e  



Figure 28.4. Moraine showing the  upper l imit  of McConnell Glaciation on a nunatak (Ess Hill), 
Glenlyon map area.  

nunataks was above t h e  equilibrium level during t h e  climax of level of t he  i c e  shee t  occurred on opposite sides of former  
glaciation. Because of l imited ablation, morainic ma te r i a l  nunataks in t h e  Anvil Range whereas  t h e r e  i s  a di f ference  of 
and mel twater  were  insufficient for  development of well 122 m between moraines at t h e  nor theas t  s ide  of t h e  hill and 
defined moraines and i c e  marginal channels. those  on t h e  southwest  s ide  at Ess Hill ( C a m ~ b e l l .  1967: 

The d a t a  shown in Figure 28.3 have  a ver t ica l  s ca t t e r ,  
particularly near t h e  terminus of t h e  i c e  sheet .  The s c a t t e r  
corresponds t o  distortion in t h e  distribution of t h e  d a t a  points 
caused by t h e  manner of plotting, in which points within a 
north-south belt ,  100 km wide, were  projected onto a single 
east-west plane. Within t h a t  belt ,  t h e  flow of t h e  i c e  s h e e t  
was controlled strongly by topography: i c e  flowed along major 
valleys, bifurcated around nunatal? areas ,  and then  rejoined 
and finally divided in to  a digi ta te  terminal  zone. Within t h e  
belt ,  t h e  flow direction varied a s  much a s  50" f rom t h e  
generalized westward flow (Campbell, 1967). In shor t ,  t h e  
da ta  points represent several anastomosing flows with 
variable ice  gradients ra ther  than a simple uniform sheet .  

Flow character is t ics  around nunataks 

Fig. 28.4). Only approximately 40 t o  60% of t h e  i c e  e lkva t io i  
d i f ference  across Ess Hill can be  a t t r ibuted t o  i ce  shee t  
convexity; in t h e  Anvil Range, t h e  figure is probably 
about 7% (Fig. 28.5). The balance of elevation di f ference  is 
likely a t t r ibutable  t o  compressive flow on the  s toss  s ide  of 
t h e  nunatak and perhaps extensive  flow on i t s  l e e  side. 
Observation and mathemat ica l  modelling of i c e  shee t  flow 
over  low relief roughness e l emen t s  (Budd, 1970, 1971) have 
shown t h a t  under t h e  right conditions, smal l  bedrock 
protuberances (i.e., re la t ive  t o  i c e  shee t  thickness) can cause  
changes in t h e  surface  slope of t h e  overlying i c e  sheet  even 
t o  t h e  point of local upslope flow in t h e  direction of genera l  
i c e  flow. The e f f ec t s  of nunatak-scale roughness e lements  on 
t h e  flow of i c e  sheets  analogous t o  t h e  Selwyn lobe a r e  
absent f rom the  l i tera ture .  o n - t h e  basis of t h e  reconst ructed 
~ r o f i l e  of Selwvn ice.  significant deviations f rom laminar , - 

A notable f e a t u r e  of t hese  moraines around nunataks i s  h o w  seem likely. 
t h e  common large  differences in  thei r  elevations measured in 
t h e  direction of overall  flow. Differences  of 30 m in t h e  



Figure 28.5. Moraine ridges marking the upper limit of the McConnell Glaciation ice in Anvil 
Range, Tay River map area. 

Figure 28.6. Ice surface profiles: (A) Direct evidence as in Figure 28.3, (6) Theoretical curve 
(parabola), (C) Theoretical curve according to Shilling Hollin (1981). 

Numerical reconstruction of the  Selwyn lobe and i t s  
implications for i ce  sheet flow 

Methods of calculating glacier and ice cap profiles were 
developed by Orowan (1949); Nye (1952a, b, c ,  1959); Robin 
(1 958); and Vialov (1 958). These approaches have successfully 
approximated the  profiles of t h e  Greenland and Antarctic ice  
sheets as parabolas, ellipses, and ellipsoids. All of these 
figures proved to be inappropriate for t h e  Selwyn lobe. 

The Selwyn lobe was much f lat ter  over most of expanse than 
would be characteristic of a parabola or ellipse. The best 
approximation was the curvilinear profile generated by the 
integrated equation of Shilling and Hollin, 1981 af ter  Nye, 
1952b, c) for approximating the flow of a valley glacier: 

h v  A X  
hi+l = hi+ 

f ~ g t i  
26 1 



t = ice thickness (m) 
h = ice surface elevation (m) 
r = bedrock elevation (m) 

Tav = average shear stress (0.8 x 10' ~ / m  ') 
p = ice density (920 kg/m 3, 

g = gravitational acceleration (9.8 rn/s2) 
f = shape factor (0.5) 

hi and hi+l = ice surface elevations for each Ax s tep  of 
calculations (rn). 

A comparison of the profile generated by this equation, 
the  equation for a parabola, and t h e  reconstructed profile 
appear in Figure 28.6. 

Shear stress (3 is an average because, in valley glacier 
flow and in the high relief terrain traversed by t h e  Selwyn 
lobe, shear stress occurs not only along the sole of the 
glacier, but along valley walls as well; a value of 
0.8 x 10 ~ / m  was assumed. The shape factor (f) of Nye 
(1965) can be calculated from valley geometries obtained 
from topographic maps using t h e  equation: 

where: 

A = valley cross-sectional area 
P = valley perimeter 
t = ice thickness 

A value of f = 0.5 was calculated, which is in the  1 t o  
0.4 range of Weertman (1971); i t  matches values in Mathews 
(1967) and is close t o  the 0.8 value obtained by Denton and 
Hughes (1981). 

The close approximation of a profile assuming valley 
glacier flow conditions t o  that  reconstructed for t h e  Selwyn 
lobe using real data  suggests i ts  mode of flow was not like 
t h e  Antarctic, Greenland, and probably t h e  Laurentide ice 
sheets. The effects of underlying topography on flow were 
significant. Flow was concentrated as ice streams in major 
valleys while compressive flow elevated the ice surface 
behind intervening uplands as indicated by oriented features 
and moraines. 
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Abstract 

The quanti tat ive assessment o f  the diatom content o f  freshly fallen snow, collected i n  two 
successive years, a f f i rms the effectiveness of atmospheric transport as the main dispersal agent o f  
these micro-algae. Mean numbers o f  unfragmented diatoms range f rom 27 t o  23 300/100 m L  o f  snow 
meltwater, w i th  dr i f t ing snow yielding the highest concentration. 

LIBvaluation quanti tat ive de la  concentration de diatomees dans la  neige nouvellement tombBe, 
prBlevBe au cours de deux annBes successives, conf irme 11hypoth8se selon laquelle le transport 
atmosphBrique constitue le  pr incipal agent de dispersion de ces algues microscopiques. Les nombres 
moyens de diatomees non fragmentees varient de 27 3 23 300/100 m L  d'eau de fonte des neiges, l a  
neige soufflBe donnant la  concentration la  plus BlevBe. 



Introduction 1) Pouchet (1860). on examinatina t h e  u ~ ~ e r  laver of freshly . . 
fallen snow (volume unknown) fFom a courtyard in ~ o u e n ;  The report is the third in a series presenting France discovered three Naviculae and three Bacillaires; f rom an ongoing investigation in to  diatom dispersal  

phenomena. This study continues t o  explore t h e  significance 2) one diatom, Navicula minuscula, was  recovered f r o m  

of aer ia l  t ranspor t  of d ia toms in an  a t t e m p t  t o  confirm 200 c m 3  of rain wa te r  col lec ted on t h e  laboratory roof of t h e  
Botanical Ins t i tu te  of t h e  S t a t e  University a t  Leiden, 

previous (Lichti-Federovich, 1985) which Netherlands (Overeem, 1937); and 3) Lichti-Federovich (1985) 
cha rac te r i ze  wind (anemochorous) t ranspor t  a s  t h e  chief noted numerous marine and freshwater diatoms in rime frost dissemination mechanism of these  micro-algae. The samples collected f rom bedrock and radio tower support  preceding investigation of diatoms in precipitation focused on cables at Cape Herschel, Ellesmere Island. mel twater  samples of r ime f ros t  gathered from radio tower 
support  cables a t  t h e  CapeHersche l  base s ta t ion,  This report  is  Contribution No. 27 f rom the  Cape  
eas t -centra l  Ellesmere Island (Fig. 29.1) and f rom boulders on Herschel Project.  
t h e  nearby plateau. Here, d ia toms found in mel ted  snow 
samples  col lec ted a t  ground level at t h e  Cape  Herschel Base Material and methods a r e  described. 

The precipitation samples  were  collected by W. Blake, While t h e  microbial con ten t  of bacter ia ,  moulds, yeasts,  Jr. in two successive years in the vicinity of the 
and fungi in  hail, rain, and snow has been repeatedly Cape Herschel Base camp (Fig. 29.2). The snow accumulated investigated, microbiological investigations of precipitation in a stainless steel pan lined with aluminum foil (Fig. 29.3). with regard to diatoms are scarce' The The collection pans were  flushed with distilled water between only reported occurrences of d ia toms in such samples are:  

lfred ~ e w t o n  I 

Figure  29.1. Aerial view of Cape Herschel,  Ellesrnere Island; solid tr iangle shows the  location of 
C a p e  Herschel Base. 



taken with a Cambridge Instruments Stereoscan 180 a t  20 kv. 
Some florist ic e lements  a r e  i l lustrated in Pla tes  29.1 
and 29.2. 

Figure 29.2. View northwest a t  collecting pans (arrow) 
and Cape  Herschel Base, May 24, 1984. (Photo courtesy of 
W. Blake, Jr., 1984). 

Figure 29.3. Detail  of dr i f ted  snow (Precipitation sample 
$1-1984) accumulated on 23/5/1984 in stainless s t ee l  pans 
lined with aluminum foil. (Photo courtesy of 
W. Blake, Jr., 1984). 

each sample  collection and lined anew. Water derived from 
t h e  partially mel ted  snow was transferred t o  clean plastic 
bottles and s tored in the  dark a t  or near outdoor 
temperatures .  Sample description and a t t endan t  
meteorological conditions a r e  presented in Table 29.1. 

Quant i ta t ive  analysis is based on a t  leas t  two  10 mL 
aliquots of well mixed, unprocessed mel twater  f rom each 
snow collection, f i l te red through a 25 mm, 0.8 p m  nuclepore 
f i l ter ,  thoroughly dried and mounted in Hyrax. Numerical 
counts were  done with a x40 objective using a Le i t z  Ortholux. 
Frequency d a t a  were  derived from t h e  mean number of 
diatoms adjusted t o  a 100 mL volume measure.  

Mel twater  samples intended for scanning e lec t ron (SE) 
micrography were  t r e a t e d  a s  follows: 1) addition of 25% cold 
H C I  with subsequent heat ing and boiling fo r  10 minutes; 
2) upon cooling, addition of distilled water ;  a f t e r  standing 
overnight, f i l t ra t ion and t h e  addition of 30% cold H202 with 
subsequent heating and boiling fo r  1 5  minutes; upon cooling, 
f i l t ra t ion and repeated washings with distilled w a t e r  using a 
3.0 Urn f i l ter  fo r  t h e  final .filtration. SE micrographs were  

Resul ts  

The numerical counts  in Table 29.2 represent  t he  f i rs t  
meaningful absolute abundance determinat ion of d ia toms 
recovered from precipitation samples. The only other 
significant quant i ta t ive  analyses of airborne dia toms a r e  t h e  
air  f i l t ra t ion studies reported by Spitz and Schneider (1964) 
and by Spitz e t  al. (1965). 

As regards the  diatom frequency determinations of t he  
mel twater  samples f rom t h e  Canadian Arct ic ,  cer ta in  
l imitations need be considered. Some dia toms may have been 
lost during fi l tration and mounting procedures; therefore ,  t h e  
abundances may be underestimated. Conversely,  some  
ambiguity on a quantification level is  introduced by t h e  
possible "~on ta rn ina t ion '~  through dr i f t  dispersal, i.e. t h e  
influx of d ia toms due t o  secondary deposition. Although t h e  
l a t t e r  may have had s o m e  bearing upon t h e  diatom content  of 
a l l  samples,  a s  snow collection took place a t  ground level, 
this phenomenon predominantly a f f e c t s  t h e  sample  of dr i f ted  
snow (Table 29.1). Thirdly, s o m e  measure  of quant i ta t ive  
inexact i tude is  based on t h e  incidence of fragmentation. 
Fragmentat ion of d ia toms may be  caused by wind abrasion 
during aer ia l  transport;  i t  may have occurred during sample  
s torage or  preparation, fo r  example  a s  a result  of repeated 
f reezing and thawing of sample  mater ia l  or  as a consequence 
of agi ta t ion during sample  mixing; or  t h e  incidence of broken 
dia toms may simply be a result  of t h e  uptake and t ranspor t  of 
diatom fragments.  

Despite these  l imitations,  t h e  common occurrence  of 
d ia toms in these  snow samples  (Table 29.2) demonstra tes  t h e  
importance  of a tmospher ic  t ranspor t  as a dispersal agent  as 
does  t h e  abundant d ia tom con ten t  of r ime  f ros t  samples 
(Lichti-Federovich, 1985). Also, t h e r e  is a striking variation 
between samples in t h e  number of diatoms, ranging f rom a 
mean of 27 whole frustules ($2-1984) t o  a near 1000-fold 
increase  in concentration ($1-1984). The f lor is t ic  e lements  
in these  mel twater  samples  also differ,  a selection of which 
is i l lustrated in Pla tes  29.1 and 29.2. 

Significant numerical variance in t h e  distribution of 
aer ia l  diatoms is also demonstra ted  in the  ser ies  of air  
f i l t ra t ion studies by Spitz e t  al. (1965). For example,  
a tmospher ic  samplings a t  t h ree  different stations,  se lec ted 
from thei r  series,  with approximately t h e  s a m e  a i r  in take  
(30.0 m 3/h) and the  s a m e  t i m e  exposure ( a t  differing dates  
but within one week and a 12 hour exposition t i m e  in each 
case)  yielded the  following numbers of diatoms: Essen - 
142 diatoms, S tu t tga r t  - 38 diatoms, Berlin Tempelhof 
(Flughafen) - 388 diatoms. Similarly, a previous study 
conducted by Spitz and Schneider (1964) in Berlin, a t  a 
two-month interval with t h e  s a m e  to t a l  a i r  in take  of 1500 m 
within a 72 hour exposure t ime  resulted in t h e  recovery of 
662 dia toms for the  t i m e  period of April 22 t o  24, 1961 and of 
1567 diatoms f rom June 22 t o  24, 1961. 

These quant i ta t ive  inconsistencies a r e  caused by widely 
fluctuating variables such as: t h e  ac tua l  number of airborne 
dia toms in t h e  a tmosphere ,  t i m e  of year,  locality, and 
meteorological conditions. With particular r e fe rence  t o  t h e  
d ia tom content  of t h e  mel twater  samples in t h e  present 
study, t h e  following f ac to r s  mer i t  special  consideration. As 
mentioned previously, t h e  exceedingly high concentra t ion of 
d ia toms in  t h e  sample  of dr i f ted  snow, undoubtedly originated 
f rom proximal ter res t r ia l  and aero-aquat ic  sources in t h e  
form of melting residue or  windblown de t r i t a l  m a t t e r  and 
e i ther  were  incorporated di rec t ly  in to  t h e  accumulating snow 
by dry  deposition or  were  picked up a s  contamination by 
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PLATE 29.1 

Freshwater  d ia toms f rom precipitation samples  

fig. 1 .  Nitzschia debilis (Arn.) Grun. ( internal view). fig. 7. 
fig. 2. Two f reshwater  d ia toms (internal and ex te rna l  

views). fig. 8. 
fig. 3 .  Hantzschia amphioxis (Ehr.) Grun. ( internal view). 
fig. 4. Pinnularia sp. (external  view). fig. 9. 
f ig.  5 .  Stephanodiscus sp. (external  view). 
fig. 6 .  Pinnularia microstauron (Ehr.) C leve  (internal fig. 10. 

view). fig. 11. 
fig. 12. 

Achnanthes c o a r c t a t a  (Brkb.) Grun. ( internal 
view). 
Navicula c i n c t a  Kuetz.  var. heufleri  (Grun.) V.H. -- 
(external  view). 
Navicula con ten ta  Grun. fo. para l le la  Pet.  
'(external view). 
Navicula mut ica  Kuetz.  (external  view). 
Melosiras-ternal view). 
Navicula nivalis Ehr. (external  view). - - 



PLATE 29.2 

Mar ine  d ia toms,  d i a tom f ragments ,  and  s i l icof lagel la tes  f rom prec ip i ta t ion  samples.  

f ig.  1, 3. Thalassiosira spp. (externa l  views). 
fig. 2,4,5, 

6,8. Various c e n t r i c  f r agmen t s .  
f ig.  7. Dictyocha f ibula  Ehr. (oblique view). 
f ig.  9. ~ i s c o a s t e r ~ x t e r n a l  view). 

f ig.  10. Thalassiosira sp. ( internal  view). 
f ig.  11. Distephanus speculum (Ehr.) Haeck.  (oblique 

. . 
view). 

undulatus (Bail.) Ra l f s  (externa l  



Table 29.2. Abundance of d ia toms in precipitation samples f rom 
C a p e  Herschel, Ellesmere Island 

Field/Lab Sample No. of diatoms No. of diatom No. of diatom 
numbers mater ia l  / I00 mL fragments/100 mL units/100 mL 

1984 Precipitation samples 

#I-1984 drift ing 
DT-85-3 snow 23 230 5 780 29 010 

#2-1984 newly fallen 
DT-85-1 snow 2 7 10 3 7 

1985 Precipitation samples 

# 1-1985 newly fallen 
DT-85-4 snow 96 150 246 

#2-1985 newly fallen 
DT-85-5 snow 303 336 693 

blowing snow drift ing along t h e  ground surface.  
Furthermore,  since i t  is well established t h a t  most of t h e  
organic and inorganic particles a r e  removed from the  
a tmosphere  by precipitation ltscourl', duration and intensity of 
precipitation a r e  of paramount importance  a s  a r e  t h e  
duration and t i m e  of collection. For example,  differences in 
snow accumulation t ime,  o the r  parameters  being equal (such 
a s  intensity of precipitation), would introduce a dilution 
f ac to r  af fect ing t h e  sample  with the  longest collection t i m e  
because the  highest numbers of aerial  d ia toms a r e  removed 
a t  t h e  beginning, and significantly lower numbers or none a t  
all  a r e  removed towards t h e  end of a precipitation washout. 

As regards t h e  mel twater  samples under investigation, 
t h e  number of d ia toms per volume does not accurate ly  
r e f l ec t  t h e  diatom load of t h e  atmosphere.  Nor can  
quantification be utilized on a comparat ive  assessment basis, 
a s  t h e  to t a l  volume for  any sample,  even if i t  were  t o  contain 
t h e  washout of all  available diatoms, introduces a 
dilution/concentration f ac to r  based on duration and intensity 
of snowfall. 

Because of t h e  interplay of these  variables, s o m e  of 
which a r e  beyond human control o r  manipulation, 
extrapolation of influx r a t e s  on a comparat ive  basis, at 
present,  is unjustified. Yet  despi te  t h e  quant i ta t ive  
differences caused by meteorological and other  fac tors ,  t h e  
mechanism itself of anemochorous (wind) dispersal of d ia toms 
is neither rendered ineffect ive ,  nor is i t s  impac t  diminished. 

Concluding remarks  

The d a t a  f rom this investigation confirm previous 
findings based on t h e  dia tom content  of r ime  f ros t  samples.  
They conclusively demonstra te  t h e  presence of micro-algae,  
in meaningful numbers, in freshly fallen snow, thus adding t o  
the  growing evidence of t h e  ef fect iveness  of aer ia l  t ranspor t  
a s  a dispersal agent  of diatoms. 

I t  is hoped t h a t  in a fu tu re  investigation t h e  viability of 
airborne diatoms will b e  studied, in order t o  ascer ta in  the i r  
to lerance  towards  various adverse conditions during aer ia l  
transport .  Demonstration of such viability would undoubtedly 

establish a tmospher ic  diatom dispersal a s  a concept which 
not only explains t h e  cosmopolitan distribution of most  
diatoms, but also accounts  for t he  continuous recolonization 
of suitable habitats.  
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Abstract 

Correlation of till sheets at two major, naturally exposed sections along Plantes River and in two boreholes drilled into 
the buried valley of Gilbert River is made on the basis of relative stratigraphic position, nickel concentrations in the clay size 
fraction, and the presence of ultramafic pebbles. 

At Gilbert River, the uncharacteristic brown colour of the unoxidized tills, probably reflects glacial reworking of the 
highly weathered, gold-bearing material, thought to be the remnant of a preglacial colluvium, at the bottom of the boreholes. 
The rarity of occurrence of preglacial sediments and coincidence of preservation of the buried gold placer-bearing strata 
suggest that the possibility of a second coincidence, such as a local bedrock source for the gold, seems unlikely. 

Resume 

Lacorrblation des couches de till dansdeux importantes sections, exposeesdefa~on naturelle, le long de la riviere des 
Plantes et dans deux trous de sonde for& dans la vallee enfouie de la riviere Gilbert, est faite en fonction de la position 
stratigraphique relative, des concentrations de nickel dans la fraction argileuse et de la presence de galets ultramafiques. 

A la riviere Gilbert, la couleur brune non caractbristique des tills non oxydes reflete probablement le remodelage par 
les glaces de materiau aurifere tres alter6 gisant au fond des tous de sonde; il s'agit, croit-on, de restes de colluvions 
preglaciaires. La rarete de ce ph6nombne et la co'incidence de la conservation de strates enfouies de materiaux 
alluvionnaires de nature aurifere semblent indiquer que la possibilite d'une seconde co'incidence, comme un gisement d'or 
local dans la roche en place, gavere peu probable. 

1 Contribution to Federal Asbestos Initiatives, Geoscience Research Program 1984-1987. Project carried by Geological 
Survey of Canada. 



Introduction 

Detailed descriptions of boreholes continuously cored 
through unconsolidated deposits to bedrock in 1984-85, as well 
as natural and man-made sections, were made to improve strat- 
igraphic and sedimentological models of the Tertiary and 
Quaternary deposits of the ChaudiPre VaIIey region (Shilts and 
Smith, 1986). In order to reconcile modern stratigraphy with 
that of the buried gold-bearing strata east of Beauceville, two 
naturally exposed sections along Plantes River, located approxi- 
mately 10 km northeast of Beauceville (Fig. 30.1), are correlated 
with two boreholes from Gilbert River. It is expected that the 
correlation of Gilbert River stratigraphy will aid the interpreta- 
tion of the genesis of the gold, and subsequently, the meth- 
odology of gold exploration in a region long known for its 
buried and modern placer deposits. 

\ 

In general, the glacial stratigraphy of ChaudiPre Valley has 
been compiled by many workers (Gadd, 1964, 1965, 1971; 
McDonald, 1967; McDonald and Shilts, 1971; Gadd et al., 1972; 
LaSalle et  al., 1976,1979; Shilts, 1978, 1981; LaSalle, 1980; Shilts 
and Smith, 1986) and the major glacial events have been ac- 
cepted (LaSalle, 1984), but the gold-bearing sediments of Gilbert 
Valley (Boyle, 1979) have not been previously placed in proper 
stratigraphic context. 

Glacial stratigraphy 

Tills deposited by successive glaciers flowing from the 
northwest (Johnville), northeast (ChaudiPre), and northwest 
(Lennoxville) have been identified throughout Chaudiere Val- 
ley. At present these tills are all thought to be of Wisconsinan 
age. 

Figure 30.1. Location map showing position of Plantes River sections and Gilbert River boreholes in 
relation to ultramafic bedrock. 



Riviere des Plantes section B 

Section D Riviere des P 

Figure 30.2. Illustrations of Plantes River sections B and D. 



Lennoxville Till, representing the most recent glaciation, 
comprises the surface unit of most of the ChaudiPre Valley area 
and is commonly weathered to depths of 2 to 4 m. The oldest till 
(Johnville Till) also is commonly oxidized at its surface where it 
is exposed in sections in this region, but Chaudiere Till has 
never been observed to be oxidized in sections or boreholes. All 
unweathered tills in Chaudiere Valley contain abundant pyrite 
derived from pyritiferous slates and sandstones. Because of 
their high sulphide content, the tills are susceptible to rapid 
weathering, rendering them brown or tan. Where this process 
has occurred, associated sulphides and other labile minerals are 
destroyed making near-surface geochemical surveys of heavy 
minerals difficult to interpret. A till containing unoxidized 
pyrite is considered to be unweathered and is usually grey to 
olive grey. 

A thick sequence of laminated glaciolacustrine silt and clay 
with deltaic, debris flow and subaqueous fan deposits of the 
Gayhurst Formation commonly separates the Lennoxville and 
Chaudiere till sheets. The sequence of stratified sediments was 
deposited in a proglacial lake dammed by a glacier that stood 
south of St. Lawrence River against the Appalachian High- 
lands. Up to 75 m of laminated silt and clay deposited in this 
body of water was encountered in some boreholes of upper 
Chaudiere Valley. 

Whenever glaciers stood north of the St. Lawrence, allow- 
ing free northward drainage, fluvial sands, gravels, and 
floodplain deposits were formed. Sediments separating the 
Chaudiere and Johnville tills comprise the Massawippi Forma- 
tion and consist of fluvial gravels and sands, in some places 
overlain by laminated silty clay. The laminated sediments are 
typically mauve and may exhibit primary deformation due to 
overriding ice. 

Pre-Johnville sediments are rare, comprising oxidized 
fluvial gravel and laminated silt where observed on Grande 
Coulee River (McDonald and Shilts, 1971). 

Plantes River 
Most of the major Pleistocene stratigraphic units known 

from the Appalachians are exposed in two sections 100 m apart 
along Plantes River (Fig. 30.2). The sections (B, D of Fig. 30.1) 
are located southeast of ultramafic outcrops that strike north- 
eastward along the north side of Plantes River. Distinctive clasts 
and minerals eroded from the ultramafic outcrops have been 
incorporated into tills and associated waterlain sediments by 
glaciers that flowed from the Canadian Shield, southward or 
southeastward across the Appalachians. Sediments deposited 
by glaciers flowing from Appalachian dispersal centres located 
east or northeast of Plantes and Gilbert valleys contain little 
ultramafic debris. Sediments predating glaciation and formed 
by mass wasting and fluvial processes which modified and 
redistributed material formed by in situ weathering, likewise 
should not contain ultramafic components outside the drainage 
basin in which the ultramafic rocks outcrop. 

At section D (Fig. 30.2), a compact, stony, grey lower till 
(Johnville Till) is oxidized to brown or tan at its surface. The hard 
lower till has a significant concentration of cobble-sized ultra- 
mafic clasts, consisting mostly of well rounded serpentinized 
peridotites. Its fabric has not been measured here, but it must 
have been deposited by ice flowing from northwest in order to 
bring clasts from the ultramafic outcrops that lie less than 500 m 
northwest of the section. The lower till is overlain with sharp 
contact (Fig. 30.3) by a greyish mauve till (Chaudiere Till) with 
fabric striking about northeast-southwest, roughly parallel to 
the strike of the adjacent ultramafic outcrops. The grey-mauve 
till is similar in colour and fabric to the lowermost till (Chaudiere 
Till) at section B (Fig. 30.2) that lies on fluvial and lacustrine 

Figure 30.3. Contact of lower (Johnville) till overlain by Chau- 
diere Till, section D, Plantes  rive^ 

sediments (Massawippi Formation) and, although not yet stud- 
ied thoroughly, appears to contain few ultramafic erratics. The 
apparent lack of ultramafic debris indicates that there has been 
no reworking of debris from the lower till. 

Interlaminated mauve clay and grey silt in 1 cm or thinner 
couplets underlie the mauve-grey till at section B. The mauve 
clay laminae presumably account for the slightly mauve hue of 
the overlying grey-mauve till. The laminated sediments are in 
turn underlain by a highly Fe-oxide-stained channel gravel 
flanked by sand (Massawippi Formation). The shape of the 
channel and texture of its sediments suggest a depositional 
environment not unlike the fluvial environment of the present 
site. Organic debris found within and below the base of the 
laminated sequence (Massawippi Formation) has yet to be satis- 
factorily dated, apparently being contaminated with modern 
plant debris where exposed. 

In sections B and D, the grey-mauve, ultramafic-poor till 
(ChaudiPre Till) is overlain by grey, laminated silty clay 
(Gayhurst Formation) which is interbedded with compact, grey, 
matrix-supported, stony diamictons thought to be till and/or 
subaqueous mudflow deposits, the latter having slumped from 
a glacier front. The complex interbedding of the stratified unit is 
seen in both sections but has not yet been studied sufficiently to 
infer in detail the sedimentological circumstances of deposi- 
tion. Lennoxville Till at the top of both sections is grey and 
contains ultramafic clasts. 

Because the ultramafic lithologies impart a distinctive geo- 
chemistry to the glacial sediments derived from them, the geo- 
chemical characteristics of the tills at Plantes River are dis- 
tinctive and useful as a stratigraphic tool. Nickel, in particular, is 
strongly enriched in till with ultramafic provenance. The three 
tills (assuming that the uppermost diamict is Lennoxville Till) 
exposed at section D have geochemical signatures that are diag- 
nostic of the ice flow direction of their depositing glaciers. The 
nickel concentrations of the clay (<2bm) fraction of till on either 
side of the contact between the Johnville and Chaudiere tills are 
1248 ppm and 109 ppm, respectively. The uppermost till con- 
tains over 200 ppm nickel in its clay fraction. Similar contrasts 
could be drawn from chromium and cobalt, which also have a 
unique provenance in the ultramafic belt. 

The geochemistry, fabric, clast lithology, and general sedi- 
mentological associations of the sections at Plantes River are 
easily correlated with the classic three-till stratigraphy of the 
southeastern Applachians (McDonald and Shilts, 1971; Shilts, 
1981). They probably represent the most complete stratigraphy 
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at any site yet discovered in the region. Section D, in particular, 
seems to expose almost the entire known Appalachian stratigra- 
phy in one section, lacking only the fluvial beds of the Mas- 
sawippi Formation to be complete. Massawippi fluvial beds are 
exposed in their proper stratigraphic position within 100 m of 
the section, however, and the oxidized upper surface of the 
lowermost till (Johnville) is almost certainly confirmation that its 
deposition was followed by a period of subaerial exposure. 
Conditions favourable for subsurface oxidation by ground- 
water, a process that easily can be confused with the results of 
subaerial weathering, are not present at this section. 

Gilbert River 

A series of boreholes were drilled across Gilbert Valley, just 
downstream from where a major gold-mining operation was 
carried out by dredging in the 1950s. The boreholes intersected 
a stratigraphic sequence that is similar to that described for 
Plantes River, but with some notable exceptions. 

The surface till, exposed along the modern channel of 
Gilbert River adjacent to the dredge tailings, is compact and 
grey except near its surface where it is oxidized to a tan colour to 
a depth of about 2 m. It has strong northwest fabric and serpen- 
tinized peridotite erratics are readily apparent at its outcrop. 
There is little doubt that it was deposited by southeastward- 
flowing ice of the Lennoxville glacier. 

The uppermost unit in nearby boreholes 13 and 20 
(Fig. 30.4) is similar to the Lennoxville Till. However, this grey 
till, oxidized to tan at the surface, grades downwards into a 
sequence of brown tills with minor, interbedded laminated silt- 
clay and sandy waterlaid units. From the geochemistry, the 
brown till sequence can be split into nickel-rich and nickel-poor 
units (Fig. 30.4), permitting at least a tenuous correlation with 
the alternating nickel-rich (Johnville and Lennoxville) and 
nickel-poor (Chaudiere) tills of Plantes River. On this basis, we 
have recognized what appears to be the established three-till, 
Johnville/ChaudiPre/ Lennoxville glacial sediment sequence. 
The almost complete lack of waterlain sediments is reminiscent 
of section D on Plantes River. Without clearly identifiable water- 
lain marker beds of the Gayhurst and Massawippi formations, 
and with no opportunity to spot the buried Johnville weather- 
ing zone because of the uniform brown or tan colour of all but 
the uppermost till, it is only on the basis of the geochemical 
characteristics associated with glacial erosion of the ultramafic 
complex that we were able to effect any stratigraphic interpreta- 
tion. 

Unlike the Plantes River sections, the Gilbert River till 
sequence rests on a basal unit of fine grained sand and lami- 
nated silt-clay. The silty clays of this sequence are strikingly grey 
compared to the overlying (Johnville?) till but are similarly 
enriched in nickel. This suggests that they were deposited in a 
proglacial lake by meltwater or density currents issuing from a 
southeast-flowing glacier carrying debris eroded from the ultra- 
mafic outcrops 10 km to the northwest along Plantes River. 

At the base of boreholes 13 and 20, above highly weathered 
slate bedrock, 5 m or more of a yellow-brown, clast-supported 
diamict were cored. This is apparently the richest gold-bearing 
unit in the overburden and was the target of the numerous 
shafts sunk in this valley over the past century. It is not pre- 
sently clear whether the dredge actually tapped the lowermost 
unit or the higher brown tills which superficially resemble it. 
No erratics were found in this lowermost unit and a preliminary 
assessment of its clay mineralogy (Fig. 30.5) indicates that it 
contains a well crystallized 108 mica (illite?) and a highly de- 
graded chlorite with possible mixed layer minerals. The clast- 
supported diamict is impoverished in nickel, containing consis- 
tently 26-36 ppm Ni in its clay fraction in both boreholes, the 

lowest concentration yet noted in any from among thousands of 
samples analyzed from the region. 

Based on preliminary geochemical and mineralogical ex- 
amination of the Gilbert River boreholes, we feel that the lower 
diamicton is probably pre-Quaternary in age, representing a 
pocket of weathered debris that was not completely stripped for 
some reason, probably topographic, by subsequent glaciations. 
We found little clear evidence of the fluvial gravel containing 
placer gold that is usually cited as the exploration target. We 
suspect that the diamicton is a colluvial deposit made especially 
thick in the paleovalley bottom by contributions from mass 
wasting of adjacent slopes. It is possible that somewhere in the 
paleovalley there is a true fluvial gravel with significant gold 
concentrations, and that the boreholes simply failed to intersect 
it. Several grains of gold were recovered from the lower diamic- 
ton as well as the overlying brown tills by Overburden Drilling 
Management, who processed several large samples. 

The brown colour of the overlying tills is thought to result 
from glacial erosion and reworking of the colluvial deposit 
which was undoubtedly more extensive in the valley than it is 
now. If an unusually high amount of gold was concentrated in 
the colluvium or in associated fluvial sediments, there is proba- 
bly an anomalous amount in the tills reworked from it, account- 
ing for the high gold concentrations reported from the modern 
river channel which is cut mainly through the Lennoxville and 
ChaudiPre tills. Lennoxville Till was deposited after the col- 
luvial source had been stripped by earlier glaciers or covered by 
their deposits. Thus, it is grey like most Appalachian tills, 
bearing, as in the case of Chaudiere Till at Plantes River, section 
D, little reworked material from the underlying strata. 

Conclusions 

The excellent stratigraphic sections at Plantes River, located 
less than 10 km from the gold-bearing beds of Gilbert River, 
expose and confirm the established Appalachian Quaternary 
stratigraphy and provide a model and numerous petrological 
criteria with which to compare the sediments recovered from 
boreholes drilled through the gold-bearing strata in 1985. The 
same Pleistocene stratigraphic sequence is recognized from 
boreholes in Gilbert Valley. 

Gilbert Valley is the only place known to the authors where 
preglacial brown colluvium is preserved and is overlain by 
brown tills, glacially reworked from it, suggesting that this type 
of gold-bearing sediment is rarely preserved in southeastern 
Quebec. Even if the colluvium did not outcrop, it could be 
expected that brown till derived from the colluvium would have 
been seen or encountered in the hundreds of natural sections 
and boreholes examined over the years by numerous 
geologists. Certainly this study shows that it is important to 
recognize the origin of brown coloration in glacial or other 
unconsolidated sediments of this region, particularly if the 
preglacial colluvium is found to have been enriched in gold. 

Finally, special conditions that protected the gold-bearing 
colluvium from glacial erosion in Gilbert Valley are rare in this 
region, and the occurrence of buried gold placers so rare, that 
their association in this valley can be considered coincidental. 
The possibility of a second coincidence, that there happens to 
be a local bedrock source for the gold, seems unlikely. There is 
always the chance, however, that some characteristic imposed 
on the colluvium by a hypothetical mineralized source in the 
bedrock along ancestral Gilbert River caused the material to 
resist glacial erosion (cementation?), thus being responsible 
both for the gold enrichment and for preservation of the de- 
posit. The fact that the colluvium was stripped from areas else- 
where in the valley and incorporated into the till would argue 
against such a hypothesis. 
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Abstract 

Results of the first stage of reconnaissance sampling of till overlying rocks of the mineralized Miramichi Zone in the 
Woodstock map area are presented. This area is characterized by (1) Sn-W-Mo mineralization associated with extensive 
granitic intrusion in Devonian to Early Carboniferous time and (2) minor occurrences of sulphides partly associated with the 
Tetagouche Group. The clay fraction (<2p,m) of 198 samples of till was analyzed for 16 elements. Geochemical response in 
till down-ice from known mineralized sources shows definite anomalous patterns. This suggests that a series of similar but 
isolated anomalies, such as Little Southwest Miramichi River (Cu, Zn, Mo, As), Burtts Corner (As, Zn), and Bamford Brook 
Fault (As) areas, may be parts of dispersal trains extending from presently unknown mineralization. 

Ce rapport presente les resultats prbliminaires d'un programme d'echantillonnage de reconnaissance des tills 
recouvrant les roches de la zone mineralisee de Miramichi, dans la region de Woodstock. La region est caracterisee par 
1) une mineralisation de type Sn-W-Mo associee de larges intrusions granitiques datant du Devonien au Carbonifere 
inferieur et 2) quelques manifestations de sulfures en partie associes au qroupe de Tbtaaouche. La fraction araileuse 
(<2p,m) de 198'Bchantillons de till a kt6 analysee pour 16'616ments. La reponse g&ochimique'bansdes tills localisesen aval 
de 1'6coulement alaciaire A ~ar t i r  de zones min6ralisees demontre I'existence de confiaurations anomales. Ce ohenomene 
semble indiquer {u'une s6de d'anomalies isolbes comme celles pres de la Petite rivihr;? Miramichi Sud-Ouest ~CU, Zn, Mo, 
As), Burtts Corner (As, Zn) et I'anomalie d'arsenic avoisinant la faille de Bamford Brook peuvent faire partie de'trainbes de 
dispersion d6veloppbes a partir de zones mineralisbes non identifibes ce jour. 

1 Contribution to Canada-New Brunswick Mineral Development Agreement 1984-1989. Project carried out by 
Geological Survey of Canada. 



Introduction Bedrock geology and mineral occurrences 

Prospecting in areas of glaciated terrain has become a major 
concern in mineral exploration during the last two decades with 
the drastic reduction of new discoveries of the so-called "easy- 
to-find" ores. Modern drift exploration techniques have been 
developed particularly in Finland (Kauranne, 1975; Wenner- 
virta, 1968) and are now being applied to other countries such as 
Canada (Shilts, 1984). 

The pre-Carboniferous rocks of New Brunswick are di- 
vided into five tectonostratigraphic zones bounded by major 
fault systems (Ruitenberg et al., 1977; Fig. 31.1). The Miramichi 
Zone is a belt mainly composed of Cambrian and Ordovician 
sedimentary and volcanic rocks (Tetagouche Group), poly- 
deformed and slightly metamorphosed during the Taconic 
Orogeny. They were later intruded by large bodies of Devonian 
to, Lower Carboniferous granites during the subsequent Aca- 
dian and Hercynian orogenies. These granites underlie a signif- 
icant part of the map area. The core of the zone, though, is 
composed of paragneiss, amphibolites, and schists that may be 
as old as late Precambrian (Fyffe, 1985). Patterns of mineraliza- 
tion in the Miramichi Zone reflect the two major geological 
events recorded in the area. 

As part of the Canada-New Brunswick Mineral Develop- 
ment Agreement, the Geological Survey of Canada has initiated 
a geochemical study of the glacial sediments overlying the min- 
eralized Miramichi Zone in New Brunswick. This preliminary 
report presents the results of the first stage of a reconnaissance 
survey conducted over the south-central part of the zone. The 
area over which tills were sampled is located in the Woodstock 
map area (Fig. 31.1). The study area is drained by two major 
rivers, the Saint-John and the Miramichi. Local relief exceeds 
400 m; the highest elevations (500 m a.s.1.) are found in the 
northern part of the map area. 

The Tetagouche Group hosts the well known stratabound 
sulphide deposits that have been extensively mined in the 
Bathurst area to the north. In the Woodstock map area, one 
such stratiform deposit is worthy of mention, that is, the Sisson 

TILL GEOCHEMISTRY PROJECT 

NEW BRUNSWICK 
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Figure 31.1. Location map and simplified geology map (from Fyffe, 1982) of the study area showing 
mineral occurrences and till sampling sites. Areas of mineral occurrences discussed in text: A. Sisson Brook 
East; B. Burnt Hill; C. Rocky Brook; D. Sisson Brook West; E. Little Southwest Miramichi River; F: Shore 
Camp Brook; G. Guagus Stream. 



Brook East deposit (A of Fig. 31.1) which hosts Zn, Ag, Pb, Sb, 
and Cu. Elsewhere, most mineral occurrences are greisen and 
related endogranitic veins and disseminations, in general asso- 
ciated with the emplacement of the granite bodies (Ruitenberg 
and Fyffe, 1985). Tin, tungsten, and molybdenum are the major 
metals occurring in these deposits with locally important F, Be, 
Cu, Pb, and Zn. The Burnt Hill deposit (B of Fig. 31.1) is a 
wolframite-molybdenite-cassiterite-bearing greisen vein 
swarm that outcrops at the southern edge of the Burnt Hill 
granite; it was mined until 1956 (Poole, 1963). The Rocky Brook 
deposit (C of Fig. 31.1), associated with the Dungarvon stock, 
hosts mainly cassiterite with minor fluorite and beryl. The 
Sisson Brook deposit (D of Fig. 31.1) occurs in the aureole of the 
Nashwaak granite. Here, in addition to wolframite and molyb- 
denite, scheelite and metallic sulphides are abundant. The two 
last deposits have been claimed and surveyed by Kidd Creek 
Mines Ltd. (Snow and Coker, in press). Numerous vein- type 
and porphyry-copper showings are documented in the map 
area (Fig. 31.1) and include Fe, Mn, Cu, Pb, Zn, W, Sn, F, Ag, 
and Au occurrences. The reader is referred to Fyffe (1982) for the 
specific nature and location of these occurrences. 

Rocks of the Miramichi Zone are bound by deformed Sil- 
urian to Devonian sediments and volcanics of the Aroostook 
and Tobique tectonostratigraphic zones to the northwest and by 
Silurian greywacke and slates of the Magaguadavic Zone, to the 
southeast. Minor mineral occurrences have been described in 
the former. Barren Carboniferous rocks overlie the entire south- 
eastern part of the study area and form two nearly circular 
outliers in the west, one of which is found in the Cloverdale 
area. The rocks are gently dipping, nondeformed sandstone, 
shale, and conglomerate which are mostly green and grey; 
however, the lower part of the sequence is composed of red- 
beds. 

Aspects of glacial geology 
The Quaternary geology of the Woodstock map area has 

been described by Rampton and Paradis (1981). The area has 
been glaciated during the last part of the Late Wisconsinan 
glaciation, and deglaciation was completed by 12.5 ka. Ice flow 

patterns based on the youngest generation of striae (Rampton 
and Paradis, 1981) are shown in Figure 31.1. The divergence one 
can observe between the Tay and the Doaktown flow patterns is 
believed to have controlled the last depositional event and 
could have been caused by the obstruction of the Gaspereau ice 
centre which was located over the New Brunswick Lowland 
(Rampton et al., 1984). A study of pebble composition in till is in 
progress to relate the depositional sequence to the erosional 
indicators, but geochemical dispersal seems to confirm the 
trends already suggested by those authors (see below). It is not 
known if the ice that was flowing over the highlands of the 
Miramichi Zone during the last glaciation was of Laurentide 
origin. A major Appalachian ice centre which was present in 
latest Wisconsinan time over northern Maine and northwestern 
New Brunswick (Rampton et al., 1984) controlled till deposition 
in Saint-John River valley (Lowell, 1985; Rappol, this'volume). 
Laurentide erratics are present, however, in the valley down to 
its confluence with Tobique River. One such cobble, collected in 
the Grand Falls area, 100 km north of Woodstock, has been 
dated at ca. 1100 Ma (K-Ar; GSC 80-3100; V.K. Prest, personal 
communication, 1986). When these rocks were initially trans- 
ported into the area remains unknown. Moreover, the occur- 
rence of similar appearing paragneiss in the central part of the 
Miramichi Zone dramatically limits the type of evidence re- 
quired for any demonstration of a former presence of Lauren- 
tide ice in the area. 

Over the Miramichi Highlands, till is generally thin 
( 4 . 5  m) and displays the classical lodgment-ablation till cou- 
ple. In most till exposures, the lower part of the till is dense, 
sandy, and grey. It is yellowish brown where oxidized. The 
upper part is commonly loose, more stony, and yellowish 
brown to yellow. 

A belt of thick till defines a major NNE-SSW belt that is 
geomorphologically expressed as hummocky, ribbed, and roll- 
ing moraine (Rampton and Paradis, 1981). According to them, 
this zone represents an ice marginal position of the Millville- 
Dungarvon phase during deglaciation of the area. The morainic 
belt, however, is developed preferentially over the granite 
bodies, some part of which are intensively weathered (L6veill6, 
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Figure 31.2. Abundance of Zn, Sn, and As in different grain size fractions in till. 







1977). A high density of rock debris at the base of the ice could 
have resulted in ice flow deceleration and extensive subglacial 
till deposition. The bedrock control on the course of this mor- 
ainic belt and the paleogeographic implications are discussed 
elsewhere (Lamothe, 1985). 

Reconnaissance till sampling program 

, During the summer of 1985, samples of till were collected 
along road exposures at every 5 to 8 km where possible. Some 
trenches were also visited and sampled in the Rocky Brook and 
Sisson Brook area, on properties of Kidd Creek Mines Ltd, and 
in the area of the Miramichi Earthquake Epicenter. Because of 
lack of time and difficult access, some areas have a low sample 
density. Some of the data collected by Kettles and Wyatt (1985; 
60 samples) were used in the geochemical compilation. The 
resulting density is one sample per 45 km2. Care was taken to 
sample the tills in the C horizon; most were slightly oxidized. 
The tills were analyzed for Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, Ag, 
Cd, Pb, W, As, U, Sn, and F. Geochemical procedures have been 
described by Kettles and Wyatt (1985); in addition to these 
procedures, W was determined by colorimetry and Sn by XRF, 
Data processing and storage have been described by Burns 
(1985). Data were contoured for the loth, 75th, 90th, 95th, and 
98th percentiles. Powderized aliquots of 47 samples of clasts in 
till samples collected in the Dungarvon area (Plouffe, 1986) and 
selective grain size fractions of three till samples were also 
analyzed after total leach. 

Results and discussion 

Statistical data and percentile contours have been pro- 
cessed for each element; however, only the Cu-Pb-Zn and Sn- 
W-Mo assemblages and the As data will be discussed below. In 
this report, due to the scale of the geochemical survey, the 90th 
percentile will be considered as "anomalous". 

Metal partitioning in till 

Traditionally, geochemical studies in New Brunswick have 
been concentrated mainly on the heavy mineral fraction of 
stream sediments (Austria, 1976; Bamwoya, 1978; Poole and 
Lachance, 1979) or various grain size fractions of soils (Govett, 
1973). Research in the geochemistry of tills has demonstrated 
the enrichment of most metals in the fine fraction of tills (Shilts, 
1975,1984; Nikkarinen et al., 1984). This partitioning is thought 
to be particularly strong for anomalous samples. W.W. Shilts 
(GSC) collected three samples from the two Kidd Creek proper- 
ties and analyzed them after grain size fractionation and total 
leach; the results shown in Figure 31.2 confirm such partition- 
ing for the metals investigated. Among other elements, Cu, Pb, 
Zn, As, Sn, W, and Mo are found to be concentrated in the fine 
fraction of the till. The clay sized fraction of the two Rocky Brook 
till samples are dominated by chlorite (kaolinite?) and illite with 
minor mixed layer and/or expandible phyllosilicates. Preglacial 
weathering may have enhanced the metallic anomalies but 
since the bedrock is indeed mineralized at this site, some pre- 
liminary processes must be responsible for the observed enrich- 
ment in the fines. Fine grained metallic dissemination in the 
vicinity of the ore could be one process. This is particularly true 
for the till overlying the Sisson Brook deposit from which highly 
anomalous values are measured. Whatever the nature of the 
process, the consequence of this partitioning is that the analysis 
of a bulk till sample may in part depend on the clay content of 
the sample (Shilts, 1975, 1984). The clay fraction (<2km) of the 
till samples was therefore analyzed systematically in this recon- 
naissance program. 

Cu-Pb-Zn assemblage 

These three elements show similar patterns of distribution. 
Zinc data are shown in Figure 31.3. Individual data cannot be 
discussed in this paper but, some general comments can be 
made. 

In spite of limited data, the general background values do 
not seem to be dependent on rock types, except for the samples 
located over the Carboniferous redbeds. Those samples have 
lower metal concentrations, a fact which might reflect the influ- 
ence of an oxidizing environment at the time of sedimentation. 

A series of samples located southeast from the Sisson 
Brook area, although not closely spaced, suggest the presence 
of a diffuse dispersal pattern. Anomalous zinc values can actu- 
ally be traced for at least 5 km from the postulated source, 
assuming absence of any other zinc source along the glacier 
path. 
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Figure 31.5. Frequency distribution for tin in (a) nongranitic 
clasts, (b) granitic clasts, and (c) clay sized fraction of till, 
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The northeastern sector (Little Southwest Miramichi) is 
anomalous with respect to the three metals, especially Cu and 
Pb. Small scale showings have been documented in the general 
area surrounding these anomalies (for example, Little South- 
west Miramichi (E), Cu, Au; Shore Camp Brook (F), Pb). 

Some other anomalous values could belong to unknown 
dispersal trains or could be false anomalies since, to the knowl- 
edge of the author, they do not seem to be related to any nearby 
mineral occurrence; such is the case in the Burtts Corner area. 

Sn-W-Mo assemblage 

The contoured data for the "granophile" elements show 
similar patterns. Tin data are shown in Figure 31.4. (Samples 
collected by Kettles and Wyatt (1985) were not analyzed for Sn 
and W). 

Overall, the contrast between the 98:95:90th percentile is 
rather low; this may be due to low crustalabundance. Even with 
such "poor" contrast, however, the clay geochemistry reflects 
the mineralization. In Figure 31.5, the histograms of the log 
normal Sn values obtained from the clay fraction of all the 
samples analyzed are compared to the Sn values measured for 
the granitic and nongranitic clasts separated from the tills col- 
lected in the Dungarvon area and in the Rocky Brook trenches. 
These histograms demonstrate that (1) the Dungarvon clay data 
are grouped in the upper tail of the regional Sn distribution and 
(2) the Sn values for the clasts are all much higher than the 
average 3 ppm in granitic rocks (Taylor, 1964) which means that 
the area is anomalous with respect to Sn and that mineralization 
is reflected in the nongranitic clasts as well (here the Tetagouche 
lithologies). This is the result of the common occurrence of 
granophile mineralization along the edges of the granitic 
bodies. It should be noted that the contrast between the geo- 
chemical data in the clasts is so high that, probably, 
lithogeochemistry may not have been efficient in detecting the 
source rock. 

Like the metallic sulphides, the Sn-W-Mo assemblage is 
anomalous southeast of Sisson Brook (D). Weaker anomalous 
patterns originate from the two other well documented deposits 
in the Burnt Hill (B) and Dungarvon (C) area. Indeed, a definite 
anomalous belt extends northeastward from the Rocky Brook 
(C) tin mineralized zone. This "dispersal" is most probably of 
glacial origin because it is parallel to the Renous ice flow pattern. 

Isolated anomalies occur and could be related to unknown 
sources. The two sectors already identified as potential sites for 
sulphides, the Little Southwest Miramichi and Burtts Corner 
area can also be considered as granophile targets. 

As data 

Because of renewed interest in gold exploration in New 
Brunswick (Ruitenberg et al., 1985)) special attention should be 
given to one of its pathfinders - arsenic. The contoured data for 
this element are shown in Figure 31.6. Apart from the till from 
Sisson Brook, which is anomalous for almost every element 
analyzed, many other zones are found to be anomalous with 
respect to As. 

The Little Southwest Miramichi River area shows As anom- 
alies which could be related to known gold occurrences such as 
the Guagus (G) showing. 

The Burtts Corner anomaly cannot be linked to any docu- 
mented occurrence of arsenopyrite or gold based on the 
geology of the area. 

The As anomaly which can be followed along the Bamford 
Brook Fault could be related to numerous small occurrences of 
arsenopyrite associated to the Burnt Hill intrusive event (Poole, 
1963). These occurrences have been mapped in an up-glacier 

direction, west-southwest of the anomaly. The trend of the 
anomaly, however, is at an angle to both the Doaktown and 
Renous ice flow patterns. 

These two last anomalies in till partly overlie the rocks of 
the Maguagadavic zone, in which occurs the Lake George Tung- 
sten-Antimony-Gold deposit (Ruitenberg and Fyffe, 1985), lo- 
cated south of the study area. 

Conclusions and recommendations for future work 

Govett (1973) suggested that glaciation has played a minor 
role in New Brunswick in the geochemical dispersal of eco- 
nomic elements compared to other surficial physico-chemical 
factors such as drainage and soil processes. In the south-central 
Miramichi Zone, however, good geochemical response is found 
in the clay fraction of the tills. Discrete geochemical anomalies 
trends originate from known mineralized bedrock source and 
appear to be displaced for some kilometres in the direction of 
the last ice flow. 

Typical assemblages of metallic sulphides and granophile 
elements remain relatively coherent in the glacial sediments. 
This refl ects clastic dispersal of the bedrock without influence of 
major secondary processes, at least at a reconnaissance scale. 
This is demonstrated, for example, by the association of sul- 
phide to granophile minerals along the Sisson Brook anomaly 
and the relative depletion of these sulphides in the Burnt Hill 
and Rocky Brook area, in the bedrock as well as in the tills: "The 
Sisson Brook Deposit, in the contact aureole of the Devonian 
Nashwaak Granite, differs from the Burnt Hill Deposit in that 
scheelite and metallic sulphides are relatively more abundant 
and the deposit is generally fine-grained." (Ruitenberg and 
Fyffe, 1985, p. 209). 

Future work in 1986 will focus on the following: (1) comple- 
tion of the reconnaissance coverage; (2) detailed modelling of 
geochemical, mineralogical, and lithological dispersal trains in 
areas of major mineral occurrences; attention will be paid to 
possible hydromorphic and soil-forming processes in oxidized 
tills; and (3) follow-up sampling in new target areas such as the 
Little Southwest Miramichi River, Burtts Corner, and Bamford 
Brook Fault areas. 
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Abst rac t  

Organic seams in sand and s i l t  buried by a d iamicton d a t e  be tween 11 100  and 11 700 BP. 
Pollen and plant and animal  rnacrofossils indica te  deposit ion in a shallow pond o r  marsh  environment.  
Shrub tundra  ear ly  in t he  sequence  was  invaded by spruce  t r e e s  in a successional response t o  c l i m a t e  
t h a t  was  s imi lar  t o  t h a t  occurring nea r  t h e  present  nor thern  t r e e  line. Cessa t ion  of organic deposit ion 
and burial  by minera l  sediments  suggests de ter iora t ion  of the  c l ima te  about 11 000 years  ago a s  seen 
in numerous o the r  s i tes  throughout Atlantic Canada. 

Des  veines organiques t rouv6es  dans  le sable  e t  l e  limon, enfouies dans  un d iamicton r emon ten t  
A environ 11 100 e t  11 700 BP. Le pollen e t  les  macrofossiles d e  plantes e t  d'animaux indiquent un 
ddpat  dans un milieu const i tue  d'un Btang ou d'un marais  peu profond. La toundra brouissailleuse qui 
s e  t rouvai t  A c e t  endroit  au debut  d e  c e t t e  p6riode a 6 t 6  envahie par des  ep ine t t e s  B la su i te  d e  
react ions  successives au c l ima t  semblables 2 cel les  qu i  s e  produisent ac tue l l emen t  prgs  d e  l a  l imi te  
fores t ihre  septentrionale.  La cessa t ion  des  d6p8ts  organiques e t  I 'ensevelissement par  les  s ed imen t s  
min6raux indiquent l a  de ter iora t ion  du c l ima t  il y a environ 11 000 ans, c o m m e  on peut  l e  voir dans  d e  
nombreux a u t r e s  s i t e s  par tout  dans  la region canadienne d e  1'Atlantique. 
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Introduction Stra t igraphy and radiocarbon d a t e s  

During soil erosion studies in the  Brookside a r e a  of 
Nova Scotia by G.J. Beke, an  excavation exposed thin organic 
layers in sandy sediments  below a diamicton on which t h e  
modern soil profile was developed. A radiocarbon d a t e  of 
11 100 t 100 BP (GSC-2930) on one of the  richer organic 
horizons indicated t h a t  t h e  s i t e  was  similar in a g e  t o  several 
o ther  buried organic s i tes  found throughout Nova Scotia 
(Mott, 1985; unpublished repor t  by Mott e t  al., ent i t led  "A 
late-glacial c l imat ic  oscillation in At lant ic  Canada - An 
Aller$d/younger Dryas equivalent"). The obvious value of 
th is  occurrence  a s  a record of an  important  change in 
postglacial ecological regimes and associated c l ima te  
prompted fu r the r  studies of t h e  palynology, chronology, and 
stratigraphy. 

Location and se t t ing 

The s i t e  i s  located north of Highway 104 about  I km 
eas t  of t he  junction with Brookside Road northeast  of Truro, 
Nova Scotia (45'24.09'N, 63'14.35'W) (Fig. 32.1). 
Excavations were  made in a small  incipient gully on a south- 
facing slope a t  an  elevation of 53 m. At present t he  9% slope 
is  pasture vegeta ted  with grasses and forbs, bu t  t h e  local 
indigenous fo res t  i s  spruce  and fir. The a r e a  has been 
strongly disturbed by clearing and cultivation over  t h e  las t  
200 years. Softwood s tands  of balsam f i r  (Abies balsamea), 
red  spruce  (Picea rubens), and black spruce  (P. mariana) 
remain on noncultivatable land such a s  in gullies and on 
s t eepe r  slopes and uplands. The a r e a  falls within t h e  Cen t ra l  
Lowlands Section of t h e  Acadian Fores t  Region (Rowe, 1972) 
where  spruce  (white (Picea  glauca), red and black), balsam 
fir ,  ea s t e rn  hemlock (Tsuga canadensis), and white pine ( P i u s  
strobus) a r e  intermixed with birch ( k t u l a  papyrifera), red 
maple (Acer rubrum), sugar maple (A. saccharum), yellow 
birch ( k t u l a  alleghaniensis), and beech (Fagus grandifolia). 

The 1 5  m-wide excavat ion showed approximately 
100 c m  of reddish sandy s i l t  with some  pebbles, overlying 
80 c m  of mottled,  red,  si l ty,  sandy loam. Below, 75 c m  of 
silty and sandy sediments containing seams of  black organic 
mater ia l  r e s t s  on red-brown micaceous sands and s i l t s  and a 
basal reddish sandy ti l l  typical of t h e  a r e a  (Fig. 32.2). 

Plant remains (including sedge achenes,  moss s tems,  
and spruce  needles) washed f rom t h e  organic horizon a t  
190-196 c m  gave a "C d a t e  of 11 100 r 100 BP (GSC-2930). 
Bulk organic ma t t e r  f rom the  organic horizon a t  242-250 cm 
depth  yielded an  a g e  of 11 700 +. 110 BP (GSC-3849). 

Resul ts  

Pollen 

Four organic horizons within t h e  sil ty and sandy unit  
(Fig. 32.2) were  processed f o r  pollen using a modified 
Erdtman method involving t r e a t m e n t  with KOH, HF, HC1, 
HNOs, and acetolysis followed by mounting in silicon oil for 
counting. Results a r e  shown in Table 32.1. Cyperaceae  
(sedge) dominates all  four samples. Picea (spruce) i s  equally 
abundant in each  of t h e  lower t h r e e  samples but  increases 
significantly in the  upper sample.  The reverse  t rend is  seen 
for  Pinus banksiana/resinosa type  (jack pinelred pine type)  
pollen. Betula  (birch) h a s  low values a t  t h e  base, increases 
slightly, and then declines again. O the r  t r e e s  a r e  represented 
by only a f e w  grains. 

Salix (willow) i s  t h e  only significant shrub taxon present  
with relatively abundant representa t ion in t h e  lower t h r e e  
samples. Gramineae (grass), likewise, i s  m o r e  abundant in 
t h e  lower layers. Other  herbaceous t axa  a r e  represented by 
low values except  for Galium (bedstraw) which is  plentiful in 
the  upper horizon. 

m o r a i n e s  

B A Y  O F  F U N D Y  T R U R O  

Figure 32.1. Location of Brookside buried organic s i t e  in relation t o  major highways, and to Deber t  
paleo-Indian encampment.  



Lycopodium (club-moss) species and Polypodiaceae, 
Botrychium, and Osmunda (ferns) spores a r e  generally poorly 
represented; Polypodiaceae, however, i s  more  pronounced in  
t h e  lower samples. Other  than Cyperaceae,  aquat ic  and bog 
indicators a r e  sca rce  with low values for Sphagnum (moss) 
and Potamogeton (pondweed) at t h e  base and less abundant 
higher in t h e  sequence. 

Macrofossils 

Macrofossils of plants and various animals were  isolated 
from a small  sample (approximately I L) of t he  organics a t  
t h e  190-196 c m  level. After soaking in wa te r  for several 
days, t he  sediments were  washed through a number 80 Tyler 
s ieve  (0.180 mm opening) and t h e  fossils picked f rom the  
residue remaining on t h e  sieve. 

The >0.180 mm residue consists predominantly of whole 
or  partly degraded s t e m  fragments,  most of which a r e  
probably f rom sedges and, t o  a lesser extent ,  bryophytes. 
Identified plant and animal macrofossils a r e  l isted in 
Table 32.2. Carex achenes (some with t h e  enclosing 
perigynium) dominate  t h e  plant macrofossil assemblage. 
Needles of spruce  a r e  also abundant. In addition, spruce  
needles and seed wing f ragments  a r e  present. Seeds of a 
grass, Rubus idaeus  type (raspberry), Potentil la palustris 
(cinquefoil), and Compositae plus a birch b rac t  a r e  
represented. 
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Figure 32.2. Lithological log, showing organic seams  
interbedded in sand, buried by stony diarnicton (depths below 
ground surface): A-D. Pollen (Table 32.11, A. Macrofossils 
(Table 32.2). 

The animal macrofossil assemblage is dominated by 
heads, pronota, and e ly t r a  of bee t l e s  (Coleoptera) and ea r th -  
worm cocoons. Taxa recovered a r e  l isted i n  Table 32.2. Also 
present a r e  oribatid mites,  a mandible of a dragonfly, and 
miscellaneous f r agmen t s  of f l ies  (Diptera), wasps 
(Hymenoptera), and caddisfl ies (Trichoptera). 

The abundance of ear thworm cocoons in t h e  sample is  
unusual. One  of t h e  authors  (3VM) has  studied many fossil 
assemblages representing similar biotopes f rom s i tes  across 
northern North America but has never  encountered t h e  
number of ear thworm cocoons seen in th i s  sample. Schwert 
(1979) has repor ted  t h e  presence of severa l  ear thworm 
cocoons f rom a 10 000 year-old level a t  t h e  Gage S t r ee t  s i t e  
in Kitchener,  Ontario. The fossils in the  Brookside sample a r e  
similar t o  the  Gage S t r ee t  specimens bu t  probably do not  
refer  t o  the  s a m e  species (Dendrodrilus rubidus). 

Discussion 

The radiocarbon da te s  indicate  t h a t  deposition of sandy 
sediment  including discre te  organic horizons occurred over  
severa l  centur ies  between approximately 11 700 and 
11 100 BP. The abundant sedge pollen and s tems,  smal l  
numbers of Sphagnum spores, and minor pondweed pollen 
along with sedge achenes  and Potent i l la  palustris seeds  
suggest deposition in a shallow pond, w e t  sedge meadow, or  
marsh environment. Several beet le  t a x a  (marked with an  "*I1 

i n  Table 32.2) commonly occur  together  in  and around sedge 
marsh a reas  of t h e  type  indicated by t h e  plant macrofossils. 
The basin was  presumably a small  depression on t h e  undulat- 
ing t i l l  surface.  The intercalation of d i sc re t e  organic layers  
within a body of mineral sediment  shows t h a t  a period 
character ized by influx of detri tus,  perhaps by slope wash, 
was  periodically in ter rupted by in tervals  of s table  slopes 
when organic m a t t e r  accumulated. 

The ear ly  pollen spect ra ,  da t ing f rom 11 700 BP, 
indicate  t h a t  t h e  surrounding landscape supported a vegeta- 
t ion cover mainly comprising willow and grass. Shrub birch 
may have been present. Spruce t r e e s  were  probably not 
present locally and, despi te  relatively high Pinus percentages,  
pine t r ees  were  not present. Various herbs occupied open 
a r e a s  of a shrub tundra-like environment.  Gradually birch, 
probably shrub birch, became more  abundant along with 
willow. Spruce may have been present  nearby on suitable 
sites. The landscape, however, was  probably sti l l  tundra-like. 
By 11 100 BP  spruce  t r e e s  had invaded t h e  area ,  occurring 
near  enough t o  t h e  s i t e  t o  contr ibute  needles and seeds  t o  t h e  
sediments.  Even so, spruce  probably did not  form a 
continuous cover  but  grew as sca t t e red  groves, with birch and 
willow, and grasses and herbs in open areas.  To some  degree,  
t h e  insect  assemblage supports th is  conclusion, fo r  i t  
conspicuously lacks fossils of bark beetles,  normally typical  
of assemblages t h a t  represent  closed or  nearly continuous 
forest .  

The sequence of changes portrayed by the  pollen 
probably represents  local succession r a the r  than ongoing 
c l imat ic  change. This sequence is  t he  expected vegetational 
response t o  a c l ima te  t h a t  had warmed t o  a level comparable  
t o  t h a t  prevailing a t  or near t h e  northern treeline.  Several of 
t h e  Coleoptera  t axa  support  this conclusion. 

For example,  none of t h e  species of the  northern 
staphylinid beet le  genus Eucnecosum occur a s  f a r  south a s  
Nova Scotia (or Newfoundland) today (Campbell, 1984). 
According t o  Campbell  (1983), t h e  staphylinid Olophrum 
rotundicolle, o n e  of t h e  dominant e lements  of t h e  
assemblage, occur5 in northern boreal  and tundra habi ta ts  
f rom Alaska t o  Newfoundland and f a r t h e r  south, mostly at 
higher elevations o r  in cold bogs (Fig. 32.3A). I t  does  not l ive  
in t h e  Truro  a r e a  today but has  been col lec ted t o  t h e  north on  



Table 32.1. Pollen assemblages of the buried organic beds in the Brookside section 

Pollen (%)* 

A B C D 
Pollen source (190-196 cm) (216-222 cm) (222-230 cm) (242-250 cm) 

Arboreal pollen 

Picea 52.6 20.2 18.8 16.2 
Pinus strobus 0.4 
P. banksiana/resinosa 3.5 23.6 19.5 12.6 
Larix laricina 0.7 
Betula 11.9 15.3 14.2 4.7 
Populus 0.3 0.4 
Quercus 1.3 0.8 1.0 2 .5  
Carya 0.4 0.3 
Fraxinus nigra 0.6 0.4 
Carpinus/Ostrya 0.3 
Alnus 0.4 0.7 0.7 
Salix 1.9 11.6 8.9 20.6 
Shepherdia canadensis 0.4 
M yrica 1.9 0.7 

Non-arboreal pollen 

Ericaceae 0.6 
Grarnineae 10.6 10.7 23.1 26.4 
Tubuliflorae 1.9 0.4 1.3 1.9 
Ambrosieae 0.3 0.4 0.7 
Artemisia 0.3 1.7 0.3 1.4 
Chenopodiaceae 0.4 
Rosaceae 1.0 2.6 0.4 
Car yoph yllaceae 0.3 0.8 
Calium 7.7 0.8 0.3 

Spores 

Lycopodiurn annotinurn 2.1 1.3 0.4 
L. complanaturn type 1 .2  
L. clavaturn 0.7 
L. selago 0.3 
Selaginella selaginoides 0.4 0.7 
Equisetum 0.3 
Pteridophyta 0.3 0.4 
Pol y podiaceae 1.6 4.1 3.0 5.8 
Botrychiurn 1.8 
Osrnunda 0.4 

Unidentified 0.3 3.7 1.7 2.5 

Aquatics 

Cyperaceae 268.1 160.3 75.2 173.3 
Sphagnum 0.6 2.5 3.0 3.2 
Potarnogeton 0.4 0.7 0.4 

* Percentages based on total pollen plus spores, excluding aquatics. 



Figure 32.3. North American distribution (closed circles) 
of A: Olophrum rotundicolle (Sahlb.) and B: Olophrum 
consimile Gyll. with respect to  the Brookside s i te  (square 
symbol and arrow) (modified from Campbell, 1983). 

Table 32.2. Plant and animal macrofossils from the  190-196 cm level of the Brookside section 

PLANTS 

Bryophytes + 
Pinaceae 

Picea sp. +tnd, sd 
Gramineae 

genus? +sd 
Cyperaceae 

Carex aquatil is Wahlenb. ++sd 
Carex diandra type +sd 
Carex rost ra ta  type +sd 
Carex spp. +sd 

Betulaceae 
Betula sp. +br 

Rosaceae 
Rubus idaeus type tsd  
Potentil la palustris L. +sd 

Compositae 
genus? +sd 

ANIMALS 

TUBELLARIA......llflatworrnsll ?c c 

ANNELIDA 
OLIGOCHAETA 

Lumbri~idae..~~earthworms" ++CC 

ARTHROPODA 
INSECTA 

ODONATA ....... "dragonf lies" 
genus? +md 

COLEOPTERA. ... "beetles" 
Carabidae 
"Elaphrus clairvillei K by. +pr, el ,  ff 
Dyschirius sp. +ab (ff) 

*Patrobus sp. +pr ( f f )  
*Agonum (Europhilus) sp. +hd 

Abbreviations: + = taxon present; ++ = taxon abundant; ? = taxon 

ANIMALS (cont.) 

Dytiscidae 
"Agabus sp. ?( pr, el) 
*Hydroporus sp. +ab 
Hydrophilidae 
"Hydrobius sp. ?el ( f f )  
Hydraenidae 
*Ochthebius sp. +el 
Staphylinidae 

Eucnecosum sp. ?p r 
*Olophrum rotundicolle (Sahlb.) ++pr, hd, e l  
*Olophrum consimile Gyll. +Pr 
*Stenus spp. +hd, pr, ff 
"Lathrobium sp. cf (e l )  

Aleocharinae +Pr 
*Gymnusa sp. +el, hd 
Ptiliidae 
*Acrotrichis sp. +e 1 
Helodidae 
*Cyphon sp. +Pr 
Byrrhidae 
Cytilus a l ternatus  (Say) +el (ff) 

Chrysomelidae 
*Donacia sp. ++el, pr, ff 
"Plateumaris sp. +el 
Curculionidae 

Phytobius sp. ?el ( f f )  
TRICHOPTERA..."caddisflies" 

Family-genus? +Iv (ff) 
DIPTERA ....... "flies" 

Family? +PP (f f 
HY MENOPTERA ..." wasps and ants" 

Ichneumonoidea ?hd 
Formicidae +md 

ARACHNIDA 
Acari 

Oribatei....I1oribatid mites1' + 

not well enough preserved for 
positive identification; "cf" indicates adequate preservation but uncertain identity. 

Plants: sd = "seed" (achene, fruit ,  samara, etc.); nd = needle (conifer); br = bractlet .  

Insects: * = beetles typical of w e t  sedge meadows; pr = pronotum; e l  = elytron; hd = head; 
md = mandible; pp = puparia; Iv = larval; cc = cocoon; a b  = abdominal fragments; ff = fragments. 



Cape  Breton Island (3.M. Campbell, personal communication, 
1986). Olophrum consimile, represented in this sample by a 
single pronotum, has  a similar distribution (Fig. 32.3B), 
though i t  does  extend f a r the r  south at higher elevations. 
Together t h e  fossils of t hese  bee t l e  species (especially those 
of Olophrum) suggest t h a t  t h e  c l ima te  at Brookside was  
somewhat colder 11 100 years ago  than at present. Like the  
pollen evidence, they suggest a c l ima te  more  like t h a t  of 
present day Newfoundland, cen t r a l  and northern Quebec, or 
southern Labrador. 

Organic accumulation ceased shortly a f t e r  11 100 BP. 
First ,  sheets  of si l t  and sand buried t h e  organic sand layers. 
Ultimately the  organic sequence was covered by a thick layer 
of diamicton. The inferred cause  of t h e  destabilized 
slopes and increased solifluction and slope wash was 
extensive  depletion, if not  wholesale loss of t he  vegetation 
cover.  An abrupt shi f t  t o  a cooler and possibly we t t e r  
c l ima te  i s  implied. A similar and contemporaneous sequence 
of even t s  i s  seen at numerous o the r  s i t e s  throughout Nova 
Scot ia  and New Brunswick, suggesting t h a t  a pronounced 
c l ima t i c  deter iora t ion in ter rupted t h e  general deglacial  
warming over a large  a r e a  of At lant ic  Canada (Mott, 1985; 
unpublished data). 

Finally, th is  s i t e  bears on t h e  late-glacial  and 
archaeological history of t h e  area.  I t  lies just beyond a ser ies  
of moraines (Fig. 32.1) l e f t  by an i ce  cap  over northern Nova 
Scotia. Perhaps t h e  remnant  glacier readvanced during t h e  
cooling interval;  otherwise t h e  moraines a r e  much older. A 
few kilometres t o  t h e  west  a t  Debert ,  a large hunting 
encampment  of t he  Marit ime archaic  culture,  which 
depended on  woodland caribou, has  been dated t o  
10 903 + 48 BP ( the  mean a g e  of 13  hear th  charcoal  samples) 
(Stuckenrath,  1966). I t  was  probably abandoned because of a 
shifted migration route, in all  likelihood due t o  t h e  abrupt  
cooling. 
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Abstract 

Thin-section analysis of the coarse grained fract ion of over 200 samples o f  glacigenic sediments 
and a systematic study o f  other glacial f low indicators f rom aerial  photographs and f rom f ie ld  survey, 
allow the following conclusions: (1) Ungava Peninsula was no t  affected by glacial ice originating 
f rom sources t o  the west, such as Keewatin or Hudson Bay, to the east such as Ungava Bay, or t o  the 
nor th such as Baf f in  Island or Foxe Basin. (2) Various parts o f  Ungava a t  d i f ferent  t imes were under 
the influence o f  three d i f ferent  outf low centres, named here the Ungava, the Payne, and the 
Caniapiscau centres. (3) The most important f low system for the dispersal o f  Proterozoic and 
Archean rocks was that  o f  the Payne centre. (4) Glacial  transport distance was a t  least 6-10 k m  and 
10-15 km, respectively 80 k m  west and 80 k m  east o f  the Payne centre. (5) A dispersal fan o f  
pyroxene-rich granite i n  till extends a t  least 70 k m  northeastward - a  distance o f  150-200 k m  east o f  
the Payne centre. 

L'analyse des lames minces de la fract ion grossikre de plus de 200 Bchantillons de sediments 
glaciaires e t  I'btude systematique d'autres indicateurs de la  direct ion d'Bcoulernent glaciaire sur le 
ter ra in  et  B par t i r  de photographies aeriennes donnent l ieu aux conclusions suivantes: (1) l a  peninsule 
dlUngava n'a pas Bt6 touchee par les glaciers venus de I'ouest, par exemple, la glace de Keewatin ou 
cel le de la  baie dlHudson, n i  par les glaciers venus de l'est, par exemple, la glace de l a  baie dlUngava 
ou vers le nord, I'Ple Baf f in  ou le basin Foxe; (2) ?I di f ferents moments, diverses parties de IIUngava 
ont BtB touchBes par trois centres dlBcoulement distincts, le centre dlUngava, le  centre de Payne e t  l e  
centre de Caniapiscau; (3) le  centre d'bcoulernent de Payne a contribue le  plus A l a  dispersion des 
roches protBrozoiques e t  archeennes; (4) l a  distance de transport glaciaire a BtB d'au moins 6 10 k m  
e t  10  A 15 k m  respectivement h 80 k m  I'ouest e t  A I'est du centre de Payne; (5) un cane de dispersion 
de granite r iche en pyroxbne se prolonge vers le  nord-est sur au moins 70 km, B une distance de 
150 A 200 k m  B I'est du centre de Payne. 

DBpartement de g6ologie, Universite de Montreal, C.P. 6128, Succ. A, 
MontrBal, Quebec H3C 357 



Introduction Methods 

Although t h e  i c e  flow pat terns  and t h e  large  sca l e  
glacial  geological f ea tu res  of Ungava a r e  relatively well 
known (see Pres t  et al., 1968; Lauriol, 1982, Delisle e t  al., 
1984; Gray and Lauriol, 1985; Wilson e t  al., 1986), l i t t le  d a t a  
regarding t h e  glacial  dispersal  of rocks and minerals had been 
previously gathered within th is  region and l i t t le  a t tent ion had 
been paid t o  t h e  overa l l  pa t tern  of overlapping flow events. 

This repor t  is  based on the  results of t h e  analysis of t h e  
composition of the  coarse  grained f rac t ion of 284 samples of 
glacigenic sediments f rom Ungava, between la t i tudes  58" and 
61" N (Fig. 33.1); on t h e  examination and measurement of i ce  
flow fea tu res  visible on aer ia l  photographs f rom 650 se l ec t ed  
locations within t h e  region; and on t h e  measurement in t h e  
field of all  t h e  various i ce  flow indicators on outcrops when 
observed a t  t he  sampling s i tes  (Fig. 33.2). 

This preliminary report  describes t h e  main f ea tu res  of 
t h e  glacial  dispersal  patterns,  in order  t o  support  and ass is t  
mineral exploration in th is  area.  In f ac t ,  th is  project was  run 
concurrently with a reconnaissance sampling operation led by 
Monopros Ltd., Toronto. 

Wherever available, t i l l  was  the  sampled mater ia l ;  
fluvioglacial gravels and sands a l ternat ively  were  collected. 
A standard volume of 1 kg of sediment  was  taken a t  depths of 
10 to  75 cm;  surface  t i l l  samples were  taken f rom mudboils. 

Sample preparation and t r e a t m e n t  in t h e  field involved 
drying, wa te r  content  determination, spli t t ing in to  various 
grain s ize  fractions,  and subsampling and embedding of 
granules into small  resin cakes. Grain s i z e  spli t t ing allowed 
the  measurement  of t he  weight proportion of c las ts  ( larger 
than 4 mm diameter) ,  granules (larger than 2 mm), sands 
( 2 m m  t o  63pm),  and sil t  and clay (smaller than 
63 p m diameter).  The resin mounts consisted of 
approximately 5 g of t h e  granule f rac t ion in 20  mL of f a s t  
hardening resin. Thin sect ions  were  l a t e r  prepared f r o m  t h e  
resin mounts; on average,  75 t o  90 granules a r e  available fo r  
identification on each thin section. 

The composition of t h e  sediment was determined f rom 
t h e  examination of thin sections fo r  209 samples and f r o m  
t h e  examination of t h e  granule f rac t ion under binocular 
microscope fo r  t h e  remaining 75 samples. Abundances of a 

Figure 33.1. Location map showing sampling s i tes  in t h e  study area. 



given rock type in a given sample a r e  expressed a s  a per cent .  
For those values derived f rom thin sections, abundance r e fe r s  
t o  t h e  number of grains of a given type relative t o  t h e  to t a l  
number of grains, whereas for those values derived f rom the  
binocular study, abundance refers  t o  weight per cent .  The 
sand fraction is presently being examined fo r  i t s  heavy 
minerals; t h e  silt-clay f rac t ion is being analyzed for  i t s  
carbonate  content  (CaCOs equivalent) and for i t s  multi- 
e lement  geochemical make-up. These results a r e  not  
available and a r e  not discussed here. 

In the  southeast  par t  of t he  region t h e  sys temat ic  
sampling was a t  a n  average density of one sample per 
225 km . Elsewhere, t h e  sampling strategically covered t h e  
a r e a  along corridors trending a t  r ight angles t o  the  known or  
presumed glacial  flow direction, or  extending parallel t o  and 
along major geological boundaries. 

referred t o  a s  the  Payne outflow c e n t r e  (Fig. 33.3). Located 
about halfway between Ungava and Hudson bays, t h e  Payne 
cen t r e  provides an  axis of b i la tera l  symmetry with regard t o  
o ther  aspects  of t he  geology and glacial  geomorphology, such 
as the  types of morainic ter ra ins  and t h e  thickness and 
continuity of t h e  d r i f t  cover  on t h e  Peninsula (Fig. 33.4, 
33.5). The reader i s  referred t o  Lauriol(1982) fo r  fur ther  
reading on t h e  glacial geomorphology of t h e  area .  

No unequivocal evidence in t h e  form of erosional ice  
flow fea tu res  has  been found t h a t  Ungava was  under the  
influence of glacial  f low originating f rom external  centres ,  
such a s  f rom District  of Keewatin o r  Hudson Bay in t h e  west,  
or  Ungava Bay in t h e  eas t ,  o r  f rom Baffin Island o r  Foxe 
Basin in t h e  north. One  of t h e  objectives of this s tudy is t o  
examine whether or not, in spi te  of t he  lack of erosional 
fea tures ,  t he re  i s  evidence, in t e r m s  of dispersal of foreign 
erra t ics ,  t h a t  i ce  flowed f r o m  such external  sources. 

Glacial ice f low direction Some evidence exists. however,  t h a t  par ts  of t h e  studv 
a rea  were  under t h e  influence of othe; glacial outflow 

The major first-order ice features in Ungava9 cen t r e s  on Ungava, namely in t h e  north and in t h e  southeast .  
those from imagery Or from In t h e  north part  of t he  area ,  s ca t t e red  observations suggest 

photographs, "Inbine to show a pattern a southward component of dispersal of the Proterozoic rocks 
of outward radiating glacial  flow from a centra l ,  north-south over the Archean followed by northward flow from zone within t h e  Peninsula, which is a segment  of a larger  the Payne centre. For example, at the Nouveau QuCbec 
fea tu re  referred t o  a s  t h e  New Qubbec (Labrador) Ice Divide. Crater, both Currie (1962) and Delisle et al. (1984) 
The segment which appears have acted as the recognized t h e  presence of Proterozoic  er ra t ics  derived from persistent centra l  a r ea  of flow within this region is h e r e  

Figure 33.2. Glacial  i ce  flow directions, Ungava Peninsula. 



the  north, while a l l  o ther  i ce  flow indicators suggest t ha t  t he  
subsequent flow was  northeastward, originating from t h e  
Payne centre .  Similarly, in an  a r e a  due south of 
Lac Chukotat ,  west of Lac Nantais, Proterozoic e r r a t i c s  
from t h e  Cape  Smith Belt occur south of their  source  a r e a  
(Fig. 33.6; 3. Moorhead, personal communication, 19851, 
within a region where  most of t h e  flow fea tu res  indicate  a 
northwestward flow from t h e  Payne centre .  These 
observations indicate that  t he  northern part  of Ungava 
Peninsula was under the  influence of an  independent i ce  flow 
cen t re  located north of t he  region some  t ime  prior t o  t h e  
invasion i ce  f rom the  Payne centre .  The name Ungava cen t re  
is  suggested here  for t ha t  northern cen t r e  which, i t  is  fu r the r  
suggested, was  located in t h e  uplands northeast  of 
Povungnituk River (Fig. 33.3), possibly extending east-west 
along t h e  s t ruc tu ra l  and topographic t rend of t h e  C a p e  Smith 
Belt. North of this location, a l l  directional i c e  flow 
indicators, including t h e  dispersal of t h e  character is t ic  
Proterozoic rocks of t h e  Cape  Smith Belt (Fig. 33.6), show a 
northward component of flow (Delisle e t  al., 1984; 
Wilson et al., 1986). 

In t h e  southeast ,  c r i t ica l  information is from Kuujjuak, 
southeast  of t he  study area ,  and from t h e  vicinity of 
Lac Faribault. North of t he  village of Kuujjuak, on a ser ies  
of glaciated outcrops, well  defined s t r i ae  and crag-and-tail 
f ea tu res  show a succession of two glacial  events.  The f i r s t  
originated f rom a n  a r e a  wes t  of Kuujjuak, presumably t h e  

Payne cen t r e ;  i t  was followed by a more prominent (or b e t t e r  
preserved s t r iae)  i ce  flow originating f rom south  of t h e  s i t e  
(see also Gangloff et al., 1976). Fur thermore ,  south and 
southeas t  of Kuujjuak, a s  everywhere  south of Ungava Bay, 
t he  influence of a northward i c e  flow is  dominant i n  t h e  
glacial  landscape and t h e r e  is  at leas t  one documented r epor t  
of a dispersal  train,  t ens  of kilometres in length, extending 
northward f rom a well defined Labrador Trough source  
(Drummond, 1965). These observations suggest t h a t  in t h e  
Kuujjuak a rea ,  i ce  flowing f rom the  Payne c e n t r e  was 
followed by i ce  flowing f rom another segment  of t h e  New 
Qudbec Ice Divide; t h e  c e n t r e  must have been in t h e  vicinity 
of Lac Delorme, (Hughes, 1964; Richard e t  al., 1982) in t h e  
headwater region of t h e  Caniapiscau River, hence t h e  name  
Caniapiscau c e n t r e  suggested here. The boundary of t h e  
Caniapiscau i c e  domain t h a t  overlapped t h e  Payne i c e  domain 
is  not  known (domain is here  defined as a region within which 
a l l  t h e  various i c e  flow fea tu res  c a n  b e  combined in to  a 
coherent  pa t t e rn  re la ted  t o  a known o r  a presumed f low 
centre).  I t  must have extended at l eas t  a s  f a r  nor th  a s  
Lac Faribault  (Fig. 33.3), a s  shown t h e r e  by cross-cutting 
striations and small-scale crag and ta i l  f ea tu res  repor ted  by 
Monopros Ltd. personnel. Finally, Lauriol (1982) repor ted  
multiple s t r i ae  directions f rom Lac Bgrard and Lac Jourdan, 
located in t h e  unmapped a r e a  of Figure  33.2, between 
Feuilles and Mdlkzes rivers. 

Figure 33.3. Glacial  outflow centres  and i ce  flow domains in Ungava. Contour lines are  schemat ic  
form-lines illustrating the  geometry  of a glacier complex associated with t h e  Payne centre .  



In summary, available information on ice  flow Belt eas tward  onto  t h e  Archean subcrop. Sca t t e r ed  
directions,  a s  well a s  f rom a scanty  dispersal record,  sugges ts  sedimentary  rock f r agmen t s  in su r f ace  samples  below marine 
t h a t  t h r e e  outflow cen t r e s  influenced t h e  a r e a  under studv, l imit  on t h e  Hudson Bav seaboard were  likelv ice- raf ted .  , , 

creat ing  two wide areas  of overlapping glacial  flow systems. No rock f r agmen t s  derived f rom t h e  C a p e  Smith Belt All boundaries of overlapping flow domains a r e  undetermined. were found by the authors within that part of Ungava covered The following sections examine t h e  re la t ive  influence and by t h e  present  survey (Fig. 33.1). It is  suggested,  therefore ,  magnitude of glacial  t ranspor t  within t h e  various flow that the l imit  of extent of ice flowing f rom the domains, especially in a r eas  of flow overlap. Ungava c e n t r e  must l ie  nor th  of t h e  nor thern  l imi t  of t h e  

The dispersal  of Proterozoic  rocks  
present survey (Fig. 33.3). Admittedly,  however,  t h e r e  i s  a 
lack of samples  in t h e  nor thern  zone and fu r the r  discussion of 
t h e  above m a t t e r  must  awai t  addit ional sampling. Rock A bedrock map Of the part Of Ungava f r agmen t s  derived f rom t h e  Labrador Trough w e r e  dispersed under study i s  shown in Figure 33.5; most  of t h e  a r e a  i s  and t ranspor ted  eas tward  within t h e  Payne flow domain.  The underlain by Archean rocks with l i t t l e  lithological cont ras t .  composit ional con t r a s t  in t h e  t i l l  on e i t he r  s ide  of t h e  It is  bounded on th ree  sides by bel t s  of dist inctive rocks  of western boundary of the Labrador Trough is striking. 

A ~ h e b i a n  age, the  to the abundance of local distinct rock types in the  t i l l  increases 
the 'Inith the north, and the rapidly east of the boundary and peaks at over 50% within Trough to the east (Fig' 33'6)' The 'lightly 20 km along the Payne flow direction. The relative influence 

sedimentary and rocks derived from these of Payne and Caniapiscau i c e  on t h e  dispersal pa t t e rn  is  not 
Proterozoic  bel t s  a r e  easily identified in thin sec t ions  and 
the i r  t rac ing poses no methodological  difficult ies.  known. It appears  t h a t  t h e  wel l  defined dispersal  pa t tern  of 

t h e  Payne flow domain was  not  modified o r  a l t e r ed  in anv 
Based on t h e  regional distr ibution pat tern  of t h e  s i p i f i d a n t  way north of Feuil les River by a l a t e r  f low f rom 

Proterozoic  rock fragments,  (Fig. 33.6), i t  is  concluded t h a t  t h e  Caniapiscau cent re .  
t he re  is  no evidence of dispersal  of rocks f rom t h e  Belcher 
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Figure 33.4. Glacial geology compiled f rom aer ia l  photographs and field survey 
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In summary, t he  regional distribution of t h e  rock 
f ragments  derived from the  peripheral Proterozoic bedrock 
sources confirm that  no evidence exists t h a t  Ungava was  
under t h e  influence of glacial  flow originating f rom ex te rna l  
centres ,  f rom the  west,  eas t ,  o r  north. This conclusion is now 
based on t h e  close examination of nearly 400 samples of 
glacigenic sediments sca t t e red  throughout Ungava f rom d a t a  
in this study and from Wilson et al. (1986). The most 
influential and consequential glacial  flow system for the  
dispersal of t h e  Proterozoic rocks was  t h a t  of t h e  Payne flow 
domain. Glacial  t ranspor t  was  a t  leas t  20 km, at a dis tance  
of some  200 km e a s t  of t h e  Payne centre .  

The dispersal of Archean rocks 

Within the  Archean ter ra in ,  t h e  study of the  regional 
dispersal pa t t e rn  is complicated by the  low contras t  of t he  
bedrock sources or thei r  wide or  s ca t t e red  distribution. Of 
t h e  seven simplified Archean rock map-units (Fig. 33.51, four 
make up approximately 95% of t h e  Archean subcrop 
(Table 33.11, each being bedrock sources of hundreds of 
square  kilornetres in extent ;  these  a r e  felsic gneisses, maf ic  
gneisses, granites,  and pyroxene-rich granites.  The th ree  
other  map units represent more distinctive lithologies - 
gabbros; ultramafics;  and metasedirnentary and metavolcanic 
rocks which a r e  referred t o  a s  "greenstones". They make  up 
approximately 5% of t h e  Archean terrain,  e a c h  forming 

bedrock sources of l imited extent ;  however,  unlike t h e  
"greenstones" of t h e  C a p e  Smith belt ,  t hey  have widely 
sca t t e red  occurrences.  Consequently, although t h e  ultra- 
maf ics  and gabbros may b e  convenient and useful bedrock 
sources for  local dispersal studies,  t hey  have very l imited use 
for t he  present regional study. 

In thin sections, e leven di f ferent  types  of grains were  
recognized (Table 33.1) in addition t o  the  d is t inct  Proterozoic 
rock f r agmen t s  already discussed. The abundance of each of 
t h e  11 grain types  in t h e  various till samples  was  mapped and 
contoured. Only t w o  types  of gra in  were  found t o  have e i ther  
a n  obvious o r  a clearly significant relationship t o  a given 
bedrock source, allowing a relatively straightforward 
in terpre ta t ion of t h e  glacial  dispersal pa t t e rns  in t h e  area: 
I )  "greenstone" rock f ragments ,  obviously derived f rom the  
bel ts  of Archean metasedimentary  and metavolcanic  rocks 
and 2) pyroxene-rich polymineralic grains which a r e  most 
probably derived f rom t h e  pyroxene-rich granites.  For 
example,  Table 33.1 shows t h a t  o u t  of 100 samples of t i l l  
overlying pyroxene-rich granites,  85 samples  contained 
pyroxene-rich polyrnineralic grains, whereas only 49 and 
36 samples contain such grains over maf i c  and felsic gneiss, 
respectively.  I t  is  concluded therefore ,  t h a t  t he  occurrence  
of a pyroxene-rich grain in a ti l l  has 85% chance  t o  be  
derived f rom the  nea res t  pyroxene-rich grani t ic  bedrock 
source. Sta ted  differently,  t h e  a rea l  distribution of t h e  
abundance of t h e  pyroxene-rich grains in  Ungava t i l l  i s  

"-.r. BOUNDARIES OF GEOLOGICAL PROVINCES 
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Figure 33.5. Simplified bedrock geology of Ungava Peninsula (modified from Taylor, 1982; 
Stevenson, 1968; MERQ, 1982). 



Table 33.1. Mean abundance and frequency of occurrence of granule types over the  Archean 
map units (cf. Fig. 33.5). Only the  widespread map units (95% of the area) a re  considered. 

GRANULE LITHOLOGY 

Background types Possible Tracer type 

Mean Abundance (%) in the Coarse-grained Frequency of occurrence (%) in till 
fraction of till over a given map unit over a given map unit 

I 2 3 4 5 Total 6 7 8 9 10 11 

Other granitics 43 39 5 3 3 93 68 56 48 40 4 8 

Pyroxene granite 46 40 4 3 4 97 85 57 42 20 5 20 

Mafic granite gneiss 47 35 4 3 3 92 49 76 38 2 4 16 20 

Felsic granite gneiss 40 39 7 4 2 93 36 76 39 4 5 6 21 

1 - Quartz + K-Feldspar + (Biotite or hornblende) 6 - Pyroxene granite 
2 - Quartz + feldspar 7 - Hornblende/biotite/quartz 
3 - Quartz 8 - Amphibole + quartz 
4 - K-Feldspar 9 - quartz + plagioclase 
5 - Plagioclase I0  - Ultramafic 

11 - "Greenstones" 

Figure 33.6. Dispersal of Proterozoic rock fragments. 



Figure 33.7. Dispersal of  Archean rock fragments. 

interpreted a s  a dispersal pa t t e rn  f rom t h e  various subcrop 
areas  of t he  pyroxene-rich granites with approximately 
85% confidence. 

Distinct greenstone f ragments  a r e  found in the  till, 
west of a "greenstone" belt ,  located in t h e  northwest par t  of 
t he  region (Fig. 33.6), with peak abundance (over 10%) 
occurring some 6-1 0 km down-ice from the  bedrock source.  
The dispersal pa t t e rn  obviously belongs t o  the  Payne flow 
domain and suggests a minimum glacial t ranspor t  d is tance  of 
6-10 km some 80 km west of t he  Payne centre .  A second 
a r e a  of abundant "greenstone" f ragments  (over 2%) in t i l l  
occurs south of th is  location with no known, or  mapped, 
sources t o  t h e  east .  In t h e  vicinity of Lac Nantais, green- 
s tone  f r agmen t s  a r e  high in t i l l  d i rec t ly  overlying segments  
of a north-south trending greenstone be l t  (not shown on  
Figure 33.6). 

The regional pa t t e rn  of t h e  abundance of t h e  pyroxene- 
rich grains is  shown in Figure 33.7. East of t h e  Payne centre ,  
pyroxene-rich grains in t h e  t i l l  form a dispersal  fan  extending 
northeastward f rom a wide pyroxene-rich bedrock source  
a rea  between Arnaud R. t o  t h e  north and Feuilles River t o  
t h e  south. The fan extends  for a d is tance  of a t  leas t  7 0  km, 
in to  t h e  Labrador Trough region. 

Immediately nor theas t  of Lac Faribault ,  t h e  abundance 
of t h e  pyroxene-rich grains in t h e  t i l l  increases rapidly t o  
lo%, about  10-15 km northeastward from the  western 
boundary of the  underlying bedrock source. The dispersal 

pat terns  obviously a r e  re la ted  t o  t h e  Payne i c e  flow and 
suggest a minimum glacial  t ranspor t  d is tance  ranging f rom 
10 t o  70 km, respectively,  some  80 km t o  some  150-200 km 
e a s t  of t h e  Payne centre .  

South of Feuilles River t h e  pat tern  is  less evident. 
Nevertheless the re  appears  t o  be  some northward component 
of flow indicated by t h e  ex ten t  of pyroxene-rich t i l l  3-5  km 
northward from a likely bedrock source. 

A small  zone in which the  t i l l  contains in excess of 20% 
of pyroxene-rich grains occurs  southwest of Lac Payne, west 
of t he  presumed location of t h e  Payne outflow cen t re  
(Fig. 33.3). There a r e  possible bedrock sources a t  about equal 
distance,  both e a s t  and west  of this zone. There  is a notable 
lack of such rock f r agmen t s  in t h e  t i l l  just e a s t  of th is  
location, however, suggesting t h a t  t h e  more  likely source  of 
t h e  f ragments  is  t o  t h e  west. This would indicate  t h a t  at 
some  ear l ier  t ime  t h e  i c e  divide was  located some  60 km 
west  of i t s  presumed final location as shown in  Figure 33.3. 
An a l ternat ive  explanation might also be t h e  presence of 
unmapped pyroxene-rich rock units underlying t h e  pyroxene- 
rich till, which a t  t h a t  particular location fo rms  a thick, 
continuous cover (Fig. 33.48, C). 

In summary, t h e  regional distribution of Archean t r a c e r  
lithologies suggests a dispersal  pat tern  predominantly re la ted  
t o  t h e  Payne flow domain with limited evidence tha t  some 
influence of t h e  Caniapiscau c e n t r e  was f e l t  south of Feuilles 
River. Glacial t ranspor t  was a t  leas t  6-10 km and 10-15 km, 



some 80 km wes t  and e a s t  of t h e  Payne centre.  Some 
150-200 km e a s t  of t he  divide, a dispersal fan  a t  leas t  70 km 
long exists. 

Summary 

Based on presently available evidence, various pa r t s  of 
Ungava Peninsula a t  d i f ferent  t imes  were  under t h e  influence 
of th ree  d i f ferent  glacial outflow centres ,  namely, f rom 
north t o  south, t h e  Ungava centre ,  t h e  Payne centre ,  and 
finally t h e  Caniapiscau cen t r e  (Fig. 33.3); each cen t r e  is 
re la ted  t o  an ice  flow domain of the  s a m e  name. 

Based on t h e  close examination of almost 400 samples 
of glacigenic sediments collected throughout Ungava, no 
evidence exists t ha t  Ungava was  under t h e  influence of 
glacial  flow from external  sources  f rom t h e  west  such as 
Keewatin or  Hudson Bay, f rom t h e  east such a s  Ungava Bay, 
or  f rom t h e  north such a s  Baffin Island o r  Foxe Basin. 

The Payne flow system was t h e  most significant for  t h e  
dispersal of Proterozoic and Archean rocks in the  study area .  
Glacial transport  was a t  leas t  6-10 km and 10-15 km, 
respectively,  some 80 km west and 80  km e a s t  of t he  Payne 
centre ;  i t  may have reached 70 km, some 150-200 km e a s t  of 
t he  divide. 

No rock f ragments  derived f rom t h e  Cape  Smith Belt  
were  found within t h a t  par t  of Ungava covered by t h e  present  
survey. The southern l imi t  of t h e  Ungava Payne flow domain 
is  however considered s t i l l  largely undetermined a s  t h e  
sampling was  of low density in th is  pa r t  of t he  region. 

The influence of t h e  Caniapiscau flow c e n t r e  may be 
recorded by the  dispersal d a t a  a s  for north a s  Rivihre aux 
Feuilles, and perhaps, based on erosional fea tures ,  up  t o  
Lac Faribault. 

Implications fo r  t h e  glacial  history of  Ungava 

A speculative reconstruction of t h e  glacier complex t o  
which might have been re la ted  t h e  Payne cen t r e  i s  shown in 
Figure 33.3. The contours were  drawn at right angles t o  all  
t he  various large scale  and smaller scale  glacial flow 
indicators (Fig. 33.2); spacing of t h e  contours i s  immaterial .  
If i t  i s  assumed t h a t  a l l  t h e  various i c e  flow indicators a r e  
contemporaneous,  t h e  contour lines would b e  form-lines of a 
large  glacier at a given t ime. Form-lines imi t a t e  t h e  glacier 
surface  contour lines, drawn a t  uneven and unspecified 
ver t ica l  interval. Alternatively, if t h e  flow fea tu res  a r e  
diachronous, t he  contour lines would indicate  t h e  persistence 
of a given overall  geometry  of a large glacier complex 
through time. I t  can be seen tha t ,  notwithstanding t h e  
assumptions involved in t h e  reconstruction, t h e  l a t t e r  
provides an  astonishingly simple g lacier  geometry  t o  which is  
amenable  practically a l l  t h e  flow fea tu res  within Ungava. On 
t h e  wes t  side, widely divergent s t r i a e  directions within shor t  
distances (Fig. 33.2) suggest small-scale lobations of t he  i c e  
margin, most likely during t h e  r e t r e a t  phase, all  through t h e  
zone t h a t  was la ter  inundated by t h e  Tyrrell  Sea. 

The Ungava centre ,  appears  t o  have a c t e d  
independantly f rom the  t w o  other  cen t r e s  far ther  south  which 
a r e  d i f ferent  segments  of t h e  larger  New Qudbec I ce  Divide. 
I t s  influence in  Ungava south of 61°N is  poorly known a s  t h e  
southern boundary of t h e  Ungava-Payne flow domain could 
not b e  determined by t h e  present survey. Whether t h e  
Ungava cen t r e  remained a separa te  cen t r e  throughout t h e  
las t  glacial  phase, or  whether i t  was  engulfed by a larger i c e  
mass from the  south during t h e  maximum phase of t h e  las t  
glaciation is not known, a s  the  northern boundary of the  
Payne flow domain is not determined. In the  southeas t  p a r t  
of t he  area,  along t h e  major i ce  divide, t h e  Caniapiscau 
c e n t r e  outlived t h e  Payne centre ,  indicating t h a t  i c e  
disappeared f i r s t  f rom west  of Ungava Bay, remaining l a t e r  
in residual cen t r e s  south of t h e  Bay. 
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Abstract 

The Kisseynew gneisses immediately north of the Flin Flon volcanic belt, northwest of Flin Flon, Manitoba, consist of a 
heterogeneous sequence of medium grade, metamorphosed volcanic and sedimentary rocks. They are divided into the 
Nokomis Group of volcanic and volcaniclastic rocks and greywackes, and the Sherridon Group of predominantly arkosic, 
volcanic and volcaniclastic rocks. A discontinuous polymictic conglomerate marks the contact between the two groups and 
apparently indicates at least a locally unconformable relationship. The gneisses have been intruded by several phases of 
pre- to syn-tectonic granitoid rocks. 

Middle amphibolite facies metamorphism has affected all supracrustal rocks and rare kyanite-garnet-biotite as- 
semblages suggest that metamorphic pressures in the area were, at least locally, in excess of 4.8 kb. 

Two early phases of folding have been recognized as mesoscopic, tight to isoclinal folds, which may have been 
recumbent prior to subsequent deformation. Two later phases are more open and upright, and have deformed the pre- 
existing, gently dipping surfaces into a complicated and irregular outcrop pattern. 

Les gneiss de Kisseynew, situes immediatement au nord de la zone volcanique de Flin Flon, au nord-ouest de Flin 
Flon (Manitoba), constituent une sequence heterogene de roches sedimentaires et volcaniques metamorphis6es, A teneur 
moyenne. Ils se repartissent entre le groupe de Nokomis, compose de grauwackes, de roches volcaniques et volcanoclasti- 
ques, et le groupe de Sherridon, constitub principalement de roches arkosiques, volcaniques et volcanoclastiques. Un 
conglombrat polyg4nique discontinu fait le lien entre les deux groupes et laisse supposer une discordance, tout au moins 
par endroits. Les gneiss ont Bte penetres A plusieurs reprises par des roches granito'ides variant d'antetectoniques a 
syntectoniques. 

Une phase de metamorphisme caracterisee par un facies moyen d'amphibolites a alter6 toutes les roches supra- 
crustales et de rares associations de disthene-grenat-biotite, et permet de supposer que les pressions metamorphiques 
ont 6t6 superieures a 4,8 kb dans certains endroits de la region. 

Deux premieres phases de plissement ont produit des plis mesoscopiques, variant de plis fermes a des plis isoclinaux, 
qui ont pu passe a des plis couches avant d'btre deformes. En effet, ulterieurement, deux phases de plissement ont cre6 
des plis plus ouverts et plus droits et transforme les surfaces a faible pendage qui existaient deja en un affleurernent a 
structure complexe et irr6guliere. 

1 Contribution to the Canada-Saskatchewan Mineral Development Agreement 1984-1989. Project carried by 
Geological Survey of Canada, Lithosphere and Canadian Shield Division, Project 850010. 

2 1-88 Quebec Street, Kingston, Ontario K7K 1T9. 
P.O. Box 546, Niagara-on-the-Lake, Ontario LOS 1JO. 



Introduction General geology 

A four-year project to study the southern flank of the 
Kisseynew gneisses in Saskatchewan was initiated in 1985. Re- 
cent stratigraphic and structural interpretations in Manitoba 
(Bailes, 1980a,b; Zwanzig, 1984), and renewed economic inter- 
est, have created the need for a compilation of previous geo- 
logical work on the Kisseynew gneisses of Saskatchewan. By 
supplementing previous work with new field observations, it is 
hoped that a stratigraphic correlation can be made with the 
Kisseynew gneisses in Manitoba. In practice, this involves at- 
tempting to determine lithological precursors and, if possible, 
the stratigraphy and geological history of the gneisses. 

Fieldwork was begun in an area centred about 30 km 
northwest of Flin Flon, Manitoba (Fig. 34.1) and includes parts 
of four 1:50 000 scale map areas (63W13, 63L116, 63M11 and 
63NI4). Most of the fieldwork during summer 1985 was on the 
shores of large lakes, although some traversing was carried out 
between the lakes to provide continuity. 

The regional geology is summarized in Figure 34.1, which 
is based on a previous compilation by Bailes (1971), with modi- 
fications resulting from more recent mapping (Tuckwell, 1979; 
McRitchie, 1980,1985; Froese and Gall, 1981; Froese and Goetz, 
1981; James, 1983; Zwanzig, 1983, 1984; Froese, 1984, 1985; 
Schledewitz, 1985). The geology of the western part of the map 
is based on previous mapping in Saskatchewan (Byers and 
Dahlstrom, 1954; Cheesman, 1956; Pyke, 1961; Byers et al., 1965; 
Macdonald, 1975,1981) and on preliminary results of this study. 

The Flin Flon volcanic belt has been divided into the Amisk 
Group, consisting of predominantly mafic volcanic rocks with 
minor associated felsic volcanic and volcaniclastic rocks, and the 
unconformably overlying Missi Group of polymictic con- 
glomerates and clastic quartzofeldspathic sedimentary rocks 
(Bruce, 1918; Wright, 1933). 

The Kisseynew gneiss terrane has been divided into the 
quartzofeldspathic Sherridon Group (Bateman and Harrison, 
1946; Robertson, 1953) and the Nokomis Group of micaceous 
gneisses (Robertson, 1953). Migmatites and granitoid ortho- 
gneisses originally assigned to the Nokomis Group (Robertson, 
1953) have been put into a separate unit by Zwanzig (1983) due 
to their largely igneous derivation. 

The relationship between the Flin Flon volcanic belt and the 
Kisseynew gneisses has been the subject of much debate. The 
gneisses were originally thought to occur stratigraphically be- 
tween the Amisk and Missi groups (Bruce, 1918; Wright, 1931), 
but were later interpreted as their metamorphic equivalents in 
the Annabel and Kisseynew Lake areas (Wright and Stockwell, 
1935; Bateman and Harrison, 1945; Byers and Dahlstrom, 1954). 
The two belts have also been considered as distinct terranes in 
fault contact (Harrison, 1951a,b; Kalliokoski, 1952, 1953)) but 
Robertson (1951) found that the local faults recognized along the 
boundary zone were not part of a major, continuous, structural 
feature. In fact, Bailes (1980a,b) has recently demonstrated that 
the Nokomis Group metasedimentary rocks in the File Lake 
area of Manitoba are the higher grade metamorphic equivalents 
of Amisk Group epiclastic rocks. The Sherridon Group has 
subsequently been interpreted as correlative with the Missi 
Group in the Kisseynew Lake area (Zwanzig, 1984), as was first 
suggested by Rateman and Harrison (1946). In Saskatchewan, 
the Kisseynew terrane has been divided largely on the basis of 
metamorphic mineralogy and, to a lesser extent, on composi- 
tion (Byers and Dahlstrom, 1954; Cheesman, 1956; Pyke, 1961; 
Byers et al., 1965; Macdonald, 1975,1981). A large component of 
this study is, therefore, directed towards attempting to apply 
the Nokomis-Sherridon Group stratigraphy to the Kisseynew 
gneisses in Saskatchewan. 

The preliminary results of geological mapping in the 
Weetago Bay-Wildnest Lake area are presented in Figure 34.2. 
The locations of the Tyrrell Lake and Walker Lake granodiorites 
have been partly taken from a previous map (Byers and 
Dahlstrom, 1954) to illustrate the regional structure, but the 
remainder of the geology is based on new fieldwork. 

The classification of the Kisseynew gneisses used is gener- 
ally consistent with that determined by Zwanzig (1983) in the 
eastern Kisseynew Lake area, but has been modified to accom- 
modate new evidence. It is based on a two-fold division consist- 
ing of the Nokomis Group, which is subdivided into meta- 
morphosed volcanic and volcaniclastic rocks and greywackes, 
and the Sherridon Group, which is predominantly arkosic rocks 
with lesser amounts of polymictic conglomerates, greywackes, 
calcareous arkoses, feldspathic quartzites and volcanic and vol- 
caniclastic rocks. 

Several terms used by various workers to designate the 
precursors of some Kisseynew gneisses have been adopted 
here to aid in the corrqtjve nature of this work, but it is 
necessary to define them in the present context. Robertson 
(1953) first pointed out the compositional similarity between the 
Nokomis graphitic garnet-biotite-quartz-plagioclase gneisses 
and "greywackes". This term is still in common use in the area 
(Zwanzig, 1983) and, in this study, refers to clastic sedimentary 
rocks in which the constituent ferromagnesian minerals 
amount to 15-40% of the rock. Zwanzig has also used the term 
"arkose" to describe quartzofeldspathic gneisses of the Sher- 
ridon Group. In this study, arkose is used for quartzofeldspathic 
rocks with less than 15% ferromagnesian minerals. Neither 
term is intended to carry any genetic connotation other than 
that of a clastic sedimentary origin. The term "volcaniclastic 
rock" is used to designate any clastic rock derived from a vol- 
canic source, and includes both pyroclastic and epiclastic vari- 
eties. 

Nokomis Group 

The Nokomis Group consists mainly of graphitic garnet- 
biotite-quartz-plagioclase gneisses, interpreted as metagrey- 
wackes, and a spatially associated, heterogeneous suite of horn- 
blende-bearing gneisses, which are thought to be meta- 
morphosed volcanic and volcaniclastic rocks. 

Mafic to intermediate volcanic and volcaniclastic rocks and 
subvolcanic equivalents 

The Nokomis volcanic and volcaniclastic rocks include a 
variety of compositions but consist mainly of intermediate to 
mafic, layered gneisses with minor amounts of more felsic, well- 
layered rocks. No primary textures or structures were recog- 
nized. 

The intermediate to mafic rocks are generally grey to dark 
green, fine- to medium-grained and well layered on a scale of 
millimetres to centimetres. Most are garnet-hornblende-quartz- 
plagioclase and garnet-biotite-quartz-plagioclase gneisses but 
clinopyroxene, cummingtonite and carbonate are also impor- 
tant constituents. Other common accessories include apatite, 
sphene, zircon and opaques. Typical outcrops contain 5-10% 
medium grained, hornblende-bearing leucosome and 5-10% 
concordant to discordant, white to pink biotite-quartz- 
feldspar? hornblendekgarnet pegmatites. 

Minor felsic gneisses are interlayered with the more mafic 
rocks throughout the region but are particularly abundant in the 
area of northwestern Wildnest Lake, where they are commonly 



associated with calc-silicate rocks and cummingtonite-bearing 
gneisses. Most are garnet-hornblende-biotite-microcline- 
quartz-plagioclase gneisses, but varieties containing clino- 
pyroxene and carbonate are not uncommon. The locally associ- 
ated calc-silicate rocks are made up of various proportions of 
garnet, clinopyroxene, hornblende, biotite, carbonate, scap- 
olite, quartz, microcline and plagioclase, and may be inter- 
layered with the felsic gneisses or occur as large pods in the 
hinge zones of early folds. The layered, felsic to mafic volcanic 
and volcaniclastic rocks are commonly interlayered with, or 
gradational into, Nokomis graphitic greywackes. 

A suite of homogeneous, intermediate garnet-hornblende- 
biotite-quartz-plagioclase rocks occurs on the western sides of 
Cotteral and Little Mari lakes (Fig. 34.3). They are grey to green 
on weathered surfaces and show evidence of strong re- 
crystallization. Typical samples contain 2-10% fine grained, red, 
glassy, equally distributed garnet, 15-35% hornblende and bio- 
tite, 15-25% quartz and 35-50% plagioclase. Mafic schlieren 
occur in these rocks at one locality, and a white, medium 
grained, hornblende-bearing leucosome constitutes about 5% 
of most outcrops. They are tentatively interpreted as meta- 
morphosed, subvolcanic tonalites and/or dacites. 

Thin units of homogeneous, more mafic, garnet- and horn- 
blende-rich rocks are also widespread but are not common in 
the area. Most are dark green to black with an average grain size 
of about 1 mm, and are locally interlayered with fine grained 
biotite-quartz-feldspar gneisses. They are interpreted as the 
metamorphosed equivalents of intermediate to mafic volcanic 
rocks. 

This large, heterogeneous suite of mainly hornblende- 
bearing rocks is thought to represent a variety of precursors, but 
most, if not all, have likely been derived from volcanic and 
volcaniclastic rocks. The more calcareous and cummingtonite- 
bearing compositions in the northwestern Wildnest Lake area 
may result from the hydrothermal alteration of a volcanic ter- 
rane prior to metamorphism rather than the presence of marine 
carbonates. 

Greywackes 

The Nokomis greywackes are distinctive due to their rela- 
tively consistent composition, texture and mineralogy. They 
weather grey to rusty and range from homogeneous over sev- 
eral metres to well layered on a scale of centimetres. Most are 
graphitic garnet-biotite-quartz-plagioclase gneisses, but sil- 
limanite, kyanite, white mica, hornblende and cummingtonite 
are all locally important constituents. Typical samples contain a 
total of 20-40% biotite and pink, euhedral, garnet por- 
phyroblasts, and up to several per cent graphite. Hornblende 
most commonly occurs as coarse porphyroblasts at contacts 
with other hornblende-bearing rocks and probably marks a 
transitional composition. 

The greywackes are commonly intercalated with, and gra- 
dational into, Nokomis volcanic and volcaniclastic rocks. Sev- 
eral Sherridon Group lithologies are also found in contact with 
the Nokomis greywackes. 

The composition and texture of the greywackes is consis- 
tent with a clastic sedimentary origin, likely as feldspathic and1 
or lithic wackes. 

Sherridon Group 

The Sherridon Group was originally restricted to the se- 
quence of rocks hosting the Cu-Zn mineralization at Sherridon, 
Manitoba (Bateman and Harrison, 1946), but was later extended 
to include the majority of supracrustal rocks, and in particular 

the quartzofeldspathic gneisses (Robertson, 1953), thought to 
stratigraphically overlie the Nokomis Group (Zwanzig, 1983). 
Arkosic gneisses make up most of the Sherridon Group in the 
area mapped, but polymictic conglomerates, greywackes, felds- 
pathic quartzites and volcanic and volcaniclastic rocks are lo- 
cally important constituents. 

The stratigraphy of the Sherridon Group is poorly under- 
stood. A sketch map of the area between Cotteral and Mari 
lakes illustrates some of the complexities (Fig. 34.3). The strat- 
igraphic order outlined in the accompanying legend is based on 
field relationships but is tentative. Perhaps the most compli- 
cated portion of the Sherridon stratigraphy is the base where 
facies changes appear to account for a variety of lithologies 
including polymictic conglomerate (Fig. 34.4), greywacke, cal- 
careous arkose, arkose and volcanic and volcaniclastic rocks. 
Although the conglomerate is thought to mark a hiatus between 
the deposition of the two groups, it is not yet clear whether a 
significant unconformity exists along the entire length of the 
Nokomis-Sherridon boundary. 

Polymictic conglomerate 

The polymictic conglomerate occurs at, or within a few 
metres of, the base of the Sherridon Group, but is discontinuous 
and cannot be traced for more than a few kilometres along 
strike. It is strongly foliated andlor lineated and can easily be 
mistaken for a well-layered gneiss where a down-plunge orien- 
tation cannot be observed (Fig. 34.4, 34.5, 34.6). It attains a 
maximum apparent thickness of 500 m in the hinge zone of the 
Mari Lake synform (Fig. 34.2), but contains a significant 
amount of intercalated calcareous greywacke and has been 
thickened by early folding. 

The clasts consist mainly of hornblende-bearing rocks in- 
cluding abundant intermediate hornblende-quartz-plagio- 
clasergarnet gneisses, minor garnet-quartz-feldspar? 
hornblende quartzofeldspathic gneisses, amphibolites and 
garnet amphibolites. Many of these lithologies are similar to 
those of the Nokomis volcanic and volcaniclastic rocks although 
no Nokomis greywacke clasts were recognized. Granitoid rocks 
make up 10-20% of the clasts. Most are fine- to medium-grained 
and contain feldspar phenocrysts, but rare clasts of medium- 
and coarse-grained, equigranular, granitoid rocks and vein 
quartz are also present. Original clast size is difficult to deter- 
mine due to subsequent deformation, but ranges up to at least 
cobble size. 

The conglomerate matrix is not easily distinguished from 
the clasts but appears to be of greywacke or calcareous 
greywacke composition and contains abundant garnet, biotite 
and/or hornblende. Clast-free, matrix-like material is com- 
monly interlayered with the conglomerate and appears to be a 
lateral equivalent of restricted occurrence. 

The polymictic conglomerates are generally found in direct 
contact with Nokomis greywackes, but are locally separated 
from them by Sherridon arkoses at the Cotteral Lake occur- 
rence. They are therefore thought to have been deposited at or 
near the base of the Sherridon Group as a result of erosion of the 
pre-existing Amisk-Nokomis terrane. 

Arkose, calcareous arkose, feldspathic quartzite and 
greywacke 

Sherridon arkoses are common and widespread 
throughout the area. Most are layered on a scale of centimetres 
to metres and consist of fine- to medium-grained, white to grey, 
garnet-biotite-quartz-plagioclase gneisses. Primary textures 
and structures are generally lacking but deformed crossbedding 
(Fig. 34.7) was recognized on the southwestern shore of 
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Figure 34.2. Preliminary map of 
the general geology of the Weetago 
Bay (Kisseynew Lake) - Wildnest 
Lake area. The stratigraphy has 
been simplified for this map and the 
stratigraphic order is tentative. 
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Cotteral Lake. Typical samples contain a total of less than 15% the hornblende-bearing arkoses occur as thin layers and 
biotite and coarse, anhedral, red garnet poikiloblasts in a boudins within the arkoses. Aluminous arkoses generally con- 
quartzofeldspathic matrix. The calcareous, hornblende-bearing tain white mica andlor coarse sillimanite faserkiesel. Magnetite 
variety forms a discrete, mappable unit between Little Mari and and tourmaline are also common accessory phases within the 
Mari lakes. where its structural uosition between Nokomis arkoses. 
greywacke and hornblende-free Sherridon arkoses suggests Feldspathic quartzites form discrete units in the Weetago 
that it locally forms the base of the Sherridon Group. Elsewhere, Bay and Wildnest Lal<e areas and occur elsewhere as ten- 

tiketre-scale layers within the arkoses. They are typically 
white. fine- to medium-grained and contain 60.70% auartz. " 
15-25% plagioclase, and minor amounts of white mica, biotite, 
garnet, kyanite and sillimanite. 

The arkoses and feldspathic quartzites are interpreted as 
the metamorphosed equivalents of feldspathic, quartz and/or 
lithic arenites. 

A unit of weakly layered to homogeneous biotite-quartz- 
feldspar greywackes in the southern (Fig. 34.3) and west-cen- 
tral Mari Lake areas is not easily assigned to either the Nokomis 
or Sherridon Group. Typical samples are white to grey, fine- to 
medium-grained and contain 10-20% biotite and hornblende, 
and up  to 3% magnetite, in a quartzofeldspathic matrix. The 
high magnetite content and arkosic composition have led to 
their tentative assignment to the Sherridon Group, but their 
structural position within Nokomis greywackes may indicate 
that they are part of that sequence. 

Figure 34.4. Down-plunge view of Sherridon polymictic con- Volcanic and volcaniclastic rocks 
glomerate, southern Mari Lake. 

Three types of predominantly intermediate to mafic horn- 
blende-rich'&eisses have been tentatively interpreted as Sher- 
ridon volcanic and volcaniclastic rocks. Due to the presence of 
rocks of this composition in the Nokomis Group, however, it is 
particularly difficult to classify specific occurrences. In the 
Weetago Bay and Wildnest Lake areas, intermediate to mafic 
garnet-hornblende-quartz-plagioclase gneisses occur between 
Sherridon arkoses and feldspathic quartzites, and are therefore 
interpreted as part of the Sherridon Group. They are well 
layered on a scale of millimetres to centimetres and are only a 
few metres to tens of metres thick. Typical samples weather 
dark green and contain 0-8% garnet, 0-7% clinopyroxene, 
30-50% hornblende, 0-2% biotite, 10-25% quartz and 30-40% 
plagioclase. They are interpreted as mainly volcaniclastic rocks 
but may also contain minor volcanic flows. 

In the southern Wildnest Lake area (Fig. 34.2), another 
comvositionally similar suite of intermediate to rnafic garnet- 

Figure 34.5. sherrjdon po~ymictjc viewed h0r&lende-bi6tite-~uartz-felds~ar rocks was recognizGd. Al- 
oblique to regional lineation, western Cotteral Lake. though the contacts of the unit are not exposed, Sherridon 

Figure 34.6. Rare example of preserved bedding at contact 
between Sherridon polymictic conglomerate and arkose, south- 
ern Mari Lake. Note the stong, oblique, regional foliation in the Figure 34.7. Relict crossbedding(?) in folded Sherridon 
polymictic conglomerate. arkose, central Cotteral Lake. 



arkoses and feldspathic quartzites occur in the area and may be 
interlayered. These rocks differ from the mafic gneisses de- 
scribed above in their more homogeneous nature and by con- 
taining coarse garnet and/or hornblende poikiloblasts up to 
3 cm. They are intepreted as intermediate to mafic volcanic 
rocks. 

A much more heterogeneous suite of hornblende-bearing 
gneisses occurs in the hinge zone of the Mari Lake synform. 
They are flanked by granodiorite and Nokomis greywacke to 
the north and Sherridon polymictic conglomerate to the south. 
The northernmost unit is a thin, relatively homogeneous 
garnet-hornblende-quartz-plagioclase rock of intermediate to 
mafic composition. It grades southward into well layered, inter- 
mediate to mafic, garnet-hornblende-biotite-quartz-plagio- 
clase~clinopyroxene gneisses, which become progressively 
more felsic, culminating in heterogeneous, well layered garnet- 
biotite-quartz-plagioclase~hornblende-tmagnetite gneisses 
along the shore of Mari Lake. The suite is thought to represent a 
gradation from intermediate to mafic volcanic rocks in the north 
to felsic volcaniclastic rocks in the south, although there is no 
evidence to indicate the younging direction of the sequence. 
The unique structural position of these rocks with respect to the 
Sherridon stratigraphic succession and their dissimilarity to the 
well documented Sherridon volcanic and volcaniclastic rocks 
described above, may lead to their reclassification as Nokomis 
Group rocks at a future date. A suite of rocks exhibiting a similar 
compositional variation and structural setting in the eastern 
Kisseynew Lake area, was assigned to the upper Sherridon 
Group by Zwanzig (1983). 

In the northern Mari Lake area, a suite of mafic dykes 
intrudes the Sherridon arkoses. Most are now concordant, but 
rare apophyses, which cut across layering but are overprinted 
by the regional foliation, indicate a pretectonic, intrusive origin. 
Most are less than a few metres thick and consist of homo- 
geneous, foliated, fine- to medium-grained hornblende- 
plagioclase+garnet rocks. They are interpreted as a set of di- 
abase dykes and small gabbros which may be coeval with the 
Sherridon volcanic and volcaniclastic rocks in the Weetago Bay 
and Wildnest Lake areas. 

Granitoid and migmatitic gneisses 

In the northern Weetago Bay area, fine- to medium-grained 
gneissic granodiorites, hornblende-biotite-quartz-feldspar* 
garnet*clinopyroxene*magnetite migmatitic gneisses, di- 
orites and gabbros are interlayered with Nokomis greywackes 
and volcaniclastic rocks. Centimetre- to metre-scale layering in 
the gneisses is well defined to nebulitic, where it grades into 
migmatites and gneissic granodiorites. 

The pink, grey or rusty weathering, biotite-rich gneisses 
typically contain about 5-10% biotite, 25% quartz, 50% pla- 
gioclase, 10% microcline and minor amounts of zircon and 
apatite. Garnet, white mica, hornblende and magnetite are also 
important constituents in some outcrops. 

The hornblende-rich gneisses are generally black and 
white and contain 10-25% hornblende and biotite, 20-30% 
quartz, 40-60% plagioclase and 2-5% microcline. Accessory 
minerals include zircon, apatite, sphene and opaques, and 
garnet and clinopyroxene were noted in a few outcrops. The 
hornblende-rich gneisses locally grade into small bodies of met- 
amorphosed, foliated to massive, black and white, fine- to 
coarse-grained diorite and gabbro containing up to 60% horn- 
blende and 5% garnet. 

All of the granitoid and migmatitic gneisses contain 
schlieren of mafic hornblende gneisses and amphibolites and 
most also include about 10% leucosome, the composition of 
which varies with the composition of the associated 

melanosome. Most of this leucosome is white, medium- to 
coarse-grained, biotite-quartz-feldspar material containing up 
to 5% biotite and locally significant amounts of hornblende, 
garnet and/or magnetite. Typical outcrops of the migmatitic 
gneisses also contain granodiorite sills, quartz veins and 10-30% 
pink biotite-white mica-quartz-feldspar pegmatites. 

The granitoid and migmatitic gneisses are thought to be the 
high grade equivalents of Nokomis and Sherridon Group rocks 
which have been heavily injected with granodiorite and peg- 
matite. 

Granitoid intrusive rocks 

Three types of pre- to syn-tectonic, granitoid intrusive 
rocks have thus far been distinguished in the Weetago Bay- 
Wildnest Lake area. They include a suite of tonalites which 
occur as small plutons within the Nokomis and Sherridon 
Group rocks, two large hornblende granodiorite plutons 
named the Tyrrell Lake and Walker Lake Granodiorites by Mac- 
donald (1981), and two smaller granodiorites in the Weetago Bay 
and Mari Lake areas (Fig. 34.2). 

The small tonalite plutons occur along the southern side of 
Weetago Bay, in the eastern and central Mari Lake areas and 
along the eastern side of Wildnest Lake. They are typically 
homogeneous and well foliated, and may be white, grey or 
pink. Most are medium grained and contain 10-40% hornblende 
and biotite, with patchy occurrences of coarse garnet por- 
phyroblasts probably resulting from the assimilation of su- 
pracrustal material. Schlieren and inclusions of mafic, horn- 
blende-rich material and biotite-quartz-feldspar gneiss are 
common, and many outcrops contain minor, irregular, coarse 
grained, hornblende-bearing segregations. Dykes of aplite and 
fine grained diorite are intrusive into the tonalites in the 
Weetago Bay area, and pink, pegmatite dykes are a common 
feature throughout the tonalites. 

Little has thus far been seen of the two large hornblende 
granodiorite plutons. The Tyrrell Lake Granodiorite has only 
been observed at its northern limit where it is homogeneous, 
coarse grained and weathers pink to white. Typical samples 
contain about 5-10% biotite, 1-10% hornblende, 0-5% garnet, 
25% quartz, 55% plagioclase and 10% microcline, with minor 
zircon, apatite, sphene and opaques. The border zone contains 
rare xenoliths of garnet-hornblende gneiss and arkosic rocks. 
Pink, hornblende-bearing sweats and pink, crosscutting peg- 
matite dykes are characteristic of most outcrops. 

The Walker Lake Granodiorite is somewhat more mafic, 
containing 15-30% hornblende and biotite, although this differ- 
ence may be a function of the small portion of each pluton thus 
far observed. Typical samples are homogeneous, well foliated, 
medium grained and white to grey. 

The granodiorite bodies in the Weetago Bay and Mari Lake 
areas are typically medium grained but show evidence of hav- 
ing been recrystallized, with originally coarse feldspar grains 
deformed into pink, pancake-shaped aggregates of 1-1.5 mm 
grains. Outcrops may be near homogeneous to well foliated 
and/or lineated, but most exhibit some nebulitic layering de- 
fined by changes in grain size and mineral compositions. Typ- 
ical samples are white, pink or grey and contain 3-10% biotite. 
Magnetite, hornblende and garnet are minor components at 
Mari Lake, probably due to contamination from supracrustal 
material. Many outcrops contain layers, inclusions andlor 
schlieren of mafic hornblende-plagioclase rocks and 
quartzofeldspathic material, and at Weetago Bay, the gra- 
nodiorites appear to grade into Sherridon arkosic gneisses. 
Pink pegmatite dykes intrude the granodiorites at both lo- 
calities. 



South of Weetago Bay, a suite of porphyritic tonalites in- 
trude Amisk-Nokomis volcaniclastic rocks and greywackes at 
the boundary between the Flin Flon volcanic belt and the Kis- 
seynew gneisses. They are white weathering, homogeneous, 
and fine grained with about 10% white to pink feldspar and 5% 
hornblende and biotite phenocrysts. A sample studied pe- 
trographically contains 6% hornblende, 6% biotite, 5% micro- 
cline, 20% quartz, 60% plagioclase, and minor zircon, apatite 
and opaques. The porphyritic tonalites are intruded by 10% 
pink, white mica-bearing pegmatite dykes. 

Massive, pink and white, granitic pegmatite dykes are 
common throughout the area. Typical samples contain trace-5% 
biotite, 0-5% white mica, 20-30% quartz and about 75% feld- 
spar. Tourmaline is a common accessory in some outcrops. A 
patchy, yellow staining in pegmatite dykes from the Weetago 
Bav area is similar to that observed farther east in the Kissevnew 
~ i k e  area where it was shown to be uranophane alteiation Figure 34.8. Early recumbent fold in bedded Nokomis 
(McRitchie, 1985). greywackes, central Mari Lake. Well developed axial planar 

foliation is parallel to the main regional foliation. 

Structure 
The Kisseynew gneisses have been affected by at least four 

phases of folding which have obliterated virtually all primary 
igneous and sedimentary features. The earliest recognized 
structure is a mesoscopic, tight, recumbent fold. It was recog- 
nized in the central Mari Lake area and folds a layered Nokomis 
greywacke so that the strong regional foliation is axial planar to 
the observed layering (Fig. 34.8). 

More common are tight to isoclinal, locally recumbent folds 
which deform the regional foliation and commonly display 
shearing along the limbs (Fig. 34.9). They are found in all of the 
supracrustal rocks as well as the migmatitic gneisses. A strong, 
regional lineation, best recognized as a stretching lineation in 
the polymictic conglomerate, was probably developed during 
this second phase of folding, but could be older and only modi- 
fied by the second and later phases. The apparent synclines 
defined by the Sherridon polymictic conglomerate in the Cot- 
teral and Little Mari lakes areas, and by the calcareous arkose 
between Little Mari and Mari lakes, are tentatively interpreted 
as belonging to one of these early phases (Fig. 34.3). 

At least two phases of more open, near-upright folds post- 
date the early, tight to isoclinal folding. The gently north-plung- 
ing antiform between Cotteral and Little Mari lakes (Fig. 34.2) is 
an example of one of these later folds. It appears to re-fold the 
earlier, isoclinal structures defined by the polyrnictic con- 
glomerate in the Cotteral and Mari lakes areas, and may be part 
of an extensive set of gently to moderately northeast-plunging 
folds recognized north (Cheesman, 1956) and northwest (Pyke, 
1961) of Wildnest Lake. 

The Wormworth Lake synform, outlined by the Walker 
Lake Granodiorite in the Cotteral Lake-Wildnest Lake area, is a 
large, open structure resulting from the interference of the 
synformal analogue to the north-plunging Cotteral Lake anti- 
form and an open, upright, northeast-plunging fold, which is 
probably part of a set which includes the east-trending Schott 
Lake antiform north of Wildnest Lake (Cheesman, 1956; Pyke, 
1961). The large, open flexure of Amisk strata between Annabel 
and Amisk lakes in the Flin Flon volcanic belt (Fig. 34.1) is also 
thought to be related to this later set of northeast-plunging 
folds. From the mapping of Pyke (1961), it appears that the 
northeast-plunging set of folds postdates and re-folds the 
north-plunging set. 

The large, irregular, dome-like structure in the Mari Lake 
area (Fig. 34.2) is also the result of interference of at least two 
phases of folding. The north-trending part of the structure is 
near isoclinal and is overturned to the west. Most of the layering 

Figure 34.9. Recumbent folds deforming gneissic layering in 
Sherridon arkoses, southwestern Cotteral Lake. Note the 
sheared fold limbs. 

in the southern hinge zone dips moderately to steeply north- 
ward, defining an east-northeast-plunging synform, although 
dip reversals due to earlier isoclinal folding are common. Since 
the main regional lineation is folded around the southern hinge 
zone of the dome, the structure is thought to postdate the two 
early phases of tight to isoclinal folding, but its isoclinal, over- 
turned nature may indicate deformation related to yet another 
phase which predates both the north- and northeast-plunging 
sets of later, open folds. 

Few faults have been recognized in the area. Shearing 
along the limbs of early isoclinal folds has been observed at 
outcrop scale and may indicate larger-scale, low-angle faulting. 
Contacts between Sherridon arkoses and Nokomis vol- 
caniclastic rocks along the northeastern side and at the southern 
end of Wildnest Lake, and between Sherridon polymictic con- 
glomerates and Nokomis greywackes on the eastern side of 
Little Mari Lake, are strongly sheared and may be examples of 
such layer-parallel faulting. 

Late, north-striking, apparent left-lateral brittle faults 
(Byers et al., 1965) in the Weetago Bay-Mari Lake area (Fig. 34.2) 
and northeast-striking faults (Pyke, 1961) in the northwestern 
Wildnest Lake area are marked by minor brecciation and frac- 
tures filled by chlorite and epidote. 



Metamorphism Acknowledgments 

The absence of staurolite in the metagreywackes and of 
significant anatexis in rocks of granitic composition is consistent 
with middle amphibolite facies metamorpl;ic conditions (upper 
medium grade of Winkler, 1979), although the nature of the 
granitoid and migmatitic gneisses implies slightly higher tem- 
peratures in the Weetago Bay area. There is no obvious differ- 
ence in metamorphic grade between the Nokomis and Sher- 
ridon groups, and only a weak metamorphic gradient, marked 
by a coarsening in average grain size to the north and west, was 
recognized. Although sillimanite, microcline, white mica and 
quartz coexist on the scale of a thin section in some Sherridon 
arkoses, the sillimanite is not in contact with the microcline and 
does not appear to have grown due to the breakdown of mus- 
covite in the presence of quartz. 

The discovery of kyanite in Nokomis greywackes from the 
Mari Lake area and in Sherridon arkoses from western and 
northeastern Wildnest Lake was unexpected. Kyanite has been 
reported from metamorphosed alteration zones near Snow 
Lake in the Flin Flon volcanic belt (Froese and Moore, 1980) and 
from late, discordant quartz-feldspar veins in the transition 
zone between the volcanic belt and the Kisseynew gneisses 
(Gordon eta]., 1985), but apparently not from within the Kis- 
seynew gneisses. It generally occurs as rare, microscopic, 
anhedral grains, but euhedral porphyroblasts up to 1 cm long 
were observed at one locality on eastern Mari Lake. Sillimanite 
and kyanite occur together ih some samples, but they are not in 
contact and avvear to result from different reactions. Due to the 
rare presence'a'nd generally anhedral nature of the kyanite, it is 
thought to have been unstable relative to sillimanite at the peak 
metamorphic conditions. The presence of euhedral garnet and 
biotite in the kyanite-bearing samples, however, implies that 
the assemblage kyanite-garnet-biotite was stable at one time 
during the metamorphic history of these rocks, which is par- 
ticularly significant because it implies metamorphic pressures 
in excess of 4.8 kb (Carmichael, 1978). The appearance of sil- 
limanite rather than kyanite in the File Lake and Snow Lake 
areas, however, led Bailes and McRitchie (1978) to infer 3.5-5 kb 
metamorphic pressures for the transition zone between the 
volcanic belt and gneissic terrane. It is therefore possible that 
rocks now exposed along the southern flank of the Kisseynew 
gneisses are indicative of a wide range of metamorphic pres- 
sures and crustal depths, and may indicate that tectonic thick- 
ening was involved in the development of the steep meta- 
morphic temperature gradient across the Flin Flon volcanic belt 
- Kisseynew gneiss terrane boundary. 

Economic geology 

Zones of metamorphosed, hydrothermally altered rohks 
were observed south of Cotteral Lake and on an island in 
southern Wildnest Lake (Fig 34.2). Both are characterized by 
garnet-anthophyllite-cummingtonite assemblages although 
cordierite was not recognized. The Vass Lake showing, located 
about 1 km south of Cotteral Lake, has undergone extensive 
exploration and at one time contained sphalerite, chalcopyrite, 
pyrite and pyrrhotite (Byers and Dahlstrom, 1954; Beck, 1959). 
No sphalerite was observed during a cursory look at the occur- 
rence, but samples collected from the alteration zone contain 
Cu and Fe sulphides, garnet, anthophyllite, spinel and 
staurolite. The southern Wildnest Lake occurrence is not 
marked on earlier geological maps and has yet to be thoroughly 
examined. 

The Dolly gold showing (Beck, 1959; Coombe, 1984; Par- 
slow and Gaskarth, 1985), north of the eastern bay on central 
Mari Lake (Fig. 34.2) has not yet been mapped during this 
study, but minor chalcopyrite and pyrite were found in a rusty 
zone within Sherridon arkoses to the southeast, along the shore 
of the bay. 

E. Froese, Geological Survey of Canada, J.G. Pearson, 
Creighton Resident Geologist for the Saskatchewan Geological 
Survey, D.P. Price, Hudson Bay Exploration and Development 
Company, and E.C. Syme, Manitoba Mineral Resources Divi- 
sion, all took time to show one of us (KEA) various localities of 
interest in the Flin Flon area. We also participated in an en- 
lightening field trip to the Kisseynew gneisses in Manitoba led 
by H.V. Zwanzig, Manitoba Mineral Resources Division. G.R. 
Parslow, University of Regina, and W.J. Gaskarth, University of 
Aston, allowed us to accompany them on a tour of mafic rocks 
in the Mari-Melgurd-Wildnest Lakes area, during which time 
we also benefitted from discussions with J.G. Pearson and R. 
Macdonald, Assistant Director of the Saskatchewan Geological 
Survey. One of us (KEA) also examined a metamorphosed 
alteration zone in the Kisseynew gneisses northwest of Flin 
Flon, courtesy of B. Davis, Greenstone Resources. 

E. Froese provided encouragement and advice during a 
mid-summer visit, and A.D. Leclair, Queen's University, sup- 
plied assistance and helpful insights into the structure and 
metamorphism of the area during September. 

E. Froese critically reviewed an early draft of this report. 
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Stratigraphy of the McGerrigle Mountains granite trains of Gaspesiel 
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David, P,P, and BBdard, P., Stratigraphy of the McGerrigle Mountains granite trains of Gaspesie; Current 
Research, Part B, Geological Survey of Canada, Paper 86-IB, p. 319-328, 1986. 

Abstract 

Glacial erratics from the McGerrigle Mountains granite pluton are found over plateau areas across central Gaspesie. 
They form two well defined linear trains, oriented 160" and 55", and occur in lesser concentration in areas to the north, west, 
and southwest of the mountains. Excavations in the southeastern train near the vicinity of the mountains revealed a 
sequence of preglacial and glacial sediments overthe bedrock. The bedrock is solid; fractured, with or without glacial matrix 
filling the fissures; or weathered to saprolite. Locally, preglacial colluvium overlies the bedrock. Glacial sediments include 
deformation till, basal till, basal melt-out till, ablation till, train deposit, supraglacial avalanche deposit, and glaciofluvial 
deposits. Talus and colluvium constitute the postglacial deposits. Sediments of two distinct glaciations have been 
recognized. A model is proposed to explain the formation of the various glacial lithofacies. 

Des blocs erratiques d'origine glaciaire se manifestent sur les plateaux du centre de la Gaspesie sous forme de deux 
trainees de granite provenant du pluton des monts McGerrigle et orientees selon une direction de 160" et 55", ainsi que 
sous forme d'une dispersion diffuse et locale des ci3tes nord, ouest et sud-ouest des monts. Des coupes dans la trainee B 
orientation sud-est situee t i  proximite des monts, montrent une sequence de dep6ts d'origine glaciaire et anterieure B la 
glaciation reposant sur la roche en place. Cette derniere est soit massive, soit fracturke et, dans ce cas, une matrice 
d'origine glaciaire peut remplir, par endroits, les fissures, tandis qu'ailleurs, la roche Sest alteree en saprolite. A quelques 
endroits, la roche en place est recouverte par un colluvion preglaciaire. On compte parmi les divers genres de depdts 
glaciaires du till de deformation, du till de fond, du till de fusion, du till d'ablation, des dep6ts de traTnees, un d6p6t 
d'avalanche supraglaciaire et, finalement, des depdts fluvioglaciaires. Les dep6ts postglaciaires se composent de talus 
d'eboulis et de colluvions. Des sediments de deux glaciations distinctes ont et6 reconnus. On propose un modele pour 
expliquer la formation des divers lithofacies glaciaires. 

1 Contribution to the Canada Economic Development Plan for Gasp6 and Lower St. Lawrence, Mineral Program 
1983-1988. Project carried by Geological Survey of Canada, Terrain Sciences Division, Project 840035. 

2 D6partement de geologic, Universite de Montreal, Montreal, Quebec H3C 3J7 
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Introduction Physiography 

This report presents the results of stratigraphic studies 
conducted in north-central Gaspesie during the summer of 1985 
in the proximal part of the southeasterly oriented McGerrigle 
Mountains granite train. A number of glacial and nonglacial 
sedimentary units have been identified from excavations along 
three transects across the train. These units have been corre- 
lated with one another and their origin explained. The most 
important discoveries made are the recognition of a till predat- 
ing till of the last glaciation, a supraglacial avalanche deposit, as 
well as the recognition of various glacial sedimentary facies that 
show the stages of evolution of glacial debris in transport. 

Purpose and aim of study 

A study of trace element distribution in the fluvial sedi- 
ments of Gaspksie (Choiniere, 1982) has shown that variations 
in the concentration of the trace elements are related to 
lithological changes in the underlying bedrock. Even so, Chau- 
vin (1984) observed north of Murdochville (Fig. 35.1) a remark- 
ablecorrespondence between certain high concentration values 
of Cu, apparently unrelated to the underlying bedrock, and the 
local northeasterly ice flow direction. A subsequent detailed 
study of several of the geochemical maps of Gaspesie by David 
et al. (1984) has shown that certain linear distribution patterns 
seem to coincide with the various local glacial flow directions 
that had been independently identified through mapping of the 
Quaternary deposits. Since trace element geochemistry forms 
the basis of mineral exploration in Gaspesie, it has become 
necessary to identify the nature and amount of glaciaI contribu- 
tion to the present trace element distribution through a detailed 
stratigraphic and geochemical study of a known and geo- 
logically well defined extensive glacial deposit. Most suitable 
for this study are the two granite trains of the McGerrigle 
Mountains with their associated deposits (Chauvin and David, 
in press). 

Location of the study area 

The study area forms a north-south corridor across Gas- 
p6sie Peninsula between the St. Lawrence Estuary in the north 
and Baie des Chaleurs in the south. It is approximately 140 km 
long, from 40 to 80 km wide, and covers five complete 1:50 000 
map areas and parts of six others (Fig. 35.1). Although this 
region includes the two granite trains with the adjacent areas of 
low block concentration, it excludes some areas of rare granite 
block occurrences. 

Bedrock geology 

Surface lithological contacts and the principal structural 
elements of the bedrock trend more or less parallel with the 
elongation of the peninsula and, consequently, the tranversely 
oriented study area includes most of the lithological and struc- 
tural elements of GaspCsie (Fig. 35.2). For this report, only the 
granite pluton and its metamorphic aureole forming the 
McGerrigle Mountains, and the local lithologies immediately 
south of them, are of particular interest. The metamorphic 
aureole consists of hornfels, skarn, and metavolcanic rocks. The 
local lithologies comprise sandstone, limestone, and shale 
which, in places, are traversed by numerous dykes of porphyric 
rocks. The Sullipeck ore body occurs at the contact of the aureole 
and the local rocks. 

Variations in the topography of the region played an impor- 
tant role in the development and extent of local ice caps and 
glaciers and in the degree of erosion of the glacial subsurface. In 
general (H6tu and Gray, 1985), the central portion of Gaspesie is 
characterized by a high plateau in the north rising above 600 m 
(2000 foot contour in Fig. 35.1), above which the McGerrigle 
Mountains highland area projects to over 900 m (3000 foot 
contour). Southward, across the peninsula, the land surface 
gradually lowers to a distance about 20 km north of Baie des 
Chaleurs where it abruptly drops along a south-facing escarp- 
ment to the level of a lowland that leads to Baie des Chaleurs. 

Glacial geology 

David et al. (1984) have summarized five principal ice flow 
directions which are, from the oldest to the youngest: (1) mostly 
radial outflow from the high mountains, (2) easterly from the 
west end of the peninsula, (3) southeasterly across the whole 
region, (4) east-northeasterly, and (5) northerly in the north. 

Various glacial and nonglacial materials occur at the surface 
over much of the study area (Chauvin, 1984; LaSalle, 1984). In 
addition, Chauvin and David (in press) observed in geological 
exploration pits additional sedimentary units overlying and 
including weathered bedrock. Glacial sediments are more 
abundant in the north but are locally present in the south as well 
(LaSalle and David, 1984). Across much of the region, however, 
they are difficult to identify in the field without excavating 
because of the rocky nature of the surficial rubble. Bedrock 
rubble or colluvium is the most common surficial material. 

Methods 

Field methods 

A hydraulic retro-excavator (back-hoe) was used to excavate 
72 pits, along three transects across the primary train (Fig. 35.3). 
The pits range from about 1 to more than 5 m in depth, most of 
them reaching into the upper few decimetres of the bedrock. At 
certain locations, the base of the glacial deposits was not reached 
owing to either their great thickness or their strongly blocky 
nature. In addition, some 23 of the already existing geological 
exploration pits were cleared of slump debris and studied. Of 
the newly excavated pits, 7 were too shallow for sampling and 
were only described, and only 1 pit was neither described nor 
sampled because it was judged to be unsafe. 

Samples were collected for geochemical, clay and heavy 
mineral, grain-size, and pebble lithological analyses. Samples 
for geochemical analysis were taken from the matrix of a deposit 
using plastic utensils and gloves to avoid contamination. All 
samples were stored in tightly closed plastic bags in the field to 
preserve their original moisture content. Every unit was 
sampled for geochemical analysis, and thick units were 
sampled at several levels. 

Laboratory methods 

A total of 241 geochemical samples were prepared in the 
Quaternary Laboratory of the Universite de Montreal, follow- 
ing the method of sample preparation used by the Sedi- 
mentology Laboratories of Terrain Sciences Division. These 
samples are presently being analyzed. Grain sizes analysis 
using a combined hydrometer-sieve technique has been done 
on a number of samples and will be statistically treated for the 
purpose of characterizing the various glacial and nonglacial 
sediments. Clay and heavy mineral analysis have not yet been 
performed on the few samples collected for this purpose. 
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Figure 35.3. Location of excavation sites along three transects across the granite train. 

Character and origin of the trains Origin 

Description 

Blocks of granite derived from the McGerrigle Mountains 
pluton have been found over plateau areas in all directions 
around the mountains. They occur (1) in two well defined linear 
trains, (2) as a blanket of lower concentration of erratics, (3) and 
as a region of sparse occurrence (Fig. 35.4). The two trains are 
located to the southeast and northeast of the source area, the 
blanket lies in a general northerly direction, and the area of 
sparse occurrence is to the west and southwest. The region of 
granite block occurrences was mapped by three different sur- 
veys which left three small areas on the west side of the moun- 
tains unmapped. 

The more important one of the two linear trains is oriented 
southeastward at about 160" and extends from the McGerrigle 
Mountains to Baie des Chaleurs. It is about 110 km long, 20 km 
wide in the northern half and more than 50 km wide near Baie 
des Chaleurs. The other train is oriented northeastward at about 
55" to 60" and extends from the mountains to the St. Lawrence 
estuary near Riviere-la-Madeleine. It is only 40 km long and 
about 22 km wide. 

The present pattern of dispersal of granite blocks in Gas- 
pesie is the combined result of at least three consecutive glacial 
phases (Chauvin et al., 1984; David and Lebuis, 1985). The 
earliest phase of granite dispersal probably occurred during an 
early, local ice cap-mountain glaciation event when blocks of 
granite were radially dispersed from the mountains. Because of 
the paucity of granite blocks in the west, it is presumed that no 
further transport of granite blocks occurred to the west at any 
other time. This early phase of glaciation was followed imme- 
diately by the southeastward transport of granite blocks by an 
ice sheet flowing southeastward to beyond the southern limit of 
the peninsula (LaSalle et al., 1985). This regional ice flow, on the 
one hand, formed the southeasterly oriented trans-Gaspesian 
train and, on the other hand, it also redistributed southeast- 
wards the earlier westward-transported blocks giving rise to the 
sparse granite block occurrences to the west. During the next 
glacial event that followed the breakup of the ice sheet along the 
St. Lawrence estuary-gulf system, ice flow changed from south- 
easterly to northeasterly, and the granite blocks which had 
already been entrained in the ice, were rerouted northeastward 
forming the second train. A later northward shift in ice flow 
formed the blanket of low concentration in the north. 



Flgure 35.4. Dispersal of granite blocks from the McGerrigle Mountains, showing the granite trains and 
adjacent areas of low granite erratic concentration. 

Chauvin et al. (1984) suggested and later Chauvin and 
David (in press) have demonstrated that in certain parts of the 
region, local topography controlled the glacial acquisition of 
debris for long distance transport. They have shown that those 
lithologies that formed positive relief and projected well above 
the general level of the surrounding ground surface were 
eroded the most and transported the farthest, indicating lesser 
basal activity in the glacier over low-lying areas, and more 
rigorous flow at higher levels. 

Sub-train stratigraphy 

Sedimentary facies and their origin 

Excluding the unaltered bedrock, 12 distinct sedimentary 
units have been identified in the various excavation pits (Table 
35.1). Their regional distribution along the three transects is 
shown through selected sections in Figure 35.5. While at most 
sites a sequence of only 4 or 5 units can be observed, locally 
there are as many as seven. These have been identified and 
characterized by a series of sedimentary and structural param- 
eters (Table 35.1) and by their relative stratigraphic positions 
(Table 35.2). 

The bedrock exposed at the base of most pits varies from 
place to solid fractured, or fracture-filled with injected glacial 
matrix. 

Saprolite, still showing the original structure of the rock 
(Fig. 35.6) and containing altered core-stones, is found at a 
number of locations. 

The various till facies have been distinguished from one 
another on the basis of their degree of maturity reflected in their 
sedimentary and structural attributes, the relative proportion of 
clast and matrix fractions, and their relative stratigraphic posi- 
tion (Fig. 35.7). Deformation till is the transitional sediment 
between fractured bedrock, with glacial matrix injected into the 
fissures, and basal till. Although matrix-filled fractures in the 
bedrock are not necessarily glacial in origin, deformation till 
exists when the rock fragments are disvlaced in the direction of 
glacial flow inferred fro; other source;, and the resulting sedi- 
ment has an appreciable quantity of fines. The sediment is 
referred to as basal till of local origin when much of its clast 
fraction has slightly rounded edges, has a principally clast- 
supported disposition, and incorporates a small proportion of 
distal lithologies. A basal till of distal origin has a larger propor- 
tion of matrix, becoming principally matrix-supported, has 
some subrounded clasts, and a larger proportion of distal 
lithologies. The processes of glacial deformation and reworking 
forming these deposits also affected the saprolites. At one site, 
a red and yellow saprolite is overlain by a till of the same 
lithological composition without any erratics; the clasts in that till 
consisted of well rounded "fragments" of either one of the promi- 
nently coloured units and were emplaced in a homogeneously 
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Figure 35.5. Stratigraphic profiles showing the correlation of sedimentary units along the three transects. 



Table 35.1. Sedimentary and structural attributes of the various sedimentary units 

Table 35.2. Stratigraphic sequence within the study area 

Interpretation 

coUuvium 

talus deposit 

glaciofluvial 
deposit 

supraglacial 
avalanche 
deposit 

train deposit 

ablation till 

basal melt-out 
till 

basal till 
(distal) 

basal till 
(local) 

deformation till 

colluvium 
(preglacial) 

saprolite 

L: loose 
C: compact SAN: subangular MS: matrix supported PL: polylithologic 
v: very RON: rounded ALL: allochtone 

LC: variable SRO: subrounded AUT: autochtone 

Compactness 

v L, L 

L 

L 

L, C 

- 

L 

c ,  L 

C, v C 

C, v C 

C, v C 

L, c 

Va 

CS: clast supported 

Thickness 
(m) 

0.2-1.5 

4 . 0  

<2.0 

4 . 6  

- 

0.2-1.0 

0.2-1.5 

0.2->2.0 

0.2-3.5 

0.3-0.5 

0.2-1.5 

0.2->3.2 

ANG: angular 

No. 

4 b  

4 a 

3 j 
3 i 

3 h  

3 g 
3 f 

3 e 

3 d 

3 c 

3 b  

3 a 

2 b  

2 a 

1 c 

l b  

1 a 

Sediment 

tY Pe 

diarnict 

blocks 

gravel 
and sand 

blocks 

blocks 

diamict 

diamict 

diamict 

diamict 

diamict 

diamict 

sand, clay 

Stratrigraphic Sequence 

Interpretation 

colluvium 

talus deposit 

supraglacial avalanche deposit 

glaciofluvial deposit 

train deposit 

ablation till 

basal melt-out till 

glaciofluvial deposit 

basal till (distal) 

basal till (local) 

deformation till 

glaciofluvial deposit 

colluvium 

saprolite 

bedrock 

Sediment 

polylithological diamict 

blocks, monolithologic 

blocks, monolithologic 

gravel and sand 

blocks, monolithologic 

diamict, polylithologic 

diamict, polylithologic 

gravel and sand 

diamict, polylithologic 

diamict, monolithologic 

diamict, monolithologic 

gravel and sand 

diamict, monolithologic 

sand, clay 

fractured bedrock 
with glacial matrix 

fractured bedrock 
without glacial matrix 

solid bedrock 

Description of sediments 

Age 

POST- 

GLACIAL 

GLACIAL 

PRE- 
GLACIAL 

composition 

silty sand, 
sand 

sand, silt 

sand, 
silty sand 

sand 

- 

sand, 
silty sand 

sand, 
silty sand 

silty sand, 
clayey silt 

silty sand, 
clayey silt 

silty sand, 
clayey silt 

sand, silt 

sand, clay 

roundness 

SAN, SRO 
ANG 

ANG 

SRO, RON 

ANG, SAN 

RON, SRO 

SRO, SAN, 
RON 

SRO, SAN 

SAN, SRO 

ANG, SRO 

almost ANG 

ANG 

- 

ML: 

lithology 

PL 

ML 

PL 

almost ML 

ML 

PL 

PL 

PL 

almost ML 

ML 

almost ML 

ML 

Matrix 

structure 

granular 

- 

- 

little fissile 

fissility 
5-10 mm 

fissility 
1-5 mm 

fissility 
1-5 mm 

weak fissility 

bedded 

stratified 

other 

preferred 
orientation 

rare ALL 

ALL 

ALL 

ALL 

ALL 

layers 

preferred 
orientation 

striated, 
almost AUT 

striated, 
AUT blocks 

fractured 
AUT blocks 

preferred 
orientation 

core-stones 

diam. (m) 

<0.3 

<0.5 

<0.4 

10.5 

<6 

<0.5 

<0.4 

<0.4 

<2 

- 

<0.3 

- 

monolithologic 

other 

homogenous 

little 
abundant 

sand layers 

little 
abundant 

- 
sand and 
granule 

granule 
lenses 

compact 

compact 

compact 

Clast 

disposition 

MS, CS 

CS 

CS 

CS 

at surface 

CS, MS 

MS 

MS 

MS, CS 

CS 

CS 

- 



Figure 35.6. Section GP-85-07-04-03, showing colluvium Figure 35.7. Section GP-85-07-17-07, showing basalmelt-out 
over glaciofluvial gravel over local basal till, overlying saprolite. till over distal basal till, overlying fractured bedrock with glacial 
Inclination of the bedrock strata towards the left is still visible. matrix filling the fissures. 

coloured clayey matrix. Even though ma*-supported, this till 
was interpreted as a basal till of local origin because of its 
lithological composition. It was matrix-supported only because 
of the softness of the easily eroded material. 

Even though only some of these till facies occur together at 
any one site, going from one location to another, one can ob- 
serve the results of the glacial erosional and comminution pro- 
cesses that must have acted at and near the base of the glacier. 
The local, patchy preservation of thick saprolites suggests that, 
within the study area, the base of the glacier was mostly inactive 
and locally may have been frozen to its base. The reduced 
activity led to the preservation of the several till facies that 
represent the different phases of basal erosion, entrainment, 
and comminution processes. 

Basal melt-out till is strongly fissile, has a sandy matrix and 
almost invariably contains well rounded granite clasts and 
some of local lithologies. Locally, it has layers of sand and shows 
a colour banding. In places, it is underlain by glaciofluvial 
gravels. It is suggested, that the debris which formed the melt- 
out till was transported in an englacial position just above the 
basal load and, while incorporating parts of that load, it still 
remained distinct as an englacial unit. Ablation till is rare in the 
study pits but occurs at the surface within the study area. Its 
surficial equivalent, the train deposits are, however, omnipre- 
sent. They have been omitted from the sections showninFigure 
35.5. Figure 35.8 shows, in a schematic form, a model for the 
formation of the above glacial lithofacies. 

A supraglacial avalanche deposit has been observed at the 
west end of the two Sullipeck transects. It consists mostly of 
angular clast-sized particles of one erratic rock types with rare, 
subrounded particles of another erratic rock type. The deposit 
occurs on the south side of a gently sloping small hill that is 

separated from the source area to the north by a large low. The 
supraglacial origin for the deposit is based on its geographical 
location and on its lithological attributes. 

Postglacial colluvium is omnipresent and its thickness va- 
ries only slightly from site to site. Its preglacial equivalent is 
distinguished from it by its relative position and greater com- 
pactness. 

Glaciofluvial deposits occur in relatively great thickness at 
the base of two excavations, bothlocated in majorvalleys, and as 
thin beds elsewhere, separating the various till facies. They are 
composed generally of well rounded particles and are poly- 
lithologic in nature. 

Stratigraphic disposition 

Preglacial materials include the various forms of the bed- 
rock, its altered equivalent, saprolites, and overlying col- 
luvium. All three units are fairly common to widespread in the 
study area. 

A basal till predating till of the last glaciation is found at one 
location along the Lac Sainte-Anne road transect (Figure 35.5). 
The till is overlain by colluvium which is overlain by sediments 
of the last glaciation. The pre-last till glacial unit seems to show 
evidence of weathering, though it has not been fully investi- 
gated yet. 

At the west end of the same transect, and in the eastern half 
of the Sullipeck North transect, highly inclined stratified 
glaciofluvial deposits occur. Because they show no evidence of 
weathering, they are interpreted as having originated from the 
early phase of ice cap-mountain glaciation and may, in fact, 
delimit the extent of that glacial expansion. 
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Figure 35.8. Schematic representation of the processes involvedin the formation of the glacial lithofacies 
of the area. 

Conclusions 

A number of preglacial, glacial, and postglacial strat- 
igraphic units have been identified from excavations made 
across the southeasterly oriented McGerrigle Mountains gran- 
ite train in central Gaspesie. The various units differ from one 
another in their sedimentary, compositional, and stratigraphic 
attributes. It is believed that these differences will be reflected in 
the distribution patterns of the ten trace elements for which 
these units are being analyzed and that they will help determine 
the role of glacial ice in trace element dispersal in the stream 
sediments in Gaspesie. 

Future field work in the region includes further excavations 
along the rest of the principal train and along two transects 
across the secondary train to the northeast. 
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Abst rac t  

The Blind Fiord Formation is a Lower Triassic shale/si l tstone unit tha t  occurs  within t he  
Sverdrup Basin. The format ion is divisible in to  t h ree  members,  formally named in ascending order:  
Confederation Point, Smith Creek,  and Svartfjeld.  Each member  consists predominantly of shale  in 
i t s  lower portion and si l tstone in i t s  upper portion. 

The Bjorne Formation is a sandstone-dominant unit tha t  occurs  on t h e  basin margins,  and is  
stratigraphically equivalent t o  t he  Blind Fiord Formation.  Along the  ea s t e rn  and southeas tern  basin 
margins two shale/si l tstone uni ts  occur  within t h e  formation,  allowing f ive  members  t o  be  
recognized. The sandstone-dominant members  a r e  formally named in ascending order:  C a p e  Butler,  
Pel l  Point and Cape  O'Brien. The intervening shale/si l tstone members  a r e  corre la ted  with t h e  Smith 
Creek  and Svartfjeld members.  

The s t ra t igraphic  nomencla ture  r e f l ec t s  t h e  occurrence  of t h r e e  major  transgressive-regressive 
cycles  in t h e  Lower Triassic of Sverdrup Basin. 

La formation d e  Blind Fiord e s t  une unit6 d e  schis te  argileux e t  a leurol i te  du Tr ias  i'nf6rieur qui 
s e  t rouve dans  le bassin d e  Sverdrup. La format ion s e  divise en  t ro is  membres  qui po r t en t  l e s  noms 
officiels suivants, donnes en  ordre  ascendant:  Confedera t ion  Point, Smith Creek  et Svartfjeld.  La 
pa r t i e  inf6rieure d e  chaque membre  se  compose  su r tou t  d e  schis te  argileux e t  la pa r t i e  superieure,  
d'aleurolite. 

La format ion d e  Bjorne, compos6e su r tou t  d e  grbs, s e  t rouve en  bordure du bassin; e l l e  est 
I16quivalent stratigraphique d e  la format ion d e  Blind Fiord. La format ion comprend deux uni tes  d e  
schis te  argileux e t  a leurol i te  l e  long des  marges  e s t  e t  sud-es t  du bassin, c e  qui pe rme t  d ' identifier  
cinq membres.  Les noms officiels des  membres ,  compos6s sur tout  d e  grbs, sont  donn6s e n  o rd re  
ascendant:  Cape Butler, Pel l  Point e t  Cape  O'Brien. Les membres  in terca la i res  d e  schis te  argileux 
e t  a leurol i te  sont mis e n  corrdla t ion  avec  les membres  d e  Smith Creek  e t  d e  Svartfjeld. 

La nomenclature stratigraphique t radui t  la presence  d e  trois grands  cycles  d e  transgression- 
regression dans le Trias inferieur du bassin d e  Sverdrup. 



Introduction 

Lower Triassic s t r a t a  a r e  widespread in the  Sverdrup 
Basin (Fig. 36.1) and a r e  assigned t o  e i ther  t h e  Bjorne or  
Blind Fiord formations (Tozer, 1961, 1963a, b). The Bjorne 
Formation consists predominantly of f ine  t o  medium grained 
sandstone and occurs along the  southern and eas t e rn  margins 
of t h e  basin, both in outcrop and the  subsurface. The Blind 
Fiord Formation consists mainly of shale and sil tstone with 
lesser amounts of very fine grained sandstone. The format ion 
forms t h e  basal portion of the  Triassic succession on the  
basin margins where  i t  underlies t h e  Bjorne Formation and 
thickens basinward t o  comprise t h e  ent i re  Lower Triassic 
succession over much of the  basin (Fig. 36.1). Outcrops of 
t h e  format ion a r e  common on northern and western  Axel 
Heiberg Island, and i t  occurs in t h e  subsurface over t h e  
centra l  and western  Sverdrup Basin. Numerous surface  and 
subsurface sections of t hese  formations have been examined 
and form t h e  basis for  th is  paper (Fig. 36.1). 

Outcrop studies of the  Blind Fiord Format ion on 
northern Ellesmere and Axel Heiberg islands have revealed 
t h a t  in those areas ,  t he  formation can be divided in to  t h r e e  
members. Each member,  which i s  usually hundreds of metres  
thick, consists of a lower, shale-dominant portion and a n  
upper, siltstone-dominant portion. These members  a r e  
formally defined herein. 

Subsurface and outcrop studies of t he  Bjorne Formation 
have led t o  t h e  recognition of five, distinctive,  lithologic 
units within t h e  formation; t h r e e  sandstone units and t w o  

shale/sil tstone units. The sandstone units a r e  formally 
defined a s  members herein and the  intervening shale  units a r e  
assigned member  names t h a t  a r e  defined fo r  t h e  Blind Fiord 
Formation. 

Previous work 

Tozer (1963a) defined t h e  Blind Fiord Format ion on the  
basis of fieldwork done during Operation Franklin in 1955. 
He established a type  sect ion north of Blind Fiord on south- 
western  Ellesmere Island. At th is  locality, t h e  format ion is  
about 1100 m thick and consists of green-grey shale,  s i l t s tone 
and very fine grained sandstone. During Operation Franklin, 
t he  formation was also examined by Souther (1963) a t  
Buchanan Lake on eas t -centra l  Axel Heiberg Island and 
McMillan (1963) on nor thwestern  Axel Heiberg. Subsequent 
s tudies  by R. Thorsteinsson and E.T. Tozer on Ellesmere and 
Axel Heiberg islands in t h e  l a t e  f i f t ies  and ear ly  s ix t ies  
established the  presence of t h e  formation on t h e  northern 
portions of those islands (Tozer,  1 9 6 3 ~ ) .  At a l l  locali t ies,  t he  
Blind Fiord Formation consists of interbedded shale  and 
s i l t s tone with minor, very  f ine  grained sandstone. I t  overlies 
Permian s t r a t a  and is  overlain by black, phosphatic shale  of 
t h e  Murray Harbour Format ion (Blaa Mountain Group). 
Paleontological s tudies  of t h e  Blind Fiord Formation (Tozer, 
1961, 1965a, b, 1967) indicate  t h a t  t he  en t i r e  Lower Triassic 
is  represented in t h e  formation, and Tozer (1965a, 1967) used 
the  ammoni te  zonation established in t h e  format ion t o  e r e c t  
four new s t ages  fo r  t h e  Early Triassic. 

Figure 36.1. Distribution of Lower Triassic s t r a t a  and control  points. Key t o  wells listed in Appendix: 

1. Satell i te F-68 6.  Cornwall  0 - 3 0  
2. Brock C-50 7. Depot Point L-24 
3. Drake Point D-60 8. Fosheim N-27 
4. Sutherland 0 -23  9. Neil 0-15 
5. Isachsen 5-37 



Moore (1981) briefly described the  Blind Fiord 
Formation a t  t h ree  locali t ies on northern Ellesmere Island 
and noted tha t  sandstone content  increased toward the  eas t .  

The only published subsurface description of t h e  Blind 
Fiord Formation is by Balkwill and Roy (1977) of a partial  
section drilled in t h e  King Christian N-06 well on King 
Christian Island. 

None of the  above authors a t t empted  t o  
stratigraphically subdivide the  Blind Fiord Formation. 
However, Tozer ( 1 9 6 3 ~ )  noted tha t  black shale  is a 
component of t h e  upper par t  of t h e  Blind Fiord Formation a t  
Smith Creek on northwestern Ellesmere Island. At other 
locali t ies Tozer (1 963c, 1965a) assigned black shales 
stratigraphically equivalent t o  those a t  Smith Creek t o  the  
overlying Blaa Mountain Formation. In this paper, t hese  
shales a re  placed in the  Blind Fiord Formation. 

Tozer (196313) also defined the  Bjorne Formation f rom 
studies completed during Operation Franklin. He established 
a type section on Bjorne Peninsula, southwestern Ellesmere 
Island, where  the  formation is 500 m thick and consists 
mainly of fine t o  medium grained sandstone. Tozer also 
examined the  Bjorne Formation at Trold Fiord (Tozer, 1963d) 
and Cameron Island (Tozer, 1963e) during Operation Franklin. 
Subsequent fieldwork by Tozer and Thorsteinsson established 
t h e  presence of t h e  format ion on Table Island (Tozer, 19611, 
cen t r a l  and northern Ellesmere Island (Tozer, 1 9 6 3 ~ )  and 
northern Melville Island (Tozer and Thorsteinsson, 1964). A 
detailed study of the  Bjorne Formation on Melville Island was 
completed by Tret t in  and Hills (1966) a s  a result  of t h e  
in teres t  in the  t a r  sands t h a t  occur in t h e  format ion in t h a t  
area .  

Nassichuk and Chris t ie  (1968) described the  format ion 
in t h e  Tanquary Fiord a r e a  of northern Ellesmere Island. Roy 
(1972) briefly summarizes  his studies of t h e  Bjorne Formation 
on southern and cen t r a l  Ellesmere Island. Roy's field notes 
also contain much valuable d a t a  on t h e  Bjorne and Blind Fiord 
formations on Ellesmere Island. These d a t a  have been 
incorporated in to  this study. 

Subsurface occurrences of the  Bjorne Formation in the  
Skybattle Bay C-15 well on Lougheed Island have been briefly 
described by Balkwill e t  al. (1982), and, in the  western 
Sverdrup by Henao-Londono (1 977). 

Present work 

Tozer (1970) summarized t h e  Lower Triassic 
stratigraphy of t h e  Sverdrup Basin and demonstra ted  t h a t  t h e  
sand-rich Bjorne Formation of t h e  southern and eas t e rn  basin 
margins passes basinward in to  t h e  argil laceous Blind Fiord 
Formation. My s tudies  have confirmed this, and i t  has been 
found t h a t  a thin unit of Blind Fiord Formation occurs  at t h e  
base  of t he  Lower Triassic succession on t h e  basin margins. 

Numerous s t ra t igraphic  sect ions  have been measured 
through t h e  Blind Fiord Formation on northern Ellesmere 
Island and Axel Heiberg Island (Fig. 36.1). Three members  
a r e  recognizable in t h e  formation. Each member  consists of 
shale  in t h e  lower portion with sil tstone dominant in t h e  
upper portion (Fig. 36.2, 36.3). These th ree  members  a r e  
formalized in th i s  paper and a r e  named, in ascending order:  
Confederation Point,  Smith Creek,  and Svartfjeld members  of 
t h e  Blind Fiord Formation. 

GRIESBACH CAPE LINDSTROM SPATH SMITH HEAD 
A 

CREEK go km STALLWORTHY 60 km CREEK 20 km CREEK 40 km CREEK 85 km OTTO FIORD 

o horizontal scale 

Siltstone dominant ,, .. .. 
,, .. .. 
-- 

Shale dominant -- -- Datum - Top Blind Fiord Fm 

Figure  36.2. St ra t igraphic  cross-section, Blind Fiord Formation, nor theas tern  Sverdrup Basin. 



Figure 36.3. Blind Fiord Formation a t  head of Ot to  Fiord, 
northern Ellesmere Island. 

1. Confederation Point Member 
2. Smith Creek Member 
3. Svartfjeld Member 
4. Murray Harbour Formation 

On t h e  basin margins, t h e  thin unit of Blind Fiord 
Formation a t  t h e  base of t h e  Lower Triassic succession i s  
assigned t o  t h e  Confederation Point Member and i t  i s  over- 
lain by t h e  Bjorne Formation. In many surface  and sub- 
surface  sect ions  of t h e  Bjorne Formation, t w o  shale/sil tstone 
units occur within t h e  formation, allowing i t  t o  be divided 
into five subdivisions (Fig. 36.4, 36.5). The t h r e e  sandstone- 
dominant units a r e  formally recognized herein a s  members of 
the Bjorne Formation and a r e  named, in ascending order:  
Cape  Butler, Pel1 Point and C a p e  O'Brien. The intervening 
shale  units, which represent  tongues of t he  Blind Fiord 
Formation, a r e  assigned member  names defined for t h e  Blind 
Fiord Formation: Smith  Creek and Svartfjeld (Fig. 36.6). 
However, i t  i s  important  t o  no te  t h a t  i n  th is  case  t h e  Smith 
Creek and Svartfjeld members  a r e  pa r t  of t h e  Bjorne 
Formation. 

The tops fo r  t h e  new members  f rom selected wells i n  
t h e  Sverdrup Basin a r e  l isted in t h e  Appendix. Well cut t ings  
taken at t h r e e  m e t r e  in tervals  f rom t h e  type  sections of t h e  
new members of t h e  Bjorne Formation can ,be examined a t  
t h e  Ins t i tu te  of Sedimentary and Petroleum Geology, 
Calgary,  Alberta. 

Confederation Point Member, Blind Fiord Formation 

Definition 

The Confederation Point Member consists of medium t o  
dark grey, silty shale with interbeds of argil laceous s i l t s tone 
t h a t  become more  common upward. The type  sect ion i s  i n  an  
unnamed creek 2 km nor th  of Smith  Creek  on  Svartfjeld 
Peninsula, northwestern Ellesmere Island (80°37'30"N; 
87'39'W) (Fig.36.7). The member  i s  named fo r  
Confederation Point, which i s  4 km t o  t h e  southeas t  of t h e  
type  section. 

Boundaries 

The Confederation Point Member abruptly overlies 
various Permian s t r a t a ,  including glauconitic sandstone of t h e  
Trold Fiord Formation, bioclastic l imestone of  t h e  Degerbols 
Formation and argil laceous c h e r t  of t h e  Van Hauen 
Formation. The s o f t  grey shale  of the  Confederat ion Point 
contras ts  sharply with t h e  Permian rock types  and t h e  
con tac t  is placed a t  t h e  base of the  f i r s t  uni t  of sof t ,  medium 
t o  dark grey shale. The con tac t  is  unconformable on the  
basin margins and becomes conformable within t h e  basin. In 
the  basin, t h e  Confederation Point Member is conformably 
overlain by the  Smith Creek Member of t h e  Blind Fiord 
Formation, and the  con tac t  i s  placed a t  t h e  top  of t h e  highest 
si l tstone unit above which s o f t  shale i s  t h e  predominant rock 
type. On t h e  basin margins t h e  member  i s  conformably 
overlain by t h e  Bjorne Formation (usually C a p e  Butler 
Member) and t h e  c o n t a c t  i s  placed a t  t h e  base  of t h e  f i r s t  
sandstone above which sandstone i s  predominant. 

Lithology 

At t h e  type  section, t h e  lower 300 m consists of 
medium grey, silty shale  with thin, widely spaced sil tstone 
interbeds.  In t h e  upper 175 m of the  member ,  s i l t s tone units, 
which a r e  parallel  laminated t o  burrowed and up  t o  50 rn 
thick,  occur interbedded with the  grey shale. This descrip- 
tion applies t o  t h e  member  over the  nor thern  Ellesmere-Axel 
Heiberg area;  interbeds of very f ine  grained sandstone 
increase  t o  t h e  southeast .  

Thickness and distribution 

The Confederation Point Member occurs  on northern 
Ellesmere and Axel Heiberg islands, where  i t  i s  up  t o  525 m 
thick. The member  comprises the  en t i r e  Blind Fiord 
Formation on t h e  eas t e rn  and southern basin margins, where  
i t  underlies t h e  Bjorne Formation. Thicknesses in these  areas  
a r e  usually less than 100 m. The member  has  also been 
tenta t ively  recognized in wells in the  western  Sverdrup Basin. 

k 
The Confederat ion Point Member i s  dated a s  

Griesbachian and Dienerian on t h e  basis of ammoni tes  
col lec ted f rom the  member  on northern El lesmere  and Axel 
Heiberg islands (Tozer, 1965a). On t h e  basin margins, t h e  
member  i s  probably only Griesbachian. 

Environment of deposit ion 

The argil laceous lithologies, mar ine  fauna, and 
sedimentary  s t ruc tu res  all  suggest an  ou te r  shelf t o  mar ine  
slope environment of deposition for  t h e  member.  

Smith  Creek  Member, Blind Fiord Formation 

Definition 

The Smith Creek Member consists of medium t o  dark 
grey sil ty shale  with argil laceous s i l t s tone in terbeds  common 
in t h e  upper portion. The type  section is at t h e  head of an  
unnamed s t r e a m  2 km nor th  of Smith Creek on nor thwestern  
Ellesmere Island and i s  180 m thick (Fig. 36.7). The n a m e  i s  
t aken  f rom t h e  nearby Smith  Creek. 

Boundaries 

Within t h e  basin, t h e  Smith Creek Member conformably 
overlies t h e  Confederat ion Point Member a s  previously 
described. On t h e  basin margins, i t  conformably overlies t h e  
Cape  Butler Member of t h e  Bjorne Formation, and t h e  
con tac t  i s  placed a t  t h e  base of t he  lowest  shale/sil tstone 
unit above which shale  and sil tstone a r e  predominant. 



Figure 36.4. Stratigraphic cross-section, B jorne Formation, southeastern Sverdrup Basin. 



The Smith Creek Member in the  basin i s  overlain by the  
Svartfjeld Member. The con tac t  is placed a t  t h e  top of t h e  
highest si l tstone unit above which shale  is predominant. 
Marginward, i t  is overlain by t h e  Pell Point Member of t h e  
Bjorne Formation and t h e  contact  is placed a t  t he  top of the  
highest shale/sil tstone unit above which sandstone is t h e  
predominant lithology. 

Lithology 

At the  type  section, t h e  lower 85 m consists of medium 
t o  dark  grey shale  with a f e w  resistant,  parallel laminated 
s i l t s tone units in the  upper portion. A distinctive,  grey, 

Figure  36.5. Portion of Bjorne Formation a t  t he  Canyon 
Fiord locality with shale  and sil tstone of t h e  Smith Creek  
Member overlying sandstone of the  C a p e  Bu t l e r  Member and 
underlying sandstone of t h e  Pell  Point Member. 

bioclastic l imestone unit 0.5 rn thick with a rich ammoni te  
fauna caps t h e  lower portion of t h e  member.  The upper 95 rn 
consists of dark grey shale  with medium grey sil tstone units 
increasing in thickness and frequency upwards. In o the r  
sections,  s i l t s tone is  more  common and usually dominates t h e  
upper one half t o  t w o  thirds of t h e  member.  Interbeds of 
very  f ine  grained sandstone also occur  in these  sections. 
Sedimentary s t ruc tu res  in t h e  coarser  rock types  include 
parallel lamination, r ipple crosslamination and a variety of 
t r a c e  fossils. 

Thickness and distribution 

The Smith Creek Member is recognized in the  outcrop 
of Blind Fiord Formation on northern Axel Heiberg and 
Ellesmere islands, where  i t  is  u p  t o  320 m thick. The member 
also occurs along t h e  eas tern  and southeas tern  basin margins. 
I t  has been tenta t ively  recognized in wells in t h e  western  
Sverdrup. 

AfE 
Ammonites col lec ted on Ellesmere and Axel Heiberg 

islands indicate  a l a t e s t  Dienerian t o  Smithian a g e  fo r  t h e  
member (Tozer, 1965a). 

Environment of deposition 

An outer  shelf t o  mar ine  slope environment of deposi- 
tion is suggested by t h e  argil laceous lithologies and marine  
fauna. 

Svartfjeld Member, Blind Fiord Format ion 

Definition 

The Svartfjeld Member consists of medium grey t o  
black shale  with in terbeds  of si l tstone in t h e  upper portion of 
t h e  member. The type  section is  on Smith Creek in north- 
western  Ellesmere Island (801138'N; 87'37'W) where t h e  

NW SE 
CAPE SMITH MOUNT BAY 

STALLWORTHY, ,, ,, CREEK 40 km SCHUCHERT ,,, ,, FIORD 

- - - - - - - - - - - - - - - - - 
:---- - - - - - - - - - 

........ S a n d s t o n e -  = . . . . , . . , Sha le - s i l t s tone  D a t u m  Fiord  Fm. 
dominant  -- Lithologic m a r k e r  

Figure  36.6. Stratigraphic cross-section of Lower Triassic s t r a t a ,  northeastern Sverdrup Basin. 
Note  t h a t  Smith Creek and Svartfjeld a r e  members  of t h e  Blind Fiord Formation in t h e  north and 
become members of t he  Bjorne Formation to  the  south. 

33 4 



---- 
- - - - _  Shale: med grey 

. . . . . . . . . . . . . . . . . . . . . . . . . . , , . . . . . . , . . . . . , . . 
, . . . . . . . . , . . . . . . , . . . .. . ,  . ,  .. . .  ----- ---- ----- ---- ----- ---- 

---A- 

Shale: dk grey-black ---- ---- - - - -- - ---- ----- ---- ----- ---- ---- 
Confederation ?K-Z-~+ ---- ---- 

Point ----- ---- ---- ---- 
Mbr ---- 

---- Shale: medium grey; silty; 
---- ---- ---- thin siltstone interbeds; 

thin orange weathering ---- ---- slump folds common 
siltstone beds up to Blind Fiord -=-==+ ---- 

Fm ---- 
---- 
---- 
---- 
---- 
---- 
---- 
---- - - -- - ---- 
---- 
---- 
---- 
---- 
---- 
---- 
---- 
---- 
---- 
---- 
---- 
---- 
---- 
---- 

Smith Creek - - -  
Shale: dark grey; silty Van Hauen I"-"i"Ihert: black; arg; silty 

Fm l - L - A - l  
Limestone: numerous 

Interbedded Siltstone: I 1 1  

It grey; parallel laminated 80.40/,N Svartfjeld Peninsula 
t o  burrowed; 88Ooo'~ 

Ellesmere Island 

oft; silty Nansen Hare 

Siltstone: It grey; Fiord 
red weathering; 

. . . . . . . , . . 

. . . . . . . . , . Trmb - Murray Harbour Fm 
Pv - Van Hauen Fm 5)  km '10 
Trbl - Blind Fiord Fm 
S - Svartfjeld Mbr 
Sc - Smith Creek Mbr I type section 
Cp - Confederation Point Mbr 
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member is 327 m thick (Fig. 36.7). The member is named 
a f te r  Svartfjeld Peninsula, on which the type section is 
located. 

Boundaries 

Within the basin, the member conformably overlies the 
Smith Creek Member as has been previously described and is 
conformably overlain by the Murray Harbour Formation o f  
the Blaa Mountain Group (Embry, 1984). The upper contact is 
placed at the top o f  the uppermost siltstone unit, which is 
abruptly overlain by black, calcareous shale wi th  numerous 
phosphatic concretions. 

On the basin margins, the Svartf jeld Member 
conformably overlies the Pel l  Point Member o f  the Bjorne 
Formation and the contact is placed at  the top o f  the highest 
sandstone unit  above which shale and siltstone are 
predominant. The upper contact o f  the Svartf jeld Member is 
w i t h  the Cape OIBrien Member o f  the Bjorne Formation and 
is placed a t  the top o f  the highest shale/siltstone uni t  above 
which sandstone is the main rock type. 

Li thology 

A t  the type section, which l ies near the axis o f  the 
Sverdrup Basin, most o f  the member consists o f  black, s i l ty  
shale w i th  thin, orange weathering beds of calcareous 
siltstone. The siltstone beds are usually 20 cm thick, 
massive, and occur about every 10 m. In  the uppermost 
port ion o f  the formation, the siltstone units become thicker 
and more common. Toward the margins o f  the basin the 
shale becomes l ighter i n  colour - mainly medium to dark 
grey - and siltstone content increases, especially i n  the upper 
half  of the member. Interbeds o f  very f ine grained sandstone 
also begin t o  appear w i th in  the upper port ion o f  the member 
i n  marginal sections. Sedimentary structures wi th in  the 
siltstone and sandstone units are mainly paral lel  lamination 
and ripple crosslamination. 

Thickness and distr ibut ion 

The member is recognized mainly i n  the eastern and 
southeastern portions o f  the Sverdrup Basin and has also been 
ident i f ied i n  wells in  the western port ion o f  the basin. I t  
ranges f rom a few metres thick in  marginal sections to  up to  
400 m thick wi th in  the basin. 

Ammonites and pelecypods collected f r o m  the member 
on northern Ellesmere and Axel  Heiberg islands indicate that  
it ranges i n  age f rom latest Smithian t o  Spathian (Tozer, 
1965a; unpublished paleontological reports). 

Environment of deposition 

The argillaceous lithologies and the marine fauna 
suggest an outer shelf t o  slope environment o f  deposition. 
The presence o f  black shales wi th in  the basinal sections 
indicate that the bot tom waters were oxygen def icient in  this 
area. 

Cape Butler Member, Bjorne Formation 

Def in i t ion 

The Cape Butler Member consists predominantly o f  f ine 
to  medium grained sandstone w i th  interbeds o f  red, green o r  
grey shale and siltstone. The type section is i n  the Mob i l  

Cornwal l  0 - 3 0  we l l  (77°29'47"N, 94O38'58"W; spudded June 5 ,  
1979; abandoned October 14, 1979; T.D. 3584 m; K.B. 29.8 m) 
between 1203 m and 1430 m, and is 227 m thick (Fig. 36.8). 
The name is taken f r o m  Cape Butler on Cornwal l  Island, 
which is 28 k m  f rom the type well. 

Boundaries 

The member conformably overlies the Confederation 
Point Member o f  the Blind Fiord Formation as previously 
described and is overlain by the Smith Creek Member. This 
contact is placed a t  the top o f  the highest sandstone above 
which shale and siltstone become predominant (Fig. 36.8). 

Li thology 

A t  the type section, the member consists mainly o f  f ine 
to medium grained sandstone i n  units up t o  20 m thick. 
Interbeds o f  red, green or grey, s i l ty  shale and siltstone 
usually 2 m or less i n  thickness occur throughout the member. 
Coarsening-upyard cycles occur in  lowermost port ion o f  the 
member and fining-upward cycles are common throughout the 
remainder o f  the member. I n  outcrops on the basin margin, 
the predominant sedimentary structures are trough and 
planar crossbeds up t o  1 m thick. Ripple crosslamination, 
horizontal bedding and mudcracks also occur. Mud chip 
conglomerates are present a t  the base and w i th in  sandstone 
units. In more basinward sections o f  the member, burrows 
are common i n  association w i th  horizontal bedding and r ipple 
crosslamination. 

Thickness and distr ibut ion 

The member occurs along the southern and eastern 
basin margins except i n  the Melv i l le  Island area where the 
Bjorne Formation is undivided. It ranges in  thickness f rom a 
few metres near i t s  shale-out edge t o  a maximum of 375 m 
on Fosheim Peninsula, Ellesmere Island. 

* 
The member is dated as Griesbachian t o  Dienerian on 

the basis o f  the established ages o f  underlying and overlying 
shale/siltstone units. 

Environment o f  deposition 

The lithologies, cycles, and sedimentary structures 
indicate a spectrum of depositional environments f rom 
braided stream to  shallow marine shelf. Fluvial  strata 
dominate on the basin margin and are gradually replaced by 
shoreline t o  shallow marine strata basinward. 

Pe l l  Point Member, Bjorne Formation 

Def in i t ion 

The Pel1 Point Member consists mainly o f  f ine t o  
medium grained sandstone w i t h  interbeds o f  grey, green and 
red  shale and siltstone. The type section of the formation is 
in  the Mobi l  Cornwal l  0-30 we l l  between 1077 m and 1117 m 
and is 40 m thick (Fig. 36.8). The name is taken f rom Pel l  
Point on southern Cornwal l  Island. 

Boundaries 

The Pel l  Point Member conformably overlies the Smith 
Creek Member and is conformably overlain by the Svartf jeld 
Member as has been previously described. 



Lithology sandstone wi th only thin siltstone interbeds. Outcrops of 
similar lithology are dominated by trough crossbedding and 

At the type the lower 22 consists of horizontal bedding with burrows associated with thin 
interbedded, very fine to  fine grained sandstone, siltstone and argillaceous beds. 
shale with individual units usually less than 2 m thick. In 
outcrop similar lithological assbciations occur and the 
sandstone units are sharp-based and have horizontal bedding, Thickness and distribution 
ripple crosslamination and burrows. Shale and siltstone units The Pell Point Member occurs along the southern and 
are grey and green with red and eastern basin margins except in the Melville Island area, It is 
exhibit parallel lamination and bioturbation. The upper 18 m thickest near the edge of the basin and the maximum 
of the type section consist mainly of fine t o  medium grained 
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Ss: vf-fg; 
Siltstn: arg; 
Shale: grey; green 

Ss: white-It brn; 
vf-fg; quartzose; 
thin sikstn beds 

Siltstn: It brn-grey; 
argillaceous; 
thin interbeds of 
vfg ss and shale: 
rned grey; silty 

Figure 36.8. Lithology (from samples) and gamma ray curve for type sections of Cape Butler, 
Pell Point and Cape O'Brien members of the Bjorne Formation; Cornwall 0 -30  well. 



recorded thickness is  555 m (Fosheim Peninsula). The 
member thins basinward due t o  fac ies  change t o  shale  and 
sil tstone of t h e  Smith Creek Member (Fig. 36.6) and 
eventually disappears. 

& 
The Pel1 Point Member is dated a s  Smithian on t h e  basis 

of t he  established ages of t h e  enclosing shale units. 

Environment of deposition 

The portion of the  member tha t  consists of finely 
interbedded sandstone, si l tstone and shale  i s  of shallow shelf 
origin. The portion dominated by crossbedded sandstone is  of 
shoreface  t o  coas ta l  plain origin, and in some areas  includes 
thick braided s t ream deposits. 

C a p e  O'Brien Member, Bjorne Formation 

Definition 

The Cape O'Brien Member consists mainly of f ine  t o  
medium grained sandstone with thin interbeds of grey, green 
and red shale  and siltstone. The type  sect ion is t h e  Mobil 
Cornwall 0 - 3 0  well between 798 m and 1042 m, and i s  244 m 
thick. The name  i s  taken f rom Cape O'Brien on southwest 
Cornwall Island. 

Boundaries 

The member conformably overlies the  Svartfjeld 
Member a s  previously described and is overlain by t h e  Murray 
Harbour Formation. This con tac t  varies f rom conformable t o  
unconformable and is placed e i ther  a t  a n  obvious 
unconformity or  a t  t h e  top  of the  highest sandstone above 
which shale  and s i l t s tone predominate. 

Lithology 

At t h e  type  section, t he  member consists mainly of f ine  
t o  medium grained sandstone units up t o  25 m thick. 
Coarsening-upward units a r e  most common in t h e  lower 
portion of t h e  unit, and fining-upward cycles a r e  present in 
t h e  upper portion. Shale/siltstone units a r e  usually less  than 
3 m thick and occur throughout t h e  member. Colours range 
f rom grey through red and green. In outcrop, t h e  thick 
sandstone units a r e  dominated by trough crossbedding and 
horizontal bedding, with scour surfaces  and mud chip 
conglomerates also common. Ripple crosslamination, 
horizontal bedding and burrows occur in the  lower pa r t  of t he  
member in basin margin sections and throughout i t  near  i t s  
shale-out edge. 

Thickness and distribution 

The Cape  O'Brien Member occurs along t h e  ex ten t  of 
t h e  Bjorne Formation excep t  in t h e  Melville Island a rea ,  
where  t h e  Bjorne Formation is undivided. It is  th ickes t  
(500 m) in t h e  Fosheim Peninsula area.  It thins basinward d u e  
t o  fac ies  change t o  sha le  and s i l t s tone (Svartfjeld Member) 
and eventually shales out. 

!%? 
The member is dated a s  Spathian (possibly a s  old a s  

Smithian) on the  basis of i t s  equivalence with t h e  well  da t ed  
Svartfjeld Member. 

Environment of deposition 

lnterbedded sandstone, s i l t s tone and shale  ar ranged in 
coarsening-upward cycles and containing burrowed horizons 
a r e  mainly of shallow shelf t o  strandline origin. The cross- 
bedded sandstones, which a r e  associated with red shale  and 
siltstone, scour surfaces  and fining-upward cycles,  and which 
lack t r a c e  fossils a r e  in terpre ted t o  b e  of fluvial  origin. 

References  

Balkwill, H.R. and Roy, K.J. 
1977: Geology, King Christian Island, Dis t r ic t  of 

Franklin; Geological Survey of Canada, 
Memoir 386. 

Balkwill, H.R., Hopkins, W.S. Jr., and Wall, J.H. 
1982: Geology, Lougheed Island, Dis t r ic t  of Franklin; 

Geological Survey of Canada, Memoir 388. 

Henao-Londono, D. 
1977: Correlation of producing format ions  in Sverdrup 

Basin; Bulletin of Canadian Pet roleum Geology, 
V. 25, p. 969-980. 

McMillan, N.J. 
1963: Lightfoot River t o  Wading River;  & Geology of 

t h e  north-central  par t  of t h e  Arct ic  Archipelago, 
Northwest Territories (Operation Franklin), 
ed. Y.O. For t ier ;  Geological Survey of Canada, 
Memoir 320, p. 501-512. 

Moore, P.R. 
1981: Mesozoic s t ra t igraphy in t h e  Blue Mountains and 

Krieger Mountains, Northern Ellesmere Island, 
Arc t i c  Canada: a preliminary account;  & Current  
Research, P a r t  A, Geological Survey of Canada, 
Paper  81-lA, p. 95-101. 

Nassichuk, W.W. and Christie, R.L. 
1969: Upper Paleozoic and Mesozoic s t ra t igraphy in the  

Yelverton Pass region, Ellesmere Island, Dis t r ic t  
of Franklin; Geological Survey of Canada, 
Paper 68-31. 

Roy, K.J. 
1972: Bjorne Format ion (Lower Triassic), western  

Ellesmere Island; & Report  of Activities, 
Geological Survey of Canada, Paper  72- I A, 
p. 224-226. 

Souther, J.G. 
1963: Geological transverse across Axel Heiberg Island 

f rom Buchanan Lake t o  Strand Fiord; 4 Geology 
of t h e  north-central  pa r t  of t h e  Arct ic  
Archipelago, Northwest Territories (Operation 
Franklin), ed. Y.O. For t ier ;  Geological Survey of 
Canada, Memoir 320, p. 426-448. 

Tozer, E.T. 
1961: Triassic s t ra t igraphy and faunas,  Queen Elizabeth 

Island, Arc t i c  Archipelago; Geological Survey of 
Canada, Memoir 316. 

1963a: Blind Fiord; & Geology of the  north centra l  p a r t  
of t h e  Arct ic  Archipelago, Northwest Territories 
(Operation Franklin); Geological Survey of 
Canada, Memoir 320, p. 380-385. 

1963b: Northwestern Bjorne Peninsula; & Geology of the  
north cen t r a l  pa r t  of t h e  Arc t i c  Archipelago, 
Northwest Territories (Operation Franklin); 
Geological Survey of Canada, Memoir 320, 
p. 363-370. 



Tozer, E.T. (cont.) 
1963c: Mesozoic and Tertiary stratigraphy, western 

Ellesmere Island and Axel Heiberg Island, District 
of Franklin; Geological Survey of Canada, 
Paper 63-30. 

1963d: Trold Fiord; & Geology of the north central part 
of the  Arctic Archipelago, Northwest Territories 
(Operation Franklin); Geological Survey of 
Canada, Memoir 320, p. 370-379. 

1963e: Northwestern Cameron Island; & Geology of the 
north central part of the  Arctic Archipelago, 
Northwest Territories (Operation Franklin); 
Geological Survey of Canada, Memoir 320, 
p. 639-644. 

1965a: Lower Triassic stages and ammonoid zones of 
Arctic Canada; Geological Survey of Canada, 
Paper 65- 12. 

Tozer, E.T. (cont.) 
1965b: Latest Lower Triassic ammonoids from Ellesmere 

Island and northeastern British Columbia; 
Geological Survey of Canada, Bulletin 123. 

1967: A standard for Triassic time; Geological Survey of 
Canada, Bulletin 156. 

1970: Geology of the  Arctic Archipelago, Mesozoic; 
in Geology and Economic Minerals of Canada, - 
ed. R.W. Douglas; Geological Survey of Canada, 
Economic Geology Report 1, p. 574-583. 

Tozer, E.T. and Thorsteinsson, R. 
1964: Westerr) Queen Elizabeth Islands, Arctic 

Archipelago; Geological Survey of Canada, 
Memoir 332. 

Trettin, H.P. and Hills, L.V. 
1966: Lower Triassic t a r  sands of northwestern Melville 

Island, Arctic Archipelago; Geological Survey of 
Canda, Paper 66-34. 



APPENDIX 

Stratigraphic tops  from selected wells, Blind Fiord and Bjorne formations.  Location of wells 
shown in  Figure 36.1. 

BP Sate l l i te  F-68 Horn River Depot Point L-24 

Bjorne Formation Bjorne Formation 3 2 9 m  ( 1 0 8 0 f t )  
Cape OIBrien Member 1165 m (3822 f t )  Blind Fiord Formation 621 m (2039 f t )  
Svartfjeld Member 1189 m (3900 f t )  Thrust f au l t  ? 822 m (2696 f t )  
Pel1 Point Member 1302 m (4272 f t )  Bjorne Formation 822 m (2696 f t )  
Smith Creek Member 1418 m (4651 f t )  Blind Fiord Formation 864 m (2835 f t )  
Cape Butler Member 1 5 0 6 m  (4941f t )  Thrust f au l t  1507 m (4945 f t )  

Blind Fiord Formation Bjorne Formation 1507 m (4945 f t )  
Confederation Point Member 1 8 5 4 m  (6082f t )  Blind Fiord Formation 1740 m (5710 f t )  

Trold Fiord Formation 1860 m (6101 f t )  Thrust f au l t  1971 m (6468 f t )  
Bjorne Formation 1971 m (6468 f t )  

Panarct ic  Drake Point L-67 Blind Fiord Formation 2100 m (6889 f t )  
Van Hauen Formation 3608 m (11837 f t )  

Bjorne Formation 1561 m (5123 f t )  
Blind Fiord Formation Panarct ic  Fosheim N-27 

Confederation Point Member 2874 m (9428 f t )  
Van Hauen Formation 3134 m (10282 f t )  Bjorne Formation 

Cape OIBrien Member 688 m (2257 f t )  
Panarct ic  Brock C-50 Svartfjeld Member 1230 m (4037 f t )  

Pel1 Point Member 1244 m (4082 f t )  
Bjorne Formation Smith Creek Member 1835 m (6021 f t )  

Cape OIBrien Member 446 m (1463 f t )  Cape Butler Member 1997 m (6551 f t )  
Blind Fiord Formation Thrust f au l t  213211-1 (6995f t )  

Svartfjeld Member 494 m (1620 f t )  Pel1 Point Member 21 32 m (6995 f t )  
Smith Creek Member 795 m (2608 f t )  Smith Creel< Member 2419 m (7936 f t )  
Confederation Point Member 1062 m (3485 f t )  Cape Butler Member 2568 m (8425 f t )  

Degerbols Formation 1658 m (5438 f t )  Blind Fiord Format ion 
Confederation Point Member 3002 m (9850 f t )  

Dome Sutherland 0 - 2 3  Van Hauen Formation 3608 m (11837 f t )  

Blind Fiord Formation Gulf Neil 0- 15 
Svartf jeld Member 1 9 1 7 m  (6290f t )  
Smith Creek Member 2831 m (9287 f t )  Bjorne Formation 
Confederation Point Member ? Cape O'Brien Member 1098 m (3601 f t )  

Svartfjeld Member 1202 m (3945 f t )  
Panarct ic  Isachsen 3-37 Pel1 Point Member 1255 m (4117 f t )  

Smith Creek Member 1490 m (4887 f t )  
Blind Fiord Formation Cape Butler Member 1508 m (4946 f t )  

Svartf jeld Member 1477 m (4846 f t )  Blind Fiord Formation 
Smith Creek Member 1796 m (5891 f t )  Confederation Point Member 1 5 7 9 m  (5180f t )  
Confederation Point Member 1984 m (6510 f t )  Thrust f au l t  1964 m (6442 f t )  

Degerbols Formation 2530 m (8301 f t )  Bjorne Formation 
Cape  Butler Member 1964 m (6442 f t )  

Mobil Cornwall 0 - 3 0  Blind Fiord Formation 
Confederation Point Member 1990 m (6530 f t )  

Bjorne Formation Trold Fiord Formation 2353 m (7720 f t )  
Cape OIBrien Member 798 m (2618 f t )  
Svartfjeld Member 1042 m (3419 f t )  
Pel1 Point Member 1077 m (3534 f t )  
Smith Creek Member 1177 m (3862 f t )  
Cape  Butler Member 1203 m (3947 f t )  

Blind Fiord Formation 
Confederation Point Member 1430 m (4692 f t )  

Van Hauen Formation 1638 m (5374 f t )  
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Abstract 

The Awingak Formation is a sandstone-dominant un i t  o f  Oxfordian t o  Tithonian (Late Jurassic) 
age and i t  occurs i n  the eastern and southeastern port ion o f  the Sverdrup Basin. Throughout most o f  
i t s  extent, three members can be recognized wi th in  the formation: a lower sandstone, a medial 
shale/siltstone, and an upper sandstone. These three members are given fo rma l  status and are named, 
i n  ascending order: Cape Lockwood, H o t  Weather and Slidre members. 

Correlat ion o f  the three members o f  the Awingak Formation and the underlying Ringnes 
Formation w i t h  sections on western Melv i l le  Island and Prince Patr ick Island, has revealed that s t ra ta 
previously assigned t o  the upper port ion of the Hiccles Cove Formation are stratigraphically 
equivalent to the Ringnes Formation and the Cape Lockwood Member of the Awingak Formation. In 
order to  achieve a consistent stratigraphic nomenclature for  the Middle-Upper Jurassic succession o f  
the Sverdrup Basin, the upper boundary o f  the Hiccles Cove Formation is redefined t o  exclude st rata 
equivalent t o  the Ringnes and Awingak formations f rom the Hiccles Cove. 

La formation dlAwingak, qui se trouve dans les parties est e t  sud-est du bassin de Sverdrup, est 
une unite composee surtout de grbs dlbge oxfordien A t i thonien (Jurassique sup6rieur). Trois mernbres 
sont identif ies sur presque toute I1Btendue de la  formation: un grbs inferieur, un  schiste argileux e t  
aleurol i te median e t  un grhs superieur. Ces trois membres of f ic ie ls  portent les noms suivants, donnes 
en ordre ascendant: Cape Lockwood, H o t  Weather e t  Slidre. 

L a  mise en corrblat ion des trois membres de l a  formation dtAwingak et  de l a  formation sous- 
jacente de Ringnes avec des colonnes stratigraphiques dans la part ie ouest de l ' l le Melvi l le e t  dans 
ll i le Prince-Patrick montre que les strates auparavant attribuees A l a  par t ie  superieure de la 
formation de Hiccles Cove sont I'bquivalent stratigraphique de la  formation de Ringnes e t  du mernbre 
de Cape Lockwood de l a  formation dlAwingak. A f i n  d18tablir une nomenclature stratigraphique 
homogene pour l a  succession du Jurassique moyen i supgrieur du bassin de Sverdrup, l a  l i m i t e  
superieure de l a  formation de Hiccles Cove a Btb redefinie de f a ~ o n  i exclure de cet te  formation les 
couches Bquivalant aux formations de Ringnes e t  d1Awingak. 



Introduction 

The Awingak Formation, defined by Souther (19631, is  
an  Upper Jurassic sandstone-dominant unit t h a t  occurs  
between t w o  shale/sil tstone units, t h e  Ringnes Formation 
below and t h e  Deer Bay Formation above. The type  sect ion 
of the  Awingak Formation is southwest of Buchanan Lake in 
t h e  eas t e rn  Sverdrup Basin, and t h e  format ion has been 
t r aced  along the  eas tern  and southern portions of t he  basin 
(Fig. 37.1). To t h e  northwest,  t h e  Awingak Formation 
disappears due t o  facies change, and s t ra t igraphic  equivalents 
occur within t h e  shale/siltstone-dominant Mackenzie King 
Formation (Embry, 1985). 

Numerous surface  and subsurface sections of t h e  
Awingak Formation a r e  available along i t s  ex ten t  (Fig. 37.1). 
Regional studies have revealed t h a t  a shale/sil tstone unit 
within t h e  formation can be corre la ted  through many of t h e  
sections,  allowing a three-fold s t ra t igraphic  subdivision of 
t h e  formation: a lower sandstone, a medial shale/sil tstone, 
and an upper sandstone. These units a r e  given formal 
member s t a tus  in this paper. 

Another consequence of t h e  regional correlations of t he  
Awingak Formation is t h a t  t h e  delineation of t h e  Hiccles 
Cove Formation, a sandstone unit occurring between t h e  
McConnell Island Formation below and Ringnes Formation 
above (both shale/sil tstone units), has t o  be revised. I t  has 
been found t h a t  s t r a t a  assigned t o  t h e  upper portion of t h e  
Hiccles Cove Formation in t h e  western  Melville-Prince 
Pat r ick  Island a rea  (Embry, 1984) co r re l a t e  with t h e  Ringnes 
Formation and lower member of t he  Awingak Formation. 
Overlying argillaceous s t r a t a  previously thought t o  be  t h e  
Ringnes Formation (Embry, 1984) ac tual ly  co r re l a t e  with t h e  
medial shale/sil tstone member of t h e  Awingak Formation. 
Thus only t h e  lower portion of t h e  Hiccles Cove Formation as 
defined previously in these  areas  coincides with t h e  original 
in tent  of t h e  formation: a regional sandstone unit between 

the  argillaceous McConnell Island and Ringnes formations.  
To avoid unnecessary s t ra t igraphic  overlap, t h e  Hiccles Cove 
Formation is  redefined in th is  paper. 

Previous work 

Souther (1963) defined t h e  Awingak Format ion f rom 
studies made during Operation Franklin in 1955, when he  
made a geological t raverse  across centra l  Axel Heiberg 
Island. At t h e  type  sect ion on eas t -centra l  Axel Heiberg, 
Souther recognized four sandstone units s epa ra t ed  f rom each 
other by shale/sil tstone units in t h e  300 m thick section. 
Fossils collected below, within, and above t h e  format ion 
established i t  as Upper Jurass ic  in a g e  (mainly Oxfordian- 
Kimmeridgian). Souther (1963) also recognized t h e  Awingak 
Formation on western  Axel Heiberg Island and he  commented 
tha t  t he  sha le  content  was less in t h a t  area .  During 
Operation Franklin, t h e  Awingak Format ion was  also briefly 
described - western  Axel Heiberg Island by Tozer (1963a) and 
Cornwall Island by Greiner (1963). 

Subsequent studies of t he  Mesozoic succession of 
Ellesmere and Axel Heiberg islands by Tozer (196313) led t o  
the  recognition of the  Awingak Formation over large  areas  of 
t hese  islands. Moore (1981) briefly described t w o  sect ions  of 
t h e  Awingak Format ion measured on northern Ellesmere 
Island. In t h e  south-central  Sverdrup Basin, t h e  Awingak 
Formation on Cornwall and southern  Amund Ringnes islands 
has been described by Balkwill (1983). In these  areas  h e  
recognized four  mappable sandstone units within t h e  Awingak 
Formation and demonstra ted  t h a t  t hey  all changed facies  t o  
shale  and s i l t s tone on centra l  Amund Ringnes Island. 

The Awingak Formation was not recognized f a r the r  
west in t h e  Melville-Prince Pat r ick  Island a r e a  by Tozer and 
Thorsteinsson (1964). Equivalent s t r a t a  were  in terpre ted t o  
occur within t h e  uppermost portion of a sandstone-dominant, 

L ,hh- 
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C\ Middle - Upper J u r a s s i c  s t r a t a  a t  
surface or in ou tc rop  

- - - - E d g e  of Awingak Formation 

1. Orksut 1-44 5. Depot Island C-44 9. Linckens Island P-46 
2. Pedder Point D-49 6 .  Hecla 3-60 10.  Graham C-52 
3 .  Jameson Bay C-31  7. North Sabine H-49 11. Sherwood P-37 
4. Emerald K-33 8. Skybattle Bay C-15 12.  Romulus C-42 

Figure 37.1. Distribution of Awingak Formation and control points. Key to  numbered wells listed in 
t h e  Appendix. 



Lower-Upper Jurassic unit named the  Wilkie Point Present  work 
  or mat ion. Overlying shale and sandstone of mainly Volgian 
age were  placed in the  Mould Bay Formation. Regional correlation of the  subsurface  and surface  

sect ions  of t h e  Awingak Formation have  l ed  t o  t h e  
Embry (1984) revised t h e  Lower-Upper Jurassic 

s t ra t igraphy of the  Melville-Prince Pat r ick  area.  H e  
corre la ted  t h e  shale  unit a t  t h e  base of t h e  Mould Bay 
Formation with t h e  Ringnes Formation and assigned t h e  
overlying sandstone, which composes most of t h e  Mould Bay, 
t o  t h e  Awingak Formation. Embry (1984) also raised t h e  
Wilkie Point t o  group s t a tus  and t h e  uppermost sandstone unit 
was named t h e  Hiccles Cove Formation. I t  consists of a 
lower, siderit ic,  fossiliferous sandstone and an upper, white,  
carbonaceous sandstone tha t  is  devoid of fossils. The two  
units a r e  separated by a thin,  argillaceous sil tstone unit. The 
lower s ider i t ic  sandstone was well dated,  using ammonites,  a s  
Callovian, but t h e  upper whi te  sandstone did not yield any 
diagnostic fossils. It was in terpre ted t o  be Callovian t o  Early 
Oxfordian on t h e  basis of i t s  s t ra t igraphic  position. 

Subsurface descriptions of t he  Awingak Formation 
include Balkwill e t  al.'s (1982) of t h e  Skybattle Bay C-15 well 
on Lougheed Island and Balkwill's (1983) of t he  Linckens 
Island P-46 well northwest of Cornwall Island. Henao- 
Londono (1977) and Crane  (1977) have briefly commented on 
t h e  reservoir properties of t h e  formation. 

recognition of a three-foid subdivision of t h e  format ion along 
most of i t s  ex ten t  (Fig. 37.2). A lower sandstone,  a medial 
shale/sil tstone, and an upper sandstone a r e  recognized and 
a r e  given formal  member  s t a tus  herein. They a r e  named, in 
ascending order,  t h e  Cape  Lockwood, Hot Weather,  and Slidre 
members of t h e  Awingak Formation. The t y p e  sect ions  of a l l  
t h r e e  members a r e  in t h e  Panarct ic  Romulus C-42 well on 
Fosheim Peninsula, west-central  Ellesmere Island (Fig. 37.1) 
a t  79°51'05"N and 84O22'44"W. The well was spudded on 
January 28, 1972 and was abandoned on July 25, 1972 a t  a 
t o t a l  depth of 4554 m. The elevation of t h e  K.B. was 160 m. 
Chip  samples taken at t h r e e  m e t r e  in tervals  f rom t h e  type  
sect ions  a r e  available for s tudy at t h e  Ins t i tu te  of 
Sedimentary and Petroleum Geology, Calgary,  Alberta.  

In many a reas  of t he  basin, t h e  C a p e  Lockwood Member 
extends  f a r the r  basinward than t h e  Slidre Member  (Fig. 37.3). 
Thus in more  basinward sections,  t h e  Cape  Lockwood Member 
represents  t h e  en t i r e  Awingak Formation and equivalents of 
t h e  Hot Weather and Slidre members occur  in t h e  lower 
portion of t h e  Deer  Bay Formation (Fig. 37.3). 

North Sabine Linckens Island Buchanan Lake Romulus 

.: ........ :... .... 
..>, .......... .:...;;<.' ..: :..:;; .... :... Sandstone .......... ;..:... ......:... 

F j  Shale and siltstone 
... ... 

Figure 37.2. Stratigraphic cross-section, Awingak Formation, parallel to basin margin. Gamma ray 
logs displayed beside rock types. 



Correlation of t h e  t h r e e  members of t h e  Awingak 
Formation and t h e  underlying Ringnes Formation with 
western Melville Island and Prince Patrick Island has revealed 
t h a t  t h e  correlation proposed by Embry (1 984) fo r  this a rea  i s  
incorrect.  Embry (1984) corre la ted  t h e  shale  unit overlying 
t h e  Hiccles Cove Format ion with t h e  Ringnes Formation, but  
recent  da t a  indicate this in terpre ta t ion is wrong. Upper 
Jurassic pelecypods have been collected from t h e  whi te  
sandstone unit of t he  Hiccles Cove Formation on western  
Melville Island (Poulton, pers. comm., 1986) and se ismic  
in terpre ta t ion indicates t h e  equivalence of t h e  t o p  of t h e  
whi te  sandstone unit on western  Melville with t h e  top  of t h e  
Cape Lockwood Member of the  Awingak Format ion on 
Lougheed Island (Densmore, personal communication, 1986). 
Also, ammoni tes  and pelecypods collected f rom t h e  sha le  
overlying t h e  white sandstone a r e  t h e  s a m e  as those  col lec ted 
f rom t h e  Hot Weather Member on Axel Heiberg Island. 
Taking all t hese  new d a t a  into consideration, t h e  white 

sandstone unit, which fo rms  t h e  uppermost portion of the  
Hiccles Cove Formation, is  corre la ted  with t h e  Cape  
Lockwood .Member of t he  Awingak Formation. The 
underlying argillaceous sil tstone unit is corre la ted  with t h e  
Ringnes Formation. The shale  overlying t h e  wh i t e  sandstone 
unit, which was  formerly  thought t o  b e  Ringnes Formation, i s  
now corre la ted  with the  Hot Weather Member (or lower Deer 
Bay Formation where  t h e  Slidre Member is absent) (Fig. 37.4, 
37.5). 

In order t o  achieve a consistent s t ra t igraphic  
nomenclature for  t h e  M iddle-Upper Jurassic succession of t h e  
Sverdrup Basin, t h e  Hiccles Cove Format ion is herein 
redefined t o  include only t h e  lower s ider i t ic  sandstone unit. 
The overlying s i l t s tone unit and whi te  sandstone unit a r e  
excluded f rom t h e  Hiccles Cove  Formation and assigned t o  
t h e  Ringnes and Awingak formations.  Revised well tops that  
s t e m  from these  changes a r e  included in t h e  Appendix. 

w HECLA NORTH SABINE SKYBATTLE BAY WHITEFISH E 
F-62 H-49 C-15 H-63 

Figure 37.3. Stratigraphic cross-section, Awingak Formation, western Sverdrup Basin. Gamma ray 
logs displayed beside rock types. 



C a p e  Lockwood Member,  Awingak Formation t h e  Romulus C-42 well  between 1149 m (3770 f t )  and 131 1 m 
(4302 f t )  and is 163 m thick. The n a m e  is t aken  f rom C a p e  

Definition Lockwood, which is on t h e  north coas t  of Fosheim Peninsula. 
The Cape  Lockwood Member consists of interbedded 

very f ine  t o  medium grained sandstone, si l tstone and shale;  non ms 
sandstone is  t h e  dominant rock type. The type  sect ion is  in 

1. Lower t h r e e  sandstone and t w o  shale  units of type  
Awingak Formation (Souther, 1963). 

2. Upper member ,  Wilkie Point Format ion,  Melville and 
Pr ince  Patrick islands (Tozer and Thorsteinsson, 1964). 
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1 9 6 4  3. Lower t w o  m a p  units of Awingak Formation, Cornwall  and 

southern  Amund Ringnes islands (Balkwill, 1983). 
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4. Upper portion, Hiccles Cove Formation, Melville and 
Pr ince  Patrick islands (Embry, 1984). 

5. Hiccles Cove Formation, Orksut 1-44 well, Banks Island 
(Embry, 1985). 
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The Cape  Lockwood Member conformably overlies t h e  
Ringnes Formation. 'The con tac t  is  placed a t  t h e  base of t h e  
lowest sandstone unit above which sandstone becomes t h e  
predominant rock type. The member  is overlain by t h e  Hot 
Weather Member of t h e  Awingak Format ion or Deer Bay 
Formation and t h e  con tac t  is  placed at t h e  t o p  of t h e  highest 
sandstone above which shale  and s i l t s tone become 
predominant. In most areas ,  this con tac t  is  conformable,  but  
on Prince Patrick Island t h e  con tac t  becomes unconformable 
southward and t h e  Hot  Weather Member oversteps t h e  C a p e  

Figure 37.4. Pas t  and present nomenclature of Middle- Lockwood Member.  
Upper Jurassic stratigraphy, Prince Patrick-Melville Island. 
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Figure 37.5. Stratigraphic cross-section, Middle-Upper Jurassic s t r a t a ,  Pr ince  Patrick-Melville 
Island. Gamma ray logs displayed beside rock types. Compare  with Figure 33.2 of  Embry (1984). 
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Lithology 

In t h e  type  section, t h e  member  consists of interbedded 
dark grey shale,  si l tstone and very f ine  t o  medium grained 
sandstone. The rock types  a r e  arranged in  coarsening-upward 
cycles  up  t o  60 m thick (Fig. 37.6). The s t r a t a  a r e  variably 
carbonaceous.  In outcrops,  bioturbation dominates  t h e  shale,  
si l tstone and lower portion of t h e  sandstone units. The upper 
portions of t h e  sandstones commonly a r e  horizontally bedded 
or massive,  with crossbedding occurring infrequently. In t h e  
M elvil le Island-Prince Pat r ick  Island a rea ,  t h e  Cape  
Lockwood Member consists almost entirely of white,  f ine  t o  
medium grained, carbonaceous sandstone with a f e w  thin coal 
s eams  near  t h e  top. 

- - - - - -  
Ss: It grey; vf-mg 
Shale: med grey; silty 
Ss: It grey; vfg; silty 

Shale: med grey; silty 

Shale: med grey; silty 

Shale: med grey; silty; 
thin siltstn and 
vfg ss interbeds 
Shale: dk grey; silty - - - - - -  
Ss: It brown - It grey; 

coarsening upward 

Shale and siltstn: med 

Ss: It brn; f-mg 

---- 

---I int. siltstone: dark 

Figure 37.6. Lithology (from samples) and gamma ray curve 
for type sections of the  Cape  Lockwood, Hot Weather and 
Slidre members of the Awingak Formation; Romulus 
C-42 well. 

Thickness and distribution 

The Cape Lockwood Member is recognized along the  
ex ten t  of t h e  Awingak Formation excep t  on  t h e  southeas tern  
basin margin, where  t h e  Awingak Format ion is  undivided. 
The maximum recorded thickness is  300 m. The  member  
thins basinward and eventually disappears due t o  fac ies  
change t o  shale and sil tstone. 

The member i s  da t ed  a s  Oxfordian on t h e  basis of t he  
occurrence  of ear ly  Oxfordian ammonites in t h e  underlying 
Ringnes Formation and ear ly  Kimmeridgian ammoni tes  and 
pelecypods in t h e  overlying Hot Weather Member. Early t o  
l a t e  Oxfordian dinoflagellates occur within t h e  member  
(unpublished paleontological reports). 

Environment of deposition 

The lithology, sedimentary  s t ructures  and f auna  of the  
coarsening-upward cycles a r e  typical of prograding outer  
shelf t o  shallow shelf deposits. In t h e  western  Sverdrup, 
where  massive sandstone and coal  a r e  present,  shallow shelf,  
s t randl ine  and lagoonal environments a r e  represented in t h e  
member.  

Hot  Weather Member, Awingak Formation 

Definition 

The Hot Weather Member  consists of medium t o  dark 
grey shale and sil tstone with minor very f ine  grained 
sandstone. The type sect ion is  in the  Romulus C-42 well 
between 1111 rn (3644 f t )  and 1149 m (3770 f t )  and is 38  m 
thick (Fig. 37.6). The n a m e  i s  taken f rom Hot Weather Creek  
on  Fosheim Peninsula. 

Synonyms 

1. Upper shale  member,  t ype  Awingak Format ion 
(Souther, 1963). 

2. Lower shale  unit, Mould Bay Formation, Pr ince  Pat r ick  
and Melville islands (Tozer and Thorsteinsson, 1964). 

3. Ringnes Formation, Pr ince  Pat r ick  Island (Embry, 1984). 

Boundaries 

The Hot Weather Member  overlies the  Cape  Lockwood 
Member a s  previously described and is conformably overlain 
by t h e  Slidre M ember  of t h e  Awingak Formation. This upper 
con tac t  is  placed a t  t h e  t o p  of t h e  uppermost shale/sil tstone 
unit above which sandstone becomes t h e  predominant rock 
type. 

Lithology 

At t h e  type  sect ion,  t h e  basal 7 m consist of dark  grey 
shale,  and t h e  overlying 3 1  m consist of interbedded sil tstone 
and sil ty shale  with minor, very  f ine  grained sandstone. 
Basinward, dark grey t o  black shale  becomes t h e  main rock 
type. In some  areas ,  dolomitic concretions up t o  4 m across 
occur within t h e  member.  

Thickness and distribution 

The Hot  Weather Member  occurs throughout most  of 
t h e  Awingak Formation's extent .  It is absent due t o  fac ies  
change t o  sandstone in t h e  southeast .  It i s  also not 
recognized when t h e  overlying Slidre Member is absent,  and 
equivalents occur in t h e  Deer  Bay Formation. Its maximum 
recorded thickness i s  210 m. 



& 
Ammonite and pelecypod evidence f rom the  member 

indicates for i t  a Kimmeridgian age  (Souther, 1963; 
unpublished paleontological reports). 

Environment of deposition 

The argillaceous lithologies and open marine  fauna 
indicate  an  offshore mar ine  shelf environment of deposition 
for t h e  member.  

Slidre Member,  Awingak Formation 

Definition 

The Slidre Member consists of interbedded very f ine  t o  
medium grained sandstone, si l tstone and shale. The t y p e  
sect ion is  i n  t h e  Romulus C-42 well  between 1033 m (3390 f t )  
and 11 11 m (3644 f t )  and is 77 m thick (Fig. 37.6). The name 
is taken from Slidre Fiord on west-central  Fosheim Peninsula. 

Synonyms 

I. Uppermost sandstone member,  t ype  Awingak Formation 
(Souther, 1963). 

2. Middle sandstone member,  Mould Bay Formation, Pr ince  
Pat r ick  Island (Tozer and Thorsteinsson, 1964). 

3. Upper t w o  Awingak Formation map units, Cornwall and 
southern Amund Ringnes islands (Balkwill, 1983). 

4. Awingak Formation, Prince Patrick Island (Embry, 1984). 

Boundaries 

The Slidre Member conformably overlies t h e  Hot 
Weather Member as previously described and is conformably 
overlain by t h e  Deer Bay Formation. This con tac t  is  placed 
a t  t h e  top of t h e  uppermost sandstone unit above which shale  
and s i l t s tone become t h e  predominant rock types.  

Lithology 

At  t h e  type  section, t h e  member  consists of 
interbedded grey shale,  si l tstone and very  f ine  t o  medium 
grained sandstone arranged in coarsening-upward cycles up t o  
30 m thick. Bioturbation is t h e  predominant sedimentary  
s t ruc tu re  and ripple crosslamination and horizontal bedding 
occasionally occur in t h e  uppermost portions of sandstone 
units. On Cornwall Island, fining-upward cycles with thin 
coal seams occur  in t h e  upper portion of t h e  member  
(Balkwill, 1983). In t h e  western  Sverdrup t h e  sandstones 
commonly contain thin pebble layers in basin margin sections.  

Thickness and distribution 

The Slidre Member occurs along t h e  southern and 
eas t e rn  margins of t h e  Sverdrup Basin. It is  not recognized in 
t h e  southeast  (e.g. Graham Island area)  where  the  Awingak 
Formation is not subdivided. It is also absent on 
northwestern Melville, and s t ra t igraphic  equivalents occur in 
t h e  Deer Bay Formation. The maximum recorded thickness 
of t he  member is 270 m. 

4s 
The member  i s  in terpre ted t o  be mainly Tithonian 

(Volgian) in age  on t h e  basis of pelecypods found within i t  
(Tozer,  1963b; Tozer and Thorsteinsson, 1964; Balkwill, 1983). 
In basin margin sections,  t h e  a g e  of t h e  member  may extend 
down into t h e  l a t e  Kimmeridgian and upward in to  t h e  
Berriasian. 

Environment of deposition 

The rock types,  sedimentary  s t ruc tu res  and fauna of t h e  
coarsening-upward cycles  a r e  typical  of prograding inner t o  
outer  mar ine  shelf deposits. The in terval  wi th  fining-upward 
cycles and thin coal beds on Cornwall  Island represents  lower 
de l t a  plain deposits (Balkwill, 1983). 

Hiccles Cove Format ion (redefined) 

Definition 

The Hiccles Cove Formation consists mainly of very 
fine t o  fine grained sandstone which is o f t e n  s ider i t ic  and 
glauconitic. The type  sect ion is  i n  t h e  Elf Jameson Bay C-31 
well  (76°40t12t'N, 1 16°43t45ttW; spudded March 11, 1971; 
abandoned May 18, 1971; T.D. 2539 m; K.B. 63 m )  between 
369 m (1210 f t )  and 442 m (1451 f t )  and is  73 m thick 
(Fig. 37.7). The n a m e  is taken from Hiccles Cove on t h e  
eas tern  side of Intrepid Inlet ,  Pr ince  Pat r ick  Island. 

Synonyms 

1. U n i t s 5  t o  7, Wilkie Point Formation, Intrepid Inlet 
section, Pr ince  Pat r ick  Island (Tozer and 
Thorsteinsson, 1964). 

2. Jaeger  Formation, northern Ellef Ringnes Island 
(Stott ,  1969). 

3. Medial sandstone unit, Upper Savik, Cornwall Island 
(Balkwill, 1983). 

4. Lower portion, Hiccles Cove Formation, Prince Patrick 
and western  Melville Island (Embry, 1984). 
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Figure  37.7. Lithology (from samples) and gamma ray curve 
for  the  revised type sect ion of t h e  Hiccles Cove Formation; 
Jameson Bay C-31 well. 



Boundaries 

The Hiccles Cove Formation conformably overlies the 
McConnell Island Formation. The contact is placed a t  the  
base of the lowest sandstone unit above which sandstone is 
dominant. The formation is overlain by t h e  Ringnes 
Formation, and the  contact varies from conformable t o  
unconformable. The contact is placed a t  t h e  top  of t h e  
highest sandstone unit above which shale and siltstone a re  
predominant. 

Lithology 

In the type section, t h e  formation consists of 
interbedded, very fine t o  fine grained sandstone arranged in 
coarsening-upward cycles. Beds of ironstone a re  common and 
glauconite is a common assessory mineral. Farther 
basinward, shale and siltstone occur within the  formation a t  
the  base of the  cycles. Burrows, ripple crosslamination and 
horizontal bedding a re  the  predominant sedimentary 
structures. 

Thickess and distribution 

The Hiccles Cove Formation occurs along the  basin 
margins and is up t o  70 m thick. Basinward, t h e  formation 
changes facies to  shale and siltstone of the McConnell Island 
Formation. On the basin edges i t  is truncated by the  Ringnes 
Formation. 

& 
The formation is dated as Callovian on the  basis of 

ammonites collected on Prince Patrick and Ellef Ringnes 
islands (Tozer and Thorsteinsson, 1964; Stott,  1969). 

Environment of deposition 

The arenaceous lithologies, sedimentary structures and 
fauna indicate an inner t o  mid-shelf environment of 
deposition for the formation. 
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APPENDIX 

Selected well tops, Awingak, Ringnes and Hiccles Cove formations,  Sverdrup Basin. Location of 
wells shown on Figure 37.1. 

Deminex Orksut 1-44 Panarct ic  North Sabine H-49 

Deer Bay Formation 1457 m (4781 f t )  Awingak Formation 
Awingak Formation Slidre Member 2385 m (7825 f t )  

Cape Lockwood M ember  1813 m (5948 f t )  Hot Weather Member 2444 m (8020 f t )  
Cape  de  Bray Formation (Devonian) 1828 m (5998 f t )  Cape Lockwood Member 2483 m (8147 f t )  

Ringnes Formation 2557 m (8390 f t )  
Panarct ic  Pedder Point D-49 M cConnell Island Formation 2618 m (8590 f t )  

Awingak Formation Sun Skybattle Bay C-  1 5  
Slidre Member 1085 m (3560 f t )  
Hot Weather Member 1 4 4 1 m  (4728f t )  Awingak Formation 
Cape Lockwood Member 1610 m (5282 f t )  Cape Lockwood Member 1568 m (5145 f t )  

Ringnes Formation 1710 m (5610 f t )  Ringnes Formation 1674 m (5491 f t )  
Hiccles Cove Formation 1 7 1 4 m  (5622f t )  M cConnell Island Formation 1711 m (5612 f t )  
Weatherall Formation (Devonian) 1725 m (5658 f t )  

Sun Linckens Island P-46 
Elf Jameson Bay C-31 

Awingak Format ion 
Awingak Formation Slidre Member 554 m (1818 f t )  

Slidre Member spud Hot Weather Member 576 m (1890 f t )  
Hot Weather Member 76 m ( 250 f t )  Cape  Lockwood M ember  628 m (2060 f t )  
Cape Lockwood Member 287 m ( 942 f t )  Ringnes Formation 732 m (2400 f t )  

Ringnes Formation 3 5 9 m  (1178f t )  M cConnell  Island Formation 814 m (2670 f t )  
Hiccles Cove Formation 369 m (1210 f t )  
M cConnell lsland Formation 442 m (1451 f t )  BP Graham C-52 

BP Emerald K-33 Awingak Formation (undivided) 9 7 8 m  (3210f t )  
Ringnes Format ion 1 2 7 2 m  (4174f t )  

Deer Bay Formation 447 m (1466 f t )  Hiccles Cove Formation 1279 m (4196 f t )  
Awingak Formation M cConnell Island Formation 1 3 1 8 m  (4325f t )  

Cape Lockwood Member 798 m (2618 f t )  Jameson Bay Formation 1329 m (4360 f t )  
Ringnes Formation 883 m (2898 f t )  
Hiccles Cove Formation 896 m (2940 f t )  Imperial Sherwood P-37 
M cConnell Island Formation 975 m (3200 f t )  

Awingak Formation 
Panarct ic  Depot Island C-44 Cape  Lockwood Member spud 

Ringnes Formation 269 m ( 882 f t )  
Awingak Formation M cConnell  Island Formation 3 0 5 m  (1000f t )  

Cape Lockwood Member 3 5 4 m  ( 1 1 6 0 f t )  Sandy Point Formation 3 6 3 m  (1192f t )  
Ringnes Formation 408 m (1340 f t )  
Hiccles Cove Formation 4 2 2 m  (1384f t )  Panarct ic  Romulus C-42 
McConnell Island Formation 457 m (1500 f t )  

Awingak Format ion 
Panarct ic  Hecla F-62 Slidre Member 1034 m (3390 f t )  

Hot Weather Member l l l l m  (3644f t )  
Awingak Formation C a p e  Lockwood Member 11 49 m (3770 f t )  

Slidre Member 4 4 0 m  (1444f t )  Ringnes Formation 131 1 m (4302 f t )  
Hot Weather Member 695 m (2280 f t )  Sandy Point Format ion 1350 m (4428 f t )  
Cape  Lockwood Member 7 0 1 m  (2301f t )  

Ringnes Formation 771 m (2528 f t )  
Sandy Point Formation 797 m (2615 f t )  





Pseudoeuryptychites: a new polyptychitinid ammonite 
from the Lower Valanginian of the Canadian and Eurasian Arctic 
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Abstract 

A new subgenus Pseudoeuryptychites is erected for the Cadoceras-like representatives o f  the 
early Valanginian genus Siberyptychites Kemper and Jeletzky 1977. Pseudoeuryptychites is a high 
Boreal homoeomorph of the European genus Euryptychites Pavlow 1914. 

U n  nouveau sous-genre, Pseudoeuryptychites, est propose pour les representants du type 
Cadoceras du genre Siberyptychites Kemper e t  Jeletzky 1977 du Valanginien inferieur. 
Pseudoeuryptychites est un homeomorphe de 11Extri5me nord du genre europ6en Euryptychites Pavlow 
1914. 
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Introduction and acknowledgments 

The subgenus Siberiptychites Kemper and Je le tzky was 
published under joint authorship in t h e  s t ra t igraphic  paper by 
Kemper (1977, p. 3) for North Siberian and Arct ic  Canadian 
polyptychitinids belonging t o  t h e  species  group of 
Polyptychites stubendorffi  (Schmidt, 1872). This subgenus 
was originally "characterized by t h e  combined presence of 
frequent constrictions and t h e  third auxiliary lobe in the  
external  suture  line." Polyptychites stubendorffi  was 
designated a s  the  type species of Siberiptychites. However, 
i t  was recognized t h a t  t h e  subgenus includes Cadoceras-like 
fo rms  resembling Euryptychites Pavlow 1914 but possessing 
f ea tu res  diagnostic of S. stubendorffi .  

Siberiptychites was t r ea t ed  a s  a full genus by 
Klimova (1981, p. 74, 80) who also discovered i t s  additional 
morphological distinctions f rom Polyptychites S.S. This 
example  is followed here,  particularly because of 
Klimova's (1978) previous discovery of t h e  genus 
Bodylevskites in t h e  oldest  Valanginian of Northern Siberia. 
This genus is in terpre ted he re  as t h e  immedia t e  ances tor  of 
t h e  predominantly younger Siberiptychites e x  gr. 
stubendorffi ,  confirming Kemper and Jeletzky's 
( i ~  Kernper, 1977) conclusion t h a t  Siberiptychites,  including 
i t s  Cadoceras-like representatives,  is only indirectly re la ted  
t o  Polyptychites s.s. Siberiptychites appears,  instead, t o  form 
an independent high Boreal polyptychitinid l ineage t h a t  
(Kemper, 1977, p. 3): "apparently evolved in t h e  s a m e  
direction a s  the  Ternnoptychites-Thorsteinssonoceras l ineage 
of Craspeditidae (Je le tzky and Kemper,  in prep.) (see 
Je le tzky,  1979) which also terminated with broad Cadoceras- 
like forms." 

The writer 's  study of Cadoceras-like Siberiptychites 
forms revealed t h a t  they a r e  a well defined evolutionary 
offshoot of i t s  main l ineage (i.e. Siberiptychites e x  gr. 
stubendorffi). Furthermore,  all of t h e  North Siberian and 
European Arct ic  Cadoceras-like polyptychitinids assigned t o  
t h e  European genus Euryptychites by Pavlow (1914, p. 36-38, 
PI. XI, figs. 1-3) and subsequent Russian workers (e.g. 
Voronets, 1962, p. 78-82, PI. XXXIX, fig. 2; PI. XL, fig. 2a, b; 
PI. XLIX, fig. la,  b; PI. XLII, fig. 1; PI. L, fig. 2; PI. XLVIII, 
fig. I; PI. LI, fig. la, b; PI. LII, fig. 1; Figures 29-31; 
Bodylevsky, 1968, p. 313; PI. 72, fig. la,  b and Yershova, 1980, 
PI. IV, fig. 2) were  found t o  belong t o  this offshoot. 
Therefore,  i n  this paper, a new subgenus Pseudoeuryptychites 
is e r e c t e d  for them,  and thei r  biochronology and geographical 
distribution is also described. 

Dr. Edwin Kemper (Bundesanstalt fuer  Bodenforschung 
und Rohstoffe,  Hannover, Federal German Republic), 
col lec ted a l l  of t h e  Canadian Pseudoeuryptychites mater ia l  
described in this paper,  provided t h e  wri ter  with valuable 
s t ra t igraphic  information about i t ,  and made available 
important  comparative mater ia l  of t h e  polyptychitinids f rom 
northwest Germany. Dr. Kemper has also contributed t o  t h e  
development of ideas presented in this paper in t h e  course of 
t h e  preparation of a joint monograph on European and high 
Boreal Polyptychitinae (Je le tzky and Kemper,  in prep.). 
Ms. J. White prepared t h e  photographs of 
Pseudoeuryptychites reproduced in this paper. 

The type specimens a r e  stored a t  Geological Survey of 
Canada headquarters in Ot tawa.  

Systemat ic  descriptions 

Genus Siberiptychites Kemper and Je le tzky 1977 

Subgenus Pseudoeuryptychites Je le tzky new subgenus 

Type species.  Euryptychites pavlovi Voronets 1962. 

Derivation of name. Intended t o  s t ress  t h e  superficial  
morphological similarity of t h e  subgenus t o  t h e  homoeomorph 
Euryptychites Pavlow 1914. 

Diagnosis. Subgenus of Siberiptychites cha rac te r i zed  by an 
Euryptychites-like shape and proportions of all growth s t ages  
with t h e  shell d iameter  exceeding 40 t o  45 mm. The adult  
external  su tu re  l ine '  differs in t h e  positioning of all  t h ree  
auxiliary lobes on t h e  umbilical wall. All of t hese  auxiliaries 
a r e  relatively much larger,  more  slender and m o r e  deeply and 
complexly dent icula ted  than  thei r  counterpar ts  in 
Siberiptychites s.s. and t r u e  Euryptychites.  The subgenus 
di f fers  f rom t h e  t r u e  Euryptychites and all  o ther  
Euryptychites-like European polyptychitinids in the  s a m e  
ways a s  Siberiptychites s.s. does. 

Type area.  Cen t ra l  par t  of Northern Siberia (Anabar- 
K hatanga basin). 

Stratigraphy and age. Lower Valanginian. Regional 
Temnoptychites syzranicus and Polyptychites michalskii 
zones, with probable exception of t h e  lower par t  of 
Temnoptychites syzranicus Zone (Klimova, 1981, p. 74; 
Collbert  e t  al., 1981, p. 56, 57, Tables 3, 4). See  in t h e  
descriptions of Siberiptychites (Pseudoeuryptychites) pavlovi 
and S. (P.) n. sp. indet.  A fo r  fur ther  details. 

Geographical range. Northern Siberia, Arc t i c  Canada 
(sverdrup Basin), and Spitsbergen. Probably present 
elsewhere in high Boreal basins of t h e  European Arc t i c  also. 

Discussion. The purely homoeomorphic na tu re  of t h e  
morphological similarity of Euryptychites s.s. (as defined by 
i t s  t ype  species E. latissirnus (Neumayr and Uhlig, 1881)) with 
t h e  North Siberian cadicone polyptychitinids assigned t o  t h a t  
genus by Pavlow (1914, p. 36) and other  Russian workers, is  
revealed f i rs t  of all  by an entirely d i f ferent  ontogenetic 
development of thei r  sculpture  and whorl shape. As indicated 
below in t h e  description of Siberiptychites 
(Pseudoeuryptychites) pavlovi - t h e  type  species  of 
Pseudoeuryptychites - th is  ontogeny is similar t o  t h a t  of 
Siberiptychites s.s. recent ly  described by Klimova (1981, 
p. 74, 80) using t h e  example  of S. (S.) stubendorffi. 
Fur thermore ,  all  t hese  cadicones possess numerous 
Siberiptychites S.S. - like constrictions completely absent in 
t rue  Euryptychites. The adul t  external  sutures  of t hese  t w o  
t a x a  also di f fer  markedly. Unlike t h e  sutures  of S. (P.) 
pavlovi and other  Pseudoeuryptychites species,  those  of 
E. latissirnus (Neumayr and Uhlig 1881, p. 158, PI. XXVIII, 
fig. Ib; this paper,  Fig. 38.1) and other  Euryptychites species 
have, a s  a rule,  only two auxiliary lobes. These auxiliaries 
a r e  relatively smaller and simpler s t ruc tu res  separa ted f rom 
each other and f rom t h e  second la tera l  lobe by relatively 
wider saddles. Most Euryptychites sutures  also di f fer  in t h e  
stubby, downward-tapering appearance of the i r  lobes. 

The resemblance of Pseudoeuryptychites t o  t h e  l a t e  
ear ly  t o  ear l ies t  l a t e  Valanginian Cen t ra l  European 
Polyptychites ex  gr.  orbitatus-praelatus is  also a m a t t e r  of 
homeomorphy only. These European forms do exhibit a 
similarly l a t e  development of t he  Euryptychites-like shape 
and proportions of t h e  whorl. However, t hey  always lack t h e  
constrictions t h a t  a r e  s o  cha rac te r i s t i c  of 
Pseudoeuryptychites. Fur thermore ,  Polyptychites e x  gr. 
orbitatus-praelatus a r e  character ized by a d i f ferent  bundling 
habit of in termedia te  whorls, dominated by polyptychoid t o  
tr idichotomous bundles (e.g. Koenen, 1902, PI. 111, figs. 1, 3; 
PI. LV, fig. 1). The equivalent whorls of all  
Pseudoeuryptychites forms exhibit instead e i ther  a 
t r iv i rgat i tpar t i t ious  (see Kemper,  1978, p. 188-190, Fig. 1) 

' Polyptychitinid external  sutures  a r e  considered t o  be adul t  when they  acquire  t h e  maximum 
number of auxiliary lobes and t h e  ar rangement  of all  the i r  major e lements  t h a t  do  not change 
substantially t o  t h e  ora l  end of t h e  adult  phragmocone. 



Figure  38.1. Euryptychites latissirnus (Neumayr and Uhlig 1881). Polyptychites-beds, lower 
Valanginian. Northwest Germany, Buekeburg-Jetenburg. BGR Collection, Hannover kv 396. 
Early adult  external  suture  line a t  the  whorl d iameter  of about 23 mm; x2. 

Figure 38.2. Siberiptychites (Pseudoeuryptychites) pavlovi (Voronets 1962). Reproduction 
of the adult  external  suture  of the lec totype originally published by Voronets (1962, p. 79, 
Fig. 29); x2. 

Figure 38.3. Siberiptychites (Pseudoeuryptychites) n. sp. indet. A. La te  juvenile external  
suture  line lacking the  ventral  and f i rs t  la tera l  lobe a t  the  whorl d iameter  of about 15 rnrn. 
Specimen GSC 79414 (otherwise unfigured). The same  locali ty,  bed and age a s  for the  
specimen GSC 77119 reproduced in PI. 38.1, fig. 2A-C); x4 (approx.). 

F igure  38.4. Siberiptychites (Pseudoeuryptychites) n. sp. indet. A. Terminal adul t  external  
suture  lines lacking t h e  ventral  lobe and the  bulk of t h e  third auxiliary lobe. Est imated Whorl 
d iameter  of about 50 rnrn. Specimen GSC 79413 (otherwise unfigured). The same  locality, 
bed and age as for t he  specimen GSC 77119 reproduced in PI. 38.1, fig. 2A-C); XI. 

The so called "Russian system" of designation of external  lobes and saddles is used (see 
Je le tzky,  1965, p. 2 fo r  fur ther  details). V - ventra l  lobe; L1 - f i rs t  la tera l  lobe: L2 - second 
la tera l  lobe; A 1  - f i rs t  auxiliary lobe; A2 - second auxiliary lobe; A3 - third auxiliary lobe. 
Latera l  saddles a r e  designated 51  t o  Sg inclusive beginning a t  the  venter.  No symbol is used 
for the  ventral  saddle. Umbilical shoulder marked by dashed line. Umbilical s eam marked by 
solid line. Mid-venter is marked by a double line and an arrow, the  head of which points 
oralward. 

or  a predominantly quadriparti t ious bundling habit, which is  
similar t o  t h a t  of t h e  equivalent and younger whorls of 
Siberiptychites s.s. Finally, all  be t t e r  known representa t ives  
of Pseudoeuryptychites (e.g. S. (P.) pavlovi and S .  (P.) 
splendens; s e e  Pavlow, 1914, PI. XI, fig. 3; Voronets, 1962, 
PI. XLII, fig. 1; Bodylevsky, 1968, PI. 72, fig. 1) exhibit  t h e  
cha rac te r i s t i c  Siberiptychites s.s - l ike  sequence of various 
whorl shapes and sculptural  s tages  t h a t  a r e  not present in 
Polyptychites ex. gr. orbitatus-praelatus.  This sequence of 
whorl shapes and sculptural  s tages  was recently described by 
Klimova (1981, p. 74, 80) using S. (S.) stubendorffi  a s  an  
example.  

The adul t  external  suture  line of Polyptychites ex  gr. 
orbitatus-praelatus may have e i ther  two  or th ree  auxiliary 
lobes (e.g. Koenen, 1902, PI. 111, figs. 1, 4, 8; PI. IV, figs. 1, 2, 
3, 5, 8; PI. LV, figs. 1, 2). The variant with t h r e e  auxiliaries 
resembles closely t h e  adul t  su tu re  of Pseudoeuryptychites 
(Fig. 38.2, 38.4), excep t  in t h e  positioning of t h e  auxiliaries 
and t h e  ontogenetic-phylogenetic development. The adult ,  
seven-lobed external  su tu re  of Polyptychites e x  gr. 
orbitatus-praelatus develops out  of t h e  six-lobed l a t e  juvenlle 
su tu re  v ia  t h e  addition of t h e  third auxiliary at t h e  umbilical 
seam and t h e  concurrent  displacement of t h e  f i r s t  auxiliary 
on to  t h e  adumbilicalmost par t  of t h e  flank. Fur thermore ,  t h e  



seven-lobed suture  of this species group can  be t r aced  back 
phylogenetically t o  t h e  adult  external  su tu re  of ances t ra l  
Polyptychites ex  gr. pavlowi t h a t  always possesses only t w o  
auxiliary lobes. The external  su tu re  of Pseudoeuryptychites,  
in cont ras t ,  has t h r e e  auxiliary lobes in t h e  ear l ies t  growth 
s tages  known (Fig. 38.3 and in t h e  description of S. (P.) n. sp. 
indet.  A). This l a t e  juvenile su tu re  has only two  auxiliaries 
on t h e  umbilical wall and is  Siberiptychites (Siber ip tychi tesb  
l ike in this respect.  The adul t  Pseudoeuryptychites su tu re  
develops out  of th is  juvenile su tu re  v i a  t h e  adumbilical  
displacement of t h e  f i rs t  auxiliary on to  t h e  outermost  par t  of 
t h e  umbilical wall (Fig. 38.3, 38.4). Fur thermore ,  t h e  adul t  
Pseudoeuryptychites su tu re  can be t r aced  phylogenetically 
f i rs t ,  in to  t h e  much less dent icula ted  adult  external  su tu re  of 
S. (S.) middendorffi  var. incrassa ta  (Pavlow, 1914, PI. VI, 
fig. 2c; Je le tzky,  1965, Fig. If), and then  in to  t h a t  of S. (S.) 
stubendorffi  (Pavlow, 1914, PI. VI, fig. lc; Klimova, 1981, 
Fig. 3b), both of which also have t h r e e  auxiliary lobes. 
However, only two  auxil iaries of t hese  sutures  a r e  s i tua ted  on 
t h e  umbilical wall. The inferred palingenetic evolutionary 
development of t h e  Siberiptychites external  su ture  f ea tu re s  a 
gradual displacement of t h e  f i rs t  auxiliary lobe on to  t h e  
outer  part  of t h e  umbilical wall and a concurrent  crowding of 
all t h r e e  auxil iaries t h e r e  combined with a gradual increase  
in t h e  complexity of t h e  adult  suture.  This ontogenet ic  and 
phylogenetic development is qui te  unlike t h e  above discussed, 
well documented,  ontophylogenetic development of t h e  
ex t e rna l  su tu re  of Polyptychites e x  gr. orbitatus-praelatus.  

Pseudoeuryptychites differs f rom Siberiptychites s.s. 
f irst  of all in t h e  ent i re ly  Euryptychites-l ike shape,  and in t h e  
proportions of all i t s  advanced t o  adult  whorls, beginning with 
t h e  shell d iameter  of 40 t o  45 mm. The development of an  
a c u t e  umbilical shoulder (Pavlow, 1914, PI. XI, figs. I ,  2a-c, 
3;  Voronets, 1962, PI. XLII, fig. 1; PI. XLVII, fig. I; PI. LI, 
fig. la ,  b; PI. L, fig. 2; PI. LI, fig. la ,  b; PI. LII, fig. I; this 
paper PI. 38.1, fig. IB, 2B) is part icularly diagnostic. It is  th is  
f e a t u r e  t h a t  permi ts  t h e  exclusion of t h e  o therwise  similar,  
adult  shells of t h e  ances t ra l  S. (S.) rniddendorffi f rom 
Pseudoeuryptychites.  The adult  external  su ture  l ine of 
Pseudoeuryptychites d i f fers  f rom t h a t  of Siberiptychites s.s. 
in t h e  positioning of all  t h r e e  auxiliary lobes on t h e  umbilical 
wall combined with a much g rea t e r  complexity of all i t s  
elements.  However, t h e  adul t  external  su ture  of S. (S.) 
rniddendorffi has a transit ional cha rac t e r .  

Siberiptychites (Siberiptychites) and Siberiptychites 
(Pseudoeuryptychites) both exhibit  f requent  constrict ions 
throughout the i r  ontogeny. Fur thermore ,  t hey  exhibit  an  
apparent ly  ent i re ly  similar ontogenet ic  sequence  of 
sculptural  growth s t ages  (see in t h e  description of S. (S.) 
pavlovi below). These two  subgenera coexist  in t h e  s a m e  
high Boreal basins in approximately contemporary  lower 
Valanginian beds without any in tergradat ion ,  excep t  near t h e  
base  of the i r  t i m e  ranges (i.e. v i a  S. (S.) middendorffi). This 
indica tes  t h a t  they a r e  independent l ineages arising ou t  of 
t h e  s a m e  rootstock (i.e. t h e  ear l ies t  known forms of S. (S.) 
e x  gr. stubendorffi). The  morphologically transit ional S. (S.) 
middendorffi  (Pavlow, 1914, p. 32, 33; PI. VI, fig. 2; PI. VII, 
fig. I), t h a t  is difficult  t o  assign subgenerically,  appears  t o  be  
a connecting link between S. (S.) s tubendorf f i  and typical  
representa t ives  of Pseudoeuryptychites.  The recorded 
detailed s t ra t igraphic  relationships of t hese  forms (see in t h e  
speci f ic  descriptions below) support  th is  conclusion. 
Pseudoeuryptychites appears  t o  be  a shortl ived offshoot of 
t h e  main  Siberiptychites (Siberiptychites) s t em t h a t  died o u t  
without issue. Therefore ,  i t  is assigned a subgeneric 
rank only. 

Siberiptychites (Pseudoeuryptychites) 
pavlovi (Voronets 1962) 

Figure 38.2 

1914 Euryptychites gravesiformis Pavlow, p. 37, PI.XI,  
figs. 2, 3. 

1962 Euryptychites pavlovi Voronets, p. 78, 79, PI. XXXIX, 
fig. 2; PI. XL, fig. 2; PI. XLIX, fig. 1; F igure  29. 

1980 Euryptychites af f .  pavlovi Yershova, 1980, PI. IV, fig. 2. 

Type specimen. Voronets (1962) did not  des ignate  t h e  
holotype of her new species f rom four specimens  available t o  
her. The only figured specimen,  No. 29a,  reproduced in 
PI. XXXIX, fig. 2 (where i t  is erroneously designated 
No. 25a); PI. XL, fig. 2: PI. XLIX, fig. 1 and Text-fig. 29  is 
formally designated by t h e  wri ter  a s  t h e  l ec to type  of 
Siberiptychites (Pseudoeuryptychites) pavlovi (Voronets 1962). 

Nomenclatorial  s t a tu s  of S. (P.) pavlovi. "Euryptychites" 
pavlovi does not become a homonym of Polyptychites pavlowi 
Koenen 1902 (PI. I, figs. 1-3) proposed fo r  one  of t h e  cotypes  
of Olcostephanus keyserlingi of Neumayr and Uhlig (1881-82, 
PI. XXVII, fig. 2, 2a), a s  i t  was originally assigned t o  a 
d i f ferent  genus. Fur thermore ,  t h e  spelling of t h e  two  names 
is  d i f ferent .  

Material .  No Canadian polyptychitinids definitely assignable 
t o p . )  pavlovi (Voronets) a r e  known t o  t h e  wri ter .  
However,  th is  species is redescribed he re  as i t  is  t h e  best  
known representa t ive  and t h e  type  species  of t h e  subgenus 
Pseudoeuryptychites novum. 

Description. The following original  description of 
Siberiptychites (Pseudoeuryptychites) pavlovi is  provided by 
Voronets (1962, p. 78, 79; writer 's  t rans la t ion  f rom Russian): 
"Whorls a r e  involute,  low and thick; t h e  thickness is  a lmost  
two  t imes  g rea t e r  than t h e  height. Their  g rea t e s t  thickness 
occurs  on t h e  umbilical shoulder. The l a t e r a l  side is very 
shor t  and rapidly merges  in to  t h e  wide and f l a t t ened  siphonal 
side. The umbilicus is modera te ly  wide, deep  and funnel-like 
shaped. The umbilical shoulder is rounded-acute. The 
umbilical wall of t h e  inner whorl is covered by primary ribs 
t h a t  begin a t  t h e  umbilical seam.  On i t s  outer  whorls t hese  
ribs begin in t h e  middle of t h e  umbilical wall. The ribs a r e  
f i ne  a t  f i r s t  but t hey  become higher a s  they approach t h e  
umbilical shoulder and form t h e  obliquely forward inclined 
nodes on t h e  l a t t e r .  There  a r e  16 of t hese  nodes per a 
comple t e  whorl. The node spli ts  i n to  two  secondaries.  The 
anter ior  secondary is  a lmost  of t h e  s a m e  s i ze  as  t h e  node, 
strongly inclined forward and represents ,  so  t o  say ,  t h e  
continuation of t h e  node. The posterior secondary is  less 
prominent t han  t h e  node, spli ts  off t h e  lower par t  of t h e  
l a t t e r ,  and is d i rec ted  a lmost  radially. An in terca la ted  
secondary t h a t  adjoins t h e  node m a y  somet imes  occur  
be tween these  t w o  secondaries.  These  ribs subdivide, in turn ,  
in to  two  branches each. The result ing t e r t i a ry  ribs a r e  f ine  
and sharp.  The d is tance  between them is wider t han  t h e  
thickness of t h e  ribs. There  a r e  8 primary ribs per half 
whorl; t h e  siphonal s ide  exhibits 44 ribs. The secondary ribs 
become  smooth  in t h e  proximity of t h e  nodes a s  one  
approaches t h e  living chamber.  The d is tances  between t h e  
ribs on t h e  siphonal side increase  in t h a t  direction and then  
t h e  ribs disappear complete ly  on t h e  living chamber.  There  
a r e  four constrict ions on t h e  whorl of which one  is very deep  
and wide. Only a pa r t  of t h e  living chamber  i s  preserved. 



"The suture  l ine (Fig. 29) is  strongly denticulated. The 
line joining t h e  tops of saddles is oriented almost radially 
with only i t s  auxiliary saddles being lowered (i.e. descendant;  
writer's remark). The siphonal lobe is longer than t h e  f i rs t  
la tera l  one. However, t h e  f i r s t  la tera l  lobe is twice  a s  long 
and wide a s  t h e  second la tera l  lobe. The outer  (i.e. S l  of 
Fig. 38.2; writer 's  remark) and t h e  second la tera l  (i.e. Sg of 
Fig. 38.2) saddles a r e  very wide. The width of t h e  f i r s t  
la tera l  (i.e. S2 of Fig. 38.2) is  one-third t h a t  of t he  o ther  two  
saddles. The second la tera l  saddle i s  subdivided in to  two  
unequal parts by a long auxiliary lobe. 

"Dimensions (in mm) 

Shell d iameter  74 (100) 
Height of whorl 30 (40) 
Thickness of whorl 58 (78) 
Diameter  of t h e  umbilicus 32 (29)" 

This description appears t o  deal only with t h e  lec totype of 
the  species (selected herein) reproduced in PI. XXXIX, fig. 2; 
PI. XL, fig. 2 and PI. XLIX, fig. I, but not with t h e  o the r  
th ree  unfigured specimens. Therefore,  t h e  range of 
variability of individual morphological fea tures  within t h e  
type  lot remains unknown. This description is also 
incomplete in o ther  ways. 

Fi rs t ,  i t  does not discuss the  ontogenetic changes of 
shape and proportions of t h e  whorl, which were  previously 
described and clearly i l lustrated by Pavlow (1914, p. 37, 
PI. XI, fig. 2c). According t o  him, t h e  adult ,  Euryptychites- 
like habitus of S. (P.) pavlovi, with i t s  uniformly and very 
low-arched cross-section of t h e  ventra l  region, t h e  angular 
umbilical shoulder, and approximately s t ra ight  umbilical wall, 
f irst  appears  a t  a shell d iameter  of 40 t o  45 mm. The 
preceding t w o  whorls have an  ent i re ly  d i f ferent ,  rounded- 
rectangular t o  rounded-trapezoidal, only slightly wider than  
high cross-section with rounded but clearly defined ventral  
and umbilical shoulders. This cross-section matches  closely, 
and evidently corresponds to,  t h e  Polyptychites 
rectangulatus-like growth s t age  of Siberiptychites recent ly  
described by Klimova (1981, p. 77, Fig. 2-5) using t h e  example  
of S. (S.) stubendorffi .  The next  younger whorl cross-section, 
which is about 5.5 mm wide and only about 3 m m  thick, i s  
again Euryptychites-like in i t s  proportions a s  well a s  in t h e  
uniformly- and low-arched shape. This cross-section is 
similar and evidently corresponds t o  t h e  f i r s t  Euryptychites- 
like growth s t a g e  of Siberiptychites (Klimova, 1981, p. 77, 
Fig. 211-3). 

Second, t h e  description of sculpture i s  incorrect  and 
omits  i t s  ontogenet ic  development. As visible in Voronets' 
(1962, PI. XXXIX, fig. 2) photograph, t h e  ear l ies t  exposed 
in termedia te  whorl with a terminal  shell d iameter  of about  
70 mm, is not ornamented by bidichotomous rib bundles 
alone. Instead, i t  exhibits an  irregular a l ternat ion of 
regularly bidichotomous, subbidichotomous, quadrivirgati t-  
parti t ious and quadrifasciculate bundles. The apparent ly  
exclusively bidichotomous ornament  appears t o  b e  res t r ic ted  
to  t h e  adapical third of t h e  next older whorl, with a shell  
d iameter  of about  76 m m  (Voronets, 1962, PI. XL, fig. 2a). 
The exac t  cha rac te r  of bundling is obscured on t h e  ora l  
two  thirds of t h a t  whorl because of an  obliteration of t h e  
lower par ts  of secondary ribs. These par ts  of ribs become 
distinct again on t h e  adapical third of t h e  next and l a s t  
preserved whorl of t h e  l ec to type  (Voronets, 1962, PI. XLIX, 
fig. l a )  with a shell d iameter  of about 90 mm. However,  this 
oralmost phase of clearly defined ornament  is  again 
dominated not by bidichotomous bundles but  by t r u e  
polyptychous bundles, consisting of one t r i fu rca t e  and one 
bi furcate  branch. On t h e  whole, this ornament is  ent i re ly  
similar and corresponds t o  t h e  sculptural  s t age  of regularized 
rib bundles of Siberiptychites s.s. recent ly  described by 

Klimova (1981, p.78, PI.XI, f ig .4 ,  4a, 6) using S. (S.) 
stubendorffi  a s  an  example.  The secondary and t e r t i a ry  ribs 
a r e  completely detached f rom t h e  umbilical bullae on t h e  
adoral t w o  thirds of t h e  l a s t  preserved whorl of t h e  lec totype 
(Voronets, 1962, PI. XLIX, fig. la,  b), which represents  the  
early par t  of a presumably in termedia te  (because of t h e  
spacing of oralmost sutures;  s e e  below) living chamber.  
Fur thermore ,  t h e  ribs a r e  irregularly spaced and unequally 
prominent there ,  in contras t  t o  thei r  regular spacing and 
equal s t rength  in ear l ier  growth stages.  This terminal  
disorganization of t h e  ornament  i s  similar and corresponds t o  
t h e  terminal  phase of t h e  s t age  of regularized rib bundles in 
Siberiptychites s.s. t h a t  was described and il lustrated,  but not 
formally segregated, by Klimova (1981, p. 78, PI. IX, fig. 6). 
The recurrence  of this sculptural  s t age  in 5. (P.) pavlovi 
suggests t h a t  i t s  earlier,  unexposed whorls bear  sculpture 
similar t o  tha t  of ear l ies t  sculptural  s t ages  of 
Siberiptychites s.s. 

The inner (second penultimate?) whorl of t h e  specimen 
of S. (P.) pavlovi figured by Pavlow (1914, PI. XI, fig. 2a, b) 
only di f fers  f rom i t s  l ec to type  in an  appreciably earlier 
disorganization of t h e  ornament.  Its r ib bundles become 
indistinct a t  an  es t imated shell d iameter  of 50 mm 
simultaneously with t h e  emergence  of t h e  Euryptychites-like 
shape and proportions of t h e  whorl. This ear l ier ,  apparently 
infraspecific,  disorganization of t h e  ornament  i s  then 
followed by i t s  marked but irregular weakening on t h e  living 
chamber  of th is  specimen (Pavlow, 1914, p. 37, PI. XI, fig. 2c). 
The living chamber of 5. (P.) pavlovi is also character ized by 
a marked lengthening of umbilical bullae t h a t  may become 
spike-like (Pavlow, 1914, p. 37, PI. XI, fig. 3). 

Finally, this description omits  t h e  most  diagnostic 
f ea tu res  of t he  adult  external  suture  line of S. (P.) pavlovi, 
which a r e  clearly visible in Pavlow's (1914, PI. XI, fig. 2d) and 
Voronets' (1962, Fig. 29) drawings. This suture,  reproduced in  
Figure 38.2 of this repor t ,  is  Siberiptychites-like in t h e  
presence of three,  well developed auxiliary lobes. However, 
t hey  a r e  relatively larger,  more  strongly denticulated, and 
more  crowded in comparison with the i r  equivalents. 
Fur thermore ,  they a r e  all positioned on t h e  umbilical wall. 
The intervening four th  and f i f th  l a t e ra l  saddles a r e  
correspondingly narrowed. The extremely wide and ra ther  
complexly denticulated third la tera l  saddle spans the  
umbilical shoulder and much of t h e  inner (or adumbilicalmost) 
pa r t  of t h e  flank instead of being s i tuated ent i re ly  on t h e  
umbilical shoulder. It contras ts  with t h e  much more  narrow 
second and f i r s t  la tera l  saddles, of which t h e  second is t he  
more  narrow. The la tera l  lobes and t h e  f i r s t  and second 
l a t e ra l  saddles a r e  deeply and complexly denticulated. The 
sutures  a r e  well separa ted on t h e  par t  of t h e  whorl t h a t  
provided the  published external  suture  of t he  lec totype 
(Voronets, 1962, PI. XLIX, fig. 1). Therefore,  th is  su tu re  is  an  
ear ly  adul t  one  and is followed by an in t e rmed ia t e  living 
chamber.  

The external  suture  l ine of S. (P.) pavlovi figured by 
Pavlow (1914, PI. XI, fig. 2, b, d)  only di f fers  f rom t h a t  of t h e  
lec totype infraspecifically in i t s  generally more  slender and 
more  finely and deeply denticulated ventral ,  f i rs t  and second 
la tera l ,  and f i r s t  auxiliary lobes. The th i rd  auxiliary lobe 
appears  t o  be concealed. There  is just enough room for  i t  in 
t h e  narrow, presumably shell-covered space  t h a t  separa tes  
t h e  second auxiliary lobe f rom t h e  marked position of t h e  
umbilical seam. This su tu re  i s  also an  ear ly  adul t  one  as i t s  
whorl has a diameter  of about 68 mm and is t h e  inner whorl 
of a much larger  specimen t h a t  includes the  adul t  living 
chamber  (Pavlow, 1914, PI. XI, fig. 2c). 

Affinit ies and differences. According t o  Voronets (1962, 
p. 81), S. (P.) pavlovi d i f fers  f rom her S.  (P.) pateraeforrnis in 
t h e  g rea te r  height of i t s  whorls and thei r  g rea t e r  thickness. 



Furthermore ,  t h e  sculpture  of S. (P.) pateraeformis  consists 
mostly of fasc icula te  and quasifasciculate rib bundles, and i t s  
second l a t e ra l  lobe is differently shaped. Finally, t h e  
umbilicus of S. (P.) pateraeformis  measures 32 t o  36 per cen t  
versus 29 per  cen t  in S. (P.) pavlovi. The taxonomic value of 
d i f ferences  in t h e  bundling habit and t h e  shape of t h e  second 
l a t e ra l  lobe is uncertain. These f ea tu res  a r e  variable in 
S. (P.) pavlovi and thei r  range of variation in S. (P.) 
pateraeformis  is unknown. However, t h e  res t  of t he  
morphological distinctions appear t o  be valid and sufficient 
for  a full specific differentiation of these  two  forms. 
Fur thermore ,  t h e  two also differ in some  other important  
fea tures  not noted specifically by Voronets (1962). As already 
pointed out ,  t h e  supplementary (this new t e r m  covers all  ribs, 
such a s  secondary, t e r t i a ry  and in tercala ted ,  o ther  than the  
primary ribs) ribs of S. (P.) pavlovi a r e  regularly and closely 
spaced and equally strong on the  in termedia te  whorls but 
become variably strong, irregularly distributed and variably 
oriented on t h e  t w o  t o  th ree  terminal whorls of i t s  adult  
shell. In contras t ,  t h e  supplementary ribs of S. (P.) 
pateraeformis  maintain their  regular spacing and equal 
s t rength  t o  t h e  end of i t s  phragmocone and on t h e  preserved 
par t  of i t s  presumably in termedia te  living chamber (Voronets, 
1962, PI. LII, fig. 2). Furthermore,  t hese  ribs maintain t h e  
s a m e  cha rac te r  until t he  oral end of t h e  sti l l  larger but  fully 
s e p t a t e  Canadian representa t ive  of S. (P.) pateraeformis  (see 
below). Finally, t h e  supplementary ribs of t he  lec totype of 
S. (P.) pateraeformis  become (abruptly?) considerably m o r e  
sparce  and widely spaced on t h e  living chamber  as compared 
with t h e  phragmocone (compare Voronets, 1962, PI. LI, 
fig. la,  b with PI. LII, fig. 1). 

S. (P.) pavlovi differs f rom Siberiptychites 
(Pseudoeuryptychites) splendens Bodylevsky (1968, p. 313, 
PI. 72, fig. I), which is conspecific with Siberiptychites 
(Pseudoeuryptychites) sp. nov. indet. of Voronets (1962, p. 80, 
81, PI. XLII, fig. I; PI. L, fig. 2; Fig. 30), in i t s  possession of a 
considerably smaller number of bullae per whorl (16 versus 
20) and a l a t e r  appearance of an  angular umbilical shoulder. 
Furthermore,  i t s  bundling habit  is  dominated by well defined 
t r i fu rca t e  and quadr i furcate  bundles a t  similar whorl 
diameters.  Finally, th is  S. (P.) splendens di f fers  in t h e  
persistence of regularly and evenly spaced S. (P.) 
pateraeformis-like supplementary ribbing onto  i t s  presumably 
adul t  penul t imate  whorl a t  leas t  (Voronets, 1962, PI. L, 
fig. 2). 

Distinctions of S. (P.) pavlovi from the  Canadian 
Siberiptychites (Pseudoeuryptychites) n. sp. indet. A a r e  
discussed in t h e  description of the  l a t t e r .  

Stratigraphy and age. In northern Siberia, S. (P.) pavlovi was  
recorded only f rom i ts  type-locality 29a and 29a.5 a t  t he  , 

northeastern end of Paks Peninsula, Lena-Anabar region of 
North Siberia (Voronets, 1962, p.18, 79) and from an 
unspecified locality on Anabar River (Pavlow, 1914, p. 37). At 
i t s  type-locality, th is  species was found in the  topmost bed of 
an  approximately 50 m thick unit of dark grey shale  with th in  
interbeds and concretions of very hard,  grey, argil laceous 
limestone. The underlying beds of t h a t  unit have yielded 
S. (P.) pateraeformis.  The rich and allegedly uniform 
ammoni te  fauna of this unit was assigned by Voronets (1962, 
p. 18) t o  t h e  "Polyptychites Zone of t h e  middle Valanginian." 
Subsequent, more  detailed zonations of t h i s  in terval  of t h e  
Paks Peninsula profile (e.g. Bassov et al., 1970; Bassov et al. 
in Saks e t  al., 1972, p. 42; Zakharov et a]., 1974, p. 124-126; - 
Gollbert et a]., 1981, p. 56-59) assign this unit t o  s o m e  par t  of 
t h e  regional upper lower Valanginian Polyptychites michalskii  
Zone (earlier Polyptychites stubendorffi  Zone). However, i t  
is  difficult  t o  determine t h e  position of t h e  S. (P.) pavlovi- 
bearing bed of this unit within t h e  Polyptychites michalskii 
Zone. For some  unexplained reason, all  above mentioned 

workers neither c i t e  any of t h e  "Euryptychites" (i.e. 
Pseudoeuryptychites) species described by Voronets (loc. cit .)  
nor offer a correlation of t h e  individual fossiliferous lower 
Valanginian beds and units ( their  I1pachki") distinguished by 
them with those recognized previously by Voronets (1962, 
p. 18). However, t h e  c i ta t ion of "Euryptychites" 
gravesiformis (identification of N.I. Shulgina), f rom unit XVIII 
of Zakharov et al. (1974, p.125) suggests i t s  being 

PLATE 38.1 

Figure IA, B. Siberiptychites (Pseudoeuryptychites) 
pateraeformis  (Voronets 1962). 

GSC 77107, GSC loc. 91309. Upper Deer Bay 
Formation, Section K e  7411 1 (Kemper, 1977, 
p. 3, Fig. 31, concretionary bed-15 s i tua t ed  
between 200 and 225 m stratigraphically below 
t h e  assigned base  of Isachsen Formation; 
uppermost par t  of Siberiptychites-beds, middle 
pa r t  of lower Valanginian. North Amund 
Ringnes Island, N.W.T.; Lat. 78O38'26"N.; 
Long. 94O54'W. Strongly deformed, l a rge  but  
ent i re ly  s e p t a t e  representa t ive ,  xl. IA. La te ra l  
view; 1B. Terminal cross-section and ventra l  
view of t h e  ear ly  par t  of las t  preserved (adult  
penultimate?) whorl. Note  t h e  s t ra ight  
umbilical wall  and angular umbilical shoulder on 
t h e  right s ide  of t h e  cross-section t h a t  a r e  
diagnostic of t h e  subgenus Pseudoeuryptychites 
novum. 

Figure 2A-C. Siberiptychites (Pseudoeuryptychites) n. sp. 
indet.  A. 

GSC 77119, GSC loc. 93754 (=91308). Upper 
Deer  Bay Formation, Section Ke 76/11 
(Kemper, 1977, p. 3, Fig. 31, bed-14 s i tuated 
about 225 m stratigraphically below t h e  
assigned base of Isachsen Formation and about 
24 m stratigraphically above t h e  bed-16 t h a t  has 
yielded t h e  youngest representatives of S. (S.) 
stubendorffi ;  uppermost par t  of Siberiptychites- 
beds, middle par t  of lower Valanginian. North 
Amund Ringnes Island, N.W.T.; 
Lat.  78O38'26"N.; Long. 97'54'W. 2A. Ventral 
view of a f ragment  of apparently smooth, adul t  
living chamber.  An obliquely oriented segment  
of sharp  and bullate (two bullae only) umbilical 
shoulder is visible on t h e  lower lef t .  This 
umbilical shoulder is also visible on t h e  lower 
right side of 2B. A small  segment  of evenly and 
coarsely ribbed adult  penul t imate  whorl, t h a t  is 
shown in 2C, is  visible on t h e  lower right 
(marked by arrow); 2B. Cross-sections of 
f r agmen t s  of t h e  adul t  u l t imate  (living 
chamber)  and penul t imate  whorls shown in 2A 
and C. 'Their a lmost  undeformed umbilical 
walls preserved on t h e  r ight  s ide  a r e  
character is t ica l ly  s t ra ight  and separa ted f rom 
t h e  evenly arched ventra l  region (i.e. venter  
and flank combined) by angular umbilical 
shoulders. The position of t h e  mid-venter of 
u l t ima te  whorl is  marked by black arrow at t h e  
upper left .  The l e f t  f lank and umbilical wall  of 
t h e  penultimate whorl a r e  caved-in, and those  
of t h e  u l t ima te  whorl a r e  broken off;  2C. 
Oblique l a t e ra l  view of t h e  f r agmen t  of adul t  
penul t imate  whorl shown in 2A and B. All 
f igures  xl. 





correlative,  in par t  a t  least ,  with t h e  S. (P.) pavlovi-bearing 
bed of Voronets' (loc. cit.) unit. The Russian workers 
in terpre t  Euryptychites gravesiformis by i t s  North Siberian 
specimens t h a t  are ,  in my opinion, synonymous with S. (P.) 
pavlovi (see i t s  synonymy). If so, S. (P.) pavlovi occurs in  t h e  
basal pa r t  of t h e  regional Polyptychites michalskii Zone t h a t  
underlies i t s  main par t  represented by t h e  units XIX-XX of 
Zakharov et al. (1974, p. 125). This basal par t  of t h e  
Polyptychites michalskii Zone is apparently corre la t ive  with 
t h e  Thorsteinssonoceras ellesmerense-bearing beds of t h e  
Deer Bay Formation (3eletzky, 1979, p. 56-58, Fig. 8) and so  
is inferred t o  be  older than any par t  of i t s  next younger 
Siberiptychites-bearing beds where S. (S.) stubendorffi  and 
S. (S.) rniddendorffi co-exist and Pseudoeuryptychites is 
unknown. This correlation is consistent with t h e  presence of 
I1Polyptychites r a m u l i ~ o s t a ~ ~  (a  Siberiptychites s.s.?) and 
"P. sp. (ex gr.  stubendorffi)" in the  basal part  of t he  
overlying units XIX-XX of Zakharov et al. (1974, p. 124-125). 
The overlying, Pseudoeuryptychites-bearing beds 15 and 14 
(Kemper, 1977, p. 3, Fig. 3) of t h e  Deer  Bay Formation a r e  
younger yet (see in t h e  description of stratigraphy and age of 
S. (P.) pateraeformis  for  fur ther  details). 

The early whorl of S. (P.) pavlovi listed and figured but 
not described by Yershova (1980, p. 70, PI. IV, fig. 2) f rom 
Spitsbergen is assigned t o  the  upper lower Valanginian 
regional zone of Polyptychites ramulicosta,  which is 
approximately equivalent t o  t h e  regional Siberian 
Polyptychites michalskii Zone. 

Siberiptychites (Pseudoeuryptychites) 
pateraeformis  (Voronets 1962) 

Pla te  38.1, f igure  IA, 1B 

?19 14 Euryptychites globulosus Pavlow, p. 38, PI. IX, fig. 1. 
1962 Euryptychites pateraeforrnis Voronets, p. 81, 82, 

PI. XLVIII, fig. 1; PI. LI, fig. la,  b; PI. LII, fig. 1, Text- 
fig. 31. 

Type specimen. No type  specimen of Euryptychites 
pateraeformis  was se lec ted by Voronets (1962) who named 
this Siberiptychites (Pseudoeuryptychites) species.  
Therefore,  t h e  writer se lec ts  t h e  specimen No. 29a.8 
reproduced in Voronets (1962) PI. XLVIII, fig. I; PI. LI, 
fig. la,  b and PI. LII, fig. I a s  i t s  lectotype. 

Material .  Six North Siberian specimens, including t h e  
lec totype,  used by Voronets (1962, p. 81). One large,  fully 
sep ta t e ,  considerably deformed Canadian specimen 
GSC 77107 f rom GSC loc. 91309. 

Description. The original description of P. (S.) pateraeforrnis 
provided by Voronets (1962, p. 81) is a s  follows (writer 's  
translation f rom Russian): "Whorls involute, low and wide. 
Width of t h e  outer  whorl is almost two  t imes  greater  t han  i t s  
height. The width of inner whorls is only 1.4 t imes  g rea te r  
than thei r  height. The g rea te s t  width of t h e  whorls occurs  at 
t h e  level of t h e  umbilical shoulder. The surface  of t h e  flanks 
is shor t  and merges  immediately in to  t h e  wide and f l a t t ened  
siphonal side. The umbilicus i s  wide and deep with a high, 
abruptly delimited rim (i.e. umbilical shoulder; translator 's  
remark). It is  covered by ribs, which bend forward when they  
cross t h e  shoulder and form forward bent  bullae at t h a t  level. 
On t h e  outer whorl, t h e  ribs begin in t h e  middle of t h e  
umbilical wall. There  a r e  8 bullae on t h e  inner half of t h e  
whorl and t h e r e  a r e  15 of them on t h e  whole of t h e  ou te r  
whorl. Three  f ine  and high secondary ribs b r a n c h o f f  e a c h  
bulla. The median rib is  t h e  continuation of t h e  bulla. The 
anterior rib sepa ra t e s  f rom i t s  f lank and bends forward while 

the  posterior rib spli ts  off t h e  bulla a t  t h e  umbilical shoulder 
and is d i rec ted radially. Higher up t h e  ribs b i furcate  again at 
the  midflank. Intercalated ribs occur  locally. All r ibs cross 
t h e  venter  on an  almost s t ra ight  course. The re  a r e  
51 secondaries per one half whorl. The living chamber  
occupies a lmost  t h e  whole whorl. 

"The bullae become more  e levated on t h e  living 
chamber  in comparison with t h e  ear ly  whorls. However,  t h e  
secondary ribs become gradually weakened a s  they approach 
t h e  mouth border. There a r e  th ree  constrictions per whorl, 
one of them near the  mouth. 

"The su tu re  line (Fig. 31) is  character ized by a broad, 
downward widening second l a t e ra l  lobe and a wide second 
la tera l  saddle (i.e. S3 of this paper) which is s i tuated a t  t he  
umbilical shoulder. 

I1Dimensions (in mm) 

Shell d iameter  125(100) SO(lO0) 
Height of whorl 44(37) 32(40) 
Thickness (i.e. width) 

of whorl 84(68) 46(57) 
Width of umbilicus 45(36) 26(32)" 

The description apparently pertains exclusively t o  t h e  
figured l ec to type  of P. (S.) pateraeformis  and t akes  no 
account  of t h e  remaining f ive  specimens avai lable  t o  
Voronets (1962, p. 81). This description also suffers  f rom t h e  
incomplete preservation of t h e  l ec to type  t h a t  does  not 
include t h e  adul t  u l t imate  whorl, may lack t h e  adul t  
penul t imate  whorl as well, and does not exhibit  ear ly  
in termedia te  and juvenile whorls. Fur thermore ,  t h e  
lec totype does  not exhibit  a complete  external  su tu re  line. 

In sp i t e  of t hese  defects ,  t h e  presence of t h r e e  
constrictions per whorl of t h e  lec totype,  in combination with 
t h e  Euryptychites-like morphology of t h e  two  exposed 
in termedia te  whorls a t t e s t s  t h a t  "Euryptychites" 
pateraeformis  is  a representa t ive  of t h e  Pseudoeuryptychites 
subgenus novum. 

The incomplete and considerably deformed Canadian 
specimen GSC 77107 (PI. 38.1, fig. 1) closely resembles t h e  
lec totype of P. (S.) pateraeformis  in most of t he  diagnostic 
f ea tu res  available. The whorl shape and proportions of i t s  
only accessible,  las t  preserved whorl a r e  similar t o  those  of 
t h e  las t  preserved, appreciably smal ler  whorl of t h e  l ec to ty  pe 
(es t imated r a t io  heightlwidth about 0.50 and the  roughly 
es t imated width of t h e  deformed umbilicus between 30 and 
35 per cent). There  a r e  about 16 small ,  pronouncedly 
forward-bent bullae on th is  fully s e p t a t e  whorl. Wherever 
t h e  lower flank is preserved (PI. 38.1, fig. IA), t hese  bullae 
spli t  in to  t h r e e  f ine  and sharp  secondary ribs t h a t  a r e  similar 
t o  those of P.  (S.) pateraeformis  in every  respect.  The 
in tercala ted  ribs a r e  e i ther  r a r e  or  absent.  Though t h e  
supplementary ribs on t h e  venter  of this whorl cannot  be  
counted exact ly ,  t hey  a r e  e s t ima ted  t o  number between 
70 and 80, which compares  closely with thei r  number on t h e  
las t  preserved whorl (but not t h e  ear l ier  whorls) of t h e  
lec totype (compare  Voronets, 1962, PI. LII, fig. I). These 
supplementaries also have about  t h e  s a m e  degree  of 
thickness, sharpness and elevation and a r e  spaced about  a s  
widely as those  of t h e  las t  whorl of t h e  lectotype. 

The Canadian specimen GSC 77107 appears  t o  differ 
f rom t h e  l ec to type  of P. (S.) pateraeformis  in: 

I. I ts  considerably larger  dimensions, t h e  terminal  shell 
d iameter  being in t h e  order  of 135 t o  140 mm. The 
Canadian specimen is  s e p t a t e  t o  t h e  end, strongly 
suggesting t h a t  t h e  living chamber  of t h e  lec totype is an  
in termedia te  ra ther  than adult  living chamber.  



2. An apparent absence of the  abrupt replacement of the  
very closely spaced ribbing habit of t he  penul t imate  whorl 
of the  lec totype (see Voronets, 1962, PI. LI, fig. l a ,  b) by a 
much more  sparce  ribbing habit on i t s  las t  preserved 
whorl (see Voronets, 1962, PI. LII, fig. I). However, a 
broken off par t  of t h e  terminal  quarter-whorl on t h e  
unfigured flank of our specimen exhibits a considerably 
more  dense ribbing of t h e  oralmost preserved par t  of t h e  
preceding whorl. I t  is  inferred therefrom t h a t  the  ribbing 
habit of t h e  earlier inaccessible par t  of t h a t  whorl is 
similar t o  tha t  of t h e  comparably large penultimate whorl 
of t h e  lectotype. 

Because of the  f a r  reaching morphological similarity of 
t h e  specimen GSC 77107 t o  t h e  lec totype of S. (P.) 
pateraeformis,  and t h e  apparently infraspecific na tu re  of 
thei r  discernible morphological differences,  t h e  fo rmer  i s  
assigned unreservedly t o  this North Siberian species. 

Affinities and differences.  The distinctions of P. (S.) 
pateraeformis  from S. (P.) pavlovi and t h e  Canadian S. (P.) 
n. sp. indet.  A a re  discussed in t h e  descriptions of these  
species. 

From Siberiptychites (Pseudoeuryptychites) splendens 
Bodylevsky (1968, p. 309, PI. 72, fig. 1 = Siberiptychites 
(Pseudoeuryptychites) sp. nov. indet.  of Voronets (1962, p. 80, 
81, PI. XLII, fig. 1; PI. L, fig. 2; Fig. 30) S. (P.) pateraeforrnis 
differs i n  a considerably lesser number of umbilical bullae per 
whorl (15 versus 20) and in t h e  prevalence of well formed 
t r i fu rca t e  rub bundles. The mater ia l  of this Siberiptychites 
(Pseudoeuryptychites) splendens is s ca rce ,  f ragmentary  and 
represented mostly by considerably larger,  more  advanced 
(including t h e  early par t  of ?adult living chamber)  whorls 
than t h e  holotype of S. (P.) pateraeforrnis.  Fur thermore ,  i t s  
Canadian specimen GSC 77107, which is larger  than  t h e  
lec totype of S. (P.) pateraeforrnis, appears t o  be  
morphologically transit ional t o  t h e  Canadian Siberiptychites 
(Pseudoeuryptychites) n. sp. indet.  A. Therefore,  t h e  
taxonomic significance of above distinctions cannot be 
evaluated definitively. The two  forms a r e  t r ea t ed  
tenta t ively  a s  specifically distinct but may yet  prove t o  be 
but ex t r eme  morphological variants of t he  s a m e  variable 
species. 

Stratigraphy and age. In Northern Siberia S. (P.) 
pateraeforrnis is recorded f rom t h e  Lena-Anabar region only. 
There i t  occurs in t h e  Valanginian section exposed on the  
northeastern end of Paks Peninsula (Voronets, 1962, p. 18, 81), 
a t  an unspecified locali ty in the  fourth ridge of 
Prontshistchev Range (Voronets, 1962, p. 18), and a t  an  
unspecified locali ty on Anabar River (Pavlow, 1914, p. 38, 
PI. XI, fig. 1). The S. (P.) pateraeformis-bearing beds can be  
dated and corre la ted  only at i t s  Paks Peninsula locali ty,  
where  our species occurs  in t h e  s a m e  unit as, but 
stratigraphically slightly below, t h e  S. (P.) pavlovi-bearing 
bed (see in t h e  description of i t s  stratigraphy and a g e  fo r  
fur ther  details). The bed containing S. (P.) pavlovi appears t o  
represent t h e  basal par t  of t h e  regional Polyptychites 
michalskii Zone and t o  correspond t o  t h e  Thorsteinssonoceras 
ellesmerense beds of t h e  Deer Bay Formation. Therefore,  t h e  
next older, S. (P.) pateraeformis-bearing beds of t h e  Paks 
Peninsula sect ion a r e  probably corre la t ive  with t h e  upper 
par t  (i.e. t h e  Temnoptychites syzranicus Subzone) of t h e  next 
older,  regional Temnoptychites syzranicus Zone. So 
in terpre ted,  they would correspond t o  part  or all  of t h e  units 
XVI-XVII of 'Zakharov et al. (1974, p. 124). If so,  t hese  S. (P.) 
pateraeforrnis-bearing Siberian beds a r e  corre la t ive  with part  
of (?all of )  t h e  Temnoptychites kernperi-bearing beds of t h e  
Deer Bay Formation (see Je le tzky,  1979, p. 56-58, Fig. 8). 

The Canadian specimen GSC 77107 of S. (P.) 
pateraeformis  was found in bed 15 of t h e  Section 3 
(Kemper,  1977, p. 3, Fig. 3), which is  corre la t ive  with t h e  
lower, but not  t h e  basal, par t  of Polyptychites michalskii 
Zone (Jeletzky, 1979, p. 56-58, Fig. 8). Fur thermore ,  
Siberiptychites (Pseudoeuryptychites) n. sp.  indet.  A was  
found in t h e  younger bed 14 of t h a t  section. These Canadian 
records appear  t o  be  contemporary  with t h e  record of 
"Euryptychites" sp. (most likely referable  t o  
Pseudoeuryptychites) in t h e  topmost bed of units XIX-XX of 
the  Saks Peninsula section (Zakharov et al., 1974, p. 126). 
Therefore,  S. (P.) pateraeforrnis appears t o  be  a long-ranging 
species tha t  existed through par t  or  a l l  of t h e  
Temnoptychites syzranicus Subzone and through t h e  lower 
par t  at l eas t  of t h e  overlying Polyptychites michalskii Zone. 
In t h e  Sverdrup Basin, S. (P.) pateraeforrnis has s o  f a r  been 
found only in beds t h a t  appear t o  be corre la t ive  with t h e  
topmost pa r t  (i.e. t h e  lower, but not t h e  lowermost par t  of 
t h e  Polyptychites rnichalskii Zone) of i t s  t i m e  range. 
Because of a similarly res t r ic ted  Canadian t i m e  range of 
Siberiptychites (Siberiptychites) stubendorffi  (Je le tzky,  1979, 
p. 56-58, Fig. 8), this discrepancy is explained by a strongly 
delayed eas tward migration of S. (P.) pateraeformis  ou t  of i t s  
evolutionary cen te r  i n  t h e  Lena-Anabar Basin of Northern 
Siberia. 

Siberiptychites (Pseudoeuryptychites) n. sp. indet.  A. 

PI. 38.1, fig. 2A-C; Figures 38.3, 38.4 

Material .  Four larger and severa l  small ,  partly deformed t o  
complete ly  squashed f ragments  f rom GSC loc. 93754 (=91308). 
All of t h e m  were  obviously col lec ted f rom t h e  float.  

Description. Only t h r e e  subgenerically identifiable larger 
f r agmen t s  a r e  discussed below. Though conceivably 
belonging t o  more  than one specimen, t hey  a r e  sufficiently 
similar morphologically t o  be conspecific and a r e  s o  t r ea t ed  
here. Other  f ragments  a r e  only tenta t ively  assigned t o  
our form. 

The early whorls less than 40 m m  high a r e  too  strongly 
deformed t o  infer  thei r  original shape and proportions. The 
ear l ies t  almost undeformed cross-section of t h e  unfigured 
example  GSC 79414 is  about  40 mm high and 45 t o  50 mm 
wide. The shape and proportions of this presumably third 
penultimate whorl a r e  similar t o  those of comparably large  
whorls of Polyptychites keyserlingi (compare Je le tzky,  1973, 
PI. 3, fig. 2b) and t h e  in termedia te  variant of Siberiptychites 
(Siberiptychites) stubendorffi  (compare Pavlow, 1914, PI. V, 
fig. 5b). The next older,  apparently second penul t imate  
whorl, t h a t  comprises t h e  oralmost par t  of th is  f ragment ,  has 
an  Euryptychites-like shape  and proportions. The s a m e  is  
t r u e  of t h e  preserved f ragments  of t h e  adul t  penul t imate  and 
adult  u l t ima te  whorls of t h e  specimens GSC 77119 (PI. 38.1, 
fig. 2A-C) and GSC 79113 (unfigured). The complete  cross- 
sections of t hese  terminal  whorls must have been 
considerably wider than high (heighttwidth r a t io  in order of 
0.60-0.65). The en t i r e  ventra l  region must have been evenly 
and low arched, with t h e  flanks inseparable f rom the  venter 
proper. The preserved umbilical shoulder i s  pronouncedly 
angular. The approximately s t ra ight  umbilical wall is high 
and forms an  approximately right angle with t h e  adjacent 
par t  of t h e  flanks. The umbilicus must have been moderately 
involute, deep  and funnel-like. The f ragments  of t h e  adult  
living chamber  apparently represent a shell d iameter  of 
130 t o  140 mm. 

The earliest  visible sculpture on the  four th  penultimate 
whorl of t h e  unfigured specimen GSC 79414 (a t  a whorl 
d iameter  of about 15 mm) consists of closely spaced, fine, 
nonbullate primary ribs t h a t  a r e  slightly inclined forward. 



They begin on t h e  umbilical shoulder and appear t o  b i furcate  
a t  or near t h e  medial  par t  of t h e  flank. Upper parts of t hese  
secondaries a r e  not visible. This sculpture appears to  
represent t h e  initial, simple dichotomous sculptural  phase of 
t h e  s t age  of regularized rib bundles character is t ic  of t h e  
genus Siberiptychites. The ventra l  surface  of t h e  
Polyptychites-like second penultimate whorl of this specimen 
is ornamented by regularly and ra ther  closely spaced (their  
interspaces a r e  about 2 t imes  wider than the  ribs themselves) 
supplementary ribs t h a t  cross t h e  venter  with slight forward 
bends. Neither t h e  bundling habit  nor t h e  primaries of th is  
growth s t age  a r e  exposed. 

The ventral  region of t h e  adult  penultimate whorls of 
t h e  specimens GSC 77119 (PI. 38.1, fig. 2C) and GSC 79413 
(unfigured) a r e  ornamented by fa i r ly  sharp  and prominent, 
moderately heavy but  ra ther  spa rce  ( the  in terspaces  being 
2 112 t o  3 t imes  wider than the  ribs) supplementary ribs, 
which a re  considerably coarser than those  of t h e  preceding 
whorl. They cross the  venter with slight forward bend. 
Neither t h e  bundling habit  nor t h e  primaries of th is  growth 
s t age  a r e  visible. 

The f ragmentary  oralmost whorls of t he  specimens 
GSC 77119 (PI. 38.1, fig. 2A, B) and GSC 79413 (unfigured) 
represent,  respectively,  t h e  middle par t  and t h e  very  
beginning (with a couple of terminal  su tu re  lines; s e e  below) 
of t h e  adult  living chamber.  They both lack any ornament ,  
excep t  fo r  large  but low and round-topped bullae spanning t h e  
umbilical shoulder and petering out  closely above and below 
it. The interspaces a r e  about 2 112 t imes  wider than  t h e  
bullae. The surface  of t h e  specimen GSC 77119 is, for  t h e  
most par t ,  appreciably t o  considerably abraded but  t h a t  of 
t h e  specimen GSC 79413 is fairly well preserved. 

An early external  suture  line is visible on t h e  fourth 
penultimate whorl of t h e  specimen GSC 79414 at an  
approximate  whorl d iameter  of 15 mm. This su tu re  lacks t h e  
ventral  and t h e  f i r s t  l a t e ra l  lobes (Fig. 38.3). Though this 
su tu re  already includes all  t h r e e  auxiliary lobes typical of t h e  
genus Siberiptychites,  i t  is Siberiptychites s.s. (i.e. S. (P.) 
stubendorffi)-like ra ther  than  Pseudoeuryptychites-like. The 
S. (S.) stubendorffi-like f ea tu res  include fairly simple t o  very 
simple and shallow (especially in t h e  third auxiliary) 
denticulation of all  exposed e lements ,  t h e  positioning of t h e  
first  auxiliary lobe on t h e  flank, t h e  relatively greater  width 
of the  fourth la tera l  saddle (instead of t h e  third 
character is t ic  of Pseudoeuryptychites), and t h e  relatively 
small  s ize  of all  t h r e e  auxiliary lobes. The su tu re  is, 
therefore ,  a l a t e  juvenile one. The two  terminal  external  
sutures  exposed on the  specimen CSC 79413 (Fig. 38.4) a r e ,  in 
contras t ,  entirely Pseudoeuryptychites-like. Only t h e  f i r s t  
and second l a t e ra l  lobes of t h e  bes t  preserved las t  su tu re  a r e  
si tuated on t h e  ventra l  region. They a r e  separa ted f rom t h e  
f i r s t  auxiliary Lobe, t h a t  is  s i tuated ent i re ly  on t h e  outermost  
par t  of t h e  umbilical wall, by a uniquely wide third l a t e ra l  
saddle,  t ha t  is a t  leas t  2 112 ' t imes  wider than t h e  foor th  
saddle. The narrow four th  l a t e ra l  saddle separa tes  th i s  
auxiliary lobe f rom t h e  only partially preserved second 
auxiliary t h a t  occupies t h e  inner pa r t  of t h e  outer  half of t h e  
umbilicial wall. Only t h e  f i f th  l a t e ra l  saddle and the  small  . 
adjacent segment  of t h e  third auxiliary lobe a r e  preserved, 
but  t he re  is l i t t l e  doubt of t h e  original presence of t h a t  
auxiliary within t h e  ample  expanse  of t h e  remaining, deeply 
eroded, inner half of t h e  umbilical wall. All visible lobes and 
saddles a re  similar t o  those of S. (P.) pavlovi (Fig. 38.2) in 
their  shapes and proportions but a r e  more  closely spaced 
(especially t h e  l a t e ra l  lobes) and considerably m o r e  
complexly denticulated. This suture  e i ther  touches,  o r  
overlaps with, t h e  second las t  su tu re  wherever t h e  l a t t e r  is  
visible (Fig. 38.4). This indicates the  adult  nature  of this 
f ragment  of t h e  living chamber.  

Affinities and differences.  Siberiptychites 
(Pseudoeuryptychites) n. sp. indet.  A di f fers  f rom S. (P.) 
pateraeformis  in the  considerably higher cross-section of i t s  
adult  u l t imate  and penul t imate  whorls. These whorls a r e  also 
more  highly arched,  and approximately equally thick 
throughout (compare  PI. 38.1, fig. LB with PI. 38.1, fig. 2B). 
Furthermore,  t h e  adult  living chamber of our fo rm is smooth, 
except  for t h e  umbilical nodes, while t h a t  of S. (P.) 
pateraeformis  bears irregularly spaced and unequally thick, 
coa r se  ribs in addition t o  d i f ferent ly  shaped umbilical nodes. 
Finally, t h e  coarse,  prominent and widely spaced 
supplenlentary ribs of t h e  adult  penul t imate  and second 
penultimate whorls of S. (P.) n. sp. indet.  A contras t  less 
with t h e  f ine  and closely spaced supplementar ies  of i t s  
ear l ier  whorls than do t h e  equivalent supplementaries of 
S. (P.) pateraeformis.  

Unlike the  vanishing ribbing habit  of Siberiptychites 
(Pseudoeuryptychites) n. sp. indet.  A, t h e  previously regular 
ribbing habit  of S. (P.) pavlovi becomes strongly disorganized 
on i t s  adul t  penul t imate  and second penul t imate  whorls and 
this irregular rib pat tern  persists onto  i t s  adul t  living 
chamber.  Fur thermore ,  S. (P.) pavlovi develops closely but 
irregularly spaced, unequally sized and partly spinose 
umbilical nodes on t h e  adul t  living chamber.  Finally, t h e  
Euryptychites-like advanced whorls of S. (P.) pavlovi, 
including t h e  adult  living chamber ,  a r e  relatively much lower, 
wider and thinner than those  of Siberiptychites 
(Pseudoeuryptychites) n. sp. indet.  A. 

Siberiptychites (Pseudoeuryptychites) n. sp. indet.  A 
resembles S. (P.) splendens Bodylevsky (=S. (P.) sp. nov. indet.  
of Voronets, 1962, PI. XLII, fig. I, PI. L, fig. 2) in the  
smoothness of i t s  adult  living chamber  (except for t h e  
umbilical nodes) and in the  subequal thickness of i t s  cross- 
sect ion throughout t h e  whorl's width. However, i t s  living 
chamber  is  about 1 112 t imes  th icker  than t h a t  of S. (P.) 
splendens. Fur thermore ,  t h e  ventra l  par ts  of supplementary 
ribs of i t s  adult  penultimate whorl (PI. 38.1, fig. 2C) a r e  
distinctly coarser ,  more  e levated and more  widely spaced 
than those  on t h e  adult  penul t imate  whorl of S. (P.) splendens 
(Voronets, 1962, PI. L, fig. 2; Bodylevsky, 1968, PI. 72, 
fig. la,  b). 

Because of i t s  morphological distinctions f rom all  o ther  
formally and informally named representa t ives  of 
Pseudoeuryptychites,  our form is probably a new species. 
However, i t  is  described in open nomencla ture  because  of t h e  
poor and f r agmen ta ry  preservation of a l l  i t s  presently known 
examples. 

Stratigraphy and age. All known examples of Siberiptychites 
(Pseudoeuryptychites) n. sp. indet.  A have been col lec ted a t  
CSC loc. 93754 (=91308) in bed 14 of t h e  sect ion of the  upper 
Deer  Bay Formation measured by E. Kemper (1977, p. 3, 
Fig. 3) on North Amund Ringnes Island. These youngest 
known Canadian representa t ives  of t h e  subgenus 
Pseudoeuryptychites a r e  associa ted  with Siberiptychites 
(Siberiptychites) n. sp. af f .  stubendorffi .  The s t ra t igraphy 
and a e of this bed was already discussed in t h e  description 
of S. 6,) pavlovi and 5. (P.) pateraeforrnis.  
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Abstract 

The Eureka Sound Group, i n  eastern Arct ic  Islands, i s  divided in to four new, l i thological ly 
dist inct formations o f  regional extent. The oldest is the Expedition Formation o f  middle or l a te  
Campanian to early Paleocene age, consisting predominantly o f  sandstone and minor shale, tha t  
originated as wave dominated delta, barrier island and estuarine deposits; a major shale unit, the 
Strand Bay Formation o f  early to  middle Paleocene age, that represents basin-wide marine 
transgresssion (early Paleocene), followed by regressive prodelta and shelf deposits; the Iceberg Bay 
Formation o f  middle or la te Paleocene to middle Eocene age, consisting o f  f luv ia l  sandstone and coal  
(mostly delta plain); and the stratigraphically highest unit, the Buchanan Lake Formation o f  middle 
Eocene age, possibly extending into the late Eocene, that consists o f  syntectonic conglomerate shed 
f rom adjacent thrust sheets, and signifying a major phase o f  the Eurekan Orogeny. Correlations are 
made w i t h  Eureka Sound strata on Bylot  Island, Amund Ringnes Island, Lougheed Island, Banks Island 
and a t  Lake Hazen. 

Le groupe dfEureka Sound dans l a  part ie est des Tles de I IArct ique est divis6 en quatre nouvelles 
formations lithologiquement distinctes dubtendue regionale. La formation dlExpBdition, l a  plus 
ancienne, date du Campanien moyen ou superieur au Paleocbne inferieur; e l le  se compose surtout de 
grhs avec de pet i tes quantites de schiste argileux qui, i~ I'origine, Btaient des d6pBts d'estuaire, de 
Crete dlavant-plage et  de delta, domines par I 'action des vagues. Une importante unit6 de schiste 
argileux, la formation de Strand Bay, du Paleocbne infBrieur A moyen, represente une transgression 
marine survenue dans I1ensemble de bassin (Paleocbne inferieur), suivie par des d6pBts de plate-forme 
e t  de prodelta en regression; l a  formation dfIceberg Bay, du Paleocbne moyen ou superieur h l f€oc8ne 
moyen, se compose de gr8s e t  de charbon f luviat i les accumul6s en grande part ie sur une plaine 
deltsique. L1unit6 stratigraphi uement la  plus BlevBe, la  formation de Buchanan Lake de l1Cocbne 
moyen et  peut-&tre mbme de I' 2 oc8ne supBrieur, se compose d'un conglomBrat syntectonique issu de 
nappes de charriage contigues e t  representant une importante phase de I'orogen8se dlEureka. Une 
correlat ion a Bte Btablie avec les strates dlEureka Sound dans I'ile Bylot, I ' i le Amund Ringnes, I ' i le 
Lougheed e t  l e  lac Hazen e t  I f i le  Banks. 



Introduction 

The L a t e  Cretaceous  and Early Ter t iary  Eureka Sound 
Formation underlies large  t r a c t s  of t h e  Arct ic  Archipelago, 
especially in the  eas tern  Arc t i c  (Fig. 39.1). Although local 
map  units have been defined in some  areas ,  t h e  succession a s  
a whole has not been subjected t o  detailed regional mapping. 
The present investigation, begun in 1983, was undertaken t o  
re-evaluate  current concepts in L a t e  Cretaceous  and 
Ter t iary  basin evolution in t h e  Arctic,  t o  determine m o r e  
precisely t h e  timing of Eurekan orogenesis, and t o  provide 
more  detailed information on coal resources in t h e  Canadian 
Arctic.  Complete  mapping of t h e  Eureka Sound Group, on a 
sca l e  of 1:50 000, is at present underway (Ricketts,  1984, 
1985). Mapping of t h e  Eureka Sound succession on Axel 
Heiberg and Ellesmere islands has  resulted in t h e  identifica- 
t ion of four basic l i thostratigraphic units of regional ex ten t ,  
and these  a r e  formally introduced herein. 

Previous terminology 

The name  Eureka Sound 'group' was f i rs t  used by 
Troelsen (1950) for  t h e  predominantly nonmarine, coal- 
bearing, Cenozoic s t r a t a  underlying Fosheim Peninsula 
(Table 39.1). Eureka Sound s t r a t a  were  originally in terpre ted 
as postdating t h e  las t  period of orogeny (Troelsen, 1950, 
1952) but l a t e r  were  discovered by Thorsteinsson and Tozer 
(1957) t o  have been included in t h e  deformation. Following 
t h e  more  extensive investigations of Operation Franklin, 
Tozer (1963) redefined the  unit a s  a formation, t o  comply 
with t h e  cu r ren t  North American s t ra t igraphic  pract ice ,  and 
suggested t h a t  s t r a t a  exposed on Fosheim Peninsula were  
'typical' of t h e  formation. However, a t ype  sect ion was 
inadvertently erected by Souther (1963) a t  Strand Fiord on 
western  Axel Heiberg Island (see discussion by Balkwill, 1983, 
p. 45), and th is  designation has continued in  t h e  l i tera ture .  

As a result  of preliminary mapping in t h e  Bay Fiord and 
Stra thcona Fiord a r e a  of Ellesmere Island, West et al. (1981) 
identified four informal members  within t h e  Eureka Sound 
Formation. Map unit boundaries established in  t h e  s a m e  a r e a  
during t h e  present investigation (Ricketts,  1985, GSC Open 
File1182),  coincide only approximately with those  
established by West et al. (1981) and the re fo re  t h e  l a t t e r  
designations a r e  not used here. Miall (1984) has  indicated 
t h a t  t h e  Eureka Sound Formation should be  raised t o  group 
status.  Because of considerable l i thofacies variations, Miall 
(1984) considers i t  unlikely t h a t  any unit can b e  mapped 
regionally, and suggests t h a t  t h e  l i thostratigraphic f rame-  
work should be based on (genetic) depositional systems. As 
an a l ternat ive  approach, I intend t o  introduce a s imple  
nomenclatural  s cheme  based on t h e  general  lithological 
homogeneity of rock units and the i r  mappability. 

Rat ionale  

A thick sequence of shale  (up t o  287 m) has been 
identified and mapped in t h e  Strand Fiord area ,  and 
subsequently found a s  a distinct mappable unit i n  t h e  a reas  
surrounding Stra thcona and Bay fiords, Vesle Fiord, Canon 
Fiord and northward along Fosheim Peninsula. At Strand 
Fiord, t h e  a g e  of t h e  shale  sequence is  Early t o  Middle 
Paleocene (Ricketts,  i n  press) and this age  is also confirmed 
in t h e  o ther  a reas  (McIntyre, personal communication, 1985). 
Thus, t h e  sha le  unit is  a particularly useful s t ra t igraphic  
marker  throughout t h e  area.  Wherever t h e  shale unit occurs,  
i t  is underlain and overlain by thick sequences consisting 
predominantly of sandstone. The Eureka Sound succession 
can  be  divided in to  four format ions  based primarily on  shale,  
sandstone or conglomerate  content.  Although sedimentary  
fac ies  may  vary  within any o n e  formation, th is  f ea tu re  in 
itself does not invalidate t h e  scheme,  but provides t h e  basis 
for fur ther  subdivision in to  members.  Each format ion is also 

mappable a t  a s ca l e  of 1:250 000 (Fig. 39.2, 39.3). 
Corresponding s t ra t igraphic  sect ions  a r e  shown schemat ica l ly  
in Figure 39.4 (Strand Fiord area),  and in  Figure  39.5, cen t r a l  
Ellesmere Island (Fosheim Peninsula and Stra thcona Fiord). 
Following Miall (1984), t he  Eureka Sound is now referred t o  
as a group. 

Lithostratigraphy 

Expedition Formation 

Definition. The Expedition Formation is  t he  lowest 
s t ra t igraphic  unit of t h e  Eureka Sound Group, and consists 
predominantly of quartz-rich sandstone, wi th  subordinate 
shale  and coal. The Expedition Formation is overlain by shale  
of t he  Strand Bay Formation. Thickness varies f rom 500 m a t  
Strand Fiord,  t o  a maximum of 836 m a t  Canon Fiord; o the r  
measured sections a r e  a t  St ra thcona Fiord (302 m+), and a t  
t h e  north end of Fosheim Anticline (632 m). The  format ion is 
named a f t e r  Expedition Fiord on western  Axel Heiberg  Island. 

The type  sect ion is located on t h e  eas t  s ide  of Kanguk 
River, 2.5 km due north of Strand Fiord, l a t i t ude  79'16'N; 
longitude 90°35'W (Fig. 39.2). This lies above t h e  type  
sect ion of t h e  Kanguk Formation. 

Synonyms. The Expedition Formation includes Member I 
and t h e  lower par t  of Member  I1 of West e t  al. (1981). 

Contacts.  Where t h e  Expedition Format ion is  
conformable  with t h e  Kanguk Formation, t h e  c o n t a c t  i s  f lat;  
where  i t  is  in con tac t  with Lower Paleozoic bedrock, basal 
s t r a t a  of t h e  Expedition Formation overlie an erosional relief 
of up t o  50 m,  with profound unconformity. 

Figure  39.1. A map of the  eas tern  Arct ic  Islands, showing 
general  distribution of Upper Creteaceous  and Tertiary s t r a t a  
(stipple), with respect  t o  Sverdrup Basin and Franklinian 
bedrock. The insets show the  locations of more  detailed 
l i thostratigraphic maps  in the  Strand Fiord and Strathcona 
Fiord areas .  



Table  39.1. Eureka Sound Group nomencla ture  Axel Heiberg Island and centra l  
Ellesmere Island 

It has been found necessary t o  modify t h e  definition of 
t h e  Kanguk Formation - Eureka Sound Croup contact ,  a s  
indicated in the  ensuing discussion. In most places the  
contact  is gradational,  and Tozer (1963) placed t h e  boundary 
beneath t h e  f i rs t  major sandstone bed. However, t h e  
thickness of th is  bed was  l e f t  undefined, and in f a c t  is qui te  
variable; at many locali t ies t h e  f i r s t  major sandstone actually 
forms par t  of a coarsening- and thickening-upward sequence 
t h a t  is  tens of me t re s  thick. An additional problem is  
encountered at t h e  type  sect ion (Fig. 39.6), where  t h e  upper 
par t  of t he  Kanguk Format ion contains severa l  t ens  of me t re s  
of sandstone and thin interbedded shale,  overlain by a 30 m 
thick unit of shale  containing Inoceramus lundbreckensis 
(Jeletzky, personal communication, 1984). Souther (1963) and 
Tozer (1963) placed t h e  top  of t h e  Kanguk Formation 
immediately above th is  shale,  which would mean t h a t  t h e  
Kanguk contains a sandstone fac ies  t h a t  i s  identical  t o  
sandstone units found elsewhere in t h e  Eureka Sound Group; 
logically, t h e  sandstone could be  included in  t h e  Eureka Sound 
Group. During t h e  present mapping program, a useful 
cri terion for  determining t h e  con tac t  was found t o  be  t h e  
s t ra t igraphic  level above which t h e  sandstonelshale ra t io  
approximates 2 3 .  At this level t he  outcrop is much more  
resistant t o  weathering and t h e  con tac t  may be mapped 
clearly.  
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In most places, c o n t a c t  with the  overlying Strand Bay 
Formation is abrupt.  Sandstone at t h e  top  of t h e  Expedition 
Formation i s  succeeded by thick, blocky weather ing shale. 
St ra t igraphic  relationships across  th i s  con tac t  vary f rom 
conformable t o  unconformable. 

Lithology. The proportion of major l i thotypes varies 
considerably across t h e  Eureka Sound Basin. In t h e  a r e a  
around Strand Fiord, sandstone and shale  units a r e  arranged 
into coarsening- and thickening-upward cycles  t h a t  rarely a r e  

capped by thin coal seams. Coarsening- and thickening- 
upward cycles also occur  in t h e  lower half of t h e  format ion 
from Stra thcona Fiord and north along Fosheim Peninsula. 
The lowest of t hese  cycles includes t h e  'basal' whi te  
sandstone tha t  is  so  prominent in t h e  west-central  Ellesmere 
Island area ,  particularly where  t h e  format ion overlies 
Paleozoic bedrock. Coal seams t h a t  cap  t h e  cycles here a r e  
be t t e r  developed than  at Strand Fiord; t h e  number and 
thickness of s eams  increase  northward toward Hot  Weather 
Creek,  thickness ranging f rom a few cen t ime t re s  t o  m o r e  
than a metre .  
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Along western  Ellesmere Island, t h e  Expedition 
Formation is easily recognized by two  principal cri teria:  a 
basal white sandstone unit, and a distinctive,  striped 
weathering pat tern  in s t r a t a  above t h e  whi te  sandstone bed, 
which ref lec ts  the  thin,  regular a l ternat ion of sandstone, 
shale  and coal beds. In t h e  upper part  of t h e  format ion,  t hese  
rock types  a r e  arranged in thin, fining-upward sequences. 

&. The base of t h e  Expedition Format ion appears  t o  
b e  diachronous; a t  Strand Fiord i t  ranges f rom middle 
Campanian t o  Maastrichtian.  Palynological evidence has  led  
t o  t h e  identification of a disconformity a t  t he  t o p  of t h e  
Expedition Formation a t  Strand Fiord (D.J.McIntyre,  
personal communication, 1984). This disconformity is 
considered t o  be a result  of nondeposition and possibly local 
erosion. At the  northwest end of Fosheim Peninsula, t h e  
Expedition Format ion is  probably middle Campanian t o  Early 
Paleocene. Where t h e  format ion di rect ly  overlies Paleozoic 
bedrock, as in t h e  St ra thcona - Canon Fiord area ,  i t  i s  Early 
Paleocene in  age  (e.g. Canon Fiord). A disconformity l ike 
t h a t  recognized at Strand Fiord has not been identified at t h e  
top  of the  Expedition Formation in t h e  Fosheim Peninsula - 
Stra thcona Fiord area .  However, this does not preclude t h e  
possibility of a hiatus,  especially if i ts  duration were  too  
shor t  t o  be resolved by palynological studies. 
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Interpretation. A var ie ty  of fac ies  a r e  represented. At 
Strand Fiord,  t h e  Expedition Formation originated a s  a ser ies  
of wave dominated del tas  (Ricketts,  in press), whereas 
between Stra thcona and Canon fiords, barrier island and 
es tuar ine  conditions prevailed. Basal s t r a t a  near Hot 
Weather Creek and Fosheim anticline also represent barrier 
island deposition, although upper s t r a t a  he re  probably 
accumulated on del ta  plains. 

Strand Bay Formation 

Definition. This unit is  easily recognized in most areas  
as a th ick  sequence of dark grey shale. Tabular bedded 
sandstones are minor, composing less than 10 per cent  a t  
Strand, St ra thcona and Vesle fiords. However, t h e  sandstone 
component increases north and west  along Fosheim Peninsula, 
and at t h e  north end of Fosheim anticline,  sandstone locally 

composes up t o  60 per cen t  of t he  formation; thin coal seams 
also a re  present.  Maximum thicknesses occur a t  Strand Fiord 
and Canon Fiord (287 and 276 m, respectively),  and a t  other 
locali t ies values range f rom 122 t o  196 m. The  Strand Bay 
Formation is  conformably overlain by t h e  Iceberg Bay 
Formation. 

The type  sect ion is located on a ridge along t h e  north 
shore  of Strand Fiord, 15.5 km due west of t h e  mouth of 
Kanguk River and 3 km due eas t  of Twin Diapirs, a t  lati tude 
79'14'N and longitude 91 '27'W (Fig. 39.2, 39.7). The 
format ion is named a f t e r  Strand Bay, which marks the  
en t r ance  t o  Strand and Expedition fiords on west Axel 
Heiberg Island. 

Synonyms. The Strand Bay Format ion includes 
approximately t h e  upper 200 m of Member  I1 at south 
Stra thcona Fiord, recorded by West et al. (1981). 

6 = Strand Bay Fm. 
C= I cebe rg  Bay Fm. 
$ Type Sec t ion  Expedition Fm. 

Type Sect ion S t r a n d  Bay Fm. 

Figure 39.2. Lithostratigraphic map of the  Eureka Sound Group a t  Strand Fiord. The map is 
summarized f rom Open File 1147. Formations a re  designated by le t ters .  Type sect ions  fo r  t h e  
Expedition, Strand Bay and Iceberg Bay format ions  also a r e  located. The map  a rea  is shown in 
Figure 39.1. 
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Figure 39.3. Lithostratigraphic map of the  Eureka Sound 
Group in t h e  Strathcona Fiord area.  Data  has been 
summarized from Open File 1182. All formations a r e  
indicated by le t ters .  The map area  is located in Figure 39.1. 

Contacts.  Con tac t  with the  underlying Expedition 
Formation is described in t h e  preceding section. Con tac t  
with sandstone of the  superjacent Iceberg Bay Formation 
generally is conformable and gradational over a f ew me t re s  
of interbedded shale  and sandstone. Even in areas  of poor 
exposure, shale  of t h e  Strand Bay Formation can be  t r aced  as 
a recessive interval bounded by formations of resistant 
sandstone. 

Litholopv. The sha le  weathers  t o  a grey o r  blue-grey colour 
and has a blocky f rac ture .  Resistant sandstone beds t h a t  
have tabular geometr ies  and cumulative thicknesses of 25 t o  
30 m occur  in t h e  lower third of t h e  format ion at Strand 
Fiord. In comparison, sandstone units exposed a t  Canon Fiord 
and elsewhere along Fosheim Peninsula form distinct 
coarsening- and thickening-upward cycles, t h a t  locally a r e  
capped by thin coal  seams. The proportion of sandstone also 
incrases northward along this trend although shale  remains 
t h e  dominant rock type. Hummocky crossbeddng occurs  in 
several cycles a t  Canon Fiord. Tidal bedding is common in 
t h e  lower parts of t hese  cycles on Fosheim Peninsula. These  
f ea tu res  indicate overall  eastward- and northward-shoaling 
trends in t h e  Strand Bay Formation. 

&. Palynological analysis by D.J. McIntyre  (personal 
communication, 1984) indicates a n  Early t o  Middle Paleocene 
age for t h e  St rand Bay Formation. The Paleocene age  is 
generally confirmed by a sparse  assemblage of arenaceous  
foraminifera (J.H. Wall, personal communication, 1985). 

Interpretation. Because of i t s  regional e x t e n t  and 
abrupt appearance in t h e  s t ra t igraphic  succession of t h e  
eas t e rn  Arc t i c  Islands, t h e  base of t h e  Strand Bay Format ion 
is considered t o  represent an  Early Paleocene marine  
transgression. Transgression was  followed by a depositional 
phase, and t h e  bulk of t he  shales and minor sandstone 
represent prodelta and shelf deposits of t h e  subsequent 
regression. Continued progradation gave r ise  t o  t h e  overlying 
sandstones of t h e  Iceberg Bay Formation. 

Iceberg Bay Formation 

Definition. In many areas  of t he  eas tern  Arctic,  t h e  
Iceberg Bay Formation is t h e  highest s t ra t igraphic  unit 
preserved. I t  is character ized by t h r e e  principal lithotypes: 
a unit of noncalcareous or slightly calcareous sandstone and 
shale; a calcareous,  flaggy, whi te  s i l t s tone and sandstone 
unit; and a unit containing sandstone and thick coal  s eams  
(Ricketts,  1984, 1985). All units can be mapped separa te ly  
and, in a fu tu re  publication, will be designation a s  members.  

The preserved thickness of t h e  Iceberg  Bay Formation 
at i t s  t ype  sect ion at Strand Fiord is 1950 m,  with additional 
th ick  sect ions  located at M okka Fiord (1500 m recorded by 
Bustin, 1977), 1240 m a t  St ra thcona and Ray fiords, 600 m 
preserved at Canon Fiord, and possibly a s  much as  2000 m 
near  Ho t  Weather Creek. In most  cases, t h e  t o p  of t h e  
format ion in these  a reas  i s  eroded and thickness values a r e  a 
minimum. 

The only continuous and well  exposed sect ion through 
t h e  en t i r e  format ion is t h e  type  sect ion (Fig. 39.81, which is 
located on t h e  north shore  of Strand Fiord, immediately 
above t h e  type  sect ion of t h e  Strand Bay Formation. The 
base of t he  sect ion is located a t  la t i tude  79'14'N and 
longitude 91°27'W; t h e  top  of t h e  sect ion is  la t i tude  
79O14.5'N and longitude 91°15'W, 11 km due west of t he  
mouth of Kanguk River. The format ion is named a f t e r  
Iceberg Bay, s i tuated north of Expedition Fiord on west Axel 
Heiberg Island. 

Synonyms 

The Iceberg Bay Formation is equivalent t o  both 
members  I11 and IV recorded at Stra thcona Fiord by 
West et al. (1981). 

Con tac t s  

Where basal s t r a t a  of t h e  Iceberg  Bay Format ion 
include thick brown sandstone (as at Strand Fiord), or 
calcareous,  f laggy s i l t s tone and sandstone (as at Canon Fiord 
and Stra thcona Fiord), t h e  con tac t  with t h e  underlying Strand 
Bay Shale i s  easily mapped. The con tac t  i s  gradational over a 
f e w  metres ,  i n  which t h e  proportion of coarse  grained rock 
types  interbedded with shale  increases.  

Con tac t  with t h e  overlying Buchanan Lake Formation is 
abrupt and disconformable, although locally i t  may be 
conformable,  as noted a t  Lake Hazen by Miall (1979a). At 
t h e  head of M okka Fiord, in t h e  footwall  of Stolz  Thrust and 
8 km due south of Mokka Fiord Diapir, t h e  con tac t  is defined 
by t h e  abrupt transit ion f rom pale brown weathering, quartz- 
rich sandstones interbedded with coal seams,  t o  dark brown, 
l i th ic  sandstones and diabase-pebble conglomerates.  
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Figure 39.4. A s t ra t igraphic  cross-section of the  Eureka Sound Group a t  Strand FIord. The datum is 
placed a t  t h e  base of t he  Strand Bay Formation. The l e t t e r  designation for formations is the  same  a s  
that  in Figure 39.2. Stratigraphic thicknesses a re  approximate.  Note tha t  the  Iceberg Bay Formation 
is subdivided into two distinct lithological units that  in the  fu tu re  may be designated a s  members.  

Lithology. Fine grained, brown sandstone and shale  crossbedding (for example  a t  South Bay), and channels filled 
beds composing t h e  lower 890 m of t h e  formation a t  Strand with coarse  grained calcareous  sandstone. In t h e  Canon Fiord 
Fiord (map unit 4, Ricketts,  1984), a r e  arranged in to  a large  a rea ,  t h e  ca lcareous  rock types  form prominent cliffs. . . 
number of  coarsening- and thickening-upward-cycles. A f e w  
thin coal seams appear in t h e  upper cycles of this map  unit. An additional unit of shale,  up t o  158 m thick,  has been 

In comparison, fining-upward sandstone sequences,  commonly mapped locally a t  south  St ra thcona Fiord, where  i t  abruptly 

capped by coal  s eams  (locally up t o  6 m thick), cons t i tu t e  t h e  overlies a coal s eam t h a t  caps  t h e  ca lcareous  flaggy s t r a t a  
(Fig. 39.5). This shale  thins northward t o  Bay Fiord where  i t  

'pper of the formation at this locality unit 5 ,  is replaced laterally by a th in ,  pebble conglomerate, indicat- Ricket ts ,  1984). ing the  presence of a hiatal  surface  of local ex ten t  within t h e  
A sequence of calcareous,  flangv sil tstone and whi te  Icebern Bav Formation. . --. - .  

sandstone, a t  leas t  600 m thick, occurs  in t h e  lower par t  of Coal-bearing sandstones t h a t  c a p  fining-upward, the Iceberg Bay Formation at Strathconal Bay7 Vesle and sandstone-shale sequences occur in t h e  upper 600 m of the Canon fiords. Like thei r  s t ra t igraphic  counterpar ts  a t  Strand formation at Bay Fiord, and correlate wi th  the principal Fiord,  t h e  flaggy li thotypes a re  arranged in to  coarsening- 
upward cycles,  some  of which contain abundant hummocky 
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Figure 39.5. A s t ra t igraphic  cross-section of the  Eureka Sound Group, f rom Stra thcona Fiord to 
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coal-bearing sequence a t  Strand Fiord (map unit 5, Ricket ts ,  
1984, 1985). Toward t h e  northwest along Fosheim Peninsula, 
t h e  lower, ca lcareous  rock types  a r e  replaced la tera l ly  by t h e  
coal-bearing sequence, and a t  Hot Weather Creek  t h e  forma-  
tion consists a lmost  entirely of fining-upward sandstone-coal 
cycles (Fig. 39.5). 

&. The age of the  Iceberg Bay Formation, based 
primarily on palynomorphs (D.J. McIntyre,  personal communi- 
cation, 1985) ranges f rom Middle or L a t e  Paleocene t o  Middle 
Eocene. Additional evidence is provided by Paleocene 
calcareous foraminifera (3.H. Wall, personal communication, 
1985), found fo r  t h e  f i rs t  t ime  in t h e  Eureka Sound Group at 
Stra thcona Fiord, and also a diverse assemblage of ve r t eb ra t e  
fossils fdund in Eocene coal-bearing rocks near t h e  top  of t h e  
formation, south of Bay Fiord (West et al., 1977). 

Interpretation. The Middle Paleocene t o  Middle Eocene 
regressive phase of deposition at Strand Fiord gave r ise  t o  
del ta ic  deposits t h a t  ref lec t  a g rea t e r  fluvial influence than  
t h e  wave dominated deltas tha t  deposited t h e  Expedition 
Formation. However, t h e  eas tern  side of t h e  Eureka Sound 
Basin (west-central  Ellesmere Island) also contain barrier 
island, lagoon and shelf deposits, in addition t o  m o r e  local  
prodelta shale. Coal-bearing s t r a t a  at t h e  t o p  of format ion 
a r e  also of del ta  plain origin and appear t o  have extended 
across the  en t i r e  basin by Early Eocene t ime;  la tera l ly  
equivalent del ta  f ron t  f ac i e s  a r e  probably preserved in t h e  
subsurface offshore and beneath Meighen Island (north and 
west of Axel Heiberg Island). 

Buchanan Lake Format ion 

Definition. Besides being t h e  highest s t ra t igraphic  unit in t h e  
Eureka Sound Group, t h e  Buchanan Lake Formation is cr i t ica l  
because i t  formed in response t o  a major period of fault ing 
and folding during t h e  Eurekan Orogeny. A t  Mokka Fiord, 
interbedded qua r t z  a ren i t e  and coal seams belonging t o  t h e  
Iceberg Bay Formation a r e  abruptly overlain by diabase 
conglomerates,  l i th ic  arenites,  and minor amounts of silt- 
s tone and shale. Thick units of conglomerate  with a var ie ty  
of c l a s t  compositions a r e  now known from several locali t ies 
on Axel Heiberg and Ellesrnere islands, and herein a r e  named 
t h e  Buchanan Lake Formation. Because s t ra t igraphic  and 
s t ructura l  relationships a r e  reasonably well  exposed in  t h e  
s t r a t a  along t h e  south shore  of Mokka Fiord (Fig. 39.9), t h e  
a r e a  is designated as t h e  type  locali ty (lat. 79"32'N, 
long. 87O34'W). A t  t h e  type  locali ty,  t h e  format ion occurs  i n  
t h e  immediate  footwall  of t h e  Stolz Thrust and hence t h e  
370 m of sect ion is  a minimum value. Similar thicknesses a r e  
recorded at Geodet ic  Hills (possibly up t o  1000 m, Bustin, 
1982; this study) and O t t o  Fiord (about 300 m). A thick 
conglomerate unit (300 m) occurring in t h e  Franklin Pierce  
Bay a r e a  of eas t e rn  Ellesmere Island is  tenta t ively  placed in  
t h e  Buchanan Lake Formation. The format ion is named a f t e r  
Buchanan Lake, which drains in to  Mokka Fiord (eastern Axel 
Heiberg Island). 

Synonyms. Conglomerate  and sandstone exposed at 
Geodet ic  Hills were  formerly  included in t h e  Beaufort  
Formation by Bustin (1982), but now a r e  reclassified a s  
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Figure 39.6. A schemat ic  representation of the  Expedition 
Formation type section, eas t  of Kanguk River (lat. 79O16'N; 
long. 90°35'W). Detailed description of this section is given 
in Ricket ts  (in press). 

Buchanan Lake Formation (Ricket ts  and M cInt yre, 1986). 
Conglomerates a t  t h e  Boulder Hills locali ty near Lake Hazen 
(conglomerate member of Miall, 1979a) a r e  also assigned t o  
t h e  Buchanan Lake Formation. 

Contacts.  As previously noted, t h e  basal con tac t  a t  
Mokka Fiord is disconformable. A t  o ther  locali t ies along 
eas tern  Axel Heiberg Island t h e r e  is  a slight discordance with 
underlying Mesozoic bedrock (for example 5-8' in exposures 
due west of Stang Bay). Conglomerates a t  Boulder Hills, a r e  
seemingly in conformable and gradational con tac t  with 
underlying sandstones and interbedded coal seams t h a t  a r e  
included in t h e  Iceberg Bay Formation. The basal con tac t  at 
Franklin Pierce  Bay (east  coas t  of Ellesmere Island) appears  
t o  be disconformable; conglomerate  composed of highly 
indurated sandstone and limestone c las ts  overlies Early 
Paleozoic, Franklinian s t r a t a  of similar composition. The 
upper contact  of t he  Buchanan Lake Formation is faul ted ,  
and conglomerates l ie in t h e  footwalls of major thrusts,  such 
a s  t h e  Stolz, Parrish Glacier and Lake Hazen thrusts.  

F igure  39.7. A schemat i c  representation of t h e  Strand Bay 
Formation type section, north shore of Strand Fiord 
(lat. 79O14'N; long. 91°27'W). Detailed description of this 
sect ion is given in R icke t t s  (in press). 
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Lithology. Internal organization and sedimentary  fac ies  in 
t h e  Buchanan Lake Formation conglomerates  a r e  similar 
f rom one a r e a  of exposure t o  another,  despi te  considerable 
d i f ferences  in c las ts  composition; crossbedding and channel 
s t ructures  abound. Exposures along eas t e rn  Axel Heiberg 
contain a var ie ty  of bedding types,  with massive cliff-  
forming conglomerate  in t h e  lower par t  of t he  formation, and 
interbedded conglomerate,  sandstone, grey mudstone, and 
lignitic coal higher in t h e  succession. Pebble composition 
he re  and a t  t h e  type  sect ion is predominantly diabasic, with 
minor amounts of sandstone. Clas ts  at Franklin Pierce  Bay 
consist  predominantly of carbonate  and highly indurated 
sandstone derived f rom Lower Paleozoic rocks in  t h e  hanging 
wall  of t h e  Parrish Glacier Thrust. A t  O t t o  Fiord, diabase 
pebble conglomerate  occurs at t h e  base  of t h e  sequence, 
whereas  siliceous l imestone c las ts  predominate a t  
stratigraphically higher levels, a compositional change t h a t  
may ref lec t  an  inverse s t ra t igraphic  derivation; namely, 
diabase eroded f rom sills intruding t h e  Triassic Blaa Mountain 
Group, and siliceous l imestone f rom t h e  Upper Paleozoic 
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in Ricket ts  and McIntyre (1986). 
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Figure 39.8. A schemat ic  representation of the  Iceberg Bay 
Formation type section, north shore  of Strand Fiord 
(lat. 79O14'N; long. 91°27'W). Detailed description of this 
section is given in Ricket ts  (in press). 

Interpretation 

The conglomerate  and sandstone t h a t  compose t h e  bulk 
of t h e  Buchanan Lake Formation were  deposited by fluvial 
processes, commonly braided rivers, and locally, by debris 
flows. The c las t ic  debris of , the  alluvial fans  and braidplains 
was derived f rom adjacent thrust  sheets  of Mesozoic and 
Paleozoic bedrock. The Buchanan Lake Formation is 
syntectonic  and represents  a major phase of Eurekan 
tectonism. 

Use of t h e  Eureka Sound Group nomencla ture  
in o ther  areas of t h e  Arct ic  Archipelago 

The terminology proposed here  can be applied t o  a 
number of o the r  a reas  in t h e  Arct ic  t h a t  contain Eureka 
Sound Group s t r a t a  (summarized in Table 39.2). Thick bedded 
conglomerate  at Lake Hazen and Judge Daly Peninsula (Miall, 
1979a, 1982) display lithological, s t ra t igraphic  and s t ructura l  
relationships t h a t  a r e  similar t o  those in t h e  Buchanan Lake 
Formation. Underlying sandstone, shale  and coal,  up t o  
450 rn thick and mostly of fluvial origin, can logically be  
included in t h e  Iceberg Bay Formation. 

Changes t o  the  Kanguk-Eureka Sound con tac t  a t  Bylot 
Island a r e  suggested. The upper 'sandstone member '  of t h e  
Kanguk Formation (Miall et al., 1980) co r re l a t e s  with t h e  
Expedition Formation, basal Eureka Sound Group; con tac t  
relationships with t h e  Kanguk Formation and lithological 
cr i ter ia  a r e  similar t o  those a t  t h e  type  sect ion of t h e  
Expedition Formation a t  Strand Fiord. The 'lower mudstone 
member '  of Miall e t  al. (1980), which is almost 500 m thick 
on southwestern Bylot Island, i s  corre la ted  with the  Strand 
Bay Formation. An abrupt  and disconformable basal con tac t ,  
an  upper con tac t  t h a t  is  gradational with t h e  overlying 
sandstone, and a general Paleocene age,  all  a r e  similar 
f ea tu res  t o  those of the  Strand Bay Formation a t  i t s  type 
section. The disconformity a t  t h e  base of t h e  mudstone 
member may co r re l a t e  with a similar hiatus a t  Strand Fiord. 
The remainder of t h e  Eureka Sound s t r a t a ,  which consists 
mainly of sandstone, i s  assigned t o  t h e  Iceberg Bay 
Formation. 

On Amund Ringnes and Cornwall islands, approximately 
300 m of sandstone and shale, in gradational and conformable 
con tac t  with t h e  Kanguk Formation and apparently of L a t e  
Cretaceous  a g e  (Balkwill, 19831, a r e  included in t h e  
Expedition formation. A major unconformity between much 
younger 'unnamed' brown sandstone (possibly L a t e  Paleocene- 
Eocene) and Triassic and Lower Cretaceous  bedrock 
(Balkwill, 1983), may also correspond t o  t h e  disconformity 
discovered a t  Strand Fiord. These younger sandstones a r e  
tenta t ively  included in t h e  Iceberg Bay Formation. The 
Strand Bay Formation has not been recognized on Amund 
Ringnes Island. 

About 60 m of sandstone, probably of Maastrichtian age  
(Balkwill e t  al., 1982), t h a t  disconformably overlie Kanguk 
shale  on south-central  Lougheed Island, also a r e  corre la ted  
with t h e  Expedition Formation. 

On Banks Island, Miall (1979b) divided t h e  Campanian t o  
Eocene succession in to  t h e  Kanguk Formation, with a shale  
member and an  upper sandstone member,  and t h e  Eureka 
Sound Formation, with a shale  member  and an  overlying 
cycl ic  member.  The l i thotypes and ages  of these  units 
indicate  t h a t  t h e  upper sandstone member  of t h e  Kanguk 
Formation can be assigned t o  t h e  Expedition Formation, t h e  
shale  member  of t h e  Eureka Sound Formation t o  t h e  Strand 
Bay Formation, and t h e  overlying cycl ic  member  t o  t h e  
Iceberg Bay Formation. 
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Table 39.2. Lithostratigraphic correlation of Eureka Sound Croup, Arct ic  Islands 
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Abstract 

The early Albian Sharp Mountain Formation o f  the Keele Range, northern Yukon, was original ly 
described as a shallow water, marine t o  al luvial  deposit. New outcrop trends are ident i f ied and four 
facies assemblages described: conglomerate, conglomerate-sandstone, sandstone and shale. The 
sedimentological attr ibutes of these facies favour an origin as sediment grav i ty  f low deposits i n  
basinal areas. Deposits o f  similar or igin in  the Blow Trough t o  the north and the Kandik Basin t o  the 
southwest indicate that, during the early Albian, basinal conditions extended throughout much o f  
northern Yukon. 

La formation de Sharp Mountain de 1'Albien inferieur, trouvBe dans l e  chainon Keele, dans l e  
nord du Yukon, a Btb consid6r6e b I1origine comme Btant un dBp6t marin ou al luvial  accumul6 en eau 
peu profonde. La presente etude ident i f ie de nouvelles orientations dlaffleurements e t  dBcrit quatre 
nouveaux assemblages de facibs: un conglomBrat, un conglom6rat-grbs, un grbs e t  un schiste 
argileux. Les caracteristiques s6dimentologiques de ces facibs semblent indiquer que les sediments se 
sont accumules b la  suite de coulees par gravit6 dans un bassin. La presence de dep8ts d'origine 
simi laire dans l a  depression Blow au nard et  dans le  bassin Kandik au sud-ouest montre qu'au cours de 
1'Albien inferieur, des conditions s6dimentologiques de bassin regnaient sur une grande part ie du nord 
du Yukon. 



Introduction 

The ear ly  Albian Sharp Mountain Formation was 
formally described and defined by Je le tzky (19751, and in his 
publication he  concluded tha t  t he  Sharp Mountain contains 
s t r a t a  of alluvial t o  shallow water  marine origin and t h a t  
these  s t r a t a  formed t h e  western  shoreline fac ies  of an  ear ly  
Albian f lysch trough. 

The objectives of this brief report  a r e  to  re-evaluate 
t h e  stratigraphy and sedimentology of t h e  Sharp Mountain 
Formation and t o  report  on newly identified outcrops. The 
da ta  for this presentation were  collected during t h e  summer 
of  1985. 

Type section 

The seven intervals and supplementary sect ion 
described by Jeletzky (1975, Fig. 2) a t  Sharp Mountain, in the  
Keele  Range of northern Yukon (Locality I, figs. 40.1, 40.2) 
were  re-examined and observations made on bedding a t t i t ude  
and thickness, lithology and sedimentary s t ructures .  Fossils 
were  looked for but only a few, poorly preserved moulds of 
bivalves were  located in  t h e  equivalent of Jeletzky's unit  I. 

Je le tzky (1975) identified his u n i t 1  a s  an  Upper 
Jurassic sandstone, which can be correlated with t h e  
Porcupine River Formation. Unit  2 was  a covered interval,  
and units 3 t o  7 were  identified a s  Sharp Mountain Formation. 
Two units were  identified in his supplementary sect ion - a 
lower conglomerate  and an  upper sandstone - both of which 
were  placed in t h e  Sharp Mountain Formation. The 
supplementary section is located t o  the  north of his main 
section, and he  believed t h e r e  was an  anticlinal axis  
separating t h e  t w o  sections. 

In si tu mater ia l  is very sca rce  in the  f i rs t  four units and 
in Unit 6; most of t h e  rock is  frost-heaved felsenmeer.  In 
units 5 and 7 of Jeletzky, in si tu mater ia l  is  more abundant. 
Faulting, such a s  tha t  c i ted  by Je le tzky (1975, units 4 and 5), 
could not b e  decisively proven; in f a c t  t h e  impression is  of a 
continuous, if poorly exposed, succession dipping t o  t h e  south. 
Also, t h e  supplementary section of Je le tzky (1975, p. 241) 
appears t o  dip t o  the  south, not  t o  the  north a s  s t a t ed  by 
Jeletzky. The upper con tac t  of t h e  Sharp Mountain 
Formation appears t o  be a s t ra t igraphic  con tac t  with map  
unit Kwr (Fig. 40.2), not a faul t  a s  mapped (Norris, 1981a). 
The inference  f rom these  observations i s  t h a t  t he re  i s  a 
continuum of s t r a t a  at t h e  Sharp Mountain section, f rom the  
apparently faulted con tac t  with Paleozoic carbonates  in t h e  
north,  t o  map unit Kwr on t h e  dip s lope of Sharp Mountain in 
t h e  south. In light of these  observations,  i t  is  believed t h a t  
t h e  conglomerate  adjacent t o  t h e  Paleozoic carbonate  (unit 1 
of Jeletzky's supplementary section) is  a Paleozoic unit; t h e  
sandstones of unit 2 in Jeletzky's supplementary section a r e  
considered t o  be par t  of t h e  Upper Jurassic Porcupine River 
Formation. For t h e  remainder of t h e  sect ion t h e  s t ra t igraphy 
is considered t o  b e  t h e  same  a s  described by Je le tzky (1975). 

Distribution 

Je le tzky (1975) only identified the  Sharp Mountain 
Formation a t  i t s  t ype  section and t h e  immediately adjacent  
area.  Norris (1981a) mapped t h e  Sharp Mountain's occurrence  
on t h e  north and south side of t h e  Porcupine River, near  i t s  
junction with Driftwood River (locali t ies 2 and 3, Fig. 40.1), 
and in a narrow outcrop bel t  extending southwest f rom Sharp 
Mountain. During t h e  1985 fieldwork, i t  was noted t h a t  much 
of the  s t r a t a  mapped a s  unit KRR (Rat  River Formation) 
southwest of Sharp Mountain (Norris, 1981a,b) in t h e  Keele  
Range and northernmost Nahoni Range were  actually Sharp 
Mountain Formation. Most of t h e  examined locations of 
Norris' R a t  River Formation (Fig. 40.1) contained che r t -  
pebble conglomerates,  a f ac i e s  t h a t  i s  unique t o  t h e  Sharp 

Mountain Formation in t h e  Cretaceous  succession of the 
Keele  Range and northernmost Nahoni Range. One location 
(Locality 4, Fig. 40.1) contained an  a typical  lithotype. It i s  
located west  of Hear t  Mountain, on a low-relief, north-south 
ridge, and contains an  isolated exposure of mudstone near t h e  
ridge cres t .  The age  and corre la t ion of t h e  mudstone remain 
unresolved. Sandstones at locali t ies 5, 6 and  7 (Fig. 40. I), 
although mapped a s  KRR (Norris, 1981b), appear t o  be in 
s t ructura l  and s t ra t igraphic  continuity with adjacent  map  
uni t  KWC. Although not  a l l  KRR outcrop bel ts  southwest of 
Sharp Mountain were  examined, a sufficient number were  
visited t o  suggest t h a t  most of t h e  KRR units a r e  Sharp 
Mountain s t r a t a ,  o r  i t s  equivalent. A t  Locality 8 (Fig. 40.1) 
Albian foraminifera (Insti tute of Sedimentary and Petroleum 
Geology internal paleontological repor t  no. 3-DHM-1985) 
were  recovered f rom a shale  uni t  within a sandstone- 
conglomerate  unit  mapped a s  KRR (Norris, 1981b), lending 
fur ther  support  t o  the  correlation of much of map uni t  KRR 
with Sharp Mountain Formation. 

Between Johnson Creek and Porcupine River,  uni t  KRR 
was mapped overlying Porcupine River s t r a t a  (Norris, 
1981a, c; locali t ies 9 t o  12 of Fig. 40.1). However, Upper 
Jurassic fossils f rom Locality 9 (Geological Survey of Canada 
internal paleontology repor t  no. Km- 13- 1985-JAJ) and the  
mappable continuity of t h e  same  unit  through locali t ies 10 
and 11 indicate  t h a t  m a p  unit  KRR is  pa r t  of t h e  Porcupine 
River Formation. 

S t r a t a  at Locality 12 were  also mapped a s  KRR,  bu t  in 
light of t h e  o the r  revisions i t  seems t h a t  t hese  s t r a t a  a r e  par t  
of some other  unit, possibly t h e  Porcupine River Formation. 
S t r a t a  identified a s  Sharp Mountain Formation in t h e  vicinity 
of Locality 1 3  (Fig. 40.1; Norris, 1985a) also a r e  of 
questionable correlation. They consist of chert-pebble 
conglomerates  very similar in appearance t o  those  of t he  
Sharp Mountain Formation, but t h e  local s t ruc tu ra l  and 
s t ra t igraphic  si tuation indicates tha t  they a r e  more  likely t o  
be equivalent t o  map unit  CKK, t h e  Carboniferous Kekiktuk 
Formation (Norris, 1981a). The mapped Sharp Mountain 
Formation in t h e  vicinity of Locality 13 needs t o  be  
investigated fur ther  t o  obtain more  conclusive answers. 

Fi f teen kilometres south-southeast  of Sharp Mountain, 
a t  t he  north end of White Snow Mountain, i s  t h e  Socony Mobil 
Western Minerals Molar YT P-34 well  (Fig. 40.1), which 
penetra ted  Albian s t r a t a  between log depths  847.3-2328.8 m. 
An ear ly  t o  middle Albian a g e  is  indicated by t h e  contained 
microfossils (Chamney, Norford e t  al., 1971). Cut t ings  
samples and e ight  co res  of Albian s t r a t a  indicate  t h a t  
conglomerate  and sandstone of t h e  Sharp Mountain Formation 
a r e  absent  i n  this well. The succession is dominated by 
mudstone, in ter laminated and interbedded with s i l t s tone and 
very f ine  grained sandstone. A similar lithological succession 
i s  encountered in t h e  basal p a r t  of t h e  Albian section in the  
Hope YT N-53, Pine Creek YT 0-78,  Eagle Plain YT No. 1, 
and Ridge YT F-48 wells (Fig. 40.1). 

Facies  

Four l i thofacies can b e  identified in the  Sharp Mountain 
Formation and equivalent s t ra ta :  conglomerate ,  
conglomerate-sandstone, sandstone, and shale. 

Conglomerate fac ies  

The conglomerate  f ac i e s  contains beds of granulestone 
t o  small-pebble conglomerate.  Clas ts  up t o  17 c m  in long 
diameter  were  noted but t he  majority a r e  less than 2 cm.  
The c l a s t s  a r e  well  rounded and generally well  sorted.  The 
well sor ted  cha rac te r  probably accounts  for t he  lack of s ize  
grading and t h e  difficulty of distinguishing individual beds. 
Most of t h e  conglomerates  a r e  clast-supported, with a matr ix  
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Figure 40.1. Distr ibut ion o f  Sharp Mountain Formation and local i t ies cit-ed.in text. 



I I . - of fine sand .to granules. Only a few examples  of mud- 
Kwr supported conglomerates were  noted.   lasts a r e  mostly 

black and grey cher t ,  with subordinate numbers of sandstone 
clasts.  

Most of t he  conglomerates  occur in massive-appearing 
units, where  bedding is  not always easily seen. However,  a 
few examples of clast-size variation, and t h e  presence of 
parting planes parallel  t o  regional dip, indicate  t h a t  
individual beds a r e  in t h e  order  of 5 t o  50 c m  thick, although 
most beds a r e  less than 20 c m  thick. Few sedimentary 
s t ructures  were  observed; where  present they were  e i ther  
crude, subhorizontal bedding or  low-angle crossbedding 
(Fig. 40.3). Where individual beds a r e  discernible, con tac t s  
a r e  invariably erosional. 

Conglomerate-sandstone fac ies  

Rocks of t h e  conglomerate-sandstone f ac i e s  a r e  present 
SHARP principally on a n  isolated hill on  t h e  south s ide  of t h e  

MTN Porcupine River (Locality 2, Fig. 40.1). on ly  a f e w  minor 

FM 
occurrences of this fac ies  were  noted a t  o ther  locales. The 
facies  consists of beds up t o  30 c m  thick in which 
conglomerate grades up in to  sandstone. Conglomerate  forms 
60 t o  80 per  c e n t  of t h e  bed thickness. Where s tacked beds 
of this f ac i e s  occur,  t h e  basal con tac t s  a r e  erosional. The 
conglomerate  component is  very similar in composition and 
t ex tu re  t o  those of t h e  conglomerate  facies.  

The sandstone component is generally f ine  t o  coarse 
grained, with sca t t e red  granules and small  pebbles common in 
many beds. The transit ion f rom conglomerate  t o  sandstone is  
generally abrupt,  usually occurring over an  interval less than 
3 cm thick. Sedimentary s t ructures  consist of parallel  t o  
subparallel lamination, very low-angle crosslamination and 
current-ripple lamination. 

At i t s  principal p lace  of occurrence, t h e  conglomerate- 
sandstone fac ies  appears  t o  b e  transit ional between 
sandstones below and conglomerates  above. 

PORCUPINE 
RIVER 

FM 

Conglomerate 

. . . . . . . . . . .  . . . . . . . . . . .  ........... ........... ........... ........... I:.. ........... ........... Sandstone 

Sandstone f ac i e s  

The sandstone f ac i e s  consists of fine t o  coarse  grained 
s t r a t a ,  although the  majority a r e  fine t o  medium grained. 
Quar tz  and che r t  a r e  the  principal components,  and most 
beds a r e  ext remely well cemented with silica. Many beds 
conta in  granules and small  pebbles of c h e r t  and sandstone, 
most commonly a s  a basal layer,  one  t o  severa l  pebbles in 
thickness, but also present a s  sca t t e red  c las ts  throughout t h e  
sandstone. A few examples  of disc-shaped mudstone 
intraclasts were  noted. Few sedimentary s t ructures  were 
seen, but when present consisted of fine, parallel  laminae. 
Other sedimentary s t ructures  included load cas ts ,  f l u t e  
marks, grooves and bounce marks. Horizontal  burrows a r e  
commonly associated with t h e  sole marks. In many of the  
sandstone intervals,  bioturbated beds of argil laceous,  very  
fine grained sandstone a r e  not uncommon. Plant impressions 
were  noted a t  a number of locations, bu t  contrary  t o  
Jeletzky's observations (1975, p. 239) n o  coal  or  coal-like 
mater ia l  was  seen in t h e  type  sect ion or  any o the r  section. 
Bed thicknesses were  difficblt  t o  determine- in  many places 

Figure 40.2. Lithological succession in the  type section, due to a lack of in situ material, but when discerned, most 
Sharp Mountain Formation. Numbers r e fe r  t o  Je le tzky 's  beds were in  the order of to 15 cm thick. (1975) units. Kwr: unnamed Albian shale succession. 



Figure 40.3. Aer ia l  photograph o f  Sharp Mountain and environs and interpreted geology (National 
A i r  Photo Library number A14451-60). Pz - Paleozoic; Jpo - Porcupine River  Formation; Ksm - Sharp 
Mountain Formation; K w r  - Albian shale; Kep - Eagle Plain Formation. 

Figure 40.4. Crossbedding i n  the conglomerate facies, Sharp Mountain Formation; Local i ty 3 (Fig. 40.1). 
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Shale f ac ies  Sedimentology 

S t r a t a  of t he  shale  fac ies  were  found only in t h e  
southwestern outcrop occurrences of t h e  Sharp Mountain 
Formation (Locality 8, Fig. 40.1). Even in the  covered, 
recessive weathering intervals of t h e  type section, t h e  f ros t  
polygons contain only sandstone debris. If t he  basal par t  of 
t h e  Albian succession in Molar YT P-34 is  equivalent t o  Sharp 
Mountain s t r a t a ,  i t  represents a n  additional example  of s t r a t a  
within t h e  shale  facies. The shale  fac ies  consists of black, 
fissile sha le  and sil ty t o  sandy mudstone. Interbedded with 
t h e  shale  and rnudstone a r e  th in  (usually less than 2 c m  thick) 
beds of s i l t s tone and very  f ine  grained sandstone. In t h e  
Molar YT P-34 well, t h e  sil tstone and sandstone beds a r e  
invariably finely laminated, e i ther  with horizontal  or  current-  
ripple laminae. Also, t h e  sil tstone and sandstone beds a r e  
commonly contor ted  or show sediment loading s t ructures .  
Locally present  in outcrop, but  not  very common, a r e  beds of 
pebbly mudstone. The one example  of t he  l a t t e r  rock type 
seen in si tu consisted of 1.5 m of matrix-supported c h e r t  and 
sandstone pebbles grading up  in to  sil tylsandy mudstone. 
Other  beds of pebbly mudstone a r e  assumed t o  b e  present  
where  abundant pebbles were  seen on weathered surfaces  of 
t h e  shale fac ies  and no discre te  beds of conglomerate  could 
be  discerned. 

The presence of sole marks  and graded beds, t h e  thin 
bedded cha rac te r  of t h e  sandstones and conglomerates ,  and 
the  lack of cross-stratif ication, a l l  suggest a n  origin a s  
sediment gravity flow deposits. There is no apparent  
consistent,  ver t ica l  ar rangement  of t he  fac ies  within the  
formation. To the  south,  southwest and eas t  of t h e  type 
area ,  t h e  Shale fac ies  becomes qui te  prominent,  suggesting a 
la tera l  change t o  a more  distal  position f rom t h e  main source 
of coa r se  elastics. The presence of fossils, burrows and 
bioturbated beds attests t o  t h e  marine cha rac te r  of many 
beds. The lack of argil laceous material ,  and t h e  th in  bedded 
cha rac te r  of t h e  sandstone and conglomerate  beds indicate  
deposition by low density turbidity currents.  A lack of 
interbedded shale  in many of t h e  sandstone- and 
conglomerate-dominant intervals would also account  for t he  
dear th  of sole  marks. 

Je le tzky (1975) c i t ed  t h e  presence of a shallow-marine 
fauna; coaly t o  carbonaceous,  plant-bearing sandstones; coal 
layers; and f l a t t ened  clay-balls (i.e. intraclasts) a s  evidence 
of a shallow-marine depositional environment fo r  his uni t  3 .  
For his units 5 t o  7 he  c i t ed  t h e  presence of a well  preserved 
marine  fauna, large-scale ripple marks, and t h e  absence of 

Known E x t r a p o l a t e d  K po la t ed  
S h o a l  a r e a s  ( s a n d y -  B a s i n a l  a r e a s  

( tu rb id i t e s )  

Shelf  (muddy-sil ty) Submar ine  f a n  ( c o a r s e  
sed imen t )  

I) S o u r c e  d i r e c t i o n  

Figure 40.5. Paleogeographic reconstruction for t he  early Albian (from Dixon, 1986). 



f ea tu res  typical of resedimented deposits a s  evidence of a 
shallow-marine depositional environment. With t h e  exception 
of coal  beds, none of the  fea tures  cited by Jeletzky a r e  
unique t o  any specific depositional environment. No coal  or  
coal-like mater ia l  was ever noted in t h e  type section and 
other  sections of t h e  Sharp Mountain Formation during t h e  
1985 fieldwork. Jeletzky's (1975) suggestion tha t  alluvial 
deposits a r e  present in the  uppermost beds of the  formation 
was a supposition with no supportive evidence. 

The Sharp Mountain s t r a t a  have many similarit ies t o  
t h e  Albian conglomerates of t h e  Blow Trough (Young, 1972, 
1973a, b). In t h e  Blow Trough, t h e  conglomerates also consist 
of massive-appearing units, and contain well rounded and well 
sorted pebbles of c h e r t  and sandstone. The conglomerates 
a r e  mostly clast-supported and bedding is difficult  t o  
distinguish. Associated with t h e  conglomerates,  e i the r  
overlying them or  a s  la tera l  equivalents,  a r e  interbedded 
sandstone and mudstone in which Bouma-type sequences of 
sedimentary s t ructures  a r e  present.  The sediment gravity 
flow origin for  t h e  Blow Trough beds is generally accepted. 

Paleogeographic Implications 

The sediment gravity flow origin for Sharp Mountain 
s t r a t a  indicates t h a t  basinal conditions extended f rom t h e  
Blow Trough in to  the  Keele-Kandik Trough during the  ear ly  
Albian. Although previous authors have implied such a 
reconstruction (Young et al., 1976, Fig. 11; Young and 
Robertson, 1984, Fig. 2) t he re  has  been no documentation t o  
indicate t h a t  Sharp Mountain s t r a t a  were  deposited within 
t h e  trough a s  sediment  gravity flow deposits. This basinal 
a r e a  was  located between t h e  Brooks Range Geanticline t o  
the  northwest and west,  and broad shelf seas  of the  c ra ton  t o  
the  e a s t  and south (Fig. 40.5). Like the  age-equivalent Albian 
conglomerates of t h e  Blow Trough, t h e  Sharp Mountain 
c las t ics  were  derived f rom t h e  uplifted t e r r a in  of t h e  Brooks 
Range Geanticline. The coarse  c las t ic  fac ies  of t he  Sharp 
Mountain Formation have a limited a rea l  distribution; they 
shale-out and thin rapidly southward and eas tward from t h e  
type area.  Westward f rom the  type  area ,  t h e  coarser  f ac i e s  
become less dominant, and shale  i s  a prominent component of 
t h e  succession. These trends lend fu r the r  support t o  t h e  
postulated northerly and northwesterly source for  t h e  c las t ic  
material .  
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Abstract 

The Edmonton Channel of centra l  Alberta has previously been defined as a 300 krn-long, 
northwest-trending paleovalley incised on the surface of a sub-cretaceous unconforrnity, and la ter  
drowned by an advancing sea. This paper presents a detailed stratigraphic study o f  the area around 
the channel. 

The lowest stratigraphic unit  in  the channel, the Ellerslie Formation, has three facies: a 
l i thological ly diverse basal transgressive unit, a thick crossbedded sandstone (delta-front), and a 
bioturbated mudstone (shallow marine and bay). The sedimentary rocks o f  the Ostracode Zone, which 
blankets the top of the channel above the Ellerslie Formation, comprise a dark rn icr i t ic  l imestone 
(restr icted marine facies), a bioturbated rnudstone (lower shoreface facies) and a low-angle- 
crossbedded, bioturbated sandstone (storm facies). 

The study reveals that a drowned r iver  valley is an inappropriate model for the Edmonton 
Channel, which is an extremely shallow and wide depression (widthldepth r a t i o -  1000) f i l led w i th  
shallow marine and deltaic sediments. A narrow, semi-enclosed, open ocean ernbayrnent f i l led w i t h  
t ida l  deltas is proposed as an alternat ive model. 

Le chenal dlEdrnonton, dans la  part ie centrale de ]'Alberta, a d6j.3 Bt6 decri t  comme Btant une 
pal6ovallee de 300 km de long, B orientat ion nord-ouest, creusee B la  surface dlune discordance 
sub-cretacee puis inondee par I'avancee de la  mer. Ce rapport presente une Btude stratigraphique 
detail lee de la  region aux alentours du chenal. 

Le membre d'Ellerslie soit Inunite stratigraphique occupant la position l a  plus basse dans l e  
chenal, cornporte trois faciss: une unite transgressive basale B l i thologie variee, un grks Bpais B 
st rat i f icat ion oblique ( f ront  du delta) e t  une pel i te  bioturbee (rner peu profonde e t  baie). Les 
sediments de la  zone B ostracodes qui recouvre le sommet du chenal au-dessus du rnernbre d'Ellerslie 
se composent d'un gr&s rnicrit ique foncB (mil ieu mar in  restreint), d'une pel i te bioturbee (avant-plage 
inferieure) e t  d'un gr&s bioturbe, caracterise par une st rat i f icat ion oblique .3 angle faible. 

La prBsente Btude rev&le que le  rnodble d'une vall6e f luviat i le submergee ne s'applique pas au 
chenal dtEdmonton, qui est une depression large e t  t r&s peu profonde (rapport largeur/profondeur 
d'environ 1000), remplie de sediments de delta e t  de mer peu profonde. L'auteur cro i t  que ce chenal 
represente plut6t une baie Btroi te semi-encaissBe, parsernee de deltas de rnarke, qui donnait sur la 
haute mer. 



Introduction 

The Lower Cretaceous  M annville Group (Fig. 41.11, 
covers mos t  of Alberta in t h e  form of a westward thickening 
wedge, 100 t o  600 m thick (Porter e t  al., 1982). It is 
believed t o  overlie a highly dissected erosional surface  with a 
well developed paleodrainage pat tern  (Beltz, 1953; Bokman, 
1963; Martin,  1966; Mart in  and Jamin, 1963; Sonneveld and 
Murray, 1982). Most conspicuous among t h e  paleovalleys is 
t h e  Edmonton Channel, described and named by Williams 
(1963). It has been t raced for approximately 300 km in 
Cen t ra l  Alberta,  where  i t  trends roughly north-northwest 
(Fig. 41.2). 

Williams believed t h a t  in most of t he  channel,  fluvial 
sediments (Ellerslie Formation) have been preserved, and t h e  
channel fill grades upward in to  the  mar ine  sedimentary  rocks 
(Clearwater-Ostracode Zone). 

The basis of Williams' reconstruction of t h e  Edmonton 
Channel is an isopach map of Lower Cretaceous  s t r a t a ,  which 
includes the  s t ra t igraphic  interval from the  post- 
Mississippian unconformity t o  t h e  base of t h e  Fish Scale 
Zone. This interval includes t h e  en t i r e  M annville Group and 
lower pa r t  of t h e  Colorado Group. Williams believed t h a t  t h e  
isopach pat tern  ref lec ted the  t rue  paleotopography and tha t  
t h e  Early Cretaceous  paleodrainage sys tem consisted of 
southward consequent and northwestward subsequent 
s t reams.  Glaister (1959) and Rudkin (1964) also const ructed 
isopach maps of both t h e  Upper and the  Lower Mannville 
sediments but did not recognize t h e  Edmonton Channel. 

Much subsurf a c e  d a t a  has accumulated since 
Williams1(1963) work, enabling McLean (1982) t o  make a 
special  study of t h e  Edmonton Channel. In McLean's 
in terpre ta t ion, .  t h e  direction of flow in t h e  channel was  
southerly and southwesterly,  in to  t h e  Spirit River Channel, 
which flowed north-northwest. McLean agreed with Williams' 
view t h a t  t h e  Edmonton Channel la ter  became  an a rm of t h e  
Clearwater  Sea. 

Ranger (1983) presented computer-generated isopach 
maps of t h e  Mannville Group, as well as t h e  Lower Mannville 
(M cM urray Formation), f rom approximately 100 000 wells in 
Alber ta  and Saskatchewan. H e  reconst ructed t h e  en t i r e  
paleodrainage pat tern  on the  basis of these  maps, and the  
Edmonton Channel is recognizable on t h e  basis of a linear 
isopach "thick" even on t h e  isopach m a p  of t h e  ent i re  
M annville Group (Fig. 4 1.2). 

The present study a r e a  was chosen t o  look a t  t h e  e f f ec t  
of paleotopography on M annville stratigraphy and t o  in terpre t  
t h e  nature  of t he  paleogeographic f ea tu re ,  t h e  Edmonton 
Channel. Maps and cross-sections based on well  da t a ,  and 
detailed sedimentological descriptions of cores  a r e  presented 
t o  i l lustrate t h e  pat tern  of sedimentation in t h e  Edmonton 
Channel. The database  used in this study includes: 397 well 
records (Fig. 41.3) f rom t h e  Canst ra t  d a t a  files, fo r  t h e  
subsurface maps; 107 Canst ra t  "lithologs" and 
150 geophysical logs, used for  t h e  cross-sections; and t h e  
deta i ls  of 51 cores,  for  t h e  facies analysis. This study has 
revealed t h a t  t h e  Edmonton Channel is an  ext remely shallow 
and wide paleotopographic depression t h a t  probably had some  
s t ructura l  control. I t  is  filled with shallow marine  and 
de l t a i c  sediments. The t e r m  vchannelm, therefore ,  is  an  
inappropriate description of this fea ture .  

Description of t h e  channel 

The basic d a t a  presented by Williams in support  of his 
concept of t h e  Edmonton Channel were  incorporated in his 
isopach map of Lower Cretaceous  s t r a t a  (Williams, 1963; 
Fig. 2). The I100 f t  (335 m) contour on th is  m a p  defines t h e  
main channel a s  well a s  t h e  tributaries.  More  recent  isopach 
maps of the  Mannville Group and t h e  Lower Mannville 

subgroup have been compiled by Ranger (1983), and t w o  
similar isopach maps have been prepared f rom t h e  da tabase  
used in this study. Compilation of t h e  "axes" of t he  isopach 
"thicks" from all sources enables a mean axis for  t h e  
Edmonton Channel t o  be defined. This has been used t o  
loca te  t h e  channel i n  Figures 41.4 t o  41.7. 

Studying t h e  s t ruc tu re  contour m a p  of t h e  sub- 
Cretaceous  unconformity surface  is another  way of 
delineating t h e  Edmonton Channel. In two  sepa ra t e  studies,  a 
depression defining t h e  channel was found t o  persist  a f t e r  a l l  
known regional s t ructura l  e f f ec t s  were  removed by s ta t i s t ica l  
f i l tering ( ~ o b i n s o n  et al., 1969; Ranger, 1983). Robinson and 
co-workers found orthogonal undulations with a relief of 60 
t o  150 m and oriented northeast  and nor thwest ,  t o  be  a 
common fea tu re  on this surface.  They concluded t h a t  at 
l eas t  par t  of th is  relief ref lec ts  t h e  topography. They 
recognized a s t ructura l  depression below t h e  Edmonton 
Channel and suggested t h a t  i t  is underlain by a lef t - la tera l  
wrench f au l t  with a minimum displacement of 16 km. 

Another m a p  of th is  surface ,  prepared by 
Ranger (1983), represents  fifth-order residuals, presumably 
with most s t ructura l  e f f ec t s  eliminated. The Edmonton 
Channel,  plotted on this map, (Fig. 41.4a) occupies a 
northwest-trending depression with a maximum relief of 
120 m. Although i t s  present form - a closed depression - 
must record a post-Mannville s t ructure ,  th is  depression has  

Figure  41.1. Lower Cretaceous  s t ra t igraphy of centra l  
Alberta (modified a f t e r  Glaister,  1959). 
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been assumed t o  ref lec t  paleotopography, and a cross-section 
along line AA' reveals i t s  shape (Fig. 41.4b). This can  b e  
compared t o  t h e  s t ra t igraphic  cross-section along t h e  parallel 
l ine BB' (Fig. 41.4~). Both cross-sections reveal t h a t  t h e  
Edmonton Channel is  an  ext remely shallow and wide 
depression. The channel would not be  revealed by a t r u e  
sca l e  representation of i t s  morphology, because of i t s  
widthldepth ra t io  of 1000. The representation with a t e n  
t imes  ver t ica l  exaggeration shown in Figure 41.4d, gives an  
approximate  visual impression of t h e  depression. 

A L B E R T A  

Figure  41.2. The Edmonton Channel (enclosed by the  
225-300 m contour) a s  shown in t h e  regional isopach map of 
the  Mannville Group (modified a f t e r  Ranger,  1983). The a r e a  
studied is shown by t h e  rectangle,  and t h e  lines AA', BB', CC', 
DD' a r e  the  locations of t he  cross-sections in Figures 41.8 t o  
41.11. All isopach contour measurements  a re  in metres .  

Lithology of t h e  channel fill 

Broad spat ia l  relations 

Two isopach maps, and one ne t  sandstone map  of t h e  
Lower and Upper Mannville subgroups show tha t :  

I. The quasi-linear north-south pat tern  of t o t a l  thickness 
and ne t  sandstone thickness in t h e  channel,  a s  seen in t h e  
Lower M annville (Figs. 41.5, 41.6), is replaced by a more  
irregular pa t t e rn  in t h e  Upper Mannville in which a 
northeasterly t rend is de t ec t ab le  (Fig. 41.7). This possibly 
ref lec ts  a change f rom shore-normal (NW) t o  shore- 
parallel (NE) t rends  of thick sandstone. The shore- 
parallel Hoadley barrier bar complex of t h e  Glauconitic 
Sandstone (Chiang, 1985) occurs in this area .  

2. Pat terns  shown in the  isopach and net sandstone maps of 
t h e  Lower Mannville a r e  disjointed and lobate,  not s t r ic t ly  
linear. 

3. The maximum relief of t he  paleovalley was approximately 
140 m (maximum thickness of t h e  Lower Mannville 
s t ra ta) ,  uncorrected for  compaction. 

Broad relationships in t h e  ver t ica l  sequence 

The Mannville s t ra t igraphy of t h e  in-channel and 
off-channel a reas  has  been studied using six cross-sections 
(of which only four will b e  i l lustrated here)  prepared f rom 
107 Cans t r a t  lithology logs supplemented by approximately 
150 geophysical logs. Lithotypes were  generalized t o  
simplify t h e  relationships and t h e  t o p  of t h e  Mannville 
(the base of t h e  Joli  Fou Shale) was  taken a s  t h e  datum in all  
cross-sections. One  longitudinal cross-section (across 
Ranges 23 and 24W4 extending f rom Tp. 51 t o  Tp. 35) and 
t h r e e  t ransverse  cross-sections (across Tps. 49, 44 and 39) of 
t h e  channel were  constructed. Note  t h a t  in these  sections,  
t h e  thicker sandstone bodies shown may contain thinner shale  
partings, which have been eliminated (i.e. what  appears  a s  a 
single homogeneous sandstone may, in f a c t ,  be  a composite 
one),  and secondly, thinner beds such a s  coal  and l imestone 
a r e  exaggerated. 

A t r ipa r t i t e  stratigraphy is i l lustrated by all four cross- 
sections (Figs. 41.8-41.1 1): 

1. A thicker sandstonelshale sequence with lenses of con- 
g lomerate  and a t  leas t  one thin,  continuous l imestone unit 
a t  t he  base: Ellerslie Formation. 

2. A bioturbated, black mudstone and thin, micr i t ic  
limestone/coquina sequence in t h e  middle: Ostracode 
Zone. 

3. A shale/coal/sandstone sequence: Upper M annville. 

The following observations have been made: 

I. 'The Ostracode Zone is approximately parallel t o  t h e  
datum and blankets t h e  t o p  of t h e  channel fill, in one  
ins tance  abut t ing against  t h e  Wainwright Ridge, a s  
i l lustrated in Figure 41.10. The undulations in th i s  layer,  
seen in Figures 41.9 and 41.11, a r e  caused by e i ther  
d i f ferent ia l  compact ion or  d i f ferent ia l  subsidence. The 
topographic lows seem t o  have been completely fi l led in 
Lower Mannville t ime. The Upper Mannville 
sedimenta t ion was l i t t l e  a f f ec t ed  by t h e  underlying 
channel, a s  shown by t h e  minimal change in i t s  thickness 
o r  fac ies  across  t h e  area.  

2. The longitudinal sect ion along t h e  channel suggests t h e  
presence of a ser ies  of thick, lenticular and shingled 
sandstone bodies occurring near the  top  of t h e  Ellerslie 
Formation (Fig. 41.11), locally underlain by a thin 
l imestone bed. 





Facies analysis of t h e  channel sediments  

A sedimentological description resulting from t h e  
examination of 51 cores of t he  channel sediments is 
presented in th i s  section, together  with paleoenvironmental 
interpretations.  

A m 
Datum 

1 0 0  

d. - - 
Vert ical  exaggeration x i 0  

Figure 41.4. 

a. S t ructure  contour map of the Pre-Cretaceous  
unconformity surface  based on f i f th  order residuals a f t e r  
removal of s t ructure  (modified a f t e r  Ranger,  1983). 
Contour interval 20 m. Thick lines outline t h e  Edmonton 
Channel. The study a rea  is shown by the  rectangle.  

b. Cross-section along line AA' in Fig. 41.4a, showing 
configuration of t h e  Pre-Cretaceous  surface  below t h e  
Edmonton Channel. 

c. Stratigraphic cross-section of the  Lower Mannville 
subgroup along line CC' (cross-section in Fig. 41.10). 

d. Cross-section to show widthldepth ra t io  of the  Edmonton 
Channel derived f rom Fig. 41.4b and 4 1 . 4 ~  with ver t ica l  
exaggeration of 10. 

Ellerslie Formation 

This unit comprises thick sandstones,  bioturbated 
sandstone/shale alternations,  black shales,  shell  layers,  th in  
limestones, and siderit ic bands. I ts  s t ra t igraphy is  shown in 
Figure 41.11 The Ellerslie consists of t h e  following units: 
(i) a basal transgressive sheet  unit, (ii) th ick  lenticular 
sandstone, enclosed by, (iii) interbedded th in  sandstone and 
shale. These units represent t h e  t h r e e  basic fac ies  of a 
coarsening-upward sequence, t h e  typical  log signature of 
which has been recognized in  many wells and is  i l lustrated in  
Figure 4 1.13. 

Basal transgressive facies.  Four wells include cored 
intervals of t h e  basal unit and t h e  t o p  of t h e  Wabamun 
(Devonian) Formation. They reveal t h e  deposition of 
d i f ferent  kinds of sediments on t h e  unconformity surface.  

The f i r s t  example  is  a che r t  breccia  (called t h e  "Deville 
Member" and, more  recently,  t h e  Deville Formation) 
overlying t h e  unconformity surface  close t o  t h e  west f lank of 
t h e  Wainwright Ridge (10- 12-35-22-W4; 4900-4953 f t ,  
1494-1510 m). Angular c las ts  of white che r t  a r e  embedded in 
a medium grained, pyrit ic sandstone. Contor ted  and 
disrupted laminae suggest t h a t  t h e  sandstone is  strongly 
bioturbated. I t  is  underlain by a very  thin (20 cm)  greenish 
shale  and overlain by a sequence of interbedded, bioturbated 
sandstone and shale. A mixture  of weathering residue f rom 
t h e  l imestone surface  and marine  mud is  t h e  possible basis of 
this facies.  In addition, contortions in t h e  overlying shale and 
sandstone and brecciation in t h e  l imestone probably indicate  
some  slumping. 

In t h e  second example  (5-5-44-23W4; 4877-4924f t ,  
1486-1500 m), an 18 cm thick, coarse  t o  medium grained, 
moderate ly  sorted sandstone with black, carbonaceous 
laminae overlies t h e  unconformity surface.  I t  i s  followed by 
an interbedded sequence of medium grained sandstone and 
bioturbated mudstone. In t h e  third example  (3-22-46-23W4; 
4485-4501 f t ,  1367- 1372 m), a bioturbated shalelsandstone 
sequence overlies the  unconformity. In t h e  four th  example  
(6-20-51-23W4; 1250-1268 m,  4101-4160 ft) ,  a 3.5 rn thick 
sequence of black shale  d i rec t ly  overlies t h e  Devonian 
l imestone surface.  I t  contains lenses of coal and marlstone 
and nodules of pyrite. The upper part  of t h e  shale  displays 
l iquefaction structures.  The sandstone overlying t h e  shale  i s  
very fine grained, flaser-bedded and apparently bioturbated. 

Thick-crossbedded sandstone facies. These th ick  
lenticular sandstones. i l lustrated in Fiaure  41.11 a r e  an  
important par t  of t he '~ l l e r s1 ie  lithology a;d a r e  economically 
important a s  reservoir rocks. They exhibit a typical 
coarsening-upward log signature.  The sandstone is  overlain 
and underlain by t h e  bioturbated mudstone facies. The 
sedimentological character is t ics  of this fac ies  a r e  i l lustrated 
by t h e  c o r e  log of a key well  in which t h e  en t i r e  sandstone 
has been cored (Fig. 41.13). The sandstone is  fairly 
homogenous from top  t o  bottom (Fig. 41.14a-g). I t  is a grey, 
'salt and pepper', f ine  grained, well sor ted  and poorly 
cemented rock. The t o p  of t h e  sandstone is ripple-laminated 
and t h e  base has high-angle, tabular  crossbeds. The res t  of 
t h e  sandstone exhibits d i f ferent  s t ructures  a t  random: high- 
angle tabular  crossbeds, low-angle crossbeds, parallel beds, 
and r a r e  t r a c e  fossils, mostly Skolithos. Bioturbated 
mudstone partings occur a t  several  levels. 

In many cores,  a typical  s t ruc tu re  i s  a low-angle 
bedding plane lined with black organic layers t h a t  have a 
crenula ted appearance (Fig. 41.14g). These crenulations a r e  
probably due t o  bioturbation. Encased within bioturbated 
mudstone, and itself containing evidence of bioturbation, 
t he  sandstone shows a definite mar ine  influence. The 
most likely origin of th is  sandstone will b e  
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discussed later. As the general setting suggests a deltaic and limestone. It shows a serrated log signature caused by 
origin, the term "delta-front sand" has been used i n  the the stacking of 2-3 m thick, "coarsening-upward" units. 
environmental interpretation. Basic sedimentary units are 10-15 cm thick, sharp-based, 

very fine arained sandstone or siltstone alternating with 
black mudstone, both of which are bioturbated ( ~ i ~ . % l .  15). Bioturbated mudstone facies. This facies alternates Rarely, there occurs a lone bed of crossbedded, very fine 

wi th the thick-crossbedded sandstone facies. Dominantly grained sandstone (3-22-46-23W 4; 4403-44 t, 
composed of bioturbated dark mudstone, it also contains thin, 1342-1345 m). Liquefaction structures with highly contorted fine grained, rippled and bioturbated sandstone, shell debris laminae are also common. Asterosoma(?), Chondrites, 
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Figure 41.8. Stratigraphic cross-section along Tp. 39 (line AA' in Fig. 41.2) across the southern end of 
the Edmonton Channel. Note coarse gravelly sand at bottom and chert breccia on the flank of the 
Wainwright Ridge. The Ostracode Zone is continuous, flat, and blankets the channel topography. The 
undulations i n  this layer are controlled both by the bottom topography and compaction. The Upper 
Mannville shows constant thickness, and continuous coal seams. 
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Figure 41.9. Cross-section across the Edmonton Channel along Tp. 44 (line BB' i n  Fig. 41.2). Note 
the greater width of the channel and the compactional downward bend of the Ostracode Zone. H, 
location of Hoadley barrier bar i n  the Glauconitic Sandstone (Chiang, 1985). 
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Figure 41.10. Cross-section of the Edmonton Channel along Tp. 49 (l ine CC' i n  Fig. 41.2). Note the 
f l a t  configuration of the Ostracode Zone, covering the channel-fi l l  and abutt ing against the 
Wainwright ridge. 
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Figure 41.11. Longitudinal section along the Edmonton Channel (l ine DD' i n  Fig. 41.2) between 
Rge. 22 and 24W4 extending f rom Tp. 35 to  51. The Ostracode Zone is continuous along the channel, 
capping the sedimentary f i l l .  The undulations seen i n  the layer fo l low the bot tom topography and are 
probably caused by d i f ferent ia l  compaction. Note the lower l imestone layer wi th in  the channel. 
Between the two limestone layers are thick, shingled sand bodies. Gravel ly coarse sand occupies the 
deepest part of the channel. H, Hoadley barrier bar. 
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Figure 41.12. Legend for figures 41.13 and 41.16. 

Figure 41.13. Gamma ray and SP logs and lithological 
succession in the core of the well a t  8-15-14-23W4. This 
well shows typical log signature for all three facies of the 
Ellerslie, and the core penetrates through a thick interval 
(40 m) of the facies sequence. a, b, c, and d, locations of 
cores, photographs of which are shown in Figure 41.14. For 
legend see  Figure 41.12. 

Planolites, Skolithos and Teichichnus a re  the common trace 
fossils. Two species of dinoflagellates have been found in 
these sediments a t  one well near the top of the Ellerslie 
(8-12-44-21W4; 4228 ft,  1289 m; GSC loc. C-108308). 

In deltaic sequences, prodelta or shallow marine 
sediments underlie thick mouth bar sands, and 
interdistributary bay sediments overlie them. However, i t  is 
sometimes difficult to  distinguish them. In the  Ellerslie 
Formation, the bioturbated mudstones overlying and 
underlying the  sandstones a r e  indistinguishable. They a r e  
identical both in the  way they were deposited and in their 
t race fossil assemblages (Fig. 4 1.15), which indicates a 
Cruziana ichnofacies extending from bays and lagoons to  
open shelves (Pemberton and Frey, 1983). To conclude, this 
facies has a dominantly shallow marine aspect, but may also, 
in some places, represent a thin veneer of bay sediments 
overlying the  thick, crossbedded deltaic sandstone bodies. 

A stratigraphic cross-section based on 33 available cores has 
been constructed to  illustrate the  facies relationships 
(Fig. 41.16). There is an onlapping relationship between the 
beds of the  Ostracode Zone and the Lower Mannville 
sandstone of the Ellerslie Formation. 

The topmost thin (0.5 -1 m) limestone of the  Ostracode 
Zone can be traced continuously within the area and i ts  top 
has been interpreted as  a hiatal surface (Banerjee, 1984). 
These surfaces, defined by Frazier (1974), record periods of 
no, or extremely slow, sedimentation during a marine 
transgression, when the centre  of fluvial input shifts far 
landward. Lack of clastic input and long contact  of the  
water column with the sediment interface leads t o  
precipitation of carbonates (Galloway and Hobday, 1983). 
Within the Ostracode Zone, which records an extensive 
marine transgression in Alberta and British Columbia 
(Finger, 1983; Jackson, 1985; Smith e t  al., 1985), this 
recognizable hiatal surface marks the peak of the 
transgression. 

Ostracode Zone 

Hunt (1950) defined the Ostracode Zone in the a rea  a s  a 
"calcareous fossiliferous black, brackish water shale 
approximately 45 feet  thick". In this study, limits of the 
Ostracode Zone a re  taken a t  the first and last occurrence of 
limestone or marlstone beds in this shaly zone. 

For recognition of facies within the Ostracode Zone, 
log signatures a r e  not useful because thin, argillaceous, 
impure limestones vary widely in their log expressions. 



The Ostracode Zone displays t h r e e  facies: 

1. Limestone f ac i e s  

be  laminated, bioturbated or s t ructure less ,  and occurs in beds 
20-50 cm thick. The second type  comprises 2-3  cm thick, 
graded beds of comminuted shell debris occurring within 
black shale. Ostracode, pelecypod and gastropod shells 
account for most of t he  debris. (Fig. 41.17d). The third 
subfacies is a l imestone breccia,  found in t h e  southern end of 
the  channel (Fig. 41.17a). In th is  rock, angular c las ts  of 
micr i t ic  l imestone t h a t  have a maximum length of 8 c m ,  a r e  
se t  in a matr ix  of qua r t z  sand and clay, cemen ted  by 
carbonate.  This indicates a very  shallow wa te r  origin. 

2. Bioturbated, dark  mudstone f acies. 

3. Bioturbated, very f ine  grained sandstone fac ies  (minor). 

Limestone. This fac ies  can be  fur ther  subdivided in to  
th ree  subfacies.  The f i rs t  is  a micrit ic,  pyrit ic,  partially 
recrystall ized l imestone, with varying amounts of shell debris 
(Fig. 41.17b) and rip-up c las ts  of laminated lime-mud. It may 

'I. . 
a. 

a. Wave ripple laminae with mud drapes (bottom) indicating e. (Top) Sandstone with ripple laminae and bioturbated and 
waning s torm or slackening t idal currents.  contor ted  mudstone. (Bottom) Sandstone with very thin 

b. Low-angle cross-strata showing a l ternate  f inelcoarse  mud laminae with bioturbation. (10-31-49-23W4; 4136 f t ,  

laminae and crenula ted (bioturbation?) mud d r a ~ e s .  1260 m). 

c. High-angle tabular cross-strata in medium to  coarse f. Mud laminae in fine grained sandstone. (14-36-44-22W4; 

grained sand. 4250 f t ,  1295 m). 

d. Bottom of the  sequence with bioturbated mudstone and g. Mud lined low-angle bedding in bioturbated very fine 

black shale. grained sandstone. Subvertical  burrow (Skolithos). 
(14-36-44-22W4; 4255 f t ,  1297 m). Scale in cm. 

Figure 41.14. Photographs of cores  of t h e  thick- crossbedded sandstone f ac i e s  in t h e  Ellerslie 
Formation. Locations of a,  b, c,  and d a r e  shown in Figure 41.13. 



a. Bioturbated very f ine grained sandstone/mudstone interbeds. Subvertical burrows (~kol i thos) .  Large burrow near the 
bot tom is Teichichnus. 5142 ft (1567 m). 

b. Same l i thology as i n  a. Trace fossils: Asterosoma(?) Chondrites, Planolites and Teichichnus. 5171 ft (1576 m). 

c. Bioturbated and paral lel  laminated, very f ine grained sandstone. Conical burrow at  the top is Conichnus and those 
w i th  circular cross-sections i n  the middle are Paleophycus. 5181 f t  (1579 m). Scale i n  cm. 

Figure 41.15. Photographs of cores o f  the bioturbated mudstone facies. All  photographs are f r o m  
the we l l  a t  6-26-41-24W4. 



I Hoadley banler bar 

Oaturn: TOP ot 
topmost llrnestone 

For legend,  see Fig. 12 

Figure 41.16. Stratigraphic cross-section of the  Ostracode Zone based on core data .  Core  locations 
shown. Datum is t he  top of the  topmost l imestone bed. Note the  onlapping relationship of t h e  
limestones. a,  b, c ,  d, and e - locations of cores,  photographs of which a r e  shown in Figure 41.17. 

Bioturbated mudstone. Most of t h e  Ostracode Zone 
consists of a dark grey or black mudstone, showing lenticular 
bedding, contorted laminae, and intense bioturbation 
(Fig. 41.17~).  It contains abundant in terbeds  of bioturbated, 
very  f i n e  grained sandstone. Common t r a c e  fossils are: 
Chondrites,  Paleophycus, Planolites,  and Teichichnus. Slow 
shallow marine  sedimentation with a low input of c l a s t i c  is  
indicated. 

In one sample f rom this fac ies  (5-6-41-6W; 2469.8 and 
2465.0 m; GSC loc. C-108306), f ive species of dinofla- 
gellates have been identified (see Fig. 41.16). 

Bioturbated sandstone. In th is  sandstone, beds of 
hummocky(?), cross-stratif ied,  c lean sandstone, 5-10 c m  
thick, with sharp,  in places loaded, bases and normally graded 
clay-rich tops, typically a l t e rna te  with intensely bioturbated 
mudstone (Fig. 41.17e). The whole scenar io  resembles t h e  
episodic sedimentation in the  hummocky cross-strata model 
of Dot t  and Bourgeois, (1982), but on a smaller scale.  The 
facies  in all  probability represents shallow shelf s torm 
sedimentation below fa i rweather  wave base. 

Summary and conclusions 

Significant f ea tu res  of t h e  paleotopographic f e a t u r e  
known as  t h e  Edmonton Channel a r e  summarized below: 

1. Due t o  their  considerable vertical  exaggeration, cross- 
sections i l lustrating th is  paleotopographic depression give 
a distorted picture. In reali ty,  t h e  depression is very 
shallow and wide, with a widthtdepth ra t io  exceeding 
1000. 

2. Although very shallow, t h e  depression has probably been 
accentuated by di f ferent ia l  subsidence because i t  was  
located in a slowly subsiding t ec ton ic  zone (Jackson, 1985; 
Fig. 9a). 

3. Isopach and net  sandstone maps of the  Lower Mannville 
sediments infilling this depression do not show a well 
defined linear pat tern ,  bu t  a ser ies  of disjointed lobes 
(Figs. 41.5, 4 1.6). 

4. Cores  recovered f rom drilling through the  fjoor of t he  
depression reveal sediments  with a mar ine  aspect  
(bioturbated mudstone and associated thin sandstone). 

5. The longitudinal sect ion along t h e  channel shows a ser ies  
of thick, shingled sandstones encased in bioturbated 
mudstones (Fig. 41.11). 

6. Cores  of t hese  sandstones (Fig. 41.13) show t h a t  t hey  a r e  
not fluvial. They conta in  "coarsening-upward'' sequences,  
which grade f rom intensely bioturbated mudstones a t  t h e  
base t o  clean, crossbedded sandstones with burrows a t  
t h e  top. Limestone, shell debris and r a re  dinoflagellates 
also occur  in these  infilling sediments.  

Both t h e  morphology of t h e  topographic depression and 
t h e  marginal mar ine  na tu re  of t h e  infilling sediments,  a s  
discussed above, suggest an  embayment-fi l l  model for  t h e  
Edmonton Channel. Based on  a s tudy of Holocene sediments  
in  southeas tern  Australia, Roy et al. (1980) proposed t h r e e  
primary types  of embayment-fill: 

1. Open ocean embayment  

2. Barrier es tuary  

3. Drowned river valley. 

Sediments infilling these  embayments  d i f fer  in thei r  
basic stratigraphy (Fig. 41.18). A t  f i rs t  sight, t h e  Edmonton 
Channel s eems  t o  f i t  t h e  "drowned river valley" model. But 
t h e  stratigraphy does  not  f i t  t h a t  of t h e  model. No fluvial 
sediments on t h e  valley floor of t h e  Edmonton Channel were  
observed in t h e  cores  examined (see point 4, above). 

Although Hunt (1950) thought tha t  t h e  lower p a r t  of t he  
Ellerslie Formation in t h e  White Mud a r e a  was nonmarine, his 
designation of t h e  f ac i e s  as a llfluvial-lagoonal-littoral type" 
suggests t h a t  a marginal mar ine  in terpre ta t ion is also 
possible. Thick es tuar ine  mud, a s  shown in t h e  "barrier- 
estuary" and t h e  "drowned river valley" models, i s  absent  
f rom t h e  Edmonton Channel. The thick sandstone bodies do 
not have beach or dune s t ructures  or o ther  evidence of a 
barrier origin. A semienclosed, open ocean embayment  
model, t he re fo re  seems t o  be  t h e  best choice. Sands of t idal 



deltas were the  major infilling sediments during a period of D.J. McIntyre identified the  dinoflagellates. K.N. Nairn 
transgression. A complex history of migration and infilling of produced the computer-generated subsurface maps with great 
a V-shaped embayment was responsible for the complex care. W.B. Sharman patiently processed hundreds of core 
stratigraphy of the Edmonton Channel. photographs. The author is greatly indebted t o  M.J. Ranger 
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a. Limestone breccia. The lower, light coloured layer is the d. Graded shell debris layers. Note the syneresis cracks and 
micrite limestone, possibly the parent rock of the clasts loading a t  the base of the layers (11-5-41-23W4; 4828 f t ,  
(10-12-35-22W4; 4898 f t ,  1493 m). 1471 m). 

b. Shells of ostracodes, pelecypods and gastropods in a dark e. Bioturbated sandstone shows storm layers. Small-scale 
lime mudstone. (11-5-41-23W4; 4816 f t ,  1468 m). hummocky cross-strata in very fine qrained sandstone 

c. Contorted and bioturbated rnudstone (11-8-41-24\1114; separated- by bioturbated mudstone -(11-36-47-24\1114; 

5053 f t ,  1540 m). 4420 f t ,  1347 m). Width of cores 10 cm. 

Figure 41.17. Core photographs of different facies of the Ostracode Zone. Location of photographs 
are  shown in Figure 41.16. 



TYPE 1 OPEN OCEAN T Y P E  2 BARRIER ESTUARY TYPE 3 DROWNED RIVER VALLEY 

I FLUVIAL  SEDIMENTS \C ACCRETION 

[II1] ESTUAR.INE MUD RIVER FLOW 

[3 MARINE SAND (BARRIER,  ct DIRECTION O F  GROWTH 

BACKBARRIER, T IDAL DELTA) O F  SAND BODIES 

Figure 41.18. Three types of embayment-fi l l  model (Modified f rom Roy, Thom, and Wright, 1980). 
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Abstract 

The ostracode Order Archaeocopida has long been considered ancestral t o  the Order 
Leperditicopida because o f  their  general morphological similarit ies. The presence of the archaeocope 
Bul laluta n. gen. i n  Upper Cambrian rocks o f  western Newfoundland strengthens this concept. 

L'ordre Archaeocopida dlostracodes a depuis longtemps BtB considere comrne l1anc&tre de I'ordre 
Leperditicopida, Btant donne leurs simi lar i tes morphologiques generales. La presence de 
I'archaeocope Bullaluta n. gen., dans les roches du Cambrien superieur de I'ouest de Terre-Neuve 
vient appuyer cet te  hypothkse. 



Introduction 

The Cecil  H. Kindle collection of Cambro-Ordovician 
fossils f rom western  Newfoundland consists predominantly of 
tr i lobites,  bu t  o ther  arthropods a r e  present.  This impor tant  
collection,  purchased with t h e  ass is tance  of a g ran t  under t h e  
Cul tura l  Property Export and Import  Act ,  i s  housed in 
O t t awa ,  a t  t h e  Geological Survey of Canada,  and i s  current ly  
being examined by severa l  paleontologists. While studying 
some  of t h e  Cambrian tr i lobites,  Dr. R. Ludvigsen, University 
of Toronto, discovered t h e  t h r e e  non-tri lobite arthropod 
specimens reported he re  and r e fe r r ed  t h e m  t o  m e  for 
examination.  They a r e  morphologically impor t an t  because  
biostratigraphically they may represent  a s t a g e  of os t racode 
development  t h a t  includes both archaeocopid and 
leperdit icopid character is t ics .  

Sys t ema t i c  position 

Much has been wr i t t en  about t h e  Cambrian  ostracode- 
like fo rms  t h a t  have been refer red  t o  variously a s  Ostracoda, 
Phvlloooda. Conchost raca ,  e t c .  These. and severa l  o ther  uni- 
or 'bivalved orders  of ~ r " s t a c e a  were'  included in t h e  Order 
Bradorina e r ec t ed  by Raymond (1935). He proposed th is  
order of t h e  Subclass Archaeost raca ,  believing i t  t o  be  
ances t ra l  t o  t h e  Ostracoda, and placed t h e  Ost racoda in a 
s epa ra t e  subclass. Sylvester-Bradley (1961) e r ec t ed  t h e  
Order Archaeocopida of t h e  Class  Ost racoda Latreil le,  1804 
arguing t h a t  t he  morphology of t hese  forms suggested the i r  
relationship t o  t h e  Leperdit icopida,  and t h a t  one  genus, 
Cambr i a  Netskaya and Ivanova, might be  r e l a t ed  t o  t h e  
Beyrichiacea.  It i s  st i l l  not ce r t a in  whether  t h e  
Leperdit icopida should be contained within t h e  Class  
Ost racoda and l i t t l e  has been for thcoming about  t h e  possible 
ances t ry  of t h e  Palaeocopida. The os t racode affinity of t h e  
Archaeocopida and/or Leperdit icopida has bee?,  generally 
accepted  (Miiller, 1981; Ulrich and Bassler, 1931; Opik, 1961, 
1963; Copeland, 1976; Berdan, 1984, e tc . )  and i t  i s  expected  
t h a t  t hese  orders  will be  re ta ined within t h e  Class  Ost racoda 
in a f u t u r e  revision of t h e  Treatise.  

be  t h a t  t r u e  archaeocopid ostracodes could have become  
adapted  t o  a cont inenta l  slope and/or deeper  w a t e r  hab i t a t  
about t h a t  t ime ,  whereas  t he  leperdit icopes occupied t h e  
shallow t o  inter-t idal  habi ta ts  ascribed t o  t h e m  by Berdan 
(1969, 1984), Copeland (1976) and others.  To specula te  
fur ther ,  could a branch of t h e  Archaeocopida have  given r i se  
t o  t h e  Myodocopina a t  about t h e  s a m e  t ime?  So l i t t l e  i s  
known of deep  w a t e r  faunas of th is  a g e  t h a t  w e  may only 
theorize.  

The t h r e e  specimens  discussed h e r e  appea r  t o  b e  
transit ional be tween representa t ives  of t h e  archaeocopid 
family  Beyrichonidae and t h e  leperdit icopid family  
Isochilinidae, part icularly if t h e  genus  Eremos  Moberg and 
Segerberg,  1906 ( represented  by E. bryograptorum Moberg 
and Segerberg,  1906) of t h e  Beyrichonidae is compared with 
t h e  isochilinid genus  Kenodontochil ina Berdan, 1984 (as 
represented  by i t s  most conservat ive  species  K. nelsoni 
(Bassler), 1932 = Ivia nelsoni (Bassler) of Schal l reuter ,  1984). 
Species of t hese  gene ra  have a broad, comple t e  marginal 
brim and a d is t inc t ,  la rge  e y e  tuberc le  o r  adductor  node 
e levated  on the  valve  su r f ace  a s  a boss (bulla). 

I t  was thought t h a t  t h e  purported d i f ference  in 
chemical  composit ion and s t r u c t u r e  of t h e  valves of 
Archaeocopida (uniform phosphato-chitinous) and 
Leperdit icopida (calcareous;  inner dark  layer  and ou te r  
pr ismat ic  layer)  might  s e rve  a s  c r i t e r i a  on which t o  base  
differentiation between specimens of t hese  two  orders.  
Accordingly, t h e  shell  of one  of t h e  L a t e  Cambrian  specimens 
of Bullaluta n. gen (holotype, GSC 80998) and t h a t  of a 
Middle Ordovician leperdit i id specimen (Eoleperdit ia sp., 
unfigured specimen, GSC 80995) f rom Long Point,  western  
Newfoundland, w e r e  analyzed using a n  e l ec t ron  probe. Both 
specimens proved t o  have  shells with very  high ca lc ium 
ca rbona te  peaks t o  t h e  exclusion of o the r  peaks;  no evidence  
of phosphate o r  a "shadowtt t h a t  could be  in terpre ted  a s  an  
organic  background was  observed on e i the r  specimen. Apar t  
f rom t h e  f a c t  t h a t  t h e  Cambrian  specimen was  obtained f rom 
an allochthonous boulder in t h e  Cow Head Group and t h e  
Ordovician soecimen f rom bedded s t r a t a  of t h e  Long Point 

As s t a t ed ,  t h e  Archaeocopida a r e  generally of Group, no d i f ference  in t h e  d iagenet ic  history i s  apuparent. 
Cambrian age  but species of one  genus, Ludvigsenites Because t h e  shell of t h e  Cambrian  specimen is s o  thin i t  
Copeland, 1974, have been recovered f rom Middle Ordovician cannot  be  ascer ta ined if t h e  Cow Head specimens  have 
and Middle Silurian (Copeland, 1978) s t r a t a  of t h e  Northwest uniform o r  laminated  wall  s t ruc tu re .  
Terr i tor ies  of Canada. If this genus represents  a t r u e  
archaeocopid (and at present t he re  i s  no reason t o  think In consultation with Dr. J.M. Berdan (USGS) severa l  

otherwise) and if a branch of t h e  Archaeocopida gave  rise t o  character is t ics  of t h e  t h r e e  Cambrian  specimens w e r e  
the  Leperditicopida sometime in the  Late Cambrian, i t  may with their in  the 

Archaeocopida and Leperditicopida: 

Cow Head specimens Archaeocopida Leperdit icopida 
Beyrichonidae Isochilinidae 

in  genera l  in genera l  

F r e e  margin outl ine tr iangular-ovate 

Grea t e s t  width posterior 

Brim uniform width 

Shell thickness thin 

Shell t e x t u r e  randomly pustulose 

Boss anterodorsal  

Eye tuberc le  

Stop pit(s) 

Sulcation 

none 

none 

none 

tr iangular-ovate 

posterior 

marginal ridge I 

thin 

smooth  t o  wrinkled 

nodes, r idges 

anterodorsal  

none 

usually present  

ova t e  

median 

7arrowing ventrally 

thick 

usually smooth  

near  midvalve 

dist inct  

present labsent  

usually present 



PLATE 42.1 

Figures 1-6. Bullaluta kindlei n. sp. 

1, 2. Right valve; x 100 and x 50, paratype, GSC 80996. 
3, 4. Lef t  valve; x 270 and x 45, holotype, GSC 80998. 
5 ,  6.  Right valve; x 80 and x 40, paratype, GSC 80997. 



From t h e  above i t  would appear t h a t  significant d i f ferences  
exis t  between t h e  Cow Head specimens and e a c h  of t h e  
archaeocopid and leperditicopid families with which they a r e  
compared. In general,  however, t h e  g rea te r  similarity (and 
t h e  s t ra t igraphic  position) of t h e  Cow Head specimens 
indicates the i r  inclusion in t h e  Order Archaeocopida, and 
possibly t h e  Family Beyrichonidae. 

St ra t igraphic  position of  t h e  specimens  

The th ree  specimens were  obtained f rom an  
allochthonous boulder (no. 28) occurring in C e d a r i a -  
Crepicephalus Zone 5 conglomerate,  outcropping along t h e  
nor theas t  shore  of Cow Head Peninsula, west  coas t  of 
Newfoundland a t  an  approximate la t i tude  of 49" 55'  30" N, 
longitude 57" 48' W. The e x a c t  position of t h e  boulder 
(no. 28) within Zone 5 is unknown. Occurring with t h e  
archaeocopid specimens in boulder 28 a r e  t h e  following 
tri lobites (identifications by Drs. R. Ludvigsen and 
S. Westrop, University of Toronto): 

l l ~ o u l d e r  28 contains Deiracephalus cf.  a s t e r  (Walcott) 
and Cedar ia  sp. It belongs t o  our Deiracephalus -Meteoraspis 
Fauna ( l a t e  Marjuman) and t o  Kindle's (1981) Zone 5." 
(Written communication, March 10, 1986). A map  and 
photograph of t h e  general  a r e a  a r e  found in  Kindle (1982). 

Systemat ic  paleontology 
Subclass Ostracoda Latreil le,  1804 

Order  Archaeocopida Sylvester-Bradley, 196 1 
Family Beyrichonidae Ulrich and Bassler, 1931 

Genus Bullaluta n. gen. 

Type species. Bullaluta kindlei n.sp. 

Diagnosis. Archaeocopid ostracodes of tr iangular-ovate 
outline, with complete  marginal brim and broad, 
anterodorsal,  ova te  node. 

Remarks. op ik  (1 961) e rec t ed  the  genera  Svealuta  
(type species Leperditia primordialis Linnarson, 1863) and 
Aris ta lu ta  ( type species Aris ta lu ta  g u t t a  0pik). Species of 
both gene ra  have some superficial  resemblance t o  Bullaluta 
kindlei n. sp. However, Bpik1s diagnosis of Svealuta indicates  
tha t  i t s  t ype  species bears a dorsal border and t w o  
anterodorsal nodes, and those of Aristaluta bear t w o  pairs of 
sulci and a po$erodorsal gap between the  brims of t h e  t w o  
valves. As Opik indicated in his p la te  description, i t  i s  
doubtful t h a t  t h e  specimen figured by him (PI. 24, fig. la-e) 
i s  conspecific with t h e  type  of L. primordialis Linnarson, s o  
an  a c c u r a t e  definit ion of Svealuta  remains  unknown until  
Linnarson's t ype  mater ia l  i s  redescribed or  topotypic ma te r i a l  
i s  found. 

It i s  difficult  t o  assess t h e  ro le  of t h e  large,  ovate ,  
anterodorsal node e i ther  a s  an  e y e  tuberc le  o r  t h e  position of 
muscle a t tachment .  It is  not  possible t h a t  both functions 
would have been combined. If t h e  node is  t he  p lace  of 
a t t achmen t  of t h e  adductor i t  i s  somewhat too f a r  forward t o  
give sufficient support t o  t h e  hinge t o  keep t h e  posterior p a r t  
of t h e  ca rapace  f rom being forcibly opened. Of course,  
because of t he  greater  posterior width of t he  carapace ,  t h e  
body of t h e  animal may have been s i tuated posteriorly and 
t h e  furcal  r ami  (assuming this t o  be  a proto os t racode)  may 
have been exser t .  The f la tness  of t he  posterior valve brims, 
however, does  not support this speculation. 

Bullaluta kindlei n. sp. 
Pla te  42.1, f igures 1-6 

Description. Valves tr iangular-ovate in outline; hinge 
long, s t ra ight ;  cardinal angles  abrupt,  m o r e  than  90°. 
Postplete;  g rea t e s t  height in posterior half. F r e e  margin 
with wide, continuous brim of equal  width throughout,  with a 
sl ight near-marginal thickening. Surface of domicilium rising 
abruptly f rom proximal side of t h e  brim; g rea te s t  valve width 
in posterior third. Pronounced c i rcular  t o  o v a t e  node in 
anterodorsal third of valve; su r face  of node regular  excep t  
fo r  several very  shallow furrows on i t s  posterior s ide  giving 
t h a t  margin of t h e  node a sl ightly f lu ted  appearance. Margin 
of node slightly depressed on  valve surface.  Surface  of 
domicilium with discre te  pustules. 

No ocular tubercle,  although one  specimen (PI. 42.1, 
fig. 5) appears t o  have a shallow, rounded, sulcus-like groove 
extending f rom the  anterodorsal margin of t h e  node toward 
the  anter ior  cardinal margin. This i s  not  present on t h e  other  
two  specimens. 

Measurements of figured specimens (in mm): 

L H 
Paratype, GSC 80996 1.8 1.4 a par t ia l  ca rapace  
Paratype, GSC 80997 1.7 1.1 a right valve 
Holotype, GSC 80998 2.0 1.4 a l e f t  valve 

Types. Holotype, GSC 80998, paratypes,  GSC 80996, 
80997. 

Remarks. The species  i s  somewhat s imi lar  t o  
Kenodontochilina nelsoni (Ulrich and Bassler) a s  figured by 
Berdan (1984, PI. 11, fig. 12) in being randomly pustulose, bu t  
i s  much m o r e  postple te  in outline, t h e  shell of t h e  valve is  
much thinner, and t h e r e  i s  no indication of an  ocular  tuberc le  
anter ior  of t h e  anterodorsal  node. 
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Abstract 

The stratigraphy o f  Tert iary conglomerate, sandstone, mudstone and l ign i te  beds, which outcrop 
over a wide area o f  eastern Axel  Heiberg Island, is reassessed. The deposits are considered t o  be 
synorogenic on the basis o f  structure (overthrust by older Sverdrup Basin units i n  the Stolz Thrust 
zone), l ithology and palynology. The deposits are correlated w i th  thick synorogenic conglomerates a t  
Mokka Fiord, and are included i n  the Buchanan Lake Formation o f  the Eureka Sound Group. The 
t iming o f  synorogenic sedimentation can now be interpreted as Middle Eocene, on the basis o f  we l l  
preserved palynofloras. The deposits accumulated i n  the Axel  Heiberg foredeep, which was one o f  a 
series o f  orogenic foredeeps tha t  developed along eastern Axel  Heiberg Island and eastern Ellesmere 
Island. 

L'btude presente une reBvaluation de l a  stratigraphie des couches tert iaires de conglom6rat, de 
grhs, de p6l i te et  de l ignite qui aff leurent sur une grande region de I'est de I' i le Axel  Heiberg. L a  
lithologic, l a  palynologie et la  structure des dBp6ts, qui ont Bt6 chevauches par les unites plus 
anciennes du bassin de Sverdrup dans l a  zone de charriage de Stolz, indiquent qu'ils seraient de nature 
synorog6nique. Les dBp6ts ont 6tB rnis en correlat ion avec d16paisses couches de conglomerats 
synorogeniques au f jord Mokka, e t  font  part ie de la formation de Buchanan Lake du groupe dtEureka 
Sound. Les palynoflores bien conservees indiquent que l a  sedimentation synorog6nique aurait  eu l ieu 
durant 11t?oc6ne moyen. Les d6p6ts se sont accumules dans I'avant-fosse Axel  Heiberg, qui faisait  
part ie d'une serie d'avant-fosses orogeniques forrn6es le  long de la  part ie est de 1''ile Axel Heiberg et  
de la  part ie est de I' i le Ellesmere. 



Introduction 

Ter t iary  s t r a t a ,  distributed along eas t e rn  Axel Heiberg 
Island f rom Whitsunday Bay in t h e  south,  t o  Stang Bay 
(Fig. 43.11, provide information t h a t  i s  cr i t ica l  t o  an  under- 
standing of depositional and t ec ton ic  relationships during t h e  
l a t e s t  s t ages  of Sverdrup Basin evolution. In particular,  th ick  
sequences of conglomerate  and sandstone f rom a reas  such as 
Mokka Fiord and Whitsunday Bay diapir, where  coa r se  
diabasic debris was shed off east-directed thrus t  blocks, have  
long been recognized a s  synorogenic (Tozer, 1960). An 
extensive swath  of conglomerate  and sandstone also underlies 
a broad alluvial plain between Mokka Fiord and Stang Bay, 
and eas t  of Geodet ic  Hills, t h a t  originally was mapped a s  
Eureka Sound Formation by Thorsteinsson and Tozer 
(Thorsteinsson, 1971). Exposures due eas t  of Geodet ic  Hills 
and northwest of Stang Bay were  l a t e r  mapped a s  l a t e s t  
Tertiary,  Beaufort  Formation by Balkwill and Bustin (1975) 
and Bustin (1982). 

During 1985, severa l  aspects  of t he  stratigraphy, 
s t ructure  and palynology of t h e  deposits on eas t e rn  Axel 
Heiberg Island were  re-examined. Our results indicate  t h a t  
all of t h e  deposits belong t o  t h e  Eureka Sound Group 
(Buchanan Lake Formation; s e e  Ricketts,  1986, this volume, 
for definition of new formations) and previous assignment of 
t he  s t r a t a  t o  the  Beaufort Formation is likely in error.  
Fur thermore ,  our d a t a  show t h a t  these  deposits can now be 
dated as Middle Eocene, thus  placing much more  seve re  
const ra in ts  on t h e  t iming of Eurekan deformation. 

Distinguishing f ea tu res  of  the Beaufort  Format ion 

The name Beaufort  Formation was  formally introduced 
by Tozer (1956) for sand and gravel deposits exposed on 
Pr ince  Patrick Island, and has since been extended t o  similar 
deposits a t  other locali t ies in t h e  western Arct ic  and islands 
of t h e  Arct ic  Coasta l  Plain: for example,  Meighen Island 
(Thorsteinsson, 1961), Banks Island (Thorsteinsson and Tozer,  
1962), and Melville Island (Tozer, 1970). Beaufort s t r a t a  
over l ie  Eureka Sound Croup  and older Mesozoic units of 
Sverdrup Basin unconformably. Typically, t h e  Beaufort  
Formation consists of unconsolidated sands and gravels t h a t  
commonly contain uncompressed, unaltered wood. Well 
preserved cones of pine and spruce  (Picea banksii Hills and 
Ogilive), and t h e  fossil walnut Juglans eocinera  Hills, Klovan 
and Sweet ,  have also been found on Banks Island (Hills and 
Ogilvie, 1970; Hills et al., 1974). 

S t r a t a  exposed in t h e  a r e a  of Geodet ic  Hills and Stang 
Bay, and included in t h e  Beaufort Formation by Bustin (1982), 
also contain spruce  cones tha t ,  despi te  some  morphological 
differences,  have been equated,  along with t h e  examples  
f rom Banks Island, with Picea banksii (Hills and Bustin, 1976). 
However, a p a r t  f rom this  apparent  similarity in cone  type, 
t h e r e  a r e  f ew other  similarit ies between t h e  typical Beaufort  
of western  Arctic,  and t h a t  designated as Beaufort on Axel 
Heiberg Island. In t h e  sect ions  t h a t  follow, t h e  important  
d i f ferences  in lithology and s t ruc tu re  a r e  discussed. 

Lithological c r i t e r i a  

Recent investigations indicate t h a t  t he  conglomerate,  
sandstone and coal deposits exposed in ridges and s t ream-cuts  
due e a s t  of Geodet ic  Hills, a r e  identical  t o  deposits t ha t  
cover t h e  ent i re  a r e a  mapped a s  Eureka Sound Group, both 
north of Stang Bay, and on  t h e  broad alluvial plain north of 
Mokka Fiord. Representa t ive  stratigraphic sect ions  f rom 
these  locali t ies a r e  i l lustrated in Figure 43.2. Fur thermore ,  
t h e  lithotypes a re  also remarkably similar t o  those  of 
conglomerates exposed in t h e  footwall  of t h e  Stolz  Thrust 
zone a t  both Mokka Fiord and Whitsunday Bay diapirs. The 
las t  two examples a r e  he re  considered t o  be some  of the  
youngest deposits in t h e  Eureka Sound Group; they  a r e  
synorogenic, formed f rom coarse  diabase debris shed f rom 
uplifted and thrus t  faul ted  Triassic rock f a r the r  west ,  and a r e  
themselves overthrust  within the  Stolz Thrust zone 
(Tozer, 1963; Balkwill, 1978; Bustin, 1982). 

The sequence e a s t  of Geodet ic  Hills has been described 
by Bustin (1982). Very th ick conglomerates,  possibly g rea te r  
than 1000 m thick, occur in a graben between Geodet ic  Hills 
and Stolz Thrust; t h e  s t r a t a  of t h e  sequence dip t o  t h e  west  
at 30 t o  35'. The degree  of induration i s  r e f l ec t ed  in  t h e  
high ridges and s teep,  s t ream-cut  bluffs t h a t  a r e  incised in to  
t h e  conglomerates. Conglomerate  f rameworks  a r e  c las t  
supported, with cobbles and boulders (mostly diabase) 
moderately t o  well rounded. Similar fabr ics  a r e  observed in  
thick grey diabase conglomerate  at Mokka Fiord. 

As indicated in Figure 43.2, most of t he  sequence along 
eas t e rn  Axel Heiberg Island is made up of conglomerate  
units, several  metres  thick, t h a t  a r e  interbedded with units of 
l i thic areni te  and a f ew thin l ignite seams;  fining-upward 
sequences a r e  common. Trough, planar and ripple cross- 
bedding abound, along with f requent  indications of 
channeling. As Bustin (1982) has  reported, t h e  transit ion 
f rom t h e  more  massive, th ick  conglomerate  fac ies ,  t o  t h e  
interbedded conglomerate-sandstone fac ies ,  i s  not exposed a t  
Geodet ic  Hills because of faulting. However,  th is  transit ion 
was observed in  ver t ica l  sect ions  in  t h e  a r e a  of Mokka Fiord. 

A third l i thofacies,  t h a t  Bustin (1982) r e fe r r ed  t o  as t h e  
sandstone-mudstone-siltstone fac ies ,  occurs in t h e  Geodet ic  
Hills area.  The principal exposure of th is  f ac i e s  is on a 
prominent ridge approximately 25 km nor theas t  of Geodet ic  
Hills, and contains thinly interbedded grey mudstone and fine 
grained sandstone, with numerous l ignite seams. These seams  
contain abundant cones  and leaf fossils of Metasequoia,  and 
subordinate numbers of spruce  cones and broad leaf angio- 
sperms. Ra the r  than  being la tera l ly  equivalent t o  t h e  con- 
glomerate-sandstone fac ies ,  as suggested by Bustin, t h e  coal- 
bearing s t r a t a ,  in f a c t ,  occur  stratigraphically above them.  

Comparison of t h e  eas t e rn  Axel Heiberg deposits with 
typical Beaufort s t r a t a  in t h e  western  Arc t i c  Archipelago 
il lustrates some  important  differences: 
I. Some of the  conglomerates and sandstones a r e  weakly 

consolidated; however,  t h e  majority,  including t h e  thick 
conglomerates a t  Geodet ic  Hills and severa l  ca lc i te  
cemented units a t  Stang Bay, show degrees of l i thification 
t h a t  a r e  considerably g rea te r  than "typical" Beauf ort .  
The degree  of l i thification is similar t o  t h a t  of some  of 
t h e  sandstones in  o the r  a reas  of Eureka Sound Group 
exposure, particularly in t h e  uppermost sandstone units of 
t h e  Iceberg Bay Format ion on Fosheim Peninsula. 

Figure43.1. Map showing the  general location of  
conglomerate-bearing s t r a t a  on Axel Heiberg Island, and t h e  
s t ra t igraphic  sect ions  A, B and C in Figure 43.2. 
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2. Wood, associated with t h e  l ignite beds, commonly is 
highly compressed (up t o  1011). Much of th is  wood is 
a l t e red  t o  low grade lignite, although the re  is some 
relatively unaltered wood similar t o  t h a t  present in t h e  
Beaufort  Formation. This wood can be  compared with 
wood a l tered to  low grade lignite, which occurs in t h e  
,weakly lithified sandstones a t  t h e  top  of t h e  Eureka Sound 
Group a t  Hot Weather Creek. Some beds, especially 
channel-fill sandstones and conglomerates,  conta in  large  
wood f ragments  t h a t  a r e  completely mineralized, and a r e  
remarkably similar t o  mineralized wood in t h e  Eureka 
Sound Group (especially t h e  Iceberg Bay Formation). I t  i s  
in these  beds t h a t  t h e  best preserved spruce  cones a r e  
found. 

St ructura l  c r i t e r i a  

St ructura l  and stratigraphic relationships a r e  complex 
in t h e  a rea  of Geodetic Hills and in t h e  hanging wall of Stolz 
Thrust (Fig. 43.3). On the  original 1:250,000 scale  map 
(Strand Fiord map  sheet  of Thorsteinsson, 1971), t h e  northern 
end of Stolz  Thrust was depicted a s  a splay of t h r e e  normal 
faults,  and t h e  extension of t h e  thrus t  t r a c e  was  a faul t  with 
a n  opposite sense  of displacement (downthrown t o  t h e  west). 
A more  logical extension of t h e  thrus t  would be  t h e  eastern- 
most f au l t  of t h e  splay (downthrown t o  t h e  east). During t h e  
present  investigation, an  over thrus t  relationship was observed 
here,  with Triassic s t r a t a  (Blaa Mountain Group and Heiberg 
Formation) occurring over t h e  Tertiary conglomerate  and 
sandstone (Fig. 43.3). The thrus t  plane dips t o  the  west a t  
about 30". Thus a relationship can reasonably be  inferred 
between t h e  thrusting and deposition of the  diabase-rich 
conglomerates t h a t  were  derived by erosion of t h e  sills and 
dykes t h a t  abound in t h e  Triassic s t ra ta .  

The small  graben s i tuated e a s t  of Geodet ic  Hills and in 
t h e  hanging wall of Stolz  Thrust (Fig. 43.3), i s  s t ructura l ly  
complex. Here,  thick conglomerate  overlies, in succession, 
whi te  sandstone and dark  grey shale  of t h e  Isachsen and 
Christopher formations. This implies t h a t  differential  
movement and erosion of older Sverdrup Basin s t r a t a  took 
place prior t o  conglomerate deposition and, therefore ,  also 
preceded t h e  main phase of fault ing on Stolz Thrust. 

Differential  movement within t h e  conglomerate- 
sandstone sequence outboard (east)  of Stolz  Thrust is  also 
indicated, where  thick conglomerate beds exposed near  t h e  
snout  of a large  glacier (Fig. 43.3), occur at a topographically 
lower level than equivalent s t r a t a  on t h e  adjacent  ridge; 
e i ther  t he re  is a substantial  east-northeast  striking faul t ,  or  a 
broad, open fold within t h e  Ter t iary  sequence. Large-scale 
fault ing or  folding, which resulted in rotation of s t r a t a  t o  
dips exceeding 40°, also occurs in t h e  a rea  north of Stang 
Bay. 

Palynology 

Samples for palynological study were  col lec ted f rom 
intervals of suitable lithology from each of t h e  s t ra t igraphic  
sections (Fig. 43.2). The character is t ics  of t h e  pollen 
assemblages a r e  summarized in this section; deta i ls  of t h e  
assemblages will b e  presented in a l a t e r  publication. 

In general,  t h e  samples  examined contain rich, diverse 
and well preserved pollen assemblages t h a t  a r e  similar t o  t h e  
Middle Eocene microfloras found in t h e  highest s t ra t igraphic  
levels of sections a t  Strand Fiord (Axel Heiberg Island) and 
Stra thcona Fiord (Ellesmere Island); viz. t h e  Iceberg Bay 
Formation. 

In t h e  section e a s t  of Geodetic Hills, t h e  e ight  samples 
f rom lignite seams and grey mudstone beds, found in t h e  
upper 200 m of t h e  Buchanan Lake Formation, yielded rich 
pollen floras. Common const i tu tents  of t h e  assemblages 
include pollen of Picea (occasionally abundant), Pinus, Tsuga 

( rare  t o  common), Taxodiaceae (including Sequoiapollenites), 
Alnus and Betula (both usually abundant),  Ca rya  and Tilia 
(both of ten  abundant), Juglans (common near top  of section),  
Ericaceae,  Liliacidites, Ulmus and Quercus.  Other  pollen 
tha t  may be present includes Nyssapollenites, Engelhardtia,  
?Fagus and Tricolporopollenites kruschii (of Rouse, 1977). 
Abundant Metasequoia cones and leaves and some  P icea  
cones occur in some  in tervals  of th is  section. Reworked 
palynomorphs (Cretaceous  pollen and dinoflagellates, L a t e  
Paleozoic spores) a r e  r a r e  in t h e  Geodet ic  Hills sect ion and 
a r e  readily distinguished f rom autochthonous forms. 

The Geodet ic  Hills pollen assemblages a r e  similar t o  
those  recorded f rom Middle and La te  Eocene by Rouse (1977) 
and differ significantly from Oligocene assemblages 
documented by Peil (1971), Rouse (1977) and Ioannides and 
McIntyre (1980). Ca rya  viridiflurninipites (Wodehouse) Wilson 
and Webster and C. ver ip i tes  Wilson and Webster (both of ten  
abundant in Geodet ic  Hills samples) a r e  common in both t h e  
Eocene and Oligocene of t h e  Arctic,  whereas  Tilia vescipites 
Wodehouse, usually common in Geodet ic  Hills samples, and 
T. crassipites Wodehouse were  not recorded f rom t h e  
Oligocene in  t h e  Arc t i c  by Rouse (1977) although they  occur  
in Oligocene s t r a t a  in o ther  par ts  of Canada. Hills et al. 
(1974) noted, however, t h e  presence of Tilia in t h e  Beaufort 
Formation f rom northwestern Banks Island. Other  pollen 
types  present,  which a r e  common in both Eocene and 
Oligocene s t r a t a ,  include Tsuga, Juglans and ?Fagus. Rouse 
(1977) recorded Fagus no earlier t han  L a t e  Eocene and 
Juglans from Lower-Middle Eocene. Tsuga and Juglans were  
recorded f rom Lower or Middle Eocene by Ioannides and 
M cIntyre (1 980). Pollen of Engelhardtia type  (Mornipites 
coryloides Form A of Rouse, 1977) i s  common in a 

Figure 43.3. Reinterpre ted s t ructura l  relationships along 
the  Stolz Thrust, ea s t  of Geodet ic  Hills (modified f rom 
Thorsteinsson, 1971, and Bustin, 1982). Te  = Buchanan 
Lake Fm.; Kc  = Christopher Fm.; K-i = Isachsen Fm.; 
JKd = Deer  Bay Fm.; J a  = Awingak Fm.; J s  = Savik Fm.; 
TRh = Heiberg Group; TRba = Blaa Mountain Group; 
Col  = Diapirs. Extensional faul ts  have downthrown block 
indicated; Stolz Thrust has t e e t h  on upthrust  block. 
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few samples. This type differs from Paleocene forms of 
Momipites and is apparently res t r ic ted  t o  t h e  Eocene and 
possibly Oligocene of northern Canada. Tricolporopollenites 
kruschii was recorded from t h e  Lower-Middle Eocene by 
Rouse (1977). Species character is t ic  of t he  Oligocene 
(Piel, 1971; Rouse, 1977; Ioannides and McIntyre, 1980) were  
not seen in  t h e  Geodet ic  Hills samples. However, t h e  Lower- 
Middle Eocene Lonicera-type of Rouse (1977) occurs rarely 
and the  onagraceous pollen recorded by Ioannides and 
McIntyre (1 980), f rom Paleocene t o  Middle Eocene s t r a t a  of 
t h e  Caribou Hills section of t h e  Mackenzie  Del ta  area ,  is  
common in some samples. The presence of Pistillipollenites 
mcgregorii  Rouse, not known from rocks younger than Middle 
Eocene, provides fur ther  important evidence for  an  Eocene 
age. The palynological evidence, therefore ,  indicates t h a t  
t h e  Geodet ic  Hills samples examined a r e  most likely of 
Middle Eocene age. There is no evidence t h a t  the  uppermost 
par t  of t h e  section is a s  young as  L a t e  Eocene. Palynological 
assemblages f rom t h e  Beaufort Formation of Miocene- 
?Pliocene age  were  discussed briefly by Craig  and 
Fyles(1960) and H i l l s e t a l .  (1974). The Beaufort 
assemblages,  however, a r e  apparently less varied than Eureka 
Sound assemblages and lack t h e  distinctive Eocene pollen 
forrhs recorded in t h e  Geodet ic  Hills material .  

In t h e  section north of Stang Bay, l ignite seams and 
mudstone beds compose t h e  upper components of fining- 
upward sequences of conglomerate and sandstone. The pollen 
assemblages he re  a r e  similar t o  those  f rom Geodet ic  Hills but  
a r e  of slightly lower diversity. Reworked Cretaceous  
palynomorphs a r e  r a re  in t h e  Stang Bay section. The 
presence of pollen of Tsuga, Juglans, Tilia vescipites and 
T. crass ip i tes  together  suggests a Middle Eocene age. 
Onagraceous pollen and Saxonipollis, both recorded up t o  
Middle Eocene by Ioannides and M cIntyre  (1 980) provide 
fur ther  evidence for Middle Eocene age. 

Sections at Mokka Fiord contain l ignite only as 
discontinuous stringers;  mudstones occur locally but comprise 
only a very small  proportion of t h e  succession. Pollen 
assemblages a r e  similar t o  those f rom Geodet ic  Hills but  
generally contain f ewer  specimens, although C a r y a  
viridifluminipites, Alnus and Taxodiaceae may be abundant. 
Reworked Cretaceous  spores, pollen and dinoflagellates a r e  
abundant in some  of t h e  samples. Paleozoic spores may also 
be  present and samples near t h e  t o p  of t h e  sect ion conta in  
some  Paleocene pollen, including Caryapollenties wodehousei 
Nichols and O t t ,  which is also considered t o  be reworked. 
The presence of Tilia vescipites (sometimes abundant), 
Tricolporopollenites kruschii, Pistillipollenites rncgregorii and 
Juglans indicates t h a t  t he  Mokka Fiord deposits a r e  also of 
Middle Eocene age. 

Conclusions 

Important differences in lithology, s t ruc tu re  and 
palynology exist  between t h e  Ter t iary  conglomerate  deposits 
of eas tern  Axel Heiberg Island, and t h e  Beaufort Formation 
of t h e  western  Arctic. In particular,  over thrus t  relationships 
observed at Geodet ic  Hills indicate  t h a t  t h e  episode of 
syntectonic  sedimentation was t h e  s a m e  as  t h a t  inferred for  
t h e  Mokka Fiord and Whitsunday Bay areas.  All of t h e  
cr i ter ia  presented he re  demonstra te  t h a t  t h e  Ter t iary  s t r a t a  
of eas tern  Axel Heiberg Island should b e  equated with 
syntectonic  units of t h e  Eureka Sound Group (Fig. 43.41, 
representing deposition during the  Eurekan Orogeny. 
Therefore,  conglomerate-bearing s t r a t a  at Geodet ic  Hills, 
S tangrBay and other  a reas  of eas tern  Axel Heiberg Island 
belong' t o  t h e  Buchanan Lake Formation, and co r re l a t e  with 
similar synorogenic units a t  Lake Hazen, Franklin Pierce  Bay 
and Judge Daly Peninsula. 

In previous investigations, t h e  a g e  of Eurekan 
deformatiqn has been bracketed between Middle Eocene ( the  
d a t e  of t he  youngest typical Eureka Sound Group), and Early 
Miocene (an a g e  based primarily on t h e  oldest  Beaufort  
Format ion t h a t  unconformably overlies Eureka Sound rocks). 
The l ignite seams on eas tern  Axel Heiberg t h a t  a r e  par t  of 
t h e  syntectonic  deposits contain well preserved pollen f loras  

Figure 43.4. Formations of the  Eureka Sound Group 
(see Ricket ts ,  1986 for details). 

t h a t  suggest an  age  range res t r ic ted  t o  Middle Eocene. This 
indicates t h a t  thrusting and folding was  well underway by t h e  
end of t h e  Eocene, but  does not preclude t h e  possibility t h a t  
deformation continued in to  t h e  Oligocene. 

Indications of a much younger (Miocene) a g e  for  t h e  
conglomerate-bearing sequence on Axel Heiberg Island 
(Balkwill and Bustin, 1975; Hills and Bustin, 1976) were  based 
primarily on t h e  presence of cones identified a s  P icea  
banksii. The genus Picea ,  however, occurs  throughout t h e  
Tertiary,  but cones  a r e  rarely found in t h e  older s t r a t a  
(compared t o  Beaufort  s t ra ta) .  In comparing t h e  Axel 
Heiberg spruce  cones with P. banksii f rom Beaufort  deoosits 

A p p r o x i m a t e  i i m l l s  
o f  f o r e d e e p s  - Z o n e  o f  t h r u s t i n g  

Figure 43.5. The location of orogenic foredeeps on Axel 
Heiberg and Ellesmere islands, shown schematically.  The 
western l imi t  of t he  Axel Heiberg foredeep is approximated 
by t h e  Stolz  Thrust zone. The eas tern  l imits a re  unknown, 
but can reasonably be inferred to  have been no f a r the r  eas t  
than Fosheim Peninsula, on the  basis of la tera l  fac ies  changes 
in the  conglomerates,  and the  s t ra t igraphic  level of Eureka 
Sound Group s t r a t a  exposed on north Fosheim. Thick 
conglomerates a t  O t to  Fiord and Emma Fiord may represent 
the  northern l imits of t he  Axel Heiberg foredeep. 



on Banks Island, Hills and Bustin (1976) noted considerably 
g rea t e r  morphological diversity in t h e  Axel Heiberg 
examples,  and a t t r i bu t ed  these  d i f ferences  t o  environmental  
stress;  d i f ferences  in a g e  were  discounted. In view of our  
results ,  t h e  validity of using th is  spruce  f lora  in bio- 
s t ra t igraphic  determinat ions  needs t o  be  reassessed. Either 
P. banksii occurs in deposits  t h a t  a r e  older than Beaufort 
Formation,  or t h e  cones  on Axel Heiberg Island a r e  not  
comparable  t o  P. banksii, but  t o  a d i f ferent  Picea  species. 
Bustin (1982) also used microfloral  resul ts  t o  support  t h e  
Miocene/(?)Pliocene Beaufort Format ion in terpre ta t ion  but 
did not provide deta i l s  of t h e  assemblages.  Re-examination 
of t hese  samples shows t h a t  t h e  assemblages a r e  also Eocene 
and do not suggest  a younger age.  

Implications for  t ec ton ic  history 
Reworked Lower and Upper Cretaceous ,  older 

Mesozoic, and Paleozoic palynomorphs a r e  relatively common 
in t h e  conglomerate  deposits a t  Mokka Fiord. Notably, s o m e  
reworked Paleocene pollen was  also found in a f ew  samples.  
Sediment t ranspor t  directions,  infer red  f rom crossbed 
measurements  (Bustin, 1982;'this study) indica te  t h a t  t h e  bulk 
of t h e  syntec tonic  sequence  on eas t e rn  Axel Heiberg Island 
was derived f rom a t e r r a n e  f a r the r  west.  The source  rocks 
apparently ranged in a g e  f rom Devonian t o  Paleocene,  and 
the re fo re  would have included reworked Eureka  Sound Group 
s t r a t a  f rom cen t r a l  and/or western  Axel Heiberg; t h e  younger 
Sverdrup Basin s t r a t a  were  subsequently str ipped f rom t h e  
cen t r a l  Princess Marga re t  Range. 

The coarse  grained deposits  on eas t e rn  Axel Heiberg 
Island (viz. Buchanan Lake Formation),  represent  alluvial f an  
and braidplain sedimenta t ion ,  whe re  debris was shed e a s t  and 
southeas t  f rom uplifted and thrus t  faul ted  Mesozoic (and 
possibly older) s t r a t a .  Thus, t h e  sedimentary  basin can be  
considered a s  an orogenic foredeep and is informally refer red  
t o  he re  as t h e  Axel Heiberg foredeep. The broadly eas t -  
dipping paleoslope also represents  a comple t e  reversal  of t h e  
basin configuration t h a t  prevailed during much of t h e  ear l ie r  
Eureka Sound Group sedimenta t ion  in t h e  western  Ellesmere 
Island region. The Axel Heiberg fo redeep  extended f rom 
somewhere  north of Stang Bay, a lmost  t o  t h e  southern end of 
Axel Heiberg Island (Fig. 43.5). 

Corre la t ive  conglomerate-bearing s t r a t a  on eas t e rn  
Ellesmere Island (Franklin Pierce  Bay t o  Judge Daly 
Peninsula) also represent  sedimenta t ion  in an  east-southeast  
dipping foredeep, which developed outboard of t h e  Parrish 
Glacier Thrust and associated faul ts ,  during t h e  Eurekan 
Orogeny (Fig. 43.5). 

Eureka Sound Group sedimenta t ion  in t h e  Axel Heiberg 
foredeep may have ended by Middle Eocene t ime.  A main 
phase of fault ing and folding, which represents  t h e  Eurekan 
Orogeny, was well underway by t h e  end of t h e  Eocene. 

The previous designation of t h e  Axel Heiberg 
conglomerates,  a s  Beaufort  Formation of Miocene or younger 
age ,  implied an  episode of considerable post-orogenic fault ing 
and folding (or ro ta t ion  of faul t  blocks). Much of th is  
fault ing can now be  a t t r ibuted  t o  t h e  Eurekan Orogeny. 
However, this does not  preclude t h e  possibility of younger 
extensional fault ing.  I t  appears  now t h a t  deposits corre la t ive  
with t h e  Beaufort  Format ion a r e  res t r ic ted  or possibly absent  
in t h e  ea s t e rn  Arc t i c  (onshore). 
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Abstract 

A diverse fauna o f  Lower Permian arnmonoids, including representatives o f  Neopronorites, 
Daixites, Boesites, Agathiceras, Glaphyrites, and Erni l i tes is associated w i th  representatives o f  the 
conodont Streptognathodus and the fusulinids Pseudofusulina and Pseudofusulinella i n  the lower par t  
o f  the Belcher Channel Formation a t  Blind Fiord, southwestern Ellesmere Island. Amrnonoids, 
conodonts and fusulinaceans a l l  indicate an earliest Permian (Asselian) age. 

Une faune diverse d'ammono'idbs du Permien infgrieur, y cornpris des representants de 
Neopronorites, Daixites, Boesites, Agathiceras, Glaphyrites e t  Emilites, est associ6e & des 
representants du conodonte Streptognathodus et  des fusulinid6s Pseudofusulina et  Pseudofusulinella 
dans la part ie inferieure de la formation de Belcher Channel, a Blind Fiord, dans l a  par t ie  sud-ouest 
de I'Tle Ellesmere. Les arnmono'ides, les conodontes e t  les fusulinides datent tous du Permien l e  plus 
ancien (Asselien). 
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Introduction 

Lower Permian arnmonoids a r e  widely distributed in the  
Sverdrup Basin and have been recorded f rom f ive  format ions  
representing nearshore, de l t a i c  t o  deeper wa te r  basinal 
deposition from the  lowermost Permian (Asselian) t o  
uppermost Early Per rnian (Roadian). They have been 
described f rom Asselian l imestone in t h e  Hare  Fiord 
Formation on Ellesmere Island (Nassichuk and Spinosa, 1972), 
from Artinskian s t r a t a  in the  Sabine Bay and Hare  Fiord 
formations on Melville Island and Ellesrnere Island 
(Nassichuk, Furnish and Glenister, 1966; Nassichuk, 1970), 
and also f rom an unnamed formation in southwestern 
Ellesmere Island tha t  was ear l ier  thought t o  belong 
t o  t h e  Assistance Formation (Nassichuk, 1975). Roadian 
species a r e  known from t h e  Assistance and van Hauen 
format ions  on Melville, Devon and Ellesrnere islands 
(Nassichuk, 1970, 1975). 

The f i r s t  ammonoid fauna ever  recovered f rom the  
Lower Permian (Asselian-Artinskian) Belcher Channel 
Formation in the  Sverdrup Basin is of Asselian age  and 
contains e lements  remarkably similar t o  those described by 
Nassichuk and Spinosa (1972) f rom t h e  lower pa r t  of t he  Hare  
Fiord Formation on northern Ellesrnere Island. The 
arnrnonoids were  discovered in a thin (10 cm)  bed of micr i t ic  
l imestone 235 m above t h e  base of t h e  Belcher Channel 
Section exposed on the  west side of Blind Fiord (Fig. 44.1, 
44.2). Included in the  arnmonoid fauna a r e  small  and mainly 
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Figure 44.2. Generalized geological map of the  a r e a  shown 
in the  inset in Figure 44.1, displaying the  distribution of 
Paleozoic and Mesozoic rocks in the  Blind Fiord area ,  the  
locations of Section 1, from which fusulinaceans, ammonoids 
and conodonts were  recovered f rom the  Belcher Channel 
Formation, and sections 1 2  and 13. Carboniferous t o  Triassic 
s t r a t a  a r e  in the Sverdrup Basin and Ordovician to  Devonian 
s t r a t a  a r e  in the  Franklinian Geosyncline. 

f ragmentary  representa t ives  of Neopronorites Ruzhencev, 
Daixi tes  Ruzhencev, Boesites Miller and Furnish, Agathiceras 
Gemrnellaro, Glaphyrites Ruzhencev and Emil i tes  Ruzhencev. 

Stratigraphy 

The Belcher Channel Format ion is  well  developed 
between Blind Fiord and Trold Fiord in southwestern 
Ellesrnere Island (Fig. 44.2) where  i t  a t t a ins  a thickness of 
nearly 1000 rn. I t  is composed mainly of argil laceous and 
bioclastic l imestone and is  contained within t h e  Marginal 
Clas t ic  and Carbonate  Belt of Thorsteinsson (1974). Between 
Blind Fiord and Trold Fiord, t h e  Belcher Channel Formation 
overlies reddish weathering sandstone and sandy limestone of 
t h e  Moscovian-Asselian Canyon Fiord Formation. It i s  
a l ternate ly  overlain by black shale of t h e  lower van Hauen 
Formation or by greenish weathering, argil laceous l imestone 
of an  unnamed format ion t h a t  grades  la tera l ly  in to  t h e  lower 
van Hauen Formation (Fig. 44.3; Nassichuk, 1975; Nassichuk 
and Wilde, 1977; Beauchamp, personal communication, 1985). 

The Belcher Channel Formation is at l eas t  806 m thick 
in t h e  ammonoid-bearing section on t h e  wes t  s ide  of Blind 
Fiord (Fig. 44.3) and a detailed description was  provided by 
Nassichuk and Wilde (1977). The base of t h e  format ion is  
obscured and relationships with underlying s t r a t a  a r e  
unknown. 

In this section, t h e  Belcher Channel consists of a 
succession of cyclical  carbonates ;  individual 'cycles' indicate  
shoaling upward and include wavy bedded, argil laceous 

BLIND FIORD 
WEST SIDE EAST SIDE *- 6 km w 

(A - A' see Fig.2) 

SEC. 1 SEC.12-13 

Figure 44.3. Schemat ic  diagram of Lower Permian facies  
relationships across Blind Fiord. Conodont zones 1 t o  3 a r e  
of Asselian age (Fig. 44.4) and zones 4 to  6 a re  of Sakmarian 
age  (zone 6 may include lowest Artinskian strata).  The 
geographic distance between sect ions  on the  west side and 
the eas t  side of Blind Fiord is 6 km, but palinspastic 
reconstruction reveals t ha t  distance between them was 
probably considerably larger,  possibly up t o  25 km. 



l imestone, skeletal  wackestone, and grainstone. Moreover, 
t h e  format ion is relatively sandy in i t s  lower par t  where  
numerous recessive shaly beds occur.  Its upper part ,  
however, i s  character ized by a succession of thick, res is tant  
carbonate  mounds of Sakmarian age  tha t  contain t h e  
enigmat ic  organism Palaeoaplysina (Davies and Nassichuk, 
1973). 

Biostratigraphy 

General remarks  

Nassichuk and Wilde (1977) provided a brief outline of 
t he  s t a tus  of t h e  Carboniferous-Permian boundary in t h e  
Soviet Union and indicated t h a t  t h e  position of the  boundary 
has  been controversial  for  more  than 30 years. In the  
General Soviet  Scale t h e  boundary has  been placed for  many 
years between t h e  uppermost Carboniferous (Gzhelian) 
Daixina sokensis Zone and t h e  lowermost Permian (Asselian) 
Schwagerina vulgaris-Schwagerina fusiformis Zone. Some 
Soviet sc ient is ts  insist, however, t h a t  t h e  boundary should be 
placed a t  t h e  top of the  "Schwagerina beds"; t ha t  is, a t  t he  
top of t h e  Asselian, and others  think t h a t  i t  should be  placed 
a t  t h e  base of t h e  Pseudofusulina ura l ica  Zone, which is 
within t h e  Asselian Stage. 

Ruzhencev (1950) recognized important  distinctions 
between ammonoid faunas  t h a t  he  considered t o  b e  
uppermost Carboniferous (Orenburgian), near  Orenbourg in  
t h e  southern Urals, and ammonoids t h a t  occur  e lsewhere  in 
t h e  Urals in apparently younger, Asselian s t ra ta .  
Stratigraphic relationships between Orenburgian and Asselian 
s t r a t a  in t h e  Urals remain obscure, but geological mapping in 
recent  years  has led some s t ra t igraphers  t o  conclude t h a t  
d i f ferences  between t h e  two  successions might r e f l ec t  a 
change of facies;  t h e  upper par t  of t h e  Orenburgian might be 
synchronous with t h e  lower Asselian (Pnev, personal 
communication, 1975). 

Recently,  a new zone, t h e  Daixina bosbytauensis- 
Daixina robusta  Zone, was  identified between t h e  Daixina 
sokensis (Gzhelian) and k h w a g e r i n a  wlga r i s -khwager ina  
fusiformis (Asselian) zones in t h e  Darvaz region of cen t r a l  
Asia and in the  Urals (Kotlyar and Leven, personal 
communication, 1985). The zone contains ammonoids f rom 
t h e  Shumardites-Vidrioceras "genozone" in the  upper pa r t  of 
Ruzhencev's (1950) Orenburgian Stage. In addition t o  t h e  
fusulinaceans, a f t e r  which t h e  zone was  named, i t  includes 
t h e  f i rs t  occurrences  of Occidentoschwarrerina. 
Rugosochusenella paragregaria, Pseudofusulina kljasrnica; 
Pseudofusulina modesta, Pseudofusulina pseudokrotowi, 
Pseudofusulina anderssoni, Pseudofusulina ps-eudoanderssoni 
and Daixina vozhgalensis. 

As a result  of decisions taken a t  a Plenary Session of 
t h e  ISC Commission on t h e  Carboniferous and Permian 
sys tems in t h e  U.S.S.R. in 1984, t h e  Carboniferous-Permian 
boundary is  now placed a t  t h e  base of t h e  zone in t h e  
General Soviet  Scale. According t o  t h e  Soviet scale,  t h e  
upper pa r t  of t h e  Orenburgian is  contained within t h e  
Asselian Stage. The controversy over t h e  boundary has not  
diminished, however, and many Permian specialists in t h e  
Soviet Union continue t o  support t h e  tradit ional view t h a t  t h e  
boundary should be  retained a t  t h e  top of the  "new" zone; 
t h a t  is, a t  t h e  base of t he  Schwagerina wlgaris-Schwagerina 
fusiformis Zone. 

Faunas in t h e  Belcher Channel Formation a t  Blind Fiord 

Nassichuk and Wilde (1977) indicated t h a t  fusulinaceans 
occurring f rom 135 m t o  375 m above t h e  base  of t h e  Belcher 
Channel Formation at Section 1 (Fig. 44.2) on t h e  wes t  s ide  

of Blind Fiord a r e  included i n  t h e  Asselian assemblage zone 
of Pseudofusulina plana Skinner and Wilde. In addition t o  P. 
plana, t he  following a r e  also contained in t h e  zone: 
Pseudofusulinella praeantiqua Nassichuk and Wilde, 
Pseudofusulinella tempelensis Ross, Pseudofusulinella 
biconica Skinner and Wilde and Pseudofusulina grinnelli 
(Thorsteinsson). Pseudofusulinella grinnelli i s  particularly 
common near  t h e  base of t h e  type  sect ion of t h e  Belcher 
Channel Format ion on Grinnell Peninsula, Devon Island 
(Harker and Thorsteinsson, 1960). Ross (& Nassichuk and 
Davies, 1975) assigned an  Asselian a g e  t o  severa l  o the r  
species  in t h e  lower par t  of t h e  type section, including 
Eoparafusulina sp., Schwagerina sp., Pseudofusulina sp., and 
Pseudofusulinella sp. 

Several ammonoids recovered f rom 235 m above the  
lowest exposures of t h e  Belcher Channel Formation a t  
Section 1 (Fig. 44.2), including species of Agathiceras,  
Neopronorites and Boesites, a r e  widely distributed f rom 
Upper Carboniferous (Moscovian) through much of t h e  Lower 
Permian, and indeed, representa t ives  of one  of them 
(Agathiceras) extend in to  t h e  Upper Permian. With t h e  
possible exception of t h e  s t r a t a  on Ellesmere Island, Ernilites 
is  unknown from s t r a t a  e i ther  older or younger than 
Orenburgian; Movshovich e t  al. (1979) concluded t h a t  t h e  
Orenburgian occurrences  in t h e  Urals a r e  in f a c t  in thei r  
lower Asselian zone 3. Elsewhere, Emilites i s  known only 
f rom Texas, where  E. ince r t a s  (Bose), f rom Virgillian 
(= Orenburgian) s t r a t a  in t h e  Gaptank Formation bears  a very  
c lose  resemblance t o  t h e  Ellesmere Island species  
(W.M. Furnish, personal communication, 1986). Glaphyr i tes  i s  
common throughout t h e  Upper Carboniferous, bu t  i s  not 
known from s t r a t a  younger than lowest Permian (Asselian). 
Similarly, Daixites,  which previously was  unknown outside the  
Ural Mountains, is confined t o  t h e  interval between t h e  
uppermost Carboniferous (Orenburgian) t o  t h e  lowest 
Sakmarian. 

Accordingly, t h e  ammonoid fauna does not  provide a 
c lear  distinction between uppermost Carboniferous 
(Orenburgian) and lowermost Permian (Asselian) but,  a s  
discussed ear l ier ,  t h e  General  Soviet  Scale includes t h e  
uppermost Orenburgian in the  Asselian Stage. Nevertheless,  
t he  ammonoids f rom t h e  Belcher Channel Formation appear  
t o  compare  more  favourably with upper "Orenburgian" and 
lower t o  middle Asselian species in t h e  Urals than with upper 
Asselian species. 

Whereas ammonoids and fusulinaceans have been 
studied fo r  decades  in t h e  type  a r e a  fo r  t h e  Permian in  t h e  
Ural Mountains, conodont studies were  in i t ia ted  only 
recently.  Already i t  has  been demonstra ted  t h a t  conodonts 
will become  as  important  in Permian biostratigraphy a s  they 
a r e  in t h e  r e s t  of t he  Paleozoic and, indeed, in t h e  Triassic. 
Movshovich et al. (1979) have identified th ree  distinct 
conodont zones for t h e  Asselian ("Schwagerina bedstt)  in t h e  
Urals (see thei r  zones 3, 4, 5 in our Figure 44.4). In ascending 
order,  the i r  zones are:  

3) Streptognathodus (their  Gnathodus) simplex - 
S. elongatus  Zone 

4) Streptognathodus elongatus - S. wabaunsensis Zone 
5) Streptognathodus barskovi Zone. 

It is  difficult  t o  compare  lower and middle Asselian 
conodont faunas  of Ellesmere Island with those in t h e  Soviet 
Union because faunas  in t h e  former  region a r e  dominated by 
species of Adetognathus and in the  l a t t e r  by species of 
Streptognathodus (Fig. 44.4). Species of Adetognathus a r e  
generally considered t o  b e  long ranging, but  one of us (CMH) 
has  recognized severa l  species  in  t h e  lower (Asselian) par t  of 
t h e  Belcher Channel Formation at Section 1 (Fig. 44.2). As 
taxonomic research on these  species i s  at a preliminary 
s tage ,  speci f ic  identifications cannot b e  presented in this 



Figure 44.4. Asselian conodont zones in the  Ural Mountains and a t  Blind Fiord. Lithology column 
ref lec ts  thickness of individual cycles. (* = first  appearance of Streptognathodus barskovi; 
* *  = position of arnrnonoid locality). 

summary report .  As a result ,  t he  lower two  assemblages 
indicated on t h e  range c h a r t  (Fig. 44.4) a r e  simply designated 
Adetognathus spp. The third conodont assemblage at 
Section 1 is dominated by Streptognathodus species t h a t  
provide a di rect  comparison with faunas  in t h e  Urals. The 
ammonoids recorded f rom locali ty I occur at about  t h e  s a m e  
level a s  the  f i r s t  appearance of Streptognathodus elongatus,  
whereas  S. barskovi f i rs t  appears  22 rn above t h e  arnrnonoid 
locality. Streptognathodus barskovi is  res t r ic ted  t o  the  upper 
Asselian (zone 5 of Movshovich e t  al., 1979) in t h e  Ural 
Mountain sequences. At Section I ,  our boundary between 
zones 2 and 3, which is based on the  appearance of 
Streptognathodus spp., can thus be corre la ted  with the  upper 
part  of t h e  S. elongatus -S. wabaunsensis Zone (middle 
Asselian) of Movshovich e t  al. (1 979). 

BLIND FIORD (Sec.1 of Fig.2) S.W. ELLESMERE ISLAND, 
CANADIAN ARCTIC ARCHIPELAGO 
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Abstract 

The construction of computer files of coal exploration data for Nova Scotia's coalfields is underway through a co- 
operative FederalIProvincial project. Procedures and computer programs developed by the Geological Survey of Canada 
for its National Coal Inventory are used for data compilation, interpretation and storage. Products of this work in the short 
term will be the availability of consistently defined exploration data in a flexible information management system. In the 
longer term, deposit models suitable for geological, economic and environmental assessment will be developed by 
applying established methodologies to the analysis of these data. This will give planners in industry and government a 
flexible, high-resolution planning tool providing the capability for rapid identification of the location and quantity of coal 
resources that meet any combination of geological, quality, economic or environmental criteria. 

L'Btablissement de fichiers informatisees sur I'exploration des houilleres en Nouvelle-~cosse se poursuit dans le 
cadre d'un projet federal-provincial. Les methodes et les programmes machine mis au point par la Commission gBologique 
du Canada pour I'lnventaire national du charbon sont utilises pour la compilation, I'interpretation et la mise en memoire des 
donnees. A court terme, ce projet assurera la disponibilite de donnees d'exploration bien definies qui seront prBsent6es 
dans un system8 de gestion de I'information souple. A plus long terme, I'analyse des donnBes au moyen de methodes 
Btablies permettra d'elaborer des modbles de gisements susceptibles de servir aux evaluations gBologiques, Bconomi- 
ques et environnementales. Ce projet fournira aux planificateurs de I'industrie et du gouvernement un outil de planification 
souple et detaille qui rendra possible I'identification rapide de I'emplacement et de la quantitB des reserves houilleres et qui 
pourra satisfaire toutes les combinaisons de criteres g6ologiques, qualitatifs, economiques ou environnementaux. 

1 Nova Scotia Department of Mines and Energy, P.O. Box 147, Sydney Mines, Nova Scotia BlV 1Y3 
c/o Nova Scotia Department of Mines and Energy, 1690 Hollis St., Halifax, Nova Scotia B3J 2T3 



Introduction COWTE HAAD-COPY 
EXPLORATION DATA 

Coal exploration and exploitation have been conducted in 
Nova Scotia's coalfields for more than two centuries. A large 
volume of information on the distribution and characteristics of 
coals in these deposits has accumulated over this period, com- 
prising outcrop and core descriptions, mine plans, analytical 
data and, more recently, geophysical logs of boreholes. A co- 
operative project, under the Canada-Nova Scotia Mineral De- 
velopment Agreement, was initiated in February, 1985, between 
the Nova Scotia Department of Mines and Energy and the 
Geological Survey of Canada, to compile this information in a 
consistently defined, computer-processable format. Once in 
this format, the information can be manipulated by computer to 
develop a comprehensive understanding of the geological, re- 
source and economic characteristics of these coal deposits. 

This report is intended to provide a brief description of the 
uroiect in terms of available data, interpretation techniaues, 
1 ,  

data organization and longer term potential in the develophent 
of a comprehensive coal resource management tool. 

Available Data 

A recent overview of coal in Nova Scotia (Calder, 1985) 
provides background information on the location and geology 
of Nova Scotia's coalfields. Mining has been carried out in many 
of these coalfields over long periods, ranging in scale from very 
small underground and surface operations, to the large under- 
sea mines operated by the Cape Breton Development Corpora- 
tion in the Sydney coalfield. Exploration data gathered within 
the coalfields vary widely in type and quality; the older data is 
generally somewhat less reliable than more recently collected 
information. These data comprise surface information obtained 
from outcrop descriptions and geological maps, subsurface in- 
formation gathered from boreholes and mines, and other infor- 
mation including coal analyses, topographic maps, seafloor 
maps and geological reports. 

Table 45.1 summarizes the type and amount of coal explora- 
tion data available for Nova Scotia. With the exception of the 
Sydney coalfield, most of the hardcopy data is stored in files of 
the Nova Scotia Department of Mines and Energy in Halifax. 
Arrangements have been made with the Cape Breton Develop- 
ment Corporation in Sydney to obtain copies of their data, some 
of which dates back more than one hundred years, in order to 
complete hardcopy files for the Sydney coalfield. 

Data interpretation and storage 

Exploration data are being gathered, interpreted and en- 
tered into the computer using methods and computer pro- 
grams developed by the Geological Survey of Canada for its 
National Coal Inventory. This process involves the interpreta- 
tion of geophysical logs and rationalization of other forms of 
data using a consistent set of procedures, data entry and ver- 
ification, followed by geological analysis and data manipulation 
to develop grid models suitable for resource assessment (Irvine 
1981; Hughes, 1984; Hughes and Neimanis, 1986). These steps 
are outlined in Figure 45.1. 

At present, this project is directed only toward compiling 
and verifying data in a computer-processable format. Further 
processing of the data will be undertaken either using G.S.C. 
computer facilities in Calgary or yet-to-be-acquired facilities of 
N.S.D.M.E. in Halifax. Data compilation and verification are 
being conducted by a two-person team in Halifax, consisting of 
a geologist and a technician, who utilize database programs on 
the G.S.C. computer in Calgary via an onsite terminal and 
Datapac. 

INTERPRET GEOPHYSICAL LOGS. 
MTA ENTRY, l N l W  
DATA VERIFICATION 

1 
ESTABUSH INmAL CORRELAllON 
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GEOLOGIC ENVIRONMENTAL 
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Figure 45.1. Sequence of processes undertaken to develop, 
from hard-copy exploration data, a computer model of a coal 
deposit suitable for resource, geological and environmental as- 
sessment. 

Of utmost importance in the interpretation process is the 
consistency with which parameters such as coal thickness and 
lithotypes are determined. In the case of data of a descriptive 
nature, such as drillers' logs or core descriptions, the data com- 
pilers can do little more than transcribe the information using a 
standardized set of descriptors. If geophysical logs are avail- 
able, they are interpreted using a standard set of procedures to 
maximize consistency, and then incorporated with other avail- 
able data to complete the interpretation for the hole. The inter- 
pretation techniques used for geophysical logs have been dis- 
cussed by Hughes (1984). 

Data are stored in a heirarchical database on G.S.C.'s 
HP3000 computer in Calgary. The structure and contents of the 
database are illustrated in Figure 45.2. Data entry, modification 
and retrieval functions available for this database allow efficient 
input and editing of information. To detect errors, entries are 
checked against a data dictionary or numeric range on input. 
Graphic strip logs and listings of the data are also generated for 
each location and compared with the original information for 



Table 45.1. Summary of exploration data available for Nova Scotia coalfields 

Coalfield 
Borehole data1 

Type 12 Type 23 

Sydney 
St. Rose 
Pictou 
Springhill 
Joggins 
Debert 
Others 

Totals 

Analyzed 
Outcrops1 samples 

(100) 3,000 18,927 
(0) 0 20 

(50) 1,500 600 
(25) 750 1,000 
(25) 750 200 
(20) 600 50 
(30) 900 100 

(250) 7,500 20,897 

1 number of holes or outcrops in brackets, aggregate length in metres 
2 boreholes with driller's or geologist's description only 
3 boreholes with a suite of geophysical logs 
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Figure 45.2. Schematic diagram illustrating the structure and contents of the database used to store 
exploration data for the project. 



verification. Retrievals of data can be made on an ad hoc basis 
using a comprehensive query language, or through a variety of 
programs linked to the database. 

Other information required to develop coal deposit models 
in near-surface or undersea areas includes topographic and 
seafloor maps. These maps are being digitized, gridded and 
converted to a common co-ordinate base for incorporation with 
gridded exploration data in deposit models. 

Objectives and current status 

The objectives of this project are several. In the short term, 
the objective is to collate, interpret and verify all available coal 
exploration data in Nova Scotia. This will provide industry and 
government workers in these coalfields with consistently-de- 
fined exploration data in a flexible information management 
system. In the longer term, this information wilI be used to 
construct deposit models such as those developed by G.S.C. for 
coalfields in Western Canada (eg. Hughes, 1984; Hughes and 
Neimanis, 1986), which can be used to determine the geological, 
economic, quality and environmental characteristics of a de- 
posit. These deposit models allow the rapid determination of 
the location and quantity of coal resources meeting any com- 
bination of quality, economic, environmental or geological crite- 
ria, and can be quickly updated as new information becomes 
available. 

All borehole data and some of the analytical data for the 
Sydney and St. Rose coalfields were completed in the first year 
of the project. The remaining analytical data for the Sydney 
coalfield and all data from the Cumberland coal basin and the 
Debert coalfield will be completed in 1986-1987. The Pictou and 
other smaller coalfields will be completed in 1987-1988. The 
initial application of the data toward expediting the work of the 
coal industry will occur in mid-1986, when the Sydney database 
and associated programs are implemented on the Cape Breton 
Development Corporation's computer in Sydney. 

Conclusion 

This co-operative project is contributing to a larger effort by 
the Geological Survey of Canada to compile available explora- 
tion data for coal deposits across Canada, and construct consis- 
tently defined deposit models suitable for geological, resource 
and environmental assessment. The rationale behind this Na- 
tional Coal Inventory, beyond providing workers with consis- 
tently defined exploration information within the limits of con- 
fidentiality of the data, is to provide planners in industry and 
government with a flexible, high-resolution resource manage- 
ment tool. This tool will allow planners to rapidly determine the 
location and quantity of coal resources meeting any combina- 
tion of geological, economic, quality or environmental criteria. 
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NOTE TO CONTRIBUTORS 

Submissions t o  t h e  Discussion section of Cur ren t  Resea rch  a r e  welcome f rom 
both the  s t a f f  of t he  Geological Survey and f rom the  public. Discussions a r e  l imited 
to  6 double-spaced typewri t ten  pages (about 1500 words) and a r e  subject  to review 
by the  Chief Scientif ic Editor. Discussions a r e  res t r ic ted  to  t he  scientif ic con ten t  
of Geological Survey reports.  Genera l  discussions concerning branch o r  government 
policy will no t  be  accepted .  I l lustrations will be  accep ted  only if ,  in t he  opinion of 
t he  editor,  they a r e  considered essential .  In any case  no redraf t ing  will b e  
undertaken and reproducible copy must accompany the  original submissions. 
Discussion is l imited to  r ecen t  repor ts  (not more  than 2 years  old) and may be in 
e i ther  English or French. Every e f fo r t  is made t o  include both Discussion and Reply 
in t h e  s a m e  issue. Cur ren t  Resea rch  is published in January  and July. Submissions 
should be  sen t  to  t he  Chief Scientif ic Editor, Geological Survey of Canada, 
601 Booth S t r ee t ,  O t t awa ,  Canada,  K1A OE8. 

AVIS AUX AUTEURS D'ARTICLES 

Nous encourageons t an t  le personnel d e  la Commission g6ologique que  le grand 
public B nous fa i re  parvenir  des  a r t i c l e s  destings B la section discussion de  la 
publication Recherches  e n  cours.  Le t e x t e  doit comprendre  au plus six pages 
dactylographiees B double interl igne (environ 1500 mots), t e x t e  qui peut f a i r e  I'objet 
d'un reexamen par l e  rddacteur  en  chef  scientif ique.  Les  discussions doivent s e  
l imi ter  a u  contenu scientif ique d e s  rappor ts  d e  la Commission g6ologique. Les 
discussions genera les  sur la Direction ou les  politiques gouvernementa les  n e  seront  
pas accept6es .  Les i l lustrations ne  seront  accep tees  que dans la mesure oh, selon 
I'opinion du redacteur ,  el les seront  considerees comme essentielles. Aucune 
re touche n e  se ra  f a i t e  aux t ex t e s  e t  dans  tous  les cas ,  une  copie  qui puisse & t r e  
reproduite doit  accompagner  l e s  t e x t e s  originaux. Les discussions en  f ranqais  ou en 
anglais doivent s e  l imiter aux rappor ts  rdcents  (au plus d e  2 ans). On s 'e f forcera  d e  
fa i re  coincider les  ar t ic les  destines aux rubriques discussions e t  reponses dans le 
m&me numero. La publication Recherches  en  cours paraCt en janvier e t  en juillet. 
Les a r t i c l e s  doivent S t r e  renvoyds au  rgdacteur  en  chef  scientif ique: Commission 
gdologique du Canada,  601, rue  Booth, Ot tawa,  Canada, K1A OE8. 
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N o t i c e  t o  Librar ians  a n d  Indexers  

The Geological  Survey's  twice-year ly  Current Research s e r i e s  
c o n t a i n s  many r e p o r t s  c o m p a r a b l e  in s c o p e  and s u b j e c t  m a t t e r  t o  those  
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Petrology of a burning bituminous coal seam at Coalspur, Alberta 

Projects 780006 and 810039 

F. Goodarzi and T. Jerzykiewicz 
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Goodarzi, F. and Jerzykiewicz, T., Petrology o f  a burning bituminous coal  seam a t  Coalspur, Alberta; 
in Current Research, Part B, Geological Survey o f  Canada, Paper 06-18, p. 421-427, 1986. - 

Abstract 

Samples f rom a burning bituminous coal  seam (%Roil  = 0.70) a t  Coalspur, Alberta, Canada were 
studied using ref lected l ight microscopy. The burning o f  coal has taken place i n  l imi ted areas o f  the 
seam that had access to  air. Two zones, namely, oxidation-combustion, and disti l lation, were 
detected i n  the coal seam. 

Near the surface, the oxidation zone contains chars showing cracks and oxidation rims. The 
combusted chars i n  the deeper par t  o f  the oxidation zone have a carbonized matr ix,  and the r ims are 
combusted. 

The dist i l lat ion zone covers most o f  the coal  seam. The chars i n  this zone have no t  developed 
oxidation rims. Dist i l led chars are mostly in  the precarbonization stage, except for chars 
immediately below the combustion zone, or near the base o f  the coal seam. Precarbonized chars 
have developed devolati l ization vacuoles and contract ion cracks. These chars contain pyro ly t ic  
carbon i n  some horizons. The dist i l led chars were formed due to  heat generated by combustion o f  
coal a t  the top o f  the coal seam and also due t o  transfer o f  heat f rom an underlying burning seam 
through an intercalated, clast ic layer. 

Des Bchantillons dfun f i lon de charbon bitumineux en combustion (% de ref lectance dans 
I'huile = 0,70) b Coalspur, en Alberta, on t  6td examines b I'aide d'un microscope B lumibre rgflechie. 
L a  combustion du charbon a l ieu dans certaines zones restreintes du f i lon qui  sont exposees b I'air. 
Deux zones, llune d'oxydation e t  de combustion e t  I 'autre de disti l lation, on t  Bte ddceldes dans l e  
f ilon. 

Prbs de l a  surface, la zone d'oxydation cont ient des residus carbones parsemes de fissures e t  
d1aur801es d'oxydation. Les rdsidus carbones dans la part ie plus profonde de la zone d'oxydation on t  
une matr ice carbonisee e t  des aureoles calcinees. 

La zone de dist i l lat ion couvre l a  plus grande par t ie  du f i lon houiller. Les residus carbones 
qu'elle cont ient sont depourvus d1aur601es dloxydation. L a  plus grande par t ie  des rdsidus carbones 
disti l les en sont b I'btape de l a  precarbonisation, sauf les r6sidus situes immgdiatement sous l a  zone 
de combustion ou prbs de la  base du f i lon houiller. Les rdsidus precarbonis6s contiennent des vacuoles 
laissees par le degagement des matibres volati les et  des fentes de contraction. Dans certains 
horizons, ces rdsidus contiennent du carbone pyrolytique. Les rgsidus dist i l l& ont  Bt6 formds par la  
chaleur provenant de l a  combustion du charbon au sommet du f i lon e t  par l e  transfert, au travers 
dfune couche clastique intercalaire, de la  chaleur ddgagde par un f i lon sous-jacent en combustion. 



mudstone includ 

Figure 46.1. Locat ion  and  geological  s e t t i n g  of "burning coal". 



Introduction The present work is part of a systematic study of 

Natural burning of coal may start as a result of burning coal seams and coal' dumps i n  western ~anada: In 

lightning or bus-, or forest fires (Pearson and Creaney, 1980; this the petrology of a burning 

Bustin and Matthews, 1982). Pearson and Creaney (1980) seam of Cretaceous age i n  Coalspur, Alberta (Fig. 46.1) i s  

have stated that the formation of meta-anthracite with a examined. This and other coal seams have been burning since 

reflectance of 5.0 per cent at the Fording Coal property, 1922 (Fryer, 1981). There is no evidence as t o  how the 

British Columbia. was due t o  liahtnine. strikes. which started burning was started. 

the burning and transforrnatiocof a Leatherid, low volatile 
coal seam. Bustin and Matthews (1982) have reported that Geological setting of the ''burning coal" 
the ignition of a high volatile bituminous (%Roil = 0.96) coal 
seam i n  the Lower Cretaceous Mist Mountain Formation, The samples of "burning coal" were collected from the 

British Columbia, was due to a forest fire. This coal seam roadcut section of the uppermost part of the Coals~ur 
zone at Coalspur (Fig. 46.1). The middle part of the section 

was about thick and its upper to were c o m ~ l e t e l ~  is occupied by a smoldering and burning coal zone comprising 
consumed by fire. The remaining 3 to  4 m were transformed 
into coke or remained unaltered. rather thin coal beds interfingering with mudstone, siltstone 

and very fine grained sandstone intrabeds above the Val d'Or 
coal seam ( ~ i g - 4 6 .  I). 

Figure 46.2. Cracks formed on the top and side of the Figure 46.4. Sulphur crystals (5) on the surface fragments 
burning coal. near the cracks (C). 

Figure 46.3. Emission of volatile matter from burning coal. Figure 46.5. Conversion of coal to ash from oxidation zone; 
(a) from oxidized coal, and (b) from combusted coal. Note 
the extent of ashing from combusted coal, and also the 
angular shape of individual particles. 



The Coalspur coal  zone, which is t h e  upper par t  of t h e  
Coalspur Formation (Fig. 46.1), is  considered t o  be t h e  major 
Lower Paleocene coal-bearing interval in the  Alberta 
Foothills. It conta ins  several mineable coals seams. Some of 
them a r e  being exploited in t h e  Coal Valley Mine (Fig. 46.1). 
The  Val d'Or seam is t h e  th ickes t  (over 10 m) and laterally 
t h e  most  continuous. The Coalspur coal zone has been 
described a s  originating in an  alluvial floodplain environment 
of deposit ion (Jerzykiewicz and McLean, 1980). 

The roadcut  section in Coalspur is  t h e  r e fe rence  sect ion 
fo r  t h e  uppermost par t  of t h e  Coalspur Formation and t h e  
lowermost Paskapoo Formation in the  centra l  Alberta 
foothil ls  (Jerzykiewicz,  1985). 

Experimental procedure  

Sample collection 

Channel samples of t h e  fresh,  oxidized and disti l led 
coal  were  col lec ted in 5 c m  increments  a f t e r  excavat ion of a 
trench across  t h e  burning zone. The hot, burning residues 
were  cooled in wa te r  immediately a f t e r  sampling t o  prevent  
further oxidation and combustion. All samples were  s tored in 
water  while awaiting fur ther  examination. The samples  w e r e  
dried and crushed t o  pass <20  mesh 0 8 5 0  nm). Polished 
samples were  prepared following t h e  method of Mackowsky 
(1 982). 

ash and 
oxidised coal Oxidation Zone . . "- combusted coal 

an - high temperature 
distillation 

k 
shrinkage and 

contraction zone 

aa 4 
devolatilisation 

nn disappearance 
of liptinite 

% Reflectance in oil 
> 

Temperature - C' 

baked bedrock 

Zone 

Figure  46.6. Ref lec tance  (maximum and minimum) profile of d i f ferent  zones of burning coal  seam. 
(a) Oxidized coal,  c e n t r e  of par t ic le  (O), oxidation rim ( ); (b) combusted coal  in c e n t r e  of 
particle (. ), in combustion front ( El ). Distillation (carbonization) zone: (d )  pre-carbonized (A ), 
(c)  and (e) carbonized ( A 1, pyrolytic carbon ( A ). 



F i g u r e s  46.7-46.13. Magnificat ion:  full s c a l e  of long axis  is 240 p m .  

F i g u r e  46.7. C h a r  in oxidation zone  showing oxida t ion  r im F i g u r e  46.10. Semi-coke  in dist i l lat ion zone  showing 
(0) in t h e  vicini ty of c r a c k s  (C). "an thrac i t ic"  morphology.  N o t e  ves icu la t ion  and  a l so  s t r a i n  

an iso t ropy  in t h e  boundaries of i n e r t o d e t r i n i t e  (ID) and  
v i t r in i te  (V). 

F i g u r e  46.8. Frac ture- f i l l ing  hydrocarbon (H) in c racks ;  F i g u r e  46.11. Semi-coke  in pre-carboniza t ion  subzone.  
ox ida t ion  r i m  (0); bonding m a t e r i a l  (6) of gra in  mount .  C l a r i t e  in pre-carboniza t ion  zone  showing c r a c k s  (C); no  

e v i d e n c e  of oxidation r i m  is p resen t .  

F i g u r e  46.9. C o m b u s t e d  c o a l  showing a p p a r e n t l y  F i g u r e  46.12. Pyroly t ic  c a r b o n  (PC) showing an iso t ropy  in 
s t r u c t u r e l e s s  carbonized  m a t r i x  (C), combus t ion  f r o n t  (CF);  i so t rop ic  co l l in i te  m a t r i x .  C r o s s e d  polars .  
c o m b u s t e d  co l l in i te  showing i t s  original  ce l lu la r  morphology.  



Microscopy 

All samples were  examined using a Zeiss M P M  I1  
ref lec ted light microscope, f i t ted  with whi te  (halogen) and 
fluorescent light (HBO) sources, and connected t o  a Zonax 
microcomputer and plotter.  

Results and discussion 

The burning coal a t  Coalspur may be distinguished f rom 
t h e  res t  of t he  coal zone by the  emission of water  vapour and 
volatile mat ter .  The a rea  surrounding the  burning seam is 
warm and devoid of surface  vegetation. Volatile m a t t e r  i s  
emi t t ed  through cracks  (figs. 46.2, 46.3). Surface f ragments  
close t o  cracks  and also the  cracks  themselves a r e  lined with 
yellow needles of crystall ine sulphur (Fig. 46.4) and coal tar.  
Samples taken f rom cracks  contain 4 8  per c e n t  sulphur. 
Burgundy-coloured ash and red s in ters  a r e  also found in this 
a r e a  due t o  to t a l  consumption of o ther  coal  seams. The 
burning coal  seams a r e  covered by a burgundy coloured ash. 
It was thought tha t  this ash is  t h e  residue of coal  t h a t  has 
been completely consumed. To t e s t  this idea, samples of hot 
chars  (char in this study refers  t o  oxidized or combusted 
residues of coals) f rom dif ferent  par ts  of the  burning seam 
were  lef t  on t h e  surface  overnight. The residues f rom t h e  
combusted zone were  converted in to  ash. The r a t e  of 
conversion of coal t o  ash was dependent on the  original 
temperatures  of t he  residue. This r a t e  was greater  t he  
higher t h e  temperature  (Fig. 46.5). 

The burning coal  seam can  be  divided in to  t w o  zones 
based on  morphology and r e f l ec t ance  of the  residues 
(Fig. 46.6). 

Oxidation-combustion Zone 

Oxidized Coal 

This subzone consists of t h e  uppermost par t  of t h e  
burning coal seam. Chars from this zone show oxidation rims 
and cracks. The ref lec tance  of the  oxidation rims is higher 
than tha t  of t h e  main body of the  char  (Fig. 46.7). The 
oxidation cracks  in the  upper par t  of this zone a r e  commonly 
filled with low reflecting ( % R o i l = 0 . 2 5  t o  0.751, 
homogeneous, soft ,  fluorescing t o  nonfluorescing 
hydrocarbons (Fig. 46.8). Elemental sulphur lines t h e  vent  
and c o a t s  loose surface  f ragments  close t o  t h e  vent  
(Fig. 46.4). 

Combusted Coal 

This subzone represents t h e  ho t t e s t  par t  of t he  burning 
coal seam. The oxidation react ion in this par t  is  exothermic  
due t o  t h e  reaction: C + 0 2  - C 0 2  (King, 1967). Chars  
immediately below the  oxidized coal  showed a similar 
morphology t o  tha t  of combusted coal  (Fig. 46.9) described by 
Alpern and Chauvin (1958). The combustion front has lower 
ref lec tance  than t h e  matr ix  of char  (Fig. 46.9), in agreement  
with results of Alpern and Chauvin (1958). The matr ix  of 
char  i s  carbonized and has higher r e f l ec t ance  (Fig. 46.9). The 
matr ix  of cha r  away f rom t h e  combustion f ront  i s  
homogeneous, whereas the  char  in t h e  combustion f ront  has  
similar morphology t o  t h a t  of inertinite.  Combustion has  
e t ched  t h e  vi t r in i te  char  in  t h e  combustion f ront  revealing i t s  
original telinit ic morphology (Fig. 46.9). 

Distillation (Carbonization) Zone 

This zone encompasses most of t he  burning coal seam,  
and t h e  following two  subzones were  recognized. 
The carbonization subzone occurs a t  both t h e  top  and base 

Figure 46.13. Carbonized residue in carbonization subzone 
showing devolatization vacuoles (V). This residue has a 
ref lec tance  of 2.6%, whereas fresh coal has  a ref lec tance  of 
0.7%. 

of t he  zone. In the  upper par t  of this subzone, t h e  coals 
below t h e  combusted chars  a r e  carbonized and a r e  
anisotropic, showing high r e f l ec t ance  (Fig. 46.1 Oa, b). The 
carbonization of these  coals  was  due t o  t h e  hea t  genera ted by 
the  combustion of coal. The pre-carbonization subzone, in 
t h e  middle of t h e  zone, consists of residues found under t h e  
carbonized coals  that ,  on  f i r s t  inspection, have morphology 
and ref lec tance  similar t o  t h a t  of unaltered coa l  and do  not  
show any sign of oxidation or combustion (Fig. 46.11). 
However, they contain devolati l ization vacuoles, contract ion 
cracks (Fig. 46.111, and also pyrolytic carbon (Fig. 46.12). 
Some of the  pyrolytic carbon may be pre-combustion 
(Goodarzi, 1985). 

The residues become progressively more carbonized 
toward t h e  floor of t h e  coal  s eam (Fig. 46.13) and form t h e  
lower occurrence  of the  carbonization subzone. The residues 
in t h e  bottom 25  c m  of t h e  coal  seam have developed a 
homogeneous morphology and basic anisotropy (Fig. 46.13) 
similar t o  carbonized low rank vitrinite (Goodarzi and 
Murchison, 1978). The cause  of distillation (carbonization) of 
coal  near t h e  floor of t h e  seam was t h e  hea t  t ransmit ted  by 
t h e  bedrock (baked mudrock), due t o  combustion of a seam 
underlying t h e  seam under study and separa ted f rom i t  by a 
mudrock layer t h a t  has become baked. This process is  similar 
t o  the  progressive carbonization of coal  in a coke oven, 
where the  coal near  t h e  coke oven wall  becomes carbonized 
f i rs t  and then t h e  carbonization f ron t  moves toward t h e  
cen t r e  of t he  oven. 

Present results could b e  useful in o the r  s tudies  of 
combustion in coal  seams. Fur ther  detailed s tudy of burning 
coal  seams is necessary t o  determine t h e  morphology of cha r s  
f rom t h e  burning bituminous coal  s eams  and coal  dumps, as 
well a s  t h e  variation of t h e  r e f l ec t ance  within t h e  burning 
coals. 

Conclusions 

I. Combustion of coal in a burning coal seam is l imited t o  
the  a rea  of t h e  seam in di rec t  con tac t  with air. 

2. The coa.1 becomes oxidized initially and then combusted. 

3. The coal  beneath t h e  combustion subzone in a burning 
coal  s eam may become carbonized or  remain a lmost  
unchanged depending on i t s  proximity t o  t h e  hea t  source. 
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Abst rac t  

F i f teen  closely spaced paleosols occur  in t h e  Boulder Creek  Format ion ( la te  Albian) in the  
foothills of nor theas tern  British Columbia. The paleosols a r e  well developed and 0.7 t o  4 m thick. 
The paleosols a r e  character ized  by the i r  grey colour, pedogenic slickensides, ver t ica l  roots,  preserved 
peds, absence  of sedimentary s t ruc tu re s  and presence  of spheruli t ic siderite.  The paleosols formed 
during a period when one o r  more  deposit ional h ia tuses  o r  unconformities occurred a s  a resul t  of 
e i t he r  eus t a t i c  sea  level f luctuations or local tec tonic  events.  The paleosols may be  the  t e r r e s t r i a l  
record of these hiatuses/unconformities, when base level changed with accompanying incision and 
decreasing r a t e s  of sedimentation.  A scarc i ty  of calcium carbonate  indica tes  a humid t o  subhumid 
c l imate .  The wa te r  table  was  high for pa r t  of the  year  but there  is also evidence of periodic drying 
and oxidation of organic debris. Cumulatively,  t he  paleosols appear  t o  represent  a very long period of 
t ime in which deposition was  slow and there was  very l i t t le  erosion. 

Dans la formation de  Boulder Creek  (Albien recent ) ,  dans  les avants-monts du nord-est  d e  la 
Colombie-Britannique il y a quinze palBosols t r h s  rapproches les  uns d e s  autres.  Les  pal6osols son t  
bien BvoluBs e t  leur Bpaisseur varie d e  0,7 B 4 m. Ils s e  carac tdr isent  par  leur couleur grise, pa r  la 
prdsence d e  miroirs d e  fail le pedogeniques, d e  rac ines  ver t ica les  e t  d1agr6gats conserves,  par  
I 'absence d e  s t ruc tu re s  sedimenta i res  e t  par la prdsence d e  s ider i tes  sphdrulitiques. Les p a l ~ o s o l s  s e  
sont  accumules  au cours  d'une periode carac tBr is6e  pa r  la format ion d'au moins une lacune ou 
discordance sddimenta i re  lide 3 des  fluctuations eus ta t iques  du niveau d e  la mer  ou b d e s  Bvenernents 
tec toniques  locaux. C e s  paleosols pourraient 6 t r e  la t r a c e  sur t e r r e  d e  c e s  lacunes/discordances, 
lorsque l e  niveau d e  base a change avec  I'incision e t  la reduction des  taux de  sedimentation.  La 
raret.6 du carbonate  d e  calcium indique que  le c l ima t  Btait humide ou subhumide. La nappe 
phrdatique Btait Blevee pendant une par t ie  de  I'annee, mais il y aura i t  Bgalement eu asshchement 
periodique e t  oxydation des debris organiques. Dans I'ensemble, les  pal6osols reprgsentera ient  une 
t rhs  longue pdriode marquee  par une sedimenta t ion  Iente e t  un t rbs  faible degrd dtBrosion. 



Introduction 

The presence of paleosols in t h e  Cretaceous  Western 
Canada sedimentary  basin has not ye t  been documented, but  
t h e r e  is an  abundance of nonmarine sediments where fossil 
soil horizons should be preserved. The purpose of this paper i s  
t o  document well developed paleosols from the  Lower 
Cretaceous  Boulder Creek Formation in t h e  northeastern 
British Columbia foothills (Fig. 47.1, 47.2). By pointing out  
and describing macroscopic character is t ics  of these  paleosols 
i t  is  hoped t h a t  other fossil soils in o ther  intervals will also 
be recognized. These paleosols formed during a period when 
one or more  depositional hiatuses or unconformities occurred 
(Koke and Stelck, 1984, 1985; Stot t ,  1982; Caldwell e t  al., 
1978). The hiatuses have been a t t r ibuted t o  both t ec ton ic  
and eus t a t i c  causes. The paleosols may be t h e  ter res t r ia l  
record of these  hiatuses/unconformities, when base level 
changed with accompanying incisement and decreasing r a t e s  
of sedimentation. 

Paleosols a r e  buried soils of t he  geologic past 
(Ruhe, 1956). The controlling mechanisms responsible fo r  
development of modern soils are: c l imate ,  organisms, relief,  
parent  mater ia l  and t i m e  (Jenny, 1941). I t  is  possible t o  infer  
how these  controls operated in t h e  past  by deta i led  s tudies  of 
fossil soils, especially on t h e  bases of t h e  geochemistry and 
mineralogy of t h e  deposits. Macroscopic, geochemical and 
micromorphological cr i ter ia  have been used in th is  study t o  
establish t h a t  well developed paleosols a r e  present within t h e  
Boulder Creek  Formation. In this preliminary repor t ,  t h e  
results of t h e  macroscopic analyses a r e  presented: 
geochemical and micro-morphological studies a r e  continuing. 

The in terval  containing t h e  paleosols described he re  is  
f rom a su i t e  of four, closely spaced diamond drill cores  
(6.75 c m  in d iameter)  t ha t  penetra te  t h e  whole of t h e  Lower 
Cretaceous  of northeastern British Columbia (Fig. 47.1). 
Some 15 paleosols, ranging in thickness from 0.7 t o  4 m,  have 
been recognized in t h e  Boulder Creek Formation over a 
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Description 

There  a r e  sev<?al macroscopic f ea tu res  t h a t  can be  
used t o  establish t h a t  well  developed paleosols a r e  present 
within t h e  Boulder Creek  Formation. 

Colour 

The initially most  notable  aspect  of t hese  paleosols is  
thei r  light grey colour in comparison with t h e  parent  
material .  The paleosols a r e  l ight grey (5Y 711) t o  grey 
(5Y 611) and when wet ,  have a "waxyff appearance. If t h e  
paleosol colour is  representa t ive  of the  original soil colour, 
then grey and grey-green colours a r e  probably indicative of 
soils t ha t  were  originally poorly drained and poorly aera ted.  
Mottl ing, which is evident in some  of t h e  paleosols, may also 
be t h e  resul t  of impeded drainage. The light colouration may 
also be caused by leaching of humus and argilluviation 
(Retallack, 1976). 

Roots 

90 m interval. Five paleosol horizons were  studied in  detail  
(numbered I t o  5 in Fig. 47.4) and t w o  w e r e  sampled f o r  
geochemical analyses. Measured sect ions  of Profiles 1 and 5 
a r e  shown in Figure 47.4, and detailed descriptions a r e  in t h e  
Appendix. An example  of one  of t h e  paleosols is  shown in  
Figure 47.5. All described colours a r e  based on comparison 
with a Munsell (1954) colour char t .  The Boulder Creek  
paleosols described herein a r e  not unique t o  this co re  but 
occur over a wide areal  ex ten t  throughout the  format ion 
(D.W. Gibson, personal communication, 1986). 

Regional Geology 

The Hulcross and Boulder Creek format ions  a r e  
in terpre ted as a fourth order transgressive-regressive cycle  
of a more  extensive third order c l a s t i c  wedge 
(Leckie, 198613). The Boulder Creek Formation in this a r e a  
consists of 23 m of marine shoreface  t o  foreshore sandstone 
and conglomerate overlain by 112 m of nonmarine,  alluvial 
plain sandstone, s i l t s tone and shale  (Fig. 47.3). A 70 c m  
thick, high volati le A bituminous coal  (W. Kalkreuth,  personal 
communication, 1986) s i t s  d i rec t ly  on t h e  shoreline deposits. 
Lenticular conglomerate  occurs  a t  various s t ra t igraphic  
positions throughout t h e  alluvial plain deposits (Stot t ,  1962). 
The paleosols discussed he re  occur  in  t h e  top  90 m of t h e  
formation. The underlying Hulcross Format ion consists of 
8 7  m of finely interbedded sandstone, s i l t s tone and sha le  
deposited in a shallow shelf sett ing. The Boulder Creek  
Formation is overlain by t h e  Shaftsbury Formation, an  
approximately 300 m thick unit of mar ine  sha le  (Stott ,  1968). 
Ammonite and foraminifera1 zonation schemes d a t e  t h e  
Boulder Creek sediments  a s  Middle t o  L a t e  Albian 
(Jeletzky, 1980; J.H. Wall, personal communication, 1986). 

The precise na tu re  and timing of depositional hiatuses 
or unconformities during t h e  Middle t o  L a t e  Albian has not 
yet  been resolved (Fig. 47.2). S to t t  (1982) indicated t h a t  a 
major unconformity occurs f rom t h e  middle Albian through t o  
t h e  t o p  of the  Cenomanian throughout the  Alber ta  Foothills. 
It was during this t ime  period t h a t  t h e  Hulcross and Boulder 
Creek formations were  deposited in nor theas tern  British 
Columbia. Wickenden (1951) and Koke and Stelck (1984, 
1985) indicated a major hiatus between t h e  Paddy and 
Cado t t e  members of t h e  P e a c e  River Formation, which a r e  
la tera l  equivalents of t he  Boulder Creek Formation 
(Stott ,  1982). 

Figure 47.1. Location of the  core containing the  Boulder 
Creek paleosols. FSJ - For t  St. John, PR - Peace  River,  
G P  - Grand Prairie and GC - Grande Cache. 

In s i tu  vertical  roots a r e  one of the  most diagnostic 
character is t ics  of fossil soils younger than Silurian 
(Retallack, 1983). The Boulder Creek paleosols a r e  



Figure 47.2. St ra t igraphic  nomencla ture .  The  paleosols a r e  f rom t h e  upper par t  of t he  Boulder 
Creek  Format ion ,  which, in t h e  subsurface  is equivalent  t o  t he  Paddy Member.  

HASLER FM. 

extensively pene t r a t ed  by in s i tu  ver t ica l  roots  preserved a s  
carbonaceous fi lms and c lay  t r ace s  I t o  5 m m  in width and 
cen t ime t r e s  t o  dec ime t r e s  long (Fig. 47.6). F ine  root  t r a c e s  
I t o  2 m m  wide a r e  most  common and occur  dominantly in 
t h e  t o p  severa l  dec imetres .  Severa l  root  t r ace s  t ape r  and 
branch downward. Many of t h e  root t r ace s ,  especially la rger  
ones,  a r e  not preserved a s  carbonaceous  fi lms,  bu t  a r e  f i l led 
with clay.  The  c lay  filled root c a s t s  sugges t  oxidation of t h e  
original  carbonaceous  ma te r i a l  and infilling of t h e  root  c a s t s  
by c lay  illuviation. 
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u< 
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Vegetation and leaf l i t t e r  

Fossils of plant remains  occur in t h e  Boulder C r e e k  
Format ion  a s  carbonaceous  impressions of leaves  and s t e m s  
and as comminuted  carbonaceous debris. Leaf and s t e m  
impressions of unidentif ied gymnosperms do not occur  within 
t h e  paleosols but a r e  common in sha l e  and s i l t s tone  d i rec t ly  
overlying t h e  fossil soils. Angiosperms have  been repor ted  in 
t h e  Boulder C r e e k  Format ion  f rom nearby Belcourt  Ridge  
(Mellon et al., 1963). In s o m e  ins tances ,  th is  carbonaceous  
debris  may  be  representa t ive  of t h e  su r f ace  A horizon, which 
was enriched in  organic  ma t t e r .  Normally in paleosols, t h i s  
horizon has  been oxidized and cannot  be  recognized.  

GATES FM. 

MOOSEBAR FM. 

The black shales a t  t h e  t o p  of ,  or  d i rec t ly  overlying, 
individual profiles have  t o t a l  organic  carbon contents ,  a s  
de termined by RockEval pyrolysis, of 1.46 t o  2.04 per c e n t  
(e.g., a t  t h e  0 t o  50 c m  level  in Prof i le  I ,  Fig. 47.3). Shale  
and sands tone  within individual profi les have less t han  
0.1 per c e n t  t o t a l  organic  carbon (e.g., below 50 c m  level  i n  
Profi le I ,  Fig. 47.4). 

Burrows 

Recognizable  burrows a r e  uncommon, but some  
horizontal  and subhor izonta l  burrows occu r  near  t h e  t o p  of 
s o m e  soils. The burrows a r e  round t o  el l ipt ical  and a r e  5 t o  
8 m m  in d i ame te r .  

SPIRIT RIVER FM. 

Peds and sl ickensides 

Peds a r e  na tura l ly  occurr ing  agg rega t e s  of soil ma te r i a l  
s epa ra t ed  f rom ad j acen t  peds by cu t ans  or  na tura l  voids 
(Brewer,  1960). Compact ion  usually des t roys  most  of t h e  
original soil peds. In t h e  Boulder C r e e k  Format ion ,  preserved 
peds a r e  not abundant but ,  whe re  present,  a r e  outl ined by 
pedogenic sl ickensided c lay  skins (cutans) (Fig. 47.7) and 
cracks .  Due t o  compact ion  none of t h e  original soil voids 

SPIRIT RIVER FM. 
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Figure 47.3. Measured section and interpretation of Boulder Creek Formation in diamond drill core 
MD 80-08. Paleosols are indicated. 
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Figure 47.4. Vertical sections of paleosol Profiles 1 and 5. For location of profiles in the Boulder 
Creek Formation see Figure 47.3. 

Figure 47.5. Soil Profile 4 in Borehole MD 80-08. Light coloured sandstone ("G") is a ganister 
overlain by carbonaceous shale. Below the ganister there is a gradual downward decrease in the 
extent of alteration of the original parent material until, a t  some point, original sedimentary 
structures (l1Sl1) are present. Top of the core is to the upper left;  bottom is to the lower right. 433 



a r e  preserved. The peds a r e  irregularly shaped, angular t o  
subangular, blocky and prismatic and a r e  0.5 t o  2.0 cm in 
size. The slickensides a r e  polished and finely grooved 
surfaces  with a waxy lus t re  occurring a s  randomly arranged 
planes. Slickensided surfaces  a r e  or iented obliquely t o  one 

1 another  and may occur  on all sides of t h e  peds. The 
slickensides a r e  not tec tonic  in origin but a r e  pedogenic and 
probably formed as  t h e  result of gravitational compaction. 

The paleosol intervals throughout the  co re  tend t o  be 
broken up in to  blocky, platy or irregular f r agmen t s  t o  a 
g rea t e r  degree  than t h e  non-soil portions of t h e  core.  This 
breakage may have occurred along pre-existing zones of 
weakness tha t  were  t h e  boundaries of t h e  original peds. 

Absence of sedimentary s t ructures  

Primary sedimentary  s t ruc tu res  a r e  absent in t h e  well 
developed paleosols. Within t h e  profiles t h e r e  is a gradual 
downward decrease  in t h e  ex ten t  of a l tera t ion of t h e  original 
parent  mater ia l  until, a t  some  point, original sedimentary  
s t ructures  a r e  present ("S" in Fig. 47.5). The most common 
sedimentary s t ructures  in t h e  relatively unaltered mater ia l  
a r e  parallel lamination and ripple crosslamination. 
Destruction of t h e  original sedimentary  s t ruc tu res  resulted 
f rom bioturbation by roots  and animals and other  soil forming 
processes. 

Ganisters 

A ganister is  quar tzose  sandstone composed of 
subangular grains, 0.15-0.5 mm in diameter ,  with amorphous 
sil ica cemen t  (Williamson, 1967). Canis ters  occur in t w o  of 
t h e  soil profiles (Fig. 47.3, Profiles 4 and 5; Fig. 47.5). The  
Boulder Creek ganisters a r e  very resil ient,  l ight grey in  
colour (5Y 7/1), a r e  25 t o  30 cm thick, and a r e  a r e  made up 
of very f ine  grained and silt-sized qua r t z  material .  The 
upper con tac t  is  sharp  and may be overlain by black, 
carbonaceous shale  with carbonaceous plant imprints. There 
is a gradational lower con tac t  t o  finer grained argil laceous 
sediment.  There  is no carbonate  in t h e  ganisters but I t o  

Figure 47.6. In situ ver t ica l  root t r a c e  in Profile 3. 2 mm siderite grains a r e  concentra ted  in an  underlying 
horizon of the  s a m e  profile. The ganisters a r e  underlain by 
grey (5Y 5/1), massive sil tstone t h a t  contains horizons of I t o  
2 mm siderite spherules. 

The l ight colour and quartzose na tu re  of t he  ganisters 
a r e  t h e  result  of leaching and argilluviation (Retallack, 1976). 
The ganister would have originally been an A p  or  eluvial 
horizon (Retallack, 1976). The grey, massive s i l t s tone would 
have been t h e  B horizon, and the  s ider i te ,  if synsedimentary,  
formed in a wa te r  sa tura ted zone of t h e  soil 
(Retallack, 1976). The lack of carbonate  in t h e  ganister 
suggests an  acid t o  neutra l  pH (Baas Becking e t  al., 1960; 
Krumbein and Garrells,  1952). Reta l lack (1976) observed 
t h a t  paleosols such a s  ganisters,  which originally had a dry 
upper portion res t ing on we t t e r  lower sediments  (as indicated 
by increased clay content ,  siderite and organic mat ter ) ,  
would have had a s t e e p  Eh gradient.  

Cracking 

One well developed paleosol contains ver t ica l  cracks  
infilled with red  (2.5 YR 5/61 s ider i te  grains (Fig. 47.8). The 
cracks  a r e  greater  than I 5  c m  in length,  up  t o  1 3  mm wide, 
extend across t h e  width of t h e  co re  and t ape r  downward. 
Sediment surrounding t h e  cracks is massive. 

These cracks  a r e  in terpre ted a s  shrinkage cracks,  
formed during soil development. They may indicate  
in t e rmi t t en t  drying of t h e  soil profile. The s ider i te  within 
t h e  cracks  may  be  t h e  resul t  of a high wa te r  t ab le  at other  

Figure 47.7. Randomly oriented slickensides on clay skins times. 
of soil ped. 
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Siderite 

Siderite occurs as concretionary nodules and spherulites 
(sphaerosiderite) in the  grey (2.5Y 4/0), massive mudrocks. 
The presence of siderite was confirmed by X-ray diffraction. 
The nodules are up to  10 cm in diameter and occur a t  various 
levels within the profiles. The spherulites a r e  1 t o  2 mm in 
diameter and occur in discrete horizons or as t h e  fill within 
vertical cracks (see above). In thin section, the  siderite 
occurs as isolated spherules or closely packed aggregates. 
Individual spherules have a radial crystal fabric and 
accompanying radial extinction patterns. The spherulites 
form a crystic plasmic soil fabric similar t o  that  described by 
Brewer (1964). 

Synsedimentary siderite nodules and spherulites 
indicate frequent wet periods with a relatively high water 
table characteristic of gleyed flood plain horizons. 
Spherulitic siderite has been reported from seatear ths  and 
underclays beneath British coal measures (Tucker, 1981) 
where iron was derived by eluviation from higher in the  soil 
profile. 

Mineralogy and mechancial analysis 

Channel samples were collected over 20 cm intervals 
for Profiles 1 and 5 and subjected to  mechanical and 
mineralogical analyses. Results are presented in Tables 47.1 
and 47.2. 

Table 47.1 indicates that  two and probably three 
paleosols may exist in Profile I ,  making this paleosol profile 
a cumulosol. One paleosol occurs in samples 1-1 t o  1-13, the 
second from samples 1-1 5 t o  1-27, and the third from 1-29 to  
1-31 (Table 47.1). Distinct features  amongst the profiles a re  
as  follows. From 1-1 t o  1-13 t h e  quartz concentration is 
high, whereas that  of i l l i te and mixed layer clays is low 
(Table 47.1). Siderite is present in the bottom layers; 
kaolinite concentrations and the c2  p fraction are  relatively 
constant. From 1-15 t o  1-27. t h e  concentration of quartz Figure 47.8. Siderite filled crack in  soil Profile 1. The decreases but the amount of. illite and mixed layer 'clays 

crack is vertical and tapers downward. increases with respect t o  t h e  overlying material. Siderite 
becomes scarce, while kaolinite concentration and the < 2  p 

Table 47.1. Soil mineralogy, mechanical anaylysis, pH and organic carbon in paleosol 1 

Soil mineralogy Mechanical analysis 

Sample Mixed % 
Number Quartz Feldspar Illite Kaolinite Chlorite layer Siderite % Sand % Silt % Clay pH 1:5 Organic C 

I- I 65 14 6 2 13 32.55 7.30 60.15 8.08 1.46 
1-3 68 14 5 13 35.92 17.58 46.50 7.89 0.10 
1-5 87 3 4 5 I 45.70 11.65 42.65 7.63 0.01 
1-7 79 5 4 6 6 42.13 14.42 43.45 7.80 0.00 
1-9 7 7 7 5 6 5 34.81 13.74 51.45 7.88 0.00 

1-11 76 6 6 7 ' 5  28.25 28.20 49.55 8.07 0.00 
1-13 62 t race  10 5 8 15 29.67 23.28 47.05 8.16 0.00 
1-15 59 16 5 12 8 25.99 26.91 47.10 8.01 0.05 
1-17 57 21 6 16 37.10 15.80 47.10 8.35 0.01 
1-19 5 9 22 6 t race  13 23.20 30.80 46.00 8.32 0.00 
1-21 61 t race 15 5 t race  9 10 13.70 38.85 47.45 8.66 0.03 
1-23 65 t race 17 5 t race  13 23.29 28.51 48.20 8.41 0.02 
1-25 73 t race  12 4 I I 23.21 29.89 46.90 8.50 0.01 
1-27 68 t race  I 5  6 t race  11 15.18 27.02 47.40 8.47 0.03 
1-29 60 t race 22 5 t race  9 4 36.34 41.06 22.60 8.41 0.07 
1-31 69 2 15 6 I 7 25.00 56.60 18.40 8.45 0.03 



Table 47.2. Soil mineralogy, mechanical analysis, pH and organic carbon in Profile 5 

Sample 
Number Quartz Feldspar Illite 

20 

17 

trace 

4 

12 

17 

13 

23 

23 

Soil Mineralogy Mechanical Analysis 

Kaoiinite Chlorite Ezs Calcite Dolomite Siderite 

7 1 7 3 4 3 

7 1 I4 

6 trace trace 5 

8 trace 8 4 

8 9 2 

6 13 3 

7 trace 8 

5 trace 14 2 

6 trace 16 

% Sand % Silt % Clay 

22.35 

18.50 

19.85 

16.60 

18.60 

22.25 

14.95 

19.95 

19.95 

% 
pH Organic C. 

8.45 2.04 

fractions a r e  constant.  In this mater ia l  however, t h e  percent 
si l t  increases  but t h e  percent  sand decreases  (Table 47.1). 
Finally, in samples 1-29 and 1-31, t h e  percent s i l t  increases 
while t h e  percent of < 2  p fraction decreases  substantially 
with respect  t o  t h e  overlying material .  

Samples from Profile 5 resemble the  1-29 and 1-31 
samples  of Profile 1 in t h a t  silt concentration is high with 
respect  t o  percent clay and percent sand. Siderite is 
ubiquitous in all  samples,  whereas ca l c i t e  and dolomite a r e  
present in t h e  uppermost samples. 

The pH in all  profiles is  neutral  t o  slightly alkaline a s  a 
result  of t h e  presence of carbonate  minerals and t h e  
sa tura t ion of t h e  exchange s i tes  with mono- and divalent 
cations. The to t a l  organic carbon (determined by RockEval 
pyrolysis) and therefore  t h e  organic m a t t e r  in both profiles, 
follows t h e  trend of being relatively abundant a t  t h e  top of 
the  profile and decreasing in abundance downward. 

Major and t r a c e  e lement  analysis 

Major and t r a c e  element analyses were  carr ied  out  by 
X-ray fluorescence following Trail and Lachance (1965). The  
results a r e  presented in Tables 47.3 and 47.4. 

The results f rom Profile I (Table 47.3) r e f l ec t  t h e  
mineralogical composition. As i l l i te increases K 2 0  increases. 
As qua r t z  increases so  does SiO n while A1 2 0  3 decreases.  As 
s ider i te  increases or is  present in the  sample,  F e n 0 3  
increases.  Trace  e lement  analysis does not show any t rends  
except  for Zn. As i l l i te concentrations increase,  t he  amount 
of Zn also increases. 

The results from Profile 5 (Table 47.4) follow t h e  s a m e  
trend a s  in Profile I ,  t h a t  is, t h e  e lementa l  composition is a 
function of t h e  mineral composition. For example,  i n  
sample  5-1 where  ca lc i te ,  dolomite and s ider i te  a r e  present,  
calcium, magnesium and iron a r e  present in high 
concentration. In Profile 5, manganese is qui te  abundant,  
moreso than t h e  manganese concentration in Profile I, 
especially in t h e  upper horizons. The reason for  this re la t ive  
abundance is  not understood. There may be a correlation 
with t h e  presence of siderite,  where  manganese 
isomorphically substi tutes for  iron in the  carbonates.  

Interpretation 

Parent  mater ia l  

The original parent mater ia l  consists dominantly of 
floodplain alluvium with sil tstone and mudrock making up  
77 per cen t  of t h e  nonmarine portion of t h e  Boulder Creek  
Formation. Sediments were  deposited in meandering rivers,  

crevass  splays and lakes. The Boulder Creek  deposits contain 
metamorphic,  c las t ic  and sedimentary  rock f r agmen t s  a s  well  
a s  volcanic det r i tus  (Stott ,  1968). Whole rock analyses of t h e  
parent  mater ia l  in Profiles 1 and 5 (Fig. 47.4; Table 47.5) 
show tha t  the  dominsnt mineral components a r e  qua r t z  and 
feldspar (or ruti le),  and i l l i te,  kaolinite and chlorite a r e  t h e  
dominant clays. 

C l ima te  

Within these  paleosols t h e r e  i s  an  absence of calcium 
carbonate  in t h e  form of caliche,  c a l c r e t e  or even calcareous  
horizons which, if present,  would indicate  an  arid t o  serni- 
arid soil environment. There  a r e  r a r e  occurrences of ca lc i te-  
filled t ec ton ic  slickensides associated with f au l t  movement in 
t h e  Foothills. If indurated carbonates  had formed they  would 
have persisted t o  the  present day even under changed 
environmental conditions and through burial diagenesis 
(Yaalon, 1971). The absence of ca lc i te /ca l iche  and presence 
of siderite indicate  a wet ,  sub-humid c l ima te  with a high 
water  table. Thc lack of carbonaceous mater ia l  but 
abundance of roots  may indicate  periodic drying and 
oxidation of organic debris. The clay-illuviated root channels 
and siderit ic layers  indicate  t h a t  some  of t h e  paleosols were  
we t  for most of t h e  year. 

Topography 

Some of the  paleosols appear t o  have been wet  for long 
periods of t ime  a s  is evident f rom thei r  apparent  gleyed 
nature.  The wetness does not necessarily imply high rainfall; 
i t  could be a function of topography. Wetness would result on 
a plain with low relief and broad divides where horizontal and 
downward drainage were  very poor. The shale  and sil tstone 
would have been relatively impermeable  s o  t h a t  drainage was 
fur ther  hindered. The preservation of numerous preserved 
paleosols indicates  t h a t  very l i t t l e  erosion took place,  which 
also would have been a consequence of low relief.  

Time 

Several character is t ics  of these  soil profiles indicate  
t h a t  long periods of t ime  were  involved in thei r  formation. 
These character is t ics  include: profiles up t o  4 m thick; an  
absence of any re l ic t  sedimentary  s t ructures  throughout t h e  
profiles; well d i f ferent ia ted  paleosol horizons; and, local 
occurrences of well  developed peds (Retallack, 1976). The  
ganisters were  probably podsols, which can form in a f ew 
hundred years but  may t a k e  up t o  severa l  thousand years 
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Table 47.5. Mineralogic composition of parent mater ia l  
underlying Profiles I and 5 

Mineral Per cen t  

Profile I Profile 5 

Quar tz  69.24 55.41 
Illite 15.18 23.13 
Mixed layer clays 7 .0  15.0 
Kaolinite 5.94 5 .9  
Feldspar or ru t i le  1.51 - 
Chlorite 1 .13 0.57 

(Ruol e t  al., 1980). Cumulatively, t h e  superposed paleosols 
represent a very long period of t ime  during which deposition 
was slow and the re  was  very l i t t l e  erosion. 

Some of t h e  thick paleosols a r e  probably not a single, 
well developed soil but a r e  cumulative profiles, where soil 
formation and sediment influxes occurred concurrently 
(Nikiforoff, 1949). Cumulative profiles a r e  common on river 
floodplains. 

Regional controls  on  paleosol development 

The conditions under which t h e  Lower Cretaceous  coals 
formed differ from those tha t  formed the  paleosols. In 
explaining the  abundant,  thick paleosols i t  is necessary t o  
account for  t h e  lack of coals in t h e  Boulder Creek  Formation. 
Cretaceous  nonmarine sediments  in t h e  underlying Ga tes  
Formation, Gething Formation and Minnes Croup contain 
numerous, thick coal seams,  but well developed, superposed 
paleosols a r e  uncommon, although isolated paleosols do 
occur.  The development of peat requires slow, continuous 
subsidence so  tha t  t h e  groundwater t ab le  rise coincides with 
t h e  rising peat  surface  and t h e r e  is protection from marine  
and flood waters and c las t ic  sediment  influx (Stach et al., 
1975). Organic mater ia l  will be oxidized if t h e  water  t ab le  
drops or  fluctuates.  Coal does not form when subsidence 
slows and t h e  organic mater ia l  ro ts  or already existing peat  is  
eroded. During deposition of t h e  upper Boulder Creek,  t h e  
water table ,  although high enough t o  form the  gleysols, 
apparently was not high enough fo r  t h e  development of peat ,  
or tended t o  f luctuate ,  causing t h e  organic mater ia l  t o  
oxidize and t h e  paleosols t o  crack. 

In order t o  evaluate  some  of the  possible controls on 
soil development (i.e., decreased or interrupted sediment  
supply, lower water  t ab le  etc.), i t  is  necessary t o  evaluate  
some  of t h e  s t ra t igraphic  relationships of corre la t ive  
horizons. The Boulder Creek paleosols formed a t  a t i m e  
when a major unconformity was developing throughout t h e  
Western interior basin (Fig. 47.2) and, a s  such, t h e  paleosols 
a re  diastems. Although t h e  exis tence  of this unconformity is 
well accepted,  t h e  precise nature  of i t s  t iming and origin is 
st i l l  controversial. 

The cause  of t h e  unconformity can  be a t t r ibuted t o  one 
of t h r e e  mechanisms or some  combination of them: L a t e  
Albian t ec ton ic  ac t iv i ty  in t h e  rising Cordillera t o  t h e  west; 
ellstatic s e a  level fluctuations; and epeirogenic movement  
associated with the Peace  River Arch. The Viking Formation 
of centra l  Alberta may be corre la ted  with t h e  Paddy 
Sandston.. (sic Koke and Stelck, 1985) and is thus slightly 
younger or similar in a g e  t o  t h e  Boulder Creek (Fig. 47.2). 
Bentonites in t h e  Viking Format ion were  probably derived 
f rom volcanic ac t iv i ty  associated with t h e  Crowsnest 
Volcanics in southwestern .4lberta during a period of 
extensive and frequent volcanism associated with t h e  



Columbian orogen (Amajor, 1985). Further support of L a t e  
Albian t ec ton ic  activity can be  found by examination of 
Figure 47.9. The Hulcross Formation, which underlies t h e  
Boulder Creek Formation, contains six bentonites. Several of 
t he  bentonites bracket upward-coarsening cycles or herald 
thei r  commencement  (Fig. 47.6). Thus t h e r e  appears  t o  be a 
relationship between the  generation of t h e  bentonites and 
minor progradational sequences which may best  be explained 
a s  tectonic.  The abundance of conglomerate in channel and 
shoreface  deposits (Stott ,  1962) may also indicate  L a t e  
Albian t ec ton ic  ac t iv i ty  f a r the r  t o  t h e  west. I t  appears 
the re fo re  t h a t  t h e  Boulder Creek  Formation was deposited 
during a t i m e  of intensive volcanic and t ec ton ic  ac t iv i ty  
which caused fluctuations in local  re la t ive  s e a  level. 

A strong argument can also be made for  eus t a t i c  s e a  
level f luctuations in t h e  l a t e  Albian a t  about  t h e  t i m e  of 
deposition of Boulder Creek sediments. The case  for l a t e  
Albian eusta t ic  s ea  level change has been strongly made  
(Kauffman, 1977, 1984; Weimer, 1983; Caldwell, 1984; and 
Leckie, 1986a) and will not be repeated here. This s e a  level 
f luctuation occurred approximately 97 Ma (Weimer, 1983). 

The Peace  River Arch is a major epeirogenic f ea tu re  
that  was subsiding during Albian t ime  and affected 
sedimentation pat terns  of t h e  Boulder Creek Formation 
(Stott ,  1968). Regional sedimentation patterns of t h e  Boulder 
Creek Formation were controlled by t h e  trend of t h e  Peace  
River Arch (Stot t ,  1968), however, i t  is  not likely tha t  the  
major depositional hiatus above or within t h e  Boulder Creek 
was affected by the  Arch. 

It appears tha t  eus ta t ic  s e a  level f luctuations played a 
role, as did tec tonic  ac t iv i ty  in t h e  rising Cordillera t o  t h e  
west,  which would have a f f ec t ed  sedimentation in t h e  basin. 
The hiatus i l lustrated in Figure 47.2 is probably t h e  result of 
a base level drop, but at this t i m e  i t  is  not possible t o  say 
whether t h e  cause  was a eus t a t i c  or t ec ton ic  event.  The s e a  
level fall  would have caused incisement of fluvial channels 
and reduced r a t e s  of sedimentation on t h e  alluvial plain. The 
format ion of several,  well developed, superposed paleosols 
required long periods of t i m e  with slow deposition r a t e s  and 
l i t t l e  erosion. The nonmarine expression of this regional s e a  
level drop may be  t h e  superposed Boulder Creek paleosols. 

CONCLUSIONS 

Fif teen well developed paleosols occur in a 90 m 
interval of t h e  Boulder Creek  Formation. Macroscopic 
c r i t e r i a  used t o  identify t h e  paleosols a r e  l isted in Table  47.6. 
These c r i t e r i a  can also be  applied t o  t h e  recognition of 
paleosols in o ther  s t ra t igraphic  intervals. On a 
reconnaissance basis, similar paleosols have s o  f a r  been 
observed in t h e  Cardium Format ion of northern Alberta,  and 
t h e  Gething and Nikanassin formations of northeastern 
British Columbia. 

In contras t  t o  nonmarine intervals of t h e  underlying 
Nikanassin, Gething, Ga tes  and lower Boulder Creek 
formations,  where  coal is present,  t h e  development of 
numerous well developed, superposed paleosols and t h e  
development of coal in t h e  upper Boulder Creek  Formation 
seem to  be mutually exclusive. The paleosols appear t o  have 
formed in a humid t o  sub-humid c l imate  with a periodically 

Figure 47.9. Gamma ray t r ace  of Hulcross and Boulder 
Creek formations in diamond drill hole Monkrnan 81-2. 
Gamma ray tool measures natural  radioactivity of the  
sediment.  Bentonites a re  highly radioactive and have a high 
deflection to the  right. The bentonites appear to herald the  
beginning or end of upward coarsening cycles. Occurrences 
of bentonites were  confirmed by core examination. 

Table  47.6. Macroscopic character is t ics  of Boulder 
Creek paleosols 

i. Slickensides t h a t  a r e  not t ec ton ic  but indicative of 
soil format ion 

ii. Preserved blocky, columnar or platy peds 

iii. In si tu vertical  roots 

iv. Waxy, light grey (5Y 711) t o  grey (5Y 611) colour 

v. No sedimentary s t ruc tu res  in well developed portion 
of profile; s t ruc tu res  do gradually appear  downward 
in minimally a l t e red  parent mater ia l  

vi. Spherulitic s ider i te  

vii. Shrinkage cracks filled with s ider i te  

viii. Ganisters 

high water  table.  The paucity of carbonaceous mater ia l  but 
abundance of roots suggests periodic drying and oxidation of 
organic material .  The numerous, closely-spaced paleosols 
suggest t h a t  r a t e  of sediment  supply was low, probably as a 
result  of base level lowering, and tha t  very l i t t l e  erosion took 
place a s  a consequence of low relief. The thickness and 
number of paleosols indicate  a long period of t i m e  for  their  
format ion,  which can be  re la ted  t o  a major l a t e  Albian 
unconformity/hiatus tha t  has been documented elsewhere in 
t h e  Western Canada sedimentary  basin. The unconformity is 
probably t h e  result  of regional s ea  level fa l l  during t h e  L a t e  
Albian caused by t ec ton ic  or eus t a t i c  mechanisms. 

Although i t  i s  p rema tu re  t o  discuss the  types  of soils 
t h a t  developed and hence t o  infer t h e  paleoclimatic 
conditions based on geochemical analysis, i t  s eems  tha t  from 
t h e  l imited d a t a  available t o  date ,  t h e  soils were  of t h e  
intrazonal group. Topography and especially water  t ab le  
were  t h e  main soil forming f ac to r s  in controll ing soil genesis. 
Ongoing d a t a  analyses on t h e  cation exchange capacity,  
exchangeable cations,  and X-ray analysis of t h e  clay f rac t ion 
may  re inforce  or  modify t h e s e  conclusions. 
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APPENDIX 

Paleosol Prof i le  1 (see  Figure  47.3) 

33 - 40 crn 

92 crn - 1.57 rn 

1.57 - 2.02 rn 

- shale: very dark  grey (2.5YR 310); 
gymnosperm vegetation, pinnately 
compound, fern-like leaf imprints; clay 
skin surfaces  on peds; carbonaceous plant 
imprints; noncalcareous 

- siltstone: gradational upper and lower 
contacts;  c lear ,  smooth contacts ;  dark 
grey (2.5Y 4/01; carbonaceous; rooted; 
slightly mot t led;  colour contras t  i s  f a in t  
with sharp  boundaries; horizontal obla te  
burrows, I1  mrn; homogenous, poorly 
sorted; massive 

- sandstone: light grey (7.5Y R 710) fine 
grained; vertical  roots 1-2 mrn wide, 4 crn 
long; minor ironstaining; noncalcareous; 
lower con tac t  abrupt,  smooth 

- siltstone: dark grey (7.5YR 410) a t  top; 
grey (5Y 511) a t  base; rooted, 1-3 rnrn in 
size;  massive; faint  mottl ing; root cas ts  
a re  not carbonaceous but a r e  defined by 
slightly darker clay; lower boundary 
abrupt,  smooth 

- grey s i l t s tone (5YR 515): rooted, 2-3 mm 
in size; massive; very slightly sandy 

- sandy siltstone: olive grey (5Y 512); 
massive with some peds (angular blocky) 
and clay skins; carbonaceous roots; rnrn 
sized s ider i t ic  blebs 1 5%. 

- siltstone: noncalcareous; irregularly 
shaped siderit ic blebs rnm t o  I crn in size; 
grey (5Y 511) a t  t o p  - greenish t inge  down 
low, olive (5Y 513); dominantly s ider i te  
blebs 1-2 mm size; s ider i te  appears 
concentra ted  in ver t ica l  cracks  

- siltstone: grey (5Y 512); vertical  cracks  
filled with siderit ic pellets; cracks  a r e  
>I5  crn in size,  downward tapering, up t o  
13rnrn wide, c u t  across t h e  core ;  
s ca t t e red  s ider i te  grains throughout t h e  
interval;  gradual upper and lower con tac t ;  
s t ruc tu re  1s massive 

- siltstone: grey (5Y 511) mot t led  to  red 
(2.5YR5/6) 30-40% siderit ic grains; 
abrupt  lower contact ;  slightly 
carbonaceous; massive; s ider i te  occurs  a s  
concentrations of 1-2 rnrn blebs 6 crn 
thick; 2 rnrn s ize  roots 

- sil tstone: dark grey (5Y 411); rubbly, 
0.5-1 c m  pieces 

- sandstone: grey (5Y 411) mot t led  red 
(2.5 YR 516); argillaceous, massive; upper 
15 crn is mot t led  red due t o  s ider i t ic  blebs 
1-2 rnrn in size; ge t s  greyer  downward, 
with no s ider i te  

4.55 - 4.72 rn - sil ty shale: dark  grey (2.5Y 5.0); 
gradational upper and lower contact ;  
rubbly 0.5-1.5 cm pieces 

4.72 - 5.33 m - sil tstone: dark grey (IOYR 411); 6 crn 
wide, diagonal, burrow(?) a t  t o p  

5.33 - 5.69 rn - shale: dark  grey (2.5YR 411); abrupt 
contacts ,  platy, par t  of original parent 
rnaterial 

5.69 - 6.32 rn - sil tstone: dark grey (2.5Y 410); prismatic 
f ragments ;  1-2 mm sider i t ic  blebs t h a t  
become more  f requent  downward; gradual 
lower contact ;  this is  a new soil h o r ~ z o n  

6.32 - 6.85 rn - siltstone: massive; parent  rnaterial  

Paleosol Prof i le  5 (see Figure  47.3) 

0 -  10c rn  - shale: dark  grey (2.5YR 410); siderit ic;  
irregularly shaped red (2.5YR 314) 
s ider i t ic  concretions; abrupt  upper and 
lower con tac t s  

10 - 21 crn - siderite:  red (2.5YR 4/01; shaly; abrupt 
con tac t s  

21 - 32 crn - shale: dark  grey (2.5Y 4/01; carbonaceous; 
horizontal  plant imprints;  irregular lower 
contact ,  abrupt 

32 - 56 crn - very fine grained sandstone: top 8 crn is 
grey (5Y511) mot t led  dark grey 
(2.5Y 4/01; carbonaceous,  massive; looks 
leached; in si tu ver t ica l  roots; calcite- 
filled f r ac tu res  

56 - 96 crn - siltstone: dark grey (2.5Y 410); abrupt 
contact ;carbonaceous  

96 crn - 1.11 m - sil tstone: dark grey (2.5Y 410); abrupt 
con tac t ;  massive; mot t led  with black 
pellets t o  1.5 cm 

1.1 1 - 1.18 rn - grey (2.5Y 410) mot t led  red (2.5Y 314) 
with s ider i te  (<53% siderite),  a s  blebs 
0.1 crn t o  1.5 crn in s i ze  

1.18 - 1.27 rn - siltstone: mottled black and red 
(2.5Y 314); red is s ider i te  (--lo-20%); 
black is si l tstone (5Y 2.511) (230%) 

1.27 - 1.51 rn - siltstone: grey (5Y 411); massive 

1.51 - 2.06 rn - shale: grey (5Y 4/11; parent  material .  
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Abstract 

The genus Pachyphyllum is  rest r ic ted t o  massive, horseshoe dissepiment-bearing phil l ipsastreids 
w i th  the growth morphology o f  the type species, P. bouchardi Edwards and Haime, 1850. Under this 
interpretation, the genus occurs rarely in  Frasnian strata o f  Nor th America and Western Europe. 
The new species P. miniaceum, P. anfractum, and P. mirusense are described f rom Western Canada, 
while P. calostroturn (Crickmay, 1962) is revised, and a form comparable to  the Iowa species 
P. crassicostatum Webster, 1889 is discussed. 

Le genre Pachyphyllum designe uniquement des phillipsastreides A dissepiments en fer Q cheval 
caracterises par la morphologie de croissance de I1esp&ce type, P. bouchardi Edwards e t  Haime, 1850. 
D1aprBs cet te  interpretation, le genre n'est retrouvB que rarernent dans les couches frasniennes de 
I1Am6rique du Nord et  de 1'Europe de IIOuest. L'Btude prksente une description de P. miniaceum, 
P. anfractum et P. mirusense, de nouvelles especes de I'Ouest du Canada, une revision de 
P. calostrotum (Crickrnay, 1962) e t  une discussion d'une forrne comparable b P. crassicostatum 
Webster, 1889, une esphce trouvke en Iowa. 
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Introduction 

The genus Pachyphyllum, under t h e  res t r ic ted  interpre- 
t a t ion  proposed herein, is  ext remely r a re  in Frasnian s t r a t a  
worldwide. The recent  discovery in Western Canada of a 
number of forms referable  t o  t h e  genus has prompted t h e  
present contribution, which represents the  first  record of t h e  
genus in th is  country. The locali t ies from which t h e  mater ia l  
was  obtained a r e  shown in figures48.1 t o  48.4. 
Documentation of t h e  o the r  massive phillipsastreids in 
Western Canada, a large  and varied fauna, will be  t h e  subject 
of a forthcoming publication. 
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Stratigraphy 

The stratigraphy and faunas  associated with t h e  species 
described in this paper have been discussed by McLean and 
Pedder (1984, p. 8-13) and McLean and Pedder (in press). A 
generalized correlation cha r t  of t h e  s t ra t igraphic  sequences 
is given in Figure 48.5. 

The only Frasnian rugose cora l  species based on sub- 
surface  mater ia l  f rom Western Canada is  Macgeea ca los t ro t a  
Crickmay, 1962. Revision of this species,  and i t s  assignment 
t o  Pachyphyllum, necess i ta tes  some  comments  on t h e  a g e  of 
i t s  type  horizon, t h e  Cooking Lake Formation of eas tern  
Alberta. Because correlation of subsurface and outcrop 
Frasnian sections in Alberta is not yet  clear in many cases,  a 
subsurface column has been omit ted  from Figure 48.5. 
However, on the  basis of brachiopod studies,  a generalized 
correlation of t h e  Cooking Lake Formation with par t  of t h e  
upper Cairn  Formation and i t s  equivalents of t h e  Alberta 
Rocky Mountains can be  supported (McLaren, 1962, Fig. I). 
Hence, an  ear ly  Frasnian age  may be assigned t o  t h e  type 
horizon of P. calostrotum. 

Systemat ic  paleontology 

Specimens bearing numbers with t h e  prefix GSC a r e  
registered in t h e  type  collections of t h e  Geological Survey of 
Canada, Ot tawa.  The specimen with t h e  prefix PRI is in t h e  
collections of t h e  Paleontological Research Insti tution, 
I thaca,  New York. 

Family PHILLIPSASTREIDAE Roemer,  1883 
Genus Pachyphyllum Edwards and Haime, 1850 

Pachyphyllurn Edwards and Haime, 1850, p. Ixviii. 

Type species. Pachyphyllum bouchardi Edwards and Haime, 
1850, p. Ixviii; 1851, p. 397, PI. 7, figs. 7, 7a, 7b. Frasnian, 
Ferques, Boulonnais area ,  France. 

Diagnosis. Massive, phillipsastreid cora l  genus with 
thamnasterioid t o  aphroid coralla,  comprising relatively few,  
large  corall i tes.  Distally, cora l l i tes  show a strong tendency 

t o  be well raised above t h e  main surface  of t h e  corallum. 
Horseshoe dissepiments a r e  well developed ad jacen t  t o  t h e  
tabularium. 

Discussion. The generic subdivision of the  massive, horseshoe 
dissepiment-bearing phillipsastreid corals has  had an 
ext remely varied history, which was reviewed in detail  by 
Scrut ton (19681, and others.  Many workers have considered 
t h a t  Pachyphyllum should be  regarded a s  a junior subjective 
synonym of Phill ipsastrea d8Orbigny, 1849, but Sorauf (1978) 
produced some  compelling reasons for  separa t ing t h e  two  
genera.  On t h e  basis of Scrutton's (1968) revision of t h e  type 
species,  Phill ipsastrea hennahi (Lonsdale, 1840), Sorauf 
considered t h a t  t h e  two  genera  could be distinguished 
primarily by Pachyphyllum having a more  uniform collar of 
horseshoe dissepiments, pronounced s t e reome  coat ing of t h e  
dissepiments, and a g rea te r  tendency t o  develop an  aphroid 
growth form,  larger  tabular ia  and coarser  trabeculae.  I ag ree  
in general with this point of view, but study of t h e  l a rge  and 
diverse fauna of massive, horseshoe dissepiment-bearing 
phillipsastreids in Western Canada indicates t h a t  fur ther  
subdivision of this group is feasible.  

The type  species of Pachyphyllum, P. bouchardi 
Edwards and Haime, 1850, has  a distinctive growth form 
character ized by a small  number of large  cora l l i tes  project-  
ing well  above t h e  surface  of t h e  main, massive pa r t  of t h e  
corallum (Edwards and Haime, 1851, PI. 7, figs. 7, 7a). A 
similar growth form is shown by P. crass icos ta tum Webster, 
1889, a s  i l lustrated by Fenton and Fenton (1924, PI. 8, fig. I; 
PI. 9, figs. 1-3). Such a distinctive growth form,  
character ized by relatively small  cora l la  with few,  very large  
corall i tes,  is  also developed in severa l  Western Canadian 
species. I consider t h a t  th is  growth form is taxonomically 
significant,  and thus r e s t r i c t  Pachyphyllum t o  only those 
species tha t  have the  general f ea tu res  a t t r ibuted t o  t h e  genus 
by Sorauf, but t ha t ,  in addition, have t h e  corallum form of 
P. bouchardi, t h e  type species. A similar character iza t ion of 
Pachyphyllum was given by Birenheide (1 978, p. 11 5- 11 61, 
although h e  considered P. bouchardi t o  b e  t h e  only 
representa t ive  of t h e  genus. This in terpre ta t ion necess i ta tes  
a sepa ra t e  generic name  for  t h e  large  number of species  t h a t  
have t h e  internal morphology of Pachyphyllum, but  have t h e  

Figure 48.1. Index map of par t  o f  Western Canada,  showing 
location of small  sca le  locali ty maps, figures 48.2-48.4. 
Black dot  indicates location of Imperial Fribourg 
12-33-55-9W4 well. 



more typical ,  massive,  phillipsastreid growth form,  with 
numerous small  corall i tes.  Two of t h e  syntypes of . , .  
Medusaephyllum ibergense  Roemer ,  1855, t y p e  species of 
Medusaephyllum Roemer ,  were  discovered recent ly  by 
A.E.H. ~ e d d e r  in t h e  collections of t h e  lns t i tu t  fijr ~ e o l o ~ i e  
und Pal2ontologie, Technische Universitat  Clausthal-  
Zellerfeld,  West Germany. Preparation of new thin sections 
of these  corals,  and a planned publication by Pedder,  will 
provide a f irm basis for t h e  character iza t ion  of this species 
and genus. The in terpre ta t ion  of t h e  species  by Frech (1885, 
p. 66-67, PI. 6, figs. I ,  l a ,  Ib) and Birenheide (1978, 
p. 117-1181, in particular,  is  subs tant ia ted  by t h e  type  
mater ia l ,  and Medusaephyllum is t h e  appropr ia te  gener ic  
name  fo r  species with t h e  in ternal  morphology of 
Pachyphyllum, but lacking t h e  bouchardi growth form. I 
reserve  Phil l ipsastrea fo r  those massive phillipsastreids with 

f rom t h e  type  a r e a  provided by Rohar t  (~ Brice e t  al., 1977, 
p. 144-145). According t o  Brice e t  al. (1979, p. 320), t h e  t ype  
horizon corresponds t o  t h e  Upper a symmet r i cus  conodont 
zone, and is thus  of Early Frasnian age.  

P. crassicostaturn Webster,  1889. Revised by Fenton 
and Fenton (1924) and Sorauf (1978). Owen Member,  Lime 
Creek  Format ion,  Iowa. L a t e  Frasnian. 

P. c rass icos ta tum var. nanum Fenton and Fenton, 1924. 
Ce r ro  Gordo Member,  Lime Creek  Format ion,  Iowa. L a t e  
Frasnian. 

P. ca los t ro tum (Crickmay, 1962). Cooking Lake 
Formation,  subsurface  ea s t e rn  Alberta.  Early Frasnian. 

P. miniaceum sp. nov. Mikkwa Format ion,  northern 
Alberta.  Early Frasnian.  

numerous small  cora l l i tes  t h a t  consi'stently have only P. an f rac tum sp. nov. Peechee  Member,  Southesk in termi t tent ly  developed horseshoe dissepiments,  commonly Formation, southern Alberta. Middle Frasnian. lack s t e r eome  coat ing  of t hese  dissepiments,  and have  ra ther  
weakly developed rhipidacanthine t rabeculae .  P. mirusense sp. nov. Ronde Member equivalent,  

Southesk Format ion,  ea s t e rn  British Columbia. L a t e  
The species composition of Pachyphyllum is a s  follows: Frasnian.  
P. bouchardi Edwards and Haime,  1850. Type species. 

Ferques  Limestone,  Boulonnais a r ea ,  northern f i a n c e .  The 
holotype of th is  species  was  s t a t ed  t o  be  in t h e  collections of 
t h e  Museum of Natura l  History, Paris,  by Lang and Smith 
(1935, p. 554). However,  Semenoff-Tian-Chansky & 
Semenoff-Tian-Chansky et al. (1962, p. 303) was  unable t o  
locate  this specimen and i t s  whereabouts a r e  st i l l  unknown 
(Hill, 1981, p. F281). A thin sec t ion  of a topotype  was 
i l lustrated by Semenoff-Tian-Chansky (& Semenoff-Tian- 
Chansky et al., 1962, PI. 9, figs. I ,  2); th is  topotype  is  a 
su i table  potential  neotype.  I t  is  obviously a n  ex t r eme ly  r a r e  
species,  a s  i t  was  not included in comprehensive faunal l ists  

Pachyphyllum calos t ro tum (Crickmay, 1962) 

Figures 48.6-48.13 

Macgeea ca los t ro t a  Cr ickmay,  1962, p. 3, PI. 4, figs. 10-14. 

Material .  Holotype PRI 27075, Cooking Lake Formation,  a t  
2520-2536 f e e t  (768-773 m)  in Imperial  Fribourg well, 
Lsd. 12, Sec. 33, Twp. 55, Rge. 9W 4th Mer., Alberta (see 
Figure  48.1). A re-examination of t h e  co red  in terval  of th is  
well revealed  seve ra l  fur ther '  specimens  of P. ca los t ro tum;  

1 15O15' 1 1 5000' 1 14045' 1 14030' 
5801 5' 5801 5' 

58030' 58030' 
1 1501 5' 1 1 5OOO' 1 14045' 1 14030' 

Figure  48.2. Locali ty map, Vermilion Falls  a r ea ,  northern Alber ta  (Area  A, Fig. 48.1). 
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Figure 48.3. Locality map, Bastille Mountain area ,  eas tern  
British Columbia (Area 6, Fig. 48.1). 

these  a r e  catalogued a s  GSC 76488 (2520.3 f t ;  768.2 m), 
GSC 76489 (2520.4 f t ;  768.2 m), and GSC 76490 (2521.0 f t ;  
768.4 m). As these  specimens a r e  from within t h e  c i ted  
s t ra t igraphic  range of the  holotype, they a r e  regarded a s  
topotypes. 

Diagnosis. Corallum is aphroid t o  thamnasterioid in ear ly  
growth s tages ,  with individual cora l l i tes  extending above 
main par t  of corallum in l a t e r  ontogeny. Ephebic cora l l i te  
d iameter  ranges f rom 11.0 t o  13.0 mm, d iame te r  of 
tabularium ranges f rom 6.5 t o  8.5 mm, and number of major 
sep ta  varies f rom 21 t o  27. Trabeculae a r e  coarse ,  commonly 
obscuring development of small  horseshoe dissepiments. 

Description. Coralla available for study a r e  all small  and 
generally fragmented. I t  is  apparent ,  however,  t h a t  most 
coralla a r e  massive and aphroid t o  thamnasterioid in early 
growth stages,  with a s t rong tendency for  ta l l ,  individual 
corall i tes t o  extend above t h e  distal  surface  of t h e  massive 
par t  of t h e  corallum in l a t e r  ontogeny. Such ephebic 
corall i tes reach a d iameter  of 11.0 t o  13.0 mm. Major sep ta  
range in number f rom 21 t o  27 in ma tu re  cora l l i tes  and a r e  
composed of particularly coa r se  rhipidacanths. In t h e  
vicinity of t h e  collar of horseshoe dissepiments, s ep ta  a r e  
typically highly dilated,  and, with associated s tereome,  a r e  
of ten  in la tera l  contact .  Adaxially, major sep ta  become 
rapidly thinner in the  tabularium, extending to ,  or  almost t o ,  
t h e  cora l l i te  axis, and become variably twisted. Minor sep ta  
extend 0.3 t o  0.5 of length of major septa.  Horseshoe 
dissepiments form a regular collar,  a r e  generally small ,  and 
o f t en  a r e  obscured by coa r se  septa l  trabeculae.  Outer  
dissepiments a r e  typically large,  elongate,  and coa ted  by 
s t e reome  in ear ly  growth stages.  In l a t e r  ontogeny, where  
cora l l i tes  project above massive portion of corallum, ou te r  
dissepiments may be absent. Tabularia range in d iameter  
f rom 6.5 t o  8.5 mm in ma tu re  par ts  of t h e  corallum. Large, 
e longate  tabellae,  sloping down toward the  cora l l i te  axis, 
occur locally a t  t h e  ou te r  margin of t h e  tabularium. The 
remainder of t he  tabularium comprises a f l a t ,  weakly arched, 
or moderately concave ser ies  of widely spaced, complete  and 
incomplete tabulae.  

Remarks. The repository and cata logue number of t h e  
holotype of P. ca los t ro tum were  not recorded by Crickmay 
(1962), when he proposed t h e  species. However, i t  is  now 
known t o  be  in t h e  collections of t h e  Paleontological 
Research Institution, I thaca,  New York, where  i t  i s  regis tered 
under t h e  number 27075. Newly prepared thin sect ions  of t h e  
holotype a r e  i l lustrated herein (figs. 48.6, 48.7). 

Pachyphyllum calos t rotum generally has smaller 
cora l l i tes  than other  Western Canadian species of 
Pachyphyllum, and is fur ther  distinguished from them all by 
i t s  consistently strongly dilated sep ta  t h a t  of ten  obscure the  
horseshoe dissepiments. Pachyphyllum crass icos ta tum 
Webster has some  small  corall i tes,  within t h e  range of those 
of P. ca los t ro tum (Sorauf, 1978, Textfig. 41, but i s  generally 
large,  and has more  septa .  In addition, septa l  dilation in 
P. crass icos ta tum is not a s  consistently s t rong a s  in 
P. calostrotum. 

Pachyphyllum miniaceurn sp. nov. 

Figures 48.14-48.27 

Der iva t ionofname .  Latin,  miniaceus = vermilion, a 
reference  t o  Vermilion Falls, in the  vicinity of t he  type 
locality. 

Material. Holotype GSC 76491, Mikkwa Formation, Peace  
River, Vermilion Falls a rea ,  Alberta; locali ty 70 (Amoco 
loc. 14013) of locali ty regis ter  and Figure 48.2. Para types  
GSC 76492-76495, s a m e  horizon and locality. 

Diagnosis. Corallum is generally thamnasterioid,  more  rarely 
aphroid, through most of i t s  ontogeny, with ma tu re  calices 
projecting t o  varying degrees  above massive portion of 
corallum. Ephebic cora l l i te  d iameter  reaches  16.0 m m ,  
tabularium diameter  ranges from 8.0 t o  13.5 mm,  and a s  
many as  33 major sep ta  a r e  present. Septa1 dilation is weak 
t o  moderate ,  and horseshoe dissepiments a r e  l a rge  and well 
developed. 

Descri  tion. Available cora l la  a r e  highly variable in s ize ,  and 
some  e.g. GSC 76493, 76494) a r e  clearly juvenile. Mature  --P 
coral la  reach a d iameter  of approximately 7 c m  and height of 



about 4 cm. Corallum is predominantly massive, 
thamnasterioid,  or more  rarely aphroid. In l a t e  ontogeny, 
individual corall i tes project above t h e  massive corallum 
surface  for up t o  1.5 c m ,  although generally this is not a s  
pronounced. Coral l i te  d iameter  is highly variable, increasing 
rapidly during ontogeny. It reaches 15.0 t o  16.0 mm in 
largest  specimens, and corall i tes a r e  commonly elliptical in 
calical  view. Calices a r e  deep, generally with a low calical  
boss. There a r e  29 t o  33 major sep ta  in ma tu re  corall i tes,  
extending to ,  or  slightly withdrawn f rom,  t h e  cora l l i te  axis. 
Near t h e  axis, some  major sep ta  a r e  slightly contorted.  
Minor sep ta  a r e  shor t ,  barely projecting adaxially beyond t h e  
collar of horseshoe dissepiments. Septa  a r e  weakly t o  
moderate ly  dilated in t h e  dissepimentarium, taper ing 
gradually toward t h e  cora l l i te  axis, and have a character is t ic  
ragged appearance in t ransverse  section, ref lec t ing coa r se  
rhipidacanthine trabeculae.  Stereome commonly coats  
dissepiments adjacent  t o  the  tabularium. Horseshoe 
dissepiments a r e  well developed, large,  locally coated with 
s tereome,  and only rarely obscured by septa l  trabeculae.  
Outer  dissepiments a r e  characterist ically small ,  globose t o  
weakly elongate,  and in layers sloping steeply downward from 
adjacent  tabularia. Tabularia range in d iameter  from 8.0 t o  
13.5 mm in ma tu re  corall i tes.  Tabulae a r e  incomplete and in 
moderate ly  arched, variably spaced series.  In t h e  calical  
region, where  cora l l i tes  project above t h e  surface  of t h e  
main, massive par t  of t h e  corallum, numerous small  tabel lae  
may occur in s teeply  dipping layers between t h e  collar of 
horseshoe dissepiments and normal tabulae.  

Remarks. Pachyphyllurn rniniaceum is t h e  only Western 
Canadian species of Pachyphyllurn t o  be  found sufficiently 
weathered out f rom t h e  enclosing rock matr ix  t o  allow 
adequate  character iza t ion of i t s  external  morphology. 
Consequently, a s  growth form is an  essential  diagnostic 
cha rac te r  of t h e  genus, this species is  i l lustrated in external  
view (figs. 48.14-48.19). 

Although t h e  internal morphology of t h e  type species,  
P. bouchardi, i s  inadequately known, a s  discussed above, i t  
appears  t o  have t h e  closest  resemblance t o  P. miniaceum. 
On t h e  basis of Semenoff-Tian-Chansky's (1962) revision, 
P. bouchardi is  distinguished by having longer t rabeculae ,  
weaker s t e reome  development,  generally fewer  sep ta  at a 
greater  corall i te d iameter ,  and more  f l a t t ened  tabulae.  In 
addition, t h e  original mater ia l  of Edwards and Haime (1851, 
PI. 7, fig. 7) suggests t h a t  t h e  corallum of P. bouchardi is 
more  e r e c t  than t h a t  of P. miniaceum. 

Pachyphyllum calostroturn (Crickmay, 1962) d i f fers  
from P. rninaceurn in having smaller corall i tes and s t ronger  
septa l  dilation. 

Pachyphyllum anf rac tum sp. nov. 

Figures 48.28-48.31 

Derivation of name. Latin,  an f rac tus  = winding, referring t o  
t h e  highly convoluted sep ta  of this species. 

Figure 48.4. Locality map, Mount Romulus area, southern Alberta (Area C,  Fig. 48.1). 



Material .  Holotype CSC 76496, Peechee Member, Southesk 
Formation, 1.75 km south of Mt. Romulus, Alberta; 
locali ty 69 (Amoco loc. 11518) of locali ty register and 
Figure 48.4. Para type CSC 76497, s ame  horizon, 
Mt. Romulus, Alberta; locality 68 (Amoco loc. 11517) of 
locali ty register and Figure 48.4. 

Diagnosis. Corallum is loosely thamnasterioid,  with 
individual corall i tes projecting above massive corallum in 
l a t e  ontogeny. Ephebic corall i te d iameter  ranges up t o  
17.0 mm, with tabularium diameter  of 8.0 t o  10.0 mm. There  
a r e  24 t o  26 major sep ta  in mature  corall i tes;  they a r e  
characterist ically long, thin and highly contor ted  in t h e  
tabularium. Horseshoe dissepiments a r e  very small. 

Description. As only two f ragmentary  coralla of this species 
a r e  available for study, i t s  full growth habit is not completely 
known. I t  is  apparent f rom t h e  holotype, t h e  larger,  more  
ma tu re  specimen, t h a t  t h e  corallum is loosely thamnasterioid 
in ear ly  ontogeny, with individual cora l l i tes  projecting well 
above the  massive part of t he  corallum in l a t e  ontogeny, a s  is 
typical of Pachyphyllum. Corall i tes reach a diameter  of a t  
leas t  17.0 mm. There a r e  24 t o  26 major sep ta  in ephebic 
corall i tes and they generally extend t o  t h e  corall i te axis. 
They a r e  only weakly dilated in the  region of t h e  collar of 
horseshoe dissepiments in t h e  ephebic s tage ,  but an  immatu re  
cora l l i te  of t h e  paratype (Fig. 48.31) exhibits moderate  septa l  
dilation in t h a t  area .  In t h e  tabularium, major sep ta  a r e  
typically very thin and highly contor ted ,  especially in the  
ephebic . stage.  Minor sep ta  barely extend in to  t h e  
tabularium. Rhipidacanthine t rabeculae  a r e  well developed, 
and a r e  generally fine,  reflecting t h e  slender nature  of t h e  
septa .  They occasionally obscure t h e  horseshoe dissepiments, 
and s t e reome  is not strongly developed. Horseshoe 
dissepiments form a regular collar and a r e  very small. They 
a r e  most clearly apparent  in t h e  be t t e r  preserved paratype 
(Fig. 48.31). Outer dissepiments a r e  very variable in s ize  and 
shape and form layers sloping s teeply  downward f rom t h e  
collar of t h e  horseshoe dissepiments. The tabularium ranges 
in d iameter  from 8.0 t o  10.0 mm in ma tu re  corall i tes,  and 
comprises a weakly arched series of incomplete,  well spaced 
tabulae,  with a few peripheral tabellae.  

Remarks.  Although most species of Pachyphyllum show some 
twisting of s ep ta  in t h e  tabularium, i t  is  never a s  pronounced 
a s  in P. anfractum.  The combination of very slender,  highly 
contor ted  major sep ta  and small  horseshoe dissepiments 
c lear ly  separa tes  this species f rom all o ther  known 
representatives of t he  genus. 

Pachyphyllum sp. cf .  P. crass icos ta tum Webster, 1889 

Figures 48.32, 48.33 

c f .  1889 Pachyphyllum crass icos ta tum Webster, p. 623. 
c f .  1924 Pachyphyllum crassicostaturn Webster; Fenton and 

Fenton, p. 51, PI. 8, fig. 1; PI. 9,  figs. 1-5. 
cf. 1978 Pachyphyllum crass icos ta tum Webster; Sorauf, 

p. 827, PI. 4, figs. 2-5. 

Material. CSC 76498, undifferentiated lower Southesk 
Formation, or lower Ronde Member equivalent of upper 
Southesk Formation, Bastille Mountain, British Columbia; 
locali ty 71 (Amoco loc. 11515) of locali ty regis ter  and 
Figure 48.3. 

Diagnosis. Corallum is predominantly aphroid. Tabularia up 
t o  13.0 mm in diameter ;  a s  many as  37 major septa .  Major 
sep ta  a r e  variably withdrawn f rom corall i te axis and 
moderately dilated at margin of dissepimentarium. 
Horseshoe dissepiments a r e  generally small  and regularly 
developed. Outer  dissepiments a r e  also mostly small. 

Description. The only specimen available for study is largely 
aphroid, especially in ma tu re  par ts  of t h e  corallum. There  
a r e  a s  many a s  37 major sep ta  in t h e  larges t  cora l l i te  of t h e  
specimen, with moderate  dilation in t h e  vicinity of t h e  col lar  
of horseshoe dissepiments. They become very slender in t h e  
tabularium, extending up t o  about 0.8 of t h e  tabular ium 
radius. Where dilated,  s ep ta  show a typical ragged 
appearance, ref lec t ing consti tuent rhipidacanthine 
trabeculae.  Minor sep ta  a r e  slightly less dilated than major 
sep ta  and barely extend in to  t h e  tabularium. Horseshoe 
dissepiments a r e  generally small, commonly coa ted  in 
s tereome,  and form a regular collar. Outer  dissepiments a r e  
mainly small ,  especially adjacent t o  t h e  horseshoe 
dissepiments. Tabularia up t o  13.0 mm in diameter .  Very 
small  tabel lae  may be present a t  t h e  margins of t h e  
tabularium, but i t  is normally composed of a weakly a rched  
ser ies  of incomplete,  closely spaced tabulae.  

Remarks.  The type  mater ia l  of P. crass icos ta tum Webster,  
1889, f rom the  Owen Member of t he  Lime Creek  Formation, 
Iowa, has not been i l lustrated in thin section. Photographs of 
thin sections of syntypes of this species, catalogued under t h e  
numbers 78628 and 78628A a t  t h e  U.S. Museum of Natural  
History, Washington, were  kindly provided by J.E. Sorauf. 
They show apparently thamnasterioid coralla,  modera t e  t o  
s t rong septa l  dilation, large,  well developed horseshoe 
dissepiments, and major sep ta  extending a lmost  t o  t h e  
cora l l i te  axis. Material  from New York S ta t e ,  referred t o  
this species by Sorauf (1978), is  closer t o  t h e  Canadian 
mater ia l ,  having predominantly aphroid cora l la  and 
considerable withdrawal of t h e  major s e p t a  f rom t h e  cora l l i te  
axis (Sorauf, 1978, PI. 4, figs. 2, 3). The Canadian specimen 
can certainly be accommodated in t h e  expanded 
morphological scope of P. crassicostaturn proposed by Sorauf, 
excep t  for  having wider tabular ia  and more  septa.  According 
t o  Sorauf (1978, Textfig. 4), tabularia of this species have a 

--- 
NO OUTCROP 

Figure 48.5. Stratigraphic terminology and general 
correlations.  Asterisks indicate horizons bearing cora ls  
described in this paper. 



diameter  of up  t o  about 9 rnrn, and have  a s  many a s  32 major 
septa .  However, Fenton and Fenton (1924, p. 51) indicated 
t h a t  some  cora l l i tes  of t h e  Iowa mater ia l  reached 22 mrn in 
d iameter .  Hence,  tabular ia  of t h e  s i ze  of t h e  Canadian 
specimen (13 rnrn) a r e  qui te  possible. Pending a more  
deta i led  revision of t h e  Iowa fauna,  and a s  only one  Canadian 
specimen is available for  study, i t  is thought t o  be 
appropr ia te  a t  this s t age  t o  assign i t  t o  P. c rass icos ta tum 
only tenta t ive ly .  

Fenton and Fenton (1924) e r e c t e d  a new var ie ty  of 
P. crassicostaturn,  P. crassicostaturn var. nanurn, f rom t h e  
C e r r o  Gordo Member of t h e  Lime Creek  Formation of Iowa. 
Despite extens ive  fur ther  collecting,  i t  is  known only by t h e  
holotype (J.E. Sorauf, pers. cornrn., 1986). However, on  t h e  
basis of Fenton and Fenton's i l lustration (1924, PI. 9, fig. 6 )  

and photographs of th in  sec t ions  kindly provided by Sorauf,  i t  
is  a typica l  representa t ive  of Pachyphyllurn. I t  d i f fers  f r o m  
P. crassicostaturn in having smal ler  cora l l i tes  and fewer  
septa .  

Pachyphyllurn mirusense sp. nov. 

Figures 48.34-48.37 

Derivation of name.  Latin,  rnirus = surprising,  a f t e r  Surprise 
Pass, British Columbia,  t h e  t ype  locali ty.  

Material .  Holotype GSC 76499, Ronde Member  equivalent,  
Southesk Formation,  Surprise Pass, British Columbia;  
locali ty 2 5  (Arnoco loc. 11513) of locali ty regis ter  and 
Figure 48.3. Pa ra type  GSC 76500, s a m e  horizon and location.  

F igures  48.6-48.13. Pachyphyllum calos t ro tum (Crickmay),  x3. 

48.6, 48.7. PR1 27075, holotype, t ransverse  and longitudinal sections.  
48.8. GSC 76490, topotype,  transverse section.  
48.9. GSC 76488, topotype,  t ransverse  section.  

48.10-48.13. GSC 76489, topotype,  transverse,  oblique and two longitudinal sections.  



Figures  48.14-48.19. Pachyphyllum miniaceum sp. nov., x l .  

48.14, 48.15. GSC 76491, holotype, transverse and la tera l  views before sectioning. 
48.16. GSC 76494, paratype,  la tera l  view of immature  specimen before sectioning. 
48.17. GSC 76492, paratype,  l a t e r a l  view before sectioning. 

48.18, 48.19. GSC 76493, paratype,  t ransverse  and la tera l  views of immatu re  specimen. 

Diagnosis. Growth form i s  dominantly thamnasterioid,  horseshoe dissepiments and similar t abu lae  t o  those  of 
m a t u r e  cora l l i tes  not  extending f a r  above massive pa r t  of P. mirusense. However,  al though t h e  length of t h e  major  
corallum. Tabularium diameter  up t o  13.0 mm; 33 t o  34 s e p t a  in ma tu re  cora l l i tes  of P. bouchardi is  not c lear ,  
major s ep t a  in m a t u r e  corall i tes.  Major s e p t a  a r e  weakly P. bouchardi may be  c lear ly  distinguished f rom P. mirusense 
dilated and strongly withdrawn f rom cora l l i te  axis; minor by having more  d i la ted  septa ,  of which t h e r e  a r e  considerably 
s e p t a  a r e  i n t e rmi t t en t ly  developed. Horseshoe dissepiments less at a comparable  tabular ium diameter .  
a r e  very variable in s i ze  and form an irregular,  unevenly 
developed collar. Locali ty regis ter  

Description. Corallum is mainly thamnasterioid,  wi th  
pronounced, raised calical  rims, but apparent ly  without t h e  
development of extended individual ma tu re  corall i tes.  
Cal ices  a r e  deep, a s  shown in t h e  immatu re  para type  
(Fig. 48.37). Sep ta  a r e  typically very slender,  showing only 
weak dilation near  t h e  dissepimentarium/tabularium 
boundary. There  a r e  33 t o  34 major s e p t a  in t h e  ma tu re  
holotype; they extend adaxially fo r  only approximately 0.5 of 
t h e  tabularium radius. Minor s e p t a  barely extend i n t o  t h e  
tabularium and a r e  commonly in ter rupted  by dissepiments. 
Horseshoe dissepiments a r e  highly variable in s ize  and form 
an irregular collar.  Some of t hese  dissepiments show a 
tendency t o  become "unrolled" a t  the i r  outer  margins. Ou te r  
dissepiments a r e  abundant and a lso  ex t r eme ly  variable in s i ze  
and shape. S t e reome  coat ing  of dissepiments is weak o r  
absent .  Tabularia reach 13.0 mm in d i ame te r  and comprise a 
f l a t  t o  weakly arched ser ies  of well spaced, comple t e  and 
incomplete  tabulae.  

Remarks.  The short  major s ep t a ,  weak minor s ep ta ,  and 
irregularly developed horseshoe dissepiments distinguish 
P. mirusense f rom most o the r  known representa t ives  of t h e  
genus. The  longitudinal sec t ion  of P. bouchardi i l lustrated by 
Semenoff-Tian-Chansky e t  al. (1962, PI. 9, fig. 2), al though 
poorly preserved, suggests ra ther  unevenly developed 

In a ser ies  of publications, t h e  wri ter ,  par t ly  in 
conjunction with A.E.H. Pedder,  i s  current ly  describing t h e  
Frasnian rugose cora l  fauna  of Western Canada. To m a k e  
cross-referencing eas ier ,  e ach  coral-bearing locali ty is  
assigned a unique number,  and t h a t  number  i s  used fo r  t h e  
local i ty  in each  publication. Locali ty numbers a r e  l isted 
below in numerical  order.  They can  be  found on t h e  locali ty 
maps,  f igures 48.2 t o  48.4. 

25. Amoco loc. 1151 3, Ronde Member equivalent,  Southesk 
Formation,  70 m below top. South side of Surprise Pass,  
between Wallbridge and Bastille mountains,  British 
Columbia. 53°52'22"N, 120°02'1 5"W. Col lec ted  by 
A.S. Hedinger, 1981. 

68. Amoco loc. 11517, Peechee  Member,  Southesk Formation,  
14.0 m above base,  14.9 m below top.  Southeast  flank of 
Mt. Romulus, Alberta.  5Oo47'10"N, 1 14°59'21"W. 
Col lec ted  by R.H. Workum, 1980. 

69. Amoco loc. 11518, Peechee  Member,  Southesk Formation.  
Approximately 1.75 km south of summi t  of Mt. Romulus, 
Alberta.  50°46'37"N, 1 14O59'47"W. Collected by 
T.E. Nitychoruk, 1980. 

70. Amoco loc. 14013, h4ikkwa Formation.  Right bank of t h e  
Peace  River,  approximately 4 km downst ream from 
Vermilion Falls, Alberta.  58O22'58I1N, 114°48'35"W. 
Col lec ted  by R.A. McLean, 1985. 



Figures 48.20-48.27. Pachyphyllum miniaceum sp. nov., x3. 

48.20, 48.21, 48.24. GSC 76491, holotype, transverse and two longitudinal sections. 
48.22, 48.23. GSC 76495, paratype, transverse and longitudinal sections. 

48.25. GSC 76492, paratype, oblique section. 
48.26, 48.27. GSC 76494, paratype, transverse and longitudinal sections. 



Figures 48.28-48.31. Pachyphyllum anfracturn sp. nov., x3. 

48.28, 48.29. GSC 76496, holotype, transverse and oblique sections. 
48.30, 48.31. GSC 76497, paratype, transverse and oblique sections. 



Figures 48.32-48.33. Pachyphyllurn sp. cf. P. crassicostaturn Webster, x3. GSC 76498, 
transverse and oblique sections. 



Figures 48.34-48.37. Pachyphylfum rnirusense sp. nov., x3. 

48.34, 48.35. GSC 76499, holotype, longi tudinal  and transverse sections. 
48.36, 48.37. GSC 76500, paratype, transverse and long i tud ina l  sections of  immatu re  specimen. 



71. Arnoco loc. 11515, s c ree  collection f rom undifferentiated 
lower Southesk Format ion or lower Ronde Member 
equivalent of upper Southesk Formation.  Eas tern  flank of 
Basti l le Mountain, British Columbia. 53O52'22"N, 
120°00'56"W. Col lec ted  by A.S. Hedinger, 1981. 
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Abstract 

The McKay Group, measured to  be a t  least 2100 m thick, is divided in to four, broad, l i thological 
units. The Middle Ordovician Skoki and Glenogle formations are found t o  interf inger; the transitional 
Outram Formation is not  present. The Glenogle Formation coarsens upward f rom siltstone t o  
sandstone. Eastward, two unconformities, one beneath a Basal Devonian unit, and one beneath the 
Upper Ordovician Beaverfoot Formation, cu t  sharply in to the stratigraphic sequence and l i e  i n  the 
upper McKay Group. The unconformity beneath the Beaverfoot indicates that  a structural basin 
existed in  the central  Main Ranges prior to  Upper Ordovician sedimentation. 

The northern extension o f  the Gypsum Fault, truncated by later-occurring normal faults, is 
found to  l ie  west of the Bul l  River valley. The fault  cuts up structural ly bu t  down stratigraphically i n  
an overturned panel, indicating structural overturning pr ior to thrust detachment. 

Le groupe de McKay, dont I'bpaisseur est d'au moins 2 100 m, se divise en quatre grandes unites 
lithologiques. Les formations de I'Ordovicien moyen de Skoki e t  de Glenogle sont interdigitees; la 
formation transitionnelle dtOutram est absente. La formation de Glenogle devient plus grossibre vers 
le  haut, passant de siltstone 2 un grbs. Vers I'est, deux discordances, I'une sous une uni t6  devonienne 
basale e t  I tautre sous la formation de Beaverfoot de llOrdovicien superieur, tranchent brusquement l a  
sequence stratigraphique e t  se trouvent dans la  par t ie  supgrieure du groupe de McKay. La presence 
d'une discordance sous la  formation de Beaverfoot indique qu'il y avait  un bassin structural dans la 
par t ie  centrale du chainon Main avant la  sedimentation de I'Ordovicien superieur. 

L a  prolongation vers l e  nord de l a  fai l le de Gypsum, coupee par des fai l les normales plus 
rgcentes, se trouve ?I I'ouest de l a  vallee de la  r iv ibre Bull. La fa i l le  est dirigee de f a ~ o n  structurale 
vers l e  haut mais de facon stratigraphique vers le bas dans une nappe d6vers6e, c e  qui indique qu'un 
renversement structural a pr6c6d6 le  decollement. 

Department o f  Geology, Queen's University, Kingston, Ontario 



Introduction 

Three months of geological mapping at a scale  of 
1:25 000 was  undertaken a s  p a r t  of a Ph.D. study at Queen's 
University in cooperation with M. McMechan of t h e  
Geological Survey of Canada. The study a r e a  lies a t  t he  
headwaters of t h e  East  White and Bull r ivers in t h e  south- 
eas t e rn  corner  of t he  Kananaskis Lakes West-Half map a r e a  
(NTS 82J/W1/2). The a r e a  comprises the  eas t e rn  boundary of 
t h e  Main Ranges subprovince of North and Henderson (1954) 
f rom la t i tude  50°04'N t o  50°14'N (see Figure 49.1). The 
Kananaskis Lakes West-Half a r e a  was  mapped a t  a 
reconnaisance scale  of one inch to  two miles (1:126 720) by 
G.B. Leech (Leech, 1979) in the  early 1960's. The only more  
recent  published work on the  region concerns several zinc 
showings in and on the  eas t  side of t he  Bull River valley 
immediately southeast  of t he  study a rea  (Gibson, 1979). The 
a rea  continues t o  be potentially economically interesting t o  
several petroleum companies. The principal author  has 
benefited from access to  private field notes and maps 
compiled in the  early 1960's and made available by Shell 
Canada Resources, Limited. 

Leech (1979; pers. comm., 1985) noted f ac i e s  changes in 
Middle and Upper Ordovician formations along t h e  eas t e rn  
margin of t h e  study area.  Leech (1979) shows t h a t  t h e  fold- 
dominated s t r a t a  underwent a n  eas tward t ightening and over- 
turning t o  t h e  Main Ranges-Front Ranges boundary a t  this 
lati tude. The rocks of t he  study a r e a  would be expected t o  
represent t h e  hanging wall of t h e  northern extension of t h e  
Gypsum Faul t  mapped in t h e  northern Fernie  map a r e a  
(Benvenuto and Price, 1979), and originally postulated by 
Leech (1962). Leech (1964) noted t h a t  t h e  McKay Group was  
unusually th ick  in t h e  study a r e a  and Raasch and Bruce (1966) 
noted t h a t  lithological divisions in t h e  McKay Group were  
evident there ,  but neither of these observations has  ever  been 
documented in a publication. 

Stratigraphy 

Stratigraphic units in the  study a rea  range essentially 
from the  Upper Cambrian and Lower Ordovician McKay 
Group, through t h e  sub-Devonian unconformity, t o  a f ew ra re  
occurrences of Devonian s t ra ta .  'The base of t he  McKay 
Group is  not visible. A simplified, composite s t ra t igraphic  
section is i l lustrated in Figure 49.2 and shows typical  uni t  
thicknesses. Figure 49.3 i l lustrates some  of t h e  la tera l  
variation visible at the  t o p  of t h e  s t ra t igraphic  column. Of 
t h e  numerous fossil collections made, t h e  majority have been 
da ted  by B.S. Norford of t h e  Geological Survey of Canada. 

The McKay Group 

Leech (1958) noted t h a t  t h e  McKay Group in t h e  Fernie  
map area ,  south of t h e  present study a rea ,  consists of a 
lower, shale-rich, and an  upper, limestone-rich division. 
The pa r t  of t h e  McKay Group observed in the  present study 
a r e a  probably const i tu tes  much of t h e  upper division. 

Raasch and Bruce (1966) noted six physical subdivisions 
in t h e  McKay Group a t  the  western boundary of t h e  study 
area.  These divisions a r e  visible a s  thick, a l ternat ing 
resistant and recessive intervals. Stratigraphic sections 
provided by Shell Canada Resources Limited and original 
work (Fig. 49.2) indicate an  ext remely gradational na tu re  t o  
a l l  McKay Group lithological changes (commonly occurring 
over 100 m or more  of section). It was not c l ea r  f rom the  

Figure  49.1. Location map illustrating some regional 
geography and the  s t ructura l  subprovinces of t he  Rocky 
Mountains. Rivers and creeks  referred to  in the  t ex t  as in, or 
a t  the  boundaries of, the  s tudy a rea  a re  i l lustrated in more 
detail  in the  bottom right hand corner.  

Leech (1979) i l lustrated (but did not describe) t h e  
McKay divided in to  a t  l ea s t  t h ree  map  units in t h e  western  
par t  of t h e  Smith Peak a rea ,  but  Leech (pers. comm., 1985) 
has  s ince  found t h e  McKay Group divisible in to  at l eas t  seven -- 

s t ra t igraphic  units. A corre la t ion of th is  study's McKay units 
with those of Leech has  no t  y e t  been made. 

The McKay Group is most  easily divisible in to  four 
broad units, t e rmed  f rom bot tom t o  top: A, B, C, and D, 
although fur ther  subdivisions a r e  possible (Fig. 49.2). 
Because t h e  base of t h e  McKay i s  not  seen, i t  should be  noted 
t h a t  Unit  A, t h e  lowest unit  observed, may no t  be  t h e  lowest 
McKay unit  in existence.  Each of t h e  units B, C and D is 
shaly and recessive a t  t he  base and becomes more  resistant 
a s  t h e  proportion of ca rbona te  t o  shale gradually increases 
upward. Ignoring some differences in the  lithology of the  
upper portion of each unit and the  gradational contacts ,  
repeated sequences of sedimentation, represented by 
di f ferent  units, may be visualized. Unit D has  been 
subdivided in to  lower, shaly D l  and upper carbonate-rich D2 
subunits (Fig. 49.5) in a. a t t e m p t  t o  be t t e r  i l lus t ra te  
s t ructure .  This subdivision will be described later.  

sections provided by Shell t o  what ex ten t  d i f ferences  in Unit  A i s  a commonly calcareous,  greyish green 
lithology and gross weathering character is t ics  permit  t h e  
division of t h e  McKay Group. Resistant in tervals  of t h e  phyllite. Most primary t ex tu res  a r e  obl i tera ted  by a strong 
McKay Group are locally recessive with no evident cleavage, but locally, fine laminae - 

corresponding lithological change. Two unit c o n t a c t s  graded - and cobble-sized, turquoise-coloured l imestone 

described in th is  study co r re l a t e  approximately t o  subdivision nodules a r e  present.  The nodular l imestone f ab r i c  appears  t o  

con tac t s  made by Shell. be  re la ted  t o  t h e  solution cleavage. Up t o  f ive  pe r  c e n t  of 



* crinoids 
brachiopods 

1 graptolites 
o corals 

chert 

limestone 
shaly 
silty 
dolomitic 

limy 

shale 
L- limy 

dolomitic 
. . . . . . . . . . . . . . 0 sandstone . . . . . . . * . .,i dolomitic 

breccia 

a arkose & 
conglomerate 

diabase 

- Unit A consists of isolated 0.2 t o  1 m thick beds of skeletal  The lower portion of Unit B consists primarily of highly 
packstone and grainstone (crinoid and brachiopod debris) and, cleaved, l ight grey, limy shale and very  shaly limestone. The 
rarely, in t rac las t ic  l ime rudstone and f loats tone with skele ta l  con tac t  with Unit  A is gradational. The l ime con ten t  
debris matrices.  A thin, resistant interval,  consisting of increases upward until t h e  section consis ts  of 50 t o  
50 per c e n t  thin bedded, laminated dolostone with t h e  green 80 per c e n t  microcrystall ine l imestone; packstone and 
phyllite, is  visible a t  four isolated locali t ies but  has  no t  been grainstone is  more  r a re  and the  rock more  resistant.  
measured. This interval is  mapped together  with Unit A. Intervals of very thin bedded, nodular, microcrystall ine 
The overall  appearance of Unit A bears  a s t rong resemblance l imestone with 50 per c e n t  light g rey  t o  pale orange-brown 
t o  t h e  Put ty  Shale Member of t he  Survey Peak Formation of shale and limy shale matr ices  a r e  present.  The nodular f ab r i c  
Aitken and Norford (1967). is  principally due t o  a strong solution cleavage, a s  in Unit A. 

Silt content  of t h e  l imestone appears  t o  increase upward. At 
the  top of the  unit, l imestone beds show up t o  60 per c e n t  

Fairholme 
Group thick, wavy, che r ty  dolomite laminae and, more  rarely,  f ine,  

irregular c h e r t  nodules. At a f ew locations, thin, medium t o  
Basal Devonian 
Unit coarse grained, calcareous sandstone beds a r e  present. 
Beaverfoot Unit B conta ins  thick diabasic si l ls  surrounded by beds of 
Formation massive dolostone and dolomitic limestone. The proximity of 

t h e  dolomite t o  t h e  sills suggests t h a t  some  dolomitization 
may have been caused by t h e  intrusives. 

Skoki 
Formation The c o n t a c t  between units B and C occurs  over a s  l i t t l e  

a s  30 m and is t h e  most  abrupt of a l l  McKay unit contacts .  
Resistant,  si l ty l imestones of Unit B grade upward in to  the  
lower par t  of Unit C, which consists of whitish grey t o  light 

Glenogle grey shale,  limy shale  and local phyllite with 10 t o  
Formation 30 per cen t  thin, isolated, microcrystall ine l imestone 

interbeds. Far ther  upward, l imestone con ten t  increases until  
more  resistant,  0.5 t o  3 m thick, well  bedded, medium t o  dark 

McKay blue-grey, microcrystall ine l imestone beds, typical of t h e  
Group upper p a r t  of Unit  C,  a r e  dominant. Cleaved, shaly l imestone 

Unit D 2 interbeds persist, c r ea t ing  a pa t t e rn  of a l ternat ing strongly 
cleaved and uncleaved beds. Limestone with up  t o  
40 per c e n t  par t ia l  dolomitization c a n  be  observed in some  
beds. The dolomite i s  irregularly distributed parallel  t o  
bedding and cleavage planes. 

Unit D of the  McKay Group changes upward f rom shale  
t o  l imestone t o  dolostone. As s t a t ed ,  t h e  shaly portion ( D l )  
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of Unit D has  been distinguished in order t o  i l lustrate t h e  
s t ructure  of t h e  study a r e a  (Fig. 49.5) but,  because i t  grades  
in to  the  l imestones of Sub-unit D2, i t s  map con tac t s  a r e  
approximate. The l imestone of Subunit D2 and the  D l  shale  
a r e  distinguished on t h e  basis of end-member lithologies. The 

C l imestone is similar,  and o f t en  identical ,  t o  t h e  upper portion 
of Unit C, excep t  t h a t  i t  i s  typically more  silty. The D2 
shale  also has  res is tant ,  microcrystall ine l imestone and shaly 
l imestone in terbeds  but  is  distinguished, o f t en  with difficulty,  
by t h e  presence of very  recessive l imy shale and shale,  
typically whi te  t o  whitish grey in colour. 

The dolostone a t  t he  top of Unit D and Subunit D2 is  a 
distinct lithological marker.  It has  not been mapped 
separately from the  l imestone of D2 because i t  varies 
substantially in thickness a t  t he  expense of t he  limestone. 
The predominantly microcrystall ine dolostone'  is light grey 
t o  pale orange-brown in colour, thick bedded, c;>d wea the r s  
massive and resistant.  The dolostone contains variable 

B proportions of t w o  distinctive.: features:  up tc 80 per  c e n t  
coarse,  irregular t o  wavy, dark brown, resistant,  silty- 
dolomite laminae, or  up  t o  90 per c e n t  coarse,  white t o  bluish 
white c h e r t  lenses and cobble-sized, irregularly shaped 
nodules. Generally, che r t  con ten t  increases upward t o  a 
maximum a t  t he  McKay-Glenogle contact .  

A The measured thickness of t h e  McKay above Unit A is 
in excess  of 1400 m. In the  co re  of t h e  f i rs t  overturned 
anticline e a s t  of t h e  western  boundary of the  map a r e a  
(Thunder Creek),  t h e  base of Unit A was  not observed. This 
indicates t h a t  at l eas t  an  additional 700 m of section i s  
present beneath  Unit B. The cumulative thickness of t h e  

Figure 49.2. Generalized, composite s t ra t igraphic  sect ion of McKay Group is  thus at leas t  2100 m. Just  west  of t h e  s tudy 
all measured map  units and formations. area ,  in t h e  Thunder Creek  Anticline, t h e  McKay Group has  

been measured t o  be  at l eas t  3000 m thick (Leech, 1964). 

' A rigid classification of observed dolomitic rocks (Todd, 1966) is  he re  avoided until  more  deta i led  
petrographic studies a r e  complete.  The classification of Dunham (1962) modified by the  word 
dolomite, in th is  text ,  indicates 100% dolomitization of t h e  rock. 
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Figure 49.3. Schematic fence diagram of observed stratigraphic changes viewed from the east. 
Symbols: Db - Basal Devonian; Ob - Beaverfoot; Osk - Skoki; Og - Glenogle; Dl ,  D2 - McKay Group 
Unit D subunits. Section locations: 1. Rock Canyon Creek; 2. north side of Harrison Creek; 
3. south edge of map area; 4. southeast corner of map area; 5. north side of Harrison Creek 
structurally below Section 2. Note that section locations have been altered relative to  each other for 
clarity, and bear no precise relationship to the horizontal scale. 

The Glenogle Formation 

The Glenogle Formation is characterized by two rock 
types. The lower part of the  formation is  typified by fissile 
and very recessive, interlaminated, black, slaty siltstone and 
orange silty dolostone. Locally, the black colour grades 
abruptly t o  deep red and, more rarely, green. Fossils a re  
rare, but a graptolite and part of a trilobite in these lower 
s t rata  (GSC loc. C-108000, B.S. Norford) indicate an Arenig 
age (Early Ordovician) typical for the base of the  Glenogle 
(B.S. Norford, pers. comm.). The lower contact  with the  
McKay was observed t o  be conformable a t  numerous 
localities, and in the  south end of the study area, there are  
small lenses of fissile red s late  and siltstone in the uppermost 
tens of metres of McKay strata. 

Thin, medium to coarse grained, quartz sandstone 
interbeds increase in concentration upward in the black 
siltstone. The lithology of the upper portion of the Glenogle 
is typified by chert-rich, fine to  coarse grained quartzites, 
commonly with carbonate cements. The quartzites a re  thin 
bedded or platy and show a variety of primary sedimentary 
features including crossbedding, flute casts, and some 

graded bedding. Lateral variation in cement  composition 
imparts a cherty, often coarse, lensoid character t o  many 
beds. The Glenogle Formation is distinctive, but portions of 
i ts  upper half bear a striking similarity t o  many of the more 
chert-rich sections a t  the  top of Unit D in t h e  McKay Group. 

Leech (1979) mapped what is here termed Glenogle 
Formation a s  the  Glenogle and Tipperary formations, 
undivided. Presumably, the upper portion of the  herein- 
described Glenogle Formation was considered the  Tipperary 
Quartzite. Work presently being done by B.S. Norford above 
Akutlak Creek, west of t h e  study area, reveals five Glenogle 
members, of which the lower two f i t  the descriptions of the  
lower and upper portions of the Glenogle Formation outlined 
here (B.S. Norford, pers. comm., 1985). Rocks of the 
Tipperary Quartzite,  a s  described a t  their type section 
(Norford, 1969), a re  not present in the study area. 

One complete section of Glenogle was measured t o  be 
160 m thick, but eastward the formation thins, and is absent 
altogether between the Beaverfoot Formation and McKay 
Group (Fig. 49.3). 



The Skoki Formation Studies f a r the r  t o  the  north (Norford.  1969) indicate 
that  the  Outram Formation (Aitken and ' ~ o r f o i d ,  1967) 

At the north end of the map area, in  the vicinity of displays a lithology t h a t  is transit ional between those of t he  Creek, very 'lenogle Skoki and Glenogle formations. No facies attr ibutable to the 
and quartzite. Brachiopods by Outram Formation is  observed in t h e  present study area.  The 

B.S. Norford during a field visit with t h e  principal author Sedimentological significance of this absence is presently 
(GSC loc. C-82891, B.S. Norford) indicate  a Whiterockian uncertain. (early Middle Ordovician) ane. The f ac i e s  closely resembles 
t h e  ~ k o k i  Formation of ~ o u n t  Wilson (Norford, -1969). The 
Skoki observed in the  study a rea  is primarily a light grey t o  The Beaverfoot Formation 
pale orange-brown, massive weathering, thin bedded 
dolostone. Many beds a r e  so  silty t h a t  they border on being 
dolomitic siltstones. The lower par t  of t he  formation may 
consist  of up  t o  60 per c e n t  thick, wavy, resistant,  dark 
brown, silty-dolomite laminae, resembling pa r t s  of t he  top of 
Unit  D of t h e  McKay Group. The middle of the  Skoki 
Formation comprises thinly interbedded skele ta l  dolomite 
mudstone and dolomite grainstone (crinoid, brachiopod and 
tri lobite debris) with lesser peloidal dolomite packstone and 
dolomite grainstone. The upper portion of the  Skoki is  a light 
grey dolomite mudstone with up t o  five per cen t  irregularly 
shaped, dark brown c h e r t  nodules. Although a thin in terval  of 
dolomite breccia and coarse  sand is present near t h e  
Glenogle-Skoki con tac t  (Fig. 49.2), t h e  boundary between t h e  
t w o  formations appears  t o  be conformable. Interbeds of t he  
lower Skoki-type lithology begin in t h e  Glenogle sands and 
increase in proportion upsection. 

The Beaverfoot Formation consists of light grey t o  
( rarer)  pale orange-brown, thick bedded, massive-weathering 
dolostone. The lower 100 m typically conta in  f ive  per  c e n t  
coa r se  skeletal  debris,  principally i n t a c t  specimens o r  large  
f r agmen t s  of soli tary and colonial co ra l s  with lesser crinoid 
and brachiopod debris. The cora ls  a r e  nearly always present 
and make the  Beaverfoot Formation a very distinctive 
marker unit. The base  is character ized by a dark reddish 
brown, coarse  grained dolomitic sandstone t h a t  varies f rom 
cent imetres  t o  m e t r e s  in thickness. A coarse-pebble 
conglomerate  with rounded dolomite and c h e r t  c las ts  is 
present locally; i t s  thickness c a n  exceed  10 m. Intraclastic 
dolomite rudstone, f loats tone and wackestone a r e  present in 
t h e  upper t ens  of m e t r e s  of t h e  Beaverfoot Formation. 

The base of t h e  Beaverfoot Format ion is  character ized 
by a significant unconformity (Fig. 49.4). On t h e  eas tern  side 
of Smith Peak, south  of Harrison Creek ,  t h e  Glenogle 
Formation is visibly t runcated beneath the  Beaverfoot 
Formation. Examination of the  McKay-Beaverfoot contact  
shows i t  t o  be disconformable, with a minimum of 2 m of 
local relief. This disconformity was  postulated by Leech 
(1958). The Glenogle Formation is  some  800 m thick west of 
t h e  study a r e a  at Akutlak Creek (Norford, pers. comm., 
1985). Although t h e  McKay and Glenogle interfinger and 
thei r  con tac t  may be diachronous (Norford, 19691, t h e  base of 
t h e  Glenogle a t  Akutlak Creek and in t h e  study a r e a  contain 
identical  fossils (compare  GSC locs. C-107997 and C-108000, 
protobifidus zone, B.S. Norford). A significant portion of the  
Glenogle Formation may have been removed prior t o  
deposition of the  Beaverfoot Formation. 

In t h e  southeas tern  corner  of t h e  study area ,  t h e  
Beaverfoot Format ion overlies t h e  McKay Group with a n  
angular unconformity (Fig. 49.4). The combined dolomite and 
l imestone of Subunit D2 of t h e  McKay Group, ordinarily 500 
t o  600 m thick, i s  no more  than 100 m thick beneath t h e  
Beaverfoot. Eastward, t he  unconformity cu t s  down into t h e  
McKay Group and is  marked by a 2 m thick, dark brown, 
dolomitic sandstone with r a r e  cora l  debris. The unconformity 
is  visibly deformed around a smal l  fold. 

The presence of a sub-Beaverfoot angular unconformity 
in t h e  Western Ranges and across the  Rocky Mountain Trench 
has been postulated (Norford, 1981, Fig. 41, because westerly 
sect ions  show progressively older s t r a t a  immediately beneath 
the  unconformity. The presence of the  unconformity, 
truncating progressively older s t r a t a  eas tward in t h e  Main 
Ranges, combined with Norford's (1981) proposal, indicate  
t h a t  a s t ructura l  basin formed in t h e  cen t r a l  Main Ranges 
before Beaverfoot deposition. The loss of t h e  Glenogle 
Formation beneath  t h e  unconformity indicates basin 
development s t a r t ed  during o r  a f t e r  Glenogle deposition. 

In the  northernmost portion of t h e  study area ,  a thin 
sandstone unit ,  measured t o  be  a maximum of 18 m thick, is 
present beneath t h e  Beaverfoot Formation. The unit is  
composed of coa r se  conglomerate ,  dolomitic sandstone, 
dolomite breccia,  a n d  f ine  t o  medium grained, crossbedded 
orthoquartzite.  The uni t  has  an  ab rup t  c o n t a c t  with t h e  
underlying Skoki Format ion but ,grades in to  the  dolomitic 

Figure 49-4- Beaverfoot Formation unconformably overlying sandstone a t  t h e  base of t h e  Beaverfoot Formation. This unit  
t he  McKay Group. Note the  angular truncation of McKay was previously mapped a s  t h e  Mount Wilson Formation 
Group s t r a t a .  The scale  bar measures 0.5 rn. (Leech, 1979), bu t  i t  i s  regarded a s  J, basal Beaverfoot sand 
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Figure 49.5. Boldface le t ters  indicate the locations of structural sections presented i n  
Figure 49.6. Map uni t  symbols: A, B, C, D l  and D2 represent the McKay Group, w i t h  
A stratigraphically the lowest and D2 the highest; 0 g  - Glenogle; Osk - Skoki; 
Ob - Beaverfoot; Db - Basal Devonian; and Df - Fairholme. Note that  the thicknesses 
of a number o f  thin map units have been exaggerated for  presentation. 
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F igure 49.6. Unbalanced structural sections. Let ters  a t  the top of each section reveal 
i t s  locat ion i n  Figure 49.5. The direct ional sequence of the sections f r o m  top  t o  
bot tom is north t o  south. Symbols: A, B, C, D l  and D 2  are McKay Group units w i th  A 
stratigraphically the lowest and D2 the highest; 0 g  - Glenogle; Ob - Beaverfoot; 
Db  -Basal Devonian; D f  - Fairholme. 



for several reasons: 1. Ketner  (1968) argued tha t  t he  source 
a r e a  for  Ordovician quar tz i tes  must have been the  Peace  
River Arch. If this interpretation is correct ,  i t  is difficult t o  
envision how a presumably proximal conglomerate  fac ies  was  
deposited south of t h e  clean or thoquar tz i tes  of t h e  Mount 
Wilson Formation type  sect ion at Mount Wilson 
(Norford, 1969). 2. Even though many Mount Wilson- 
Beaverfoot con tac t s  appear conformable,  erosion surfaces  
a r e  sometimes present,  and a sepa ra t e  rock type - t h e  Whisky 
Trail  Member of t he  Beaverfoot - i s  known t o  occasionally 
occur. These f ea tu res  suggest t h a t  t he  Mount Wilson and 
Beaverfoot format ions  represent  s epa ra t e  depositional even t s  
in t h e  Ordovician and t h a t  a gradational c o n t a c t  between t h e  
two  is unlikely. 3. Conglomerate and sandstone a r e  known t o  
occur along t h e  base of t he  Beaverfoot Formation south of 
t he  study a r e a  (Leech, 1958). 

Devonian s t r a t a  

S t r a t a  lying above t h e  Beaverfoot Formation in t h e  
study a r e a  f i t  t h e  descriptions of t h e  Basal Devonian and 
Fairholme Group map  units of Leech (1979). Basal Devonian 
rocks consists primarily of finely laminated, pale orange- 
brown dolostone with interbedded white orthoquartzite,  deep  
red, brown and some green arkose,  arkosic sandstone, and 
arkosic conglomerate.  Pebble-sized grani te  and,. possibly, 
metamorphic l i thoclasts a r e  observed. Cobble-sized, f ine  
grained, diabase c las ts  a r e  also present. Some thin, green 
and grey shale interbeds a r e  present toward the  base of t he  
Basal Devonian unit, together  with coarse  l imestone and 
dolomite breccia. Finely laminated white gypsum was 
observed in t h e  northernmost par t  of t h e  study area .  The 
thickness of t h e  Basal Devonian unit  appears  t o  be  qui te  
variable. 

The Basal Devonian unit may directly overlie t h e  
McKay Group in the  Harrison Creek valley. On the  north s ide  
of t he  valley, an  apparently conformable con tac t  of 
Beaverfoot and McKay is observed. The basal dolomitic sand 
of t h e  Beaverfoot i s  present,  but t h e  format ion i s  only a 
m e t r e  thick beneath t h e  sub-Devonian unconformity and 
Basal Devonian unit. I t  is  thus possible t h a t  t he  Basal 
Devonian unit  may be  present d i rec t ly  over  t h e  McKay Group 
fa r the r  t o  t h e  eas t  in the  study area .  Immediately south of 
t he  study a rea ,  a t  la t i tude  50°00'N, Leech (1979) mapped an  
occurrence  of Basal Devonian on McKay Group sediments.  
The con tac t  between t h e  McKay Group and Basal Devonian 
unit  on t h e  south side of Harrison Creek  is  not exposed and a 
very  thin in terval  of Beaverfoot Formation could be present. 
The scales  in figures 49.5 and 49.6 do not allow this metre-  
thick occurrence  of Beaverfoot Formation in the  Harrison 
Creek valley t o  be  distinguished. 

The Fairholme Group consists of commonly bituminous 
black shale, black l ime  mudstone and skele ta l  wackestone. 
Skeletal  grains include abraded and in t ac t  brachiopods, and  
crinoid, gastropod and stromatoporoid debris. 

S t ructure  

Figures 49.5 and 49.6 i l lus t ra te  the  s t ruc tu re  of t h e  
s t r a t a  in t h e  study area.  The East  White River marks  a 
change f rom a north-south s t ructura l  s t r ike  in t h e  south t o  a 
northwest-southeast s t r ike  in t h e  north. The cen t r a l  and 
eas t e rn  par ts  of t h e  study a r e a  a r e  character ized by 
overturned s t r a t a ,  thus the  s tandard s t ra t igraphic  a g e  
relationships defining thrus t  and normal faul ts  become 
complex. Each mapped faul t  was individually studied in 
t e r m s  of t h e  need for  balancing i t s  hanging wall  and footwal l  
cutoffs  in order  t o  e s t i m a t e  i t s  sense  of displacement.  

Leech (1979) mapped what must be  a steeply dipping 
thrust  fault  bringing t h e  McKay Group over  Fairholme Group 
s t r a t a  in the  Bull River valley. S t r a t a  in the  vicinity of this 

thrust  faul t  in t h e  southern par t  of t he  study a r e a  a r e  
overturned and dip steeply westward. Gibson (1979) mapped 
the  southern extension of this faul t  a s  a steeply dipping 
normal faul t ;  this be t t e r  explains t h e  over turned a g e  
relationships across  t h e  steeply dipping f au l t  plane. 
St ructure  and a g e  relationships at t h e  nor theas t  edge of t h e  
study a r e a  require McKay t o  be  thrus t  over  Fairholme. 
However, extension of this nor theas tern  thrus t  f a r  south o f  
t he  East White River requires: 1. t h e  dip of t h e  faul t  t o  
change rapidly f rom a shallow value t o  near ver t ica l  within 
t h e  mountains north of t h e  East  White River, and 2. t h e  
s t r ike  of t h e  near  ver t ica l  f au l t  t o  change markedly at l eas t  
twice  at t h e  southward bend in t h e  East  White River. The 
possibility of a thin Basal Devonian unit  unconformably above 
t h e  McKay Group weakens s t ra t igraphic  arguments  for a 
thrust  in the  Bull River valley in t h e  southern par t  of t h e  
area .  Given t h e  s t ructura l  difficult ies arising f rom a 
postulate of a southern extension of t h e  fault ,  t h e  north- 
eas ternmost  thrus t  faul t  probably loses displacement in to  an  
overturned anticline on t h e  wes t  f a c e  of t he  Bull River 
valley. If a fau l t  i s  present  in t h e  Bull River valley in t h e  
southern pa r t  of t h e  study a rea ,  it probably has a normal 
sense of displacment.  

Approximately 4 k m  west of t h e  Bull River, a 
significant thrus t  f au l t  underlying mos t  of t h e  study a r e a  i s  
visible in t h e  Harrison Creek  and Eas t  White River valleys. 
This f au l t  i s  presumably t h e  northern extension of t h e  
Gypsum fau l t  and is herein so  named. The thrus t  is clearly 
delineated by t h e  distinctive Basal Devonian unit  in t h e  
Harrison Creek valley. Despite good exposure on t h e  
northeast  s ide  of t h e  Harrison Creek valley, no Basal 
Devonian outcrop t a lus  o r  any o the r  s t ructura l  evidence was  
found t o  indicate  t h a t  t h e  th rus t  f au l t  extends  in a planar 
fashion t o  t h e  Bull River valley. West-side-down normal 
faul ts  a r e  clearly visible on t h e  ridges south of Harrison 
Creek and a r e  in terpre ted a s  cut t ing t h e  Gypsum Thrust 
(figs. 49.5 and 49.6). An a l t e rna te  hypothesis, t ha t  t h e  thrus t  
faul t  i s  folded, requires tha t  t he  f au l t  cu t  downsection in an  
initially upright panel of McKay Group sediments.  

North of t h e  East  White River, t h e  Gypsum Thrust dips 
much more  s teeply  and i t s  su r face  t r a c e  l ies  wes t  of t h e  
normal faul t  t h a t  cu t s  i t  f a r the r  south (figs. 49.5 and 49.6, 
Section A-B). A "blind", relatively shallow-dipping thrus t  
west  of t h e  Gypsum Thrust is in terpre ted a s  a minor 
contract ion s t ruc tu re  resulting f rom t ight  folding. A t e a r  
faul t ,  with significant reverse  displacement,  i s  inferred t o  
exis t  in t h e  valley of t h e  East  White River t o  explain a 
change in t h e  level  of s t ra t igraphy exposed across t h e  valley 
(Fig. 49.5). Stratigraphy on t h e  north s ide  of t he  East  White 
River can be t raced t o  the  valley bottom. East of t he  normal 
faul t  t h a t  c u t s  t h e  southern portion of the  Gypsum Thrust,  
s t ra t igraphic  con tac t s  do not 'appear  t o  be off;& across  t h e  
East  White River. The t e a r  f au l t  i s  believed t o  l ie  only in t h e  
hanging wall  of t h e  Gypsum Thrust, and may be  re la ted  t o  t h e  
change in  f au l t  geomet ry  across  t h e  East  White River. While 
t h e  t ea r  f au l t  is  speculative,  precedent  exis ts  for  such 
s t ructura l  s ty le  in t h e  Kananaskis a r e a  (Leech, 1959, 1979). 

On t h e  north s ide  of t h e  East White River (Fig. 49.5) 
t h e  Gypsum Thrust appears  t o  have i t s  displacement 
t ransferred t o  a fau l t  plane immediately t o  t h e  west. The 
t ransfer  zone is  l i t t l e  more  than 100 m wide across  s t r ike  and  
is well exposed on t h e  ridgetops. Because t h e  t ransfer  zone 
i s  so narrow, t h e  new faul t  plane extending north may, for  
our purposes, also be considered a s  an  extension of the  
Gypsum Thrust. 

On t h e  north s ide  of t he  Harrison Creek,  in t h e  hanging 
wall of t h e  Gypsum Thrust, evidence exis ts  f o r  pre- 
Beaverfoot displacement on a fault .  The f au l t  plane is  nearly 
horizontal  and presently shows thrust-fault  age  relationships. 
I t  is suggested t h a t  t h e  fault ,  probably with a normal sense  of 



displacement,  was init iated before Beaverfoot deposition, in 
part  causing the  angularity of t h e  sub-Beaverfoot 
unconformity, and was then react ivated a f t e r  Beaverfoot 
deposition, during the  l a t e s t  compressional event .  If no pre- 
Beaverfoot displacement is  postulated, then palinspastic 
restoration of t h e  faul t  requires that  160 m of Glenogle 
sandstone and sil tstone change facies abruptly in to  upper 
McKay dolostone, interfingering over a narrow, ver t ica l  zone 
no more  than 150 m wide. Proof of pre-Beaverfoot motion 
awai ts  dat ing of the  McKay s t r a t a  immediately beneath the  
Beaverfoot Formation. 

There i s  a change in s t ructura l  s ty le  eas tward across 
t h e  study a r e a  (figs. 49.5 and 49.6). The syncline on t h e  west  
edge of t h e  map a r e a  is an  upright s t ructure ,  a s  a r e  folds 
west  of t h e  study a rea  (Leech, 1979). From wes t  t o  e a s t  
across t h e  study area ,  folds a r e  progressively over turned t o  
t h e  eas t .  Folds also a r e  progressively disharmonic eas tward  
across t h e  a rea ,  and, on a large scale,  many a r e  similar in 
form. 

On the  north side of t h e  East  White River, t h e  Gypsum 
Thrust cu t s  downsection through both i t s  hanging wall and 
footwall. The thrust  faul t  cu t s  up structurally but 
downsection in the  overturned hanging wall through t h e  
Glenogle and uppermost dolostone of McKay Unit D in to  
l imestone of McKay Unit D. Although the  s t ruc tu re  is  
complicated by a horse of Beaverfoot Formation, this 
relationship requires the  s t ra t igraphic  sequence t o  be 
overturned, presumably by fold development,  prior t o  t h e  
format ion of t h e  faul t  de tachment .  
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APPENDIX 49.1 

GSC loc. Location a n d  s t ra t igraphic  information 

C-82891 50°13'45"N, 1 15°10'30'1W. Ridge north of 
Rock Canyon Creek;  Skoki Formation; from a 
30 c m  bed about  20 m up in t h e  Skoki. 

C-107997 50'1 1145"N, 1 15"21115"W. Akutlak Creek 
Ridge Section (north-central ea s t e rn  spur); 
Glenogle Formation; 14.0- 14.1 m above base 
of section. 

C-108000 50°06'45"N, 115"08'30"W. Ridge Cres t  
Sect ion,  north of "Harrison Creek" (Bull 
River) British Columbia; Glenogle Formation; 
f rom a 1 5  c m  bed about 30 m above base. 
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Abstract 

The Lower Carboniferous (Visean) Emma Fiord Formation on Grinnel l  Peninsula of Devon Island 
contains an abundance o f  the enigmatic algae Microcodium and Palaeomicrocodium in sediments o f  
lacustrine origin. The microcodiaceans are associated w i t h  a variety o f  megaplants, ostracodes, 
serpulid worms, and phosphatic bone fragments. In  other reported occurrences, Palaeornicrocodium 
has been found i n  rocks o f  shallow marine or igin ranging i n  age from Devonian t o  Permian. The 
Emma Fiord discovery conf irms that Palaeomicrocodium also occurs i n  nonmarine settings. 

La formation dlEmma Fiord du Carbonifbre infer ieur (VisBen), trouvee dans la  presqu'ile 
Grinnell, dans I ' i le Devon, cont ient de trbs nombreux fossiles d'algues Bnigmatiques Microcodium e t  
Palaeomicrocodium dans des sediments d'origine lacustre. Les microcodiaceens sont associ6s b une 
gamme de plantes macroscopiques, d'ostracodes, de serpules e t  de fragments osseux phosphatiques. 
Palaeomicrocodium aurait  Bgalement BtB trouvB dans des roches devoniennes 5 permiennes 
accumulBes dans une mer peu profonde. La decouverte dtErnma Fiord conf irme la  prdsence de 
Palaeomicrocodium dans des mil ieux non marins. 

- 
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Introduction Depositional environment 

The enigmat ic  microcodiacean alga Palaeomicrocodium 
Mamet and Roux, 1983, which ranges in age  f rom Devonian t o  
Permian, i s  common in the  Lower Carboniferous (Vis6an) 
Emma Fiord Formation on Grinnell Peninsula of Devon Island 
in the  Canadian Archipelago. I t  is associated with a close 
relative,  Microcodium Gliick, 1912, which usually occurs in 
younger Carboniferous and Permian s t r a t a  in the  Arct ic  
Islands, but which occurs elsewhere in the  world in s t r a t a  a s  
young a s  Tertiary.  Until recently,  most authors considered 
microcodiaceans t o  be  res t r ic ted  t o  t h e  Cenozoic, t o  be  
associated with a lacustrine environment, and to  be  
indicative of a pedogenic origin. Earlier records of 
occurrences of microcodiaceans in the  Paleozoic were  
in terpre ted t o  be t h e  result  of pe r  descensum contamination 
(references in Klappa, 1978; Smith, 1979). However, 
Maslov (19561, Mamet  and Roux (1982, 1983) and Mamet and 
Pr6at  (1985) demonstra ted  t h a t  t h e  microcodiaceans thrived 
in t h e  Devonian, t h e  Carboniferous and the  Permian. All 
c i ted  Paleozoic occurrences of Palaeornicrocodium and 
Microcodium a r e  thought t o  r e f l ec t  shallow marine  
deposition. The presence of Palaeomicrocodium and 
Microcodium (Fig. 50.2) a t  several  levels in t h e  Emma Fiord 
Formation on Grinnell Peninsula is  the  f i rs t  well documented 
evidence tha t  representatives of t h e  Microcodiaceae may 
also have thrived in lacustrine environments during the  
Paleozoic. 

Another enigmat ic  alga, Girvanella Nicholson and 
Etheridge, 1878, is commonly associated with 
Palaeomicrocodium in t h e  Emma Fiord Formation. 
Girvanella has been documented mostly from shallow marine  
sediments (Mamet and Roux, 1975), but  since i t  is  most 
probably a cyanophyte, i t s  occurrence  is not unexpected in 
t h e  mainly lacustrine (seasonably fresh to  slightly saline) 
environment t h a t  character ized deposition of t h e  Emma 
Fiord Formation. 

Geological s e t t i ng  

The Emma Fiord Formation is  t h e  oldest  sedimentary 
rock unit  in t h e  Sverdrup Basin, a pericratonic depression 
tha t  contains more than 15 km of s t r a t a  ranging in age  f rom 
Carboniferous t o  Tertiary. The Emma Fiord Formation is  
composed of up t o  133 m of recessive weathering, black, 
carbonaceous and calcareous shale with interbeds of 
crossbedded, fining-upward, granular textured, sandy, 
oncolit ic limestone, chert-pebble conglomeratic l imestone, 
and oolit ic grainstone. Minor components include thin beds 
of grey l imestone tha t  contain a var ie ty  of plant remains,  
serpulid worm tubes, ostracodes,  and phosphatic bone 
fragments. Two of us (GRD, WWN) a r e  preparing a more  
comprehensive manuscript on t h e  Emma Fiord t h a t  will 
include detailed descriptions of facies,  biota, depositional 
sett ing, thermal  maturation, and tectono-climatic 
implications. 

Near t h e  headwaters  of Lyall River on Grinnell 
Peninsula, where t h e  authors  measured the  s t ra t igraphic  
sections identified in Figure 50.1, t h e  Emma Fiord Formation 
is confined t o  th ree  synclinal depressions tha t  were  formed 
on Devonian and older rocks of t h e  Franklinian Geosyncline. 
The Emma Fiord rocks a r e  separa ted f rom Silurian l imestone 
of t h e  Cape Storm Formation by a prominent unconformity 
(Kerr, 1976), and a r e  in turn overlain by syntectonic redbed 
conglomerate of t h e  Upper Carboniferous Canyon Fiord 
Formation. Deposition of the  Emma Fiord predated t h e  onset  
of t he  major phases of faulting, rifting and erosion t h a t  
marked the  formation of the  Sverdrup Basin during ear ly  La te  
Carboniferous (Namurian) t ime. 

The Emma Fiord rocks on Grinnell Peninsula a r e  
in terpre ted t o  be  of lacustrine origin for  t h e  following 
reasons: 

I. They lack any evidence of marine fossils. 

2. They contain an  abundance of ter res t r ia l  plant detri tus,  
coal, spores, and pollen. 

3. They conta in  abundant tufa-like carbonate  c l a s t s  and 
cemen t s  analogous t o  lacust r ine  t u f a  in t h e  Quaternary  
lakes of western  and southwestern United S ta t e s  and 
elsewhere.  

4. Ooid grainstone comparable  t o  the  ooid grainstone of 
Grea t  Sal t  Lake and o the r  ephemeral  Quar ternary  lake  
sys tems a r e  present. 

Emma Fiord biota  

Emma Fiord shales and carbonate  rocks f rom Grinnell 
Peninsula conta in  a var ie ty  of megaplants,  palynomorphs, 
a lgae  or  algal-like clasts,  ca lcareous  serpulid worm tubes,  
small, thin-shelled pelecypods, abundant ostracodes,  
fish scales and phosphatic bone f ragments  f rom small  
ver tebra tes .  H. Pfefferkorn (personal communication, 1975) 
examined megaplants f rom grey l imestone in t h e  Emma 
Fiord on Grinnell Peninsula and reported t h e  following: 
St igmaria  ficoides i n  s i t ,  Lepidostrobophyllurn sp., 
Lepidophylloides sp., "Lepidodendropsis" sp.?, Lepidodendron 
sp., c f .  Cardiopteridium sp., and lycopod twigs. Pfefferkorn 
(personal communication, 1975) concluded t h a t  t h e  l imestone 
is "definitely indicative of fresh water  lacustrine conditions" 
and t h a t  t h e  flora,  reminiscent of Lower Carboniferous f lora  
in Spitzbergen, i s  of "Tournaisian t o  ear ly  Vis6an ager'. 

As indicated by McGregor and Barss ( i ~  Kerr,  1976), 
palynomorphs indicate a Vis6an age. The flora is currently 
being studied by Utting (personal communication, 1986) who 
suggested t h a t  i t  has a number of fea tures  in common with 
t h e  Aurita assemblage described f rom Spitzbergen by 
Playford (1962, 1963). Moreover, Utting (w.) is  of t h e  
opinion t h a t  palynomorphs in t h e  Emma Fiord Formation a t  
Grinnell Peninsula a r e  similar to,  bu t  not identical  with, 
those from the  type section a t  Kleybolte Peninsula, northern 
Ellesmere Island, and similar t o  those described f rom the  
Emma Fiord Formation on northern Axel Heiberg Island by 
Playford and Barss (1963). 

Palaeomicrocodiurn, Microcodium and Girvanella a r e  
common in almost all of t h e  grey l imestone t h a t  we in terpre t  
t o  be  lacust r ine  in t h e  Emma Fiord Formation. 
Palaeomicrocodium does not  perfora te  a s  strongly a s  
Microcodium, but  t he  presence of many corroded Girvanella 
lumps and pel le ts  in t h e  Emma Fiord samples may indicate  
corrosion by microcodiaceans. 

Several samples conta in  Girvanella s taminea 
Garwood, 1931 and Girvanella wetheredi i  Chapman, 1908. 
Other  specimens identified by one of us (BLM) a r e  probably 
Tharama? sp., and "Batinevia" Korde; t h e  l a t t e r  may in f a c t  
be  Girvanella in original growth position. 

Palaeomicrocodium and Microcodium have a similar 
ecological range, f rom very shallow marine carbonate  
environments,  t o  supratidal mangrove swamps, and, a s  
demonstra ted  by t h e  Emma Fiord samples, probably t o  
f reshwater  and saline lacustrine settings. 
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Figure  50.1. Locali ty m a p  of t h e  Canadian Arc t i c  Archipelago, with de t a i l  of nor thern  Grinnell  
Peninsula on  Devon Island showing location of t h ree  sec t ions  of t h e  Emma Fiord  Format ion t h a t  have 
yielded microcodiacean algae. 

F igure  50.2. Microcodium sp. (a) longitudinal section,  GSC 76525; (b) axial section,  GSC 76526; (c) 
axial section,  GSC 76527; a11 x200. Note  t he  radiating crystall ine s t ruc tu re  with a cent ra l  cavity,  and 
curved crys ta l  faces.  GSC loc. C-32923; 6.5 m above base of Emma Fiord  Format ion of Section 2 
(Fig. 50.1), 76°54'30"N, 95O15'W. Il lustrated specimens  a re  s tored  in t h e  type  collection of the  
Geological Survey of Canada, in Ot tawa.  



Conclusions 

The discovery of Microcodium and Palaeomicrocodium 
in Visdan rocks interpreted to  be of lacustrine origin expands 
the  range of environments for Palaeomicrocodium, and 
documents the occurrence of Microcodium in the  Early 
Carboniferous. It also expands the overall geographic and 
temporal distribution of the microcodiacean algae. 
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Abstract 

The genus Minussiella Bul'vanker, 1952, which was previously recognized only i n  the Middle 
Devonian o f  southern Siberia and western Mongolia, is shown t o  include four Canadian species. 
Minussiella bathurstensis sp. nov. and M. goodbodyi sp. nov. are described f r o m  an Ei fe l ian (costatus 
Zone) carbonate on Bathurst Island, Canadian A r c t i c  Archipelago. Minussiella cornus (McLaren) and 
M. conjuncta sp. nov. are described f rom the Givet ian (probably Middle varcus Zone) organic reef 
facies o f  the type Horn Plateau Reef i n  southwestern D is t r i c t  of Mackenzie. 

L e  genre Minussiella Bul'vanker, 1952, qui auparavant avait Bt6 ident i f ie  uniquement dans les 
roches du DBvonien moyen dans l e  sud de la  S~ber ie  et  dans I'ouest de 13 Mongolie, comprend quatre 
especes canadiennes. Minussiella bathurstensis sp. nov. e t  M. goodbodyi sp. nov. qui sont decrites 
dans cet te  Btude proviennent d'une roche carbonatee eifelienne (zone A costatus) dans 1'Tle Bathurst, 
de I'archipel Arct ique canadien. Minussiella cornus (McLaren) et  M. conjuncta sp. nov. proviennent 
d'un faci&s de rec i f  organique givetien (probablement le  mil ieu de l a  zone A varcus) du rec i f  type du 
plateau de Horn dans le  sud-ouest du d is t r ic t  de Mackenzie. 



Introduction The age of the  exposed organic reef fac ies  of the  type  

The genus Minussiella was established in 1952 in  a work 
t h a t  for  many years was overlooked by workers outside t h e  
Soviet Union. It was not mentioned in the  f i rs t  edition of the  
coe len te ra t e  par t  of t h e  Treat ise  on Inver tebra te  
Paleontology (Hill, 1956), nor was i t  considered by the  
present writer (Pedder, 1965) when t h e  closely related genus 
Chalcidophyllum was proposed. Records suggest t ha t  
Minussiella is character is t ic  of several Middle Devonian 
faunas of southwestern Siberia and Mongolia. The purpose of 
t h e  present paper is t o  demonstra te  t h a t  Minussiella is also in 
t h e  Givetian Horn Pla teau fauna of Western Canada,  and in 
an  Eifelian carbonate,  referred t o  the  Blue Fiord Formation 
by earlier workers, on Bathurst Island. Three of t he  Canadian 
species a r e  new; one of them,  named Minussiella 
bathurstensis,  i s  likely t o  become an important Eifelian index 
fossil fo r  t h e  Canadian Arct ic  Archipelago. 
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Biostratigraphy of t h e  Horn Pla teau Formation 

The physical stratigraphy of t h e  type  Horn Pla teau 
Reef has been outlined by Fuller and Pollock (1972) and Vopni 
and Lerbekmo (1972). The organic reef fac ies  around t h e  
nor theas tern  margin of t he  exposed reef yields a unique and 
biostratigraphically enigmat ic  megafauna. For a Western 
Canadian Devonian reef facies,  , this fauna is unusually rich in 
rugose corals and brachiopods, and correspondingly 
impoverished in stromatoporoids and tabula te  corals. 

Most of t h e  commonly occurring corals have been made  
known by McLaren ( i ~  McLaren and Norris, 1964). Species 
named Atelophyllum nebracis and Crypophyllum cornus by 
McLaren a re  among the  more  prominent forms. Since the  
t ime  of McLaren's work, colonial species of Atelophyllum, 
such a s  A. nebracis, have been removed t o  t h e  genus 
Scissoplasma by Spasskiy and Kravtsov ( i ~  Spasskiy et al., 
1975, p. 171). The Horn Pla teau coral fauna is now further 
revised by t h e  removal of Grypophyllum cornus,  which was 
originally known only f rom a single specimen, t o  t h e  genus 
Minussiella. In addition t o  these ,  and t h e  new species named 
Minussiella conjuncta,  t h e  organic reef fac ies  of t h e  type 
Horn Plateau Reef includes corals named or identified by 
McLaren as Lekanophyllum sp. cf .  L. punctatum Wedekind, 
Sinospongophyllum sp. cf .  S. planotabulatum Yoh, 
Neost~ingophyllum cra igi  M cLaren, Australophyllum (?) sp. 
cf.  A.(?) thomasae (Hill and Jones), Stringophyllum 
(Sociophyllum) redactum McLaren and Cyathophyllum 
(Peripaedium) gre tner i  McLaren. All of t hese  corals a r e  
currently under revision by t h e  present author. 

Several of t h e  brachiopods described by Norris (k 
McLaren and Norris, 1964) from the  "upper thick-bedded 
unit" of t h e  Horn Pla teau Formation a r e  f rom t h e  organic 
reef facies. Desatrypa nasuta  (Norris), which has been 
discussed by Copper (1979, p. 313, Text-fig. 61, is  t h e  
commonest;  others a r e  Schizophoria fascicostella Norris, 
Pentamerel la  sclavus Norris, Longispina whi t taker i  Norris, 
Spinatrypa hornensis Norris, Desatrypa (?) hearni Norris and 
Cranaena (?) cryptonelloides Norris. 

Horn pla teau Reef is  not easily assessed. Corals suggest t h a t  
i t  is  in termedia te  between t h e  ages  of t h e  Hume and 
Rampar t s  formations,  which is t o  say  t h a t  i t  is probably 
equivalent t o  some  part  of t he  Civetian ensensis t o  Middle 
varcus  Zone t ime  span. Conodonts indicate  t h a t  i t  is not older 
than Middle varcus  Zone, because i t  overlies t h e  Teilzone of 
Polygnathus linguiformis linguiformis z e t a  morphoty p e  
(identified as P. linguiformis mucronatus in Fuller and 
Pollock, 1972, p. 150), in t h e  lower subsurface par t  of t h e  
reef .  Together,  t hese  d a t a  point t o  a Middle varcus  Zone 
age. 

Biostratigraphy of t h e  Eifelian carbonates  of 
northern Bathurst  Island 

Following t h e  pioneer work of McLaren ( i ~  
Fort ier  e t  al., 1963, p. 606-615), t h e  Middle Devonian 
carbonates  of north-central  Bathurst  Island have been 
referred t o  t h e  Blue Fiord Formation by many workers 
(Ormiston, 1967; McGregor and Uyeno, 1972; Kerr,  1974; 
Brice, 1982). However, i t  is  now known t h a t  t hese  carbonates  
a r e  younger than the  Emsian type Blue Fiord Formation on 
Ellesmere Island, and cannot be  t raced in to  i t  by way of 
Grinnell Peninsula on northwestern Devon Island. In t h e  
absence of a suitable name,  and in t h e  knowledge of thei r  
Eifelian age, t hese  carbonates  a r e  referred t o  here,  
informally, a s  Eifelian carbonates.  In t h e  Stuar t  River region 
of north-central  Bathurst Island, t hey  decrease  in thickness 
f rom 234 m at Twilight Creek,  t o  183 m at C u t  Through 
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Figure 51.1. Plan of macrofacies  on the  present surface  of 
t he  Horn Pla teau Reef ( a f t e r  Vopni and Lerbekmo, 1972, 
Fig. 6). Minussiella conjuncta sp. nov. and M. cornus 
(McLaren) occur a t  both GSC loc. C-49444 and C-53198. 
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Figure 51.2. Map of the Fawn Lake area, southwestern 
District of Mackenzie, with the location of the Horn Plateau 
Reef shown as a star.  

Creek (Fig. 51.3, locality I), 28 m on the north side of Half 
Moon Bay (Q.H.Goodbody measurement; Fig.51.3, 
locality 2),  and 14 m on the south side of Half Moon Bay 
(Kerr, 1974, Fig. 8). Eifelian carbonates do not occur as a 
mappable unit south of South Dundee Bight, but may be 
represented by about 4 m of impure limestone a t  the base of 
the Bird Formation in a section a t  latitude 75'52'N and 
longitude 99'50'W (Johnson and Perry, 1976, p. 616). 

Species of Minussiella described in this paper from 
Bathurst Island come from four localities shown in 
Figure 51.3. The M. bathurstensis occurrence on Cut Through 
Creek (GSC loc. 26536) is not dated by associated fossils, but 
is believed to be a t  about the same horizon as Dechenella 
(D.) franklini Ormiston and Astycoryphe cimelia Ormiston 
described by Ormiston in 1967 (p. 92, 118). The horizon is 
also similar t o  tha t  of specimens of Cupularostrum (?) 
pentagonale Brice, Quadrithyris sp. cf. Q.vijaica 
Khodalevitch and Emanuella bisinuata Brice from 
GSC localities 26539, 26540 (Brice, 1982, p. 14). Brice has 
already pointed t o  t h e  similarity between t h e  "Blue Fiordtt 
brachiopod fauna in the vicinity of Cut Through Creek and 
t h e  Eifelian brachiopods described by Johnson and 
Perry (1976). The principal horizon of Johnson and Perry's 
fauna (579 m level) has yielded Polygnathus linguiformis 
linguiformis Hinde and P. linguiformis parawebbi Chatterton, 
identified by G. Klapper (Johnson and Perry, 1976, p. 6181, 
and apparently overlies, by a stratigraphic thickness of about 
16 m, occurrences of Icriodus norfordi Chatterton and I. orri 
Klapper and Barrick, identified by T.T. Uyeno from the same 
section (GSC loc. C-136351). 

University of Alberta (UA) locality PCC 92169, which is 
t h e  stratigraphically higher of two occurrences of Minussiella 
bathurstensis near Half Moon Bay, is dated as Eifelian 
costatus Zone by i ts  accompanying fauna, listed in t h e  

ISLAND I 
I m i l e s  

Figure 51.3. Map of part of Bathurst Island showing 
Minussiella-bearing localities. 1, GSC loc. 26536, southern 
limb of Stuart Bay Anticline. 2, 3 UA loc. PCC 92164 and 
92169, respectively, northern limb of Moon Bay Anticline. 
4, UA loc. PCC 92160. Minussiella bathurstensis sp. nov. 
occurs a t  localities 1, 2 and 3, whereas M. goodbodyi sp. nov. 
is known only from locality 4. 

locality register. The other occurrence of M. bathurstensis in 
t h e  Half Moon Bay area (UA loc. PCC 92164) is not precisely 
dated and may equate with the Eifelian part of the patulus 
Zone. In Figure 51.3, these localities a re  numbered 3 and 2. 

The fourth Minussiella-bearing locality on Bathurst 
Island is UA locality PCC 92160. It is t h e  type locality of 
M. goodbodyi and is shown as locality 4 on Figure 51.3. The 
associated fauna can be dated only as  Eifelian, but since t h e  
occurrence is a t  the top of the Eifelian carbonate, and since 
a costatus Zone fauna has been obtained from 9 m below t h e  
top  of the same carbonate unit near Half Moon Bay 
(UA locality PCC 92169; locality 2 in Fig. 51.31, M. goodbodyi 
is assumed t o  be of costatus Zone age also. 

Systematic paleontology 

It is assumed that  readers have access t o  Hi11 (1981). 
Original references t o  genera and their type species discussed 
in the remarks on Minussiella a re  not repeated, if they a r e  
available in Hi11 (1981). 

In addition t o  the standard abbreviations used in GSC 
works, The University of Alberta, Edmonton, and t h e  
Paleontological Collections Catalogue of the same university 
are  abbreviated UA and PCC. 



Family COLUM NARIlDAE Nicholson, 1879 

Remarks.  The genus Minussiella was originally assigned t o  
t h e  Spongophyllidae because of t he  presence of presepiments 
and consequent disruption of t h e  sep ta  in t h e  type  species.  
Soviet authors have generally followed this classification 
(Ivanovskiy, 1958, p. 343; Spasskiy, 1960, p. 129, 130, 1977, 
p. 36, 39; Ivaniya, 1965, p. 139, 167; Ulitina, 1980, p. 38, 40). 
However, many finely s e p t a t e  genera,  f rom dif ferent  
families,  develop similar presepiments and disrupted sep ta ,  
and Minussiella may be be t t e r  placed in t h e  Disphyllidae 
(Soshkina and Dobrolyubova, 1962, p. 334; Ivanovskiy, 1976, 
p. 110; Hill, 1981, p. 264, 269) or t h e  Cyathophyllidae 
(Birenheide, 1978, p. 71, 94). In this work, i t  is  tenta t ively  
placed in t h e  Columnariidae, which, in t h e  author's present 
opinion (Pedder,  1983, p. 228-2301, is a senior synonym of t h e  
Disphy llidae. 

Genus Minussiella Bul'vanker 

Minussiella Bul'vanker in Rzhonsnitskaya e t  al., 1952, p. 134. 
Pseudocampophyllum Ivanovskiy, 1958, p. 343-344. 

me species of Minussiella. M.  beliakovi Bul'vanker, 
Rzhonsnitskaya e t  al., 1952, p. 135-136, PI. 7, figs. 2a-3b. 
Tashtyp Suite, Eifelian; Mount Kulagay (holotype) and 
Perevozinskaya Village in t h e  region of Mount Kulagay, 
Minusinsk Basin, southern centra l  Siberia, U.S.S.R. The 
trivial  name is also spelled beljakovi in the  original 
description. Bul'vanker spelled i t  beliakovi in 1955 (p. 35, 74) 
and beljakovi in 1958 (p. 160). Here, i t  is  assumed t o  have 
been stabil ized a s  beliakovi by Bul'vanker's 1955 usage. 

Type species of Pseudocampophyllum. P. enisseicum 
Ivanovskiy, 1958, p. 344-346, Text-fig. 2, PI. I ,  figs. 1-4. 
Beyskoe Suite,  Givetian; Chaizy-Kozy near Kapchala village, 
west of Abakan (holotype), and Enisei River,  north of Abakan, 
southern Minusinsk Basin, southern centra l  Siberia, U.S.S.R. 

Additional species. Minussiella kulagaiensis Bul'vanker, & 
Rzhonsnitskaya et al., 1952, p. 135-136, PI. 7, figs. l a ,  b. 
Tashtyp Suite, Eif elian; Mount Kulagay, Minusinsk Basin, 
southern centra l  Siberia, U.S.S.R. 

M. as ia t ica  Bul'vanker in Rzhonsnitskaya e t  al., 1952, 
p. 136, PI. 7, figs. 5a, b. Tashtyp Suite, Eifelian; Mount 
Kurbezek, Minusinsk Basin, southern centra l  Siberia, U.S.S.R. 

M. beiensis Bul'vanker, 1955, p. 35, PI. 14, figs. la-v. 
Beyskoe Suite, Givetian; region of Ubrus, Minusinsk Basin, 
southern cen t r a l  Siberia, U.S.S.R. 

M. sociabilis Bul'vanker, 1958, p. 160-161, PI. 69, 
figs. l a ,  b; PI. 70, fig. 1. Safonovo Beds, Givetian; 1.5 km 
north of Artysht railway crossing (holotype) and other  
locali t ies in t h e  Kuznetsk Basin, southern cen t r a l  Siberia, 
U.S.S.R. 

Rejected species. Minussiella solida Bul'vanker, 1965, p. 57, 
PI. 20, figs. la-v. "Eifelian Stage" (probably Emsian); 
Bisernyi St ream,  Omulevsk Mountains, Soviet Far East.  
Spasskiy and Kravtsov (& Besprozvannykh e t  al., 1975, p. 56) 
refer  this coral  t o  Hexagonaria, but i t  i s  probably a species  of 
Spon onaria or,  since i t  lacks septa l  laths,  Leurelasma Yu and 
Cai R983, p. 31, 32, 69, 70). 

M. crass isepta ta  Cherepnina,  Udodov, 1967, p. 143. 
Eifelian; Uymen Synclinorium, Altay Mountains, southwestern 
Siberia, U.S.S.R. This is apparently a nomen nudum. 

Diagnosis. Corallum solitary,  fasc icula te  or subcerioid. 
Corall i tes subcylindrical t o  cera toid .  Coral l i te  wall very 
thin, with f ine  septa l  furrows and much broader,  a lmost  f l a t ,  
interseptal  ridges. Septa  radially arranged in two  orders,  
typically a t t enua te ,  locally discontinuous, especially the  
minor septa,  which a r e  commonly much reduced. Sep ta  
variably withdrawn f rom t h e  axis. Majority of septa l  bases 
embedded in t h e  cora l l i te  wall. Dissepiments and 
presepiments form a moderately wide dissepimentarium. 
Dissepimentarial surfaces  inwardly sloping. Tabulae variable, 
locally not well d i f ferent ia ted  f rom dissepiments. Tabularial 
surfaces  f la t  or distinctly sagging. 

Remarks.  Ulitina (1980, 1982), who believed, probably 
correct ly ,  t h a t  Minussiella a s i a t i ca  and M . kulagaiensis a r e  
synonymous with M. beliakovi, has demonstra ted  two  types of 
gemmation in colonies of M. beliakovi f rom Mongolia. In 
ear ly  s tages  of colony development,  o f f se t s  rapidly grow into  
ma tu re  daughter corall i tes,  whereas  in l a t e r  s tages  of t h e  
colony, offse ts  usually e i ther  fail t o  develop beyond the  
initial stage,  or lengthen without ever  becoming mature .  

Comparisons. The more  strongly ca r ina te  examples of 
Minussiella bear some  resemblance t o  both Cyathophyllum 
dianthus Coldfuss, t h e  type species of Cyathophyllum 
Goldfuss, 1826, and Spinophyllum spongiosurn (Schliiter), t h e  
type  species of Spinophyllum Wedekind, 1922. Although 
Cyathophyllum dianthus has been revised by Birenheide (1963, 
p. 376-381, PI. 46, figs. 1-3; PI. 50, figs. 19-21; P1.51, 
figs. 22-24), no photographic illustrations of i t s  interior a r e  
available. Based on Haller's (1936, PI. 36, figs. 2a-c; PI. 37, 
figs. la-3b; PI. 38, figs. la-2b) and Wrzolek's (1982, PI. 4, 
figs. 2a-c) photographs of other species admit ted  t o  
Cyathophyllum by Birenheide, Cyathophyllum is distinguished 
from Minussiella primarily by having s e p t a  t h a t  a r e  more  
ca r ina te  and strongly re t i form toward t h e  periphery. 
Spinophyllum spongiosum (Schliiter) was never i l lustrated by 
Schluter. Specimens i l lustrated by Birenheide (1978, PI. 12, 
figs. l a ,  b) and Hill (1981, Fig. 172, 3a, b) have numerous 
yardarm car inae ,  not found in species of Minussiella. Chinese 
co ra l s  a t t r ibuted t o  Spinophyllum by Birenheide and 
Liao (1985, PI. 2, figs. 8a-9e, PI. 3, figs. 1Oa-c) have fusiform 
septa ,  small  dissepiments and slightly ever ted  
dissepimentaria,  none of which is typical of Minussiella. 

Genera  e rec t ed  a f t e r  1952, t h a t  resemble Minussiella, 
a r e  Pseudocampophyllum Ivanovskiy, 1958, Mansuyphyllum 
Fontaine,  1961, and Chalcidophyllum Pedder,  1965. 

Ivanovskiy's i l lustrations of Pseudocampophyllum 
enisseicum, especially t h e  t w o  not reproduced by Hill in 1981 
(Ivanovskiy, 1958, PI. 1, figs. 1, 41, strongly suggest t h a t  
P. enisseicum is conspecific with Minussiella beiensis. Both 
a r e  f rom t h e  Beyskoe Sui te  of t h e  Minusinsk Basin, and both 
have f ew presepiments, strongly c renu la t e  septa ,  with a 
tendency for  t h e  adaxial  ends of t h e  minor sep ta  t o  abu t  t h e  
major septa.  These minor and inconsistent deviations from 
t h e  typical morphology of Minussiella a r e  probably not  
sufficient t o  re ta in  Pseudocampophyllum as a sepa ra t e  genus. 

Mansuyphyllum Fontaine,  1961, is not an  easy genus t o  
diagnose, because of uncertainty regarding t h e  septa l  
s t ruc tu re  of M. annamit icum,  t h e  type  species  f rom ViCt- 
Nam. Interpretations of Fonta ine  (1966, p. 58-61) and Pedder 
(ir~ Pedder and Goodbody, 1983, p. 344) a r e  essentially 
identical ,  but may be too  broad in . tha t  they admit  t o  t h e  
genus forms with distinctly fusiform septa.  Judging f rom 
Fontaine's (1961, PI. 17, figs. la-2) figures of 
M.  annamiticum, t h e  species  is certainly congeneric with a 



Givetian coral from the  Urals, f igured by Soshkina (1 941, 
Fig. 22) a s  Cerat inel la  soetenicum. However, t h e  name  
Cerat inel la ,  which was introduced by Soshkina (1941, p. 36) 
in an  informal manner  for corals resembling Schlueteria,  but  
differing f rom i t  by earlier loss of septa l  dilation during 
ontogeny, is unavailable in th is  context ,  due  t o  prior use for  a 
living spider (Emerton, 1882, p. 32). Tentatively,  
Mansuyphyllum is differentiated f rom Minussiella by having 
coarse  t rabeculae ,  variably fusiform and, on the  whole, more  
car inate  sep ta  t h a t  a re  not disrupted by presepiments. 

Chalcidophyllum Pedder,  1965, has been discussed 
subsequently by t h e  author twice  (Pedder e t  al., 1970, p. 237; 
Pedder,  1971, p. 378). I t  is probably a soli tary genus, 
character ized by an  invariable continuity between t h e  septa l  
bases and invaginations of t he  wall a t  t he  septal  furrows 
(Pedder, 1965, PI. 34, figs. 1, 2). The s a m e  phenomenon 
occurs locally in Canadian specimens of Minussiella and t h e r e  
is l i t t l e  doubt of t h e  close relationship between t h e  genera.  
Unlike Minussiella, Chalcidophyllum is known with ce r t a in ty  
only f rom t h e  Lower Devonian of eas tern  Australia. 

Distribution. Eifelian of the  Minusinsk Basin (Rzhonsnitskaya 
e t  al., 1952, p. 134-136; Ivaniya, 1965, p. 167-170), Altay 
Mountains (Spasskiy, 1960, p. 131; Udodov, 1967, p. 142), 
Mongolian Altay (Spasskiy, 1960, p. 1311, western Mongolia 
(Ulitina, 1980, p. 40-43) and Bathurst Island (this paper). 
Givetian of t h e  Minusinsk Basin (Bul'vanker, 1955, p. 92), 
Kuznetsk Basin (Bullvanker, 1958, p. 160-161) and Western 
Canada (this paper). 

these  corall i tes a r e  ma tu re ,  with mean diameters  varying 
f rom 22 t o  40 mm; o the r s  a r e  not  only immature ,  but  a lso  
seem t o  be nonmaturing. Figure 51.7 i l lus t ra tes  one of these.  
The cora l l i te  wall is  very thin,  0.09 t o  0.12 mm thick, excep t  
during periods of rejuvenation when i t  thickened t o  as much 
as  0.5 mm. The exter ior  su r face  of t h e  cora l l i te  wall bears  
fine growth rings, narrow and shallow septa l  furrows and 
much broader,  essentially f l a t ,  in tersepta l  ridges. Judging 
from longitudinal thin sections,  t h e  sides of the  ca l ice  would 
have been conical and i t s  base would generally have been f l a t  
or  concave. 

Although no fossula is evident,  t h e  arrangement of 
s ep ta  is commonly not qui te  radial ,  due t o  suppression of one 
or more  major septa .  In addition t o  t h e  30 x 2 t o  37 x 2 s e p t a  
present in ma tu re  corall i tes,  r a r e  t r aces  of third order s e p t a  
a r e  visible in some  corall i tes.  Immature  corall i tes have 
about 20 x 2 s e p t a  at 6.0 mm diameter ,  27 x 2 a t  11.0 mm 
diameter  and 29 x 2 at 20.0 m m  diameter .  Some major,  and 
many of t h e  minor s e p t a  a r e  in ter rupted by presepiments. 
Septa  a r e  very thin,  typically only 0.03 t o  0.1 m m  thick over 
most of t he i r  length. They tend t o  thicken slightly a t  t h e  
periphery of t h e  cora l l i te  and inner margin of t he  tabularium. 
During rejuvenescence they  may thicken in places t o  a s  much 
as 0.5 mm. Septa1 bases a r e  generally embedded in the  wall, 
but in r a re  cases  may be continuous with invaginations of t h e  
wall. Zigzag car inae  may be  developed during 
rejuvenescences, otherwise t h e  sep ta  a r e  smooth, although 
they  may be strongly crenulate.  Abaxial withdrawal of t h e  
major s e p t a  is  variable. Trabeculae  a r e  e i ther  absent  or  
exceedinalv fine. ", 

A l a t e  Emsian coral from t h e  Obisati t  Beds of In adult  s tages ,  t h e  dissepimentarium usually comprises 
Uzbekistan, identified by Erina (1978, P. 19, PI. 41, 6 to 10 rows of globose to elongate dissepiments and some figs. 8a, b) a s  Minussiella sp., is  not identifiable on t h e  basis 
of t he  published figures. presepiments. Immature  cora l l i tes  rarely have more  than  

t h r e e  rows of d i s s e ~ i m e n t s .  Tabulae and marginal t abe l l ae  

M inussiella cornus (M c l a r e n )  
Figures 51.4-51.24 

vary considerably, ' b u t  usually form depres&d tabularial  
surfaces.  Spacing is such t h a t  normally 9 t o  18 tabulae  a r e  
counted over a vertical  d is tance  of 10 mm. 

Remarks. The narrow corall i tes,  which e i ther  do not ma tu re ,  ? D i s ~ h ~ l l u m  salicis M c L a r e n 9  k McLaren and Norris, 1964, or mature very slowly, the th in  wall, th in  disrupted septa and p. 9-10, PI. 3, figs. la-2b. sagging tabularium of th is  species  a r e  all  consistent with an  G r ~ ~ o ~ h ~ l l u m  'Ornus McLaren, !! McLaren and Norris, 1964, assignment to Minussiella, as the genus is now known through p. 10-11, PI. 3, figs. 3a-c. t h e  work of Ulitina (1980. 1982). G r v ~ o ~ h v l l u m .  which has  *. . < 

been discussed by ~ i r e n h e i b e  (1972, p. 407-422) a& J i a  (1984, 
Material .  Holot ype, GSC 16482. Holotype and para type of p. 28-29), has  a typical ptenophyllid tabularium with 
Disphyllum salicis,  GSC 16469, 16470. These t h r e e  specimens  incomplete and very closely spaced tabulae  tha t  a r e  qui te  
a r e  from the  type  Horn Pla teau Reef ,  but  thei r  exac t  distinct f rom t h e  innermost dissepiments. 
stratigraphic and geographic occurrences were  not recorded. I t  seems probable t h a t  Disphyllum salicis is  based on 

Additional mater ia l  ~ r e ~ a r e d  for  this work consists of two  immature  cora l l i tes  of Minussiella cornus.  
seven specimens f rom 'GSC loc. C-53198, regis tered McLaren s t a t ed  tha t  t he  trivial name cornus is t he  GSC 76501-765071 and one specimen f rom CSC lot. C-49444, Latin word cornu, a horn. Here, cornus is regarded as a noun registered GSC 76508. 

- either the  common form in the  genitive case ,  or  t he  
accessory form (Lewis and Short ,  7966, p. 471 j  in t h e  

Diagnosis. Solitary t o  weakly fasc icula te  species of nominative c a s e  - and not a corruption of the  adject ive  
Minussiella. Corall i tes subcylindrical t o  cera toid  with corneus. 
diameters of 22 t o  40 m m  a t  maturity.  Septa  thin, typically 
smooth, locally crenula te ,  and numbering f rom 30 x 2 t o  
37 x 2 in  ma tu re  corallites. Rare ,  ext remely shor t ,  third- 
order s e p t a  may  be  present. Adult dissepimentaria comprise 
6 t o  10 rows of globose and elongate dissepiments and 

Minussiella conjuncta  sp. nov. 
Figures 51.25-51.31 

presepiments. Material .  Holotype, GSC 76509, and two paratypes,  
GSC 76510, 7651 1, f rom GSC loc. C-49444. One paratype, 

Description. The only known occurrence of this species is  in GSC 76512, f rom GSC loc. C-53198. 
a high enerav organic reef facies.  Corall i tes a r e  
s u b ~ ~ ~ n d r i ~ a l  i b  cergtoid.  Many were  abraded before burial; Dia nosis. Subcerioid to cerioid, but not prismatic, species most,  a s  now collected, a r e  soli tary,  but some,  such a s  of Minussiella. Ma tu re  corall i tes,  with mean diameters  of 1 7  GSC 76502, in figures 51'7 to 51'9, form loose to 25 mm, have 23 t o  27 major, and typically slightly fewer 
aggregations assumed to the Some of minor, septa. Sep ta  smooth, very attenuate, and commonly 



Figures 51.4-51.9. Minussiella cornus (McLaren), longitudinal and transverse thin sections, x3. All 
from GSC loc. C-53198. 51.4-51.6. GSC 76501. 51.7-51.9. GSC 76502. 



Figures 51.10-51.17. Minussiella cornus (McLaren), longitudinal and transverse thin sections, x3. 
All from GSC loc. C-53198. 51.10, 51.12-51.14. GSC 76503. , 51.11, 51.15. GSC 76504. 51.16, 
51.17. GSC 76505. 



Figures 51.18-51.24. Minussiella cornus (McLaren), longitudinal and transverse thin sections, x3. 
51.18, 51.19. GSC 76508, GSC loc. C-49444. 51.20, 51.22, 51.23. GSC 76506, GSC loc. C-53198. 
51.21, 51.24. GSC 76507, GSC loc. C-53198. 



Figure 51.25. Minussiella conjuncta sp. nov., GSC 76509, holotype, transverse section, x3, f rom 
GSC loc. C-49444. 

discontinuous toward t h e  periphery of t h e  corall i te.  Adult 
dissepimentaria have 6 t o  9 rows of e longate  dissepiments 
and presepiments. 

Description. The four type colonies a r e  incomplete and thei r  
shape unknown. Two, including t h e  holotype, a r e  subcerioid; 
t he  others a r e  cerioid, but not prismatic,  since they include 
many immature  rounded corall i tes.  Early mode of corallum 
increase has not been observed. In distal  regions of t he  
colony, offse ts  a r e  produced marginarially, one or more  a t  a 
t ime. Some of these  offse ts  remain s tunted without septa ;  
o thers  develop normal septa ,  but  increase  very l i t t l e  i n  
d iameter ,  if at all, over severa l  cent imetres  of ver t ica l  
growth, and i t  is doubtful if any ever  become full-sized 
ma tu re  corall i tes.  Mean diameters  of adult  corall i tes a r e  
17 or 18  mm in t h e  holotype, and 22 t o  25 mm in t h e  
paratypes.  The width of t he  corall i te wall in f r e e  corall i tes,  
or half t h e  width of in tercora l l i te  walls constructed by two  
adjacent corall i tes,  is only 0.07 t o  0.15 mm. Calices a r e  
shallow, with sloping sides and generally f la t ,  or depressed 
bases. 

Septa1 arrangement  is  essentially radial, although t h e  
lengths of s e p t a  within a coral l i te  a r e  commonly unequal, 
with s o m e  major sep ta  extending adaxially beyond t h e  axis. 
Variable reduction of t h e  septa ,  including to t a l  suppression of 
some  minor septa ,  makes  i t  difficult  t o  summarize  septa1 
counts. In ma tu re  corall i tes,  with mean .diameters of 17 t o  
25 mrn, t he re  a r e  23 t o  27 major septa ;  in smaller immatu re  
corall i tes,  with mean diameters  of 8 t o  1 6  mm, t h e  number of 
major sep ta  is 18 t o  22. The sep ta  a r e  generally smooth,  
ext remely a t t e n u a t e  and much disrupted by presepiments in 
t h e  peripheral region of large corall i tes.  

In adul t  s tages ,  t h e  dissepimentarium usually comprises 
6 t o  9 rows of predominantly e longate  dissepiments and 
presepiments. Immature  cora l l i tes  normally lack, or  have 
only one or  two  rows of dissepiments. The variable tabulae  
a r e  not consistently distinguishable f rom marginal tabellae,  
and t h e  marginal tabel lae  may not be perceptibly d i f ferent  
from the  innermost dissepiments or presepiments. Tabularial 
surfaces  range f rom more  or less f l a t  t o  distinctly depressed. 
Spacing of the  tabulae  varies f rom about 11 t o  25 for  each 
cen t ime t re  of vertical  growth. 

Remarks.  The manner of corallum increase  in Minussiella 
conjuncta  and specimens of M. beliakovi studied by Ulitina 
(1980, 1982) f rom western  Mongolia appear identical ,  
although t h e  in tense  ear ly  gemmation of t h e  Mongolian 
species cannot be confirmed in t h e  available mater ia l  of 
M. conjuncta.  The overall  cora l l i te  morphology of t h e  t w o  
species is  also similar. Minussiella beliakovi is distinguished 
from t h e  new species by t h e  smaller average s ize  of i t s  
corall i tes (diameters rarely more  than 20 mm), narrower 
dissepimentaria (2 t o  6 rows of dissepiments and 
presepiments), fewer  disruptions in the  sep ta  and i t s  
generally fasc icula te ,  r a the r  than  subcerioid t o  cerioid 
growth form.  

Minussiella conjuncta  i s  distinguished f rom M. cornus by 
i t s  subcerioid t o  cerioid growth form,  smaller corall i tes and 
fewer  s e p t a  (corall i tes of 22 t o  40 m m  diameter  have 30 x 2 
t o  37 x 2 sep ta  in M. cornus) and m o r e  peripheral 
presepirnents. 

Derivation of name. The trivial  name conjunctus is  t he  Latin 
adject ive  meaning joined together ,  and is chosen as a 
reminder of t he  growth form of the  species. 



F i g u r e s  51.26-51.29. Minussiel la  c o n j u n c t a  sp. nov., longitudinal  a n d  t r a n s v e r s e  th in  sec t ions ,  x3. 
All  f r o m  GSC loc. C-49444. 51.26-51.28. GSC 76509, holotype.  51.29. GSC 76510, p a r a t y p e .  



Figures 51.30, 51.31. Minussiella conjuncta sp. nov., GSC 76510, paratype, longitudinal and 
transverse thin sections, x3, GSC loc. C-49444. 



Minussiella bathurstensis sp. nov. 
Figures 51.32-51.51 

leptoinophyllid, McLaren, & Fort ier  e t  al., 1963, p. 612. 

Material .  Holotype, UA 7739, and four paratypes,  UA 7740- 
7743, f rom UA loc. PCC 92169. One paratype, U A  7744, 
f rom UA loc. PCC 92164. One paratype, GSC 76513, f rom 
GSC loc. 26536. 

Diagnosis. Fasciculate species of Minussiella. Ma tu re  
corall i tes have mean diameters  of 16.5 t o  21.0 mm, 24 x 2 t o  
32 x 2 septa ,  and 6 t o  10 rows of dissepiments. Septa a r e  
smooth, thin and only rarely disrupted by presepiments. 

Description. Field photographs, provided by Q.H. Goodbody, 
of large  - about I m in d iameter  - clumps of more  than 100 
radiating corall i tes of this species, indicate  a fasc icula te  
growth form. As received by t h e  author,  t h e  mater ia l  f rom 
t h e  type locali ty comprised separa te ,  subcylindrical corall i tes 
with maximum mean diameters  of 16.5 t o  21.0 mm and a 
maximum length of 115 mm. Non-parricidal gemmation 
leading to  a full-sized daughter cora l l i te  was evident in only 
one of these  specimens (UA 7741). However, stunted offse ts ,  
such a s  those  i l lustrated in Figure 51.51, were  present on 
several corall i tes.  Radiciform processes, a t taching t o  t h e  
subst ra te ,  were  developed prior t o  rejuvenescence in some  
cases. The cora l l i te  wall is only 0.1 t o  0.2 mm thick, excep t  
fo r  r a r e  situations, probably associated with rejuvenation or  
gemmation, where  i t  thickens t o  as much as 0.4 mm. The 
exter ior  of t h e  corall i te wall bears fine growth rings, narrow 
and shallow septa l  furrows and much broader,  f l a t ,  t o  gently 
convex, in tersepta l  ridges. The calice,  which is only about 
5 t o  8 mm deep, consists of a narrow, in termit tent ly  
developed calicular platform, walls t h a t  increase  in 
inclination toward t h e  axis, and a f l a t  or depressed base. 

Septa  a r e  radially arranged in two  orders. Immature  
corall i tes of 5 t o  16 mm diameter have 20 x 2 t o  25 x 2 sep ta ,  
whereas  ma tu re  corall i tes of more  than  16 mm mean 
diameter  have 24 x 2 t o  32 x 2 septa .  Septa  a r e  variably 
withdrawn f rom t h e  axis and, on t h e  whole, very l i t t l e  
disrupted by presepiments, especially those  of the  major 
order,  which a r e  normally complete.  Although they  may b e  
crenula te  locally, t h e  sep ta  are smooth and only 0.02 t o  
0.03 mm thick over most of thei r  length. Toward thei r  bases, 
which a r e  invariably embedded in t h e  cora l l i te  wall, t h e  sep ta  
expand t o  a thickness of 0.15 t o  0.4 mm. Other  l imited 
dilations of t he  sep ta  appear t o  be associated with budding or  
large-scale rejuvenescences. Fine, upwardly and inwardly 
di rec ted lineations, visible in longitudinal thin sections 
through a septa l  plane, appear  t o  represent  ext remely f ine  
trabeculae.  

Immature  corall i tes with d iameters  in t h e  order of 
7 mm have 2 t o  4 rows of predominantly globose 
dissepiments. Mature  corall i tes generally have 6 t o  10 rows 
of elongate a s  well a s  globose dissepiments, and a f e w  
presepiments. Tabulae and marginal tabel lae  a r e  variable, 
and form f l a t  t o  depressed tabularial  surfaces.  Spacing of 
t h e  tabulae  ranges from about 18 t o  26 for each cm of 
ver t ica l  growth. 

Remarks.  Corall i tes of Minussiella beliakovi resemble those  
of M . bathurstensis in s ize  and number of septa .  MinussieJla 
bathurstensis differs f rom M. beliakovi in being loosely 
fasc icula te ,  by having fewer  disruptions in t h e  sep ta  and 
more  numerous dissepiments (dissepiments normally confined 
t o  only 2 t o  6 rows in M. beliakovi). 

Minussiella sociabilis is also similar in s ize  t o  
M. bathurstensis. The new species  is  distinguished f r o m  
M. sociabilis by i t s  loosely fasc icula te  growth form and by i t s  
more  complete  (minor septa ,  in particular,  a r e  considerably 
reduced in M. socialbilis) but less numerous sep ta  (36x2 t o  
46x2 sep ta  in M. sociabilis). 

The identification of the  paratype, regis tered 
GSC 76513, a s  "a leptoinophyllid" (Fortier e t  al., 1963,. p. 612) 
was made before Birenheide's (1961, p. 117-123) revlslon of 
t h e  type  species  of Leptoinophyllum was available.  

Derivation of name. The trivial  n a m e  bathurstensis is  coined 
f rom Bathurst  Island and t h e  suffix -ensis. 

Minussiella goodbodyi sp. nov. 
Figures 51.52-51.63 

Material .  Holotype, UA 7745, and four paratypes,  UA 7746- 
7749, f rom UA loc. PCC 92160. 

Diagnosis. Loosely fasc icula te  species  of Minussiella. 
Mature  cora l l i tes  have mean diameters  of 1 1.0 t o  19.0 mm, 
22 x 2 t o  29 x 2 sep ta ,  and 6 t o  13 rows of dissepiments. 
Septa  commonly bear zigzag car inae  and also a r e  commonly 
thickened in  t h e  inner dissepimentarium. They a r e  rare ly  
disrupted by presepiments.  

Description. The corallum is presumed t o  be loosely 
fasciculate,  although t h e  non-parricidally produced offse ts ,  
seen in t h e  type  series,  a r e  all stunted. Adult corall i tes a r e  
subcylindrical with maximum mean diameters  ranging f rom 
11.0 t o  19.0 mm, and a maximum observed length of 80 mm. 
The cora l l i te  wall is  0.08 t o  0.5 rnrn thick and on t h e  outside 
bears f ine  septa l  furrows and much broader, f l a t  t o  gently 
convex in tersepta l  ridges. Below s o m e  levels of 
rejuvenescence, t h e  cora l l i te  wall develops shor t ,  non-tubular 
radiciform processes. Calices a r e  5 t o  10 mm deep. A 
narrow calicular platform is present locally in  expanded 
regions of t h e  corall i te.  Elsewhere, t h e  calicular wall  is  
inwardly sloping, with t h e  slope increasing adaxially. Bases 
of t h e  calices a r e  f l a t  t o  concave. 

The sep ta ,  of which t h e r e  a r e  22 x 2 t o  29 x 2 in ma tu re  
corall i tes with mean diameters  of 1 3  t o  19 mm,  a r e  radially 
arranged and a r e  commonly moderately t o  strongly car inate .  
The car inae  a r e  zigzag, and, l ike t h e  septa ,  vary in 
coarseness. In places, t h e  s e p t a  a r e  only 0.03 m m  thick, but 
in t h e  inner dissepimentarium they  a r e  commonly dilated t o  a 
thickness of 0.3 mm. They a r e  also dilated a t  their  bases, 
where  the i r  thickness may  be  as much a s  0.55 rnm. The 
majority of septa l  bases a r e  embedded in t h e  cora l l i te  wall, 
but a few a r e  confluent with i t .  The sep ta  a r e  variably 
withdrawn f rom the  axis. Gaps due t o  disruption by 
presepiments a r e  rare.  Trabeculae a r e  monocanthate  and 
commonly coarse ,  some  having a d iameter  of 0.3 mm. Near 
t h e  periphery, many of t h e  t rabeculae  a r e  vertical;  toward 
t h e  axis they f l a t t en ,  and a r e  usually d i rec ted inward, a t  30' 
t o  45O t o  t h e  horizontal ,  in t h e  inner dissepimentarium. 

In adult  corall i tes,  t h e r e  a r e  normally about 6 t o  
1 3  rows of predominantly globose t o  moderate ly  e longate  
dissepiments, and a f e w  presepiments. The variable and 
locally indistinguishable tabulae  and marginal tabel lae  form 
f la t ,  or more  typically depressed, tabularial  surfaces.  
Spacing of t h e  tabulae  ranges f rom about  1 5  t o  34 for  each  
cen t ime t re  of ver t ica l  growth. 



Figures 51.32-51.43. Minussiella bathurstensis sp. nov., transverse and longitudinal th in  
sections, x3. A l l  f rom UA loc. PCC 92169. 51.32, 51.37, 51.41. U A  7739, holotype. 51.33, 
51.35. U A  7740, paratype. 51.34, 51.36, 51.38, 51.39, 51.42. U A  7741, paratype. 51.40, 
51.43. U A  7742, paratype. 



Figures 51.44-51.51. Minussiella bathurstensis sp. nov. 51.44, 51.49, 51.50. UA 7774, paratype, 
transverse and longitudinal thin sections, x3, UA loc. PCC 92164. 51.45-51.48. GSC 76513, 
paratype, transverse and longitudinal thin sections, x3, GSC loc. 26536. 51.51. UA 7743, paratyps, 
exterior, x l ,  UA loc. PCC 92169. 

Remarks. The taxonomic problem presented by the corals 
assigned to this new species is that ,  while they are  clearly 
closely related to  M inussiella bathurstensis, they a r e  
distinguished principally by strong carination of their septa; 
this is seen in no other species currently assigned t o  the 
genus. 

Derivation of name. The trivial name is a patronym for 
Q.H. Goodbody who collected t h e  type series. 

Locality register 

CSC locality 26536. Upper beds of a 183 m thick 
Eifelian carbonate unit. (McLaren & Fortier e t  al., 1963, 
columnar section no. 82, sheet 11). Cut Through Creek, 
southern limb of Stuart Bay Anticline, Bathurst Island; 

approximately 76O09.3'N latitude, 990001W longitude. 
Collected by D.J. M cLaren, 1955. Fauna includes Minussiella 
bathurstensis Pedder . 

GSC locality C-49444. Horn Plateau Formation, 
organic reef macrofacies (Vopni and Lerbekmo, 1972, 
p.506-510), probably Middle varcus Zone, Givetian. 
Northern end of t h e  surface outcrop of t h e  Horn Plateau 
Reef, 4.4 krn west of the southwestern tip of Fawn Lake, 
southwestern District of Mackenzie; 62'08'N latitude, 
117O41.5'W longitude. Collected by A.E.H. Pedder, 1977. 
Fauna includes Scissoplasma nebracis (M cLaren), 
Sinospongophyllum sp. cf.  S. planotabulaturn sensu M cLaren, 
"Neostringophyllurn craigi" McLaren, Psydracophyllurn sp. 
nov. (=Australophyllum ? sp. cf. A. ? thornasae sensu 
M cLaren), Sociophyllum redactum M cLaren, Minussiella 
conjuncta Pedder, M . cornus (M cLaren), Desatrypa nasuta 
(Norris) and Cranaena(?) cryptonelloides Norris. 



Figures 51.52-51.63. Minussiella goodbodyi sp. nov., transverse and longitudinal thin sections, x3. 
A l l  f rom U A  loc. PCC 92160. 51.52, 51.56. U A  7745, holotype. 51.53, 51.55. U A  7746, paratype. 
51.54, 51.57, 51.60. U A  7747, paratype. 51.58, 51.61, 51.63. U A  7748, paratype. 51.59, 
51.62. U A  7749, paratype. 



GSC locali ty C-53198. Horn Pla teau Formation, 
organic reef rnacrofacies (Vopni and Lerbekmo, 1972, 
p. 506-51 O), probably M iddle varcus Zone, Givetian. 
Northeastern margin of t h e  su r face  outcrop of t h e  Horn 
Pla teau Ree f ,  4.4 km west of t h e  southwestern t i p  of Fawn 
Lake, southwestern  District  of Mackenzie;  62O08'N la t i tude ,  
117°41.5t\V longitude. Collected by A.E.H. Pedder,  1977. 
Fauna includes t h e  forms listed above as occurring a t  
GSC Locality C-49444, a s  well as Ozarkodina brevis (Bischoff 
and Ziegler), Polygnathus linguiforrnis linguiforrnis Hinde 
morphotype indet.  and P. sp. undet. Another GSC conodont 
sample  f rom t h e  s a m e  outcrop (GSC loc. C-28091) has 
yielded Polygnathus linguiforrnis linguiforrnis epsilon 
rnorphotype. 

UA locali ty PCC 92160. Eif elian carbonate ,  isolated 
sample  f rom top  of unit, cos t a tus  Zone. 5 krn southeas t  of 
Half Moon Bay, Bathurst Island; 75'53.5'N la t i tude ,  99O47'W 
longitude. Collected by Q.H. Goodbody, 1980. Favosites sp., 
Lythophyllum sp., Digonophyllum sp., Lekanophyllum sp., 
Minussiella goodbodyi Pedder, Schizophoria su lca t a  Johnson 
and Perry,  Spinulicosta sp., Anatrypa (Variatrypa) sp. c f .  
A. a r c t i c a  (Warren), Warrenella sp., Icriodus sp., Polygnathus 
sp. cf .  P. linguiformis Hinde and P. sp. 

UA locali ty PCC 92164. Eifelian carbonate ,  3.2 rn 
above base,  24.8 m below top, and 102.2 rn above base of 
section, patulus t o  cos ta tus  Zone. Northern s ide  of Half 
Moon Bay, Dundee Bight, Bathurst  Island; 76'03'N la t i tude ,  
1 00°04'W longitude. Collected by Q.H. Goodbody, 1980. 
Digonophyllum sp., Lekanophyllum sp., Minussiella 
bathurstensis Pedder, Spinulicosta sp., Ivdelinia grinnellensis 
Brice ?, Anatrypa (Variatrypa) sp. c f .  A. a r c t i c a  (Warren), 
Prota thyr is  ? sp. and Nucleospira sp. 

UA locali ty PCC 92169. Eifelian carbonate ,  
approximately 1 9  m above base, 9 m below top, cos t a tus  
Zone. Northern side of Half Moon Bay, Dundee Bight, 
Bathurst  Island; 76'03'N la t i tude ,  100°02'W longitude. 
Collected by Q.H. Goodbody, 1980. Zonophyllum sp., 
Lekanophyllurn sp., Chostophyllurn sp., Minussiella 
bathurstensis Pedder,  Schizophoria su lca t a  Johnson and 
Perry,  Spinulicosta sp., Ivdelinia grinnellensis Brice ?, 
Anatrypa (Variatrypa) sp. c f .  A. a rc t i ca  (Warren), 
Warrenella sp., Icriodus norfordi Chat ter ton,  Polygnathus 
cos t a tus  cos t a tus  Klapper and P. sp. cf.  P. cos ta tus  Klapper. 
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Abstract  

A new genus Properotundirostrurn, w i th  type species P. mir iarn (Johnson, 1971), is described 
f rom the la te Eifel ian of central  Nevada. I t w i l l  be compared w i th  the genus Leiorhynchus Hall, 
1860, which w i l l  be re-examined i n  a forthcorning paper, by A.W. Norris, T.T. Uyeno and P. Sartenaer, 
on the brachiopods and conodonts of the middle Givet ian Bituminous limestone meinber o f  the Pine 
Point Formation, on the south side o f  the Great Slave Lake, D is t r i c t  of Mackenzie. 

Un nouveau genre Properotundirostrum, avec P. mi r iam (Johnson, 1971) comme esp6ce-type, est 
decri t  dans la  part ie superieure de 11Eif61ien du Nevada central. I1 sera compare au genre 
Leiorhynchus Hall, 1860, qui fera I'objet d'un nouvel examen dans un t ravai l  redig6 par 
M.M. A.W. Norris, T.T. Uyeno e t  P. Sartenaer; cet te  publication, ?I paraItre sous peu, est consacrge 
aux brachiopodes e t  aux conodontes du membre calcaire bitumineux (Givet ien moyen) de l a  formation 
de Pine Point sur l a  r i ve  sud du Grand lac des Esclaves dans l e  D is t r i c t  du Mackenzie. 

Royal Inst i tu te o f  Natura l  Sciences o f  ~ e l ~ i l m ,  Brussels 



Systemat ic  paleontology 

Properotundirostrum n. gen. 

Derivatio nominis. Prope (Latin, adverb) = about;  rotundus, 
a, um (Latin) = circular;  ros t rum,  i (Latin,  neuter)  = beak. 
The name  alludes t o  t h e  subcircular contour of t h e  shell  a s  
seen in ventra l  and dorsal views. 

Type species. Leiorhynchus miriarn Johnson, 197 1. The 
species i s  i l lustrated in t h e  original publication by numerous 
photographs, some  of which show t h e  internal characters .  All 
specimens a r e  silicified. No a t t e m p t  is  made t o  discuss the  
distinction between L. miriam miriam Johnson, 1971 and 
L. miriam alpha Johnson, 197 1. 

Description. Small t o  medium sized. Subcircular t o  
subpentagonal in .ventral  and dorsal views, generally 
subelliptical  in f ronta l  view. Uniplicate. Inequivalve, t h e  
thickness of t he  pedicle valve varying from 25  t o  43 per cen t  
of t he  thickness of the  shell. Cardinal line is short  and 
undulating. Posterola tera l  margins concave near  t h e  
comrnissure. Commissure s h a r ~  and undulated bv t h e  costae.  
Commissures a r e  located high a s  seen in la tera l  profile. 

Contour of pedicle valve is  low, semi-ell iptical  in 
longitudinal and t ransverse  median sections; t h e  semi-ellipse 
i s  barely depressed by t h e  sulcus in t ransverse  median 
sections. The convexity of t he  valve is thus relatively 
uniform, although flanks slope more  steeply toward the  
posterolateral  commissures. Sulcus is only c lear ly  
d i f ferent ia ted  f rom t h e  flanks anteriorly,  beginning 
imperceptibly a t  a variable but relatively long dis tance  from 
t h e  beak (35-45 per cen t  of t h e  length of t he  shell  or  28-43 
per c e n t  of t h e  unrolled length of t h e  valve). Sulcus i s  
shallow (one t o  th ree  t imes  t h e  height of t h e  low cos t ae  
where  i t  passes t o  t h e  tongue);  bottom of sulcus is generally 
convex, somet imes  f la t ;  width of sulcus at point of origin 
varies f rom 30 t o  45 per cen t  of i t s  g rea t e s t  width (54-70 per 
c e n t  of t h e  width of t he  shell) a t  t h e  junction of t h e  f ronta l  
and la tera l  commissures; thus, i t  widens gradually. Tongue 
trapezoidal,  moderately high with sharp  borders, standing ou t  
clearly. Beak wide, thick-set, e r ec t ,  with a small  subcircular 
foramen. Ventral in terarea  short ,  low and ill-defined, bu t  on 
each  side of t h e  beak the re  is  a high, crescent-shaped a r e a  
separa ted f rom the  r e s t  of t h e  valve by distinct ridges; these  
beak ridges f ade  out  laterally. 

Brachial valve moderately t o  strongly convex, 
sometimes rotund, never grossly inflated,  with umbonal 
region tangent ia l  t o  a ver t ica l  plane, only exceptionally 
extending beyond t h e  pedicle beak. Fold is  low, c lear ly  
d i f ferent ia ted  f rom t h e  flanks only in i t s  median and anter ior  
parts,  begins more  or  less imperceptibly a t  a variable 
d is tance  f rom t h e  beak. Top of t h e  fold i s  f l a t  t o  slightly 
convex. 

Highest pa r t  of pedicle valve is  located approximately 
where  t h e  sulcus s t a r t s  or  slightly posterior t o  it. Grea te s t  
thickness of brachial  valve is  located at a point between 
35 and 66 per cen t  of t h e  length of t h e  shell posterior t o  t h e  
f ronta l  commissure; f rom this point t he  valve curves gently 
toward th is  cornmissure, and thus, t h e  highest p a r t  of t h e  
tongue i s  never t h e  highest pa r t  of t h e  shell, bu t  is  s i tuated 
a t  a point between 12 and 30 per c e n t  of t h e  thickness of t h e  
shell below i t s  top. Although width is t he  larges t  dimension, 
width and length have very  close values. Maximum width  of 
shell  occurs  at a point between 52 and 62 per  cen t  of t h e  
length of t he  shell anter ior  t o  t h e  ventral  beak. Apical angle 
varies f rom 100' t o  115' (most  values a r e  between 
105" and 110"). 

Umbonal regions smooth. Cos tae  a r e  rounded, regular 
and low. Median cos t ae  a r e  generally simple (rarely a 
division can be observed), s t a r t ing  at a variable and relatively 
g rea t  distance f rom t h e  beaks. Width of median c o s t a e  a t  
t he  f ront  usually vary between 1.5 and 2.5 mm. Latera l  
cos t ae  simple. Internal la tera l  cos t a  may s t a r t  around mid- 
length; o ther  la tera l  c o s t a e  dec rease  rapidly in length,  t h e  
most  la tera l  one(s) i s  (are) o f t en  evident  only a s  mere  
undulation(s) of t h e  cornmissure. Number of c o s t a e  few: 
th ree  t o  four on t h e  fold, two  t o  th ree  in the  sulcus, and up t o  
six on  t h e  flanks. No parietal  cos tae .  No radial  costellae.  

Shell i s  generally thin with occasional secondary 
thickening of t h e  internal s t ructures .  Dental p la tes  a r e  thin,  
concave anteriorly, very short ,  strongly convergent,  
delimiting wide umbonal cavities.  Teeth  a r e  small, shor t  and 
s tout .  Pedicle muscle field i s  very  faintly impressed and 
f label la te  and extends  t o  about mid-length. Hinge pla te  is  
thin, short  and divided. Septum is thin, shor t  and supports a 
relatively deep and wide septalium. Dental  sockets  a r e  
narrow. Muscle field of brachial  valve i s  vaguely delimited 
and extends  to  about mid-length; t he  adductor sca r s  form a 
narrow, spindle-shaped impression. 

Diagnostic characters .  Small t o  medium sized. Subcircular 
t o  subpentagonal. Shallow sulcus and low fold beginning a t  a 
variable d is tance  f rom t h e  beaks. Moderately high, 
trapezoidal and clearly conspicuous tongue. Short ,  low and 
ill-defined ventral  in terarea .  High crescent-shaped a r e a  on 
each  side of t he  beak, bordered by ridges fading o u t  laterally.  
Highest pa r t  of t h e  tongue i s  never t h e  highest par t  of t h e  
shell. Width and length similar. Apical angle wide. Few 
long, rounded and regular cos t ae  s tar t ing some  dis tance  f rom 
t h e  beaks. Median cos t ae  rare ly  divided. La te ra l  cos t ae  
simple. Thin, ve ry  shor t  and strongly convergent denta l  
plates. Wide ventra l  umbonal cavities.  Divided hinge plate.  
Thin and short  septum. Relatively deep and wide septalium. 

Comparisons. Some of t h e  f ea tu res  t h a t  Properotundirostrum 
n. gen. has in common with Leiorhynchus Hall, 1860 t o  which 
the  type  species was originally a t t r ibuted,  are:  s ize ,  sharp  
cornmissure; shallow sulcus, wide a t  f ront ;  tongue never 
recurved posteriorly; t op  of tongue corresponding t o  t h e  most 
anter ior  par t  of t he  shell  a t  t h e  f ronta l  margin; low fold; t h e  
g rea te s t  thickness of brachial  valve located posterior t o  t h e  
f ronta l  cornmissure; t h e  similar number of median costae;  t h e  
shor t  den ta l  plates; and t h e  well  developed umbonal cavities.  
However, t h e  genus Leiorhynchus is easily distinguishable by 
i t s  inflated and globulose aspect ;  t he  dorsal umbonal region 
commonly extending a l i t t l e  more  posteriorly than t h e  
ventral;  t h e  higher tongue, t h e  sulcus and fold s t a r t ing  
f a r the r  away f rom the  beaks; t he  high brachial valve; t he  sti l l  
lower cos tae;  t h e  f requent  divisions of t h e  median costae;  t h e  
l a t e ra l  cos t ae  not always c lear ly  present;  t h e  presence of a 
crura l  trough and not  of a septalium; and t h e  septum 
thickened lens-like posteriorly. 

McLaren (1962, p. 12, p. 91) suggested tha t  
Leiorhynchus sp. a, c i t ed  and  figured by Merriam (1940, 
Table 6, p. 56, PI. 8, figs. 18, 19), could be L. awokanak 
McLaren, 1962 ("probably a small  var iant  of L. awokanak"). 
Johnson (1971, p. 315, 316) assigned th is  form,  f rom the  
"upper pa r t  of Martinia kirki Zone" in t h e  Lone Mountain 
sect ion in cen t r a l  Nevada, t o  L. miriam, and pointed o u t  
some di f ferences  between L. awokanak and L. miriarn, t h e  
type species of t h e  middle Givetian genus 
Stenoglossariorhynchus Sartenaer,  1970, and 
Properotundirostrum n. gen., respectively. These t w o  genera  
have some  similar ex te rna l  fea tures .  They both a r e  
uniplicate, inequivalve, depressed and thick-set, and they 



both have a sharp  commissure, weakly developed sulcus and 
fold s tar t ing at a g rea t  distance f rom t h e  beaks, a shallow 
and narrow sulcus, a low and narrow fold, and median costae  
s tar t ing a t  a variable but g rea t  distance from t h e  beaks. But 
Properotundirostrum n. gen. differs in i t s  in ternal  s t ructures ,  
notably i t s  septalium, a s  well a s  in various external  
characters :  a smaller size;  a transversely subcircular t o  
subpentagonal contour in ventra l  and dorsal views; an  always 
clearly undulated f ronta l  commissure; a higher tongue; an  
e r e c t  beak; t h e  presence of clearly defined ventra l  beak 
ridges; cos t ae  fewer  in number and always c lear ly  
discernible; r a re  divisions of median costae;  la tera l  cos t ae  
not res t r ic ted  t o  t h e  margins of t he  flanks, and a smaller 
apical angle. 

Species a t t r ibuted t o  t h e  genus. At present only t h e  type  
species is a t t r ibuted t o  the  new genus. 

Stratigraphic position and geographic distribution. When 
Johnson (1971, p. 301, 304-306, 315-317; PI. 40, figs. 16-30; 
PI. 43, figs. 1-26; Tables I, 2) introduced ~ e i o r h ~ n c h u s  
miriarn from t h e  centra l  Nevada sequence, he  distinguished a 
lower and an  upper brachiopod fauna i n  Merriam's (1940) 
Martinia kirki Zone (= Warrenella kirki Zone). He assigned a n  
ear ly  Givetian age  t o  this zone although Poole et al. (1967, 
Fig. Za, p. 882; Fig. 2b, p. 884; Fig. 2c, p. 886) considered i t  
a s  equivalent t o  t h e  upper part  of t h e  Eifelian. Johnson 
(1971, p. 303, 304, 316, 317, 324) recognized Leiorhynchus 
rniriam alpha in t h e  upper brachiopod fauna a t  one locality 
(loc. FF-24 = UCR loc. 4554 = USNM loc. 17213, between 
1530 and 1535 f t  (466 and 468 m) above the  top of the  t h e  
Nevada Group) a t  Lone Mountain; this is t he  locality where  
Merriam (1940, Table 6, p. 56, PI. 8, figs. 18, 19) had found 
L. sp. a, which was  l a t e r  placed in synonymy with L. miriam. 
Johnson (1971, p. 317) also mentioned two  specimens from 
t h e  Woodpecker Limestone in the  Sulphur Spring Range, 
which a r e  "very similar t o  L. miriam alpha but also similar 
t o  L. nevadensis", occurring "with L. castaneat'. The 
L. cas t anea  Zone was  considered by th is  author a t  t h a t  t i m e  
a s  of middle Givetian age. L. rniriarn miriam was reported by 
Johnson (1971, p. 303-305, 316, 324, Table 1) f rom the  lower 
brachiopod fauna a t  t w o  localities in t h e  Lone Mountain a r e a  
(EF-24 = UCR loc. 4519, and FF-23 = UCR loc. 4553 = USNM 
loc. 17212, respectively, between 1302 and 1307 f t  (397 and 
398 m), and between 1330 and 1360 f t  (405 and 415 m) above 
t h e  top of the  Nevada Group); and from one locality in t h e  
southern Rober ts  Mountains a r e a  (loc. W-28-59 = USNM 
loc. 10807 present in t h e  Denay Limestone, from which a l l  
t he  figured specimens were  derived). Johnson (1971, p. 306, 
316, Table 2) also named L. cf. L. miriam rniriam, a form 
from t h e  Eifelian Leptathyris c i rcula  Zone, which he 
(Johnson, 1966, p. 155, 166, 167, PI. 24, figs. 8-23) had 
identified ear l ier  a s  L. sp. f rom locali t ies in the  northern 
Roberts Mountains and northern Simpson Park Range. 

Johnson ( i ~  Johnson and Oliver, 1977, Table, p. 1463; 
Johnson, 1977a, fig. 2, p. 8; and 1977b, p. 24, Table 4, p. 26; 
in Johnson and Sandberg, 1977, Fig. 2, p. 124-125) introduced - 
faunal Interval 17 a s  corresponding t o  the  Warrenella kirki 
Zone and revised t h e  early Givetian age t o  l a t e  Couvinian 
("perhaps all  of Interval 17 is in the  range of the  kockelianus 
Zone"), t h e  upper l imi t  of t h e  Couvinian being placed i n  t h e  
middle of Interval 18. 

After revision of various intervals,  t h e  W. kirki Zone 
was fur ther  res t r ic ted  by Johnson, Klapper and Trojan (1980, 
p. 79, Fig. 3, p. 80, 81, Fig. 5, p. 84, 85, Table 2, p. 91) t o  t h e  

upper half of Interval 17, i.e. in the  middle par t  of t h e  
Tortodus kockelianus Zone; t h e  upper l imi t  of t h e  Eifelian 
being placed in the  middle of Interval 19, i.e., in the  middle 
of t h e  Polygnathus xylus ensensis Zone. The distinction of a 
lower and an upper brachiopod fauna in t h e  Warrenella kirki 
Zone was also abandoned: "Present knowledge does  not 
sustain zonal significance of t h e  t w o  faunas  of t h e  k i rk i  
Zone' together,  or e i ther  fauna alone". 

In short ,  t he  genus Properotundirostrum is present with 
ce r t a in ty  in t h e  lower pa r t  of t h e  upper Eifelian, or, more  
precisely, in t h e  middle p a r t  of t h e  Tortodus kockelianus 
Zone. 

References  

Johnson, J.G. 
1966: Middle Devonian brachiopods f rom the  Roberts 

Mountains, cen t r a l  Nevada; Palaeontology, v. 9, 
pt. I, p. 152-181. 

1971: Lower Givetian brachiopods f rom centra l  Nevada; 
Journal of Paleontology, v. 45, no. 2, p. 301-326. 

1977a: S ta tus  of Devonian studies in western  and Arct ic  
North America; in Western North America: 
Devonian, ed. ~ . ~ T ~ u r p h ~ ,  W.B.N. Berry, and 
C.A. Sandberg; University of California, Riverside 
Campus Museum Contribution 4, p. 1-15. 

197713: Lower and Middle Devonian faunal intervals i n  
cen t r a l  Nevada based on brachiopods; jp Western 
North America: Devonian, ed. M.A. Murphy, 
W.B.N. Berry, and C.A. Sandberg; University of 
California,  Riverside Campus Museum 
Contribution 4, p. 16-32. 

Johnson, J.G., Klapper, G., and Trojan, W.R. 
1980: Brachiopod and conodont successions in t h e  

Devonian of the  northern Antelope Range, centra l  
Nevada; Geologica et Palaeontologica, v. 14, 
p. 77-1 15. 

Johnson, J.G. and Oliver, W.A., J r .  
1977: Silurian and Devonian cora l  zones in the  Grea t  

Basin, Nevada and California;  Geological Society 
of America,  Bulletin, v. 88, p. 1462-1468. 

Johnson, J.G. and Sandberg, C.A. 
1977: Lower and Middle Devonian continental-shelf 

rocks of t h e  western  United Sta tes ;  ~ Western 
North America: Devonian, ed. M.A. Murphy, 
W.B.N. Berry, and C.A. Sandberg; University of 
California,  Riverside Campus Museum 
Contribution 4, p. 121-143. 

McLaren, D. J. 
1962: Middle and ear ly  Upper Devonian rhynchonelloid 

brachiopods f rom western  Canada; Geological 
Survey of Canada, Bulletin 86. 

Merriam, C.W. 
1940: Devonian stratigraphy and paleontology of t h e  

Roberts Mountains region, Nevada; Geological 
Society of America,  Special Paper no. 25. 

Poole, F.G., Baars, D.L., Drewes, H., Hayes, P.T., 
Ketner,  K.B., McKee, E.D., Teichert ,  C., and Williams, J.S. 

1967: Devonian of t h e  southwestern United Sta tes ;  5 
International Symposium on t h e  Devonian System, 
Calgary,  1967, v. I ,  ed. D.H. Oswald; Alberta 
Society of Pet roleum Geologists, p. 879-912. 





Lithostratigraphy and a summary of the 
paleoenvironments of the lower Middle Ordovician 
sedimentary rocks, upper Ottawa Valley, Ontario 

Project  05680-00166 

H. Mi r iam Stee le -~e t rov ich '  
Inst i tu te o f  Sedimentary and Petroleum Geology, Calgary 

Steele-Petrovich, H.M., Lithostratigraphy and a summary of the paleoenvironments of the lower 
Middle Ordovician sedimentary rocks, upper Ot tawa Valley, Ontario; in Current Research, Par t  B, 
Geological Survey o f  Canada, Paper 86-lB, p. 493-506, 1986. 

Abstract  

I n  the upper Ot tawa Valley the Middle Ordovician carbonate and terrigenous rocks tradit ional ly 
assigned to  the Pamelia, Lowvi l le,  Chaumont and Rockland formations, comprise the fol lowing ten 
lithofacies, recorded here in  descending order stratigraphically. 

10. Bioturbated bioclastic oncol i t ic wackestone. 9. Coarse grained bioclastic intraclast ic 
packstone. 8. L ime siltstone. 7. Shaly l ime mudstone to  shaly intraclast ic packstone. 
6. Sublithographic mudstone. 5. Ooidal peloidal limestone. 4. Skeletal packstone. 3. L ime 
mudstone to  fossiliferous wackestone. 2. Algal/dolomit ic carbonate. 1. Terrigenous lithofacies. 

These rocks are best subdivided into the following six l i thostrat igraphic units, which do not 
correspond completely to  the tradit ional formations: A (l ithofacies l ) ,  B (l ithofacies 2), 
C (l ithofacies 3, 4, 5), D (lithofacies 6, 7), E (lithofacies 8, 9), and F (lithofacies 10). 

The carbonate rocks o f  this study were deposited on a relatively-shallow lime-mud bank and i n  
i t s  quiet inner lagoon wi th in  a tropical transgressive sea; the terrigenous rocks were deposited on 
in ter t ida l  flats. 

Les roches carbonatees de ltOrdovicien moyen provenant de l a  par t ie  superieure de l a  vallee de 
I'Outaouais et  traditionnellement attribuees aux formations de Pamklia, de Lowvi l le,  de Chaumont e t  
de Rockland comprennent dix 1ithofacii.s. I1 serait preferable de condenser ces roches en six unites 
l ithostratigraphiques qui pourraient &re soit des formations, soit des membres: A (l ithofaci8s l ) ,  
B (l ithofaci8s 2 ) ,  C (1ithofacii.s 3, 4, 5), D (lithofaci8s 6, 7), E (1ithofacii.s 8, 9) e t  F (lithofaci8s 10). 

Ces unites l ithostratigraphiques (A-F)  ne correspondent pas aux formations traditionnelles, rnais 
Itauteur recommande de conserver temporairernent la  nomenclature traditionnelle uti l isee dans l a  
region en attendant que toutes les roches de Black River  e t  de Trenton da l a  vallee soient r66valuees. 

Les roches carbonatees examinees se sont accu~nulBes sur un banc relat ivement peu profond de 
boue calcaire e t  dans une lagune interieure calme au sein d'une mer tropicale transgressive; les 
roches terrigsnes se sont accumulr5es sur un vey, probablement avant l a  formation du banc carbonate 
e t  de sa lagune. 

1463 Valley Road, Bartlesvil le, Oklahoma, 74003, U.S.A. 



Introduction 

The Middle Ordovician sediments studied occur between 
Ot t awa  and Pembroke in the  upper part  of t he  Ot t awa  Valley 
(Fig. 53.1). The stratigraphic sequence t h a t  is  considered 
here  includes the  units t ha t  have been traditionally called the  
Pamelia,  Lowville, Chaumont (or Leray) format ions  of t he  
Black River Group and t h e  Rockland Formation of t h e  
Trenton Group. 

The reference  sect ion chosen is  t h e  only relatively 
complete  s t ra t igraphic  sect ion in the  upper pa r t  of t he  
Ot t awa  Valley, and is  located a t  Braeside (Fig. 53.1). 
Different rock units were  determined and measured, char- 
ac ter is t ics  and re la t ive  s t ra t igraphic  positions were  recorded, 
a t  leas t  one  lithological sample was col lec ted f rom each  rock 
unit, and a s  many of t h e  contained fossils a s  possible were 
identified and collected. Each measured unit was 
distinguished by macroscopic fea tures  such a s  colour, 
texture ,  weathering pattern,  physical and biogenic s t ructures ,  
s ize  and composition of consti tuent particles,  faunal 
composition, and la tera l  fac ies  changes; a ver t ica l  change in 
any of these  fea tures  signified a sepa ra t e  unit. 

About 50 less-complete sections a t  o ther  locali t ies (Fig. 53.1) 
were  studied in a similar way. The following terminology was 
used in the  field: 

Bed - delineated by bedding planes; with no limiting 
thickness (Reineck and Singh, 1975, p. 82) 

Laminae - layers composing a bed (Reineck and Singh, 1975, 
p. 83) 
Massive bedding - beds generally th icker  than  50  c m  ( term 
of spli t t ing property of rock) 

Very thick bed - bed th icker  than 50 c m  (thickness t e rm)  

(I have followed McKee and Weir h e r e  (see Petti john, 
1957, p. 159) and kep t  spli t t ing property of t h e  rock and 
bed thickness separate).  

Grain s ize  of terrigenous rocks - Wentworth Scale (see 
Petti john, 1957, p. 19) 

Grain s ize  of carbonates  

very coarse  grained - particles generally larger than 
1 cm 

A LOCALITY OR GROUP OF L O C A L I T I E S  

A-B)LIN,S O F  CROSS S E C T I O N  FOR FIGURE 4 

ourth Chute 

Figure 53.1. Locality m a p  - upper O t t a w a  Valley. 



coarse  grained - particles identifiable t o  naked e y e  
and generally smaller than I c m  

medium grained - individual par t ic les  visible t o  naked 
eye but not identifiable 

fine grained - individual grains visible with hand lens 
(10x1 but not identifiable 

very fine grained - individual grains not visible with 
hand lens 

Stratigraphy 

Lithofacies and thei r  spatial  relationships 

The reference  section a t  Braeside is a composite of 
23 sepa ra t e  outcrops, occurring over a horizontal distance of 
4 km, on the  side of a hill 85  m high (Fig. 53.2). Elevations a t  
t h e  d i f ferent  locali t ies were  determined using a level and 
stadia rod. An almost-complete composite sect ion composed 
of t en  di f ferent  l i thofacies was pieced together  (Fig. 53.3). 
The character is t ics  of t he  t en  l i thofacies,  numbered in 

Lithostratigraphic subdivisions 

Individual l i thofacies can  rare ly  be  corre la ted  f rom one 
locality t o  another,  a s  interbedding is common between 
ce r t a in  l i thofacies,  and some horizontal  intergrading also 
occurs (Table 53.2). However, groups of interbedded 
li thofacies form fairly well del ineated ent i t ies  t h a t  can be  
corre la ted .  On the  basis of these  lithological groups, t h e  
Ordovician of t h e  upper O t t a w a  Valley can  be divided in to  
6 l i thostratigraphic units, A-F, defined on the  basis of their  
dominant l i thofacies (Table 53.3); t hese  units would have 
formation (or possibly member) s ta tus .  When considered in 
deta i l ,  t h e  distribution of l i thofacies within the  d i f ferent  
l i thostratigraphic units is  not a s  precise a s  shown in 
Table53.3,  a s  some interbedding occurs  across  t h e  
l i thostratigraphic boundaries (Fig. 53.4, Table 53.4). Because 
of th is  interbedding, a l i thostratigraphic unit cannot  
necessarily be correct ly  determined in the  field if only a thin 
s t ra t igraphic  interval is  present;  however, a s t ra t igraphic  
section one t o  two  me t re s  thick should be adequate  in most 
cases  for determining t h e  s t ra t igraphic  horizon. 

ascending order stratigraphically,  a r e  summarized in In Figure 53.4, t h e  top  of t h e  interbedded group of 
Table 53.1. l i thofacies 3, 4 and 5 was  arbi t rar i ly  chosen a s  t h e  base  line 

or datum;  most of those measured sections t h a t  do not  The field locali t ies of this study a r e  isolated outliers on include the datum are tied into the correlation along a 
t h e  Precambrian Shield t h a t  are ,  in general,  relatively widely secondary datum between groups of lithofacies 8 and 9, and two traverses (AB and CD of Fig. 53.1)' and 10; t h e  f e w  remaining sect ions  a r e  f i t ted  into Figure 53.4 Composite stratigraphic sections a s  projected onto  AB and where they are best suited lithologically. 
C D  a r e  plotted in Figures 53.4A and 53.48. 

-.. -. 
& - A  O T T A  W A  R I V E R  

@ C O U N T Y  R O A D  

E L E V A T I O N S :  F E E T  A B O V E  
M E A N  SEA L E V E L  

AB: L INE OF CROSS SECTION 
FOR FIGURE 3 

Figure  53.2. Topographic map  showing locali t ies of sections making up composite reference  section 
Braeside, Ontario.  



Table 53.1. S u m m a r y  o f  c h a r a c t e r i s t i c s  o f  l i t h o f a c i e s  as d e t e r m i n e d  i n  t h e  f i e l d  

Very fine grained quartz  
arenite/siltstone 

Small quantities of dissemi- 
nated clay minerals through- 
out  

Physical Biological 
Lithofacies Composition and texture Colour s t ructures  s t ructures  Fossils 

1 a Coarse grained quartz  a ren i t e  

Sand grains well sorted, wel! White t o  Beds few mm t o  1 m 
rounded slightly thick, unlaminated, 

greenish horizontally lamina- 
ted,  or  crossbedded; 
reactivation surfaces 
rare;  upper and lower 
boundaries sharp 

Ib 

Very light Beds usually 0.5-5 c m  
pink and thick, unlaminated, 
green horizontally lamina- 

ted,  or  crossbedded; 
small-scale ripples 
common; upper and 
lower boundaries 
sharp 

I c  Very f ine grained quartz  
arenite/siltstone and shale  

Arenite/siltstone a s  in Shale red Commonly occurs a s  Horizontal burrows 
Lithof acies Ib or green, wavy, flaser, lenti- present, diameter  

rarely black cular bedding; cross- 1-3 mm; no vert ical  
laminated sandstone burrows; large a reas  
rare; mudcracks with no burrows 
common 

Id Silty shale  and shaly silt- 
Stone 
Crumbly when weathered; Dark green, Beds usually 2-5 c m  Abundant horizontal Lingulids locally 
patches of sand-size quartz  rusty on thick; local patches and oblique burrows abundant 
grains throughout weathered of lenticular and throughout, diameter  

surf aces flaser bedding; mud- 2-3 mm; vertical 
cracks rare  burrows ra re  

2a Algal limestone and dolomite 

i Very fine grained, very homo- ~ e d i y m  grey, Beds up t o  40 c m  - Ostracods 
geneous limestone with weathers  thick; f l a t  or 
conchoidal f racture;  dolomite darker grey undulating algal 
r a re  t o  light laminae common; 

brown mudcracks present, 
not common 

i i Coarsely crystalline; abundant . Dark brown- Beds 1-5 cm thick, 
intraclasts and fossil grey, wea- weather into chunks 
fragments  thers  brown locally; sharp 

boundaries 

2b Limestone/dolomite and 
dolomite 

Fine t o  medium grained; Sooty blue- Beds up t o  25 cm Poorly defined Ostracods locally 
commonly crystalline; grey t o  thick; mudcracks horizontal burrows abundant; few 
commonly with sugary yellow-green; present locally uncommon; vertical molluscs locally 
appearance weathers buff burrows ra re  common 

3 Lime mudstone t o  fossiliferous 
wackestone 

Scat tered fossil f ragments  ra re  Very light Beds 5-15 cm thick; Bioturbation absent  Rare  t o  abundant; 
t o  common in very fine grained t o  very dark mudcracks- rare, t o  common diversity low; 
lime-mud matrix; inclusions grey; ripple marks ra re  some in living 
of red and green rounded weathers  position 
terrigenous mudstone clasts  dark grey 
(approx. 5 cm across) rare  t o  
common; fossils and fossil 
f ragments  locally replaced 
by spar; small  local patches 
of fossil debris throughout 
but not  common 

Abundant 
ostracods 



Table 53.1 (con t . )  

Physical Biological 
Li thofacies  Composition and t e x t u r e  Co  IOU r s t ruc tu re s  s t ruc tu re s  Fossils 

4 Skele ta l  packstone 

Coar se  grained bioclas t ic  Unweathered Bedding poorly Disar t icula ted 
l imestone of broken, densely- ma t r ix  defined; beds  less bivalve shel ls  
packed shell  f r agmen t s  in medium g rey ;  t han  8 c m  thick present  
very f ine  grained l imestone wea the r s  
ma t r ix ;  fossils typically t an  t o  red-  
replaced by ca l c i t e  spar ;  dish brown 
large  c l a s t s  and thin in ter-  
beds of red and g reen  t e r r i -  
genous  mudstone; w e a t h e r s  
rubbly 

5 Ooidal peloidal l imestone 

Medium t o  coa r se  gra ined,  brown-grey; Beds approx. 2 c m  Absent t o  
containing sca t t e r ed  t o  wea the r s  thick t o  very th ick;  locally abundant ;  
densely packed ooids and  buff t o  beds f l a t  lying, d ivers i ty  low 
peloids; ma t r ix  usually grey with cross-laminae very 
f ine  grained lime mud, r a r e  reddish r a re ;  ripples r a r e  
rare ly  spa r  pa t ches  

6 Sublittiographic mudstone 

Very homogeneous, hard, dense  Very light Beds commonly very Commonly unbur- Tetradium r a r e  
u l t r a  f i ne  grained l imestone;  grey, com-  thick; bedding rowed; rare ly  t o  locally 
breaks  with conchoidal  monly wi th  planes smooth,  highly burrowed abundant  
f r a c t u r e  reddish hue; irregularly bumpy, horizontally a n d  

wea the r s  and/or i r regular ly  ver t ica l ly  s o  
a lmos t  wh i t e  c r acked  wea the r s  i n to  

i r regular  nodules 

7 Shaly l ime mudstone t o  
shaly fossiliferous 
wackestone 

Fossiliferous, shaly l imestone Brown-grey Bedding var ies  f rom Horizonta l  t r a i l s  Ra re  t o  abundant  
with very f ine  gra ined matr ix ;  t o  blue-grey; very thick t o  f laky,  of var ious  s izes  and very diverse  
shale  con ten t  va r i e s  wea the r s  buff depending on c lay common  on shaly  

t o  yellow, con ten t  bedding planes 
rare ly  bluish 

8 Lime s i l t s tone 

Fine gra ined l imestone;  some-  Brown-grey, Beds 2-15 c m  thick;  Burrows absen t  o r  Typically absen t  
what  scaly  on broken su r f ace ;  wea the r s  f l a t  laminae common,  ve r t i ca l  and  hori- excep t  abundant  
ultra-thin, black, platy, grey cross laminae r a r e ;  zon ta l  burrows in on s o m e  shaly  
organic  ma te r i a l  common  on bedding planes f l a t  r ange  of densi t ies  bedding planes; 
bedding planes; c h e r t  nodules or irregularly bumpy, locally; burrows low divers i ty  
common  locally; incipient rare ly  shaly; ripple wea the r  i n to  pi ts  on 
concret ions  r a r e  marks  rare ;  associa- ver t ica l  and  horizon- 

t ed  hardgrounds and t a l  surfaces ;  large ,  
concret ions  hor izonta l  t r a i l s  

on  shaly bedding 
planes; a s soc i a t ed  
s t romatoporoid  
bios t rome,  a n d  
e longa ted  mounds 
and  depress ions  

9 Coar se  gra ined bioclas t ic  
i n t r ac l a s t i c  packstone 

Coarse  t o  very coa r se  Usually Beds 2 -5  c m  thick;  Associated co ra l /  Common;  divers i ty  
grained l imestone of brown-grey, lower c o n t a c t  s t romatoporoid/  re la t ively  low 
densely packed, l a rge  commonly general ly  sharp;  bryozoan 
fossil  f r agmen t s  and  t o  wi th  red-  upper c o n t a c t  sha rp  bios t rome 
lesser e x t e n t ,  of i n t r a -  dish hue; w gradat ional ;  
c l a s t s  of Li thofacies  8 wea the r s  dissolution hori- 
in f iner  gra ined matr ix ;  l ight g rey  zons  common;  cross- 
c h e r t  r a r e ;  s t rong t o  buff beds and cross-  
pet roleum odour f rom laminae common;  
some  samples  ripple marks  r a r e .  

10 Bioturbated bioclas t ic  
oncol i t ic  wackestone 

Matrix f ine  gra ined t o  very Brown-grey; Bedding massive; Typically bioturbated;  Ra re  t o  locally 
f i ne  grained; fossil f rag-  wea the r s  incipient bedding well def ined ve r t i ca l  abundant and  
men t s  common;  oncol i tes  light g rey  planes occur  on and hor izonta l  bur-  diverse 
and rhodol i tes  common  t o  t o  buff ;  may  wea the red  f a c e s  rows common  
locally abundant ,  r a r e ly  be overgrown 
absen t  by dark g rey  

t o  black o r  
reddish l ichen 



LOCALITY NUMBERS 
17 
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DISTANCE (km) ALONG AB A 

Figure  53.3. Composite r e fe rence  section, Braeside, Ontario,  showing s t ra t igraphic  
positions of t e n  lithofacies. 



Raymond (1 912, 1913, 1914) originally subdivided t h e  
Black River rocks of t h e  Ot t awa  region, and applied t o  them 
the  established formation names for somewhat similar rocks 
of t h e  same  age  f rom New York S t a t e  (i.e. Pamelia,  Lowville, 
Leray formations). Raymond also subdivided t h e  Trenton 
Group in t h e  Ot t awa  Valley, but as the re  were  no established 
formation names for Trenton rocks in New York Sta te ,  h e  
named several of these  higher units, including t h e  Rockland 
Formation, a f t e r  sections near  Ottawa. Raymond's 
stratigraphic t e rms  (Table 53.5) a r e  s t i l l  t he  most  widely used 
in t h e  Ot tawa Valley, although "Chaumont" is substi tuted 
commonly for "Leray". 

A g rea t  deal  of confusion exis ts  in the  s t ra t igraphic  
nomenclature of t h e  Ot t awa  Valley. The Pamelia,  Lowville, 
Leray (Chaumont) and Rockland formations were  a l l  
originally poorly defined and poorly delimited there ,  
permitt ing a number of interpretations.  This original lack of 
rigour has led to  considerable variation in published 
descriptions of t h e  formations (compare Raymond, 1912; 
Wilson, 1932, 1936; Kay, 1942; Barnes, 19671, and at t imes  t o  
considerable disagreement (e.g. Barnes, 1968; Kay, 1968; 
Sinclair, 1968). It has  also resulted in t h e  introduction of 
s t ra t igraphic  classifications t h a t  have not been widely 
accep ted  in t h e  Ot t awa  Valley (Liberty, 1967; Kay, 1972), 
using t e rms  tha t  were  originally defined for centra l  and 
southwestern Ontario (e.g. Kay, 1937; Okulitch, 1939; 
Liberty, 1955, 1969). Although t h e  Pamelia,  Lowville, Leray 
(Chaumont) and Rockland format ions  of t h e  Ot t awa  Valley 
were  originally defined on t h e  basis of lithology (Raymond, 
1912; Wilson, 1932, 1936; Barnes, 1967), their  common 
t r ea tmen t  a s  biostratigraphic t e r m s  (Wilson, 1946; common 
local use) has increased the  level of disagreement and 
confusion. Kay's (1960) change of the  original formation 
names t o  the  s ta tus  of s t age  is also confusing (Fisher, 1962; 
Barnes, 1968; Walker, 19731, a s  is  Wilson's (1946) suggestion 
tha t  t h e  Black River and Trenton be turned in to  t ime  terms. 
The f a c t  t h a t  "Rockland" is preoccupied by an Ordovician 
limestone in Maine (Fisher, 1962) is potentially difficult ;  
however, a s  t h e  name  is  well established in the  Ot t awa  
Valley, i t  need not necessarily b e  changed there ,  particularly 
if i t s  use in Maine is  neither well  known nor common (North 
American Commission on Stratigraphic Nomenclature 1983, 
Article 7c). 

The lack of a well  defined stratigraphy in  t h e  Ot t awa  
Valley makes  placing of some of t h e  t en  l i thofacies noted in 
th is  study in to  t h e  Pamelia,  Lowville, Chaumont and 

Legend for  Figure  53.3 

Lithofacies (number and name)  

10 Bioturbated bioclastic oncolit ic wackestone 

9 Coarse  grained bioclastic in t rac las t ic  packstone 

8 Lime s i l t s tone 

7 Shaly l ime mudstone t o  shaly fossiliferous wackestone 

6 Sublithographic mudstone 

5 Ooidal peloidal l imestone 

4 Skeletal  packstone 

3 Lime mudstone t o  fossiliferous wackestone 

2 Algal/dolomitic carbonate  

1 Terrigenous l i thofacies 

(see Table 53.1 for  summary of macroscopic character is t ics  
of 1 0  lithof acies). 

Rockland format ions  (as they a r e  tradit ionally recognized in 
the  Valley) exceedingly difficult .  Specific problems 
encountered are:  

1. Published descriptions of t h e  formations typically no te  
only t h e  dominant rock character is t ics  (e.g. Raymond, 
1912; Wilson, 1932, 1936; Kay, 1942). 

2. A number of distinct l i thofacies recognized in th is  study 
had not  been recognized previously. 

3. Formation boundaries commonly have not been defined. 

4. The format ions  have been described previously in very 
general  t e rms  (e.g. Raymond, 1912; Wilson, 1932, 1936; 
Kay, 1942) or  according ro  Twenhofel's terminology 
(Barnes, 1967). In contras t ,  lithological descriptions in 
th is  study a r e  more detailed,  and a r e  based on Dunham's 
(1 962) classification, which a t t aches  considerably g rea te r  
environmental significance t o  t h e  lithotypes. As well, a 
single l i thofacies of this study commonly f i t s  previous 
descriptions of more than one  formation. 

Assignment of t h e  present l i thofacies t o  the  
tradit ionally acknowledged format ions  has  had t o  b e  in par t  
according t o  s t ra t igraphic  positions of t hese  l i thofacies with 
respect  t o  formation boundaries as generally accep ted  in t h e  
field by previous workers. Using such cr i ter ia ,  t he  t e n  
l i thofacies of this study would be  placed into t h e  
l i thostratigraphic nomencla ture  of t h e  Ot t awa  Valley a s  
shown in  Tables 53.3 and 53.6. 

In discussing t h e  appropriateness of using for  t h e  study 
a rea  the  tradit ional formation names (Pamelia,  Lowville, 
Chaumont and Rockland; tables  53.3, 53.6) one must consider 
whether t h e  l i thofacies,  a s  recognized in this study, naturally 
f i t  in to  t h e  tradit ionally accepted s t ra t igraphical  
subdivisions; and, whether the  rock types  and lithological 
boundaries a s  recognized in the  type a reas  a r e  similar t o  
those in this study. 

Tables 53.3, 53.4 and 53.6 show that  t h e  
l i thostratigraphic subdivision suggested in this study does not  
correspond completely t o  t h e  tradit ionally accep ted  
l i thostratigraphy. The main di f ferences  a r e  in t h e  groupings 
associated with l i thofacies 6 (sublithographic mudstone) and 7 
(shaly l ime mudstone t o  shaly fossiliferous wackestone). 
Lithofacies 6 is  tradit ionally assigned t o  t h e  Lowville 
Formation and li thofacies 7 t o  t h e  Chaumont Formation. 
However, in t h e  study area ,  l i thofacies 6 and 7 a r e  
considerably more  intimately associated with each  other  than 
with o the r  tradit ional Lowville or  Chaumont rocks; thus, on 
t h e  basis of this study, l i thofacies 6 and 7 should b e  
considered a sepa ra t e  format ion (Tables 53.3, 53.6; Fig. 53.4). 
Also, in the  study a rea ,  t he re  a r e  greater  differences 
between li thofacies I ( terrigenous rocks) and 2 
(algal/dolomitic carbonates),  both tradit ionally assigned t o  
t h e  Pamel ia  Formation, than between the  l i thofacies of o ther  
accep ted  formations.  Therefore,  on the  basis of this study, 
l i thofacies I and 2 should be  placed in d i f ferent  formations 
(Tables 53.3, 53.6; Fig. 53.4). 

A comparison of the  Black River l i thofacies from the  
type a r e a  in New York S t a t e  (Walker, 1973) with l i thofacies 1 
to 9 of t h e  present  study, (Table 53.1) shows t h a t  t he re  a r e  
ce r t a in  similarit ies between t h e  Pamelia and Lowville 
format ions  and, a s  originally noted by Kay (1937, 1939), g r e a t  
d i f ferences  between t h e  Chaumont format ions  of t h e  t w o  
regions. Also, t h e  rocks t h a t  have been assigned t o  t h e  
Rockland Formation in t h e  present  study a r e a  wes t  of O t t awa  
appear  t o  d i f fer  lithologically f rom those in t h e  type  a r e a  of 
t h e  Rockland Formation, e a s t  of O t t awa  (Barnes, 1967; 
personal observations). 



Figure 53.4. Distributions of the ten lithofacies in measured sections. 

B 
DISTANCE (km) ALONG A 6  

Figure 53.4A. Measured sections, western part of study area. 

Legend for Figure 53.4 

'Lithofacies (number and name) 
10 Bioturbated bioclastic oncolitic wackestone 

9 Coarse grained bioclastic intraclastic packstone 
8 Lime siltstone 
7 Shaly lime mudstone to shaly fossiliferous wackestone 
6 Sublithographic mudstone 
5 Ooidal peloidal limestone 
4 Skeletal packstone 
3 Lime mudstone to fossiliferous wackestone 

2 Algal/dolomitic carbonate 
1 Terrigenous lithofacies 

8,9 Interbedded lithofacies 8 and 9 
8 (9) Major component lithofacies 8, minor component 9 
? Covered interval of unknown thickness 

A-F Proposed lithostratigraphic subdivisions 
AB, CD Traverses shown in Figure 53.1 

(see Table 53.1 for summary of macroscopic characteristics 
of the ten lithofacies). 
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Table 53.2. Interbedding and horizontal intergrading character is t ics  of t he  d i f ferent  l i thofacies 

Lithofacies Interbedding and intergrading character is t ics  

2 rarely interbedded with Lithofacies 1 
rarely interbedded with Lithofacies 3, 4, 5 

3,  4, 5 commonly interbedded on all  scales; 3 and 4 generally dominate  lower stratigraphically and 5 higher 
stratigraphically 

3 very rarely interbedded with Lithofacies 2 

6, 7 6 rarely interbedded with Lithofacies 3, 4, 5 
a t  some localities 6 precedes 7 with l i t t le  or no interbedding; a t  o ther  locali t ies 6 and 7 a r e  

interbedded t o  g rea te r  extent ,  with 6 dominating stratigraphically Lower and 7 stratigraphically 
higher 

thin units of 6 interbedded rarely with Lithofacies 8 and 9 
thin units of 7 interbedded very rarely with Lithofacies 8 and 9 
r a re  units with lithological character is t ics  of both 6 and 7 

8, 9 interbedded on all  sca les  
8 rarely interbedded with Lithofacies 6 and 7 
8 rarely interbedded with Lithofacies 10 
9 usually laterally persistent fo r  t ens  t o  hundreds of me t re s  but may grade la tera l ly  into o r  end 

abruptly against  8 

9, 1 0  interbedding not uncommon, particularly in lower stratigraphic par t  of 1 0  

The ex ten t  of these  differences in l i thofacies and 
lithological boundaries between the  study a rea  and type 
locali t ies suggests t ha t  t he  formation names t h a t  have been 
tradit ionally used in the  western  par t  of t h e  Ot t awa  Valley 
a r e  inappropriate there.  Although the re  a r e  similarit ies 
between the  Pamelia and Lowville formations of t h e  t w o  
areas ,  these  can r e f l ec t  comparable environments of 
deposition close to  shore in different epeiric seas of similar 
age. 

I can find no evidence in the  western  par t  of t he  
Ot t awa  Valley for  a major change in lithology a t  t h e  Black 
RiverITrenton boundary, and therefore  no support  for t h e  use  
of  these  t e rms  in t h e  study area .  In f ac t ,  t h e  corresponding 
Chaumont/Rockland boundary, a s  determined by Kay (1942) 
a t  d i f ferent  outcrops,  is commonly very poorly delineated, 
and a t  some locali t ies appears  t o  have been arbitrari ly 
chosen. Also, a s  Wilson (1921, 1937, 1946) noted, t he re  is  no 
evidence in the  study a r e a  of a hiatus between t h e  Black 
River and Trenton rocks. 

The present study has not been extensive enough 
stratigraphically t o  determine t h e  appropriateness of t h e  
"Ottawa Limestone", although f rom my general knowledge of 
the  rocks of t h e  Ot t awa  Valley i t  appears t o  be a useful t e r m  
in tha t  i t  identifies a group of sedimentary rocks t h a t  a r e  
usually thought of a s  a unit and tha t  may have been deposited 
in a single sequence. As lithological differences a r e  sl ight 
within t h e  Black River and Trenton rocks, fur ther  s tudy may 
indicate t h a t  they should b e  lumped together  in to  t h e  Ot t awa  
Formation a s  proposed by Wilson (1946); smaller units would 
then have member status.  If t he  Ot t awa  Limestone were  
assigned to  group s ta tus ,  i t s  subdivisions would be formations.  

Although t h e  new evidence shows t h a t  t he re  is  a be t t e r  
l i thostratigraphic subdivision for t h e  study a rea  than t h a t  
which is tradit ionally used, I suggest t h a t  t h e  tradit ional 

Table 53.3. Comparison of tradit ional and proposed 
l i thostratigraphic subdivisions 

Traditional Dominant Proposed Measured 
formations Lithofacies ~ ~ ~ t ~ t r a t i g r a ~ h i c  thicknesses 

Rockland I0 F 2 t  to 4t m 

I Chaurnont 8 

Lowville 
4 2 t o 8 m  

upper 2 B 7 t  to 32 m 
Pamelia - - 

lower I A 2 1 t  t o 2 7 t m  



Proposed  
f o r m a t i o n l m e m b e r  L i t h o f a c i e s  

F 10, s o m e  9, 

E m o s t  of 8, m o s t  of 9, r a r e  6,  
r a r e  7, r a r e  1 0  

D m o s t  of 6,  m o s t  of 7, r a r e  8 

C m o s t  of 3,  4, 5, r a r e  6 

B 2, r a r e  1, r a r e  3 

A I, r a r e  2 

T a b l e  53.4. Proposed l i t h o s t r a t i g r a p h i c  subdivision Lower P a m e l i a / u p p e r  P a m e l i a  boundary.  Although t h e  
showing both  dominant  l i t h o f a c i e s  a n d  minor  in te rbedded  Ter r igenous  l i t h o f a c i e s  ( l i thofac ies  1) of t h i s  s t u d y  m o r e  
c o m p o n e n t s  closely f i t s  Kay ' s  (1942) descr ip t ion  of  t h e  C h a z y  t h a n  

Wilson's (1932) descr ip t ion  of t h e  lower  p a r t  of t h e  P a m e l i a  
Format ion ,  t h e r e  i s  no  ques t ion  t h a t  t h e s e  t e r r i g e n o u s  
s e d i m e n t s  a r e  p a r t  of t h e  Black River  sequence .  They  f o r m  
t h e  lowes t  rocks  of t h e  r e f e r e n c e  s e c t i o n  a n d  t o w a r d  i t s  t o p  
a r e  in te rbedded  wi th  t h e  a lga l /do lomi t ic  l i t h o f a c i e s  
( l i thofac ies  2) w i t h  no  sign of a break  in depos i t ion  
(Fig. 53.4A, B). Raymond (1912) p laced  t h e  boundary 
b e t w e e n  t h e  lower  a n d  upper  P a m e l i a  a t  t h e  base  of  a c o a r s e  
sands tone  uni t ,  b u t  as Wilson (1932) n o t e d ,  sh i f t ing  sands  
c l o s e  t o  s h o r e  r e s u l t  in beds  t h a t  usually c a n n o t  b e  t r a c e d  any  
d is tance .  In t h e  S r a e s i d e  a n d  Morrison Island s e c t i o n s  
(Fig. 53.4A, B), which  a r e  t h e  only exposures  of t h e  lower  
p a r t  of t h e  s e q u e n c e  in t h e  s tudy  a r e a ,  a r e l a t i v e l y  wel l  
d e f i n e d  boundary b e t w e e n  l o w e r  a n d  upper  P a m e l i a  c a n  b e  
p laced  at t h e  base  of t h e  c a r b o n a t e s .  

n o m e n c l a t u r e  be  r e t a i n e d  f o r  t h e  p r e s e n t  t i m e .  This  s tudy ,  
dea l ing  only w i t h  p a r t  of t h e  Black R i v e r / T r e n t o n  r o c k s  in a 
c o r n e r  of  t h e  O t t a w a  Valley, i s  t o o  r e s t r i c t e d  b o t h  
geographica l ly  a n d  s t ra t ig raphica l ly  t o  a t t e m p t  a reg iona l  
s t r a t i g r a p h i c  revision. A f o r m a l  revision of t h e  s t r a t i g r a p h y  
should n o t  be a t t e m p t e d  unt i l  t h e  Black River  a n d  T r e n t o n  
rocks  in t h e  e a s t e r n  p a r t  of t h e  O t t a w a  Valley a l s o  h a v e  been 
res tud ied .  Unt i l  t h a t  t i m e ,  t h e  addi t ion  of n e w  f o r m a t i o n  
n a m e s  would probably be  la rge ly  ignored  and would only 
f u r t h e r  c l u t t e r  t h e  l i t e r a t u r e  (cf .  Table  53.5). 

I t  would n o t  be  surprising t o  f ind t h a t  t h e  
l i thos t ra t ig raphy  of t h e  w e s t e r n  p a r t  of t h e  O t t a w a  Valley is  
unique,  cons ider ing  t h e  a p p a r e n t  l i thological  d i f f e r e n c e s  
b e t w e e n  t h e  rocks  in t h e  s t u d y  a r e a  a n d  those  t h a t  o c c u r  e a s t  
of  O t t a w a ;  uniqueness would b e  c o n s i s t e n t  w i t h  t h e  proposed 
e n v i r o n m e n t a l  model  ( see  S tee le -Pe t rov ich ,  1984). If t h e  
l i thos t ra t ig raphy  proves  t o  b e  unique, t h e  proposed l i tho- 
s t r a t i g r a p h i c  un i t s  (A  t o  F) should t h e n  be  f o r m a l l y  def ined  
a n d  n a m e d  wi th  r e s p e c t  t o  t h e  w e s t e r n  p a r t  of  t h e  O t t a w a  
Valley. If a f u t u r e  reg iona l  s t u d y  of s t r a t i g r a p h y  shows t h a t  
t h e  l i thos t ra t ig raphy  of  t h e s e  r o c k s  is  t h e  s a m e  throughout  
t h e  O t t a w a  Valley, t h e  un i t s  should be  def ined  a n d  n a m e d  
w i t h  r e s p e c t  t o  t h e  whole  region.  

If t h e  t rad i t iona l ly  a c c e p t e d  l i t h o s t r a t i g r a p h i c  
n o m e n c l a t u r e  i s  t o  be r e t a i n e d  f o r  t h e  p r e s e n t  t i m e  in  t h e  
upper  O t t a w a  Valley, n o t  only should t h e  t r a d i t i o n a l  
f o r m a t i o n s  be  c h a r a c t e r i z e d  in t e r m s  of t h e  l i t h o f a c i e s  of 
t h i s  s t u d y  (Tables 53.3, 53.61, bu t  t h e i r  genera l ly  a c c e p t e d  
boundar ies  should be  discussed wi th  r e s p e c t  t o  t h e  f ie ld  
e v i d e n c e  ( s e e  below). In o r d e r  t o  express  doubt  a b o u t  t h e  
equiva lence  of t h e s e  f o r m a t i o n s  w i t h  t h o s e  of t h e i r  t y p e  
loca l i t i es  o n e  m i g h t  qualify t h e s e  a s  P a m e l i a  (Upper O t t a w a ) ,  
Lowvil le  (Upper O t t a w a ) ,  C h a u m o n t  (Upper O t t a w a ) ,  
Rockland  (Upper Ot tawa) .  Although l i thofac ies  6 a n d  7 a r e  
i n t i m a t e l y  assoc ia ted ,  t h e y  c a n  b e  r e t a i n e d  (a lbe i t  n o t  v e r y  
nea t ly)  i n  s e p a r a t e  f o r m a t i o n s ,  fo r  in  s p i t e  of in te rbedding ,  
l i t h o f a c i e s  6 i s  genera l ly  found s t r a t i g r a p h i c a l l y  lower  t h a n  
l i t h o f a c i e s  7 (Fig. 53.4). The  O t t a w a  L i m e s t o n e  should h a v e  
Supergroup  s t a t u s  f o r  now in a c c o r d a n c e  w i t h  t h e  
S t r a t i g r a p h i c  C o d e  ( r a t h e r  t h a n  Megagroup a s  proposed by 
Swann and Willman, 1961), wi th  Black River  a n d  T r e n t o n  
groups  (Table  53.5). 

Pamel ia /Lowvi l le  boundary .  P lac ing  t h e  P a m e l i a l  
Lowvil le  boundary a t  t h e  b a s e  of t h e  f i r s t  bed of  
subl i thographic  l i m e s t o n e  ( l i thofac ies  6) w i t h  a b i r d s e y e '  
e f f e c t ,  a s  sugges ted  by lvilson (1932), i s  i n a p p r o p r i a t e  in  t h e  
upper  p a r t  of t h e  O t t a w a  Valley, a s  t h e  b i rdseye  s t r u c t u r e  i s  
f r e q u e n t l y  n o t  wel l  deve loped  t h e r e ,  a n d  w h e r e  p r e s e n t ,  i t  
o c c u r s  s t ra t ig raphica l ly  a b o v e  much of l i t h o f a c i e s  3, 4, 5 
and  6 ;  which a r e  normal ly  included in t h e  Lowvil le  
F o r m a t i o n .  With r e s p e c t  t o  m o s t  of t h e  rocks  s t u d i e d  here ,  
t h e  b o t t o m  of t h e  Lowvil le  is  b e s t  p laced  a t  t h e  b a s e  of  
whichever  a p p e a r s  f i r s t  of l i thofac ies  3, 4, 5 a n d  6; t h i s  is a 
r a t h e r  s h a r p  boundary  in  t h e  r e f e r e n c e  s e c t i o n ,  coinciding 
w i t h  t h e  t o p  of t h e  d o l o m i t e  f a c i e s  ( l i thofac ies  2). Where  a 
g r a d a t i o n a l  boundary  o c c u r s  in  o t h e r  s e c t i o n s  (apparen t ly  
ra re ly) ,  t h e  boundary c a n  b e  p u t  at t h e  hor izon  w h e r e  
l i t h o f a c i e s  3, 4, 5 o r  6 begin t o  domina te .  

Lowvi l le /Chaumont  boundary.  Barnes '  (1967) Lowvil le/  
C h a u m o n t  boundary  a t  t h e  t o p  of a 3 t o  5 f o o t  (1-1.5 m )  
subl i thographic  un i t  conta in ing  d e n s e  Te t rad iurn  cel lulosurn 
d o e s  n o t  a p p e a r  t o  be  p r a c t i c a b l e  f o r  t h e  upper  O t t a w a  
Valley. My e x p e r i e n c e  i s  t h a t  a l though subl i thographic  
l i m e s t o n e  commonly  i m m e d i a t e l y  under l ies  C h a u m o n t  
l i thofac ies ,  t h i s  is  n o t  necessar i ly  t h e  c a s e  ( c o m p a r e  
T a b l e  53.6 a n d  Fig. 53.4), n o r  i s  t h i s  sub l i thographic  un i t  
necessar i ly  t h i c k  o r  r e p l e t e  w i t h  Te t rad iurn  cel lulosurn;  in 
f a c t ,  i t  m a y  b e  highly b u r r o w e d  a n d  eas i ly  broken  i n t o  
nodules,  a n d  re la t ive ly  unfossi l i ferous.  S ince  subl i thographic  
beds  o c c u r  sporad ica l ly  t h r o u g h o u t  m o s t  of t h e  s t r a t i g r a p h i c  
c o l u m n  of t h i s  s tudy ,  i t  i s  advisab le  t o  p lace  t h e  t o p  of t h e  
Lowvil le  a t  t h e  b a s e  of t h e  f i r s t  s ign i f ican t  o c c u r r e n c e  of t h e  
shaly l i m e  m u d s t o n e  t o  sha ly  foss i l i fe rous  w a c k e s t o n e  
( l i thofac ies  7), o r  b a s e  of t h e  l i m e  s i l t s t o n e  ( l i thofac ies  8)  
which usually s u c c e e d s  l i thofac ies  7 bu t ,  occas iona l ly ,  
a p p e a r s  f i r s t .  

C h a u m o n t / R o c k l a n d  boundary.  K a y  (1942) a n d  Barnes 
(1967) p u t  t h e  boundary b e t w e e n  t h e  C h a u m o n t  a n d  Rockland  
a t  t h e  s a m e  horizon,  w h e r e ,  a c c o r d i n g  t o  Barnes,  t h e r e  i s  a 
c h a n g e  in b o t h  l i thology a n d  crossbedding;  t h e s e  c h a n g e s  
could n o t  b e  d i scerned  dur ing  t h e  p r e s e n t  f ieldwork.  

' T h e  t e r m  "birdseye" w a s  used ex tens ive ly  by pa laeonto logis t s  during t h e  19 th  and  p a r t  of t h e  20 th  
c e n t u r i e s  t o  d e s c r i b e  v e r t i c a l ,  spar-f i l led t u b e s  of Phytops is ,  a n d  probably of Te t rad iurn ,  t h a t  o c c u r  
in t h e  Birdseye L i m e s t o n e  (now Lowvil le  F o r m a t i o n )  of  e a s t e r n  Nor th  A m e r i c a  (Raymond,  1931;  
Wilson, 1936; Wilmarth,  1938, p. 192). U s e  of t h e  t e r m  f o r  pr imar i ly  hor izonta l  d e s i c c a t i o n  
f e a t u r e s  c a m e  cons iderab ly  l a t e r  (Shinn, 1968) a n d  h a s  been  widely a c c e p t e d  by c a r b o n a t e  
sed imento logis t s .  The  t w o  uses  c a n  lead  t o  confus ion  when dea l ing  w i t h  t h e  Lowvil le  F o r m a t i o n .  
Shinn (1983b) now favours  t h e  t e r m  "fenes t rae"  o v e r  "birdseye" f o r  d e s i c c a t i o n  f e a t u r e s .  



Table 53.5. History of rock s t ra t igraphic  classification of the  Ot t awa  Valley 

arne l ia  F m .  

Table 53.6. Stratigraphic positions of l i thofacies with Table 53.7. Lithofacies and corresponding environments 
respect  t o  traditionally accepted nomenclature,  showing of deposition 
both dominant l i thofacies and minor interbedded 
components 

Traditional 
formations Lithof ac ies  

Rockland 10, some 9 

Chaumont most of 7, 8, most  of 9, some  6, 
r a r e  10 

Lowville most of 3, 4, 5, most  of 6, some  7 

Upper Pamelia 2, r a re  I ,  r a r e  3 

Lower Pamelia I ,  r a r e  2 

Lithofacies Depositional environments 

BANK 

10 Lime-mud bank 

9 Spillover deposits on lee side of bank 

OUTER LAGOON 

9 Lagoonal spillover or storm deposits 

8 Sheltered zone in lee of bank 

INNER LAGOON 

7 Mud bottom 

6 Subtidal algal ooze or mat  

LOW INTERTIDAL AND SHALLOW SUBTIDAL REGION 

5 Zone of wave impingement 

4 Near-shore storm deposits 

3 Quiet pools and shallow, level bottom 

INTERTIDAL FLATS 

2a, 2b Carbonate intertidal mud f lats  

2ai Protected mud flats  or intertidal pools 

2aii Channel deposits 

l a  - Id Clastic intertidal mud f lats  

Ic, Id Mixed f lats  

la. Ib  Sand f la t s  



However, a sl ight difference in  bedding, although not  usually 
well demarcated,  was detected.  The bedding cha rac te r  
changed f rom thinner and well-defined t o  more  massive and 
poorly-defined, apparently coinciding with the  beginnning of 
intensive burrowing. The Coarse grained bioclastic 
in t rac las t ic  packstone ( l i thofacies9)  crosses t h e  
Chaumont - Rockland boundary of Kay (1942) and Barnes 
(1967) and within several f e e t  becomes interbedded and 
possibly interfingered horizontally with, and appears to  
finally be succeeded by, t he  Bioturbated bioclastic oncolit ic 
wackestone (l i thofacies 10). In this case,  t h e  most natural  
boundary seems t o  m e  t o  occur a t  t he  base of l i thofacies 10. 
Where l i thofacies 8 (l ime sil tstone) and 10 a r e  interbedded, 
which occurs rarely,  the  boundary appears t o  be best placed 
a t  t h e  top of the  las t  appearance of l i thofacies 8. 

It would be useful t o  redefine a t  this t i m e  t w o  informal 
units in accordance with recommendations of the  Code of 
Stratigraphic Nomenclature: t h e  Braeside beds and Paque t t e  
Rapids beds (see  Sinclair & Steele  and Sinclair, 1971). The 
Braeside beds, named for Braeside, Ontario, occur within t h e  
Shaly l ime  mudstone t o  Shaly fossiliferous wackestone 
(l i thofacies 7) and a r e  distinguished by an  abundant and 
diverse fauna dominated by t h e  molluscs Cyr todonta  
grattanensis,  Vanuxemia inconstans, Lophospira rnilleri, and 
t h e  brachiopods Doleroides germanus, Pionodema cooperi, 
Hallina canadensis (Steele and Sinclair, 1971). The Paque t t e  
Rapids beds, named for  Paque t t e  Rapids near Pembroke, 
occur in t h e  coarse  grained bioclastic in t rac las t ic  packstone 
(l i thofacies 9) and t h e  bioturbated bioclastic oncolit ic 
wackestone (l i thofacies 10). The Paque t t e  Rapids beds a r e  
also distinguished by an  abundant and diverse fauna, in this 
case dominated by stromatoporoids,  t he  colonial tabula te  
co ra l  Foerstephyllum halli, t h e  gastropods Maclurites logani 
and several species of Lophospira, t he  brachiopods 
Dalmanella paquettensis and Hesperorthis t r icenar ia ,  and the  
codiacean a lga  Receptacul i tes  (Sinclair, S teele  and 
Sinclair, 1971). 

Environmental reconstruction 

Each of the  ten  l i thofacies recognized in th is  study was  
deposited in a d i f ferent  environment under d i f ferent  physical 
conditions (Table 53.7). Carbonate  deposition here i s  
interpreted a s  having taken place on  a relatively shallow 
lime-mud bank and in i t s  quiet ,  inner lagoon a t  t he  edge of a 
tropical,  transgressive, epei r ic  sea; the  terrigenous rocks 
were  deposited on  in ter t idal  f lats,  probably before  format ion 
of t h e  ca rbona te  bank. 

The lime-mud bank was a highly burrowed, biostromal 
s t ructure  tha t  supported a diverse and locally abundant 
fauna; i t  lacked a rigid f ramework even though reef-forming 
fauna and f lora  occurred throughout. Blue-green a lgae  were  
probably t h e  major binding and stabilizing agents. The 
deepest and quie tes t  par t  of t h e  lagoon, immediately behind 
t h e  bank, was normally s tagnant  near the  bottom, and floored 
by a laminated l ime sil tstone t h a t  was commonly barren; 
concretions,  semihardgrounds and fields of mounds of 
biotically-trapped sediment occurred but  were  rare.  
In termit tent  s torms to re  up t h e  lime sil tstone and 
redeposited i t  with coarser grained, storm-transported 
mater ia l  t h a t  had been carr ied  over t h e  bank and in to  the  
lagoon. The inner, subtidal par t  of t h e  lagoon, just below 
normal wave base, was  fully oxygenated and floored in  pa r t  
by a relatively firm ca rbona te  mud t h a t  supported a n  
abundant and diverse fauna, and in par t  by a sof t ,  algal ooze  
tha t  appears t o  have inhibited most forms of life. Ooids 
formed in  the  wave impingement zone. Shallow, quie t  pools 
occurred in t h e  low intertidal/shallow subtidal reglon; s to rm 
deposits were  dumped the re  rarely. The in ter t idal  lime-mud 
f l a t s  were  covered with algal mats ,  dot ted  with t idal pools, 
and dissected by meandering, relatively sluggish t idal 
channels. The whole se t t ing was  exceptionally quiet ,  and t h e  

sediments throughout were  dominated by l ime  mud. 
(See Steele-Petrovich, 1984, for  detailed discussions of 
environments). 
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Abstract 

A computer-based capability has been developed to  asses:; surface-mineable coal resources i n  
relat ion to the suitabi l i ty o' the overlying land for  al ternat ive uses, end i n  ?elation to  surface 
ownership. Coal  resource quantit ies categorized by land use and ownership c r i te r ia  can be derived 
for ent ire coal deposits, or for any area wi th in  a deposit to a minimum size o f  one hectare. This 
capability was developed by combining the capabilit ies o f  two pre-existing information systems, 
Environment Canada's Canada Land Data System, and the Geological 531-vey of Canada's National 
Coal Inventory. The combined systerns provide policy-makers and plannera 1~itCI a powerful and 
f lexible tool to examine Caiada's coal resources in  the l ight o f  competing land uses, and should i n  
future allow opt imal development o f  these resources. This tool is available to pr ivate industry and 
other government agencies wi th in  the l imi ts  of the conf ident ial i ty o f  data in  the system. 

Studies have been completed or are underway for  several coalfields i n  Alber ta and 
Saskatchewan, and w i l l  eventuially be extended to  coal deposits across Canada. 

U n  syst2.me informatis6 a CtC mis au point en vue dlCvaluer les ressources h3uill8nes 
exploitables en surface par rapport A d'autres uti l isations possibles des terrps sus-jacentes et  A l a  
propriete 3e la  surface. I 1  est possible de deriver les q.~;gritit6s de ressources houill6res en fonction de 
I1util isation des terres et des cr i teres de propri6t6 pour I'?nsemble des gisements houillers ou pour 
toute region A I'intBrieur dlun gisement dont les dimensions sont sup6ri'3ures A un hectare. Ce t te  
capacit6 a BtB mise au point en cornbinant les zapacit6s de deux syst2.mes dlinforrnation existants, le  
Syst2.me de donnees sur les terres du Canada dlEnvirsnnelnent Canada e t  I ' lnventaire nat ional du 
charbon de l a  C~l lnmission gBologique du Canada. Ces deux systemes pris ensemble fourniront aux 
technocrates e t  aux planificateurs un 3ut i l  puissant e t  souple qui permet t ra  d'examiner les ressources 
houill8res du Canada par rapport A d'sutres uti l isations des terres e t  de les met t re  ?n valeur le  plus 
e f f i ca~ernen t  possible. Ce t  ou t i l  sera mis A l a  disposition de I ' industrie pr ivke e t  d'autres organisrnes 
gouvernementaux sous r6serve des l imi tes ayant t ra i t  A I'aspect confidentiel des donnBes. 

IL'bturle de plusieurs bassins houillers en Al2erta e t  en Saskatchewan a 6t6 terminke ou se 
poursuit prdsentement; Bventuellement, tous les gise'nents houillers au Canada seront examinks. 

Federal Land Services Divisioi ,  Land Use Pol icy and Research Branch, Lands 
Directorate, Environment Canada, Place Vincent Massey, 3 5 1  St. Joseph Blvd., Hul l ,  
Quebec K1A 0E7 



Introduction 

Quantification of surface-mineable coal resources 
according t o  quality and economic parameters  provides only 
par t  of t h e  information required t o  make decisions on t h e  
best  development options for  t hese  resources. Of t en  of equal 
importance  t o  knowledge t h a t  a mineable deposit exists,  is 
knowledge about  t h e  suitability of t h e  land for  o ther  uses, 
and t h e  cu r ren t  disposition of t h e  land in t e rms  of present use 
and ownership. 

This report  outlines the  capabili t ies of a computer- 
based sys tem t h a t  allows t h e  consideration of land use 
character is t ics  and ownership d a t a  in t h e  assessment of 
development options for  surface-mineable coal resources.  
The sys tem was developed through a co-operative project 
between t h e  Lands Directora te  of Environment Canada (EC), 
t h e  Coal Division of the  Mineral Policy Sector of Energy, 
Mines and Resources Canada (EMR), and t h e  Geological 
Survey of Canada (GSC). This project,  which was in i t ia ted  in 
October ,  1982, incorporates digit ized environmental and 
ownership d a t a  gathered by EC, with digital coal deposit 
models developed by GSC from primary exploration data .  

The rationale behind t h e  development of this sys tem,  
and t h e  collection by t h e  participating agencies of t h e  d a t a  
on which i t  is  based, is  t o  provide a high-resolution planning 
capabili ty fo r  decision-makers in industry and government t o  
opt imize  t h e  uti l ization of Canada's coal and land resources. 
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D a t a  organization and type 

Two information s torage and management systems, 
EC's Canada Land Da ta  System (CLDS) (Crain and 
Macdonald, 1983; Griffi th,  1980) and GSC's National Coal 
Inventory (Irvine, 19811, form t h e  basis of this project.  The 
type  and organization of d a t a  in each system is outlined 
below. 

Canada Land Data  System 

Information contained in CLDS includes land capabili ty 
assessments for agriculture,  fores t ry ,  recreation, wildlife- 
ungulates and wildlife-waterfowl, a s  well a s  assessments of 
historic land use and shoreline location, which were  col lec ted 
under the  Canada Land Inventory (CLI). Each capabili ty type  
is subdivided in to  seven ordinal classes, with classes 1, 2 
and 3 being t h e  highest capabili ty land for  each  assessment.  
Da ta  a r e  collected by digitizing t h e  boundaries of classes and 
subclasses for each assessment f rom 1:50 000 base maps, and 
a r e  stored as polygonal outlines grouped by NTS mapsheet  in 
t h e  computer ,  where  they can be manipulated t o  answer 
specific land use questions. Additional information col lec ted 
a s  a result  of this project includes t h e  boundaries of surface- 
mineable coal a reas  provided by GSC, and coal  land owner- 
ship d a t a  provided by t h e  respective provincial governments.  

The coverages now available in CLDS a r e  shown in 
Figure 54.1. A description of each  coverage is  a s  follows 
(Lands Directora te ,  1978): 

I .  Soil capabili ty for  agriculture:  homogeneous land units a r e  
mapped according t o  the i r  general suitabil i ty fo r  t h e  
production of common field crops,  taking in to  account  t h e  
e f f ec t s  of c l imat ic  and soil l imitations in a sys tem of 
mechanized farming. 

2. Land capabili ty for  forestry: land units a r e  mapped 
according t o  thei r  potential  capabili ty for growing 
commercia l  t imber  f rom indigenous t r e e  species  maturing 
a s  full-stock s tands  and assuming good management .  

3. Land capabili ty for outdoor recreation: land is classified 
according t o  t h e  quantity of outdoor recreat ion t h a t  may 
be  sustained per unit a r e a  per year under "perfect" 
market  conditions. 

4. Land capabili ty for  wildlife-ungulates: t h e  environmental 
fac tors  t h a t  control t h e  numbers of ungulates produced 
and supported on a unit of land. 

5. Land capabili ty for  wildlife-waterfowl: denotes  t h e  abili ty 
of t h e  land or water  t o  support  t h e  exis tence  and 
reproduction of waterfowl.  

6. Historic land use: indicates  land uselland cover  in 1968 
according t o  a four teen category classification. 

7. Shoreline location: denotes  t h e  position of landlwater  
boundaries based on National Topographic Series (NTS) 
maps. 

8. Coal tenure: t h e  land is  classified according t o  t h e  t enure  
owner (freehold, crown, or  a specific company), t h e  
t enure  type (coal application/permit or coal  lease) and a 
special  designation t o  indicate  if land is within an  a r e a  
withdrawn f rom disposition, a n  a rea  approved for  mining, 
or an  excluded a r e a  such a s  a townsite or a park. 

9. Surface-mineable coal: denotes  t h e  boundaries of a reas  
underlain by surface-mineable coal a s  determined by GSC. 

GSC's National Coal Inventory 

Information within GSC's National Coal Inventory 
includes primary exploration da ta  from boreholes, outcrops,  
adi ts  and mines, and processed d a t a  resulting f rom 
comprehensive geological analyses of t h e  primary 
information. Processed d a t a  include geographically 
referenced variables defining t h e  geometry ,  thickness,  depth,  
and quality of coal seams,  t h e  geometry  and distribution of 

Baseline 
land information 

WILDLIFE.UNGULATES 

FORESTRY 

* Provincial information - GSC derived dataset 

b NTS maps 

CLI survey 

land 
capablllties 

AGRICULTURE \ 1 

Figure 54.1. Coverages  of information available in CLDS 
(see text) .  



Figure 54.2 

Map showing areas underlain by 
surface-mineable coal i n  t he  Ardley 
coalfield, plotted by CLDS. 
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C.L.D.S. ENVIRONMENT CANRDI 

I ARDLEY DRTR BASE 
COAL DEPOSIT 

WATER 

SURFACE MINEABLE LANDS - NOT WITHDRRWN 

I C.L.D.S. ENVIRONMENT CANADA I 

Figure 54.3 

Map showing location of surface- 
mineable coal areas that are not  
withdrawn f rom disposition i n  the 
Ardley coalfield, p lo t ted by CLDS. 
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fl COQL DEPOSIT 
MTER 

SURFACE MINEABLE LRNDS OF LEAST 
CAPABILITY - NOT WITHDRAWN 

I C.L.D.S. ENVIRONMENT CQNRDQ 

Figure 54.4. Map showing surface-mineable lands of leas t  capabili ty tha t  a re  not 
withdrawn f rom disposition in the  Ardley coalfield, plotted by CLDS. 

interseam rock units and other  geological fea tures ,  a s  well a s  
parameters  of economic importance  such a s  stripping ratios. 
The processed d a t a  may be  in ter rogated in order t o  answer 
highly specific questions a s  t o  t h e  development potential  of 
t he  resource. 

A fundamental d i f ference  exists in the  representation 
of d a t a  in each system. All processed variables in  CSC's 
sys tem a r e  referenced t o  t h e  nodes of a regular orthogonal 
grid, with a cell s ize  re la ted  t o  t h e  spacing of primary data .  
In most deposits with surface-mineable coal,  grid nodes a r e  
spaced a t  100 m intervals s o  t h a t  each cel l  covers a one  
hec ta re  area.  This allows resource parameters  and develop- 
ment  potential  t o  be determined for  areas  within a deposit  a s  
small  a s  one hectare .  

Information in CLDS, on t h e  other  hand, is s tored a s  
polygonal outlines of classes and subclasses fo r  e a c h  
coverage. As only t h e  boundaries of a surface-mineable coal 
a rea  a r e  represented in t h e  sys tem,  land use observations can 
be re la ted  only t o  the  to t a l  resource volume, and not t o  
resource volumes underlying smaller a reas  within i t s  
boundaries. This represents a l imitation in t h a t  t h e  
boundaries of surface-mineable a reas  a r e  established using 
c r i t e r i a  reflecting current  mining technology and economic 

conditions, and a r e  therefore  subject t o  change with advances 
in mining technology and changes in economic relationships 
af fect ing coal. 

Initially, GSC provided Environment Canada only with 
t h e  outlines of surface-mineable resource a reas  defined using 
current  resource cr i ter ia .  It was recognized, however, t h a t  
considerably more  flexibility could be  achieved if CLDS d a t a  
could b e  determined a t  t h e  nodes of t h e  reference  grid used 
by CSC. In 1984, Environment Canada added t h e  capabili ty 
t o  thei r  system of representing coverage d a t a  a s  a grid, and 
provided gridded d a t a  on t a p e  t o  CSC for  en t ry  in to  t h e  
National Coal Inventory. This great ly  enhanced t h e  
flexibility and scope of t h e  questions t h a t  could be asked of 
t h e  combined systems, ef fect ively  allowing GSC t o  subdivide 
i t s  resource d a t a  by CLDS coverages for a reas  a s  small  a s  
one  hec ta re  within a deposit. 

D a t a  analysis capabili t ies 

Both CLDS and t h e  National Coal Inventory have 
considerable capabili t ies t o  manipulate d a t a  t o  answer highly 
speci f ic  queries. The following sect ion provides a brief 
overview of some of these  capabilities. 
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Canada Land Data  System An example  of t he  application of these  capabili t ies t o  

ln teract ive  capabilities within CLDS allow the  t h e  Ardley Coalfield of centra l  Alber ta  is  given below: 

investigation and tes t ing of a wide variety of land develop- I. Figure 54.2 shows the  location of t h e  two  a reas  in t h e  
ment  scenarios. Statist ical  and mapped retrievals of any coalfield underlain by surface-mineable coal. They 
portion of one or  of a combination of t h e  coverages shown in comprise a t o t a l  of 37 173.4 hectares .  

54'J can be made. records-of the lands 2. Figure 54.3 jhowS the of intersecting the surface- 
of leas t  capabili ty underlain by surface-mineable coal can  mineable a reas  with t h e  coal  t enure  classification and 
readily be derived. Beyond focusing on land quality, any selecting only those  a reas  not withdrawn f rom disposition 
particular lease  holding can also be  investigated in t e r m s  of (according t o  1984 Alberta provincial data).  I t  indicates  
t h e  o ther  coverages.  t ha t  only 7701 hec ta re s  of surface-mineable a rea  a r e  not 

KILOMETRES 
Figure  54.8. Contour map showing the  thickness of coal  in the  Ferr is  coal zone of the  
Shaunavon coalfield (in metres)  and the  location of exploration boreholes (dots). Heavy line 
indicates location of coal zone subcrop. 



already withdrawn from disposition. Within this a rea ,  
58% of the  coal tenure  is freehold,  0.1% Crown, 20% is 
held by Ardley Coal Ltd., 15% by Fording Coal Ltd., 
7% by Luscar Ltd., and t h e  remainder is  distributed 
amongst four o ther  companies. 

3.  One  possible land development scenar io  t e s t ed  on this 
d a t a  set was  t o  determine t h e  land a reas  with l eas t  
capabili ty in the  surface-mineable a rea  not withdrawn 
from disposition. Least capabili ty was defined t o  include 

class 4, 5,  6 and 7 agricultural  lands, c lass  2 ungulate 
lands, and class 4, 5, and 6 waterfowl capabili ty lands. 
This yielded a to t a l  of 314 hectares  sca t t e red  amongst 
two  major and severa l  minor polygons, a s  i l lus t ra ted  in 
Figure 54.4. 

4. The analysis of t h e  Ardley Coalfield revealed a land a r e a  
possible for  surface-mining of 14 273 hectares .  The 
application of land capabili ty and land t enure  cr i ter ia ,  a s  

KILOMETRES 
Figure  54.9. Contour map  showing the  distance f rom subsurface control points of t he  Ferris 
coal zone in the  Shaunavon coalfield (in metres)  and the  location of exploration boreholes 
(dots). This parameter  is used to  subdivide coal resource  quantit ies into measured, indicated 
and inferred categories.  



out l ined  in point  2 (above), s ign i f ican t ly  in f luences  t h e  of  economic ,  geo logica l  o r  land c a p a b i l i t y  a t t r i b u t e s ,  a s  
sur face-mining  d e v e l o p m e n t  op t ions  ava i lab le  f o r  th i s  i l lus t ra ted  in  F i g u r e  54.5 (Irvine, 1981; Hughes ,  1984). As a l l  
depos i t .  a t t r i b u t e s  a r e  r e f e r e n c e d  t o  t h e  nodes  of a gr id ,  a s  previously 

discussed.  r e s o u r c e  a s s e s s m e n t s  c a n  b e  m a d e  f o r  a r e a s  a s  

GSC's Nat iona l  C o a l  Inventory  
smal l  a s  d n e  gr id  c e l l  ( typical ly o n e  h e c t a r e )  wi th in  a depos i t .  

Geological  modell ing a n d  r e s o u r c e  a s s e s s m e n t  s o f t w a r e  Through t h i s  p ro jec t ,  E n v i r o n m e n t  C a n a d a  h a s  m a d e  
C L D S  d a t a  a v a i l a b l e  t o  G S C  in a gr idded  f o r m a t ,  which ava i lab le  within GSC's Nat iona l  C o a l  Inventory  al low t h e  allows optimal integration with information i n  GSCls system. 

i n t e r a c t i v e  ana lys i s  o f  c o a l  depos i t s  and  t h e  e s t i m a t i o n  of GSC has developed software to interactively analyse the land 
r e s o u r c e  q u a n t i t i e s  c a t e g o r i z e d  by a n y  o n e  or  a combina t ion  

KILOMETRES 
Figure 54.10. C o n t o u r  m a p  showing t h e  s t r ipp ing  r a t i o  on t h e  F e r r i s  coa l  zone  in t h e  
Shaunavon coa l f ie ld  and  t h e  loca t ion  of explora t ion  boreholes  (dots). Str ipping r a t i o  is def ined  
a s  t h e  number  of c u b i c  m e t r e s  of overburden  t h a t  m u s t  be  r e m o v e d  in order  t o  r e c o v e r  one  
t o n n e  of coal .  
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Figure 54.11. Coal  resource quantit ies subdivided by land capability and land tenure categories (see text), for 
the Ferr is coal zone i n  the Shaunavon coalfield. In Figure 54.11a (upper), resources are subdivided according 
to  their capability to support al ternat ive activit ies. I n  Figure 54.11b (centre), resources are subdivided 
according to  surface coal tenure. In  f igure 54 .11~  (lower), resources underlying crown land are subdivided by 
stripping ratio. 
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Figure 54.12. Map showing locat ion o f  completed and current study areas. 



use d a t a  in a manner similar t o  t h a t  available within CLDS, 
s o  t h a t  Environment Canada's land use analyses, such a s  t h e  
one  outlined above for  t h e  Ardley coalfield, can be applied t o  
t h e  gridded da ta  provided t o  GSC. 

The following examples from the  Shaunavon coalfield of 
southwestern Saskatchewan il lustrate t h e  application of these  
assessment capabili t ies and t h e  land use d a t a  t o  resource 
information within t h e  National Coal Inventory: 

I. Figure 54.6 i l lustrates the  distribution, based on gridded 
da ta ,  of land capabili ty classes defined by an  Environment 
Canada study similar t o  t h a t  outlined above for  t h e  
Ardley coalfield. Class 4 lands a r e  those  least  suitable 
for  coal ext ract ion act iv i t ies  whereas class 1 lands a r e  
those t h a t  a r e  most suitable.  

2. Figure 54.7 i l lus t ra tes  the  coal t enure  distribution for  t h e  
a rea ,  again using gridded d a t a  provided by t h e  
Saskatchewan Departrnent of Mines. 

3. Figures 54.8, 54.9 and 54.10 i l lustrate the  distribution of 
several important  resource parameters  for  t h e  Ferris coal  
zone, which is t he  most significant s eam in th is  area .  The 
variation in seam thickness within t h e  a r e a  underlain by 
coal  is  shown in Figure 54.8, t h e  d is tance  of each  par t  of 
t h e  coalfield from t h e  neares t  subsurface control point i s  
shown in Figure 54.9, and the  variation in stripping r a t io  
is  shown in Figure 54.10. 

4. Coal resource  quantity e s t ima tes  for t h e  Ferr is  coal zone 
subdivided by some  of t h e  CLDS coverages  a r e  given in 
Figure 54.11. These resources a r e  also subdivided by 
depth from surface  (into immediate  in teres t  and fu tu re  
in teres t  ca tegor ies  - only immediate  in teres t  resources 
a r e  shown in Fi u re  54.11), and by dis tance  f rom nea res t  
control  point Ento  measured, indicated and inferred 
categories).  

- In Figure 54.1 l a ,  resource quantit ies a r e  subdivided in to  
land use ca tegor ies  defined by t h e  Environment Canada 
study. I t  can be  seen t h a t  t h e  majority of t h e  resources 
underlie t h e  leas t  suitable land for  coal  ext ract ion.  

- In Figure 54.11b, resource quantit ies a r e  subdivided 
according t o  t h e  ownership of t h e  overlying land. As 
can be seen, t h e  majority of t h e  coal resources in t h e  
a r e a  a r e  not current ly  held by pr ivate  lease  holders. 

- In Figure 54.11c, resource  quantit ies underlying crown 
land a r e  investigated in more  detail  by fur ther  sub- 
dividing them by stripping ratio.  It can be seen t h a t  t h e  
majority of these  resources a r e  beneath relatively large  
amounts  of overburden, and a r e  the re fo re  uneconomical 
t o  mine in t h e  cu r ren t  economic climate.  This i s  t h e  
probable reason t h a t  t hese  resources have not ye t  been 
leased. 

Current  s t a tus  

This project is  proceeding a t  a r a t e  governed by GSC's 
completion of geological studies of coal deposits. Since t h e  
init iation of the  project,  land use studies have been 
completed on t h e  Shaunavon coalfield of southwestern 

Saskatchewan, and on t h e  Ardley and Dodds-Round Hill 
coalfields of Alberta. Studies a r e  underway on t h e  Sheerness 
and Morinville-Legal coalfields and will be complete  in 
mid-1986. Studies will commence on t h e  Paintear th  coalfield 
of Alberta and on the  Sukunka and Quin te t t e  coalfields of 
northeastern British Columbia in 1986-1987. The locations of 
t hese  study a reas  a r e  i l lus t ra ted  in Figure  54-12. 

Conclusion 

This co-operative project has resulted in a low-cost 
capabili ty t o  examine surface-mineable coal  resources in t h e  
l ight of land use  and ownership constraints.  Coal resource 
volumes meeting highly specific environmental,  ownership, 
quality and geological c r i t e r i a  can be rapidly determined for 
any studied a rea ,  and located with a resolution of one 
hectare .  Coverage could eventually be extended t o  all coal  
deposits in Canada,  a s  geological studies a r e  completed by 
GSC. In addition t o  meet ing EMR's resource planning needs, 
t h e  availability of this highly flexible tool will enable 
planners in industry and government t o  optimize the  utiliza- 
tion of Canada's coal and land resources. 
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Abstract  

Dinoflagellate cyst assemblages f r o m  the Fernie Formation i n  northeastern Br i t ish Columbia 
indicate an Oxfordian to  Tithonian age, rather than a Middle Jurassic age as previously thought. An 
assemblage f rom the basal part  of the Monte i th  Formation indicates a la te Tithonian age. 

The Upper Jurassic sequence lies just above the Lower Jurassic 'Nordegg' Member documenting 
the presence of a major regional unconformity. This hiatus, supported by both microfossi l  and 
macrofossil evidence, suggests that Middle Jurassic strata are absent throughout northeastern 
Br i t ish Columbia. 

Des assemblages de kystes de dinoflagell6s provenant de l a  formation de Fernie dans l e  nord-est 
de l a  Colombie-Britannique datent de IIOxfordien ou du Tithonien plutBt que du Jurassique moyen. U n  
assemblage trouve dans l a  part ie basale de l a  formation de Monte i th  daterait  du Tithonien recent. 

L a  sequence du Jurassique superieur repose sur l a  formation de Nordegg du Jurassique inferieur, 
ce qui indique l a  pr6sence dlune irnportante discordance rbqionale. L'existence de cet te  lacune, 
soutenue par l a  prksence de microfossiles e t  de macrofossiles, porte A croire que l e  Jurassique moyen 
n'est pas represent6 dans I'ensemble du nord-est de l a  Colombie-Britannique. 

Bujak Davies Group, 1-2835-19 Street N.E., Calgary, Alberta T2E 7A2 



Introduction 

Geological se t t ing 

The mater ia l  described in this report  comes from Upper 
Jurassic beds of t h e  Fernie  Formation and t h e  basal part  of 
t h e  Monteith Formation in northeastern British Columbia 
(Stot t ,  1967; Fig. 55.1). 

The Fernie  Formation is a dominantly argillaceous 
epicra tonic  formation of t h e  Western Canadian miogeocline 
and platform, outcropping from northeastern British 
Columbia t o  southwestern Alberta and southeas tern  British 
Columbia (Poulton, 1984). Lower and Middle Jurassic parts 
of t h e  Fernie contain minor sandstone and carbonate  derived 
mainly from the  cra ton t h a t  was exposed eas t  of t he  trough. 

In contras t ,  upper parts of t h e  Fernie  Formation, which 
a r e  of La te  Jurassic age ,  mainly comprise a coarsening- 
upward succession t h a t  filled t h e  narrow foredeep,  i.e. t h e  
ear ly  s tages  of t he  Alberta or Rocky Mountain Trough 
(Fig. 55.2), adjacent t o  t h e  f i rs t  major uplifts of t h e  
Columbian Orogen. With a few exceptions,  most of these  
Upper Jurassic rocks a re  assumed t o  have been derived from 
t h e  orogen t o  the  west ,  and a westward transit ion t o  
conglomeratic fac ies  is documented in both northeastern and 
southeas tern  British Columbia (McMechan and S to t t ,  
Poulton, 1984; Gibson, 1985). 

Figure 55.1. Index map,  northeastern British Columbia. 

Figure 55.2. Paleogeographic-tectonic framework of 
Western Canada in l a t e s t  Jurassic t ime.  

The Monteith Formation (Table 55.1) is  one  of several 
of t he  uppermost Jurass ic  and lower Cretaceous  sandstone 
formations along t h e  trough, and has components derived 
from both t h e  eas t  and west (Poulton, 1984; S to t t ,  1984). 

Initial subsidence of the  foredeep in t h e  L a t e  Jurassic 
appears t o  have been preceded by a period of uplift and 
erosion along t h e  length of t he  trough, perhaps t h e  resul t  of a 
pre-orogenic 'welt '  passing eas tward across t h e  cra ton.  This 
is i id ica ted by a regional unconformity below t h e  Oxfordian 
Green beds of t h e  Fernie  Formation, or below t h e  'upper 
Fernie  shales' where  t h e  Green beds a r e  absent.  The Green 
beds themselves a r e  a ser ies  of berthierine-rich, condensed, 
fossiliferous sandstone units, which a r e  in terpre ted a s  t h e  
basal transgressive fac ies ,  deposited as t h e  seas  advanced 
over the  unconformable surface  and t h e  trough began t o  
subside (Poulton, 1984). 

Table 55.1. Table of formations 

SW Alberta-  SE B.C. 

CALLOVIAN 

BATHONIAN 

BAJOCIAN 

Poker Chlp Shale 

PLIENSBACHIAN 



Evidence from the  microfossil study of Brooke and 
Braun (1981) in nor theas tern  British Columbia indicates t h a t ,  
along t h e  s t r i ke  of t he  trough, t h e r e  was significant variation 
in t h e  amount  of sub-upper  Jurass ic  rocks preserved below 
t h e  unconformity,  and in t h e  na tu re  of t h e  source  ter ranes  of 
t h e  Upper Jurassic sediments.  Whereas a considerable 
thickness of Middle Jurass ic  rocks  character ized  t h e  Fernie  
Format ion f rom t h e  Jasper  a r e a  south t o  t h e  U.S. border,  
none appear  t o  be present north of about 54ON lati tude.  The 
northernmost Middle Jurassic fossils t h a t  can  be confirmed 
a r e  those  l isted f rom t h e  Kvass Creek  a r e a  by Irish (1954). 
Additionally, those  Upper Jurass ic  sediments  t h a t  a r e  derived 
from an eas ter ly  source  a r e  th in  and localized in t h e  south,  
whereas  those  in t h e  northern a r eas  of t h e  prairie provinces 
appear t o  be thicker and m o r e  extensive (Poulton, 1984). 
These include t h e  ea s t e rn  f ac i e s  of t h e  Monte i th  Formation 
(Stot t ,  1984), and an undated glauconitic sandstone  unit in t h e  
Peace  River Plains a r e a  former ly  assigned t o  t h e  Middle 
Jurassic Rock Creek  Member of t h e  Fernie  Format ion by 
Lackie (1958). However, t h e  high glauconitic content  of th is  
unit is  considered t o  be m o r e  character is i t ic  of Upper 
Jurassic rocks (Poulton, 1984). 

The in terpre ta t ion  t h a t  a major hiatus involving most of 
t h e  Middle Jurass ic  occurs  in nor theas tern  British Columbia 
(Brooke and Braun, 1981) c a m e  a s  a surprise t o  s t ra t igraphers  
working in t h a t  a rea .  Previous studies of microfauna 
(Chamney, in Stot t ,  1967) had indica ted  t h e  presence of a 
th ick  sequence  of Bajocian t o  Callovian shales in t h e  sec t ion  
measured by D.F. Sto t t .  The conclusions of Brooke and 
Braun (1981) were  based on a re in terpre ta t ion  of t h e  
foraminifer and os t racode faunas,  which they  suggested 
indicated t h a t  Callovian t o  Oxfordian,  or possibly 
Kimmeridgian,  beds res ted  d i rec t ly  or nearly directly on 
Lower Jurass ic  beds. Subsequent palynological and 
macrofossil  studies have supported the i r  in terpre ta t ion .  

The principal addit ional support  for  t h e  exis tence  of t h e  
hiatus comes  f rom t h e  dinoflagellate s tudies  described in th is  
report .  Additional evidence  for  a major regional 
unconformity below t h e  Upper Jurass ic  beds is derived f rom 
two  sources.  In 1983, D.F. S t o t t  col lec ted  t h e  L a t e  
Oxf ordian-Early Kimmeridgian bivalve Buchia concentrica 
(Sowerby) and a poorly preserved ammoni te ,  which may 
belong t o  t h e  genus Arnoeboceras of t h e  s a m e  age  range,  
f rom a sec t ion  only a f e w  me t re s  stratigraphically above t h e  
Lower Jurass ic  'Nordegg' Member.  This l e f t  l i t t le ,  if any, 
room fo r  Middle Jurassic beds. The sec t ion  occurs  along a 
t r ibutary  of Trench Creek  (53"57'N, 119O48'W) in t h e  Mount 
Robson area .  Fur thermore ,  a s ea rch  of t h e  l i t e r a tu re  and t h e  
fossil collections of t h e  Geological Survey of Canada failed 
t o  produce any record  of diagnostic Middle Jurass ic  fossils in 
t h e  Fernie  Format ion of British Columbia  or Alber ta  north of 
about  54" la t i tude .  Similarly, no  rock types  have  been 
described t h a t  would indica te  unequivocally a lithological 
correlation with Middle Jurassic beds f a r the r  south.  The 
palynomorphs f rom one sample  col lec ted  immedia te ly  below 
those  described in this repor t ,  and immedia te ly  above t h e  
Nordegg Member may  sti l l  be  Middle Jurassic,  al though they  
cannot  be  dated  conclusively. 

The geographic position of t h e  pre-Late Jurass ic  uplift 
documented in th is  repor t  permi ts  speculation regarding i t s  
possibly being a short-lived Jurass ic  rejuvenation of t h e  Early 
Paleozoic P e a c e  River Arch, and a reversal  of t h e  L a t e  
Devonian t o  ear l ies t  Jurass ic  Peace  River Embayment .  The 
ear l ies t  Jurass ic  (Hettangian) beds a t  Williston Lake 
(Tozer,  1982) a r e  a unique occurrence  in t h e  ea s t e rn  
Cordil lera,  and the i r  preservation,  together  with t h e  th ick  
Triassic s ec t ion  present in t h e  a r ea ,  suggest  a youngest d a t e  
fo r  t h e  t empora l  ex t en t  of t h e  embayment .  In con t r a s t  t o  
these  t ec ton ic  character is t ics ,  which a r e  r e s t r i c t ed  t o  t h e  
nor theas tern  British Columbia region, t h e  Upper Jurass ic  

succession described by S to t t  (1967) and documented in this 
repor t  appears  t o  be a basin-fill sequence  like t h a t  all along 
t h e  fo redeep  in t h e  ea s t e rn  Cordil lera.  

Previous palynological s tudies  

There  a r e  f ew  comprehensive palynological repor ts  on 
t h e  Jurass ic  of t h e  Canadian Western Interior.  The  mos t  
significant work s o  far  is by Pocock, who described and 
i l lus t ra ted  Jurass ic  t e r r e s t r i a l  spores  and pollen 
(Pocock, 1970), and mar ine  dinoflagellates and acr i ta rchs  
(Pocock, 1972). An inf ormal  palynological zonation was  
proposed (Pocock, 1972) in which seven dinoflagellate 
assemblage zones (and subzones) were  recognized: two  for  
t h e  Early Jurassic,  t h r e e  for t h e  Middle Jurass ic  and two  for  
t h e  L a t e  Jurassic.  The zonation was  based on mater ia l  
col lec ted  f rom Manitoba t o  British Columbia,  and f rom 
southern  Alber ta  t o  northern Yukon a s  well a s  f rom s c a t t e r e d  
locations in t h e  Queen Elizabeth Islands. This work 
demonst ra ted  a potential  for  regional corre la t ion  using 
palynology. 

Other  palynological studies have dea l t  with local  
assemblages or species described f rom shor t  s t ra t igraphic  
intervals.  Repor ts  of L a t e  Jurass ic  palynomorphs f rom 
cent ra l ,  southwestern  and nor thwestern  British Columbia and 
Alber ta  have been published by Rouse (1959), Gussow (1960), 
Ziegler and Pocock (19601, Pocock (1961a, b, 1962a, b, 1964, 
1970, 1972, and 1980). 

Published palynological repor ts  f rom other  a r eas  of 
western  Canada  a r e  both geographically and s t ra t igraphica l ly  
diverse. In northern Yukon and adjacent  Northwest 
Terr i tor ies ,  t e r r e s t r i a l  and mar ine  palynomorphs, ranging 
f rom Sinemurian t o  Oxfordian in age ,  have  been recorded by 
Audretsch (in Poulton et al., 1982). Pocock (1970, 1972) 
recorded Middle t o  L a t e  Jurass ic  palynological assemblages 
f rom widespread locali t ies.  Oxfordian,  o r  possibly 
Kimmeridgian t o  Tithonian, assemblages were  repor ted  by 
Pocock (1967, 1976). The most  detailed work on t h e  L a t e  
Jurass ic  was  published in a ser ies  of papers by Brideaux and 
his colleagues (Brideaux, 1976, 1977; Brideaux and 
Myhr, 1976; and Brideaux and Fisher,  1976). The spores f rom 
t h e  Jurass ic-Cretaceous  boundary beds f rom t h e  Aklavik 
Range have been described by Fensome (in press). 

Within t h e  Williston Basin, Jurass ic  palynological 
assemblages have  been described by Pocock and 
Jansonius (l961),  Pocock (1970, 1972), and Pocock and 
Sar jeant  (19721. 

Mater ia ls  and methods  

Forty-two samples f rom a sec i ion  in nor theas tern  
British Columbia (Table55.2)  were  analyzed for  
dinoflagellate cysts.  The sec t ion  i s  located  a t  Chr is t ina  Falls  
(56'40'N; 123'04'W) and was  measured and described by 
D.F. S to t t  a s  sec t ion  SI68-11; GSC locali t ies C-71959 t o  
C-72007 (Stot t ,  1968). S t o t t  col lec ted  samples  f rom t h e  
Fernie  Format ion and basal par t  of t h e  Monte i th  Format ion 
and they  were  analyzed fo r  microfauna by Brooke and Braun 
(1981). The microfauna were  dated  as  Callovian(?) t o  Early 
Cretaceous .  The oldest  sample  studied in this repor t  occurs  
about  30 m above what was called t h e  Lower Jurass ic  
Nordegg Member  by S t o t t  (1968). I t  is  possible t h a t  a thin 
Middle Jurass ic  sequence  may be  represented  by t h e  
unsampled shale  unit above t h e  Nordegg Member.  This, 
however,  appears  unlikely in view of t h e  regional macrofossil  
evidence.  

Of t h e  42 samples  processed f rom th is  section,  
40 produced recoverable  residues. In general  t h e  assemblages 
conta in  abundant palynomor phs, which a r e  predominantly 
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te r res t r ia l  miospores. Numerous species of dinoflagellate 
cys ts  a r e  present,  ranging f rom 0 t o  10, with an  ave rage  of 5, 
species per sample.  

Based on dinoflagellates, t h e  palynological assemblages 
can be grouped in to  five intervals,  which may prove t o  have 
corre la t ive  significance. Four of t h e  intervals,  f rom t h e  
upper par ts  of t h e  Fernie  Formation, a r e  l a t e  Oxfordian o r  
ear ly  Kimmeridgian t o  l a t e  Tithonian in age. The highest 
interval,  which comprises the  uppermost par ts  of t h e  Fernie  
Formation and the  basal parts of t he  Monteith Formation, i s  
l a t e  Tithonian. The Monteith Formation, f rom which no 
microfaunas were  recovered, was designated Early 
Cretaceous  by Brooke and Rraun (1981). The dinoflagellate 
cys t  assemblages can be correlated with t h e  assemblages in 
t h e  Mackenzie  De l t a  a r e a  described by Brideaux and 
Fisher (1 976) and those  f rom the  Sverdrup Basin described by 
Brideaux and Fisher (1976) and Davies (1983). 

In addition, t en  samples were  processed f rom another 
sect ion a t  Cypress Creek (measured by D.F. S t o t t  a s  
sect ion SI-68-5; GSC locali t ies C-71949 t o  C-71958; 
56'48'N; 123°05'W), of which eight produced recoverable 
residues. The assemblages a r e  generally dominated by 
ter res t r ia l  miospores with only r a re  specimens of t h e  
dinoflagellates Escharisphaeridia rudis Davies and 
Meiourogonyaulax sp. 

Dinoflagellate cyst  assemblages 

The assemblages a r e  described f rom bot tom t o  t o p  and 
divided in to  intervals (A-E) according t o  age.  The 
s t ra t igraphic  levels of samples a r e  approximate  and a r e  
measured from t h e  top of t h e  Fernie  Formation. 

A. L a t e  Oxfordian - ear ly  I<immeridgian assemblages 

Seven samples (SI-68-209 t o  216) f rom between 130 and 
115 m below t h e  t o p  of t h e  Fernie  Formation were  analyzed. 
Cribroperidiniurn ehrenbergii  (Gitmez) Stover and Evitt  , 
Paragonyaulacysta capillosa (Brideaux and Fisher) Stover and 
Evitt  and Escharisphaeridia rudis a r e  common in most 
samples within the  interval.  The lowest sample  is  only 
tenta t ively  included in th i s  interval because of t h e  poor 
recovery of fossil mater ia l  and t h e  absence of diagnostic 
fossils. The second lowest sample (SI-68-210) is marked by 
t h e  lowest occurrence of Occusicysta sp. A, Gonyaulacysta 
dualis (Brideaux and Fisher) Stover and Evitt ,  P. capillosa and 
Glomodinium t r ipar t i tum (Johnson and Hills) Davies. 

Tubotuberella eisenackii (Deflandre) Stover and Evitt  
occurs in t h e  middle of t he  interval along with t h e  lowest 
occurrences  of Sentusidiniurn f i l ia tum Davies, 
Paragonyaulacysta borealis (Brideaux and Fisher) Stover and 
Evitt ,  Cribroperidinium granuligerum (Klement) Stover and 
Evitt  and Apteodiniurn nuciforrne (Deflandre) Stover 
and Evitt .  

Near t h e  t o p  of t h e  interval (51-68-214), t h e  lowest 
occurrence  of Hystrichogonyaulax cladophora (Deflandre) 
Stover and Evitt  is present along with Cantulodinium 
speciosum. The uppermost sample (SI-68-2 16) contains t h e  
lowest occurrence  of Cribroperidinium globatum (Gi tmez and  
Sarjeant) Helenes. 

The age of this interval is  questionably Callovian t o  
Oxfordian, according t o  Brooke and Braun (1981). They 
(loc. cit., p. 38) a lso  inferred "an even la ter  agef1, s t a t ing  
"Kimmeridgian t o  Portlandian must be  considered for  t h e  
microfauna of the  Peace  River region". By comparing t h e s e  
dinoflagellate assemblages with t h e  assemblages f rom t h e  
Mackenzie Del ta  a rea ,  an  age  of l a t e  Oxfordian t o  ear ly  
Kimmeridgian (Poulton et al., 1982; Brideaux and 
Fisher,  1976; and Brideaux, 1977) i s  assignable. Equivalent t o  

this zone would be t h e  range of Gonyaulacysta sp. cf .  
C .  cladophora (Brideaux and Fisher, 1976; and Brideaux, 1977) 
and the  upper par ts  of Oppel zone H and Oppel zone I f rom 
t h e  Sverdrup Basin (Davies, 1983). 

B. (?) M id-Kimmeridgian assemblages 

Four samples  (SI-68-217 t o  219) were  analyzed f rom t h e  
interval between 103 and 112 m below the  top  of the  Fernie  
Formation. The lowest sample  (SI-68-217) is  marked by 
common occurrences  of Cribroperidinium perfora tum,  
Acanthaulax a c e r a s  Gi tmez  and Sarjeant and Ellipsoidictyum 
re t icula tum (Valensi) Lentin and Williams. Scriniodinium 
crystall inum (Deflandre) Klement is common in t h e  upper 
par ts  of this interval.  The age has been determined a s  
mid-Kimmeridgian. 

C. La te  Kimmeridgian assemblages 

Eight samples  (SI-68-220 t o  227) were  analyzed f rom 
t h e  interval between 100 and 255 f t  (30 and 78 m )  below t h e  
top  of t h e  Fernie  Formation. An abundance of 
Cribroperidinium sp. A and t h e  presence of Oligosphaeridium 
sp. A cha rac te r i ze  this interval.  The lowest sample  is  
marked by t h e  f i r s t  appearance of Tubotuberella egemeni i  
(Gitmez) Stover and Evitt  and Cribroperidinium jubaris 
(Davies) Lentin and Williams, and by t h e  common presence of 
Endoscriniurn galer i tum (Deflandre) Vozzhennikova. 
Tectatodinium larninatum Davies i s  character is t ic  of t h e  
lower par ts  of t h e  interval,  while severa l  o the r  species,  such 
a s  ~ o r o l o ~ i n e l l a  spinosigibberosa Brideaux and Fisher,  and 
Cr ib ro~er id in ium (alias Convaulacvsta) SD. F of G i tmez  and 
~ a r j e a h  (1972), f i r s t  occu; in t6e m i d b ~ e  of the  interval.  
?Paragonyaulacysta sp. cf.  P. borealis occurs in sample  
SI-68-225. This species  was  described recent ly  by 
Albert et al. (in press) f rom the  Oxfordian t o  Kimmeridgian 
of Alaska. 

The upper par ts  of th is  in terval  a r e  marked by 
Pareodinia prolongata Sarjeant,  Sentusidinium bacula tum 
(Dodekova) Stover and Evi t t ,  Prolixosphaeridium spissum 
(McIntyre and Brideaux) Lentin and Williams and 
Rhynchodiniopsis hyalodermopsis (Cookson and Eisenack) 
Sarjeant,  and a peak in abundance of Sirmiodinium grossii 
Warren. 

A l a t e  Kimmeridgian age  is assigned t o  this interval.  
This would be equivalent t o  t h e  range of Oligosphaeridium 
as ter igerum sensu Brideaux, 1977 f rom the  M ackenzie  De l t a  
a rea  and approximately equivalent t o  Oppel zone J f rom t h e  
Sverdrup Basin. 

D. L a t e  Kimmeridgian t o  l a t e  Tithonian assemblages 

Eleven samples 61-68-228 t o  238) were  analyzed f rom 
t h e  interval between 43 and 88 m below the  top  of t h e  Fernie  
Formation. This in terval  is  marked by t h e  presence of both 
Cribroperidinium sp. A and Paragonyaulacysta capillosa. The 
lower par t  is  character ized by t h e  presence of 
Prolixosphaeridium spissum, Rhynchodiniopsis hyalodermopsis 
and Subtilisphaera paeminosa (Drugg) Bujak and Davies, a s  
well a s  t h e  highest occurrence  of Apteodinium nuciforme and 
t h e  lowest occur rence  of Occisucysta  rnonoheuriskos Gi tmez.  
In the  middle of t h e  interval,  Rigaudella aemula  occurs and 
Cribroperidinium perfora tum,  Cribroperidinium granuligerum, 
Dichadogonyaulax schizobla ta  (Norris) Sarjeant , 
Oligosphaeridium sp. A and Subtil isphaera paeminosa (Drugg) 
Bujak and Davies appear for  t h e  l a s t  t ime. The upper par ts  
of this interval a r e  marked by t h e  las t  occurrences  of severa l  
t axa ,  including Atopodinium prostatum Drugg, 
Cribroperidiniurn sp. A, Paragonyaulacysta borealis and 
P. capillosa, along with t h e  occurrence  of Ctenidodinium 
panneum (Norris) Lentin and Williams. 



The assemblages present within th i s  in terval  a r e  
comparable  t o  assemblages found within t h e  range of 
Lanterna  saturnalis Brideaux and Fisher f rom the  lower par ts  
of t h e  Buchia piochii Zone in t h e  Mackenzie Del ta  and those 
of Oppel zones J and K of the  Sverdrup Basin ( la te  
Kimmeridgian-Tithonian-?Berriasian). The age, therefore ,  is  
considered t o  be l a t e  Kimmeridgian t o  l a t e  Tithonian. 

E. Late  Tithonian assemblages 

Eleven samples (SI-68-239 t o  249) were  analyzed f rom 
t h e  interval between 14 and 40 m below t h e  top  of the  Fernie 
Formation. The presence of t h e  thin-walled c a v a t e  
pareodinioid cys t  Netrelytron parum Sarjeant i s  
character is t ic  of assemblages in this interval. At t h e  foo t  of 
t h e  interval,  Apteodinium bucculiatum, Tubotubella 
egemenii, and S e n t u s i d i ~ u m  fil iatum a r e  present. 
Cribroperidiniurn jubaris and Sirmiodinium grossi do not occur 
above t h e  middle parts of th is  interval,  and Cometodinium 
sp. A of  Habib (1972) is present. 

The upper par ts  a r e  character ized by t h e  presence of 
Veryhachium sp. A, Canningia ringnesiorum Manum and 
Cookson and Tetranguladiniurn sp. A, a s  well as 
Cribroperidinium granuligerum, the  highest occurrence  of 
which is in this par t  of t h e  interval. The age of this interval 
is  l a t e  Tithonian. It is equivalent t o  the  uppermost par ts  of 
Oppel zone K and the  lower par ts  of Oppel zone L f rom the  
Sverdrup Basin. 

The highest sample (SI-68-250) col lec ted f rom t h e  
Monteith Formation 18  m above i t s  base i s  also assigned t o  
th i s  zone. Although i t  i s  dominated by ter res t r ia l  miospores, 
t h e  dinoflagellate cys ts  Lanterna  spor tula  Dodekova and 
Netre lyt ron parum a r e  present,  indicating most  probably a 
l a t e  Tithonian age. The fo rmer  species may range higher in to  
t h e  Berriasian. However, i t  i s  generally abundant in t h e  
Tithonian (Portlandian) of t h e  Jeanne dlArc Basin, 
nor theas tern  Grand Banks (Bujak and Williams, 1977; Davies, 
unpublished data).  This sample was assigned a Lower 
Cretaceous  age by Brooke and Braun (1981) but they did not 
give supporting fossil evidence. The basal 60 m or  s o  of t he  
Monteith Formation has yielded bivalves t h a t  have been 
assigned t o  the  Buchia fischeriana zone, of La te  Jurassic 
(Volgian) a g e  (Jeletzky, unpublished data). 

Descriptions of informal  taxa 

Cribroperidinium sp. A. 
P la t e  55.5, f igure  7 

Description: An obla te  species  of Cribroperidinium with a 
smooth t o  granula te  ornament.  Growth marks  a r e  
suppressed, but occasionally evident by t h e  alignment of 
granules. The adcingular flanges a r e  slightly m o r e  developed 
than other  sutural  crests. The cys t  is generally rounded 
except  a t  t h e  apex where  t h e r e  i s  a distinctive apical horn 
(14 p m  long), sharply terminating with a short  solid 
antennule (5  y m  long). Width, 88 y m; length, 82 urn;  one 
measured specimen. 

Remarks. This species may be conspecific with 
Gonyaulacysta sp. C of Gi tmez and Sarjeant (1972). 

The cys t  wall is  covered by a coarse,  imper fec t  re t icula te  
pat tern ,  except  over  t h e  horns where  t h e  su r face  is  smooth. 
Width, 40 y m; length, 122 p m; one  measured specimen. 

Remarks. This species has affinit ies t o  Nannoceratopsis 
pellucida Deflandre. The large  epicyst and t h e  di f ference  in 
ornamentat ion betwen the  antapical  horns and the  body of 
the  cys ts  indicates,  however, t h a t  a new genus is most 
probably required. 

Occisucysta  sp. A. 
P l a t e  55.5, f igures 2, 8 

Description. A species  of Occisucysta with a coarsely 
granula te  ornament.  The archeopyle i s  2P. The apical horn 
is  shor t  and round giving t h e  epicyst  a conical shape. The 
hypocyst i s  also conical but with a more  rounded antapex. 
The p la t e  sutures  a r e  low and obscured by t h e  granulation. 
Both apical and l a t e ra l  compressions a r e  common. Width, 
80 y m; length, 104 p m; o n e  measured specimen. 

Oligosphaeridium sp. A 
(P la t e  55.2, f igures 1, 4 

Description. A species of Oligosphaeridium in which the  
processes (18-30 u m )  a r e  two  thirds t h e  d iameter  of t he  cys t  
body. The processes a r e  complete  distally, hollow and o f t en  
perfora ted and strongly buccinate. Short, rudimentary 
cingular processes a r e  rare ly  present.  Body diameter ,  43 t o  
5 3  p m; t h r e e  measured specimens. 

Remarks. This species  i s  similar t o  Oligosphaeridium 
pulcherrimum sensu Gi tmez  (1970) f rom t h e  Kimmeridgian of 
G r e a t  Britain. 

T e t r a n g u l a d i ~ u m ?  sp. A 
P la t e  55.3, f igure  9 

Description. A species with af f in i t ies  t o  Tetranguladinium 
with strong cavations well developed in each  corner  of t he  
rhomboidal cyst .  These cavations protrude a s  recti l inear 
pairs (29-34 ym). Striations a r e  also present along t h e  
corner  projections. A cingulum, sulcus or archeopyle is not 
evident.  Width, 42 y m ;  length, 121 y m; one  measured 
specimen. 

Veryhachium sp. A 
P l a t e  55.4, f igure  9 

Description. A large  species  of  Veryhachium with a long 
slender process at e a c h  corner  of t he  cyst. The processes 
t e rmina te  in a solid spine  fo r  approximately one  third of t h e  
length. Process length, 20  p m; body diameter ,  4 0 p  m; one  
measured specimen. 

Acknowledgments 

The two  sections were  measured, described and sampled 
in 1968 by D.F. Stot t .  Grat i tude  is extended t o  D.F. S to t t  
and D.J. McIntyre for t he i r  constructive crit icism of this 
manuscript. The samples were  processed by t h e  palynological 
laboratories of t he  Eastern  Petroleum Geology Section, 
GSC Dartmouth, Nova Scotia. 
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(39-51 p m) horns, which a r e  const r ic ted  a t  the i r  bases. 
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pla te  descriptions 

The name of t h e  species is followed by t h e  field sample number, t h e  GSC locality number, t h e  
England Finder coordinates, with the  lower right corner of the  slide as  the  fixed reference,  and the  
GSC type specimen number. All specimens were photographed under phase contras t  (unless otherwise 
s ta ted)  and reproduced a t  x750 magnification; a 20 p m  bar is present in figure 1 of each plate. 

PLATE 55.1 

figure 1. 

figures 2, 3. 

figures 4-8. 

4. 

5. 

6. 

7. 

8. 

figure 9. 

Paragonyaulacysta borealis, SI-68-237, GSC loc. C-71987, V4010, GSC 76271. 

Paragonyaulacysta sp. cf .  P. borealis, with a short apical horn, SI-68-224, 
GSC loc. C-71974, T47/1, GSC 76272. Figure 3 is with bright field illumination. 

Netrelytron sp. A. 

SI-68-240, GSC loc. C-71990, 03812, GSC 76276. 

SI-68-240, GSC loc. C-71990, P51/3, GSC 76277. 

SI-68-240, GSC loc. C-71990, L43/4, GSC 76280. 

SI-68-240, GSC loc. C-71990, 53613, GSC 76275. 

SI-68-250, GSC loc. C-72000, U41/3, GSC 76287. 

Subtilisphaera paerninosa, SI-68-229, GSC loc. C-71979, N42/3, GSC 76291. 





PLATE 55.2 

figures 1, 4. 

1. 

4. 

figure 2. 

figures 3, 6. 

3. 

6. 

figure 5. 

figures 7, 8. 

7. 

8. 

figure 9. 

Oligosphaeridiurn sp. A 

SI-68-221, GSC IOC. C-71971, 04214, GSC 76282. 

SI-68-232, GSC IOC. C-71982, S32/0, CSC 76283. 

Sentusidinium baculaturn, 51-68-226, GSC loc. C-71976, P3712, GSC 76293. 

Paragonyaulacysta capillosa 

SI-68-234, GSC IOC. C-71984, C3512, CSC 76279. 

SI-68-217, GSC IOC. C-71967, H3813, CSC 76278. 

Escharisphaerida rudis, SI-68-210, GSC loc. C-71960, M 4310, GSC 76281. 

Cantulodinium speciosurn 

SI-68-214, GSC IOC. C-71964, K41/2, CSC 76274. 

SI-68-230, GSC IOC. C-71980, M 3914, GSC 76273. 

Sentusidiniurn filiatum, SI-68-236, GSC Ioc. C-71986, K36/3, CSC 76528. 





PLATE 55.3 

figure 1. 

figures 2, 3. 

2. 

3. 

figures 4, 7. 

4. 

7. 

figures 5, 6. 

5. 

6. 

figure 8. 

figure 9. 

Gonyaulacysta dualis, SI-68-225, GSC loc. C-71975, V52/2, GSC 76304. 

Cribroperidinium perforans 

SI-68-217, GSC loc. C-71967, P44/0, GSC 76300. 

51-68-217, GSC Ioc. C-71967, N36/2, GSC 76301. 

Nannoceratopsis? sp. A 

9-68-237, GSC loc. C-71987, T46/1, GSC 76529. 

SI-68-210, GSC loc. C-71960, E28/4, GSC 76306. 

Atopodinium prostaturn 

SI-68-222, GSC loc. C-71972, D30/0, GSC 76285. 

51-68-238, GSC loc. C-71988, 43313, GSC 76530. 

Tubotuberella rhornbiforrnis, SI-68-236, GSC loc. C-71986, S39/0, GSC 76305. 

Tetranguladiniurn sp. A, SI-68-249, GSC loc. C-71999, 53411, GSC 76303. 





PLATE 55.4 

figures 1, 4. 

1. 

4. 

figures 2, 5, 8. 

2. 

5. 

8. 

figures 3, 6. 

3. 

6. 

figure 7. 

figure 9. 

Cribroperidinium jubaris 

SI-68-228, GSC loc. C-71978, T35/4, GSC 76290. 

SI-68-243, GSC loc. C-71993, W33/3, GSC 76289. 

Occisucysta monoheuriskos 

SI-68-231, GSC loc. C-71981, N38/1, GSC 76531. 

SI-68-231, GSC loc. C-71981, F3710, GSC 76292. 

SI-68-230, GSC ~ O C .  C-71980, C33/3, GSC 76532. 

Scriniodiniurn crystallinurn 

9-68-219, GSC loc. C-71969, U45/2, GSC 76295. 

SI-68-220, GSC loc. C-71970, S32/1, GSC 76296. 

Acanthaulax aceras, SI-68-217, GSC loc. 71967, W34/1, GSC 76533. 

Veryhachium sp. A., 9-68-246, GSC loc. C-71996, P40/1, GSC 76288. 





PLATE 55.5 

figures 1, 4. 

1. 

4. 

figures 2, 8. 

figure 3. 

figure 5. 

figure 6. 

figure 7. 

figure 9. 

Cribroperidinium (alias ~ o n y a u l a c y s t a )  sp. F of Gitmez and Sarjeant (1972). 

SI-68-222, GSC IOC.  C-71972, T35/1, GSC 76299. 

SI-68-231, GSC loc. C-71981, Q48/1, GSC 76534. 

Occisucysta sp. A 

SI-68-210, GSC loc. C-71962, V30/0, GSC 76297. 
SI-68-212, GSC loc. C-71960, W37/1, GSC 76298. 

Tectatodinium laminatum, Si-68-221, GSC loc. C-71971, 04313, GSC 76284. 

Apteodiniurn bucculiatum, SI-68-223, GSC loc. C-71973, C50/2, GSC 76294. 

Prolixosphaeridium spissum, 51-68-228, GSC loc. C-71978, R35/4, GSC 76286. 

Cribroperidinium sp. A, SI-68-224, GSC loc. C-71974, T43/1, GSC 76302. 

Cornetodinium sp. A of Habib (1972), 51-68-242, GSC loc. C-71992, K41/1, 
GSC 76535. 
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Abstract 

The Laurie Lake region in Manitoba lies at the transition zone between the Lynn Lake Greenstone Belt and the 
Kisseynew Gneiss Belt. Pressure-temperature estimates within the region range from 4.5 kb and 650°C to 5.5 kb and 
750°C. Migmatite development in aluminous metasedimentary rocks of the Wasekwan GrouplBurntwood River Meta- 
morphic Suite is progressive from unmigmatized rocks in the northeast to extensively migmatized rocks in the southwest. 
Sickle GroupISickie Metamorphic Suite rocks contain assemblages appropriate for constraining a sillimanite-K feldspar 
isograd. 

La region du lac Laurie au Manitoba, se trouve dans une zone de transition entre lazone de roches vertes de Lynn Lake 
et la zone de gneiss de Kisseynew. Les estimations de la pression et de la temperature dans cette region varient de 4.5 kb et 
650°C 5,5 kb et 750°C. Un developpement de migmatite dans des roches m6tas6dimentaires alumineuses du groupe de 
Wasekwan et de la suite metamorphique de Burntwood River se migmatise progressivement du nord-est vers le sud-ouest. 
Les roches du groupe de Sickle et de la suite metamorphique Sickle contiennent des assemblages appropries pour 
1'8tablissement d'une courbe isograde sillimanite-feldspath potassique. 

1 Contribution to the Canada-Manitoba Mineral Development Agreement 1984-1989. Project carried by Geological 
Survey of Canada. 



Introduction 

Metamorphosed supracrustal rocks of the Lynn Lake 
Greenstone Belt in the Churchill Structural Province of Man- 
itoba are Aphebian in age (Clark, 1980; Baldwin et al., 1985). 
These rocks belong to two main groups. The older Wasekwan 
Group contains mainly metavolcanic rocks and mafic to al- 
uminous metasedimentary rocks. Quartzofeldspathic meta- 
sedimentary rocks of the Sickle Group lie unconformably on the 
Wasekwan Group (Milligan, 1960; McRitchie, 1974; Gilbert et al., 
1980). 

The Kisseynew Gneiss Belt, south of the greenstone belt, 
includes two suites of high grade metasedimentary rocks, the 
Burntwood River Metamorphic Suite and the Sickle Meta- 
morphic Suite (Gilbert et al., 1980), which are believed to be 
correlative with the Wasekwan Group and the Sickle Group 
respectively. 

The Laurie Lake region (Fig. 56.1) lies at the transition zone 
between the greenstone belt and the Gneiss Belt. Within the 
region, volcanic and sedimentary rocks of the Wasekwan Group 
may be traced southwestwards into the Kisseynew Gneiss Belt 
(Zwanzig, 1976). Elsewhere, quartzofeldspathic rocks of the 
Sickle Group separate the two belts. This makes the Laurie Lake 
regibn well suited for studies of the relationship between the 
two belts. 

The transition zone exhibits lithologic changes (Zwanzig, 
1976), structural complications, and increasing metamorphic 
grade from northeast to southwest. The present investigation is 
concerned with the metamorphism and structure of this transi- 
tion zone. Metamorphic studies conducted during the past year 
focussed on: 1) microprobe analyses of garnet, biotite, and pla- 
gioclase to estimate the physical conditions of metamorphism; 
2) field documentation of migmatite development in aluminous 
metasedimentary rocks of the Wasekwan Group/Burntwood 
River Metamorphic Suite; and 3) collection of mineral as- 
semblage data from the Sickle GroupISickle Metamorphic Suite 
to constrain a sillimanite-K feldspar isograd. 

In this report, symbols for minerals and components 
(Table 56.1) are from Kretz (1983). Migmatite nomenclature fol- 
lows that of Johannes (1983). Evaluation of precision errors in 
chemical analyses, atomic ratios, mole fractions, and distribu- 
tion coefficients follow procedures outlined by Kretz (1985). 

Microprobe analyses and P-T estimates 

Ten element (Si, Al, Fe, Mg, Mn, Ca, Ti, Cr, Na, and K) 
chemical analyses of garnet, plagioclase, and biotite co-existing 
with quartz and sillimanite were obtained from three samples 
(Fig. 56.2) using an energy dispersive system on the Queen's 
University ARLSEMQ electron microprobe. Operating condi- 
tions were 15 kV accelerating voltage, 120 second count times, 
and beam widths of 2,10 and 15 pm for garnet, plagioclase, and 
biotite respectively. Spectra collected from these minerals were 
compared to spectra collected from garnet, biotite, and glass 
(NBS 4709 K-412) standards, and corrections were made using 
the Bence-Albee method. 

The three samples (one from below the sillimanite- 
Kfeldspar isograd and two from above) were chosen for both 
their distribution over the map area and lack of alteration. 
Within each sample, analyses were obtained from two to three 
different domains separated from each other by 10 mm. Within 
each domain the minerals chosen for analysis were separated 
from one another by several mineral grains. Rim analyses of 
minerals are from locations where the adjacent mineral was 
quartz. Garnets were analyzed one to four times at several 
locations from core to rim. Plagioclase cores and rims were each 
analyzed three times; those of biotite were analyzed twice. 

.I . KISSEYNEW GNEISS BELT 

990 

Figure 56.1. Location of Laurie Lake region (study area) and 
major lithostructural domains in northern Manitoba. Solid black 
regions represent amphibolite. Stipples and crosses represent 
granitic intrusive rocks. 

Table 56.1. Mineral and component symbols 

MINERALS COMPONENTS 

an anorthite 
And andalusite 
AP apatite 
Bt biotite 
Gr graphite 
Grt garnet grs grossular 
Ilm ilmenite 
Kfs K feldspar 
KY Kyanit 
Mag magnetite 
Ms muscovite 
P1 plagioclase 
Qtz quartz 
sil s'illimanite 1 Tur tourmaline 

Analyzed biotites and plagioclases do not exhibit any com- 
positional zoning at the 0.95 confidence level of precision. 
Hence, both rim and core compositions were averaged. 

Garnets display compositional zoning in the outer 10 to 30 
per cent of their radii. Except for MnO in one garnet, the 
variation in concentration of all oxides is less than one weight 



Figure 56.2. Geology of Laurie Lake region. Distribution of lithologies modified after Zwanzig (1980). 
Dashed NNW trending lines divide map into northeast (NER), South Bay (SBR), and southwest (SWR) 
regions referred to in text. Numbers 1, 2 and 3 indicate locations of samples used for P-T estimates. "a" 
indicates locations of retrograde andalusite in leucosomes of migmatites. 

per cent. FeO and CaO exhibit flat composition profiles whereas 
MgO (and thus atomic Mg/Fe ratio) decreases and MnO in- 
creases. MnO displays the most pronounced zoning. An exam- 
ple of one garnet profile is shown in Figure 56.3. 

Grant and Weiblen (1971) and Tracy et al. (1976) studied 
garnets with zoning characteristics similar to those in this 
study. They attributed the zonation patterns to retrograde reac- 
tion since most prograde continuous reactions in pelitic rocks 
result in increasing the MgIFe ratio and decreasing the concen- 
tration of Mn from core to rim. This interpretation is adopted in 
this study. 

In calculation of P-T estimates, two assumptions were made 
concerning mineral compositions. First it was assumed that 
garnets were compositionally homogeneous at peak meta- 
morphic conditions and that the observed zoning resulted from 
retrograde reaction. Secondly, because the garnet rims are vol- 
umetrically insignificant in comparison to the volume of matrix 
biotite, it was assumed that the compositional adjustment of 
biotite during retrogression was negligible (Tracy et al., 1976). 
Therefore interior garnet, average biotite, and average pla- 
gioclase compositions were used in the calculations. 

MglFe rations of garnet and biotite (Table 56.2) used in the 
geothermometer of Ferry and Spear (1978) are combined with 
Xg;; and Xf,l, values used in the geobarometer of Ghent (1976) 
as modified by Ghent et a1 (1979) to yield unique P-T estimates 

for each domain in each sample. Accounting for precision errors 
in mineral analyses results in an estimate of a range of P and T 
for each domain (Fig. 56.4). The confidence level chosen for 
calculation of precision errors is 0.95. Accuracy and errors in the 
calibration of the geothermometer and geobarometer have not 
been considered. To obtain the most probable P-T estimate for 
each sample the distribution coefficients (calculated from MgIFe 
ratios and mole fractions in Table 56.2) from each domain in a 
sample were averaged. This procedure greatly reduced the esti- 
mated fields of pressure and temperature (Fig. 56.4, 56.5). The 
results agree with the increase in metamorphic grade from 
northeast to southwest (Jackson and Gordon, 1985; Milligan, 
1960; Zwanzig, 1976); however, the temperature estimate for 
sample 3 appears to be high (-750°C) since no orthopyroxene is 
present in mafic rocks (as would be expected if the rocks at- 
tained the estimated temperature). 

Migmatites in the Wasekwan Group/Burntwood River 
Metamorphic Suite 

Migmatized and nonmigmatized aluminous metasedimen- 
tary rocks of the Wasekwan Group/Burntwood River Meta- 
morphic Suite generally contain the same mineral assemblage: 
Grt + Bt + Sil + PI + Qtz + Gr + Tur +/ - Ap, Ilm, and Ms (retro- 
grade). Exceptions to this include: the presence of relict 
staurolite in the northeast region, retrograde andalusite in 
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Figure 56.3. Chemical zonation profile of a garnet from sam- 
ple 1. Note increase in MnO at the rim. Error bars calculated at 
0.95 confidence level. 

leucosomes of the southwest region and the western portion of 
the South Bay region, and cordierite as an  additional phase in 
the southwest region. Petrographic work and staining of sev- 
eral specimens did not confirm the presence of K feldspar in 
cordierite-bearing rocks previously reported by Jackson and 
Gordon (1985). 

The progression from unmigmatized to extensively mig- 
matized rocks is documented by an increase in the variety of 
leucosome present, an increase in the percentage of leucosome 
present, an increase in grain size of mesosomes, and an  in- 
creasingly aluminous nature of melanosomes. 

The northeast, South Bay, and southwest regions in Fig- 
ure 56.2 contain 4, 6, and 7 major types of leucosome, respec- 
tively. The four leucosome types present in the northeast region 
(also present in the other regions) are: quartz veins, quartz 
veins with plagioclase-rich rims, discordant pegmatites (Jack- 

son and Gordon, 1985), concordant pegmatites (op. cit.). In the 
South Bay region two additional types of leucosomes exist: 
coarse to very coarse grained quartz-plagioclase veins 
(Fig. 56.6), and individual or clusters of several plagioclase por- 
phyroblasts (Fig. 56.7). In the southwest region a seventh type 
of leucosome, an equigranular coarse grained tonalite, is pre- 
sent. 

Leucosome material increases in abundance from less than 
5% to greater than 40% from the northeast to southwest re- 
gions. The increase in degree of migmatization is due mainly to 
an increase in the abundance of the quartz-plagioclase veins 
and also to an  increase in the individual and clusters of pla- 
gioclase porphyroblasts. The other leucosome types, with the 
possible exception of the coarse grained equigranular tonalite, 
are only locally significant. The equigranular tonalite variety 
may increase in abundance to the southwest of the map area. 

The quartz-plagioclase veins, individual and clusters of 
several plagioclase porphyroblasts, and the coarse grained 
equigranular tonalite commonly display well developed biotite 
rich melanosomes. These melanosomes become more al- 
uminous from northeast to southwest as indicated by an in- 
crease in the amount of sillimanite and garnet present. 

The quartz-plagioclase leucosomes are the dominant type 
of leucosome and their abundance reflects the degree of mig- 
matization. The leucosomes are coarse grained with euhedral to 
subhedral plagioclase ranging from 0.5 mm to 4 cm (most of the 
adjacent mesosome plagioclase is less than 1 to 2 mrn). The 
plagioclase grains commonly are fractured and turbid. In addi- 
tion to the minerals present in adjacent mesosomes, the leuco- 
somes may contain retrograde muscovite and andalusite, tour- 
maline porphyroblasts, and concentrations of graphite. Fold 
and boudinage structures are common features of these leuco- 
somes. 

Hydrothermal processes and partial melting are consid- 
ered to be the two major mechanisms by which migmatites may 
develop in regional metamorphic belts (Yardley, 1978). It is not 
yet clear which mechanism or combination of mechanisms re- 
sulted in the formation of migmatites in the aluminous meta- 
sedimentary rocks of the Wasekwan GroupIBurntwood River 
Metamorphic Suite. Nevertheless, the above observations indi- 
cate that the migmatite-forming process(es) had the following 
attributes: boron and CO, were involved (tourmaline and 
graphite), no  phase was eliminated, and plagioclase and quartz 
became extremely coarse grained and formed segregations. 
Subsequently, post migmatization strain and retrogression has 
affected to varying degrees the morphologies and compositions 
of the various parts of the migmatite. 

Table 56.2. Atomic Mg/Fe ratios in garnet and biotite and X$g and XrA values. 

Sample 

1 

Domaine 

1 

2 

3 

MgfFe  Grt 

,190 + ,009 

.I94 2 .009 

,181 2 ,009 

MatFe  Bt 

,836 + .059 

349 + .022 

.831 r .026 

XGrt 
g*s 

,030 + .0021 

.031 + ,0021 

,033 + ,0021 

x!; 
,224 ? ,009 

.207 zk .012 

,248 + ,006 



Figure 56.4. P-T estimates for each domain from three garnet-biotite-sillimanite bearing rocks. See 
Figure 56.2 for locations. Quadrilaterals represent estimates calculated at the 0.95 confidence level. Ky, 
And, and Sil stability fields taken from Holdaway (1971). 

Figure 56.6. Coarse grained quartz plagioclase vein from 
South Bay region (Fig. 56.2). Note the well developed biotite 
melanosome. 

2 
600 800 

n ° C )  
Figure 56.5. P-T estimates for each sample when the domain 
values (from Fig. 56.4) are averaged and precision errors 
treated according to Kretz (7983). Estimates calculated at the 
0.95 confidence level. Ky, And, and Silstability fields taken from 
Holdaway (1971). 



Figure 56.7. Clusters of coarse grained plagioclase Figure 56.9. Quartz-sillimanite nodule in quartzofeldspathic 
porphyroblasts in biotite rich matrix from South Bay Region rocks of the Sickle Group. Note that the tourmaline por- 
(Fig. 56.2). Twenty-five cent piece for scale. phyroblasts are concentrated within these segregations. 

Figure 56.8. The sillimanite-K feldspar isograd in the Laurie T-+ 
Lake region (rectangles on high grade side). black regions Figure 56.10. Schematic P-T diagram illustrating phase rela- 
represent quartzofeldspathic rocks of the Sickle Group of appro- tions in the mode/ KNASH system. Numbered curves corre- 
priate composition to constrain the isograd. Heavy stippling spond to reactions in text. 
represents Sickle Group metasediments. Light stippling repre- 
sents the Wasekwan Group. Dashed symbols represent intrusive 
rocks. Heavy dashed line represents the Tod Lake Fault. 



Sillimanite-Kfeldpar isograd in the Sickle GroupISickle 
Metamorphic Suite 

Quartzofeldspathic rocks of the Sickle Group near Tod Lake 
and eastern Laurie Lake contain mineral assemblages appropri- 
ate for constraining an isograd based on the first appearance of 
sillimanite (andlor retrograded quartz-feldspar-sillilmanite 
knots now consisting mostly of muscovite). From the configura- 
tion of the isograd it is inferred that 3.5 km of post-meta- 
morphic right-lateral strike-separation occurred along the Tod 
Lake Fault (Fig. 56.8). 

On the low grade side of the isograd rocks contain PI + Kfs 
+ Qtz +Ms+Bt+Mag +/-Tur. On the high grade side of the 
isograd sillimanite is present in addition to these phases. The 
higher grade assemblage is easily recognized in the field by the 
appearance of sillimanite and quartz in ovoid knots approxi- 
mately 1 to 2 cm in diameter (Fig. 56.9). Muscovite is present 
but decreases in abundance with increasing distance above the 
isograd for several kilometres. Based on these observations it is 
clear that, although this isograd marks the first appearance of 
sillimanite in the Sickle GrouplSickle Metamorphic Suite, it 
corresponds to what is commonly referred to as the "second 
sillimanite isograd" or sillimanite-K feldspar isograd in meta- 
pelites. 

Some small granitic veins (5 mm to several centimetres in 
width, totalling less than 1% of the total outcrop) and discordant 
tourmaline-bearing pegmatites are present below and above 
the isograd. The veins do not increase in abundance imme- 
diately above the isograd; however, a kilometre or more above 
the isograd granitic veins are abundant. It is not yet known if the 
granitic veins below the isograd represent the products of a melt 
phase present during peak metamorphic conditions. 

If the granitic material on the low-grade side of the isograd 
represents a melt phase that was present during peak meta- 
morphic conditions, then the isogradic reaction in the model 
system K20-Na20-A1,0,-Si02-H,O (KNASH) would be: 

Ms + Qtz + PI = Sil + Kfs + melt (1). 

If this material does not represent a quenched melt phase 
then the isogradic reaction would be: 

Ms + Qtz + PI = Sil + Kfs + H,O (2). 

Reaction (1) would occur under P-Tconditions where a melt 
is stable whereas reaction (2) would occur under conditions 
where a melt is not stable (Fig. 56.10) either due to a lower P or 
lower activity of water. 

Since there is no notable increase in the amount of granitic 
material present immediately above the isograd, reaction (2) is 
tentatively adopted as the K feldspar-sillimanite producing re- 
action. To be consistent with this hypothesis, the increase in the 
amount of granitic material a kilometre or more above the iso- 
grad would be due to the model I<NASH reaction: 

Kfs + PI + Qtz + H,O + Sil = melt 

Reactions (1) and (2) would be univariant in the model system 
KNASH. Muscovite coexisting with K feldspar and sillimanite 
several kilometres upgrade of the isograd indicates that the 
actual reaction was not univariant. A model system involving 
additional phases and components should provide a more accu- 
rate approximate to the rocks. Mineral compositions are being 
determined so as to provide constraints on the reactions that 
produce sillimanite, K feldspar, and melt. 

Summary and conclusions 

1) P-T estimates range from approximately 4.5 kb and 650°C to 
5.5 kb and 750°C from the northeast to southwest regions. 

2) Migmatite development in the Wasekwan GrouplBurnt- 
wood River Metamorphic Suite is progressive. This sup- 

ports correlation of the aluminous sedimentary rocks be- 
tween the greenstone belt and the gneiss belt (eg. Milligan, 
1960; McRitchie, 1974; Zwanzig, 1976). 

3) An isograd based on the first appearance of sillimanite has 
been mapped. The reaction that produced sillimanite and 
K feldspar may have occurred in the absence of a melt phase. 
If this is true, and if the pressure estimates are valid, then 
the P-T intersection of the muscovite breakdown reaction 
and the granite minimum-melt reaction must have occurred 
at pressures above 5 kb. Kerrick (1972) has shown that this 
situation may arise if Xy, is less than 0.8. 
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Abstract 

Mineral deposits and occurrences of lead, zinc, and/or barite that exist at the margin of the Carboniferous Shu- 
benacadie basin of Nova Scotia, occur near the disconformity between the older Horton Group continental clastic rocks and 
the overlying Windsor Group marine carbonates. Strontium isotopic analyses of calcite and barite indicate that there is a 
genetic link between these mineral occurrences. The ore-stage minerals of the larger and/or higher grade deposits such as 
the Gays River Pb-Zn deposit, have a relatively high 87Sr188Sr ratio ( = 0.712), suggesting a massive influx of a mineralizing 
fluid considerably different from Carboniferous marine water as recorded in the host carbonates (87Srle6Sr = 0.708). Thus, 
strontium isotopic data have potential applications in prospect evaluation within this basin. 

No unique source for the calcium or barium component of the mineralizing fluids can be ascertained. 

Les gisements de mineraux et les venues de plomb, de zinc et de barite qui existent B la limite du bassin Shubenacadie 
datant du Carbonifere au Nouveau-Brunswick se trouvent pres de la discordance stratigraphique entre les roches 
clastiques continentales de I'ancien groupe de Horton et les carbonates marins du groupe de Windsor qui les recouvrent. 
Des analyses isotopiques au strontium de la calcite et de la baryte indiquent qu'il y a un lien genetique entre ces venues 
min6rales. Les mineraux considbres comme minerai constituant les gisements plus importants ou plus riches comme le 
gisement de Pb-Zn de la riviere Gays ont un rapport relativement eleve 87Sr/e6Sr (=  0,712), indiquant un influx massif de 
fluides minbralisbs tres differents de I'eau de mer du Carbonifere comme I'indiquent les carbonates d'hbtes (87Sr186Sr = 
0,708). Les donnees isotopiques (strontium) peuvent donc etre appliquees pour ce genre d'6valuation A 11int6rieur de ce 
bassin. 

On ne peut affirmer qu'il existe une source unique de calcium ou de baryum dans les fluides de minbralisation. 

1 Contribution to the Canada-Nova Scotia Mineral Development Agreement 1984-1989. Project carried by Geological 
Survey of Canada, Mineral Resources Division, Project 700059. 

2 Department of Geology, Dalhousie University, Halifax, Nova Scotia B3H 3J5. 



Introduction 

The Shubenacadie Basin of Nova Scotia is a small (65 x 
16 km) Carboniferous basin in the southeastern portion of the 
Minas sub-basin, which is part of the evaporitelcarbonate plat- 
form of the main FundyJMagdalen Basin (Fig. 57.1). The Shub- 
enacadie Basin contains a stratified sequence of sedimentary 
rocks with an estimated maximum thickness of 2000 m 
(Boehner, 1981). The basal Tournaisian Horton Group clastic 
rocks lie unconformably on metamorphic basement rocks of the 
Cambro-Ordovician Meguma Group and are in turn overlain 
(disconformably in most places) by carbonate, evaporite and 
clastic rocks of the Windsor and Canso groups (Fig. 57.2). Pic- 
tou Group rocks unconformably overlie the Canso rocks. Wind- 
sor Group rocks unconformably overlap the Meguma Group 
along the southeastern margin of Shubenacadie Basin and in 
Musquodoboit Basin (Giles and Boehner, 1979). Pb-Zn-Ba con- 
centrations are found in Windsor Group carbonate (e.g. Gays 

River Pb-Zn deposit), within a short distance of the Hortonl 
Windsor contact (e.g. Smithfied Pb deposit), and in the upper 
Horton Group clastic rocks (e.g. Brookfield Ba deposit). 

Genetic hypotheses for the Carboniferous "carbonate-hos- 
t e d  Pb-Zn-Ba deposits in Nova Scotia include: (1) sabkha-type 
deposition (MacLeod, 1975); (2) formation from late diagenetic 
mineralizing fluids laterally secreted from the adjacent sedi- 
mentary basins (Lydon, 1978); and (3) deposition from fluids 
from a "deep source" (Krebs and Macqueen, 1984). 'The sabkha 
model has been ruled out by fluid inclusion temperatures 
(>200°C) measured in sphalerite by Akande (1982; Akande and 
Zentilli, 1984), at the Gays River deposit. Isotopic information on 
the components of the mineralization places constraints on the 
other genetic hypotheses. 

Strontium isotopes are useful for tracing the calcium and 
barium component of minerals such as calcite, barite and 
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Figure 57.1. Relationship of the Shub- 
enacadie Basin to the main FundylMagdalen 
Basin. 



fluorite. Because these minerals usually contain negligible phism, or during a fluid flow event (e.g. Clauer, 1982; Stein and 
quantities of rubidium, their strontium isotope ratios are a mea- Kish, 1985). 
sure of the isotopic composition of the strontium in the miner- 
alizing fluids. The strontium isotope ratios in gangue minerals 
from Mississippi Valley-type (MVT) deposits indicate that 
where mineralization is sparse, the minerals precipitated from 
fluids that were in local isotopic equilibrium with the host carbo- 
nates. Conversely, in districts with major deposits, the ratios are 
anomalous and increase as mineralization progresses. In these 
districts, the process appears to be that of mixing of fluids 
containing strontium derived from the silicate minerals in the 
sedimentary succession, with locally derived strontium-bear- 
ing fluids (Kessen et al., 1981). Thus, within a given basin, 
prospects in which calcite, barite or fluorite have relatively high 
87Sr186Sr ratios may represent good exploration targets. 

Rubidium-strontium information is available on some of 
the possible source rocks which may have equilibrated with the 
mineralizing fluids. Clarke and Halliday (1980) reported that in 
the South Mountain batholith, granodiorite (371.8 2 2.2 Ma) 
had an initial ratio (87Sr186Sr) of 0.7076 - 0.7090; adamellite 
(364.3 +. 1.3 Ma), with a ratio (87Sr186Sr) of 0.70942; and porph- 
yry (361.2 2 1.4 Ma) with a ratio (87Sr186) of 0.71021. A suite of 
Meguma country rock samples had 87Sr186Sr = 0.7113- 0.7177 at 
the time of intrusion of the batholith. Work on the Meguma 
Group black slates (Lambert et al., 1984), indicates a possible age 
of 490 + 10 Ma with an initial ratio of 0.7130. Preliminary data on 
turbidites give aninitial ratio (87SrI86Sr) of 0.711. No data exist for 
the Horton Group clastic rocks which may have undergone 
equilibration of strontium (at least in glauconite or 2M-illite) 
either during burial, a low temperature regional metamor- 
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in ltilometres (from Hacquebard, 1972). 

The purpose of this study is to determine: 1) if a genetic link 
exists between the different deposits around the margin of the 
Shubenacadie basin; 2) if the mineralizing fluids may have de- 
rived at least their calcium and barium components from Hor- 
ton Group clastic rocks, ascertaining the age of homogenization 
of strontium in the rocks, and thus the age of a possible hydro- 
thermal event would be an added bonus; and 3) if strontium 
isotopic analyses of ore-stage minerals is a usefule exploration 
tool. 

Description of sample localities 

Samples of barite, calcite and host rock carbonate were 
selected from a number of mineral deposits around the margin 
of the Shubenacadie Basin (Fig. 57.3). The Gays River Pb-Zn 
deposit contains about 12 million tons of 7% combined lead and 
zinc hosted in a dolomitized carbonate bank of Gays River 
Formation (Akande and Zentilli, 1984). The Southvale Ba occur- 
rence is a small layer of fine grained to cryptocrystalline barite 
showing replacement characteristics, and underlain by the 
basal dolomitic limestone of the Windsor Group (Felderhof, 
1978). The lead at Pembroke occurs as galena in calcite veins and 
with vug-filling calcite, in a limestone of the Windsor Group 
(Ponsford, 1983). The Smithfield Pb-Zn-Cu-Ba occurrence con- 
tains 500 000 tons of 6% combined lead and zinc and occurs in a 
brecciated basal Windsor limestone, disconformably overlying 
highly pyritized Horton clastic rocks (Felderhof, 1978; Walker, 
1978). Barite mineralization at the Middle Stewiacke occurrence 
is structurally controlled and is hosted in massive limestone 
and limestone breccia of the upper Windsor Group, where it is 
in fault contact with Horton clastic rocks. The Brookfield Ba 
deposit contains at least 62 000 tons of 50% barite and is a 
replacement and vein deposit hosted entirely in Horton clastic 
rocks. The barite at Hilden occurs as a vein in basal limestone 
and limestone breccia of the Windsor Group. The barite at Lake 
Fletcher occurs as a vein in Meguma slates (Felderhof, 1978). 
Only clean, unweathered samples were used. Sample selection 
was based on position in the paragenetic sequence, location in 
the deposit, and colour (Table 57.1). 

Sample preparation 

Samples of 2 to 4 kg of grey Horton sandstone were se- 
lected at regular stratigraphic intervals at site 1A (Fig. 57.3). As 
much of the weathered material as physically possible was re- 
moved from the outcrop before sampling. The site is remote 
from any large mineral occurrences and was sampled from a 
large cliff section directly stratigraphically below the Horton- 
Windsor contact. The area is structurally complex with steeply 
dipping (75"NE) Windsor strata occurring just north of the 
sample site, but flat-lying overturned strata at the sample site 
itself. 

A careful sample preparation procedure was followed. The 
calcite and host carbonate samples were broken up with a 
percussion mortar and sieved in plastic sieves to obtain the + 20 
to -40 mesh (841 - 355 p) fraction. This fraction was hand- 
picked to give approximately 2 grams of very clean sample. The 
samples were then washed repeatedly with super-clean ethyl 
alcohol in a sonic bath. The dry samples were crushed using an 
agate mortar and pestle. Relatively strontium-rich barite sam- 
ples were prepared in a similar manner, but in a separate loca- 
tion to avoid contamination. One portion of calcite sample 
RSB-32 (32a) was prepared in the same laboratory as the barite 
samples and another portion (32b) in the separate location. A 
comparison of the two results gives a good indication of the 
cleanliness of the preparation system. Sieves were cleaned with 
compressed air and super-clean ethyl alchohol between 
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Flgure 57.2. Stratigraphy of the Mississippian Windsor Group in the Shubenacadie and Musquodoboit 
Basins (simplified from Giles and Boehner, 1979). 

samples and the mortar and pestle were cleaned with quartz 
between samples. 

Sample preparation procedure for clays was modified from 
Halliday (1978). The samples were crushed to - 18 mesh 
(<I mm) and dry sieved in a sieve shaker for 20 minutes. About 
100 to 600 grams of the -230 mesh (<63 k)  fraction of each 
sample was stirred into 1 or 2 L of distilled water in beakers. 
After 48 hours the water was siphoned off and samples let dry 
until stickytwet. Then using weighing paper (which adhered to 
the surface), about 1 mm of the clays was "skimmed" off the top. 
Semi-oriented smears of the samples were run on the X-ray 
diffractometer for a qualitative determination of the relative 
amount of illite in each. At this point, about half of the original 
samples were rejected. The remaining illite-rich samples are 
tabulated in Table 57.2. All samples contained some quartz and 
albite in addition to illite, muscovite and chlorite. No detailed 
mineralogical study has been completed. 

AnaIytical methods 
All the isotopic analyses were carried out at the Depart- 

ment of Geology, Carleton University, Ottawa, on a Finnigan- 
MAT 261 multi-collector mass spectrometer. The estimated pre- 
cision in the 87SrI86Sr analysis is * 0.00003 (2 standard devia- 
tions). The measured 87SrI86Sr ratios for the Eimer and Amend 
Standard and NBS 987 were 0.70802 k 0.00002 and 0.71023 & 

0.00003, respectively. All analyses were normalized to 88Srl86Sr 
= 8.37521. 

The carbonate samples were first dissolved in 3N HCl and 
strontium was then isolated by conventional cation exchange 
techniques. Barite was first fused with LiBO, in a graphite 
crucible, then dissolved in dilute HCl. The clay samples were 
dissolved in hydrofluoric and perchloric acids. Rubidium and 
strontium concentrations in clays were determined by X-ray 
fluorescence techniques (to a precision of about * 0.5%). 



Figure 57.3. Carboniferous basins and associated mineral occurrences of the Minas sub-basin, cen- 
tral Nova Scotia (after Felderhof, 1978). A = Gays River, B = Southvale, C = Pembroke, D = Smithfiels, 
E = Middle Stewiacke, F = Brookfield, G = Hilden, H = Lake Fletcher. 
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Results 
Analytical results are tabulated in Tables 57.1 and 57.2 and 

plotted in Figures 57.4 and 57.5. The paths with arrows in 
Figure 4 indicate the change in strontium ratios along the para- 
genetic sequence of the mineralization event at each mineral 
occurrence. 

Data in Figure 57.4 show that the strontium ratio of host 
rock carbonate is almost identical to that of Mississippian sea- 
water. Calcite in the Gays River and Pembroke deposits, and the 
barite at Brookfield all have strontium isotope ratios substan- 
tially higher than that of the carbonate host rock. This result is 
similar to that found by Kessen et al. (1981) in the major Mis- 
sissippi Valley districts. Post- ore calcite at Gays River contains 
lower strontium ratios. Strontium ratios in barite at Southvale, 
Smithfield, Middle Stewiacke and Hilden are intermediate be- 
tween the host rock and highly anomalous values. The highest 
strontium ratios were found in barite within Meguma Group 
slates at Lake Fletcher. 

Clay samples separated from Horton rocks (Table 57.2) all 
contained illite, but some had substantial amounts of muscovite 
and chlorite. The samples covered approximately 10 m (strat- 
igraphically) of the Horton section. Five of the six samples 
define an isochron (i.e. the points fit a single line within the 
estimated uncertainty: MSWD = 1.0) (Fig. 57.5). The indicated 
age is 300 + 6 Ma with an initial ratio of 0.7096 * 0.0002 (2a 
errors quoted). Sample RSB-101, which has the highest RbISr 
ratio, does not plot on the isochron. The reason for this is not 
known. 

Discussion 
The 300 * 6 Ma isochron age may be the time at which the 

strontium contained in the clay fraction of the rocks was 



Table 57.1. Sample descriptions and strontium isotope ratios 

Sam le 
Location num1er Composition Description 

Recrystallized 
micr~te host rock 
Recrystallized 
micr~te host rock 
Vein calcite intergrown 
with sphalerite 
Vug-filling calcite 
overgrowths on galena 
Vug-filling calcite in 
fracture-related cavity 
Scalenohedral calcite 
in vugs 
Recrystallized secondary 
limestone (dedolomite) 
Recrystallized 
limestone breccia 
White barite in basal 
Windsor carbonate 
Skeletal grainstone 
host rock 
Vein calcite 
with galena 
Vein calcite 
with galena 
Vein calcite 

Gays 
River 
Gays 
River 
Gays 
River 
Gays 
River 
Gays 
River 
Gays 
River 
Gays 
River 
Gays 
River 
Southvale 

Pre-ore 
dolomite 
Pre-ore 

Ore-stage 
calcite 
Post-ore 
calcite 
Post-ore 
calcite 
Post-ore 
calcite 
Post-ore 
calcite 
Post-ore 
calcite 
Barite 

AGR-133a 

RSB-47 

FHd Pembroke Pre-ore 
dolomite 
Mineralized 
calcite 
Mineralized 
calcite 
Unmineral. 
calcite 
Pre-ore 
calcite 
Pre-ore 
calcite 
Barite 

Pembroke 

Pembroke 

Pembroke 

Carbonaceous limestone 
host rock 

Smithfield 

Smithfield Limestone host from 
quarry 800 m. west 
Pink crystalline 
barite 
Reddish crystalline 
barite 
White crystalline 
barite 
White crystalline 
barite 
Vein calcite 
a) prep with barites 
b) prep with calcites 
Limestone 
host rock 
Red vein barite 

Smithfield 

Smithfield 

Smithfield 

Smithfield 

Barite 

Barite 

Barite 

Smithfield Post-ore 
calcite 

Middle 
Stewiacke 
Middle 
Stewiacke 
Middle 
Stewiacke 
Middle 
Stewiacke 
Brookfield 

Pre-ore 
calcite 
Barite 

Pink to white 
vein barite 
Vein barite which 
cuts calcite veins 
Porous cr stalline 
Windsor {mestone 
Pink massive barite 
from quarry centre 
Red massive barite 
from quarry centre 
Pink massive barite 
from SW quarry wall 
White massive barite 
from SW quarry wall 
Pink massive barite 
from quarry centre 
Pink vein barite 
Pink massive barite 
assoc with siderite 
White vein barite 
in Meguma slate 
White vein barite 
in Meguma slate 

Barite 

Barite 

Pre-ore 
calcite 
Barite Brookfield 

Brookfield 

Brookfield 

Barite 

Barite 

Brookfield Barite 

Brookfield Barite 

Hilden 
Hilden 

Barite 
Barite 

Lake 
Fletcher 
Lake 
Fletcher 

Barite 

Barite 



Table 57.2. Horton Group (Tournaissian) sandstone samples selected for RbISr and 87Sr186Sr analyses. 

Map Sample 
Location number Description 

Composition 87Rb/86Sr 
analysed (+ 1.5%) (+ 0.004%) 

1A RSB-98 
Upper 
Brookside 

Unweathered upper 
Horton sandstone 
with hematite 

chlorite 
muscovite 
illite 

Horton sandstone 1.5 m 
"below" Windsor. 
Weathered outcrop 

muscovite 
illite 
chlorite 

8.13 0.74636 
(ommitted from isochron) 

Horton sandstone 3.0 m 
"below" Windsor. 
Weathered outcrop 

illite 
muscovite 
chlorite 

failed failed 

Horton sandstone 4.5 m 
"below" Windsor. 
Unweathered 

illite 
muscovite 
chlorite 

Horton sandstone 6.0 m 
"below" Windsor. 
Some weathering 

muscovite 
illite 
chlorite 

illite 
muscovite 
chlorite 

illite 
muscovite 
chlorite 

Horton sandstone 8.0 m 
"below" Windsor. 
Some weathering 

Horton sandstone 10 m 
"below" Windsor. 
Some weathering 

.7070 1 
Figure 57.4. Strontium isotopic compositions of barite, calcite and host rock carbonate from mineral 
occurrences around the Shubenacadie Basin. V = host limestone (Visean); V = host dolomite (Visean); 

= mineralized vein or vug-filling calcite; 0 = barite; = postore andlor unmineralized calcite; 
A = postore dedlomitized limestone. Analytical errors fall within the symbols. Average Mississippian 
seawater and range of analyses from Burke et a/. (7982). Lines with arrows show probable paragenetic 
sequence at each deposit. 



homogeneized at a scale of tens of metres. This would have 
been possible only in the presence of a common permeating 
fluid in hydraulic continuity. The fluids may have entered the 
basement rocks along fractures as well as moving through the 
Horton clastic rocks. The 87SrIs6Sr ratios (at 300 Ma) for the 
Meguma Group metasediments (0.7124- 0.7244) and the grano- 
diorites (0.7104 - 0.7127) (calculated from data in Lambert et 
al., 1984, and Clarke and Halliday, 1980) indicate that either 
could have been a source for the strontium in calcite and barite 
with high strontium ratios present at some of the deposits. The 
Horton Group clastic rocks at site 1A could not have been the 
sole source or conduit for the Gays River, Pembroke and Brook- 
field occurrences, but, the initial strontium ratio existing at site 
1A at 300 Ma is in the range of strontium ratios measured at some 
of the other deposits. The Horton Group is very heterogeneous, 
however, and other parts of the Horton strata may have homog- 
enized at a higher initial ratio. 

The barite vein in Meguma slates at Lake Fletcher could not 
have been formed from the South Mountain granites (t = 374 to 
360 Ma) because the strontium available would have had an 
isotopic ratio that was too low. However, it may have been 
formed at that time by barium- and strontium-rich fluids orig- 
inating within the Meguma Group. This type of deposit could 
then have been the source for the later Carboniferous miner- 
alization. It may also have formed at this later time; the range of 
strontium ratios available in the Meguma metasedimentary 
rocks is too large to rule out either possiblity. 

ConcIusions 

No genetic link appears to exist between the mineral occur- 
rences around the Shubenacadie basin. High strontium ratios 
are associated with larger and/or higher grade deposits, that 
probably had a massive influx of mineralizing fluids. Smaller, 
lower grade deposits have strontium ratios that are probably a 
mixture of high fluid ratios and low host rock ratios. 

No single source for the calcium and barium components 
of the mineralizingfluids can be determined. The Horton clastic 
rocks at site 1A north of Truro could not have been a major 
source or conduit for the fluids. But, the Rb-Sr isotopic data do 
indicate an anomalous temperature or fluid-flow event, suffi- 
cient to locally homogenize strontium isotopes, in the Horton at 
about 300 Ma, during the Hercynian Maritime disturbance 
(Poole, 1967). This is the first good age determination of an event 
which affected Horton clastic rocks in the Pennsylvanian and 
which may be related to the mineralization in the Shubenacadie 
Basin. 

The exploration significance of this study is two-fold: 1) We 
now have an age for an event, in the Horton clastic rocks, which 
may have acted as a conduit for mineralizing fluids (though not 
at site 1A); and 2) the size and/or grade of a deposit in the Minas 
sub-basin is reflected by the 87Sr186Sr ratio of the ore-stage 
calcite and barite in the deposit. 
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Abstract 

The Jumping Brook Complex is part of a belt of metamorphosed volcanic and sedimentary rocks which hosts small 
polymetallic sulphide deposits in northwestern Cape Breton Island. Detailed geological mapping (1 :10 000) of the Jumping 
Brook Complex in the Cheticamp-Pleasant Bay area has been conducted in order to 1) document the structure, stratigraphy 
and metamorphism of the complex and its geological relationships to higher grade rocks to the east (Pleasant Bay Gneiss 
Complex), 2) determine the relative and absolute ages of the complexes, and 3) determine sulphide-host rock relations of 
three known deposits in the southern part of the map area. Bedding transposition and ambiguous younging indicators 
preclude determination of a depositional stratigraphy in the Jumping Brook Complex. Mafic pillow lavas have been 
documented in the southern part of the map area. A progressive, east to west, metamorphic increase from chlorite to 
staurolite-kyanite grade in the Jumping Brook Complex continues into the Pleasant Bay Gneiss Complex. All three sulphide 
occurrences are hosted by the metavolcanic rocks of the Jumping Brook Complex and two of the deposits are hosted by 
felsic tuffs. Sulphide-host rock textures indicate that mineralization pre-dates metamorphism and deformation, and is 
probably syngenetic. Locally, however, mineralization has been remobilized by shearing. 
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Introduction Stratified rocks 

Rocks of the Cape Breton Highlands (Fig. 58.1) host numer- 
ous, small, polymetallic Cu, Zn, Au, Ag (Pb, Fe) deposits (eg. 
Milligan, 1970; Chatterjee, 1980; Ponsford and Lyttle, 1984). 
Many of these deposits are associated with a discontinuous belt 
of low- to medium-grade metavolcanic and metasedimentary 
rocks informally referred to as the western Highlands volcanic- 
sedimentary complex (Barr et al., 1985). Although exploration 
and very limited mining have been conducted in different parts 
of the belt (eg. Gold Brook, Sarach Brook, Faribault Brook areas, 
Milligan, 1970; McNabb et al., 1976; Covey, 1978, 1979; Chatter- 
jee, 1980; Doucet, 1983) it is unknown whether the deposits are 
mainly syngenetic or epigenetic, what role shearing has played 
in their present configuration, or to what extent the deposits 
differ from each other. The problem is complicated by the lack of 
a detailed geological understanding of the volcanic and sedi- 
mentary host rocks. This paper discusses the geology of the 
Jumping Brook - Faribault Brook area, where several small 
sulphide deposits occur, in an attempt to clarify the deposi- 
tional, structural, and metamorphic history and their bearing 
on the formation of the mineral deposits. 

Previous work 

Currie (1975, 1982, in press) included the low grade meta- 
volcanic and metasedimentary rocks of the Cape Breton High- 
lands north and east of Cheticamp in the Jumping Brook 
Complex, which he interpreted to be Silurian and separated 
from high grade gneissic rocks to the east (Pleasant Bay Gneiss 
Complex; Currie, 1975) by an unconformity. Craw (1984), in a 
detailed study of the Cheticamp River area, recognized low, 
medium, and high grade metamorphic belts which he inter- 
preted as representing different structural levels of the same 
volcanic-sedimentary sequence. Conrod (1984) studied the 
transition from low to high grade metamorphic rocks exposed 
along Jumping Brook, but did not find conclusive evidence of 
either an unconformity or a continuous metamorphic transi- 
tion. A late Proterozoic age for the volcanic rocks was suggested 
by Jamieson and Craw (1983) as the nonfoliated Cambrian 
Cheticamp pluton intrudes similar rocks on its eastern border 
(Barr et al., in press). 

Covey (1978) described the geology and mineral deposits of 
the Faribault Brook area based on drill core and outcrop inves- 
tigations. He noted the importance of quartz-sericite schist as 
the host rock for many sulphide-rich zones. Chatterjee (1980) 
gave a detailed description of the sulphide mineralogy and 
preferred a hydrothermal replacement origin for the deposits 
on the basis of geochemistry. The syngenetic versus epigenetic 
origin of the deposits is therefore still open to question, par- 
ticularly in terms of their association with previously unrecog- 
nized felsic volcanic rocks (Connors, 1986). 

Present work 

Mapping was carried out during the summer of 1985 at a 
1:10 000 scale with the following objectives. 

a. To document the stratigraphy, structure, and meta- 
morphism of the volcanic and sedimentary rocks of the 
Jumping Brook Complex. 

b. To find evidence bearing on the relative and absolute ages of 
the low grade volcanic and sedimentary rocks and the high 
grade metamorphic rocks to the east. 

c. To document the relationship of the sulphides to their host 
rocks as a guide to the origin of the deposits. 

Late Proterozoic (?) 

Pleasant Bay Gneiss Complex. The Pleasant Bay Gneiss 
Complex (Currie, 1975, 1982) forms a north-south belt which 
extends from approximately 8 km south of the Cheticamp River 
northwards to the Pleasant Bay area where it is in sheared 
contact with the Cape North tectonic zone (S.M. Barr, personal 
communication, 1986). It is bounded to the west by the Jumping 
Brook Complex and intruded in the east by a Devonian mega- 
crystic granite (Margaree Pluton, = O'Beirne-Ryan et al., 
1986). 

The dominant lithological units of the complex are: (1) 
biotite schist and paragneiss; (2) felsic muscovite-garnet orthog- 
neiss; (3) amphibolite, and (4) granodioritic megacrystic gneiss. 
Contacts between these units are generally concordant and the 
rocks are well foliated. The degree of deformation in the com- 
plex precludes the recognition of primary stratigraphy but rela- 
tive ages of some units are determinable. 

The biotite schists and paragneisses (including pegmatite 
and amphibolite discussed below) comprise approximately 
70% of the complex. This unit is composed primarily of fine- to 
medium-grained, grey, pelitic to semipelitic metasedimentary 
rocks. Pelitic lithologies are most common in exposures along 
Fishing Cove River and Benjies Lake Brook (Fig. 58.1). 

Gneissic layering is due to variation in the relative propor- 
tion of biotite to quartz and feldspars, but is emphasized over 
most of the complex by the intrusion of sills of biotite gra- 
nodiorite, fine grained mafic rocks (now metamorphosed to 
biotite-hornblende schists and amphibolites), medium grained 
granitoids, undeformed to strongly sheared muscovite-granite 
pegmatites, and veins of quartz t feldspar. Pegmatites and 
amphibolites also commonly truncate the layering. A sedimen- 
tary protolith for this unit is suggested by its alluminous com- 
position and by pelitic to semipelitic layering. 

Felsic muscovite-garnet orthogneiss, locally interlayered 
with unit 1, is exposed along the South Branch of Fishing Cove 
River (Fig. 58.1). It is a minor component in the complex and 
elongate feldspar and quartz porphyroclasts define the folia- 
tion. 

Granodioritic, megacrystic gneiss, locally garnet- or mag- 
netite-bearing, makes up about 30% of the complex. It varies 
from a K-feldspar megacrystic gneiss (up to approximately 30% 
megacrysts) to a coarse grained, foliated gneiss with rare mega- 
crysts, and is intruded by biotite granodiorite and granite peg- 
matite dykes and sills. 

Grande Anse biotite schists. Fine- to medium-grained, 
calcareous, biotite schists, amphibolites, and rare marble out- 
crop along the northwestern tributaries of the Grande Anse 
River. Locally, the schists contain small rounded feldspar por- 
phyroclasts. Pinch and swell quartz-feldspar-muscovite veins 
trend parallel to the schistosity, and where abundant, give the 
rock a migmatitic appearance. These schists are interpreted to 
have sedimentary protoliths but their geological affinites are 
unknown, due to poor exposure, and they are grouped with the 
high grade gneisses (Pleasant Bay gneiss) in Figure 58.1. 

Jumping Brook Complex 

The Jumping Brook Complex trends north-south between 
Jumping Brook and the Cheticamp River (Currie, 1982; in press; 
Fig. 58.1). It is faulted and sheared against the Cheticamp plu- 
ton and intruded by the Devonian Salmon Pool pluton in the 
south (Jamieson and Craw, 1983; Craw, 1984; Barr et al., in press; 
Jamieson et al., in press). In the north and east it is bounded by 
the Pleasant Bay Gneiss Complex; the nature of the northern 
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Figure 58.1. General geology of the area, modified on basis of 1985 field work, after compilations by 
Jamieson and Craw (1983), Barr et a/. (1985) and Currie (in press). Inset gives regionallocation of study area. 
Heavy lines denote faults (after Jamieson and Craw, 1983). Regional structural trends are shown. Locations 
of lithological sections in Figure 58.2 and 58.4 are indicated. Mineral occurrences are: A = K10-06 (after 
Ponsford and Lyttle, 1984), B = K10-11, C = K15-03, E = "Galena Mine", F = "Core Shack" and G = 
"Silver Cliff" as referred to in the text. Cabot Trail is omitted for clarity in the vicinity of thrust fault. 
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Figure 58.2. Lithological sections through the western Highlands metavolcanic-metasedimentary com- 
plex. Note difference in scales between (A) and (B). 

(A) Section as exposed along the Cabot Trail. CI = covered interval and is not to scale. Thicknesses of units 
are visual estimates. All data from this study. 

(6) Section through the Faribault Brook area, modified after Covey (1978) with surface exposure mapped in 
this study. Arrow denotes part of section based primarily on findings in this study. Interbedded metasedi- 
mentary units are schematic. 



boundary is not clear but in the east the transition may be 
gradational (see below). Carboniferous sedimentary rocks of 
the Horton Group are faulted against the Jumping Brook Com- 
plex in the west. 

The main lithologies (Fig. 58.2) include mafic metavolcanic 
rocks with relict pillow structures, felsic to intermediate phy- 
llites and schists, and pelitic, semipelitic and psammitic phy- 
llites and schists which structurally overlie the mafic meta- 
volcanics and are locally interlayered with the felsic to 
intermediate rocks. Younging indicators (apparent graded and 
crossbedding) yield conflicting data and are commonly poorly 
preserved. The degree to which the present distribution of rock 
types reflects depositional versus tectonic processes is not clear, 
but all the rocks are strongly deformed. 

Metamorphosed mafic volcanic rocks dominate in the 
Faribault Brook - Dauphinee Brook area south of the Cheticamp 
River and probably continue northwards as metabasite layers 
within felsic to intermediate phyllites and schists (hereafter 
referred to collectively as schists), although an extrusive origin 
is not proven in this area. Deformed pillow lavas, in the Fair- 
bault Brook- Dauphine Brook area are recognized by ellipsoidal 
pillows, lava tubes and rare, radial fractures. The metabasites 
are massive, fine grained, dark green rocks whose contacts are 
sharp and concordant with the surrounding schists. 

Felsic to intermediate schists occur throughout the meta- 
volcanic rocks and dominate the metavolcanic units north of the 
Cheticamp River. The intermediate schists are fine grained, 
chloritic and commonly exhibit centimetre-scale compositional 
layering. The felsic schists consist of (1) a very fine grained, 
commonly fissile, pink to green, banded schist (metafelsite in 
Fig. 58.2) and (2) a medium grained, buff, quartz-sercite schist, 
commonly containing abundant quartz porphyroclasts, which 
is host to sulphides (see below). All these rocks, with the local 
exception of the chlorite schists, contain plagioclase por- 
phyroclasts in which relict primary twinning and euhedral out- 
lines are locally preserved and quartz porphyroclasts which 
exhibit rare prismatic terminations. These features suggest close 
affinities to similar rocks at Money Point (Macdonald and 
Smith, 1980) and Sarach Brook (Jamieson and Doucet, 1983) 
where a volcanic origin has been clearly established. The 
quartz-sericite schists, therefore, are interpreted to be meta- 
morphosed silicic tuffs. The banding and general paucity of 
porphyroclasts in the banded schists suggests they are meta- 
rhyolites but a tuffaceous origin cannot be precluded. Where 
porphyroclasts are abundant, the chloritic schists are inter- 
preted to be metatuffs (Fig. 58.2) but where porphyroclasts are 
rare or absent, a protolith is indeterminate. 

The metasedimentary schists (Fig. 58.3, 58.4) are sub- 
divided on the basis of lithology and metamorphic grade from 
west to east (structurally up section), into (1) a low grade pack- 
age of interbedded pelitic, semipelitic and psammitic phyllites, 
(2) a medium grade pelitic schist-dominated package and (3) a 
medium to high grade semipelitic schist-dominated package 
and (4) a high grade porphyroblastic pelitic schist and interbed- 
ded semipelitic schist. The contact between units 1 and 2 is 
obscured by the Cheticamp Pluton, between units 2 and 3 it is 
gradational and between units 3 and 4 it is not exposed but 
assumed concordant as foliations are consistent from one unit 
to the other. 

The low grade pelitic, semipelitic and psammitic phyllites 
are interpreted to be metamorphosed equivalents of shales, 
siltstones and arkoses. The pelitic phyllites are mainly com- 
posed of fine grained quartz, muscovite, feldspar, chlorite, and 
idioblastic garnet and chloritoid. The semipelitic phyllites are 
distinguished from the pelitic phyllites by a greater percentage 
of quartz and the presence of small (1-3 mm) quartz por- 
phyroclasts. Abundant blue quartz porphyroclasts characterize 

the psammitic phyllites for which a poorly sorted protolith is 
suggested by local feldspar porphyroclasts and local gradations 
into quartz-feldspar metaconglomerate. 

The medium grade pelitic schists are similar in composition 
to the low grade pelitic phyllites but are distinguished by the 
development of biotite porphyroblasts, hornblende por- 
phyroblasts in associated mafic rocks (see below), and a slight 
increase in grain size. Minor, concordant, metre-scale zones of 
semipelitic schist outcrop in the pelitic schists. The medium to 
high grade semipelitic schists are fine- to medium-grained 
rocks composed of quartz, plagioclase, and muscovite in vary- 
ing proportions and porphyroblastic garnet and biotite. Cen- 
timetre-scale compositional layering is common throughout the 
metasedimentary rocks. Minor, concordant metre-scale zones 
of grey quartzites, foliated metagabbros (presumed to be sills), 
fine grained amphibolites and siliceous, muscovite schists out- 
crop within units 2 and 3 and one metre-scale zone of marble is 
exposed within unit 3. 

The semipelitic schists are succeeded eastwards by an in- 
terlayered sequence of quartz-feldspar-mica-garnet semipelitic 
schists and well foliated, highly aluminous, staurolite-garnet- 
mica-kyanite schists. Reconnaissance mapping to the south has 
revealed similar lithologies in the Robert Brook area (Fig. 58.1), 
suggesting its regional extent is greater than indicated by 
McLaren (1955). 

Devonian-Carboniferous 

Stratified rocks of this age include the Fisset Brook Forma- 
tion and Horton Group and Windsor Group sedimentary rocks. 
These lithologies have been studied by other workers (eg. Cur- 
rie, 1975; Jamieson and Craw, 1983; Blanchard et al., 1984) and 
were not investigated in this study. 

Intrusive rocks 

Proterozoic (?) 

Foliated Muscovite Granitoid. In the vicinity of Jumping 
Brook, foliated muscovite granitoid cuts semipelitic schists of 
the Jumping Brook Complex (Conrod, 1984). A sheared contact 
between the Cheticamp Pluton and the granitoid was observed 
on the south side of French Mountain near the mouth of Corney 
Brook but otherwise contact relations are unknown. Foliation in 
the pink, medium grained granitoid is defined by muscovite 
and quartz. The age of this pluton is unknown, but its foliation 
suggests that it is older than the Cheticamp Pluton and there- 
fore probably Proterozoic. 

Dioritic Rocks. Foliated to undeformed diorite is common 
near the Chiticamp Pluton (cf. Barr et al., 1985). Contacts be- 
tween the Cheticamp Pluton and diorite are visible in Corney 
Brook and nearby coastal sections but it is unclear which unit is 
later. Foliated diorite is exposed along George Brook and within 
metasedimentary rocks along Corney Brook. Contact relations 
are not exposed but pervasive foliation in the diorite is parallel 
to that in the surrounding lithologies suggesting that the sedi- 
mentary rocks and diorite have shared at least one period of 
deformation. Locally the foliated diorites grade into or crosscut 
amphibolites; the latter also occur interlayered with or discor- 
dant to the medium and high grade schists exposed in Corney 
Brook. 

Medium- to fine-grained biotite ( 2  hornblende) schists and 
amphibolites are exposed within the medium grade pelitic 
package along Corney Brook (Fig. 58.3). On the basis of com- 
position and fabric, these rocks may be foliated diorites but rare 
feldspar and quartz porphyroclasts and the local abundance of 
biotite in the schists allow the possibility of extrusive or vol- 
caniclastic protoliths. 
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Figure 58.3. Detailed map of the metasedimentary lithologies of the Jumping Brook Complex exposed 
along Corney Brook. Rock units are described in text. 



(gt-st-bio-muscovite schist 

Figure 58.4. Lithological section through transition zone between the Jumping Brook and Pleasant Bay 
Gneiss complexes as exposed along Corney Brook. Note that the covered intervals are not to scale. 
Thicknesses of units are visual estimates. 

The age of the diorites, amphibolites and biotitelhorn- lands from Corney Brook to the Northeast Margaree River 
blende schists in the Cheticamp area is unknown but as they are (Currie, 1975, 1982, in press; Jamieson and Craw, 1983; Barr et 
commonly strongly deformed, they are shown as Precambrian al., 1985, in press). Barr et al. (1985) reported that the pluton 
in Figure 58.3. intrudes the Pleasant Bay Gneiss Complex. In the map area, its 

contacts with the Jumping Brook Complex are faulted or 
sheared. Cataclastic deformation in the pluton results from 

Cambrian thrust faulting which has brought the pluton westward over the 
Cheticamp Pluton. The Cheticamp Pluton outcrops in a Fisset Brook Formation in the southern part of the study area 

narrow belt along the western margin of the Cape Breton High- (Currie, 1975, 1982; Barr et al., 1985). Along the coast near 



Corney Brook, and in exposures in the mouth of Corney Brook, 
numerous small scale faults and several northwest-trending 
ductile shears, interpreted to be related to this faulting, occur 
within the pluton. 

The age of the Cheticamp Pluton has been determined by 
Rb-Sr geochronology to be 530 ? 44 Ma (Cormier, 1972, as 
revised by Keppie and Smith, 1978). A similar U-Pb age has been 
obtained from zircons (Jamieson eta]., in press) and confirmed 
by further Rb-Sr work (Barr et al., in press). 

Devonian-Carboniferous 

Biotite Granodiorite. The Pleasant Bay Gneiss Complex is 
intruded by sills and dykes of a massive, locally foliated, equi- 
granular biotite (muscovite) granodiorite which locally contains 
enclaves of the megacrystic gneiss. Pegmatites and fine grained, 
granitic and dioritic dykes intrude the granodiorite. An age of 
398 Ma (Rb-Sr whole-rock) obtained for the granodiorite (Fair- 
bairn et al., 1960) and crosscutting relationships imply that the 
granodiorite is probably Devonian. 

Margaree and Salmon Pool plutons. These plutons were 
not investigated in detail and their extent as shown in Figure 
58.1 is based on previous compilations (eg. Currie, 1982, in 
press; Craw, 1984; Jamieson and Craw, 1983). Both the Salmon 
Pool (U-Pb) and Margaree (Rb-Sr) plutons are dated as Late 
Devonian to Carboniferous and they intrude the Jumping 
Brook and Pleasant Bay gneiss complexes respectively (Jamie- 
son et al., in press; O'Beirne-Ryan et al., 1986). 

Unknown age 

Grande Anse granitoid. Along the northern part of the 
Grande Anse River, south of the Cabot Trail, a fine- to medium- 
grained, pink feldspar-quartz-(biotite) granitoid is exposed. Fo- 
liation is variably developed and locally minor shear zones 
trend parallel to the pervasive foliation. A pre-Devonian age is 
suggested by the presence of a foliation in an area where the 
Devonian Margaree Pluton is unfoliated. 

Structure 

No pre-metamorphic structures are observed in the Pleas- 
ant Bay Gneiss Complex. An early foliation (S ) is locally pre- 
served in rootless, isoclinal folds, to whicf the pervasive 
foliation (Sg2), is axial planar. Whether Sg2 development cor- 
relates with D, in the Jumping Brook Complex (see below) is 
unknown. It is unclear if the pervasive foliation (Sgz) is of the 
same generation throughout the complex, but S,, orientations 
define an apparent, macroscopic, close, NNE-tre?ding, anti- 
form. 

Pervasive foliation (Sjl) in the Jumping Brook Complex is 
commonly parallel or nearly parallel to bedding (S,). Meso- 
scopic and microscopic, rootless, isoclinal folds in So, trans- 
posed along Sjl, small scale, recumbent isoclinal folds to which 
Si, is axial planar and local bedding-foliation intersection angles 
of 30 to 45' support Craw's (1984) interpretation that Si, is axial 
planar to recumbent, macroscopic, isoclinal folds (Dl). Ductile, 
foliation-parallel shears in the Faribault Brook area are probably 
related to this folding. The Jumping Brook Complex has been 
refolded into a moderately north-plunging, close, macroscopic, 
NNE-trending antiform (D,). Fine crenulations (Sj2), mineral 
lineations (defined mainly by biotite) and some small scale 
upright fold axes trend parallel to the macroscopic fold axis and 
are interpreted to result from the same deformation event (D,). 

Extensive kinking, some low amplitude, large wavelength 
crenulations, and faulting along the coast within the Jumping 
Brook Complex define late stage deformation (D4). Minor late 
stage faults and shears also occur locally within the Pleasant Bay 
Gneiss Complex and associated granitoids. 

Metamorphism 

Metamorphic grade in the study area varies from green- 
schist to upper amphibolite facies (eg. Currie, 1975, 1982; Craw, 
1984; Conrad, 1984). A progressive increase in metamorphic 
grade is observed from west to east within the Jumping Brook 
Complex through chlorite, biotite, garnet and staurolite-kyanite 
grade. Evidence is found for only one episode of prograde 
metamorphism. Porphyroblasts almost always overgrow the 
pervasive foliation (Sjl) indicating that the thermal maximum 
postdates D, (cf. Currie, 1982, in press; Craw, 1984; Conrad, 
1984; Connors, 1986). In addition, garnet overprints the fine 
crenulations (D,) in the low grade metasedimentary rocks, and 
apparently retrograde chlorite porphyroblasts overprint Sj, in 
the medium to high grade schists. Currie (1982, in press) also 
reported chloritoid, cordierite and andalusite in the medium 
and high grade schists. These are not confirmed by this work 
although chloritoid is abundant in the low grade pelitic phy- 
Ilites. 

Garnet and hornblende are developed in the biotite schists, 
paragneisses and amphibolites of the Pleasant Bay Gneiss Com- 
plex and are syntectonic with respect to Sg2., Post-tectonic (rela- 
tive to Sg2) kyanite is common in the alumlnous zones within 
the semipelitic schists and paragneisses and is variably retro- 
graded, ranging from fresh to almost entirely pseudomorphed 
by muscovite. 

The maximum metamorphic grade in the Jumping Brook 
Complex (staurolite-kyanite zone) is similar to the metamorphic 
grade in the adjacent gneisses; no evidence is found for a 
structural or metamorphic break. 

Mineral deposits 

The most important sulphide deposits of the area occur 
within metavolcanic rocks of the Jumping Brook Complex. In 
the course of this study, three deposits in the Faribault Brook 
area were examined in detail (Galena Mine, Silver Cliff, and 
Core Shack; Connors, 1986) and several minor showings were 
confirmed (K10-06, K15-21; Ponsford and Lyttle, 1984). 

Faribault Brook Area. The Galena Mine deposit contains 
galena, sphalerite, and arsenopyrite, with minor chalcopyrite 
and pyrrhotite, concentrated near the top of a 3-4 m thick 
quartz-sericite schist layer within a zone of interlayered pelitic, 
semipelitic, and psammitic schists. Chatterjee (1980) reported 
rare stibnite and bismuthinite from the deposit. The sulphides 
occur in lenses but overall the deposit appears stratiform. Hand 
samples and thin sections reveal folding and shearing in the 
sulphide-rich zones, which therefore must pre-date the main 
deformation in the area (D,). Similarily, pre-Dl, pyrite occurs in 
quartz-sericite schist north of the Cheticamp River. 

At the Core Shack showing, the sulphides are concentrated 
in layers within a 5-6 m thick quartz-sericite schist which is 
truncated by a late fault. Arsenopyrite is the dominant sulphide 
with sphalerite, galena, and pyrite visible in hand specimen; in 
addition, pyrrhotite, argentite and chalcopyrite were reported 
by Chatterjee (1980). In hand sample and thin section, deforma- 
tion of the sulphides is evident, indicating a pre-tectonic origin. 

~ x t e n s i k a l  fractures are commonly developed perpendicuidr The Silver Cliff deposit is now covered by debris, but Chat- 
to the fine crenulations and locally form a well developed cleav- terjee (1980) described a 2-8 m mineralized zone with sulphides 
age (Si3). present in concordant to discordant folded lenses. The host 
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rock is a chlorite schist, probably of volcanic origin, with the 
sulphides closely associated with a massive quartz-carbonate 
unit. The main minerals are sphalerite, arsenopyrite, galena, 
pyrite, chalcopyrite and pyrrhotite; tetrahedrite, argentite, 
bisthmuthinite, and lollingite were also reported by Chatterjee 
(1980). The arsenopyrite is recrystallized and commonly inter- 
grown with chalcopyrite and sphalerite. 

The association of the sulphides with the quartz-sericite 
schist unit, identified in this study as a metamorphosed felsic 
tuff, is considered significant. The Silver Cliff deposit is not 
associated with the silicic rocks but does occur in a chlorite 
schist of probable volcanic origin. Simple lithological associa- 
tion, therefore, suggests a connection between the volcanic 
rocks and the sulphides which is consistent with a syngenetic 
origin. 

Detailed petrographic investigations of the sulphides and 
their host rocks (Connors, 1986) showed clearly that in most 
cases mineralization pre-dated deformation and meta- 
morphism. Disseminated sulphides have been strongly de- 
formed in the plane of the foliation in some samples. In other 
samples, garnet has nucleated on, and overgrown, previously 
deformed sulphide stringers; the pattern of deformation in one 
sample suggests that the host rock was a volcanic breccia. These 
observations are also consistent with formation of the sulphide 
deposits during or shortly after volcanism. 

In some areas, however, mobilization of the sulphides in 
later shear zones has occurred: this may also explain some of the 
features of the Silver Cliff deposit. These shear zones are par- 
ticularly common in the pillowed sequence, where coarse 
grained arsenopyrite is replaced by sphalerite and chalcopyite. 
Late stage mobilization of the sulphides in shear zones has been 
noted in other parts of the western Highlands volcanic-sedi- 
mentary complex (eg. Doucet, 1983). This masks the primary 
features of the deposits and probably accounts for the previous 
lack of agreement on their origin. 

Minor occurrences. Disseminated sulphides, including 
galena, arsenopyrite and sphalerite with less abundant chal- 
copyrite, pyrrhotite and pyrite, are common accessory phases 
(combined totals up to 10%) of some psammitic and semipelitic 
layers within the metasediments. In these rocks, the sulphides 
clearly pre-date the deformation. This study has not deter- 
mined any systematic distribution of these layers. In the meta- 
volcanic exposures north of the Cheticamp River, rare sphalerite 
occurs in the chlorite schists in carbonate lenses parallel to the 
foliation and disseminated pyrite blebs and stringers along the 
foliation are common within the metabasites and intermediate 
schists. Sulphides are only rarely associated with the pillow 
lavas, except in late shear zones as discussed above, but ac- 
cessory arsenopyrite, sphalerite, pyrite, and galena are inter- 
grown with amphibole and ilmenite in some diorites along 
Faribault Brook. 

Showing K10-06 consists of chalcopyrite-carbonate veins 
along the margin of the mafic dyke which intrudes the 
Cheticamp Pluton; showing K15-21 consists of a minor amount 
of arsenopyrite and pyrite in a fault zone in unit 1 of the Pleasant 
Bay Gneiss Complex. Showing K10-11 (Ponsford and Lyttle, 
1984) was not investigated but is reportedly hosted in the Hor- 
ton Group rocks and therefore not related to those in the 
Faribault Brook area. Showing K15-03, apparently hosted in the 
foliated muscovite granitoid, was not confirmed. 

Discussion 

No stratigraphic sequence can be defined in the Jumping 
Brook Complex as bedding is transposed along Si, and top 
indicators give conflicting results. However, mafic pillow lavas 

(previously unrecognized) and felsic tuffs (quartz-sericite 
schist) have been documented in the Faribault Brook area in this 
study. Our observations strongly suggest that the Jumping 
Brook Complex was originally a mafic to felsic volcanic complex 
gradational into poorly sorted sedimentary and volcaniclastic 
rocks. Chemistry of the mafic pillow lavas suggests an island arc 
origin (Connors, 1986). 

Our structural data support the interpretation (Currie, 
1975, 1982; Craw, 1984) of early, now recumbent, macroscopic, 
isoclinal folding of bedding (So) and subsequent refolding into a 
close, north-plunging, nearly upright, NNE-trending antiform. 

The region betwen the complexes is marked by north- 
south, nearly vertical foliation suggesting some form of 
tectonized contact exists. No evidence is found for an unconfor- 
mity or faulted contact between the complexes but the transition 
(as indicated by Currie, in press) along Corney Brook is 
obscured by foliated diorites. Foliations are conformable and a 
metamorphic progression is observed from the Jumping Brook 
Complex to the Pleasant Bay Gneiss Complex suggesting a 
continuous transition between the complexes. Other workers 
have proposed a continuous sequence for the Jumping Brook 
Complex and Pleasant Bay Gneiss Complex (Craw, 1984) and 
correlated rocks (Macdonald and Smith, 1980; Doucet, 1983). 

The depositional age of the Jumping Brook Complex is not 
apparent from field relations. The complex is, however, 
strbngly foliated and therefore probably pre-dates the intrusion 
of the nonfoliated Cambrian Cheticamp pluton. 

Sulphide-host rock textural relations strongly suggest that 
most of the sulphides are syngenetic with respect to felsic 
volcanism. Sulphides have been affected by deformation and 
metamorphism and locally remobilized by later shearing. Thus, 
an understanding. of the ure-metamorvhic distribution of sul- 
phides and theiriost rocis and the effects of deformation and 
metamorphism are important in assessing the economic poten- 
tial of these deposits. 

Acknowledgments 

This project has been funded by GSC Contract No. 
27ST23233-5-0403 to RAJ. KC was supported in part by this 
grant and by an NSERC Undergraduate Summer Research 
Award. HP was supported in part by a Killam Memorial Schol- 
arship from Dalhousie University and an NSERC Postgraduate 
Scholarship. The co-operation of the Cape Breton Highlands 
National Park staff in providing access to private roads and 
allowing sample collection within the park boundaries is greatly 
appreciated. We have benefited from discussions with R.P. 
Raeside, S M .  Barr, M. Zentilli, A.M. O'Beirne-Ryan, A. Sang- 
ster and others. 

References 

Barr, S.M., Jamieson, R.A., and Raeside, R.P. 
1985: Igneous and metamorphic geology of the Cape 

Breton Highlands; GACIMAC 1985 Excursion 10 
Guidebook, 48 p. 

Barr, S.M., Macdonald, A.S., and Blenkinsop, J. 
The Cheticamp pluton, an early Cambrian per- 
aluminous granitoid intrusion in the western Cape 
Breton Highlands, Nova Scotia; Canadian Journal 
of Earth Sciences (in press). 

Blanchard, M.C., Jamieson, R.A., and Moore, E.B. 
1984: Late Devonian-Early Carboniferous volcanism in 

western Cape Breton Island, Nova Scotia; Canadian 
Journal of Earth Sciences, v. 21, p. 762-774. 



Chatterjee, A.K. 
1980: Mineralization and associated wall rock alteration in 

the George River Group, Cape Breton Island, Nova 
Scotia; unpublished Ph.D. thesis, Dalhousie Uni- 
versity, 197 p. 

Connors, K.A. 
1986: Relationships between sulphide minerals, meta- 

morphism, and deforma tion in the Faribault Brook 
area of the Cape Breton Highlands, Nova Scotia; 
unpublished B.Sc. thesis, Dalhousie University, 
105 p. 

Conrod, D.M. 
1984: The relationship between low and high grade meta- 

morphic rocks in the French Mountain area, Cape 
Breton Highlands, Nova Scotia; unpublished B.Sc., 
thesis, Dalhousie University, 214 p. 

Cormier, R.F. 
1972: Radiometric ages of granitic rocks, Cape Breton 

Island, Nova Scotia; Canadian Journal of Earth Sci- 
ences, v. 9, p. 1074-1085. 

Covey, G. 
1978: Nova Scotia Department of Mines and Energy As- 

sessment File 11K/lOB, 7-J-09(48). 

1979: Nova Scotia Department of Mines and Energy As- 
sessment File 11 WlOB, 7-J-09(49). 

Craw, D. 
1984: Tectonic stacking of metamorphic zones in the 

Cheticamp River area, Cape Breton Highlands, 
Nova Scotia; Canadian Journal of Earth Sciences, 
V. 21, p. 1229-1244. 

Currie, K.L. 
1975: Studies of granitoid rocks in the Canadian Ap- 

palachians; Report of Activities, Part A, Geo- 
logical Survey of Canada Paper 75-lA, p. 265-270. 

1982: Paleozoic supracrustal rocks near Cheticamp, Nova 
Scotia; Maritime Sediments and Atlantic Geology, 
v. 18, p. 94-103. 

- Relations between metamorphism and magmatism 
near Cheticamp, Cape Breton Island, Nova Scotia; 
Geological Survey of Canada, Paper 85-23 (in 
press). 

Doucet, P. 
1983: The petrology and geochemistry of the Middle 

River area, Cape Breton Island, Nova Scotia; un- 
published M.Sc. thesis, Dalhouse University, 339 p. 

Fairbairn, H.W., Hurley, P.M., Pinson, W.H., and 
Cormier, R.F. 

1960: Age of the granitic rocks of Nova Scotia; Geological 
Society of America, Bulletin, v. 71, p. 399-414. 

Jamieson, R.A. and Craw, D. 
1983: Reconnaissance mapping of the southern Cape 

Breton Highlands - a preliminary report; Cur- 
rent Research, Part A, Geological Survey of Ca- 
nada, Paper 83-lA, p. 263-268. 

Jamieson, R.A. and Doucet, P. 
1983: The Middle River-Crowdis Mountain area, south- 

ern Cape Breton Highlands; Current Research, 
Part A, Geological Survey of Canada, Paper 83-lA, 
p. 269-275. 

Jamieson, R.A., van Breemen, O., Sullivan, R.W., and 
Currie, K.L. 

The age of igneous and metamorphic events in the 
western Cape Breton Highlands, Nova Scotia; Ca- 
nadian Journal of Earth Sciences (in press). 

Keppie, J.D. and Smith, P.K. 
1978: Compilation of isotopic age data of Nova Scotia; 

Nova Scotia Department of Mines, Report 78-4. 

Macdonald, A.S. and Smith, P.K. 
1980: Geology of Cape North area, Northern Cape Breton 

Island, Nova Scotia; Nova Scotia Department of 
Mines and Energy, Paper 80-1, 60 p. 

McLaren, A.S. 
1955: Cheticamp River, Inverness and Victoria Counties, 

Cape Breton Island, Nova Scotia; Geological Survey 
of Canada, Preliminary Map 55-36. 

McNabb, B.E., Fowler, J.H., and Covert, T.G.N. 
1976: Geology, geochemistry, and mineral occurrences of 

the Northeast Margaree River drainage basin in 
parts of Inverness and Victoria Counties, Cape 
Breton, Nova Scotia; Nova Scotia Department of 
Mines and Energy, Paper 76-4, 30 p. 

Milligan, G. C. 
1970: Geology of the George River Series, Cape Breton; 

Nova Scotia Department of Mines, Memoir Z, 111 p. 

O'Beirne-Ryan, A.M., Barr, S.M., and Jamieson, R.A. 
1986: Contrasting petrology and age of two megacrystic 

granitoid plutons, Cape Breton Island, Nova Scotia; 
in Current Research, Part B, Geological Survey of - 
Canada, Paper 86-lB, report 21. 

Ponsford, M. and Lyttle, N.A. 
1984: Metallic mineral occurrences map and data com- 

pilation, Eastern Nova Scotia; Nova Scotia Depart- 
ment of Mines and Energy, Open File Report 600. 



The Mclntyre-Hollinger investigation, Timmins, Ontario: 
stratigraphy, lithology and structure 

Pro jec t  850052 

R. o as on', N. Melnikl,  C.F. ~ d r n u n d s ' ,  D.J.   all', R. o ones', and 6. Mountain1 
Mineral  Resources  Division 

Mason, R., Melnik, N., Edmunds, C.F., Hall, D.J., Jones,  R., and Mountain, B., The McIntyre-Hollinger 
investigation,  Timmins, Ontario: s t ra t igraphy,  lithology and s t ructure ;  in Cur ren t  Research,  P a r t  B, 
Geological Survey of Canada, Paper  86 - lB ,  p. 567-575, 1986. 

Abs t r ac t  

The McIntyre-Hollinger gold complex is enclosed by a sequence  of Archean volcanic rocks, t h e  
Tisdale Group, which surround a fe ls ic  porphyry intrusion ( tha  Pea r l  Lake porphyry), and is folded in to  
a periclinal s t r u c t u r e -  t he  Cen t r a l  Tisdale anticline. The volcanic rocks  consist  of iron and 
magnesium tholeii t ic flows, flow breccias  and interflow sedimentary  units. The flows may  be  massive 
or pillowed, and t h ~ :  pillowed flows may be varioli t ic or arnygdaloidal and four major volcanic 
formations have been established in and around the  Cen t r a l  Tisdale anticline. 

The Pear l  Lake porphyry contains xenoliths of volcanic rocks and t ransgresses  t he  stratigraphy. 
Marginal heteroli thic intrusion hreccias  occur a t  i t s  con tac t s  with t he  volcanic rocks, but i t s  intrusive 
nature  is part ly obscured elsewhere by intense hydrothermal a l te ra t ion  and shear  deformation.  The 
shear  deformation has resulted in t he  deve lop~nen t  of c leavage,  linear fabrics,  shear  zonss and faul ts  
re la ted  t o  the  Hollinger Faul t  sys tem.  I t  has modified the  original shapes of t h e  porphyry and the  
Cen t r a l  Tisdale anticline through flattening in the  plane of t he  c leavage and extension parallel to  t he  
l inear fabric.  

Le  complexe au r i f s r e  McIntyre-Hollinger e s t  enferrne dans une sequence  d e  roches  volcaniques 
d e  ['Archeen, le groupe d e  Tisdale, qui en tou re  une intrusion d e  porphyre felsique (le porphyre d e  
Pea r l e  Lake), e t  il e s t  plisse dans une s t ruc tu re  periclinale, I 'anticlinal C e n t r a l  Tisdale. Les  roches 
volcaniques sont  composees de  coulees tholeii t iques d e  f e r  e t  d e  rnagnCsium, d e  br6ches d e  coul6es d e  
laves e t  dtunit6s sedirnentaires intercalees.  C e s  couldes peuvent &t re  massives ou e n  coussins e t  
ce l les  en  coussins peuvent e t r e  varioli t iques ou amygdalaires;  d e  plus, qua t r e  irnportantes format ions  
volcaniques on t  k t6  identifiees dans c e t  anticlinal  d e  Cen t r a l  Tisdale e t  autour  d e  c e  dernier.  

L e  porphyre d e  Pear l  Lake cont ient  des  zenolithes d e  roches  volcaniques e t  ne  r e spec t e  pas l a  
stratigraphie.  II y a des breches d'intrusion h6 t6 ro l i t h iq~~u  rnarginale ?I ses points d e  con tac t  avec  les 
roches volcaniques, rnais s a  na ture  intrusive e s t  en par t ie  cachee  par une a l tera t ion  hydrothermique 
intense e t  de la deformation du cisail lement.  C e t t e  deformat ion tectonique a entraTn8 le 
developpement de zones de  cisail lement,  de  clivages e t  d e  s t ruc tu re s  l ineaires apparent& au sys t6me 
de  la fail le Hollinger. Elle a modifie la fo rme  originale du porphyre e t  de  I'anticlinal Cen t r a l  Tisdale 
par un aplanissement dans le plan de clivage e t  une extension parallele 3 la s t ruc tu re  linkaire. 

Depa r tmen t  of Geology, Queen's University,  Kingston, 9 n t a r i o  K7L 3N6 



Introdbction Outline of geology 

A sys temat ic  geological appraisal  of copper and gold 
mineralization at t h e  McIntyre and Hollinger mines was  
init iated in June 1984. This paper, together  with i t s  
companion Mason and Melnik (1986) record a summary of 
findings t o  date .  All available information in mine records 
and publications have been utilized, together  with 
investigations of available underground workings and t h e  
surface  outcrops over t h e  two properties. The McIntyre mine 
was investigated during summer 1984: No. 6 shaf t  allowed 
access  t o  t h e  mine workings on t h e  western par t  of t h e  
property f rom 1000 level t o  1875 level, and No. 11 sha f t  
provided access  t o  t h e  centra l  and eas tern  par ts  of t h e  
property from 1000 level t o  3875 level. Below 3875 level,  
No. 12 shaf t  served t h e  mine t o  6825 level,  but i t  was not in 
regular use and is being closed down. Traverses were  
completed on 4175 level. The upper par ts  of t h e  mine f rom 
surface  t o  900 level a r e  closed and inaccessible. In addition 
t o  t h e  McIntyre investigations, a l imited amount  of work was 
carr ied  ou t  underground a t  t he  Hollinger mine. 

During summer 1985 a detailed su r face  map  was  made 
of the  outcrops on McIntyre and Hollinger properties and a 
compilation of geological information f rom mine records is 
being made. A major petrographic study of t h e  Pearl  Lake 
porphyry, i t s  hydrothermal a l tera t ion and associated copper 
and gold mineralization is also being undertaken by 
N. M elnik. 

The Timmins gold camp, s i tuated within t h e  c i ty  l imits 
of Timmins in northern Ontario,  fo rms  par t  of a volcanic 
complex in t h e  western  part  of t h e  Archean Abitibi 
greenstone belt. 

The McIntyre mine is par t  of a larger  mineralized 
complex which includes t h e  Hollinger mine and associa ted  
properties t o  t h e  wes t  and t h e  Coniaurum mine t o  t h e  e a s t  
(Fig. 59.1). The Pear l  Lake porphyry, on t h e  southern  l imb of 
t h e  Centra l  Tisdale anticline forms the  co re  of the  complex. 
I t  intrudes a sequence of volcanic flows, breccias and thin 
interflow sedimentary  units of t he  Tisdale Group (Fig. 59.1). 
Most of t h e  important  gold mineralization occurs  in veins 
within t h e  Cen t ra l  Formation of the  Tisdale Group in which 
volcanic breccias dominate  a sequence of magnesian and iron 
thole i i t ic  basal t  flows. 

Figure 59.2 summarizes  the  geological history a t  
McIntyre and t h e  Timmins gold c a m p  in general,  up t o  t h e  
t i m e  of t h e  Matachewan-type diabase dyke intrusions. The 
geology of t h e  Timmins a r e a  has been documented by 
Burrows (19251, Ferguson (1968) and Pyke (1982). 

Tisdale volcanism was followed by a period of 
s t ructura l  disturbance which resulted in  folding and faul t ing 
followed by uplift  and erosion prior t o  t h e  deposition of t h e  
Timiskaming sedimentary  sequence with angular 
unconformity on t h e  t i l ted  Tisdale rocks. These events  were  
followed by t h e  intrusion of fe ls ic  porphyries, t h e  larges t  
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Figure 59.1. Geological map of the  Centra l  Tisdale anticline,  Timmins. 



SEQUENCE OF EVENTS AT MCINTYRE 

TISDALE VOLCANISM AND SEDIMENTATION 
'L 2710 M.Y. 

FOLDING 

I 
UPLIFT AND EROSION 

I 
ACTIVATION OF MAJOR ENEIEW FAULTS 

I 
TlMlSKAMlNG SEDIMENTATION I * 

FOLDING AND FAULTING 

I 
SYNTECTONIC EMPLACEMENT OF PORPHYRY INTRUSIONS ; 

INTRUSION OF ALBlTlZED PEBBLE DIKES r~ 2690 M.Y. 

I 
DEVELOPMENT OF THE HYDROTHERMAL SYSTEM AND 

BRECCIA PIPE IN THE PEARL LAKE PORPHYRY 

# I EARLY STAGE VEINING 

MAIN STAGE VEINING 
COPPER AND GOLD MINERALIZATION 
LATE STAGE VEINING 

1 
PROGRESSIVE DEVELOPMENT OF I-IN-EAR FABRIC. 
CLEAVAGE AND RELATED SHEAR ZONES 

INTRUSION OF DIABASE DIKES : 
NNW FAULTING : AND 
REACTIVATION OF ENEIEW FAULTS s- 

Figure 59.2. Sequence of events  a t  McIntyre 
mine, Timmins. 

of which, a t  surface,  is t he  Pear l  Lake porphyry, and the  
emplacement  of heteroli thic breccia dykes, pipes and a lbi t i te  
dykes. A breccia pipe was formed in the  Pearl  Lake 
porphyry, with ear ly  hydrothermal a l tera t ion dominated by 
albit ization and sericit ization followed by carbonate  
a l tera t ion and mineralizing events  which generated t h e  
copper-molybdenum-gold stockwork associated with t h e  
breccia  pipe, and auriferous qua r t z  veins close t o  t h e  
con tac t s  of t h e  porphyry and within t h e  enclosing volcanic 
sequence. The mineralizing even t s  were  followed by regional 
deformation which modified the  geometry of t h e  en t i r e  
complex and resulted in the  development of a pervasive 
cleavage and linear fabr ic  and the  development of shear 
zones and faults.  

The l a t e r  par t  of t he  geological record is represented 
by a ser ies  of major NNW-trending diabase dykes, thought t o  
be  Proterozoic  (Matachewan-type) and these  dykes a r e  
themselves disrupted by l a t e  react ivat ion of ENE-trending 
faults.  

Stratigraphy and lithology 

Historical  approach 

The stratigraphy a t  McJntyre (Robinson, 1923; 
Hurst, 1936; Langford, 1941; Furse, 1948) was originally 
established by careful  mapping of the tops and bot toms of 

individual flow and interflow were  sedimentary  units. 
Lithological and s t ruc tu ra l  differences was noted;  massive 
flows were  distinguished f rom pillowed and breccia ted  flows; 
amygdaloidal pillowed flows were  distinguished from 
varioli t ic pillowed flows, and t h e  countinuity of ce r t a in  units 
was established. Brecciated flows a t  t h e  base of t h e  Centra l  
Formation ( the  "Mclntyre Series" of Hurst, 1936 and 
Langford, 1941) provided good marker units t o  t h e  north of 
t he  Pear1 Lake porphyry. 

Following a major re-appraisal of t he  geology and the  
potential  fo r  fur ther  o r e  a t  McIntyre, Griffis (1962 and, 
Ferguson, 1968) repor ted  on the  convenience of adopting the  
use of t he  t e r m s  "uniform lava" and "structured lava" as a 
means of distinguishing massive flow units f rom those flows 
which exhibited pillows, flow textures  and other  primary 
s t ructures .  Instead of the  emphasis on flow con tac t s  and 
re la ted  f ea tu res  as a means of establishing volcanic 
stratigraphy, major compilations at 1:100 sca le  were  
prepared at t h a t  t ime ,  using only "uniform" versus 
"structured" a s  t h e  principal means of correlation. 

Unfortunately, a s  t h e  ear l ier  geologists had discovered, 
massive units grade in to  s t ructured units along s t r ike  and 
vice versa, s o  tha t  correlation of massive or  s t ructured units 
from underground exposures and borehole information is 
generally inaccurate  and misleading. The geological 
in terpre ta t ion a t  McIntyre therefore  changed f rom a simple 
south-facing sequence of volcanic units disrupted by t h e  
Pearl  Lake porphyry intrusion (1923-1954) t o  a complexly 
folded and abnormally thickened volcanic sequence, and 
Ferguson's (1968) compilation of mine plans ref lec ts  this. 

The present study 

Figure 59.3 i l lustrates the  stratigraphy and lithologies 
a t  McIntyre. It is  based on a l l  previous work summarized by 
Griffis (1960), and modified in t h e  light of t he  present 
investigation. 

Northern Formation. As i t s  name implies, t h e  Northern 
Formation occurs t o  t h e  north of t h e  mine workings a t  
McIntyre and Hollinger, where  i t  fo rms  the  co re  of t he  
Cen t ra l  Tisdale ant ic l ine  as defined by our underground 
investigations and r ecen t  surface  mapping (Fig. 59.1). 
Jones  (1948) recorded reversals of younging directions t o  t h e  
north of t h e  Hollinger boundary, on t h e  Gillies Lake Property,  
where  he  observed duplication of the  basal stratigraphy 
(95155 flow units) of t he  Centra l  Formation. 

The Northern Formation outcrops extensively on the  
McIntyre and Hollinger properties (Timmins golf course area), 
and consists of pillowed amygdaloidal basalts (magnesian 
tholeii tes) and massive, uniform basalts (iron and magnesian 
tholeii tes) with re la ted  flow top breccias,  pillow breccias and 
polysutured (polygonite) flows. At Hollinger t h e  c o r e  of t he  
Cen t ra l  Tisdale anticline consists of generally thick but  
discontinuous units of iron thole i i te  interlayered with 
amygdaloidal pillow lavas (N51 -N59 flows recognized by 
Graton, Ferguson, 1968). At McIntyre (Fig. 59.3) these 
units were  named 51A and 51B respectively). Above the  
lower par t  of t he  Northern Formation, t he  N63 flow units 
have been t raced on Moneta, Hollinger and McIntyre, and 
they comprise a lower massive iron tholeii te overlain by a 
pillowed amygdaloidal basalt ,  itself overlain by a prominent 
and persistent interflow sedimentary  unit  which marks t h e  
boundary with t h e  Cen t ra l  Formation. This interflow horizon 
is important  because of t h e  well developed veins and 
orebodies associated with i t  a t  McIntyre (5, 3 and 25  veins), 
Hollinger (91 vein) and  t h e  Moneta vein system. 

Cen t ra l  Formation. The Centra l  Formation encloses all 
the major gold orebodies a t  McIntyre (Fig. 59.3). In both 
mines t h e  Centra l  Formation is character ized by a 
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Figure 59.3. Stratigraphy and lithology of  the Central Tisdale anticline. 



heterogeneous sequence of magnesian tholeii te flows, pillow 
breccias, hyaloclasti te breccias,  polygonite units, pillowed 
flows which may or may not be amygdaloidal, and 
discontinuous units of leucoxene-bearing massive iron 
tholeiite. The upper par t  of t he  Centra l  Formation consists 
of several alternating amygdaloidal pillowed basalt and 
massive basalt ic units. The bes t  exposed sections of t he  
Centra l  Formation occur in several crosscuts in the  No. 6 
shaf t  a r ea  on Mclntyre. 

The "95 flow" forms the  base of the  Centra l  Formation 
and varies in thickness f rom 95 t o  135 m a t  McIntyre up t o  
160 rn at Moneta. Griffis (1960) recognized four subdivisions 
of t h e  9 5  flow and assigned t h e  l e t t e r s  A-D t o  these  
subdivisions (from the  base t o  the  top). 95A is a thick 
(75-100 m) and consistent unit of massive and uniform, dark  
green, chlorit ic,  leucoxene-bearing iron tholeii te which may 
have locally developed pillowed zones in i t s  basal section. 
This unit grades upwards in to  95B which consists of a 
discontinuous unit (0-20 m) of amygdaloidal pillow basalt  and 
pillow breccia. The pillows tend t o  b e  small  (20-30 c m )  and 
of ten  display dark grey t o  black carbonaceous pillow 
selvages. Varioles and breccia ted  varioles a r e  locally 
developed. 

The 95C unit i s  a conspicuous and consistent 
s t ra t igraphic  marker at McIntyre, Hollinger and Moneta, and 
shows both gradational and sharp  con tac t s  with t h e  95B unit. 
I t  consists of brecciated varioli t ic and amygdaloidal basalt ic 
mater ia l  in which broken, angular and poorly sorted 
porcellaneous c las ts  a r e  s e t  in a fine grained chlorit ic and 
carbonaceous matrix,  with a typical "chicken-feed" 
hyaloclasti te texture .  Isolated pillow fragments  and pillows 
occur a s  c las ts  surrounded by t h e  hyaloclasti te matrix. The 
thickness of t h e  95C unit varies from 0-20 m and i t  is  
overlain by a thin (0-2 m), discontinuous carbonaceous 
sedimentary horizon. The 95C breccia and i t s  associated 
carbonaceous sedimentary horizon is host t o  7 vein a t  
McIntyre. 

The 95D unit consists of a 2-3 m thick unit of small  
d iameter  amygdaloidal pillow lava (maximum dimension of 
pillows 20-30 cm). 

The "55 flow" overlies t h e  95 flow (Fig. 59.3) and has 
been t raced f rom Moneta through Hollinger and across  
McIntyre with a consistent thickness of about  90 m. Facies 
variations within t h e  55  flow a r e  character is t ic .  Thus 
discontinuous units of leucoxene-bearing, massive iron 
thole i i te  a r e  separa ted by polysutured magnesian tholeii tes 
(polygonite units) and re la ted  amygdaloidal pillowed basalts 
with pillow breccias and isolated pillow breccias. In some  
sections t h e  massive iron tholeii tes predominate but  in o thers  
they a r e  subordinate t o  t h e  polygonite flows and pillow 
breccias. The isolated pillow breccias display a conspicuous 
and character is t ic  a l tera t ion pat tern  with a thin, dark  
chlorit ic rind enclosing a bleached margin around irregular 
lava f ragments  and globules ("doughnut" s t ructure ;  Fig. 59.3). 
The top of the  55 flow is commonly marked by a breccia  zone 
with local development of hyaloclas t i te  material ,  and this i s  
succeeded by a carbonaceous interflow sedimentary unit 
which is usually about a m e t r e  thick but  which may vary  f rom 
0-10 m in thickness. 

In t h e  No. 6 sha f t  a r ea  on  McIntyre and on Hollinger, 
t he  55  flow is commonly separa ted from the  upper par t  of t h e  
Centra l  Formation by a heterol i th ic  breccia  unit (MA I,  
Fig. 1 3 )  which maintains i t s  s t ra t igraphic  position until i t  
merges with t h e  heteroli thic intrusion breccia fringing the  
northwestern margins of t h e  Pear l  Lake porphyry. Thus, 
although i t  is  usually included a s  par t  of t h e  s t ra t igraphic  
sequence and has  previously been described a s  "agglomerate" 
and "breccia", t h e  MA I uni t  i s  clearly re la ted  t o  t h e  
heterol i th ic  intrusion breccias  associated with t h e  Pear l  Lake 
porphyry, and t o  similar breccias  associated with t h e  

Northern porphyry, t h e  Miller Lake and Millerton porphyries 
a t  Hollinger, and t h e  Coniaurum porphyry. The MA I unit 
varies from 0-60 m in thickness. The heterol i th ic  breccia 
consists of a variety of irregularly shaped and sized volcanic 
lithologies (lava and breccia fragments),  f r agmen t s  of 
interflow sedimentary mater ia l  and porphyry f ragments ,  all 
se t  in a highly a l tered,  f ine  grained matr ix  which may be 
chlorit ic and/or carbonaceous in part. 

A thick but locally developed sequence of magnesian 
tholeii t ic pillow breccias,  isolated pillow breccias ("doughnut" 
s t ructure)  and polygonite s t ructured flows, overlies the  
55 flow around t h e  southern,  western and eas t e rn  margins of 
t h e  Pearl  Lake porphyry where  i t  is  host t o  t h e  10 and 22 vein 
complexes. We have named this sequence "CB" breccia" 
(Fig. 59.3), and i t  appears  t o  be  thicker and be t t e r  develped 
at McIntyre (maximum 300 m), and i t  thins o u t  westwards 
on to  Hollinger where  i t  becomes sheared together  with the  
55  flow in t h e  main o r e  zone, and lenses o u t  eas twards  
towards Coniaurum. This dominantly breccia ted  sequence i s  
interrupted by discontinuous units of leucoxene-bearing 
massive iron tholeii te,  and i t  is  very similar t o  t h e  breccia- 
dominated sections of t h e  55 flow. Only Furse  (1954), of t h e  
previous workers at McIntyre, recognized th i s  a s  a sepa ra t e  
sequence. 

In t h e  10 vein a r e a  south  of No. 6 sha f t  a thin 
carbonaceous interflow sedimentary unit s epa ra t e s  t h e  "CB" 
sequence f rom the  overlying amygdaloidal pillow lavas and 
massive flows a t  t he  top of t h e  Cen t ra l  Formation. These 
"CA lavas" (Fig. 59.3) form a 100-150 m thick sequence 
between t h e  CB breccia  sequence and t h e  "99 flow" a t  t h e  
base  of the  overlying Vipond Formation. The convention of 
correlating and numbering flows ( C l  I-C16), according t o  
whether they were  pillowed (C11, C13  and C15) or  massive 
(C12, C14 and C16), had i t s  most serious repercussions in this 
sect ion of the  stratigraphy (see above), and led t o  t h e  
misinterpretation of both stratigraphy and s t ruc tu re  a t  
McIntyre, and to  an exaggerated e s t ima te  of thickness for 
t h e  Centra l  Formation a s  a whole (Griffis, 1960, and 
s t ra t igraphic  sections & Ferguson, 1968). The amygdaloidal 
pillow lavas and interlayered massive flow uni ts  form a 
distinctive s t ra t igraphic  sequence below t h e  "99 flow", which 
can b e  t raced around t h e  southern edges  of t h e  Pear l  Lake 
porphyry and around t h e  Cen t ra l  Tisdale ant ic l ine  (Fig. 59.1). 

Vipond formation. A t  Mclntyre a fa i r ly  complete  
sect ion of the  Vipond Formation (Fig. 59.3) occurs  t o  the  
south of t h e  Pear l  Lake porphyry where  i t  i s  well  exposed in 
t h e  1250 level crosscut  (Fig. 59.4). The basal 99  flow is  a 
massive leucoxene-bearing iron thole i i te  unit  bounded by thin 
interflow sedimentary  uni ts  which a r e  in pa r t  graphitic. 
Overlying t h e  99  flow is a sequence of varioli t ic pillowed iron 
thole i i te  flow units (V8, A,B,D,E,F, Griffis, 1960). 

Criffis (1960) subdivided' t he  VIO lava sequence into 
four units: A a t  t h e  base and C being massive, leucoxene- 
bearing iron tholeii tes,  and B and D being prominent 
varioli t ic pillowed units with large pillows and character ized 
by brecciated varioles and hyaloclasti te breccia  mater ia l  in 
t h e  in ters t ices  of the  pillows. The VlOB and D units were  
used by Furse (1954) a s  marker horizons for t h e  Timmins 
c a m p  as  a whole. The V8E unit is character ized by large  
mat t ress- type pillows with wide rims, and t h e  V8F unit a t  t h e  
top has hyaloclasti te breccia  mater ia l  in t h e  in ters t ices  of 
varioli t ic pillows and is overlain by a thin carbonaceous 
interflow sedimentary unit, which in turn is followed by the  
VIO lava  sequence. 

Above t h e  VIO, Griffis (1960) recorded massive lava 
units (VI 1) which were  in tersected in drill cores  and were  
assigned t o  t h e  Gold C e n t r e  Formation which outcrops  t o  t h e  
south  of t h e  Pea r l  Lake porphyry. 



Pear l  Lake porphyry and r e l a t ed  intrusions 
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Two dis t r ic t  types of quartz-feldspar porphyry a r e  
present: one is pervasively a l tered,  selectively mineralized 
and sheared, whereas  t h e  o ther  i s  less a l tered and less 
deformed. The f i r s t  type  includes t h e  Pearl  Lake, Millerton, 
Acme and Coniaurum porphyry intrusions (Fig. 59.1) and t h e  
second type includes the  subsurface Northern Porphyry on 
McIntyre and t h e  Crown Porphyry on Hollinger. The 
porphyries a r e  accompanied by marginal heteroli thic breccias 
which may form dyke-like apophyses extending in to  t h e  
country rocks, usually parallel or  sub-parallel t o  s t ra t igraphy 
but occasionally being strongly discordant and obviously 
intrusive. Post-porphyry, but pre-mineralization a lbi t i te  
dykes (albitized "pebble-dykes") represent  t h e  l a t e s t  phase of 
fe ls ic  intrusive ac t iv i ty  in t h e  area .  

MclNTY R E  
llE"0 

The Pearl  Lake porphyry intruded t h e  breccia ted  flows 
of the  Centra l  Formation within t h e  Centra l  Tisdale ant ic l ine  
and appears  t o  have been emplaced within t h e  volcanic 
sequence prior t o  being f l a t t ened  and s t re tched by a major 
regional deformation. Thus i t s  original configuration and 
relationships t o  t h e  surrounding volcanic sequence have been 
strongly modified and much of t h e  past deba te  a s  t o  t h e  
nature  and origin of the  Pearl  Lake porphyry has s t emmed  
f rom lack of understanding of th is  modification. 

3, H, 
Figure  59.4. Location map showing shaf ts  and crosscuts a t  McIntyre mine. 

The Pear l  Lake porphyry is  ell iptical  in plan, with an  
average long axis,  striking ENE,  of about 1500 m, and an  
average width of about 500 m. The porphyry t ape r s  and 
interfingers with t h e  volcanic sequence along strike,  but has  
subconcordant and strong1 y she'ared north and south margins. 

The observed relationships and plan shape of t h e  porphyry 
strongly suggest translation along shear  zones and shortening 
of the  original s t r ike  length. The plan shape, dimensions and 
s ty l e  of t h e  porphyry a r e  maintained t o  at l eas t  1500 m below 
surface.  The position of t h e  porphyry shi f ts  eas twards  with 
depth since the  body plunges about 50" t o  t h e  eas t  on a 
bearing of approximately 075". 

Volcanic s t ra t igraphy is  disrupted by t h e  porphyry and 
although t h e  northern and southern contacts  appear t o  be  
concordant or subconcordant on any one level,  t h e  porphyry 
con tac t s  transgress t h e  s t ra t igraphy markedly between 
surface  and 4175 level (Fig. 59.5, 59.6). Since exposures of 
t h e  porphyry con tac t s  in t h e  mine tend t o  be re la ted  t o  
development of mineralized a reas  adjacent t o  t h e  porphyry 
contacts ,  t hese  con tac t s  a r e  commonly hydrothermally 
a l t e red  and sheared. The distinctions between porphyry and 
strongly bleached, silicified and sericit ized volcanic rocks 
become blurred, and careful  inspection t o  determine t h e  
presence or absence of re l ic t  volcanic t ex tu res  and s t ruc tu res  
is  essential .  

Numerous xenoliths of a variety of volcanic country 
rocks and interflow sedimentary  mater ia l  occur  within t h e  
main body of the  porphyry, providing fur ther  evidence of the  
intrusive na tu re  of t h e  porphyry. Where t h e  porphyry has  
intruded interflow sedimentary  units i t  tends  t o  be  strongly 
sheared and contains large amounts of carbonaceous 
material .  In ex t r eme  cases the  porphyry develops in to  a dark 
grey graphitic quartz-sericite schist ,  with evidence of 
translation of sl ivers of prophyry along interflow sedimentary  
units, and t h e  development of so-called "graphitic faults". 



Figure  59.5. Generalized cross-section through No. 5 shaf t  a t  Mclntyre mine. 
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Figure 59.6. Generalized cross-section through No. 11 shaf t  a t  Mclntyre mine. 
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Evans (1944) described the  occurrence  of carbon as inclusions 
in feldspars and a s  coatings on ser ic i te  in carbonaceous 
quartz-sericite schist  f rom the  Pearl  Lake porphyry. In the  
a r e a  t o  t h e  southwest and south of No. 6 sha f t  t h e  porphyry i s  
fringed by heteroli thic breccias. Similar breccias have been 
mapped on Hollinger and these  a r e  closely associated with 
the  Acme and Miller Lake porphyries. 

The Pear l  Lake porphyry is generally strongly a l tered 
and sheared, and could be described a s  a carbonated pyritic- 
quartz-albite-sericite schist  with a quartz-albite-sericite- 
anker i te  groundmass and a l inear fabr ic  defined by 
curvilinear ser ic i t ic  foliae. Prominent albite table ts  and 
rounded quar tz  grains a re  partly enveloped by the  ser ic i t ic  
foliae. The quar tz  grains show various degrees of 
deformat ion f rom unstrained t o  severely s t ra ined and broken 
and the  a lb i te  table ts  usually display evidence of rotation. 
Alteration associated with a deformed, pipe-like zone of 
copper mineralization in the  Pear l  Lake porphyry southeas t  
of No. 11 shaf t ,  is described separa te ly  by Mason and 
Melnik (1986). 

Albiti te dykes c u t  t h e  Pear l  Lake porphyry, and intrude 
t h e  surrounding volcanic rocks on  McIntyre and Hollinger. 
They a r e  in turn c u t  by mineralized veins and both a r e  
deformed by the  cleavage and linear fabric. Langford (1941) 
described t h e  dykes a s  having "a matr ix  of sodic plagioclase, 
in ters t i t ia l  quar tz  and a l i t t le  bioti te altering t h e  chlorite,  
with inclusions of granitoid holocrystalline rock f ragments  
made up chiefly of sodic plagioclase, microperthite,  s o m e  
microcline and subordinate quartz.  These inclusions 
commonly have the  size and shape of goose eggs, hence t h e  
rock is locally named "goose egg dyket1. Some inclusions, 
however, a s  large  a s  10  by 60 cm,  and 45 by 7 5  c m  have been 
found. 

The dykes appear t o  b e  albit ized pebble dykes, of a type  
commonly associated with copper porphyry sys tems in t h e  
United S ta t e s  and elsewhere,  and they seem to  be closely 
re la ted  t o  the  initiation of the  hydrothermal system and t h e  
mineralization a t  McIntyre and Hollinger. 

St ructure  

Following the  deposition of the  Tisdale volcanic 
sequence t h e r e  was a period of uplift and erosion, which 
resulted in t h e  Porcupine sedimentary sequence being 
deposited on an erosion surface  across  t i l ted  volcanic rocks 
of t h e  Tisdale Group (Burrows, 1925). No pre-Porcupine 
Group folds have been positively identified but t he re  i s  no 
doubt t h a t  t he  volcanic sequence was t i l ted (and thus 
probably folded) and i t  was eroded prior t o  deposition of t h e  
sedimentary sequence. Hodgson (1983) has  suggested t h a t  t h e  
t i l t ing resulted from listric normal faul ts  which may also 
have controlled deposition of the  sedimentary sequence and 
provided loci for  t he  subsequent porphyry intrusions. The 
Centra l  Tisdale anticline and re la ted  folds in the  Timmins 
a r e a  were, however, developed prior t o  intrusion of t h e  
porphyries. 

Figure 59.2 i l lustrates t h e  sequence of s t ructura l  even t s  
a t  McIntyre and in the  Timmins area .  It is  based on a 
synthesis of all previous work and t h e  present investigation. 

There is no evidence of s t ra t igraphic  duplication due  t o  
folding in t h e  a r e a  of t he  McIntyre mine workings t o  t h e  
north and south of t h e  Pear l  Lake porphyry and t h e r e  i s  a 
continuous steeply dipping (70-83') south-facing sequence 
through the  Tisdale Group along the  eas tern  boundary in t h e  
upper levels of the  mine. This has recently been confirmed 
by detailed mapping of surface  outcrops a t  McIntyre and 
Hollinger. Post-mineralization deformation has modified the  
geometry  of a l l  pre-existing rock formations,  s t ruc tu res  and 

mineralization in the  area .  A pervasive E- t o  ENE-trending 
cleavage and associated linear fabr ic  (plunging about  50" 
eastwards) cha rac te r i zes  the  whole area.  Local zones  of high 
s t ra in  a r e  represented by shear  zones which a r e  bes t  
developed in t h e  mineralized areas.  

ENE-trending shear zones envelope t h e  Pear l  Lake 
porphyry and die  ou t  eas twards  and downwards in t h e  
McIntyre mine, and coalesce  westwards and upwards in to  t h e  
centra l  o r e  zone on Hollinger where  they form a single zone 
over 300 m in width close t o  surface.  Here  they spli t  again 
in to  d iscre te  shear  zones which generally d i e  o u t  westwards  
with t h e  exception of s t rong shear zones associated with t h e  
Hollinger fault .  The Hollinger f au l t  system s t r ikes  ENE and 
dips between 60 and 70" SSE, and shows evidence of repeated 
br i t t le  and duct i le  deformation, a l l  of which postdates  t h e  
gold-quartz mineralization in t h e  shear zones, and in gene ra l  
t h e  mineralized veins a r e  disrupted by faulting. 

Subsidiary shear zones envelope some of the  gold veins 
and par ts  of t he  copper orebody a t  McIntyre, but some  of the  
major veins exhibit  only minor shearing of t h e  wallrocks, and 
some  of the  shear  zones conta in  no veins. Wherever shearing 
is  observed close t o  mineralization, t h e  shear  f ab r i c  i s  
superimposed on wallrock alteration. Thus although t h e  
mineralization must have originally been emplaced in open 
spaces re la ted  t o  br i t t le  f rac tures ,  in many cases  subsequent 
duct i le  deformation has  obscured t h e  original relationship. 
This might lead t h e  casual observer t o  assume a closer 
relationship between t h e  mineralization and t h e  shear  zones  
than is  actually t h e  case. 

A study t o  determine t h e  f in i te  s t ra in  of varioles f rom 
t h e  VlOB spherulit ic pillow lava was made on or iented 
samples collected f rom t h e  1250W crosscut in t h e  
southeas tern  corner  of t h e  McIntyre mine property. The 
varioles consist of fe ls ic  mater ia l  enclosed by maf i c  pillow 
lava mater ia l ,  and since t h e  varioles would have been more  
br i t t le  than t h e  enclosing maf i c  mater ia l ,  s t ra in  
determinations on the  varioles represent  minimum est imates .  

In downplunge cross-sections the  varioles appear  t o  be  
relatively undeformed and a r e  typically rounded t o  
subrounded (slightly f l a t t ened  and ovoid). In the  plane of 
maximum extension t h e  varioles a r e  ext remely prola te  with 
relatively smooth curviplanar margins and ragged ends. In 
this plane the  varioles display in tense  internal cracking, 
development of cymoid s t ruc tu res  and transposit ion along 
small  anastomosing shear  planes which result  i n  t h e  ragged 
appearance of the  t ips of t he  varioles with slivers of felsic 
mater ia l  protruding in to  t h e  country rock. This configuration 
is  remarkably similar t o  t h a t  of t he  Pearl  Lake porphyry and 
i t s  relationship t o  t h e  enclosing volcanic rocks a t  a larger 
scale. Where tongues and slivers of t h e  porphyry project  in to  
the  volcanic sequence a t  t h e  western  and eas t e rn  ends  of t h e  
Pearl  Lake intrusion, they a r e  bounded by faul ts  or shear 
zones and a r e  themselves strongly schistose,  suggesting 
transposition re la ted  t o  shearing. 

The results of t h e  s tudy showed t h a t  t h e  varioles were  
elongated more  than  t h r e e  t imes  and shortened t o  less than 
half thei r  original d iameter ,  based on the  reasonable 
assumptions tha t  they were  originally spherical and t h a t  
deformation occurred under constant  volume conditions. If 
t he  downplunge plan projection dimensions of t h e  Pea r l  Lake 
porphyry a r e  considered, i t  i s  apparent  t h a t  t h e  r a t i o  of long 
t o  shor t  axes  i s  similar t o  t h e  average r a t io  fo r  t h e  spherules, 
suggesting t h a t  t h e  Pearl  Lake intrusion may also have been 
roughly circular in plan shape prior t o  deformation. On an 
even larger scale,  t h e  s a m e  could be said for  t h e  Centra l  
Tisdale ant ic l ine  itself which has also been modified by t h e  
def or  mation. 
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The Mclntyre-Hollinger investigation, Timmins, Ontario: 
a gold dominated porphyry copper system 

Pro jec t  850052 

R. Mason1 and N. Melnik' 
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Mason, R. snd Melnik, N., The McIntyre-l-lollinger investigation,  Timmins, Ontario: a gold dominated  
porphyry copper system; fi Cur ren t  Research,  P a r t  8, Geological Survey of Canada,  Pape r  86-18,  
p. 577-583, 1986. 

Abs t r ac t  

The: McIntyre-Hollinger complex is in terpre ted  as  ;3 go13 dominated,  subvolcanic porphyry 
sys tem,  in which the  original configuration of  thn sys tem and i t s  orebodies has been modified by 
subsequent deformation.  

S t o c k t ~ o r k  copper-molybdenum-gold-pyrite mineralization occurs  in a breccia pipe within t h e  
Pear l  Lake porphyry intrusion a t  the: McIntyre mine. The breccia  pipe was  the  focus  of in tense  
albit ization and hydraulic fracturing.  An a lb i t i te  co re  is  surrounded by a zone of hemat i te-anhydr i te  
a l te ra t ion  which grades  ou t  in to  an extens ive  pyr i t ic  ha!o. A zone of aur i ferous  quar tz-anker i te-  
a lb i te  veins occurs  around t h s  periphery of t he  pyrit ic halo, culminating in t he  cen t r a l  o r e  zone a t  
Hollinger. Gold bearing veins a r e  localized in prefer red  s t ra t igraphic  s i t e s  which have been loci  of 
br i t t le  failure,  vein emplacement  and subsequent complex shear  deformation.  Mineralized veins a r e  
character ized  by ser ic i t ic  a l te ra t ion  and pyrit ization of \vall rocks. 

Post-mineralization br i t t le  and 3uotile shear  deformation resulted in the format ion of a 
pervasive cleavage and l inear fabric,  and the  Hollinger faul t  system. The hydrothermal a l te ra t ion  
and veining associated with the  complsx appear  t o  have promoted deformat ion by wealening the  
country rocks snd enhancing ducti l i ty cont ras ts .  

L e  complexe McIntyre-Hollinger e s t  dec r i t  c o m m e  Btant un s y s t e ~ n e  de porphyre subvolcanique 
contenant  principalement d e  I'or e t  dans lequel l a  configuration originale e t  s e s  masses min6ralis6es 
on t  k t6  modifiees par une deformat ion ult6rieure.  

Un s tockwerk rle mineralisation d e  cuivre,  d e  molybdene, d'or e t  d e  pyrite e s t  present  dans l a  
breche d'une cheminee  volcanique A l t int6riaur d e  I'intrusion d e  porphyre d e  Pea r l e  Lake,  B l a  mine 
McIntyre. C e t t e  cheminee  brechique a + t i  I'objet d'une albit isation e t  d'un f rac t ionnement  
lhydrnulique intenses. Un noyau d'albit i te e s t  antourc! d ' l~ne  zone d1alt6ration h ima t i t e - anhydr i t e  qui 
arrive B la surface  en formant  une grande a ~ j r e o l e  pyritique. Une zone d e  veines aur i feres  d e  q ~ ~ a r t z ,  
d1ank6rite e t  d'albite entoure  l 'aurkole pyrit ique e t  s e  t e r ~ n i n e  dans la zone mineralisee cen t r a l e  de  
Hollinger. Des filons aur i feres  s e  t rouvent  dans des s i tes  stratigraphiques d e  choix dans lesquels il y a 
eu  des ca s  de  ruptures de  roche,  d 'emplacement  de  la veine e t  d'une d6formatiori subsequente d'un 
cisail lement cornplexe. ILes veines min6ralis6es sont ca rac t e r i s i e s  par une a l tera t ion  sericit ique e t  
une pyritisation des  roches  de  la paroi. 

Une deformation de cisail lement cassante  e t  duct i le  de  post-min6ralisation a ent ra in6 l a  
format ion d'un clivsge envahissant e t  d'une s t r u c t u r e  l ineaire,  ainsi que du sys t eme  d e  fail les 
Hollinger. L'alteration hydrothermique e t  l e  veinage associes A c e  complexe  semblent  avoir  favoris6 
la deformat ion en  sffaiblissant la roche  encaissante  e t  en  r e n f o r ~ a n t  les con t r a s t e s  d e  plastici t6.  

l Depar tment  of Geology, Queen's University, Kingston, Ontarin, I<7L 3N6 



Introduction 

The McIntyre mine contained low grade, stockwork- 
type  copper-gold orebodies which were  exploited f rom 1963 
t o  1982, in addition t o  t h e  vein-type gold orebodies which 
have been exploited f rom 1912 t o  t h e  present day. 

The gold veins extended westwards f rom McIntyre on to  
t h e  Hollinger property and eas twards  onto  t h e  Coniaurum 
property.  In to t a l  t h e  complex has produced about  35 million 
ounces of gold, 7 million ounces of silver and 100 000 tons of 
copper,  of which McIntyre produced one third of t h e  precious 
me ta l s  and all  of t h e  copper. Hollinger produced most  of t h e  
res t ,  with Coniaurum contributing just over I million ounces 
of gold. 

To da te ,  t he  copper mineralization has tended t o  be 
regarded a s  sepa ra t e  and unrelated t o  t h e  gold 
mineralization, but t h e  present  study has shown t h a t  t h e  two  
a r e  in t imate ly  related.  Several convergent lines of evidence 
support  t h e  suggestion by Kirkham and Thorpe (1973) tha t  t h e  
mineralization represents a gold dominated porphyry copper 
sys tem with re la ted  peripheral precious me ta l  veins. At t h e  
outse t  i t  should be emphasized t h a t  both t h e  copper and gold 
mineralization post-date the  intrusion of t h e  Pear l  Lake 
porphyry and related a lb i t i te  dykes, and they pre-date the  
regional shear  deformation with i t s  re la ted  c leavage and 
linear f ab r i c  development. Thus t iming of t h e  mineralizing 
events  in relation t o  porphyry intrusion and hydrothermal 
a l tera t ion and subsequent deformation in the  complex 
imposes l imitations on genet ic  hypotheses. 

Evidence for post-porphyry t iming of mineralization 
includes t h e  selective superposition of the  copper stockwork 
mineralization and i t s  re la ted  hydrothermal a l tera t ion on t h e  
Pear l  Lake porphyry, and by t h e  presence of gold-quartz 
veins which occur within t h e  porphyry and also c u t  across  t h e  
con tac t s  between the  porphyry and the  surrounding volcanic 
rocks. The common association of these  auriferous quar tz-  
anker i te  a lb i te  veins emplaced within a lb i t i te  dykes, 
demonstra tes  t h a t  t h e  mineralized veins post-date t h e  
emplacement  of t h e  a lb i t i te  dykes. This is  especially c l ea r  a t  
~ c i n t ~ r e  in t h e  No. I1  shaf t  a r e a  immediately north of t h e  
Pearl  Lake porphyry between 2000 level and 3500 level and in 
t h e  22 vein complex south of t h e  Pear l  Lake porphyry 
(12 shaft) ,  and in t h e  centra l  o r e  zone at Hollinger. 

Evidence for pre-deformation emplacement  of t h e  
mineralization includes I )  t h e  intense deformation of t h e  
copper stockwork mineralization, with l ineated s t r eaks  of 
chalcopyrite in t h e  stockwork and remobilized hackly 
aggregates of chalcopyrite in boudinaged and folded qua r t z  
veins within t h e  copper orebodies; 2) t he  lenticular e longate  
geometry  of t h e  individual copper orebodies and thei r  plunge 
parallel t o  t h e  linear fabric;  3) boudinaged and folded 
auriferous quar tz  veins with sheared sericit ized margins 
observed in all  productive stopes,  and 4) the  orientation of 
orebodies (in the  copper zone) and payshoots (in t h e  
auriferous veins) parallel t o  t h e  linear fabric.  All t h e  
mineralized veins and stockworks a r e  deformed t o  a g rea te r  
or lesser degree.  The less deformed appearance of some  of 
t h e  f l a t  veins in the  complex is explained by thei r  initial 
orientation in planes parallel  t o  t h e  maximum compressive 
stress,  and thei r  preservation in low s t ra in  zones. 

The copper system is mainly contained within a 
f la t tened and s t re tched,  ellipsoidal, pipe-like zone of 
albit ization, with associated brecciation and intense 
hydrothermal a l tera t ion in t h e  Pearl  Lake porphyry. The 
gold-quartz veins occur in l i thostructural  si tes within t h e  
volcanic rocks along t h e  northern and southern margin of t h e  
porphyry and generally within 200 m of t h e  porphyry contact .  
The copper orebodies were  mined between 1125 level and 
4175 level and copper mineralization has been found in drilled 
extensions down t o  4625 level, and upwards t o  600 level. 

Most of t he  copper o r e  was  produced f rom t h e  interval 
between 1500 level and 3250 level. The top of t h e  system 
probably outcrops under Pea r l  Lake, and t h e  base of t h e  
copper mineralization appears  t o  occur about 5075 level in 
t h e  downplunge extensions on t h e  Coniaurum (Westfield 
Minerals) property. These l imi ts  also define nearly all of t h e  
productive gold veins with t h e  exception of t h e  lower (and 
less significant) par ts  of 22 vein complex (see  l a t e r )  which 
have been mined down t o  6825 level. Most of t h e  gold 
produced from McIntyre has been won f rom veins mined 
between 1000 level and 4625 level and by f a r  t h e  bulk of this 
was produced f rom t h e  in terval  between 1000 level and 
3000 level (Fig. 60.1). 

The development of t h e  regional cleavage, linear fabr ic  
and major shear zones must be  taken into consideration in 
any discussion of t h e  l imi ts  of productive mineralization. 
The e s t ima tes  of prola te  s t r a in  (Mason et al., 1986) would 
suggest t ha t  t he  original, pre-deformation ver t ica l  interval 
for  optimum development of most of t h e  productive 
mineralization was about 300 m. 

Copper mineralization 

'The copper mineralization consists of a pyrite- 
chalcopyrite-bornite-tennantite stockwork containing less 
important  but signficiant molybdenite and gold. From 
information available and our own observations, molybdenite 
occurs a s  smears  on slip surfaces  and in veinlets within the  
copper orebodies and appears  t o  increase  in abundance in t h e  
lower sect ions  of t h e  copper zone (below 3000 level). The 
zone plunges eas twards  f rom a position south of No. 11 sha f t  
close to  surface ,  t o  a position across the  McIntyre boundary 
on Coniaurum below 3875 level (Fig. 60.2). It extends  about 
300 m along an east-west s t r ike  and is about  100 m wide. 
These dimensions a r e  proportionately remarkably similar t o  
those of t h e  Pear l  Lake porphyry. 

The orebodies a r e  shaped like f la t tened cigars,  being 
ell iptical  in plan and e longate  with g rea te s t  continuity 
downplunge. They occur in a ser ies  of e n  echelon pods 
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Figure 60.1. Vertical distribution of  gold, copper and 



within, but discordant to ,  a f la t tened annular zone of 
f rac tur ing and a l tera t ion around and within t h e  a lb i t i te  pipe 
(Mercereau, 1985). The orebodies were  defined using a 0.65% 
copper c u t  off grade, and about 10 million tons have been 
produced or were  in reserve a t  a grade of about  0.8% cu and 
0.025 o z  Au a s  of 1982. Most of t h e  intensely f r ac tu red  and 
a l tered zone mentioned above, together  with o ther  zones in 
t h e  Pearl  Lake porphyry, would average be t t e r  than 0.1% Cu. 
At leas t  two  boreholes have been drilled across t h e  width of 
t h e  Pearl  Lake porphyry and systematically assayed for  
copper along t h e  ent i re  length of co re  recovered. These 
holes contained copper mineralization throughout, varying 
f rom a low of 300 ppm t o  over 2% copper in o re  grade 
intersections,  suggesting tha t  t he  Pearl  Lake porphyry 
contains a much bigger sub-economic copper system than t h e  
mine production indicates. 

Apart f rom the  brief but perceptive description by 
Kirkham and Thorpe (1973), Davies and Luhta (1978) have 
published t h e  only description of t h e  copper orebody at 
McIntyre. They were  t h e  f i r s t  t o  recognize t h e  hydrothermal 
a l tera t ion and i t s  relationship t o  the  copper mineralization. 
These authors recognized an early phase of hydrothermal 
a l tera t ion with an a lb i t i te  co re  zone surrounded by a zone of 
hematite-anhydrite alteration, and showed t h a t  sulphide veins 
were  emplaced a f t e r  t h e  early hydrothermal alteration. They 
in terpre ted t h e  Pear l  Lake porphyry a s  a metasomat ic  
replacement  of felsic volcanics, with t h e  copper 
mineralization in terpre ted t o  be  post-tectonic.  

Karvinen, (1981) has  in terpre ted t h e  en t i r e  complex a s  a 
volcanic c e n t r e  with partly remobilized exhalative gold 
mineralization associated with carbonate  units. The Pearl  
Lake porphyry, however,  is  clearly an  intrusive subvolcanic 
body and both t h e  copper and gold mineralization a r e  
associated with hydrothermal  a l tera t ion which postdate  t h e  
intrusion. The present configuration of both is a result  of t h e  
deformation which resulted in .the superimposition of a 
cleavage and linear f ab r i c  on both t h e  mineralization and i t s  
enclosing host rocks. 

The present study hds confirmed t h e  major a l tera t ion 
pat terns  outlined by Davies and Luhta  (1978) but  with s o m e  
additions and modifications. First ,  t h e  Pear l  Lake porphyry 
is thoroughly a f f ec t ed  t o  a g rea t e r  or lesser extent  by 
pervasive hydrothermal a l tera t ion and shearing. This in itself 
separa tes  t h e  intrusion f rom most of t h e  o ther  porphyries in 
the  district ,  which a r e  well preserved and do not show t h e  
same  degree  of a l tera t ion or shearing (e.g. t h e  Northern 
Porphyry). Three  o the r  small  porphyry intrusions in t h e  
complex have character is t ics  similar t o  t h e  Pear l  Lake 
porphyry; t h e  Acme and Millerton porphyries on Hollinger, 
and t h e  Coniaurum porphyry. In f a c t  a t  depth (downplunge) 
t h e  Acme and Millerton porphyries merge with t h e  Pearl  
Lake porphyry. 

Second, t h e  a l tera t ion is dominated by carbonatization 
(ankerite), and sericit ization, as well a s  albit ization, t h e  
l a t t e r  becoming in tense  in t h e  c e n t r e  of t h e  copper zone. 

Figure 60.2. Variations in t h e  configuration and a l tera t ion of 
t h e  McIntyre copper porphyry sys tem with depth.  



T h e  in tense ly  a lb i t i zed  inner c o r e  is  c r e a m y - g r e y  and 
genera l ly  m o r e  mass ive  t h a n  t h e  surrounding highly f r a c t u r e d  
o u t e r  z o n e  which is  c h a r a c t e r i z e d  by pink-buff-orange and 
r e d  a l t e r a t i o n  caused  by t h e  deve lopment  of h e m a t i t e  and  
a n h y d r i t e  (Fig. 60.2). T h e  in te rna l  boundary b e t w e e n  t h e  
g r e y  inner z o n e  and t h e  r e d  o u t e r  z o n e  is  genera l ly  s h a r p  
e x c e p t  a t  t h e  t o p  of t h e  s y s t e m  (above  1500 leve l )  and 
t o w a r d s  t h e  b a s e  of t h e  s y s t e m  below 3625 level .  T h e  o u t e r  
l i m i t  of red  a l t e r a t i o n  is  n o t  well  def ined  and typ ica l ly  
cons is t s  of a t rans i t ion  z o n e  of m o r e  p a t c h y ,  loca l ized  
h e m a t i z a t i o n  which m e r g e s  o u t w a r d  i n t o  p y r i t i c  q u a r t z -  
a l b i t e - s e r i c i t e  sch is t s .  T h e  f r a c t u r e - c o n t r o l l e d  h e m a t i t e -  
a n h y d r i t e  a l t e r a t i o n  which c h a r a c t e r i z e s  t h e  o u t e r  c o r e  z o n e  
i s  pervas ive  b e t w e e n  1375 leve l  and 3875 leve l ,  w i t h  m o s t  
i n t e n s e  and  widespread a l t e r a t i o n  of t h i s  t y p e  b e t w e e n  
1875 level  a n d  2875 level .  

Sulphides w e r e  in t roduced  a f t e r  t h e  f o r m a t i o n  of t h e  
m a i n  c o r e  a l t e r a t i o n ,  a n d  sulphide ve in le t s  in t h e  h e m a t i t e -  
a n h d y r i t e  z o n e  commonly  show b leaching  along t h e i r  marg ins  
a s  a r e s u l t  of reduc t ion  of t h e  iron oxides.  T h e  c o p p e r  
sulphides w e r e  depos i ted  in t h e  s tockwork  t o g e t h e r  wi th  
s w a r m s  of quartz-albite-ankerite-chalcopyrite ve ins  which 
deve loped  in t h e  c e n t r a l  c o r e .  T h e  wal l rocks  of t h e s e  veins 
a r e  c h a r a c t e r i z e d  by well  deve loped  buf f lkhaki -green  
s e r i c i t e .  Individual veins c o n t a i n  gold, and s o m e  c o n t a i n  
t o u r m a l i n e  and  minor s c h e e l i t e ;  t h u s  t h e s e  ve ins  a r e  i d e n t i c a l  
in a l l  r e s p e c t s ,  o t h e r  t h a n  being hos ted  by porphyry,  t o  t h e  
t h e  gold ve ins  per iphera l  t o  t h e  porphyry.  

A pyr i t i c  ha lo  is  deve loped  a round t h e  c e n t r a l  
a l t e r a t i o n  c o r e  of t h e  c o p p e r  z o n e  and  pyr i t i za t ion  is  
widespread  and  i n t e n s e  a round t h e  n o r t h e r n  and  e a s t e r n  
marg ins  of t h i s  z o n e  b e t w e e n  1500 level  a n d  3000 leve l .  H e r e  
p y r i t e  and  quar tz -pyr i te  ve ins  o c c u r  in addi t ion  t o  pyr i t i c  
s t o c k w o r k  minera l iza t ion .  As observed  by Davies  and  
L u h t a  (1978), t h e  a r e a  i m m e d i a t e l y  n o r t h  of t h e  c o p p e r  z o n e  
t e n d s  t o  b e  local ly si l icif ied a s  well  a s  being heavily 
pyr i t i zed .  In addi t ion ,  p a r t s  of t h i s  a r e a  a r e  c o n s i s t e n t l y  r ich  
in a n k e r i t e ,  especial ly along and  a d j a c e n t  t o  t h e  n o r t h e r n  
c o n t a c t  of t h e  P e a r l  L a k e  porphyry.  T h e  a n k e r i t e  e n r i c h m e n t  
is  espec ia l ly  prominent  below 2375 level .  

In t h e  copper  z o n e  g r a n o b l a s t i c  a n h y d r i t e  i s  d o m i n a n t  in  
v e i n l e t s  wi th in  t h e  c e n t r a l  a l t e r a t i o n  c o r e ,  and  i n c r e a s e s  in 
bo th  quar tz -a lb i te -anker i te  and sulphide veins w i t h  d e p t h .  
Gypsum ( t h e  low t e m p e r a t u r e  su lpha te )  is  t h e  p r e d o m i n a n t  
vein s u l p h a t e  above  1875 leve l ,  w i t h  re la t ive ly  r a r e  a n h y d r i t e  
o u t s i d e  t h e  c e n t r a l  a l t e r a t i o n  c o r e .  Below 1875 leve l  
a n h y d r i t e  ( t h e  high t e m p e r a t u r e  su lpha te )  b e c o m e s  t h e  
d o m i n a n t  s u l p h a t e  w i t h  gypsum conf ined  t o  n a r r o w  v e i n l e t s  
a n d  s t r i n g e r s  a t  t h e  e d g e s  of t h e  main  a l t e r a t i o n  zone .  T h e r e  
i s  a n o t i c e a b l e  i n c r e a s e  in vein a n h y d r i t e  be low 3375 level .  
C a l c i t e  is  c o m m o n  in l a t e  s t a g e  veins t h r o u g h o u t  t h e  P e a r l  
L a k e  porphyry and a d j a c e n t  vo lcan ic  rocks.  It o c c u r s  a s  
r e p l a c e m e n t s  and s e g r e g a t i o n s  in  s e l e c t e d  z o n e s  wi th in  and  
per iphera l  t o  t h e  minera l ized  a r e a s  which  a r e  t h e m s l e v e s  
c h a r a c t e r i z e d  by d e v e l o p m e n t  of a n k e r i t e ,  espec ia l ly  t o  t h e  
n o r t h  of t h e  a n k e r i t e  e n r i c h m e n t  and  t o  t h e  e a s t  of t h e  
c o p p e r  z o n e  and t h e  porphyry c o n t a c t s .  T h e  z o n a t i o n  of 
c a r b o n a t e s  wi th  c a l c i t e  per iphera l  t o  a n k e r i t e ,  w a s  f i r s t  
recognized  by G r a t o n  and McKins t ry  (1932) and  K e y e s  (1940), 
and  has  been  c o n f i r m e d  by Whitehead et a l .  (1980), 
S m i t h  e t  a l .  (1984), and S m i t h  and  Kes le r  (1985). 

Gold mineralization 

T h e  gold minera l iza t ion  o c c u r s  in q u a r t z  ve ins  and 
pyr i t i zed  wall  rocks  in s t r u c t u r a l  s i t e s  which h a v e  deve loped  
in s p e c i f i c  s t r a t i g r a p h i c  loca t ions  such  a s  i n t e r f l o w  c o n t a c t s  
(wi th  o r  wi thout  in te r f low s e d i m e n t a r y  beds) ,  vo lcan ic  
b r e c c i a  zones ,  and  along t h e  n o r t h  and south  c o n t a c t  z o n e  of 
t h e  P e a r l  L a k e  porphyry.  Although t h e r e  i s  a g e n e r a l  
t e n d e n c y  f o r  veins t o  b e  subconcordant  t o  p a r t i c u l a r  

s t r a t i g r a p h i c  s i t e s ,  a n d  t h e  major  p r o d u c t i v e  ve ins  
c h a r a c t e r i s t i c a l l y  fol low s u c h  s i t e s  a long  s t r i k e  a n d  down dip,  
t h e r e  is obvious loca l  d i s c o r d a n c e  of ve ins  and  ve in  
c o m p l e x e s  w h e r e  s t r u c t u r a l  s i t e s  d o  n o t  m a i n t a i n  p a r t i c u l a r  
s t r a t i g r a p h i c  positions. 

T h e  minera l ized  ve ins  near ly  a l w a y s  c o n t a i n  a n k e r i t e  
and  commonly  c o n t a i n  a l b i t e ,  and wall  rocks  a r e  s e r i c i t i z e d ,  
pyr i t i zed  and commonly  sheared .  T h e  d e v e l o p m e n t  of 
hydro thermal  s e r i c i t e ,  a n k e r i t e  and p y r i t e  a p p e a r s  t o  b e  
a l m o s t  a p r e r e q u i s i t e  f o r  gold minera l iza t ion ,  a l though g iven  
e v e r y  possible f a v o u r a b l e  c i r c u m s t a n c e ,  t h e r e  is  s t i l l  n o  
g u a r a n t e e  of e c o n o m i c  c o n c e n t r a t i o n s  of gold in  a p a r t i c u l a r  
vein,  a f a c t o r  which  h a s  t rad i t iona l ly  added  i n t e r e s t  and  
f r u s t r a t i o n  t o  t h e  e v a l u a t i o n  and d e v e l o p m e n t  of m o s t  vein-  
t y p e  gold deposits .  T o u r m a l i n e  and  p y r r h o t i t e  o c c u r  in  
22 vein complex ,  and  p y r r h o t i t e  is typ ica l ly  deve loped  in 
p r e f e r e n c e  t o  p y r i t e  in t h e  No. 1 2  s h a f t  s e c t i o n s  of 22 ve in  
c o m p l e x  (below 3875 level). Tourmal ine  is  o t h e r w i s e  a minor  
ve in  c o n s t i t u e n t  a t  McIn tyre ,  w h e r e a s  i t  i s  i m p o r t a n t  in t h e  
Holl inger veins. C h a l c o p y r i t e  i s  r e p o r t e d  f r o m  McIntyre  a s  a 
c o m m o n ,  b u t  s u b o r d i n a t e  su lphide  in m a n y  of t h e  gold veins,  
and  s p h a l e r i t e  is  local ly i m p o r t a n t  (3  ve in  w a s  no ted  f o r  
o c c u r r e n c e s  of spha le r i te ) .  S c h e e l i t e  o c c u r r e n c e s  w e r e  
c o m m o n  in t h e  22 ve in  c o m p l e x  and in t h e  veins at t h e  
w e s t e r n  end  of t h e  P e a r l  L a k e  porphyry,  bu t  n o  s ign i f ican t  
c o n c e n t r a t i o n s  h a v e  b e e n  r e p o r t e d  f r o m  McIntyre ,  s u c h  a s  
t h o s e  deve lped  on  Holl inger (Allen a n d  Fol insbee ,  1944). 

More  t h a n  o n e  g e n e r a t i o n  of p y r i t e  and  s e v e r a l  
g e n e r a t i o n s  of q u a r t z  a r e  c o m m o n l y  deve loped  in  t h e  veins,  
and  e v i d e n c e  f o r  d e f o r m a t i o n  and  r e p e a t e d  c r a c k  and s e a l  
t e x t u r e s  in t h e  q u a r t z  a r e  typ ica l ,  a l though m u c h  of t h i s  
could  b e  i n t e r p r e t e d  a s  a pos t -minera l iza t ion  f e a t u r e  r e l a t e d  
t o  d e f o r m a t i o n .  Early p y r i t e s  t e n d  t o  b e  s t rongly  d e f o r m e d  
a n d  t w o  s e p a r a t e  s e t s  of p y r i t i c  veins c a n  b e  iden t i f ied  bo th  
in  t h e  c o p p e r  and  gold zones .  T h e s e  ve ins  a r e  superposed  o n  
e a r l y  syndepos i t iona l  p y r i t e s  a s s o c i a t e d  w i t h  in te r f low 
s e d i m e n t a r y  un i t s  a n d  on  d i s s e m i n a t e d  p y r i t e  in t h e  P e a r l  
L a k e  porphyry a s s o c i a t e d  w i t h  s t o c k w o r k  f r a c t u r e  
deve lopment .  G r a t o n  a n d  McKins t ry  (19321, H u r s t  (1935) and  
K e y e s  (1940), recognized  t h r e e  d o m i n a n t  phases  of q u a r t z  
deposit ion.  F r a c t u r i n g  of e a r l y  smoky q u a r t z  and  
d e v e l o p m e n t  of a n k e r i t e  w a s  a s s o c i a t e d  w i t h  gold 
minera l iza t ion ,  w h e r e a s  a second  phase  of w h i t e  q u a r t z ,  and 
a th i rd  phase  of c l e a r  g lassy  q u a r t z  w e r e  i n t e r p r e t e d  a s  post-  
gold minera l iza t ion .  Much of t h e  gold, however ,  o c c u r s  
a s s o c i a t e d  w i t h  p y r i t e  in  a l t e r e d  wal l rocks  and  t h i s  
minera l iza t ion  a p p e a r s  t o  p r e - d a t e  t h e  f ree-gold  a s s o c i a t e d  
w i t h  l a t e  s t a g e  c r a c k s  in  t h e  q u a r t z  veins.  

T h e  gold o r e b o d i e s  a t  McIn tyre  inc lude  a w i d e  v a r i e t y  
of vein t y p e s  which  a r e  s p e c i f i c  t o  t h e i r  own individual 
h a t i t a t s ,  and a r e  e n c l o s e d  by a v a r i e t y  of wal l rocks  of 
d i f fe r ing  compos i t ion .  T h e  veins wi th  b e s t  s t r i k e  and  down- 
d i p  p lunge  c o n t i n u i t y  a r e  t h o s e  s i t u a t e d  a long  o r  c lose ly  
r e l a t e d  t o  m a j o r  c o n t a c t s ,  espec ia l ly  t h o s e  a long  in te r f low 
s e d i m e n t a r y  un i t s  (such a s  3 ,  5 a n d  2 5  veins,  a l l  a long  t h e  
c o n t a c t  b e t w e e n  t h e  N o r t h e r n ,  and  C e n t r a l  F o r m a t i o n ) ,  7 and  
9 ve in  a s s o c i a t e d  w i t h  t h e  9 5 C  "chickenfeed" h y a l o c l a s t i t e  
b r e c c i a  un i t ,  and  10 ve in  a s s o c i a t e d  wi th  t h e  C e n t r a l  b r e c c i a s  
and  d is rupted  by t h e  e a s t e r n  ex tens ion  of t h e  Holl inger f a u l t  
z o n e  a t  t h e  w e s t e r n  e d g e s  of t h e  P e a r l  L a k e  porphyry.  I t  is  
n o t e w o r t h  t h a t  t h e  p y r i t i z a t i o n  and s e r i c i t i z a t i o n  a s s o c i a t e d  
w i t h  t h e  wal l rocks  of 7, 9 and  10 veins a r e  m o r e  widespread  
and  in tense ,  a n d  t h e r e  i s  m u c h  m o r e  shear ing  a d j a c e n t  t o  t h e  
ve ins  t h a n  in t h e  case f o r  3, 5 and 25 veins. This  a p p e a r s  t o  
b e  a r e f l e c t i o n  of t h e  n a t u r e  of t h e  wal l rocks ,  a n d  proximi ty  
t o  t h e  s o u r c e  of t h e  minera l iz ing  fluids. Thus  t h e r e  is  i n t e n s e  
p y r i t i c  r e p l a c e m e n t  of i n t e r f r a g m e n t a l  m a t e r i a l  in  t h e  
vo lcan ic  b r e c c i a s  (7, 9 a n d  10 veins)  c loser  t o  t h e  P e a r l  L a k e  
porphyry,  a s  opposed  t o  loca l ized  a l t e r a t i o n  of m o r e  m a s s i v e  
wal l rocks  (3, 5 and  25 ve ins)  f a r t h e r  f r o m  t h e  porphyry.  



The 10 and 22 vein complexes, which l ie on t h e  south 
side of t h e  Pearl  Lake porphyry, a r e  s i tuated in the  pillow 
breccias and related rocks in the  lower part  of t h e  Centra l  
Formation, and a r e  character ized by strong and extensive 
pyritic replacement of matrix mater ia l  in the  breccias for 
considerable distances f rom t h e  veins, as well a s  by 
correspondingly larger  sericit ized zones associated with t h e  
veins. Thus intensity of a l tera t ion is  more  a function of wall 
rock react iv i ty ,  permeabili ty and porosity than of anything 
e lse  within t h e  gold zone. Both 10 and 22 vein complexes 
extend fo r  over 5000 m down plunge adjacent  t o  t h e  Pear l  
Lake porphyry, and both a r e  character ized by en echelon 
c lus ters  of veins and vein swarms enveloped and interspersed 
with sericit ized, pyritized and selectively sheared volcanic 
breccias. 

A linear zone of gold-bearing quar tz  veins has been 
mined between the  copper zone and t h e  northern con tac t  of 
t he  Pear l  Lake porphyry between 1125 level and 2375 level. 
This is  an  eas ter ly  extension of 10 vein complex which is 
si tuated a t  t he  western end of t h e  Pearl  Lake porphyry. 
Another gold vein was mined between 600 level and 800 level 
on the  south side of t he  copper zone in the  Pearl  Lake 
P O ' P ~ Y  rye 

The 3750 and 3875 crosscuts f rom No. 11 sha f t  south 
across t h e  Pear l  Lake porphyry expose t h e  highly a l tered,  
pyrit ic c r e s t  of t h e  22 vein complex, recognized a s  such prior 
t o  development of t h e  productive p a r t  of t h e  complex by t h e  
geological s taf f  a t  McIntyre in 1932 (Annual repor t  of 
McIntyre Mines fo r  1932). Silicification, sericit ization and 
pyrit ization continue and weaken upwards t o  t h e  2375 cross 
cu t ,  south of No. 11 sha f t  along t h e  southern fringes of t h e  
porphyry, although t h e  productive top  of t h e  22 vein complex 
a t  McIntyre lies a t  3500 level, close t o  t h e  Hollinger 
boundary. There  is evidence f rom compilations of t h e  gold 
orebodies a t  Hollinger and McIntyre t o  suggest t h a t  10 vein 
and 22 vein complexes a r e  down plunge extensions f rom 
Hollinger, and t h e  abnormal development (for McIntyre) of 
tourmaline in 22 vein complex would also support this 
suggestion. 

The northern con tac t  zone of t h e  Pearl  Lake porphyry 
is strongly a l tered and sheared, and can be  t raced a s  a shear 
zone along an ENE s t r ike  onto  Coniaurum. The zone 
weakens, along s t r ike  towards Coniaurum, and down dip 
following t h e  55  flow - CB breccia  s t ra t igraphic  units. I t  
hosts a ser ies  of narrow, e n  echelon quartz-ankerite veins of 
t h e  12, 13, 14, 15 and 18 vein ser ies  which a r e  themselves 
well mineralized but which fo rm lower g rade  orebodies 
because of t h e  narrow vein widths and increased dilution 
f rom barren wallrocks. 

The veins at McIntyre range f rom single qua r t z  veins of 
widths f rom a f ew cen t ime t re s  t o  50 m, through complex vein 
swarms and en echelon arrays  t o  pyrit ic replacement  zones 
with irregular quar tz  stringers and lenses. The veins a r e  
typically irregular and, a s  exposed in productive stopes,  
include several generations of qua r t z  and a r e  boudinaged and 
folded. The wallrocks adjacent t o  the  veins a r e  usually 
bleached and character ized by sericit ic a l tera t ion,  
pyrit ization and shearing. 

Productive vein systems tend t o  merge in to  zones of 
si l ica enrichment of t h e  country rocks with barren quar tz-  
ca l c i t e  veining at thei r  la tera l  and ver t ica l  ext remit ies  
(Van Weichen, personal communication, 1984). These  
silicified zones frequently impar t  a layering in t h e  volcanic 
host rocks which may in pa r t  resemble  banded che r t ,  and 
although disseminated pyr i te  i s  common, gold is e i the r  
weakly developed or  absent. The transit ion f rom a typical  
qua r t z  vein sys tem t o  a silicified f r inge zone can  occur  in t h e  
space  of a few metres .  

Longitudinal sections of t h e  veins a t  McIntyre reveal a 
tendency for t h e  development of a plunge t o  t h e  eas t  in 
sympathy with t h e  linear f ab r i c  throughout t h e  area .  
Robinson (1923) showed a "graphitic zone" in 5 vein plunging 
t o  the  eas t ,  and the  western edge of t h e  vein has t h e  same  
a t t i tude .  The 25 vein has a similar overall  plunge t o  t h e  e a s t  
and sect ions  of a l l  t h e  o ther  veins display t h e  s a m e  feature .  
Fur ther  work on gold distribution is needed t o  de te rmine  if 
t he re  i s  any sys temat ic  development of, and a t t i t ude  to,  
higher g rade  o r e  shoots within t h e  veins such a s  repor ted  
f rom Hollinger (Graton and McKinstry, 1932). This is  
probable, s ince  vein sys tems were  deformed when t h e  l inear 
f ab r i c  formed in t h e  area .  

Discussion 

Gold distribution a t  McIntyre follows a well defined 
pat tern ,  with about 90% of all  gold produced s i tuated 
between 1000 level and 4625 level and t h e  majority of t ha t  
being produced f rom between 1000 level and 3125 level 
(Fig. 60.1). In a study of gold/silver ratios a t  McIntyre, 
Pearson (1947) showed t h a t  t h e r e  was a pronounced peak in 
the  fineness of gold between 2000 level and 3000 level with 
silver levels increasing above and below. The gold associated 
with t h e  copper zone has an  average gold-silver r a t io  of 16 .5  
a s  opposed t o  t h e  average r a t io  for  t h e  peripheral gold 
orebodies of 4.5:l. Taking t h e  major development of t h e  
copper orebodies in to  consideration, t h e  optimum conditions 
for  copper concentra t ion developed in t h e  zone between 
1500 level and 3000 level. 

Thus, if t h e  copper and gold sys tems a r e  in tegra ted,  
t h e r e  is  a centra l  copper-rich zone with subordinate gold and 
molybdenum and a low gold t o  silver ratio.  This grades 
outwards in to  increasingly high grade gold veins, with a high 
gold t o  silver ra t io  and with t h e  5-3-25 vein system being t h e  
richest  and most productive, but lying f a r the r  away f rom t h e  
copper sys tem than other  veins. Smith (1948) suggested a 
marked thermal  zonation around t h e  c e n t r e  of t h e  Pear l  Lake 
porphyry f rom work based on decrepi ta t ion studies of pyrites 
a t  McIntyre. He showed a high t empera tu re  (570°C) c o r e  
grading outwards t o  lower t empera tu re  zones (420°C) 
associated with the  peripheral vein sys tems (5-3-25 vein 
system), and suggested t h a t  t h e r e  must be  some  link between 
a hydrothermal sys tem cen t red  on t h e  Pear l  Lake porphyry 
and t h e  gold veins around it .  The copper zone and t h e  other  
evidence t o  support  th is  suggestion lay undiscovered at t h a t  
t ime. 

Optimum depositional and concentra t ing f ac to r s  were  
developed within t h e  s a m e  ver t ica l  in terval  for  both copper 
and gold mineralization, i r respect ive  of wallrock type  or  
composition, strongly suggesting t h a t  t empera tu re  and 
pressure were  t h e  most sensit ive and cr i t ica l  variables 
involved in t h e  format ion of t h e  various orebodies, within t h e  
physical l imitations of s t ructura l  s i t e  preparation and 
creat ion of access  for mineralizing fluids. Productive veins 
occur in F e  and Mg tholeii te flows and breccias,  interflow 
sedimentary units (both graphitic and non-graphitic), in t h e  
porphyry and within a lb i t i te  dykes, so  t h a t  is  difficult  t o  
ascribe significance t o  any particular wall rock in t e rms  of 
o r e  deposition. 

A t  Hollinger (Jones, Ferguson, 1968) most of t h e  gold 
production f rom t h e  cen t r a l  o r e  zone which is  s i tuated in t h e  
s a m e  s t ra t igraphic  zone (63 flow up t o  t h e  Cen t ra l  Subgroup 
breccias) a s  t h e  major productive veins on McIntyre. The 
cen t r a l  o r e  zone represents  t h e  culmination "up plunge" of 
t h e  McIntyre vein sys tems and, a s  would be  expected,  t h e  
significant ver t ica l  in terval  fo r  gold production extends  f rom 
su r face  down t o  about  2000 level. Fur thermore  t h e  uniquely 
massive concentra t ion of auriferous qua r t z  veins and 



associated a l tera t ion a t  Hollinger suggests t h a t  t h e  centra l  
o r e  zone represents  t h e  apical portion of a very l a rge  
hydrothermal system. Graton and McKinstry (1932) and 
Jones  (1948) drew a t t en t ion  t o  t h e  pitch of o r e  shoots within 
t h e  Hollinger veins which follows t h e  regional plunge of t h e  
l inear fabric,  but t h e  bases of individual orebodies on 
Hollinger and Mclntyre appear t o  coincide with a plane 
dipping a t  about 30" eas t .  This led Graton and 
McKinstry (1932) t o  suggest t h a t  this plane probably 
represented an original basal surface  of deposition t o  t h e  
hydrothermal system as  a whole. 

I t  is suggested t h a t  t h e  McIntyre-Hollinger copper-gold 
mineralization is par t  of a porphyry-type sys tem,  probably of 
island-arc type, dominated by albit ization, sericit ization and 
carbonatization, and with strongly developed peripheral gold 
veins. The mineralization developed in s t ructura l  s i t e s  which 
were  probably opened a s  a result  of porphyry intrusion and 
re la ted  hydrothermal ac t iv i ty ,  with extensive development of 
hydraulic f rac tur ing and most intense copper mineralization 
around a pipe-like a lb i t i te  co re  zone in t h e  Pear l  Lake 
porphyry. The intrusion of t h e  Pearl  Lake porphyry, t h e  
init iation of the  hydrothermal system, and emplacement  of 
t h e  mineralization were  probably in ter re la ted ,  and appear t o  
have occurred within a relatively short  t ime. 

The porphyry sys tem and i t s  associated gold veins were  
strongly deformed with dominant prolate strains,  and this 
resulted in spectacular but predictable adjustments t o  
original geometr ies  and t h e  present e longate  shape of t h e  
system. The deformation of t h e  copper stockwork at 
McIntyre has undoubtedly condensed t h e  mineralized zone 
in to  a more  compact  ent i ty ,  and a s  t h e  g rade  in mineralized 
stockworks depends t o  a large  ex ten t  on f r ac tu re  density in 
t h e  stockwork, shortening of t h e  stockwork a s  a result  of 
deformation would have much the  same  e f f e c t  a s  increasing 
t h e  f r ac tu re  density, with concentration of o re  into high 
grade shoots aligned with t h e  s t r e t ch  lineation. The practical  
implications of this t ype  of deformation a r e  fairly obvious, 
but t he re  a r e  also implications in the  easily mistaken 
in terpre ta t ion of this t ype  of deformed mineralization a s  
stratabound or even s t ra t i form.  

On a regional s ca l e  i t  would b e  instructive t o  determine 
t o  what ex ten t  t h e  s t ructura l  s ty le  of t h e  Hollinger-McIntyre 
complex is  typical of gold-bearing environments. Many major 
gold deposits seem t o  be  intimately associated with localized 
complex deformation zones, with perhaps t h e  closest  
comparisons t o  t h e  Hollinger-McIntyre complex being t h e  
Campbell-Dickenson complex a t  Red Lake and the  Kerr 
Addison mine a t  Virginiatown. 

The association of hydrothermal gold systems, felsic 
intrusions, and major s t ructura l  discontinuities, all  of which 
postdate regional folding in Archean grani te  greenstone 
ter ranes ,  has been noted by geologists s ince  t h e  beginnings of 
gold mining in Archean gold camps throughout t h e  world. I t  
is  only recently,  however, t h a t  t h e r e  has been a realization 
t h a t  t h e  association is accompanied by widespread shear  
deformation and regional c leavage which overprint ear l ier  
regional folding. This major association marks  t h e  climax of 
l a t e  Archean crus ta l  evolution between 2.6 and 2.7 Ga,  and 
appears  t o  represent one of t h e  most significant event  in 
t e rms  of generating most of t h e  world's significant economic 
concentrations of gold (Mason, 1985). 

The major s t ructura l  discontinuities such a s  t h e  Destor- 
Porcupine, Cadillac and Kirkland Lake "breaks" appear t o  
mark boundaries between crus ta l  blocks or strike-slip faul t  
zones within them. The association of felsic intrusions, 
hydrothermal systems,.gold deposits and shear  deformation 
with these  discontinuitles, is  seen a s  par t  of t h e  response t o  
amalgamation of such crus ta l  blocks in to  t h e  f i r s t  l a rge  
plates of continental  l i thosphere during t h e  l a t e  Archean. 
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Abstract 

Basal units o f  the Menihek Formation are dated as about 1704 Ma by prel iminary lead isotope 
studies on uraniferous phosphatic sediments. This date may ref lect  the onset of the main orogeny 
which terminated the last cycle of sedimentation in  the Labrador Trough. 

Les unites basales de l a  formation Wenihek datent d'environ 1704 Ma selon des Btudes 
prBlirninaires faites avec Itisotope Pb sur des sediments phosphatiques uranifc3res. Ce t te  date 
correspond probablement au commencement de la  principale orogenese qui a termine le  dernier cycle 
de sedimentation dans l a  fosse du Labrador. 



Figure 61.1. Location of specimens, and main areas o f  Menihek Formation near 
Scheffervil le, Quebec (after Wardle, 1982) w i t h  summary o f  strat igraphic units and 
main lithologies. 



Introduction 

Uraniferous phosphatic rocks in a black c las t ic  
sequence near t h e  base of t h e  Menihek Formation in t h e  
Labrador Trough, Quebec, were  described by Bell and 
Ruzicka (1985). They l ie  within 10 m above t h e  t o p  of t h e  
Sokoman Formation (iron-rich beds) and a r e  best developed in 
t h e  basal 2 m of t h e  Menihek. The lead isotope compositions 
of some specimens from these  radioactive phosphatic beds 
were  determined in an a t t e m p t  t o  d a t e  t h e  uranium 
mineralization and t h e  host sedimentary  sequence. 

For th is  preliminary repor t  t h e  following points a r e  
important:  

1. Phosphorites in cher ty  black shales f ix  uranium during 
sedimentation and early diagenesis, and considering t h e  
re la t ive  impermeabili ty of these  rocks in comparison with 
phosphorites in carbonates ,  areni tes  and a t  
unconformities,  w e  believe t h e  Pb-U system can s t a y  
effect ively  closed a f t e r  ear ly  diagenesis until disturbed by 
high grade metamorphism. 

2. Records of Precambrian phosphorites a r e  relatively r a r e  
compared with Phanerozoic ones. Recent  discoveries, 
however, suggest t ha t  Precambrian phosphorites a r e  not 
so  sca rce  a s  has been generally believed. 

3. The f i rs t  lead isotope s tudies  of phosphatic sediments 
were  by Soviet sc ient is ts  (Golubchina, 1962; 
Tugarinov et al., 1963). In view of t h e  success of t hese  
studies i t  is  surprising t h a t  s o  f e w  Pb-Pb and U-Pb 
isotope studies have been done. A more recent  study in 
Finland (Vaasjoki e t  al., 1980) of uraniferous phosphatic 
rocks adjacent t o  iron-formation (analogous t o  this study 
except  t h e  Finnish rocks have been metamorphosed) 
prompted us t o  make a preliminary investigation of t h e  
Menihek phosphorites. 

We propose t o  discuss at g rea te r  length in a succeeding 
paper, some  of t h e  more  general aspects  of phosphorites, and 
of Precambrian phosphorites in particular,  and t o  review the  
isotope dating of these  rocks. 

Description of t h e  Menihek-hosted phosphorite 

The general cha rac te r  of phosphatic mater ia l  a t  t h e  
base of t h e  Menihek Formation (Fig. 61.1) has  been described 
by Bell and Ruzicka (1985). The phosphatic layers and 
angular f ragments  of phosphorites a r e  in turbidite beds tha t  
a r e  enclosed and overlain by black, carbonaceous,  siliceous 
and pyrit ic mudstones, and very f ine  grained sandstones. The 
turbidite beds a r e  underlain by lean carbonate  iron-formation 
of the  Sokoman Formation. The basal 2 t o  4 m of t h e  
Menihek sequence contains graded turbidites with angular 
c las ts  of che r ty  and carbonaceous peli te,  f ine  grained 
sandstone and rarely of pelletal  and carbonate  iron- 
formation. The clasts a r e  commonly less than 2 c m  in 
d iameter  and rarely greater  than 5 cm. Larger c las ts  (in drill 
co re  up t o  20 c m  apparent d iameter)  of banded black 
siltstone-mudstone t h a t  have been deformed and show diffuse 
boundaries with t h e  matrix,  a r e  encountered locally. 

The angular c las ts  a r e  in terpre ted t o  be  f rom Sokoman- 
Menihek transit ional beds. These were  l i thified very early.  
The angularity tes t i f ies  t o  rapid processes of erosion and 
redeposition. The less siliceous and sandy c las ts  a r e  more  
rounded. The large  deformed non-cherty c las ts  and t h e  
matr ix  a r e  in terpre ted t o  have been carried by turbidity 
cu r ren t s  f rom up-slope s i tes  of semiconsolidated lower 
Menihek sediments.  The deformation in t h e  larger  c las ts  is 
in terpre ted t o  be  re la ted  t o  t h e  processes of removal and 
resedimentation. 

The conglomeratic layers fine upwards and a r e  overlain 
by laminated sil tstone and mudstone over t h e  f i rs t  4 m of 
section. Conglomeratic layers a r e  uncommon in t h e  
next 6 m. At  more  than  10 m from i t s  base, t h e  Menihek is a 
monotonous sequence of 0.1 t o  1 c m  layered, black organic- 
rich shale,  si l tstone and very  f ine  sandstone character ized by 
finely disseminated grains (5y m size) and c lots  (100 y m) of 
pyrite. Thin (0.5 c m )  layers of che r ty  mudstone or  che r t  also 
a r e  present. The to t a l  interval examined in drill c o r e  is t h e  
basal 50 m of t h e  Menihek Formation. 

Specimens were  col lec ted f rom t w o  drill holes near 
Howells River (BA-7 at 54'44'N, 67'03'W and BA-3 a t  
54O45'N, 67O03'W) and f rom an  outcrop near Iron Arm 
(TQ-84- 154 a t  54'43'N, 66'16'W) (Fig. 61.1). The specimens 
se lec ted represented the  most radioactive sections and thus 
were  judged sufficiently enriched in uranium t o  warant  lead 
isotope analyses. The character is t ics  of representa t ive  
specimens a r e  i l lustrated by figures in t h e  repor t  by Bell and 
Ruzicka (1985). The specimens f rom outcrop at Iron Arm a r e  
f rom t h e  c r e s t  of an  ant ic l ine  and appear  t o  have been 
breccia ted ,  perhaps in response t o  folding. 

Methods of analysis 

Lead isotope analyses of six uraniferous phosphatic 
specimens were  supplied by Geospec Consultants Ltd., 
Edmonton, in 1985 under con t rac t  t o  t h e  Geological Survey of 
Canada. The methods of analysis have been repor ted  by 
Thorpe et al. (1984). The analytical  uncer ta in t ies  (a t  2u) of 
t h e  lead isotope ratios,  a s  determined by numerous analyses 
on the  NBS 981 s tandard lead, a r e  reported t o  be 0.042%, 
0.052%$ 0.058% and 0.014% for the  ratios 2 0 6 ~ b / 2 0 4 ~ b ,  
'07pb/ 04pb,  2 0 8 P b / 2 0 4 ~ b  and 2 0 7 P b / 2 0 6 ~ b ,  respectively.  

Table  61.1. Lead isotope analyses by Geospec Consultants 
Ltd. fo r  uraniferous phosphate specimens f rom t h e  Menihek 
Formation, Labrador Trough 

Field 
specimen 

No. no. 206pb/204pb 207pb/20kpb 208pb/204pb 

I BA 3A 25.522 16.459 38.586 
2 B A 7 E  92.902 23.637 36.552 
3 BA 7C 89.509 22.962 36.465 
4 BA 7G 106.32 24.705 36.772 
5 TQ 84- 154 (dark) 283.61 43.132 36.412 
6 TQ 84-154 (light) 334.34 48.605 36.511 

Resul ts  and  in terpre ta t ion 

The lead isotope analyses a r e  l isted in Table  61.1. Four 
of t h e  six analyses a r e  collinear within analytical  
uncer ta in t ies  (Fig. 61.2) and a t  leas t  squares regression of 
these  da ta ,  taking account  of corre la ted  errors  (York, 1969), 
yields a ca lcula ted  slope (Pb-Pb isochron) a g e  of 
1704 k 7 Ma. Since t h e  2 0 8 P b / 2 0 4 ~ b  ra t ios  a r e  comparable  
for  5 of t h e  6 specimens, a comparable  plot can  be  prepared 
using '08pb, r a the r  than '04Pb, as t h e  r e fe rence  isotope. 
The s a m e  specimens a r e  essentially coll inear in this plot 
(Fig. 61.3) and the  indicated age  is approximately 1709 Ma, in 
accord with t h e  previous result. The analyses for  
specimens 1 and 2 (Table 61.1) l ie very slightly off of t he  
4-point line. Slight postdepositional disturbance of t h e  U-Pb 
sys tems could account for  this pattern.  



Fryer (1972) reported t h e  results of a Rb-Sr 
geochronology study of sedimentary rocks, including banded 
iron-formations, f rom t h e  Labrador Trough and from t h e  
Lake Mistassini area ,  Quebec. For t h e  Menihek Formation h e  
reported an a g e  of 1816 1t: 74 Ma (with t h e  presently 
accepted 87Rb  decay constant  of 1.42 x 10-"a- '; Ste iger  
and Jager ,  1977) and an  initial e 7 S r / 8 6 ~ r  r a t io  of 
0.7033 ? 0.0085. This is not in good agreement  with t h e  
Pb-Pb isochron a g e  reported he re  for uraniferous phosphorite 
a t  t h e  base of t h e  Menihek Formation. However, a replot of 
Fryer's d a t a  (Fig. 61.4) indicates t h a t  4 of his 7 analyses a r e  
in accord, a s  shown by t h e  line in  Figure 61.4, with an  age  of 
about 1713 Ma. If this in terpre ta t ion is  correct ,  t h e  s c a t t e r  
of his remaining 3 points would have t o  be  a t t r ibuted t o  a 
relatively broad s c a t t e r  in initial isotope ratios and/or 
postdepositional disturbance of the  Rb-Sr system. Fryer's 
analyses for dolomites from the  Belcher Basin, Mistassini 
Basin and Knob Lake a r e a  do indicate  t h a t  these  rocks had a 
wide range in init ial  s t ront ium isotope ratios. 

Two other  da te s  (Clark, 1984; Dressler, 1975) g ive  us 
more concern. Clark  (1984) presented a U/Pb d a t e  of 
2142 Ma f o r  zircons in rhyolite i n  a unit mapped a s  Mistamisk 
Formation i n  t h e  north-central  Trough. The Mistamisk 
Formation is corre la ted  e i the r  with t h e  Menihek Formation 
o r  the  pre-Ferriman Bacchus Formation. Considering t h e  

Figure  61.3. Pb-Pb isochron ( 2 0 8 ~ b  reference)  
for  uraniferous phosphorite, Menihek Formation. 

Figure 61.2. Standard Pb-Pb isochron ('04pb reference)  
fo r  uraniferous phosphorite, Menihek Formation. 

This lead isotope d a t e  for  phosphorite in t h e  basal 
Menihek Formation ref lec ts ,  in our opinion, a 
penecontemporaneous d a t e  fo r  t h e  onset  of Menihek 
deposition. In t h a t  t he  Menihek is in terpre ted as flysch and is 
followed by molasse sediments (Dimroth e t  al., 1970; 
Dimroth, 1978; Wardle and Bailey, 1981), t he  d a t e  
(1704 f 7 Ma) could ref lec t  t he  onset of t h e  main orogeny 
affect ing t h e  Labrador Trough and which terminated t h e  las t  
cycle  of Trough sedimentation. 

Discussion 

Figure 61.4. Rb-Sr isochron plot for Menihek shale based on 
da ta  from Fryer (1972). The line plotted represents an age  of 
about 1713 1t: 74 Ma (A8' Rb = 1.42 for 4 analyses se lec ted 
f rom the  7 by Fryer).  The two points lying above the  line 
cannot define an isochron in combination with the  lowermost 
3 points, because the  required initial 8 7 ~ r / 8 6 ~ r  value is 
unreasonably low. 

tenuous na tu re  of t h e  correlation with Menihek (Dimroth, 
1978) w e  prefer  t he  pre-Ferriman correlation. If our d a t e  of 
1704 Ma for  ear ly  Menihek sedimenta t ion is valid then a 
fairly substantial  temporal  d i f ference  exis ts  between basal 
Menihek and pre-Ferr iman rocks. 

We a r e  more  concerned about  our d a t e  when compared 
with a whole-rock K-Ar da te  of 1 8 7 5 t 5 3 M a  on 
lamprophyres which a r e  clearly documented t o  c u t  Sokoman 
and older rocks but  t o  be older than Menihek Formation in 
t h e  north-central  Trough (Dressler, 1975). If our d a t e  on  
basal Menihek and in terpre ta t ion t h a t  i t  i s  approximately 



synsedimentary is  valid, i t  implies a break of more  than 
100 Ma between (late?) Sokoman sedimentation and t h e  
commencement  of Menihek sedimentation on a regional 
scale. The a l ternat ive  is t ha t  most, if not all, uranium was 
introduced l a t e r  and selectively absorbed by t h e  phosphorites. 
The autorodiographs of t h e  dril lcore samples,  (see Fig. 19.1, 
Bell and Ruzicka, 1985) indicate  t h a t  distribution of uranium 
is re la ted  t o  bedding lamination and se lected resedimented 
phosphate clasts,  which w e  consider implies synsedimentary 
and ear ly  diagentic emplacement.  In view of t h e  good 
linearity of t h e  analyses, rese t t ing of t h e  U-Pb sys tems 
during a subsequent metamorphic  or  o ther  even t  would 
require essentially complete  removal of t he  accumulated 
radiogenic lead component. Thus rese t t ing is not t h e  
favoured interpretation. 

Summary and conclusions 

The lead isotope analyses for the  phosphatic 
sedimentary rocks of t h e  Menihek Formation yield an  
isochron age of 1704 + 7 Ma. This d a t e  is tenta t ively  
considered t o  represent t h e  t ime  of accumulation of t h e  
uraniferous phosphate during sedimentation of a cha rac te r  
t ha t  signals t h e  onset  of t he  orogeny t h a t  subsequently 
terminated t h e  last  cycle  of sedimentation within t h e  
Labrador Trough. 

Comparison with o ther  da te s  suggests t h e r e  may be a 
400 Ma interval between pre-Ferriman rocks and those of t h e  
Menihek, and a break in t h e  order of 100 Ma between t h e  
Ferriman and Menihek. Without doubt fur ther  s t ra t igraphic  
work is in order throughout the  Trough. 

We recognize t h a t  t he  validity of interpreting an a g e  a s  
young a s  1704 Ma a s  t h e  t r u e  age  of the  basal Menihek 
Formation will be  questioned despi te  t h e  foregoing 
arguments.  In order t o  be t t e r  evaluate  t h e  results of Pb-Pb 
and U-Pb isotope studies of phosphorites we recommend 
comparat ive  studies a t  locali t ies where t h e  ages  a r e  be t t e r  
constrained. At the  same  t i m e  more  dat ing of igneous and 
metamorphic even t s  within t h e  Trough i s  needed t o  throw 
light on this situation. With regard t o  t h e  Menihek 
Formation, more  mater ia l  should be obtained f rom t h e  
localities for which d a t a  a r e  reported here,  a s  well a s  f rom 
additional s i tes  and fur ther  Pb-Pb and U-Pb s tudies  should be 
pursued. 
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Abstract 

Tert iary bodroclc occurs at  a shallow depth o f  f rom 0 to 15  rn below the seabed. F luv ia l  and 
glacial  bedrock channels are largely confined t o  the eastern edge o f  the Grand Banks. A 30 m- th ick  
deposit o f  till and glaciomarine sediment occurs i n  a 30 Ikrn wide zone along the southwestern edge o f  
the Grand Banks. These glacial  sediments, together w i th  rounded boulders and gravel on the southern 
area o f  Grand Bank, suggest that glaciers extsnded across the ent ire area possibly during Wisconsinan 
glaciation. 

The surface of the southeastern Grand Banks is dominated Ily large sand ridge bedforrns, up to 
4 krn i n  wavelength. Erosion of the sand ridges is suggested by zones o f  straight-crested, wave- 
generated ripples developed wi th in  1 to  2 rn large depressions on the surfaces of the sand ridges. 

F ive surf ic ial  geological formations are proposed for the Grand Banks o f  Newfoundland: Grand 
Banks Dr i f t ,  Downing S i l t ,  Adolphus Sand, Grand Banks Sand and Gravel, and Placentia Clay. 

L'assise rocheuse ter t ia i re  se trouve B une faible profondeur, de 0 15 rn, sous l e  fond rnarin. 
Les chenaux fluviaux e t  glaciaires de l a  roche en place sont principalernent l irnites au bord or iental  
des Grands Bancs. U n  ddptit de moraine glaciaire e t  de sediments glacio-mnrins d'une Bpaisseur de 
30 m se trouve 1e long de l a  bordure sud-ouest des Grands Bancs dnns une zone de 30 krn de large. L a  
presence de ces sediments glaciaires ainsi qu'une mult i tude de gros glocs et  de graviers arrondis dans 
la  part ie meridionale du Grand Banc indiquent que les glaciers couvraient toute la  superficie de cet te  
region, possiblement au cours de l a  glaciation du Wisconsin. 

L a  surface de l a  part ie sud-est des Grands Bancs est dominee par d'irnportnnts rel iefs de cretes 
sableuses de 4 krn de long. I-ldrosion des cretes sableuses est suggeree par l a  presence de zones 
dlondulations aux arbtes rectil ignes produites par les vagues produites dans des depressions de 1 B 2 m 
de large B l a  surface des cretes de sable. 

Cinq formations g6ologiques superficielles sont donc proposees pour les Grands Bancs de Terre- 
Neuve: materiaux detrit iques des Grands Bancs, s i l t  Downing, sable Adolphus, sable e t  graviers des 
Grands Bancs e t  argile Placentia. 



Introduction 

Previous studies of t h e  surficial  geology of t h e  Grand 
Banks of Newfoundland by t h e  At lant ic  Geoscience Cen t re  
concentra ted  on Quaternary  geology of t h e  Hibernia hydro- 
carbon discovery a reas  of nor theas t  Grand Bank (Fader and 
King, 1981; and Fader et al., 1986), and on t h e  near  surface  
bedrock geology of a Paleozoic sedimentary basin on t h e  
inner shelf of t h e  Grand Banks (King e t  al., in press). 

This paper presents t h e  preliminary results of a three- 
week regional cruise (Hudson 85-005) and a two-week cruise 
(Pandora 85-057) using the  submersible Pisces IV, during 
which lithologic and s t ra t igraphic  information on surficial  
and near surface  bedrock geology of the  southeas tern  Grand 
Banks was collected (Fig. 62.1). The da ta  se t  completes  a 
regional geological-geophysical survey of t h e  southeas tern  
Grand Bank region at a reconnaissance level and leaves only 
t h e  Whale Bank/Green Bank a r e a  t o  be  systematically studied 
fo r  mapping purposes. Significant new interpre ta t ions  a r e  
presented on glacial  limits, sea level history, Ter t iary  
stratigraphy, bedform and iceberg  furrow distributions and 
character is t ics .  

Objectives 

The objectives of t he  regional cruise (Hudson 85-005) 
were: (1) t o  collect  surficial  and bedrock d a t a  t o  determine 
t h e  area's  geological history, (2) t o  determine the  ex ten t  of 
t h e  las t  (Wisconsinan) and ear l ier  glaciations across  t h e  
Grand Banks of Newfoundland, and the  sediments deposited 
by t h e  glaciers, (3) t o  study t h e  morphology, distribution and 
character is t ics  of bedforms at the  seabed (sand ridges, 
waves, ribbons, ripples), (4) t o  de te rmine  l a t e  Quaternary  
changes in relative s e a  level, (5) t o  quantitatively map 
reflectively of seabed sediments and associated parameters ,  
(6) t o  study the  regional distribution of re l ic t  and modern 
iceberg furrows and their  relationship t o  seabed materials,  
(7) t o  understand and describe t h e  Holocene transgression 
history of t he  Grand Banks (subaerial  channelling, ter races ,  
unconformities, overconsolidated and dessicated sediments), 
and (8) t o  assess the  mineralogy of t h e  coarse  sediment  and 
t h e  non-fuel aggregate  potent ia l  of t h e  area.  

The objectives of t h e  Pisces IV submersible program 
were  t o  ground t ru th  t h e  in terpre ta t ion of t h e  geophysical 
d a t a  collected on the  Hudson 85-005 cruise. Specific dive 
t a rge t s  were: (1) "Superfurrow", a 200 m-wide, 12.5 m-deep, 
large  iceberg furrow in glacial  till sediments of Avalon 
Channel; (2) shell beds - circular t o  linear acoust ic  sonar 
anomalies interpreted a s  shellfish communities on t h e  
Southeast  Shoal a rea ;  ( 3 )  sand ridges, 3 km-wavelength,  
15 m-high bodies of sand overlying lag gravels on southern 
Grand Bank; and (4) iceberg pits and furrows, in t h e  Hibernia 
a r e a  of northern Grand Bank. Because of bad weather  
conditions, submersible dives were  completed only on t h e  
superfurrow and sand ridge dive  s i tes  but  high quality 
sidescan sonograms were  col lec ted t o  fur ther  def ine  the  
distribution and detailed cha rac te r  of t h e  iceberg pi ts  and 
shell  bed areas. 

The Hudson 85-005 cruise  also undertook tes t ing of a 
new underwater drill developed by Nordco Ltd. for  sampling 
unconsolidated sediments and subsurface bedrock. 

Methods 

An integrated geophysical-geological approach was  used 
in the  collection of the  data .  For seismic ref lec t ion 
information, a 40 in3 airgun and Huntec deep-towed high 
resolution system (DTS) were  deployed. The DTS w a s  
equipped with an  Acoustic Reflectivity Unit (ARU) t h a t  
produced on-line acoustic ref lec t iv i ty  values t o  provide 

lithologic information on seabed mater ia ls  (Pa r ro t t  e t  al., 
1980). Bathymetric d a t a  were  collected with E D 0  Western 
and Kelvin Hughes echo sounder systems. A 70 kHz  sidescan 
sonar developed by t h e  Bedford Ins t i tu te  of Oceanography, 
and a Klein, 100 kHz sidescan sonar sys tem provided 
sonograms of t h e  seafloor. Navigation control  w a s  provided 
by in tegra ted Loran C and sa t e l l i t e  systems. 

For sampling the  seabed, small  Van Veen grabs and a 
large 1 m 3  system, designed by the  Ins t i tu te  of Continental  
Shelf Research, Norway, were  used. Piston cores  were  
collected with a Benthos spli t  piston system. For underwater 
bot tom photographs a U M E L  c a m e r a  system was  operated. 
Samples of benthic shellfish were  col lec ted with an  
epibenthic sled. 

Bedrock geology 

Over most  of t h e  s tudy a r e a  t h e  bedrock occurs  less  
than I 0  m below t h e  seabed and is commonly exposed, 
especially in t h e  troughs of some  of the  larger bedforms and 
a t  t h e  shelf edge  near canyons. In these  a reas  i t  i s  generally 
covered by thin gravel-boulder lag deposits. This is  similar t o  
the  geological se t t ing of nor theas tern  Grand Bank in t h e  
Hibernia region (Fader and King, 1981). 

The a g e  of t h e  pre-Quaternary bedrock (Fig. 62.2) for 
t he  southeas tern  Grand Banks is in terpre ted t o  be  Ter t iary  on 
t h e  basis of well  control  and seismostratigraphic corre la t ion 
f rom t h e  Hibernia area .  However, in t h e  Tail of t he  Bank 
a r e a  sample  control  does  not  exis t  and i t  i s  possible t h a t  t h e  
sequence includes Pleistocene rocks. The thin surficial  cover 
over most of Grand Bank provides easy access  t o  t h e  bedrock 
for obtaining ground t ru th .  

The Ter t iary  rocks appear  a s  continuous coherent  
reflections dipping seaward 1-2' on t h e  high resolution 
se ismic  reflection profiles (Fig. 62.3). Wedge shaped bodies 
of prograded sediment a r e  widespread, occurring between 
major parallel  reflections and may represent  shelf edge 
outbuilding during Tertiary t imes  of lowered s e a  level. A 
major unconformity of regional ex ten t  i s  developed across 
t h e  region, and is  generally f l a t  with l i t t l e  relief.  In a reas  of 
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Figure  62.1. Index for  the  eas tern  Grand Banks of 
Newfoundland showing the  ship's t r acks  f o r  Hudson 
cruise 85-005 and the  submersible dive locations of Pisces IV. 



Figure 62.2. Regional bedrock geology of the  Grand Banks of Newfoundland in terpre ted on the  basis 
of seismic reflection profiles and samples col lec ted with the  Bedford Insti tute e l ec t r i c  rock co re  drill 
and exploration drilling (King e t  al., in press; King e t  al., 1985; Fader  e t  al., 1982). 

SAND RIDGES MULTIPLE 

Figure 62.3. Airgun seismic reflection profile f rom the  south-central  a r e a  of Grand Bank showing a 
typical sequence of Tertiary shallow dipping ref lec t ions  t o  the  south. The reflections t e rmina te  in 
the  seafloor bubble pulse of t he  profile and indicate tha t  the  overlying surficial  sediment  is less than 
10 m thick. Note the  absence of channeling within the Tertiary sequence. The undulations a t  the  
seabed a r e  sand ridges. 
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Figure  62.4. Airgun seismic ref lec t ion  profile f rom the  northern a r ea  of Grand Bank showing an 
isolated buried bedrock channel.  The conformable nature ,  seabed unconformity and continuous- 
coherent  cha rac t e r  of infilling sediments  suggest  t h a t  they a r e  glaciomarine sediments  overlying 
possible till. The  channel is  c u t  in to  Ter t iary  rock. 

Figure  62.5. Airgun seismic ref lec t ion  profile f rom the  Tail of t h e  Bank showing the  occurrence  of 
an  acoust ic  anomaly of high intensity (bright spot )  in terpre ted  a s  shallow gas  within Ter t iary  rocks. 



centra l  Grand Bank, reflections dip in a northward direction 
contrary  t o  t h e  regional seaward dip and may represent  
periods during t h e  Ter t iary  when large  areas  of t he  southern 
Grand Banks were  subaerially exposed and prograded 
northward. 

Channelling is generally absent  f rom most areas  of 
Grand Bank, however, along the  eas t e rn  flank of the  bank, 
many deep, incised channels, up t o  300 m in depth occur.  
They probably connect  with t h e  major shelf edge canyons 
(Fig. 62.1) which c u t  t he  eas tern  edge of Grand Bank. In 
addition, a few isolated channels (Fig. 62.4) near the  Hibernia 
a rea  of northeast  Grand Bank extend t o  a depth of 60 m. 
Many of the  channels a r e  interpreted t o  be  infilled with 
glaciomarine sediments a s  evidenced by the  conformable 
s t ruc tu re  of t h e  continuous coherent  reflections on t h e  
seismic reflection profiles. These glaciomarine sect ions  
occur beneath thin sand and gravel  deposits and have no t  
been sampled. 

Numerous acoustic anomalies of high intensity (bright 
spots), interpreted as shallow gas,  occur within t h e  Tertiary 
succession in the  Tail of the  Bank a rea  (Fig. 62.5). They 
range in depth from 300-500 m below the  seabed and 
represent a possible hazard t o  hydrocarbon exploration. 

Surficial geology 

Formations 

As a result  of in terpre ta t ion of t h e  regional d a t a  base  
collected on th is  cruise and other  previous investigations, a s  
well a s  t h e  need fo r  a common s t ra t igraphic  framework, w e  
hearby propose a surficial  nomenclature for  t h e  Grand Banks 
of Newfoundland. Table 62.1 is  a correlation diagram of t h e  
surficial formations with those of the  adjacent  Scotian Shelf 
(King, 1970) t o  the  west and t h e  Labrador Shelf (Josenhans, 
in press) t o  t h e  north. 

The Grand Banks Dri f t  is  a formation of glacial  t i l l  
which conformably overlies t h e  bedrock surface  and was  
deposited directly beneath grounded ice.  It is  confined t o  the  
deeper basins, channels, and t h e  saddles between offshore 
banks. Overlying and interbedded with t h e  t i l l  is t h e  Downing 
Silt, a glaciomarine sediment. I t  is  named a f t e r  t h e  type  
section found in  Downing Basin. The Adolphus Sand is  a 
sublit toral  deposit  of sand and muddy sand which occurs  in 
t h e  peripheral a reas  of t he  banks and in t h e  adjacent  saddles. 
I t  is  named a f t e r  t h e  f i rs t  discovery well of liquid hydro- 
carbons in t h e  Hibernia a r e a  of northern Grand Bank. The 
Grand Banks Sand and Gravel Formation is a basal 
transgressive deposit which occurs on the  bank surfaces  in 
water  depths shallower than 100 m. A wide variety of 
bedforms a r e  developed across t h e  Grand Banks Sand and 
Gravel. The Placent ia  Clay, named a f t e r  t h e  type section in 
Placentia Bay, is  a l a t e  Pleistocene-Holocene clay deposited 

Table 62.1. Correlation of surficial  formations with 
t h e  Scotian Shelf and Labrador Shelf 

Labrador Shelf 
Scotian Shelf Grand Banks ( a f t e r  Josenhans, 

(af ter  King, 1970) of Newfoundland in press) 

LaHave Clay Placentia Clay Makkaq Clay 
Sable Island Sand Grand Banks Sand 

& Gravel & Gravel -- 
Sambro Sand Adolphus Sand Sioraq Sand 
Emerald Silt Downing Silt Qeovik Silt 
Scotian Shelf Grand Banks Labrador Shelf 

Drift  Drift  Drift  

in t h e  basinal a r e a s  of t h e  shelf. The sediment  was  derived 
by winnowing during transgression of t h e  t i l ls  and glacial  
sediments on t h e  bank areas  in l a t e  Pleistocene-Holocene 
t ime. In con t ra s t  t o  t h e  LaHave Clay of t h e  Scotian Shelf, 
t he  Placentia Clay has  a significant coa r se  ice-rafted 
component. 

Surficial sediment thickness 

The surficial  sediment on the  Grand Banks of 
Newfoundland varies t o  over 300 m in thickness. In water  
depths less than 100 m t h e  average thickness of sand ridges 
on the  bank tops  is appro xi matt!^ 5 m, with t h e  th ickes t  sand 
ridges ranging t o  1 5  m. The f e w  buried channels near  t h e  
Hibernia a r e a  ex tend  t o  60 m in depth  while those  on t h e  
eas t e rn  edge of Grand Bank a r e  ove r  300 m in depth. A 
unique sediment  sect ion extending f rom t h e  Tail of t h e  Bank 
area ,  wes t  t o  Whale Bank, i s  a continuous seaward 
thinckening wedge up t o  30 rn thick, of glacial  sediments  
overlain by muddy sand (Fig. 62.6). 

Tertiary outcrop, lag gravels and boulders 

Tertiary bedrock occasionally outcrops a t  t h e  seabed in 
the  western pa r t  of t he  study area.  'The outcropping beds 
appear a s  irregular,  linear f ea tu res  of high reflectivity with 
thin patches of sand sca t t e red  ac ross  thei r  surface.  The 
s t r ike  of t h e  outcropping beds on t h e  sonograms conforms t o  
the  regional s t ruc tu re  of t h e  Ter t iary  s t r a t a  a s  in terpre ted 
f rom t h e  se ismic  ref lec t ion data.  

Beneath t h e  sand ridges and occurring over l a rge  a reas  
of t h e  seabed, i s  a lag gravel deposit  which overlies t h e  
regional unconformity developed on  Ter t iary  bedrock. The 
lag gravel outcrops between sand ridges and this helps t o  
define their  outline on sidescan sonograms (Fig. 62.9). 
Sidescan sonar d a t a  and submersible observations have been 
used t o  e s t ima te  the  number of boulders larger than 0.5 m 
( the  resolution of t h e  sys tem) distributed across the  seabed of 
t h e  southeastern Grand Banks. Figure 62.12 shows tha t  t he  
boulders a r e  widespread and occur  in densit ies of up t o  
lrr00/km2. From submersible observations i t  is evident t h a t  
t he re  a r e  at leas t  a s  many boulders in  t h e  subs t r a t e  which 
slightly protrude f rom the  seabed which would not show on 
sidescan sonar. On cen t r a l  Grand Bank t h e  f requent  high 
sand ridges have masked t h e  boulders; on  t h e  Tail of t h e  Bank 
t h e  mud deposit  has  buried t h e  boulders, accounting fo r  thei r  
absence in  these  areas.  The rocks a r e  subrounded in shape. 

The lithology of t h e  boulders is  difficult  t o  determine 
from submersibles because of t he  density of organic growth 
on their  surfaces.  Large volume samples,  however, indicate  a 
predominance of lithologies t h a t  show affinit ies t o  rocks 
exposed on t h e  Avalon Peninsula and in the  adjacent  offshore 
area .  The distribution of these boulders and thei r  lithology 
and shape have a d i rec t  bearing on an understanding of t h e  
e x t e n t  of glaciations across  t h e  Grand Banks. 

Bedforms 

Perhaps t h e  most conspicuous geological aspect  of t h e  
surf icial geology of t h e  s tudy a r e a  of southern  Grand Bank i s  
t h e  complex distribution of bedforms and thei r  textura l  and 
morphological variability. The larges t  of t h e  bedforms, 
which also covers t h e  larges t  a r e a  of t h e  seabed, a r e  sand 
ridges. These fea tures  range in thickness t o  15 m, with 
wavelengths up t o  4 km (Fig. 62.7). They appear a s  isolated 
f ea tu res  on lag gravel,  in fields with individual bedforms 
maintaining separation, and a s  overlapping features  where i t  
is  difficult  t o  sepa ra t e  one bedform from another.  The upper 
surfaces  of most sand ridges a r e  incised by 1-3 m depressions 
of wave-formed ripples (Fig. 62.7) which have a wavelength 
of 1-3  m and heights of 0.5-1 m. The incised zones of ripples 
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Figure 62.7. Huntec DTS prof i le and 100 kHz sidescan sonogram across an area of sand ridges on 
Grand Bank. Note the incised wave-formed rippled seabed on the upper surface of the sand ridges. 
These rippled areas consist o f  coarse sand and gravel w i t h  broken shell debris i n  the troughs o f  the 
ripples. Sand ridges occur across the seabed o f  southern Grand Bank. 



Figure 62.8 

Submersible bot tom photograph across 
the wave-formed rippled area shown on 
the sonogram i n  Figure 62.7. Note the 
preferent ial  deposition o f  gravel-sized 
sediment i n  the troughs o f  the bedforms. 

SAND RIDGE SIDESCAN SONAR MOSAIC 
SOUTHERN GRAND BANK 

Figure 62.9. Sidescan sonar mosaic of an area of the southern Grand Bank sand ridge f ie ld  
investigated w i th  the Pisces I V  submersible. The orientat ion of the sand ridges could not be 
determined f rom the mosaic because of their  large size, wavelengths up to  4 km. Note the sinuous 
pat tern on the upper sand r idge surfaces o f  incised wave-formed r ippled areas, and the boulder strewn 
gravel lag areas between ridges. 



appear a s  curvilinear f ea tu res  of ex t r eme  complexity and 
range in width from a f ew metres  t o  over 1 km. The wave- 
formed ripples within t h e  depressions generally t end  t o  be  
s t ra ight  cres ted  but b i furcate  occasionally. Similar, channel- 
like depressions containing large  sand ripples have been 
reported in water  depths  u p  t o  6 5  m along t h e  cont inenta l  
shelf off California (Cacchione et al., 1984). They 
in terpre ted t h e  channel-like depressions t o  form under storm- 
generated bottom currents  associated with coastal  
downwelling and the  large straight-crested ripples t o  form by 
large-amplitude, long-period surface  waves generated by 
winter storms. Samples and submersible observations of t h e  
wave-formed ripples indicate  t h a t  they a r e  composed of both 
gravel and sand-sized material .  The coarser  sediment,  
including shell debris, i s  o f t en  preferentially accumulated in  
t h e  troughs of t he  wave-formed ripples (Fig. 62.8). These 
incised zones (Fader and King, 1981) based on acoustic 
reflectivity measurements and limited sample control,  
together  with low resolution sidescan sonograms, were  
previously interpreted a s  "shell beds". We now know this t o  
be incorrect and tha t  indeed t h e  depressions a r e  zones of 
wave-formed ripples. As t o  t h e  origin, a n  interplay of 
currents  and wave base  is presently suspected t o  be  
responsible for  their  formation. The incised ripple fields may 
be  similar t o  subaerial  sand dune blowouts which a r e  of 
common occurrence  on land and may indicate  a gradual 
degradation of the  sand ridges with t ime. 

Over most of t he  eas t e rn  survey area ,  t h e  wave-formed 
ripples consist of a unidirectional pa t t e rn  suggesting one 
s t rom or current  event  for  thei r  origin and t h e  freshness of 
t he  sharp c re s t s  of t h e  waves indicates recent  formation. 
Toward t h e  western par t  of t h e  study area ,  t w o  and in some  
cases  th ree  pat terns  can b e  seen superimposed. 

Because of t h e  large  s ize  of t h e  sand ridges, the i r  
coalesced na tu re  and t h e  narrow swath width of the  sidescan 
sonar systems, i t  is difficult  t o  map the  orientation of t h e  
sand ridge field. In addition the  sand ridges must be isolated 
over lag gravels t o  define their  edges. Figure 62.9 is a n  
a t t e m p t  t o  const ruct  a sidescan sonar mosaic of t h e  sand 
ridge field investigated with t h e  Pisces IV submersible in t h e  
Tail of t h e  Bank area. 

Other bedforms such a s  linguoid ripples, sand waves, 
sand ribbons and two- and three-dimensional megaripples 
(Amos and King, 1984) a r e  widespread across the  area .  Near 
the  mouths of t he  many canyons which incise t h e  shelf edge, 
f ields of three-dimensional megaripples a r e  found. They may 
form in response t o  increased currents  a s  a resul t  of t h e  
canyon topography. 

South of t h e  Hibernia a r e a  on northern Grand Bank, a 
unique pa t t e rn  of W-shaped bedforms occur  on gravel. They 
a r e  defined on t h e  sidescan sonograms by sand overlying 
gravel and may be isolated (Fig. 62.10) or connected 
(Fig. 62.11). They point southwest parallel  t o  the  Labrador 
current.  On t h e  higher resolution sidescan sonograrns gravel 
waves occur within t h e  W-shaped bedforms. 

Shell beds 

Isolated, c i rcular  t o  linear depressions of high acoust ic  
reflectivity,  occur on t h e  Southeast  Shoal a r e a  of Grand Bank 
(Fig. 62.6). They occur a s  isolated fea tures ,  in small  groups, 
in large groups, or a s  continuous or discontinuous linear 
patches (beaded) (Fig. 62.14). Epibenthic sled tows show tha t  
t he  fea tures  a re  composed of shells. Unfortunately,  
submersible observations were  prevented by bad weather. 
The linear distributions, in some areas ,  may be  controlled by 
low relief megaripples of sand which a r e  in  ac t ive  transport  
across t h e  seabed. 

Iceberg re la ted  f ea tu res  

Iceberg furrows a r e  r a r e  on southern Grand Bank. This 
i s  in d i r ec t  con t ra s t  t o  t h e  Hibernia region (dlApollonia and 
Lewis, 1981) where  many occur a t  t h e  seafloor and in t h e  
deeper  Avalon Channel a r e a  (Fig. 62.15) where  t h e  seabed i s  
entirely covered with furrows. The f e w  t h a t  occur on 
southern Grand Bank a r e  not  clearly defined and a r e  
degraded. Figure 62.16 shows a large furrow a t  46'34.22'N 
la t i tude  and 52048.01W longitude with in ternal  r ibs normal t o  
the iceberg furrow t rack.  The internal ridges a r e  in terpre ted 
t o  be  formed by t h e  rocking of a tabular iceberg and 
subsequent sediment  molding, a s  i t  moved across  t h e  seabed. 

During t h e  submersible cruise, dives were  planned a t  
t h e  Hibernia a r e a  over f ea tu res  t e rmed  iceberg  pits (Fader 
and King, 1981 ; Fader  et al., 1986; Barrie et al., 1986). Bad 
weather  again precluded dives on the  fea tures ,  however, high 
quality sidescan images  show the  details of t hese  f ea tu res  
(Fig. 62.17). No pits were  found in the  southern study area .  
Interpretation of t h e  lack of iceberg furrows in t h e  southern 
a r e a  must be  tempered by t h e  f a c t  t h a t  t he  large  fields of  
sand ridges on t h e  seabed may be  mobile enough t o  obl i tera te  
evidence of iceberg furrows. However, t h e  a reas  of exposed 
bedrock and gravel lag a r e  f r e e  of iceberg  furrows. 

Extent  of glaciation across the  Grand Banks 
of Newfoundland 

Earlier studies have postulated tha t  glacier i ce  did not 
extend across t h e  Grand Banks (Grant and King, 1984). King 
and Fader (1985) found evidence in  Downing Basin and Whale 
Basin on t h e  north cen t r a l  and southwestern  Grand Banks, and 
Fader  et al. (1982) on St. P i e r r e  Bank and Placent ia  Bay t o  
support  an  in terpre ta t ion t h a t  Wisconsinan i c e  advanced a t  
l ea s t  t o  these  areas.  The problem of i c e  advance is 
complicated by the  l a t e  Pleistocene-Holocene transgression 
of t h e  Grand Banks which effect ively  eroded previously 
deposited evidence for glaciation (ie. glaciomarine sediments 
and tills). 

The occurrence  of a wide distribution of gravel 
including boulders distributed across  t h e  area ,  and t h e  
dominance of Avalonian lithologies within t h e  gravel 
assemblage suggests a glacial  ra ther  than iceberg  origin. The 
rounded shape of the  boulders is  due  t o  the  passage through a 
high energy beach zone of the  transgressing sea,  hence, 
glacial  deposition before  transgression. Seismic reflection 
profiles of t he  Tail of t h e  Bank mud deposit  show acoust ic  
s ignatures  similar t o  well-sampled sect ions  of glaciomarine 
sediments  and till f rom o the r  a r e a s  of t h e  bank (King and 
Fader,  1985) and suggest t h a t  i ce  extended across  t h e  Tail of 
t h e  Bank a r e a  and deposited t i l l  and glaciomarine sediments  
beneath  a floating i c e  shelf. Buried channels south of 
Hibernia and along the  eas t e rn  flank of Grand Bank, a r e  up t o  
300 m in depth and a r e  infilled with sediments  t h a t  have 
acoustic character is t ics  similar t o  sampled glaciomarine 
sect ions  in Placentia Bay and Downing Basin. The absence of 
iceberg  furrows across  t h e  southern Grand Banks and t h e  
absence of iceberg r a f t ed  boulders in  t h e  Tail of t he  Bank 
mud deposit  supports a glacial  origin fo r  t h e  coarse  debris. 
Iceraf ted  coarse  sediments  would tend t o  b e  regionally 
distributed. These character is t ics  of t h e  southeas tern  Grand 
Banks support  t h e  in terpre ta t ion tha t  glacier i ce  did extend 
across t h e  ent i re  Grand Banks of Newfoundland and t h a t  this 
i ce  was probably of Wisconsinan age. 

Sea  level history 

The depth  of a l a t e  Pleistocene-Holocene low sea level 
s tand is  cr i t ica l  t o  t h e  distribution of t h e  surficial  format ions  
on t h e  southeast  Canadian continental  shelf. For t h e  



Figure 62.10. A Klein 100 kHz sidescan sonogram collected south of the  Hibernia a rea  of northern 
Grand Bank, showing bedforms termed "W" developed over a gravel surface.  The "W" shaped f ea tu res  
a r e  defined by low reflectivity sand with gravel waves developed in the  centra l  a r eas  of t he  
"W"-shaped structures.  They can occur isolated or  connected together  to form long chains 
(Fig. 62.11). 
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Figure 62.11. A 70 kHz sidescan sonogram of t h e  a rea  in Figure 62.10 showing the  regional 
distribution of "W" shaped bedforrns and surficial  sediments in an  a r e a  south of Hibernia, northern 
Grand Bank. The individual gravel waves seen in Figure 62.10 a r e  not resolved on this sonogram. 



Figure 62.12 

Distr ibut ion o f  boulders larger than 0.5 m 
across Grand Bank. The largest boulders range 

46' to over 7 m i n  diameter. Most observed on the 
submersible dives are rounded to  subrounded in  
shape. This large population is interpreted to  
have been deposited largely by advancing 
glaciers across the Grand Banks of 
Newfoundland and not f rom ice raf t ing by 
icebergs. 

Figure 62.13. Bottom photograph o f  a large rounded boulder a t  the seabed, col lected f rom the 
Pisces I V  submersible i n  the southern area o f  Grand Bank. The lithology o f  the boulder population is 
d i f f i cu l t  to  determine because o f  the large amount o f  biogenic growth covering their  surfacks. 
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Figure 62.14. Sidescan sonogram (100 kHz  Klein) across an area of "shell beds" f rom the Southeast 
Shoal area of Grand Bank. Note the wide variety i n  shapes and patterns of the patches (represented 
by dark areas of high acoustic ref lect iv i ty).  The seafloor consists of sand-sized sediment. 



Figure 62.15. Bedford Inst i tute (70 kHz) sonogram f rom the Avalon Channel showing a seabed 
completely scoured by grounded icebergs. The seabed sediments consist of 3 m of glacial t i l l  
overlying Paleozoic bedrock. I t  is not possible to determine relat ive ages of these iceberg furrows 
f rom study of sonograms and high resolution seismic ref lect ion data. This population is in  contrast t o  
a sparse population of iceberg furrows which occurs i n  the Hibernia area of northeast Grand Bank and 
an absence of iceberg furrows on the southern Grand Banks. 

-ICEBERG FURROW-, 

Figure 62.16. A 1.00 kHz K le in  sidescan sonogram f rom northern Grand Bank showing a large 
iceberg furrow developed on Grand Banks Sand and Gravel. The internal ribs or ridges in  the furrow, 
which resemble tractor tread imprints, are interpreted to be formed by the rocking motion of a 
grounded tabular iceberg and sediment molding. 





adjacent  Scotian Shelf this depth has been determined t o  
occur a t  a present depth of 110-120 m (King and Fader,  
1985). Above this depth previously deposited glacial  
sediments were  eroded during t h e  marine transgression and 
t h e  basal transgressive sand and gravel format ion was  
developed. As a result  of l a t e  glacial  rebound local variation 
in t h e  depth of t h e  low sea  level s tand occurs a t  t h e  
approaches to  the  Bay of Fundy (Fader e t  al., 1977) and in the  
offshore along t h e  south coas t  of Newfoundland (Fader e t  al., 
1982). 

In t h e  Hibernia a r e a  of Grand Bank, t h e  depth of t h e  
low s e a  level s tand occurred at approximately 100 m 
(Fader e t  al., 1986). I t  is difficult  t o  define precisely the  
minimum sea  level position because of t h e  low gradients of 
t he  shelf in this area .  In the  Avalon Channel a rea  and 
western  Placent ia  Bay w e  in terpre t  t h e  low s e a  level s tand a t  
90 m (Fader et al., 1982). This d i f ferent ia l  warping may 
result  f rom t h e  presence of l a t e  glacial i ce  on t h e  adjacent  
land areas  which delayed t h e  rebound of the  nearshore zone. 

The Tail of t he  Bank mud deposit (Fig. 62.6) is  a 
regionally continuous glaciomarine sect ion of 30 m thickness, 
which occurs in wa te r  depths a s  shallow a s  5 5  m along t h e  
e n t i r e  southwestern edge of Grand Bank. If a post-glacial 
low s tand of s e a  level occurred below the  depth  of 
occurrence  of this section, i t  would be  expected t h a t  i t  would 
largely be eroded in t h e  subsequent transgressing sea,  a s  i s  
t h e  case  along t h e  flanks of most of t h e  bank areas  of t he  
Scotian Shelf (King and Fader, 1985). I t s  preservation in 
water  depths  a s  shallow a s  55 m suggests t h a t  t h e  sediments 
were  not transgressed, and tha t  t he  low s e a  level s tand in this 
a r e a  is less. In order t o  account for t he  shallow distribution 
of these  glacial sediments  and the  smal l  amount  of re la t ive  
s e a  level lowering, w e  propose a large  l a t e  glacial  i c e  dome 
located on the  southern Grand Banks area ,  a s  a mechanism 
for delaying isos ta t ic  rebound of the  Tail of the  Bank region. 
Cores through t h e  glacial  section collected on t h e  
Hudson 85-005 crus ie  will be analyzed to  substant ia te  this 
hypothesis. 
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Abstract 

The southwestern half  and inner parts o f  Cumberland Sound are underlain by Precambrian rocks 
whereas the outer par t  is underlain by Ordovician carbonates which extend northwestward for  70 km. 
Cretaceous (Barremian-Cenomanian) semi-consolidated mudstones and siltstones underlie the 
northeastern half  o f  Cumberland Sound. Palynomorph assemblages indicate deposition o f  the 
C r e t a c e o ~ ~ s  st rata occurred i n  a nonmarine to  marginal marine environment. 

Cumberland Sound is a graben that appears to have been active subsequent to  Barremian- 
Cenomanian t ime and possibly earlier. 

The main accumulation of surf ic ial  sediments is in  the outer half  of the northeastern side of the 
sound. The sequence, 25-50 m thick, includes both unstrat i f ied and st rat i f ied sediments. Surficial 
sediments in  southwestern and inner parts o f  the sound fo rm a thin ( e l - 2  m) discontinuous cover over 
rough Precambrian rocks and cnmprise lag gravels and sands. 

L a  moi t ie  sud-ouest e t  des parties interieures du dkt ro i t  de Cumberland sont formees de roches 
precambriennes, alors que la  part ie extgrieure repose sur des carbonates de I'ordovicien qui s'Btendent 
vers le  nord-ouest sur une distance de 70 km. Des rnudstone et  des siltstone semi-consolid6s du 
CrBtac6 (BarrBmien-Cenomanien) se trouvent sous l a  moi t i6  nord-est du d6troi t .  Des assemblages 
palynomorphes indiquent que l e  dBp6t des strates du Cr6tacB s'est f a i t  dans un mi l ieu variant de 
continental 8 mar in  marginal. 

L a  dBtroit de Cumberland est un fosse qui semble avoir BtB ac t i f  apr&s l e  Barremien- 
Cgnomanien e t  peut-&re m6me avant. 

L a  principale accumulation de sediments superficiels se trouve dans l a  moi t ie  extbrieure, du 
cBte nord-est du dgtroi t .  L a  sequence qui, 8 ce t  endroit, a une Bpaisseur du 25 8 50 m comprend des 
sediments a l a  fois non strat i f ies e t  stratif ies. Les sediments superficiels des parties sud-ouest e t  
inter ieure du detro i t  forment une couverture discontinue (inferieure 8 1 8  2 m) qui couvrent des 
roches rugueuses du Precambrien e t  comprend des residus de def lect ion graveleux e t  sableux. 

Inst i tute of A rc t i c  and Alpine Research, Universi ty o f  Colorado, Boulder, Colorado 
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Introduction Peninsula t o  the north and Hall Peninsula to  the south. The 
onshore topography ranges up to 1830 m with the highest 

The Sound phase Of CSS Hudson elevation being on Cumberland Peninsula, which supports the 
cruise 85-027 was carried out from 2 to 10 October 1985. The Penny Ice Cap, several ice caps, and numerous cirque 

were the extent the and valley glaciers. The coast of Cumberland Sound is cut by 
bedrock and surficial units and to obtain lithostratigraphic, deep fiords particularly along the shore of 
biostratigraphic, and physical property data. Curnberland Peninsula. The largest of these fiords, Kingnait 

Cumberland Sound forms a major embayment, 280 km and Panqnirtung, are 83 krn a d  33 km long, respecti;ely. 
long by 70 km wide, in southeastern Baffin Island (Fig. 63.1). There are numerous small islands and emergent rocks along 
It is bounded by the Precambrian rocks of Curnberland the inner southwest margin and a t  the head of the sound 

(Canadian Hydrographic Chart 7051). 

Figure 63.3. Survey tracks, cruise 85-027 and previous. Locations of profile sections are indicated. 
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Figure 63.4. Section C-D: Seismic reflection profile illustrating gently dipping Cretaceous s t rata  
in probable fault contact with Precambrian rocks. A relict erosional "marginal channel" is developed 
a t  the contact. Up t o  30 m of mainly stratified surficial sediments mantle the bedrock (see Fig. 63.3 
for section location). 
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Figure 63.5. Section E-F: Seismic reflection profile across Precambrian rocks on the southwest 
side of Curnberland Sound; this illustrates the irregular topography associated with occurrences of 
these rocks and the absence of significant overburden (see Fig. 63.3 for section location). 



Survey methods  rocks of Aptian-Cenomanian age. MacLean et al. (1982) 
outlined t h e  occurrence  of Lower Cre taceous  and lower 

The On board the Of Tertiary s t r a t a  on the  shelf seaward of Cumberland Sound. geophysical da t a  and bedrock and sediment samples 
{ ~ i g .  63.2, 63.3). Geophysical d a t a  were  obtained using a 
single channel seismic reflection system (655 c m 3  Bathymetry 
compressed air  source), Huntec high resolution deep tow 
seismic system, Bedford Insti tute of Oceanography sidescan, 
and Varian magnetometer.  Bedrock co res  in Cumberland 
Sound w e r e  obtained by means  of t h e  Bedford Insti tute of 
Oceanography rock c o r e  dril l  which c a n  pene t r a t e  up  t o  9 m 
into  t h e  seafloor. Acoustic information was obtained using: 
a Nova Scotia Research Foundation 6 m hydrophone; a SE 
30 m hydrophone; and Huntec  f i t t ed  with an  internal 
hydrophone and a towed s t reamer .  These sys tems provided 
good delineation of the  near surface  bedrock and overlying 
sediments. Such d a t a  were  also the  basis for  locating drill 
si tes.  Surficial sediments  were  sampled principally by 
Benthos piston co re r  with 1360 kg head and by IKU clam shell 
sampler. UMEL cameras  were  used for  seabot tom 
photography a t  se lec ted stations.  

Navigational positioning was  by t h e  Bedford Insti tute 
navigational sys tem BIONAV - which in tegra ted d a t a  f rom 
rho-rho Loran C, Sate l l i te  Navigation, and log and gyro, and 
by radar. 

Previous studies 

Onshore 

Precambrian metamorphic  rocks fo rm t h e  
onshore bedrock surrounding Cumberland Sound. The 
composition and distribution of these  rocks have been 
repor ted  by Riley (1960), Blackadar(1967), and  
Jackson and Taylor (1972). 

Dyke e t  al. (1982) mapped t h e  surficial 
mater ia ls  of Cumberland Peninsula. The deposits 
include: till, felsenmere,  raised marine deposits 
(mainly deltaic), lacustrine sediments,  alluvium, and 
colluvium. 

The land a reas  surrounding Cumberland Sound 
appear  t o  have been glacia ted  at various t imes  during 
t h e  Quaternary: by t h e  Laurentide i c e  shee t  flowing 
eas tward f rom Foxe Basin; by a n  expanded Penny Ice  
Cap; by local fiord and valley glaciers emanat ing 
f rom cirques (Dyke, 1977; Dyke e t  al., 1982); and 
possibly by local i ce  caps  on Hall Peninsula 
(Miller, 198513). 

The l a t e  Foxe glacial maximum i s  marked by 
t h e  Ranger Moraine which lies a t  t he  head of 
Cumberland Sound (Dyke, 1977; Miller, 1985b). It 
corre la tes  with t h e  Frobisher Bay Moraine of Hall 
Peninsula (Blake, 1966; Miller, 1985b). 

Offshore 

Aeromagnetometer surveys have shown t h a t  
Cumberland Sound is  a graben containing in excess  of 
8 km of sediments  (Hood and Bower, 1975). 
Grant(1975),  f rom seismic  reflection and 
magnetometer  d a t a  in t h e  ou te r  p a r t  of t h e  sound, 
postulated t h e  presence of Paleozoic-Mesozoic 
sedimentary rocks. MacLean and Williams (1983) o n  
t h e  basis of c o r e  mater ia l  and se ismic  reflection d a t a  
concluded t h a t  t h e  s t ra t igraphic  sect ion included 

Figure  63.6 

Bedrock geology of Cumberland Sound. 

The general t rend of bathymetr ic  f ea tu res  is  
approximately parallel t o  t h e  axis of Cumberland Sound 
(Fig. 63.1). Water depths  a r e  g r e a t e s t  in t h e  nor theas tern  
half where  they exceed 1100 m. The seafloor in t h a t  a r e a  i s  
fairly smooth and consists of sedimentary  rocks and  
unconsolidated sediments  (Fig. 63.4). This con t ra s t s  with t h e  
highly irregular seafloor morphology in  t h e  southwestern and 
inner par ts  of t he  sound which a r e  underlain by Precambrian 
metamorphic rocks (Fig. 63.5). The bathymetry  is  generally 
uncharted in a 1 5  km wide zone adjacent  t o  the  coast,  thus 
t h e  shoreward l imit  of deep wa te r  along t h e  nor theas t  side of 
t h e  sound has  been established only in a f ew locali t ies which 
l i e  in t h e  outer  part. There  t h e  transit ion f rom deep t o  
shallower depths  i s  abrupt  and spat ia l  relationships suggest 
t h a t  a similar condition probably prevails along most  of t h e  
nor theas t  s ide  of t h e  sound. Though bathymetry  on  t h e  
southwest  s ide  of t h e  sound is  highly irregular,  shallowing 
appears  t o  b e  more  gradual. 

The lack of bathymetr ic  d a t a  in t h e  zone adjacent  t o  
t h e  coas t  constrained t h e  geological survey, particularly t h e  
definit ion the  definition of bedrock and surficial  sediment 
boundaries and s t ructura l  relationships on t h e  nor theas t  side. 



Bedrock geology Table 63.1. Listing of samples from Cumberland Sound. 

Precambrian metamorphic and granitic rocks that  
surround Cumberland Sound and form most of eastern Baffin 
Island (Riley, 1960; Blackadar, 1967; Jackson and 
Taylor, 1972) make up the  bedrock beneath t h e  southwestern 
half and inner part of the  sound (Fig. 63.6). Seabed 
morphology across these areas is highly irregular (Fig. 63.5), 
a characteristic typical of Precambrian rocks on the inner 
part of the  Baffin Island shelf. Where sampled a t  station 49 
(Fig. 63.2, 63.6, Table 63.1), these rocks consisted of 
hornblende-pyroxene gneiss. Usually the  Precambrian. rocks 
in Cumberland Sound a re  either covered by less than 1-2 m of 
surficial sediments or are  bare. 

Sedimentary rocks interpreted t o  be Ordovician 
carbonates on t h e  basis of their seismic character form t h e  
bedrock a t  t h e  mouth of the  sound. They extend 
northwestward in a 10-15 km wide band for 70 km along t h e  
southwest part of Cumberland Sound. They a r e  in apparent 
fault contact  with adjacent rocks (Fig. 63.7). Ordovician 
rocks underlie much of the southeast Baffin shelf between 
Cumberland Sound and Frobisher Bay and have been sampled 
a t  five localities (MacLean e t  al., 1977; MacLean and 
Falconer, 1979). These rocks a re  interpreted t o  extend 
northward along the shelf to  the vicinity of Cape Dyer and 
possibly farther (Grant, 1975; MacLean e t  al., 1982). 

Cretaceous (Barremian-Cenomanian) sedimentary rocks 
underlie t h e  northeastern half of t h e  sound. The a g e  
assignment is based mainly on spores and sparse 
dinoflagellates in samples from three localities (Fig. 63.2). 
The shallow drill core sample from station 48 (Fig. 63.6, 63.8, 
Table 63.1) consists of semi-consolidated mudstone and 
contains Barremian-Aptian palynomorphs. Lithologically i t  i s  
similar t o  Aptian-Cenomanian sediments obtained 40 km t o  
the southeast in core82-034-38 ( M a c ~ e a n  and 
Williams, 1983). Further confirmation of an early Cretaceous 
age was obtained a t  station 31 (Fig. 63.6, Table 63.1) where a 
benthos piston core cut ter  recovered black friable siltstone 
and mudstone. Palynomorphs in this core indicate that  i t  is 
similar in age t o  t h e  s t ra ta  sampled a t  station 48, and suggest 
that these s t ra ta  a re  terrestrial t o  marginal marine in origin. 
Throughout t h e  area these rocks display a consistent acoustic 
signature, with penetration being substantially greater than 
that  associated with t h e  Paleozoic rocks. 

The stratigraphic and structural characteristics of the  
Cretaceous rocks a r e  illustrated in Figures 63.4, 63.7-63.9. 
The s t ra ta  have been folded and faulted and extensively 
bevelled by erosion. In places (e.g. Fig. 63.4) a relict 
marginal channel exists a t  the contact between Precambrian 
and Cretaceous rocks. Boundary relations as seen on t h e  
seismic profiles suggest that these rocks a re  in fault contact.  
Low relief of Precambrian rocks adjacent t o  the contact 
(Fig. 63.4) suggests that  they too have been faulted. 

The Precambrian-Cretaceous contact on the northeast 
side of Cumberland Sound has not been established, as  i t  lies 
in uncharted waters. In t h e  outer part of t h e  sound, where 
some soundings a r e  available, t h e  contact is coincidental with 
an abrupt transition from deep t o  shallow water. The narrow 
zone in which t h e  transition must occur (both geologically 
and bathymetrically) along most of t h e  northeast side of t h e  
sound suggests that  the change is equally abrupt. This 
contact is interpreted t o  be a fault scarp. 

Cumberland Sound thus appears t o  be a graben that  has 
been active subsequent t o  Barremian-Cenomanian time. The 
presence of Ordovician rocks in Cumberland Sound suggests 
that  pre-Barremian structural displacement may also have 
occurred. The post-Cenomanian faulting in the sound appears 
t o  be consistent with t h e  t ime of rifting proposed in seafloor 
spreading models for northern Labrador Sea - Davis Strait  - 
Baffin Bay (McMillan, 1973; Srivastava et al., 1981). 
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Figure 63.7. Section K-L: Seismic reflection profile west to  east illustrating inferred Lower 
Paleozoic rocks in apparent fault contact with Precambrian and Cretaceous rocks, 4 km and 20 km 
respectively, along the section (see Fig. 63.3 for section location). 
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Figure 63.8. Section G-H: Seismic reflection profile illustrating: easterly dipping Cretaceous 
s t rata  a t  bedrock sample locality, Station 48; the contact with Precambrian rocks a t  approximately 
7 km; and the distribution of surficial sediments (see Fig. 63.3 for section location). 
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Figure 63.9. Section A-B: Seismic reflection profile northwest t o  southeas t  showing folding and 
possible fault ing within Cretaceous  rocks along the  eas t  side of Cumberland Sound, and erosional 
bevelling of the  s t r a t a  (see Fig. 63.3 for  section location). 

The sedimentary  rocks on t h e  continental  shelf e a s t  of 
Cumberland Sound have been extensively bevelled by erosion 
subsequent t o  t h e  ear ly  Eocene (MacLean et al., 1982). 
Similar bevelling of t h e  Cretaceous  beds in Cumberland 
Sound, may re l a t e  t o  this event.  Glacial  erosion also 
presumably a f f ec t ed  t h e  seabed. To d a t e  no indication of 
Ter t iary  s t r a t a  has been seen in Cumberland Sound; i t  
appears  e i ther  they were  not deposited or  they subsequently 
have been removed. 

Surficial  sediments  

The main accumulation of unconsolidated sediments  in 
Cumberland Sound occurs  in  t h e  deeper  nor theas t  half 
(Fig. 63.4, 63.7, 63.8, 63.10). In t h e  inner part  of this a r e a  
t h e  unconsolidated sediments a r e  generally underlain by 
Cretaceous  s t ra ta .  The surficial  sediments a r e  up t o  30 m 
thick in th i s  a r e a  and a r e  up t o  50 m thick in t h e  ou te r  p a r t  
of t h e  sound. Five units a r e  recognized f rom acoust ic  
profiles. The basal unit i s  unstratified and is  in terpre ted a s  a 
till. I t  occurs in marginal a reas  and locally fi l ls  bedrock 
depressions and forms constructional f ea tu res  (Fig. 63.1 1). A 
second, acoustically s t ra t i f ied  unit composed of black, very  
pebbly, sandy mud locally overlies t h e  t i l l  and bedrock. 
These sediments a r e  overlain by a basin wide unit t h a t  i s  
poorly t o  well s t ra t i f ied  and moderately t ransparent  on 
seismic profiles. I t  may be  a corre la t ive  of t h e  Davis S t r a i t  
Sil t  mapped on t h e  southeas t  Baffin shelf (Praeg et al., 1986). 
Core  d a t a  suggest t h a t  th is  unit  includes unbioturbated black 

and grey laminated mud with some  sand beds overlain by 
bioturbated mud, sandy mud, and pebbles. The youngest unit 
in t h e  basin sequence appears  a s  a laminated basin fi l l  
sediment  on high resolution seismic profiles. The unit  is  a 
corre la t ive  of t he  post-glacial marine Tiniktartuq Silt and 
Clay which occurs  in t h e  ou te r  pa r t  of Cumberland Sound and 
on t h e  Baffin shelf (Praeg et al., 1986) (Fig. 63.11). I t  
consists of olive grey and sandy mud with indistinct banding. 

Isolated patches of so f t  Quaternary  sediments  also a r e  
present: off Kingnait  Fiord, 14  km northwest of t h e  main 
body of sediments,  locally in a small  a r e a  a t  +he head of t h e  
sound, and a t  another  locali ty toward t h e  southwest  s ide  
(Fig. 63.10). 

In t h e  southwest and inner parts of Cumberland Sound 
surficial  sediments mainly form a thin ( < I - 2  m) discontinuous 
cover over  rough Precambrian bedrock (Fig. 63.5, 63.10). The  
seafloor sediments  a r e  mainly lag gravels and sands 
presumably formed by cu r ren t  modification of t h e  underlying 
sediments.  These commonly consist  of mud, sand and gravel 
mixtures  t h a t  appear  t o  include till. Acoustic profiles show 
thicker,  localized accumulations in  some  valley bottoms. 

Cores  of t h e  surficial  sediments  were  obtained at 
10 locali t ies and IKU grab  samples  at 6 o the r s  (Fig. 63.2, 
Table 63.1). Analyses of t hese  samples should yield 
information on sediment textures ,  depositional environments,  
paleoceanographic and paleoclimatic conditions, 
geochronology, geotechnical,  and r e l a t ed  parameters.  



Figure 63.10. Isopach map  of surficial  sediments  in Cumberland Sound. 



AST 

Figure 63.11. Section I-J: Huntec high resolution seismic reflection profile west  t o  eas t  in outer  
Cumberland Sound from Praeg e t  al. (1986); this i l lustrates glacial  t i l l  of Baffin Shelf Drift  which is 
overlain by Davis St ra i t  Silt s t ra t i f ied  glacial  marine sediments and basin fill muds of the  Tiniktartuq 
Silt and Clay (see Fig. 63.3 for section location). 
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Abstract 

The preservation o f  Paleozoic and possibly younger s t ra ta beneath the s t ra i t  is control led by 
half  grabens a t  the eastern and western ends, and i n  the central  par t  by a regional synclinal structure. 

Preliminary l i thologic correlations of Paleozoic strata i n  Hudson Stra i t  were made w i th  rocks 
exposed on Southampton, Coats, and Manse1 islands i n  northern Hudson Bay and i n  the Premium 
Homestead Akpatok L -26  we l l  i n  Ungava Bay. These correlations and regional stratigraphic 
relationships recorded on seismic profiles suggest that carbonate rocks o f  Ordovician age underlie 
most of the western part of the strai t ,  but occur together w i th  Silurian and possibly younger rocks i n  
the eastern part. The seismic data also suggest that 2000 m or more of s t ra ta may be present in  the 
area. 

Surf ic ial  sediments include glacial till and st rat i f ied sediments. Greatest accumulations, 95 m 
and 130 m, are in  the eastern and western basins, respectively. Moraines have been observed on both 
north and south sides and in  the western par t  o f  the strai t .  I n  places they include more than one till. 

L a  preservation des couches du Paleozoique et  de strates probablement plus jeunes sous le  
dBtroi t  est confirmee par l a  presence de semi-fossBs aux extrBmit6s est e t  ouest, e t  dans l a  part ie 
centrale par une structure synclinale r6gionale. 

Les correlations lithologiques pr6leminaires des strates du Paleozo.ique dans le  det ro i t  dlHudson 
ont Btb effectuees B I1aide de roches expos6es sur les fles Southampton, Coats et  Manse1 dans l a  
part ie septentrionale de l a  baie dlHudson e t  dans l e  puits Premium Homestead Akpatok L-26 dans l a  
baie dlUngava. Ces correlations e t  les rapports stratigraphiques r6gionaux enregistr6s sur des prof i ls 
sismiques indiquent que des roches carbonat6es de I'Ordovicien se trouvent sous l a  majeure part ie de 
l a  region occidentale du detroit, mais qulelles sont m&16es A des roches du Silurien e t  d'autres roches 
probablement plus jeunes dans l a  part ie orientale. Les donn6es sismiques indiquent Bgalement que 
ce t te  s t ra te a probablement une Bpaisseur de 2000 m ou plus B c e t  endroit. 

Les sediments superficiels comprennent du till e t  des s6diments stratif i6s. Les plus grandes 
accumulations, 95 m e t  130 rn, se trouvent respectivement dans les bassins est e t  ouest. Des 
moraines ont 6 t6 observBes du cSt6 nord e t  du cSt6 sud e t  dans l a  part ie occidentale du d6troit. A 
certains endroits, elles comprennent plus dlun type de till. 

Lithosphere and Canadian Shield Division, Ot tawa 
Terrain Sciences Division, Ot tawa 
Inst i tu te o f  A rc t i c  and Alpine Research, Universi ty o f  Colorado, Boulder, Colorado 
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Introduction 

A reconnaissance survey of the  bedrock and surficial  
geology of Hudson Stra i t  was carr ied  o u t  f rom CSS Hudson 
from 11 t o  24 October 1985, during cruise  85-027. 

Objectives of t he  studies were  t o  del ineate  t h e  regional 
distribution of t h e  main bedrock and surficial  geological units 
and t o  obtain l i thostratigraphic,  biostratigraphic and physical 
property da ta  t o  provide information on thei r  composition, 
age ,  depositional history and other  properties. 

Hudson Stra i t  separa tes  Baffin Island f rom Labrador 
and Ungava Bay and northern Quebec and connects  Hudson 
Bay and Foxe Basin with t h e  Labrador Sea (Fig. 64.1). I t  is  
800 km long and ranges in width f rom 90 km t o  340 km across  
Ungava Bay. Nottingham, Salisbury, and Mill islands 
const r ic t  t he  s t r a i t  a t  i t s  western  end. 

Generalized bathymetry is shown in Fig. 64.1. Water 
depths  in excess  of 200 m a r e  continuous along t h e  s t r a i t  
f rom t h e  continental  shelf a t  i t s  ea s t e rn  end t o  t h e  west  side 

of Foxe Basin, with branches in to  Ungava Bay and northern 
Hudson Bay (Canadian Hydrographic Service, c h a r t s  5.04, 
5450). G r e a t e s t  depths, in excess  of 900 m, occur  in an 
e longate  depression in t h e  eas t e rn  end of t h e  s t r a i t  nor th  of 
Ungava Bay. This is  separa ted f rom the  Labrador Sea  by a 
narrow sill with a depth of about 400 m. A depression in the  
western pa r t  of t he  s t r a i t  contains water  depths  in excess  of 
400 m. It commences  eas t  of Nottingham Island and extends  
eastward parallel  t o  t h e  axis of t h e  s t r a i t  for  130 km. Major 
f au l t  scarps  control  t h e  bathymetry  along t h e  south  s ide  of 
both of t hese  depressions. Water depths  increase  
progressively southward in to  these  half graben basins. Jn 
contras t ,  t h e  bathymetr ic  profile of the  centra l  p a r t  of the  
s t r a i t  i s  broadly u-shaped. On a smaller scale,  bedrock 
cues t a  or small  f au l t  ridges, morainal or o ther  surficial  
sediment deposits, and small  channels locally influence t h e  
bathyrnetry (e.g. Fig. 64.8, 64.9, 64.11). 

Figure 64.3 

Figure 64.1. (opposite) Generalized bathymetry  of Hudson Strait .  

Figure 64.2. (opposite) Tracks along which single channel seismic reflection da ta  have been acquired. 
Huntec high resolution seismic da ta  were  also acquired along all 1985 tracks.  See Grant  and 
Manchester (l970),  Grant (1975) and MacLean and Williams (1983) for previous track information in 
Hudson Stra i t  and Ungava Bay. 

Figure 64.3. Sample s ta t ions  f rom cruise 85-027 and other  cruises, mainly cruises 82-027 and 82-034. 



Methods 

The survey included t h e  collection of both geophysical 
d a t a  and samples of bedrock and Quaternary sediments  
(Fig. 64.2, 64.3). Geophysical d a t a  were  obtained with a 
single channel seismic reflection system using a 655 c m 3  
compressed a i r  source and Nova Scotia Research Foundation 
and Seismic Engineering hydrophones, a Huntec high 
resolution seismic sys tem f i t t ed  with a towed s t r eamer  a s  
well a s  internal hydrophone, a Varian magnetometer ,  and a 
Bedford Insti tute of Oceanography sidescan sonar. 

Bedrock samples were  collected a t  12 sites (Fig. 64.4). 
They were  obtained with the  Bedford Insti tute of 
Oceanography underwater e l ec t r i c  drill with up t o  9 m 
seafloor penetration capability, which has been used 
extensively on t h e  Baffin Island shelf and elsewhere,  and a 
newly developed NORDCO drill. The NORDCO unit consists 

of a 6 m auger through which a diamond dril l  can  b e  extended 
6 m far ther .  This unit proved very e f f ec t ive  in augering 
through overburden down t o  t h e  bedrock surface ,  and thus 
disposing of gravel f r agmen t s  tha t  commonly jam in t h e  
diamond dril l  barrel. Some problems, however,  were  
encountered with c o r e  retention. 

Surficial sediment  samples were  obtained principally 
with a Benthos piston co re r  and large  IKU clamshell  sampler,  
but gravity and Lehigh corers  also were  used, and some  grab 
samples were  obtained f rom t h e  drill legs. Photographs of 
the  seabed were  obtained a t  selected s ta t ions  with UMEL 
underwater cameras.  

Navigational positioning was by means of BIONAV, the  
Bedford Insti tute in tegra ted navigation sys tem which uti l izes 
rho-rho Loran C, Sate l l i te  navigation, log and gyro, and by 
radar.  

Figure 64.4. Geological map showing t en ta t ive  units represented. Age assignments a r e  on the  basis 
of preliminary lithologic correlations with rocks on Southampton, Coa t s  and Manse1 islands, in t h e  
Akpatok well, and seismic relationships. Ungava Bay geology is a f t e r  Grant  and Manchester (19701, 
Grant  (1975) and Sanford e t  al. (1979). Black a reas  on the  inset map show the  distribution of  
Ordovician and Silurian rocks in the  region. 



Previous studies 

The most pertinent previous onshore investigations 
relative t o  bedroclc geology are :  Sanford in Heywood and 
Sanford (1976) on the  Paleozoic rocks of Southampton, Coa t s  
and Manse1 islands in northern Hudson Bay; Workum e t  al. 
(1976) on stratigraphy from the  Premium Homestead Akpatok 
L-26 well on Akpatok Island in Ungava Bay; Blackadar (1966) 
-geology of southern Baffin Island; and Taylor (1979 and 
1982) - geology of parts of northern Quebec and Ungava. The 
Quaternary geology of southern Baffin Island has been studied 
by Blake (1966), Stravers (1986), Stravers and Miller (1984), 
Miller (1982), and Clark (1985), of northern Quebec and 
Labrador by Ldken (1978), Gray and Lauriol (1985), and 
Gray e t  al. (1985). Previous offshore studies included: 
seismic reflection, magnetometer  and dredge sampling 
investigations of Ungava Bay and eas tern  Hudson Stra i t  by 
Grant and Manchester (197O), Grant  (1975); synthesis of 
existing offshore,  onshore, and well d a t a  by Sanford (1974), 
and S a n f o r d e t  al. (1979) t o  postulate t h e  distribution of 
Paleozoic rocks in t h e  s t ra i t ;  investigations of surficial  
sediments at the  eas tern  end of t h e  s t r a i t  through profiling 
and sampling by Fillon et al. (1981), Fillon and Harmes (1982); 
seismic reflection surveys and bedrock sampling in eas t e rn  
Hudson Stra i t  by MacLean and Williams (1983); collection of 
sediment samples a s  par t  of chemical,  physical and biological 
oceanographic investigations of Hudson Stra i t  by Jones  and 
Drinkwater (1982), and studies of t idal cu r ren t s  by 
Drinkwater (1983). 

For a broader overview of the  bedrock and surficial  
geological d a t a  and problems in t h e  region t h e  reader  i s  
referred t o  Andrews et al. (1 983), Shilts (1980, 19841, 
Osterman e t  al. (19851, Praeg e t  al. (1986), MacLean (19851, 
Bolton e t  al. (1977), and Tret t in  (1975). 

Bedrock geology 

A preliminary in terpre ta t ion of the  bedrock geology of 
Hudson Stra i t ,  presented in Figure 64.4, is  based on: 
tenta t ive  lithologic correlations of samples recovered f rom 
12 offshore locali t ies (Table 64.1) with s t r a t a  mapped on 
Southampton, Coa t s  and Mansel islands in northern Hudson 
Bay (Heywood and Sanford, l976), and in the  Premium 
Homestead Akpatok L-26 well on Akpatok Island 
(Workum e t  al., 1976); and s t ra t igraphic  relations and 
acoustic character is t ics  of bedrock units f rom seismic 
reflection profiles. The resultant division of units in gene ra l  
agrees  qui te  well  with t h e  onshore and well d a t a  both 
lithologically and in approximate  formation thickness. 
Paleontological data ,  however, is  a s  ye t  unavailable f rom t h e  
offshore samples  so  the  proposed a g e  of t h e  s t r a t a  should b e  
considered tenta t ive .  The corre la t ions  suggest t h a t  t h e  s t r a i t  
is underlain mainly by ca rbona te  rocks of Ordovician and 
Silurian age. Younger s t r a t a  may also occur adjacent  t o  t h e  
faul t  s ca rp  in t h e  eas tern  pa r t  of t h e  s t r a i t  (Fig. 64.5, Section 
K - K ' ,  24-34 km along t h e  profile). 

Interpretations of d a t a  f rom t h e  Premium Homestead 
Akpatok L-26 well  on Akpatok Island (Workum et al., 1976) 
and seismic reflection d a t a  (Grant and Manchester,  1970) 
indicate  t h a t  Ungava Bay i s  floored mainly by ca rbona te  
rocks of t h e  Ordovician Bad Cache  Rapids Group. The c o r e  
samples recovered f rom s ta t ion 85-027-54 a r e  lithologically 
consistent with this. The lower 264 m (70-334 m below s e a  
level) in the  well  contains poorly consolidated shale,  
sandstone and carbonate  rocks which may outcrop around t h e  
periphery of the  carbonate  platform in Ungava Bay. 
Precambrian rocks were  encountered a t  a depth of 335 m 
below s e a  level. 

The eas t e rn  par t  of t h e  s t r a i t  north of Ungava Bay and 
t h e  western par t  north of Char les  Island a r e  half graben 
features  in which s t r a t a  have been down faulted against  older 
rocks t o  t h e  south (Fig. 64.5, 64.6). 

The con tac t  between Precambrian metamorphic  rocks 
t h a t  make up the  adjacent  landmass on both sides of t h e  
s t r a i t  and t h e  Lower Paleozoic rocks under t h e  s t r a i t  occurs 
close t o  t h e  present shoreline in many areas.  Precambrian 
rocks, however, a r e  present locally in the  western  par t  of the  
s t r a i t  north and west of Char les  Island. 

Lower Paleozoic (Ordovician) s t r a t a  onlap Precambrian 
rocks on t h e  north s ide  of t h e  s t r a i t  where  they commonly 
form cues t a  ridges (Fig. 64.7). However, fault ing may be 
associated with ridges near  Big Island (Fig. 64.8). 

From Big Island westward t h e  s t r a i t  i s  underlain by 
rocks t h a t  appear  mainly t o  be equivalents of t h e  Ordovician 
Bad Cache  Rapids and Churchill  River groups, and Red Head 
Rapids Formation, a s  well  a s  older Ordovician beds described 
by Heywood and Sanford (1976) and Workum et al. (1976). 
Silurian s t r a t a  possibly occur  locally southwest of Charles 
Island (undivided in Fig. 64.4). The possibility of post- 
Ordovician beds in t h e  western  graben north of Char les  Island 
cannot  be ruled out. 

The stratigraphy in  the  eas t e rn  pa r t  of t he  s t r a i t  i s  
more  complex. Here  a sequence of younger s t r a t a  t h a t  
thickens southward (Fig. 64.9) fo rms  a s t ra t igraphic  sect ion 
some  725 m in thickness (using an assumed velocity of 
4 km/s). These beds overlie s t r a t a  t h a t  closely resemble Red 
Head Rapids Formation where  sampled a t  s ta t ion 82-67 
(MacLean and Williams, 1983) and Churchill River-Bad Cache 
Rapids groups a t  e.g. s ta t ions  85, 86, 90, 82-66. A sample  of 
reddish brown calcareous sandstone was recovered f rom the  
younger unit a t  Station 58. This is  tenta t ively  corre la ted  
with t h e  Silurian Kenogami River Formation. If this 
correlation is  correct ,  t h e  section he re  presumably also 
includes equivalents of the  ear l ier  Silurian Severn River, 
Ekwan River and Attawapiskat formations. The change in 
acoustic cha rac te r  (greater  penetration and more  closely 
spaced ref lec tors)  of t hese  beds re la t ive  t o  t h e  Ordovician 
s t r a t a  which they onlap presumably ref lec ts  t he  less massive 
na tu re  of some  of these  beds: for example  thin bedded 
limestones of t he  Severn River and par ts  of t he  Ekwan River 
formations. Small, irregular,  somewhat dome-shaped 
f ea tu res  in ter rupt  t he  seismic ref lec tors  in p a r t  of t h e  sea  
floor in t h e  eas t e rn  depression. These f ea tu res  may 
represent  reefa l  developments in possible Attawapiskat and 
Ekwan River formations,  th is  being a common cha rac te r i s t i c  
of t hese  uni ts  on Southampton, Coa t s  and Manse1 islands 
(Heywood and Sanford, 1976). 

S t r a t a  identified in  Figure 64.4 a s  "Early Paleozoic or  
Later t t  occur  mainly in a n  elongated ridge on t h e  floor of t h e  
eas t e rn  depression adjacent  t o  t h e  f au l t  s c a r p  north of 
Ungava Bay (e.g. Fig. 64.5, 24-34 km along t h e  section). 
These rocks have been down dropped re la t ive  t o  t h e  adjacent  
seafloor t o  t h e  north a s  well  a s  t o  t h e  south (Fig. 64.5). They 
a t t a i n  thicknesses of 850 or  1130 m respectively, if velocity 
correct ions  t o  3 km/s or  4 km/s a r e  applied. The beds were  
penetra ted  t o  a depth of 4.5 m a t  s ta t ion I02 by t h e  
NORDCO drill, but  only a 2 c m  c o r e  of brown fairly f r iable  
sandstone was recovered. Grant  (1975) previously obtained a 
dredge sample  of possible Silurian a g e  f rom this a rea .  The 
exac t  s t ra t igraphic  and s t ructura l  position of these  beds 
re la t ive  t o  t h e  Ordovician and Silurian s t r a t a  t o  t h e  north and 
west  has not yet  been determined due t o  discontinuities in 
t h e  reflectors.  The general  relationships inferred from t h e  
seismic reflection profiles and the  apparently sof ter  more  



Table 64.1. Listing of sample  locations, Hudson Stra i t  

STATION SAMPLE J!IL I A N  DEPTH GEDERAPHIC 
NUKBER TYPE D A Y t T I h E  LATITUDE LONGITUDE (MTRS) LOCATION NOTES 

50 DRLLL  2851306 bO52,58H b b 0 0 , 4 i #  8!5 HUDSON BID D R I L L .  NU SAKPLE. 
S T R A I T  flCILFU#LT!ONED. 

50-6 G R A B / l R L  2951306 617 52.981{ b5 00,47W 815 HUDSON GRAB SkMPLE TAKEN FROM 
S T R A I T  THE L E E  DF THE D E I L L .  

5 1 GRAB 285]35() 61:) 5?,9514 b5 59,f;g 795 HUDSISN LARGE VAN VEEN GPAb, 
S T R A I ?  

52 IiR1i.L ?85!430 53,05f4 55 58,544 840 HUDSOt? B I D  D R I L L ,  NO SAMPLE. 
STRAIT  

53 EBAB 29517!? b0 44,7!# bb 25.69U 345 HUDSOM LARGE VAN VEEN GRAB, 
S T R A I T  

5 4 DRLLL. 2851&14 $0 44,84N 65 25,5<1g 355 H!IDSDt:I B I D  DRILL .  LEb!GTH: 50 EM 
STEA!T L I M E S T I I N E I Z I  CE. PEBB1.E. 

54-5 I;RAB/[IRL 2151834 44.19N 55 25,'i.l:lW 355 HUDSON GRkB SRMPLE TfiKEN FROP1 
STRRIT  THE LEG DF SHE D R I L L .  

55 COhE 285203$ 60 55,734 bb 25,84!4 095 IIUDSON PISTOW CORE, 
STRAI7  LENGTH: I052 EM. 

5 b  CURE 2852205 bit 58, !!?I $b 27.7JW 777 HUDSON P I S T O #  CORE. 
S T R A I T  LEtiGTH: 1181 Cki. 

r - 
4 I CORE 2852325 61 (14,2&t$ 56 25,t,f)# 790 HUDSON P ISTON CORE, 

S T R A I T  LENGTH: 1190 CK, 

5 E D R I L L  28b1730 51 31,84t4 69 ~ I B , ? ~ w  346 HUDSON NORDCD D R I L L .  16 CM. OF 
S T R A I  T REDDISH!BRDWN LiMESTDNE, 

5 8 - 6  GRkU!DRL 2861730 61 31,F!4M 69 08,2iW 34b HUDSOIJ GRAB SAtiPLE TAKEN FROM 
STRAIT  THE LEG DF THE D R i i l ,  

59 GRAB 2862349 61 31,BbN b9 Q3,45H 355 HUDSOi4 VAN VEEN GRAB. 
S T R k I T  

b 0 D R I L L  2651725 b2 20.46N 71 50.30W 357 HUDSOtl NORDCO DRILL .  
S T R A I T  LENGTH: 5 CN. 

b0-6 GHABIDRL 2881725 52 20,45t{ 71 50,30W 357 HUDSON GRkB SRMPLE TAKEN FROM 
S T R A I T  THE L E 6  OF THE D R I L L .  

b l GRAB 298!338 62 ?0,2?N 71 4Y,40M 357 HUDSON I K U  GRRF. 2ND ATTENPT. 
S T R A I T  

62 ERkB 2882110 b?17,89#  7214.18Y 320 H!IDSD# I K U  GRAB. 
STRA! T 

bJ GRAB 289163! k g 3  15,0814 72 46.61W 212 HUDSON I K U  6fiAP. 
S T R A I T  



Table 64.1. (cont.) 

STATION SAbiPLE J U L I A M  DEPTH GEOGRAPHIC 
WUnBER TYPE D A \ / T I H E  LATITUDE LONGITUDE (HTRS) LOCATIOM NOTES 

6 4 D R I L L  2891855 6315 .19N 7 2 4 7 . i 7 W  209 HUDSON NORDCO D R I L L .  LENGTH: 8 
STRAIT  CM: OF LIPlESTOtIE. 

b4-6 G R A B ~ D R L  2 ~ 9 ! 8 5 5  63 15.17'1 7 2  4 7 . 1 7 ~  208 HUDSON GRAB S ~ ~ P L E  TAKEN FROM 
STRA!T THE LEG OF THE D R I L L .  

6 5 [:ORE 2907111 b? 35,43J 74 I:I~,o?# 333 HUDSOti P i S T O N  CORE, 
S T R A I T  LENGTH: 300 CM. 

6 & D R I L L  29 l lES7  6 3 4 4 , 7 7 N  7 5 7 i . 8 6 W  230 HUDSON NORDCO D R i l L ,  NO SAMPLE, 
STRAIT  

t b - 6  GR&B/DFL 29I1837 63 47.77E 75 21.85W 730 HUDSON ERAE SAMPLE TBKEM FROI~ 
S T R A I T  THE LEG OF SHE D R I L L .  

t7 ERBE 2912fi49 63 49.91jM 75 2 2 . 2 3 ~  228 HUESON I K U  GRAB. 
STRA!T 

t?. CORE 2721!24 63 04.501 74 18,551 435 HUDSON PISTOFI CURE. 
S T R A I T  LENGTH: lObO CM. 

6 S CORE 242!343 6 ;  !4:00N 73 31,47W 305 HUDSON LEHEIGH CORE. NO SAflPLE. 
S T R A I T  

7 0 GRAB 2421402 6313.9! /4  7 3 3 1 , 2 9 1  305 HUDSOI! I K U  GRAB. 
S T R k I T  

7 i CORE 2921431 43 i5,4:t( 73 31,33H 310 HUDSON LEHEIGH CORE. 
STRAIT  LENGTH: 34 CM. 

s r, 
I i D R I L L  2921717 63 2!.78N 73 03.Y7W 230 HUDSOtl P I G  D R I L L .  NO SAMPLE. 

S T R A I T  

7 1  CA#ERA 292!802 63 ? 1 , 8 i N  73 01.67l4 232 HUDSOEI U n E L  UNDERWATER CAMERA. 
STRAIT  

74 D R I L L  2922fi11 63 21.76N 73 <I~,?ow 225 HUDSON BID D R I L L .  LENGTH: 10 C f  
S T R A i T  

74-6 GRABfDRL 2422011 63 ?1,74N 73 04.20W 225 HUDSOI? GRAB SAMPLE TAKEN FROM 
STRAIT  THE LEG UF THE D R I L L .  

7 5 D R I L L  242.2125 63 20,2?N 73 04,234 233 HUDSON B I O  D R I L L .  N O  SAMPLE. 
S S R A i T  

7 5 - 6  GRABiDRL 2422i24 63 20.27N 73 (14,22U 233 HUDSON GRAB SAMPLE TAKEN FROM 
S T R B I T  THE LEG OF THE DRILL ,  

7 6 GRAE! 2922223 63 2 0 . 9 1 ~  73 04 .63~  230 HUDSON I K U  GRAB. 
S T R A I T  

57 DR!LL 2930720 62 ? S . O ~ N  72 44,944 210 HUDSOtII B I D  D R I L L .  
S T R k i T  LENGTH 48 CM. 
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Table 64.1. (cont.) 

SThTION SAMPLE JLILiAlJ DEPTH GEOGRBPHIC 
NUMBER TYPE FB'C!T IME L A T I  TCEE LONGITUDE i f l T R S i  L0CBTiO.V NOTES 

? 2 COiiE 9 5 1 7 9 7  1 I 7 9  2b,59W 1 7 1  HUDSON P ISTON CDRE, LENGTH: 2 4 9  
STRAIT  C l i ,  BENT CORE BRRREL, 

5 3  EDRE 2 4 5 1 8 3 7  b l  i:19,4$N ?[:I 2 9 , 4 g N  1 7 1  HUDSON LEHEIGH CORE. 
S T R A I T  L.E#G'IH: 1 0 0  EM, 

4 4 CORE 2 9 5 1 8 5 4  b i 0 9 . 2 7 2  ? O ? ? . 4 9 W  1 7 1  HUDSBH LEHEiGH CORE. 
S T R A I T  LENGTH: 9 4  CM. 

GS GRAB 2451422 &.! 1Q.d4R 7 0  2 5 . 5 4 1  1 4 3  HUDSBK !KU GRAB. 
STRAIT  

J 4 CORE z?kX!k,?9 61 ZO,!?~ $714,7(1W 3 4 2  HUDSON P I S T D 8  CORE, LENGTH: 717 
- - 

STRAIT  LEI, Hn iR IGGEH CORE, 

9 7  COKE 2 9 $ 1 7 3 5  61 7(1,641{ 4 4 , 4 3 #  3 9 2  HUDS0t.I PISTUi4 CORE, LENGTH: 1 6 2  
STRAIT  CFl, NO TRIGGER CORE, 

9 B D R I L L  :q$?j1:14 A! 24,27); $7  3 0 , 8 4 1  2 4 0  HUDSOH NOFDCO D R I L L ,  2 1  M, 
STRAIT  AFiGILLACEOUS LIMESTONE, 

e; p GRAB n q i - 7  ~ . , ~ . - , l ;  , 24,?21; $7 3j ,21# 2 8 5  HUDSON VAN VEEW ERAB, 
S T R A I T  

1 fi(i M I L L  2 3 T i i 5 i  t , : ? e . ? 3 #  bt,08.72& 203  HUDljDt.! NORDCO D R I L L .  NO S A M E .  

STRB!T 

1 0 1  GRAB i y ! ! 5 2 9  61 28.951.1 $A (18,95# 2 0 5  HUDSOt? VAN V E E N  GRAB, ,.-- 

STRAIT  

102 D R I L L  2 9 7 1 8 5 7  L O  53,14f+' 65 5 Y , 9 1 #  7 9 8  HUDSON NORDCO I R I L L .  LENGTH: 2 
STRAIT  CH: OF UROWN SANDSTONE, 

10.3 GRilb 24?:15b 6 0  52,itN 1:11,77U 775 HLIDSOt! VAK VEEN GRAB, 
S T R A I T  

104 CURE 2 9 2 0 0 0 3  5 2 . 8 6 ~  65 2 9 . 5 2 ~  HUDSON LEHEIGH CORE. MO SAEPLE, 
S T R G I ?  

acoustically penet ra table  c h a r a c t e r  of t h e  s t r a t a  (Fig. 64.5, 
24-34km),  a s  previously noted  by Grant  and 
Manchester (1970), suggest  t h a t  th is  sec t ion  may conta in  t h e  
youngest beds in t h e  s t ra i t ,  but whether they a r e  in par t  
equivalents of t h e  adjacent  Ordovician and Silurian rocks, o r  
closely re la ted  t o  them stratigraphically,  o r  significantly 
younger is  not  known. 

St ructura l  relationships 

Calculations along profiles southward f rom Baffin 
Island in to  t h e  ea s t e rn  depression indica te  t h a t  t h e  
Ordovician-Silurian sec t ions  a t t a in s  a thickness of at l ea s t  

800 t o  930 m when co r r ec t ed  t o  3 km/s  and 4 km/s velocit ies,  
respectively1. inclusion of t h e  beds of t h e  "Early paleozoic 
and Later"  uni t  (Fig. 64.4) increases  t h e  probable minimum 
thickness t o  be tween 1650 and 2060 m. This is in ag reemen t  
with Gran t  and Manchester 's  (1970) e s t i m a t e  of 2000 m depth  
t o  basement .  They suggested a displacement of 600 m (water  
velocity) a t  t h e  fault .  The 85-027 cruise  d a t a  sugges t  this 
may be  a s  much 900 m or more  a f t e r  allowing for  velocity 
corrections.  

Thickness calculations for  Ordovician and Silurian 
s t r a t a  along a seismic profile f rom near  Big Island in t h e  
north southeas tward  t o  t h e  in tersec t ion  with basement  rocks 
50 km e a s t  of C a p e  Hopes Advance (Fig. 64.9, sec t ion  H-H1) 



K Figure 64.5. Section K-K', seismic reflection profile north-south 
across the eastern depression showing: the down dropped ridge of 

NORTH "Early Paleozoic or later" sediments, 24 to 34 km along section, 

W adjacent to the fault scarp a t  the north side of Ungava Bay; surficial SOUTH 
sediments up to 90 m thick in the eastern depression; and a debris 
flow area on the north slope 3-5 km along section. See Figure 64.4 
for section location. 
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Figure 64.6. Section A-A', seismic reflection profile in western 

A Hudson Strait showing Ordovician s t rata  in fault contact with 
Precambrian rocks 27 km along section and apparent faulting within 
Precambrian rocks 24 and 4 km along section, respectively and 
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M Figure 64.7. Section M-M', seismic reflection profile showing 
onlap of Ordovician s t rata  on Precambrian rocks and cuesta ridges 

SOUTHWEST on the north side of eastern Hudson Strait. The zero edge of the 
Ordovician rocks lies about 23 km along section. See Figure 64.4 for 
section location. 
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Figure  64.8. Section D-D', seismic ref lec t ion  profile i l lustrating cuesta-l ike but possibly faul t  
controlled ridges in Ordovician rocks near  Big Island on the  north side of t he  s t r a i t .  Locations of 
samples s ta t ions  85 and 86 a r e  indicated.  See Figure 64.4 for  sec t ion  location.  
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Figure  64.9. Section H-H', se ismic  ref lec t ion  profile i l lustrating t h e  southerly thickening succession 
of "Silurian" s t r a t a  in ea s t e rn  Hudson s t r a i t .  These beds have  been extensively bevelled by erosion. 
Two fo rmer  erosional channels c u t  t he  s t r a t a .  See Figure 64.4 for  location.  
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Figure 64.10. Section I - I ' ,  seismic reflection profile showing "Silurian s t r a t a1 '  in f au l t  con tac t  with Precambrian  rocks on 
the  south side of t he  s t r a i t  65 km e a s t  of C a p e  Hopes Advance. Calculations of the  s t r a t a  thickness suggest  t ha t  some 
875-1170 m of ver t ica l  movement has  occurred a t  t he  fault .  See  Figure 64.4 for  location. 
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Figure 64.11. Section G-G',  seismic reflection profile showing a rnoriane ~ r p  t o  70 m thick lying on ear l ie r  s t ra t i f ied  
sediments  ofpresumed Quaternary  age ,  which unconformably overlie t runca t ed  Ordovician s t r a t a  and Precambrian  rocks  on 
t h e  south side of the  s t r a i t  52 km wes t  of Cape Hopes Advance. Shoreward of t he  moraine the  underlying Quaternary  
sediments  a r e  unconforrnably overlain by a younger sequence of s t ra t i f ied  sediments.  See Figure 64.4 for  location. 
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Figure 64.12. Section C-c', seismic reflection profile showing cuesta  ridges in northward dipping 
Ordovician s t r a t a  on the south side o f  the  s t ra i t .  Glacial  dr i f t  up t o  30 m thick fi l ls  the depressions 
on the  bedrock surface.  See Figure 64.4 for location. 

indicate t h e  section a t  t he  south s ide  of t he  s t r a i t  in this a r e a  
is 875 t o  1170 m thick assuming velocit ies of 3 km/s and 
4 km/s respectively1. The s t r a t a  here a r e  in f au l t  con tac t  
with the  Precambrian rocks (Fig. 64.10) and displacement i s  
in t h e  order of 875 t o  1170 m on the  basis of t h e  
measurements  and velocit ies indicated above'. This is  in 
good agreement  with t h e  ca lcula ted  displacement f a r the r  
e a s t  indicated above. 

Where in tersected 52 km west  of Cape Hopes Advance 
t h e  s t ruc tu re  the re  has  become more  synclinal in character .  
Ordovician rocks a t  t h e  con tac t  with t h e  Precambrian have 
been t runcated by erosion (Fig. 64.11). If t he re  has  been 
faulting a t  this con tac t  i t  is  not evident t ha t  t he  
displacement is a s  large a s  t h a t  f a r the r  eas t .  Some 
s t ructura l  adjustment,  however, occurs a t  a fold f l ec tu re  
61 km t o  the  northeast .  About 175 km t o  t h e  west ,  
(Fig. 64.12), a cues ta  development in Ordovician rocks on t h e  
south side of t he  s t r a i t  is  covered by Quaternary sediments  
and i s  not unlike cuestas along t h e  north side of t h e  s t ra i t .  

Structural  disturbance recorded by the  Paleozoic s t r a t a  
in Hudson Stra i t  thus appears t o  be most intense along t h e  
faul t  north of Ungava Bay. 

Surficial  sediments  

Information on unconsolidated surficial  sediments  was 
obtained with high resolution and single channel se ismic  
ref lec t ion sys tems along t r acks  indicated in  Figure  64.2 and 

from eight  piston cores,  e ighteen grab samples,  and three  
camera  s ta t ions  during cruise 85-027 (Table 64.1). Locations 
of t hese  and previous sample s ta t ions  a r e  indicated in 
Figure 64.3. Bulk samples  were  also obtained f rom surficial  
sediments  adhering t o  t h e  legs  of t h e  dril l  at severa l  stations. 

Hudson Stra i t  is a n  important  a r e a  in t e rms  of t h e  
Quaternary history of t h e  region. It has  been regarded a s  a 
major dispersal  route  fo r  glacial  i c e  f rom one  or  more  inland 
i ce  centres .  Evidence on eas tern  Meta  Incognita Peninsula 
(southeastern Baffin Island between Frobisher Bay and 
Hudson Stra i t )  indicative of northeastward movement  of i ce  
has been in terpre ted t o  indicate  impingement of Hudson 
Stra i t  i ce  (Blake, 1966; St ravers ,  1986) and also inundation by 
i ce  flowing out  of Ungava Bay and across  Hudson Stra i t  f rom 
a dispersal c e n t r e  on  Labrador or Ungava (e.g. Miller, 1982; 
Andrews and Miller, 1983). 

The presence of till in the  seafloor of Hudson Stra i t ,  
moraines, and multiple tills on the  shelf a t  i t s  eas tern  
en t r ance  tes t i fy  t h a t  glacial  ice  has occupied Hudson Strait .  
Analyses of t he  samples obtained during cruise 85-027, 
excep t  for  a preliminary assessment of coarse  fraction 
(gravel s ize)  lithologies, a r e  a s  y e t  incomplete and textura l ,  
paleontological and geochronological d a t a  which a r e  
important  t o  delineating t h e  history of l a t e  Quaternary  
events  in  t h e  s t r a i t  a r e  not y e t  available. However, d a t a  
f rom t h e  acoust ic  profiles do  permit a preliminary outline of 
surficial  sediment  thickness and t o  some  ex ten t  t he i r  general 
makeup. 

Determinations on samples f rom t h e  Ordovician unit indicate velocit ies in t h e  order of 5-6 km/s 
(P. Ryall and C. Walls, personal communication, 1986). Probable section thicknesses thus a r e  
100-200 m g rea te r  than indicated. 



Surficial sediments a re  generally thin (5 - IOm)  
throughout most of t h e  s t r a i t  and preferentially thicken in 
the  deep basins (Fig. 64.13). They of ten  completely infill 
minor bedrock depressions thus smoothing the  seafloor 
morphology of Hudson Strait .  Grea te s t  accumulations a r e  
found in the  eas tern  and western basins where sediments 
reach 90 m and 130 m in thickness, respectively 
(e.g. Fig. 64.5, 64.15). In Ungava Bay t h e  most significant 
accumulations (up t o  70 m) also occur within basins (Grant 
and Manchester, 1970). 

The seismic records indicate that  t he  surficial  
sediments in Hudson Stra i t  consist  of four or  more  
unstratified and s t ra t i f ied  units, although t h e  complete  
sequence is not everywhere  present. The stratigraphy is  
complex in some  areas,  fo r  example in t h e  thick sedimentary 
sequence of t h e  eas tern  basin (Fig. 64.5, 64.14) and in some  
morainal occurrences (Fig. 64.1 I). 

The lowermost of t h e  surficial  units recognized 
generally i s  acoustically unstratified and massive, and is  
in terpre ted a s  t i l l  (Fig. 64.15). The con tac t  with overlying 
sediments i s  well  defined and locally t h e  unit thickens t o  

form mounds or ridges in terpre ted a s  moraines (Fig. 64.16). 
Surface and subsurface deposits of till appea r  t o  b e  
widespread in t h e  floor of Hudson Strait .  

The till unit  is  overlain in the  basins by an  acoustically 
massive unit  t ha t  is  nearly t ransparent  on t h e  Huntec  records  
and appears  t o  lack internal ref lec tors  (Fig. 64.14). The 
upper con tac t  of this unit commonly is well defined but 
somet imes  is  irregular and poorly defined. The origin of t h i s  
unit has not been established. Acoustically similar units 
occur in t h e  sediment  sequences of Lake Melville (G. Vilks, 
personal communication, 1985), in Sco t t  Trough on the  
nor theas tern  Baffin Island shelf, and in  t h e  fiords of Baffin 
Island (Gilbert, 1982). Huntec d a t a  indicate  t h a t  acoustically 
similar mater ia l  occurs on t h e  north s ide  of t h e  e a s t e r n  
depression in  Hudson S t r a i t  where  sediments  f rom a debris 
flow have c o m e  t o  r e s t  adjacent  t o  t h e  bot tom of t h e  s lope 
(flow a r e a  and sediment accumulation a r e  i l lus t ra ted  in  
Fig. 64.5, 3-9 km along t h e  profile). The subbottom unit  in 
Hudson S t r a i t  thus may represent  debris flow sediments.  
Alternately,  a lightly compacted, relatively f ine  grained t i l l  
containing few coa r se  c las ts  would probably have similar 

Figure 64.13. Isopach map o f  Quaternary sediments  in Hudson Stra i t .  The in terpre ta t ion r e fe r s  only 
t o  a reas  investigated in Hudson Stra i t  in 1985. 
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Figure 64.14. Section L-L', Huntec  high resolution seismic reflection profile illustrating the  
complex pat tern  of sediment deposition in the eas tern  depression. This figure provides greater  detail  
of the a r e a  between 16 and 24 km in section K-K '  (Fig. 64.5). 
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Figure 64.15. Section B-El', seismic reflection profile i l lustrating sediments in the  west-ern 
depression consisting of two or more  tills up to  70 m thickness overlain by s t ra t i f ied  sediments of 
about equal thickness. See Figure 64.4 for location. 
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Figure 64.16. Section D'-E, seismic reflection profile showing multiple till deposits forming 
moraines near Big Island on the  north side of the  s t r a i t .  See Figure 64.4 for location. 
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Figure 64.17. Section J-J ' ,  Huntec  high resolution seismic profile illustrating glacial till up to  5 m 
thick lying on a smooth gently sloping erosional surface  on "Silurian" rocks in eas tern  Hudson Strait .  
The till is overlain by 1 - 2  m of a s t ra t i f ied  basal diamicton and 5-6  m of so f t e r  s t ra t i f ied  sediments.  
See Figue 64.4 Tor localion. 



acoust ic  characterist ics.  Gilbert  (1985) suggested the  Baffin 
fiord unit may consist  of fine sediments deposited in 
quiescent conditions when the  glaciers t ha t  were  t h e  major 
source  of sediment supply had re t rea ted.  

The massive units in many areas  a r e  overlain by 
s t ra t i f ied  sediments (Fig. 64.15, 64.17) t h a t  consist  of mud, 
sandy mud, and some  pebbles. The acoustic da t a  indicate 
t h a t  t w o  o r  more  acoustic units of ten  a r e  represented in 
these  sediments. The lower par t  of t h e  sect ion commonly is  
character ized by well-defined, evenly spaced acoust ic  
ref lec tors  t h a t  a r e  generally conformable with t h e  surface  of 
t h e  underlying sediments. 

The uppermost pa r t  of t h e  section is  well t o  poorly 
s t ra t i f ied  on acoustic profiles, and t h e  reflecting layers 
generally a r e  not a s  well defined a s  in t h e  underlying 
sediments. The boundary between these  units in some  a r e a s  
i s  unconformable. In t h e  eas tern  basin the  s t ra t i f ied  
sediments can be divided in to  a t  leas t  t h ree  units on the  basis 
of their  unconformable relations (Fig. 64.14), but  they do not  
differ significantly from one another in acoust ic  character .  
Cores previously collected from sediments in the  eas tern  
basin 52 km eas t  of where seismic profiles and cores  were  
obtained in 1985 yielded da te s  of 8730 and 9100 years BP on 
shells f rom core  depths 102-110 and 200-300cm 
(Fillon e t  al., 1981; Fillon and Harmes, 1982) and 22 900 BP 
(Beta No. 8899) on to t a l  organic ma t t e r  from a co re  depth of 
540-550 cm. Extrapolation of these da ta  t o  acoustic units 
basin wide is not yet  possible because of the  complex 
stratigraphy. 

t ha t  a re  mainly res t r ic ted  to  basinal areas.  The samples 
indicate t h a t  a gravel lag o r  partially modified sediments 
apparently resulting f rom winnowing by seabot tom currents  
a r e  prevalent in many a reas  excep t  in t h e  deeper  par ts  of t h e  
s t r a i t  where finer sediments  and presumably quie ter  current  
conditions prevail. 

Preliminary studies of pebble lithologies in grab 
samples indicate the re  a r e  up t o  t h r e e  t imes  a s  many 
sedimentary a s  crystall ine rock fragments.  The sedimentary 
rock debris i s  typically carbonate,  carbonate  cemented 
sandstone and mudstone, and  is  commonly fossiliferous. 
Possible sources of this mater ia l  include Palozoic successions 
in Foxe Basin, Hudsco Bay and t h e  floor of Hudson Stra i t  and 
Ungava Bay. Red c las t ic  sandstones represent  less than I%, 
although they a r e  a widespread component.  The crystall ine 
rock debris i s  typically grey gneiss and grani t ic  rock 
character is t ic  of northern Quebec and southern  Baffin Island. 
Indicator rocks, which a r e  rocks having more  clearly defined 
bedrock source  areas,  include iron-formation f rom t h e  
circum-Ungava fold belt, and volcanic rocks f rom t h e  fold 
bel t  in northern Quebec. Volcanic rocks, although 
uncommon, a r e  sca t t e red  throughout t h e  s t ra i t .  Iron- 
formation, icluding oolitic jasper and hemat i t e  and magnet i te  
fragments,  appears res t r ic ted  t o  t h e  eas t e rn  reaches of t h e  
s t r a i t  (approximately e a s t  of t h e  longitude of Akpatok 
Island). The pebble f rac t ion of g rab  samples from t h e  
moraine 52 km west of Cape  Hopes Advance is predominantly 
(80%) of crystall ine lithology in con t ra s t  with sediments 
elsewhere in the  s t r a i t  t ha t  typically a r e  composed of 50% or 
more of sedimentary rock. The cyrstall ine composition of 

Most of t he  grab samples collected during cruise 85-027 the  rocks of t h e  moraine suggests a northern ~ u k b e c  origin 
appear t o  represent sediments deposited in glacial  or glacio- for t he  ice  tha t  deposited this moraine, although the  da ta  a r e  
marine environments;  post-glacial sedimentation appears t o  not considered conclusive. 
be minimal and represented by relatively thin accumulations 
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Figure 64.18. Section F-F' ,  Huntec high resolution seismic profile illustrating intensely i ce  scoured, 
unstratified,  acoustically transparent till or other ice modified sediment exposed a t  the seafloor in 160 m 
of water .  The surficial  sediments range from 0 to 1 2  m in thickness. See Figure 64.4 for location. 



Morainal  accumula t ions  of g lac ia l  s ed imen t s  have  been  
observed at severa l  locali t ies.  F i f ty- two km wes t  of  C a p e  
Hopes Advance a moraine over l ies  s t ra t i f ied  s ed imen t s  of 
presumed Qua t e rna ry  a g e  at t h e  bedrock c o n t a c t  be tween  
Paleozoic  s t r a t a  and P recambr i an  cys ta l l ine  rocks 
(Fig. 64.11). Southwes t  of t h e  mora ine ,  toward  t h e  c o a s t  of  
nor thern  Quebec ,  s t r a t i f i ed  s ed imen t s  underlying t h e  mora ine  
a r e  unconformably overlain b y -  a younger s equence  of 
s t r a t i f i ed  sediments .  Multiple t i l ls  occur  in a mora ine  near  
Big Island on  t h e  nor th  side of t h e  s t r a i t  (Fig. 64.16), and  in 
t h e  wes t e rn  pa r t  of t h e  s t r a i t ,  s ou thea s t  of Not t ingham Island 
t w o  s t ra t igraphica l ly  superimposed mora ines  of con t r a s t i ng  
acous t i c  c h a r a c t e r  a r e  present .  The  older of t he se  is 
s ignificantly more  acoustical ly opaque  and massive t ha n  t h e  
succeeding  one. 

At  present  t h e  e x t e n t  of  t h e  mora ines  along t h e  coas t s ,  
and  t he i r  origins a r e  no t  known. Those observed a l l  l ie  w e s t  
of Ungava Bay and  t hus  may b e  r e l a t ed  e i t he r  t o  i c e  f lowing 
in to  t h e  s t r a i t  f r om ad j acen t  land a r ea s ,  o r  t o  i c e  f lowing 
genera l ly  e a s twa rd  along t h e  s t r a i t .  

Post  deposit ional  modificat ion of t h e  sur f ic ia l  
s ed imen t s  through scouring by grounded icebergs  i s  ev ident  in 
Hudson S t r a i t  down t o  dep th s  of 350-365 m below s e a  level  
(e.g. Fig. 64.18). Scours r e ach  t o  5 m in dep th  and,  f r o m  
limited s idescan  sonar  records,  genera l ly  t r end  along t h e  
eas t -wes t  ax is  of t h e  s t r a i t .  As indicated previously, 
modificat ion of sed iments  has  also occu r r ed  through 
winnowing by s eabo t t om cu r r en t s  and locally through 
slumping o r  debr i s  flows. 
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Abs t r ac t  

Sandstones of t he  Virgelle Member (Cretaceous  Milk River  Format ion)  a r e  well exposed in t h ree  
dimensions in hoodoos along the  Milk River  valley in southern  Alber ta .  The exposure allows deta i led  
analysis of ebb- and flood-tidal channel fac ies .  The basal Virgelle Member  comprises a lower 
shoreface  fac ies  character ized  by amalgamated,  hummocky cross-stratif ied sandstone passing upward 
into horizontally laminated and swaley cross-stratif ied sandstone. The lower shoreface  f ac i e s  is 
overlain by cross-stratif ied sandstones in terpre ted  as  deposits  of t idal  channels and associated f ac i e s  
t h a t  a r e  locally ebb or flood dominated.  Evidence of t idal  ac t iv i ty  includes: superposed bipolar, 
planar tabular cross-strata;  reversing paleocurrent directions along strike;  reac t iva t ion  surfaces ;  
mud-layer couplets;  and tidal bundles. The ebb-dominated fac ies  is character ized  by northward 
dipping, planar tabular cross-s t ra ta  se ts ,  with up t o  3 m relief ,  bounded by la tera l  accre t ion  surfaces .  
The flood-dominated fac ies  is character ized  by planar tabular  cross-s t ra t i f ica t ion  with shale  rip-up 
clasts.  Southward dipping cross-s t ra ta  predominate.  

Des  gr6s du rnembre de  Virgelle (formation d e  Milk River  da t an t  du Cre t acd )  sont  bien exposds 
dans des  cheminees  de  f e e  d e  t ro is  dimensions le long d e  la vallee d e  la r iv is re  Milk, dans le sud d e  
I'Alberta. C e t t e  exposition permet  une analyse deta i l lee  des fac i6s  des chenaux d16tiage e t  de crue.  
Le  membre  d e  Virgelle basal comprend un fac i6s  d e  l a  zone  inf ra t ida le  infer ieure  carac tdr ise  par du 
gr6s amalgam6 A des s t ra t i f ica t ions  ent recroisees  A creux e t  A bosses, passant vers le haut  A une 
couche horizontale de gres  lamin6 A s t ra t i f ica t ions  entrecroisees.  Le facibs de  la zone infratidale 
infer ieure  e s t  recouver t  par des  gr6s 4 s t ra t i f ica t ion  ent recroisde  in terpre t& comme Btant des  dkpBts 
de chenaux e t  de  deltas de  marke  domines par endroit  par les g t iages  ou les  crues.  Les  signes 
d 'activit6 d e  maree  comprennent:  des  s t r a t e s  ent recroiskes  planes, bipolaires; des  palkocourants 
inverses en  direction du sillon; des  cu r f aces  d e  react iva t ion;  des  couches  d e  boue couplkes e t  d e s  
amoncel lements  produits par la marke.  Le  fac ibs  domin6 par la mar& es t  carac ter isk  par des  
ensembles d e  s t r a t e s  ent recroisees  planes en pente  douce  vers  le nord d'un relief  a t t e ignan t  3 m, 
bordes par des  surfaces  d1accr6tion la tera le .  L e  fac ies  domine par la c r u e  e s t  ca rac t e r i s e  par  une 
s t ra t i f ica t ion  entrecroisde plane accompagnke de  f r agmen t s  d e  schistes argileux fragrnent6s.  La  
s t ra t i f ica t ion  ent recroisee  inclinee vers l e  sud predomine. 

- - - -  

I Depa r tmen t  of Geology, Brandon University,  Brandon, Manitoba R7A 6A9 



Introduction 

Evidence for t idal influence on sedimentation in t h e  
Cretaceous  epei r ic  seaway of Western Canada has been 
inconclusive and based on sparse observations of tide-formed 
s t ructures  (R. Rahmani, pers. comm., 1986; Leckie and 
Walker, 1982; Leckie, 1985; Leckie, 1986; Chiang, 1984; 
McCrory and Walker, 1986). Shaw (1964) categorically 
s t a t ed  tha t  significant t ides would not develop in shallow 
epeiric seas. Slater (1985) argued tha t ,  based on numeric  
modelling of the  Western Interior Seaway, t h e  maximum tidal 
range tha t  could develop was 0.86 m, with maximum current  
velocit ies of 10 cm/s.  Conversely, Klein and Ryer  ( 1  978) 
used sedimentological evidence t o  argue t h a t  epei r ic  seas  
were  character ized and dominated by tides. Pannella and 
M accl in tock (1 968) and Berry and Barker (1975) suggested 
t h a t  t h e  presence of daily growth rings indicated t h a t  Upper 
Cretaceous  bivalves of t h e  seaway were  a f f ec t ed  by t idal  
rhythms. 

Outcrops of t h e  Virgelle Member (Cretaceous Milk 
River Formation; Fig. 65.1) a t  Writing on Stone Provincial 
Park  in southern Alberta (Fig. 65.2) has  provided a unique 
opportunity t o  describe abundant evidence of deposition in a 
tidally-influenced shoreline sett ing. This paper presents 
preliminary documentation of t h e  sedimentology and la tera l  
variability of both ebb- and flood-dominated portions of a 
t idal channel, which a r e  exposed in th ree  dimensions in 
hoodoos along a section of t h e  incised Milk River valley. 

Geological se t t ing 

The Milk River Formation (Santonian-Campanian) is  
exposed in outcrop along t h e  M ilk River in southern Alberta,  
where the  s t r a t a  dip gently t o  the  northeast  on t h e  eas tern  
flank of t h e  Sweetgrass Arch (Fig. 65.2). The t h r e e  members  
of t h e  Milk River Formation (Meijer Drees and Myhr, 1981; 
Fig. 65.1, 65.3) include: t h e  lowermost, Telegraph Creek 
Member (marine shelf sandstone and shale), t h e  middle, 
Virgelle Member (shoreface sandstone with t idal  channel 
deposits), and the  uppermost,  Dead Horse Coulee Member 
(nonmarine sandstone and shale). The Milk River Formation 
comprises a coarsening-upward sequence t o  t h e  t o p  of t h e  
Virgelle Member where  i t  is locally capped by coals and 
floodplain sediments of t he  Deadhorse Coulee Member 
(Fig. 65.3). Figure 65.3 shows t h e  s t ra t igraphic  context  of 
t h e  t idal  channel fac ies  a s  i t  occurs in t h e  nearby subsurface.  
Overall, t h e  Milk River sequence preserves sediments 
deposited in a progradational shelf t o  ter res t r ia l  sett ing. 

Meijer Drees and Myhr (1981) in terpre ted t h e  Milk 
River Formation a s  a west-northwest trending shoreline with 
beach-barrier fac ies  t h a t  prograded in a northerly direction. 
The Virgelle Member thins northeastward (Slipper and 
Hunter,  1931) and is laterally replaced by t h e  thinly in ter -  
bedded marine sandstone and shale  of t he  Alderson Member 
(Meijer Drees and M yhr, 19811; McCrory and Walker (1986) 
in terpre ted t h e  Virgelle Member a s  being deposited on a wave 
and tidally influenced, progradational shoreline. In th is  
paper, w e  build on t h e  earlier work of Meijer Drees  and M yhr 
(1981) and McCrory and Walker (1986) and deal specifically 
with t h e  e f f ec t s  of ebb- and flood-variability evident within 
t h e  t idal  channel. The source  a r e a  of t h e  Virgelle sediments  
is  t o  t h e  southwest,  with K-feldspar and c lear  qua r t z  derived 
from t h e  Elkhorn volcanics of Wyoming and Montana 
(L. Rosenthal, pers. comm., 1985). 

Facies  of t h e  Virgelle sandstone 

For t h e  purposes of description and in terpre ta t ion,  t h e  
Virgelle Member is subdivided into two major facies: lower 
shoreface  fac ies  and t idal channel facies.  The l a t t e r  varies 

along s t r ike  due t o  local dominance of e i ther  ebb- or flood- 
t idal sediment transport  along t h e  paleoshoreline. In t h e  
following descriptions, w e  begin a t  t h e  base  of t h e  
progradational sequence and describe deposits t h a t  occupied 
increasingly landward positions in the  overall  depositional 
system. 

Lower shoreface  fac ies  

The lowest sediments  exposed a r e  2 m of interbedded 
shale and hummocky, cross-stratif ied,  very f ine  grained 
sandstone. These a r e  overlain by approximately 20 m of very 
fine t o  fine grained sandstone exhibiting amalgamated,  
hummocky cross-stratif ication and horizontal lamination, 
passing upward in to  fine grained sandstone with swaley cross- 
s t ra t i f ica t ion and horizontal  lamination. The re  is minimal 
bioturbation, with Ophiomorpha sp. t h e  only burrows 
recognized. These sediments  were  deposited below fair  
weather  wave base on t h e  lower shoreface  of a wave- 
dominated coastline. McCrory and Walker (1986) provide a 
detailed description and in terpre ta t ion of this facies.  

Tidal channel facies 

The upper 8 t o  9 m of the  Virgelle Member consist 
predominantly of fine t o  medium grained, planar-tabular 
cross-stratif ied sandstone (Fig. 65.4a), erosionally overlying 
t h e  lower shoreface  deposits. This sandstone displays 
abundant evidence of t idal  currents  during deposition, 
including: superposed, bipolar, planar-tabular crossbeds 
(Fig. 65.4b); reactivation surfaces  (Fig. 65.4b); mud-layer 
couplets (Fig. 6 5 . 4 ~ )  and t idal  bundles (Fig. 6 5 . 4 ~ ;  Boersma, 
1969; Visser, 1980); and reversing paleocurrents along s t r ike  
(Fig. 65.5). This fac ies  occurs  a s  distinctly ebb-dominated 

Figure 65.1. Stra t igraphic  nomenclature.  
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(Sec. I )  or flood-dominated deposits (Sec. 2)  as shown in 
Figure 65.5. In this figure the  paleocurrents from each  
sect ion a re  contrasted with the  orientation of the  
paleoshoreline (landward t o  the  south). The t idal  deposits a r e  
also sufficiently different,  sedimentologically, t o  warrant 
thei r  subdivision in to  ebb- and flood-dominated f ac i e s  
described below. 

Ebb-dominated channel facies. Figure 65.6 i l lustrates 
t h e  sequence preserved in an  ebb-dominated portion of a t idal  
channel (Sec. I, Fig. 65.2). A legend is shown in Figure 65.7. 
The lower par t  of t h e  sequence is dominated by sets of planar 
tabular cross-strata (up t o  0.3 rn thick) bounded by surfaces  
dipping a t  10 t o  20 degrees in a direction perpendicular t o  t h e  
dip of t he  cross-strata (Fig. 65.6), and becoming f l a t t e r  
down-dip. The to t a l  change in relief along t h e  bounding 
surfaces  is up t o  3 m. The planar tabular cross-strata 
decrease  in scale  upward along t h e  bounding su r faces  
(Fig. 65.8) and dip in a northward (seaward) direction 
(Fig. 65.6). The bounding surfaces  dip variably along s t r ike  in 
e i ther  an eas ter ly  or westerly direction (parallel t o  the  
coastline), although at Section I they dip consistently t o  t h e  
eas t .  One s e t  of bounding surfaces  was t r aced  la tera l ly  along 
s t r ike  fo r  39 rn. 
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The bounding surfaces  a r e  in terpre ted a s  t h e  resul t  of 
la tera l  accre t ion of t h e  channel margin due t o  longshore dr i f t  
(McCrory and Walker, 1986). An example  of la tera l  accre t ion 
surfaces  from another  hoodoo is shown in Figure 65.8. Planar 
tabular cross-strata (Fig. 65.813) formed by migration of sand 
waves within t h e  channel,  in response t o  ebb-tidal cu r ren t s  
(to the  north,  Fig. 65.6b). The channels were  probably also 
sites of flood-tidal currents ,  but t hese  would have been 
considerably weaker than t h e  ebb currents ;  thus flood- 
oriented crossbedding (southwards) is  not preserved. 

Latera l  accre t ion surfaces  a r e  absent above 
approximately 2 m in Section 1 (Fig. 65.6) where  fine grained 
sandstone displays trough cross-strata s e t s  t ha t  thin upward 
from 0.5 m t o  0.2 m (Fig. 65.6a). A 0.6 m e t r e  thick wedge of 
current  ripple crosslaminated, f ine  grained sandstone, 
containing abundant,  comminuted, carbonaceous debris, 
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Figure 65.2. Location map: a)  detail  of t h e  study a rea  with Figure  65.3. Gamma ray-density log of the  Milk River 
Sections 1 and 2 shown in Figures 65.6 and 65.9, respectively; Formation f rom gas  well near  Writing on Stone Provincial 
b) location of the  study area  a t  Writing on Stone Provincial Park (see Fig. 65.2 for location of well). Interpretations a re  
Park in southern Alberta.  Borehole refers  to  location of gas based on the  motifs of the  log pat terns ;  application of 
well shown in Figure 65.3. stratigraphy is based on Meijer Drees  and Myhr (1981). 



occurs within t h e  trough cross-stratified unit (Fig. 65.6a). 
Paleocurrents of t h e  trough cross-strata were  in a seaward 
direction (Fig. 65.6b). Above t h e  trough cross-stratif ied 
sandstone is one planar tabular s e t  overlain by a bed of 
current  ripple crosslaminated, f ine  grained sandstone. 
Changes in structures ref lec t  variation in flow s t rength  
through t h e  ebb portion of t h e  channel. The uppermost unit 
comprises shale with an  interbed of ebb-oriented, current  
ripple crosslarninated, f ine grained sandstone. These were  
deposited under relatively quieter conditions, possibly on a 
t idal f l a t  or in a lagoon t h a t  was drained by t h e  channel. 
Similarly, a wave ripple crosslaminated, f ine grained 
sandstone a t  t he  top  of Section I was deposited in a se t t i ng  
t h a t  was largely protected f rom strong tidal currents.  
Evidence of subaerial exposure of these  "quiet-water" 
deposits is notably lacking. All were  probably deposited 
under subtidal conditions. 

t h a t  caused t h e  la tera l  migration at t h e  seaward edge of the  
channel. It might b e  argued t h a t  t h e  accre t ion surfaces  were  
formed by t h e  la tera l  migration of a fluvial channel (as in 
meandering rivers or a distributary).  However, if this were  
t h e  case,  overlying s t r a t a  should show similar fea tures .  
Fur thermore ,  t h e  predominance of planar tabular  cross- 
s t ra t i f ica t ion a t  t he  base of t he  channel is not typical of 
meandering rivers (Allen, 1970). 

Flood-dominated channel facies.  The flood-dominated 
channel fac ies  is  exposed at Section 2 and is cha rac te r i zed  by 
evidence of paleocurrents flowing predominantly t o  t h e  south 
(toward t h e  paleoshoreline, Fig. 65.5). An example  of t h e  
flood-tidal sequence is i l lustrated in Figure  65.9 (Sec. 2, 
Fig. 65.2), based on exposure along several adjacent  hoodoos. 
The lowermost unit shown in each column in Figure 65.9 is 
t he  swaley cross-stratif ied lower shoreface ,  t h e  top  of which 
is exposed only a t  t h e  eas tern  end of Section 2 (Fig. 65.9, 
col. I a t  0.7 rn), where  i t  is  erosionally overlain by a medium 
grained sandstone of t h e  channel facies,  with abundant 

The units above 2 m in Section 1 do not exhibit 
evidence of lateral  accre t ion because they were  deposited 
sufficiently landward t o  be unaffected by the  longshore dr i f t  

Figure 65.4. a )  Flood-oriented planar tabular cross-strata s e t s  climbing up a very gent le  northward 
(seaward) dipping surface  (solid line), in terpre ted a s  flood ramp. Flood direction is t o  the  left .  C a m e r a  
for  scale.  b) Two flood-oriented planar tabular cross-strata s e t s  (F) separa ted by a wedge of ebb-oriented 
planar tabular cross-strata (E). Lowermost unit is current  ripple cross-stratif ied (x) sandstone. A 
reactivation surface  (R) separa tes  the  flood-oriented sets.  The flood-oriented s e t s  have dips oriented 
N146", 16OW and N151°, 18OW. The ebb-oriented se t  has dips of N17Z0, 10°E. These s e t s  can be t raced 
along s t r ike  to  make sure they a r e  not trough cross-stratif ied.  Small pockmarks in sandstone a re  molds of 
weathered-out shale clasts.  Pencil for  scale.  c )  Tidal bundles and mud-layer couplets on flood-oriented 
planar tabular cross-strata.  Lower portions of foreset  s t r a t a  a re  separa ted by mud drapes. 



2 
Observations 

Figure  65.5. Summary of paleocurrent da t a  f rom each of 
the  two sections. These data  indicate t h a t  Section 1 is ebb- 
dominated whereas Section 2 is flood dominated. Locations 
of the  sections are  shown in Figure 65.2. Trend of the  
shoreline is f rom Rice (1980) and Meijer Drees and 
Myhr (1981). 

Section 1 

Paleocurrents - Section 1 

t 

Figure 65.6. Ebb-dominated portion of tidal channel at 
Section 1. a )  Sedimentary s t ructures ;  b) Paleocurrents f rom 
different par ts  of the  section. Location shown in Figure 65.2. 
For legend see  Figure 65.7. 

carbonaceous debris and shale rip-up c l a s t s  up t o  18 c m  in 
size. Latera l  accre t ion surfaces  a r e  notably absent in t h e  
flood-dominated deposits, probably because flood-tidal 
currents  do not resul t  in significant deposit ion on t h e  seaward 
side of t h e  channel where  longshore cu r ren t s  a r e  active.  

The flood facies  is dominated by planar tabular,  cross- 
s t ra t i f ied ,  f ine  grained sandstone, with se t  thicknesses 
ranging from 0.1 m to  approximately 1 m (Fig. 65.4a), formed 
by sandwave migration in response t o  flood currents.  The 
ex t r eme  domination by flood-tidal cu r ren t s  is  evident f rom 
t h e  consistent southward component of t h e  dip direction of 
planar foresets  (Fig. 65.5, Sec. 2). One  exception occurs  a t  
approximately 5.8 m up column IV, Section 2 (Fig. 65.9), 
where  a small  planar tabular s e t  with northward-dipping 
foresets  lies between planar tabular s e t s  with southward- 
dipping foresets  (Fig. 65.4b), forming herringbone cross- 
s t ra t i f ica t ion.  In this case,  ebb-tidal cu r ren t s  were  locally 
strong enough t o  erode t h e  l e e  s ide  of a flood-oriented 
sandwave and const ruct  a sandwave t h a t  migrated in t h e  ebb  
direction, forming t h e  northward-dipping foresets .  

Another ebb-current f ea tu re  is a reactivation surface  
between southward-dipping planar tabular  se ts ,  a t  5.5 m up 
column IV, Section 2 (Fig. 65.9). This s t ruc tu re  formed when 
t h e  ebb  current  was  sufficiently s t rong t o  erode t h e  f ront  of 
a flood-oriented sandwave, and perhaps sufficient t o  
const ruct  an  ebb-oriented bedform, but any  s t ra t i f ica t ion 
formed by ebb migration was destroyed by the  subsequent 
flood currents.  

A third f ea tu re  of t he  planar tabular s e t s  that  ref lec ts  
t h e  t idal influence a r e  t idal bundles, which consist  of 
sandstone foresets  bounded above and below by subparallel  
layers of shale  t h a t  thicken down t h e  fo rese t s  (Fig. 65.4~) .  
Bundles developed in sub-tidal environments,  where  slack 
water  mud draped foresets  t h a t  formed in response t o  t h e  
dominant t idal current .  These a r e  similar t o  tidal bundles 
described by Visser (1980) but lack erosional surfaces cut t ing 
foresets  in response t o  a subordinate flow (which would b e  an  
ebb  flow in t h e  c a s e  described here). Allen (1984) suggested 
t h a t  this particular t ype  of t idal bundle fo rms  where t h e r e  is  
a strong asymmetry  in t h e  t idal flow, with no significant 
sediment transport  by the  subordinate current.  This 
in terpre ta t ion is supported by only r a re  preservation of ebb- 
oriented s t ructures  a t  Section 2. A horizontal bed of 
interlaminated sandstone and shale, approximately 6 c m  
thick, composes t h e  bot tomsets  of one planar tabular set 
(Fig. 6 5 . 4 ~ ;  Fig. 9, col. I at 3.1 m). The shale  layers a r e  

Symbols 

Planar tabular Current ripple 

/////A cross-stratification cross-stratification 

YY Trough Wave ripple 
cross-stratification A A cross-stratificatlon 

-- --- Parallel 111/1 :;Mzi tbu;ples 
-- stratification 

Shale rip-up a- %%tratification - * clasts 

Figure 65.7. Legend for Figures 65.6 and 65.9. 



Figure 65.8. a )  Westerly dipping lateral accretion surfaces; b) Bedding within the lateral accretion 
surfaces displays ebb-oriented, planar tabular cross-stratification. 

Section 2 
East 

I I 

Figure 65.9. Flood-dominated portion of tidal channel a t  Section 2, consisting of five individual 
sections (I to  IV) illustrating the sequence of structures a t  this location (Fig. 65.2). Arrows indicate 
current direction. Grain size is shown on the lower horizontal scales: sh = shale, fs = fine sand, 
ms = medium sand, cs = coarse sand, and c = conglomerate. For legend see Figure 65.7. 



thicker (up t o  I cm)  than the  sandstone layers (a  few 
millimetres), which appear t o  be structureless.  This 
interlaminated shale  and sandstone bed is  in terpre ted a s  se t s  
of "mud couplets1t (Visser, 1980) and is thought t o  r e f l ec t  
alternating slack water  deposition (mud) and current  deposi- 
tion (sand) in t h e  l ee  of t h e  advancing sandwave t h a t  
produced t h e  planar tabular cross-stratification. Shale rip-up 
c las ts  occur in many of t h e  planar tabular se ts ,  along t h e  
base of foresets in the  lower part  of t h e  channel facies.  
There a r e  also several beds in t h e  lower par t  of t h e  sequence 
that  a r e  predominantly composed of shale  rip-up clasts.  Thin 
shale  beds (generally less than 5 c m  thick) a r e  preserved 
in t ac t  largely in t h e  two  western sections (IV and V, 
Fig. 65.9). These shale  beds a re  probably ebb and flood, slack 
water  deposits laid down in areas  protected from significant 
sand transport ,  or  more  extensively during neap t ide  when t h e  
currents  were  leas t  competent.  Regardless, similar mud 
deposits probably provided t h e  source of mud t h a t  was 
reworked in to  the  shale  rip-up c las ts  preserved in this facies.  

Sets of large  scale ,  flood-oriented, trough cross- 
s t ra t i f ica t ion,  in f ine  grained sandstone, occur  near t h e  t o p  
of t h e  flood tidal sequence (Fig. 65.10). This form of cross- 
s t ra t i f ica t ion develops with t h e  migration of large,  sinuous 
bedforms (megaripples) under more  energet ic  flows than t h e  
straight-crested sandwaves, which form planar tabular cross- 
stratif ication. In t h e  progradational se t t ing in which t h e  
Virgelle Member was deposited, t h e  trough cross-stratified 
sandstone occupied a more  landward position than t h e  lower 
sandstone, which displays planar tabular sets.  The specific 
s e t t i ng  of deposition may have been in relatively deep, 
narrow flood channels t h a t  developed around sand bars in the  
channel. Flow through these  channels would be fas ter  than in 
t h e  broad, seaward channels in  which t h e  sandwaves formed, 
and thus capable of forming t h e  sinuous megaripples. The 
bed of low-angle, northward (seaward) dipping, parallel  
s t ra t i f ied ,  f ine grained sandstone a t  6.5 m, column 11, 
Section 2 (Fig. 65.9) may ref lec t  such a bar, or t he  flood 
r amp  of a flood-tidal del ta ,  where  deposition was under upper 
plane bed conditions, forming laminae parallel t o  t h e  
seaward-sloping surface  of t h e  bar. Trough s e t s  occurring 
lower in the  sequence (e.g. Fig. 65.9, col. V a t  2.5 m) 
probably formed in t h e  deepest par t  of t h e  main channel 
when tidal curents  were  especially f a s t  (e.g. spring tide). 

Horizontally laminated, f ine grained sandstone occurs 
in the  upper portion of the  sequence, which preserves 
relatively shallow water  portions of t h e  prograding channel 
and shoreline. This sandstone was deposited under upper 

plane bed conditions. Rare ,  ver t ica l  e scape  burrows have 
been observed in identical  horizontally laminated sandstones 
along s t r ike  f rom Section 2, documenting t h e  response of 
organisms t o  rapid deposition. Current  ripple crosslamination 
in fine grained sandstone near t h e  top  of t h e  sequence 
ref lec ts  relatively shallow-water deposition under lower flow 
s t rengths  than the  horizontally laminated deposits. Wave 
ripple crosslamination i l lustrated a t  t h e  t o p  of column IV, 
Section 2 (Fig. 65.9), formed in response t o  relatively shallow 
water ,  wind-generated waves in a reas  adjacent  t o  t h e  
landward s ide  of t h e  t idal  channel. R a r e  root cas t s  a r e  
preserved in th is  uppermost sandstone, penetra t ing downward 
and originating f rom the  overlying recessive Deadhorse 
Coulee Member,  which is not well exposed. 

Discussion 

Our results show a complexity of t idal fac ies  rarely 
shown in o ther  outcrop studies. Most studies of barrier 
channels concen t ra t e  on t h e  channel and place l i t t l e  
significance on preservation of t idal  de l t a  f ac i e s  (Kumar and 
Sanders, 1974; Reinson, 1979; Car t e r ,  1978). The sequence of 
flood-oriented s t ructures  in Section 2 (Fig. 65.9) was  

MIRAMICHI 

0 1 2  3 k m  
- 5 ,  , - 

-- k+%l$i ~ " 1  EBB-TIDAL DELTAS FLOOD-TIDAL DELTAS 

YA, TERMINAL LOBE '::?::>!: FLOOD RAMP 

1 1 rA c3iANNEL-MARGIN @$@ EBB SPITS 
f LINEAR BARS 

*--.-* EBB-DOMINATED L$ EBB SHIELD 
. ~h e ? ~ I  61 CHANNELS 

1 INFERRED LONGSHORE * ~ ~ ~ ~ ~ ~ ~ ~ M I N A T E D  

Figure 65.10. Flood-oriented, trough c ross - s t r a t~ f l ed  CURRENT DIRECTION - 
sandstone with interformatlonal shale c las ts  f rom Figure 65.11. B a r r ~ e r  islands and inlets of t he  Mlrarnichi 
~ m m e d i a t e l y  west of flood ramp, planar tabular sandstone es tuary  (modified from Relnson, 1977). The numbers "1" 
shown in Figure 65.4a. These cross-strata were  deposited In and "2" r e fe r  t o  positions of Sections 1 and 2 (Fig. 65.6, 65.9) 
the  t idal channel. on a hypthetical  "fossilized" Mirarnichi estuary.  



deposited a s  part  of a flood-tidal del ta  complex and bears 
l i t t l e  resemblance to  t h e  hypothetical sequences proposed by 
Hayes (1976) and Hubbard and Barwis (1976). Many of these  
studies on modern t idal inlets comment  on t h e  migration of 
t h e  inlet  over t ime. The Milk River example  is one of the  
f i rs t  documented examples of this la tera l  migration 
preserved in t h e  ancient record (McCrory and Walker, 1986). 

The t idal del tas  and channels of t h e  Miramichi es tuary  
in New Brunswick (Reinson, 1977a, b) a r e  a sui table  modern 
analogue for  t h e  deposits of t h e  Virgelle Member (Fig. 11). 
The locations of sections I and 2 (Fig. 65.6, 65.9), a s  they 
would occur  on a hypothetical ,  fossilized Miramichi estuary,  
appear in Figure 65.11. The la tera l  accre t ion surfaces  a r e  
in terpre ted a s  belonging t o  t h e  lower portion of t h e  main 
ebb-channel, which was dominated by ebb-tidal currents.  
One variation f rom t h e  Miramichi analogue occurs  in t h e  
Virgelle sandstone, where  t h e  ebb current  was directly beside 
t h e  ou te r  margins of t h e  t idal channel. On t h e  Miramichi 
es tuary  (Reinson, 1977a, b) and estuaries of t h e  Carolina 
coas t  (Hubbard and Barwis, 1976) t h e  flood cu r ren t s  typically 
flow adjacent t o  t h e  channel margins. The bidirectionality 
t h a t  occurs in t h e  la tera l  accre t ion surfaces  along t h e  s t r ike  
of t he  outcrop can be explained by the  Miramichi analogue 
(Fig. 65.11) where  reversals of longshore dr i f t  occur due t o  
d i f ferences  in t h e  directions of wave approach 
(Reinson, 1976). 

We agree  with McCrory and Walker (1986) t h a t  t he  
paleoshoreline was storm and tidally influenced. The 
abundance of hummocky and swaley cross-stratif ication in 
t h e  nonchannel intervals of t h e  shoreface  indicate  a strong 
wave influence. We s e e  very l i t t l e  evidence t o  indicate a 
well developed ebb-tidal del ta  system. The l a t e ra l  accre t ion 
surfaces  and ebb-directed planar tabular and trough cross- 
s t ra t i f ied  sands were  deposited within t h e  channel close t o  
t h e  shoreline. The abundance of la tera l  accre t ion surfaces  
indicates  well developed longshore dr i f t  patterns.  Wave 
dominated inlets generally have only a small  ebb-tidal de l t a  
t h a t  is close t o  t h e  shore  and a large,  complex flood-tidal 
de l t a  complex (Hubbard, 1977). Swash bars and swash plat- 
forms a r e  poorly developed (Hubbard, 1977). Our observa- 
t ions indicate  t h a t  Section 2 belongs t o  a large,  flood-tidal 
del ta  complex t h a t  developed in t h e  upper Virgelle Member.  

Table 65.1. Comparison of ebb- and flood-dominated 
portions of t h e  t idal channel 

Ebb-dominated Flood-dominated 

No lag of shale  c las ts  More commonly a lag of 
shale rip-up c las ts  a t  

Latera l  accre t ion surfaces  base of deposit 
dipping variably along s t r ike  
of paleo-shoreline Abundant shale rip-up 

c las ts  on lower foresets  
Offshore dipping and toesets  
(northward) cross-strata 

Onshore-dipping cross- 
Decreasing s e t  thickness s t r a t a  
upward 

Very gentle,  seaward- 
In general,  fewer  sha le  rip- dipping su r face  covered 
up c las ts  than in t h e  flood- with onshore-dipping, 
dominated f ac i e s  planar tabular  cross- 

s t r a t a  (flood ramp) 
In general, trough cross- 
s t ra t i f ica t ion is more  
common 

Although the re  was a s t rong ebb-tidal influence within t h e  
channel, t he re  is l i t t l e  evidence for a large,  well developed 
ebb-tidal delta.  If t h e  channels were  just t i de  dominated, 
with l i t t l e  wave influence, t h e  flood-tidal de l t a  complex 
would not have developed (Hubbard, 1977). 

At this t ime  i t  is difficult  t o  assign a def in i te  t idal 
range. However, we tenta t ively  assign a mesotidal range 
(2-4 m)  t o  the  t idal amplitude. The grounds for this a r e  t h a t  
modern microtidal (<2 m) barrier islands and es tuar ies  a r e  
character ized by abundant washover fans,  smal l  flood-tidal 
deltas,  numerous spits and aligned beaches (Hayes, 1975). 
Modern mesotidal barr ier  islands a r e  dominated by tidal 
del tas  and channels (Hayes, 1975; Kumar and Saunders, 1970). 
The upper par t  of t h e  Virgelle Member t h a t  w e  have 
examined t o  d a t e  is  dominated by t idal  d e l t a  and channel 
fac ies  and, a s  such, a mesotidal assignment m.ay b e  
appropriate.  Assuming a 10 per cen t  reduction in t h ~ c k n e s s  
resulting f rom compaction (Ingles and Grant ,  19751, t h e  t idal 
channels were  in t h e  order  of 7 t o  9 m deep. 

Conclusions 
Hoodoos in the  Virgelle Member a t  Writing on Stone 

Provincial Park in southeas tern  Alber ta  provide an 
opportunity t o  study t h e  ebb- and flood-dominated portions of 
a t idal channel and thei r  geometr ic  relationships. Evidence 
of t idal ac t iv i ty  includes: superposed bipolar tabular cross- 
s t r a t a ,  reversing paleocurrent directions along s t r ike ,  
reactivation surfaces,  mud-layer couplets,  and t idal bundles. 
A summary of c r i t e r i a  for differentiating ebb  and flood 
portions of t h e  channel is presented in Table 65.1. The ebb- 
dominated fac ies  is character ized by seaward-dipping, planar 
tabular cross-strata se t s ,  with up t o  3 m of relief,  bounded by 
la tera l  accre t ion surfaces.  The la tera l  accre t ion surfaces  dip 
at angles of 10 t o  15 degrees  and form s e t s  which dip 
variably, along strike,  t o  t h e  east and west  (alongshore). The 
cross-strata s e t s  between surfaces  dec rease  in thickness 
upward. The flood-dominated facies,  in terpre ted a s  a flood- 
t idal  de l t a  complex, i s  character ized by planar tabular  cross- 
s t ra t i f ica t ion (set  thicknesses of 0.2 t o  1.0 m )  with common 
shale  rip-up c las ts  on lower foresets  and toesets .  Landward- 
dipping cross-strata predominate. In one case! planar tabular  
s e t s  climb up a low-angle (4O), seaward-dlpping surface ,  
in terpre ted a s  a flood ramp, located on t h e  landward s ide  of 
t h e  channel. The t idal channel was probably wave dominated 
with a small  ebb-tidal del ta ,  but a large  flood-tidal de l t a  
complex. The t idal  range was  probably mesotidal.  
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Abstract 

Significant o i l  resources occur i n  Mississippian rocks of southeastern Saskatchewan. The source 
o f  these oils is commonly inferred to be the Bakken Formation (Devonian-Mississippian). The 
overlying Lodgepole Formation (Mississippian) has been previously at t r ibuted no source potential. 
Significant potent ial  petroleum source rocks do occur i n  a mappable shale i n  the lower par t  o f  the 
Lodgepole Formation. Their significance as an ef fect ive petroleum source rock remains to  be 
determined. 

Les roches du Mississippien du sud-est de l a  Saskatchewan renferment d'importantes ressources 
pBtroli6res. L a  source de ces gisements est g6nBralement considBr6e comme dtant  l a  formation de 
Bakken (DBvonien-Mississippien). On a d6ja estirne que la  formation de Lodgepole (Mississippien) qui 
la  recouvre ne prksentait aucune possibilite comrne source d'hydrocarbures. Une zone de schistes 
argileux cartographike dans l a  part ie infgrieure de l a  formation de Lodgepole cont ient des roches qui 
sont probablement une source importante de petrole. I1 reste 4 Btabl ir  I ' irnportance de ce t te  source. 



Introduction 

In excess of 250 million cubic me t re s  of recoverable oil 
is entrapped a t  or near t h e  subcrop of Mississippian rocks in 
southwestern Manitoba and southeastern Saskatchewan 
(Lee e t  al., 1985). It is commonly believed t h a t  thin yet  rich 
potential  petroleum source rocks of t he  Bakken Formation 
(Devonian-Mississippian) were  t h e  source  of t hese  oils 
(Price et al., 1984). This report  identifies significant 
potential  petroleum source  rocks in t h e  Mississippian 
Lodgepole Formation t h a t  may have been contributing 
sources t o  t h e  oil pools of southeas tern  Saskatchewan. 

Samples of potential  petroleum source rocks in t h e  
Lodgepole Formation, examined t o  da te ,  a r e  marginally 
mature.  Possibly these  potential  source rocks a r e  ma tu re  
e i ther  in regions of higher hea t  flow or where  they have been 
more  deeply buried. The l a t t e r  possibility appears t o  be 
res t r ic ted  t o  American portions of t h e  Williston Basin. 

Method of s tudy 

The RockEva1 pyrolysis technique allows t h e  evaluation 
of potential  petroleum source  rocks: i t  indicates shows of oil 
or  gas, t h e  oil and gas generation potential ,  t h e  thermal  
matur i ty ,  and an inferred organic m a t t e r  t ype  (Tissot and 
Welte, 1978, p. 443-447). The RockEval pyrolysis-organic 
carbon analysis gives five parameters:  S1, S2, S3, TOC and 
Tmax. The S I  parameter  is a measure  of the  f r e e  or 
adsorbed hydrocarbons t h a t  a r e  volatilized a t  moderate  
temperatures  during t h e  pyrolysis experiment.  The S2 
parameter  is t h e  quantity of hydrocarbons and hydrocarbon- 
like compounds t h a t  a r e  l iberated f rom t h e  kerogen in t h e  
rock sample  during t h e  pyrolysis experiment.  The S3  
parameter  is a measure  of t h e  CO2 generated f rom t h e  
kerogen. All of these  parameters  a r e  measured in  milligrams 
of product per gram of rock sample  (equivalent t o  kilograms 
of product per tonne of sample). The Tota l  Organic Carbon 
analysis, TOC, is measured in weight per cent .  Tmax is t he  
t empera tu re  corresponding t o  t h e  maximum hydrocarbon 
generation (S2 peak) during the  pyrolysis experiment.  

The source  rock potential  of a rock sample  is 
determined by the  amount  of Total  Organic Carbon as a 
function of lithology, and t h e  S2 parameter  value 
(Table 66.1). Thermal matur i ty  i s  determined by both t h e  
Tmax and Hydrogen Index-Oxygen Index parameters  
(Macauley et al., 1985, p. 5). The petroleum potential  of t h e  
sample,  S I  + S2, can b e  employed t o  rank t h e  generat ive  
potential  of d i f ferent  source  rocks. 

Potent ia l  petroleum source  rocks 
in t h e  Lodgepole Formation 

Good t o  excellent potential  petroleum source rocks a r e  
present in both t h e  Bakken Formation and Madison Croup in 
southern Saskatchewan (Osadetz and Snowdon, 1986). 

Table  66.1. Cr i t e r i a  fo r  ra t ing potential  source  rocks 

TOTAL ORGANIC CARBON (TOC) VALUE (WEIGHT PER CENT) 

% TOC IN SHALES SOURCE RATING % TOC IN CARBONATES 

0.00 - 0.50 Poor 0.00 - 0.1 2 
0.50 - 1.00 Fair 0.12 - 0.25 
1.00 - 2.00 Good 0.25 - 0.50 
2.00 - 4.00 V e r y  good 0.50 - 1.00 
4.00 and greater Excellent 1.00 and  greater 

S2 VALUE (rng HYDROCARBON / gm OF ROCK) 

S2 VALUE SOURCE RATING 
Less t h a n  2.00 Poor 
2.00 - 5.00 Fair 
Greater t h a n  5.00 Good 

KGO-86 GSC 

This paper identifies potential  petroleum source rock 
intervals in t h e  Lodgepole Formation in t h e  Imperial  Garville 
well (8-23-3-24W2). Some indication of source  rock 
potential  in t h e  lower portion of t h e  Lodgepole Formation 
was recognized in the  Norcanols Parry  No. I well 
(16-8-9-21W2; Osadetz  and Snowdon, 1986). Shales 
corre la t ive  with t h e  potential  source interval identified in 
t h e  Garville well a r e  present  in t h e  Broadview Crown well 
(8-36-16-6W2) but they give no indication of petroleum 
source  rock potential. Two wells west  of t h e  th i rd  meridian, 
Shell Amerada Crown S-A (5-31-2- 1 lW3) and Imperial 
Tidewater Climax No. 1 (6-10-3-18W3) conta in  no potential  
source rock interval in t h e  Lodgepole Formation. Presumably 
they l ie west of t h e  depositional l imit  of potential  petroleum 
source rocks. The result  of t he  anhydrous pyrolysis 
exper iments  for samples f rom the  Bakken Formation and 
Madison Group for  the  Garville well is l isted in Table 66.2. 

In t h e  Garville well, good t o  excel lent  potential  
petroleum sources a r e  present in samples  of t h e  middle 
sandstone and lower shale  members  of t h e  Bakken Formation. 
The upper shale  member of t h e  format ion was not  examined. 
Several potential  petroleum source  rock in tervals  a r e  present 
in the  Madison Group. Potential  sources  a r e  extensively 
developed in t h e  Lodgepole Format ion and sporadically 
developed in t h e  Mission Canyon Formation. There  a r e  t h r e e  
potential  source  rock intervals in t h e  Lodgepole Formation. 
Except for sporadic source  rocks in basal portions of t he  
formation, t h e  f i rs t  potential source  rocks occur  in shales and 
argillaceous carbonates in t h e  interval f rom 6350 t o  6500 f t  
(1936-1981 m) in t h e  well (Fig. 66.1). This interval is 
character ized by an increase  in t h e  abundance of Tota l  
Organic Carbon upward through t h e  sect ion t o  a maximum of 
5.26 per cen t  a t  t h e  top  of t h e  interval.  S I  yields reach 
1.00 mg hydrocarbon per gram of rock (mg HC/gm) and S2 
yields exceed 30.00 m g  HC/gm. Hydrogen Index values 
exceed 350 in argil laceous carbonates  and t h e  potential  
source  is considered t o  be dominated by Type 11, marine,  
organic ma t t e r .  Tmax is 430°C, on average.  Tmax and 
Productivity Index values, not commonly exceeding 
10 per cen t ,  suggest t h a t ,  in t h e  Garville well, t h e  interval is 
marginally mature .  

The second and third potential  source  rock intervals a r e  
developed in t h e  in tervals  6240 t o  6280 f t  (1902-1914 m), and 
6020 t o  6120 f t  (1835-1865 m), respectively.  The l a t t e r  
in terval  does not  represent  a continuous source  interval;  
potential  sources a r e  developed discretely and sporadically. 
The source  potential  of individual samples  f rom t h e s e  
in tervals  is commonly good (Table 66.2), although TOC values 
rarely exceed 2.50 per cen t  and S l  yields a r e  very poor 
(less than 0.25 mg HC/gm). 

Correlation and distribution of potential  sources  

The lowermost potential  source in terval  (6350-6500 f t ,  
1936-1981 m) in t h e  Garville well i s  a regionally persistant 
lithological unit, recognizable a s  f a r  eas t  a s  Imperial Halket t  
15-7-3-8W2 (6100-6240 f t ,  1859-1902 m). To t h e  north,  t h e  
unit  is  recognized in  both t h e  Norcanols Parry  No. I well, 
where  i t  has l imited good source  rock potential  (5605-5710 f t ,  
1708-1740 m; Osadetz  and Snowdon, 1986) and in t h e  
Tidewater Rroadview Crown No. 8-36 well (8-36-16-61V2; 
2926-2939 f t ,  892-896 m), where  i t  has no source rock 
potential .  To t h e  west ,  t h e  section becomes condensed and 
this interval converges with underlying beds t o  become t h e  
basal beds of t h e  formation. No source  rock potential  is 
recognizable in t h e  t w o  wells t ha t  have been examined in t h e  
a r e a  west of t h e  th i rd  meridian, Shell Amerada Crown S-A 
and Imperial Tidewater Cl imax No. 1. 

The second potential  source  in terval  (6240-6280 f t ,  
1902-1914 m) occurs  at a s t ra t igraphic  position equivalent t o  
t h e  top  of t h e  Lodgepole Formation as inferred f rom 



Table 66.2. RockEval pyrolysis results (0.5% TOC cutoff) 

Imperial Garville 8-23-3-24W2 
K.B. 2524 feet  (769.3 m) 

DEPTH 
in TOC PI SI+S2 TMAX SI  S2 5 3  HI 01  

feet  (m) 

Charles Formation (5323 f t ,  1623 m) 

5380 (1640) 1.00 0.7 1.84 436 .12 1.72 .72 172 72 

Mission Canyon Formation (5423 f t ,  ~ 6 j 3  m) 

5480 (1670) 1,lO .06 1.78 430 . I0  1.68 .48 152 43 
5500 (1676) 1.99 .02 4.57 435 .11 4.46 .89 224 44 
5580 (1701) 1.00 . .16 3.16 436 .52 2.64 1.10 264 109 
5640 (1719) .74 .I0 1.18 43 1 .12 1.06 .78 143 105 

Lodgepole Formation (5677 f t ,  1730 m) 

5680 (1731) .92 .05 1.91 439 . I0  1.81 -62 196 67 
5720 (1744) 1.44 .05 3.27 430 -16 3.11 1.04 215 72 
5740 (1750) .75 .04 1.34 440 .05 1.29 .37 172 49 
5760 (1756) 1.31 .07 2.81 432 .21 2.60 .77 198 58 
5780 (1762) 1.66 .03 3.72 422 .12 3.60 1.18 216 7 1 
5860 (1786) .86 .04 1.22 436 .05 1.17 .51 136 59 
5920 (1804) 1.09 .04 1.36 434 .05 1.31 .31 120 28 
5940 (1811) .81 .04 1.82 438 .08 1.74 .42 214 51 
5960 (1817) .50 .04 .90 435 -04 .86 -20 172 40 
5980 (1823) .78 .02 2.30 433 .05 2.25 .27 288 34 
6000 (1829) 1.01 .03 2.00 434 .07 1.93 .61 191 60 
6020 (1835) 1.00 .04 2.51 442 .09 2.42 .63 242 63 
6060 (1847) 1.33 .03 4.87 430 .13 4.74 .77 356 57 
6100 (1859) 1.14 .05 2.48 433 .12 2.36 1.08 207 94 
6120 (1865) 2.65 .02 9.69 424 .23 9.46 1.72 356 64 
6160 (1878) .91 .06 1.78 434 . I0  1.68 .68 184 74 
6180 (1884) .62 .05 1.26 433 .06 1.20 .42 193 67 
6200 (1890) .74 .05 1.84 432 . I0  7 1.38 235 186 
6220 (1896) .55 .05 2.04 432 . I0  1.94 .48 352 87 
6240 (1902) 1.28 .05 2.65 429 .12 2.53 .84 197 65 
6260 (1908) .60 .I0 3.10 433 .30 2.80 .96 466 160 
6280 (1914) .90 .08 3.34 431 .28 3.06 1.08 340 120 
6320 (1899) .52 .05 1.68 433 -09 1.59 .63 305 121 

Unnamed argillaceous carbonate (6350 f t ,  1936 m) 

6350 (1935) 5.26 .03 29.51 430 .84 28.67 2.54 545 4 8 
6353 (1936) 3.00 .06 17.54 4 4  1.00 16.54 .57 551 19 
6356 (1937) 4.97 -03 32.93 430 1.00 31.93 2.10 642 42 
6360 (1938) .64 .06 2.47 429 4 2.33 1.55 364 242 
6380 (1945) .65 .06 2.36 43 1 . I4  2.22 .40 341 6 1 
6400 (1951) .94 -10 4.04 429 .39 3.65 1.07 388 113 

Unnamed clay shale (6410 f t ,  1954 m) 

6420 (1957) 1.79 .12 3.34 430 -38 2.86 1.63 159 91 
6440 (1963) 2.90 -11 4.37 432 .48 3.89 2.48 134 85 
6460 (1969) 1.15 .18 1.52 432 .28 1.24 1.14 107 99 
6480 (1975) 3.44 .I0 5.13 42 7 .53 4.60 2.70 133 78 

Unnamed carbonate (6487 f t ,  1977 m) 

6500 (1981) 1.44 .04 5.78 425 .22 5.56 1.27 386 88 
6600 (2012) 1.23 .20 2.60 432 .53 2.07 -90 168 73 
6660 (2030) 1.62 .I5 8.70 427 1.30 7.40 2.03 456 125 

Bakken Formation, upper shale member (6670 f t ,  2033 m) 

Bakken Formation, middle sandstone member (6676 it ,  2035 m) 

6700 (2042) 1.13 .23 3.22 4 30 -74 2.48 1.82 219 161 
6720 (2048) 1.69 -23 4.27 431 1.00 3.27 1.95 193 115 

Bakken Formation, lower shale member (6723 f t ,  2009 m) 

6740 (2054) 14.15 .13 64.44 420 8.65 55.79 4.70 394 33 
6740 (2054) 14.37 .I3 67.71 419 9.10 58.61 5.18 407 36 

Torquay Formation (6748 f t ,  2057 m) 
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Figure 66.1. Gamma ray and sonic logs of t he  Lodgepole, 
Bakken and over- and underlying format ions  f rom t h e  
Imperial Garvil le ( 8 - 2 3 - 3 - 2 4 W 2 )  well. 

MacDonaldfs maps (MacDonald, 1956). The third potential  
source  in terval  (6020-6120 f t ,  1835-1865 m )  in t h e  Garvi l le  
well occurs in beds of argil laceous wacltestones t o  bioclastic 
grainstones. These beds a r e  corre la t ive  with argil laceous 
beds underlying t h e  endothyrid foraminifera1 gra ins tone  beds 
recognized by MacDonald a t  t h e  base  of t h e  Mission Canyon 
Formation (as picked in th is  s tudy)  in t h e  nearby Buffalo G a p  
No. 1 well (MacDonald, 1953, p. 121; 1956). Significant 
potential  petroleum source rocks have not been identified in 
o ther  wells, in s t r a t a  corre la t ive  t o  e i t he r  t h e  second (6240- 
6280 f t ,  1902-1914 m)  or third (6020-6120f t ,  1835-1865 m )  
intervals of potential  petroleum sources  identified in t h e  
Garvil le well. Only t h e  lower in terval  (6350-6500f t ,  
1936-1981 m)  is considered a significant potential  pe t ro leum 
source  rock. 

Discussion 

Recently,  considerable a t t en t ion  has been focused on 
t h e  petroleum source  rock potent ia l  fo r  t h e  Fammenian and 
Tournaisian shales of t h e  Bakken Format ion and la tera l ly  
equivalent s t r a t a  (Dembicki and Pirkle, 1985; Leenheer,  1984; 
Price e t  al., 1984; Webster,  1984; Schmoker and Hester ,  
1983). The present authors  ag ree  t h a t  th is  format ion should 
be  assigned a high source  rock potent ia l  (Table 66.2; Osade tz  
and Snowdon, 1986). Extensive investigation of t h e  Bakken 
Formation as  a unit containing potent ia l  petroleum source  
rocks has been strongly influenced by t h e  corre la t ion  of oils 
in Mississippian reservoirs t o  solvent ex t r ac t s  f rom t h e  
Bakken Formation (Williams, 1974). Dow (1974) suggested 
tha t ,  "All o ther  format ions  between t h e  Devonian Pra i r ie  s a l t  
and t h e  Char les  s a l t  conta in  insufficient organic m a t t e r  t o  
gene ra t e  t h e  amount  of Type I1 oil discovered in t h e  basin." 
This view has prevailed,  a s  indicated by t h e  r ecen t  review of 
petroleum source rocks in t h e  g rea t e r  Rocky Mountain region 
(Meissner e t  al., 1984). 

Da ta  obtained f rom this study ind ica t e  t h a t  extensive,  
corre la t ive  shale  and argil laceous ca rbona te  in tervals  in t h e  
lower portion of t h e  Lodgepole Format ion have significant 
petroleum source  rock potential .  Fu r the r  work is required t o  
document  t h e  significance of this potential .  
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Abstract 

Glaebular paleosol and pedogenic limestone in the Willow Creek Formation should be recognized 
as  important features in paleoclimatic interpretations. A semiarid floodplain environment of the 
Willow Creek Formation in the southern Foothills can be contrasted with the poorly drained, swampy 
floodplain (Coalspur coal zone) of the central Foothills. Such an interpretation for  the Willow Creek 
Formation, based on sedimentology, is supported palynologically by the exceptionally high number of 
low-yield samples, the low diversity of the Late Maastrichtian assemblages and the occurrence of 
Classopollis. The abundance of Concentricystes in many samples, which are  otherwise nearly barren 
of palynomorphs, suggests a well drained soil as its ecological niche. 

The correlation and paleoenvironmental comparison between the Willow Creek Formation and 
the Coalspur coal zone is now possible by the recognition of the Cretaceous-Tertiary boundary within 
the Willow Creek Formation. An age range of Early to Middle Paleocene is suggested for the 
Porcupine Hills Formation. 

I1 faudrait reconna?tre, dans la formation de Willow Creek, Itimportance du pal6osol caracteris6 
par la presence de gl&bes e t  du calcaire p6dogBnique, dans les interpretations paleoclimatiques. Le 
milieu de plaines dlinondation semi-arides de la formation de Willow Creek, dans la partie sud des 
Foothills, contraste avec la plaine dlinondation mar6cageuse e t  ma1 drainee (zone houill6re de 
Coalspur) de la partie centrale des Foothills. Ce t te  interpretation de la formation de Willow Creek, 
basee sur la s6dimentologie, es t  appuyBe palynologiquement par le nombre exceptionnellernent 6lev6 
d'6chantillons A faible rendement, la faible diversite des assemblages du Maastrichtien recent e t  la 
presence de Classopollis. L'abondance de Concentricystes dans bien des Bchantillons, qui sont 
ordinairement presque exempts de palynomorphes, semble indiquer qu'un sol bien drain6 a servi de 
niche Bcologique. 

La correlation e t  la comparaison palgo-environnementale entre la formation de Willow Creek e t  
la zone houilldre de Coalspur est maintenant rendue possible par la reconnaissance de la limite du 
Cr6tac6 e t  du Tertiaire A Itint6rieur de la formation de Willow Creek. Quant A la formation de 
Porcupine Hills, on suggdre un Bventail dtbges allant du PalBocSne infgrieur A moyen. 



Introduction 

Caliche (syn.: calcrete,  cornstone or kankar) is a 
general term used t o  define low-magnesium calci te  deposits, 
occurring in s t a tes  ranging from chalky t o  well cemented and 
highly indurated, formed within a soil in or on pre-existing 
sediments, soil or rocks in semiarid environments (Bretz and 
Horberg, 1949; Esteban and Klappa, 1983; Goudie, 1983). A 
great variety of morphological types of caliche have been 
described from both ancient and modern continental deposits 
(Gile, 1961, 1970; Brewer and Sleeman, 1964; Gile and 
Hawley, 1966; Blokhuis e t  a]., 1969; Reeves, 1970, 1976; 
Strakhov, 1970; Singh and Singh, 1972; Steel, 1973; Esteban 
and Klappa, 1983; Goudie, 1983). Concretions and nodules a s  
well as  crusts and hardpan a r e  the  most common types of 
caliche. 

Such features  were recorded in the  Willow Creek 
Formation of southern Alberta over one hundred years ago by 
Dawson (1884, p. 67): "In some clayey layers, peculiar 
whitish-weathering, irregularly reniform, and generally small 
sized concretions abound". Williams and Dyer (1930, p. 59) 
noticed tha t  "Many of t h e  clay beds a r e  characterized by 
white weathering, small, irregular-shaped nodules of calcite." 
Bell (1949, p. 11) gave the  f i rs t  interpretation of these  
features stating: "These concretions, i t  may be added, consist 
of lime carbonate,  and a r e  similar t o  cornstone or kunkur" 
(kankar). 

Although the  occurrence of the  limestone concretions 
was often cited in descriptions of the  Willow Creek 
Formation (Douglas, 1950; Tozer, 1953, 1956), no a t t empt  
was made t o  use them a s  an indication of paleoclimate. The 
purpose of this paper is t o  draw attention t o  the  
paleoclimatic research based on the  knowledge of the  spatial 
distribution of caliche-bearing versus coal-bearing deposits 
and associated palynological assemblages in t h e  uppermost 
Cretaceous and Paleocene in Alberta. 
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Results 

Stratigraphic set t ing of the  caliche-bearing deposits 

Observations of the  caliche features  in the  Willow 
Creek and Porcupine Hills formations were made at the  well 
known sections along Crowsnest, Oldman, and Cast le  rivers 
near Cowley (Fig. 67.1) and from cores located about 6 km 
northeast of Pincher Creek (Fig.-67.1, locality 9; Fig. 67.2, 
sections 9, 9a, 9b). 

The stratigraphic nomenclature of Douglas (1950) and 
Tozer (1956) is applied t o  the  study area. This study has 
allowed us t o  place t h e  Cretaceous-Tertiary boundary within 
the  Willow Creek Formation precisely, t o  differentiate t h e  
Willow Creek and Porcupine Hills formations palynologically, 
and t o  assign a minimum age  of Middle Paleocene t o  t h e  top, 
noneroded part of the  Porcupine Hills Formation (Figs. 67.1, 
67.2). 

The lower par t  of the  Willow Creek Formation is of 
Late  Maastrichtian age, based on i t s  relative stratigraphic 
position and t h e  presence of dinosaur bones (Tozer, 1952, 
1953, 1956; Abler, 1984). Additionally, the  presence of 

Azolla barbata  Snead 1969 (Fig. 67.2, fig. 15, section 5, 
samples C-137585 and C-137587), known only from t h e  La te  
Maastrichtian (Snead, 1969; Sweet, 1972, 19781, including 
records from the Willow Creek Formation (Snead, 1969), 
supports this age. Single specimens of Cranwellia rumseyensis 
Srivastava 1966, and possibly Aquilapollenites conatus Norton 
1965 (Fig. 67.2, fig. 11, 12, respectively) were  seen in sample 
C-137587. As these  species or allied species range into the  
Campanian, a reworked origin cannot be  excluded. Of t h e  
Upper Maastrichtian samples counted, in which 
Concentricystes is absent or only a n  accessory species, 
angiosperm pollen dominates in two (Fig. 67.2, section 4, 
C-132746 and C-132750) and is subdominant in one (Fig. 67.2, 
section 5, C-137587); a dominance of angiosperm pollen is 
characteristic of the  Late  Maastrichtian (Jerzykiewicz and 
Sweet, in press; Sweet and Hills, 1984). 

The Cretaceous-Tertiary boundary occurs near the  top 
of member D (Fig. 67.2, section 5, between samples C-137587 
and C-137588). Recovery from sample C-137587, f rom a 
0.3 m thick, greenish grey mudstone, is relatively poor. In 
addition t o  Azolla barbata,  and t h e  single specimens of 
Cranwellia and Aquilapollenites mentioned above, this sample 
contains a relative1 y high percentage of angiosperm pollen 
(23%) and a miospore assemblage dominated by Cyathidites 
(22%, compared with Laevigatosporites a t  20%) giving i t  an 
overall Late  Maastrichtian character.  In sample C-137588, 
from a 3 c m  thick, dark grey mudstone overlying the  
greenish mudstone, the  percentage of angiosperm pollen is 
low (6%) and the miospore assemblage is dominated by 
Laevigatosporites (28.9%, compared with Cyathidites at 
6.8%). In the  next higher sample, C-137589, from a 2 c m  
thick coaly shale, t h e  relative abundances remain t h e  s a m e  
but Azolla s c h o p f i  Dijkstra 1961, t h e  range of which s t a r t s  
immediately above t h e  Cretaceous-Tertiary boundary 
(Snead, 1969; Sweet, 1972, 1978; Sweet and Hills, 1984), is 
also present. A shift t o  a low relative abundance of 
angiosperm pollen, and from a dominance of Cyathidites t o  a 
dominance of Laevigatosporites, within t h e  miospore 
assemblage a r e  characteristics of the  floral changes tha t  
occur across t h e  Cretaceous-Tertiary boundary in Alberta 
(Jerzykiewicz and Sweet, in press; Sweet and Hills, 1984). 

Relatively diverse assemblages occur in the  uppermost 
part  of member D (Fig. 67.2, top par t  of section 5) and 
member E (lower part  of section 9a, samples C-131402 a t  
62.5, 90.6, and 11 1.5 m) of t h e  Willow Creek Formation. An 
Early Paleocene age for these  intervals is confirmed by t h e  
presence of Brevicolporites colpella Anderson 1960, 
Kurtzipites trispissatus Anderson 1960, and Paraalnipollenites 
alterniporus (Simpson) Srivastava 1975 (Fig. 67.2, figs. 8, 7 
and 9, respectively) in combination with Mornipites 
waltrnanensis Nichols and O t t  1978, M. wyomingensis Nichols 
and O t t  1978 (Fig. 67.2, figs. 6 and 5, respectively). 
Associated t axa  include Alnus t r ina  Stanley 1965, 
Ericaceoipollenites rallus Stanley 1965, Pandaniidites typicus 
(Norton) Sweet 1986, Retitricolpites crassus Samoilovich 
1965, Syncolporites rninimus Lef fingwell 1971 and 
Ulrnoideipites krempii Anderson 1960. The coal-bearing 
members of the  Scollard and Coalspur formations 
(Snead, 1969; Sweet and Hills, 1984; Jerzykiewicz and 
Sweet, in press) contain a similar suite of angiosperm pollen. 
This observation, in combination with the  respective positions 
of t h e  Cretaceous-Tertiary boundary, indicates a correlation 
between t h e  coal-bearing members of t h e  Scollard and 
Coalspur formations and the  upper par t  of members D and E 
of the  Willow Creek Formation. These stratigraphic intervals 
correspond t o  zone P I  and t h e  initiation of zone P2 of 
Nichols and O t t  (1978). 



The occurrence of Mornipites waltmanensis in the upper 
part of section 9b (Fig. 67.2, C-131401 a t  35.4, 38.1, and 
58.8 m) and the absence of species typical of the Early 
Paleocene, suggest an age a t  least as young as the P2 Zone of 
Nichols and Ott  (1 978) for the presumed basal beds of the 
Porcupine Hills Formation. By implication, this suggests that  
the basal beds of the Porcupine Hills Formation correlate 
with those of the Paskapoo Formation, although the  evidence 
for this is based more on what is absent rather than on what 
is present. 

Grey mudstones (Fig. 67.2, section 10; samples 
C-119747 and C-119748) from a location north of the  main 
area of research yielded a well diversified assemblage. 

The presence of Aquilapollenites spinulosus Funkhouser 1961, 
Mornipites ventiflurninis Nichols and Ott  1978, Tilia danei 
Anderson 1960, and Mornipites anellus Nichols and Ot t  1978 
(Fig. 67.2, fig. 1-4, respectively) indicates a correlation 
between the uppermost par t  of the Porcupine Hills Formation 
and the  Middle Paleocene, Zone P3 of Nichols and Ot t  
(1978). In common with the  Early Paleocene is  the presence 
of Alnus trina, Momipites waltmanensis, M. wyomingensis, 
Pandaniidites typicus, Syncolporites rninimus and 
Ulrnoideipites krernpii. This total  assemblage is similar t o  
that from a roadside outcrop of the Paskapoo Formation near 
Big Hill Springs west of Calgary (Wall and Sweet, 1982) and is 
comparable t o  that of "zonett C (Snead, 1969) from the 
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Figure 67.1. Caliche in the Willow Creek and Porcupine Hills formations of southern Alberta. 
(Geology modified af ter  Hage, 1945). 



LITHOLOGY PALY NOLOGY 



Paskapoo Formation. These observations contradict Carrigy's several cent imetres  in diameter.  The most common a r e  
(1971) conclusion that  the  Porcupine Hills Formation glaebules that  internally reveal patches of irregularly shaped 
postdates the Paskapoo. cryptocrystalline micrite (PI. 67.1, fig. 5) and cracks infilled 

with spariy cement  (PI. 67.1, fig. 6). X-ray emission energy 

Caliche in the  Willow Creek and Porcupine Hills formations spectra  show the main mineral constituent of both micrite 
and sparry cement  t o  be low-magnesium calcite.  - 

The following caliche types occur in the  Willow Creek Large glaebules a r e  usually composed of several smaller 
and/or Porcupine Hills formations: I. glaebules; 2. hardpan; pedological features and may be referred to as the 
3. pelletoid conglomerate; and 4. caliche debris (PI. 67.1). llcompound typesf, of Brewer and Sleeman (1964). In some 
The first three types are due to and cases, the glaebules tend to  coalesce along horizontal 
of the sediment in situ and the type is a surfaces, forming hardpan, occurs as resistant layers of 
product of redeposition of one of the  f i rs t  three. limestone in t h e  mudstone intervals of t h e  Willow Creek 

Caliche glaebules' a r e  common throughout the  Formation. The thickest hardpan observed in  member B of 
Crowsnest, Oldrnan and Cast le  rivers sections of the  Willow the  formation is up t o  0.5 m thick and can  be  t raced over a 
Creek Formation (Fig. 67.1). They occur as  a rule within t h e  distance of two hundred metres  a t  locality 4 north of Cowley 
recessive mudrock intervals of the  sections (Fig. 67.1, 67.2; (Fig. 67.1, 67.2; PI. 67.1, fig. I). 
PI. 67.1, fig. I). The glaebules a r e  easy t o  identify in outcrop 

- - 

Coalescent glaebules a r e  visible on t h e  lower, bulbous because of their characteristic shape, surface texture ,  surface of the  hardpan (PI. 67.1, fig. 2) a s  well a s  in any difference in colour from the  surrounding mudrock, and section through it. internal structure, of 
greater resistance (P1' 67'1, fig '  7)' For this reason? many coalescent glaebules built up with microcrystalline calcite, as outcrops of the  Willow Creek Formation a r e  strewn with well as channels and cracks infilled with sparry calcite loose calic.he glaebules. (PI. 67.1, fias. 3 ,  3a), is diagnostic of a caliche facies 

Pebble-sized glaebules (nodules and septaria) seem t o  ( ~ s t e b a n ' a n d - ~ l a p ~ a ,  1983). - 
be the  most common, but their size ranges from sand sized t o  

Figure 67.2. Stratigraphic framework and palynology of the caliche-bearing sections. Locality for 
section 4, Lsd. 13, Sec. 28, Twp. 1, Rge. 1, W5 mer.; section 5, Lsd. 4, 5, Sec. 12, Twp. 7, Rge. 1, 
W5 Mer.; section 8, Lsd. 10, Sec. 35, Twp. 7, Rge. 1, W5 Mer.; section 9, Sec. 17, Twp. 7, Rge. 30, 
W4 Mer.; and section 10, Sec. 9, Twp. 15, Rge. 1, W5 Mer. 

Pie diagrams (inset) i l lustrate the  shift in dominance within the  flora midway through section 5. 
This provides par t  of the evidence for the placement of the  Cretaceous-Tertiary boundary. 

Micrographs a re  of biostratigraphically and paleoenvironmentally significant species. All figures 
x800, unless otherwise specified. In descriptions of figures, the  GSC locality number is followed by 
the slide number, s tage co-ordinates, and the  GSC type number. 

figures 1-4. Species restricted t o  the  middle Paleocene. 
1. Aquilapollenites spinulosus Funkhouser 1961; GSC loc. C-119747; P2664-lb, 40.3 x 112.4; 

GSC 76131. 
2. Momipites ventiflurninis Nichols and O t t  1978; GSC loc. C-119747; P2664-la,  19.2 x 122.7; 

GSC 76132. 
3. Tilia danei Anderson 1960; GSC loc. C-119747; P2664-la, 27.8 x 119.4; GSC 76133. 
4. Mornipites anellus Nichols and Ot t  1978; GSC loc. C-119747; P2664-lb, 41.3 x 112.2; 

GSC 76134. 

figures 5, 6, 10. Species from throughout the Paleocene. 
5. M. wyorningensis Nichols and Ot t  1978; GSC loc. C-119747; P2664-lb, 28.8 x 119.6; 

GSC 76135. 
6. Momipites waltrnanensis Nichols and Ot t  1978; GSC loc. C-131401, 58.8 m; P2795-13c, 

26.7 x 118.4; GSC 76136. 
10. Azolla schopfii Dijkstra 1961; GSC loc. C-137589; P2814-5a, 25.5 x 114.0; GSC 76140; 

x400. 

figures 7-9. Species restricted to  the  Early Paleocene. 
7. Kurtzipites trispissatus Anderson 1960; GSC lac. C-137590; P2814-6c, 12.3 x 120.7; 

GSC 76137. 
8. Brevicolporites colpella Anderson 1960; GSC loc. C-131402/90.6 m;  P2796-14a, 22.4 x 114.0; 

GSC 76138. 
9. Paraalnipollenites alterniporus (Simpson) Srivastava 1975; GSC loc. C-131401/122.8 m; 

P2795-21c, 18.3 x 118.4; GSC 76139. 

figures 11, 12, 15. Species res t r ic ted t o  the  Late Maastrichtian. 
11. Cranwellia rumseyensis Srivastava 1966; GSC loc. C-137587; P2814-3a, 18.2 x 124.0; 

GSC 76141. 
12. Aquilapollenites conatus Norton 1965; GSC loc. C-137587; P2814-3b, 32.4 x 114.3; 

GSC 76142. 
15. Azolla barbata Snead 1969; GSC loc. C-137585; P2814-la, 21.2 x 121.0; GSC 76143; x400. 

figures 13, 14. Species with probable paleoenvironmental significance. 
13. Concentricystes sp.; GSC Ioc. C-132743; P2679-OAa, 19.8 x 123.2; GSC 76144. 
14. Classopollis sp.; GSC loc. C-132736; P2812-4b, 33.2 x 116.3; GSC 76145. 

llClaebules" is a general term for a broad group of three-dimensional pedological features  
embedded in the  matrix of soil material (Brewer and Sleeman, 1964). They include 
(internally structureless), llconcretionsll (concentric), "septaria" (with a distinctive, superimposed 
pattern of cracks) as  well a s  I1pedoles", "glaebular haloes" and "papules", which reveal a more 
compound internal fabric (Pettijohn, 1949; Brewer and Sleeman, 1964). 





Pellets, ooids and pisolites' consisting of micrit ic 
ca l c i t e  occur occasionally in the  sandstone layers of the  
Porcupine Hills Formation. They may be dispersed 
throughout the  sandy matr ix  or  may form a conglomerate 
comprising closely packed pellets, ooids and pisolites 
(PI. 67.1, fig. 4, 4a). This pelletoid conglomerate occurs in 
the  basal par t  of t he  Porcupine Hills Formation (Figs. 67.1, 
67.2; sections 9, 9a, 9b) 

All const i tuents  of t h e  conglomerate  tha t  a r e  larger 
than t h e  sand f rac t ion a r e  of authigenic origin and consist  
principally of micr i t ic  ca l c i t e  with some  admixtures of iron 
oxide pigments, which produce the  yellow t o  brown hues of 
most  of t h e  pellets. Some of them,  however, a r e  dark grey t o  
black and a r e  of particular interest .  They might be compared 
with black "caliche-algal micrite", which fo rms  a caliche 
c rus t  near hypersaline lakes (Ward e t a l . ,  1970). 

PLATE 67.1 

Examples of ca l iche  f ea tu res  in t h e  Willow Creek and 
Porcupine Hills format ions  

figure I Resistant hardpan layer (indicated by arrow) in 
mudstone interval of t h e  Willow Creek 
Formation. Locality 4. 

f igure 2 Coalesced caliche glaebules revealed on the  
lower, bulbous surface  of t h e  hardpan. The 
sample was taken f rom the  horizon visible in 
figure I .  

f igure 3 Internal s t ruc tu re  of the  same  sample 
sectioned parallel t o  t h e  sole of the  hardpan. 
Note t h e  coalesced glaebules built up with 
microcrystall ine ca l c i t e  (G), and the  channels 
and c racks  infilled with sparry ca l c i t e  cemen t  
(CH). The f r ame  indicates t h e  outline of 
figure 3a. 

f igure 3a Close-up view showing deta i ls  of caliche 
glaebules af fected by circumgranular (CC) and 
intergranular (IC) cracks. 

f igure 4 Pelletoid conglomerate.  Porcupine Hills 
Formation. Locality 9. All pellets resulted 
from in place growth within a sandstone 
framework. Note the  pa t t e rn  of recemented 
cracks  and rims around and within some  
pellets. PL, limestone pellet;  BL, black 
l imestone pellet;  PS, pisolite, SF, sandstone 
framework. The f r a m e  indicates  t h e  outline 
of figure 4a. 

f igure 4a Close-up view showing deta i ls  of t h e  pisolite 
and adjacent  pellets within t h e  sandstone 
framework. 

figures 5, 6 Scanning e lec t ron micrographs of ca l iche  
glaebule sections. Figure 5 shows 
microcrystall ine ca l c i t e  f rom t h e  body of t h e  
glaebule. Figure 6 shows sparry  ca l c i t e  
c e m e n t  infilling t h e  channels and cracks. 
Note partially dissolved ca l c i t e  crystals.  

f igure 7 Caliche glaebules f rom t h e  Willow Creek 
Formation. Locality 4. 

Further investigation is needed in  order t o  identify t h e  na tu re  
of t h e  black pigmentation of these  pel le ts  before any f i rm 
paleoclimatic conclusion is drawn (see  Discussion of the  
results in this paper). 

Debris consisting of subangular l imestone f ragments  
derived f rom caliche,  a s  well a s  a lmos t  i n t ac t  redeposited 
glaebules, a r e  common in some channel lag  deposits of t h e  
Willow Creek and Porcupine Hills formations.  The cal iche  
c las ts  a r e  easily distinguished f rom t h e  ext raformat ional  
pebbles, which consist  of c las ts  of quar tz ,  qua r t z i t e  and 
che r t .  

Associated palynological assemblbges 

As in Snead's (1969) study, recovery f rom samples of 
t he  Willow Creek Format ion was found t o  be  generally low. 
Of t h e  9 0  samples processed f rom t h e  Willow Creek and 
Porcupine Hills formations,  mostly g r e y  and dark grey 
mudstones, 2 4  samples were  ef fect ively  barren of indigenous 
palynomorphs and only 14  samples yielded assemblages t h a t  
were  sufficiently rich t o  be  counted. The recovery of 
indigenous palynomorphs was  sparse  in the  remaining 
52  samples. 

In addition t o  t h e  e r r a t i c  recovery,  t h e  diversity of 
palynomorphs in t h e  lower, Maastrichtian pa r t  of t h e  Willow 
Creek Formation is  very low. The t h r e e  samples with 
abundant angiosperm pollen contained f e w  species;  t h e  pollen 
assemblage was dominated by Ulrnoideipites t r icos ta tus  
and/or U. hebridicus (C-132746 and C- 132750), o r  s imple  
t r icolpate  pollen (C-137587). In contras t ,  in the  upper, Early 
Paleocene portion of t h e  Willow Creek Formation (uppermost 
beds of member D and member E), assemblages recovered 
f rom th ree  samples (C-137590 and C-131402 from 90.6 and 
111.5 m) a r e  a s  diverse a s  those usually recovered f rom t h e  
upper, coal-bearing member  of t h e  Coalspur Formation 
(Jerzykiewicz and Sweet ,  in press) and Scollard Formation 
(Snead, 1969; Sweet,  unpublished d a t a )  of Early Paleocene 
age. Similarly, t h e  to t a l  diversity of t h e  assemblages f rom 
the  Porcupine Hills Formation appears  similar t o  t h a t  
recorded for t h e  Paskapoo Formation (Snead, 1969; 
Jerzykiewicz and Sweet ,  in press). 

Another aspect  of t he  La te  Maastrichtian and 
Paleocene assemblages of southern Alberta with possible 
paleoenvironmental significance (see  Discussion of results) is 
t h e  occurrence  of Classopollis and Concentricystes.  
Classopollis sp. (Fig. 67.2, fig. 14) occurs  in several samples, 
in which the re  i s  no evidence of i t s  having been reworked. 
This species  makes up about  6 per c e n t  of t he  assemblage in 
sample  C-137587 f rom just below t h e  Cretaceous-Tertiary 
boundary, 3 per cen t  in sample C -  137583 and I per cen t  i n  
sample C-137580 ( the  las t  t w o  a r e  near  t h e  t o p  of t h e  Willow 
Creek Formation), in addition t o  i t s  being present  in severa l  
o t h e r  samples. Another unique cha rac te r  of many of t h e  
assemblages i s  t h e  conspicuous presence of excellently 
preserved specimens of Concentr icys tes  (Fig. 67.2, fig. 13). 
Concentr icys tes  is  commonly t h e  dominant,  if not  t h e  only, 
species  in samples t h a t  do not have enough specimens t o  
establish a re la t ive  abundance. This e s t ima ted  dominance of 
Concentr icys tes  i s  confirmed by t h e  re la t ive  abundances 
obtained f rom samples C-132739 (near t h e  base of t he  Willow 
Creek  Formation), and C-131402 (from 56.5 m, near  t h e  t o p  
of t h e  Willow Creek  Formation), in which Concentr icys tes  
makes  up 60 per c e n t  and 57 per c e n t  of t h e  assemblages, 
respectively. Accompanying Concentr icys tes  in severa l  
samples a r e  relatively common fungal spores and hyphae. 

The terminology by Hay and  Wiggins (1980) has  been adopted here: pel le t  r e fe r s  t o  a spherical o r  
oval  particle of authigenic origin lacking a nucleus; ooid r e fe r s  t o  a spherical or  oval par t ic le  less 
than 2 mm in diameter  comprising a nucleus enclosed by one or  more  laminae. The majority of 
ooid coatings a r e  concentrically banded; pisoli tes a r e  s t ructura l ly  similar t o  ooids, but  g rea t e r  
than 2 mm in diameter.  



Discussion of t h e  resul ts  

A major environmental difference mus t  have exis ted  
between the  cen t r a l  and southern Alberta Foothills in L a t e  
Maastrichtian and Early Paleocene t ime ,  because  t h e  
s t ra t igraphic  corre la t ive  of t he  coal-bearing deposits 
(Coalspur coal  zone) in t h e  southern Foothills i s  t he  barren 
Willow Creek  Formation (Fig. 67.2). The lack of coal  in t h e  
southern Foothills is t he  most dramat ic ,  but  not t h e  only, 
facies difference between the  two areas.  The common 
occurrence of caliche throughout the  Willow Creek 
Formation, the  presence of redbeds in i t s  lower part ,  and the  
impoverished palynological assemblages, seem to  be of pr ime 
importance for the  reconstruction of i t s  depositional 
environment. 

Although caliche is  known t o  occur in many pa r t s  of t h e  
world, including polar regions, significant calcium ca rbona te  
accumulations of this type a r e  character is t ic  of t he  soil in 
warm, semiarid regions (Reeves, 1976; Esteban and Klappa, 
1983; Goudie, 1983). The amount and frequency of 
precipitation seem t o  be  t h e  most  important  controll ing 
fac tors .  If precipitation is excessive, leaching of the  soil i s  
complete  and no calcium carbonate  will accumulate.  If 
rainfall  is  not sufficient,  t he  degree  of leaching is  inadequate 
t o  mobilize calcium carbonate ,  and only minor accumulations 
of ca lc i te  occur in t h e  soil. The most favourable conditions 
for ca l iche  formation exis t  in the  regions where  annual 
rainfall is  between 400 and 600 mm (Goudie, 1983). Essential 
for  ca l iche  formation also appears  t o  be t h e  sporadic 
distribution of rainfall, i.e. a l ternat ion of periods of rainfall  
and long-lasting droughts (Woolnough, 1930). I t  also has  been 
proven t h a t  t h e  depth of t he  caliche zone in t h e  soil profile 
depends on the  amount  of annual rainfall  (Jenny and Leonard, 
1939). With increased annual rainfall, t h e  zone of ca l iche  
format ion moves t o  a greater  depth  and finally will disappear 
when t h e  annual precipitation (in t empera te  regions) exceeds  
1000 mm (Blatt  e t  al., 1980). 

From the  common and well developed caliche in the  
overbank deposits of t he  Willow Creek Formation, w e  can  
visualize the  depositional environment a s  a semiarid 
floodplain. The overbank mudstone with sca t t e red  glaebules 
should be interpreted in t e rms  of glaebular soil (Bernard and 
Le Blanc, 1965; Blokhuis et al., 1969; Singh and Singh, 1972), 
which represents  s t ages  I and I1 of ca l iche  development 
(Gile et al., 1966). The hardpan can be described in t e r m s  of 
t h e  pedogenic l imestone (Gile, 1961, 1970; Gile and Hawley, 
1966; Reeves,  19701, representing s t ages  111 and IV in 
t h e  morphogenic scheme  of caliche development 
(Gile et al., 1966). 

The position of t h e  caliche in the  overbank deposits of 
t h e  Willow Creek Formation is  very  similar t o  tha t  described 
in t h e  Old Red Sandstone (Allen, 1974; Leeder,  1975; 1976). 
The overall sedimentological cha rac te r  ( the  fining-upward 
cycles) and t h e  distribution of redbeds within t h e  Old Red 
Sandstone and t h e  Willow Creek  Formation also show some  
similarities. Redbeds in t h e  Willow Creek Formation occur 
within t h e  fine members  of t h e  fining-upward cycles  while 
t h e  coarse,  channel member  is, a s  a rule, drab. Such 
contrasting colours between t h e  coarse  and f ine  members  in 
t h e  Old Red Sandstone have been explained by Friend (1966) 
a s  follows: in t h e  floodplain environment,  abundant iron 
hydroxides were  deposited with t h e  clay-rich suspended load. 
Because of periodic drying, and lowering of t h e  wa te r  table ,  
oxidizing conditions prevailed and iron hydroxides 
eventually a l tered into haernatite.  In the  channel 
environment,  however, t h e  sediment remained mostly below 
the  water  table a f t e r  deposition. In areas  where  substantial  
organic ma t t e r  was present,  bacter ia l  consumption of oxygen 
c rea t ed  a reducing environment in which fer r ic  hydroxides 
were  unstable and were  removed in solution, and the  channel 
sediments ult imately became drab. This explanation c a n  
be applied t o  t h e  floodplain environment of t h e  

Willow Creek Formation. Presumably t h e  groundwater table  
w a s  low during dry periods, causing oxidizing conditions and 
the  evaporation of vadose water.  This led t o  t h e  upward 
capillary movement of soil  wa te r  and t h e  precipitation of 
calcium carbonate.  Even during rainy seasons,  t h e  
groundwater t ab le  was  low enough t o  prevent  format ion of 
extensive peat  swamps, which were  well  developed in t h e  
Willow Creek Formation corre la t ives  of t h e  c e n t r a l  Alberta 
Foothills (Coalspur coal  zone). The plant ma t t e r  
accumulations that  a r e  present  in rare ,  organic-rich,  dark 
mudstone of the  Willow Creek Formation might have been 
deposited on the  floodplain in local and ephemeral  lakes. 

Somewhat puzzling is t he  occurrence  of black l imestone 
pellets in the  basal par t  of t h e  Porcupine Hills Formation. 
The black colour of similar l imestone has been a t t r ibuted t o  
t h e  preservation of finely disseminated organic  m a t t e r  of 
algal origin, and possibly t o  t h e  presence of iron sulphide 
(Ward et a]., 1970). These authors  suggested t h a t  layers of  
f ragmented,  dark-coloured l imestone may indicate  subaerial  
exposure adjacent  t o  hypersaline water.  The depositional 
s e t t i ng  of the  Porcupine Hills Formation, f a r  f rom a mar ine  
shoreline, seems t o  preclude any consideration of a mar ine  
influence in the  format ion of the  black l imestone pellets. 
Further research is needed in order  t o  explain their  
association with the  caliche deposits in the  s tudy a rea .  

The semiarid depositional environment of t h e  lower 
par t  of t he  Willow Creek Formation is ref lec ted in the  
impoverished palynological assemblage. The Upper 
Maastrichtian and Lower Paleocene s t r a t a  of cen t r a l  Alber ta  
a r e  usually very productive in t e r m s  of yield per unit  volume 
of sample, with t h e  Upper Maastrichtian high i n  t e r m s  of 
f lora l  diversity (Snead, 1969; Srivastava, 1970; Sweet,  1978; 
Jerzykiewicz and  Sweet,  in press; and unpublished data).  An 
inference  of an  environment  of deposition no t  generally 
amenable  t o  plant growth i s  compatible with t h e  observed 
overall  low productivity of L a t e  Maastrichtian and Early 
Paleocene samples from southwestern Alberta.  

The assemblages from t h e  Upper Maastrichtian of 
southwestern Alberta have only a few,  probably wind- 
distributed, angiosperm pollen species. This con t ra s t s  sharply 
with the  abundant,  relatively large and exo t i c  angiosperm 
pollen species tha t  together  form a significant portion of 
L a t e  Maastrichtian assemblages f rom the  cen t r a l  Alberta 
Foothills (Jerzykiewicz and Sweet ,  i n  press). Whereas in 
cen t r a l  Alber ta  t h e  Early Paleocene was  t h e  t i m e  of lowest 
diversity, samples f rom member  E, or  t h e  upper (Lower 
Paleocene) pa r t  of t h e  Willow Creek Formation in 
southwestern Alberta conta in  t h e  g rea te s t  diversity of 
angiosperm pollen. This reversa l  in t h e  usual trend toward 
decreased diversity going from t h e  L a t e  Maastrichtian t o  
Early Paleocene can adequately be explained by differences 
in local environmental conditions overriding regional t rends  
in diversity. 

The lower (Maastrichtian) par t  of t he  Willow Creek 
Formation contains t h e  highest proportion of red ,  maroon and 
green beds, and  t h e  larges t  and most  abundant c a l c r e t e  
glaebules. In member  E ( the  upper pa r t  of t h e  Willow Creek 
Formation), red  and green beds occur  infrequently, and  
although the re  a r e  zones bearing c a l c r e t e  glaebules, t hese  
a r e  less f requent  and t h e  glaebules a r e  generally smaller and 
less common. Additionally, res t r ic ted  organic-rich horizons 
occur.  Presumably these  changes  f rom older t o  younger 
s t r a t a  represent  an  amelioration of t h e  c l imate ,  allowing for  
the  coexistence of a g rea t e r  diversity of plants. Hence, in i t s  
correspondence with the  observed lithological changes,  t h e  
upward increase  in diversity of the  angiosperms supports our 
contention t h a t  in southwestern Alberta a biologically 
s t ressed environment exis ted  during t h e  L a t e  Maastrichtian 
and tha t  this environment improved in t h e  Early Paleocene. 



The paleoenvironmental significance of Classopollis and 
Concentricystes (Fig. 67.2, fig. 13, 14, respectively) i s  
somewhat more  ambiguous. A relatively wide range of 
habi ta ts  has been ascribed t o  Classopollis-bearing plants 
(Srivastava, 1976; Vakhrameev, 1981 ; Alvin, 1982). It s eems  
likely t h a t  during t h e  L a t e  Cretaceous  thei r  ecological niche 
was xerophytic, becoming slightly more  humid toward the  end 
of t h e  Cretaceous  (Pons et al., 1980). Vakhrameev (1981) 
makes a di rect  correlation between t h e  occurrence  of a high 
re la t ive  abundance of Classopollis and e i ther  a warm ar id ,  o r  
a warm semiarid c l ima te  during t h e  Jurassic,  suggesting a 
g rea te r  adaptabili ty within this group for dr ier  habi ta ts  than 
expressed e i ther  by other  gymnosperms or ferns. With t h e  
advent  of t he  angiosperms a s  a dominant group in the  La te  
Cretaceous ,  warm, ar id  or semiarid habi ta ts  may have 
provided the  final refugiums for t h e  Classopollis-bearing 
plants. 

Concentricystes and allied, if not synonymous, gene ra  
occurring in relatively low abundance have been documented 
worldwide (e.g., Shugayevskaya, 1969; Hekel, 1972; 
Christopher,  1976; and Kedves, 1977). Grea te r  abundances 
have been recorded f rom coal and coal-bearing s t r a t a  
(Thiergart  and Frantz ,  1962; Norris, 1965; Shugayevskaya, 
19691, in c las t ics  associated with indicators of a humid 
c l ima te  (Rossignol, 19621, a s  well a s  f rom clas t ics  with some  
associated semiarid character is t ics  (Hekel, 1972; 
Christopher, 1976). From the  above discussion i t  is  apparent  
t h a t  t h e  character is t ics  of t h e  ecological niches preferred by 
the  organism producing Concentricystes a r e  f a r  f rom being 
established. The occurrences identified in this study a r e  
compatible with i t s  being derived f rom a soil fungus 
inhabiting well drained soils. 

Concluding remarks  

Palynology has been used t o  amplify t w o  sepa ra t e  
aspects  of this study. It has contributed not  only t o  t h e  
paleoenvironmental in terpre ta t ion,  but has also refined the  
correlation between Upper Maastrichtian and Lower 
Paleocene formations in d i f ferent  par ts  of t h e  Foothills Belt. 
Our ability t o  define t h e  Cretaceous-Tertiary boundary in 
both t h e  centra l  and southern Foothills has established an 
exac t  correlation between a horizon within the  top  of 
member  D of t h e  Willow Creek Formation and t h e  bases of 
t h e  Nevis and Mynheer coal  zones within t h e  Scollard and  
Coalspur formations,  respectively. The Porcupine Hills 
Formation is concluded t o  be coeval with t h e  lower p a r t  of 
t he  Paskapoo Formation. 

As a resul t  of t h e  d a t a  presented herein, i t  i s  obvious 
t h a t  t h e  previous paleogeographic picture of t h e  Cretaceous- 
Ter t iary  boundary interval in Alberta requires some  
modification. A new component,  t he  semiarid floodplain, 
should be added t o  t h e  spect rum of depositional environments 
occurring within a vast  alluvial plain extending eas tward 
from t h e  flanks of t h e  rising Rocky Mountains. Such a 
modification opens a new line of paleoclimatic and 
paleoecological research in the  area ,  with implications for 
t h e  distribution of coal  along the  Alberta Foothills, t h e  
composition of t h e  flora in the  interval spanning t h e  
Cretaceous-Tertiary boundary, and the  ecological niches 
available t o  the  dinosaurs in the  La te  Maastrichtian.  

Russell (1977, p. 110) portrays t h e  general  paleo- 
environmental se t t ing of t h e  L a t e  Maastrichtian Tr icera tops  
fauna a s  being a moist  floodplain crossed by large,  sediment- 
laden, meandering rivers. He visualized t h e  floodplains a s  
being covered by a canopied wetland forest .  However, 
Russell, ci t ing t h e  presence of apparent ly  abundant 
protoceratopsids and ankylosaurs, as tu te ly  observed t h a t  t h e  
present  cen t r a l  Alber ta  region bordered another  major 
environment.  We have now provided evidence fo r  this o the r  
environment.  
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Abstract 

The Mississippian Kayak Formation was examined and sampled systematically a t  f i ve  locations 
i n  northern Yukon Terr i tory  i n  order to  assess the number, thickness, rank, petrographic 
characteristics, ash and sulphur content of exposed seams i n  relat ion to their  tectonic sett ing in  the 
Cordil leran orogenic system. 

A l l  o f  the seams examined are anthracites, suggesting thermal upgrading through a combination 
o f  deep burial  and d i f ferent ia l  exposure to  higher temperatures f r o m  igneous intrusions. A l l  have a 
relat ively high content of inert ini te. One o f  the seams, w i th  a measured thickness o f  about 5.5 m, 
has an ash content of under 7 per cent and an average sulphur content o f  about 0.5 per cent, and thus 
is a prospective source o f  good quality thermal coal. The high rank of the Kayak coals, however, 
suggests that the Mississippian and older rocks are not good o i l  prospects, although some parts of the 
Yukon Coastal Plain may be wi th in  the gas window. 

L a  formation de Kayak dlBge mississipien a BtB BtudiBe et  dchantillonn6e de f a ~ o n  systematique 
cinq endroits dans le  nord du Terr i toire du Yukon af in dlBvaluer le  nombre, I'bpaisseur, le  rang, les 

caracteristiques p6trographiques, la  teneur en cendres et  en soufre des couches exposkes par rapport 
B leur cadre tectonique dans le syst6me orogenique de l a  Cordill6re. 

Toutes les couches dtudiees sont des anthracites, ph6nom6ne qui semble indiquer un 
accroissement thermique vers le  haut 3 l a  suite d'un enfouissement profond e t  d'une exposition 
d i f ferent ie l le  B des temperatures Blevees provenant d'intrusions ignees. Les couches ont toutes une 
teneur relativement BlevBe en inert ini te. Une de ces couches, d'une Bpaisseur mesurBe d'environ 
5,5 m, a une teneur en cendres inferieure a 7 % e t  une teneur moyenne en soufre dlenviron 0,5 %, ce 
qui en f a i t  une source Bventuelle de charbon thermique de bonne qualitB. L e  rang des charbons de 
Kayak sernble cependant indiquer que les roches datant du Mississipien e t  plus anciennes presentent 
peu de chances de renfermer du petrole, bien que certaines parties de l a  plaine cBti&re du Yukon 
fassent part ie de l a  zone gazi6re. 



Introduction Sampling and exper imenta l  methodology 

Coal seams and carbonaceous shales of t he  
Mississippian Kayak Formation were sampled a t  f ive 
locations in northern Yukon Territory during t h e  field season 
of 1985 (Fig. 68.1, Table 68.1). The general geographic 
position of these sites is a s  follows: Station I southeast  of 
Barn Mountains; Station 2 near the  headwaters of t he  Spring 
River; and Stations 3, 4 and 5 in the  British Mountains near 
Malcolm River. Of these  locations, t he  most  important  in 
t e rms  of economic in teres t  i s  Station 1, where  a seam of 
an th rac i t e  5.53 m thick was  discovered and sampled in detail .  
The seam is exposed in a shallow gully on t h e  divide between 
the  headwaters  of t h e  Blow River and Johnson Creek 
(Fig. 68.2). At Stations 2 and 4, t h e  black beds sampled 
proved t o  be  weathered shales relatively lean in carbonaceous 
ma t t e r .  At Station 3, f loat  coal  from an unlocated seam was 
sampled. A seam of high ash coal,  a t  least  0.3 m thick, was  
sampled a t  Station 5, and coal from a second seam of 
undetermined thickness and stratigraphic position also was 
col lec ted there.  Rank evaluation by ref lec tance  
measurement .was carried out  on a number of these  samples 
along with maceral,  ash and sulphur determinations.  Some 
were  also submitted for palynological analysis. 

Geological se t t ing 

The coal-bearing, Lower Carboniferous Kayak 
Formation in northern Yukon occurs in association with th ree  
s t ructura l  highs in the  Cordilleran orogenic system. These 
a re ,  f rom eas t  t o  west ,  Hoidahl Dome, Barn Uplift and 
Romanzof Uplift (Norris and Yorath,  1981). The s t ructura l  
depressions surrounding them on t h e  mainland a r e  filled 
primarily with Jurassic and younger Mesozoic and Ter t iary  
clastics.  Offshore, on the  nor theas t  flank of Romanzof 
Uplift, these  clastics thicken to  const i tu te  the  bulk of t he  
post-Precambrian stratigraphic succession on the  continental  
shelf of southern Beauf o r t  Sea. 

The Hadrynian(?) Neruokpuk Formation and unnamed 
graptoli t ic clastics coeval with the  Road River Formation, 
exposed in these s t ructura l  highs, were  acute ly  deformed in 
the  Ellesmerian Orogeny. They host grani te  plutons of Early 
Silurian a g e  (430 Ma), including Mt. Fitton and Mt. Sedgwick 
stocks. The host rocks a r e  overlain with angular 
unconformity by t h e  Mississippian Kekiktuk and Kayak 
formations and, in turn,  by a thick succession of Upper 
Paleozoic and younger rocks (Norris, 1981a, 1981b). The 
Kekiktuk and Kayak a r e  widely exposed around t h e  periphery 
of t h e  uplifts and, in t h e  case  of Romanzof Uplift, on  t h e  top  
a s  well. 

Relative t o  t h e  Neruokpuk and Road River equivalents, 
the  coal-bearing Kayak is only mildly deformed. It dips 
gently southward off t he  flank of Hoidahl Dome (Station I). 
At the  headwaters of Spring River (Station 2) i t  dips about 
30° nor theas t  in the  footwall  of a major, high-angle reverse 
fault. It is  flat-lying t o  gently folded on the c re s t  of 
Romanzof Uplift (Stations 3, 4 and 5). The region underwent 
epeirogenic uplift in t h e  mid-Triassic and Early Jurassic and 
block faulting in the  mid-Cretaceous. It was the  La te  
Cretaceous  and ear ly  Ter t iary  Laramide Orogeny, however, 
t h a t  folded and reverse-faulted t h e  Kayak a s  w e  s e e  i t  today. 

Palynological analysis of t h e  sui te  of samples col lec ted 
for t h e  present study indicates a Vis6an a g e  for sample 
855 NC a t  Station 3 and a possible l a t e  Tournaisian(?)/early 
Visian(?) a g e  for  t h e  c las t ics  immediately over t h e  coal at 
Station 1 (J. Utting, pers. comm., 1986). 

Samples from the  beds under investigation were  
collected in the  field a s  channels, and t h e  thicker beds, like 
those a t  Station 1, were  divided into subchannels. Specific 
details of the field sampling a r e  a s  follows: 

Station I :  A single coal seam 5.53 m thick; sampled mainly 
in 0.5 m increments  (see Table 68.2 fo r  thickness 
of individual increments) f rom bottom t o  top. 
Samples labelled with field numbers HD-1 
through HD-14. HD-I and HD-14 represent  
c las t ic  mater ia l  in t h e  floor and roof, 
respectively. Samples identified a s  ser ies  GSC 
IOC. C-099883. 

Station 2: Two black shale  beds sampled f r o m  outcrop on 
ridge top. Lower one  represented by samples 
ser ies  GSC loc. C-099884, with individual field- 
numbered samples and thicknesses a s  follows: 
922 NC (IA), 30 cm;  922 NC (IB), 24 cm;  922 NC 
(IC),  32 cm;  922 NC (ID),  50 cm;  bed sampled in 
ascending order ;  bottom and top  not seen. Some 
10 m above t h e  lower bed, a second black shale 
occurs,  which was sampled in t h e  following 
order: sandstone under shale,  922 NC (2A); 
35 c m  black shale,  922 NC (28); overlying coaly 
sil tstone, 922 NC (2C). This second s e t  of 
samples i s  identified a s  GSC loc. C-099885. 

Station 3: GSC loc. C-099890. A single sample  of coaly 
f ragments  and  c las t ics  col lec ted f rom a shallow 
depression on hillside. Field number 855 NC. No 
coal  found in place. 

Station 4: Two samples ser ies  representing t w o  black shales 
were  col lec ted at this si te.  Lower ser ies  (GSC 
loc. C-0998861, with following individual samples 
identified by field number ar ranged in ascending 
order: 1526 NC (A), brown mudstone; 1526 NC 
(B), 4 c m  rusty brown sandstone; 1526 NC (C), 
7 cm black shale;  1526 NC (D), 21 cm black 
shale;  1526 NC (El, 49 cm black shale;  1526 NC 
(F), deeply weathered grey shale. A second shale  
bed I O m  higher was sampled a s  follows: 
underlying sandstone, 1526 NC (G); black shale, 
1526 NC (HI. Samples f rom t h e  second bed 
assigned ser ies  number GSC loc. C-099887. 

FORT S E A  

Figure 68.1. Location map for sampling s ta t ions  in Kayak 
Formation, northern Yukon Territory (see Table 68.1). 



Station 5: Four samples were  collected a t  this s i te .  A 
black shale and coal  bed 17 m above top  of 
Kekiktuk Formation was sampled in the  
following ascending order: grey shale, 873  NC 
(A); 70 cm black shale,  873 NC (B); 30 c m  coal,  
873 NC (C); top of coal  not  found. A four th  
sample of float mater ia l  from a stratigraphically 
higher seam was collected a t  this s i t e  and 
identified a s  GSC 1oc. C-099889 (field number 
873 NC (Dl). 

microscopic examination in accordance with ASTM 
procedures (ASTM, 1979). Splits of a se lec ted number of 
samples were  fur ther  ground t o  minus 100 mesh ( < I 4 9  nm) for 
ash and sulphur analyses. Ash con ten t  was  determined at 
1000°C in a muff le  furnace  and sulphur at 2600°C in a Leco 
analyser. Petrographic analyses consisted of measurement  of 
both maximum and minimum re f l ec t ance  on vitrinite A 
(50 points per sample) and maceral  determinat ions  by point 
count (500 points per sample). A Lei tz  Orthoplan microscope 
equipped with MPV [I photometr ic  accessories was  used for 

In t h e  laboratory,  t he  samples were  s t age  crushed and t h e  petrographic examinations.  All samples were  t e s t ed  for 

riffled t o  provide representa t ive  spli ts  of minus 20 mesh radioactivity with a Geiger counter .  None showed readings 

(<850 nm) size. Splits of a se lec ted number of samples were  above background. 

moulded into grain mounts with epoxy resin and polished for 

Table 68.1. Locality d a t a  for  Kayak Formation sampling s ta t ions  (see Fig. 68.1) 

Map C-number Station Field 
a rea  NTS Longitude Latitude sampleseries number 

Blow River 117A 137'52' 68"17' C-099883 1529 NC I 

I Herschel Is. 117D 139'22' 69'01.5' C-099884 992 NC 
C-099885 

I Demarcation 11 7C 140°04' 69'20' C-099890 855 NC 
Point 

I Demarcation 117C 140'14' 69'17.5' C-099886 1526 NC 
Point C-099887 

I Demarcation 117C 140°42' 69'19' C-099888 873 NC 
Point C-099889 

Table 68.2. Chemical da t a  for Kayak Formation samples 

Sample Subsample Thickness % Moisture % Ash % Sulphur 
series number (metres) (as rec'd) (dry) (dry) 

HD-13 
HD-12 
HD-I I 
HD-I0 
HD-9 

C-099883 HD-8 
HD-7 
HD-6' 
HD-5 
HD-4 
HD-3 
HD-2 

Average 1.13 6.81 0.50 

C-099888 873 NC (C) 0.30 0.94 41.44 0.26 

1 C-099889 873 NC (D)' f loat  1.39 13.78 0.41 1 
' Data not included in calculating average values for seam.  

The seam from which this coal  originated was  not located but is  stratigraphically 
higher than sample  873  NC (C). 
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Figure 68.2. Outcrop of 5 m thick coal seam a t  Station 1. 
GSC photo no. 2421-190. 

Results 

Chemical analyses 

Results from the  chemical analyses a r e  given in 
Table 68.2. Although most of t he  samples were  submit ted  for  
determinat ion of ash  content,  only those  t h a t  could be  
classified a s  coal  a r e  listed. As mentioned ear l ier ,  some of 
t h e  black beds sampled were  impoverished in carbonaceous 
ma t t e r ,  with ash contents  of 90 per c e n t  o r  more. 

The most impressive sui te  of samples with respect  t o  
ash and sulphur content  a r e  those from t h e  si.ngle seam 
col lec ted a t  S t a t i o n l .  One parting, 1 4 c m  thick 
(sample HD-6) occurs in t h e  seam and has a high ash content .  
The samples immediately adjacent t o  floor and roof 
(samplesHD-2 and HD-13, respectively) also show a 
relatively high ash content.  The remainder of t h e  seam is  

remarkably clean, with a calcula ted  average ash  con ten t  of 
6.8 per cen t ,  including samples HD-2 and  HD-13. 
Sulphurcontent  i s  also low, with a seam average of 
0.50 per cen t ,  and t h e  distribution is very uniform from roof 
t o  floor. Much of th is  sulphur must be  in organic form;  no 
pyrite was  seen during t h e  microscopic examination. The 
la tera l  ex ten t  of this seam is unknown; the  exposure 
described in this repor t  was  t h e  only one discovered. 

The samples f rom Station 5 a r e  also low in sulphur but  
one of them, 873 N C  (C), contains 41.4 per c e n t  ash. Sample 
873 NC (D), t h e  second sample f rom th i s  s ta t ion,  has  a 
moderately low ash yield of 13.8 per cent .  

Maceral composition 

The maceral  d a t a  shown in Table 68.3 a r e  mainly 
derived f rom t h e  ser ies  of samples f rom Sta t ion 1, t h e  
exceptions being t h e  t w o  coals  f rom Sta t ion 5. Because these  
a r e  high rank coals,  macerals  of t h e  l iptinite group could not  
be determined, so  t h a t  maceral  distribution da ta  a r e  l imited 
t o  t h e  o the r  t w o  main groups, namely vi t r in i te  and  inertinite.  

Maceral distribution for t he  HD s e t  of samples 
(Station 1) shows a moderate ly  high con ten t  of inertinite.  
Values among individual increments range f rom 30 per  c e n t  in 
HD-11 t o  50 per c e n t  in HD-10. Average vitrinite con ten t  
for t he  whole seam,  excluding increment  HD-6, i s  
61 per  cent ,  with a corresponding iner t in i te  con ten t  of 
39 per cen t  on t h e  minera l -mat ter  f r e e  basis. 

Inertinite i s  fa i r ly  abundant in a l l  increments,  
especially t h e  macerals  macrinite,  iner todetr in i te  and 
semifusinite. The common occurrence  of iner todetr in i te  
suggests an energy level in t h e  peat swamp t h a t  was 
conducive t o  t h e  reworking and a t t r i t ion  of mater ia ls  such a s  
pyrofusinite, which would have been formed during t h e  
accumulation of the  peat.  The overall  relatively high con ten t  
of iner t in i te  fur ther  suggests that  the  wa te r  cover in the  
swamp must have been relatively low, and uniformly s o  

Table 68.3. Maceral composition (MMF) of Kayak coals; d a t a  in  volume per c e n t  

Vilrinilc Vitrinilc 'I'otal Semi-  Fusinite Macrinite 
Interto- 

S H I I I ~ I ?  Micrinite Sclerotinitc 
'1'01111 

h H Vitrinitc fusinite detrinite Inertinile 

3.0 11 .4 .  10.6  

1.2 10.4  9 .8  

0.8 12.4 6 .2  

0.8 21.4 15.6 

1.2 23.4 9 . 4  

0.0 23.3  9.4 

0.4 18.9 12 .5  

NOT ANALYZED 

1.2 12 .1  6.8 

0.6 17 .9  1 3 . 3  

I .8 12.5  8.3 

4.4 9.4 8 . 2  

873 NC (C) 9.5 52.2  61.7  10.0 0.0 11.4  14.9 2 .0  0.0 38.3  

873 NC (I)) 3 .  9 47.8  57.7  17.8 0.4 13.4  8 . 3  2 .4  0 . 0  42.3 



Table 68.4. Ref lec tance  da ta  on coals and carbonaceous shales of Kayak Formation 

Sample Sample Standard Standard Biref lec tance  
ser ies  number deviation Romin deviation Romax-Romin Station 

HD-13 
HD-12 
HD-I I 
HD-I0 
HD-9 

C-099883 HD-8 
HD-7 
HD-5 
HD-4 
HD-3 
HD-2 

Ave. HD 

922 NC (ID)  2.77 0.34 2.12 0.41 I I 0.65 
9 2 2 N C ( I C )  2.99 0.23 2.30 0.20 10 0.69 

C-099884 922 NC (1 B) 3.03 
2 

0.19 2.43 0.18 10 0.60 
922 NC (IA)  2.33 0.20 1.65 0.17 10 0.68 

throughout t h e  life of t h e  swamp, so t h a t  a cer ta in  amount of 
oxidation and enhanced decay of vegeta l  mater ia l  was  
possible. The high proportion of v i t r in i te  B re la t ive  t o  
vitrinite A is  also indicative of an a t t r i t a l  coal,  suggesting 
conditions in t h e  peat  swamp favourable for  accelera ted  
mechanical and biochemical degradation of plant ma t t e r .  
However, t h e  particular character is t ics  of t he  plant 
communities growing in VisGan t i m e  undoubtedly also 
influenced maceral  type  and distribution. 

Samples 873 NC (C) and 873 NC (D) f rom Station 5 
show even higher con ten t s  of iner t in i te  than the  HD series.  
However, because of t h e  higher rank of these  coals compared 
t o  the  HD s e t ,  the i r  high level of anisotropy, and t h e  
possibility t h a t  t hey  may be h e a t  a f f ec t ed ,  maceral  
identification was more  difficult  than with the  HD samples. 

The d a t a  showing a relatively high con ten t  of iner t in i te  
in these  northern Yukon coals a r e  similar t o  maceral  da t a  for  
t h ree  coal  samples f rom t h e  somewhat  younger Mattson 
Formation (Upper Visdan, Serpukovian) col lec ted by 
B.C. Richards (ISPG) in t h e  Liard River - Nahanni a rea ,  
District  of Mackenzie, Northwest Territories.  These samples 
a r e  a t  leas t  partially representative of t h e  seams from which 
they were  col lec ted (B.C. Richards, ,pers. comm., 1986) and 
they show extraordinarily low vitrinlte and correspondingly 
high iner t in i te  contents.  Liptinite i s  abundant in t h e  Mattson 
samples and can be detected because of t h e  low rank of these  
coals  (Romax 0.79-0.82). 

Ref lec tance  analyses 

The r e f l ec t ance  d a t a  obtained f rom these  samples  a r e  
recorded in Table 68.4. As mentioned previously, both 
maximum (Romax) and  minimum (Romin) r e f l ec t ances  were  
determined on e a c h  sample and t h e  bi ref lec tance  calcula ted ,  
t ha t  i s  Romax - Romin. Bireflectance i s  an  indicator of heat  
a f f ec t ed  coals  (Goodarzi, 1984); t h a t  is, coals  whose rank 
may be increased by igneous thermal  activity.  Coals so 
af fected have higher b i ref lec tances  than coals t h a t  have 
increased in rank by more  usual coalification processes. 

Ref lec tances  of coa l  of t h e  HD ser ies  and  of t h e  coals  
from Stations 3 and 5 were  relatively easy  t o  measure.  All 
contained suff ic ient  vitrinite and, though these  coals  were  
col lec ted f rom outcrop, only occasionally did they  show 
weathering effects .  In contras t ,  measurements on dispersed 
carbonaceous m a t t e r  in t h e  black shales were  more  difficult. 
Most of t he  carbonaceous par t ic les  in t h e  shales a r e  small, 
preventing easy identification of vitrinite and res t r ic t ing t h e  
number of particles upon which Romax and Romin could b e  
measured. However, t h e  results appear reasonably reliable 
because t h e  values obtained on t h e  shale  samples f rom 
Station 2 ag ree  fairly well with one another and the  two  
values obtained f rom t h e  t w o  higher rank shales at Sta t ion 4 
a r e  close. 

There  a r e  t w o  anomalous results; samples 922 NC (1A) 
a t  Station 2, and 873 NC (B) a t  Station 5 a r e  significantly 
lower in r e f l ec t ance  than t h e  o the r  samples a t  the i r  
respect ive  stations.  A probable reason may be  t h e  poorer 
quality of t h e  carbonaceous ma t t e r  in these  samples r a the r  
than a rea l  d i f ference  in rank. 



The results indicate  a high level of matur i ty  for t he  
Kayak samples. They a r e  anthracit ic.  Nearly all  a r e  well 
above t h e  lower r e f l ec t ance  threshold of 2.50 suggested by 
Davis (1978) a s  t h e  boundary between semi-anthracite and 
anthraci te .  The samples  appear  t o  fa l l  in to  t w o  populations. 
Those f rom Stations I and 2 have ref lec tances  ranging f rom 
about 2.7 t o  3.0, whereas  the  samples f rom Stations 3, 4 and 
5 in the  British Mountains -Malcolm River a rea  have higher 
values, ranging approximately f rom 3.5 t o  4.0. This 
higher level of matur i ty  for t h e  l a t t e r  group 
of samples i s  indicative of e i the r  exposure t o  higher 
t empera tu res  than t h e  beds a t  Stations 1 and 2 o r  exposure 
for a longer period of t i m e  a t  t h e  s a m e  temperature .  The 
higher t empera tu re  model for  t h e  northwestern group of 
samples could be accomplished by deeper burial or  by the  
thermal  e f f ec t s  of intruded igneous bodies of various kinds. 

In the  discussion of maceral composition i t  was noted 
t h a t  t h e  coals  a t  Sta t ion 5 showed evidence of being 
thermally af fected,  t h a t  is, t hey  appear t o  have undergone 
more  rapid upgrading of rank than would be  achieved by more 
normal and slower coalification caused solely by deeper  
burial. The bireflectance d a t a  support this interpretation. 
Bireflectance values of 1.83 and 1.86 for t h e  two  coals a t  
Station 5 a r e  higher than would be obtained on normally 
coalified mater ia l  of th is  rank (Stach et al., 1982; Goodarzi, 
1984). Normal b i ref lec tance  should be about 1.0, or  slightly 
less. Bireflectance on t h e  other  samples of th is  study appear 
t o  be  about average for  normal coalification. 

There i s  no obvious explanation for t h e  systematically 
higher ranks of t he  samples a t  Stations 3, 4 and 5 over those 
a t  Stations 1 and 2. The Mt. Fit ton and Mt. Sedgwick 
grani tes  a r e  some  80  m.y. older than t h e  Kayak Formation 
and can reasonably be expected t o  have cooled and 
crystall ized by t h e  t i m e  t h e  Kayak was deposited. Moreover, 
t hese  t w o  intrusions a r e  known t o  have been uplifted and 
denuded during the  Ellesmerian Orogeny. Nevertheless, t h e  
carbonaceous shales a t  Station 2, near  the  headwaters of 
Spring River, a r e  t h e  closest  of any of the  s ta t ions  t o  e i ther  
of t he  exposed intrusions, and they a r e  in t h e  population with 
t h e  lower rank values. 

I t  i s  possible, however,  t h a t  t h e  uplifts a r e  cored with 
younger grani te  bodies a t  deeper s t ruc tu ra l  levels and t h a t  
these  granites had not cooled by Vis6an t ime.  This concept  is  
supported by t h e  presence of thermally a l tered conodonts, 
with a Colour Alteration Index of 5, midway between 
Stations 2 and 3 on t h e  north flank of Romanzof Uplift 
(Norris, 1986). The conodonts a r e  about 40 m.y. younger than  
t h e  grani tes  and about 40 m.y. older than t h e  Kayak coals. 

A recent  aeromagnet ic  survey (EMR, unpublished da ta )  
reveals a strong spat ia l  correlation between magnet ic  
anomalies and t h e  Mt. Fit ton and Mt. Sedgwick stocks. 
However, t he re  a r e  no obvious anomalies over any of the  f ive  
stations where  t h e  Kayak beds were  sampled. 

The occurrences  of t h e  t w o  populations of ref lec tance  
values more  o r  less along s t r ike  from one another  in t h e  s a m e  
t ec ton ic  e l emen t  (Romanzof Uplift) suggests a local ra ther  
than a regional cause  fo r  t h e  thermal  upgrading a t  Stations 3, 
4 and 5 relative t o  Station 2. This local e f f e c t  may have 
been a res t r ic ted  hea t  source beneath t h e  structurally highest 
par t  of t h e  uplift. 

Summary and conclusions 

Ref lec tance  d a t a  on coal and carbonaceous shale f rom 
t h e  Kayak Formation in northern Yukon Territory indicate  
maturity levels well in to  t h e  anthraci te  range (>2.5 Romax). 

There appear t o  be two  populations in t e r m s  of matur i ty ,  
with those samples f rom t h e  British Mountains - Malcolm 
River a r e a  more  ma tu re  than  those  obta ined f rom s i t e s  
f a r the r  t o  t h e  southeast .  The fo rmer  population may be, in 
par t ,  t h e  product of abnormal thermal  upgrading, possibly by 
igneous activity.  

An important  result  of t h e  study was  the  discovery of a 
thick seam of an th rac i t e  of good quality in t h e  a r e a  south of 
t he  Barn Mountains. This seam is over 5 m thick, with 
average ash and sulphur con ten t s  of 6.8 per c e n t  and 
0.5 per cent ,  respectively. 

The result  of th is  study for  northern Yukon would imply 
t h a t  rocks of Mississippian a g e  o r  older a r e  not a t t r ac t ive  
prospects for hydrocarbon exploration, particularly for  oil, 
though some may s t i l l  be within t h e  gas  wlndow. 
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Comparison of morphology and reflectance of 
macerals from a tectonica.lly thickened coal seam 

from Mist Mountain, British Columbia 
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Goodarzi, F., Comparison of morphology and ref lec tance  of macera ls  f rom a tec tonica l ly  thickened 
coal  s eam from Mist Mountain, British Columbia;  & Cur ren t  Research,  P a r t  B, Geological  Survey of 
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Abs t r ac t  

Samples f rom a tectonically thickened coal  s eam a t  Byron Creek  Collieries,  Mist Mountain, 
were  examined using ref lec ted  light microscopy. Pet rographic  analyses were  made and ref lec tances  
of macera ls  were  determined.  

The coal macera ls  consist of l iptinite,  mainly cut in i te ,  t h r ee  types  of vitr inites,  two types  of 
semifusinite,  two types  of fusinite and var ie t ies  of heat  a f f ec t ed  products, including pyrolytic 
carbons.  

Re f l ec t ance  of coal  macera ls  increases  f rom cut in i te  toward fusinite with pyrolytic carbon 
having ref lec tances  in t h e  fusinite range. The boundary between t h e  cut in i te  and vi t r in i te  group of 
macera ls  is sharp,  but t he  boundary between vi t r in i te  and semifus in i te  is no: well defined, and is 
more  dependent on ref lec tance  than the  morphology of the  macera ls .  

A macera l  with semifusinite morphology may, in f ac t ,  be  a vitr inite ( te l in i te)  and hence might 
behave a s  a reac t ive  (fluid) rnaceral  during carbonization.  

The heat  a f f ec t ed  products and pyrolytic carbons a r e  commonly anisotropic.  

Des  Bchantillons d'une veine d e  charbon tec toniquement  Bpaissie B Byron Creek  Collieries,  8 
Mist Mountain, ont  BtC examines par microscopie en lumibre r6flBchie. Des  analyses petrographiques 
on t  k t6  e f f ec tuees  e t  la ref lec tance  des maceraux a Bte calcul6e.  

Les  maceraux du charbon sont  cons t i tues  d e  l iptinite (principalement d e  la cutinite) ,  t ro is  types  
de vitr inite,  deux types de semifusinite,  deux types  d e  fusinite e t  diverses vari6tBs d e  produits ayant  

- subi une transformation thermique, y compris des  carbones pyrolytiques. 

L a  ref lec tance  des  maceraux du charbon augrnentait  d e  l a  cut in i te  ?I la fusinite,  l e  carbone 
pyrolytique ayant  ce r t a ines  r e f l ec t ances  dans  la gamrne d e  la fusinite.  La  l irnite e n t r e  l e  groupe 
cut in i te  e t  le groupe vitr inite des macgraux Btait ne t t e ,  mais  ce l le  en t r e  la vitr inite e t  la 
semifusinite nlBtait pas aussi bien definie e t  dependait  plus de la r e f l ec t ance  que d e  l a  morphologie 
des  maceraux. 

Un macera l  ayant  une morphologie semi-fusinitique pourrait  e f f ec t ivemen t  6 t r e  une vitr inite 
( tklinite)  e t  ainsi, s e  comporter  comme un macera l  reac t i f  (fluide) au cours  de  la carbonisation.  

Les produits ayant  subi une transformation thermique e t  les carbones pyrolytiques sont 
gBnBralement anisotropiques. 
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Figure 69.1. Geology of Byron Creek Collieries. 



Introduction 

The "Mammoth" seam (seam no. 1) which is about  30 m 
thick (Fig. 69.1) has been s t ructura l ly  thickened, due  t o  
folding and fault ing,  t o  100 m in thickness. It l ies directly on 
t h e  Morrissey Formation sandstone (Gibson, 1985). The coal  
seam occurs  in t h e  Mist Mountain Format ion,  which is  folded 
and faul ted  and underlain by lower Kootenay Group and 
Fernie  Format ion s t r a t a  (Gibson, 1985). 

% ASH % VOLATILE % FIXED 
MATTER CARBON 

MAMMOTH 
SEAM 

SEAM 1 

Figure 69.2. Proximate  analysis for  s eam no. 1 from Byron 
Creek. 

% Reflectance in oil - maximum 

Figure  69.3. Comparison of macera ls  and heat -af fec ted  
f r agmen t s  in s eam no. 1 from Byron Creek: cut in i te  % ,  
vitrinite A o , vitrinite B , semifusinite ( tel inite?) A , low 
ref lec t ing  semifusinite A ,  high ref lec t ing  semifusinite 4 ,  
fusinite V , pyrofusinite V , anisotropic granular f r agmen t  
max. - min.n-o. 

The ac tua l  undisturbed thickness of t h e  Mammoth  seam 
is a m a t t e r  of s o m e  dispute.  MacKay (1931) thought  t h a t  i t  
might vary between 4 t o  60 m,  whereas  Norris and 
Pr ice  (1956) have  s t a t e d  t h a t  i t  might  vary between 4 t o  8 m.  

Re f l ec t ance  studies on t h e  various macera ls  of single or 
suites of re la ted  coals were  ca r r i ed  ou t  in various countr ies  
by Bell and Diessel (19701, Alpern (1970), Kosina and 
Hrncir (19831, and Cameron (1984). Bell and Diessel (1970) 
divided t h e  iner t in i tes  in Australian coals in to  low and high 
ref lec t ing  semifusinite,  with a r e f l ec t ance  threshold between 
t h e  two  ranging f rom 1.55 t o  2.70; and low and high 
ref lec t ing  fusinite,  with a r e f l ec t ance  threshold ranging f rom 
2.8 t o  3.0. Alpern (1970) examined European Carboniferous 
coal  and determined t h e  r e f l ec t ance  thresholds for  l iptinite,  
v i t r in i te  and iner t in i te  macera ls  in l ignite t o  anthrac i te .  The 
r e f l ec t ance  of pyrofusinite remains  almost unchanged with 
increasing rank whereas  t h e  r e f l ec t ance  increases  modera te ly  
f o r  semifus in i te  and biofusinite and sharply fo r  vitr inite.  

% MACERALS % Roll 

Figure  69.4. Maceral  analysis and ref lec tance  for  s eam no. 1 
from Byron Creek: 1. desmocollinite,  2. telocoll inite,  
3. pseudovitrinite,  4. low ref lec t ing  semifusinite,  5. high 
ref lec t ing  semifusinite,  6 fusinite,  7 .  iner todet r in i te  and 
isotropic-anisotropic chars  formed due to  frict ion,  
8. l iptinite,  and 9. mineral  ma t t e r .  
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Cameron (19841 examined Canadian  Kootenay coals  and 
concluded t h a t  t h e r e  is considerable over lap  between t h e  
r e f l ec t ance  of iner t in i te  macera ls  and t h a t  t h e  r e f l ec t ance  of 
t h e  majority of t h e  semifusinite in t h e  Kootenay coals is 
closer t o  vitr inite.  

Byron Creek  coal  mine is  an ac t ive  coal  mine  in 
southeas tern  British Columbia and covers  an  a r e a  of about  
3 km (north-south) by 1.5 km (east-west). The mine  contains 
a very large  geological resource  (165MT), of which 
approximately 45 per cent  is economically mineable,  high 
volati le bituminous coal  (%Roil = 1.0). 

Seam no. 1 (Mammoth seam)  of Byron Creek  mine  
comprises 100 m of tec tonica l ly  thickened coals of high 
volati le A bituminous rank (Roil = 1.0). In this paper t h e  
relationship between morphology and r e f l ec t ance  of macera ls  
is examined, a s  is t h e  threshold between vitr inite-  
semifusinite and semifusinite-fusinite macerals.  
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Experimental  work 

Sampling 

Full channel samples were  col lec ted  eve ry  4 m for  coal, 
and eve ry  2 m for carbargil l i tes.  Coal samples  w e r e  crushed 
t o  (20 mesh (840 prn) for  macera l  analysis and r e f l ec t ance  
measurements.  Proximate  analyses (Fig. 69.2) w e r e  made 
following t h e  procedures outl ined by ATSM (1979). 

Microscopy 

Macera ls  were  analyzed using a Swif t  point counter.  
Macera ls  included l iptinite,  a s  well as vi t r in i te ,  which was  
analyzed in t h r e e  groups: v i t r in i te  A, v i t r i n i t e  B, and 
pseudovitrinite. Inertinites were  divided i n t o  low and high 
semifusinites,  fusinite,  pyrofusinite,  hea t  a f f ec t ed  products 
(chars), and pyrolytic carbons (Fig. 69. 3). 

Re f l ec t ance  of coal  macera ls  (Fig. 69.3) was 
determined by measuring maximum re f l ec t ance  with a Zeiss 
MPM I1 microscope f i t t ed  with Zonax microcomputer  and 
printer,  under standard conditions, following t h e  procedure 
outl ined in t h e  International Handbook of Coal Petrology 
(1963). F i f ty  r e f l ec t ance  measurements  w e r e  carr ied  ou t  on 
v i t r in i te  A and vi t r in i te  B, and t e n  measurements  for  t h e  
o ther  macerals.  Re f l ec t ance  measurements  on pyrofusinite 
and pyrolytic carbons were  based on an ave rage  of five 
measurements .  

P l a t e s  69.1-69.4 

Macerals  f rom Byron Creek  coal;  oil immersion; p lane  polarized light; 
magnification: full  s ca l e  of long axis  of photographs = 300 microns. 

P l a t e  69.1 Thin wall  cu t in i t e  (Cu); desmocollinite (D); teleocoll inite.  

P l a t e  69.2 Pseudovitrinite.  

Plate 69.3 Semif usinite. 

a .  Low ref lec t ing  semifus in i te  (LSF); t e l i n i t e  containing corpohuminite (C);  
corpohurninite with porigelinitic morphology (P); and high ref lec t ing  semifus in i te  
(HSF). 

b. Low ref lec t ing  semifus in i te  (LSF); h i ~ h  ref lec t ing  semifus in i te  (HSF); macr in i te  (M); 
iner todet r in i te  (ID). 

c.  High ref lec t ing  semifus in i te  (HSF) containing coproli tes (CO). 

Plate 69.4 Fusinite (F). showing bogen s t r u c t u r e  and semifus in i te  (SF). 



Results 

M orphology and maceral  analysis 

The coal  macerals  consist of liptinites, mainly resinite 
and cut in i te  (PI. 69.1). Three  types  of vitrinite - vi t r in i te  A 
(telocollinite), vitr inite B (desmocollinite; PI. 69.1), and 
vitrinite C (pseudovitrinite; PI. 69.2) - a re  present. 
Inertinites consist of low semifusinite (PI. 69.3a, b), high 
semifusinite (PI. 69.313, c), and fusinite (PI. 69.4). These coals  
also contain pyrolytic carbon, and weathered and hea t  
af fected chars  formed as  a result  of friction (Pls. 69.5-69.7). 
There  i s  l i t t l e  variation in t h e  percentage of l iptinite and 
vitrinite within t h e  coal seam. Within t h e  inertinite group, 
large  variations in inertinite macerals were observed 
(Fig. 69.4). 

Ref lec tance  

The ref lec tance  of coal macerals increases from 
cut in i te  toward fusinite. The ref lec tance  of vitrinite 
(vitrinite A and vitrinite B) maintains almost t h e  s a m e  value 
throughout t h e  coal  s eam (Fig. 69.4). The hea t  a f f ec t ed  
chars and pyrolytic carbon a r e  anisotropic and cover a wide 
range of ref lec tances  throughout t h e  seam (Fig. 69.3). 

Discussion 

I will discuss the  ref lec tance  and morphology of 
macerals  in seam no. 1 by comparing t h e  vitrinite and 
iner t in i te  maceral  groups. 

Cameron (1985) s t a t ed  tha t  much of the  iner t in i te  
(semifusinite) in Kootenay coal has a ref lec tance  closer t o  
vitrinite macerals  than t o  inertinite macerals,  and hence if 
t h e  macerals  were  divided in to  react ive  and nonreactive 
based on thei r  ref lec tance ,  t h e  majority of iner t in i te  in 
Kootenay coals might be reactive.  Nandi and 

Montgomery (1975) have shown t h a t  low reflecting 
semifusinite is a s  react ive  as vitrinite.  Koensler (1980) 
carbonized some  Kootenay coals and found t h a t  during 
carbonization, iner t in i te  with a re f l ec t ance  0.2 t o  
0.3 per cen t  higher than vitrinite of t h e  s a m e  coal,  r e a c t s  in 
a manner similar t o  t h e  vitrinite.  

The relationship between the  present d a t a  and 
Cameron's d a t a  (1985) is interesting. Cameron established 
t h a t  t h e  ref lec tance  of macerals  in a high volati le bituminous 
coal  f rom seam 17, Weary Ridge, British Columbia, was  
0.62 per cen t  for  cutinite,  0.95 per cen t  for  v i t r in i te  B, 
1.0 per cen t  for vitrinite A, 1.32 per cen t  for  low and 
1.5 per cen t  for high ref lec t ing semifusinite,  and 
2.12 per cen t  for  fusinite. 

The ref lec tance  of t h e  vitrinite group of macerals  in 
t h e  present s tudy is essentially similar t o  Cameron's d a t a  for 
seam 17 because of t he  similarity in rank of both coal seams. 
In t h e  present study, t h e  r e f l ec t ance  ranged f rom 0.3 t o  
0 . 7 p e r c e n t  for cut in i te  (PI.69.1), 0 . 9 0 p e r c e n t  for 
desmocollinite (vitrinite B) (PI. 69.1), 1.05 per c e n t  for  
telocollinite (vitrinite A) (PI. 69.1), 1.2 t o  1.4 per c e n t  for 
low ref lec t ing semifusinite (PI. 69.3a), 1.5 t o  1.8 per c e n t  for  
medium reflecting semifusinite 1.9 t o  2.2 per cen t  for high 
reflecting semifusinite (PI. 69.3b, c), 2.0 t o  2.8 per cen t  for 
low reflecting fusinite (PI. 69.41, and 2.8 t o  3.5 per cen t  for 
high ref lec t ing pyrofusinite. The pyrolytic carbons  and 
anisotropic f r agmen t s  (Pls. 69.5, 69.8) formed a s  a resul t  of 
t ec ton ic  f r ic t ion (Bustin, 1983; Goodarzi, 1986a, b), have a 
ref lec tance  range of 3.5 t o  5.0 per cent .  

The low reflecting semifusinite (Fig. 69.3) in th is  study 
commonly shows a morphology similar t o  texto-ulminite in 
subbituminous coals; for  example ,  i t  o f t en  contains rounded 
corpocollinite or  rounded vesiculated bodies similar t o  
porigelinite in lignite-subbituminous coals  (PI. 69.3a). This 
type  of sernifusinite is perhaps telinite,  s ince  t ex t in i t e  in 

P la t e s  69.5-69.7 

H e a t  a f f ec t ed  cha r s  f r o m  Byron Creek  coal; oil  immersion; 
magnification: full  s c a l e  of long ax i s  of photographs = 200 microns. 

P l a t e  69.5 a.  Heat  af fected pseudovitrinite showing vacuoles; plane polarized light. 

b. Weathered, heat -af fected char showing oxidation rim (0) and vacuoles; plane 
polarized light. 

P l a t e  69.6 a .  Anisotropic chars (C) and desmocollinite (Dl; partially crossed polars. 

b. Anisotropic f ragment  (A) in desmocollinite; microscope s t age  ro t a t ed  t o  show the  
anisotropy. 

bi. Partially crossed polars. 

P l a t e  69.7 a .  Coarse  grained mosaic (Mc); strongly anisotropic and isotropic telocollinite (T); 
partially crossed polars. 

b. Pyrolytic carbon (PI showing lamellar s t ruc tu re  and anisotropy in desmocollinite (D). 
Sporinite ( S )  i s  present;  partially crossed polars. 

C. Pyrolytic carbon (P), (anisotropic) in desmocollinite matr ix ,  (isotropic). 
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subbituminous coals is the  precursor of te l in i te  i r ~  bituminous 
coals (Teichmiiller, 1982), and could be classified with 
react ive  coal  macerals. Pearson (pers. comm., 1986) also 
believes t h a t  t h e  low reflecting semifusinite f rom Kootenay 
coal is  react ive .  

The hea t  a f f ec t ed  f ragments  in these  coals  consist  of 
two  groups: I. isotropic, thermally a l tered f ragments ,  fo r  
example,  pseudovitrinite chars showing plastic deformation 
and devolatilization vacuoles (PI. 69.5a), or char  showing 
oxidation rims (PI. 69.5b); and 2. anisotropic chars tha t  
include char  showing basic anisotropy (PI. 69.6a, b), char  with 
granular morphology and high anisotropy (PI. 69.7a), and 
pyrolytic carbon (PI. 69.7b, c). Bustin (1983) s t a t ed  t h a t  
during faulting, coal  in a narrow zone in t h e  in t e r f ace  of a 
coal layer  may exper ience  a t empera tu re  of 350" t o  600°C. 
Goodarzi (1986b) has found tha t  coals in tectonically 
disturbed seams commonly contain isotropic and anisotropic 
chars  and pyrolytic carbon with ref lec tances  greater  than 
those  of t h e  macerals  t h a t  were  not a f f ec t ed  by heat .  

Conclusions 

I. The boundary between liptinite and vitrinite macerals  is  
sharp; in contras t ,  t h e  boundary between vitrinite and 
inertinite is not well defined. 

2. Semifusinite can be divided in to  a low reflecting type, 
with %Roil of 1.2 t o  1.8; and a high reflecting type, with 
%Roil of >1.8 per cent .  

3. Low reflecting semifusinite, with a ref lec tance  of 
1.2 per  cen t ,  might, in f ac t ,  be  vitrinite (telinite) and 
could be  classified with react ive  macerals.  

4. Weathered and heat af fected chars were  formed as  a 
result of t ec ton ic  friction. 

5. Heat  a f f ec t ed  anisotropic chars  have a higher 
b i ref lec tance  than the  semifusinites. 

References  

Annual Book of ASTM Standards 
1979: Proximate  analysis of coal and coke, Pa r t  26, 

Gaseous Fuels; coal  coke; a tmospher ic  analysis, 
D3172-3173, p. 380. 

Alpern, B. 
1970: Classification pdtrographique des const i tuants  

organiques fossiles des  roches sgdimentaires: 
Revue de  I'Institut Fransais  du P6trole et Annales 
Combustibles Liquides, v. XXV, p. 1233-1267. 

Bell, J.A. and Diessel, C.F.K. 
1970: Various interpretations of coal petrographic 

nomenclature and thei r  e f f ec t s  on '  mace ra l  
analyses; Proceeding of Australian Ins t i tu te  of 
Mining and Mineralogy, no. 234, p. 27-36. 

Bustin, R.M . 
1983: Heating during thrus t  fault ing in t h e  Rocky 

Mountains; f r ic t ion or  fiction; Tectonophysics, 
V. 95, p. 309-328. 

Cameron, A.R. 
1964: Comparison of r e f l ec t ance  d a t a  for  various 

macerals  for coals of t h e  Kootenay Group, 
southeas tern  British Columbia; 1984 Symposium 
on t h e  Geology of Rocky Mountain Coal,  
Proceedings; North Dakota  Geological Society,  
Bismark, North Dakota,  p. 61 -75. 

Gibson, D. 
1985: Stratigraphy, sedimentology and depositional 

environments of t h e  coal-bearing Jurassic- 
Cretaceous  Kootenay Group, Alber ta  and British 
Columbia; Geological Survey of Canada,  
Bulletin 357. 

Coodarzi, F. 
1986a: Character is t ics  of pyrolytic carbon in Canadian 

coals;  Fuel,  v. 64, p. 1672- 1676. 

1986b: Anisotropic f r agmen t s  in strongly folded and 
faul ted  coals f rom Rocky Mountain a r e a  of 
southeas tern  British Columbia; Canadian Journal 
of Earth Science, v. 23, no. 2, p. 254-258. 

International Handbook of Coal Petrology 
1963: International Handbook of Coal Petrology, 2nd 

Edition; 1971, 1st Supplement t o  2nd Edition; 
1975, 2nd Supplement t o  2nd Edition. 

Koensler, W. 
1980: Des Verhalten des Inertinits westkanadischer 

Kreidekohlem bei der  Verkokung; Dissertation 
Techn., Hochsch, Aaschen, 118 p. 

Kosina, M .  and Hrncir, J. 
1983: The properties of macerals  in Czechoslovak coals 

rich in inertinite;  International Journal of Coal 
Geology, v. 3, p. 145-156. 

Nandi, B.N. and Montgomery, D.S. 
1975: Nature and thermal  behaviour of semifusinite in 

Cretaceous  coal  f rom Western Canada; Fuel, 
V. 54, p. 193-196. 

Norris, D.K. and Price,  R.A. 
1956: Coal Mountain, Kootenay District ,  British 

Columbia; Geological Survey of Canada, Map 4. 

Teichmiiller , M . 
1982: Origin of petrographic consti tuents of coal;  

Coal  Petrology, ed. E. Stach, M. Th. Mackowsky, 
M .  Teichmiiller, G.H. Taylor, D. Chandra  and 
R. Teichmiiller; Cebruder Borntraeger,  Berlin, 
p. 233. 



Outliers of porphyritic al ka.line volcanic rocks of the 
Christopher Island Formalion at Snowbird Lake, N. W.T. 

Projects 770055 and 810024 

S.M. Roscoe and A.R. M i l l e r  
Minera l  Resources Division 

Roscoe, S.M. and Mil ler,  A.R., Outl iers o f  porphyri t ic alkaline volcanic rocks of the Christopher 
Island Formation at  Snowbird Lake, N.W.T.; Current Research, Par t  B, Geological Survey o f  
Canada, Paper 86-18, p. 679-683, 1986. 

Abstract  

Gently dipping, l itt le-metamorphosed volcaniclastic rocks and minor lava occur i n  isolated 
outcrops at  the north end of Snowbird Lake. They are str ik ingly simi lar to  the distinctive, phyric, 
alkaline volcanic rocks and derived sedimentary rocks o f  the Christopher Island Formation found 
150 to  550 k m  farther north and are considered t o  be out l iers o f  this formation. The volcanic rocks 
may have been erupted along la te fractures, and subsequently preserved i n  down-dropped fau l t  blocks, 
along the margin o f  a major shear zone that borders the outliers. The occurrences of these volcanic 
rocks mark an extension, towards the Athabaska region, of the Dubawnt alkaline igneous province and 
related metallogenic domains. 

Des roches volcanoclastiques peu metarnorphisees et  inclinees en pente douce, ainsi que 
quelques coulees de lave se trouvent dans des affleurements isoles B I 'extremit6 nord du lac Snowbird. 
Elles ressemblent A sty meprendre aux roches volcaniques caracteristiques B nature alcaline e t  
phyrique et  aux roches shdimentaires dBriv6es de la  formation de Christopher Island, trouvees 
150 B 550 k m  plus au nord; elles sont, en outre, consid6rees comlne des avant-buttes de cet te  
formation. Ces roches volcaniques ont probablement k t 6  Bject6es le  long des'fractures tardives e t  
ensuite conservees sous forme de blocs de failles, le  long de l a  marge d'une importante zone de 
cisail lement qui l im i te  ces avant-buttes. L a  presence de ces roches volcaniques marque une 
extension en direction de l a  region de I'Athabasca de l a  province ignee alcaline de Dubawnt et  des 
domaines m6tallog6niques connexes. 



Introduction 

Gently dipping volcaniclastic conglomerate and 
sandstone and porphyritic lava were  noted by one of us (SMR) 
a t  the  northeast  end of Snowbird Lake (NTS 65D/15) in 
June  1985. These rocks had been mapped by 
F.C. Taylor (1963) a s  t h e  youngest map unit (unit 10) in the  
Snowbird Lake map sheet  (GSC map 1138A) but his 
descriptions of them as  conglomerate,  arkose and shale do 
not convey the  important information that  most of t h e  
pebbles and de t r i t a l  grains a r e  of volcanic origin. The 
volcaniclastic sedimentary rocks and massive lava a r e  
remarkably similar t o  t h e  equally distinctive phyric alkaline 
volcanic and sedimentary rocks t h a t  form t h e  Christopher 
Island Formation which underlies extensive areas  between 
Kamilukuak Lake and Baker Lake 150 t o  550 km north and 
nor theas t  of Snowbird Lake (Fig. 70.1). Some of these  
similarit ies,  which lead us t o  regard t h e  Snowbird Lake rocks 
a s  an  outlier of Christopher Island Formation, a r e  outlined 
and il lustrated in this report .  

Outcrops  of volcanic and volcaniclastic sedimentary  rocks 

The volcanic-sedimentary rocks outcrop in two  places 
a t  Snowbird Lake. One is near the  north shore of a narrow 
bay a t  t h e  n ~ r t h e a s t  corner of t h e  lake (60°54.7'N, 
102"38.8'W; Fig. 70.2). The other  is a narrow island 12 km 
southwest of t h e  lakehead (60°49.8'N, 10Z043.3'\V). The 
island outcrops a r e  flaggy, hemat i t ic ,  l i thic sandstone and 
volcanic pebble conglomerate  (Fig. 70.3). Other  small  low 

islands in t h e  northernmost pa r t  of t h e  lake  a r e  no doubt 
underlain by similar rocks a s  they  a r e  composed of piles of 
thin, reddish, i ce  heaved rock shingles like t h e  det r i tus  found 
adjacent t o  t h e  island outcrops. 

The northern outcrops a r e  mainly on a low, 
northeasterly-elongated hill about 250 m long (Fig. 70.2). 
Outcrops and extensive areas  of f ros t  heaved brown, red and 
maroon, f ine  grained, fissile sandstone occur on low ground 
along t h e  southeast  flank of t h e  hill. Buff sandstone and gr i t  
outcrops along t h e  southeas t  s ide  of t h e  hill which is capped 
by flaggy gr i t  containing poorly sor ted  volcanic pebbles and 
widely sca t t e red  cobbles and boulders of granite.  A thin 
layer of massive, f ine  grained, olive porphyritic lava or 
hypabyssal intrusive rock outcrops sparingly along t h e  
northwest flank of t h e  hill. 

The outcrop a reas  a r e  along t h e  west s ide  of a wide, 
major mylonite zone (Taylor, 1963), p a r t  of t h e  Virgin River- 
Black Lake-Tulemalu shear zone (GSC map 1250A; Tella and 
Eade, 1985). Volcanic sandstone a t  t h e  lakehead outcrop a r e a  
presumably overlies quartzofeldspathic gneiss tha t  outcrops 
nearby. There  a r e  a number of northeasterly-striking 
topographic l ineaments in t h e  extensively dr i f t  covered a rea  
north of t h e  lake and two  of these  flank t h e  a r e a  of 
volcaniclastic rocks (Fig. 70.2). I t  s eems  likely tha t  they a r e  
f au l t s  and t h a t  t h e  volcanic areni tes ,  rudites and flows were  
preserved within a system of grabens re la ted  t o  br i t t le  
fault ing and downdrop along t h e  west  s ide  of t h e  mylonite 
zone. The Black Lake-Tulemalu shear  zone extends  north 

Figure 70.1. Location of Snowbird Lake and areas  of Christopher Island Formation and other  
Neoaphebian and Helikian rocks in Northwest Territories and Saskatchewan. 



Figure 70.2. Volcanic-sedimentary rocks a t  nor theas t  end of 
Snowbird Lake. 

Figure 70.3, Conglomerate with porphyritic volcanic Figure  70.4A. Volcaniclastic conglomerate  with feldspar 
pebbles f rom an island near the  northeast  end of and mica  phyric t r achy te  c las ts  Set in a f iner ,  granule-sized 
Snowbird Lake. matr ix  which is cemented with carbonate  (white). 

in to  the  Baker Lake a rea ,  and f r ac tu re  sys tems developed 
along i t  may have provided loci for eruptions of alkaline 
volcanic rocks of t h e  Christopher Island Formation a s  well a s  
being responsible la ter  for t he  preservation of erosional 
remnants  of these  rocks in s t ructura l  troughs. 

Petrographic and mineralogical f ea tu res  

The massive lava contains abundant macrocrys ts  of 
phlogopite a s  well a s  potassium feldspar.  A sample  (85RF40) 
col lec ted a t  the  northern outcrop a rea  shows excellent 
preservation of textures  despi te  variable replacement  of 
minerals by hemat i te ,  dolomite,  analcime, chlor i te  and 
muscovite. 'The presence of analcime indicates t h a t  t h e  rock 
was  subjected only t o  zeol i te  fac ies  metamorphism. Pebbles 
of similar porphyritic rocks (Fig. 70.4A) a r e  common in 
conglomerates  in both of t h e  outcrop areas.  Figure 70.4B is  a 
photomicrograph of par t  of one such pebble. I t  is  textura l ly  
and mineralogically similar t o  Christopher Island Formation 
trachyandesites (Blake, 1980; Miller, 1980; Smith et al., 
1980); Altered phlogoGte contains secondary f e r r i c  oxide: Figure 70.48. Phiogopite-alkalic feldspar phyric trac-,yte 
Secondary dolomite i s  present in t h e  matr ix  and in a l t e red  from a pebble in conglomerate at  snowbird ~ ~ k ~ .  
feldspar phenocrysts. Ph, phlogopite; Kf, alkalic feldspar; Do, dolomite;  aPh, f e r r i c  

oxide a f t e r  a l tered phlogopite. 



In addition t o  abundant volcanic c las ts  and variably 
rounded and a l tered volcanogenic phlogopite and potassium 
feldspar granules, volcaniclastic wackes and conglomerates  
contain a variety of metamorphic rock clasts: quartz-mica 
schist ,  quartz-feldspar gneiss, mylonitic granite,  qua r t z  
granules displaying mylonitic ribbon texture ,  quar tz  and 
granite.  Elongate dark t o  pale green granules of mica a r e  
conspicuous in all c las t ic  rocks. Scat tered boulders of 
grani t ic  rock a r e  present in poorly sorted wacke a t  t h e  
mainland outcrop area.  Matrix framework c las ts  a r e  t ightly 
packed with ca l c i t e  and subordinate chlorite-analcime 
mixtures a s  authigenic cement .  Features  such a s  low angle 
crossbedding shown in Figure 70.5 a r e  similar t o  those found 
in volcaniclastic sedimentary rocks within the  main a reas  of 
t h e  Christopher Island Formation (Tella e t  al., 1981, 
Fig. 32.4, 32.8, 32.9). 

Chemical  composition 

Table 70.1. Chemical analysis of a l t e red  alkalic 
lava,  Snowbird Lake (sample 85RF40) 

% PPm 

SiO 2 45 .0  Ag 10 
Ti02 0.75 Ba 4003 
A1203 10.2  Be 6 .1  
F e z 0 3  4 .7  co 40 
FeO 1.7  C r  320 
MnO 0.08 Cu 35 
MgO 10.2  La 86 
CaO 9 . 0 3  N i 310 
N a n 0  5 .63 Pb 60 
K 2 0  1.59 V I00 
p 2 0 5  1.26 Y b 1 . 1  
C O  2 3 .7  Zn 110 
H z 0  4 .3  
S 0.0 

Total  98.14 

Analyses by ICP, except  FeO, H20. 

Analytical  Chemistry Section, Mineral Resource  
Division, Geological Survey of Canada. 

A single analysis of a l tered alkalic lava f rom Snowbird 
Lake (sample 85RF4O) is very similar t o  analyses of 
carbonate-rich a l tered rnafic t r achy te  of t h e  Christopher 
Island Formation t h a t  a r e  listed by Blake (1980, Table 5, 
analyses 1, 2, 3, p. 16). A less a l tered specimen with lower 
C 0 2 ,  H 2 0 ,  CaO, and MgO contents  and K20:NazO ra t ios  
unaffected by alkali exchange, perhaps l ike t h e  t r a c h y t e  

pebble shown in Figure 70.3, would likely fa l l  within t h e  s a m e  
compositional field a s  t rachyandesi tes  f rom t h e  Christopher 
Island Formation within t h e  Baker Lake Basin. High T i 0 2 ,  
P 2 0 5 ,  Ba, C r ,  and Ni con ten t s  (Table 70.1) a r e  similar t o  
those  t h a t  character ize  alkaline lavas of t ha t  format ion in 
the  Baker Lake-Angikuni Lake a r e a  (Blake, 1980; 
Smith e t  al., 1980). 

Conclusions 

Figure 70.5A. Volcaniclastic wacke with planar bedding 
and low angle crossbedding. 

Figure  70.5B. Volcaniclastic wacke, Q, quartz-bearing 
clasts; V, a l tered feldspar or  mica  phyric volcanic clasts.  

Small  areas  of l i t t l e  deformed, subgreenschist  fac ies  
volcanic wacke, volcanic conglomerate ,  and lava a t  t h e  north 
end of Snowbird Lake (NTS 65D/15) represent d is tant  outliers 
of t h e  Christopher Island Formation which consists of 
alkaline volcanic and volcaniclastic sedimentary  rocks in the  
lower par t  of t h e  Dubawnt Group of l a t e  Aphebian t o  
Helikian age. The outliers a r e  likely erosional remnants  of a 
once  much more  extensive  a r e a  of volcanic rocks, possibly 
contiguous with Christopher Island rocks now preserved in 
several s t ructura l  basins in an  a r e a  extending I50 t o  550 km 
north and nor theas t  of Snowbird Lake. 

Conglomerate  in t h e  Snowbird outlier includes pebbles 
of mylonite which indicate  tha t  eruption of the  volcanic 
rocks postdated development of t h e  major shear  zone which 
borders them on t h e  e a s t  (Taylor, 1963). Eruptive centres  of 
alkaline Christopher Island volcanic rocks may have been 
developed along l a t e  br i t t le  f r a c t u r e  sys tems tha t  were  
developed along t h e  shear zone. The preservation of 
erosional remnants of t h e  volcanic s t r a t a  may be  a t t r ibuted 
t o  faul t  development of s t ructura l  troughs along t h e  same  
sys tem.  

The recognition of these  outlying occurrences  of rocks 
corre la t ive  with t h e  Christopher Island Format ion results in a 
considerable extension of a distinctive alkaline petrogenic 
province and re la ted  metallogenic domains. It also provides a 
partial  bridge between geological domains in t h e  Baker Lake 
a r e a  and similar domains in northern Saskatchewan. The 
present erosion su r face  at Snowdrift  Lake, and probably 
through extensive a reas  north and south  of t h e  Lake, nearly 
corresponds t o  t h e  su r face  t h a t  existed at t h e  t i m e  t h a t  t h e  



Christopher Island alkaline volcanic rocks were  extruded and 
derived debris deposited unconformably on t h e  older igneous 
and metamorphic  rocks. There may be  possibilities t h a t  
unconformity-related pitchblende veins could have  been 
formed in this a r ea ,  analogous t o  t h e  si tuation in t h e  
Beaverlodge a r e a  (Tremblay, 1972) and Baker Lake a r e a  
(Miller, 1980) where  pitchblende veins a r e  found mainly in 
crys ta l l ine  rocks below but near unconformities.  No evidence  
has been found, however,  for t h e  exis tence  of any mineral  
concentra t ions  within or near  t h e  alkalic igneous rocks and 
derived sedimentary  rocks  a t  Snowbird Lake. 
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Abstract 

The Sky Pi lo t  area, i n  the northern part of the Britannia pendant, is underlain by a homoclinal 
succession o f  basalt, dacit ic andesite to dacite flows, andesite to  dacite tu f f ,  breccia, agglomerate, 
and argi l l i te.  These unfossiliferous rocks belong to  the Goat Mountain Formation of the Gambier 
Group. Plutonic rocks .cutting the strata are diorite, quartz diorite, and quartz eye porphyry. A n  
Early Cretaceous age o f  114 + 40 M a  at  an in i t i a l  " ~ r / ' ~ s r  rat io  of 0.70325 was obtained f r o m  a 
two-point Rb-Sr isochron. Prehnite-pumpelleyite to  greenschist facies regional metamorphism is 
local ly overprinted by amphibolite facies contact metamorphism. K - A r  dates on hornblende of 
101 + 4 M a  ( f rom diorite) and 95.1 + 3.3 Ma suggest contact metamorphism and emplacement o f  the 
dior i te are mid Cretaceous. 

The Goat Mountain basalts are tholei i t ic;  the dacites are calc-alkaline and sodic. A gabbro- 
trondhjemite trend and a bimodal basalt-dacite association suggest formation i n  an extensional area, 
perhaps a back-arc basin, proximal to an island arc. The petrochemical simi lar i ty to  Archean 
greenstone belts is noteworthy. 

L a  region du mont Sky P i lo t  dans l a  part ie nord de I1enclave Britannia, recouvre une succession 
homoclinale de basaltes, de coulBes dont la  composition varie de 11and6site dacitique B l a  dacite, de 
t u f  de nature andesitique A dacitique, de br*ches, d'agglom6rats et  d'argil ite. Ces roches non 
fossiliferes appartiennent A l a  formation de Goat Mountain, du groupe de Gambier. Les roches 
plutoniques qui coupent les strates se composent de diorite, de dior i te quartzique et  de porphyre 
quartzifere. Ces roches datent du Cr6tac6 infgrieur, soit de 114 + 40 mil l ions d1ann6es, avec un 
rapport in i t ia l  " ~ r / ' ~ ~ r  de 0,70325 (datation obtenue A I1aide dlun isochrone Rb-Sr B 2 points). Un  
m6tamorphisme regional du facies B prehnite e t  A purnpelleyite A celui  des schistes verts est 
surimposB par endroits par un metamorphisme de contact $I facies des amphibolites. Les datations 
Btablies A I'aide de l a  m6thode K - A r ,  de 101 + 4 mill ions d1ann6es (A par t i r  de l a  dior i te) e t  95, 
1 ? 3,3 mill ions d1ann6es, indiquent que l e  m6tamorphisme de contact e t  l a  mise en place de l a  
dior i te datent du mi l ieu du Cr6tac6. 

Les basaltes de Goat Mountain sont tholeitiques; les dacites sont calco-alcalines e t  sodiques. 
Une tendance gabbro-trondhj6mite e t  une association basalte-dacite bimodale semblent indiquer que 
leur formation a eu l ieu dans une region dlextension, probablement un bassin arqu6 vers I 'arriere, 
voisin d'un arc insulaire. I1 convient de noter l a  similitude p6trochimique de ces roches avec celles de 
zones de roches vertes de 11Arch6en. 

' Department of Geological Sciences, Universi ty o f  Bri t ish Columbia, Vancouver, 
Br i t ish Columbia V6T 2B4 



Introduction 

The Britannia pendant, about  40 km north of Vancouver, 
is a body of metamorphosed volcanic and sedimentary rocks 
surrounded by qranitoid rocks of t he  Coast Plutonic Complex. 
The pendant is host t o  t h e  Britannia volcanogenic sulphide 
deposits. The o re  bodies a r e  in a broad, northwest-trending 
shear  zone and a r e  hosted by rocks assigned by Roddick and 
Woodsworth (1979) t o  the  Early Cretaceous  Gambier Group. 
Most reports on t h e  Britannia pendant have concentra ted  on 
t h e  o r e  bodies, closely associated rocl<s, and t h e  polyphase 
deformation within t h e  shear zone (see Payne e t  al., 1980). 
Li t t le  has been published on the  relatively undeformed 
northern part  of t h e  pendant, where  this study focuses on t h e  
petrology and chemistry of a relatively undisturbed 
s t ra t igraphic  succession. Sample location maps, petrographic 
descriptions, photographs, supplemental figures, and 
analytical  details a r e  available in t h e  more  comprehensive 
repor t  of Heah (1982). 

Stratigraphic nomenclature 

The term Gambier Group, originally used for s t r a t a  on 
Gambier Island has since been extended t o  include t h e  
Britannia pendant and similar La te  Jurassic and Early 
Cretaceous  volcanic and sedimentary rocks and thei r  
metamorphosed equivalents in t h e  southern Coast  Mountains 
(e.g. Bostock, 1963; Roddick, 1965). Schofield (1 918, 1926) 
recognized t w o  units in t h e  Britannia pendant: a lower, 
mainly volcanic unit, t h e  Goa t  Mountain Formation, and an 
upper sedimentary unit, t h e  Britannia Formation. 
J ames  (1929) divided t h e  Goat  Mountain Formation in to  
lower, middle and upper members. Contrary  t o  Schofield 
(1926), J ames  f e l t  t h a t  t h e  Britannia Formation is older than 
t h e  Goat Mountain Formation and was thrus t  over the  
Goa t  Mountain Formation. Britannia mine geologists 
(e.g. Payne et al., 1980) have tended t o  use t h e  t e r m  
Britannia Group for  rocks of t h e  Britannia pendant but  
recognize t h e  equivalence of t h e  Britannia and Gambier 
groups. In this paper, t h e  t e r m  Gambier Group is used fo r  
s t r a t a  of t he  Britannia pendant because of lithologic 
similarit ies with reference  sections of t h e  Gambier Group 
(Roddick, 1965). The t e rm Goat Mountain Formation is used 
for s t r a t a  of t h e  Sky Pilot a r ea ,  which is in t h e  northern par t  
of t he  pendant. 

Goa t  Mountain Formation 

The Goat Mountain Formation can be  divided in to  seven 
units (Fig. 71.1). These form a gent le  southwest-dipping 
homocline tha t  is disrupted by severa l  s teep,  north-south 
trending faul ts  of small  displacement.  Original volcanic and 
sedimentary  s t ructures  and textures  a r e  commonly well 
preserved. 

Unit 1, t h e  oldest  in t h e  area ,  i s  composed of resistant,  
porphyritic basalt  flows, tuff ,  breccia,  argil l i te,  and dac i t e  
flows or  intrusive sheets.  The base was not observed. 
Basaltic flows (and minor intrusive sheets)  a r e  t h e  most  
abundant rocks of unit 1. Phenocrysts of pyroxene and 
normally zoned plagioclase, totall ing up to  35 per cen t  of t h e  
rock, occur in an aphanitic,  dark  green matrix.  The flows 
have pilotaxitic t o  t rachyt ic  textures.  Hornblende, 
K-feldspar,  and garnet  a r e  occasional consti tuents.  Well 
bedded argil l i te is  abundant in t h e  upper par t  of t h e  unit. 
The argillite, which contains light and dark  coloured 
laminae I t o  4 c m  thick, is  interbedded with light green 
dac i t e  flows or intrusive sheets  and dark  green, vesicular 
basalt. Dac i t e  is a very f ine  grained, pilotaxitic rock with 
about 15 per cen t  plagioclase phenocrysts and about 20 per 
cen t  primary quartz.  Sparse primary K-feldspar is  present.  
Tuff,  breccia  and conglomerate  a r e  minor components of t h e  
lower parts of unit I. 

Unit 2 conformably overlies unit I. The c o n t a c t  is  well 
exposed eas t  of Sky Pilot Mountain, where  grey-green, 
vesicular, porphyritic basalt  of unit 2 r e s t s  on rusty 
weathering, black argil l i te of unit I. Unit 2 is  a recessive 
sequence of vesicular pyroxene basalt  flows, reworked 
breccia,  tuf f ,  conglomerate and pillow lava. Columnar 
jointing is  locally present. The basalt ic flows a r e  massive, 
dark grey-green, and commonly vesicular. Some of t h e  flows 
contain small  angular xenoliths of black argil l i te,  presumably 
derived f rom unit 1. Pyroxene and plagioclase phenocrysts 
a r e  s e t  in an  aphanitic matrix.  Pyroxene in  each  of t h e  f e w  
thin sections examined is e i ther  hypersthene or augi te  and 
a r e  heavily a l tered t o  urali te and actinolite.  Subophitic, 
glomeroporphyritic, and subtrachyt ic  textures  a r e  retained in 
t h e  rocks in spi te  of t he  extensive metamorphism. 
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Figure  71.1. Sketch map and cross-section of the  Sky Pilot 
area .  The south con tac t  of t he  Squamish granodiorite (EKs) 
is taken f rom Roddick and Woodsworth (1979). 



Above the  massive pyroxene basalt  flows, unit 2 
contains (in decreasing order of abundance) reworked breccia,  
tuf f ,  some with accre t ionary  lapilli, pillow breccia and pillow 
lava. 'The reworked breccia contains angular siliceous 
volcanic f ragments  up t o  a cen t ime t re  long, and angular 
c las ts  of feldspar and quartz.  A conspicuous f ea tu re  of t h e  
breccia and tuff is their  very well bedded nature.  Some 
centimetre-thick beds a r e  t raceable  a s  f a r  as 8 m. Some of 
t h e  laminations a r e  less than a mill imetre thick. Delicate 
dark green and thicker light grey-green laminations repeat  in 
a cyclic fashion. Small ripple marks a r e  present in some  of 
t h e  reworked tuff .  Accretionary lapilli, indicative of 
subaerial  volcanism, a r e  locally present. Because of t h e  
angular nature  of t h e  c las ts  in t h e  breccia,  reworking was 
probably slight. Interbedded with,  and overlying the  breccia 
and tuff ,  a r e  pillow lava, pillow breccia,  and tuffaceous  
sandstone. The pillow breccia  overlies t h e  pillow lava. The 
pillows a re  enclosed in tuffaceous  sediments tha t  seem t o  
ooze around the  pillows. Laminations in the  tuffaceous 
sediments a r e  convoluted a s  a result of t h e  loading by t h e  
overlying pillow lavas. 

Unit 3, best  exposed northeast  of The Copilot, is  
character ized by rusty and recessive weathering black 
argil l i te,  reworked andesite tuff ,  basalt  breccia,  and minor 
silicified tuff or impure cher t .  The conspicuous bedding is 
marked by a l ternat ing light and dark grey bands in t h e  
argil l i te and reworked andesite tuff.  Load cas t s  indicate  t h a t  
t h e  section is upright. Imbricated pebbles of argil l i te occur  
subparallel t o  bedding planes in one outcrop. Asymmetrical  
sand waves in the  reworked tuff indicate tha t  t he  tuff was 
waterlain. The well-bedded na tu re  of t h e  tuff ,  t h e  good 
sorting, and the  ext remely f ine  grain s ize  indicate  a low 
energy environment of deposition, d is tant  from t h e  volcanic 
source. The black argil l i te i s  rusty weathering, hard, and 
very fine grained, with a conchoidal f rac ture .  The reworked 
andesite tuff is very f ine  grained, rusty weathering, well 
bedded with a l ternat ing light and dark green laminae, and 
likewise have a conchoidal f rac ture .  In thin section, t h e  tuff 
is  seen t o  consist of plagioclase and volcanic rock f r agmen t s  
se t  in a very f ine  grained, cloudy matrix.  Outcrops of 
breccia a r e  grey weathering, with angular c las ts  of 
porphyritic basalt ,  c h e r t  and black argil l i te up t o  15 c m  
across. The c las ts  a r e  f ramework supported, t h e  porphyrit ic 
c las ts  being t h e  most abundant. The volcanic rocks could 
have been eroded f rom t h e  underlying unit 2, or erupted 
through it. One thin sect ion of breccia  contains an  
am ygdaloidal, glomeroporphyritic basalt  c l a s t  in con tac t  with 
what appears t o  be a welded lapilli breccia.  At one locali ty,  
I m of light grey weathering silicified tuff or  impure c h e r t  
was found. 

Unit 4 consists of massive porphyritic basalt flows, 
mafic breccia,  and well bedded argillite. This member  is 
characterist ically grey weathering; t h e  bes t  section is  
northeast  of The Copilot. The porphyritic volcanic rocks a r e  
dark green on fresh surfaces.  Chlorite amygdules a r e  
commonly present.  In hand specimen, c las ts  in t h e  breccia  
a r e  indistinguishable f rom t h e  porphyritic volcanics. The 
argil l i te locally contains subrounded c las ts  of porphyritic or 
tuffaceous maf i c  volcanic rocks. 

Unit 5 consists of thin bedded, reworked dac i t e  tu f f ,  
interlayered with a f ew porphyritic, vesicular basalt  flows, 
minor argil l i te,  epiclastic sandstone, basalt  breccia  and 
conglomerate,  and dac i t e  crystal-lapilli tuf f .  The bes t  
section is  in t h e  bowl between Sky Pilot Mountain and The 
Copilot. There,  porphyritic basalt of unit 4 is conformably 
overlain by rusty-grey weathering, well bedded, reworked 
green and grey siliceous tu f f s  and epic las t ic  sandstone, a l l  
containing convoluted bedding indicative of so f t  sediment  
deformation. Individual beds range in thickness f rom 
1 t o  3 cm. Darker grey-green beds a l t e rna te  with l ighter 
coloured green-grey beds. Flame s t ruc tu res  and graded 
bedding indicate  t h a t  beds a r e  upright. Thin sections show 

t h a t  t he  green and grey tu f f s  a r e  composed of subrounded 
qua r t z  and feldspar fragments.  Thin, well  sor ted  laminae a r e  
defined by differences in grain size. 

Overlying t h e  green and grey tu f f s  is  rusty weathering, 
black argil l i te with some  interbeds of whi te  tuff.  Above t h e  
argil l i te a r e  well bedded, light green tu f f s  similar t o  those a t  
t he  base, minor argil l i te,  and dac i t e  flows or sills. Grey 
weathering basalt ic breccia  and conglomerate  over l ie  t h e  
light green tuff.  One of t h e  volcanic breccias contains 
accre t ionary  lapilli. Porphyritic,, green basalt  overlies t h e  
breccia and conglomerate,  and 1s capped by 2 m of rusty 
weathering, black argillite. 

The top  of the  unit consists of well bedded green and 
grey tuffs  with load and f lame s t ructures ,  t runcated foreset  
beds, and convoluted bedding. Individual beds pinch and 
swell, and a r e  f rom I t o  3 cm thick. These tu f f s  a r e  finer 
grained than t h e  basalt ic tuff of unit 2, and lack t h e  volcanic 
sandstone, but exhibit t h e  same  cycl ic  dark green-light green 
banding. In a similar sect ion on C o a t  Ridge, vesicular 
porphyritic basalt  flows a r e  more  abundant.  These  flows, 
found towards the  top  of t h e  section, a r e  3 t o  5 m thick, and 
a r e  interlayered with well bedded tuff.  

Rusty weathering, si l iceous volcanic breccia and 
daci t ic ,  crystal-lapilli tuff  forms s t e e p  cliffs south-southwest 
of The Nai. Broken plagioclase and quar tz  grains a r e  
conspicuous in thin section. In Marmot  Creek basin, breccias 
with subangular t o  angular c las ts  up t o  15 c m  across of 
porphyritic basalt  indicate  a proximal source. The typical 
breccia  i s  composed of angular plagioclase, quar tz ,  volcanic 
rock and c h e r t  fragments.  The volcanic rock f ragments  a r e  
amygdaloidal and porphyritic basalt. 

Unit 6, t h e  uppermost s t ra t i f ied  unit in t h e  map area ,  
forms t h e  se r r a t ed  peaks of Sky Pilot Mountain and The 
Copilot. The top  of t h e  unit was  not observed. The lower 
parts consist of vesicular and amygdaloidal pyroxene basalt  
flows, andesi te  and dac i t e  tuff ,  dacit ic-andesite pillow lava, 
some  breccia,  and black and grey argillite. The lower par t  of 
unit 6 consists of resistant,  commonly amygdaloidal, dark  
green, porphyritic basalt  which fo rms  s teep,  continuous 
cliffs. The basalt  is  grey-green weathering, massive and 
structureless.  Plagioclase phenocr ysts a r e  conspicuous on 
weathered surfaces.  

In Marmot  Creek basin, pillowed daci t ic  andesi te  is  
in tercala ted  with t h e  basal porphyritic basalt. Pillows a r e  
typically oval in shape, 40 t o  60 c m  across,  and draped with 
bedded sandy tuff which oozed between pillows. The bedding 
in  t h e  sandy tuff is  locally d is tor ted  adjacent  t o  t h e  pillows. 
Higher in t h e  section, towards t h e  col south of Sky Pilot 
Mountain, angular c las ts  of broken pillows, together  with t h e  
draping sandy tu f f ,  a r e  found. The c las ts  a r e  s e t  in a layered, 
sandy or  tuffaceous  matrix.  The pillowed daci t ic  andesi te  
consists largely of hornblende, hypersthene and augi te  (partly 
a l t e red  t o  chlor i te  and epidote) and plagioclase in a f ine  
grained, a l tered matrix.  

On t h e  ridge west  of The Copilot,  t h e  base of unit 6 i s  
marked by grey-green weathering, vesicular, porphyritic 
basalt  interbedded with volcanic breccia  and minor pillow 
lava. C las t s  i n  t h e  volcanic breccia  a r e  feldspar and 
pyroxene porphyries. Above t h e  basal t  flows and pyroclastics 
a r e  well bedded che r t  and sil tstone with large asymmetr ica l  
sand waves. Crossbeds in si l tstone indicate  t h a t  t he  sect ion 
is  upright. Similar rocks in t h e  Marmot  Creek basin display 
f l a m e  and load structures.  One intrusive sheet  of daci t ic  
quartz-eye porphyry, locally subparallel t o  bedding in t h e  
sediments,  contains xenoliths of porphyrit ic basalt  and cher ty  
tuff ,  and locally is  autoclastic.  

Rusty weathering, black and grey argil l i te forms up t o  
5 per cen t  of t h e  lower part  of unit 6 and forms good marker 
horizons. Argill i te i s  f inely laminated, very  f ine  grained, and 
composed largely of subangular qua r t z  and plagioclase clasts.  



The rock is inequigranular, with the larger grains being 
matrix-supported. Bedded rocks above 1785 m were not 
closely studied. 

Granitoid rocks 

Dacitic quartz-eye porphyry with conspicuous quartz 
and plagioclase phenocrysts, and medium grained, equi- 
granular quartz diorite form several resistant outcrops in 
Marmot Creek basin. The porphyry is similar to  dacite dykes 
described from the mine area (Payne e t  al., 1980). North of 
the  Britannia pendant and outside the  area studied in detail is 
the Squamish granodiorite, which intruded and contact 
metamorphosed the pendant. North and east of Sky Pilot 
Mountain, a previously unmapped older body of diorite is 
situated between t h e  Squamish granodiorite and t h e  Goat 
Mountain Formation. Mafic minerals in the diorite are  
hornblende (about 20%), biotite (about 15%) and (in one 
sample) clino- and orthopyroxene. Near the contact with the  
Squamish granodiorite, chlorite, clinozoisite, actinolite, and 
calcite are  abundant alteration products. Minor chlorite and 
sericite are  present away from the contact. 

Metamorphism 
Rocks of the Goat Mountain Formation a r e  everywhere 

metamorphosed, t h e  grade ranging from prehnite- 
pumpelleyite t o  amphibolite facies. Most rocks a re  mixtures 
of actinolite, chlorite, epidote, and quartz. Sphene, albite, 
and clinozoisite a re  commonly present. The assemblage 
prehnite + pumpelleyite + chlorite + quartz was found in a 
pillow lava in Marmot Creek basin; the typical greenschist 
assemblage of epidote or clinozoisite + chlorite + actinolite is 
common throughout the Goat Mountain Formation. 
Insufficient work was done t o  map t h e  distribution of 
prehnite-pumpelleyite and greenschist facies assemblages. 

Contact metamorphism on t h e  north side of the area 
resulted from emplacement of diorite and t h e  Squamish 
granodiorite. Near the  contact with the  diorite, t h e  
assemblage plagioclase (Aneo) + garnet + biotite + quartz is 
present in basalt. With increasing distance from the  diorite, 
the  An content of the plagioclase decreases. Near the 
Squamish granodiorite, t h e  s t ra ta  a re  pervasively 
recrystallized, and mineral assemblages include actinolite + 
chlorite + epidote/clinozoisite. 

Table 71.1. Chemical analyses 

Sample a b c d e f g h i j 

Lat .  49038.0' 49038.0' 49O38.2' 49037.8' 49O37.5' 49O38.5' 4g039.01 49O38.4' 49O37.9' 49O38.4' 

Long. 123~04.7 '  123O06.5' 123°04.7' 123°05.2' 123004.9? 123~05.5 '  123°05.9' 1 2 3 ~ 0 4 . 1 '  123O04.6' 1 2 3 ~ 0 5 . 4 '  

Oxides (wt 5) 

Si02  47.8 48.3 48.5 49.8 52.1 60.1 60.6 64.7 72.4 79.1 

T i02 0.98 0.90 0.93 0.95 0.74 0.52 1.03 0.57 0.26 0.19 

A1203 15.3 15.5 15.8 16.2 15.3 14.7 15.5 14.9 13.3 10.6 

Fez03 11.3 9.5 10.4 9.6 8.8 8.7 10.4 5.6 4.48 3.19 

MnO 0.17 0.17 0.17 0.17 0.18 0.18 0.18 0.18 0.13 0.11 

h3O 11.4 10.9 10.6 7.8 8.7 2.12 2.79 1 a73 1.07 1.09 

CaO 6.05 10.5 8.9 10.4 9.2 5.88 6-33 5.31 2.36 1.97 

Na20 3.24 1.87 2.3 1 2.69 2 75 5.75 1.60 6.12 3-79 1.80 

K2° 1.21 0.47 0.37 0.43 1.14 0.34 0.27 0.23 1.49 1.22 

P2°5 0.84 0.79 0.60 1.12 0.61 1.28 1.41 0.48 0.38 0.20 

L.O. I .  1.81 0.97 1.03 0.76 0.55 0.23 0.00 0.00 0.30 0 33 

H20' 0.14 0.10 0.43 0.13 0.08 0.18 0.06 0.26 0.10 0.22 

Trace Elements (ppm) 

Rb 34 14 10 7 22 3 5 2 2 1 30 

S r  424 433 466 539 443 258 468 436 266 26 I 

Z r  77 7 3 60 90 62 140 80 111 9 8 15 1 

Nb 6 8 2 6 0.1 8 8 9 5 4 

Y 25 27 19 25 24 27 31 34 16 19 

Pressed powder samples were analysed f o r  major and t r a c e  elements using X-ray f luorescence  methods 
described by van der  Heyden (1982) and Berman (1979),  respec t ive ly .  H20' and L.O.1 were determined f o r  
1200C, 6 hours and 990°C, 1 hour, r e s p e c t i v e l y .  The major element ana lyses  were normalized t o  100% during 
d a t a  processing s o  t h e  t o t a l s  a r e  no t  meaningful. 
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Figure 71.2. Alkalies-silica plot for volcanic rocks of the 
Goat Mountain Formation. In this and subsequent plots, the 
letters are  those used for sample identification in Table 71.1. 
Divider af ter  Irvine and Baragar (1971). 

Figure 71.5. Normative quartz-albite-orthoclase plot; trend 
lines af ter  Barker and Arth (1976). 

Figure 71.3. AFM diagram for Goat Mountain volcanic 
rocks. Divider a f te r  Irvine and Baragar (1971). 
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Figure 71.4. Normative anorthite-albitet-orthoclase plot; 
divider af ter  Barker and Arth (1976). 
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Figure 71.6. Mg0-FeO* plot. Circles are  Goat Mountain 
Formation; triangles a re  Juan de Fuca Ridge basalts 
(Green, 1977); squares are  back-arc basin basalts 
(Stern, 1980). Cascades trend line from Jakes and Gill (1970). 
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Figure 71.7. Ti-Zr discrimination plot; fields are af ter  
Pearce and Cann (1973). 



St ruc tu re  

The Sky Pilot a r e a  i s  on the  north l imb of an  open 
syncline with a gently-plunging west-northwest axis 
(Payne et al., 1980). The Goat Mountain Formation in t h e  
Sky Pilot a r e a  forms an upright homocline dipping southwest 
about  20° (Fig. 71.1). Steep t o  vertical  faults,  mostly north- 
south trending, disrupt t h e  homocline and give t h e  peaks thei r  
craggy and serra ted  appearance. Movement on these  faults 
appears  small ,  generally only a few metres.  On many of t h e  
minor faul ts  t h e  west side is  down, but o thers  have the  eas t  
s ide  down. 

Major e lement  chemis t ry  

A representative sui te  of ten of the  leas t  a l tered 
volcanic rocks, covering a s  wide a compositional range as 
possible, was analyzed by X-ray fluorescence (Table 71.1). 
Only one tuff (sample f )  was analyzed; t u f f s  a r e  more  likely 
t o  be modified before or  during metamorphism. Analysis j ,  
an  impure che r t  or silicified tu f f ,  is not included in t h e  
following discussion. 

The classification scheme  of Irvine and Baragar (1971) 
was used for  t h e  remaining nine analyses. In applying t h a t  
scheme,  F e z 0 3  was se t  equal t o  T i 0 2  + 1.5 (weight percent),  
and t h e  remaining F e  was a l lo t ted  t o  FeO. Analysis g ,  a 
basalt  on t h e  basis of t he  high An content of t he  plagioclase, 
has an unusually high (for basalt)  silica content ,  perhaps due 
t o  secondary quar tz  seen in th in  section. The sample  is also 
unusual in i t s  low alkali content  re la t ive  t o  o ther  volcanic 
rocks of t h e  Goat  Mountain Formation with roughly t h e  s a m e  
sil ica content.  

On an alkalies-silica plot (Fig. 71.2) and t h e  a l ternat ive  
01'-Net-Q1 plot (shown in Heah, 1982), t h e  Goat  Mountain 
volcanic rocks plot in t h e  subalkaline field. On an A1203 
versus normative plagioclase diagram also shown in Heah 
(1982) a l l  samples plot i n  or very near t h e  thole i i t ic  field. 
The bimodal distribution of m o r e  MgO-enriched basalt  and 
more  alkali enriched andesi te  and daci te  in t h e  AFM diagram 
(Fig. 71.3) ref lec ts  a modal anor thi te  gap in  these  samples  
between An 2 2  and Anss. A trend towards iron enrichment,  
typical of non-orogenic sui tes  such a s  t h e  Mid-Atlantic 
Ridge, many ocean islands, and orogenic volcanic rocks of 
some  island arcs  (Irvine and Baragar, 1971; Stern,  1980; 
Hawkins, 1977) is indicated in the  Goat Mountain basalt .  The 
more  fe ls ic  rocks s t raddle  t h e  boundary between calc- 
alkaline and tholeii t ic fields, similar t o  t h e  island a r c  
thole i i te  ser ies  of Jakes  and Gill, 1970. On a normat ive  
colour index versus normative plagioclase composition plot 
(shown in Heah, 1982), t h e  majority of samples plot a s  basalt ,  
and t h e  res t  a r e  daci te  or tholeii t ic andesite,  near daci te .  

A distinctly sodic t rend is evident f rom t h e  ternary  plot 
of normative An-Abl-Or (Fig. 71.4), which shows t h e  
relatively low K and high Na contents  of t h e  more  
di f ferent ia ted  Goat  Mountain volcanic rocks. Similarly, a 
plot of Qz-Ab-Or (Fig. 71.5) shows t h a t  Goa t  Mountain rocks 
follow a gabbro-trondhjemite trend. The gabbro- 
trondhjemite association is a plutonic equivalent of t h e  
extrusive basalt-dacite ser ies  typical of many Archean and 
Proterozoic greenstone belts (Barker and Arth,  1976; 
Ermanovics e t  al., 1979). In t h e  Archean t h e  lack of 
andesites has been explained by some  workers a s  being due t o  
t h e  absence of plate-tectonic processes a s  w e  know them 
today (Barker and Arth, 1976). In t h e  Early Cretaceous ,  
however, t h e  regional s e t t i ng  and history of t h e  Cordillera 
suggest t h a t  plate-tectonic processes were  occurring. 

On MgO versus FeO* (Fig. 71.6) t h e  bimodal na tu re  of 
t h e  Sky Pilot volcanic rocks is clear.  MgO is positively 
corre la ted  with FeO* in fe ls ic  rocks and sample  g; t h e  t rend 
is similar t o  many moderately Fe-enriched island a r c  
tholeiites. The magnesian basalts cluster above t h e  Cascades  

calc-alkaline trend; they a r e  similar t o  basalts of some  back- 
a r c  basins (Hawkins, 1977; Stern,  1980) and t h e  Juan  d e  Fuca  
Ridge (Green, 1981). The lack of andesites,  a s  seen in t h e  
Sky Pilot a r ea ,  has in o ther  c i rcumstances  been inferred t o  
indicate an  extensional environment such a s  a back-arc basin 
(e.g. Snyder et al., 1976). 

Major e lements  thus show the  striking similarity of 
Goat  Mountain volcanic rocks with basalt-dacite sui tes  t h a t  
a r e  common in Precambrian greenstone belts and modern 
primitive a r c  and back-arc sett ings.  Bimodal chemis t ry  
suggests an  extensional, back-arc se t t ing,  but Cretaceous  
paleogeography would make  an  intra-arc se t t i ng  m o r e  likely. 
The similarity of Goat  Mountain and Precambrian volcanic 
sui tes  weakens arguments  against  a subduction origin fo r  
Precambrian bimodal greenstone belts. 

T race  e lement  chemis t ry  

The incompatible e lements ,  Ti, Zr, Y and Nb, appear t o  
be  relatively immobile during metamorphism or o ther  post- 
depositional a l tera t ion processes (e.g. P e a r c e  and Cann, 
1973), making them useful in t h e  study of metavolcanic  
rocks. On t h e  SiO2 versus Zr /Ti02 plot of Winchester and 
Floyd (1977), t h e  classification of all samples,  e x c e p t  for  t h e  
silicified basalt (g), ag rees  with petrographic and major 
e lement  classifications. On Zr/TiO 2 versus Nb/Y, only 
analysis h is anomalous. This sample  is petrographically a 
daci te ,  has 64.7 per cent  S i02 ,  but plots in t h e  "subalkaline 
basalt" field because of i t s  low Zr content.  The more  fe ls ic  
rocks have higher K/Rb ra t ios  than t h e  basalts.  Nb is  
variable but generally low. The crude dec rease  of Nb with 
increasing Rb  is  unusual and suggests t h a t  Rb  has been 
deple ted in some  siliceous rocks, possibly during 
metamorphism. 

On a Ti-Zr-Y plot (shown in Heah, 19821, t h e  Goat  
Mountain basalts fall  in a LKT-CAB-OFB field t h a t  excludes 
within-plate sett ings.  Pea rce  and Cann (1973) found t h a t  a 
be t t e r  separa t ion for  a l t e red  samples  may b e  obtained using a 
Ti versus Zr plot (Fig. 71.7). In this plot, a positive correla- 
tion between Ti and Zr i s  observed. Most basalts plot in t h e  
calc-alkaline field,  one  fa l l s  in t h e  low-K thole i i te  field,  and 
one in t h e  a rea  of overlap of t h e  CAB-OFB-LKT fields. The 
normalized incompatible e lement  plot of Sun (1 980) (shown in 
Heah, 1982) shows t h e  jagged distribution typical of volcanic 
a r c  basalts. 

The t r a c e  elements,  Zr, Nb and Y, have concentrations 
in termedia te  between those  of mid-ocean ridges and back-arc 
basin tholeii tes,  and t h e  re la t ively  low Ti concentra t ions  a r e  
similar t o  those  of island-arc and arc-tholeii tes (Pearce  and 
Cann, 1973; Sun, 1980). The moderate ly  high Sr concentra- 
tions a r e  similar t o  those  of ocean  island tholeii tes and island 
a r c  rocks (Pearce  and Cann, 1973; Sun, 1980). Rb  concentra-  
tions a r e  low and variable,  and overlap t h e  range of calc- 
alkaline basalts,  back-arc basin tholeii tes,  and island-arc 
thole i i tes  (Jakes and Gill, 1970; Stern,  1980). 

T race  e lement  results support  t he  inference  based on 
major e lements  t h a t  metamorphism did not confound rock 
chemistry.  The exceptions t o  this a r e  si l ica enrichment in 
sample  g ,  Rb  depletion in siliceous rocks, and Zr depletion in 
dac i t e  sample  h. All indications a r e  for a volcanic a r c  
environment,  with abundant island-arc tholeii t ic basalts,  and 
sodic  dacite.  The bimodal cha rac te r  and simple local 
s t ruc tu re  (t i l t ing and normal faults)  suggest shallow crus ta l  
extension within t h e  magmat i c  a r c  se t t i ng  inferred f rom 
regional geology. 

Geochronometry 

Four relatively unaltered volcanic rocks, covering a s  
large  a compositional range a s  possible, were  analyzed for  
Rb, Sr and Sr isotopic composition (Table 71.2). Two of these  



samples give a whole-rock Rb-Sr isochron d a t e  of special  significance in this, but infer  t h a t  init ial  ratios of 
114 + 4 0 M a  (Early Cretaceous)  with an  initial r a t io  of 0.70325 t o  0.7035 a r e  typical for t h e  Cre taceous  igneous 
0.70325 r 0.00010 (Fig. 71.8). This result  is  inaccurate  but su i t e  of th is  area .  
plausible. The o t h e r  two  samples,  a r e  somewhat more  
a l tered and widely separa ted geographically. They do not l ie  Two K-Ar dates  were  obtained (Table 71.3). A d a t e  of 

on t h e  isochron just mentioned, but plot, within experimental  95'1 ' 3'3 M a  was obtained for f rom a 
error,  on the Squamish granodiorite isochron of 102 + 15 Ma synmetamorphic hornblendite vein cut t ing volcanic rocks 

a t  an initial r a t io  of 0.7035 + 0.0002 (Fig. 71.8). We s e e  no north of The Nai. This age  is i n t e rp re t ed  as t h e  age  of 
crvstall ization of t h e  vein minerals and consequentlv of 

Table 71.2. Rb-Sr analytical  da t a  

Sample Lithology Sr(ppm) Rb(ppm) 8 7 ~ b / 8 6 ~ r  8 7 ~ r / 8 6 ~ r  

d B a s a l t f l o w  512 6.6 0.037 0.70331 

g Quar tz-basa l t  477 4.5 0.027 0.70355 
flow 

h Dac i t e f low 442 2.4 0.016 0.70350 

i Dacite quartz- 269 21.3 0.229 0.70362 
eye porphyry 

Rb and S r  were determined by r e p l i c a t e  ana lys i s  of pressed 
powder p e l l e t s  using X-ray fluorescence.  U.S. Geological 
Survey rock s tandards  were used f o r  c a l i b r a t i o n ;  mass 
absorption c o e f f i c i e n t s  were obtained from Mo KaCompton 
s c a t t e r i n g  measurements. Rb/Sr r a t i o s  have a prec is ion  of 
2% ( 1  0) and concentrations a prec is ion  of 5% (1 0 ) .  S r  
i so top ic  composition was measured on unspiked samples 
prepared using standard ion exchange techniques. The mass 
spectrometer (600 s e c t o r ,  30 cm rad ius ,  s o l i d  source) i s  of 
U.S. National Bureau of Standards design,  modified by H. 
Faul. Data acqu i s i t i on  was d i g i t i z e d  and automated using a 
NOVA computer. Experimental da ta  were normalized t o  a 
8 6 ~ r / 8 8 ~ r  r a t i o  of 0.1194 and ad usted so  t h a t  the  NBS 
standard SrC03 (SRH987) g ives  a d7Sr/86Sr r a t i o  of 0.710224 
and the  Eimer and Amend S r  a r a t i o  of 0.70800+2. The 
prec is ion  of a s i n g l e  8 7 ~ r / 8 6 ~ r  r a t i o  is 0.00013 ( 1  0 ) .  
Rb-Sr da t e s  a r e  based on a Rb decay constant  o f  1.42 x 
10-lly-l .  The regress ions  were ca l cu l a t ed  using the  method 
of York (1967). 

Table 71.3. K-Ar analytical  da t a  

Sample Number TH-HB TH-19A, B 

L a t i t u d e  49O38.2' 49O38.9' 

Long i tude  123O04.6' 123O05.7' 

M a t e r i a l  Analysed Hornblende Hornblende 

K (wt  % )  0.143 0.605 

Radiogenic  40~r (x10 '6  

0.5428 2.436 

% o f  t o t a l  4 0 ~ r  41.2 77.2 

Da te  95.123.3 Ma 10154 Ma 

K was de te rmined  i n  d u p l i c a t e  by a tomic  a b s o r p t i o n  
u s i n g  a Tech t ron  AA4 s p e c t r o p h o t o m e t e r  and Ar by 
i s o t o p e  d i l u t i o n  u s i n g  an AEI MS-10 mass 
s p e c t r o m e t e r  and h i g h  p u r i t y  3 8 ~ r  s p i k e .  E r r o r s  
r e p o r t e d  a r e  f o r  la. The c o n s t a n t s  u sed  are: 

K X E  = 0.581 x 10-loy-1 

K X B  = 4.962 x 10-10y-~ 

4 0 ~ / ~  = 0.01 167 atom p e r c e n t  

m ~ t a m o r p h i s m  of t h e  Sky Pilot area .  This d a t e  i s  probably 
not rese t  or t h e  resul't of slow cooling because t h e  
metamorphic temperatures  probably did not exceed 500°C, 
t h e  blocking t empera tu re  for Ar in hornblende. A da te  of 
101 ? 4 M a  was obtained for  hornblende f rom dior i te  south of 
t h e  Squamish qranodiorite. This is  not necessarily t h e  a g e  of 
t h e  diorite;  temperatures  of metamorphism, indicated by 
mineral assemblages in volcanic rocks close t o  t h e  diorite,  
exceeded 500°C. The da te  probably r e f l ec t s  cooling from the  
metamorphic culmination associated with emplacement  of 
t he  Squamish granodiorite. 

Within experimental  uncertainties,  t h e  K-Ar dates  for 
t h e  hornblendite vein and t h e  dior i te  a r e  t h e  s a m e  as  t h e  
nearly concordant U-Pb, I<-Ar and Rb-Sr dates  for t he  
Squamish granodiorite (White, 1968, and unpublished 
University of British Columbia data).  The conclusion is that  
metamorphism of t h e  Goat  Mountain Formation and emplace- 
ment  of t h e  Squamish granodiorite were  synchronous events.  
The dior i te  may be  somewhat  older but was  probably 
associated with t h e  s a m e  mid-Cretaceous culmination of 
thermal  activity.  

Strontium isotopic composition 

In t h e  Sky Pilot area ,  8 7 ~ r / 8 6 S r  ra t ios  a r e  similar t o  
those of back-arc basins, enriched mid-ocean ridges, island- 
a r c  tholeii tes and calc-alkaline volcanics in the  northeastern 
Pacific (Faure,  1977; Stern,  1982). The Sr isotopic ratios in 
these  magmas may be increased f rom the  values observed in 
depleted mid-ocean ridge basalt  by severa l  methods,  
including: 

a. contamination of t h e  mantle-derived magma  with 8 7 ~ r  
f rom sialic rocks of t h e  underlying crus t ;  

b. in teract ion of the  seafloor with seawater  before 
subduction and magma generation; and 

c. contaminat ion of t h e  magma  source  with subducted 
terrigenous sediment.  In t h e  Sky Pilot area ,  many of t h e  
volcanics a r e  waterlain and variously a l tered.  Reactions 
between t h e  volcanic rocks and s e a  wa te r  may have 
fur ther  increased some  8 7 S r / 8 6 ~ r  ratios.  

0.7032 1 I I 1 I I 
0.1 0.2 0.3 0.4 

" ~ b  l e e S r  

Figure71.8. Rb-Sr isochron for the  Goat Mountain 
Formation. The Squamish granodiorite isochron is based on 
unpublished da ta  of R.L. Armstrong. 



The low initial 8 7 ~ r / 8 6 S r  ra t io  of 0.70325 t 0.00010 for 
t h e  two most likely cogenet ic  and least  a l tered of t h e  four 
samples of t h e  Sky Pilot volcanics indicates t h a t  they have a 
very  slightly 8 7 ~ r  enriched upper man t l e  source. The init ial  
8 7 ~ r / 8 6 ~ r  r a t io  of 0.7035 * 0.0002 for  t h e  Squamish 
granodiorite may be higher due t o  contamination with 8 7 ~ r  
f rom t h e  crus t ,  but is not significantly different.  The 
similarity between initial ratios and ages of t he  Sl<y Pilot 
volcanics and t h e  Squamish granodiorite is compatible with a 
common upper mant le  subduction zone source  for both. 
However, t h e  Sr isotopic da ta  do not uniquely identify t h e  
source  of t h e  small  amount of added " ~ r .  
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Abstract  

I n  the northern Adams River  area, Monashee Mountains, Br i t ish Columbia, metamorphic grade 
increases f rom sil l imanite-muscovite zone to K-feldspar-sil l imanite zone along a northwesterly trend 
paral lel  to the structural fabric. Metamorphic isograds mapped i n  pe l i t ic  rocks, i n  order of increasing 
grade are: kyanite out; K-feldspar-sil l imanite in; and muscovite + quartz out. The metamorphic 
culmination, delineated by the trace o f  the last isograd, is characterized by extensive development of 
migmat i te  and inject ion o f  pegmatite, and the f i r s t  occurrence of peraluminous granite. Garnet- 
hornblende Fe-Mg exchange thermometry yields mean temperature estimates of 672 ? 7OC and 
680 f 5OC for the sil l imanite-muscovite and K-feldspar-si l l imanite zones, respectively. Garnet- 
clinopyroxene geothermometry yields a mean temperature estimate o f  675 * l l ° C  for  the higher 
grade zone. Calculated temperatures using garnet-biotite geothermometry exhibi t  considerable 
range (e.g., 670 * 27OC and 665 ? 20°C for  the above metamorphic zones). 

Dans l a  region nord du bassin de la  r iv igre Adams dans les monts Monashee, en Colombie- 
Britannique, l e  degre de metamorphisme augmente de l a  zone A si l l imanite e t  muscovite A l a  zone A 
feldspath potassique et  si l l imanite en direct ion generale du nord-ouest, parall6lement d I 'orientation 
structurale. Les isogrades du metamorphisme cartographies dans les roches pelitiques, en ordre de 
degr6 croissant, sont: le  cyanite d l 'exterieur; le  feldspath potassique et  si l l imanite A I ' interieur; e t  l a  
muscovite + quartz A Itext6rieur. L a  culminat ion metamorphique del imitee par l a  trace du dernier 
isograde est caracterisee par un developpement intense de l a  migmat i te  e t  une inject ion de 
pegmatite, et par une premi6re manifestation de granite hyperalumineux. L a  thermometric 
d'echange du Fe  et du M g  dans les roches a grenat e t  hornblende donne des temperatures moyennes de 
672 f 7OC et  680 ? 5OC respectivement pour les zones d si l l imanite et  muscovite et  d feldspath 
potassique e t  sil l imanite. L a  geothermom6trie appliquee aux roches A grenat e t  clinopyrox6ne donne 
une temperature moyenne de 675 ? l l ° C  pour l a  zone au degr6 de metamorphisme l e  plus Blev6. Les 
temperatures calculees d I'aide de la  g6othermometrie appliquee aux roches d grenat e t  b io t i te  font  
preuve d'une variation considerable (p. ex. 670 ? 27OC et  665 + 20°C pour les zones metamorphiques 
susmentionnees). 

' Department of Geology and Geophysics, Universi ty of Calqary, Calgary, Alberta T2N 1N4 



Introduction Regional geology 

During t h e  1985 field season, mapping on a s ca l e  of The geological s e t t i ng  of t h e  a r e a  shown in Figure  72.1 
1 2 4  000 and extens ive  sampling were  carr ied  o u t  in t h e  has been discussed by Campbell  (1968), Chent  e t  al .  (1977), 
northern Adams River a r e a  (52"N, 119'W), along t h e  Simony e t  al .  (1980), Pel1 and Simony (1981) and Raeside and 
nor theas t  margin of t h e  Shuswap Metamorphic  Complex, in Simony (1983). The following discussion summarizes  t he i r  
t h e  northern Monashee Mountains of southeas tern  British findinns. 
Columbia (Fig. 72.1). The purpose of t h e  present study i s  The nor theas t  margin of t h e  Shuswap Metamorphic  twofold. The f i rs t  is t o  de l ineate  t h e  metamorphic  Complex is underlain by approximately 5 - 6 k m  of 
culmination,  mapped in part  by Raeside (1982), in t h e  a r e a  metasedimentary  and metavolcanic  rocks of t h e  Hadrynian 
nor th  of Pat  Creek;  and t h e  second is an understanding of t h e  Horsethief Creek Group which structurally overlies the this area through a Malton Gneiss, a sheet of tectonically mobilized Archean 
petrological  study. basement.  The  Horsethief Creek  Group is a miogeoclinal 

A P P E A R A N C E  O F  S T A U R O L I T E  - A N D  K Y A N I T E  

-+- A P P E A R A N C E  O F  M l O M A T l T E  

111 K Y A N I T E  A N D  8 1 L L I M A N I T E  - K Y A N I T E  O U T  

A P P E A R A N C E  O F  M U S C O V I T E .  

-1- O U A R T Z .  K - F E L D S P A R ,  

A N D  S l L L l M A N l T E  

7 M U S C O V I T E  A N D  O U A R T Z  O U T  

) N O R M A L  F A U L T  - B A R B S  O N  

D O W N T H R O W N  S I D E  

A M O U N T  C H E A D L E  

NORTH THOMPSON 

. . 
Figure 72.1. Map of the  nor theas tern  margin of t he  Shuswap Metamorphic Complex showing the  
location of presently mapped isograds in peli t ic rocks. The study a r e a  is lightly shaded: the  location 
of Figure 72.3 is shown by a filled square within t h e  lightly shaded area .  Isograds compiled f rom 
Kni t ter  (1979), Leatherbarrow (1981), Pel1 (1984), Raeside (1982), Robbins (1976), R. Duchesne 
(personal communication,  1985), P.S. Simony (personal communication,  1985) and unpublished mapping 
from the  senior author.  



package character ized by, in descending s t ra t igraphic  order:  
an upper c las t ic  division; t h e  middle marble; a semipelite- 
amphibolite division; t h e  lower marble  or  calc-silicate; a 
lower peli te division; and, a t  t h e  base, a lower gr i t  unit 
consisting of psammite,  peli te and granule conglomerate.  
Marble and calc-silicate marker horizons allow t h e  
recognition of major s t ructures .  

Three  major phases of folding (F1,  F2, F3) have been 
recognized in rocks of t h e  Horsethief Creek Group in t h e  
a rea  shown in Figure 72.1. The f i rs t  folding episode (F1) 
produced west-verging recumbent  s t ructures  which were  
refolded by t ight ,  northeast-verging F Z  folds t o  produce a 
SW-dipping s tack of folds on which third phase folds (F3) a r e  
locally imprinted. F ,  and F 2  folds a r e  t h e  products of 
superimposed coaxial deformations.  Metamorphism, which 
occurred during t h e  Columbian Orogeny, outlasted F 2  folding. 
F folds a r e  largely post-metamorphic and fold both ear l ier  
s t ructures  and metamorphic  isograds. 

Mesoscopic s t ructures  associated with F 1 and F 2  folds 
include a penetrative,  axial-plane schistosity. Only in F Z  fold 
hinges can S1 be  distinguished f rom S Z  and, thus,  this 
foliation surface  is described a s  S1+2. F3 is manifested by 
folding of t h e  S1+2 s ~ l r f a c e  on planar F 2  limbs and is  most 
commonly seen on a large scale. 

Major faul ts  shown in Figure 72.1 include t h e  Malton 
Gneiss ddcollement and t h e  North Thompson Fault .  The 
l a t t e r  s t ructure ,  bounding t h e  western margin of Figure 72.1, 
is  a west-side-down normal faul t  which has juxtaposed t w o  
di f ferent  metamorphic  ter ranes  a s  indicated by di f ferent  
isograd pat terns  across t h e  fault .  On t h e  basis of a dec rease  
in metamorphic  pressure of about I50 MPa  (1.5 kbar) 
westward across t h e  North Thompson Fault ,  Pell and 
Simony (1981) argued for offse t  of about 4.0 km. The Malton 
d6collement i s  marked by an extensive rnylonite zone which 
represents t h e  sheared con tac t  between cover (Horsethief 
Creek Group) and basement.  

As shown in Figure 72.1, metamorphism along t h e  
northeastern margin of t h e  Shuswap Complex is in t h e  
amphibolite fac ies  with grade increasing southwestward t o  a 
culmination in t h e  northern Adams River area.  Peli tes of t h e  
Horsethief Creek Group a r e  character ized by t h e  
development of migmat i te  and t h e  injection of pegmatite.  
Mapping during 1985 has  revealed t h a t  within t h e  
metamorphic culmination, a s  defined by t h e  sillimanite- 
K-feldspar zone, continuous sheets  and small  bodies of 
peraluminous g ran i t e  occur. 

Metamorphism i n  t h e  northern Adams River a r e a  

Metamorphic grade in t h e  northern Adams River a r e a  
ranges f rom sillimanite-muscovite zone t o  K-feldspar- 
si l l imanite zone a s  shown in Figure 72.1. Metamorphic 
isograds mapped in peli t ic rocks, in order of increasing grade 
are: kyanite-out; K-feldspar-sillimanite-in; and muscovite + 
quartz-out (see Ghent et al., 1982). 

Rock types  

A var ie ty  of rock types outcrop in t h e  northern Adams 
River a r e a  including rnetasedimentary and metavolcanic  
rocks of t h e  Horsethief Creek Group; pegmatite;  and bioti te- 
muscovite granite.  As metamorphic grade increases f rom t h e  
sillirnanite-muscovite zone t o  t h e  K-feldspar-sillimanite 
zone, peli tes become less schistose and more  gneissic, and 
t h e  abundance of migmat i te  and pegmat i te  increases 
dramatically,  a s  does t h e  occurrence  of granite.  In t h e  
K-feldspar-sillimanite zone, approximately 40% of t h e  
outcrop consists of a medium- t o  very coarse-grained bioti te- 
muscovite granite.  

Metapel i tes  contain t h e  mineral assemblage bioti te t 
garnet  + sil l imanite + plagioclase + quar t z  +. K-feldspar 
+ muscovite. Garne t  is  subidioblastic t o  xenoblastic and 

character ized by inclusion-rich cores and inclusion-poor rims 
which t runca te  t h e  foliation. In a f ew of t h e  samples studied 
t h e  external  schistosity can be t r aced  in to  t h e  garnet  r im  
thereby suggesting t h a t  garnet  r ims crystall ized 
postkinematically. In t h e  K-feldspar-sillimanite zone, 
metapel i tes  lack primary muscovite,  t h a t  is, muscovite 
intergrown with bioti te in t h e  plane of schistosity. However,  
in nearly all  samples examined a secondary or retrogressive 
muscovite i s  present and overprints S l+z,  locally displaying a 
weak, planar fabric.  

Amphibolites conta in  t h e  mineral assemblage 
hornblende + plagioclase + i lmeni te  + sphene + garnet  + 
apa t i t e  + quar tz  k biot i te  ? scapolite + clinopyroxene. 
Bulk composition appears  t o  be  t h e  primary f ac to r  controll ing 
t h e  mineral assemblage present.  For example,  in a res t r ic ted  
a rea  of uniform metamorphic grade,  amphibolites containing 
biot i te  lack clinopyroxene, whereas  those  with scapol i te  
contain clinopyroxene. All amphibolites studied contain 
poikiloblastic garnet  which range in s ize  f rom 0.2 t o  2.0 mm. 
Textural  relations suggest t h a t  garnet  grew s ta t ica l ly ,  
postdating format ion of t h e  metamorphic  foliation. 

Grani te  is predominantly medium- t o  coarse-grained 
and contains sodic plagioclase (An 1 3  + 3), per thi t ic  orthoclase,  
quar tz ,  muscovite,  and bioti te.  Garnet  is also common but 
si l l imanite is  rare.  By f a r  t he  majority of grani t ic  rocks 
display a hypidiomorphic-granular t ex tu re  although a weakly 
developed metamorphic f ab r i c  was observed in t w o  samples 
and both of these  contained coexisting garnet  and sillimanite. 
Grani te  i s  chemically peraluminous (e.g., Clarke,  1981) a s  
indicated by: ( I )  t h e  coexis tence  of t h e  diagnostic minerals 
muscovite and biot i te  and, i n  some  samples,  garnet ;  and 
(2) normative corundum in t h e  CIPW norm. A su i t e  of 
grani tes  is currently being studied geochemically in order t o  
understand thei r  petrogenesis. 

Field relations 

Field relations between t h e  above rock types  a r e  well 
exposed in t h e  alpine a reas  surrounding t h e  Adams River 
headwaters.  Pegmat i t e  i s  common and occurs a s  small, 
discontinuous lenses and dykes up t o  t e n  me t re s  wide. In 
many locali t ies lenses of pegmat i te  a r e  difficult  t o  
distinguish f rom migrnatite leucosome. Numerous 
generations of pegmat i te  can be  documented which have 
intruded all rock types,  including granite.  Pegmat ic  
intrusions predating F Z  s t ruc tu res  a r e  deformed and generally 
concordant with t h e  metamorphic  foliation (S I.+ 2). Other  
pegmat i tes  cut  F 2  s t ructures  whereas many have been folded 
by F 3 (Fig. 72.2A). A few pegmat i tes  crosscut F3 s t ructures  
(Fig. 72.28). The l a t e r  pegmat i tes  a r e  discordant with 
respect  t o  S l t2 .  NO significant compositional variations 
between successive generations of pegmat i te  were  observed. 

Grani te  was f i rs t  encountered a t  or close t o  t h e  
muscovite + quartz-out isograd. As shown in Figure 72.3, a 
detailed geologic sketch map, g ran i t e  passively intruded t h e  
country rock and did not distort  t h e  planar metamorphic  
f ab r i c  e i ther  on mesoscopic (Fig. 72.4) or on a regional scale  
in rocks of t h e  Horsethief Creek Group. Intrusive con tac t s  
with t h e  country rock a r e  sharp  and generally discordant with 
respect  t o  S 1 + 2  (Fig. 72.4). Chilled margins a r e  not 
developed suggesting intrusion a t  e levated t empera tu res  
possibly a t  depth. Sheets of grani te  5-50 m thick (Fig. 72.5), 
t r aceab le  for  over a kilometre along strike,  a r e  typical of 
grani t ic  occurrences.  Internally, g ran i t e  does not exhibit a 
flow foliation or metamorphic  fabric.  Granitic sheets  a re ,  
however, well layered with layers concordant with intrusive 
contacts.  Layering is defined by laterally continuous medium 



grained and pegmat i t ic  domains; l a t e r  domains formed local 
segregat ions  (Fig. 72.6). Con tac t s  be tween domains a r e  
gradational and display no evidence of crys ta l  sett l ing or 
multiple injection (Fig. 72.7). 

The t iming of grani t ic  intrusion, re la t ive  t o  folding is, 
at present,  not well constrained. Gran i t e  cu t s  F 2  s t ructures  
and appears t o  c u t  F 3 s t ruc tures ,  however,  unambiguous field 
relations have not been well documented.  Thin section 
examination reveals t ha t  grani te  exhibits  internal 
deformat ion a s  shown by strongly undulose quar tz ,  bent o r  
broken plagioclase twins, and kinked mica.  Thus, grani t ic  
intrusion predates  a mild deformational and/or folding event .  

M e tamorphic  zones and isograds 

Field mapping and petrographic analyses in conjunction 
with laboratory study of rocks col lec ted  by P. Doucet (see 
Doucet e t  al., 1985) have allowed us to: ( I )  t r a c e  isograds 
mapped by Raeside (1982) in t h e  a r e a  north of P a t  Creek 
westward in to  t h e  northern Adams River a r e a  and across t o  
t h e  Mud Lake area ,  (2) l oca t e  t h e  kyanite-out isograd 
precisely just south of Mud Creek,  and ( 3 )  def ine  t h e  ex t en t  
and position of t h e  metamorphic  culmination m o r e  
accura te ly .  Points 1, 2 and 3 a r e  i l lus t ra ted  in Figure 72.1. 
Continued fieldwork in 1986 will allow us t o  l oca t e  t h e  
western  and southwestern  t r a c e  of t h e  muscovi te  + quar tz-  
ou t  isograd (= dashed l ine on Fig. 72.1). 
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Figure  72.3. Detailed geological sketch  map  i l lustrating 
intrusive re la t ions  between grani te ,  pegmat i te ,  and 
Horsethief Creek  Group rocks  in t h e  nor thern  Adams River  
area .  Location of Figure  72.3 is shown by t h e  fi l led square  
inside the  shaded box in Figure 72.1. 

F i au re  72.4. S h a r ~ .  discordant con tac t  be tween l iaht , , 2 

Figure  72.2. Field relations between folds and two coloured grani te  and darker ,  gneissic metasedimentary  rock 
generations of pegmat i te :  (A) folding of pegmat i te  by F 3 ,  in t he  northern Adarns River area .  Hammer  is 45 c m  long. 
and (6) intrusion of pegmat i te  postdating F g .  
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Cross-section i l lustrating intrusive relations 
between sheets  and dykes of grani te  and 
country rock. Location of cross-section is 

-. shown in Figure 72.3. --. . 
Pressure and t empera tu re  e s t ima tes  

Fe-Mg exchange thermometry  has been applied t o  
microprobe analyses of coexisting garnet-bioti te in pelitic 
rocks, and garnet-hornblende and garnet-clinopyroxene in 
garnet  amphibolites t o  e s t ima te  metamorphic temperatures.  
Pressures have been es t imated f rom garnet-plagioclase- 
Al2SiOs-quartz equilibria. Results of work in  progress a r e  
brief1 y summarized below. 

In the  sillimanite-muscovite zone, t h e  range in 
calculated garnet  rim-biotite temperatures  is 600 t o  660°C 
(Thompson, 1976 calibration), 630 t o  715OC (Ferry and 
Spear, 1979 calibration), and 610 t o  685OC (Ganguly and 
Saxena, 1984 calibration). Temperatures  were  es t imated 
using a pressure of 700 MPa (7.0 kbar). Nearly identical  
temperatures  a r e  recorded in the  K-feldspar-sillimanite 
zone. Temperature  es t imates  obtained using garnet  core- 
matr ix  b iot i te  compositions a r e  higher by 20 t o  45OC, but,  in 
a f ew samples studied, a r e  up t o  95OC greater .  
Unfortunately,  garnet  co re  temperatures  es t imated with 
matr ix  bioti te may not have petrological significance due t o  
the  possibility of disequilibrium. 

Temperature  es t imates  have been obtained f rom garnet  
amphibolites using t h e  garnet-hornblende and garnet-  
clinopyroxene geothermometers  of Graham and Powell (1984) 
and Ellis and Green (1979), respectively.  Garnet  rim- 
hornblende pairs yield t empera tu re  es t imates  (mean and one 
standard deviation) of 672 +. 7OC and 680 + 5OC for samples 
in t h e  sillimanite-muscovite and K-feldspar-sillimanite 
zones, respectively. In a l l  samples studied thus f a r ,  garnet  
co re  temperatures  a r e  about 10-15°C lower than garnet  r im 
temperatures ,  whereas hornblende inclusions in garnet  yield 
temperatures  in termedia te  between rim and core.  Assuming 
equilibrium between garnet  co re  and matr ix  hornblende, i t  
appears  t h a t  garnet  grew in a regime of increasing 
t empera tu re  and, based on textura l  evidence, postdated 
development of t h e  metamorphic  foliation. Garne t  rim- 
clinopyroxene temperature  es t imates  using t h e  calibration of 
Ellis and Green (1979), calculated a t  700 MPa (7.0 kbar), a r e  
consistent with garnet-hornblende temperatures  when both 
pyroxene and garnet  a r e  co r rec t ed  for  f e r r i c  iron (see 
Ghent et al., 1983, for  a discussion of t h e  f e r r i c  iron 
calculation). 

In the  northern Adams River area ,  calculated pressures 
using garnet-plagioclase-A12Si0 5-quartz equilibria 
(Ghent et al., 1979) range f rom 680 t o  8 3 0 M P a  (6.8 t o  
8.3 kbar) with a mean value of 740 MPa (7.4 kbar). These 
pressure es t imates  a r e  higher by about 50 M Pa (0.5 kbar) than 
those  reported by Ghent e t  al. (1982) in the  Mica  Creek  a r e a  
t o  t h e  eas t .  No s t ructura l  evidence has been found t o  
substant ia te  this pressure increase.  Pressure e s t ima tes  
ranging f rom 540 t o  590 MPa (5.4-5.9 kbar) have been 
repor ted  by G h e n t e t  al. (1983) f rom t h e  Mica  Creek  a r e a  
using t h e  plagioclase-clinopyroxene-garnet-quartz 
geobarometer of Newton and Perkins (1982). Equilibria 
involving peli t ic and basic rocks do not ag ree  precisely 
although thev  do bracket  t h e  pressure between 550 and 

t empera tu res  f rom pelit ic rocks sampled f rom t h e  eas tward 
extension of t h e  t w o  metamorphic  zones discussed in th is  
report .  Garnet-clinopyroxene t empera tu re  e s t ima tes  with a 
mean and s tandard deviation of 678 +. lZ°C  were  reported by 
Ghent e t  al. (1983) f rom samples a t  t h e  K-feldspar- 
sillimanite-in isograd in t h e  Mica  Creek  a r e a  t o  t h e  east .  
This e s t i m a t e  i s  in excellent agreement  with t h e  present 
study suggesting t h a t  t empera tu re  does not  increase 
westward along this isograd. 

Conclusions 

Field mapping and extensive sampling during 1985 in 
t h e  northern Adams River a r e a  allowed us t o  t r a c e  isograds 
westwards thus partly delineating t h e  extent  of t he  
metamorphic  culmination, a s  defined by t h e  I<-feldspar- 
sillirnanite zone, along the  nor theas t  margin of t h e  Shuswap 

Figure 72.6. Well-layered bioti te-muscovite granite in the  
northern Adams River area .  Location of Figure 72.7 is shown 
by open box. Hammer is 45 c m  long. 

750 M 6 a  (5.5 Hnd 7.5 kbar). F igure  72.7. Close-up of Figure 72.6 showing t h e  

Temperature estimates presented in this study a r e  gradational con tac t  between medium grained grani te  and 
consistent with published data .  Ghent et al. (1982) repor ted  pegmat i t ic  granite.  by Open box in 
nearly identical  garnet core  and slightly lower garnet  rim 72.6- 



Metamorphic  Complex. Metamorphic g rade  increases f rom 
sillimanite-muscovite zone  t o  K-feldspar-sillirnanite zone,  
across  t h e  muscovi te  + quartz-out isograd, along a 
northwesterly t rend parallel t o  t h e  s t ruc tura l  fabric.  The 
metamorphic  culmination is character ized  by extens ive  
development of migmat i te  and injection of pegmat i te ,  and 
t h e  first  occurrence  of peraluminous granite.  Garnet -  
hornblende Fe-Mg exchange the rmomet ry  yields t empera tu re  
e s t ima te s  (mean and one standard deviation) of 672 k 7OC 
and 680 2 5 ° C  for t h e  si l l imanite-muscovite and K-feldspar- 
si l l imanite zones, respectively.  Garnet-clinopyroxene 
geothermometry  yields a t empera tu re  e s t ima te  of 
675 + l l ° C  for t h e  higher grade  zone. Calculated 
t empera tu re s  using garnet-bioti te geothermornetry exhibit  
considerable range (e.g., 670 ? 27OC and 665 + 20°C for t h e  
above metamorphic  zones). 
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Abstract 

The southeasternmost one-third of the Coast Plutonic Complex (CPC), near la t i tude 50°N, 
contains rocks and structures correlat ive w i th  those i n  the Cascade Fold Be l t  t o  the south. I n  the 
CPC between Harrison Lake and Fraser River, greenschist to  amphibolite metamorphic-grade rocks 
comprise three l i thological ly dist inct ive packages which can be correlated w i th  l i t t l e  metamorphosed 
proto l i th  strata of mainly early Mesozoic age i n  flanking and along-strike areas. These packages 
were structural ly juxtaposed, metamorphosed, and intruded by syntectonic Spuzzum intrusions o f  la te 
Early to mid-Cretaceous age, and subsequently were cut  by major, steeply dipping and ver t ica l  faults 
trending north-northwest. Strongly developed, shallowly plunging, stretching lineations along these 
faults, higher metamorphic grade rocks in  the hanging walls of faults w i th  possible steep dips, and dip 
directions o f  related cleavages, suggest that the faults formed in  a transpressive structural regime. 
A l l  structures are offset 80-100 k m  by the north-trending, early Tertiary, Fraser River-Straight 
Creek dextral wrench-fault system. 

L e  t iers le  plus au sud du Complexe plutonique cBtier (CPC), prbs du 50° de lat i tude N, contient 
des roches e t  des structures qui correspondent A celles de l a  zone de plissements Cascade au sud. 
Dans l e  CPC, entre le  lac Harrison e t  l e  fleuve Fraser, les roches metamorphiques qui vont du facibs 
des schistes verts A celui des amphibolites comprennent t ro is  l ithologies distinctes qui peuvent &re 
mises en corrdlation avec de pet i tes strates protolithiques de nature mBtamorphisee datant 
principalement du MBsozo'ique infer ieur dans les regions laterales et  le long des fail les. Ces 
ensembles ont 6t6 juxtaposes, m6tamorphisds et  pendtres structuralement par des intrusions 
syntectoniques de Spuzzum de la  f i n  du CrBtace superieur au Cretac6 moyen, e t  ont ensuite 6tB 
coup6s par d'importantes fail les verticales b pente abrupte et  d'orientation nord-nord-ouest. Des 
lineations allong6es et  tres prononcees plongeant peu profondement dans le  sol le  long de ces failles, 
des roches b degrB m6tamorphique dlev6 dans les parois suspendues des fai l les dont le  pendage est 
parfois abrupt, e t  les directions de pendage des clivages connexes semblent indiquer que les fai l les se 
sont form6es dans un systeme structural transpressif. Toutes les structures ont d t6 d6plac6es de 
80 b 100 k m  par l e  reseau de fail les de ddcrochement dextre orient6 vers l e  nord de Fraser River-  
Straight Creek, datant du d15but du Tert iaire. 



Introduction Lithostructural  packages 

This i s  a progress report ,  along with accompanying 
papers by Arthur (1986) and O'Brien (19861, on t h e  
preliminary results of fieldwork carr ied  out  in 1985 in par ts  
of Hope (NTS 92H) map area .  

The wes t  half of Hope map area ,  between 49 and 
50" la t i tude  and 121 and 122" longitude, consists mainly of 
t h e  Cascade Fold Belt (Roddick et al., 1979) in i t s  southern 
and eas t e rn  parts,  and t h e  Coast  Plutonic Complex in i t s  
northern and western  par ts  (Fig. 73.1). This division is  based 
partly on physiography with a somewhat arbi t rary  dividing 
line along t h e  Fraser River (Holland, 1964), and partly on t h e  
higher proportion of granitic rock in the  Coast  Plutonic 
Complex, but  many rock units a r e  common t o  both. The 
Cascade Fold Belt consists of a high grade metamorphic and 
grani t ic  co re  t h a t  formed mainly in Cretaceous  t ime,  and is 
flanked on t h e  eas t  and west  by l i t t l e  metamorphosed rocks. 
To t h e  north,  th is  co re  forms t h e  southeas tern  par t  of t h e  
Coast  Plutonic Complex between Harrison Lake and Fraser  

Within t h e  Cascade Fold Belt  in Canada and i t s  
extension t o  t h e  north in t h e  southeas tern  par t  of t h e  Coast  
Belt, and west  of t h e  Fraser River-Straight Creek faul t  
system, a r e  f ive  major rock packages,  excluding grani t ic  
rocks. 'They a r e  e i ther  known t o  be or a r e  possibly partly 
coeval with one another,  but  a r e  lithologically distinct.  Some 
have di f ferent  s t ructura l  s ty les  and metamorphic  grades  f rom 
others,  and they  a r e  separa ted f rom one  another  by f au l t s  
(Fig. 73.2, 73.3). To avoid t h e  premature  use  of formal  
s t ra t igraphic  nomenclature fo r  t hese  poorly known rocks,  t he  
neutral  l i thostructural  t e r m  "package" is used herein. Earlier 
Monger (1985b) called some  of them "small ter ranes"  which 
lie between t h e  Intermontane super ter rane  t o  the  e a s t  and 
t h e  Insular super ter rane  t o  t h e  west. North of Fraser  River, 
f rom west t o  e a s t  and in order  of increasing metamorphic  
grade, these  packages a r e  called herein Harrison Lake, 
Slollicum, Cogburn, and Set t ler  packages. South of Fraser  
River a r e  t h e  Chilliwack-Cultus and Darrington (?) packages. 

River. Eas t  of the  co re  a r e  Permian t o  Middle Jurassic 
s t r a t a  of t h e  Hozameen Group, e a s t  of which again a r e  Harrison Lake package 
Triassic t o  Cretaceous  mainly sedimentary s t r a t a  of t h e  
Methow Trough (see 01Brien,1986). West of t h e  co re  and The Harrison Lake package is exposed on t h e  wes t  s ide  

south of Fraser River are upper Paleozoic strata of the of Harrison Lake and comprises a s t ra t igraphic  succession of 

Chilliwack Group, and overlying lower Mesozoic s t r a t a  of t h e  sedimentary and volcanic rocks which range f rom Middle 

Cultus Formation (Monger, 1970). To t h e  north, ac ross  Triassic t o  Early Cretaceous  (Fig. 73.2, 73.3). These rock 

Fraser  River and mainly wes t  of Harrison Lake, a r e  Middle units, described by Arthur (19861, w e r e  originally named by 

Triassic t o  Cretaceous  s t r a t a  (see Arthur, 1986). The regional 
north-northwest-trending fabr ic  which formed in mid- 
Cretaceous  t o  ear l ies t  Tertiary t i m e  was disrupted and offse t  
80-100 km in t h e  Eocene by t h e  north-trending Fraser  River- 
Straight Creek  dextra l  wrench-fault sys tem (Monger, 1985a). 

This repor t  mainly outlines t h e  lithology and s t ruc tu ra l  
relationships of those rocks in t h e  metamorphic  co re  which 
lie north of Fraser River, and between Harrison Lake on t h e  
west  and t h e  Fraser River faul t  system on the  eas t ,  and 
summarizes t h e  regional s t ructura l  evolution. This a r e a  is 
regionally important  in tha t  i t  i s  one place where  an  apparent  
transit ion f rom low t o  high grade metamorphic rocks c a n  be  
observed on t h e  west  side of t h e  Cascade Fold Belt. 
Elsewhere, blueschist fac ies  rocks of t he  Shuksan 
Metamorphic Suite (Misch, 1966) a r e  juxtaposed t o  t h e  e a s t  
against  high grade, Barrovian metamorphic rocks of t he  c o r e  
across t h e  Straight Creek dextra l  wrench-fault. 

Many detailed studies have been made in this a rea ,  in 
large par t  a s  s tudent  thesis research, but  no recent  regional 
summary incorporating all  of these  deta i ls  has  been 
undertaken. Studies prior t o  1970 were  summarized in  t h e  
compilation by Monger (1970), which incorporated t h e  
regional synthesis of Misch (1966). Since 1970, deta i led  
investigations have been made of granitic rocks 
(Richards, 197 1 ; Richards and McTaggart, 1976; 
Vining, 1977), and of metamorphic rocks and s t ruc tu re  
(Reamsbottom, 197 1, 1974; Lowes 1972; Pigage, 1973, 1976; 
Bartholemew, 1979; Gabites, 1985). Davis et al. (1978) 
a t t e m p t e d  a regional synthesis based partly on s t ra t igraphic  
correlations,  and most recent ly  Cowan and Po t t e r  (in press) 
and Brown (in press) have presented new interpre ta t ions  of 
(North) Cascade s t ructure ,  metamorphism and evolution, 
based on da ta  acquired mainly south of 49 degrees. 
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Figure 73.1. Index map  o f  Cascade  Fold Belt and 
southeastern Coast Plutonic Complex, showing 
geological/physiographic belts,  major s t ructura l  e l emen t s  and 
location of a reas  discussed here  and in accompanying papers 
by Arthur (1986) and O'Brien (1986). 
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Figure  73.2. Distribution of l i thos t ructura l  packages in t h e  
Cascade  Fold Belt, southeas tern  Coas t  Belt ,  west  of t h e  
Fraser  River faul t  sys tem.  

Cr ickmay (1925, 1930) and a r e ,  f rom base t o  top: (1) C a m p  
Cove Format ion (Middle Triassic, f rom radiolaria identified 
by F. Cordey,  personal communication,  1986), (2) Harrison 
Lake and Echo Island format ions  (Early and Middle Jurassic),  
(3) Mysterious Creek  and Billhook format ions  (La te  Jurassic),  
and (4)  Peninsula and Brokenback Hill format ions  (Early 
Cretaceous).  The package is  penetratively deformed only 
near  i t s  ea s t e rn  l imit ,  where  i t  lies close t o  t h e  Harrison 
Fault .  Subgreenschist fac ies  metamorphism is typical  of t h e  
package as  a whole, with local  extens ive  hydrothermal  
a l te ra t ion ,  and lawsonite,  a mineral  found in many low grade  
metamorphic  rocks west of t h e  Cascade  core ,  is present  
locally in Cretaceous  s t r a t a  (M. Brandon, personal 
communication,  19851. The basal  conglomerate  of t h e  
Harrison Lake  Formation,  of Toarcian age ,  conta ins  numerous 
par t ly  decalc i f ied  l imestone c las ts  with local  Early Permian 
schwagerinid fusulinids and common rhomboporoid bryozoans, 
which a r e  forms common in  Permian l imestone  of t h e  
Chill iwack Group. These  c las ts  suggest  t h a t  a s t ra t igraphic  
l inkage exis ted  in  Early Jurass ic  t i m e  between rocks wes t  of 
Harrison Lake  and t h e  Chilliwack-Cultus package south  of 
Fraser  River.  

Slollicum package 

The Slollicum package includes those  rocks mapped a s  
Chill iwack Group by Lowes (1972) e a s t  of Harrison Lake,  
which Cr ickmay (1925, 1930) had called Slollicum Series 
(Fig. 73.2). Since t h e r e  appears  t o  be  l i t t l e  similari ty 
be tween Chill iwack Group and these  rocks, t h e  wri ter  prefers 
t h e  t e r m  "Slollicum". 

Slollicum rocks a r e  mainly schistose basic t o  
i n t e rmed ia t e  and locally fe ls ic  flows and volcaniclastics,  with 
pillow s t ruc tu re s  and volcanic breccias  of varying coarseness  

disconformity angular unconf. Source  of 
c l a s t i c s  

NCCChh rn 30 0 0 

STRUCTURE 
thrust  r eve r se  f ,  s tr ike slip fold s ty l e s  @I@ -&j 

METAMORPHISM 

plutonic record 

Figure  73.3. Time-space diagram, showing ages,  probable 
ages  and relationships between l i thos t ructura l  packages,  
grani t ic  intrusions, metamorphism and s t ructure .  

preserved in places. Interbedded with t h e  volcanics a r e  dark 
grey t o  black peli tes,  t h a t  locally conta in  conglomerates  
composed of f l a t t ened  cobbles and pebbles of ca rbona te  and 
quar tz-eye  porphyry in a peli t ic matrix.  The  rocks a r e  
typically penetratively de fo rmed  and recrystall ized,  and most  
a r e  metamorphosed regionally t o  greenschist  f ac i e s ,  with t h e  
highest  grade  rocks in  ea s t e rn  exposures, f ea tu r ing  garnet  
and bioti te,  probably belonging t o  lower amphiboli te facies.  
A s t rong  northeast-trending, northeast-plunging l inear f ab r i c  
is  developed locally (Fig. 73.4). 

The a g e  of t h e  unit i s  not known although fe ls ic  
volcanic rocks w e r e  sampled in 1986 fo r  U-Pb dating. In 
genera l  lithology, and particularly in conglomerate  
composit ion,  t h e  package most closely resembles  t h e  l i t t l e  
metamorphosed Upper Triassic Cadwallader Group 
(Rusmore,  19851, whose t y p e  a r e a  is  180 km t o  t h e  north- 
nor thwest ,  more  o r  less along regional str ike.  

Cogburn package 

Eas t  of t h e  Slollicum lies a dist inctive package of 
bedded che r t ,  argil l i te,  basic volcanics,  ultramaf i c  rocks and 
minor marble  (Fig. 73.2). Lowes (1972) included i t  within t h e  
assemblage h e  mapped a s  Chilliwack Croup (Slollicum 
package herein), but Cab i t e s  (1985) e x t r a c t e d  i t  as t h e  



Cogburn Creek  Group. The rocl<s range in metamorphic  
grade f rom greenschist  in t h e  south,  t o  amphibolite grade in 
t h e  north. 'The foliation in this unit is  typically parallel with 
compositional layering and generally steeply dipping or 
vertical .  Separating t h e  Cogburn and Slollicum packages in 
places a r e  metadior i te  and metagabbro t h a t  Lowes (1972) 
suggested were  lithologically similar t o  the  Yellow Aster 
Complex of t h e  Washington Cascades  (see Misch, 1966); 
recently Gabi tes  (1985) obtained a highly discordant U-Pb 
d a t e  f rom t h e  metadior i te ,  which is supportive but not proof 
of this suggestion. 

The age  of t h e  Cogburn package is not known. 
Gabites (1985) noted, and t h e  wri ter  agrees ,  t h a t  t h e  range of 
lithologies is similar t o  tha t  of the  Permian t o  Jurassic 
Hozameen and Bridge River groups, which flank t h e  
metamorphic  co re  on t h e  eas t  side. 

Set t ler  package 

The Set t ler  Schist (Lowes, 1972; Pigage, 1973, 1976; 
Bartholemew, 1979; Gabites,  1985) comprises dominant 
peli t ic and quartzofeldspathic schist ,  amphibolite,  locally 

HARRISON LAKE 

CHILLI /?- 

Figure 73.4. Plots  of s t ructura l  e l emen t s  f rom Cretaceous  rocks of t he  Harrison Lake, Slollicum, 
and (from Monger, 1966) Chilliwack-Cultus packages. B=bedding, S l= f i r s t  (slaty) cleavage; L1=, fo r  
Chilliwack, minor f i rs t  fold axes,  bedding/cleavage intersections,  L1=, for  Harrison Lake, Slollicum, 
s t re tching lineations; SZ=second (crenulation) cleavage, LZ=minor second fold axes,  intersections of 
second cleavage with B and 51. Inset is  a sketch of major s t ruc tu res  in the  Chilliwack valley. 



with re l ic t  pillow s t ructures ,  minor quar tz i te ,  which is 
probably me tache r t ,  and minor u l t ramaf ic  rocks. The 
metamorphic  grade  is ent i re ly  within amphiboli te fac ies ,  with 
dist inctive high-A1 s taurol i te  schis t ,  and extens ive  kyanite- 
and sillimanite-bearing schists,  with t h e  l a t t e r  occurring 
particularly near con tac t s  with t h e  Spuzzum intrusions. The  
Set t le r  package i s  s t ruc tura l ly  conformably underlain by 
homogenous, typically f ine  grained, grey  gneiss, migmat i te ,  
and amphiboli te of t h e  Breakenridge Format ion 
(Reamsbot tom,  1971, 19741, which outcrops  in two domes in 
t h e  northwestern part  of t h e  a r e a  (Fig. 73.2). 

Rb-Sr isochrons (sca t terchrons)  by Bartholomew (1979) 
and Gabi tes  (1985) of ,  repect ive ly ,  214 ? 32 Ma and 
210 + 27 Ma a r e  in terpre ted  by Gabi tes  t o  d a t e  e i ther  
Triassic-Jurassic deposition of t h e  Set t le r  package,  or e l s e  
par t ia l  t o  complete  rese t t ing  of pre-Jurassic rocks by 
Mesozoic metamorphism. The  protoli th of t h e  Se t t l e r  i s  
generally similar lithologically t o  l i t t l e  metamorphosed 
Triassic-Jurassic s t r a t a  (Spider Peak Formation,  Ladner 
Group) which form t h e  lower part  of t h e  succession in t h e  
Methow trough t o  t h e  e a s t  (O'Brien, 1986). Lowes (1972) 
corre la ted  t h e  Set t le r  Schist  with t h e  Chiwaukum Schist  of 
t h e  Washington Cascades  on t h e  basis of l i thological  
similari ty.  An addit ional possible corre la t ion  i s  with 
quar tzose  peli tes of low metamorphic  g rade  t h a t  ou tc rop  
along s t r i ke  south  of Fraser  River  and which speculatively 
a r e  corre la ted  with t h e  Darrington Phyllite of t h e  Washington 
Cascades  (below), although t h e  age  of t h e  l a t t e r  is  considered 
by Arrnstrong (1980) t o  be  most probably Jurass ic  on t h e  basis 
of Rb-Sr isotope studies.  

Chilliwack-Cultus package 

The Chilliwack Group (Pennsylvanian-Permian in British 
Columbia; Devonian t o  Permian in Washington) and t h e  
stratigraphically overlying Cul tus  Format ion (La te  Triassic- 
Early Jurassic) consist of peli te,  carbonate ,  maf i c  t o  fe ls ic  
flows and volcaniclastic rocks (Monger, 1970, 1977). The 
package is exposed mainly south  of Fraser  River,  but as  noted 
by Cr ickmay (19301, i t  ex tends  north of Fraser  River  near t h e  
southeas tern  ex t r emi ty  of Harrison Lake. There ,  crinoidal 
l imestone  containing mid-Carboniferous conodonts 
(M.J. Orchard,  personal communication,  1985) is  associa ted  
with pel i te  and sandstone  containing volcanic quar tz .  At  t h a t  
place,  t h e  package lies west of t h e  Harrison Faul t ,  and so  
apparent ly  is in t h e  s a m e  s t ruc tu ra l  block a s  t h e  Harrison 
Lake package (Fig. 73.3). South of F ra se r  River,  in t h e  
Chilliwack valley, fossil iferous Permian l imestone  fo rms  a 
marke r  within t h e  package which indica tes  a l a rge  s t ruc tu re  
of northwesterly over turned,  northeast-trending recumbent  
folds, separa ted  by th rus t  f au l t s  (Fig. 73.4; Monger, 1966). 
The package is penet ra t ive ly  deformed and t h e  or ienta t ion  of 
t h e  ear ly  fold axes and re la ted  linear s t ruc tu re s  is  similar t o  
t h a t  of s t re tching l ineations in t h e  Slollicum package 
(Fig. 73.4). La t e r  folds a r e  crenulations and kink-bands, with 
a predominantly west-southwest vergence,  and north- 
nor thwest  t rend,  which is  generally similar t o  t h a t  of 
l ineations developed along t h e  Harrison Fau l t  (see below). 
T h e  metamorphic  g rade  i s  subgreenschist ,  and lawsonite is  
present in both Paleozoic  and Mesozoic rocks. 

The Chilliwack-Cultus package is bounded on t h e  e a s t  
by a major f au l t ,  which is  probably t h e  northward extension 
of t h e  Shuksan thrus t  a s  mapped by Misch (1966). Across t h e  
f au l t  a r e  gabbroic rocks and amphiboli te,  probably 
corre la t ive  with t h e  Yellow Aster  Complex of Misch (1966), 
and rocks tenta t ive ly  co r r e l a t ed  with Darrington Phyllite. 

~ a r r i n ~ t o n ( ? )  package 

Rocks in Nesakwatch and Foley c reeks  in t h e  eas tern  
part  of t h e  Chilliwack valley, and e a s t  of Wahleach Creek  
south of Fraser  River,  a r e  dark grey  pel i tes ,  si l tstones,  and 
Itgrits" with angular q u a r t z  f r agmen t s  in a pel i t ic  matrix.  
Many of t hese  rocks conta in  con tac t  me tamorph ic  b io t i te  and 
andalusite porphyroblasts r e l a t ed  t o  nearby Te r t i a ry  grani t ic  
intrusions. In places and locally within t h e  s a m e  outcrop, 
t h e s e  rocks exhi bit q u a r t z  segregat ions  parallel  with bedding, 
and e lsewhere  bedding which becomes breccia ted .  In t h e  
Chilliwack Valley they  l ie e a s t  of rocks co r r e l a t ed  with t h e  
Yellow Aster Complex of Misch (1966; s e e  Monger,  1970; 
J e w e t t  and Brown, 1985), and a r e  on t rend with s t r a t a  of t h e  
Shuksan metamorphic  suite;  for  t h e s e  reasons  and the i r  
genera l  lithological similari ty,  t hey  a r e  considered t o  b e  
probable corre la t ives  of t h e  Darrington Phylli te.  

S t ructura l  relationships between packages 

Harrison Lake/Slollicurn relations 

The Harrison Lake package is  bounded by t h e  major 
Harrison Faul t  on i t s  e a s t  side, which was  f i r s t  recognized by 
Cr ickmay (1930). Cre t aceous  s t r a t a  on  t h e  nor thwest  shore  
of Harrison Lake, on t h e  ea s t e rn  three-quar ters  of Long 
Island, and in t h e  neck of Cascade  Peninsula on  t h e  e a s t  s ide  
of Harrison Lake, develop a strong c l eavage  which dips 
50-70" t o  t h e  ea s t  (Fig. 73.4). The zone of cleavage 
development is  1-2 km wide, but has no marked l inear f ab r i c  
within i t .  East  of this is  a zone  about I km wide within which 
a n  ex t r eme ly  s t rong l inear f ab r i c  is present.  Clas ts  in 
conglomerates  a r e  s t r e t ched  and Early Cre t aceous  clamshells 
a r e  d is tor ted  and locally drawn o u t  in to  cigar-l ike fo rms  t h a t  
a r e  only recognizable  a s  fossils because  of t h e  graduation 
between t h e m  and less d is tor ted  fossils elsewhere.  T h e  
elongation direction is  about N340°, wi th  northward plunges 
10-30' (Fig. 73.4). As noted above, th is  or ienta t ion  is similar 
t o  t h a t  of t h e  l a t e r  s t ruc tu re s  in t h e  Chilliwack valley 
(Fig. 73.4). Immediately ea s t  of th is  a r e  greenschist  grade  
rocks of t h e  Slollicum schist ,  which typically have  northeast-  
t rending mineral  and s t r e t ch ing  l ineations (Fig. 73.4) and a r e  
t runca t ed  by t h e  faul t .  I t  i s  possible t o  draw t w o  conclusions 
f rom t h e s e  observations.  First ly,  t h e  s t rong  subhorizontal  
s t re tching l ineations in Cretaceous  rocks near  t h e  Harrison 
Faul t  indica te  str ike-slip movement  on i t .  Secondly, if t h e  
northeast-dipping c leavage in subgreenschist-grade Early 
Cretaceous  s t r a t a  west  of t h e  f au l t  indica tes  t h e  a t t i t ude  of 
t h e  faul t ,  t hen  t h e  juxtaposition of t hese  rocks against  higher 
grade,  greenschist ,  Slollicum rocks, wi th  t he i r  northeast-  
t rending l ineations,  t o  t h e  ea s t ,  sugges ts  t h a t  t h e  f au l t  a s  
exposed near  Cascade  Peninsula developed in a transpressive 
r eg ime  which pos tdates  metamorphism of t h e  Slollicum schist  
and t h e  development of i t s  nor theas ter ly  t rending fabric.  

The Harrison Faul t  appears t o  be t h e  westernrnost  of a 
family  of major north-northwest-trending faul ts ,  severa l  of 
which display along them north-northwest s t re tching 
l ineations indica t ive  of strike-slip d isplacements  (Fig. 73.5). 
From west  t o  east, o the r  major,  named, f au l t s  are:  ( I )  t h e  
Ross Lake  Faul t ,  on  which Haugerud (1985) repor ted  
northwest-trending horizontal  l ineations,  and possible 
northerly segments  called t h e  "Kwoiekt' (informal name),  
Bralorne and Tzchaikazan faul ts ,  (2) t h e  Hozameen and 
Yalakom faul ts ,  which a t  t h e  Coquihalla River  shows north- 
northwest s t r e t ch ing  l ineations with t h e  s a m e  or ienta t ion  as 
s t ruc tu re s  on t h e  Harrison Fault ,  and (3) eas ternmost ,  t h e  
Pasayten  Faul t .  Evidence for  mainly dex t r a l  strike-slip 
d isplacements  has been repor ted  fo r  s egmen t s  of severa l  of 
t h e s e  faul ts ,  a s  summarized by Kleinspehn (1985), although 
Lawrence  (1978) repor ted  pet rofabr ic  d a t a  indicating sinistral  
shear  on t h e  Pasayten  Fault .  



The a g e  of t hese  s t ruc tu re s  would appear t o  be  L a t e  
Cre t aceous  and/or ea r ly  Ter t iary .  They clearly pos tdate  
regional metamorphism and intrusion of t h e  mid-Cretaceous 
Spuzzum batholi th.  In t h e  Methow Trough, rocks a s  young a s  
ear ly  L a t e  Cretaceous  a r e  in f a u l t  basins bounded by t h e  
north-northwest-trending faul ts ,  and Haugerud (1 985) 
presented evidence t o  show t h a t  s t re tching fabr ics  on t h e  
Ross Lake  Faul t  a r e  Eocene.  

Slollicum/Cogburn/Settler relations 

The  Slollicum, Cogburn, and Se t t l e r  packages appear  t o  
be  s t ruc tura l ly  conformable,  s epa ra t ed  mainly by layer- 
parallel faul t s  across which t h e r e  is  metamorphic  continuity.  
Although t h e  Slollicum is mainly of greenschist  grade  and t h e  
Se t t l e r  ent i re ly  amphiboli te,  t h e  metamorphic  boundary 
between t h e  two  grades is locally within t h e  eas ternmost  
par ts  of t h e  Slollicum and cu t s  across  t h e  Cogburn package 
(Figs. 73.2, 73.3). Near Cogburn C r e e k  t h e  con tac t  be tween 
Slollicum and Cogburn is  marked by t h e  belt  of u l t r amaf i c  
rocks (mainly metamorphosed duni te  and peridoti te)  which 
lies along t h e  southwest  s ide  of Ta lc  Creek.  To t h e  north,  t h e  
Cogburn package fo rms  a n  e longate  sl iver within a major  
synform in  Se t t l e r  Schist t h a t  lies be tween t h e  t w o  
Breakenr idge gneiss domes. In places,  t h e  con tac t  be tween 
Cogburn and Se t t l e r  packages, well exposed on ridges wes t  of 
Mt. Urquhart ,  i s  marked by sl ivers of u l t ramaf ic  rock, and i s  
generally conformable  with t h e  local  foliation. To  t h e  south  
t h e  con tac t  be tween Slollicum, Cogburn and Se t t l e r  packages 
is  largely obl i te ra ted  by in t rus ive  rock of t h e  Spuzzum 
batholi th,  but  locally i s  exposed near t h e  lower par t  of Ruby 
Creek,  where  Cogburn che r t  and ultrarnafics s e p a r a t e  
Slollicurn greenschists and phyllites t o  t h e  west  f rom Se t t l e r  
peli t ic schis t  and amphiboli te t o  t h e  eas t .  These  
relationships suggest  t ha t  t he  s t ruc tura l  juxtaposition of t h e  
t h ree  packages is re la ted  t o  the i r  fabr ic  and was  pre- and 
syn-metamorphic.  

Relationships between t h e  Spuzzum bathol i th  and these  
rocks a r e  of cr i t ica l  impor t ance  in dating the i r  deformat ion 
and metamorphism. The batholi th yielded U-Pb da t e s  of 
110 Ma (R.L. Armstrong, Irving e t  al., 1985), and K-Ar 
da t e s  ranging f rom 79- 103 M a (Richards and 
McTaggart ,  1976). I t  in t rudes  all  t h r e e  packages. Locally, 
a s  near Mount Urquhart ,  t h e  base  of t h e  batholi th is  strongly 
fo l ia ted ,  and t h e  foliation in i t  is concordant  with t h a t  in t h e  
underlying Set t le r  Schist. Elsewhere,  a s  near t h e  ea s t e rn  
con tac t  of t h e  batholi th on Highway 7, northeast-plunging 
mineral  lineations in t h e  qua r t z  d ior i te  of t h e  batholi th 
parallel  those  in nearby schist .  These  field relationships 
suggest  t ha t  t h e  batholi th is  syn- t o  la te- tec tonic .  
Bartholomew (19791, in his de ta i led  study of metamorphism 
of t h e  Se t t l e r  Schist ,  concluded t h a t  ear l ies t  phases of t h e  
Spuzzum batholi th preceded t h e  peak of regional 
metamorphism in which t empera tu re s  of about 700°C and 
pressures of 7-8 kilobars w e r e  a t ta ined.  

South of t h e  a r ea ,  i n  Washington, M isch (1966) mapped 
t h e  Shuksan Thrust ,  on  which blueschist and greenschist  
g r ade  rocks of t h e  Shuksan Metamorphic  Sui te  w e r e  
emplaced over  lower g rade  rocks of t h e  Chill iwack Group. 
This thrus t  s teepens  t o  t h e  east towards  a "root zone" which 
apparent ly  crosses  t h e  In ternat ional  Boundary near  Slesse 
Creek,  where  rocks belonging t o  t h e  Yellow Aster  Complex 
a r e  exposed. The  f au l t  possibly can  be  t r a c e d  northwards,  
across  t h e  Fraser  River and up Ruby Creek,  t o  t h e  a r e a  
south  of Cogburn Creek,  w h e r e  Lowes (1972) sugges ted  t h a t  
me tad io r i t e  and metagabbro  near  t h e  southwestern  boundary 
of t h e  Cogburn package w e r e  co r r e l a t i ve  with t h e  Yellow 
Aster  Complex t o  t h e  south.  Thus, t h e  boundary between 
Cogburn and Slollicum packages probably lies a t  or near  t h e  
Shuksan Thrust .  Recent  work near  Slesse Creek  ( Jewe t t  and 
Brown, 1985) suggests t h a t  t h e  Shuksan Thrust  a s  mapped 
immedia te ly  north of t h e  International Boundary is  a post- 
metamorphic  s t ruc tu re ,  and t h a t  l ineations t h e r e  indica te  
str ike-slio movement  on i t .  S ~ e c u l a t i v e l v .  and based on 
r e l a t i o n s ~ i p s  observed between ~ a r r i s o n  ~ a k e  and Fraser  
River t o  t h e  ea s t ,  t h e  Shuksan Thrust  as  mapped by 
Misch (1966) consists of two  d i sc re t e  s e t s  of s t ruc tures .  An 
older thrus t  f au l t  is  pre- or syn-metamorphic and places 
Shuksan on Chilliwack, and Cogburn on Slollicum. A younger 
strike-slip f au l t  is  analogous to ,  o r  maybe even links up with,  
t h e  Harrison Faul t  (Fig. 73.2). 

Conclusions 

I. Greenschis t  t o  amphiboli te grade  me tamorph ic  rocks 
between Harrison Lake  and F rase r  River a r e  probably 
metamorphosed f rom equivalents of s t r a t a  in surrounding 
areas.  Ten ta t ive  corre la t ions  a r e  Slollicum rocks with t h e  
Upper Triassic Cadwallader Group, Cogburn package with 
Permian t o  Jurass ic  Hozarneen and Bridge River groups, 
and Se t t l e r  Schist  with Triassic and Jurass ic  rocks of t h e  
Methow Trough (Spider Peak, Ladner groups) and/or 
Darrington Phylli te of t h e  Washington Cascades.  

2. Juxtapostion of Slollicum, Cogburn and Se t t l e r  packages 
occurred  on layer-parallel  ( thrust?) faul ts ,  prior t o  and 
during regional metamorphism, which was  largely coeval  
with intrusion of t h e  Spuzzum bathol i th  in l a t e  Early t o  
mid-Cretaceous  t ime. St ructures  in t h e  Slollicum schist  
have similar or ienta t ion  t o  ear ly  s t ruc tu re s  in t h e  
Chill iwack Group, which a r e  northwesterly over turned 
recumbent  folds and thrus ts ,  suggesting t h a t  possibly 
t h e s e  s t ruc tu re s  a r e  of a similar age.  

Figure 73.5. Distribution of major north-northwest-  
trending faults .  About 80 km displacement on t h e  F ra se r  
River - Straight Creek  f au l t  sys tem has been restored.  



3. The earl ier  s t ruc tu re s  were  c u t  by t h e  north- 
northwesterly trending Harrison Faul t ,  which is  one  of a 
number of major strike-slip f au l t s  in t h e  region t h a t  
largely govern t h e  regional grain and which probably 
developed in  a transpressive regime. Later  s t ruc tu re s  in 
t h e  Chilliwack Valley have  similar t rends  t o  cleavages and 
s t r e t ch ing  lineations associated with t h e  Harrison Fault .  

4. All of t hese  s t ruc tu re s  were  disrupted and offse t  
80-100 km by t h e  ear ly  Ter t iary ,  F ra se r  River-Straight 
C r e e k  dext ra l  wrench-fault  sys tem.  

From these  conclusions, t h e  s t ruc tura l  evolution of t h e  
a r e a  can be cartooned a s  in Figure 73.6. This model draws on 
ear l ie r  models of t h e  Coast  Belt a s  fundamentally a 
collisional orogen (Davis e t  al., 1978; Monger e t  al., 1982; 
Monger, 1985b), and of t h e  Cascade  Belt south  of la t i tude  49" 
as  an enormous accre t ionary  prism (Cowan and 
Po t t e r ,  in press), and on t h e  recent  emphasis by 
Brown ( in  press) on t h e  impor tance  of t ranscurrent  
displacements in t h e  evolution of t h e  western  part  of t h e  
Cascades.  

'The s t ruc tu ra l  and metamorphic  evolution of this a r e a  
appears  t o  have occurred  during and following Earlv 
Cre t aceous  closure of an  oceanic  o r  marginal basin (whose 
floor is  represented by Bridge River /Hozameen and 
Shuksan/Darrington rocks  and the i r  possible metamorphic  
equivalents,  t h e  Cogburn and Se t t l e r  packages) which was  
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Figure 73.6. Speculative depiction of evolution of 
s t ruc tures  in t h e  Cascade  Fold Belt and southeas tern  Coast  
Plutonic Complex. An oceanic/marginal basin was  closed in 
Early Cretaceous  t ime ,  with the  l a t e  Early Cre t aceous  
Spences Bridge a rc ,  Jackass  Mountain fore-arc  (?) on i ts  
eas tern  margin. Final closure/collision produced mid- 
Cre t aceous  metamorphic  rocks and nor theas ter ly  trending 
s t ructures .  These were  cu t  by north- northwest-trending 
strike-slip faults ,  with mainly dext ra l  of fse ts ,  t h a t  were  c u t  
in turn by t h e  north-trending, dext ra l  ear ly  Ter t iary  F ra se r  
River-Straight Creek  f au l t  system. 

t rapped between t h e  Insular supe r t e r r ane  (= Wrangell +? 
Alexander te r ranes)  t o  t h e  west ,  and t h e  Cre t aceous  
cont inenta l  margin t o  t h e  e a s t  (formed by t h e  western  edge  
of t h e  previously a c c r e t e d  In termontane  super ter rane) .  The  
t i m e  of transit ion between c losure  by subduction of oceanic  
c rus t  and terminal  collision is  d i f f icul t  t o  a sce r t a in  
precisely,  but was probably in  t h e  l a t e r  par t  of t h e  Early 
Cretaceous .  To  t h e  south ,  blueschist  me tamorph ic  rocks in  
t h e  Shuksan metamorphic  sui te ,  presumably re la ted  t o  
subduction,  a r e  da t ed  a t  about  129 Ma (Armstrong, 1980; 
Brown e t  al., 1982). As noted ear l ie r ,  lawsonite,  typical  of 
high pressure, low t e m p e r a t u r e  metamorphism,  occurs  in 
ear l ies t  Cre taceous  rocks west of Harrison Lake. Final 
closure of t h e  basin by eas t -  dipping subduction is  possibly 
recorded by the  l a t e  Early Cre t aceous  Spences Bridge 
cont inenta l  a r c ,  which is  built on t h e  western  edge  of t h e  
In termontane  super ter rane ,  and whose f o rea rc  basin may be 
represented by t h e  Jackass  Mountain Group (Fig. 73.6). 
Arrival of t he  Insular supe r t e r r ane  a t  t h e  subduction zone 
probably caused collision, manifes ted  by high g rade  
synplutonic metamorphism of l a t e s t  Ear ly  Cre t aceous  age,  
and uplift and inversion of t h e  basin i n  mid- and ear ly  L a t e  
Cre t aceous  t ime.  These  rocks and ea r ly  s t ruc tu re s  were  
subsequently disrupted in post-mid-Cretaceous and pre-Late 
Eocene t i m e  by transpressional fault ing along t h e  Harrison, 
Ross Lake, Hozameen, and Pasayten  faults .  Finally, in L a t e  
Eocene t ime,  transtensional fault ing on t h e  Fraser  River- 
St ra ight  Creek  f au l t  sy s t em disrupted ear l ie r  e lements .  
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Abst ract  

Shallow seismic reflection profiles of the  southwestern par t  of t he  F rase r  River del ta  were  
interpreted with lithologic da ta  f rom drill holes, an exploratory well, and cores  collected specifically 
fo r  this project. Resul ts  of this t r ia l  survey show tha t  this technique is an  ef fect ive  and relatively 
inexpensive method for  identifying Ter t iary  and Quaternary subsurface s t r a t a  a s  well a s  s t ructura l ,  
depositional, and erosional fea tures .  If such a survey is extended over o the r  par ts  of t he  de l t a  our 
understanding of the apparently complex history of this f ea tu re  and our ability to assess seismic risk 
in the area  should be markedly enhanced. 

Des profils de  reflexion sismique peu profonde de  la par t ie  sud-ouest du de l t a  du fleuve F rase r  
ont  Bt6 interprgtds A I'aide de donnees lithologiques obtenues de  t rous  de  forage, d'un puits 
exploratoire e t  de ca ro t t e s  pr6levees principalernent aux fins du present projet. Les  resul ta ts  de  
c e t t e  Btude indiquent que c e t t e  technique const i tue  un moyen e f f i cace  e t  re la t ivement  peu coOteux 
d'identifier les s t r a t e s  souterraines du Ter t ia i re  e t  du Quaternaire,  ainsi que les  caractdr is t iques  
s t ructura les ,  de  dBp6t e t  d'drosion. L'extension d'un t e l  lev6 A d'autres par t ies  du del ta  amel iorera i t  
grandernent I'dtat de connaissances ac tuel  de 1'6volution apparemment  complexe du del ta  ainsi que 
I'aptitude des instances A Bvaluer les dangers sismiques de c e t t e  region. 
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Introduction 

During t h e  past decade major advances have been made 
in our understanding of t h e  evolution and stabil i ty of t h e  
Fraser  River del ta  of south-coastal British Columbia 
(Fig. 74.1) (Hebda, 1977; Byrne, 1978; Clague e t  al., 1983; 
Luternauer and Finn, 1983; Styan and Bustin, 1984). But, on  
t h e  whole, interpretations and conclusions have been of a 
general nature  because of t he  lack of detailed 
l i thostratigraphic and s t ructura l  information. In an effor t  t o  
fill this gap in our knowledge, t h e  Geological Survey of 
Canada has init iated a project t o  systematically map t h e  
delta 's  subsurface by means of high resolution seismic 
profiling and coring. A trial  survey t o  t e s t  techniques and 
de te rmine  t h e  feasibility of t h e  project was performed during 
t h e  summer of 1985. 

A preliminary analysis of ground motion produced by 
t h e  September 1985 ear thquakes  in Mexico added impetus t o  
th is  study by indicating t h a t  assessments of seismic risk can  

be  upgraded if t he  geometry  of Quaternary  deposits and 
configuration of t h e  bedrock surface  a r e  precisely known, a s  
these  can influence t h e  amplitude and period of seismically- 
induced ground motion. Because t h e  highly urbanized and 
industrialized Fraser River de l t a  l ies in a zone  of high 
seismic risk (Milne et al., 19781, i t  would be  prudent t o  
proceed with t h e  acquisition of these  types  of da t a .  

Methods 

Seismic survey 

Shallow seismic reflection profiling was performed with 
an  engineering seismograph (Hunter e t  al., 1984) over a 
distance of approximately 6 km along roadways and a 
causeway on  t h e  southwestern part  of t h e  Fraser  River de l t a  
(Fig. 74.2). The "optimum offset" technique (Hunter et al., 
1984) was  used, with a 2 0 m  source-geophone o f f se t  for  
l ine 200 (Fig. 74.2) and a 25 m offse t  for  a l l  o the r  lines. 

Figure 74.1. Location and geographic se t t i ng  of study area.  



Line 200 was shot using a 100 m s  recording scale ;  o ther  lines 
were  shot with a 200 m s  scale ,  yielding potentially deeper 
penetration. High frequency phones, with natura l  frequencies 
of e i ther  50 Hz  or  100 Hz, were  used with a 12-channel ar ray,  
I geophone per channel. The recording instrument was  a 
Nimbus 121 OF engineering seismograph. A 12-gauge 
"Buffalo" gun was used exclusively a s  t h e  energy source  in 
t h e  survey. In this paper,the seismic d a t a  a r e  displayed a s  
variable a rea  plots t o  which an  automat ic  gain control has  
been applied. The analog field f i l ters  were  s e t  t o  record 
above 300 Hz, and digital f i l tering was done in t h e  pass-band 
ranges 250-600 Hz, 400-1000 Hz, 200-600 Hz, 300-800 Hz, 
and 250-600 Hz for lines 100, 200, 300A-B, 300C-D, and 400, 
respectively. These d a t a  were  collected with a non-zero 
offse t  so  t h a t  the  f i rs t  arrival may represent  the  sum of 
several d i f ferent  t ravel  paths. As a consequence, t h e  
shallowest portion of the  record ( t o  25  ms) contains l i t t l e  if 
any interpretable geological information. Average velocit ies 
in the  range 1500-1650 m/s  were  used t o  convert  travel-t imes 
t o  depths. Calculated depths a r e  thought t o  be accura t e  fo r  
t h e  upper pa r t  of t he  sequence, but  should be  regarded a s  
minima for  t h e  lower part .  

Coring 

Cores col lec ted a t  3 s i tes  (Fig. 74.2) served a s  ground 
t ru th  for t h e  upper pa r t  of t h e  sedimentary column 
represented in t h e  se ismic  profiles. These were  obtained 
with t h e  Simon Fraser  University Concore  C-68 research drill 
rig described by Rober ts  et al. (1985). Lithology of t h e  cores  
(Fig. 74.3, 74.4) was  logged in t h e  field. For c o r e  SFU(D)38 
(Fig. 74.3), down-hole gamma,  spontaneous potential ,  and 
resistivity values were  also determined t o  t e s t  these  
measures as sediment descriptors. 

Additional lithologic control  was drawn f rom t w o  
sources. The f i r s t  was a log fo r  an  exploratory well 
(Richfield-Pure 6-3-5) dril led on Point Rober ts  Peninsula (rig 
re lease  January 1963) (Fig. 74.2). This well  penetra ted  
Pleistocene, Tertiary,  and Cre taceous  uni ts  (Hopkins, 1966). 
The second source  was two  logs of boreholes dril led in 1968 in 
the  course of geotechnical investigations for  t h e  Rober ts  
Bank coal  port  (da t a  provided by National Harbours Board). 
The more  westerly of these  boreholes reached a depth  of 
73  m and bot tomed ou t  in "till". 

In terpre ta t ion 

On t h e  basis of available lithologic control and seismic 
signature,  we have tenta t ively  identified Tertiary and 
Quaternary  sequences within t h e  records (Fig. 74.5-74.8). 
The lowest sequence is assigned a Ter t iary  a g e  on t h e  basis of 
i t s  probable correlation with a thick Miocene succession 
present a t  depth in the  Point Rober ts  well (Hopkins, 1966). 
The upper l imi t  of t h e  Ter t iary  sequence is defined in t h e  
records by a prominent 200 Hz re f l ec to r  which represents  a n  
erosional surface.  The Ter t iary  sequence in  places extends  
a lmost  t o  t h e  present de l t a  su r face  (Fig. 74.7); elsewhere,  
however, i t  i s  covered by th ick Quaternary  sediments  
(Fig. 74.5, 74.6, 74.8). Erosion of t h e  Ter t iary  sequence has  
produced a northwest-trending ridge, t h e  axis of which 
extends  along t h e  present  shoreline in t h e  vicinity of t h e  coa l  
por t  and t h e  nor theas t  coas t  of Point Rober ts  peninsula. 

Sediments unconforrnably overlying t h e  Tertiary 
bedrock ridge a r e  known t o  be Quaternary,  but  i t  i s  difficult  
at this ear ly  s t a g e  in t h e  s tudy t o  d i f f e ren t i a t e  Pleistocene 
and Holocene deposits. I t  i s  known, however, f rom the  Point 
Roberts well record and f rom surface  exposures on Point 
Rober ts  peninsula t h a t  most  of t he  Quaternary  sequence a t  

Figure 74.2. Location of seismic survey lines and borehole and coring sites.  Asterisks indicate 
si tes of two holes drilled a s  pa r t  of a geotechnical assessment by Swan Wooster Engineering for  the  
National Harbours Board. + is t he  location of the  Richfield-Pure 6-3-5 exploration well  ( t o t a l  depth: 
4509 rn). Solid do t s  indicate s i t e s  where  co res  described in Figures 74.3 and 74.4 were  obtained fo r  
this study using a truck-mounted dril l  rig. 
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Figure 74.3. Lithology and wireline geophysical logs of gamma, SP, and resistivity for 
co re  SFU(D)38. The prominent breaks at about 8 and 30 m del ineate  lithologically controlled se ismic  
fac ies  (line 300, Fig. 74.7). 
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Figure 74.4. Li thology o f  cores SFU(D)35 and SFU(D)39. Note the di f ferent depth 
scales for the two logs. The le t te r  "R" near the base of SFU(D)39 indicates the probable 
depth o f  the strong ref lector  which marks the attenuated Pleistocene section and the top 
of what is thought to  be Tert iary bedrock (Fig. 74.7). 
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Figure 74.5. Line 100 (A-B is S-N) with seismic reflection record and interpretation. 

t h e  south end of line 300 (Fig. 74.7) and along line 400 
(Fig. 74.8) is  Pleistocene. The presence of t i l l  a t  a depth  of 
73 m in t h e  borehole near  t h e  coal port  causeway also 
suggests t h a t  much of t h e  sequence above presumed Tertiary 
bedrock along line 200 a lso  i s  Pleistocene (Fig. 74.6). This 
includes sediment in t h e  nor theas t  half of t h e  sect ion ( A  end 
of profile) which displays strong, but discontinuous and 
irregular ref lec tors  dipping steeply (15-20°) towards  t h e  
southwest. What a r e  thought t o  be thick Holocene sediments  
(mainly sil t  and sand) occur  north of t h e  Tertiary ridge along 
line 300 (CD', Fig. 74.7) and possibly along line 100 
(Fig. 74.5). Thinner Holocene sediments overlie Pleistocene 
deposits along line 200; but t he  con tac t  between t h e  two  
sequences is ill-defined by the  seismic method. 

de l t a  i s  far  more  complex than  previously thought.  We now 
have evidence t h a t  Ter t iary  basement underlies part  of t he  
de l t a  a t  very shallow depth.  Furthermore,  i t  appears  that  t h e  
northwest-trending ridge produced by erosion of the  Tertiary 
sequence has strongly influenced t h e  pa t t e rn  of growth of the  
de l t a  during t h e  Holocene and therefore  has  contr ibuted t o  
i t s  present  surface  morphology. 

This survey has  demonstra ted  t h a t  shallow seismic  
ref lec t ion mapping coupled with coring can  provide not only 
geomet r i c  and f ac i e s  control  on t h e  Quaternary  s t r a t a ,  bu t  
also some  information on the  subjacent bedrock units. 
Extension of such surveys t o  o ther  par ts  of t he  de l t a  will thus 
markedly improve our knowledge of the  delta 's  s t ruc tu re  and 
history and may contr ibute  to bet ter  assessment of seismic 
risk in this area .  

Summary and implications 

In spi te  of t h e  l imited scope of th is  survey, i t  has  
revealed t h a t  t h e  subsurface cha rac te r  of t h e  Fraser  River 
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1.08 V.E. 

Figure 74.8. Line 400 (A-B is W-E) with seismic reflection record and interpretation. The 
Quaternary seismic fac ies  in this record is similar t o  t h a t  underlying Pleistocene ridges and banks in 
the  St ra i t  of Georgia (Hamilton and Luternauer,  1983). 
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Abstract 

A relat ively undeformed, fossilferous, Triassic to  Middle Albian section concludes two major 
volcanic episodes: one during the Middle Jurassic (Harrison Lake Formation) and the other during the 
Ear ly  Cretaceous (Brokenback Hill Formation). They are separated by arg i l l i te  (Mysterious Creek 
Formation), volcaniclastic rock (Billhook Creek Formation), and conglomerate and sandstone 
(Peninsula Formation). 

Two and possibly three unconformities were found wi th in  the section. The f i r s t  spans the 
Triassic-Jurassic boundary between Middle Triassic Camp Cove Formation and Toarcian sediments o f  
the Harrison Lake Formation. 'The second unconformity l ies between Oxfordian Billhook Creek 
Formation and the Berriasian Peninsula Formation. Evidence for  a minor orogenic event during the 
second hiatus has been noted. The th i rd  unconformity is not seen but evidence points to a hiatus 
spanning the Bathonian. 

The Harrison Faul t  is the dominant structural feature juxtaposing highly deformed, 
metamorphosed rocks, to  the east against the l i t t l e  deformed strata to  the west of Harrison Lake. 

Une coupe fossil ifere relat ivement non deformee e t  datant du Triassique moyen A 1'Albien 
moyen marque l a  f i n  de deux importants episodes volcaniques: un durant l e  Jurassique moyen 
(formation de Harrison Lake) e t  I 'autre au cours du Cretace infer ieur ( formation de Brokenback Hill). 
Elles sont s6par6es par de I'argil ite ( formation de Mysterious Creek), des roches volcanoclastiques 
(formation de Billhook Creek), du conglom6rat e t  du gr&s (formation de Peninsula). 

I1 y a deux e t  probablement trois discordances dans ce t te  section. L a  premiere s'etend l e  long 
de l a  l i m i t e  du Trias e t  du Jurassique, entre l a  formation de Camp Cove, qui date du Trias moyen, e t  
les sediments du Toarcien de l a  formation de Harrison Lake. L a  deuxibme discordance stetend entre 
l a  formation de Billhook Creek de I'Oxfordien e t  la  formation de Peninsula du Berriasien. On a relev6 
certaines indications selon lesquelles un 6v6nement orog6nique peu important aurait au l ieu au cours 
du second hiatus. L a  troisieme discordance ne se voit pas, mais tout semble indiquer l a  presence 
dlune lacune stratigraphique au cours du Bathonien. 

L a  fai l le Harrison, soit la  formation structurale l a  plus importante de l a  r6gion, jouxte des 
roches tres d6form6es et  m6tamorphis6es B I1est, ces dernieres gisant contre des strates trbs peu 
d6form6es 3 I1ouest du lac Harrison. 

l Department of Geology, University of Br i t ish Columbia, Vancouver, Br i t ish Columbia V6T 204 
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In t roduc t ion  

Field work  a long  t h e  w e s t  s ide  of 
Har r i son  L a k e  w a s  u n d e r t a k e n  in  t h e  
s u m m e r  of 1985 a s  p a r t  of M.Sc. r e s e a r c h  
( a t  U.B.C.) in a n  a r e a  which  c o n t a i n s  o n e  
of  t h e  m o s t  c o m p l e t e  s t r a t i g r a p h i c  
s e c t i o n s  in t h e  s o u t h e r n  C o a s t  Mounta ins .  
The  purpose  of t h i s  p r o j e c t  is  t o  r e m a p  t h e  
a r e a  b e t w e e n  Harr i son  L a k e  a n d  Chehal i s  
L a k e  n o r t h  t o  Doctor ' s  P o i n t ,  a s  i t  has  no t  
b e e n  s t u d i e d  a s  a c o m p l e t e  s e c t i o n  s i n c e  
1925  ( C r i c k m a y ,  1925), w i t h  e m p h a s i s  on  
l i thology,  s t r a t i g r a p h y ,  n o m e n c l a t u r e ,  
fossi l  f a u n a  and e n v i r o n m e n t a l  s e t t i n g  of 
t h e  J u r a - C r e t a c e o u s  s t r a t a .  

T h e  w r i t e r  i s  thankfu l  t o  D. Handel ,  
S. Irwin a n d  M. M a c L e a n  f o r  t h e i r  va luable  
a s s i s t a n c e  in  t h e  f ie ld ,  and  t o  
J.W.H. Monger ,  H.W. Tipper and  P.L. S m i t h  
f o r  sugges t ing  t h e  p r o j e c t  and  o f f e r i n g  
m a n y  s t i m u l a t i n g  ideas.  

S t r a t i g r a p h y  a n d  l i tho logy  

T h e  s t r a t a  a long  t h e  w e s t e r n  s h o r e s  
of Har r i son  L a k e  r a n g e  f r o m  Middle  
T r i a s s i c  t o  Middle  Albian. In t h e  c e n t r a l  
p a r t  of t h e  m a p  a r e a ,  a round M y s t e r y  
C r e e k  (Fig. 75.11, t h e  beds  d ip  un i formly  at 
30-50" t o w a r d s  t h e  n o r t h e a s t  bu t  nor th  a n d  
s o u t h  of t h i s  a r e a ,  a t t i t u d e s  b e c o m e  m o r e  
variable.  T h e  s t r a t i g r a p h i c  s e c t i o n  
c o n t a i n s  t w o  major  vo lcan ic  ep isodes ,  t h e  
Lower  t o  Middle  J u r a s s i c  Harr i son  L a k e  
F o r m a t i o n  t o  t h e  s o u t h  and  t h e  Ear ly  
C r e t a c e o u s  Brokenback Hill F o r m a t i o n  t o  
t h e  north.  T h e s e  a r e  s e p a r a t e d  by s h a l e s  
of t h e  Myster ious  C r e e k  F o r m a t i o n ,  
vo lcan ic las t ic  rocks  of t h e  Billhook C r e e k  
F o r m a t i o n  a n d  s a n d s t o n e s  of t h e  Peninsula 
F o r m a t i o n .  

C a m p  C o v e  F o r m a t i o n  

T h e  Middle T r i a s s i c  C a m p  C o v e  
F o r m a t i o n  is  t h e  o l d e s t  unit  in t h e  m a p  
a r e a  (Fig. 75.2) as i n d i c a t e d  by rad io la r ia  
f r o m  a s i l i ceous  a r g i l l i t e  (Cordey ,  persona l  
c o m m u n i c a t i o n ,  1985). Conodonts  
e x t r a c t e d  f r o m  t h e  s a m e  s i l i ceous  a r g i l l i t e  
by t h e  w r i t e r  had a Middle  Tr iass ic  a g e  
s u g g e s t e d  by O r c h a r d  (persona l  
c o m m u n i c a t i o n ,  1986) based  on  t h e  
p r e s e n c e  of Neogondole l la  cf. c o n s t r i c t a .  
O t h e r  l i thologies in  t h i s  f o r m a t i o n  a r e  
g r e e n  p lag ioc lase  porphyry  f lows,  t u f f s  a n d  
sands tones .  T h e  base  of t h e  C a m p  C o v e  
w a s  n o t  seen .  

Har r i son  L a k e  F o r m a t i o n  

T h e  Harr i son  L a k e  F o r m a t i o n  
unconformably  o v e r l i e s  t h e  C a m p  C o v e  
F o r m a t i o n .  The  u n c o n f o r m i t y  i s  m a r k e d  by 
a basa l  c o n g l o m e r a t e  a n d  a l though no  
foss i l s  w e r e  found  i n  t h e  m a t r i x ,  numerous  
fossi ls  w e r e  found  in  t h e  c las t s .  W e a t h e r e d  
c a l c a r e o u s  c l a s t s  wi th in  t h e  c o n g l o m e r a t e  
c o n t a i n  a b u n d a n t  rhomboporo id  b r y o z o a  
a n d  c r ino id  f r a g m e n t s  as well  a s  l ess  
a b u n d a n t  r h y n c h ~ n e l l i d  brachiopods  a n d  

F i g u r e  75.1. Geology of s tudy  a r e a  w e s t  of Har r i son  L a k e  ( s e e  Monger,  1986, 
f o r  loca t ion  map). 
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Figure 75.2. Stratigraphy of the  Middle Triassic to  Middle 
Albian sect ion on west side of Harrison Lake with fossil 
locations (section not t o  scale). 

schwagerinid fusulinids (Monger, personal communication, 
1985). Light t o  dark green che r t  c las ts  yielded radiolaria and 
conodonts (Neohindeodella sp.) with t h e  l a t t e r  probably of 
Middle t o  La te  Triassic a g e  (Orchard, personal 
communication, 1986). Clasts a r e  well rounded, up t o  10 c m  
across and a r e  predominately che r t ,  l imestone and volcanic 
rock. The matr ix  is poorly sor ted ,  medium- t o  coarse-grained 
and consists of feldspar,  quar tz  and l i thic grains. 

Immediately overlying t h e  conglomerate is  well- 
indurated calcareous argil l i te (Fig. 75.2). Near t h e  base of 
t h e  argil l i te,  Early Toarcian ammonites (Dactylioceras,  
Harpoceras) were  collected. Dumortieria (Tipper, personal 
communication, 1985) was collected from near t h e  top  of t h e  
argil l i te unit and is La te  Toarcian. Between t h e  t w o  fossil 
locali t ies is a volcanic flow which may indicate  the  onset of 
Harrison Lake volcanism. The basal conslomerate  and 

Most of t h e  Harrison Lake Formation consists of a thick 
sect ion of in termedia te  t o  ac idic  volcanic flows (Fig. 75.3) 
and pyroclastics (Monger, 1970) t h a t  cover a large  a rea ,  f rom 
t h e  top of t h e  argil l i te unit near Harrison Lake, 10 km west 
t o  the  Chehalis valley and 15 km north t o  Hale  Creek 
(Fig. 75.1). The Harrison Lake volcanics also cover  most of 
Echo Island and make up much of Mount Woodside t o  t h e  
south. The lensoidal na tu re  of t h e  units, lack of abundant 
bedding s t ructures  and high degree  of hydrothermal 
a l tera t ion (especially in t h e  centra l  region) make internal 
s t ra t igraphic  correlation within the  volcanics difficult. 
Crickmay (1925) measured 9240 f e e t  (2816 m) of volcanic 
mater ia l  along the  west shore of Harrison Lake. The flow 
rocks include massive, thick daci te ,  light grey t o  t a n  rhyolite 
and dark green plagioclase porphyry andesite,  which a r e  
locally amygdaloidal (Thompson, 1972). Pyroclastic rocks 
exceed flow rocks in abundance (Monger, 1970) and vary from 
tu f f s  t o  volcanic breccias.  Fossils a r e  r a r e  within t h e  
volcanic sequence of t h e  Harrison Lake Formation, but 
collections made by Crickmay (1925) were  in terpre ted a s  
Middle Jurassic (Crickmay, 1962). 

Echo Island Formation 

Northeast  of Mount McRae  (Fig. 75.1) a thick sect ion of 
finely banded tu f f s  and argil l i tes outcrop which were  called 
Echo Island Formation by Crickmay (1925). Similar rocks a r e  
also found on t h e  southeas t  corner  of Echo Island, where  they  
a r e  in conformable con tac t  with Harrison Lake volcanics, and 
along par ts  of Harrison River. Within t h e  interbedded light 
and dark coloured tuff and argil l i te a r e  r a r e  plagioclase 
porphyry flows and medium grained sandstone beds. The 
flows a r e  up t o  10 m thick and closely resemble t h e  green 
andesite flows of Harrison Lake volcanics. 

Soft-sediment deformation s t ructures  a r e  found locally 
in t h e  interbedded tuff largi l l i te  sequence. Fossils a r e  rare;  a 
single e x  s i tu  Trigonia sp. was found but is  not enough t o  da te  
t h e  sequence. However, Callovian ammoni tes  f rom t h e  
overlying formation suggest t ha t  t he  Echo Island is Middle 
Jurassic,  possibly Bajocian or  Bathonian (?). 

Because this sequence is closely re la ted  t o  Harrison 
Lake volcanics, i t  is be t t e r  described as t h e  Echo lsland 
Member of Harrison Lake Formation (Fig. 75.2). Beds a r e  
commonly lensoidal and t h e  unit is  qui te  variable in thickness 
and lithology. On t h e  southeas t  corner of Echo Island, 
volcanic sandstone is common and some  volcaniclastic beds 
a r e  found but no flows. Northeast  of Mount McRae  t h e  
sequence is  f iner grained and flow rocks a r e  common. 

overlying argil l i te comprise t h e  lower member of t h e  Figure  75.3. Columnar jointing in flows of the  Harrison Lake 
Harrison Lake Formation (Fig. 75.2). Formation near Mount McRae. 
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West toward Chehalis valley exposure i s  poor but volcanic 
rocks seem t o  dominate. The Echo Island Member of 
Harrison Lake Formation marks t h e  waning of Middle 
Jurassic volcanism in t h e  a rea  a s  shown by an increase in 
sediments and a decrease  in volcanics (Crickmay, 19251. 

Atti tudes in t h e  Echo Island Member a r e  highly variable 
and small  sca le  folding is common. The a t t i tudes  of t he  
overlying Mysterious Creek Formation, however, a r e  regular 
and no small  s ca l e  folding is apparent.  This f a c t ,  t h e  lack of 
Bathonian fossils in collections f rom this  area,  and t h e  
absence of Bathonian rocks over much of British Columbia 
(Frebold and Tipper, 1967, p.8; Tipper, personal 
communication, 1985) imply a possible hiatus between t h e  
Harrison Lake Formation (Echo Island Member) and t h e  
overlying Mysterious Creek Formation. 

Mysterious Creek Formation 

The sediments of t he  Mysterious Creek Formation a r e  
mainly grey t o  black shale  and argil l i te with interbedded 
medium grained green sandstone beds near t h e  t o p  of t h e  
section. The format ion underlies t h e  upper reaches of t h e  
Mystery Creek valley (Fig. 75.1) and s t r ikes  west t o  t h e  
Chehalis valley, but exposure is poor. A fossil locali ty 100 m 
north of t h e  Hale Creek bridge on t h e  B.C. Hydro power line 
road yielded ammoni tes  Cadoceras and Paracadoceras,  of 
Callovian age. Ammonites of t he  s a m e  genera were  also 
collected 50 m up from t h e  mouth of Hale Creek. Mysterious 
Creek Formation also outcrops on the  south shore of t h e  
Harrison River (Fig. 75.1) where ammoni tes  of t h e  genus 
Li l loet t ia  were  collected f rom Crickmay's locality 8 
(Crickmay, 1930). Callovian Lilloett ia specimens were  also 
col lec ted f rom locali t ies along Hale  Creek. The sect ion 
south of Harrison River was computed by Crickmay (1925, 
p. 38) t o  b e  2300-2400feet  (701-731.5m) th ick and t h e  
sect ion in Mystery Creek, 2300-2900 f e e t  (701-884 m) thick. 

Bill hook Creek Formation 

The Billhook Creek Formation conformably overlies t h e  
Mysterious Creek. The con tac t  between t h e  t w o  is 
gradational with t h e  green sandstone in t h e  upper sect ion of 
Mysterious Creek being found in Billhook Creek Formation 
interbedded with a very  character is t ic  green volcaniclastic 
rock (Fig. 75.4). The base of t h e  Billhook is placed a t  t h e  
f i r s t  appearance of t h e  volcaniclastic rock. In Mystery Creek 
valley, several  fossil locali t ies were  found within t h e  finer 
grained sandstone lenses of t he  Billhook but fur ther  work is 
required before an exac t  age  is assigned t o  them.  

Figure 75.4. Character is t ic  green volcaniclastic rock of the  
Billhook Creek Formation. 

One locali ty,  however, yielded an abundant collection of 
ammonites.  This locali ty is  equivalent t o  Brookfield's 
locality 1 (Brookfield, 1973) f rom which he  obtained 
Cardioceras martini  and Cardioceras  ? l i l loetense (see  
Callomon, 1984, p. 162). The locality is  on the  west shore  of 
Harrison Lake some  400 m north of t h e  mouth of Hale  Creek 
and the  ammoni tes  a r e  Lower Oxfordian (Brookfield, 1973). 
A locality in argil l i te and tuffaceous  sandstone of t h e  s a m e  
age  (Lower Oxfordian based on Cardioceras)  occur s  on t h e  
southwest shore  of Cascade  Peninsula west of t h e  small  bay 
(Fig. 75.1) (Crickmay's locali ty 24, 1930; Brookfield's 
locality 2, 1973). Crickmay placed those  rocks in his Agassiz 
Pra i r ie  Formation (Crickmay, 1962), however, t h e  discovery 
of Cardioceras  north of Hale Creek indicates  t h a t  t h e  
Peninsula locali ty can  be corre la ted  with t h e  Billhook Creek  
Formation and t h e  t w o  locali t ies simply show rapid fac ies  
changes (Brookfield, 1973). 

A sample  f rom a granodiorite pluton 7 km northwest of 
Weaver Lake col lec ted by J. Monger in 1985 was  da ted  (U/Pb) 
at 160 + 2 Ma  (P. van der Heyden, personal communication, 
1986). This i s  approximately coeval with t h e  volcaniclastic 
rocks of Billhook Creek  Formation. 

Kent  Formation 

Conglomerate,  sandstone and argil l i te beds form t h e  
Kent Formation, which is found in t h e  southern par t  of t h e  
map a r e a  on Mount Agassiz (Fig. 75.1). It res ts  on t h e  
Mysterious Creek Formation and a sect ion measured by 
Crickmay (1925) f rom t h e  Mysterious Creek-Kent  con tac t  t o  
t h e  peak of Mount Agassiz gave a thickness of 3060 f e e t  
(933 m). The conglomerate  of t h e  Kent  is  composed of 
sedimentary c las ts  (argillite, t u f f ,  sandstone) and s o m e  
volcanic c las ts  (probably derived f rom t h e  Harrison Lake 
volcanics) t h a t  a r e  up t o  15 cm across. A notable lack of 
grani t ic  c las ts  indicates tha t  the  plutons within t h e  present 
Coast Mountains t o  t h e  west were  not exposed within t h e  
,provenance of the  Kent  Formation a t  this t i m e  (Brookfield, 
1973). The Kent  represents  a period of uplift and perhaps 
minor orogenic deformat ion which Crickmay named t h e  
Agassiz Orogeny (Crickmay, 1931, p. 46). 

Because no fossils have been found in t h e  Kent ,  t h e  lack 
of grani te  pebbles becomes important  in determining i t s  age.  
The Kent  i s  older than t h e  Early Cre taceous  Peninsula 
Formation, which contains abundant grani te  clasts,  and i t  
res ts  on the  Mysterious Creek Formation and possibly on a 
sliver of Billhook (Crickmay, 1962); i t  is  thus younger than 
Callovian and perhaps younger than Early Oxfordian. 
Brookfield (1973) bracket ted  t h e  age  of t h e  Kent  between t h e  
Upper Oxfordian and Tithonian. 

The Kent  is  overlain by a thick sequence of black 
argil l i tes which Crickmay (1925) called t h e  Agassiz Pra i r ie  
Formation. I ts  age  i s  not known, but i t  i s  assumed t o  be 
younger than t h e  K e n t  Formation. 

Peninsula Format ion 

The Peninsula Formation unconformably overlies t h e  
Billhook Formation west  of Long Island and on t h e  west shore  
of Cascade Peninsula, where  t h e  unconformity is  well 
exposed (Fig. 75.5). The basal grani te  conglomerate  of 
Peninsula Format ion west  of Long Island is easily 
recognizable but c l a s t  s ize  varies great ly  f rom west  t o  east. 
In Chehalis valley, g ran i t e  c las ts  up t o  50 c m  across were  
noted. The s i ze  decreases  t o  20-30 c m  in Mystery Creek 
valley and along t h e  lakeshore,  grani te  c las ts  a r e  small  
(2-3 cm)  and mixed with beach sands and well-rounded c h e r t  
pebbles. This indicates a western  source  f rom the  grani t ic  
bodies within t h e  present Coast Mountains, which must have 
been exposed in t h e  l a t e s t  Jurassic or ear l ies t  Cretaceous  in 
order  t o  supply t h e  grani te  c las ts  t o  t h e  conglomerate.  



Figure 75.5. Jura-Cretaceous  unconformity on southwest 
shore of Cascade Peninsula. Lower Oxfordian Cardioceras  
collected f rom cleaved argil l i tes beneath Middle Berriasian 
calcareous sands containing grani te  and limestone clasts.  

The age  of the  Peninsula Formation was determined by 
Crickmay (1925) a s  ear ly  Neocomian based on t h e  bivalve 
Buchia, which is found within this format ion in vast  numbers. 
Specimens collected by t h e  wri ter  were  studied by 
J.A. Je le tzky and an age  of Lower Berriasian t o  Lower 
Valanginian was assigned to  them (Je le tzky,  personal 
communication, 1986). Belemnites a r e  also common. 

Sandstone in t h e  lower sect ion of t h e  Peninsula 
Formation is medium- t o  coarse-grained, moderate ly  t o  well 
sor ted  and have a granitic source.  The lithology, sorting and 
fauna, a s  well a s  abundant carbonized wood debris in the  
sandstones indicate a beach environment for deposition. The 
upper sect ion of sandstone, however,  i s  darker and commonly 
tuffaceous.  Buchia-rich layers a r e  more  common and t h e  
uppermost part  of t he  formation is marked by a Buchia 
coquina several me t re s  thick. This increase in tuffaceous  
mater ia l  marks the  beginning of the  second major volcanic 
episode in t h e  area.  

Brokenback Hill Formation 

Conformably overlying t h e  Buchia coquina bed of the  
Peninsula Formation a r e  crys ta l  tuf fs  and volcanic 
conglomerates (Fig. 75.6) of t h e  Brokenback Hill Formation. 
It covers a large  a rea  in t h e  northern par t  of t h e  map  a r e a  up 
t o  t h e  Doctor's Point pluton (Fig. 75.1). I t  also forms 
Brokenback Hill, west of Long Island, and outcrops on t h e  
southwest shore of Long Island as well as the  eas tern  side of 
Cascade Peninsula. 

The lower part  of t h e  sect ion is composed of green 
crys ta l  tuf f ,  volcanic conglomerate  and tuffaceous sandstone, 
which give way t o  volcanic flows, pyroclastics, argil l i te and 
sandstone in t h e  upper reaches of t h e  formation. Buchia 
(B. crassicollis, B. keyserlingi) and ammoni te  (Homolsomites 
quatsinoensis) specimens col lec ted f rom t h e  southeas t  t i p  of 
Cascade Peninsula indicate  an  Upper Valanginian age  
('Jeletzky, personal communications,  1986). In t h e  a r e a  4 t o  
8 k m  west-northwest of t h e  north t ip  of Long Island, 
Homolsomites cf.  packardi and Inoceramus paraketzovi,  
which a r e  Lower Hauterivian (Je le tzky , personal 
communication, 1986), were  collected f rom tuffaceous  
sandstone. North of this area ,  fossils become sca rce  but an 
ammoni te  collected f rom locally derived f loat  (Ray et al., 
1985) near the  Doctor's Point pluton indicates a Middle 
Albian age  (Tipper, personal comrn\~nicat ion,  1985). 

Figure 75.6. Volcanic conglomerate f rom lower section of 
Brokenback Hill Formation. 

S t ruc tu re  

The dominant s t ructura l  f ea tu re  in t h e  region is  t h e  
Harrison Faul t  Zone (Fig. 75.1). West of t h e  f au l t  is t h e  
relatively undeformed Middle Triassic t o  Middle Albian 
section just described. On t h e  eas t  side of t h e  f au l t ,  highly 
deformed rocks with a regular foliation and metamorphic  
rocks of greenschist  g rade  a r e  present (Monger, 1986). The 
Harrison Faul t  Zone is  marked by highly sheared rocks, which 
commonly contain s t r e t ched  conglomerate  pebbles and 
bivalves. 

St ructures  on the  west side of Harrison Lal<e a r e  less 
distinctive. In t h e  southern pa r t  of t h e  m a p  area ,  broad 
domes a r e  t h e  dominant f ea tu re ,  with many of t h e  
topographic highs (Mount Keenan, Mount Klaudt) forming t h e  
locus of t hese  domal s t ructures  (Thompson, 1972). Faults 
within t h e  Harrison Lal<e Formation a r e  difficult  t o  
distinguish in t h e  field; however, airphotos show t h e  presence 
of severa l  l inears (one is  shown in Fig. 75.1), which t rend 
northwest-southeast. Displacement on these  f au l t s  i s  not 
known but i t  is  thought t o  be  relatively minor 
(Crickmay, 1925). 

To t h e  north, t h e  formations overlying t h e  Harrison 
Lake Formation a r e  gently warped in to  a broad syncline and 
ant ic l ine  (Fig. 75.1), which plunge towards  t h e  northeast .  
The t i m e  of folding is not known, but is  possibly concurrent 
with Harrison Fault .  At the  lakeshore,  Billhook Creek,  
Mysterious Creek and Peninsula format ions  s t r ike  west and 
thei r  dip i s  vertical .  On Long Island, only 1 km t o  t h e  eas t ,  
t h e  beds of t h e  Brokenback Hill Formation dip 45' towards 
t h e  nor theas t  and t h e r e  is  no t r a c e  of t h e  o the r  t h r e e  
formations.  To account  for  this,  a f au l t  has been placed 
between t h e  two  locations. Several o ther  faul ts  cu t  t he  
format ions  northwest of this area.  

The unconformity between Billhook Creek  and 
Peninsula format ions  (Fig. 75.2) i s  important  because i t  
marks a period of significant uplift whereby plutons from a 
s i t e  within t h e  Coast Mountains could be unroofed by t h e  
Lower Berriasian in order t o  supply grani t ic  mater ia l  t o  t h e  
basal conglomerate  of t h e  Peninsula Formation. During th is  
uplift  in L a t e  Jurass ic  (post-Callovian) t ime,  t h e  Kent 
conglomerate  was deposited marking Crickmay's Agassiz 
Orogeny. This uplift can be compared with t h e  inferred L a t e  
Oxfordian t o  early Kimmeridgian uplift of t h e  Taseko Lakes 
a rea ,  which l ies t o  t h e  north (Je le tzky and Tipper, 1968; 
Brookfield, 1973). 



Brookfield (1973) fe l t  that the Kent conglomerate 
simply indicated uplift, whereas Crickmay (1931) fe l t  
orogenic deformation also occurred, and used the  name 
Agassiz Orogeny. On t h e  southwest corner of Cascade 
Peninsula the  Cardioceras-bearing argillite of Billhook Creek 
Formation (Fig. 75.4) is strongly cleaved but the  overlying 
Peninsula Formation lacks this cleavage. Monger (personal 
communication, 1985) noted the same relationship a t  an 
outcrop along the northwest shore of the Cascade Peninsula. 
This cleavage beneath the Jura-Cretaceous unconformity 
indicates that some degree of deformation did occur 
following the  Lower Oxfordian. This would lend some 
credibility to  Crickmay's Agassiz Orogeny, although the 
orogenic event seems to have been relatively minor. 

Regional correlations 

Numerous correlations between the rocks in the  map 
area with other rocks in southwestern British Columbia and 
northwestern Washington have been proposed. The Camp 
Cove Formation was once correlated with the  lower section 
of the Cultus Formation south of the Fraser River (Monger, 
19701, however, the  Middle Triassic age for the  Camp Cove 
makes this correlation less certain. The Harrison volcanics 
can possibly be correlated with the  few outcrops of volcanic 
rock in the Cultus Formation, with the volcanics of the 
Dewdney Creek Group (O'Brien, 19861, which lay t o  the east ,  
and with the Middle Jurassic Wells Creek volcanics just north 
of Mount Baker in Washington (Misch, 1966; Monger, 1970). 

The age of the black argillite of the Agassiz Prairie 
Formation, which overlies t h e  Kent Formation, is not known. 
It was, however, deposited sometime in the  Late Jurassic and 
can probably be correlated with t h e  Oxfordian black shale 
near Slesse Creek included by Monger (1970) in the Cultus 
Formation, the  lower section of the  Nooksack Group of 
Washington, the lower part of the Fire Lake Group near the 
north tip of Harrison Lake, and possibly the upper section of 
Dewdney Creek Group t o  the east (Monger, 1970). 

The Lower Cretaceous Peninsula and Brokenback Hill 
formations contain an abundant Buchia fauna which Jeletzky 
(1965) used in correlating t h e  two formations with parts of 
t h e  Nooksack Group t o  the  south. The two formations have 
also been correlated with parts of t h e  Fire Lake Group 
(Roddick, 1965; Monger, 1970). The upper section of the 
Brokenback Hill Formation, around Doctor's Point, may 
represent a lateral equivalent of the Gambier Group, which is 
found t o  the  west along the  coast (Ray e t  al., 1985). 
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Abstract 

Volcaniclastic rocks of the Telkwa Formation (of the Hazelton Group) fo rm the western margin 
of the Intermontane Belt  near Terrace, B.C., and are cut by intrusions of the Coast Plutonic 
Complex. These rocks outcrop for 25 k m  i n  the dip direct ion of a moderately eastward dipping 
homoclinal succession. 

Development I& a gross volcanic stratigraphy wi th in  the map area is based on the recognition o f  
(a) mineralogical and compositional trends and (b) rare, but dist inct ive and widespread tephras. 
Hydrothermal metamorphism to  zeolite and prehnite-pumpellyite facies is strat igraphical ly 
controlled, and depends upon both bulk rock composition and depth o f  burial. Zeol i te facies 
metamorphism predominates in  the upper felsic portions of the stratigraphy, while prehnite- 
pumpellyite-epidote is found in  the generally more basic rocks of the lower half  of the sequence. 

Westward-directed imbricate thrusts i n  the west, and rotated block faults i n  the centre and east 
o f  the map area resulted i n  the repeti t ion o f  the observed stratigraphy. The undisturbed Telkwa 
section may have been as th ick as 6 or 7 km. 

Les roches volcanoclastiques de l a  formation de Telkwa (du groupe de Hazelton) forment l a  
l im i te  ouest de la  zone Intermontane, pr6s de Terrace (C.-B), e t  sont coupkes par des intrusions du 
Complexe plutonique cbtier. Ces roches aff leurent sur une longueur de 25 k m  dans l a  direction du 
pendage dtune succession homoclinale dont l a  pente slincline 16g6rement vers ltest. 

L e  developpement dlune stratigraphie volcanique grossiere B I t int6r ieur de la  region 
cartographiee est bas6 sur l a  reconnaissance, a) de tendances min6ralogiques e t  de compositions, et, 
b) de projections volcaniques (tephra) rares mais distinctes e t  repandues. L a  stratigraphie contrdle l e  
degr6 de m6temorphisme hydrothermique, du facies b zeolites B celui B prehnite e t  B pumpellyite, e t  
d6pend b l a  fois de la  composition de l a  roche en vrac et  de l a  profondeur de son enfouissement. L e  
m6tamorphisme du faci6s b zeolites predomine dans les parties supkrieures felsiques de l a  
stratigraphie, tandis qu'un facies d prehnite et  b pumpellyi te avec Bpidote se trouve dans les roches 
g6nkralement plus basiques de l a  part ie inferieure de ce t te  sequence. 

A Itouest, des pouss6es imbriqu6es orientees vers Itouest, e t  des blocs fai l les pivotes dans l e  
centre e t  I1est de l a  region cartographiee, ont entraPn6 une repeti t ion de l a  stratigraphie observee. 
L a  section non perturbee de Telkwa avait  probablement une 6paisseur de 6 B 7 km. 

Department o f  Geology and Geophysics, Universi ty o f  Calgary, Calgary, A lber ta T2N 1N4 



Introduction 

Recent  remapping of t h e  Terrace  
(NTS 1031 east half) m a p  a r e a  by 
Woodsworth et al. (1985) has produced a 
s t ra t igraphic  subdivision of t h e  Mesozoic rocks 
consistent with tha t  in common use in west- 
centra l  B.C. (Tipper and Richards, 1976). The 
stratigraphy is  dominated by t h e  Upper Triassic 
t o  Middle Jurass ic  Hazelton Group, a thick 
volcanic sequence. In Terrace  map  a rea ,  t h e  
Hazelton Group is itself dominated by t h e  
Howson subaerial  fac ies  (Tipper and 
Richards, 1976) of t h e  Telkwa Formation. 
These rocks a r e  mainly subaerial  volcanics with 
thick (20-200 m) epiclastic sequences. 

This preliminary description of t h e  
Telkwa Formation in t h e  Te r race  a r e a  is based 
on fieldwork done in 1984 and 1985, mainly on a 
well exposed section south of t h e  Copper 
(Zymoetz) River west of t h e  Clore  River 
(Fig. 76.1 and 76.2) on NTS maps 103118 and 
93L/5. Equivalent rocks have been studied in 
detail  near Smithers (Dudley, 1983; Tipper and 
Richards, 1976) where  thickness es t imates  of 
2-2.5 km have been made. Within t h e  study 
a rea ,  however, t h e  Telkwa Formation and 
related volcanics a t t a in  a thickness of 6 km. 
These rocks outcrop a s  a moderately dipping 
homoclinal succession fo r  25 krn in thei r  dip 
direction. 

Stratigraphy 

The oldest  rocks observed within t h e  a r e a  
a r e  Paleozoic (mainly or  ent i re ly  Lower 
Permian) carbonates  and underlying che r t s  and 
volcaniclastics(?). These a re  unconf ormably 
overlain by Upper Triassic (?) and Lower 
Jurassic volcanics of t h e  Telkwa Formation 
(Woodsworth e t  al., 1985). The Telkwa 
Formation has been subdivided in to  four 
members primarily on t h e  basis of textura l ,  
mineralogical, and depositional fac ies  
differences.  

Paleozoic t tbasementtt  rocks 

The Mesozoic volcaniclastic rocks res t  
unconformably a top,  or a r e  juxtaposed with, 
Paleozoic volcanic and sedimentary s t r a t a .  

Figure 76.1. Location map. The a rea  
indicated by the  rec tangle  is shown in 
Figure 76.2. 
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The most  c o m m o n  unconformable  assoc ia t ion  is b e t w e e n  
mass ive  Lower  Permian  c a l c a r e n i t e s  and  over ly ing  
c o n g l o m e r a t e s ,  a l though Tr iass ic  a rg i l l i t es  a r e  also r a r e l y  
observed  a t  t h e  M esozoic-Pa leozoic  c o n t a c t .  

An i n d e t e r m i n a t e  th ickness  of highly d e f o r m e d  c h e r t ,  
pe l i t i c  c h e r t ,  and subl i tharen i tes  a r e  presen t  a b o u t  7 km 
s o u t h e a s t  of M t .  A t t r e e  (Fig. 76.2). There ,  p lanar  bedded,  
pyri t ic ,  muddy c h e r t  g rave l  and  sand  g r a d e  upwards  o v e r  
a b o u t  10 m through c a l c a r e n i t e  wi th  pebbles outl ining 
crossbedding;  i n t o  pure,  foss i l i fe rous  l i m e s t o n e  wi th  
in te rbedded  c h e r t ;  and f inal ly m a s s i v e  l imes tones  wi th  ash  
and lapilli i n t e r b e d s  (up t o  2 0  c m  th ick) .  

A typ ica l  s e c t i o n  of P e r m i a n  c a r b o n a t e s  c o m p r i s e s  a 
lower  a rg i l laceous  p a c k a g e  (250 m )  a n d  a n  upper ,  t h i c k  
bedded c a l c a r e n i t e  (300 o r  m o r e  m ;  Monger ,  1977). 

Basal C o n g l o m e r a t e  (15- 100 m )  

J u s t  nor th  of t h e  i m m e d i a t e  m a p  a r e a  t h e  Te lkwa 
F o r m a t i o n  r e s t s  a t o p  Tr iass ic  a rg i l l i t e .  In m o s t  p laces ,  
however ,  t h e  b a s e  of t h e  Te lkwa F o r m a t i o n  is  a c o n g l o m e r a t e  
res t ing  unconformably  a t o p  t h e  P e r m i a n  unit  ( t h e  Tr iass ic  
e i t h e r  never  having been  presen t ,  o r  having been  r e m o v e d  by 
L a t e  Tr iass ic /Ear ly  J u r a s s i c  erosion). T h e  c o n g l o m e r a t e  i s  
15-100 m th ick  and  is composed  of P e r m i a n  c a r b o n a t e  blocks 
u p  t o  2 by 0.5 m,  but  normally less  t h a n  2 0  c m  across .  T h e  
m a t r i x  c o n t a i n s  iron oxide  s t a i n e d  c a r b o n a t e  c e m e n t  and  
volcanic debris .  

Blocks of s o f t  s e d i m e n t  d e f o r m e d  Upper  Tr iass ic  
(Karnian) a rg i l l i t e  (up t o  3 m across )  o c c u r  within t h i s  basa l  
m e m b e r  e l s e w h e r e  in t h e  T e r r a c e  m a p  a r e a  (Woodsworth,  
persona l  communica t ion ,  1984). T ipper  and R i c h a r d s  (1976) 
cons idered  t h e  Te lkwa F o r m a t i o n  t o  b e  P l iensbachian  t o  
Sinemurian.  The  probabil i ty t h a t  s o m e  of t h e  basa l  T e l k w a  i n  
t h e  T e r r a c e  m a p  a r e a  is L a t e  Tr iass ic  ra i ses  a s t r a t i g r a p h i c  
problem not  resolved by t h e  p r e s e n t  work.  

Lower M e m b e r  

The lower  m e m b e r  is  b e t w e e n  0.75 a n d  1.5 k m  t h i c k  a n d  
is composed  of a g g l o m e r a t e  and b r e c c i a  w i t h  s u b o r d i n a t e  tu f f  
and  flows. The  m o s t  s t r ik ing  c h a r a c t e r i s t i c  of th i s  un i t  is  t h e  
a b u n d a n c e  of pyroxene  phenocrys t s  (and t o  a lesser  e x t e n t ,  
hornblende,  espec ia l ly  near  t h e  top)  compr is ing  as m u c h  a s  
30% or  m o r e  of t h e  sample .  

Middle  M e m b e r  

The  middle  m e m b e r  is  b e t w e e n  2.5 a n d  3.5 km th ick .  I t  
is  a highly var iab le  a s s e m b l a g e  of b r e c c i a ,  tu f f  a n d  f lows.  
Epic las t ic  units  (20-50 m th ick)  a r e  also a n  i m p o r t a n t  
c o n s t i t u e n t .  Bladed-feldspar porphyry f lows  a r e  widespread  
(feldspars 2 t o  3 c m  long). Flows a r e  typ ica l ly  1-3 m th ick ,  
and c o m p o s i t e  f lows r e a c h  5 5  m in  th ickness .  A m a u v e  
i g n i m b r i t e  in  t h e  c e n t r a l  p a r t  of t h e  middle  m e m b e r  i s  a 
conspicuous m a r k e r  horizon.  It is  typ ica l ly  1 5  t o  4 5  m t h i c k ,  
and conta ins  s t rongly  f l a t t e n e d  purp le  p u m i c e  blocks up t o  
80 c m  across .  In a very g e n e r a l  s e n s e ,  i t  s e p a r a t e s  a m o r e  
bas ic  lower  s t r a t i g r a p h y  f r o m  m o r e  fe l s ic ,  younger volcanics.  

Upper M e m b e r  

The  upper m e m b e r  t y p e  s e c t i o n  i s  l o c a t e d  on  t h e  e a s t  
s ide  of t h e  C l o r e  River  (Fig. 76.2). T o t a l  th ickness  of t h i s  
unit  is  g r e a t e r  t h a n  a b o u t  0.75 km. I t  is  dist inguished by a 
s e q u e n c e  of bedded si l t -  t o  gravel-sized e p i c l a s t i c s  (210 m); 
over la in  by red ,  z e o l i t i z e d  l i t h i c  lapilli and  v i t r i c  a s h  t u f f s  
(190 m); a zeo l i t i zed ,  q u a r t z  and  fe ldspar  r ich (15  a n d  50% 
respec t ive ly)  c r y s t a l  a s h  tu f f  (115 m); and  6 5  m of g r e y  
dac i te .  

The  d a c i t e  i s  l a t e r a l l y  e x t e n s i v e ,  t h e r e b y  c o n s t i t u t i n g  a 
good m a r k e r  horizon.  It i s  f e l d s p a r  r ich ,  c o n t a i n i n g  s p a r s e  
l i th ic  lapil l i  f r a g m e n t s  and f l a t t e n e d  fe ldspar  r ich  p u m i c e  
blocks (15  c m ) .  L o c a t e d  2 5  m f r o m  t h e  b o t t o m  of t h e  d a c i t e  
is  a 5 m th ick  r e d  l i t h i c  a s h  tu f f  which i s  a l s o  l a t e r a l l y  
continuous.  A t o p  t h e  g r e y  d a c i t e  is  r e c e s s i v e  l i t h i c  a s h  tu f f  
wi th  beds  s e v e r a l  c e n t i m e t r e s  t o  1.5 m t h i c k .  A well  
indura ted  and  banded  (welded?) fe ldspar  c r y s t a l ,  v i t r i c  ash  
tu f f  (15 m )  i s  inc luded  f o r  a c o m p o s i t e  th ickness  of 125  m. 

Lithology of t h e  t o p m o s t  p a r t  of t h e  upper  m e m b e r  
d i f f e r s  b e t w e e n  t h e  nor th  and  s o u t h  e n d s  of t h e  r idge  e a s t  of 
t h e  C l o r e  River .  On t h e  n o r t h  e n d  t h e r e  a r e  m o r e  t h a n  100 m 
of s i l i ceous  muds tones ;  o n  t h e  s o u t h  end ,  l ahars ,  tu f f  a n d  r a r e  
fe ldspar  porphyry f lows a r e  presen t .  Upwards  in s e c t i o n  
t h e s e  l i thologies a p p e a r  t o  give way t o  well  b e d d e d  l i t h i c  
lapilli and  ash  t u f f s  which m a y  be  r e l a t e d  t o  t h e  R e d  Tuff 
m e m b e r  (Nilki tkwa F o r m a t i o n )  of Tipper (1976). 

R o c k s  shown a s  t h e  R e d  Tuff m e m b e r  by Tipper  (1976) 
a r e  poorly exposed  w h e r e  m a p p e d  (Fig. 76.2) s o  t h a t  th ickness  
is only c rude ly  e s t i m a t e d  at 200-500 m. 

Ashman F o r m a t i o n  

A t  t h e  t o p  of t h e  vo lcan ic las t ic  s e c t i o n  a r e  r o c k s  of t h e  
Ashman F o r m a t i o n  (Tipper,  1976). T h e s e  a r e  th in ly  bedded 
(2-20 c m )  a rg i l laceous  s i l t s t o n e s  t o  g l a u c o n i t i c  s a n d s t o n e s  
wi th  p a c k s t o n e  horizons composed  of pe lecypods  (notably 
Trigonia) ,  brachiopods,  and  a m m o n i t e  hash. A m m o n i t e s  
c o l l e c t e d  f r o m  t h a t  horizon a r e  Middle Bathonian  t o  Early 
Cal lov ian  based  on  pre l iminary  i d e n t i f i c a t i o n  of L i l l o e t t i a  
and  X e n o c e p h a l i t e s  by R.L. Hal l  a t  t h e  Univers i ty  of Calgary .  

C h a n g e s  i n  t h e  o r i e n t a t i o n  of bedding f r o m  be low t o  
a b o v e  t h e  c o n t a c t  m a y  b e  d u e  t o  a n  angular  unconformi ty .  
However ,  abundant  s l ickensided f r a c t u r e s  wi th in  t h e  vo lcan ic  
t u f f s ,  a s  well  a s  s l ightly undula tory  bedding in t h e  m a r i n e  
s e d i m e n t s ,  point  t o  a f a u l t e d  c o n t a c t .  

A l t e r a t i o n  a n d  m e t a m o r p h i s m  

A l t e r a t i o n  wi th in  t h e  vo lcan ic  rocks  is  widespread .  
Glass  and  pr imary  f e r r o m a g n e s i a n  m i n e r a l s  (notably ol ivine)  
h a v e ,  in  g e n e r a l ,  b e e n  t o t a l l y  a l t e r e d .  In t h e  lower  m e m b e r ,  
pyroxene  a n d  r a r e l y  hornblende  h a v e  survived.  Highly 
i n d u r a t e d  l i tho logies  such  a s  f lows  a r e  m o s t  a p t  t o  c o n t a i n  
surviving f e r r o m a g n e s i a n  minera l s .  Even  s o ,  o l iv ine  c a n  only 
b e  i n f e r r e d  t o  h a v e  e x i s t e d  f r o m  t h e  p r e s e n c e  of idd ings i te  
pseudomorphs.  T h e  e f f e c t s  of a l t e r a t i o n  on  t h e  m i n e r a l s  
m a k e s  i t  v e r y  d i f f i c u l t  t o  a c c u r a t e l y  c lass i fy  m o s t  f low and 
pyroc las t ic  un i t s  e x c e p t  on  a t e x t u r a l  basis. 

H y d r o t h e r m a l  m e t a m o r p h i s m  t o  z e o l i t e  and  prehni te -  
pumpel ly i te  f a c i e s  a p p e a r s  t o  b e  regionally deve loped .  F ie ld  
e v i d e n c e  i n d i c a t e s  t h a t  f a c i e s  d i s t r ibu t ion  is  in  p a r t  d e p t h  
r e l a t e d .  In g e n e r a l ,  t h e  m a u v e  i g n i m b r i t e  m a r k s  a n  upwards  
c h a n g e  f r o m  prehni te -pumpel ly i te  t o  z e o l i t e  fac ies .  This 
c h a n g e  n o t  only r e p r e s e n t s  a d e c r e a s e  in  d e p t h - r e l a t e d  
p r e s s u r e  and  t e m p e r a t u r e ,  bu t  a l s o  a c h a n g e  t o  m o r e  a c i d i c  
compos i t ions  higher in  t h e  s t r a t i g r a p h y .  

In t h e  c o n t a c t  aureo les  of M e s o z o i c  s t o c k s  and  l a r g e  
T e r t i a r y  apophyses ,  rocks  of a lb i te -ep idote  hornfe l s  and  
g r e e n s c h i s t  f a c i e s  a r e  found.  Where  P e r m i a n  c a r b o n a t e s  a r e  
wi th in  2 km of in t rus ive  c o n t a c t s  a well  deve loped  s k a r n  
a s s e m b l a g e  (grossular ,  t r e m o l i t e ,  e p i d o t e ,  ? diopside)  i s  
deve loped ,  a n d  m a y  loca l ly  h o s t  l enses  ( 5  c m  t h i c k )  of 
c h a l c o p y r i t e .  

S t r u c t u r e  

D e f o r m a t i o n  wi th in  t h e  m a p  a r e a  is  d o m i n a t e d  by 
t h r u s t  f a u l t i n g  in  t h e  w e s t ,  and block f a u l t i n g  in  t h e  e a s t .  
Wes tward-d i rec ted  t h r u s t  f a u l t s  i n t e r l e a v e  P e r m i a n  



l imestones with lower member  volcanics. About 6.5 km 
southeas t  of Mt.  A t t r ee ,  t h e  thrus t  plane is outl ined by 2 m 
of chlor i te  schist  and a foliation is  developed in a zone 
subparallel  t o  both t h e  intrusive con tac t  and t h e  faul t  plane. 
Within th is  zone,  greenschist  fac ies  rocks a r e  present; these  
contain sheared carbonate  lenses more  than  5 m across.  

Aphophyses f rom grani t ic  dykes re la ted  t o  Ter t iary  
granit ic bodies commonly show no chilled contac ts ,  perhaps 
indicating t h a t  moderately high t empera tu re  existed within 
t h e  country rocks prior t o  dyke intrusion. Although t h e  
e f f e c t  is probably a result  of t he  advancing thermal  front 
associated with a la rge  intruding body, i t  is obvious f rom 
thrus t  faul ts  c rosscut  by t h e  intrusion t h a t  t h e  volcanic rocks 
were  subjected t o  an ear l ie r  deformation.  These dissected 
thrus t  faul ts  ac t ed  a s  pathways for fluids associated with t h e  
grani tes  and now host a well developed skarn assemblage.  
The thrus ts  appear t o  have been ro ta ted  in to  the i r  present 
position, dipping steeply t o  t h e  eas t .  This ro ta t ion  may be  
coincident with format ion of t h e  homocline t h a t  
character izes  t h e  regional s t ruc ture .  Minor anti thetic(?) 
block f au l t s  c rosscut  t h e  t h rus t  planes. 

Block f au l t s  also r epea t  t h e  s t ra t igraphic  section,  a s  
c a n  be  seen  f rom t h e  repet i t ion  of t h e  grey  d a c i t e  marker  on 
t h e  ridge e a s t  of t h e  C lo re  River (Fig. 76.2 and 76.3). 
Detailed mapping shows t h a t  th is  repet i t ion  was  produced by 
normal fault ing (or high angle r eve r se  faul t ing  if deformat ion 
was  pre-structural  tilting). Similarly, block faul t ing  r epea t s  
t h e  mauve ignimbrite marker  within t h e  cen t r a l  par t  of t h e  
m a p  area .  Two major block f au l t s  with a s t ra t igraphic  throw 
of some  5 km divide t h e  m a p  a r e a  i n to  thirds and result  in t h e  
repet i t ion  of major s t ra t igraphic  subdivisions. In th is  
in terpre ta t ion ,  t h e  faul ts  a r e  thought t o  be  block f au l t s  
ra ther  than thrusts because  no evidence fo r  t h e  l a t t e r  was 
found. 

The the rma l  metamorphic  halo associated with a L a t e  
Cretaceous  diorit ic s tock about  14 km e a s t  of Mt .  A t t r e e  
a f f ec t s  t h e  rocks on both sides of t h e  westernmost  major 
block faul t .  This suggests t h a t  fault ing predated  Cretaceous  
intrusion. In addition, t h e  intrusive body likely uti l ized t h e  
s t ruc tura l ly  weakened zone during emplacement .  

Summary and conclusions 

The Lower Jurass ic  Telkwa Format ion and re la ted  units 
form a modera te ly  east-dipping homocline, and ou tc rop  f o r  
25 km in the i r  dip direction.  The volcanic pile can  be  
subdivided in to  basal, lower,  middle, and upper members.  

CLORE RIDGE 

Fiqure  76.3. East-west cross-section of t h e  ridqe eas t  of 

Prehnite-pumpellyite f ac i e s  metamorphism dominates  t h e  
lower volcaniclastics whereas  zeol i tes  a r e  developed in t h e  
upper par ts  of t h e  volcanic package. 

In t h e  field a r ea ,  t h e  Telkwa Format ion consists of 
pyroclastics (60-70%), f lows (20-30%), and epiclastics 
(10-20%) (Fig. 76.4). The to t a l  thickness of 6 km is not  
geologically unreasonable. For example ,  11.3 km of volcanic 
derived rocks (10% pyroclastics,  90% volcanic sand and 
si l tstones) a r e  found in t h e  Southland Syncline of New 
Zealand (Boles and Coombs, 1977). Fur thermore ,  t h e  
Karmutsen volcanics on Vancouver Island fo rm a volcanic pile 
5.5 km thick (Surdam, 1973). 

Deformation is dominated by west-directed thrus ts  in 
t h e  wes t ,  and by block faul ts  in t h e  ea s t e rn  par t  of t h e  m a p  
a rea .  Thrusts in ter leave  t h e  lower member  with Permian 
carbonates .  Block f au l t s  produce apparent  repet i t ions  of t h e  
volcanic s t ra t igraphy causing t h e  6 km sect ion  t o  outcrop 
across  t h e  m a p  a r e a  despi te  highly consis tent  dips t o  
t h e  eas t .  

DEPTH 
km 

0 

t h e  Clore  River (line 6-6' on Fig. 76.2).  he style  of 
deformat ion is dominated by block faulting. Grey dac i t e  Figure  76.4. Stylized s t ra t igraphic  column showing the  
marker  is a resistant horizon forming the  ridgetops. Pa t t e rns  relationship between the  volcaniclastics and adjacent  
a r e  t he  s ame  a s  on Figure 76.2. lithologies. Pa t t e rns  a r e  t he  s ame  as.for Figure 76.2. 
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Abstract 

Temperatures and pressures calculated using mineral microprobe analyses on samples col lected 
f rom the Quesnel Lake area agree in  general w i t h  the isograds drawn on published maps. I n  the 
Ogden Peak and Mt .  Watt areas (kyanite-staurolite grade) temperatures range f rom 530 t o  570°C and 
pressures f rom 6 to  7 kbar. I n  the Mt. Wotzke area, however, calcareous lithologies yield 
temperatures o f  about 613OC, considerably higher than the garnet grade indicated on the map. 
Pel i t ic  l ithologies which have clearly reached si l l imanite grade yield temperatures o f  about 515OC 
which are too low, presumably as a result of retrogression or resetting. 

Les temperatures et  les pressions d'bchantillons preleves dans l a  region du lac Quesnel, 
calculr4es b I'aide d'analyses effectuees au moyen d'une microsonde min6rale, correspondent en 
general aux isogrades du rnetarnorphisme indiqugs sur les cartes publiees. Dans l a  region du pic 
Ogden et  celle du rnont Watt (degre du cyanite et  staurolite), les ternpdratures varient de 530°C A 
570°C et  les pressions, de 6 A 7 kbar. Dans la  region du mont Wotzke cependant, les l ithologies 
calcaires donnent des temperatures d'environ 613OC, soit  beaucoup plus 6lev6es que cel le de l a  roches 
grenati fbre indiquee sur l a  carte. Les lithologies pelit iques ayant manifestement at te in t  le  degre de 
si l l imanite donnent des temperatures d'environ 515OC qui sont trop basses, vraisemblablement suite b 
des episodes de regression ou de nouvelle compaction du sol. 

Department of Geological Sciences, University of Bri t ish Columbia, Vancouver, B.C. V6T 284 



Introduction 

The northernmost par t  of t h e  Shuswap Complex has  
been t h e  focus of much field mapping in r ecen t  years. This 
includes work by the  Geological Survey (e.g Campbell  and 
Campbell, 1969; Campbell, 1978; Struik, 1983) a s  well  as a 
large  number of Ph.D and M.Sc theses both completed and 
under way a t  t h e  University of British Columbia 
(e.g. Getsinger, 1985; Fletcher,  1972; Engi, 1984; 
Pigage, 1978; Montgomery, 1985; Fillipone, 1985, and others). 
These studies have, by necessity, concentra ted  on the  
stratigraphy and s t ructure  of t he  a reas  involved. It is now 
considered appropriate to  a t t e m p t  a synthesis of t he  
metamorphic history. 

This study was begun with t h e  collection of samples 
f rom four a reas  between the  east and north a r m s  of Quesnel 
Lake (Fig. 77.1). These locali t ies a r e  referred t o  he re  a s  
Ogden Peak area ,  Mt. Watt  area ,  Northwest Mt. Wotzke area ,  
and Northeast  Mt. Wotzke area. These a reas  fill in a sample 
gap  between the  Three Ladies Mountain (Getsinger, 19851, 
Penfold Creek (Fletcher,  1972) and Niagara River 
(Engi, 1984) and the  a reas  t o  the  south studied by 
Montgomery (1985; Fig. 77.1) and Pigage (1978). 

Field observations 

The a reas  sampled have been mapped by 
Campbell (1978) and Struik (1983). The s t ra t igraphic  t e rms  
used a r e  those defined by Struik. 

Ogden Peak a r e a  

Struik (1983) assigned t h e  rocks of t h e  Ogden Peak a r e a  
(Fig. 77.2a) t o  t h e  Downey succession of t h e  Snowshoe Group. 
A t  Ogden Peak t h e  rocks a r e  thinly interlayered, si lvery grey 
or  green peli t ic t o  psammitic schist ,  grey t o  pink quar tz i te ,  
buff calcareous schist  and marble and dark green 
amphibolite. Campbell (1978) drew the  kyanite-staurolite 
isograd through t h e  Ogden Peak a rea  (Fig. 77.1). The peli t ic 
t o  psammitic schist  consist of quar tz ,  bioti te,  garnet  ? 
muscovite + feldspar + staurolite + kyanite. The qua r t z i t e  
is commonly micaceous (bioti te + muscovite). Fine grained 
garnet  occurs  in some  layers. The calcareous schist  consists 
of carbonate  and white mica  and t h e  amphibolite contains 
amphibole, feldspar ? garnet.  Only a f ew outcrops contain 
s taurol i te  and only one mesoscopic occurrence  of kyani te  was  
found in t h e  present study. While this conf i rms Campbell 's  
(1978) location of the  isograd i t  suggests t h a t  t he  incoming of 
s taurol i te  ? kyanite may be  very  sensit ive t o  t h e  bulk rock 
composition. The distribution of mineral occurrences  does  
not permit  t h e  definition of metamorphic gradient across  t h e  
a r e a  studied. 

Mt. Watt  a r e a  

Struik (1983) indicated t h a t  t h e  Pleasant Valley f au l t  
outcrops on Mt. Watt  (Fig. 77.2b) separating t h e  Barkerville 
Terrane below from over thrus t  Cariboo Terrane. The 
Barkerville Terrane rocks on Mt. Watt  belong t o  t h e  Bralco 
succession of t h e  Snowshoe Group and t o  undivided Paleozoic 
Snowshoe Group. The Cariboo Terrane rocks on Mt. Wat t  a r e  
lithologies character is t ic  of the  Isaac and Cunningham 
formations. The Bralco succession lies directly on t h e  
Downey succession (Fig. 77.2b) with a thick marble  unit, t he  
Bralco Marble (PB), a t  i t s  base. This is  overlain by a peli t ic t o  
calcareous schist  with some amphibolit ic layers and is  in turn  
overlain by a second marble unit, P g n ,  found only on 
Mt. Watt (Struik, 1983). This is  overlain by the  Snowshoe 
Group. 

The Isaac and Cunningham format ions  th rus t  on top  of 
t h e  Bralco succession rocks  (Struik, 1983) consist  of 
interbedded thin (1-5 m) marble  and calcareous  schis t  layers 
(Isaac Fm.) grading upwards in to  a massive, coarsely 
crystall ine marble  (Cunningham Fm. of Struik, 1983). 

The Bralco succession at Mt. Wat t  i s  similar t o  t h e  
Downey succession a t  Ogden Peak. However, i t  contains t h e  
thick Bralco Marble units mentioned above and, in deta i l ,  t he  
schists between these  two units appear t o  be less ca lcareous  
and have fewer quar tz i tes  and more amphibolite units. The 
Snowshoe Group rocks above t h e  Bralco succession appear  t o  
be more  peli t ic than e i the r  t h e  Downey or  Bralco successions. 

Campbell  (1978) mapped t h e  staurolite-kyanite isograd 
across t h e  Mt. Watt  area .  Sampling the re  was  over  a 
moderate  d is tance  perpendicular t o  t h e  isograd and, in t h e  
peli t ic rocks, metamorphic  grade appears  t o  increase  
significantly f rom northwest t o  southeast .  The mineral 
assemblages in t h e  various lithologies a r e  t h e  s a m e  a s  those 
at Ogden Peak. To t h e  southeas t  t h e  Snowshoe Group 
contains very  abundant, la rge  (1-3 cm)  kyanite and s taurol i te  
crystals.  Closer t o  Mt. Wat t  ( t o  t h e  nor thwest )  these  
diminish in s ize  and abundance though lithologies of suitable 
bulk composition contain s taurol i te ,  if not kyanite. 

Northwest Mt. Wotzke a r e a  

Struik (1983) mapped a l l  of t h e  rocks in th i s  a r e a  a s  
upper Isaac Formation (Fig. 77.2~) .  The rocks a r e  virtually 
a l l  ca lcareous  schists and marble with very  minor 
occurrences of peli t ic schis t  and qua r t z i t e  a s  well  a s  some  
r a r e  thin (10 c m  +) pegmat i te  dykes. As in t h e  Ogden Peak 
and Mt.Watt a r e a s  t h e  ca lcareous  schists consist  ent i re ly  of 
carbonate  and whi te  mica,  and t h e  marbles  consist  of 
coarsely crystall ine carbonate .  The peli t ic units contain 
quar tz ,  bioti te ( ? muscovite) and locally garnet.  Some 
samples contain bioti te-mantled knots of quar tz  and feldspar 
( a f t e r  garnet?). Pegmat i t e  contains quar tz ,  feldspar,  
muscovite, garnet  and tourmaline.  Campbell  (1978) drew t h e  
staurolite-kyanite isograd t o  t h e  southeast  of this a r e a  
(Fig. 77.1) implying these  rocks a r e  ga rne t  grade. The 
presence of pegmat i t e  dykes  would indicate  t h a t  t h e  thermal  
regime i s  higher than g a r n e t  g rade  and t h a t  t h e  absence of 
high g rade  metamorphic  minerals i s  probably a funct ion of 
t h e  rock bulk composition. 

Northeast  Mt. Wotzke a r e a  

Struik (1983) indicated t h a t  t h e  rocks in th is  a r e a  
belong t o  t h e  lowermost par t  of the  Snowshoe Group 
(undivided Hadrynian Snowshoe Croup; Fig. 77.2d). These a r e  
markedly di f ferent  f rom t h e  previously described Snowshoe 
Group rocks (Downey and Bralco successions) in t h a t  they 
contain virtually no calcareous  rocks. There  i s  one thin 
(10 m), discontinuous marble  unit (HsM) and some associated 
calcareous  schist. Instead t h e  rocks consist  of peli t ic schist  
varying t o  quar tzose  and feldspathic psammitic schist .  These 
have been intruded by abundant coa r se  grained pegmat i te  
(KG) consisting of quar tz ,  feldspar and muscovi te  with 
accessory ga rne t ,  tourmaline and beryl. 

Campbell  (1978) indicated t h a t  th is  a r e a  lies within t h e  
kyanite-staurolite and sil l imanite zones (Fig. 77.1). No 
outcrop with kyanite or  s taurol i te  was found and ga rne t  is 
rare.  The peli t ic lithologies consist of coarse  grained 
biotite, muscovite, quar tz ,  feldspar and sparse f ine  grained 
garnet.  Many samples conta in  sca t t e red  knots of bioti te,  
quar tz  and feldspar similar t o  those northwest of Mt. Wotzke. 
Whether this garnet -out  react ion is prograde o r  re t rograde is 
uncertain. The presence of abundant pegmat i te  which 
Fle tcher  (1972) repor ted  only f rom sil l imanite g rade  rocks 
just t o  t h e  east (Fig. 77.1) suggests t h a t  a l l  t h e  rocks in th is  
a r e a  a r e  a t  si l l imanite grade. 



Petrology 

Ogden Peak a r e a  

All the  samples thin sectioned contained garnet  a s  a 
porphyroblastic phase s e t  in a strongly foliated matrix of 
bioti te,  muscovite and quar tz  (and commonly plagioclase, 
zoisite and carbonate  in t h e  more calcareous schists). The 
foliation is strongly f la t tened around t h e  porphyroblasts. The 
garnets  usually show a helicit ic inclusion t ra i l  (of quar tz  and 
opaque material), Si, which is discordant t o  the  exterior 
foliation, Se. Garnet  usually shows two  s tages  of growth 
indicated by a marked change in inclusion density a t  t h e  rim. 
This could indicate e i ther  t w o  periods of metamorphism o r  
two periods of ga rne t  growth during a single period of 
progressive metamorphism. Garnet in most samples shows 
partial  a l tera t ion t o  chlorite.  

Staurolite i s  present in some  samples  and with one  
exception is strongly a l tered t o  sericite.  Where fresh,  t h e  
textura l  relationships indicate  t h a t  s taurol i te  is  
approximately synchronous with garnet.  

Kyanite is present  in only t w o  samples and occurs  at 
t h e  in ter face  between very peli t ic layers and quartzite.  The 
reason for this mode of  occurrence  is not  fully understood. 
The paucity of kyanite makes  i ts  textura l  relations difficult  
t o  determine. The occurrence  of ga rne t  inclusions in a 
kyanite crys ta l  in one sample  shows t h a t  kyanite growth is  
la ter  than some of the  garnet  growth. 

Mt. Watt  a r e a  

The peli t ic rocks a t  Mt. Watt a r e  similar t o  those a t  
Ogden Peak, although t h e  presence of b iot i te  a s  a 
porphyroblastic phase without garnet  a t  lower grades and t h e  

PREVIOUS WORK: THIS STUDY: 

1. Getsinger (1 986)  a. Ogden Peak Area 

2. Fletcher (1972) b. Mt. Watt Area 

c. Northwest Mt. Wotzke Area 

4. Montgomery ( 1986) d. Northeast Mt. Wotzke Area 

lsograds of Campbell (1978) - Kyanke-Staurollte (Dash on hlgh grade slde) - Sllllmanlte (Dash on hlgh grade slde) 

Figure 77.1. Map of Quesnel Lake a rea  showing the  location of a r e a s  examined in 
this study and in previous work. 



presence of kyanite porphyroblasts at the  higher grades Northwest Mt. Wotzke a r e a  
makes  them appear different.  The absence of ga rne t  may be The highly calcareous composition of t h e  rocks f rom 
t h e  result  of a calcareous bulk composition. The matr ix  this a r e a  generates  mineral assemblages which appear ,  a t  minerals a r e  bioti te,  muscovite and quar tz  with zoisite,  first  glance, to be low grade. Only two of the more pelitic plagioclase and carbonate  in the  more calcareous samples. un i t s  contain garnet. Assemblages consist of biotite, Accessory minerals include i lmenite (sphene in calcareous muscovite, quartz, plagioclase, zoisite, carbonate, sphene rocks), tourmaline,  zircon and apat i te .  ( i lmenite or hemat i t e  in more  peli t ic layers), tourmal ine  and 

Flattening of t h e  foliation about the  garnet  and apatite.  Sphene and apat i t6  con ten t s  a r e  high in many 
s taurol i te  porphyroblasts is pronounced. Garnets  a r e  helicit ic samples and sphene shows at leas t  t w o  s t a g e s  of growth. 
with Si discordant t o  Se. Kyanite appears t o  be  la ter  than Some of t h e  samples a r e  markedly less fo l ia ted  than o the r s  
t h e  garnet  and staurolite because  Si within kyanite seems indicating mineral growth during more  s t a t i c  conditions. 
continuous with Se. There i s  no noticeable retrogression. 

a. Ogden Peak Area 

c. Nor thwest  Mt. Wotzke Area 

LEGEND (Strat igraphy of Struik. 1983) 

BARKERVILLE TERRANE 

PALEOZOIC 

Und'ifferentlated Snowshoe ~ p .  

BRALCO SUCCESSION 

Marble 

pelitic - psammltlc schist. 
calc-schist & amphlbollte 

Marble 

DOWNEY SUCCESSION 

a Arnphibollte 

Peiitic - psammltlc schist, calc-schist, 
quartzite & amphlbollte 

Differentiated marble 

HADRYNIAN 

Undifferentiated Snowshoe Gp. 

b. Mt. Watt Area 

d. Northeast Mt. Wotzke Area 

CARIB00 TERRANE 

HADRYNIAN 

Cunnlngham Fm. 

Isaac Fm. 

IGNEOUS INTRUSIVE ROCKS (post terranes) 

CRETACEOUS 

Granite pegmatite 

- - - - Geologic contact (deflned: assumed) 

- - - Fault (defined: assumed) - - Thrust 

x Sample collected 

Microprobe sample 

Figure 77.2. Detailed maps of the a reas  shown in Figure 77.1. Geology indicated is 
t,hat nf St .n~ ik  (1983). 



The low grade appearance of these  rocks is  misleading. 
Some samples contain garnet  and one  conta ins  rounded knots 
of bioti te,  quar tz ,  plagioclase and i lmeni te  around which t h e  
foliation is f lattened. These a r e  clearly the  products of a 
garnet-out reaction. Getsinger (1985) noted a similar t ex tu re  
in si l l imanite grade rocks north of Quesnel Lake. This 
confirms the  field observation that  although the  rocks lack 
kyanite 2 s taurol i te  they probably a r e  of a t  leas t  this grade. 

Northeast  Mt. Wotzke a r e a  

The apparently low grade of t h e  peli t ic rocks f rom this 
a r e a  is due t o  the  absence of obvious porphyroblasts. 
Virtually a l l  samples contain microscopic sillimanite. The 
usual assemblage is  quar tz ,  bioti te,  muscovite, garnet ,  
sillimanite, plagioclase, apa t i t e ,  i lmeni te  and occasionally 
staurolite.  There i s  some  retrogression of garnet  t o  chlor i te  
and of s taurol i te  t o  sericite.  

The rocks a r e  clearly higher grade than those a t  either 
Ogden Peak or Mt. Watt. Garnets  a re  usually much smaller 
than those in rocks a t  lower grades. Staurolite is absent in 
all  but two samples where i t  is reacting out  in favour of 
sillimanite. Sillimanite is  present a s  fine fibroli te usually 
associated with bioti te around large  (old?) garnets  and re l ic t  
stauroli te.  These rocks also show the  garnet  breakdown 
t ex tu re  seen in thin sections f rom the  Northwest Mt. Wotzke 
area.  Here  t h e  ga rne t  i s  replaced by a f ine  grained mixture  
of quar tz ,  bioti te,  plagioclase, i lmeni te  2 garnet  ? 
sillimanite. Because t h e  rocks from this  a r e a  a r e  clearly a t  
si l l imanite grade i t  s eems  possible t h a t  t h e  rocks in t h e  
Northwest Mt.Wotzke a r e a  a r e  also a t ,  o r  close to,  
si l l imanite grade even though they lack sillimanite. 

Temperature  and pressure determinations 

Methods 

Eight samples f rom the  four areas  were  chosen for 
microprobe analysis. Three each from t h e  Ogden Peak and 
Northeast  Mt. Wotzke areas  were  chosen. Only one sample 
from t h e  Mt. Watt a r e a  was chosen because retrogression in 
the  others was too serious and only one sample f rom t h e  
Northwest Mt. Wotzke a r e a  was  sufficiently peli t ic t o  yield 
an  assemblage suitable for t empera tu re  determinations.  

Microprobe analyses were  done on  t h e  ARL elect ron 
microprobe a t  t h e  University of Calgary. A to t a l  of nine 
hundred analyses of bioti te,  ga rne t  and plagioclase were  done 
and t h e  init ial  a t t e m p t s  t o  process some  of these  d a t a  a r e  
described here. 

Biotite, garnet  and plagioclase were  analyzed t o  uti l ize 
the  geothermometer  of Ferry and Spear (1978) and the  
geobarometer of Ghent (1976). The Ferry and Spear (1978) 
geothermometer  utilizes the  temperature  dependence of t h e  
distribution coefficient of F e  and Mg between garnet  
(almandine-pyrope) and biot i te  (annite-phlogopite). The 
Ghent (1976) geobarometer  utilizes the  univariant 
equilibrium 3 anor thi te  = grossular + 2 aluminosil icate + 
quartz.  The react ion curve  is  displaced by solid solution of 
the  anor thi te  in plagioclase and grossular in ga rne t  allowing 
t h e  assemblage plagioclase + garnet  + aluminosil icate + 
quar tz  t o  exist  over  a wide range of pressures and 
temperatures.  Corrections t o  these  equilibria for  non- 
ideali ty in both ga rne t  and plagioclase were  derived f rom 
Newton and Hazelton (l981), Hodges and Spear (1982) and 
Ganguly and Saxena (1984) and a r e  described in 
Getsinger (1985) and Lang and Rice (1985). For this study a 
computer program was wri t ten  t o  ca lcula te  the  pressure and 
temperature  simultaneously using t h e  expressions given by 
Getsinger (1985) and Lang and Rice (1985). 

In processing t h e  da ta  and interpreting t h e  results i t  is 
important t o  keep in mind some of the  l imitations tha t  a r i se  
from the  assumptions made in deriving the  formulae  used. 

Corrections applied t o  e i ther  empirically derived or  
ca lcula ted  equilibria will only improve t h e  resulting 
calcula ted  pressures and t empera tu res  if such correct ions  a r e  
valid over a wide range of compositions, an  assumption which 
is impossible t o  verify a t  present.  Furthermore,  
re-equilibration during cooling, uplift  and erosion will 
seriously a f f e c t  t he  ca lcula ted  t empera tu res  and pressures. 
Because t empera tu re  and pressure a r e  ca lcula ted  using 
di f ferent  equilibria t h e  ra tes  of re-equilibration may be 
di f ferent  for each s e t  of minerals. This would result  in 
ca lcula ted  pressures and t empera tu res  which were  never 
simultaneously experienced by t h e  rocks. 

Nevertheless, t h e  ca lcula ted  t empera tu res  and 
pressures for  t h e  various a r e a s  tend t o  confirm t h e  
conclusions made  f rom both field and  thin section 
observations. The t empera tu res  given below a r e  those 
ca lcula ted  using t h e  Ganguly and Saxena (1984) correction. 
Other  correct ions  will be  applied during extensions t o  th is  
project. The temperatures  and pressures a r e  given below a s  
means and standard deviations (1 sigma) on multiple analyses 
within t h e  samples. A complete  propagation of er ror  from al l  
sources has yet  t o  be made. 

Ogden Peak a r e a  

Two of t h e  samples f rom this a r e a  give reasonable 
temperatures.  Sample DM-85-9 gives a t empera tu re  of 
545 ? 4OC using seven garnet-bioti te pairs. The s a m e  sample 
yields pressures of 7.1 + 0.6 kbar (on 3 garnet-plagioclase 
pairs). This t empera tu re  and pressure i s  consis tent  with t h e  
aluminosil icate phase present  (kyanite) using t h e  phase 
diagram of Holdaway (1971). Sample  DM-85-19 gives 
t empera tu res  of 525 + 12°C (5 garnet -biot i te  pairs) a t  
7 kbar. No pressure calculations were  possible due t o  t h e  
lack of kyanite. The third sample  f rom this a r e a  gave a wide 
range of t empera tu res  (using 17 garnet -biot i te  pairs) from 
about 530 up t o  955°C calculated a t  7 kbar. The source  of 
s c a t t e r  may be non-equilibrium retrogression of ga rne t  t o  
bioti te (i.e. inherited Mg/Fe ra t ios  in t h e  b iot i te  giving high 
distribution coeff ic ients  and therefore  high calculated 
temperatures) .  

Mt. Wat t  a r e a  

Only one  sample  (DM-85-33) f rom this  a r e a  was suitable 
for analysis. The t empera tu res  ca lcula ted  a t  6 kbar 
(no aluminosil icate) r e f l ec t  t h e  re t rograde appearance of 
these  rocks. Temperatures  show a marked bimodal 
distribution. Garne t  in con tac t  with coa r se  grained biot i te  
f rom t h e  matr ix  yields temperatures  of 573 t 14°C 
( 3  garnet -biot i te  pairs) whereas  ga rne t  in con tac t  with much 
finer grained biot i te  in pull-aparts give temperatures  of 
479 + 8 ° C  (5 garnet-bioti te pairs). The obvious 
in terpre ta t ion is t h a t  t he  high temperatures  represent  
prograde conditions and the  lower temperatures  re t rograde 
conditions. The prograde t empera tu re  i s  consistent with t h e  
grade of t h e  rocks (kyanite). 

Northwest Mt. Wotzke a r e a  

It was demonstra ted  above t h a t  t h e  rocks from th i s  
a r e a  a r e  prbably of higher g rade  than  t h e  ga rne t  g rade  
indicated by Campbell  (1978). This i s  borne  o u t  by t h e  
t empera tu re  determinat ions  for  sample  DM-85-72. 
Calculated t empera tu res  a r e  613 t 27°C (13 garnet-bioti te 
pairs) a t  7 kbar (no aluminosilicate). Note t h a t  t h e  range 
given he re  i s  qu i t e  large  compared t o  o the r  samples. The 
reason for  this i s  not  understood. 

Northeast  Mt. Wotzke a r e a  

All t he  samples  f rom this a r e a  yielded temperatures  
inconsistent with t h e  mineral assemblage. Sample DM-85-87 
gave t empera tu res  of 514 + l l ° C  at 7 kbar (no plagioclase). 



At this pressure  t h e  t e m p e r a t u r e  i s  much t o o  low fo r  rocks 
containing si l l imanite.  However,  reducing t h e  pressure and 
repeat ing  t h e  ca lcula t ions  yields even lower t empera tu re s  
(about 4"  for  each  kbar). Only a t  about  4 kbar  does  t h e  
ca lcula ted  t empera tu re  e n t e r  t he  si l l imanite f ie ld  (T  approx = 
503OC). However,  th is  i s  t o o  c lose  t o  t he  t r ip le  point a s  
defined by Holdaway (1971) a t  3.75 kbar and 500°C. The 
i n t e rp re t a t i on  made h e r e  i s  t h a t  t he  sample  h a s  
re-equil ibrated a t  about  500°C. 

Sample  DM-85-93 conta ins  plagioclase and s i l l imani te  
and is su i tab le  for both pressure and t e m p e r a t u r e  
de terminat ions .  However,  aga in  t h e  ca lcula ted  t e m p e r a t u r e  
i s  t oo  low ( 5 0 l a n d  507OC on 2 garnet -b io t i te  pairs). 
Pressures a r e  5.1 and 4.8 kbar.  These condit ions a r e  wel l  i n to  
t he  kyani te  field (Holdaway, 1971) and re t rogress ion  is 
probably responsible for  low tempera tures .  The accu racy  of 
t h e  ca lcula ted  pressure i s  unknown because  i t  hinges on  t h e  
t e m p e r a t u r e  de terminat ion .  

Sample  DM-85-96 a lso  conta ins  both  plagioclase and 
s i l l imani te  and  i s  su i tab le  for pressure and t e m p e r a t u r e  
de terminat ions .  Calcula ted  t empera tu re s  a r e  51 1 ? 8OC 
(12ga rne t -b io t i t e  pairs) and  ca lcula ted  pressures a r e  
7.1 + 0.4 kbar (6 garnet-plagioclase pairs). Like t h e  previous 
sample  t he se  condit ions a r e  wel l  within t h e  kyani te  f ie ld  of 
stabil i ty (Holdaway, 1971) and  equilibrium retrogression of 
t h e  garnet -b io t i te  pairs ha s  probably occurred .  

I t  i s  in teres t ing  t o  n o t e  t h a t  in t h e  samples  f rom th is  
a r e a  t h e r e  w e r e  no indications of higher g r ade  condit ions 
which mus t  have prevailed. I t  i s  puzzling why re t rogress ion  
in this  c a s e  i s  comple t e  whe reas  in s o m e  of t h e  previous 
samples ( those f rom Ogden Peak and Mt. Watt)  a t  l e a s t  some  
of t h e  evidence  for  higher g r ades  remained.  The  r ea son  may 
l ie  in t h e  higher g r ade  a t t a ined  by t he se  rocks and in t h e  
d i f ferences  in gross bulk composit ion of t h e  rocks. 

Conclusions 

Field observations,  th in  sec t ion  petrology and  pressure 
and t empera tu re  ca lcula t ions  conf i rm t h a t  t h e  rocks  a t  
Ogden Peak and  Mt. Wat t  have  undergone s taurol i te -kyani te  
g r ade  metamorphic  condit ions (T  = 530 t o  570°C and  P = 6 t o  
7 kbar)  indica ted  by Campbel l  (1978). All t he  evidence  
indica tes ,  however,  t h a t  t h e  rocks  a t  Nor thwest  Mt.  Wotzke 
a r e a  have  a t t a ined  s i l l imani te  g r ade  (T = 610°C  a t  6 t o  
7 kbar)  r a t h e r  than  t h e  g a r n e t  g r ade  shown by Campbel l  
(1978). The rocks  a t  Nor theas t  Mt. Wotzke have  a t t a ined  
si l l imanite grade  a s  indicated by t h e  th in  sec t ion  
observations.  However,  pressure  and t e m p e r a t u r e  
ca lcula t ions  a r e  a t  var iance  with th is  presumably a s  a resul t  
of retrogression.  Thin sec t ion  examinat ion  of one  s ample  
(DM-85-33) f rom t h e  Mt. Wat t  a r e a  reveals  a pull-apart  o r  
microboudinage t e x t u r e  which occu r r ed  a t  t empera tu re s  
below those  of t h e  peak of metamorphism. This ha s  
impor t an t  implications fo r  t h e  t iming of s t ruc tu ra l  and  
me tamorph ic  events .  The re  i s  no evidence  t o  i nd i ca t e  a low 
pressure phase of metamorphism as yet .  
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Abstract 

Structural style along the northeast margin of the Bowser Basin is dominated by northwest- 
trending folds and thrust faults w i th  northeasterly vergence. Angular unconformities in  the Early 
Jurassic (Pliensbachian) to  Cretaceous (Maastrichtian) strata o f  the Bowser and Sustut basins are 
expressions o f  a long period o f  interact ion between terranes wi th in  the Intermontane 
Belt, and between the Omineca, Intermontane, and Coast belts. 

Northeast-trending steeply dipping faults expose d i f ferent  levels o f  the northwesterly-trending 
major structures. 

La g6ologie structurale le long de l a  l i m i t e  nord-est du bassin de l a  r iv iere Bowser est dominee 
par des p l is  e t  des fail les chevauchantes A tendance nord-ouest, convergeant vers le nord-est. Les 
discordances angulaires des strates du Jurassique infer ieur (Pliensbachien) au Cretac6 (Maastrichtien) 
du bassin des r iv ibres Bowser e t  Sustut traduisent une longue p6riode d'interaction entre les diverses 
regions de l a  zone Intermontane, e t  entre les zones Omineca, Intermontane e t  CBtiBre. 

Les fail les B pentes abruptes ax6es vers le nord-est exposent di f ferents niveaux d'importantes 
structures orientees vers le nord-ouest. 



Introduction Spatsizi Group 

In t h e  summer of 1985 mapping a t  a s ca l e  of 1:50 000 
was  begun in Spatsizi map a r e a  (104 H, Fig. 78.1) t o  gain a 
be t t e r  understanding of t h e  s t ructura l  s ty le  and tec tonic  
se t t ing of t h e  northeast  margin of t he  Bowser Basin, a n  a r e a  
within t h e  Intermontane Belt of t h e  Canadian Cordillera. In 
t h e  study a r e a  Jurassic (and minor Triassic) volcanic rocks 
a r e  exposed in a northwest-trending bel t  f lanked by Jurassic 
marine and nonmarine c las t ic  sediments of t h e  Bowser Basin 
t o  the  southwest,  and Cretaceous  nonmarine sediments of the  
Sustut Basin t o  t h e  northeast  (Fig. 78.2). A s t ructura l  
culmination a t  t he  nor theas t  edge of the  Bowser Basin 
permits observation of s t ructura l  s ty le  and key 
unconformiti tes in rocks with the  g rea te s t  range in age  
known in t h e  region. 

This repor t  presents s t ructura l  and tec tonic  
implications obtained from a combination of the  detailed 
mapping with s t ra t igraphic  relationships and sedimentological 
d a t a  f rom t h e  Sustut Basin (Eisbacher, 1974a), and the  
regional map of Spatsizi map a r e a  (Gabrielse and 
Tipper, 1984). The map of north-central  Spatsizi  a r e a  i s  
modified a f t e r  Gabrielse and Tipper (19841, and t h e  areas  of 
more  deta i led  mapping a r e  within 5 km of sections B-C, C-D, 
E-F, and G-H (Figs. 78.2, 78.3). 

I apprecia te  t h e  enthusiastic ass is tance  of Susie Gareau 
in t h e  field work and an  introduction t o  the  geology and 
subsequent discussions with H. Gabrielse and H.W. Tipper. 

Stratigraphy and tec tonics  

Cold Fish volcanics 

Jurassic volcanic rocks in the  region were  previously 
(informally) called t h e  Toodoggone volcanics, a name used for 
similar rocks of the  Hazelton Group e a s t  of the  Sustut Basin. 
The unit consists of a sequence of rhyolitic, andesit ic,  and 
basalt ic subaqueous and subaerial  flows, breccia,  and tuff.  
Local fossil-bearing members of tuff ,  sandstone, and lime- 
s tone  have yielded mainly Early Pliensbachian fossils in the  
region of Figure 78.2, but  volcanics in a reas  t o  t h e  northwest 
a r e  a s  young a s  Toarcian and Bajocian (Smith et al., 1984). 
The thickness of t h e  unit is  unknown, but  assumed t o  be 
g rea te r  than t h e  1000 m exposed on ridge walls t ransect ing 
t h e  Nation Anticline in sect ion B-C. 

The a reas  of volcanics covered by 1 5 0  000 mapping, 
chosen for  their  excellent exposure and well  defined layering, 
a r e  southwest  of Cold Fish Lake, crossed by sect ion B-C, and 
immediately e a s t  of Spatsizi River, crossed by sect ion G-H. 
The unit is  undivided on t h e  1:250 000 scale  map of Gabrielse 
and Tipper (1984). Some a reas  appear t o  be underlain by 
s t ructure less  masses of volcanics, but locally, and where  
exposure is good, individual markers may be t raced for  
several kilometres, delineating t h e  s t ruc tu re  (Fig. 78.4, 78.5). 
Because the  la tera l  ex ten t  of markers cannot be assumed 
with confidence, no a t t e m p t  has been made t o  co r re l a t e  them 
across faults.  In the  region of section I-J, s teeply  dipping 
markers  in t h e  volcanics a r e  t runcated by gently dipping 
sediments  of t he  Bowser Lake Group (Fig. 78.3). Fossils 
col lec ted during regional mapping indicate  a 
Bathonian/Callovian a g e  for  t he  sediments (H.W. Tipper, 
personal communication, 1986), and the re fo re  t h e  angular 
unconformity is evidence f o r  a pre-Bathonian/Callovian phase 
of deformation. In t h e  Joan Lake Anticline (section A-B) t h e  
volcanics a r e  overlain with slight angular discordance by t h e  
Spatsizi Group; t h e  absence of Spatsizi Group sediments  in 
sect ion I-J may also be a n  indication of post-Pliensbachian, 
pre-Bathonian/Callovian deformation. 

The Spatsizi Group is predominantly mar ine  shale  and 
sil tstone, with distinctive,  well  banded tuffaceous  beds, and 
minor sandstone, conglomerate,  and limestone. Recognized 
a s  a unit distinct f rom t h e  Bowser Lake Group (Gabrielse and 
Tipper, 1984; Smith et al., 1984), i t  has  recent ly  been 
formally named and divided in to  format ions  (R.C. Thomson, 
personal communication). In sect ion B-C, at l eas t  30 m of 
black shale  and sil tsone with Early Pliensbachian fossils 
(H.W. Tipper, personal communication, 1986) over l ie  Cold 
Fish volcanics with minor, or no angular discordance. The 
con tac t s  of t he  Spatsizi Group in sect ion G-H a r e  not 
exposed, but a r e  assumed t o  be faults.  The Spatsizi  Group is  
coeval with the  Cold Fish volcanics, and t h e  shales a r e  
considered t o  be the  basinward facies  of t h e  volcanic a r c  
(Smith e t  al., 1984). 

Bowser Lake Group 

The Spatsizi Group i s  unconformably overlain by t h e  
Bowser Lake Group, a sequence of dark  grey marine  shale, 
chert-pebble conglomerate,  and nonmarine c l a s t i c  rocks 
(Tipper and Richards, 1976). Macrofossils in t h e  Spatsizi a r e a  
a r e  Bathonian t o  Upper Jurassic (Gabrielse and Tipper, 1984). 
The unit i s  divided in to  a lower, Ashman Formation, and an  
upper unnamed sequence. Dark grey t o  black shale  at t h e  
base of t h e  Ashman Format ion (Bathonian) is  overlain by a 
relatively continuous layer of massive, chert-pebble 
conglomerate (Bathonian/Callovian). A Callovian t o  
Oxfordian sequence of black shale with lenses of chert-pebble 
conglomerate and sandstone (Fig. 78.6) comprise t h e  res t  of 
t h e  Ashman Formation. The marine sequence is  overlain by 
nonmarine, upper Oxfordian t o  Kimmeridgian or younger, 
massive chert-pebble conglomerate  and sandstone. 

Fossil collections f rom the  study a r e a  (sections C-D, 
E-F, and G-H) identified by H.W. Tipper, a r e  Middle Jurassic;  
no Upper Jurassic s t r a t a  a r e  known. A study of t h e  
radiolarian fauna in t h e  che r t  clasts,  t h e  dominant c las ts  in 
the conglomerate,  revealed ages  a s  young a s  Carnian t o  
Norian (Late  Triassic) (Currie, 1984). The most  likely source  
for  t h e  c h e r t  is  t h e  C a c h e  Creek Group, and t h e  influx of 
coarse  c las t ic  de t r i t u s  f rom t h e  north and nor theas t  
(Eisbacher, 197413) in Bathonian t ime  is  considered t o  mark 
t h e  collision of the  C a c h e  Creek Terrane with Stikinia. The 
change t o  a nonmarine environment in t h e  L a t e  Jurassic 
indicates a rapid filling of t h e  basin. 



C R E T A C E O U S  J U R A S S I C  

I:'.] B r o t h e r s  P e a k  F o r m a t i o n  B o w s e r  L a k e  G r o u p  - - g e o l o g i c a l  c o n t a c t  

0 T a n g o  C r e e k  F o r m a t ( o n  S p a t s i z i  G r o u p  A, r e v e r s e ,  t h r u s t  f a u l t s  

C o l d  F i s h  v o l c a n i c s  A,- n o r m a l  f a u l t  

I+ g r a n i t o i d  r o c k s  - . -  a x i a l  s u r f a c e  t r a c e  

Figure 78.2. Geological map of the  study area ,  modified a f t e r  Gabrielse and Tipper (1984). 

Sustut Group 

The Sustut Group i s  a succession of nonmarine clastics,  
Middle Albian t o  Maastrichtian (based on palynology, 
A.R. Sweet,  personal communication), t h a t  were  deposited in  
t h e  Sustut Basin along t h e  nor theas t  margin of Bowser Basin. 
Eisbacher (1974a) subdivided t h e  group in to  t w o  formations,  
e a c h  of which was  fur ther  divided in to  t w o  informal 
members. The dominant lithologies a r e  sandstone and 
mudstone in t h e  Tango Creek Formation, and mudstone, t u f f ,  
and conglomerate  in the  overlying Brothers Peak Formation. 
Eisbacher (l974a) deduced f rom paleocurrent d a t a  t h a t  
sediments in the  lower member of Tango Creek Formation 
were  deposited by rivers tha t  flowed southwest f rom 
Omineca Belt, across Sustut Basin, and a t  leas t  t he  northern 
par t  of Bowser Basin. They brought t h e  f i r s t  influx of 
det r i tus  f rom the  rising metamorphosed miogeoclinal s t r a t a  
of Omineca Belt. Large muscovite flakes in t h e  coa r se  
sandstones a r e  distinctive,  and mark t h e  base of Tango Creek 
Formation. Two small  outliers of Tango Creek Formation 
southwest of Sustut  Basin a r e  fur ther  evidence t h a t  t h e  
Tango Creek once extended f a r the r  t o  t h e  southwest than t h e  

present exposure of Sustut Basin. One outlier i s  near  
Cullivan Creek, where  Middle Albian sandstone and 
conglomerate  (A.R. Sweet, personal communication, 1985) 
unconformably over l ie  Cold Fish volcanics (Gabrielse and 
Tipper, 1984). The o the r  outlier is  a smal l  outcrop of mica- 
bearing sandstone in t h e  c o r e  of a syncline on t h e  t o p  of t h e  
ridge of Bowser Lake Group shown in sect ion G-H. The 
sandstone overlies a refolded isoclinal fold in Bowser Lake 
Group and only t h e  la ter ,  upright, open fold appears  t o  have 
affected t h e  Tango Creek. More work needs t o  be  done t o  
confirm the  relationships, but i t  appears  t h a t  Middle Jurassic 
rocks were  deformed prior t o  deposition of t h e  Sustut Group. 
This may also explain the  absence of Upper Jurassic rocks in 
t h e  region. The s a m e  relationship occurs in sect ion C-D, 
where Middle Jurassic conglomerate  i s  overlain d i rec t ly  by 
Tango Creek Formation. 

Paleocurrents in t h e  upper member of Tango Creek 
Formation and overlying units, indicate  a change t o  
longitudinal flow, southeasterly down t h e  axis of Sustut Basin 
(Eisbacher, 1974a). Eisbacher also noted a n  increase  in t h e  
proportion of c h e r t  c l a s t s  in t h e  upper member,  inferred t o  



SW
 

.
.

.
 

. 
. 

- 
.. 

N
E 

I
 

. . 
C

o
ld

 F
is

h
 

fe
e

t 
a.

s.
1.

 
. 

. 
F

a
u

lt
 

A
 

J
o

a
n

 L
a

k
e

 A
n

ti
c

li
n

e
 

M
t.

 W
il

l 
A

n
ti

c
li

n
e

 
B

 
N

a
ti

o
n

 A
n

ti
c

li
n

e
 

C
 

S
U

S
T

U
T

 G
R

O
U

P
 

K
B

 
B

ro
th

e
rs

 P
e

a
k

 F
o

rm
a

ti
o

n
 

K
T

 
T

a
n

g
o

 C
re

e
k

 F
o

rm
a

ti
o

n
 

J
B

L
 

B
O

W
S

E
R

 
L

A
K

E
 G

R
O

U
P

 

J
S

 
S

P
A

T
S

lZ
l 

G
R

O
U

P
 

JC
 

C
o

ld
 F

is
h

 v
o

lc
a

n
ic

s
 

--
 

g
e

o
lo

g
ic

a
l 

c
o

n
ta

c
t 

-.
 

fa
u

lt
 

-
 

fo
rm

 l
in

e
 

-
 an

g
u

la
r 

u
n

c
o

n
fo

rm
it

y
 

C
F

F
 

.
.
.
 ..

. 

I 
1

0
 

I 
J

 
n

o
 

v
e

rt
ic

a
l 

e
x

a
g

e
ra

ti
o

n
 

F
ig

ur
e 
78
.3
. 

C
ro

ss
-s

e
ct

io
n

s 
o

f 
th

e
 

st
u

d
y 

a
re

a
. 

T
h

e
 

lo
c

a
ti

o
n

s
 

o
f 

th
e

 
se

ct
io

n
s 

a
re

 
sh

o
w

n
 i

n
 F

ig
u

re
 7

8.
2.

 



be derived f rom Bowser Lake Group. These da t a  require 
uplif t  of par t  of Bowser Basin, presumably including t h e  
lower uni t  of Tango Creek  Formation.  Intra-Tango Creek  
deformat ion may account  fo r  t h e  pa r t s  of t h e  Tango Creek  
tha t  a r e  intensely deformed (Fig. 78.7)) in con t r a s t  t o  o the r  
par ts  a f f ec t ed  only by minor block faulting. The results  of 
intra-Tango Creek deformation a r e  shown schemat ica l ly  in 
section C-D,  with a thrus t  f au l t  placing Bowser Lake Group 
on Tango Creek  Formation,  a relationship observed by 
Eisbacher in t h e  a r e a  shown in s ec t ion  E-F. Tango Creek  
sediments overlying Bowser Lake Group, and below t h e  thrus t  
faul t  a r e  intensely folded. Folded Tango Creek sediments  
and t h e  thrus t  faul t  carrying Bowser Lake Group over t h e  
Tango Creek a r e  assumed t o  be overlain with angular 
discordance by relatively undeformed sediments  of t h e  upper 
par t  of Tango Creek  Formation and Brothers Peak Formation.  
This relationship has not  been observed, but  can  b e  deduced 
from t h e  s t ruc tura l  relationships, and t h e  paleocurrent and 
sedimentological  d a t a  of Eisbacher (1974a). 

S t ruc tu re  

The s t ruc tu re  i s  dominated  by northwest-trending large  
sca le  folds and thrus t  faults .  The map pat tern  is  inferred t o  
ref lec t  d i f ferent  levels of t h e  northwest-trending 
contrac t ional  s t ruc tu re s  juxtaposed by displacement on 
northeast-trending, s teeply  dipping, dip-slip faults .  
Northwest-trending folds occu r  in a l l  units. Plunges range 
f rom 0 t o  30 degrees,  similar t o  those  reported by Koo (1986) 
in t h e  Groundhog coalfield 45  km t o  t h e  south. Northeast-  
trending folds warp  bedding; this t rend of folds is  associated 
with more  intense deformat ion in a r eas  t o  t h e  wes t  and 
southwest. 

North and northeast-trending, s teeply  dipping 
extensional and contrac t ional  f au l t s  with minor (less t han  
50 m) displacement a r e  common, and a f f e c t  rocks as  young a s  
Brothers Peak Formation. They a r e  also present in t h e  
Groundhog coalfield (Koo, 1986). Although most of t he  f au l t s  
a r e  relatively minor, t w o  of t h e m  significantly a f f e c t  t h e  
map pat tern .  The Black Fox Fault ,  nor thwest  of sec t ion  B-C 
(Fig. 78.2), o f f se t s  Spatsizi and Bowser Lake sediments.  
Much of t he  displacement was  pre-Brothers Peak because t h e  
Tango Creek-Brothers Peak con tac t  is  of fse t  10 m o r  less. 
The re la t ive  displacement of t h e  Jurassic con tac t  shows t h a t  
t h e  fault ,  with unknown but  assumed s t e e p  dip, had west -  
side-down displacement.  Gr i f f i th  Fault ,  o n  t h e  slope 

southeas t  of sec t ion  G-H, is  assumed t o  have  southeast-side- 
down displacement  because Sustu t  Group on t h e  southeas t  
side of t h e  f a u l t  is  in con tac t  wi th  Bowser Lake Group, and 
o n e  k i lometre  t o  t h e  nor theas t ,  a sou thwes t  dipping c o n t a c t  
between members  of t h e  Bowser Lake sediments  a lso  has 
apparent  southeast-side-down offse t .  These  relationships 
suggest  t h a t  t h e  block between t h e  Black Fox and Gri f f i th  
faul ts  is  high-standing with r e spec t  t o  t h e  bounding areas.  
Recognition of t h e  significance of t h e  Black Fox and Gri f f i th  
f au l t s  al lows a more  consis tent  in terpre ta t ion  of t h e  
northwest-trending s t ructures .  

In sec t ion  A-B, t h e  Joan Lake Anticline exposes one  of 
t h e  most basinward a reas  of Cold Fish volcanics. The e x t e n t  
t h a t  t h e  volcanics continued t o  t h e  southwest  under t h e  
Bowser Basin i s  unknown. To t h e  no r theas t  i s  a re la t ive ly  
simple syncline,  and  on t h e  southwest  f lank of t h e  Mt. Will 
Anticline i s  a thrus t  f au l t  t h a t  r epea t s  a sl iver of t h e  Spatsizi  
Group. A thrus t  faul t  t o  t h e  nor thwest  puts Spatsizi  Group 
on Bowser Lake Group and i s  infer red  t o  be  a higher 
s t ruc tu ra l  level of t he  f au l t  shown o n  sec t ion  A-0. These 
were  shown a s  two  s e p a r a t e  f au l t s  by Gabrielse and 
Tipper (1984). On t h e  nor thwest  s ide  of Black Fox Faul t ,  t h e  
s a m e  s t ruc tu re s  a r e  identified,  but  a t  a higher s t ra t igraphic  
level, so  t h a t  volcanics a r e  not  exposed on e i the r  of t h e  
anticlines,  nor in t h e  hanging wall of t h e  thrus t  fault .  

Sect ion  B-C crosses  a broad faul ted  anticline,  t h e  
Nation Anticline. Small outcrops  of Spatsizi  Group occur  on  
t h e  southwest  flank and in a valley on t h e  southwest  s ide  of 
t h e  anticline (Fig. 78.2). The Spatsizi  Group (with l a t e  Early 
Pliensbachian fossils, H.W. Tipper, personal communication) 
unconformably overlies volcanics on  t h e  southwest  f lank of 
Nation Anticline. Volcanics on  t h e  nor theas t  f lank of t h e  
Mt. Will Anticline a r e  infer red  t o  b e  thrus t  over  t h e  Spatsizi  
Group o n  t h e  southwest  f lank of Nation Anticline. There,  and  
on t h e  southwest  f lank of Mt. Will Anticline, faul ts  carrying 
t h e  Cold Fish volcanics used t h e  shales of t he  Spatsizi  Group 
a s  a glide zone;  t h e  s a m e  level of de t achmen t  is assumed fo r  
thrus t  f au l t s  postulated t o  l ie below t h e  Nation Anticline. 
Erosion through o n e  of t h e  f au l t s  produced t h e  window shown 
in Figure  78.2 near  sec t ion  B-C. A f au l t  carrying volcanics 
over t h e  Nation Anticline, above t h e  level of exposure in 
sec t ion  B-C, may explain t h e  presence  of volcanics a t  higher 
s t ruc tu ra l  levels elsewhere (ie. nor thwest  of Black Fox 
Fault). Southeas t  of Griffi th Faul t ,  t h e  Cold Fish volcanics 
close around t h e  southeast-plunging Nation Anticline 
(sections G-H, I- J). 

Figure 78.4. View west obliquely across  t he  northwest-  F igure  78.5. View southeas t  to  t he  well-layered volcanics 
trending Nation Anticline near  sec t ion  B-C, showing t h e  well on the  nor theas t  limb of the  Nation Anticline. Rocks on the  
developed layering, and s t ructura l  s ty le  of t h e  Cold Fish e x t r e m e  r ight  of t h e  ridge coincide with rocks  on the  
volcanics. e x t r e m e  right of t he  ridge in t he  foreground of Figure 78.4. 



Figure 78.6. View northeast  to shale and channel Figure 78.7. View southeast  to folded sediments of the 
conglomerate in the Ashman Formation northwest of Tango Creek Formation, on the ridge crossed by section G-H. 
section A-5. 

Mesoscopic folds in t h e  volcanics a r e  rare,  but well  
defined large  scale  folds near sect ion B-C def ine  the  c r e s t  
and nor theas t  limb of t h e  anticline (Figs. 78.4, 78.5). The 
southwest l imb is  faulted near section B-C. The faul t  t h a t  
cu t s  t he  c re s t  of t he  anticline occurs only on t h e  ridge of 
section B-C, and seems t o  have minor displacement.  The 
volcanics in sect ion G-H have consistently s t eep  dips, 
commonly subvertical in the  south. In this a r e a  the  only fold 
seen is a t ight t o  isoclinal ant i form,  overturned slightly t o  
t h e  northeast ,  with an  amplitude of a t  leas t  200 m. 

The Cold Fish Fault  occupies t h e  valley of Cold Fish 
Lake and is t h e  northeasternmost l imi t  of Cold Fish 
volcanics. Outcrops a r e  r a r e  in  t h e  valley, but  one outcrop of 
volcanics on the  slope north of t he  southeast  end of t h e  lake  
l imits t h e  f au l t  t o  t h e  nor theas t  side of t h e  valley near 
section C-D. The volcanics a r e  within 500 m of outcrops of 
t h e  Bowser Lake Group which is  exposed in section C-D as  a 
broad anticlinorium. On the  s t eep  nor theas t  limb, mica  and 
plant-bearing sandstone and mudstone of Tango Creek 
Formation unconformably overlie chert-pebble conglomerate  
of Bowser Lake Group. Folds in  Tango Creek Formation a r e  
chevron-like, with southwest-dipping axial  surfaces.  O n e  
ki lometre  north of t h e  con tac t  with Bowser Lake sediments,  
t h e  Tango Creek is  s teeply  t o  moderately northeast-dipping, 
and is  af fected only by t i l t ing and l a t e  block faulting, a s  is  
the  Brothers Peak Formation. From s t ructura l  and 
sedimentological da t a ,  t h e  undeformed Tango Creek is 
inferred t o  unconformably overlie folded Tango Creek and 
Bowser Lake sediments.  

Low on a hillside southeast  of section C-D, below t h e  
anticline in the  Bowser Lake Group, a discontinuity in 
stratigraphy was seen f rom a distance. I t  may e i ther  b e  a n  
intra-Bowser unconformity l ike t h e  one observed by 
Eisbacher (1974b) t o  t h e  southeast ,  or a thrus t  f au l t  placing 
Bowser Lake on Tango Creek. The l a t t e r  relationship w a s  
observed along t rend t o  t h e  southeast  by Eisbacher (1974a) 
(section E-F), where  a klippe of Bowser Lake Group lies on 
folded Tango Creek Formation. Further study of tha t  klippe, 
and a fossil collection, confirmed tha t  t he  rocks a r e  Middle 
Jurassic,  and tha t  t he  ex ten t  of Bowser Lake sediments is  
roughly as Eisbacher originally showed, not a s  shown by 

ridge in sect ion C-D. On t h e  southeas t  s ide  of Griffi th Faul t  
(section I-J), t h e  thrus t  f au l t  i s  in terpre ted t o  be  lower than 
t h e  level of erosion. Tango Creek Formation below t h e  
thrus t  is  well exposed in sect ions  E-F and G-H, and i s  
intensly deformed;  axial  surfaces  consistently dip t o  the  
southwest (Fig. 78.7). Folds in the  Bowser Lake Group a r e  
commonly large-scale, open to  c lose  folds. In section G-H, 
one isoclinal fold overprinted by an upright open fold occurs  
below an  unconformity with Tango Creek. 

'The absence of Bowser Lake Group in the  footwall  of 
t h e  Cold Fish Faul t  southeas t  of Griffi th Faul t  (section I-J), 
can  be explained by southeast-side-down displacement on t h e  
fault .  If t h e  unconformity on t h e  t o p  of t h e  ridge in 
section G-H i s  a gently-dipping su r face  t h a t  cross cu t s  
s t ructures  in t h e  Bowser Lake Group, t hen  a t  higher levels 
only Tango Creek should occur in t h e  footwall  of t h e  Cold 
Fish Fault. The relationship in t h e  a i r  inferred in 
section G-H is  seen on  t h e  ground in sect ion I-J, and implies 
tha t  Cold Fish Fault  is  post-Middle Albian. 

Regional implications 

In a reconnaissance of t h e  s t ra t igraphy and s t ruc tu re  of 
t h e  Groundhog coalfield,  southern Spatsizi  area ,  Bustin and 
Moffat (1983) presented cross  sect ions  of t h e  northern margin 
of t he  coalfield. A measurement  of t h e  length of t h e  con tac t  
between t h e  Jackson and Currier units, when compared with 
t h e  width of t he  section (p. 241, thei r  Fig. 15) indicates t h a t  
folding has resulted in 15 per cen t  shortening. According t o  
Bustin and Moffat,  no significant thrus t  faul ts  occur in t h e  
area ,  but  a d6collement must occur a t  depth t o  accommodate  
t h e  shortening observed a t  t h e  surface,  and is  shown 
schematically a s  a fau l t  below t h e  Jackson unit  in to  which a l l  
thrus t  faul ts  sole. Da ta  col lec ted in  t h e  summer of 1985, 
when combined with regional work, show t h a t  rocks a s  old as 
Pliensbachian a r e  involved in significant contract ional  
deformation. The con tac t  between t h e  Cold Fish volcanics 
and Spatsizi Group has  been shortened approximately 
50 per cent .  A d6collernent probably exis ts  in or  below t h e  
Cold Fish volcanics (or basinal equivalents). 

~ a b ; i e l s e  and Tipper (1984).  he thrus t  f au l t  beneath the  Summary 
klippe is inferred t o  be t h e  same  faul t  t h a t  puts  Bowser Lake Northwest-trending folds and f au l t s  a r e  an  expression 
Group On the Tango Creek at the end On of major nor theas ter ly  shortening. Dip-slip displacement on section E-F and in sect ion G-H. A northwest plunge of less northeast-trending f au l t s  has  resulted in t h e  exposure of than 10 degrees is required t o  close the  thrus t  f au l t  around different levels of the contractional structures. t he  anticline before i t  reaches  t h e  level of exposure on t h e  



From t h e  relationships of s t ructures  above and below 
unconformities i t  appears that  significant deformation 
ccurred during t h e  following times: post-Pliensbachian, pre- 
Bathonian/Callovian (unknown s ty le  and vergence); post- 
Bathonian/Callovian, pre-Albian (NE contraction);  and post- 
Middle Albian, pre-Campanian (NE contraction).  In an  a r e a  
160 krn t o  t h e  southeast ,  t he  Brothers Peak Formation is  also 
involved in deformation, indicating post-basal Brothers Peak 
deformation (post-Campanian ?). The unconformities a r e  an  
expression of deformation involving a number of t e r r anes  
over a period of about 100 Ma. Collision of Stikinia with 
Cache  Creek Terrane (Middle Jurassic, Bathonian) in i t ia ted  
coarse c las t ic  deposition in Bowser Basin a s  c h e r t  was 
derived f rom Cache Creek Group, and resulted in a 
s t ra t igraphic  link between t h e  two  terranes.  Subsequent 
shortening in Bowser Basin predated deposition of t h e  Sustut  
Group and may have been re la ted  t o  continued convergence 
between Stikinia and t h e  Cache  Creek Terrane. La te  Early 
Cretaceous  uplift in t h e  Omineca Belt  i s  reflected by c las ts  
of miogeoclinal rocks and de t r i t a l  micas  t h a t  were  deposited 
in t h e  Sustut Basin and across pa r t  of t he  northern Bowser 
Basin. Northeast-verging folds and thrus t  faul ts  in Bowser 
Lake Group and t h e  lowest Sustut Group were  associated with 
uplift  of Bowser Basin, confining fur ther  sedimentation t o  
Sustut Basin. The deformation ref lec ts  interaction between 
Stikinia and t h e  Coast  Belt. Shortening continued in to  t h e  
middle La te  Cretaceous  and possibly later.  
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Abs t r ac t  

Geoelectrical  sounding profiles were  col lec ted  on the  southwestern  pa r t  of t he  Fraser  River 
de l ta  t o  assess t h e  viability of e lec t r ica l  techniques in a t idal  f l a t  environment.  It proved t o  be  rapid 
and relatively inexpensive, and adaptable  t o  the  t idal  f l a t s  of Rober ts  Bank. Elec t r ica l  prospecting 
methods yield resist ivity versus depth  information which provides a complementary  d a t a  s e t  t o  
drillholes and seismic ref lec t ion  records,  t o  give thickness variations,  s t ruc tu re s  and f ac i e s  changes. 
This information contr ibutes  t o  our understanding of t h e  Quaternary  history of t h e  F ra se r  River 
de l ta ,  t o  t he  geotechnica l  assessment  for  foreshore and mar ine  engineering development,  and t o  t h e  
evaluation of seismic risk. 

Des profils  d e  sondages gBoelectriques on t  BtB f a i t s  dans  l a  pa r t i e  sud-ouest du de l t a  du f leuve  
Fraser  afin drBvaluer la f iabil i te d e s  techniques Blectriques dans  un milieu d e  zone intert idale.  C e t t e  
technique s tes t  av6rBe rapide e t  re la t ivement  peu coateuse ,  e t  t o u t  h f a i t  adaptable  b la zone  
intert idale du banc Roberts.  Les m6thodes d e  prospection Blectrique fournissent d e s  donnees  d e  la 
rBsistivit6 par rappor t  b la profondeur, c e  qui pe rme t  d'obtenir des  donnBes complementa i res  b ce l le  
des  trous d e  forage  e t  des  regis t res  d e  reflexion sismique; el les renseignent ainsi sur les  variations d e s  
Bpaisseurs des  s t r a t e s  e t  les changements  d e  s t ruc tu re s  e t  de  facihs. C e s  renseignements  contr ibuent  
A une meilleure comprehension d e  la p6riode du Quaternai re  du d e l t a  du fleuve Fraser ,  e t  cont r ibuent  
?I I'dvaluation geotechnique des  zones  dtavant-plage e t  mar ine  e n  vue d e  t ravaux d e  mise en  valeur,  
ainsi qutb I'bvaluation d e s  dangers  sismiques. 



Introduction 

Electrical  sounding techniques have been used 
effectively for shallow prospecting in a variety of 
engineering and geological applications including foundation 
studies for major construction projects and the  determination 
of overburden thickness and hydrological studies 
(Bhattacharya and Patra ,  1968). The goal of t h e  survey, in all  
of these  cases ,  i s  t o  determine t h e  thickness and/or l a t e ra l  
ex ten t  of a less resistive unconsolidated layer over a more  
resistive bedrock. 

As with o ther  geophysical methods, a sound 
in terpre ta t ion relies on a knowledge of t h e  lithologies likely 
t o  be present and an  appreciation of the  possible variation in 
their  physical properties. A general  framework has been 
established for  t h e  Quatenary  geology of the  lower mainland 
(Armstrong and Hickock, 19761, for t he  postglacial history of 
t h e  Fraser de l t a  (Clague et al., 1983) and for  the  Quaternary  
section beneath t h e  St ra i t  of Georgia (Hamilton and 
Luternauer,  1983). Essential borehole control on lithologies of 
t h e  Fraser de l t a  (Roberts et al., 1985) and t h e  subjacent  
Ter t iary  and Cretaceous  sedimentary bedrock uni ts  (Hopkins, 
1966; Richfield Pure  Point Roberts 6-3-5 well  history 
report) ,  along with a regional indication of variations in 
bedrock stratigraphy (Roddick, 1965) provide t h e  necessary 
geological background for interpreting geoelectrical  surveys 
in the  area.  

During t h e  1985 field season, a var ie ty  of geological 
and geophysical studies were  performed, d i rec ted a t  
improving our understanding of the  Quaternary  sect ion in the  
southwestern par t  of t h e  Fraser delta.  These studies were  
conducted mainly on the  subaerial  portion of the  de l t a  and 
included shallow high-resolution seismic profiling, cor ing and 
geophysical borehole logging (Luternaurer et al., 1986). A 
program of geoelect r ic  profiling w a s  in i t ia ted  t o  de te rmine  
the  resistivity s t ruc tu re  of t h e  shallow p a r t  of t h e  
sedimentary column and t o  demons t r a t e  t h e  uti l i ty of t h e  
method in t h e  logistically d i f f icul t  a r e a  of Rober ts  Bank 
(Fig. 79.1). This a r e a  was  chosen fo r  study because t h e  t idal 
f l a t s  const i tu te  a significant gap in t h e  regional Quaternary  
picture, being inaccessible t o  conventional seismic techniques 
a s  pract iced in deeper water  or on land, and  because 
sufficient groundtruth had already been collected on t h e  
shallow lithologies (by t h e  1968 Swann Wooster/National 
Harbours Board coring program fo r  t h e  geotechnical  
assessment of t h e  coalport)  t o  constrain subsurface  
geophysical in terpre ta t ions  in th is  area .  These s tudies  should 
a lso  se rve  a s  a model for  f u t u r e  geoelect r ica l  investigations 
of t h e  Fraser  River delta.  

Figure 79.1. Geographic se t t ing of survey area.  The e lec t r ica l  survey lines a r e  shown in black, 
seismic survey lines (100 t o  400) in grey and coreholes a s  do t s  (SFU(Dl35 etc.)  of Luternauer e t  al. 
(1986). Asterisks denote  the  locations of geotechnical  assessment boreholes (Swann Wooster 
Engineering/National Harbours Board, 1969). The location of the  Richfield-Pure Point Rober ts  
exploration wcll i3 given by the  dry hole symbol I$. For clari ty of presentation, t he  separation of 
seismic line 300 and resistivity line EL1 has  been exaggerated; t he  t rue  separation was  8 m. 



Methods and techniques Field survey work was  performed f rom 14 t o  17 August 

The resistivity equipment consisted of Phoenix IPTl and 
IPTlB t ransmit ters  (maximum output  3 kW a t  10 A) and a 
Huntec M4 receiver.  For line ELI 20 m dipole spacings were  
used with t h e  IPTlB t ransmit ter  and with input power ranging 
from 25 t o  60 W. For line EL2 the  source and receiver 
dipoles were  100 m long for  t h e  southern par t  of t h e  line 
(across t h e  t idal f lats) ,  and 50 m long for t h e  northern pa r t  of 
t h e  line (along 34th St.). There, a gasoline generator  supplied 
power t o  t h e  IPTl t ransmit ter .  The input power ranged f rom 
300 t o  750 W for t h e  100 m dipole and 500 t o  2500 W fo r  t h e  
50 m dipole. On a l l  lines, chargeabili ty readings (induced 
polarizations) were  also taken, using 100 ms delay t imes,  
100 m s  integration t imes  and 0.125 Hz (8 s period) with 50% 
duty  cycle. Routine readings taken a t  e a c h  s ta t ion included: 
Vp (primary voltage), Sp (self potential), to ta l  chargeabili ty,  
number of cycles  and 10 chargeabili ty factors.  

1986, chiefly t o  t ake  advantage of pronounced d a y t i m e l o w  
tides for t h e  work on Roberts Bank. The decision t o  conduct 
t h e  survey directly on Rober ts  Bank a t  low tidelsubaerial  
exposure was made t o  acquire d a t a  more  di rec t ly  comparable  
t o  on-land results,  and t o  avoid any ambiguity or  masking 
e f f ec t  imposed by a thin, highly conductive seawa te r  layer. 
From magnet ic  observatory records  at Victoria, th is  interval 
proved t o  be  magnetically quie t  and t h e  survey d a t a  a r e  
considered t o  be  f r e e  f rom na tu ra l  e lec t r ica l  perturbations. 
This was also born o u t  by t h e  very low noise levels which 
were  determined when comparat ive  s e t s  of readings were  
made wi th  t h e  t ransmit ter  switched off. Field work 
proceeded rapidly a s  t h e  e n t i r e  e lec t r ica l  survey was  
completed in  four days with a four-person crew, averaging 
1 km per day. By comparison, t h e  acquisition of t h e  5 km of 
high resolution seismic d a t a  (Luternauer e t  al., 1986) kept  a 
four-person crew occupied for approximately th ree  weeks. . . 

Preceding t h e  ac tual  survey, ar ray t e s t s  were  
performed on Lulu Island (near 123 02.4', 49 09.7') in an  a r e a  Electrical sounding profiles 
underlain by more  than 35 m of fluvial and tidal-facies si l ts  
and sands of probable Pleistocene a g e  (based on coring resul ts  Line EL1 
by M. Roberts and students,  personal communication, 1986). 
For both Wenner and dipole-dipole ar ray configurations, The pseudo-section for  l ine EL1 (Fig. 79.2) indicates a 

complex, non-layered subsurface  e lec t r ica l  s t ruc tu re  not e lec t r ica l  soundings indicated a near su r face  zone ( < I 0  m)  of  correlated with either the drillhole or the seismic reflection 
high apparent resistivities (UP to 90 ohm-m), data of Luternauer et al. (1986). The observed range of correlating with t h e  upper si l t  member,  overlying a less apparent  resist ivit ies (9.3 t o  106.8 ohm-m) is  comparable  

resistive (2 extending to tens with that  observed in the downhole log of borehole SF"(D)38, 
metres depth' The 'Ontrast picked up in these tests but markedly lower in t h e  ac tua l  position of t h e  drillhole ef fect ively  distinguished t h e  top  of t h e  wa te r  table  at t h e  (<25 on the line to resistivities for 
upper si l t lsand boundary, revealing i t  t o  be an e lec t r ica l  a s  individual thin beds of u p  t o  9 0  ohm-m). This may be  due  t o  as a lithol0gica1 and a h~drological These differences in electrode spacing between the two methods, equipment and operations tests indicated t h e  range of directional anisotropy, o r  contamination of t h e  region by t h e  apparent  resist ivit ies t o  be  expected for  t h e  Quaternary  low resistivity salt muds used in  drilling. sediments. in addition t o  demonstra t ine  t h e  extent  t o  which 
the  r e s i s th i t i e s  could be raised in the  v idose  zone. 
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Figure 79.2. Pseudo-section for  resist ivity line EL1. Due to  the  presence of power lines, fences,  and 
culverts,  the middle portion of the  line was  not surveyed. Note the  20 m separation for  both the 
current  and potential  electrodes.  Relative depth is plotted a s  dipole-dipole separation, with no 
ver t ica l  exaggeration. Drillhole SFU(D)38, with a sui te  of downhole geophysical logs, is indicated. 
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The high a n d  var iab le  res i s t iv i t i es  in  t h e  upper  p a r t  of 
t h e  n o r t h e r n  port ion,  and  a l l  of t h e  s o u t h e r n  por t ion  of t h e  
l ine,  may b e  d u e  t o  f a c i e s  c h a n g e s  or  c h a n g e s  in w a t e r  
c o n t e n t  in  t h e  Q u a t e r n a r y  sect ion.  S e d i m e n t s  w i t h  a nomina l  
30% porosi ty,  a r e l a t i v e l y  f r e s h  ( I  o h m - m )  f o r m a t i o n  w a t e r  
a n d  w i t h  s a t u r a t i o n  varying f r o m  33% t o  100% would a c c o u n t  
for  t h e  o b s e r v e d  a p p a r e n t  res i s t iv i t i es .  Regions of d ra ined  
z o n e s  and  perched  w a t e r  t a b l e s  would be  e x p e c t e d  f o r  t h e  
kinds of Q u a t e r n a r y  s e d i m e n t s  p r e s e n t  in  t h e  Poin t  R o b e r t s  
a r e a .  S m a l l  s c a l e  f a c i e s  c h a n g e s  a r e  ind ica ted  by t h e  
geological  mapping  (Armst rong  and  Hickock,  1976), t h e  l a c k  
of l i tho logic  c o n t i n u i t y  b e t w e e n  c lose ly  s p a c e d  boreholes and  
t h e  shallow high reso lu t ion  se i smic  sec t ions .  

The low ( c 3 O o h m - m )  a p p a r e n t  res i s t iv i t i es  at t h e  
d e e p e s t  p a r t  of t h e  n o r t h  end  of t h e  s e c t i o n  a r e  thought  t o  
r e p r e s e n t  s a t u r a t e d  T e r t i a r y  bedrock.  Low res i s t iv i t i es  a n d  
high poros i t i es  w e r e  d e t e r m i n e d  f o r  t h e  w a t e r  s a t u r a t e d  
T e r i t a r y  c l a s t i c  success ion  in  t h e  n e a r b y  Poin t  R o b e r t s  well  
(well  h i s tory  r e p o r t ,  Richfield P u r e  P o i n t  R o b e r t s  6-3-5). In 
addi t ion ,  t h e  major  s e i s m i c  r e f l e c t o r  (on l ine  300) 
r e p r e s e n t i n g  t h e  t o p  of t h e  T e r t i a r y  sha l lows  in  t h i s  a r e a  a n d  
borehole  SFU(D)39 w a s  only a b l e  t o  p e n e t r a t e  t o  1 3  m d e p t h ,  
which could  a l so  b e  t a k e n  t o  i n d i c a t e  t h e  proximi ty  of 
bedrock a n d  t h e  a b b r e v i a t e d  n a t u r e  of t h e  loca l  Q u a t e r n a r y  
success ion  ( L u t e r n a u e r  e t  al., 1986). For  T e r t i a r y  b e d r o c k  
s a t u r a t e d  w i t h  re la t ive ly  f r e s h  f o r m a t i o n  w a t e r s  (1 o h m - m )  
t h e  r a n g e  of a p p a r e n t  res i s t iv i t i es  i n d i c a t e  a r a n g e  of 
poros i t i es  f r o m  17  t o  31%, in keeping  w i t h  t h e  Poin t  R o b e r t s  
well. 

L ine  EL2 

The a p p a r e n t  res i s t iv i ty  s t r u c t u r e  below t h e  t i d a l  f l a t s  
a n d  a d j a c e n t  dyked  lowlands i s  r e l a t i v e l y  f l a t  a n d  
c h a r a c t e r i z e d  by low va lues  (Fig. 79.3). The  low a p p a r e n t  

res i s t iv i t i es  a r e  pred ic tab le ,  par t icu la r ly  f o r  t h e  t i d a l  f l a t s  
w h e r e  t h e  n e a r - s u r f a c e  s e d i m e n t s  (bo th  exposed  a n d  i n  
boreholes)  a r e  superhydrous  m a r i n e  s i l t s  w i t h  high poros i t i es  
and  r e l a t i v e l y  sa l ine  f o r m a t i o n  waters .  T h e  re l ie f  o n  t h e  
res i s t iv i ty  c o n t o u r s  i s  thought  t o  r e f l e c t  r e a l  s u b s u r f a c e  
s t r u c t u r e s  such  a s  channels  and  buried topography d u e  t o  
erosional  a n d  cons t ruc t iona l  f e a t u r e s  of probably P l e i s t o c e n e  
age .  Unconformi t ies  w i t h  re l ie f  of t h i s  t y p e  a r e  f r e q u e n t l y  
seen  wi th in  g lac ia l ly  d o m i n a t e d  p a r t s  of t h e  Q u a t e r n a r y  
sec t ion  (Hami l ton  and  L u t e r n a u e r ,  1983;  L u t e r n a u e r  e t  al., 
1986). O n  t h e  pseudo-sect ion,  t h e  c o m p l e x i t y  jus t  t o  t h e  
n o r t h  of t h e  land-sea boundary i s  marked  both  b y  a n  invers ion  
in  t h e  a p p a r e n t  res i s t iv i ty  g r a d i e n t  as a f u n c t i o n  of d e p t h  and  
by t h e  p e r s i s t e n c e  of low a p p a r e n t  res i s t iv i ty  va lues  at d e p t h .  
Possible geologica l  explana t ions  f o r  t h i s  g e o e l e c t r i c a l  
s t r u c t u r e  inc lude  hydro logica l  e f f e c t s  at t h e  land-sea 
boundary ( f r e s h w a t e r - s a l t w a t e r  mixing) a n d  t h e  i n f l u e n c e  of  
a local  bedrock  high ( a s  i n d i c a t e d  by s e i s m i c  Lines 200  
and  100). However ,  s o m e  e f f e c t  d u e  t o  t h e  p r e s e n c e  of 
power l ines  in  t h i s  vicini ty c a n n o t  b e  ru led  out .  

The CSAMT (Cont ro l led  Source  Audio Magneto-  
Tellurics)  pseudo-sect ion f o r  t h e  n e a r  s h o r e  por t ion  of t h e  
R o b e r t s  Bank l i n e  EL2 i s  p r e s e n t e d  in F i g u r e  79.4A. 
Apparen t  res i s t iv i ty  w a s  d i r e c t l y  ava i lab le  a s  o u t p u t  f r o m  t h e  
Phoenix s y s t e m  ( c a l c u l a t e d  f r o m  E and  H fields)  w h i l e  t h e  
d e p t h  i s  s c a l e d  a c c o r d i n g  t o  t h e  relat ionship:  

(Bostick,  1977); w h e r e  h r e p r e s e n t s  t h e  d e p t h ,  T r e p r e s e n t s  
t h e  period ( inverse  f requency) ,  pacT> is  t h e  a p p a r e n t  
res i s t iv i ty  a s  a func t ion  of period,  is  t h e  m a g n e t i c  
permeabi l i ty  of  f r e e  space .  An a t t e m p t  w a s  m a d e  t o  m o d e l  
t h e  CSAMT r e s u l t s  using a Bostick t r a n s f o r m  a s  d e s c r i b e d  by 
J o n e s  a n d  F o s t e r  (1986). However ,  b e c a u s e  of t h e  l a r g e  
g r a d i e n t s  in a p p a r e n t  res i s t iv i ty  a t  t h e  t o p  a n d  b o t t o m  of t h e  
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APPARENT RESISTIVITY PSEUDO-SECTION EL 2 
Figure 79.3. Pseudo-sec t ion  f o r  res i s t iv i ty  l ine EL2. This p a r t i c u l a r  crossing of R o b e r t s  Bank w a s  
chosen  t o  avoid buried submar ine  power  cab les .  Principal  spac ings  f o r  bo th  c u r r e n t  and  p o t e n t i a l  
e l e c t r o d e s  w e r e  1 0 0  m a c r o s s  t h e  t ida l  f l a t s  and  50 m on land. R e l a t i v e  d e p t h  is p l o t t e d  a s  dipole-  
dipole separa t ion  wi th  a v e r t i c a l  e x a g g e r a t i o n  of 2X. The  C S A M T  line w a s  run  by reoccupying  
s t a t i o n s  of t h e  res i s t iv i ty  line for  t h e  r e c e i v e r  posi t ions,  while t h e  s o u r c e  w a s  posi t ioned along t h e  
c o a l p o r t  causeway,  a b o u t  1 k m  t o  t h e  s o u t h e a s t .  The  p r o j e c t e d  posl t lon of se l smlc  line 200 Is shown 
by A-B. 



i n t e r m e d i a t e  layer ,  t h e  inversion w a s  unstable.  Nonetheless,  
t h e r e  i s  good q u a l i t a t i v e  a g r e e m e n t  b e t w e e n  t h e  
m a g n e t o t e l l u r i c  a n d  t h e  D C  res i s t iv i ty  s e c t i o n s  a n d  a l s o  a 
g e n e r a l  a r e e m e n t  b e t w e e n  t h e  e l e c t r i c a l  a n d  t h e  s e i s m i c  
s t r u c u t r e  $line 200). In both t h e  CSAMT s e c t i o n  (Fig. 79.4A) 
and  t h e  s e i s m i c  s e c t i o n  (line 200) t h e r e  is  a n  ind ica t ion  t h a t  
T e r t i a r y  b a s e m e n t  s lopes  down t o  t h e  s o u t h w e s t .  In 
F i g u r e  79.4A, t h e  p e r s i s t e n c e  of r e l a t i v e l y  low a p p a r e n t  
res i s t iv i t i es  t o  a b o u t  84 m is  b e s t  expla ined  by r e l a t i v e l y  high 
porosi t ies .  This is  in keeping  wi th  t h e  unconsol ida ted  sand  
a n d  s i l t  l i thologies e n c o u n t e r e d  by shallow boreholes  in  t h e  
i m m e d i a t e  a r e a  (SFU(D)35) a n d  in t h e  1968 Swann 
Wooste r /Nat iona l  Harbours  Board g e o t e c h n i c a l  boreholes  ( see  
as te r i sks ,  Fig. 79.1) and  a l so  in keeping w i t h  m o d e r a t e l y  
c o n d u c t i v e  f o r m a t i o n  w a t e r s  (0.25 t o  1.0 ohm-m).  

O n  t h e  CSAMT pseudo-sect ion,  a g ross  progression f r o m  
high res i s t iv i t i es  t o  low res i s t iv i t i es  and  back  t o  high 
res i s t iv i t i es  wi th  increas ing  d e p t h ,  imply t h a t  induced  
c u r r e n t s  will b e  channel led  in  t h e  i n t e r m e d i a t e  m o r e  
c o n d u c t i v e  layer.  The  high a p p a r e n t  res i s t iv i t i es  at t h e  
h ighes t  f r e q u e n c i e s  on  t h e  CSAMT s e c t i o n  c a n  b e  i n t e r p r e t e d  
in t e r m s  of p a r t i a l  w a t e r  s a t u r a t i o n s  (60% o r  g r e a t e r )  in  t h e  
sha l lowes t  layers.  The dra in ing  of  p o r e  w a t e r s  and  expulsion 
of g a s e s  f r o m  t h e  s e d i m e n t s  of t h e  t i d e  f l a t s  w a s  in  f a c t  
observed  during fal l ing and  r is ing t i d e s  o v e r  t h e  c o u r s e  of t h e  
survey ,  suppor t ing  t h e  possibility of w a t e r  s a t u r a t i o n s  less  
t h a n  unity. A t  any  d e p t h  a p p a r e n t  res i s t iv i t i es  d e c r e a s e  in a 
s o u t h w e s t e r l y  sense.  This t r a n s v e r s e  g r a d i e n t  c a n  b e  read i ly  
i n t e r p r e t e d  a s  a n  i n c r e a s e  in  sa l in i ty  f r o m  t h e  landward  s i d e  
t o  t h e  s e a w a r d  s ide  of t h e  s e c t i o n ,  b e c a u s e  of t h e  f r e s h  w a t e r  
r e c h a r g e  a n d  runoff  f r o m  t h e  n e a r b y  e m e r g e n t  lowlands.  The  
c o n d u c t i v i t y  of b r ine  so lu t ions  v a r i e s  a p p r o x i m a t e l y  l inear ly  
wi th  sa l in i ty  al lowing o n e  t o  e s t i m a t e  t h e  sa l in i t i es  a c r o s s  

t h e  s e c t i o n  a c c o r d i n g  t o  re la t ive ly  s i m p l e  f o r m u l a e  (Dresser  
Atlas,  1979). Using t h e  layers ,  t e m p e r a t u r e s ,  a n d  poros i t i es  
of t h e  p r e f e r r e d  res i s t iv i ty  m o d e l  g iven  in  T a b l e  79.1, t h e  
l a t e r a l  g r a d i e n t  in a p p a r e n t  r e s i s t i v i t i e s  i m p l i e s  t h a t  
sa l in i t i es  v a r y  by a f a c t o r  of 1.3 t o  3.3 a c r o s s  t h e  200 m 
wid th  of t h e  sec t ion .  F u r t h e r m o r e  t h e  sa l in i ty  g r a d i e n t s  
a p p e a r  t o  be  g r e a t e s t  in t h e  i n t e r m e d i a t e  l a y e r  w i t h  t h e  m o s t  
sa l ine  f o r m a t i o n  w a t e r s .  

A s i m p l e  t h r e e  l a y e r  res i s t iv i ty  s t r u c t u r e  w a s  
d e t e r m i n e d  by c o m p a r i n g  t h e  D C  d a t a  t o  t h e  r e f e r e n c e  f ie ld  
c u r v e s  ( a p p a r e n t  res i s t iv i ty  versus  a p p a r e n t  res i s t iv i ty  
divided by d e p t h )  of B h a t t a c h a r y a  a n d  P a t r a  (1968). 
Considering t h e  re la t ive ly  f l a t  n a t u r e  of t h e  pseudo-sect ion 
(Fig. 79.3), t h e  a p p a r e n t  res i s t iv i t i es  a t  e a c h  d e p t h  w e r e  
a v e r a g e d  t o  o b t a i n  a n  a p p r o x i m a t e  l a y e r e d  e l e c t r i c a l  
s t r u c t u r e  t h a t  would f i t  t h e  whole  d a t a  se t .  These  a v e r a g e s  
w e r e  p l o t t e d  w i t h  e r r o r s ,  g iven  by t h e  a c t u a l  r a n g e  of  va lues  
r a t h e r  t h a n  a s t a n d a r d  e r r o r  of t h e  mean .  T h e  t h e o r e t i c a l  
response  c u r v e s  for  var ious  conf igura t ions  of th ickness  and  
res i s t iv i ty  c o n t r a s t  w e r e  c o m p a r e d  t o  t h e  a v e r a g e d  v a l u e s  f o r  
R o b e r t s  Bank t a k i n g  i n t o  a c c o u n t  t h e  a c t u a l  r a n g e  of  values.  
The p r e f e r r e d  model ,  based only o n  t h e  dipole-dipole d a t a ,  i s  
p r e s e n t e d  in  T a b l e  79.1 a n d  a l s o  in F i g u r e  79.48, a long  wi th  
t h e  r a n g e  of a c c e p t a b l e  models .  The a v e r a g e  t e m p e r a t u r e s  
in  t h e  var ious  l a y e r s  w e r e  e s t i m a t e d  f r o m  t h e  b o t t o m  hole  
t e m p e r a t u r e  of t h e  P o i n t  R o b e r t s  wel l  a n d  t h e  loca l  
g e o t h e r m a l  g r a d i e n t  of a b o u t  1 5  d e g r e e s  ce l s ius  per  
k i lomet re .  This  low g e o t h e r m a l  g r a d i e n t  i s  in keeping  w i t h  
e x p e c t a t i o n s  f r o m  reg iona l  h e a t  f low s tud ies .  T h e  e s t i m a t e s  
of poros i ty  and  f o r m a t i o n  w a t e r  res i s t iv i ty  a r e  based  o n  t h e  
D C  d a t a  s e t  and  Archie 's  law. N o t e  t h e  g e n e r a l  a g r e e m e n t  
b e t w e e n  t h e  d a t a  po in ts  t r a n s c r i b e d  f r o m  t h e  CSAMT s e c t i o n  
a n d  t h e  D C  models. The  f i r s t  l a y e r  in  t h e  e l e c t r i c a l  model  is  

CSAMT APPARENT RESISTIVITY 
PSEUDO-SECTION PROFILE 
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F i g u r e  79.4. A. CSAMT pseudo-sect ion a c r o s s  t h e  n e a r s h o r e  por t ion  of R o b e r t s  Bank. N o t e  t h e  
logar i thmic  d e p t h  sca le .  
B. Compar i son  of CSAMT prof i les  t o  s i m p l e  t h r e e  l a y e r  m o d e l s  for  t h e  D C  res i s t iv i ty .  A p p a r e n t  
res i s t iv i ty  is shown a s  a func t ion  of  d e p t h  (both on logar i thmic  scales) .  D a t a  po in ts  for  t h e  CSAMT 
prof i les  a r e  t ranscr ibed  f r o m  t h e  a d j a c e n t  pseudo-sect ion.  The  p r e f e r r e d  D C  res i s t iv i ty  model  is  
ind ica ted  by t h e  bold line, w i t h  t h e  r a n g e  of a c c e p t a b l e  models  ind ica ted  by t h e  dashed  and t h e  f a i n t  
solid lines. 



Table 79.1 

Thickness Layer Pore  Fluid Temp (C) Porosity (96) 
Layer (m) Resistivity Resistivity 

Unconsolidated 
Quaternary 70 ? 60 1.6 + 0 . 3  1.00 9 72 t o  8 8  
Sediments 

Transition Zone 
Pleistocene + 365 ? 60 7 . 0  + 4.0 0 .25 10 15 t o  29 
Weathered Bedrock 

Tertiary Clas t ic  
Sedimentary unresolved 22.0 t 12.0 0 .92 15 16 t o  30 
Bedrock 

equivalent t o  t h e  Quaternary layer  (Holocene plus 
Pleistocene undifferentiated on seismic line 200). While t h e  
resistivity of this shallowest layer is  well constrained i t s  
thickness is not. The ambiguity in resolving the  layer 1-2 
boundary and in constraining the  resistivity for layer two  is 
simply due t o  rea l  s t ructura l  variations (topography on the  
base of layer one) a s  is implied by both the  contours in 
Figure 79.3 and the  dipping ref lec tors  within and a t  t he  base 
of t h e  Quaternary sediments on seismic line 200. One should 
in terpre t  t h e  large e r ro r  bars on t h e  thickness of layer one a s  
an  indication of the  presence of rea l  s t ruc tu re  in t h e  f i r s t  
layer, r a the r  than t h a t  t h e  model i s  poor. The depth t o  t h e  
third layer i s  well constrained by t h e  model although this i s  
well  below the  ac tua l  t op  of bedrock a s  deduced f rom t h e  
seismic data.  This layer has  resistivit ies which a r e  very 
similar t o  t h e  Tertiary c las t ic  sedimentary  succession in t h e  
nearby Point Roberts well. The in termedia te  layer has 
formation resistivit ies which a r e  transit ional t o  layer three.  
The most likely geological explanation for layer two  is  t ha t  i t  
represents a transit ion zone comprised partially of t ighter  
Quaternary deposits than a r e  found in layer 1 (Pleistocene 
t i l ls  and marine clays etc.)  and partly of weathered bedrock 
or s t r a t a  with more  saline format ion wa te r s  than a r e  typical  
for  t h e  Tertiary succession below. Alternatively, one  could 
in terpre t  t h e  transit ion zone in t e r m s  of a resistivity gradient  
representing the  closure of porosity with depth. 

In t h e  model, layers one and t h r e e  have relatively fresh 
formation wa te r s  (salinity less than 10 000 ppm) t o  g ive  t h e  
bes t  agreement  between observed and expected porosities. If 
by contras t ,  layer one were  completely sa tura ted with s e a  
water ,  t he  es t imated porosities would drop to  the  40% range 
but these a r e  s t i l l  g rea t e r  than any possible e s t ima tes  for  
layer two. Similarly if t he  format ion fluid resistivit ies and 
salinities for layer th ree  were  more  like those of seawater ,  
t h e  porosity e s t ima tes  would drop t o  t h e  13% range but these  
es t imates  a r e  s t i l l  in line with d a t a  fo r  t h e  Point Rober ts  
well, and s t i l l  imply a t ighter  bedrock than t h e  overlying 
s t ra ta .  

Discussion 

Conventional DC resistivity and MT surveying 
techniques have proven useful in defining the  shallow 
geoelectrical  s t ruc tu re  of t he  southwestern Fraser River 
del ta  and in providing a complementary  geophysical d a t a  s e t  
t o  the  seismic and borehole information. The unconformity 
a t  t he  base of t h e  Quaternary was found t o  have considerable 
relief, which was  unexpected in this region of subdued 
surface  topography. Of particular in teres t  a r e  the  p laces  
where  t h e  Tertiary bedrock rises t o  near  t h e  surface  at t h e  
north end of l ine ELI  and beneath t h e  dyked foreshore along 
t h e  edge of Rober ts  Bank. Along line EL2, t h e  apparent  

resist ivity i s  in terpre ted in t e r m s  of a three-layer model, 
with an  upper porous hydrated layer composed of 
unconsolidated Holocene and Pleistocene deposits (sands, 
silts) overlying a transit ion zone composed of lower porosity 
materials (Pleistocene tills, compacted marine  clays, and 
weathered Tertiary bedrock) which in turn overlies less 
porous Ter t iary  sedimentary s t r a t a  which const i tu te  local 
e lec t r ica l  basement.  Subsurface topography between layers I 
and 2 is readily apparent  and corre la tes  well with se ismic  and 
geotechnical borehole results. 

Not only a r e  t h e  resistivity d a t a  useful fo r  t h e  
in terpre ta t ion of stratigraphy and s t ruc tu re  but  a lso  for  
re la t ive  changes  in o ther  subsurface petrophysical properties,  
particularly in  t h e  porosity and t h e  salinity of format ion 
waters.  On Rober ts  Bank t h e  porosity of layer one is  72 t o  
88%, for a pore fluid tha t  consists of seawater  mixed with 
freshwater discharge f rom the  neighboring lowlands. General 
t rends  in t h e  CSAMT results support  this conclusion. The 
transit ion zone has porosities ranging f rom 15 t o  29%, for  a 
pore fluid consisting of seawater ,  or 30 to  60% for  a 
freshwater-seawater mixture. A porosity gradient  most 
likely exists, decreasing downwards through t h e  transit ion 
zone. Porosit ies in t h e  Tertiary bedrock (layer 3) range f rom 
1 6  t o  3096, in good ag reemen t  with resul ts  f rom t h e  Point 
Roberts well. Apparent resist ivit ies at all  depths  dec rease  in 
a seaward direction correlating with a n  increase  in salinity. 

In conclusion, t hese  e lec t r ica l  methods a r e  rapid and  
relatively inexpensive, and have been successfully adap ted  t o  
t h e  relatively unknown and logistically difficult  region of the  
intertidal platform. Preliminary resul ts  of this survey 
suggest t h a t  a more  extensive geoelect r ic  sounding program 
is warranted and should be undertaken in conjunction with 
o ther  geological and geophysical investigations on t h e  Fraser 
River delta.  
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Abstract 

The Lower and lower Middle Jurassic Ladner Group consists o f  Sinemuriad?) t o  Aalenian(?) thin 
bedded argillaceous strata w i t h  subordinate siltstone, greywacke and conglomerate, which grades 
upsection and in  par t  lateral ly in to  an assemblage o f  upper Toarciad?) t o  lower Bajocian volcanic 
rocks. These volcanic rocks, re fer red t o  herein as the Dewdney Creek Formation, consist 
predominantly of crystal- l i thic tu f f ,  volcanic breccia, tuffaceous siltstone and greywacke, volcanic 
conglomerate and locally preserved andesitic flows. Recognition of regionally extensive lower Middle 
Jurassic volcanic rocks wi th in  the trough demonstrates that volcanic detr i tus character ist ic o f  the 
Jurassic section was l ikely derived f rom local volcanic centers. Upper Oxfordian to  upper Tithonian 
volcanic sandstone and sandy argi l l i te,  re fer red t o  herein as the Thunder Lake sequence, 
disconformably overlie the Ladner Group. 

Le groupe de Ladner datant du Jurassique infer ieur e t  du debut du Jurassique moyen est 
compose de minces strates argileuses lithees datant du Sinemurien (?) ?I I1Aal8nien (?); elles 
contiennent Bgalement des quantites variables de grgs, de grauwacke et  de conglom6rat qui passent, 
vers l e  haut e t  en part ie lateralement, 5 un assemblage de roches volcaniques datant du Toarcien 
superieur (?) au Bajocien inferieur. Ces roches volcaniques, appeldes ci-apr8s formation de Dewdney 
Creek, se cornposent principalernent de roches pyroclastiques, de brbches volcaniques, d'aleurolite 
tufacd et  de grauwacke, de conglorn6rat volcanique et  de coulees d'anddsite pr6servdes par endroits. 
L ' ident i f icat ion dans l a  depression de roches volcaniques datant du debut du Jurassique moyen, roches 
d'ailleurs trbs repandues dans ce t te  region, demontre que les debris pierreux volcaniques de l a  section 
jurassique proviennent vraisemblablement de centres volcaniques locaux. Le grbs volcanique e t  
I 'argi l i te sableuse datant de I tOxfordien superieur au Titonien sup6rieur, appelds dans le  present 
ouvrage la  sequence de Thunder Lake, recouvre le groupe de Ladner de faqon discordante. 

University o f  Arizona, Tucson 



Figure 80.1. Regional geology of the Methow Trough (Compiled from Monger, 1970; Coates, 1972; 
Roddick el a]., 1979; and Trexler and Bourgeois, 1985). 
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Introduction (Ray e t  al., 1985; Ray, in press). It comprises  greens tone  
and gabbro  with subordinate  in terbeds  of t u f f ,  argil l i te,  and Current geological mapping in  the Methow Trough volcanic sandstone and si l tstone.  Cai rnes  (1924) was  the  f i rs t  (Hope map area (92H)) study its Jurassic t o  suggest t h a t  th is  greens tone  unit ,  which h e  refer red  t o  a s  depositional history and s t ra t igraphic  nomencla ture  began in t he  Cache  Creek  Series,  represents  t h e  basement  t o  t h e  t h e  summer  of 1985. Cairnes (1924) originally r e f e r r ed  t o  Methow Trough. A conglomerate near the base of the Ladner Jurassic argil laceous rocks in t h e  Me thow Trough as the G~~~~ contains volcanic clasts with petrologic similarities t o  Ladner Series and t o  Jurassic volcanic rocks a s  t h e  Dewdney the underlying greenstone. Based on this observation, 

Creek Series. Based on paleontology, Coa te s  (1970) assigned Cairnes (1924) sugges ted  t h a t  t h e  conglomerate  represented  a Lower and lower Jurassic age both the "local irregulari ty of sedimenta t ion  near  t h e  base of t h e  s l a t e  and rocks and referred to them belt" possibly marking a n  unconformity.  More recent work in as the Ladner Group' The name Dewdney Creek t h e  s a m e  a r e a  by Anderson (19761, Ray e t  al. (1983), and Ray was to a th in  and discontinuous Jurassic (in press) demonstrated tha t  the contact between the Ladner c las t ic  unit (Coates,  1970). From t h e  present  s tudy i t  i s  Group and t h e  Spider Peak Format ion i s  a regional apparent  t h a t  t h e  Jurassic lithologic units  of Cairnes (1924) 
unconf ormity. can  be  recognized consistently throughout t h e  Trough, and 

t h a t  t h e  ~ e w d n e y  Creek  ~ r o u p  of ~ & t e s  (1970) is  a-locally 
significant biostratigraphic unit. Because of this,  t h e  
Jurassic units  a r e  herein refer red  t o  a s  t he  Sinemurian(?) t o  
lower Bajocian Ladner Group which includes t h e  Toarcian(?) 
t o  lower Bajocian Dewdney Creek  Formation,  and t h e  
Oxfordian t o  Tithonian Thunder Lake sequence.  These 
divisions a r e  based on Cairnes '  lithologic c r i t e r i a  but also 
t a k e  into consideration paleontological  d a t a  which provide 
age  const ra in ts  for  t h e  units. 
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Regional s e t t i ng  

Extending f rom north-central  Washington in to  south- 
western  British Columbia, t h e  Methow Trough comprises a 
fault-bounded sequence  of Lower Jurassic through Upper 
Cretaceous  sedimentary  and volcanic rocks  believed t o  
depositionally over l ie  Triassic basalt  (Fig. 80.1). The present 
ea s t e rn  boundary is t h e  Pasayten  f au l t  which juxtaposes t h e  
Methow s t ra t igraphy against  Mesozoic crys ta l l ine  rocks of 
t h e  Mount Lytton Complex. To t h e  wes t ,  t h e  Permian t o  
Jurassic Hozameen Group is separa ted  f r o m  the  Methow by 
t h e  J ack  Mountain thrus t  and Hozameen fault .  The Ter t iary  
right-lateral  Fraser  River Faul t  System (FRFS) t runca t e s  t he  
trough t o  t h e  northwest (Monger, 1985). 

S t ra t igraphy of Jurass ic  rocks  

Jurassic s t r a t a  of t h e  Methow Trough a r e  in terpre ted  t o  
overlie a basement  of Triassic volcanic greenstone,  r e f e r r ed  
t o  a s  t h e  Spider Peak Formation (Ray e t  al., 1985). Based on 
detailed mapping ( 1 2 0  000) in t h e  Coquihalla and Anderson 
River areas ;  reconnaissance mapping ( 1 5 0  000) in Manning 
Park,  north of t h e  park boundary and t h e  Eas t  Anderson River 
a r e a  (Fig. 80.2); and preliminary paleontological  
de terminat ions ,  t h r e e  lithologically d is t inc t  Jurassic units  a r e  
recognized. These units a r e  t h e  Lower and lower Middle 
Jurass ic  Ladner Group which includes t h e  Dewdney Creek  
Formation,  and t h e  Upper Jurassic 'Thunder Lake sequence.  
Disconformably overlying t h e  Jurassic s t r a t a  a r e  Lower 
Cretaceous  shale,  a rkose  and conglomerate  of t h e  Jackass  
Mountain Group (Coates,  1974). 

Spider Peak Formation 

The Spider Peak Format ion is  a Lower t o  Middle(?) 
Triassic volcanic greens tone  sequence  which outcrops  locally 
along t h e  Hozameen f a u l t  in t h e  Coquihalla a r e a  (Fig. 80.3) 

Ladner Group 

The oldest  Jurass ic  unit recognized is  Sinemurian(?) t o  
Aalenian(?) and comprises  thin bedded argil laceous s t r a t a  
with subordinate in terbeds  of tuf faceous  s i l t s tone  and local 
conglomerate  and greywacke (Fig. 80.4). A poorly sor ted  
conglomerate  near  t h e  base  of t h e  sec t ion  conta ins  pebble- t o  
boulder-sized c las ts  of basic t o  felsic volcanic,  grani t ic  and 
sedimentary  rocks in a n  argil l i te matrix.  Discontinuous 
lenses of cong lomera t e  higher in t h e  sec t ion  a r e  d i f ferent  
f rom t h e  basal  cong lomera t e  in t h a t  greywacke forms t h e  

COQUlHALLA AREA 

Figure 80.2. Location of a r eas  mapped in  detail .  Crosses 
correspond t o  a r e a s  of reconaissance work. Abbreviations: 
FRFS = Fraser  River Fault  System, H F  = Hozalneen Fault ,  
P F  = Pasayten  Fault .  



matr ix  and argil l i te and subordinate in termedia te  t o  felsic 
volcanic rocks form t h e  clasts. Both conglomerates a r e  
matr ix  supported with sub- t o  well-rounded clasts. 

In t h e  Coquihalla a r e a  and northward t o  the  Fraser 
River Fault  System, t h e  argillaceous s t r a t a  display a well  
developed s la ty  cleavage. Rarely preserved fold hinges 
suggest t h a t  t h e  unit has undergone indeterminant amounts  of 
s t ructura l  thickening. Because facing indicators a r e  r a r e  in 
these  rocks, t h e  thickness of t he  argillaceous s t r a t a  has 
probably been overestimated in previous reports.  Cairnes  
originally es t imated the i r  thickness t o  be 2000 m. Ray (in 
press) suggested a more  appropr ia te  f igure  of 1500 m for  t h e  
argil laceous s t r a t a  and 2000 m to t a l  for t he  rocks herein 
defined as t h e  Ladner Group. 

Lower Pliensbachian ammoni tes  from one locali ty 
(GSC Loc. C-087352; H.W. Tipper) and a f ragment  of t h e  
bivalve Weyla(?) a r e  t h e  only fossils retrieved f rom t h e  
argil laceous unit  in t h e  Coquihalla a rea  and north t o  t h e  
Fraser River Faul t  System. Late  Jurassic Buchia collected 
f rom greywacke near Carolin mine (Coquihalla area)  (Repor t  
Km-6-1983-JAJ) a r e  herein assigned t o  the  Thunder Lake 
sequence and a r e  discussed below. In Manning Park, a section 
of argil l i te approximately 700 m thick is  recognized by 
Coa tes  (1974) a s  consti tuting a lower unit of t h e  western  bel t  
of t he  Ladner Group. Fossils f rom this unit collected f rom 
t h e  Divide Section (Coates,  1974) a r e  l a t e  Toarcian t o  
Aalenian with one lower Bajocian ammoni te  recorded f r o m  
float.  

Dewdney Creek  Formation 

Lower Jurassic argil laceous s t r a t a  described above 
grade upsection and in part  laterally in to  Toarcian(?) t o  lower 
Bajocian volcanic s t r a t a  with subordinate argil laceous 
interbeds (Fig. 80.4). The volcanic s t r a t a  consist  of crystal-  
lithic tu f f ,  tuf faceous  sil tstone and sandstone, conglomerate ,  
volcanic breccia  and locally preserved andesit ic flows. The 
present distribution of volcanic rocks (Fig. 80.3) is  controlled 
by regional folds and thrust(?) faul ts ;  the i r  original 
distribution is unknown. 

Facies  variations in t h e  volcanic rocks r e f l ec t  local 
changes in deposit ional environment. Proximity t o  volcanic 
cen t r e s  ac t ive  in t h e  early Middle Jurassic i s  recognized by 
the  association of locally preserved andesit ic flows and 
coarse  volcanic breccia.  This association occurs  in both t h e  
Anderson River and Manning Park  a r e a s  (Fig. 80.3). 
Elsewhere, t h e  volcanic assemblage is  typically interbedded 
crystal-l i thic tuff and t u f f a c e o k  str-ata with la tera l ly  
discontinuous beds of massive pebble conglomerate  and 
volcanic breccia.  The poorly sor ted  conglomerate  contains a 
variety of sub- t o  well-rounded c las ts  of felsic t o  andesit ic 
volcanic rocks, argil l i te,  and r a re  l imestone and grani t ic  
c las ts  within a tuffaceous greywacke matrix. Clas ts  range up 
t o  25  c m  across  in the  conglomerate.  Andesitic f r agmen t s  
range in s ize  up t o  0.5 m in the  volcanic breccia.  

A diverse Aalenian t o  Bajocian fauna (H.W. Tipper, 
personal communication, 1985) was  col lec ted f rom interbeds  
of argil l i te and wacke within volcanic s t r a t a  in t h e  Anderson 

Table 80.1. A comparison of Jurassic s t ra t igraphic  nomencla ture  
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Figure 80.3. Simplified geological compilation of the  Methow Trough, southwestern British Columbia. 
Compiled by author from field work and Monger (1970) and Coa tes  (1974). 



River area .  In t he  Coquihalla area ,  one poorly preserved 
f r agmen t  of a n  Aalenian(?) ammoni te  (H.W. Tipper and 
P.L. Smith, personal communication,  1985) was  re t r ieved 
f rom the  locally sheared argil laceous interbeds. Belemnites 
found in coarse  volcanic sandstone and pebble conglomerate  
in this a r e a  a r e  e i t he r  Jurassic o r  Cretaceous.  Lower 
Bajocian ammoni tes  were  col lec ted  f rom volcanic wacke 
which overlies t h e  more  argil laceous s t r a t a  of t h e  western  
belt  of t h e  Ladner Group in Manning Park (Coates,  1974). 

Thunder Lake sequence  

Upper Oxfordian t o  upper Tithonian volcanic sandstone 
and sandy argil l i te disconformably overlie t h e  lower Middle 
Jurassic s t r a t a .  These beds were  observed in a thin- t o  
medium-bedded section less than 350 m thick a t  t h e  wes t  end  
of Thunder Lake in Manning Park. The section outcrops a s  a 
discontinuous belt  north of t he  park boundary a s  f a r  a s  Mount 
Dewdney (Fig. 80.3). It has not  been recognized f a r the r  north 
excep t  for  t he  greywacke beds repor ted  t o  be  pa r t  of t h e  
Ladner Group (Ray, in press) near  Carolin mine (Coquihalla 
area) ,  but t h a t  greywacke appears  t o  this wr i ter  t o  be  
tectonically incorporated in to  t h e  argil laceous s t ra ta .  These 
beds conta in  poorly preserved f r agmen t s  of Upper Jurass ic  
Buchia concentr ica ,  which range f rom l a t e  Oxfordian t o  
Kimmeridgian (GSC Repor t  Km-6-1983-JAJ). The rocks a r e  
lithologically d is t inc t  f rom the  underlying lower Middle 
Jurassic volcanic s t r a t a  of t h e  Ladner Group but a r e  
distinguished f rom f ine  grained sediments  of t h e  Lower 
Cretaceous  Jackass  Mountain Group only by t h e  presence of 
diagnostic Jurassic and Cretaceous  fossils. 

ANDERSOIV RIVER 
1 I 

H E T T A N G I A N  I 

Discussion of s t ra t igraphic  nomencla ture  

The nomencla ture  used in th is  repor t  i s  based on 
detailed and regional geological  mapping, preliminary 
paleontological de terminat ions  (in conjunction with 
H.W. Tipper), lithologic dist inctions and nomencla ture  
originally recognized by Cairnes  (1924), and paleontological  
cons t ra in ts  reported by Coa te s  (1970). The Ladner Series of 
Cai rnes  (Table 80.1) was  cha rac t e r i zed  by argil laceous s t r a t a  
whereas his overlying Dewdney Creek Series was 
character ized  by crystal-l i thic tuff .  Detailed mapping by 
Coa te s  and paleontological s tudies  (Frebold et al., 1969) in 
t h e  Manning Park a r e a  led t o  a major revision of t h e  Jurass ic  
s t ra t igraphic  nomencla ture  (Coates ,  1970, his Figure 13-4) in 
which Lower t o  Middle Jurass ic  s t r a t a  were  refer red  t o  t h e  
Ladner Group whereas Upper Jurass ic  s t r a t a  were  r e f e r r ed  t o  
t h e  Dewdney Creek  Group. 

Coates '  Dewdney Creek  Group comprises  a local  
biostratigraphic unit  with lithologies t h a t  a r e  significantly 
d i f ferent  f rom those of t h a t  unit  f i r s t  described by Cairnes. 
In this study, Coates '  Dewdney Creek  Group is consequently 
refer red  t o  informally a s  t h e  Thunder Lake sequence  in 
r e f e rence  t o  t h e  well exposed sec t ion  a t  Thunder Lake. 
Insufficient information on s t r a t a  near t h e  Jura-Cretaceous  
boundary in t h e  Methow Trough prevents  t h e  proposal of 
more  fo rma l  nomencla ture  a t  th is  t ime. 

In t h e  cu r r en t  study t h e  n a m e  "Dewdney Creek1'  is  
re ta ined a s  a format ion n a m e  for  t h e  Middle Jurassic 
volcanic s t r a t a  described above, in order  t o  r e s to re  Cairnes '  
name  fo r  lithologies t h a t  he  recognized a s  being d is t inc t ive  

COQUIHALLA 
1 I 

I I 
I SPIDER PEAK FORMATION I 
I I 

Figure 80.4. St ra t igraphic  sections of t h e  Ladner Group compiled f rom detailed mapping and 
preliminary paleontological  de terminat ions  from the Anderson River and Coquihalla areas.  
See Figure 80.5 for  legend. 
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Figure 80.5. Stratigraphic section of the Metho 
of C o a t e s  (1974). Time sca le  rrom Palmer  (1983). 

from the  Ladner Series. The type  locali ty of t h e  volcanic 
s t r a t a  was originally t h e  Dewdney Creek  watershed (Cairnes,  
1924). Due t o  t h e  heterogenei ty  of t h e  uni t  I suggest  t h a t  t h e  
Dewdney Creek watershed and t h e  Lookout Road sec t ion  
(Manning Park) be  recognized a s  t ype  areas .  In th is  way, both 
t h e  tuf faceous  s t r a t a  and volcanic breccia  and andes i t ic  
flows will be represented.  

Depositional envi ronment  of t h e  Jurass ic  uni ts  

Early Jurass ic  t ime  a s  recorded in t h e  Methow s t r a t a  
was  a period of regional t ec ton ic  quiescence. This is  evident  
f rom t h e  lack of angular unconf3rmities within t h e  sec t ion  a s  
well a s  a predominance of sediments  cha rac t e r i s t i c  of low 
energy deposit ional environments punctuated by turbidity 
flows. Subordinate influxes of conglomerate  and wacke  
suggest  mass gravity flow and slumping caused by 
irregulari t ies of t h e  basement  deposit ional surface .  

The lower Middle Jurass ic  volcanic s t r a t a  overlying t h e  
argil l i te indica te  a change in regional t ec ton ic  configuration 
t h a t  appears  t o  have caused a local regression and an  
init iat ion of volcanic ac t iv i ty  within t h e  region. Preliminary 
fossil identifications of ammoni tes  col lec ted  f rom s t r a t a  
interbedded with volcanic breccia  and tuf faceous  sediments  
in t h e  Anderson River and Eas t  Anderson River a r eas  
(H.W. Tipper, personal communication,  1985) suggest  t h a t  
i n t e rmi t t en t  volcanism was  in i t ia ted  a s  ear ly  a s  t h e  Toarcian 
s tage .  Synchronous ac t iv i ty  t h a t  produced more  significant 
accumulations of coa r se  volcanic breccia  and andesit ic f lows 
in t h e  Anderson River and Manning Park appear  res t r ic ted  t o  
t h e  lower Bajocian. The presence  of pelagic faunas  and 
woody debris (logs) generally within t h e  more  argil laceous 
s t r a t a  suggest  t h a t  mar ine  deposition was a t  leas t  in pa r t  
proximal t o  subaer ia l  volcanic edifices.  

Upper Jurassic volcanic sandstone  and sandy argi l l i te  
overlie t h e  lower Middle Jurassic s t r a t a  disconformably. 
These sediments  were  derived f rom an eroding volcanic 
source  region e i the r  f rom within t h e  trough or t o  t h e  ea s t .  
This is  suggested a s  t h e r e  is  no evidence  of westerly derived 
sediments  unti l  Albian-Campanian (Trexler and 
Bourgeois, 1985) o r  Cenomanian (Tennyson and Cole ,  1978; 
Kleinspehn, 1985) t ime.  
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Conclusions 

The Jurassic stratigraphy of t h e  Methow Trough in  south- 
western  British Columbia has  been redefined in order  t o  
clarify relationships between t h e  recognized units and 
thereby t o  provide a be t t e r  understanding of the  evolution of 
t h e  trough in Jurassic time. Three distinct lithologic units 
a r e  recognized. These include: (1) Sinemurian(?) t o  
Aalenian(?) argillaceous s t r a t a  which belongs t o  the  Ladner 
Group, (2) Toarcian(?) t o  lower Bajocian volcanic s t r a t a  
referred t o  herein as the  Dewdney Creek Formation of the  
Ladner Group, and (3) Oxfordian t o  Tithonian volcanic 
sandstone and sandy argil l i te which is referred t o  herein a s  
the  Thunder Lake sequence. Stratigraphic and paleontologic 
relations indicate tha t  t he  argillaceous s t r a t a  a r e  overlain by 
and locally gradational into the  volcanic rocks, and that  t h e  
Thunder Lake sequence disconformably overlies the  
Sinemurian t o  lower Bajocian Ladner Group. Based on 
detailed and reconnaissance mapping, t h e  distribution of 
these units has been compiled for southwestern British 
Columbia (Fig. 80.3). 
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Structural control of podiform chromitite in Bay of lslands Ophiolite, 
Springer Hill area, Newfoundland1 
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Abstract 

A detailed study of a podiform chromitite ore deposit at Springer Hill, in the Lewis Hills Massif of the Bay of lslands 
Ophiolite Complex has been undertaken to understand the controls of the geometrical distribution of the ore. A preliminary 
interpretation of the field data indicates that the ore is of a subconcordant tabular type, and consists of chromitite 
concentration within dunite that was emplaced in harzburgite of the mantle tectonite. The dunite-chromitite body was 
emplaced syntectonically with an early high temperature deformation (S,) of the harzburgite. At this stage of the 
investigation, it cannot be stated whether the chromitiferous dunite body originated by mantle metasomatism, in situ partial 
melting or by intrusion. 

The subconcordant character of the dunite-chromitite body with respect to the S1 foliation, and the discordancy 
between various structures in the dunites, harzburgites and chromitites respectively suggest a rotational stress regime 
(simple shear) during the S1 deformation. 

Subsequent heterogeneous mylonitic deformation (S2) has overprinted the S1 structures, and has dismembered the 
original 400 m-long continuous pod of dunite-chromitite into a series of smaller disconnected pods. This later deformation 
produced two structural displacements: one steeply dipping to the northwest that is obvious in local exposure; the other 
involves a subhorizontal displacement that is less obvious in the local exposures of the mapped area. Any extension of the 
dunite-chromite body at depth is likely to be approximately parallel to the L, lineation, but dislocated by the S2 structural 
displacements. 

Un gisement podiforme de chromitite dans le complexe ophiolitigne de Bay of lslands a BtB cartographie et ses 
structures analysees, en detail afin de prbciser les relations geometriques entre le corps mineralis6 et les structures des 
roches encaissantes. La zone etudiee, Springer Hill, se situe dans le massif de Lewis Hills, a I'ouest de Terre-Neuve. Les 
donnes preliminaires demontrent sans equivoque que le gisement de Springer Hill appartient au type structural tabulaire- 
subconcordant, et consiste en une concentration dechromitite au sein d'une lentille de dunite mise en place syntectonique- 
ment dans les tectonites harzburgitiques. Le processus petrogenetique A I'origine de la principale lentille de dunite 
chrometifbre ne peut 6tre precis6 au stade actuel de 1'6tude. 

Le caractere subconcordant de I'ensemble du gisement par rapport a la foliations, ainsi que les relations discordantes 
illustrees par les structures et contacts lithologiques des dunites, harzburgites et chromitites semblent indiquer un regime 
de contrainte rotationnel (cisaillement simple) durant I'bpisode de deformation S1. 

Cette deformation primaire est obliteree par une seconde phase de deformation mylonitique plus heterogene, 
decoupant la lentille originale, s'etendant sur une longueur continue d'environ 400 m, en un chapelet de lentilles 
secondaires plus ou moins reliees. Cette dernibre phase tectonique des deux plans structuraux suivants: le premier, a fort 
plongement vers le nord-ouest, est mis en evidence par la geologie regionale; I'autre, subhorizontal, est moins facile a 
discerner dans la region A I'etude. Toute extension en profondeur de la masse mineralisee suit sans toute, de f a ~ o n  plus ou 
moins parallele, la lineation L,, et presente des signes de dislocation suite aux episodes techniques S2. 

1 Contribution to the Canada-Newfoundland Mineral Development Agreement 1984-1989. Project carried by 
Geological Survey of Canada, Mineral Resources Division, Project 770063. 

2 Department of Geology, Carleton University, Ottawa, Ontario, K1S 5B6. 



Introduction Lithological units 

Chromite is an ubiquitous phase in ophiolitic or alpine 
peridotites, but seldom occurs in modal concentrations greater 
than 5%. Exceptions are the irregular or discontinuous len- 
soidal bodies of chromite concentrations at or near the transi- 
tion zone from harzburgitic tectonites (upper residual mantle) 
to mafic and ultramafic cumulates (Thayer, 1964; Coleman, 
1977). Depending on whether the chromite concentrations are 
hosted by the tectonites or the cumulate unit, they are classi- 
fied as "podiform" (Thayer, 1962) or "ophiolitic stratiform" 
(Rahgoshay et al., 1981; Dahl and Watkinson, 1985) chromite 
deposits respectively. The apparent irregular shape of podiform 
chromites has resulted in a poor understanding of the geo- 
metrical forms of the ore, and consequently erroneous estima- 
tions of their economic potential. 

Recent investigations of podiform chromite deposits in the 
New Caledonia ophiolitic peridotites (Moutte, 1979; Prinzhofer, 
1980; Cassard, 1980; Secher, 1981; Cassard et al., 1981) have 
provided detailed documentation of the geometrical control of 
this type of chromite deposit. Cassard et al. (1981) defined three 
major types of podiform chromite ores based on the geometrical 
relationship between the general shape of the deposit and the 
tectonic structures of the associated peridotites. Basically these 
authors distinguish concordant, subconcordant and discordant 
chromite pods, depending on whether they are parallel, sub- 
parallel or discordant to the foliation of the harzburgite and 
dunite. 

The present study follows a similar methodology in defin- 
ing the geometric and kinematic parameters necessary to for- 
mulate a realistic model of the Springer Hill chromite-rich rocks. 
Preliminary data, based on mapping at a scale of 1:500 and 
collected during the 1985 summer field season, are presented 
here. 

The area under study is located in the Lewis Hills massif of 
the Bay of Islands Ophiolite Complex, in western New- 
foundland (Fig. 81.1). The regional mapping performed by Kar- 
son (1975, 1977, 1979) led to the distinction of two main areas 
(Karson and Dewey, 1978; Karson, 1984) as shown in Figure 81.1: 

(1) the Coastal complex (CC), including strongly deformed per- 
idotites, metabasites and amphibolites, interpreted as a fos- 
sil transform fault; and 

(2) the Bay of Islands complex (BOIC), interpreted as a classical 
ophiolitic section ranging from ultramafic tectonites into 
mafic and ultramafic cumulates, is regarded as fossil oceanic 
crust and upper mantle adjacent to the fracture zone. 

The Springer Hill area is located in the southern part of the 
Bay of Islands complex (Fig. 81.1), near the transition from 
harzburgitic tectonites to dunitic tectonites. The main litho- 
logical and structural features of the Springer Hill area have 
recently been summarized by Dunsworth et al. (1986). 

Mapping technique 

A detailed grid was established over an area 600 m by 
200 m to include the main chromitite outcrops of the Springer 
Hill deposit (Fig. 81.2). All exposures in this area were carefully 
examined, and mapped at a scale of 1:500. Systematic observa- 
tions included accurate measurement of the strike and dip of all 
penetrative structures, foliation, lineation and shear-planes, the 
axes and axial planes of folds, crenulations, boudins, and con- 
tacts of the various intrusive dykes and lithological bands. The 
main results of this mapping are summarized in Figure 81.2. 

Four main lithologies were recognized: harzburgite, dun- 
ite, chromitite and pyroxenite. 

Harzburgite tectonite. 

The harzburgite tectonite is a coarse grained, three phase 
peridotite (60% olivine, 35% orthopyroxene, 0-5% chromite), 
exhibiting an homogeneous tectonic fabric (S,, and equivalent 
to the S, fabric of Dunsworth et al., 1986), and is most obvious 
as flattened and elongated chromite and orthopyroxene grains. 
This deformation is assumed to be the result of asthenospheric 
flow at the time that the ophiolitic slab was close to the oceanic 
ridge where it was accreted (Malpas, 1978; Girardeau, 1979; 1982; 
Girardeau and Nicolas, 1981; Casey and I<arson, 1981). A sec- 
ondary deformation (S,, and equivalent to the S, foliation of 
Dunsworth et al., 1986) affects the harzburgite heterogeneously 
(Fig. 81.3e), and is represented by thin mylonitic bands ranging 
from a few millimetres to about 30 cm wide, which crosscut or 
transpose the former S1 foliation. This secondary deformation 
appears to be typical of a high strain rate and low temperature 
(<900°C) regime (Gueguen and Nicolas, 1980; Nicolas et al., 
1980). Pyroxenitic and numerous dunitic dykes and pods occur 
in the harzburgite in a concordant to subconcordant attitude, 
and appear to be approximately contemporaneous with S,, but 
pre-date S,, which they never crosscut. Some clinopyroxenitic 
dykes are clearly discordant to S,, and therefore postdate it, but 
have been affected by mylonitic shears and therefore pre-date 
the S, foliation. No gabbroic dykes were observed. 

Dunite 

Relatively small pods and bands of dunite are ubiquitous 
throughout the tectonized harzburgite in the area mapped 
(Fig. 81.2). These small discontinuous dunitic bodies, which 
range in width from a few centimetres to several metres and 
described as "dykelets" by Dunsworth et al. (1986), are not 
shown in Figure 81.2. This map illustrates only the distribution 
of the dunite surrounding the main chromitite mineralization 
and other unusually large dunitic bodies. The dunitic bands are 
commonly chromitiferous, and both fine grained and coarse 
grained varieties occur in the area mapped. These dunitic bands 
were regarded as dyke swarms by Dunsworth et al. (1986), 
intruded synkinematically with the harzburgite foliation. Pre- 
liminary petrographic and chemical data suggest that they 
should be regarded as in situ products of partial melting of the 
harzburgite, rather than intrusions or injections from a distal 
parental source. 

The coarser grained variety (Fig. 81.3a) seems to be re- 
stricted to pods and bands greater than 1 m in width. Chromite 
abundance also correlates with the size of the dunitic body, the 
wider bodies containing the highest chromite concentrations. 
Coarse grained dunite consists of millimetre-sized, euhedral 
chromite crystals disseminated throughout an olivine matrix. 
Primary textures are overprinted by a subsequent tectonic fab- 
ric (mainly S, type), manifested as the aggregation of chromite 
grains and a weak elongation of individual crystals or crystal 
aggregates. This tectonic overprinting is most clearly demon- 
strated by isoclinal folds in schlieren and seams of massive 
chromitite (Fig. 81.3b), which form segregations in the dunite 
pods. 

All outcropping chromitite pods in the Springer Hill area 
are surrounded by a dunitic aureole (Fig. 81.2), which is almost 
invariably the pattern for chromitite pods and segregations in 
ophiolites (Coleman, 1977). 
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The length of the dunite aureole surrounding the main 
chromite showing is about 400 m and its width ranges from less 
than 2 m in the east, to about 20 m in the west (Fig. 81.2). The 
thick dunite section near the baseline at point 200W (Fig. 81.2) is 
an artifact of a local NE-SW trending shear zone. Locally, discor- 
dant dunite dykelets or veinlets, which are commonly offset by 
small shears, cut various lithologies. 

Chromitite 

Although chromite is ubiquitous in both the harzburgite 
and dunite, its modal concentration exceeds 5% only in the 
dunitic pods and bands. Typically, the chromite in these dunitic 
bodies is concentrated in their central portions where it attains a 
modal concentration of up to 100%. The main chromitite show- 
ing at Springer Hill appears to represent an unusually large 
example of a chromitiferous dunite dyke or vein. However, 
preliminary chemical and petrographical results suggest that 
there are differences in the genesis of the main chromitiferous 
dunitic body compared to that of the ubiquitous small dunitic 
dykes or veins. Whereas the latter usually contain up to about 
5% orthopyroxene and the range of olivine composition is 
91.3-92.4 Fo%, the main chromitiferous body does not contain 
orthopyroxene and the range of olivine composition is 92.0-93.7 
Fo%. Chromite compositions, however, tend to be similar in 
both the small and main dunitic bodies, differing only in that 
the massive chromite of the main showing has a higher ferric 
iron content compared to the chromites of the smaller dunitic 
bodies. These data suggest that the main chromitiferous dunite 
body consists of a higher proportion of early crystallization and 
differentiation products of a harzburgite melt than do the small 
dunitic bodies. 

The most common textures of the main Springer Hill show- 
ing are massive chromitite and chromitite containing occluded 
olivine or disseminated olivine (Fig. 81.30. The two textural 
types are spatially associated with the massive chromitite occur- 
ring as sigmoidal to lenticular S or Z shaped seams in a matrix of 
the occluded olivine type chromitite (Fig. 81.3~). We interpret 
these structures to be indicative of ductile deformation of the 
chromitite ore. 

The main chromitite showing now consists of a series of 
discontinuous pods, that in some parts may attain widths of up 
to 6 m (Fig. 81.2). Very thin chromitite seams, the width of 
which appears to be a function of the width of the dunitic pod 
and of the intensity of the strain, occur between major chro- 
mitite pods and commonly exhibit isoclinal folds. Axial planes 
of these folds are parallel to S, foliation. This suggests that 
mantle flow may have contributed to the attenuation and 
boudinage of a formerly more continuous chromitite body into 
the series of pods that now exist. 

As in the case of the dunite and harzburgite, the chro- 
mitites have undergone high strain rate (S,) deformation. This 
deformation produced multiple offsets of the original chro- 
mitite pod, as illustrated on a large scale by the numerous 
offsets of both the chromitite pod and its dunitic aureole 
(Fig. 81.2), and, on a smaller scale, by the juxtaposing of dis- 
membered angular fragments (Fig. 81.3d). The cooler tem- 
perature conditions of this deformation compared to that of the 
S, deformation is indicated by the extensive fine granulation 
that affects the chromite grains in the S, shears. 

In contrast, the Bluff Head chromite deposit located 12 km 
to the west of the main Springers Hill deposit at the western 
margin of the Bay of Islands complex, represents a regularly 
layered "stratiform ophiolitic" chromitite and consists of mas- 
sive chromite layers with disseminated euhedral olivine crys- 
tals (up to 6 mm long) which are intercalated with dunite layers 
containing disseminated chromite. An example of the Bluff 

Head mineralization, which occurs in the transition zone of the 
ophiolite sequence in the western part of the Lewis Hills, is 
illustrated in Figure 81.3g. 

Pyroxenite 

Orthopyroxenitic and clinopyroxenitic dykes or veins oc- 
cur in the mapped area (Fig. 81.2), mainly in the form of con- 
cordant, isoclinally folded bands. Coarse grained to sub- 
pegmatitic pyroxenites also occur as diffuse impregnations. 
Clinopyroxenite is rare, except in the westernmost part of the 
mapped area, where it occurs as dykes (1.5 m wide) that 
crosscut the foliation. In most cases, dunite occurs as a thin 
aureole (10 to 20 cm wide) at the transition from pyroxenite to 
the harzburgite and as lensoidal patches within the dykes. This 
lithological distribution pattern may suggest either an in-dyke 
magmatic differentiation due to a crystallization path that first 
crosses the olivine solidus and later the clinopyroxene solidus 
(Sinigoi et a]., 1980, 1983), or alternatively clinopyroxene crys- 
tallization from a partial melt segregation derived from the 
surrounding harzburgite ("in situ" dykes of Boudier and Nic- 
olas, 1972 and Boudier, 1972, 1976), in which case the dunite 
aureole is interpreted as depleted harzburgite. 

Structure 

High-temperature and slow strain rate structures: S,-L, 

A regional homogeneous foliation S,, characterized by 
coarse to porphyroclastic textures of high temperature and slow 
strain rate conditions, occurs in the Springer Hill area. 

The S, and associated structures have been systematically 
measured in both the harzburgite and the dunite pods and 
bands (Fig. 81.2, 81.4a,b). In the harzburgite, the average folia- 
tion plane trends ENE-WSW with a NNW dip. In the dunites, 
the strike and dip of S, related structures are similar, but the 
data are slightly more dispersed. The reason for this greater 
dispersion becomes evident from the study of individual expo- 
sures, where the foliation of the harzburgite commonly appears 
to be discordant to the dunite foliation. This discordance sug- 
gests a differential strain pattern for the two lithologies, and is 
probably related to the emplacement process of the dunite 
bands and pods. 

The L, lineation (Fig. 81.4b) exhibits a well defined average 
pole plunging towards the west-northwest, and there is a good 
concordance between spinel lineation, boudin axis and fold 
axis. 

Axial planes of folds are always parallel to the local average 
foliation plane (Fig. 81.4c), and therefore were included with 
foliation in plotting of structural data. Fold axes are plotted 
separately (Fig. 81.4~) to show the close relationship between 
high temperature foliation and isoclinal folding. 

Low temperature and high strain rate structures: S,-L, 

A distinct tectonic style (S,) occurs in the form of shear 
zones, mylonitic bands and shear folds, characterized by exten- 
sive stretching lineation of the orthopyroxenes and spinels, and 
a strong penetrative planar fabric. The chromites that have been 
affected by these structures exhibit fine granulation textures. 
All these features, together with their very localized and hetero- 
geneous distribution strongly suggest that temperature was 
lower and strain rate higher for the S, fabric than was the case 
for the S, fabric (Gueguen and Nicolas, 1980; Nicolas et al., 
1980). 

The field relationships strongly suggest that S, structures 
crosscut S, structures, and also that the S, trend is progressively 
transposed toward the S, average trend. The spatial distribution 



of the poles of S2 foliation planes (Fig. 81.4d) illustrates this 
situation. The S2 poles range from the S, field (WSW trend, 
WNW dip), through an intermediate SW trend and NW dip, 
and a S trend and W dip, to the SE trend and SW dip of the S, 
fabric. 

The field data and the structural analysis, indicate that two 
main active S2 shear planes have affected the area. The first is 
subhorizontal, with a shallow westerly dip, and is strongly 
discordant both to the high-temperature foliation (S,) and the 
attitude of the main dunite-chromite pod. The second dips 
steeply to the northwest, and is responsible for the across-strike 
offsets of the main dunite-chromitite pod (Fig. 81.2). The sub- 
horizontal S, shear plane probably caused a similar dismember- 
ing of the pod as did the steeply dipping shear planes; however 
displacements were not observed in outcrops of the main chro- 
mitite showing, but were observed in areas outside the area of 
detailed mapping shown in Figure 81.2. 

Shear-folds are commonly associated with the S, mylonitic 
bands. 

Dvkes, veins and pods 

The attitude of the dunite bands and pods appears to be 
entirely controlled by the high-temperature (S,) deformation, to 
which they are concordant to subconcordant (Fig. 81.4e). The 
average trend of the dunitic bodies is E-W, with a dip to the 
north. The contact of the main dunite-chromitite showing with 
harzburgite is parallel to the average strike of the foliation plane 
but, in places the dip and trend of internal structures differ from 
those of the contact zone. The main dunite-chromitite pod is 
therefore classified as the subconcordant tabular type (Cassard 
et al., 1981). 

Most of the pyroxenitic dykes (Fig. 81.40 have also under- 
gone high-temperature (5,) deformation, except the clinopyrox- 
enitic dykes in the western area, which are discordant to the S, 
attitude, but have been affected by S, shear structures. 

Conclusions 
The field data relating to the spatial relationship between 

the successive deformation phases and emplacement processes 
allows a preliminary interpretation of the control of the chro- 
mitite mineralization. However, it should be stressed that this 
interpretation is provisional, pending the acquisition of addi- 
tional laboratory data. 

The main chromitite pod and associated dunite aureole was 
emplaced into the host harzburgite syntectonically with the S, 
deformation. Whether the chromitite-dunite pod originated by 
mantle metasomatism (Dungan and Ave Lallemant, 1977; Whit- 
taker and Watkinson, 1984, in press), "in situ" partial melting 
during upper mantle flow, or by syntectonic dyke-shape intru- 
sion (Lago et al., 1982) cannot be stated at the present stage of 
our investigations. However, micro-textural, micro-structural 
and geochemical investigations carried out to date suggest that 
processes involving in situ partial melting and proximal amal- 
gamation of the resultant liquid were dominant factors in the 
genesis of the main chromitiferous dunitic body. The S1 defor- 
mation appears to be less homogeneous in the chromitite pods 
than in the host harzburgite. Furthermore, dunite and chro- 
mitite locally show discordant foliation with respect to the 
harzburgite foliation (Fig. 81.5). These major structural features 
are thought to be genetically related to upper mantle flow at or 
near an active spreading ridge axis (Girardeau and Nicolas, 1981; 
Nicolas and Violette, 1982). 

A secondary structural control affects the chromitite body 
and its associated dunite aureole. This consists of a hetero- 
geneous high strain and low temperature (<900°C) deformation 
(S,) expressed mainly as thin, subparallel mylonitic bands. This 
type of deformation dismembered the original continuous pod 
into a series of smaller pods, which in the eastern part of the 
zone are now isolated from the main body (Fig. 81.2). The 
occurrence of both steeply dipping and subhorizontal S2 sys- 
tems suggests that the dismembering process occurred along 
subhorizontal and subvertical planes. Therefore, any original 

Figure 81.3. (opposite) Major lithologies and associated structures in study area. 
a, part of dunite aureole to main chromitite pod with disseminated coarse grained chromite: the texture looks 
magmatic but exhibits a foliation (70N79 to 95N68) that is subconcordant to the host harzburgite foliation 
(85N64). 
b, concordant dunitic dyke (90N53) with isoclinally folded chromitite segregations with slightly discordant 
axial plane versus the dyke boundaries andlocal foliation; this suggests a rotational (simple shear) regime of 
deformation in the dunite bands. Axes of the chromitite folds dip northwesterly, concordant to the local 
lineation attitude. 
c, deformation features in the chromitite: here, massive sigmoidal chromitite schlieren in a matrix of 
disseminated olivine-rich chromite. 
d, plastic deformation of alternating chromitite-dunite bands, at a decimetric scale: here the banding 
underwent heterogeneous S, deformation, leading to an intensive fragmentation of the chromitite layers. 
Fine grained (high strain rate and low temperature deformation conditions) chromitite seams still connect 
the fragments along the S, shears 
e, mylonitic shear zones (S,: 65N60) at the contact between the dunitic aureole and the host harzburgite. 
The heterogeneity of the S, deformation can be seen where thin mylonitic bands alternate with wider less 
deformed bands with partially transposed S, defoliation. The area affected by that deformation is about 
16 m wide, and corresponds to a major NE-SWoffset of the dunitic aureole of the main showing. The area is 
characterized by a strong stretching lineation of the orthopyroxenes, trending and dipping northwesterly 
(L,: 107NW49 and 127NW56). 
f,  typical texture of the chromitite from the main showing: coarse grained massive chromitite with 10 to 15% 
disseminated olivine crystals. A discordant dunite dykelet or veinlet cross-cuts the ore, and is itself offset by 
a later millimetric S, shear. 
g, dunite-chromitite cumulative layering in the Bluff Head area, Lewis Hills Massif: this chromitite mineraliza- 
tion, which is of the "ophiolitic stratiform" type, occurs in basal mafic-ultramafic cumulates of the transition 
zone. Penetrative deformation, when observed, is weak. 
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Figure 81.5. Relationships between lithological contacts, 
intrusive contacts and foliation planes for given outcrops. Num- 
bers are the outcrop references, or a given section. 

steeply dipping continuity of the chromitite may have been 
dislocated by this later tectonic event. This cooler and later 
phase of deformation probably operated off-axis, and could be 
related to either of two major processes: a transform-fault (Kar- 
son and Dewey, 1978) or early thrusting and shearing related to 
the initiation of obduction (Girardeau, 1982; Girardeau and 
Mevel, 1982). 

In the light of the structural controls delineated in this 
study, the geometry of the chromitite deposit becomes an im- 
portant consideration from the exploration point of view. In 
particular, the subconcordant attitude of the dunite-chromitite 
pods of the Springer Hill area, indicates that the trend and dip of 
S, - L, foliation and lineation should guide exploration efforts to 
determine any continuation of the chromitite pods with depth. 
In this regard, it should be noted that the attitude of the linea- 
tion corresponds to the direction of the optimal potential exten- 
sion of a given chromitite pod in the local foliation plane. Thus 
for the main chromitite of Springer Hill, the optimal potential 
extension would be along an axis trending N60° and dipping 
toward the northwest. However, any such extension would be 
affected by any change in foliation attitude that occurs to the 
northwest of the outcrop area, and of course may be dislocated 
by the localized S, structures. 
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Abstrac t  

Development work in the  application of e lec t ro thermal  vapourization a s  a means of sample 
introduction into an inductively coupled plasma mass  spec t rome te r  is described. Preliminary resul ts  
obtained in the analysis of various matr ices  for  molybdenum, tungsten,  thallium and iron a r e  
i l lustrated by measurement  of isotope ratios,  and t h e  potential  and usefulness of isotope dilution 
measurement  is demonst ra ted .  The ant ic ipated  value of such a technique i s  expected  t o  be seen in 
t he  d i rec t  analysis of s eawa te r  a t  and below the  part-per-billion level  and in t h e  determinat ion  of 
e l emen t s  in geological mater ia ls  whose natura l  abundance is below 1 pg-g- ' .  Rela t ive  s tandard  
deviations in t he  range of 1 - 2 %  a t  t he  picogram level a r e  obtained. 

Le prdsent rappor t  f a i t  Btat  d e  t ravaux d e  mise au point dans le domaine d e  l a  vaporisation 
Blectrothermique e n  t a n t  que methode utilisge pour introduire un 6chanti l lon dans  un spec t rome t re  d e  
rnasse b plasma coup16 par induction. Les r6sul ta ts  prdliminaires obtenus au  cou r s  d e  I'analyse de  
diverses matr ices  pour y d6 tec t e r  la presence  d e  molybd$ne, d e  tungstene,  d e  thall ium e t  de  fer ,  sont 
illustr6s par la mesure des rappor ts  isotopiques; I'utilitd e t  les  possibilitBs que presentent  la mesure 
de  la dilution de  l 'isotope sont Bgalement d6montr6s. On s 'a t tend A voir la valeur r6elle d'une te l le  
technique lors de l 'analyse d i r ec t e  de  I'eau d e  mer  B des  niveaux inferieurs ou 6gaux b une par t ie  par 
milliard e t  pour le dosage des  e l emen t s  d e  mater iaux g~o log iques ,  dont I 'abondance nature l le  e s t  
infgrieure b un pq-9". On obtient des  Bcarts types re la t i fs  d e  1 A 2 % au niveau du picogramme. 



Introduction ext ract ion and precipitation, a r e  f requent ly  required t o  

The inductively coupled plasma (ICP) has been used a s  
an  exci ta t ion source  for  opt ica l  emission spectroscopy for  
more  than 20yea r s ,  primarily because of i t s  high 
t empera tu re  (about 7000°K) and available thermal  energy. 
Since most e lements  of t h e  periodic t ab le  a r e  highly ionized 
by t h e  ICP, i t  is also a good ion source  for a tomic  mass 
spect rometry  (Houk e t  al., 1980; Gray, 1985). ICP/mass 
spect rometry  (ICP/MS) has t h r e e  important  advantages over  
ICP/emission spect rometry  (ICPIES): simpler spect ra ,  
superior sensit ivity and isotope abundance information 
(Douglas, 1983). For t r a c e  e lements  in solution, isotope 
abundances can be determined by ICP/MS with a precision of 
less than 1% and a measurement  t i m e  of approximately five 
minutes per sample. This contras ts  with thermal  ionization 
mass spect rometry ,  where  much be t t e r  precision 
(0.001-0.1%) is possible but where  sample  t h r o u ~ h p u t  i s  
l imited t o  only a f ew per day (Heumann, 1982). The abfiity t o  
ca r ry  o u t  isotope abundance measurements  with modera t e  
precision but with a high sample  throughput i s  a f ea tu re  
unique t o  ICP/MS. One of t h e  most successful applications of 
isotope abundance measurements is t he  quant i ta t ive  
determination of t r a c e  e lements  by t h e  isotope dilution 
technique (Schmidt and Northrup, 1986). This technique 
uti l izes an  absolute internal s tandard which can obvia te  any 
sys t ema t i c  errors in sample  handling, preparation and 
analysis, thus  providing one of t h e  most  fundamentally 
accura t e  approaches open t o  the  analytical  chemist .  The 
isotope dilution technique is, however, co r rec t  only if t h e  
added isotopes a r e  in chemical equilibrium with those  present 
in t h e  sample.  Basically, a known amount of an enriched 
isotope is added t o  t h e  sample  and t h e  r a t io  of t h e  enriched 
isotope t o  a reference  isotope of t h a t  e lement  is  measured. 
With a knowledge of the  natura l  isotopic abundance of t h e  
e lement ,  t h e  concentration can be calcula ted  f rom a s imple  
equation (Park, 1985). Since only t h e  isotope ratios a r e  used 
in this equation, good precision obtained in the  isotope ra t io  
measurement results in good precision in t h e  quantification 
of t h e  e lement .  

The efficiency of sample  introduction in to  t h e  ICP is  
o f t en  t h e  cr i t ica l  f ac to r  in analytical  performance of ICP/ES 
and ICP/MS. Nebulization of solutions is t h e  most common 
sample  introduction technique for  ICP-based analytical  
instrumentation in use today, and, though convenient, i t  
suffers  from t h e  following disadvantages,  particularly in 
ICP/M S: 

I. Typically, a minimum volume of 2 m L  of sample  solution 
is required for  analysis under normal operating conditions 
and less than 5% of this volume actual ly  reaches  t h e  ICP, 
thus failing to  achieve maximum sensitivity. 

2. Introduction of water  causes specific spect ra l  
in ter ferences  and significant background spect ra .  

3. The nebulization of high sa l t  solutions (>I%) gene ra t e s  
non-reproducible and significantly suppressed signals d u e  
t o  sa l t  build-up on t h e  capillary of t h e  nebulizer and 
somet imes  on t h e  sample  injection tube  of t h e  torch. 
Viscous solutions a r e  not easily nebulized and require 
matching of calibration standards t o  equalize nebulization 
efficiencies which can significantly be a f f ec t ed  by 
viscosity and surface  tension properties (McLaren et al., 
1985). 

4. The introduction of most organic solvents in to  t h e  ICP 
produces high plasma noise and a low signal-to-noise 
ratio.  

These problems impede t h e  straightforward analysis of 
geological mater ia ls  where  high sa l t  solutions a r e  o f t en  
obtained a f t e r  fusion or ac id  a t t a c k  of the  sample,  and 
lengthy separation procedures, such a s  ion exchange, 

e l iminate  or  minimize these  ef fects .  I t  i s  evident  t h a t  a n  
a l ternat ive  sample  introduction technique is  desirable t o  
overcome t h e s e  limitations. 

There have been many repor ts  (Nixon e t  al., 1974; 
Gunn e t  al., 1978; Kitazume, 1983) describing e l ec t ro the rma l  
devices to  vapourize micro-samples in ICP/ES. An 
e lect rothermal  vapourizer (ETV) can be used advantageously 
t o  introduce microl i t re  volumes of sample  solutions 
containing high solids (>I%) and organic  solvents in to  t h e  ICP, 
because sample  solutions a r e  dried and ashed before  
vapourization of analyte  elements.  In addition t o  this sample  
handling capabili ty,  an  ETV provides improved detect ion 
l imits (typically an  order of magnitude) compared t o  conven- 
tional nebulizers (concentric or cross-flow types) due t o  
relatively high sample  t ranspor t  ef f ic iency (60-80% cf .  
1-4%). 

In th is  work, t h e  ETV is employed a s  a sample  
introduction device  f o r  ICP/MS t o  de te rmine  isotope 
abundances of picogram amounts of samples in various 
solutions (4% sa l t  and organic solvents). This work is a 
preliminary s tudy t o  demonstra te  t h a t  ETV/ICP/MS can be 
used for  t h e  quant i ta t ive  determinat ion of picogram amounts  
of e lements  using t h e  isotope dilution technique. Three  
e lements  in particular - molybdenum, tungsten and thall ium - 
have been se l ec t ed  for  t h i s  investigation a s  thei r  
determination l imits by o the r  methods (ICP/ES and a tomic  
absorption spectroscopy) a r e  inadequate for geochemical 
exploration purposes. The application of this technique t o  
seawater  analysis is also of immediate  in t e re s t  as present 
methods enta i l  separa t ion and preconcentration s teps  which 
a r e  time-consuming and liable t o  contamination problems 
(reagents,  glassware etc.). Iron was  se lec ted t o  demons t r a t e  
t h e  potential  of ETV/ICP/MS in t h e  analysis of seawater .  
The value of measurement  by isotope dilution will be  shown 
by examining isotope ra t io  data ;  analyses of international 
reference  mater ia ls  will be presented in a fu tu re  publication 
a f t e r  receipt of enriched isotope standards.  

Experimental 

Reagents 

High purity argon (M atheson) and Freon 23 (M atheson),  
tr if luoromethane, were  used. Sodium carbonate  used in 
preparing t h e  4% sa l t  solution was 'Baker analyzed' reagent  
grade. Stock s tandard solutions (1000 p g * m ~ - ' )  of t h e  
e lements  of in teres t  were  prepared by dissolution of the i r  
reagent-grade salts.  A seawater  s tandard (CASS-I) was  
obtained f rom t h e  National Research Council of Canada,  
Ot tawa.  

Instrumentation 

The ICP/MS system used was  the  ELAN 250 f rom 
SCIEX (Division of MDS Heal th  Group Ltd., Thornhill, 
Ontario). The ETV used in th is  work was  basically a 
modification of t h e  rhenium f i lament  ETV previously 
described (Park, 1985). The modified ETV was custom-made 
a t  t h e  Geological Survey of Canada t o  accommodate  e i ther  a 
graphi te  platform or a me ta l  f i lament ,  while maintaining t h e  
high sample  t ranspor t  efficiency (about 80%) of t h e  rhenium 
f i lament  ETV. A schemat i c  of t h e  ETV is given in 
Figure 82.1 and t h e  optimum operat ing conditions a r e  
described in  Table  82.1. 

The g ra  h i t e  platform is 1.1 c m  long, 0.4 c m  wide, 
0.1 cm thick PVarian, Park Ridge, Illinois, U.S.A.), and can 
hold about 10 IJL of solution. The graphi te  platform was 
used only for  t h e  determination of t h e  ref ractory  e lements  
(tungsten and molybdenum) which require a high 
vapourization temperature .  These e lements  however, readily 



f o r m  carb ides  when h e a t e d  on g r a p h i t e  and ,  t h e r e f o r e ,  
F r e o n  2 3  g a s  ( t r i f luoromethane)  was  added  during h e a t i n g  t o  
prevent  carb ide  f o r m a t i o n  by p r e f e r e n t i a l  f o r m a t i o n  of 
vo la t i l e  f luorides (Kirkbright  a n d  Snook, 1979). In t roduc t ion  
of F r e o n  g a s  i n t o  t h e  a rgon  c a r r i e r  g a s  did n o t  c o r r o d e  t h e  
n icke l  s a m p l e r  o r i f ice  as e v i d e n c e d  by t h e  a b s e n c e  of a n icke l  
s igna l  a t  t h e  mass  s p e c t r o m e t e r .  F r e o n  g a s  w a s  i n j e c t e d  o n t o  
t h e  g r a p h i t e  p la t form via spec ia l ly -cons t ruc ted  s t a i n l e s s  
s t e e l  tub ing  l o c a t e d  a p p r o x i m a t e l y  0.3 c m  f r o m  t h e  p la t form.  
T h e  m e t a l  f i l a m e n t s  used in  t h i s  work  a r e  m a d e  of 0.0085 c m  
t h i c k  t u n g s t e n  ribbon and 0.005 c m  th ick  rhenium ribbon 

Figure 82.1. E l e c t r o t h e r m a l  vapour izer .  

Table 82.1. O p e r a t i n g  condi tons  of t h e  ETV and  Elan 

R F  f o r w a r d  power 
R e f l e c t e d  power 
D i s t a n c e  f r o m  sampl ing  

o r i f i c e  t o  load coil 
P l a s m a  g a s  f low r a t e  
Auxil iary g a s  f low r a t e  
C a r r i e r  a rgon  f low r a t e  

F r e o n  in jec t ion  r a t e  
Ion lens  s e t t i n g  

Vapour iza t ion  t e m p e r a t u r e  

2.2 c m  
1 3  L min- ' 
2.1 L m i n - '  
1.2 L rnin- ' 
(graphi te  p l a t f o r m )  
1.5 L rnin- ' ( m e t a l  f i l a m e n t )  
I m L  min- ' 
B = 1 0  
E l  = 8 0  
E2 = 2 0  
5 2  = 3 5  - 40 
1600°C (graphi te  p l a t f o r m )  
1600-1 900°C 
( m e t a l  f i l a m e n t )  

M e a s u r e m e n t  p a r a m e t e r s  ( m e a s u r e m e n t s  t a k e n  
i n  mul t ichannel  mode): 

M e a s u r e m e n t  t i m e  0.05-0. I s (signal i n t e g r a t i o n )  
0.01 s (peak p lo t t ing)  

Dwel l  t i m e  5 m s  

( R e m b a r ,  Dobbs F e r r y ,  New York,  U.S.A.). T h e  c e n t r e  of t h e  
f i l a m e n t  h a s  a d i m p l e  t o  hold a b o u t  5 UL of so lu t ion ,  a n d  i s  
n a r r o w e r  t h a n  i t s  e n d s  t o  al low i n t e n s i v e  l o c a l i z a t i o n  of h e a t  
in t h e  sample .  The  t u n g s t e n  f i l a m e n t  was  c h o s e n  f o r  tha l l ium 
d e t e r m i n a t i o n  b e c a u s e  rhenium e v a p o r a t e s  f r o m  t h e  r h e n i u m  
f i l a m e n t ,  par t icu la r ly  when  s a m p l e  so lu t ions  c o n t a i n  ac id ,  
and  f o r m s  a n  oxide ,  l B 7 ~ e 1 6 0 ,  i n  t h e  ICP,  which  i s  i sobar ic  
wi th  2 0 3 ~ ~ .  

T h e  rhenium f i l a m e n t  was  chosen  f o r  t h e  d e t e r m i n a t i o n  
of i ron.  

T h e  e l e c t r o d e s  a r e  m a d e  of s ta in less  s t e e l  and  cooled  
by w a t e r .  The  g r a p h i t e  p l a t f o r m  and  m e t a l  f i l a m e n t s  a r e  
res i s t ive ly  h e a t e d  by a p r o g r a m m a b l e  power supply,  IL 550 
( I n s t r u m e n t a t i o n  L a b o r a t o r y  Inc., Lexington ,  M a s s a c h u s e t t s ,  
U.S.A.). 

T e m p e r a t u r e  ca l ib ra t ion  c u r v e s  of t h e  g r a p h i t e  
p l a t f o r m  and  rhenium f i l a m e n t  f o r  various v o l t a g e  s e t t i n g s  
a r e  p r e s e n t e d  i n  F i g u r e  82.2. 

P r o c e d u r e  

A 5 ~ . I L  a l iquot  of s a m p l e  so lu t ion  i s  p i p e t t e d  o n t o  t h e  
g r a p h i t e  p l a t f o r m  o r  m e t a l  f i l a m e n t .  T h e  so lu t ion  is  t h e n  
d r i e d  a t  a b o u t  1 0 0 ° C  for  1 m i n u t e  and  a s h e d  a t  a b o u t  l lOO°C 
f o r  1 - 2  m i n u t e s  ( t h e  ashing s t e p  is n e c e s s a r y  on ly  f o r  s a l t  
solut ions) .  During t h i s  o p e r a t i o n ,  t h e  ETV c a r r i e r  a rgon  f low 
is d i v e r t e d  t o  a f u m e  hood vent  and a n  ETV auxi l ia ry  a r g o n  
f l o w  (about  1.5 Llmin)  bypasses  t h e  ETV t o  t h e  ICP.  J u s t  
b e f o r e  vapour iza t ion ,  t h e  ETV auxi l ia ry  a r g o n  f low is  t u r n e d  
of f  and t h e  ETV c a r r i e r  a r g o n  f low i s  s w i t c h e d  t o  t h e  ICP. 
T h e  s a m p l e  i s  vapour ized  a t  1600-1900°C f o r  2 - 5  seconds .  

0:s 1 

APPLIED VOLTAGE (V) 

Figure 82.2. T e m p e r a t u r e - v o l t a g e  ca l ib ra t ion  c u r v e  for  
rhenium f i l a m e n t  (A)  and g r a p h i t e  p l a t f o r m  (B). 



In order t o  determine isotope abundances from 
transient signals, t h e  mass spectrometer  is required t o  
possess the  requisite mass stability, fas t  electronics and 
computer control, so  that  rapid mass peak-hopping can be 
used during the  few seconds in which the  sample is 
vapourized. During the  peak-hopping, the  signal intensity of 
each isotope is measured for 5 milliseconds (dwell t ime) and 
accumulated at buffer registers. The accumulated signals 
a r e  averaged for each 0.5 seconds and added t o  get  1 or 
2 second-integrated counts, depending on sample solutions. 
From these integrated counts, isotope abundances a r e  
calculated. 

Results and discussion 

Effect of operating parameters 

The most crit ical parameters affecting sensitivity in 
t h e  ETV/ICP introduction system comprise: the  carrier argon 
flow rate ,  t h e  R F  power t o  the  ICP, t h e  filament vapourizing 
temperature, and, when added, t h e  Freon gas injection 
ra te .  An example of the  various combined settings of 

these  four parameters and their  optimum values is shown in 
Table 82.2 for tungsten, mass 184. A 5 p L  aliquot of a 
100 ng-mL-'  standard was used for  optimization. A drast ic  
decrease in signal obtained when changing t h e  carr ier  
argon flow ra te  from 1.2 t o  0.8 L/min or reducing the  
graphite vapourization temperature  from 1600 t o  1 100°C 
illustrates the  experimentation required t o  optimize these 
parameters for each element.  The dramatic  change in 
response t o  varying t h e  ICP parameters  is in agreement with 
Horlick et al. (1985). 

Isotope dilution technique 

The advantages of using t h e  isotope dilution technique 
rather than direct calibration a t  one mass set t ing are: 
improvement in precision and reduction in interferences. A 
disadvantage of t h e  ETV sample introduction system 
compared t o  nebulization is tha t  precision is of ten degraded; 
this has been evidenced in ICP/ES and atomic absorption 
spectroscopy studies. Five consecutive determinations of 
molybdenum and tungsten were made, using 5 p L  of a 

Table 82.2. Effect of operating parameters on the  tungsten signal ( l B 4 w )  

Carrier argon Freon injection Graphite platform R F  power Relative peak height 
flow ra te  (Llmin) r a t e  (mL/min) temperature  ( "C)  (kW) (normalized t o  maximum) 

1.4 1.0 1600 1.0 0.56 
1.2 1.0 1600 1.0 1.00 
1.0 1.0 1600 1.0 0.63 
0.8  1.0 1600 1.0 0.08 

1.2  2.0 1600 1.0 0.46 
1.2  0.5 1600 1.0 0.70 

1.2 1.0 1400 1.0 0.50 
1.2 1.0 1250 1.0 0.28 
1.2 1.0 1100 1.0 0.03 

1.2  1.0 1600 1.05 0.92 
1.2  1.0 1600 0.90 0.88 
1.2  1.0 1600 0.80 0.44 

Table 82.3. Isotope ra t io  measurements of Mo and W in 100 ng0mL-'  standard solution 

1 sec-integrated signala mean 
(1000 ions) SD 

RSD(%) 

Isotope ratioa mean 
(normalized t o  the  most abundant) SD 

RSD (%) 

Natural isotope ra t io  
(normalized t o  the  most abundant) 

Difference (%) 

a Five measurements of 5 p L  aliquot 
SD Standard deviation 
RSD Relative standard deviation 

Mo W 

182 

190.6 
28.0 
14.71 

0.878 
0.007 
0.81 

0.857 

+2.5 

95 

79.0 
10.5 
13.27 

0.624 
0.011 
1.79 

0.652 

-4.3 

96 

85.6 
10.9 
12.83 

0.676 
0.01 
1.54 

0.684 

-1 .2  

97 

50.1 
6.7 

13.45 

0.396 
0.007 
1.83 

0.389 

+1.8 

98 

126.6 
16.3 
12.90 

1 
0 
0 

1 

0 

183 

102.0 
14.7 
14.39 

0.470 
0.003 
0.65 

0.466 

+0.86 

184 

21.6.9 
31.1 
14.34 

1 
0 
0 

1 

0 

186 

199.0 
29.2 
14.69 

0.917 
0.013 
1.47 

0.932 

-1 6 



Table 82.4. Matrix e f f e c t s  on thallium measurements  a t  20 pg*mL- '  TI 

Matrix Concentration 
e lement  (pg*mL-') 

100 n g * m ~ - '  standard solution, and the  signals of four 
isotopes of each e lement  measured. The results, shown in 
Table 82.3, indicate  t h e  superior re la t ive  s tandard deviation 
obtained by measuring t h e  isotope ra t io  (normalized t o  g8Mo 
and ' "w) ra ther  than the  absolute value of ions per second 
at one mass, thus  improving t h e  precision from about  13-14% 
t o  1-2%. 

C u  100 

Na 100 

Pb 100 

The matr ix  e f f ec t s  of a 5000-fold excess of sodium, 
copper and lead on 20 ng*mL- '  thallium a t  masses 203 
and 205 a r e  shown in  Table 82.4. The results a r e  tabula ted as 
integra ted signals and a s  abundances for  each isotope. I t  is  
evident t h a t  sodium causes a suppression while copper and 
lead cause an enhancement of t he  thallium signal a t  both 
masses. Lead is a particularly serious in ter ferent  (three-fold 
enhancement) at this level. However, if a r a t io  i s  measured, 
a s  shown in t h e  abundance figures,  then t h e  shift  encountered 
due t o  matr ix  e lements  is almost negligible compared t o  
absolute signal depression or enhancement.  Hence t ime- 
consuming separa t ion of t h e  analyte,  such a s  thallium, f rom 
i t s  matr ix ,  would not be necessary. Table 82.4 also gives 
fur ther  evidence of the  sa t is fac tory  precision (0.5-2.0%) 
obtainable by isotope dilution in t h e  presence of 5000-fold 
excess  of matr ix  elements.  

Sensitivity 

As mentioned previously, t h e  much higher t ranspor t  
efficiency of t h e  analyte  in to  t h e  ICP by t h e  ETV ra ther  than  
t h e  nebulizer results in a significant increase in sensit ivity 
and lowering of detect ion limits. In Figure 82.3, t h e  
t rans ient  signals (ionsls) of four molybdenum isotopes 
(masses 95, 96, 97, 98) generated from t h e  vapourization of 
5 p L  of 100 n ~ * m ~ - '  standard solution a r e  lotted.  The 
peak height of t h e  most abundant isotope, '60, is about 
240 000 ions/s. This value is approximately ten-fold g rea te r  
than the  s teady count r a t e  obtained by conventional 
nebulization of t h e  s a m e  solution. 

2 0 3 ~ l a  

a Mean of f ive  measurements i standard deviation 

18056 + 1986 

9886 + I 5 8 3  

44700 + 4 0 2 3  

The d a t a  shown in Table  82.5 demonstra te  th is  ten-fold 
increase  in sensit ivity of ETV over  nebulization introduction 
for t he  e lements  copper,  molybdenum, lead, thallium and 
tungsten. Optimum conditions were  used in all cases. These 
findings a r e  in agreement  with Ng and Caruso (19851, using 
ETV/ICP/ES. 

2 0 s ~ l a  

I s-integrated 
signal (ions) 

14244 + 1280 

Background spec t r a  with t h e  ETV 

I s-integrated 
signal (ions) 

32336 + 3174 

Abundance 
(%I 

30.59 + 0.27 

29.88 + 1.05 

2 9 . 1 2 k  0 .68 

26.87 k 0.35 

When sample  solutions a r e  nebulized in to  t h e  ICP/MS, 
water  is also introduced, typically a t  2 0 p L / m i n .  
Dissociation of water  in t h e  ICP generates  background peaks 
due t o  t h e  format ion of molecular species such as oxides 

Abundance 
(%) 

69.41 ? 0.27 

TIME (s) 

42340 + 4310 

23412 + 2997 

121756 + I 1 4 4 5  

Figure 82.3. Four molybdenum isotope t rans ient  signals 
(m/e; A =-98, B = 96, C = 95, D = 97) f rom 5 p L  of 
100 ngernL ' standard solution. 

70.12 + 1.05 

70.88 k 0 . 6 8  

73.13 + 0.35 

and hydrides. This ac tual ly  precludes measurement  of some  
e lements  such a s  iron where  t h e  molecular ions, 4 0 ~ r 1 6 0 +  
and ' O A K  1 4 ~ + ,  overlap t h e  major iron isotopes, 56Fe  and 
" ~ e ,  respectively. However, with t h e  ETV method of 
sample  introduction, dry argon carr ier  gas containing sample  
micro-particulates is injected in to  the  ICP, and hence, 
concentra t ions  of ions such a s  oxygen and hydrogen in t h e  
axial  channel of t h e  ICP a r e  much lower. Background signals 
a t  masses  54 and 56 were  found t o  be about  2000 and 
3500 ions/s, respectively,  while those using nebulization were  
about 25 000 and 60 000 ions/s, respectively. Thus, d i rec t  
determinat ion of iron in  a matr ix  such a s  seawa te r  becomes 
possible, h i ther to  unachievable by ICP/MS (McLaren et al., 
1985). Five aliquots of t he  seawater  reference  material ,  
CASS-1, were  injected onto  t h e  ETV and t h e  measurements  
obtained a t  54Fe  and 5 6 ~ e  a r e  given in Table 82.6. 



Table 82.5. Sensitivity comparison of t w o  sample  
introduction m e t  hods 

ETV Nebulizer 
Sample solutions Peak height (ions/s) counts (ions/s) 

100 ng-ml- '  Cu 210 000 25 000 

100 ng-ml- ' Mo 240 000 22 000 

100 ng *ml- ' Pb 130 000 12 000 

100 ng0rnl- ' TI 190 000 20 000 

100 ng0ml- ' W 120 000 10 000 

a Measurement a t  t h e  most abundant isotope 

Table 82.6. Direct determination of iron 
in seawater  (CASS-l)a 

1 sec-integrated signal 
r a t io  

Run # ' ~ e  6 ~ e  5 6 ~ e /  'Fe 

I 9160 176 800 19.30 

2 7213 121 900 16.90 

3 7132 125 300 17.57 

4 5549 103 300 18.62 

5 6119 110 700 18.09 

Mean 7035 127 600 18.10 

S D 1378 28 873 0 .93  

RSD (%) 19.6 22.6 5 . 1  

a The recommended concentra t ion of F e  in 
CASS-I i s  0.873 p g * m ~ - '  

Thus, precision of be t t e r  than 5% a t  t he  1 ng*mL- '  level can 
be expected in t h e  d i rec t  determination of iron in seawa te r  
by isotope dilution ETV/ICP/MS. 

High s a l t  solutions 

Sample solutions containing a high level of dissolved 
sa l t s  a r e  frequently obtained in t h e  analysis of geological 
mater ia ls  a f t e r  decomposition by fusion or acid a t tack.  For 
example,  a carbonate  fusion used t o  decompose rocks for  t h e  
determination of boron, molybdenum and tungsten by ICP/ES 
yields a 4% sa l t  solution (Hall and Pelchat,  1985). Such a 
solution cannot be nebulized in to  t h e  ICP/MS as  i t  causes 
rapid sa l t  deposition a t  t h e  sample  or i f ice  and, hence, e r r a t i c  
data.  This s a l t  can, however, be  ef fect ively  removed before  
vapourization of a relatively involati le analyte,  such a s  
molybdenum or tungsten, by heating t h e  graphi te  platform t o  
1100°C for 2 minutes.  Isotope ratios,  9 6 ~ o / 9 8 ~ o  and 
' 8 2 ~ / 1 8 4 ~ ,  we re  measured f ive  t imes  in 4% sa l t  solution a t  
t h e  50 ng0rnL-'  level with a re la t ive  standard deviation of 

TIME (s) 

Figure 82.4. Two tungsten isotope transient signals (m/e; 
A = 184, B = 182) from standard solution (Al ,  61) and 4% sa l t  
solution (A2, B2) with 2 rnin ashing at  110D0C. 

1.6 and 1.0%, respectively.  However, t h e  requirement  of t h e  
long ashing period at llOO°C t o  e l iminate  t h e  s a l t  leads  t o  
carbide format ion of t h e  analyte'. Figure 82.4 i l lus t ra tes  t h e  
two  tungsten transient signals, l a 2 w  and l e4w,  obta ined 
from a s tandard solution alone and one containing 4% s a l t  
(sodium carbonate)  with an  ashing s tage .  It is  immediate ly  
apparent  t h a t  t h e  tungsten signals from t h e  sa l t  solution a r e  
much broader,  require a longer in tegra t ion t ime,  and hence 
suffer from a poorer signal-to-noise ratio.  This problem 
could likely be remedied by a higher vapourization 
t empera tu re  (>1600°C) but t h e  present design precludes this 
possibility due  t o  e lec t rode discharge t o  t h e  graphi te  at 
higher voltages. An improved design of t h e  ETV t o  allow 
higher t empera tu res  is  current ly  under construction. 

Organic solvents 

Although ETV/ICP/MS is ext remely sensit ive and t h e  
isotope dilution method of measurement  allows determinat ion 
of e lements  in complex matr ices ,  t h e r e  may s t i l l  be  
si tuations where  separa t ion of t h e  an_alyte remains necessary 
t o  achieve determinat ion a t  t h e  ng*g ' level in t h e  rock, soil 
or  sediment.  Such would be  t h e  c a s e  in t h e  determinat ion of 
t h e  platinum-group e lements ,  gallium and thallium, where  t h e  
natural  abundance is below I p g o g - '  and large  sample  
weights (210 g )  a r e  not used for  digestion. Methylisobutyl 
ketone (MIBK) is of ten  used a s  t h e  solvent in which t o  e x t r a c t  
gold or thallium as  thei r  chloro-complexes (Hubert  and 
Chao, 1985) or  base meta ls  f rom wa te r s  as che la t e  complexes 
with ammonium pyrrolidine di th iocarbamate  (APDC). 
MIBK can  b e  in jec ted easily on to  t h e  ETV and dried before  
volatization of a volati le e l emen t  such as thallium. Isotope 
abundances of '03Tl and ' 0 5 ~ 1  were  determined f rom f ive  
5 p L  aliquots of 2 ng*mL-'  T1 in MIBK and a r e  presented in 
Table 82.7. The measured abundances a r e  very close t o  t h e  



Table  82.7. Thallium isotope abundance measurements  
f rom 2 ng*mL- ' in M IBK 

Run # o 3 ~ 1  o 5 ~ 1  

1 29.99 70.01 

2 30.56 69.44 

3 30.38 69.62 

4 28.82 71.19 

5 29.82 70.18 

M ean 29.91 70.09 

SD 0.68 0 .68 

RSD (%) 2.28 0 .97 

Natura l  abundance (%) 29.5  70.5  

Dif ference  (%) + I .  4 -0 .6  

natura l  values with precision in t h e  range 1-2%, showing 
promise of this technique  for  t h e  analysis of geological 
ma te r i a l s  a t  t h e  ng-g- '  level for  thallium. 

Conclusions 

The d a t a  repor ted  have  shown t h a t  ETV/ICP/MS with 
isotopic dilution measurement  is a promising analyt ica l  
technique capable  of determining picogram amounts  of 
analytes  with a r e l a t i ve  standard deviation of 1-2% in 
complex solutions and in organic  solvents. The combination 
of t h e  ETV with ICPIMS measurement  is  predic ted  t o  have  
considerable  impact  in analyt ica l  chemis t ry ,  part icularly in 
t h e  a r e a  of s eawa te r  analysis and in t h e  determinat ion  of 
me ta l s  in geological mater ia ls  a t  t h e  ng*g- ' level. 
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Abstract 

F rom f ie ld  observations, two granite sheets near the base o f  the Centra l  Metasedimentary Be l t  
Boundary Zone (CMBBZ) are syntectonic w.r.t. N W  directed overthrusting. Internal zoning o f  zircons 
f rom these granites show an outward change f r o m  regular igneous t o  irregular discordant patterns and 
together w i t h  numerous synneusis twins is interpreted in  terms of crystal l izat ion i n  a dynamic 
environment. Movement i n  the lowest structural level occurred at  1060 * 6 Ma. Younger 
movements occurred at  higher structural levels i n  the CMBBZ. 

Zircon morphology and U-Pb isotope systematics f rom the Redstone Lake meta-tonalite, the 
lowest structural slice i n  the western CMBBZ indicate that  this un i t  was a 1450-1300 M a  old igneous 
precursor which underwent granulite facies metamorphism during the Grenvi l le Orogeny. Similar 
zircon U-Pb isotope systematics and morphology have been documented i n  the Central  Gneiss Belt .  
The age and geometrical relations suggest that the Redstone Lake meta-tonal i te structural ly 
underlay the sediments and volcanics of the Central  Metasedimentary Be l t  to  the SE and may have 
been structural ly detached f rom the CGB. 

D'aprss les observations fai tes sur le  terrain, deux couches de granite situees pres de l a  base de 
l a  part ie l imitraphe de l a  Zone metas6dimentai1-e centrale (CMBBZ) prksentent un cas de 
chevauchement syntectonique ax6 vers le  nord-ouest. L a  zonation interne des zircons de ces granites 
indique un changement vers I 'extbrieur des structures ignees r6guliGres A des structures discordantes 
irr6guli6res qui sont interprbtees, avec de nombreux macles, en termes de cr istal l isat ion dans un 
mi l ieu dynamique. I1 y a eu un dbplacement dans l a  structure infbr ieure voi la environ 
1060 * 6 mil l ions d'annbes. Des mouvements plus recents se sont produits dans les structures 
supbrieures de l a  CMBBZ. 

L a  morphologie et  l a  classification de I1isotope U-Pb des zircons de l a  tranche structurale 
infbrieure de la  part ie ouest de la  CMBBZ, soit la  metatonal i te de Redstone Lake, indique que cet te  
unit6 a un precurseur ignb 896 de 1450 B 1300 mil l ions d1ann6es qui a subi un mbtamorphisme au 
faci6s des granulites au cours de 110rog6ne de Grenville. Une classif icat ion e t  une morphologie 
semblable de I1isotope U-Pb des zircons ont 6 t6 fai tes pour l a  Zone centrale de gneiss. Les rapports 
bge e t  g6om6trie semblent indiquer que la  m6ta-tonal i te de Redstone Lake est recouverte de faqon 
structurale par des sediments e t  des roches volcaniques de l a  Zone metasedimentaire centrale au sud- 
est e t  qu'elle a probablement 6t6 detachee de facon structurale de l a  Zone centrale de gneiss. 



Introduction 

The Cen t ra l  Metasedimentary Belt Boundary Zone 
(CMBBZ) in Ontario is  a broad SE dipping bel t  several  tens  of 
kilometres map width, of highly strained gneisses and 
tec tonic  mdlanges separating t h e  main body of t h e  Cen t ra l  
Metasedimentary Belt (CMB) f rom the  Centra l  Gneiss Belt 
(CGB) t o  t h e  N W  (Fig. 83.1). The internal geometry  of t h e  
s t ructure  of this zone is  s t i l l  not resolved. However, recent  
mapping in t h e  Haliburton region reveals a t  least  t w o  
discre te  thrus t  sheets  each 3-4  km thick of foliated meta-  
tonal i te  t o  granodiorite with minor grani te  and syenite 
(Hanmer and Ciesielski, 1984; Hanmer e t  al., 1985). 
Intervening duct i le  high strain zones have assemblages of 
kinematic indicators showing thrusting t o  the  NW along t h e  
direction of t h e  extension lineation. 

The present geochronological study complements  recent  
U-Pb zircon work in t h e  CGB which provided evidence f o r  
igneous basement  of 1500- 1300 Ma age  a f f ec t ed  by granulite 
fac ies  metamorphism and tec tonism in the  1160-1030 Ma 
range (van Breemen et al., 1986). Within t h e  CGB, a SE 
younging stacking order of thrus ted s t ructura l  domains has  
been proposed (Culshaw e t  al., 1983) and supported by t h e  
above U-Pb zircon study. 

The present study a t t e m p t s  t o  determine t h e  age  and 
order of thrus t  stacking within t h e  CMBBZ and t o  this end 
syntectonic  pegmatites and grani te  sheets  have been 
collected f o r  U-Pb zircon dating both along and across  this 
zone (samples 1-5, Fig. 83.1). In addition, a sample  has been 
collected f rom t h e  Redstone Lake meta-tonalite bounded by 
t h e  two  lower duct i le  thrus t  zones in t h e  Haliburton a r e a  
(sample 6, Fig. 83.1). Analytical techniques of zircon 
separation, documentation, purification and isotopic analysis 
a r e  similar t o  those described in van Breemen et al. (1986). 
Regression analyses were  done according t o  t h e  methods of 
York (1969). Two sigma uncer ta in t ies  in t h e  isotopic ra t ios  
a r e  0.5% for 2 0 6 P b / 2 3 8 ~  and 2 0 7 P ' ~ / 2 3 5  U and 0.15% for 
2 0 7 ~ ~ / 2 0 6 ~ b .  U-Pb isotopic d a t a  a r e  presented in 
Table 83.1; they a r e  plotted for  t he  syntectonic  intrusions in 
Figure 83.2 and for t h e  Redstone Lake meta-tonalite in 
Figure 83.3. 

Case s tudies  

Boudined pegmatite,  Killaloe (sample I )  

The older of t w o  pegmat i tes  sampled at Killaloe c u t s  
s t ra ight  gneisses comprising th in  continuous amphibolite 
layers in pink quartzofeldspathic grani t ic  material .  This 
50 t o  100 c m  thick intrusion has been boudined and folded and 
is mildly foliated internally (Fig. 83.4). 

Zircons a r e  euhedral t o  subhedral and a r e  generally 
fairly coarse  and magnetic. By X-ray diffraction they were  
identified a s  cyr to l i te  showing no back reflections. Most of 
t he  grains appeared as angular f ragments ,  presumably broken 
during t h e  crushing. Three  f rac t ions  have been analyzed of 
which t w o  were  abraded (Table 83.1; Fig. 83.2). The d a t a  
points f i t  a chord (MSWD = 0.69) with a n  upper in tercept  age  
of 1029 + 141 -4 Ma and a lower in tercept  c lose  t o  t h e  
origin. 

Crosscutting pegmatite,  Killaloe (sample 2) 

This parallel-sided pegmat i te  crosscuts the  same  
straight gneisses a s  t h e  boudined pegmat i te  described above. 
The pegmat i te  is not deformed. 

Zircons a r e  euhedral t o  subhedral. Four fractions were  
analyzed of which two  were  abraded. Uranium contents  were  
lower than in the  zircons f rom the  boudined pegmat i te  
(Table 83.1). 

The d a t a  points do  not f i t  a chord and t h e  distribution 
of d a t a  suggests a component of older radiogenic lead. Cores  
were,  however, not de t ec t ed  under t r ansmi t t ed  light. As t h e  
uranium concentrations in  zircons f rom this  pegmat i t e  a r e  
lower than those  f rom the  boudined pegmat i te ,  i t  i s  assumed 
t h a t  in th is  c a s e  lead loss also occurred in r ecen t  t ime. 
According t o  this model, t h e  lowest 2 0  'pbI2O6Pb model age ,  
close t o  1010 Ma, represents  t h e  maximum age  for  t h e  
intrusion of this pegmatite.  Thus the  isotopic d a t a  indicate  
t h a t  t h e  crosscutting pegmat i te  i s  a t  leas t  20 Ma younger 
than t h e  boudined pegmatite,  which is  consistent with t h e  
field relationships. 

Hawk Lake g ran i t e  veins (sample 3) 

This weakly foliated g ran i t e  i s  pa r t  of a swarm of 
subconcordant sheets,  appearing l a t e  syntectonic  with 
r e spec t  t o  shearing on t h e  underside of t h e  Redstone Lake 
thrus t  sheet.  The rock sampled consists of microcline, qua r t z  
and plagioclase and in thin sec t ion  i s  f resh  excep t  for  minor 
ser ic i te  development. There  a r e  some l a t e  cracks. The grain 
s ize  varies f rom 1 t o  0.1 mm and some  poorly developed 
quar tz  stringers a r e  up t o  severa l  mill imetres long. It is 
c lear  t h a t  this grani te  has  not  undergone s t rong shearing in 
the  solid s t a t e .  

Zircons a r e  generally ovoid and e lec t ron microscope 
images show thei r  surfaces  t o  be made up of many small  
f a c e t s  with rounded edges  and the re  a r e  some  depressions 
which could be  in terpre ted in t e r m s  of resorption 
(Fig. 83.5A). Polished and e t ched  zircons show complex 
growth histories. Apparent co res  viewed in t r ansmi t t ed  l ight 
turn  out  t o  b e  euhedrally zoned cen t r e s  which grade outwards  
in to  irregularly zoned mant les  (Fig. 83.58). The irregular 
zones f ea tu re  many discordances giving a 'cross-laminated' 
appearance. Many euhedral c e n t r e s  have also been modified 
by cut-offs and embayments,  t h e  l a t t e r  of which c lear ly  
indicate  resorption (Fig. 83.5C, D, E). 

Two o the r  fea tures  cha rac te r i ze  this striking zircon 
population. There i s  an  abundant var ie ty  of doubly t o  
multiply twinned grains made  up of  euhedral t o  irregular but 
ovoid shapes (Fig. 83.5H). In addition t h e r e  a r e  a number of 
small  f l a t  equant  grains (Fig. 83.5N). The ful l  significance of 
a l l  t h e  t ex tu ra l  and morphological f ea tu res  of t h e  zircons 
f rom t h e  Hawk Lake and Carnarvon g ran i t e  veins i s  discussed 
below. 

Only t h e  most  cha rac te r i s t i c  ovoid-prismatic zircons 
a r e  included in th is  analysis. Of t h e  four zircon f rac t ions  
analyzed, t h r e e  were  abraded. A regression l ine f i t s  t h e  four 
zircon f rac t ions  (MSWD = 0.24) and corresponds t o  an  upper 
in tercept  age of 1060 ? 6 Ma and a lower in tercept  age of 
204 + 52 Ma. The l inear ar ray provides no evidence for  an  
older inherited zircon component,  supporting t h e  impression 
gained f rom the  e t ched  sections t h a t  t he  euhedral cores  a r e  
not xenocrystic. 

Carnarvon g ran i t e  veins (sample 4) 

The Carnarvon g ran i t e  veins occur  on t h e  upper s ide  of 
t h e  Redstone Lake thrus t  sheet.  This leucocrat ic  grani te  i s  
medium- t o  coarse-grained and generally well  foliated. The 
grani te  shee t s  show clear  evidence for branching and 
comprise a strongly deformed nearly transposed vein a r r ay  
which is now only crosscutting a t  a low angle  t o  foliated and 
layered amphibolite s t ra ight  gneiss (Hanmer and 
Ciesielski, 1984; Fig. 14.3B). In thin sect ion th is  g ran i t e  i s  
like the  Hawk Lake grani te  veins except  t h a t  qua r t z  stringers 
a r e  somewhat  be t t e r  developed. One thin sect ion showed 
cracks  up t o  20mic rons  wide which conta in  both 
quartzofeldspathic mater ia l  and secondary a l tera t ion 
products of unidentified minerals. 
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Figure 83.1 

Sample locality map of the  Centra l  
Metasedimentary Belt Boundary Zone 
shown in relation to  the  Centra l  
Gneiss Belt  (CGS) and t h e  Centra l  
Me tasedimentary Belt (CMB). 

Figure 83.2 

Isotope r a t io  plot for zircons from 
syntectonic pegmat i tes  and granites.  

1 Boudined pegmatite 
2 Cross cutting pegmatite 
3 Hawk Lake granite veins 
4 Carnarvon granite veins 

Figure  83.3 

Isotope ra t io  plot for zircons from 
Redstone Lake meta-tonalite.  
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The zircon population is similar t o  t h a t  of t h e  Hawk 
Lake grani te  veins except  t ha t  e t ched  zircon sections f rom 
t h e  Carnarvon grani te  veins show a range f rom regularly 
zoned subhedral zircon t o  zircons with irregularly zoned 
mant les  (Fig. 83.5F, G). Various twins and f l a t  equant grains 
a r e  common (Fig. 83.51, J, K ,  L, M, 0) .  

U-Pb zircon d a t a  points for  t h e  Carnarvon grani te  veins 
plot close t o  the  concordia (Fig. 83.2). However, t he  t w o  
abraded f rac t ions  have moved up parallel  t o  the  concordia, 
indicating a component of inherited zircon. In view of the  
complexity of internal zonation, such an  inherited component 
would be difficult  t o  identify even in e t ched  sections: bu t  
note  possible xenocryst in Figure 83.5F. The age cannot be  
accurate ly  determined. Assuming a similar P b  loss pa t t e rn  t o  
t h a t  of zircons f rom t h e  Hawk Lake g ran i t e  veins t h e  age  and 
uncertainty of t h e  Carnarvon grani te  veins a r e  es t imated a t  
1065 i- 15 Ma. The radiometric evidence thus  indicates t h a t  
shear  movements above and below t h e  Redstone Lake thrus t  
sheet  were  p a r t  of t h e  same  general  event ,  though precise 
re la t ive  t iming i s  no t  possible. 

Pegmat i te  in rnylonite near Bancroft (sample 5) 

Along the  upper side of t he  CMBBZ 12 km southwest of 
Bancroft, aphanitic, homogeneous fl inty mylonites dip 
moderately SE and carry  a strong dip parallel  s t re tching 
lineation. The mylonites a r e  crosscut orthogonally by an  
isotropic pegmat i te  shee t  several me t re s  thick. Thin off -  
shoots intruding t h e  mylonites a r e  folded and carry a mild 
axia l  planar foliation. The fold axial  planes a r e  subparallel t o  
t h e  mylonite foliation in outcrop f a c e s  perpendicular t o  t h e  
s t re tching lineation. 

The zircons appear  a l tered and have less  a l tered co res  
and numerous o the r  mineral inclusions. The crys ta ls  a r e  
euhedral and t h e r e  a r e  many twins. Uranium concentrations 
a r e  ext remely high and t h e  discordance of isotope ra t ios  has  
t h e  unusual relationship of increasing with grain s ize  and 
decreasing with uranium concentration (Table 83.1). A 
regression line for  t h e  th ree  analyzed f rac t ions  does  not 
provide a concordant f i t  (MSWD = 8.82) and corresponds t o  an  
upper in tercept  age  of 990 ? 21 Ma and a lower in tercept  age  
of 227 ? 25 Ma. 

Redstone Lake meta- tonal i te  (sample 6) 

The Redstone Lake meta-tonalite i s  a foliated medium- 
t o  coarse-grained grey biot i te  tonalite-granodiorite. 
Inclusions a r e  f ew and t h e  rock i s  strikingly homogeneous. 

Figure 83.4. Folded boudined pegmat i te  (sample 1) cut t ing 
straight gneisses a t  Killaloe. 

There a r e  some  occurrences  of generally concordant 
continuous narrow amphibolite shee t s  which appear  t o  b e  
intrusives, e i the r  dykes or  sills. Hypersthene is  locally 
present. Although not  identified a t  t h e  sample  locality, i t  i s  
present several k i lometres  along strike.  

Abundant zircon is c lear  with some  inclusions. Crystals 
vary from pr ismat ic  with rounded terminat ions  t o  oval and 
multifaceted. In t ransmit ted  light, many grains show internal  
euhedral igneous zonation which is  discordant t o  the  ou te r  
shape. Etched sections also display t h e  inner igneous and 
outer  metamorphic  morphology (Fig. 83.5P). 

Eight zircon f rac t ions  were  analyzed which ranged from 
coarser than 149 microns t o  less than  62 microns and were  
e i the r  strongly o r  weakly abraded. The d a t a  points a r e  
distributed as a linear a r r ay  close t o  bu t  subparallel t o  t h e  
concordia f rom 1245 t o  1290 Ma (Fig. 83.3). The a r r ay  is  
indicative of a mixing line and in view of t h e  low 
Uconcentra t ions ,  r ecen t  Pb loss i s  likely t o  have been 
limited. If t h e  mos t  discordant d a t a  point i s  omit ted  (6d in 
Fig. 83.3), then a regression l ine  can b e  f i t t ed  t o  t h e  
remaining seven d a t a  points within thei r  uncertainty l imits 
(MSWD = 2.31) corresponding t o  a n  upper in tercept  age  
of 1 3 4 4 + 9 3 - 3 2 M a  and a lower in tercept  age  of 
1016 +I43  -193 Ma. 

The morphological relationship between euhedral cores  
and multi-faceted rims suggests a two  s t age  igneous- 
metamorphic  zircon growth history. Both t h e  morphological 
and isotopic d a t a  a r e  comparable  t o  those  of granulite f ac i e s  
rocks in t h e  OGB in which young igneous basement was  
involved in granul i te  fac ies  metamorphism. The sporadic 
occurrence  of hypersthene in t h e  Redstone Lake meta-  
tonal i te  was  probably m o r e  widespread prior t o  retrogression 
associated with upward thrusting and g ran i t e  intrusion along 
t h e  CMBBZ. Clearly t h e  granul i te  f ac i e s  metamorphism 
would have predated t h e  1060 t 6 Ma age of t h e  Hawk Lake 
granite.  A minimum a e for the  igneous precursor is  likely t o  B be  t h e  oldest  2 0 7 ~ b / 2  'Pb model age  of 1300 Ma. Assuming 
a metamorphic age  of 1070 Ma and slight r ecen t  Pb loss, t he  
maximum igneous age  allowed by t w o  out  of t h e  eight d a t a  
points would be 1400 Ma. However, if t h e  metamorphic  a g e  
was 1160 Ma as a t  Parry Sound (van Breemen e t  al., 1986), 
then t h e  igneous precursor could be a s  old a s  1450 Ma. 

Zircon morphology 

Zircon i s  typically an  early phase in grani te  magmas; in 
con t ra s t  with zircon in a basic magma  where  i t  grows 
conforming t o  t h e  irregular in ters t ices  between ear l ier  
formed crys ta ls  (Poldervaart ,  1956; van Breemen et al., 
1986). Therefore  t h e  inner euhedral morphology of z i rcons  
from the  Hawk Lake and Carnarvon grani te  veins is  typical of 
f r e e  growth in a liquid. The irregular zonation of t h e  ou te r  
zircon mant les  can be explained by in ter ference  with already 
precipitated phases such a s  feldspar. 

The ovoid zircon shapes a r e  fur thermore ,  suggestive of 
an  abrasion or  corrosion process. In this regard t h e  numerous 
internal cut-offs in t h e  growth zoning a r e  of interest .  These 
discontinuities might be  explained in t h r e e  ways: 1) zoned 
zircon growing up  t o  the  edges  of o the r  minerals; 
2) fracturing d u e  t o  grain impingement and 3) resorption on 
c o n t a c t  with ad jacen t  grains (impingement resorption). Only 
t h e  l a s t  t w o  mechanisms can  explain t h e  cut-offs af fect ing 
the  cen t r a l  euhedrally zoned zircon (Fig. 83.5C, D, E). There  
i s  no positive evidence for  breaking of t h e  zircons, such a s  
filled o r  healed c racks  o r  o f f se t s  of t h e  zoning. Evidence i s  
only positively conclusive for  t h e  case  of chemical corrosion; 
for example,  t h e  wavy discontinuity or cut-off fea tured in 
Figure 83.5D or t h e  striking resorbed embayment  of 
Figure 83.5E. 



Figure 83.5. Scanning election microscope images of zircons and polished and etched zircon grain 
mounts f rom the Hawk Lake granite veins (HLG), Carnarvon granite veins (CAG) and Redstone Lake 
meta-tonalite. Unless indicated otherwise, images were taken i n  the backscattered electron mode. 
Grain mounts were etched w i t h  hydrofluoric acid. 

A. Secondary electron image o f  mult iple faceted zircon showing rounded edges and concave 
regions (HLG). 

6. Polished and etched section showing change f rom regular igneous to  irregular zoning. Note 
discordancies i n  zoning o f  the outer mantle (HLG). 

C. Prismatic igneous outline changes to outer rounded shape. Note linear cut -of f  of central  
igneous zoning (HLG). 

D. Euhedral igneous zoning has been terminated along wavy l ine (bottom left). Note how 
bulbous zoning paral lel  t o  the inner igneous prism turns t o  make a 90° discordance w i t h  
euhedral zoning (HLG). 



Figure 83.5 (cont.) 

E. Oval outline contains euhedral igneous c e n t r e  with deeply resorbed embayment  (HLG). 

F. Euhedral igneous cen t r e s  followed by ou te r  mant les  of irregular and discordant zoning also 
character ize  many e tched sections of zircons from the  Carnarvon grani te  veins (CAG). 
Note oval inclusion in euhedral cen t r e  which may be xenocrystic. 

G. The Carnarvon grani te  also contain zircons with l i t t le or no irregular outer zoning. 

H. Twins are  common in both the Hawk Lake and Carnarvon granites.  This section is 
interpreted in t e rms  of synneusis a s  the  two grains show early independant subhedral 
growth zones followed by common more  irregular zonation (HLG). 



Figure 83.5 (cont.) 

I. Twin of two subhedral  igneous crystals.  Mild resorption is shown by depressions on igneous 
f aces  (CAG). 

J. Early f r e e  growing euhedral  zircon has (100) and (101) f aces  consis tent  with formation a t  
high tempera ture .  La t e r  lower t empera tu re  (110) prism faces  a r e  s i t e s  of docking with 
m o r e  irregular zircon. Actively growing f aces  appear  to  be  favoured for  
a t t a c h m e n t  (CAG). 

K. Synneusis of t h ree  mul t i - faceted  c rys t a l s  (CAG). 

L. Multiple twin in which a number of small, irregular,  ovoid gra ins  appear  t o  have been 
s tacked up behind a la rger  plug (CAG). 



Figure 83.5 (cont.) 

M. F la t  equidimensional zircon showing both a pyramid and a short f l a t  prism. Note 
transverse fracture perpendicular t o  the c axis (CAG). 

N. F la t  diamond shaped zircon i n  which a prism has not developed. Note depression w i th  
gangue which may have prevented growth perpendicular to  photo. The c axis is 
horizontal (HLG). 

0. F la t  zircon w i th  transverse cracks. Note extension perpendicular to  the c axis and 
repeti t ion o f  part ial ly developed pyramids (CAG). 

P. Zircon f rom Redstone Lake meta-tonal i te featuring euhedral igneous core and mu l t i -  
faceted metamorphic overgrowth. 



Twins in the  Hawk Lake and Carnavron grani te  veins 
show good evidence of synneusis (Fig. 83.5H, I, J). 
Figure 83.53 shows a small  irregular-ovoid zircon with 
impingement controlled facet t ing docked on a low tempera-  
t u r e  (110) f a c e  (Caruba et al., 1975) of a subhedral crystal ,  
indicating t h a t  t he  twinning process was l a t e  compared with 
the  euhedral zircon growth. These observations lead us t o  
t h e  following t en ta t ive  interpretation: 

1. The common occurrence  of internal cut-offs in the  growth 
zoning requires the  presence of a significant volume of 
solid phase(s) for impingement t o  occur.  

2. The abundance of cut-offs within individual zircons 
requires a dynamic impingement with ro ta t ion of t h e  
growing zircons. 

3. If zircon is  a liquidus phase in  grani te  magmas, then in the  
l ight of (1) fresh magma must b e  mixed with t h e  solid 
phases already precipitated f rom an ear l ier  pulse. 

4. In t h e  light of 1 -3  t h e  mixing of precipitated solids with a 
pulse of fresh magma may involve t h e  same  dynamic 
p rocessas  suggested b y 2 .  

5. In t h e  light of 1-4 such docking textures  a s  i l lustrated in 
Figure 83.5K and L might represent the  accumulation of 
small  multi-faceted grains dammed behind a larger zircon 
in the  interconnected space  of a solid framework i.e. a 
f i l ter  press. 

While the  euhedral zircon cen t r e s  crystall ized first, t h e  
ou te r  mant les  and twins formed la ter ,  i t  i s  believed t h a t  t h e  
f l a t  plate-like zircons (Fig. 83.5M, N, 0 )  crystall ized las t  in 
an  almost solid, near s t a t i c  local environment,  probably in 
c racks  or fissures between larger crystals.  There is no 
evidence t h a t  t h e  f l a t  zircons grew in l a t e  hydrothermal 
solutions a s  they do not resemble t h e  dipyramid crys ta ls  
which have been grown experimentally (Caruba et al., 1975). 

From the  field observations the  Hawk Lake and 
Carnarvon grani te  veins a r e  clearly syn- t o  late-tectonically 
emplaced with respect  t o  NW directed overthrusting 
(Hanmer et al., 1985). From microscopic SEM observations, 
t h e  zircons of these grani tes  grew in a dynamic crystal  mush. 
In view of the  absence of such t ex tu res  f rom posttectonic 
grani tes  elsewhere, w e  suggest t ha t  t h e  dynamics of t h e  
crystallizing grani tes  a r e  linked t o  t h e  regional t ec ton ic  
deformation: more  specifically, they were  emplaced in to  
ac t ive  shear zones and may have faci l i ta ted  movement along 
these.  

Hypotheses t h a t  t h e  granites had moved a considerable 
distance up the  shear zones or  were  formed in t h e  shear 
zones a r e  not supported by t h e  absence (Hawk Lake grani te  
veins) or  near absence (Carnarvon grani te  veins) of older 
inherited zircon. The isotopic evidence indicates t h a t  even 
during the  shearing the re  was l i t t le  in teract ion between t h e  
grani te  magma or crys ta l  mush and t h e  country rock. 

Regional implications 

Although t h e  results of this geochronological study a r e  
preliminary, a number of significant conclusions c a n  be  
drawn. The main duct i le  thrusting at the  base  of t he  CMBBZ 
near  Haliburton occurred at c i rca  1060 Ma. Movements post- 
dating the  1029 t14  -4 Ma boudined pegmat i te  a t  t he  base of 
t h e  CMBBZ near Killaloe a r e  l a t e  tectonic.  The preliminary 
990 + 21 Ma late-syntectonic pegmat i te  in mylonite a t  t h e  
top  of t h e  CMBBZ near  Bancroft  suggests t h a t  l a t e r  
movements occurred a t  higher s t ructura l  levels in this 
boundary zone. 

Both the  morphology of the  Redstone Lake me ta -  
tonal i te  zircons and isotope sys temat ics  clearly indicate  t h a t  
this uni t  is  a slice of retrogressed granul i te  which formed a s  
a crystall ized igneous body 1450-1300 Ma years  ago  and was  
metamorphosed before  1060 Ma. This allochthonous unit  thus  
shows a geological history similar t o  the  high g rade  
orthogneisses of t h e  CGS (van Breemen e t  al., 1986) bu t  
d i f ferent  f rom t h e  c i r ca  1230 Ma granitoids of t h e  CMB 
(Silver and Lumbers, 1966). The Redstone Lake me ta -  
tonal i te  may have been sliced off f rom t h e  Centra l  Gneiss 
Belt. 
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Abstract 

An orientation survey conducted in the auriferous lower segment of the Assemetquagan River shows that although 
gold is preferentially found in crevices and cleavage openings of fissile bedrock on the river bed, moss growing on surfaces 
of boulders and outcrops also retains significant amounts of detrital gold and is a useful sample medium for exploration. The 
upper part of gravel deposits on stream banks, however, does not reflect the presence of gold and should be avoided in 
geochemical exploration surveys based on the detection of particulate gold. Turbulent flow and a sharp bend in the river 
channel have played a key role in distributing gold and other heavy minerals in this portion of the river. 

Regional sampling established that small quantities of alluvial gold occur in some tributaries of the Assemetquagan 
River but failed to show a continuation upstream of the relatively rich lower segment of the river. These minor occurrences, 
and similar ones found in several of the other drainage basins in southwest Gaspesie, are probably derived directly from 
small scattered bedrock sources in the Fortin and Matapedia group sediments which are known to host gold and base metal 
mineralization. None, however, was found that match the lower 2 km of the Assemetquagan River for its gold content. A 
tentative explanation for the presence of gold in that segment is that gold was eroded from a bedrock source within Fortin 
Group sediments by the Laurentide ice sheet as it flowed southeasterly across western Gaspesie. It was then preferentially 
deposited in the Assemetquagan River valley, along with a large quantity of Shield-derived heavy minerals (almandite 
garnet and ilmenite), because the valley gorge constituted a major obstacle which impeded advancement of the debris-rich 
basal part of the ice sheet, thus concentrating the detritus in the river channel. 

Une Btude d'orientation effectuee le long du cours inferieur aurifere de la riviere Assemetquagan a demontre que, 
quoique I'on retrouve I'or detritique concentre preferentiellement dans les fissures et entre les feuillets de clivage 
d'affleurements fissiles sur le lit de la riviere, on en retrouve 6galement en quantite substantielle dans la mousse qui croit a 
la surface d'affleurements et de blocs dans le cours d'eau, phenomene qui la rend utile comme materiau d'echantillonnage 
aux fins d'exploration. D'un autre cat& la partie superieure des bancs de gravier sur les berges de la riviere ne contient pas 
d'or et ne devrait pas btre echantillonnee lors de lev& geochimiques axes sur la detection de particules d'or. De la 
turbulence et un coude dans la riviere ont joue un rale clef dans la repartition de I'or et d'autres mineraux lourds dans cette 
partie du cours d'eau. 

Un 6chantillonage regional a indique qu'il y a de petites quantites d'or alluvionnaire dans certains tributaires de la 
riviere Assemetquagan, mais cette Btude n'a pas demontk I'existence d'un prolongement en amont des concentrations 
d'or relativement Blevees du cours inferieur de la riviere. Ces quelques petits indices, et d'autres semblables que I'on 
retrouve dans plusieurs des bassins de drainage du sud-ouest de la Gaspesie, proviennent probablement directement de 
petites sources dispersees dans les roches des groupes de Fortin et de Matapedia, lesquels renferment manifestement 
des mineralisations d'or et de metaux communs. Aucun de ces indices alluvionnaires, toutefois, est comparable au tronqon 
de 2 km de long du cours inferieur de la riviere Assemetquagan pour sa teneur en or. On suggere comme explication 
possible de la presence d'or dans ce tronqon, que I'or a 6th erode d'une source mineralisbe dans les sediments du groupe 
de Fortin par I'inlandsis des Laurentides lors de son passage en direction sud-est dans la partie ouest de la Gaspesie. L'or, 
ainsi qu'une bonne quantite de mineraux lourds en provenance du Bouclier canadien (du grenat almandin et de I'ilmenite), 
ont 616 deposes preferentiellement dans la vallee de la riviere Assemetquagan. La vallee a agi comme un obstacle qui a 
empbch6 I'avance de la partie inferieure du glacier, riche en debris, et a provoque ainsi une accumulation de detritus 
glaciaire dans le chenal de la riviere. 

Contribution to the Canada Economic Development Plan for Gasp6 and Lower St. Lawrence Mineral Program 
1983-1988. 



Introduction rated from the Fortin Grouo bv a maior fault that runs across the 

The occurrence of alluvial gold near the mouth of the As- 
semetquagan River, a major tributary of the Matapedia River in 
southwest Gaspksie, has been known since the 1950s. Mining 
companies have been slow to explore for placer deposits in this 
area because of the environmental impact associated with placer 
mining in a region that thrives on tourism and salmon fishing. 
With the recent worldwide upsurge in gold exploration activity, 
however, efforts are being made to learn more about this occur- 
rence in an attempt to trace it back to a bedrock source. To date, 
the only documented study of the Assemetquagan gold occur- 
rence is by Girard (1985) who reported on the mineralogy and 
chemistry of auriferous samples collected at the mouth of the 
river. In addition, Soquem conducted a regional alluvial heavy 
mineral and lithogeochemical survey in 1983, to assess the gold 
potential of a 125 km2 area in southwest Gaspesie. Sampling 
along the Assemetquagan River was restricted due to poor 
access. The results were not encouraging and no follow-up was 
undertaken by the company (D. Simoneau, personal communi- 
cation, 1984). 

This paper documents the distribution of gold at both local 
and regional scales on the basis of samples of alluvium collected 
from all the major drainage basins over an area of 750 km2 of 
southwest Gaspesie and proposes a mode of origin for the 
alluvial mineralization. A parallel study is being conducted to 
investigate the nature, distribution and composition of the 
Quaternary deposits in the area to increase our understanding 
of the role of glaciation in shaping dispersal patterns in the 
region. 

Geological framework and mineralization 

The Gaspesie Peninsula forms part of the Paleozoic Ap- 
palachian Fold Belt (Fig. 84.1). The northern third is occupied by 
the Cambro-Ordovician Quebec Complex which includes 
highly contorted greenschist and biotite grade metasediments 
and metavolcanics (Mattinson, 1964). These rocks contain an 
abundance of generally small base metal occurrences, mostly 
copper, which are not known to be auriferous. 

Within the study area, the rocks range in age from Upper 
Ordovician to Middle Devonian. They are mildly fractured and 
folded and their grade of regional metamorphism does not 
exceed subgreenschist. About 45% of the study area, including 
all of the basin area drained by the Assemetquagan River except 
for a small fringe at the headwaters, is underlain by the Fortin 
Group, a thick marine sequence of dark slaty mudstones and 
siltstones. An extensive network of quartz veins, some quite 
massive, occurs within this unit. Some veins are very lightly 
mineralized with copper and other metal sulphides and a few 
contain gold. Some alluvial gold was found in a stream adjacent 
to one such auriferous quartz vein in the Kempt River basin (Fig. 
84.1) (McGerrigle, 1950; Dumont, 1961, 1963). 

To the north, and in fault contact with the Fortin, lies a 4 to 6 
km wide band of medium grained, grey to greenish grey fel- 
dspathic sandstone, the York River Formation. Overlying this 
unit, in a synclinal fold, is a narrow strip of red Battery Point 
sandstone,'the youngest rocks exposed within the study area 
(Stearn. 19651. A narrow zone of andesitic volcanics is ex~osed 
Aver a strikeT1ength of about 12 km near the   or tin-~orkl~iver 
contact on the east side of the Matapedia River. Farther north 
lies another band of York River sandstone that conformably 
overlies a thick sequence of limestone and calcareous siltstone 
belonging to the Saint-Leon, Cap Bon-Ami and Grande Greve 
formations. None of the above units is known to be mineralized 
in western Gaspksie. 

To the south lies a sequence of limestones and calcareous 
mudstones and siltstones, the Matapedia Group, which is sepa- 

entire length of southernA~;sp6sii (Lachance, 1979). Several 
base metai occurrences, some-auriferous, occur within a few 
kilometres on either side of this structure which, in recent 
years, has been the focus of mineral exploration activity (Sav- 
ard, 1985). Within the study area, several of these occurrences 
are found to the south of the fault within Matapedia Group 
rocks and are associated with small felsic dykes and sills. Their 
genetic relationship to the fault is unclear. The mineralization 
occurs in thermally and metasomatically altered zones around 
the intrusives. The alteration consists of bleached and re- 
crystallized limestone, calc-silicates and, in some cases, gar- 
netiferous skarns. The sulphide assemblage includes pyrite, 
pyrrhotite, chalcopyrite and bornite with minor sphalerite, 
galena, and molybdenite. (Lachance, 1974, 1977; Savard, 1985). 
Some occurrences contain sub-economic grades and tonnages 
and one, near the village of St-Benoit, also contains significant 
gold values (Lachance, 1979). The large ore deposits of Gasp6 
Copper Mines, Madeleine Mines and Sullipek, that are located 
about 150 km to the northeast of the study area, are of this type. 

Farther south, the Chaleurs Bay Group consists mainly of 
calcareous mudstones and siltstones but it includes a thick 
sequence of porphyritic volcanics and pyroclastics of andesitic 
composition (Belanger, 1982). The La Garde Formation, mostly 
sandstones and conglomerates, is adjacent to these volcanics to 
the south and forms the lithology along the coast of Chaleur 
Bay. 

Gold distribution in the Lower Assemetquagan River valley 

An orientation survey was conducted along the 2 km seg- 
ment of the lower Assemetquagan River known to contain 
alluvial gold. The purpose of this study was to establish a 
suitable sampling procedure to be used in the regional survey 
and to gather data against which to compare the regional data. 

The Assemetquagan, as most rivers in southwest Gas- 
pesie, flows in a narrow, deeply incised V-shaped valley. Its 
floor is situated between 150 and 300 m below a rolling upland 
surface with summits about 300 to 450 m above sea level. The 
lower 900 m segment of the river (segment A, Fig. 84.2) is 
characterized by swift and turbulent flow. It is actively cutting 
into bedrock which is almost continuously exposed on both 
banks. Fortin Group rocks in this area are fissile, with the 
schistosity forming a narrow angle with the direction of the 
river channel and dipping from 35" to 60" towards the northwest 
(Fig. 84.2, 84.3). 

Upstream from segment A and for most of the rest of its 
course, the Assemetquagan River is much wider and shallower, 
and its flow is relatively tranquil. Outcrops are less frequent and 
the shores are covered with medium to coarse gravel. The river 
bed itself is completely littered with a variety of large rounded 
boulders, mostly Fortin Group rocks and Fortin-derived quartz, 
but also of other lithologies including the distinctive Val Brillant 
Quartzite, York River and Battery Point sandstones, Cambro- 
Ordovician volcanics and sediments, gneisses and anorthosites 
from the Canadian Shield and a few ultramafics, probably de- 
rived from a small plug west of Lake Matapedia (Fig. 84.1). 

For the purpose of the study, the lower 2 km of the river 
were divided into two segments: segment A which corresponds 
to the turbulent lower 900 m stretch and segment B which 
extends 1100 m upstream from the previous and is characterized 
by a relatively gentle flow. Furthermore, the right and left banks 
of segment A were evaluated separately. The aim of this part of 
the study was to determine the variationin the gold content and 
the ability to detect gold in stream sediment samples collected 
from five different environments. These are: 

a - gravel accumulated on shore and in embayments be- 
tween outcrops, 
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Figure 84.1. Geology and mineral occurrences of western Gaspesie and location of study area. 



Figure 84.3. Fortin slates exposed along the lower segment of 
Assemetquagan  rive^ 

Figure 84.2. Lower Assemetquagan River valley (topo- 
graphic contour intervals = 50 feet (15.25 m)). 

b - gravel in shallow depressions on outcrop surface 
(samples include material in contact with outcrop sur- 
face), 

c - gravel filling wide bedrock crevices, 
d - silt and sand filling cleavage openings between slate 

panes (in places mixed with deeply penetrating root- 
lets of grass-like vegetation), 

e - silt and sand trapped in moss on surfaces of outcrops 
and boulders. 

Several sites representing each environment were selected 
and at each one, two types of samples were collected: 

1 - a heavy mineral concentrate obtained from approxi- 
mately 3 L (5 kg) of minus 4 mm sediment, and 

2 - a bagful of the same material unprocessed. 

All sample sites were located above the low (summer) water 
line but are submerged each spring. The heavy mineral concen- 
trates were obtained by panning on site to bring the weight of 
the sediment sample down to about 500 g. At this stage, a 
preliminary count of gold grains was done. In the laboratory, 
the heavy minerals were further concentrated using a spiral 
concentrator (Maurice and Mercier, 1986), the magnetite was 
removed using a hand magnet and the concentrate was sized to 
? 250 pm (60 mesh Tyler). Each size fraction was then run 
through a Frantz isodynamic separator at various amperage 
settings and gold grains in the least magnetic fraction were 
counted using a binocular microscope. Several hundred minus 
250 pm heavy mineral grains were mounted on glass slides for 
mineralogical studies. Microprobe and other grain analyses 
were carried out as required. Chemical analyses of heavy min- 
eral concentrates were not routinely done because, as will be 
shown later, a large proportion of the samples obtained during 
the regional sampling survey did not contain sufficient heavy 
minerals for chemical analyses. 

The combined methods of panning and concentrating the 
heavy minerals with a spiral concentrator produces a concen- 
trate of minerals of specific gravities greater than about 3.7. The 

technique is only moderately efficient in terms of heavy mineral 
recovery but it is expected to extract all gold particles larger than 
50-100 pm (Mercier and Maurice, 1986). 

1 The unprocessed sediment samples were sized to * 106 p.m 
(150 mesh fyler). A 20 gram subsakple of the fine fraction has  
analyzed for gold by fire assay and atomic absorption. The total 
coarse fraction, in the order of 100 grams, was analyzed for gold 
using a Metallic Sieves Analysis technique, a method that en- 
sures representative results-from samples containing coarse 
particulate gold (see Maurice, 1986 for details). A subsample of 
the plus 106 pm fraction was also analyzed for As, W, Cr, Ba, Nb, 
Ta, Sb and Sn, but these results are not reported here. 

The gold data are tabulated in the Appendix and sum- 
marized in Table 84.1. The main conclusions to emerge from 
these results are: 

1- Shallow samples collected from loose gravel deposits on 
river banks do not reflect the presence of detrital gold (column 
a, Table 84.1). Samples collected deep into these deposits, how- 
ever, may show the presence of gold but this has not been tested 
in the Assemetquagan River. Accumulations of gravel in shal- 
low outcrop cavities, which are periodically washed clean (col- 
umn b), are also inadequate to detect gold. 

2 - Silt and sand filling cleavage openings between slate 
panes show the best concentrations of gold (column d) but silt 
and sand trapped in moss (column e) and in wide bedrock 
crevices (column c) also retain significant quantities of gold. The 
amount of gold is somewhat correlated to the amount of heavy 
minerals in the samples (Fig. 84.4). However, the gold to heavy 
mineral ratio is higher in the bedrock crevices probably because 
the water current washes out some of the lighter heavies enter- 
ing the crevice thus causing an enrichment in gold. Note that 
the gold particles tend to be somewhat coarser in the crevices. 

3 - Gold is not equally distributed between the left and 
right banks (column f) of the river despite the fact that both 
banks have similar rock exposure providing similar sample 
material. The higher gold and heavy mineral content of left 
bank sediments may be related to a decrease in flow velocity 
due to a sharp left hand bend in the river ("a" in Fig. 84.2). The 
highest gold grain counts and the largest gold particles were 
obtained at the bend and about half way between the bend and 
the mouth where the flow appears to be slowing due to a slight 
widening of the channel at high water. At those sites, the non- 
magnetic heavy minerals make up an unusually high propor- 
tion of the sediment. 



Table 84.1. Gold concentration and particle size in various environments and sample types in lower Assemetquagan 
River basin 

Number of sites 

Number of gold grains 
per 3 litres of sediment 

Dimension (long axis) of 
gold grains (mm) 

Weight of non-ma'gnetic 
minus 
-85 mm heavy 
minerals per 
3 litres 
of sediment 

Gold concentration in 
minus 106 ym 
unprocessed sediment 
( P P ~ )  
Gold concentration in 
plus 106 ym 
unprocessed sediment 
( P P ~ )  

range 
mean 

range 
mean 

range 

mean 

range 

mean" 

range 

mean* 

Sampling environments and sample locations (see Fig. 84.2) 
a. Gravel accumulated on shore and in embayments between outcrops, left bank, segment A. 
b. Gravel in shallow depressions on outcrop surface, left bank, segment A. 
c. Sand and gravel filling wide crevices in outcrop, left bank, segment A. 
d. Silt and sand in cleavage openings between slate panes, left bank, segment A. 
e. Silt and sand trapped in moss on surface of outcrops and boulders, left bank, segment A. 
f. Combination of environments c, d and e, right bank, segment A. 
g. Combination of environments c, d and e, right and left banks, segment B. 
* For values below analytical detection limit, ?h detection limit is used to compute the mean 

4 - In segment B (column g), gold is present in concentra- 
tions that are higher than on the right bank of segment A, but 
considerably lower than on the left bank of that same segment. 
This is probably due to more efficient hydraulic sorting in seg- 
ment A as a result of greater turbulence. This turbulence is also 
thought to be responsible for bringing heavier gold particles 
near the edge of the stream channel where they are accessible to 
sampling. 

5 - On average, there is good correlation between the 
number of.gold particles detected visually and the gold concen- 
trations obtained analytically from the plus 106 pm fraction of 
the unprocessed sediments (Table 84.1). At individual sites, 
however, the ability to detect coarse gold is significantly greater 
by visually counting gold grains in the heavy mineral concen- 
trates (see Appendix). This is due to the much greater initial 
quantity.of sediment from which the heavy minerals are extrac- 
ted (-5 kg) compared to the amount of plus 106 ym un- 
processed sediment used in the analyses (-100 g). This larger 
quantity of sediment increases the likelihood of at least one gold 
particle being contained in the sample. 

6 - The analyses of the minus 106 ym fraction of un- 
processed sediment represents the least reliable method of de- 
tecting gold in this area. For example, fine gold was not detected 
in five of the fourteen auriferous sites in category d on the left 
bank of segment A (see Appendix). This can be interpreted as 
being due in part to the relatively coarse nature of the Assemet- 
quagan gold. However, the sample weight analyzed (20 g) is 
even smaller than the weight analyzed in the coarse fraction, 

sand and gravel in oulcrop crevices. . . .. ... .* 
sill and sand in slate cleavage openings m 
sill and sand trapped In moss ..... .............. , 

t m m m  . 

Heavy minerals In 3 lltres of sediments (grams) 

Figure 84.4. Number of gold particles vs heavy mineral con- 
tent for different sample types, left bank of lower Assemet- 
quagan River. 



which further decreases the probability of a sample containing a 
gold particle. Also, the small particle size in this fraction may 
produce gold concentrations that are near or below the ana- 
lytical detection limit. To illustrate this, Table 84.2 shows the 
effect of a single gold particle of various sizes on the gold 
concentrations in same size samples as those analyzed in this 
study. Nevertheless, because fine and coarse gold are likely to 
be distributed differently in stream alluvium as a result of differ- 
ences in their response to hydraulic forces, it is advisable to 
analyze gold in both fractions when conducting this type of 
geochemical exploration for gold. 

Morphology and composition of gold grains 

Some of the gold grains found by the author in the lower 
Assemetquagan River show smooth and regular outlines but 
the majority are irregular. Some are even delicate with ragged 
edges. Larger grains often show evidence of having been 
formed by pressure fusion of two or more smaller grains. The 
largest grain found by the author is slightly over 5 mm (long 
axis) and weighs 75 mg. 

Some gold grains contain embedded grains of other miner- 
als including quartz, plagioclase, calcite, ferromagnesian min- 
erals, ilmenite, and lithic fragments. Some of these grains ap- 
pear to have been pressed against the gold grains and may have 
been acquired during transport. Others are more intimately 
associated with the gold suggesting a common source. The 
significance of these inclusions as source indicators is still being 
investigated. 

Microprobe analyses revealed small inclusions of 
gersdorffite ((Ni, Fe, Co) ASS) in most grains examined and of 
arsenopyrite (FeAsS) in some. The gold has a fineness (1000 x 
AuIAu + Ag) ranging from 787 to 938 based on microprobe 
analyses of a dozen grains. Hg, Co, As, Fe, and Sb were also 
analyzed but not detected. Some grains exhibit a thin (5-10 pm) 
rind which contains over 97% Au. 

Regional gold distribution 

The detailed study near the mouth of the Assemetquagan 
River has confirmed and quantified a fact that is well known to 
gold prospectors: irregularities in the bedrock on the streambed 
provide the best locale for finding particles of native gold. 
Perhaps what was not as commonly known is that even in a 
highly auriferous stream, such as the lower 900 m segment of 
the Assemetquagan River, the upper 30 cm of loose gravel 
deposits appear to be practically devoid of gold both fine and 
coarse. The data also show that silt and sand trapped in mosses 
growing on relatively smooth surfaces of outcrops a ~ d  boulders 
reflect the presence of gold in the stream. This is particularly 
important because many of the sample sites visited during the 
regional survey did not have appropriately located outcrops but 

Table 84.2. Effect of one gold flake on gold 
concentration.* 

Size of gold flake Au concentration (ppb) 

a (pm) mesh (Tyler) 20 g sample 100 g sample 

355 40 - 760 
180 80 - 99 
106 150 100 20 
75 200 36 - 

38 400 5 - 

* Computed using a square prism-shaped flake with a 
volume = a3110 and density = 17 gIcmJ. 

moss could usually be scraped off the surface of large boulders, 
fallen tree trunks, etc. 

Figure 84.5 shows the regional distribution of visible gold 
as well as gold detected by analyses of the plus and minus 106 
pm fractions of sediments collected mostly from mosses and 
outcrop fissures. In the regional survey, heavy minerals were 
extracted from 10 L of sediment instead of 3 L as was the case in 
the orientation survey. 

Very difficult access to the hinterland, particularly in the 
Assemetquagan River basin, has been a major hinderance in 
previous attempts to carry out regional sampling for the pur- 
pose of evaluating the full extent of the region's placer deposits. 
For this reason, sample density in the present survey was kept 
low but sites were carefully selected and samples taken with 
great care to ensure they were representative. 

Sampling in the Assemetquagan River and its tributaries 
failed to indicate a continuation upstream of the relatively rich 
lower portion of the river. In fact, an extensive search was 
conducted about 7 km upstream from the mouth of the river in 
what was considered ideal sampling conditions (fissile out- 
crops, etc.) without detecting any gold. However, one small 
gold flake was found about 3.5 km from the mouth and another 
in a small tributary that flows into the Assemetquagan from the 
northwest, about 4.3 km from the mouth. Other small flakes 
were found in Creux and Castor creeks, both major tributaries 
of the Assemetquagan (Fig. 84.5). One small flake and a rela- 
tively strong geochemical anomaly (210 ppbAu) were detected 
in the lower Milnikek River, on the west side of the Matapedia, 
and two flakes were seen in heavy mineral concentrates from 
Clark Creek, south of the Assemetquagan. 

Several gold flakes, usually very small, were found in the 
basins which drain into Chaleur Bay, most of them in the Kempt 
and Escuminac systems (Fig. 84.5). As stated previously, one of 
the tributaries near the headwaters of Kempt River intersects 
auriferous quartz veins and is known to contain alluvial gold. 
The area surrounding the two sites in the lower Escuminac 
River basin, where 300 and 450 ppbAu were detected in the fine 
fraction of the sediment, should be examined in detail (compare 
these levels with Tables 84.1 and 84.2). 

Heavy mineral distribution and composition 

Figure 84.5 shows semiquantitatively the relative abun- 
dance of heavy minerals extracted from 10 L of sediment at each 
sample site. Heavy minerals were extracted in the regional 
survey in the same manner as in the orientation survey. 

On the basis of abundance of heavy minerals alone, the 
survey area can be divided into two distinct zones along line 
AA' shown in Fig. 84.5. To the north of the line, more than 5 g of 
heavy minerals were recovered at most sample sites with large 
zones producing over 20 g and up to 300 g per 10 L of sediment. 
In the area to the south of the line, which includes all of the river 
basins that drain into Chaleur Bay, less than 5 g and, in most 
cases, less than 2 g of heavy minerals were recovered at each 
sample site from the same amount of sediment, except in the 
area underlain by the Chaleurs Bay Group volcanics where the 
sediments contain a greater proportion of heavy minerals. An- 
other noticeable feature is the near absence of erratics from the 
Canadian Shield and other indicator lithologies in the southern 
zone, and a relative abundance of such erratics in the northern 
zone. A few syenite erratics, that may be derived from New 
Brunswick, were found near the coast of Chaleur Bay. 

The heavy mineral assemblage in the northern zone con- 
sists mostly of angular to subrounded ilmenite, garnet (pre- 
dominantly almandite) and hematite with lesser zircon, chro- 
mite, barite, rutile, pyrite and goethite. Barite was found in 
substantial amounts in parts of the Milnikek and Causapscal 
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Figure 84.5. Relative abundance of heavy minerals and regional gold distribution in 
southwest Gaspesie. 

basins. Two types of zircons are found in the samples: one type 
is angular to subangular, and the other is well rounded to 
almost spherical. The well rounded zircons, which usually ac- 
count for about 10% of the zircons, may be derived from 
arenaceous sedimentary rocks within Gaspesie (e.g. York River, 
Battery Point). Some of the angular zircons, as well as the bulk of 
the ilmenite and all of the garnet are thought to originate from 
the Canadian Shield. There are no large expanses of gar- 
netiferous rocks known in Gaspesie that could have supplied 
the quantity of garnet observed in the streams of the region. 
Although ilmenite occurs as an accessory mineral in the vol- 
can ic~  and some sedimentary rocks within Gaspksie, its abun- 
dance in the samples also precludes a provenance solely from 
Gaspesie lithologies. On the other hand, vast ilmenite deposits 
occur across the St. Lawrence estuary, including ilmenite and 
garnet-rich beach sands along the north shore of the St. Law- 
rence (Rose, 1969; D. Cossette, personal communication, 1986). 
Similar deposits in preglacial times would have been par- 
ticularly vulnerable to glacial erosion. The ilmenite in the heavy 
mineral samples from the study area is mostly the exsolved 
ilmenite-hematite varieties that are so common in the north 
shore deposits (Rose, 1969). Rounded pebbles of ilmenite mea- 

In the southern zone, pyrite, mostly as limonite-coated 
cubes, usually represent from 30 to 50% and, in places, up to 
90% of the heavy minerals recovered. Garnet and ilmenite, of 
the same varieties as those found in the northern zone, con- 
tinue to be present. Near Chaleur Bay, clinopyroxene is an 
important constituent which is derived from the volcanics of the 
Chaleurs Bay Group. 

The role of glaciation on heavy mineral dispersal in 
southwest Gaspesie 

During the development of the last glacial maximum, the 
Laurentide ice sheet extended across the St. Lawrence estuary 
and flowed southeastward over western Gaspksie Peninsula 
(David and Lebuis, 1985). This glacial advance is responsible for 
most of the glacial deposits of western Gasphie which, judging 
from the composition of the heavy mineral assemblage in the 
study area, have an important Shield-derived component. 
Northward ice movements in western Gaspksie during de- 
glaciation may also be responsible for some dispersal imprinted 
upon the earlier southeastward trend. 

suring s&eral cintimetres'in diamete; have been found by the Variations in the proportions of three indicator minerals in 
writer near the mouth of the Assemetquagan River further the heavy mineral assemblages across the survey area define 
supporting Shield derivation. several broad zones illustrated in Figure 84.6. 
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Figure 84.6. Zonal distribution in the proportion of indicator heavy minerals in southwest 
Gaspesie. 

From north to south: 
Zone A: Garnet 25-35%; pyrite <3%; pyroxene <3% 
Zone B: Garnet 10.25%; pyrite <5%; pyroxene <3% 
Zone C: Garnet 10-25%; pyrite 10-75%; pyroxene <3% 
Zone D: Garnet <lo%; pyrite 30-90%; pyroxene <3% 
Zone E: Garnet <5%; pyrite 20-30%; pyroxene 25-30% 

Garnet shows a steady decrease from north to south corre- 
sponding to increasing distance from the source. The sharp 
increase in pyrite observed from zone B to zone C corresponds 
to the decrease in heavy mineral abundance discussed earlier. 
This abrupt change in heavy mineral abundance reflects differ- 
ences in the amount of debris transported by the ice that flowed 
over the southern region (zones C and D) and the ice that flowed 
over the northern region (zones A and B). The Assemetquagan 
River valley, that seems to separate zones B and C (AN in Fig. 
84.5), may have been a major obstacle to the advancing ice 
sheet. The gorge itself, and the fact that the south side of the 
valley is somewhat more elevated than the north side - Figure 
84.2 illustrates this for the lower portion of the valley - could 
have impeded advancement at the base of the glacier and 
provoked shearing higher up in the ice mass allowing only 
cleaner ice than is found at the base to continue southward. This 
would have caused a significant drop in the quantity of heavy 
minerals derived from northern sources to be deposited in the 

southern zones resulting in an increase in the proportion of 
locally derived pyrite. However, because pyrite and other heavy 
minerals are not generally abundant in the sedimentary rock 
formations of southwestern Gasphie, the concentration of 
heavy minerals in zones C and D is generally low compared to 
zones A and B but the proportions between the various mineral 
species are not drastically different. In zone E, the occurrence of 
porphyritic basic volcanics causes an increase in the total heavy 
mineral content with a high proportion of clinopyroxene. 

Thick glacial deposits occur in zone A, but zones B, C, and 
D are characterized by a lack of glacial erosional and deposi- 
tional features. David and Lebuis (1985) suggested that the lack 
of glacial erosion in parts of southwest Gaspesie was due to 
frozen basal conditions of the ice sheet during the last glacial 
maximum. Under these conditions, ice flows by internal defor- 
mation above the zone of regelation spreading debris contained 
in the upper layers of the ice sheet. Upon melting, this debris is 
deposited as a veneer of melt-out till which has minimal geo- 
morphic relief. In zones C and D, which were overridden by 
relatively clean ice, such deposits would be expected to be very 
thin, much thinner than in zone B. 

The heavy mineral dispersal mechanism proposed above 
does not take into consideration dispersal due to postglacial 
fluvial transport. It is uncertain, for example, what proportion 



of heavy minerals in the sediments of the Assemetquagan River 
and its tributaries (zone B) was transported by alluvial pro- 
cesses from glacial deposit sources in zone A. Experience else- 
where in the Appalachians has shown that fluvial transport of 
heavy minerals in general and gold in particular, does not cause 
significant long distance displacement of geochemical anoma- 
lies associated with the heavy minerals (Maurice, 1986). Further- 
more, the occurrence of almandite garnet in zones C and D is 
proof that ice carried garnet-bearing debris across the Assemet- 
quagan River valley. No other mechanism could satisfactorily 
explain the presence of these garnets in the Kempt and Es- 
cuminac river systems. Local garnet sources associated with 
felsic dykes are too scarce and localized to have generated the 
uniform garnet distribution observed (Fig. 84.6). Furthermore, 
garnet from these local sources would be expected to be of a 
calcic variety and not almandite. 

In summary, the writer favours glacial dispersal processes 
to explain the regional distribution of heavy minerals across the 
study area. Alluvial processes caused local redistribution of the 
heavy minerals in the streams but had minimal influence on the 
regional patterns. Supporting data are being sought by study- 
ing the region's Quaternary deposits. 

The source of gold and exploration guidelines 

The regional distribution of gold in the study area does not 
correlate with the abundance of heavy minerals. In zones C and 
D (Fig. 84.6), where heavy minerals are not abundant, gold 
grains were observed in many samples. In zone B, on the other 
hand, gold tends to occur in areas of high heavy mineral yield 
even though large areas containing abundant heavy minerals 
do not appear to be auriferous (Fig. 84.5). 

In zones C and D, the absence of glacial erosion and the 
extreme scarcity of glacial deposits preclude any relationship 
between gold distribution and glacial action. The lack of glacial 
deposits in this part of Gaspesie also accounts for the near 
perfect fit between the geology and the regional stream sedi- 
ment geochemical data recently published by the Ministere de  
1'Energie et des Ressources du Quebec (Choiniere, 1985). In 
these zones, alluvial gold tends to be adjacent to, or very near 
the auriferous bedrock as no glacial transport was involved. The 
presence of alluvial gold in a stream segment that intersects 
auriferous veins in the Kempt River basin (see Geological 
Framework and Mineralization) supports this view. Very fine 
gold particles, such as the ones seen in our samples ( 4 0 0  mm), 
may have undergone some alluvial transport although close 
scrutiny may reveal nearby sources, possibly quartz veins in the 
Fortin Group and intrusive contact zones near acid and inter- 
mediate dykes in the Matapedia Group. 

The gold-bearing lower segment of the Assemetquagan 
River is situated at the southern edge of zone B where, accord- 
ing to the proposed model, advancement of the debris-rich 
lower part of the glacier was impeded. Upon melting of the ice 
sheet, an important volume of glacial debris would have been 
dumped into the river channel and adjacent ground. This mate- 
rial had a high content of Shield-derived garnet and ilmenite 
and the strong current in this section of the river contributed to 
further enrich the heavy minerals by flushing out the lighter 
components. This material is also believed to have contained 
the gold that is found in this segment of the river. However, 
because gold is so concentrated in this relatively short segment, 
it is thought that the source is relatively near, possibly within 
Fortin Group rocks. According to David and Lebuis (1985), 
however, all of the Fortin to the northwest of the mouth of the 
Assemetquagan River was under frozen conditions during the 
glacial maximum and not likely to have been eroded. On the 
other hand, the same authors also suggested that there was 

probably southward extensions of the freezing (wet) basal con- 
ditions (and therefore of erosion) in the valleys. It is possible 
that the ice sheet collected auriferous debris within the Fortin in 
a valley up ice from the mouth of the Assemetquagan. Two 
valleys appear to be appropriately situated and oriented: the 
Matapedia valley south of the town of Ste. Florence, and the 
lower 8 km of the Milnikek River and its tributary, Cinq Milles 
Creek (Fig. 84.5). The gold anomalies in the lower Milnikek 
River (Fig. 84.5) could very well represent a trail of this disper- 
sion. 

If the source is within the Fortin Group, it is probably 
associated with quartz veins. Prospecting should be directed at 
major fracture zones such as the one forming the contact be- 
tween the Fortin and the York River. One Cu-Au occurrence is 
known along this contact zone on the east side of the Matapedia 
River. The presence of gersdorffite and arsenopyrite inclusions 
in the gold grains suggests that these minerals could also occur 
at the source. Therefore, As, Ni and Co could be useful pathfin- 
ders for this mineralization. Arsenic analyses, done as part of 
the present survey, did not reveal any anomaly over Fortin 
Group rocks but Tremblay and Choiniere (1978) showed several 
Ni-Co stream sediment anomalies up ice from the mouth of the 
Assemetquagan. One group of anomalies that may be signifi- 
cant occurs at the intersection of a major fracture (along which 
flows Gerrer Creek, see Fig. 84.5) with the Matapedia River, 
only about 6 km north of the mouth of the Assemetquagan. 

A few gold flakes were found elsewhere in the Assemet- 
quagan basin (e.g. Creux and Castor creeks) but they are be- 
lieved to be locally derived and unrelated to the concentrations 
at the mouth of the river. These areas should nevertheless be 
prospected for auriferous quartz veins. 

Based on the regional gold distribution within the study 
area and current knowledge of the region's mineral deposit 
geology, the Fortin and Matapedia groups are the most likely 
hosts of the bedrock sources of alluvial gold in southwest Gas- 
pesie. Additional support for this point of view comes from the 
fact that none of the samples collected in the Causapscal and in 
the northern part of the Milnikek basins, which are situated up 
ice from the Fortin-York River contact, contained visible gold 
particles, although two samples revealed traces of gold ana- 
lytically. Furthermore, Tremblay and Wilhelm (1978) did not 
report finding any gold during an extensive heavy mineral 
study in northwestern Gaspesie. Their study area extended 
from the town of Ste-Florence to the St. Lawrence River (Fig. 
84.1). 

Nevertheless, the possibility of the source being situated 
beyond the limits of the Fortin should also be considered. 
Maurice (1986) has shown that, in the Eastern Townships, gold 
can be transported over distances as great as 100 km by ice and 
yet give rise to concentrated placer deposits. In this context, the 
presence of gersdorffite inclusions in many of the gold grains 
could suggest an ultramafic affiliation. Therefore, it could prove 
worthwhile to examine the ultramafic lens southwest of Lake 
Matapedia for gold. The lens is situated about 70 km up ice from 
the mouth of the Assemetquagan. 

Acknowledgments 

Field sampling was conducted under hazardous conditions 
by Mario Bergeron and Serge Gaudard. Isabelle Poliquin and 
Andree Blais carried out the basic mineralogical studies. Micro- 
probe, X-ray diffraction and other studies of specific minerals 
were done by Dominique Par& Don Harris and Andy Roberts. 
Dominique Pare, Jean Veillette and Bruce Ballantyne reviewed 
the manuscript and provided many useful suggestions. The 
writer benefitted immensely from discussions with Peter David 
on the glacial history of western Gaspesie. 



References 

Belanger, J. 
1982: Roches volcaniques devoniennes de la bande de 

Ristigouche, comte de Bonaventure; MinistPre de 
l'Energie et des Ressources, Province de Quebec, 
rapport interimaire, DP-939, 13 p. 

ChoiniPre, J. 
1985: Synthese de la geochimie des sediments de 

ruisseaux de la Gaspesie; Ministere de 1'Energie et 
des Ressources, Province de Quebec, MM 84-01. 

David, P.P. and Lebuis, J. 
1985: Glacial maximum and deglaciation of western 

Gaspe, Quebec, Canada; Geological Society of 
America, Special Paper 197, p. 85-109. 

Dumont, P.E. 
1961: Rapport sur les Mines Bern-Or Ltee, Canton de 

Fauvel, Comte de Bonaventure, Province de 
Quebec; Ministere des Richesses Naturelles du 
Quebec, GM-11569, 4 p. 

1963: Rapport sur les Mines Bern-Or Limitee, groupe de 
13 claims, Canton Fauvel, P. Que.; Ministere des 
Richesses Naturelles du Quebec, GM-12409, 2 p. 

Girard, A. 
1985: Indices d'or alluvionnaire des rivieres Assemet- 

quagan et Kempt Nord, Gaspesie; MinistPre de 
l'Energie et des Ressources, Province de Quebec, 
DP84-35, 23 p. 

Lachance, S. 
1974: Geologie de la region de 1'Ascension-de-Patapedia, 

Comte de Bonaventure; Ministere des Richesses 
Naturelles du Quebec, rapport preliminaire, 
DP-273, 19 p. 

1977: Region de St-Alexis-de-Matapedia, Comte de Bona- 
venture; Ministere des Richesses Naturelles du 
Quebec, DPV-458, 23 p. 

1979: Geologie de la region de Saint-Andre-de-Risti- 
gouche, Comt6 de Bonaventure; Ministere des 
Richesses Naturelles du Quebec, rapport pr6- 
liminaire, DPV-667, 19 p. 

Mattinson, C.R. 
1964: Region du Mont Logan, Comtes de Matane et de 

Gaspe-Nord; Ministere des Richesses Naturelles du 
Quebec, Rapport Geologique 118, 102 p. 

Maurice, Y.T. 
1986: Interpretation of a reconnaissance geochemical 

heavy mineral survey in the Eastern Townships of 
Quebec; Current Research, Part A, Geological 
Survey of Canada, Paper 86-lA, p. 307-317. 

Maurice, Y.T. and Mercier, M.M. 
1986: A new approach to sampling heavy minerals for 

regional geochemical exploration; in Current Re- 
search, Part A, Geological Survey of Canada, Paper 
86-lA, p. 301-305. 

Mercier, M.M. and Maurice, Y.T. 
1986: Etude de l'efficacite relative de differentes metho- 

des de concentration des mineraux lourds; Minis- 
tere de 1'Energie et des Ressources du Quebec, 
rapport non-publie, 252 p. 

McGerrigle, H. W. 
1950: Gold placer and vein prospect, Fauvel Township, 

Bonaventure County; Quebec Department of 
Mines, Mineral Deposits Branch, GM-556, 2 p. 

Rose, E.R. 
1969: Geology of titanium and titaniferous deposits of 

Canada; Geological Survey of Canada, Economic 
Geology Report 25, 177 p. 

Savard, M. 
1985: Indices min6ralises du sud de la Gaspesie; Minis- 

tere de 1'Energie et des Ressources, Province de 
Quebec, Rapport ET-83-08, 92 p. 

Stearn, C.W. 
1965: Region de Causapscal, Comtes de Matapedia et de 

Matane; Ministere des Richesses Naturelles du 
Quebec, Rapport Geologique 117, 52 p. 

Tremblay, R.L. and Choiniere, J. 
1978: Atlas geochimique des sediments de ruisseau de la 

Gaspesie; Ministere de l'Energie et des Ressources, 
Province de Quebec, DPV-563. 

Tremblay, R.L. and Wilhelm, E. 
1978: Prospection alluvionnaire (mineraux lourds) en 

Gaspesie - traitement des donnees et com- 
paraison avec les resultats geochimiques en sedi- 
ments de ruisseaux; bulletin de l'ICM, v. 71, 
no. 793, p. 88-95. 



APPENDIX 84.1 

Pan concentrates Unprocessed sediments 

Sample Heavy minerals1 Number of Au ( + 106 pm) Au ( -  106 pm) 
number 3 litres (g) gold grains ppb P P ~  

a - Gravel accumulated on shore and in embayments between outcrops, left bank, segment A. 

1 2.8 0 < 10 
2 4.4 0 < 10 
3 3.9 0 < 10 
4 0.9 0 < 10 
5 12.5 0 < 10 
6 1.8 0 < 10 
7 81.6 0 < 10 
8 12.2 1 < 10 

b - Gravel in shallow depressions on outcrop surface, left bank, segment A. 

9 3.9 0 < 10 
10 0.3 0 40 
11 1.6 0 10 
12 8.9 0 < 10 

c - Sand and gravel filling wide crevices in outcrop, left bank, segment A. 

13 1.5 0 < 10 
14 43.8 5 < 10 
15 38.9 2 < 10 
16 9.5 8 4230 
17 55.9 8 210 

d - Silt and sand in cleavage openings between slate panes, left bank, segment A. 

18 11.6 1 440 
19 188.8 8 1680 
20 100.7 5 490 
21 235.9 1 < 10 
22 135.9 5 5640 
23 123.3 3 1760 
24 90.3 2 340 
25 96.4 5 610 
26 127.3 7 1030 
27 91.6 3 950 
28 69.0 3 2010 
29 92.4 5 710 
30 150.3 7 3370 
31 66.0 25 7390 

e - Silt and sand trapped in moss on surface of outcrops and boulders, left bank, segment A. 

32 155.1 4 1880 
33 132.4 12 4670 
34 23.3 I < 10 
35 32.6 3 < 10 
36 99.7 7 720 
37 28.8 1 < 10 
38 27.2 0 < 10 
39 15.0 1 < 10 
40 7.9 1 130 

f - Combination of environments c, d, and e, right bank, segment A. 

41 (moss) 11.8 0 20 
42 (crevice) 39.8 1 < 10 
43 (crevice) 11.1 1 < 10 
44 (slate) 19.4 0 150 
45 (slate) 31.2 2 < 10 
46 (slate) ND ND < 10 
47 (moss) ND ND < 10 
48 (moss) ND ND < 10 
49 (moss) 82.6 0 100 

g - Combination of environments c, d, and e, right and left banks, segment B. R = right bank; L = left bank. 

50 (moss, R) 45.7 3 < 10 
51 (moss, R) ND ND < 10 
52 (crevice, R) 26.0 3 < 10 
53 (moss, L) 13.3 3 < 10 
54 (moss, R) ND ND 710 
55 (slate, R) ND ND 1920 
56 (moss, R) ND ND < 10 
57 (slate, R) 26.7 1 < 10 

I ND = Not determined I 
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Abstract 

Metasediments and underlying gneisses of the Thompson Belt, east of the Churchill-Superior Province boundary 
record a complex history spanning from the Archean to the Proterozoic. A structural and metamorphic study has been 
undertaken on a corridor cutting through the belt, from Paint Lake, on the southeast end, to Ospwagan Lake and INCO 
Limited's Pipe 2 open pit mine, on the northwest end. 

Several blocks can be defined along the traverse, each characterized by specific compositional and structural 
features. However, gneissic foliation strikes parallel to the belt in all blocks and is uniformly subvertical or steeply dipping. 
Stretching lineations parallel the foliation, with variable plunges southwest or northeast; shallow plunges are rare and the 
lineations become steeply down-dip and more prominent closer to the boundary with the Churchill Province. The latest and 
dominant tectonic episode along that boundary which is recorded by the foliations and lineations appears to be one of 
general flattening or of plane strain, with the flattening parallel to the length of the belt and stretching along a direction which 
is presently vertical. Asymmetric kinematic indicators of sense of shear fail to indicate whether the Churchill or Superior side 
moved up with respect to the other. 

The latest period of metamorphism at the northwest end reached temperatures of 575" to 625°C and pressures 
corresponding to depths of 7 to 17 km. This metamorphism was contemporaneous with, or later than, the main period of 
deformation recorded in the rocks. 

Resume 

Les metasediments et les gneiss sous-jacents de la zone de Thompson, situee a I'est de la limite entre les provinces 
de Churchill et du lac Superieur, revdent une histoire complexe qui s'etend de I'Archeen jusqu'au ProtBrozo'ique. On a 
entrepris une etude structurale et metamorphique d'un couloir traversant la zone de Thompson depuis Paint Lake, au sud- 
est, jusqu'au lac Ospwagan et A la mine a ciel ouvert de Pipe 2 (INCO Limited), au nord-ouest. 

On distingue plusieurs blocs tectoniques ayant chacun leur composition et structures caracteristiques. Cependant, 
I'orientation de la foliation gneissique y est relativement uniforme, avec une direction parallele a la zone et un pendage 
fortement incline ou vertical. Les lineations d'allongement sont paralleles a la foliation et d'inclinations variables (sud-ouest 
ou nord-est): rarement horizontales, elles deviennent plus marquees et verticales, pres de la limite avec la province de 
Churchill. Le plus recent 6vBnement tectonique responsable de la microstructure le long de cette limite est donc un 
aplatissement parallele a la zone et un allongement dans une direction qui est maintenant verticale. Les indicateurs 
cinematiques du sens de cisaillement ne parviennent pas &determiner lequel des c&tes, Churchill ou du lac Superieur, s'est 
deplace vers le haut par rapport a I'autre. 

La derniere periode de metamorphisme dans la partie nord-oeust a atteint des temperatures de 575" a 625°C et des 
pressions correspondant a une profondeur de 7 17 km. Ce metamorphisme a Btb contemporain ou posterieur a la phase 
principale de deformation enregistree par les roches. 

1 Contribution to the Canada-Manitoba Mineral Development Agreement, 1984-1989. Project carried by Geological 
Survey of Canada, Lithosphere and Canadian Shield Division, Project 850011. 

2 Department of Geology and J.T. Wilson Research Laboratories, Erindale Campus, University of Toronto, 
Mississauga, Ontario L5L 1C6 



Introduction 
During the summer of 1985 a structural mapping project 

was started in the Thompson Belt. Work was carried out on the 
Pipe 2 mine property of INCO Metals Clompany, as well as on 
Lower Ospwagan Lake, Upper Ospwagan Lake, Mid Lake, Liz 
Lake and on a 3-km wide strip across Paint Lake. These localities 
provide a 25-km long cross-section in the northwestern half of 
the belt. The goal of the project is to study the structures and 
microstructures of the gneisses in the Thompson Belt and their 
implications concerning the deformation history of the Church- 
ill-Superior boundary in northern Manitoba. The research 
focuses on petrofabric indicators (foliation, lineations, kine- 
matic indicators of sense of shear, micro-structures), as expres- 

sions of the deformation history, and on metamorphic textures 
and assemblages. 

Regional setting 
The Thompson Belt is a linear northwesterly trending belt 

at the border between the Churchill Province and the Pik- 
witonei region of the Superior Province (Fig. 85.1). The base- 
ment lithologies in the belt are a series of felsic gneisses, with 
minor amounts of mafic and ultramafic material. These gneisses 
are considered to be the retrograded equivalents of the Pik- 
witonei granulites (Scoates et al., 1977; Weber and Scoates, 
1978). At the western margin of the belt, they are overlain by a 

Figure 85.7. Location of the Thompson Belt and extent of area mapped. Stippeled pattern shows 
approximate dislribulion of metasediments on Ospwagan Lake. 



suite of metavolcanic and metasedimentary rocks called the 
Ospwagan Group by Scoates et al. (1977). Peredery et al. (1982) 
divided the sedimentary rocks into the Pipe and the Thompson 
assemblages. 

The gneisses are thought to have undergone several defor- 
mation events starting in the Archean (Green et a]., 1985). The 
latest evolutionary model of the Thompson Belt, proposed by 
Green et al. (1985), considered the belt to " ... have been suc- 
cessively the site of continental rifting and rupturing, an evolv- 
ing continental margin, a continent-volcanic island arc "suture" 
zone and eventually a continental-scale strike-slip fault. ..", over 
a period of time spanning from 2.4 Ga to 1.6 Ga. Both gneisses 
and metasediments probably owe their current structural at- 
titude to the Hudsonian orogeny, dated between 1.9-1.6 Ga in 
the Thompson Belt (Green et al., 1985). 

Pipe 2 mine 
The Pipe 2 mine was operated by JNCO Metals Company 

until 1984. The geology of this deposit has been briefly dis- 
cussed by Peredery et al. (1982) and Gale et al. (1982). The mine 
is located within a major tight fold plunging 80" to the northeast 
and opening towards the northeast. Faulting and shearing 
along, and parallel to, the northwestern limb of the fold compli- 
cate its structure and control to some extent the geometry of the 
ore zone. 

The mine pit provides, on the eastern limb of the fold, some 
of the best outcrops of what has been interpreted as a contact 
between basement gneisses and metasediments on the western 
part of the belt. However, definition of that contact is problem- 
atic and the gneisses cannot directly be correlated with the 
gneisses outcropping on Paint Lake. The style of deformation, 
the attitudes and characteristics of foliations and of lineations, 
as well as the minor folds, are all very similar in both gneisses 
and metasediments. Angular discordances are numerous in all 
rocks but are small (<15"); most are identifiably tectonic in 
origin, i.e, they can be accounted for by minor faulting and 
shearing, slip along bedding planes or gneissic layers, and/or by 
minor folds. The tectonic strain on the eastern limb has not 
destroyed bedding or bedding continuity in the metasedi- 
ments, except along the minor faults and shear zcnes men- 
tioned above, and it has not caused the formation of any signifi- 
cant secondary foliation in them. It seems therefore unlikely 
that the tectonic strain could have been sufficient to rotate an 
earlier discordant gneissic banding into parallelism with the 
bedding. The parallelism between bedding in the metasedi- 
ments and layering in the gneisses therefore requires the 
gneissic foliation of the basement to have been approximately 
horizontal when the sediments were deposited on it, as sug- 
gested in Peredery et al.'s (1982) Figure 3. This might explain the 
difficulty in locating the metasediment-gneiss contact. Alterna- 
tively, the "gneisses" at Pipe mine might only be metaquartzitic 
and meta-arkosic members of the Thompson assemblage rather 
than unconformably overlain basement gneisses. There is in- 
deed no sharp compositional break between the "gneisses" and 
the adjacent undisputed metasediment, an  impure quartzite 
(Peredery et a]., 1982). 

Bedding and foliations (Fig. 85.2a, b) are near-vertical. The 
predominant lineation is one of vertical extension. A shallow 
crenulation cleavage is also visible on vertical faces in pelitic 
metasediments. Minor folds of various scales (50 m to 10 cm) 
are common on the eastern limb of the major Pipe 2 mine fold; 
the minor fold axial planes are parallel to the major fold axial 
plane. The sense of asymmetry associated with the minor folds 
is consistent with the sense of shear expected for parasitic folds 
on a major fold. 

The western limb of the Pipe 2 mine fold is characterized by 
a vertical foliation and a very pronounced vertical stretching 
lineation (Fig. 85.2~).  The layering is more disrupted than on the 

eastern limb, and some concentric structures could be inter- 
preted as steeply plunging sheath folds, suggesting the strain is 
higher in the western limb. 

The metamorphic assemblages and characteristic minerals 
of the metasediments at Pipe 2 mine are: 

- quartz + sillimanite + biotite + muscovite + garnet + 
plagioclase 

- quartz + sillimanite + biotite + muscovite + pla- 
gioclase 

- dolomite + diopside + hornblende 
- diopside + quartz + biotite + hornblende 
- quartz + biotite + hornblende + garnet 

Secondary chlorite, exhibiting a weak alignment in some 
samples, is a common minor constituent. One sedimentary 
layer within one sample contains andalusite. The foliation is 
wrapped around the andalusite prophyroblasts which appear 
to have been affected by the deformation more than the sil- 
limanite. The andalusite is therefore tentatively interpreted as 
earlier than the sillimanite, which is common in the other meta- 
sediments and less deformed. Staurolite, reported by Peredery 
et al. (1982), has not been found in any of our samples. 

The peak pressures and temperatures estimated using the 
assemblages observed here yield temperatures between 575" 
and 625°C and pressures between 2.5 kb and 5.75 kb (Fig. 85.3). 
This pressure corresponds to a depth of 7 to 17 km. The meta- 
morphic temperature is less than that of 700°C obtained at the 
Thompson mine ( P a k t u n ~  1984). 

Ospwagan Lake 
The gneisses and metasediments outcropping on Lower 

Ospwagan Lake have been considered to be the stratigraphic 
equivalents of the rocks at the Pipe 2 mine. The gneiss-meta- 
sediment contact is not clearly exposed on Lower Ospwagan 
Lake. The gneissic foliation on Upper Ospwagan Lake (Fig. 
85.2d) is nearly vertical and strikes between 040" and 075". On 
Lower Ospwagan Lake, which is closer to the Superior-Church- 
ill boundary, the average foliation dips approximately 80" to the 
southeast (Fig. 85.2e). The lineations (Fig. 85.2f) on both lakes 
are generally steep. 

The metamorphic assemblages for the metasediments on 
Ospwagan Lake are: 

- quartz + muscovite + biotite + sillimanite + garnet + 
plagioclase 

- quartz + muscovite + biotite + sillimanite 
- quartz + muscovite + biotite + garnet +I- plagioclase 
- quartz + muscovite + biotite 

Minor, secondary chlorite is common in the metasedi- 
ments. No andalusite has been seen in any samples from this 
locality. The metamorphic assemblages on Lower and Upper 
Ospwagan Lake are thus very similar to the Pipe 2 mine as- 
semblages, and metamorphic grade is therefore also similar to 
that of the Pipe 2 mine. 

Paint Lake 
A metamorphic study by Russell (1981) on  parts of Paint 

Lake indicated an older (interpreted as Archean) period of 
metamorphism, with an  estimated temperature of 910 2 70°C. 
Russell determined a Hudsonian overprint to have been at 
conditions of 650 2 50°C and 4-5 kb. 

The limited field work on Paint Lake in 1985 outlined three 
major gneissic blocks. The north-west block is identical to an 
area of gneisses with preserved features of Archean meta- 
morphism outlined by Russell (1981). Since the fieldwork was 
limited to a 3-km wide strip the lateral extent of these blocks is 
not known. 
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Paint Lake northwest block 

The gneisses of this block are of enderbitic composition, 
containing quartz, plagioclase, orthopyroxene, clinopyroxene, 
hornblende and biotite (Russell, 1981). The pyroxenes are com- 
monly altered. Outcrops contain 30% pegmatite and variable 
amounts of amphibolite. The block is bounded to the northwest 
by a mylonite zone, located on the southwest shore of Liz Lake. 
The southeastern border of this region is also well defined by 
the disappearance of enderbitic gneisses. 

The gneissic foliation (Fig. 85.2g) shows a pattern very 
similar to that at Lower Ospwagan Lake, with the average folia- 
tion dipping approximately 75" to the southeast. Lineations 
(Fig. 85.2h) are concentrated in a vertical plane coinciding with 
the foliation and show a considerable variation in plunge both to 
the northeast and to the southwest. 

The percentage of dynamically recrystallized quartz varies 
considerably but generally increases towards the northeast. 
This is tentatively interpreted as resulting from an increase in 
degree of deformation, although other factors such as differ- 
ences in thermal history may be involved. 

Paint Lake center block 

The dominant rock type consists of granodioritic to dioritic 
gneisses. Rocks consist of biotite, feldspar, rare hornblende and 
common orthopyroxene altered to various degrees. Completely 
altered patches, which may be a highly altered clinopyroxene, 
are present in some samples. The mesoscopic layer thickness 
varies between 2 and 15 cm. Approximately 25% of pink peg- 
matite and between 2 and 20% amphibolite are present in the 
outcrops. At the northwestern part of this block, pyroxenes are 
rare and highly altered, if present, and the amount of pyroxene 
in the rock generally increases towards the southeast, suggest- 
ing that the Hudsonian overprint becomes weaker in this direc- 
tion. 

Long dimensions of mafic minerals and mafic clots show a 
preferred orientation which becomes more pronounced toward 
the northern border of the block. The samples with the strong- 
est preferred orientation do not contain any pyroxene. In these 
samples, although the quartz is approximately equant, with 
grain sizes reaching up to 1 mm, interference colours of quartz 
indicate a strong crystallographic preferred orientation. These 
rocks thus appear to have been annealed after a strong deforma- 
tion. 

The variation in pyroxene content is therefore consistent 
with a model of gradual retrogression and disappearance of the 
pyroxenes towards the northwest as the deformation becomes 
stronger. 

The gneissic foliation in this block shows a maximum dip- 
ping steeply to the northwest (Fig. 85.2i). Lineations trend 
towards the northeast and southwest (Fig. 85.2)) but appear to 
be shallower than in the northern Paint Lake block. Shallow 
dipping minor folds are common in the orthopyroxene-bearing 
gneisses of this block. - 

The southeast border of this block is defined by the disap- 
pearance of orthopyroxene-bearing gneiss. 

Paint Lake southeast block 

The bulk composition in this block is approximately gra- 
nodioritic,egmatite (mostly white) layers make up between 10 
and 30% of the outcrop. Amphibolite layers (10-cm thick) con- 
stitute approximately 5% of the rock. Mesoscopic gneissic layer- 
ing thickness ranges from 5 to 40 cm. Some outcrops are not 
well layered except for the presence of the pegmatite layers. 

Biotite is present in all samples, and hornblende is com- 
mon. A good clinopyroxene has been found in one coarse- 

grained sample (gs. 1 mm). The plagioclase is generally not 
sericitized except in some strongly foliated samples interpreted 
as having been sheared. At one location in which biotite and 
garnet are the mafic minerals, lozenge-shaped, sericitized feld- 
spars are aligned parallel to the foliation. Several of these feld- 
spars appear to be solely contained within single quartz grains 
(Fig. 85.4). The quartz in this sample reaches a grain size of 
2.5 mm in the long diameter, with aspect ratios of up to 4 to 1. A 
possible explanation is again that this is the result of static 
annealing of a previously sheared rock. 

The gneissic foliation in this block (Fig. 85.2k) shows two 
maxima although it is uncertain whether they are statistically 
significantly different. Lineations plunge steeply (Fig. 85.21). 

Kinematic indicators 

Foliations and lineations can be used as crude indicators of 
the strain in the Thompson Belt. The nearly vertical foliations 
suggest that the dominant strain recorded by the fabric of these 
rocks was one of general flattening onto a presently vertical 
plane parallel to the direction of the belt. The steeply plunging 
lineations suggest furthermore a stretching of the rocks in a 
direction which is now vertical. We believe that large strains are 
required to account for uniformly steep foliations and lineations 
over a large region such as the Thompson Belt, whether the 
fabric is formed by that strain or merely transposed by it into 
isoclinal folds. Mylonites and sheath folds also require large 
strains, at least locally. However, simple strain theory (the 
'room problem' argument for high strains in narrow zones) 
suggests that large strains restricted to narrow zones such as the 
Thompson Belt require a large component of progressive sim- 
ple shear. In order to determine the sense of such progressive 
simple shear one can look for kinematic indicators of the sense 
of progressive simple shear (henceforth called kinematic indica- 
tors, for the sake of brevity). - 

Mesoscopic and microscopic kinematic indicators sought 
were asymmetric folds, asymmetric tails or pressure shadows, 
asymetrically distorted foliations around porphyroblasts, and 
S-C fabrics (Berth6 et al. 1979). 

In general, convincing mesoscopic kinematic indicators are 
relatively rare in the Thompson belt, and they are mostly found 
on Ospwagan Lake and near the Pipe 2 mine. 

(1) Asymmetric minor folds are present; however, a sense 
of asymmetry observed in one outcrop is often found to be 
reversed in the next outcrop. At the Pipe 2 mine, the sense 
which they indicate is simply explained by their position with 
respect to major folds. 

(2) S-C type fabrics are found in some metasediments (Fig. 
85.5) but are rare and not completely convincing. 

(3) Even though tails are common on feldspars in the 
gneisses, and garnets with pressure shadows are common in 
metasediments, in most samples these structures axe either 
only slightly asymmetric or not at all. Asymmetric tails, which 
form far less than 1% of tailed feldspars, are usually only weakly 
asymmetrical and have to be considered suspect if only because 
of their scarcity. 

Of the convincing kinematic indicators, 12 indicate that the 
Churchill side moved up with respect to the Superior side (Fig. 
85.5). However, five other indicators, among the best ones, i.e. 
showing the most pronounced asymmetry and the least ambi- 
guity, indicate that the Superior side moved up with respect to 
the Churchill side (Fig. 85.6). 

(4) An interesting fabric, developed in several of the 
gneisses on Lower Ospwagan Lake and at the Pipe 2 mine, can 
also be interpreted as a kinematic indicator. This fabric consists 
of two sets of microfaults-microfissures in feldspar-rich patches, 
approximately perpendicular to each other, both striking paral- 
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TEMPERATURE('C) 
Figure 85.3. Petrogenetic grid for Pipe 2 mine metasediments. The stippled area shows the range of 
possible peak temperatures and pressures. Petrogenetic grid by D. M. Carmichael (see Bailes, 1980). 

lel to the foliation and symmetrically inclined at 45' to it (Fig. 
85.7). The microfaults are commonly filled with micas, separat- 
ing individual rectangular feldspar crystals. This geometry 
gives a blocky appearance to the feldspar-rich patches. Quartz 
in these rocks is commonly present in quartz ribbons. A granite 
gneiss only 2 km from the Superior-Churchill boundary pre- 
sents an extreme case, almost all of the quartz in the sample is 
contained in quartz ribbons (Fig. 85.7). Offsets of feldspar 
grains of similar crystallographic orientations along these mi- 
crofaults indicate east side up for east dipping ones and west 
side up for west dipping ones. Neither set appears to dominate 
over the other. The development of two sets of microfaults 
symmetric with respect to the foliation is indicative of an envi- 
ronment locally dominated by progressive pure shear. The 
sense of offset would indicate an overall horizontal compres- 
sion and vertical extension. 

Another interesting microstructural feature which is quite 
common in the belt is a set of small horizontal, undisplaced 
micro-fractures segmenting individual mineral grains or mono- 
mineralic patches. They appear to become more common to- 
wards the Churchill-Superior boundary, although this may be 
simply a function of a more common suitable lithology. These . 
fractures are best displayed in the sillimanite mats (Fig. 85.8) 
common in the metasediments exposed on Ospwagan Lake. 
These fractures show no visible opening or fissure filling under 
standard optical microscope magnifications; they are inter- 
preted as late tension fractures, with negligible displacement, 
and are considered to be stress indicators rather than strain 
indicators. The direction of least compressive stress which they 
indicate is, nevertheless, in agreement with the vertical stretch- 
ing direction inferred from mesoscopic lineations and kinematic 
indicators. 



Figure 85.4. Lozenge-shaped feldspars (illuminated) within a Figure 85.7. Blocky fabric developed in granite gneiss. Feld- 
single grain of extinct quartz. Bar scale measures I mm. spars are separated by thin layers of micas. Feldspars and 

micas are isolated within auartz-free oatches. Quartz in this 

Figure 85.5. Pelitic metasediment showing asymmetric pres- 
sure shadows on garnets, S-C type asymmetry and a possible 
shear band. Foliation and lineation in the sample are near ver- 
tical; the sense of asymmetry in the sample suggests that the 
Churchill side moved up with respect to the Superior side. Bar 
scale measures 0.5 mm. 

sample is almost exclusiveiy contained within quartz ribbons. 
Bar scale measures 0.5 mm. 

Figure 85.8. Micro-fractures within a sillimanite mat in pelitic 
metasediment, Fractures are oriented approximately horizon- 
tally. Bar scale measures 0.5 mm. 

Summary 

The metamorphic grade on the western side of the belt 
does not appear to be significantly lower than for the main part 
of the belt. Metamorphic conditions associated with the Hud- 
sonian event are between 575°C and 625°C and 2.5 kb to 5.75 kb 
for the Pipe 2 mine and Ospwagan Lake, and 650250°C 4-5 kb 
for Paint Lake (Russell, 1981). 

The gneissic foliation is generally steep everywhere. It 
becomes subvertical or very steeply inclined to the southeast 
near the Superior-Churchill boundary. Lineation plunges vary 
on Paint Lake; they are generally steep close to the boundary. 

Several of the gneisses on Paint Lake have textures which 
have been interpreted as annealed shear textures, in contrast to 
the pristine shear textures found on Ospwagan Lake and at the 
Pipe 2 mine. One possible explanation for this is that the an- 
nealed textures on Paint Lake are the result of deformation 

Figure 85.6. Mylonite within a gneiss. Foliation and lineation which occurred earlier than that responsible for the pristine 
in the sample are near vertical. Foliation draped around rolled textures on Ospwagan Lake. Alternatively, conditions on Paint 
feldspars indicate that the Superior side moved up with respect Lake were sufficiently different from those on Ospwagan Lake 
to the Churchill side. Bar scale measures 0.5 mm. to allow shear textures of the same age to anneal on Paint Lake 



while they remained pristine on Ospwagan Lake and at the Pipe 
2 mine. 

The indicators that are present record movements which 
are now in a vertical direction, consistent with the steeply 
plunging lineations. This extension may be locally consider- 
able. The last recorded event in the belt was thus one of now 
vertical extension with NW-SE directed horizontal compres- 
sion. This is more consistent with converging plates than with 
the transcurrent faulting proposed by Green et al. (1985). 
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Abstract 

The Great Slave Lake Shear Zone (GSLSZ) is a crustal scale, lower Proterozoic, dextral, 
transcurrent shear zone, up to  25 k m  wide, made of 5 belts of granulite to  lower greenschist facies 
mylonites. The Laloche Batholith, spatially coincident w i t h  the si te o f  the GSLSZ, was ernplaced 
incrementally during the tectonic history o f  the GSLSZ. With t ime the metamorphic grade 
decreased, the zone of act ively forming mylonites shifted lateral ly and narrowed. Duct i le  
deformation progressively evolved through the br i t t le-duct i le  transition t o  non-disruptive brecciat ion 
and b r i t t l e  faulting. The history of the GSLSZ represents a single progressive event, which occurred 
during a period o f  upl i f t ,  unroofing and thermal decay accompanied by ongoing syntectonic acid and 
maf ic  magma injection. 

L e  cisail lement du Grand lac des Esclaves est une structure A decrochement dextre, comprenant 
cinq zones de mylonites, dont l a  largeur peut atteindre jusquo8 25 km. L e  bathol i the de Laloche, qui 
co'incide cartographiquement avec le  cisail lement, s'est mis en place pendant le  fonctionnement de ce 
dernier. L a  localisation de l a  mylonit isat ion en cours s'est d6placee lateralernent e t  s'est retrecie au 
fu r  e t  B mesure que I'environnement metarnorphique passe du facies granulit ique au facies des 
schistes verts. L a  deformation a progressivement Bvolu6 de la  phase duct i le A celle de la  deformation 
cassante. Lohistoire de ce cisail lement constitue un seul cycle de tectonisme, de soul6vement, 
d'grosion e t  de refroidissement, synchrones d'injection de magmas mafiques e t  acides. 

Department o f  Geological Sciences, Queen's University, Kingston, Ontario K 7 L  3N6 
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Introduction 

The Grea t  Slave Lake Shear Zone (GSLSZ; Hanmer and 
Lucas, 1985), a s  mapped in McDonald-Laloche-Great Slave 
lakes a r e a  i s  a major, crus ta l  scale, NE striking, duct i le  
t ranscurrent  shear zone, up t o  25 km wide. It lies close t o  
t h e  con tac t  of Slave Craton and the  Churchill Province. Four 
bel ts  of mylonitic rocks of different metamorphic grade and 
di f ferent  age  of main preserved s t ructure  were  identified by 
Hanmer  and Lucas (1985) who found t h a t  metamorphic grade 
decreased with t ime  f rom granulite fac ies  t o  lower 
greenschist  fac ies  and t h a t  t h e  locus of maximum strain r a t e  
shi f ted  laterally within t h e  shear zone. The GSLSZ shows a 
dextra l  sense  of o f f se t  with a subhorizontal movement  vector  
throughout i t s  deformation history. All reference  t o  previous 
work in this report  r e fe r s  t o  Hanmer and Lucas (1985), unless 
otherwise s ta ted .  

Our fieldwork in 1985 completed t h e  1:250 000 t o  
1:50 000 scale  s t ructura l  and lithological mapping of t h e  
McDonald-Laloche-Thubun lakes section of the  GSLSZ 
(Fig. 86.1). Principal new field results are:  

1. The GSLSZ is  spatially coincident and contemporaneous 
with a composite grani te  batholith. The plutons a r e  
K-feldspar megacrys t ic  bioti te +/-hornblende granites- 
granodiorites, excep t  for  t h e  youngest pluton which is  
equigranular. From Thubun Lakes t o  Jigsaw Lake, t h e  
southeastern margin of t h e  GSLSZ is a progressive 
s t ructura l  boundary coincident with t h e  intrusive con tac t  
of t h e  batholith t o  the  northwest with aluminous 
paragneiss (migmatite) t o  t h e  southeast .  The batholith 
contras ts  compositionally with regionally extensive 
muscovite leucogranite t o  t h e  northwest and garnet  
leucogranite or  d ia texi te  t o  t h e  southeast  of t h e  GSLSZ. 

2. We have confirmed and completed t h e  delimitation and 
definitions of t h e  four s t ructura l  bel ts  previously 
identified and propose t o  ca l l  them belts no. 1 t o  3 and 
Harnby Channel ultramylonite belt. The distribution of 
t h e  bel ts  is  strongly controlled by t h e  distribution of 
country rock within t h e  batholith. 

3. The long narrow strips of distinctive aluminous and calc- 
s i l ica te  paragneiss with layered amphibolite in bel t  no. 2 
(Supracrustal Assemblage of Hanmer and Lucas, 1985) a r e  
me ta t ex i t e s  and dia texi tes  (Mehnert, 1968; Brown, 1973), 
lithologically identical  t o  t h e  extensive migmat i tes  
flanking t h e  GSLSZ t o  the  southeast .  The youngest 
d ia texi te  component in bel t  no. 2 i s  isotropic t o  poorly 
foliated and crosscuts  relatively older strongly 
mylonitized migmat i te ,  thus confirming t h e  suggestion 
tha t  bel t  no. 2 mylonites formed under upper amphibolite 
fac ies  conditions. 

4. The presence of re t rograde garnet-muscovite-bioti te 
mylonitic paragneiss with re l ic t  migmat i t ic  s t ruc tu re  in 
bel t  no. 3 indicates t h a t  this belt  was once  a t  t h e  s a m e  
metamorphic grade a s  bel t  no. 2, but  has  s ince  been 
syntectonically retrograded. This conf i rms t h a t  t h e  
preserved deformation and metamorphism in bel t  no. 3 is  
younger than t h a t  in bel t  no. 2. 

5. A f i f th  distinct bel t  of chlor i te  grade ultramylonite,  t h e  
Laloche River ultramylonite belt, separa tes ,  and is  
younger than, t h e  upper greenschist-lower amphibolite 
belt no. 3 and t h e  upper amphibolite f ac i e s  belt no. 2. 
Identification of th is  new belt  allows us t o  delimit  f i rm 
boundaries t o  bel ts  no. 1, 2 and 3. 

6. There i s  very close correspondance between t h e  s t ructura l  
and lithological map units and t h e  1:250 000 sca le  
aeromagnet ic  maps of t h e  a r e a  (Geological Survey of 
Canada 1964a, b). 

7. Mixed s teeply  and shallowly plunging extension lineations 
reported f rom granulite fac ies  gneisses and mylonites of 
belt  no. 1 a r e  present in t ec ton i t e s  of a l l  metamorphic 
grades through t o  chlor i te  g rade  in a corridor along t h e  
northwest s ide  of bel t  no. 3.  The mixed lineations a r e  
spatially ra ther  than temporally controlled.  

We use t h e  terminology of Hanmer and Lucas (1985) t o  
describe mylonites throughout th is  report .  

S t ructura l  bel ts  

The GSLSZ comprises 5 s t ructura l  belts. We a r e  now 
ab le  t o  propose f i rm boundaries and re la t ive  t i m e  relations 
between t h e  belts. To r e f l ec t  th is  and t o  fac i l i ta te  
description w e  replace  t h e  informal positional labels used 
previously (Central ,  Northwestern,  Southeastern and External 
belts) with numbers and names  (no. 1, 2, 3 and HCUB 
respectively: s e e  below). Each bel t  was  derived by t h e  
metamorphism and deformation (mylonitization) of similar 
protolith, but each contains a distinct syntectonic 
metamorphic mineral assemblage. There  a r e  no preserved 
metamorphic  gradients  and thus  no mineral isograds. The 
higher the  metamorphic grade preserved, t he  older t h e  
metamorphism and deformation i.e. be l t  no. I (granulite), 
be l t  no. 2 (upper amphibolite), be l ts  no. 3 (upper 
greenschist  - lower amphibolite), Hornby Channel 
ultramylonite bel t  (HCUB; External belt  of Hanmer and 
Lucas, 1985) and Laloche River ultramylonite bel t  (LRUB: 
new name), both of lower greenschist  f ac i e s  (Fig. 86.2). Our 
work th is  season completed t h e  mapping of t h e  interior and 
t h e  southeastern margin of t h e  GSLSZ and identified t h e  
LRUB along t h e  Laloche River t o  t h e  southeast  of t h e  
Laloche Lakes. It marks  t h e  boundary between the  belts 
no. 2 and no. 3 and c lear ly  reworks i t s  neighbours structurally 
and metamorphically,  as shown by t h e  rapid, but progresive, 
s t ra in  gradients on e i ther  side. We have also completed t h e  
mapping of two  volumetrically important  late-syntectonic 
e longate  grani te  plutons (Falls Lake and Second Lake granites 
of Fig. 86.1) which dominate  t h e  m a p  pa t t e rn  of belt  no. 2 
and strongly a f f e c t  t h e  microstructural  preservation of t h e  
adjacent  mylonitic rocks. All of t h e  s t ructura l  and 

I I 
Figure  86.2. Distribution and boundaries of t he  s t ructura l  
bel ts  of the  Grea t  Slave Lake Shear Zone. HCUB = Hornby 
Channel ultramylonite belt; LRUB = Laloche River 
ultramylonite belt. Outlined a reas  loca te  pa r t s  A, B and C of 
Figure  86.6. 



Figure 86.3. Structural geometry of the Great Slave Lake Shear Zone. (A) Foliation. (B) Extension 
lineation. See text. 
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THUBUN LAKES 

Figure 86.4. Extension lineations in the  G r e a t  Slave Lake Shear  Zone expressed a s  pitch in the  
foliation plane. See  text.  

lithological map units correspond very closely with t h e  
anomaly pa t t e rn  on t h e  1:250 000 sca le  aeromagnet ic  maps of 
t h e  a r e a  (Geological Survey of Canada, 1964a, b). 

All of t h e  s t ructura l  belts show an  upright, northeast-  
striking foliation and layering (Fig. 86.3A) and a shallowly 
plunging extension lineation (Fig. 86.4B). The main 
exceptions a r e  (1) t h e  disrupted foliation and layering in t h e  
southeas t  par t  of belt  no. 1 and (2) a corridor of mixed 
shallow and s t eep  extension lineations located along t h e  
Laloche River and widening in t h e  vicinity of Laloche Lakes. 
The  corridor of mixed lineation orientation lies immediately 
nor thwest  of belt  no. 3 and is  narrow (5 km wide) within t h e  
LRUB and t h e  southeast  margin of bel t  no. 2, widening 
(10 km) within belt  no. I. We present a map of l ineation 
pi tch  (Fig. 86.4) t o  f i l ter  out t h e  e f f ec t s  of disruption in bel t  
no. 1 and t o  highlight our observation t h a t  t h e  corridor of 
mixed extension lineations contains lineations subparallel t o  
foliation dip, while elsewhere lineations a r e  subparallel t o  
strike.  I t  also shows t h a t  t h e  corridor of mixed extension 
l ineations i s  less pronounced southwest of Avocado Lake. 

Belt  no. 1 

Our a t t e m p t  t o  firmly establish t h e  southwest l imi t  of 
t h e  character is t ic  granulite fac ies  disrupted s t ra ight  
gneisses, mylonites and extensive block gneiss 

(unique t o  th is  belt)  of bel t  no. 1 was f rus t ra ted  by t h e  
complexity of l a t e  b r i t t l e  fault ing along ver t ica l  NNE and 
NW striking planes (Fig. 86.1). Displacement on these  f au l t s  
i s  usually unknown, but  has  brought f au l t  bounded a reas  of 
obvious bel t  no. 1 mater ia l  in to  t h e  plane of t h e  map, 
surrounded on all  sides by recognizable upper amphibolite 
fac ies  hornogeneous granitic mylonites and mylonitic 
paragneiss of bel t  no. 2. This suggests a s t e e p  movement 
vector  on a t  l ea s t  some  of these  faults,  cut t ing across a 
shallowly dipping boundary between t h e  two  belts in this 
area.  Is bel t  no. 1 wedging out southwestwards in both t h e  
horizontal and t h e  ver t ica l  planes? Locally t h e  f au l t  
intercalation if too  complex t o  resolve even a t  our mapping 
scale  (blank a r e a  in Fig. 86.1). 

Mylonite, and even sugary (granoblastic) ultramylonite,  
extensively developed along t h e  northwest boundary of bel t  
no. 1 and derived f rom relatively homogeneous megacrys t ic  
garnet-bioti te meta-granite (similar t o  t h a t  commonly 
containing metamorphic  orthopyroxene at Laloche Lakes), 
a r e  identical  t o  those  previously described f rom within t h e  
belt. They l i e  southwest along s t r ike  f rom t h e  "greasy" 
suspected granul i te  f ac i e s  sugary s t ra ight  gneisses previously 
reported along th i s  boundary. 

A widespread array of irregular veins and small  bodies 
of 'vein leucogranite '  (Hanmer and Lucas, 1985) crosscuts t h e  
granulite fac ies  gneisses and mylonites. We have observed 





these  veins deformed and transposed in to  t h e  discordant 
duct i le  shears  responsible, in g rea t  par t ,  f o r  t h e  disruption of 
t h e  s t ra ight  gneisses and mylonites (Fig. 86.5A, 0). This 
confirms the  suggestion t h a t  t h e  disruption was due t o  
continued post-granulite movement in t h e  adjacent  post 'vein 
leucogranite '  belts no. 2 and 3. 

Belt  no. 2 

This belt  is  dominated by pink, f inely homoclastic 
protomylonites, commonly passing in to  mylonites, locally t o  
ultramylonites. However, homoclastic mylonite 
predominates on t h e  southeastern side of t h e  belt ,  north of 
Avocado Lake (Fig. 86.6A). Long, narrow 
(30-40 km x 0.5-3 km) s t r ips  of a supracrustal  assemblage of 
aluminous paragneiss, less aluminous quartz-plagioclase- 
b iot i te  gneiss, calc-silicate, finely banded amphibolite gneiss 
and white leucogranite outcrop within t h e  pink grani te  
protomylonites and mylonites. Progressive sheeted con tac t s  
between pink g ran i t e  mylonite and t h e  aluminous 
paragneisses indicate  t h a t  t h e  grani te  protoli th intruded t h e  
supracrustal  rocks. 

It was previously speculated t h a t  t h e  very clean white 
leucogranite,  containing l i lac garnets  identical  t o  those  in 
aluminous garnet-cordierite-sillimanite-biotite paragneiss, 
might b e  t h e  product of partial  melting of t h e  paragneiss. 
New observations confirm this speculation. (1) The garnet  
leucogranite i s  exclusively associated with t h e  aluminous 
paragneiss in t h e  s t r ips  of supracrustal  rocks. (2) The ful l  
range of me ta t ex i t e  through t o  d ia texi te  s t ructure ,  as 
described by Mehnert (1968) and Brown (1973), is  present in 
t h e  association i.e. intercalation of whi te  garnet  leucogranite 
leucosome in aluminous paragneiss "paleosomel', with 
continuous layering; disrupted and misoriented blocks of t h e  
same,  isolated in whi te  garnet  leucogranite leucosome; whi te  
garnet  leucogranite with a wispy re l ic t  layering of si l l imante- 
b iot i te  melanosome, plus scat tered l i lac garnets  and common 
development of isolated, fist-size K-feldspar porphyroblasts 
(Fig. 86.5C). These migmat i tes  a r e  variably strained. Within 
a given outcrop, mylonitic t o  ultramylonitic s t ra ight  layered 
gneiss, clearly derived by the  tec tonic  transposition of 
migmat i t ic  s t ructure ,  i s  crosscut by strongly foliated and 
tightly folded ma tu re  me ta t ex i t e  t o  inhomogeneous ( a t  
outcrop scale)  d ia texi te ,  which is in turn  crosscut  by isotropic 

Figure 86.5. Disrupted s t ra ight  gneiss f rom bel t  no. 1. 

(A) A shear  zone (top right t o  bottom lef t )  cu t s  across 
s t ra ight  gneiss, derived by deformation of megacrystic 
granite,  whose layering (top t o  bot tom) is preserved in 
3 shear-bounded pods (top l e f t  and right plus bot tom 
right). Hammer  f o r  scale  (centre  right). GSC 204337-C. 

(6) Detail  of t he  shear-bounded margin of a pod of s t ra ight  
gneiss derived by the  deformation of megacrystic grani te  
with amphibolite inclusions. Field of view 3m. 
GSC 204335 H. The s t ra ight  gneisses and the  bounding 
shears  a r e  comprosed of mylonite in both examples. 
Migmatites f rom bel t  no. 2. 

(C) Very coarse inhomogeneous dia text i te  with large 
K-feldspar porphyroblasts and aligned biotite-sillimanite 
schlieren. GSC 204337-A. 

(D) Metatexi te  layering c u t  by near  isotropic coarse  garnet  
leucogranite leucosome. GSC 204337-C. 

(El A vertical  sheet  of isotropic equigranular grani te  cut t ing 
across the  c o n t a c t  between megacrys t ic  Falls Lake 
grani te  (upper slope) and garnet-sillimanite-biotite 
migmat i te  (lower slope). GSC 204337-6. 

(F) Bands o f  heteroclas t ic  mylonite derived f rom grey 
bioti te granodiorite a l t e rna te  with bands of pink 
homoclastic grani te  mylonite, be l t  no. 3. The textura l  
difference is a function of plagioclase/K-feldspar r a t io  
ra ther  than age of the  protolith. GSC 204336-K. 

homogeneous dia texi te  (Fig.86.5D) containing f ew 
misoriented xenoliths of meta texi te .  No t i m e  correlation 
between outcrops is  implied here. However,  i t  i s  c lear  t h a t  
t h e  process of mylonitization is both preceded and followed 
by migmatization (in-situ mel t  production). This re-enforces 
t h e  contention t h a t  t h e  mylonitization of be l t  no. 2 occurred 
at upper amphibolite f ac i e s  conditions. 

Two large  e longate  grani te  plutons l i e  within bel t  no. 2 
(Fig. 86.1). They were  emplaced post-tectonically with 
respect  t o  t h e  upper amphibolite f ac i e s  mylonitization in belt  
no. 2, but  a r e  syntectonic  with r e spec t  t o  t h e  l a t e r  chlor i te  
g rade  mylonitization in t h e  LRUB (see below). However, 
s ince  they strongly influence t h e  map  pat tern  and t h e  
preservation of mylonitic t ex tu re  in belt  no. 2, i t  i s  
appropr ia te  t o  describe these  grani tes  here. The larger  of 
t h e  two, t h e  Second Lake g ran i t e  (new name), i s  a n  
equigranular, mostly isotropic, medium t o  coarse,  bioti te- 
bearing leucocrat ic  granite.  Locally i t  carr ies  sca t t e red  
K-feldspar rnegacrysts up t o  severa l  cen t ime t re s  long. 
Previously i t  was  inadequately described a s  "zoned1'. Our 
work shows t h a t  t h e  pluton (30 x 5 km) extends  f rom a l ine 
through Hook Point and Avocado Lake northeastwards t o  i t s  
terminat ion south of McDonald Lake. I t  i s  flanked on e i ther  
s ide  by zones, a t  l ea s t  a ki lometre  wide, of progressive 
outwards  increase  in t h e  proportion of large  misoriented 
xenoliths/rafts of foliated grani te  mylonite passing in to  
grani te  mylonite country rock with abundant veins of 
isotropic equigranular leucocrat ic  g ran i t e  and quartz-feldspar 
pegmatite.  These  zones a r e  classical  vein aureoles, typical 
of t h e  intrusive c o n t a c t s  between a pluton and i t s  country 
rock. The l a t e ra l  vein aureoles coalesce  in t h e  plane of t h e  
map  and t h e  grani te  sheet  passes along s t r ike  t o  t h e  
southwest  in to  a single 5 km wide vein aureole  extending over 
20 km t o  Second Lake. If t h e  coalescing of la tera l  vein 
aureoles represents t h e  transit ion f rom t h e  walls t o  t h e  roof 
of t h e  pluton, then t h e  'V1-shaped map  pa t t e rn  suggests t h a t  
t h e  roof of t h e  e longate  pluton dips gently t o  t h e  southwest 
and is  c u t  at a very  low angle by t h e  present  erosion surface.  
Areally smaller,  textura l ly  and compositionally identical  vein 
aureoles occur elsewhere in belt  no. 2, principally between 
Second Lake and t h e  mouth of t h e  Laloche River,  and 
between Hook and Finger points. In e a c h  of these  areas ,  
veined country  rock is  volumetrically dominant over 
concordant sheets  (up t o  1 km thick) and patches of c lean 
isotropic g ran i t e  which possibly represent  par ts  of t h e  sti l l  
buried plutons which t h e  vein aureoles surround. 

The mylonitic t e x t u r e  of t h e  country  rock, present both 
a s  xenoliths and a s  wall  rock in t h e  vein aureoles,  has been 
intensely,  a s  well  a s  extensively, modified by t h e  thermal  and 
hydrothermal e f f e c t s  of t h e  equigranular grani te  and 
associated pegmatites.  Our observations are: (1) The finely 
homoclastic protomylonites and mylonites, locally carrying 
s t r ips  of transposed paragneiss and amphibolite, which 
dominate  bel t  no. 2 away f rom t h e  Second Lake granite,  can  
b e  t raced progressively in to  an  homogeneous, f ine  grained, 
granoblastic fo l ia ted  meta-grani te  in t h e  vein aureoles, which 

a l s o  contains long, s t ra ight ,  highly a t t enua ted  strips of 
amphibolite. (2) Commonly t h e  meta-grani te  foliation is  
weakened by t h e  coarsening of pre-existing quar tz  and 
feldspar and by growth of feldspar porphyroblasts. The l a t t e r  
may also fo rm nebulous isotropic veins crosscutting t h e  
meta-granite foliation. (3) Within t h e  meta-grani te  of both 
t h e  xenoliths and t h e  vein aureoles, mylonitic t ex tu re  (i.e. a 
very f ine  grained matr ix  containing a macroscopically visible, 
distinctly coarser  grained porphyroclast  population) i s  locally 
present  in irregular patches. These  observations indicate  
t h a t  t h e  meta-grani te  here  is  a recrystall ized and coarsened 
mylonitic rock, derived f rom finely homoclastic 
protomylonite and associated mylonite. 



F
ig

ur
e 
86
.6
. 

(A
) 

a
n

d
 (
6
)
 D

e
ta

il
e

d
 m

a
p

s 
o

f 
te

x
tu

ra
l 

tr
a

n
si

ti
o

n
s 

in
 m

y
lo

n
it

ic
 r

o
ck

s 
o

f 
b

e
lt

 n
o.

 
2 

a
n

d
 

b
e

lt
 n

o.
 3

, 
a

d
ja

ce
n

t 
to

 t
h

e
 L

a
lo

ch
e

 R
iv

e
r.

 
(*

) 
F

a
ll

s 
L

a
ke

 g
ra

n
it

e
. 

(**I
 

S
ec

on
d 

L
a

ke
 g

ra
n

it
e

, 
e

xc
e

p
t 

a
lo

n
g

 
th

e
 s

o
u

th
w

e
st

 
si

de
 

o
f 

S
p

ik
e

 L
a

ke
 c

a
lc

-s
il

ic
a

te
. 

A
ll

 f
a

u
lt

s 
(b

ro
ke

n
 s

q
u

ig
g

ly
 l

in
e

s)
 h

a
ve

 b
e

e
n

 
w

a
lk

e
d

 o
ut

. 
S

ee
 F

ig
u

re
 8

6.
2 

fo
r 

lo
c

a
ti

o
n

 a
n

d
 t

e
x

t 
fo

r 
di

sc
us

si
on

. 







Locally, t h e  meta-granite foliation and thin (10 cm)  
veins of grani te  and pegmat i te  a r e  deformed around steeply 
t o  shallowly plunging, moderate  t o  t ight  folds. An axial  
planar foliation is common in t h e  pegmat i te  veins. Whereas 
folds of mylonitic foliation a r e  not common elsewhere in bel t  
no. 2, they a r e  a character is t ic  f e a t u r e  of t he  vein aureoles 
and, along with t h e  abundant equigranular grani te  and 
pegmat i te  sheets ,  lend an highly disturbed appearance t o  t h e  
outcrop. We suggest t h a t  t he  thermal  e f f e c t  of t h e  veining, 
plus the  rheological heterogeneity which their  emplacement  
induced, allowed t h e  vein aureole mater ia ls  t o  deform in 
response to ,  probably fairly weak, regional or  local stresses.  
Previously, such irregular looking tec toni tes  were  erroneously 
in terpre ted a s  low s t ra in  protoli th t o  t h e  homoclastic 
protomylonites. 

On t h e  northwest side of t h e  Second Lake grani te  
(Fig. 86.1) lies an  anastomosing array of ver t ica l  sheets,  each  
up t o  severa l  kilometres thick, of homogeneous, coa r se  
grained, leucocratic,  megacrystic b iot i te  granite,  t h e  Falls 
Lake grani te  (new name). The euhedral K-feldspar 
megacrysts,  up t o  10 c m  long and s e t  in a very coa r se  
isotropic matrix,  may be  aligned in a ver t ica l  060" trending 
plane, indicating magma flow parallel t o  t h e  regional 
s t ructura l  grain. Furthermore,  small  sca le  'Zt folds, 25 c m  in 
amplitude, developed in the  con tac t  between aluminous 
paragneiss and isotropic grani te  (southwest of Second Lake) 
suggest t h a t  t h e  magma flow was associated with dextra l  
shear along i t s  southeast  margin, t h e  significance of which 
remains ambiguous. The scarc i ty  of xenoliths of wall rock 
may indicate  an  highly viscous magma. A t ec ton ic  foliation 
is locally superimposed on this magmat ic  flow alignment,  
rounding off t h e  corners of t h e  s t i l l  monocrystalline 
megacryst cores. The con tac t s  of t h e  grani te  with t h e  
homoclastic protomylonites, mylonites and t h e  meta texi tes-  
d ia texi tes  of bel t  no. 2 a r e  all clearly intrusive. Wherever 
t h e  isotropic grani te  divides into two  sheets  surrounding a 
pod (up t o  3 km wide) of aluminous paragneiss, t h e  foliation 
and layering of t h e  aluminous paragness remain s t ra ight  and 
parallel t o  t h e  regional 060' s t r ike  and a r e  c u t  across  by t h e  
granite.  However, not a l l  of t h e  curved 'Vt-shaped, 
paragneiss/granite con tac t s  a r e  t h e  result  of intrusive 
interdigitation. Jus t  southwest of Second Lake (Fig. 86.6C) 
t h e  paragneiss layering and t h e  concordant grani te  con tac t  
a r e  both def lec ted about a moderate ,  upright, horizontal  fold, 
t o  which t h e  t ec ton ic  foliation developed in g ran i t e  is  axial  
planar. 

Clearly,  both t h e  Second Lake grani te  and t h e  Falls 
Lake grani te  were  emplaced a f t e r  t h e  upper amphibolite 
fac ies  deformation and metamorphism of bel t  no. 2, but  have 
been subjected t o  at l eas t  local t ec ton ic  stresses.  The  Falls 
Lake grani te  i s  locally c u t  by 20 m wide, NW trending 
vertical  shee t s  of isotropic equigranular grani te  (Fig. 86.5E), 
severa l  kilometres long and identical  t o  t h e  Second Lake 
granite.  Such veins have not been t r aced  in to  t h e  main 
Second Lake grani te  outcrop, but w e  suggest t h a t  they 
indicate  t h a t  t h e  Second Lake g ran i t e  i s  younger than  t h e  
Falls Lake granite. The mylonitic t ex tu res  of t h e  country  
rocks in c o n t a c t  with t h e  Falls Lake grani te  a r e  not  markedly 
modified. However, si l l imanite and garnet  in t h e  
paragneisses a r e  unaltered t o  within 2 m of t h e  g ran i t e  
contact .  This, in conjunction with t h e  paucity of associa ted  
pegmat i te  and t h e  possibly e levated magma viscosity, 
suggests t h a t  t h e  Falls Lake grani te  was  relatively dry 
throughout i t s  crystall ization history and t h a t  i t  had l i t t l e  
hydrothermal e f f e c t  on  t h e  wall  rocks. 

Belt no. 3 

Although identified l a s t  year  by Hanmer  and Lucas 
(1985), most of this belt  was mapped this season. We confirm 
and extend thei r  description. The belt  is dominated by 

heteroclas t ic  and homoclastic mylonites derived f rom a 
remarkably homogeneous leucocrat ic  megacrys t ic  granite.  
Most striking a r e  t h e  t w o  continuous ul t ramyloni te  bel ts  
located along t h e  northwest and southeas t  f lanks  of bel t  
no. 3. The former ,  although adjacent  t o ,  is  qu i t e  distinct 
f rom t h e  chlor i te  grade ultramylonites of t h e  LRUB 
(Fig. 86.68). Belt  no. 3 as a whole i s  very  s t ra ight  and of 
constant  width (circa 5 km), excep t  fo r  a constriction just 
west  of Jigsaw Lake (Fig. 86.1) where  i t  narrows t o  about 
2 km. Shear sense  cr i ter ia  (Hanmer,  1984a; Hanmer and 
Lucas, 1985; Hanmer,  1986) a r e  a l l  sinistral  in t h e  
southwestern pa r t  of t h e  constriction. This is  t h e  only really 
significant exception t o  t h e  dextra l  shear sense  of t h e  GSLSZ 
and clearly suggests t h a t  t h e  col:striction is  t h e  result  of 
anomalously s t rong subhorizontal NE-SW extension of th is  
pa r t  bel t  no. 3. 

Most of t h e  mylonite and ultramylonite of bel t  no. 3 i s  
g ran i t e  in composition and i s  visibly derived f rom a coa r se  
leucocrat ic  megacrys t ic  b iot i te  g ran i t e  which is  locally 
preserved. The one exception observed is t h e  s t r ip  of coarse ,  
subisotropic, equigranular b iot i te  grani te  protoli th along t h e  
southeas t  s ide  of Spike Lake (Fig. 86.68), very similar t o  t h e  
Second Lake granite.  However, not  uncommonly, t h e  
mylonites a r e  compositionally banded on a 20 c m  scale  where  
grey-pink (granodioritic?) mylonites with a somewhat higher 
plagioclase and biot i te  con ten t  a l t e rna te  with t h e  pink 
g ran i t e  mylonites (Fig. 86.5F). In very f e w  places, e.g. e a s t  
of Barrier Lake (Fig. 86.6C), t hese  two  lithologies occur in 
pods of relatively low f in i te  s t ra in  where  i t  is  c l ea r  t h a t  both 
a r e  derived f rom megacryst ic  grani t ic  protoliths. The 
g ran i t e  c u t s  t h e  granodiorite. We no te  t h a t  superficially t h e  
b iot i te  granodiorite resembles t h e  biotite-rich megacrys t ic  
g ran i t e  of be l t  no. I at Laloche Lakes (Hanmer and Lucas, 
1985). 

Of major importance  is t h e  discovery, in t h e  vicinity of 
Spike Lake (Fig. 86.681, of t w o  s t r ips  of muscovite-bearing 
aluminous paragneiss and calc-silicate, associated with minor 
amphibolite gneiss layered on t h e  sca l e  of cent imetres ,  plus 
sheets  of whi te  leucogranite carrying small  l i lac garnets,  
which all  together  cons t i tu t e  a very s t ra ight  layered gneiss. 
This gneiss is lithologically identical  t o  t h e  supracrustal  
assemblage of bel t  no.2, although no sil l imanite was  
observed in t h e  field. The association of aluminous 
paragneiss with garnet  leucogranite in a schistose garnet-  
bioti te-muscovite paragneiss suggests t h a t  t h i s  s t ra ight  
gneiss i s  t h e  tectonically transposed equivalent of a 
meta texi te .  If t rue ,  th is  would support  t h e  suggestion t h a t  
bel t  n o . 3  had ear l ier  undergone a similar 
tec tonometamorphic  history t o  t h a t  of bel t  no. 2 and has  
s ince  been fu r the r  mylonitized and metamorphically 
retrograded. 

Over  much of i t s  length, t h e  boundaries of bel t  no. 3 
a r e  marked by s t r ips  of ultramylonite,  2 km wide along t h e  
southeast  s ide  and I km wide along t h e  northwest side. 
However, in t h e  Laloche Lakes a rea ,  where  belt  no. 3 is  
dominated by finely homoclastic protomylonite, t h e  
ultramylonites,  while st i l l  present,  a r e  of lesser importance  
(Fig. 86.1). Does th is  herald northeastward a t tenuat ion of 
bel t  no. 3? We no te  t h a t  t h e  ultramylonites on t h e  northwest 
s ide  here,  while discontinuous, a r e ,  nevertheless,  severa l  
hundred me t re s  thick and t h a t  t h e  southeas tern  con tac t  he re  
is  poorly exposed and appears  t o  be fairly abrupt.  In 
conjunction with t h e  presence of discontinuous qua r t z  
stockwork, t h i s  suggests t h a t  t h e  l a t t e r  con tac t  has been 
modified by l a t e r  b r i t t l e  faulting. 

Between t h e  Jigsaw Lake constriction and Thubun 
Lakes, t h e  southeas tern  boundary of bel t  no. 3 i s  well  exposed 
and has  been examined in some  detail .  The s t ructura l  
boundary zone is  superimposed on a lithological con tac t  zone. 
On t h e  northwest s ide  of t h e  con tac t  zone, t h e  ultramylonites 



a r e  uniformly pink and of grani te  composition. On t h e  
southeas t  side they a r e  pink, dark grey o r  white,  in 
a l te rnat ing  strips.  The dark grey mylonites a r e  b io t i te  rich, 
quartzofeldspathic and conta in  ga rne t  and muscovite.  The 
whi te  mylonites a r e  leucocra t ic ,  quartzofeldspathic and 
conta in  l i lac  pin-head garnets.  The lithological con tac t  is  
e f f ec t ed  by progressively increasing in terca la t ion  of grey and 
whi te  mylonite within t h e  pink until t h e  grey and whi te  
mylonites become volurnetrically dominant.  Fa r the r  t o  t h e  
southeas t  t h e  foliation progressively decreases  in intensity a s  
t h e  compositional layering becomes more  irregular.  Within 
approximately a k i lometre  of t h e  l imi t  of t h e  ultramylonites,  
t h e  gneiss is  a recognizable,  commonly highly contor ted ,  
cordierite-garnet-sillimante-biotite ma tu re  me ta t ex i t e  t o  
d ia texi te ,  with no pink granite.  A poorly foliated 
homogeneous coarse  whi te  grani te  with sporadic garnets  
encountered  on some traverses,  is  thought t o  be  t h e  u l t ima te  
me l t  product of these  rnigmatites. We in terpre t  t he se  
observations a s  t h e  progressive sheeted  intrusive con tac t  of 
t h e  megacrystic granite(s)  precursor t o  t h e  belt  no. 3 
mylonites, emplaced in to  upper arnphibolite fac ies  
rnigmatites.  We do not know if t h e  emplacement  was  syn- or 
post-rnigmatization. 

The Laloche River u l t ramyloni te  be l t  (LRUB) 

The upper amphiboli te f ac i e s  mylonites and aluminous 
paragneisses of belt  no. 2 and t h e  lower amphibol i te  or upper 
greenschist  fac ies  mylonites of belt  no. 3 a r e  everywhere  
separa ted  by a I km wide s t r i p  of chlorite-grade pink, grey t o  
grey-green, ultramylonites;  t h e  LRUB. The ul t ramyloni te  i s  
generally t oo  f ine  grained fo r  any composit ional variation t o  
be  readily identified in t h e  field,  al though colour banding i s  
present.  Three  t ex tu ra l  var ie t ies  occur:  (1) aphanitic,  
showing good foliation on weathered surfaces ;  (2) aphani t ic  
and fl inty with no foliation; (3) heteroclas t ic  ultramylonite.  
The con tac t  of t h e  LRUB with belt  no. 2 i s  faul ted  a t  Second 
Lake, and probably t o  t h e  southwest  where  i t  is  occupied by 
t h e  Laloche River. The  bend in t h e  Laloche River nor theas t  
of Second Lake (Fig. 86.6C) marks  a shor t  splay off of t h e  
LRUB cu t t i ng  in to  belt  no. 2, less than 10 km long. I t  ends in 
an a r e a  of poor exposure. Between t h e  two  branches of t h e  
LRUB (Fig. 86.681, a 50 m sca l e  "mesh s t ruc tu re"  (Sibson, 
1979), i.e. a zone of strongly heterogeneous deformation,  i s  
developed where  anastomosing s t r ands  of chlor i te  
ultramylonite,  up  t o  severa l  me t r e s  wide, i so la te  10-50 m 
wide ell iptical  pods of recrystall ized bioti te-bearing grani te  

Figure 86.7. Laloche River Ultramylonite be1 
GSC 204337-D. (B) Incipient s t age  of non-disrul 
geometry  of spaced f rac tures .  GSC 204337-F. 
breccia derived f rom ultramylonite.  Note  
GSC 204336-W. (D) Disruptive emplacement  
ultromylonite.  GSC 204337-G. 

t. (A)  Shear bounded pod in 'Mesh' s t ruc ture .  
3tive brecciation of ultrarnylonite. Note  sigrnoid 

(C)  E-W dextra l  f au l t s  c u t  ma tu re  non-disruptive 
anticlockwise ro ta t ion  of t he  colour banding. 

of pseudotachylite into f r ac tu red  and dilated 



mylonite with amphibolite layers and inclusions (Fig. 86.7A). 
The in ternal  layering of these  pods, commonly highly 
discordant t o  t h e  enveloping ultramylonite strands,  i s  
commonly irregularly folded and may be  c u t  by veins of 
foliated equigranular granite.  To t h e  northeast ,  t h e  bel t  
no. 2 - LRUB con tac t  lies under Avocado Lake (Fig. 86.6A), 
t o  t h e  nor theas t  of which i t  is  occupied by a 25 m wide 
quar tz  stockwork in a fault .  With the  exception of t h e  
southeast  shore of Barrier Lake (Fig. 86.6C), t h e  belt  
no. 3 - LRLIB boundary is everywhere a progressive con tac t  
zone. Pink mylonites, with small  s ca t t e red  amphibolite and 
biotite-rich metasediment  inclusions, pass northwestward 
in to  grey/white/green t o  pink ultramylonite with slivers of 
f ine  chlor i te  phyllite. 

Isolated, narrow (several metres)  zones of chlor i te  
grade ultramylonite occur within b iot i te  mylonites t o  t h e  
southeast  of t h e  LRUB, within t h e  bel t  no. 2 t ec ton i t e s  and 
t h e  Second Lake granite.  From this w e  conclude t h a t  t h e  
LRUB i s  younger than t h e  tec toni tes  of t h e  adjacent  belts. 
Between Avocado and Second lakes t h e  LRUB ultramylonites 
a r e  cu t  by thin sheets  of foliated,  but non-mylonitic, 
equigranular grani te  identical  t o  t h e  adjacent  Second Lake 
granite.  Furthermore,  a s  shown above, t h e  Second Lake 
grani te  is syntectonic.  From this w e  conclude t h a t  t h e  
Second Lake grani te  is  syntectonic with respect t o  t h e  
chlorite ultramylonites of t he  LRUB. 

The ultramylonites a r e  pervasively breccia ted  
throughout much of thei r  thickness in both branches of t h e  
LRUB. The brecciation resulted in l i t t l e  or  no dilation or  
quar tz  mineralization and therefore  took place a t  significant 
confining pressures. Brecciation occurred by t h e  repeated 
formation of ar rays  of centimetre-spaced, en-echelon 
(shear?) f rac tures ,  oriented 45" clockwise t o  t h e  mylonite 
foliation (Fig. 86.70). With progressive deformation t h e  
centra l  sections of each f r ac tu re  of t h e  ar ray,  and t h e  
intervening rock slices, ro ta ted  clockwise through t h e  normal 
t o  t h e  mylonitic foliation t o  positions 45O anticlockwise with 
respect t o  t h e  undisturbed mylonite foliation. The end 
sections of t h e  f rac tures  remain undisturbed, a s  is  t h e  
mylonite foliation between them,  i.e. t h e  mylonite slabs a r e  
bent, so  br i t t le  and ductile behaviour were  coeval. We 
propose t h a t  at a cr i t ica l  angle t h e  ro ta t ion of a given s e t  of 
f r ac tu res  was no longer able  t o  accommodate  t h e  imposed 
s t ra in  r a t e  and a new crosscutting s e t  formed within t h e  
s a m e  pseudo-coherent volume of rock, ef fect ively  delimiting 
centimetre-scale breccia  f ragments  which d o  not  show 
evidence fo r  significant angular misorientation (disruption) 
between near  neighbours. We re fe r  t o  this as non-disruptive 
brecciation. 

The breccia  is  c u t  by discrete,  s t ra ight  E-W faults,  up 
t o  several me t re s  long, fairly regularly spaced a t  
approximately m e t r e  intervals, which systematically offse t  
t h e  sti l l  coherent  layering/colour banding in t h e  breccia ted  
ultramylonite (Fig. 86.7C). The angle made by t h e  faul ts  
with the  colour banding remained constant  a s  t h e  faul ts  
ro ta ted  anticlockwise with increasing strain.  The f au l t s  a r e  
sufficiently common t o  e f f e c t  a sys temat ic  ro ta t ion of t h e  
ultramylonite foliation f rom 060" towards an  030" s t r ike  
(Fig. 86.3A), o r  may result  in local dispersal of foliation dip 
and strike.  Locally t h e  ends of these  f au l t s  can  be t r aced  
in to  similar s ca l e  faul ts  parallel t o  t h e  LRUB trend. No 
significant qua r t z  mineralization is  associated with -any of 
these  faults. 

The breccias a r e  c u t  and infil trated by veins of black 
pseudotachylyte, varying in width from mill imetres t o  t ens  of 
cent imetres  (Fig. 86.7D). Major, 25m wide, qua r t z  
stockworks a r e  associated with la te ,  very long, s t ra ight  
fractures.  They c u t  a l l  of t h e  rocks and s t ructures  described 
above, but may themselves be  cu t  by pseudotachylyte; good 
examples occur along Avocado Lake. Of particular in teres t  

i s  t h e  quar tz  stockwork a t  t h e  nor theas t  end of Spike Lake, 
which lies well  within bel t  no. 3 (Fig. 86.68). I t  can  be  t r aced  
t o  t h e  northeast ,  passing c lose  t o  Barrier Lake (Fig. 86.6D), 
into Avocado Lake where  i t  l ies within t h e  LRUB 
(Fig. 86.6A). From here,  i t  projects  along t h e  s t r ike  of t h e  
LRUB through Avocado Lake. Northeast  of Avocado Lake i t  
outcrops continously along t h e  LRUB t o  give a to t a l  s t r ike  
length of 40 km. Since t h e  stockwork c u t s  across t h e  LRUB 
boundary but does not detectably  offse t  i t ,  t h e  f r ac tu re  in 
which i t  lies does not have a significant la tera l  displacement. 

The sequence of s t ruc tu res  described f rom t h e  LRUB, 
and t h e  changing mechanical na tu re  of t h e  tec toni tes  with 
t i m e  strongly suggest t h a t  t h e  LRUB preserves a complete  
record of t h e  brit t le-ductile transit ion, f rom duct i le  
ultramylonite,  via semi-brit t le non-disruptive brecciation 
(low temperature ,  significant pressure), t o  spaced faulting 
and finally qua r t z  stockworks in dilational f rac tures .  Ductile 
shear-sense indicators in t h e  ultramylonites a r e  consistently 
dextral .  'The rotation of f r ac tu res  through t h e  normal t o  t h e  
undisturbed mylonitic foliation also indicates a distributed 
bulk dextra l  shear along t h e  LRUB foliation direction. 
Interpreting bulk kinematics f rom slip on a single se t  of 
s t ra ight  faul ts  is equivocal (Freund, 1974). However, t h e  
observations w e  have presented concerning s t ra ight  E-W 
faul ts  a r e  not incompatible with init iation and continued slip 
of f r ac tu res  within t h e  shortening quadrant of continuing 
dextra l  shear  along t h e  LRUB foliation direction, associated 
with an  unknown, but  possibly significant,  component of 
shortening across  t h e  shear  plane. 

The Hornby Channel ultramylonite bel t  (HCUB) 

We propose t o  r ename  t h e  chlor i te  grade External Belt 
of Hanmer and Lucas (1985) t h e  Hornby Channel 
Ultramylonite belt ( t he  HCUB) in order t o  emphasise i t s  
similarit ies with t h e  LRUB. Most of t h e  HCUB was mapped 
las t  summer. Our work, concentra ted  a t  t h e  southwestern 
end and t h e  Finger Point - McDonald Lake section (Fig. 86.1), 
confirms and extends t h e  previous results. Of in teres t  is  t h e  
f requent  brecciation of t h e  ultramylonites,  very similar t o  
tha t  described ' for t h e  LRUB, which is especially well 
developed a t  t h e  southwestern end of t h e  belt. We no te  t h a t  
t h e  LRUB and t h e  HCUB a r e  both chlor i te  grade dextra l  
t ranscurrent  t ec ton i t e  bel ts  of similar width. We suggest 
t h a t  they probably formed at t h e  s a m e  s t ructura l  depth,  and 
a t  about  t h e  s a m e  time. 

Mafic dykes 
Two kinds of maf i c  shee t  were  previously reported within 

belt  no. 2; ( I )  deformed and metamorphosed (amphibolite) 
dykes and (2) half a dozen examples of diabase dykes. We 
confirm these  observations and extend them t o  belt no. 3 .  
The occurrence  of a swarm of diabase dykes, syntectonic  
with respect  t o  t h e  HCUB, on t h e  northwest s ide  of t h e  
GSLSZ, (Hanmer and Lucas, 19851, coupled with t h e  
observation t h a t  t h e  metamorphosed dykes within t h e  GSLSZ 
a r e  l a t e  syntectonic  with respect  t o  deformation in thei r  
respect ive  belts, lends support  t o  Hanmer and Lucas' 
speculation t h a t  t h e r e  were  severa l  periods (or a continuum?) 
of maf i c  dyke injection throughout t h e  s t ructura l  l i fe  of t h e  
GSLSZ. 

Laloche Batholith 

Megacrystic grani te  t o  granodiorite is  t h e  main 
protoli th of t h e  extensive mylonites of t h e  GSLSZ (see also 
Hanmer and Lucas, 1985). The oldest  grani te  protolith is  t h e  
biotite-rich megacrys t ic  grani te  of belt  no. I. I ts  t ec ton i t e  
derivatives a r e  c u t  by t h e  'vein leucogranite '  which is itself 
transposed in t h e  younger no. 2 and no. 3 belts (Hanmer and 
Lucas, 1985). The main leucocrat ic  megacrys t ic  grani te  



protolith in bel t  no. 3 contains xenoliths which lithologically 
resemble belt  no. 1 megacrystic granite.  Is belt no. 3 
leucocrat ic  megacrys t ic  grani te  protolith the  plutonic source  
of t h e  'vein leucogranite '  in bel t  no. I? Since t h e  veins a r e  
also present in bel t  no. 3, i s  t he  'vein leucogranite '  a l a t e  
veining phase of t h e  megacrystic granite? No field a g e  
relations with respect  t o  bel t  no. I protolith a r e  available fo r  
t h e  leucocrat ic  megacrystic grani te  protolith of bel t  no. 2. 
Lithologically, i t  closely resembles t h a t  in belt  no. 3 and 
bears  a similar relationship t o  t h e  'vein leucogranite '  of belt  
no. I. The leucocrat ic  megacrystic Falls Lake grani te  and 
t h e  younger equigranular Second Lake grani te  both postdate 
t h e  upper amphibolite fac ies  mylonitization in bel t  no. 2. 
The Second Lake grani te  is  demonstrably younger than t h e  
mylonitization in bel t  no. 3 s ince  i t  is  syntectonic  with 
respect  t o  t h e  lower greenschist  fac ies  t h e  LRUB. There  a r e  
no post-tectonic granites. Clearly, a volume of grani te  of 
batholithic proportions was emplaced in to  t h e  GSLSZ during 
t h e  course of i t s  tec tonic  activity.  

We cannot delimit  individual plutons within t h e  grani te  
protolith. However, w e  note  tha t  t he  s t r ips  of aluminous 
paragneiss, included within and intruded by t h e  g ran i t e  in belt  
no. 2, a r e  of such dimensions tha t ,  even in t w o  dimensions, 
they appear t o  have been equal in undeformed s ize  t o  t h a t  
expected of an  individual pluton (e.g. Pitcher,  1978) in a 
batholith, ra ther  than deformed included xenoliths. 
Abundant, smaller inclusions occur in belt  no. 1 granites.  
Similar paragneiss inclusions, while present,  a r e  very much 
smaller and much fewer  in number in the  grani te  of belt  
no. 3. Thus the re  is  clearly a bulk compositional boundary 
within t h e  protolith of t h e  GSLSZ at t h e  northwest l imi t  of 
bel t  no. 3. On account of thei r  size, w e  suggest t h a t  t h e  
aluminous paragneiss s t r ips  in bel t  no. 2 a r e  deformed screens  
of country rock between plutons making up a batholith. This 
would require t h a t  t h e  plutons be  sufficiently spaced apa r t  t o  
preserve t h e  country rock screens and, by t h e  s a m e  token, 
suggests t h a t  t h e  absence of similar screens  in belt  no. 3 
ref lec ts  a closer spacing of t h e  plutons. No megacrystic 
grani te  is  reported f rom t h e  Grea t  Slave Lake a r e a  northwest 
of t h e  HCUB (Stockwell, 1932; Wright, 1968a,b; 
Reinhardt,  1969; Hoffman et al., 1977). We have shown t h a t  
t h e  southeastern s t ructura l  boundary of t h e  GSLSZ coincides 
with t h e  intrusive boundary of t h e  megacrystic g ran i t e  
protolith of belt  no. 3. We therefore  suggest t h a t  t he  GSLSZ 
was act ive  during t h e  emplacement  of a grani te  batholith 
with which i t  is  spatially coincident and which w e  propose t o  
ca l l  t h e  Laloche Batholith. 

The local occurrence  of hornblende has previously been 
repor ted  in t h e  Falls Lake and Second Lake grani tes  a s  well  
a s  within t h e  grani te  tec toni tes  of bel t  no. I. We extend th i s  
observation t o  a l l  grani t ic  rocks of a l l  belts. I t  i s  c l ea r  t h a t  
t h e  proportion of hornblende contained by t h e  granites i s  a 
d i rec t  function of t h e  proximity t o  swarms of amphibolite 
xenoliths within t h e  otherwise leucocrat ic  b iot i te  granite.  
Indeed, t h e  margins of t he  amphibolite xenoliths commonly 
grade into an  amphibole-rich host whose quartzofeldspathic 
component is  of grani te  composition. We the re fo re  suggest 
t h a t  t h e  hornblende in t h e  grani tes  i s  a contaminant,  
xenocrystic or  chemical.  We no te  t h a t  while t h e  amphibolite 
xenoliths a r e  commonly in a par t  "digested" s t a t e ,  suggesting 
prolonged interaction with grani te  magma, t h e  con tac t s  of 
t h e  grani te  with aluminous paragneiss inclusions a r e  
invariably sharp, perhaps suggesting a relatively short  period 
of chemical interaction. 

Deformation 

Hanmer and Lucas (1985) reported an  assemblage of 
mechanically independent shear  sense  indicators which, with 
f ew exceptions, indicate  an  history of dextra l  displacement.  

We confirm these  observations and can extend them t o  bel t  
no. 3 and t h e  LRUB (Fig. 86.8). The significant occurence of 
sinistral  shear in bel t  no. 3 has already been discussed. 

The corridor of mixed s teeply  and shallowly plunging 
extension lineations presents a kinemat ic  anomaly within t h e  
GSLSZ. Careful  observation shows t h a t  t h e  slip vector  i s  
locally parallel o r  locally normal t o  t h e  s t e e p  extension 
lineation in the  s a m e  outcrop and, where  i t  i s  parallel, i t  can  
show southeast  s ide  e i ther  up or down. At i t s  widest part ,  
t h e  corridor occurs within t h e  disrupted, heterogeneously 
deformed granulites of belt  no. 1. Southwest of bel t  no. 1, 
t h e  corridor l ies mostly within t h e  upper amphibolite 
mylonites and paragneiss of be l t  no. 2, bu t  a lso  within t h e  
lower greenschist  ultramylonites of t h e  LRUB. In t h e  
former ,  t he re  a r e  local indications of heterogeneous 
deformation, mostly in t h e  fo rm of 5-100 m wide nes ts  of 
1- 10 m wavelength folds deforming t h e  mylonitic foliation, 
around which t h e  external  mylonitic foliation passes. 
Although much of t h e  LRLlB ultramylonite has been 
subsequently reoriented by t h e  E-W faulting described above, 
s t e e p  lineations a r e  seen where  t h e  ver t ica l  foliation s t r ikes  
060°, i.e. is  undisturbed. However, w e  canno t  say t h a t  t h e  
s t e e p  lineations a r e  associated with syn-metamorphic 
heterogeneous s t r a in  a s  in t h e  o the r  t w o  belts. We emphasise 
that:  (1) The mixed lineations a r e  developed in a corridor of 
heterogeneous s t ra in  within which ell iptical  relatively stiff  
pods of lower s t ra in  a r e  separa ted f rom each other  by 
anastornosing high s t ra in  bands. (2) The corridor is more  
extensively developed in t h e  drier,  stronger granulite fac ies  
tec toni tes  and is  l ea s t  pronounced in those  rocks which 
deformed under t h e  w e t t e r  conditions of t h e  lower 
greenschist  facies.  (3) The corridor existed at l eas t  a s  early 
a s  t h e  main syn-metamorphic ac t iv i ty  in be l t  no. 2 and was  
ac t ive  t o  t h e  end of duct i le  deformation in t h e  GSLSZ. 
(4) The corridor i s  located along a bulk compositional 
boundary within t h e  Laloche Batholith. 

We therefore  suggest t h a t  t h e  northwest con tac t  of bel t  
no. 3 represents a rheological in ter face  within t h e  Laloche 
Batholith and t h a t  t h e  heterogeneous s t r a in  on i t s  
northwestern s ide  is  a resul t  of s t ra in  incompatibil i t ies across  
t h a t  interface.  The  s t e e p  l ineations formed as a result  of 
local shortening across  t h e  flow plane (transpression) as 
ell iptical  pods of relatively stiff  mater ia l  a t t empted  t o  move 
past  each other.  Such movement may have been la tera l ,  or  
ver t ica l  where re la t ive  displacement between two  pods 
squeezed out a third one caught  between them. If this i s  
reasonable, then t h e  main plutonic a rch i t ec tu re  of t h e  
batholith was  in p lace  even during t h e  high grade ear ly  
history of t h e  GSLSZ. I t  i s  interesting t o  no te  t h a t  t h e  
southeastern,  and wha t  would appear  t o  b e  t h e  northwestern,  
con tac t s  of t h e  Laloche Batholith have localized t h e  
ultramylonites of be l t  no. 3 and t h e  HCUB. The  southeastern 
boundary of bel t  no. 3 even contains a narrow (100 m) band of 
chlor i te  ultramylonite,  just southwest of t h e  constriction 
west of Jigsaw Lake, suggesting t h a t  this con tac t  played a 
fur ther  role in localizing t h e  l a t e s t  minor duct i le  movements. 

A number of br i t t le  f au l t s  of significant length, 
oriented oblique t o  regional s t r ike ,  occur  mostly within bel t  
no. 2 and at t h e  southwestern  end of bel t  no. 1 (Fig. 86.1). In 
o the r  words, they occur  between, but  do  not  significantly 
displace, t h e  LRUB and t h e  HCUB. There  a r e  two  important  
orientation sets;  NNE-SSW and E-W. An example  of t h e  
l a t t e r  occurs near  t h e  southwest end of Avocado Lake. 
Locally i t  is mylonitic with dextra l  shear bands, develops 
dextra l  en-echelon qua r t z  tension gashes where  i t  i s  purely 
b r i t t l e  and dextra l ly  offse ts  t h e  Second Lake g ran i t e  
boundary (Fig. 86.1). This faul t  s eems  t o  b e  a larger  sca l e  
equivalent t o  those  seen within t h e  LRUB. Good examples of 
t h e  NNE-SSW set occur  north and nor theas t  of Avocado 
Lake, and sinistrally offse t  t h e  Second Lake grani te  boundary 



(Fig. 86.1). These two  fau l t  s e t s  a r e  geometrically conjugate 
and a r e  commonly lined with chlorite-bearing non-disruptive 
breccia. We suggest t ha t  they a r e  synchronous with 
movements on t h e  LRUB and t h e  HCUB into  which they roo t  
without significantly offse t t ing them. Furthermore,  they 
may allow semi-brit t le distortion (strike-parallel extension) 
of t h e  rigid belt  no. 2, caught between t h e  ac t ive  LRUB and 
t h e  HCUB, at leas t  during the  brecciation phase of their  
activity.  

Finally w e  note  t h a t  throughout t h e  history of t h e  
GSLSZ, transcurrent shear appears t o  be  associated with at 
leas t  local components of extension along the  bulk shear 
plane. At t h e  scale  of s t ructures  such a s  the  Jigsaw Lake 
constriction, and perhaps a t  larger scale  too, f in i te  strain i s  
not ideal simple shear. This is comforting, since the  presence 
of shear sense indicators such a s  shear bands and ro t a t ed  
winged inclusions require boundary conditions which devia te  
f rom those of simple shear (see  Hanmer,  1984a). 

Geochronology 

U-Pb geochronological study of zircons f rom 
syntectonic grani tes  in t h e  GSLSZ i s  presently being 
undertaken by S. Bowring (Washington University, St. Louis, 
USA). Preliminary ages  fo r  t h e  Falls Lake grani te  and t h e  
Second Lake grani te  f a l l  within t h e  range 1.91-1.95 Ga. The 
oldest  megacrys t ic  g ran i t e  f rom bel t  no. I at Laloche Lakes 
gives a preliminary a g e  of 2.15 Ga. We canno t  determine if 
this grani te  was  syntectonically or  pre-tectonically 
emplaced. We may, however, confidently conclude t h a t  t h e  
history of t h e  GSLSZ took place ent i re ly  within t h e  lower 
Proterozoic.  

Summary 

The G r e a t  Slave Lake Shear Zone is  a crus ta l  scale,  
lower Proterozoic,  dextral ,  t ranscurrent  shear  zone, up t o  
25 km wide, made of 5 bel ts  of granul i te  through t o  lower 
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F igure  86.8. Distribution of unequivocal macroscopic shear  sense indicators within the  Grea t  Slave 
Lake Shear Zone. The overwhelming majority give a dextra l  t ranscurrent  sense movement 
(S = sinistral). The assemblage of mechanically independent s t ruc tu res  comprises 'C and S1 planes 
(Berth6 e t  al., 1979), s t ra in  insensitive foliation (Means, 1981; Hanmer,  1984131, shear  band foliation 
(White e t  al., 1980), progressive ro ta t ion of fold axial  planes with strain,  ro t a t ed  winged inclusions, 
including feldspars (Hanmer, 1984a) and asymmetr ica l  pull-aparts and foliation fish (Hanmer, 1986). 



greenschist  fac ies  s t ra ight  gneisses and mylonites. A 
batholith, spatially coincident with t h e  s i t e  of t h e  GSLSZ, 
was  emplaced incrementally during t h e  major pa r t  of t h e  
tec tonic  history of t h e  GSLSZ. With t i m e  t h e  metamorphic  
grade of t h e  actively forming tec toni tes  decreased, t h e  locus 
of highest s t ra in  r a t e  shifted laterally (not centripetally a s  
previously proposed), and the  width of t h e  ac t ive  locus of 
shearing decreased. Finally deformation passed progressively 
through t h e  brit t le-ductile transit ion t o  purely b r i t t l e  failure. 
Most of,  if not  all, t h e  deformation of t h e  GSLSZ represents  
a single progressive event,  which occurred during a period of 
uplift, unroofing and thermal  decay accompanied by on-going 
syntectonic  acid and mafic  magma injection. 
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Abstract 

Several occurrences of cordierite-anthophyilite are known in volcanic and sedimentary rocks of the Wasekwan Group 
in the Dunphy Lakes- Laurie Lake area. The New Fox alteration zone is a particularly well exposed example demonstrating 
in situ alteration by a systematic relationship of mineral assemblages reflecting progressive calcium-sodium depletion and 
by a gradual obliteration of primary features. Incipient alteration allows the appearance of cummingtonite in mafic volcanic 
rocks, in some of which pillows are preserved. Cummingtonite-bearing rocks form zones of varying width, from several 
centimetres to outcrop size, separating unaltered rocks from those more intensely altered, garnet- anthophyllite and 
cordierite-anthophyllite rocks. These rocks are very heterogeneous and some very garnet-rich varieties are present. The 
mineral assemblages are products of medium grade metamorphism. The chemical composition of altered rocks requires 
chloritic precursors, some very iron-rich, such as are found in hydrothermal alteration zones associated with volcanogenic 
sulphide deposits. 

Contribution to the Canada-Manitoba Mineral Development Agreement 1984-1989. Project carried by Geological 
Survey of Canada. 

2 Ottawa-Carleton Centre for Geoscience Studies, Carleton University, Ottawa, Ontarlo, K1S 5B6 
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Introduction 

Coarse grained rocks of unusual composition, charac- 
terized by the presence of garnet, staurolite, cordierite, sil- 
limanite and pale bronze or green amphibole, were noticed in 
the Dunphy Lakes area by Stanton (1949). One occurrence of 
such rocks is now known as the New Fox alteration zone. 
Stanton's (1949) work was incorporated in the report by Milligan 
(1960); however, the occurrences of these rocks were not shown 
on the revised maps. Mustard (1974) reported cordierite- an- 
thophyllite rocks from several localities in the Dunphy Lakes - 
Laurie Lake area, including the Lar deposit, and attributed 
them to metamorphism of chlorite-rich zones. Lustig (1979) 
described metamorphosed alteration zones at the Fox Mine. In 
the recent mapping by Gilbert et al. (1980), some occurrences of 
rocks of unusual composition reported by Stanton (1949) were 
recognized as altered volcanic rocks. Other occurrences, includ- 
ing rocks of the New Fox alteration zone, were merely indicated 
as porphyroblastic schists and their origin was not discussed. 
Gale (1983) used the designation New Fox occurrence and com- 
mented that the genesis of these porphyroblastic schists had not 
been determined, although he regarded similar rocks at the Lar 
deposit as constituting an alteration zone. Stewart and Brewer 
(1984) briefly describe the New Fox occurrence and on an un- 
published map by P. Stewart, dated December 1984, an altera- 
tion zone is shown. The New Fox occurrence was mentioned by 
Gunter and Yamada (1985) and dealt with in an oral presenta- 
tion by Barham (1986). In this paper, the geological relationships 
observed in outcrops are discussed and a documentation of 
mineral assemblages is provided. Related studies are the inves- 
tigations of alteration zones in the Fox Mine area (Olson, 1984) 
and associated with the Lar deposit (Elliott, 1984; Elliott and 
Appleyard, 1985). 

Regional setting 

The Dunphy Lakes - Laurie Lake area lies at the western 
end of the Lynn Lake greenstone belt (Fig. 87.1). The early 
geological work in the region, as well as the results of an exten- 
sive mapping program by the Manitoba Mines Branch, were 
summarized in the report by Milligan (1960). More recent revi- 
sions and additions, based on a four-year mapping program by 
the Manitoba Mineral Resources Division, were presented by 
Gilbert et al. (1980). The presently used stratigraphic framework 
includes the older Wasekwan Group consisting of volcanic and 
sedimentary rocks and the younger Sickle Group consisting of 
sandstone and conglomerate. High grade metamorphic rocks 
in the southern part of the area shown in Figure 87.1, probably 
derived from Wasekwan Group rocks, are known as the Burnt- 
wood River Metamorphic Suite. Intrusive rocks of pre-Sickle 
and post-Sickle age are recognized. 

Lithology of the New Fox alteration zone 

The New Fox alteration zone is developed in interlayered 
volcanic and sedimentary rocks of the Wasekwan Group in a 
border zone adjacent to a large intrusion of post-Sickle gra- 
nodiorite (Fig. 87.1). The border zone is characterized by irreg- 
ular bodies of granodiorite with intrusive breccia commonly 
present near the contacts. The central part of the New Fox 
alteration zone is least disturbed by post-Sickle intrusions and 
the lithological units, shown in Figure 87.2, form a local strat- 
igraphic succession. Pillow shapes and graded bedding indicate 
tops facing south. Foliations are subparallel to lithological con- 
tacts. Topographic depressions and discontinuities of litho- 
logical units suggest two northeasterly trending post-meta- 
morphic faults. In outcrops nearby, small shear zones and a 
crenulation foliation, parallel to the postulated faults, were 
observed. 

Unit 1 consists of well layered hornblende-biotite psam- 
mites. They are overlain by mafic to intermediate volcanic flows 
and subordinate volcaniclastic rocks constituting unit 2. Con- 
centrically zoned pillows and quartz-filled amygdules are com- 
mon. Unaltered rocks consist of about 55% hornblende, 40% 
plagioclase, 3% quartz, 2% magnetite and trace amounts of 
epidote. Unit 3 includes sedimentary and volcaniclastic rocks of 
variable composition, in a few places displaying graded bed- 
ding. Unit 4 consists of rusty-brown layered psammites charac- 
terized by zoned hornblende-plagioclase ovoids probably rep- 
resenting calcareous concretions. 

Small dykes and sills of foliated tonalite, extensively folded 
and bodinaged, are thought to be of pre-Sickle age. Younger 
intrusive rocks, ranging in composition from diorite to gra- 
nodiorite, cut all older deformed rocks. Brecciated xenoliths 
near contacts are common. These intrusions are probably re- 
lated to the large body of post-Sickle granodiorite north of the 
New Fox alteration zone. 

Alteration 

Mafic volcanic rocks commonly display epidotized patches, 
particularly in pillow cores. This alteration is of regional extent 
in rocks of the Wasekwan Group (Syme, 1985) and appears to be 
earlier than locally observed silicification and calcium-sodium 
depletion, e.g. at the New Fox alteration zone. 

Quartz-rich rocks, presumably products of silicification are 
shown along a portion of the contact of units 2 and 3 (Fig. 87.2). 
In mafic volcanic rocks, patches of quartz-garnet-magnetite 
(Fig. 87.3) and quartz-plagioclase-filled interpillow areas (Fig. 
87.4) are present. Epidote patches in some quartz-magnetite 
rocks may represent unreplaced pillow cores. In felsic sedi- 
ments and volcaniclastic rocks, silicification is indicated by len- 
soid layers of quartz-plagioclase-magnetite rock. 

The dominant alteration is marked by progressive deple- 
tion in calcium and sodium. The first manifestation is the ap- 
pearance of cummingtonite, commonly as patches with diffuse 
contacts (Fig. 87.3) or in pillow margins. Such alteration has also 
been reported from the Laurie Lake area (Jackson and Gordon, 
1985), but not associated with the more advanced stages of 
alteration. Pervasive alteration leads to the formation of quartz- 
plagioclase-cummingtonite rocks, in a few places with lenses of 
coarser garnet and anthophyllite (Fig. 87.5, 87.6) probably de- 
veloped in interpillow spaces. The proportion of garnet- 
anthophyllite varies and some outcrops are entirely constituted 
of garnet-anthophyllite rock which may be very garnet-rich 
(Fig. 87.7). In transitional rocks, cummingtonite coexists with 
either hornblende or anthophyllite. Garnet and magnetite are 
common ifl cummingtonite-bearing rocks. As well as affecting 
large bodies of outcrop size, cummingtonite alteration may be 
limited to narrow zones separating cordierite-anthophyllite- 
garnet rock from unaltered mafic rock (Fig. 87.8). More intense 
calcium-sodium depletion allows the appearance of cordierite- 
anthophyllite-garnet rocks characterized by porphyroblasts of 
garnet, radiating anthophyllite and aggregates of cordierite 
(Fig. 87.9, 87.10). These rocks are very heterogeneous, display- 
ing garnet-rich and anthophyllite-rich layers and patches (Fig. 
87.11, 87.12). Plagioclase is generally absent and retrograde 
chlorite is common. Staurolite was observed in one sample as 
armoured relics in cordierite. 

Metamorphism 

In the Dunphy Lakes- Laurie Lake area, Gilbert et al. (1980) 
marked the first appearance of sillimanite in greywacke and the 
beginning ,of anatexis (Fig. 87.1). These boundaries approxi- 
mately define the biotite-sillimanite-almandine zone in pelitic 





Flgure 87.3 Figure 87.6 

Flgure 87.4 Figure 87.7 

Flgure 87.5 

Figure 87.3. patches of quartz-garnet-magnetite (A) in mafic 
volcanic rock with remnant pillows. In lighter-coloured portions 
of the rock (B) containing cummingtonite, pillows are obscured. 
GSC 20331 7-U 

Figure 87.4. Mafic volcanic rock with quartz-plagioclase- 
filled interpillow areas and cummingtonite-rich pillow margins 
(grey). Dark areas are hornblende-bearing. Some pillows have 
epidote cores. GSC 203317-V 

Figure 87.5. Rock pervasively altered to quartz-plagioclase- 
cummingtonite. Lenses of coarser garnet-anthophyllite proba- 
bly occupy interpillow spaces. GSC 203317-W 

Figure 87.6. Lens of quartz-plagioclase-cummingtonite rock 
surrounded by coarser garnet-anthophyllite. GSC 203317-X 

Figure 87.7. Very garnet-rich garnet-anthophyllite rock. 
GSC 203317-Y 



Figure 87.8 Figure 87.1 1 

Figure 87.9 Figure 87.12 

Figure 87.8. Cummingtonite-rich rock separating cordierite- 
anthophyllite-garnet rock from unaltered amphibolite. 
GSC 203317-2 

Figure 87.9. Cordierite-anthophyllite-garnet rock. 
GSC 201399-K 

Figure 87.10. Cordierite-anthophyllite rock. GSC 201399-M 

Figure 87.11. Compositionally layered cordierite- 
anthophyllite-garnet rock. GSC 201399-L 

Figure 87.12. Compositionally layered cordierite- 
anthophyllite-garnet rock. GSC 201399-N 

Figure 87.10 



+ quartz 

+ plagioclase of 
constant composition 

+ magnetite 

+ ilmenite 

A = AI2O3 - (Na20 + CaO) 

M = MgO 

o analyzed mineral 

tie lines to epidote 
Figure 87.13. Mineral assemblages shown on an AFM diagram. 

Table 87.1. Metamorphic mineral assemblages 

sample 9Z ~1 bi hb ep alm cum at co st* mt ch** 

X 

X 

X X 

X 

X 

X 

X X 0 

X 

X X 

X 0 

X X 

X X 

Abbreviations: qz quartz cum cummingtonite 
pl plagioclase at anthophyllite 
bi biotite co cordierite 
hb hornblende st staurolite 
ep epidote mt magnetite 
alm almandine ch chlorite 

* armoured relic in cordierite 
** retrograde mineral 
o analyzed mineral 



Table 87.2. Composition of minerals from sample 
NFF-I 

SiO, 
TiO, 

FeO 
MnO 
MgO 
CaO 
Na,O 
b0 

hornblende 

41.87 
0.40 

14.04 
20.97 
0.09 
7.84 

10.55 
2.13 
0.34 

almandine 

36.25 
0.08 

19.68 
35.42 

1.91 
3.07 
3.33 
0.24 
0.01 

cummingtonite 

51.92 

Mineral assemblage: quartz, plagioclase An,,, hornblende, 
almandine, cummingtonite, magnetite 

Total iron expressed as FeO. Assuming a ratio of weight % 
Fe,O, to weight % FeO = 0.2 in hornblende gives 3.55 % 
Fe,03 and 17.77 % FeO. 

Electron microprobe analyses by M. Bonardi, Mineralogy 
Section, Geological Survey of Canada 

rocks (Bailes, 1980; Froese and Moore, 1980) which corresponds 
to the upper temperature range of Winkler's (1979) medium 
grade metamorphism. The New Fox alteration zone has been 
metamorphosed to this grade. 

Representative mineral assemblages are listed in Table 87.1 
and mineral analyses from three rocks are given in Tables 87.2, 
87.3, and 87.4. For the hornblende analysis, a ratio of weight % 
Fe,O, to weight % FeO of 0.2 has been assumed; this is some- 
what lower than ratios ranging from 0.24 to 0.38 reported by Jen 
and Kretz (1981). An AFM diagram accommodating the ob- 
served mineral assemblages and based on the available mineral 
analyses has been constructed (Fig. 87.13). 

The components are defined as follows (Froese, 1969): 

A = A1,03 - (Na,O + CaO) 

F = FeO - (Fe,O, + TiO,) 

M = MgO 

Relict staurolite in cordierite associated with almandine 
and anthophyllite suggests that the temperature exceeded that 
of the reaction 

staurolite + anthophyllite + quartz 
% cordierite + almandine + H,O 

Table 87.3. Composition of minerals from sample NFF-28 

biotite almandine cummingtonite anthophyllite chlorite 

SiO, 
TiO, 

FeO 
MnO 
MgO 
CaO 
Na,O 
K20 

- - - 
96.26 100.35 98.57 98.50 89.03 

Mineral assemblage: quartz, plagioclase An,5, biotite, almandine, cummingtonite, anthophyllite, magnetite, chlorite 

Total iron expressed as FeO. 

Electron microprobe analyses by M. Bonardi, Mineralogy Section, Geological Survey of Canada 

Table 87.4. Composition of minerals from sample NFFM-3 

biotite almandine anthophyllite cordierite chlorite 

SiO, 38.29 36.96 45.79 49.09 25.01 
TiO, 1.84 0.03 0.28 0.03 0.12 

16.88 20.07 11.43 32.05 21.97 
FeO 16.20 32.99 23.92 6.63 21.76 
MnO 0.02 0.88 0.33 0.07 0.13 
MgO 13.89 6.37 14.51 10.06 18.60 
CaO 0.13 2.14 0.55 0.04 0.07 
Na,O 0.32 0.15 1.20 0.14 0.19 
Kc) 8.76 0.01 0.05 0.02 0.02 

- - - 
96.33 99.60 98.06 98.13 87.87 

Mineral assemblage: quartz, biotite, almandine, anthophyllite, cordierite, magnetite, chlorite 

Total iron expressed as FeO. 

Electron microprobe analyses by M. Bonardi, Mineralogy Section, Geological Survey of Canada. 



This reaction is shown to terminate at an  invariant point at 
about 600°C and 5 kb (PHZO = P,,,,,) on a grid developed by 
D.M. Carmichael (see Bailes, 1980). The metamorphic pressure 
imposed on this rock probably was below 5 kb and the tem- 
perature around 600°C. 

Conclusions 

The systematic change in mineral assemblages and gradual 
obliteration of primary features provide a good example of the 
effects of progressive in situ alteration. Most cordierite- 
anthophyllite rocks are now regarded as metamorphic products 
of rocks that reached an appropriate composition prior to meta- 
morphism (Robinson et al., 1982). Their chemical composition 
requires a chlorite-rich precursor. Cummingtonite- and an- 
thophyllite-bearing rocks without cordierite probably were de- 
rived from less intensely altered rocks with a smaller amount of 
chlorite. The less severe calcium-sodium depletion in such 
rocks is reflected in the presence of plagioclase. Iron-rich chlo- 
rite probably accounts for the garnet-anthophyllite rocks with a 
high garnet content. 

Most likely precursors of the cordierite-anthophyllite rocks 
and related compositional variants are the chloritic portions of 
alteration zones, associated with some volcanogenic sulphide 
deposits (Lydon, 1984). Trace amounts of pyrrhotite and chal- 
copyrite were noted in some rocks; however, accumulations of 
sulphides have not been found. 
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Abstract 

Geological reconnaissance in  western and central  Algonquin Provincial  Park enabled northeast- 
ward extension of the formerly established McLintock subdornain and recognition of a new 
subdivision, Opeongo subdomain, i n  Algonquin domain. To the northwest, Kiosk domain was found t o  
comprise two parts: a southern bel t  o f  highly strained gneiss that del imits the northern extent o f  
granulite facies metamorphism i n  Algonquin domain, and a northerly region o f  less regular structure 
and large rnetagranitoid plutons. Graphite-bearing pel i t ic gneiss was traced f rom Burk's Falls east- 
northeast through Algonquin Park. As part of a continuing study, coronit ic olivine rnetagabbro bodies 
and their tectonic setting were examined in  parts of Huntsvil le, Sequin and Rosseau subdomains, 
southwest Kiosk domain and the Kawagarna tectonic zone o f  Muskoka domain. A previously 
unidentif ied cluster o f  these bodies was found i n  southeastern Kiosk domain. Results o f  prel iminary 
analytical chemistry are presented. 

Un  lev6 g6ologique de reconnaissance dans les parties ouest e t  centrale du parc provincial  
Algonquin nous permet d'6tendre l e  sous-domaine McLintock, d6jB Btabli, vers le  nord-est e t  de 
def inir  un nouveau sous-domaine, 110p60ngo, dans le  domaine dlAlgonquin. Vers l e  nord-ouest, l e  
dornaine Kiosk se prksente en deux parties: une zone sud de gneiss forternent deform6 qui marque l a  
l i rni te septentrionale du faci2.s des granulites dans le  dornaine dtAlgonquin, e t  une zone nord A 
structure h6t6rogene qui cont ient de grands plutons rn6ta-granitoides. Un  gneiss p6lit ique B graphite 
a k t 6  track de Burkls Falls vers I'est-nord-est B travers l e  parc Algonquin. Dans l e  cadre d'une etude 
thematique, on a examine du point de vue de leur caractere p6trologique e t  structural, des corps de 
m6tagabbro B olivine coronitique dans les sous-domaines dlHuntsville, de Se'guin e t  de Rosseau, dans 
l a  part ie sud-ouest du domaine de Kiosk et  dans l a  zone tectonique de Kawagarna (dornaine de 
Muskoka). Un groupe de corps sernblables, jusqu'ici inconnu, a 6t6 ident i f ie dans l a  part ie sud-est du 
dornaine de Kiosk. Des donn6es chirniques prelirninaires sont pr6sent6es. 

l Department o f  Geology, Universi ty o f  Leicester, Leicester L t l  IRH, tng land 



Introduction shee t s  31E/7 - 111 and 114 - 116. The primary concern  was  

After  wide-ranging aer ia l  reconnaissance mapping in 
1980, Davidson and Morgan (1981) recognized t h e  Centra l  
Gneiss Belt of t he  Grenville Province in Ontario t o  be made 
up of several l i thotectonic blocks which they referred t o  a s  
domains. Subsequent work (Davidson et al., 1982; 
Culshaw et al., 1983) elaborated this subdivision and showed 
the  na tu re  of t he  boundaries between domains t o  be  broad 
zones of duct i le  shear (Davidson, 1984) along which crus ta l  
blocks have been displaced with respect t o  one another.  
Kinematic indicators were used t o  demonstra te  a 

t o  t a k e  a f i r s t  look a t  t h e  eas t e rn  extensioi of Algonquin 
domain, i t s  southern boundary with the  eas tward continuation 
of Muskoka domain, and t h e  region t o  t h e  nor thwest  t h a t  had 
been distinguished previously as Kiosk domain on t h e  basis of 
differences in metamorphic  grade and s t ruc tu ra l  or ienta t ion 
(Davidson and Morgan, 1981). Concurrently,  t h e  field 
component of a study of coroni t ic  olivine metagabbro bodies, 
init iated i n  1984 (Grant, 19851, was concluded in a reas  south 
and west  of Hlgonquin domain, and is t h e  subject of t h e  
second par t  of this report .  

predominant sense of overriding t o  the  northwest where shear 
zones a r e  oriented northeast ,  and oblique or  la tera l  displace- Acknowledgments 
ment  with t h e  same  sense where - t h e y  a r e  differently 

- 

Proficient and companionable ass is tance  was  rendered oriented. Culshaw et al. (1983) suggested the  stacking order  this past by Nadeau, Louise Corriveau, 
i l lustrated in Figure 88.1. It was recognized t h a t  t he  lower Terry Needham, Jill Stewart and Chris Sincere deck of th is  stack, in particular,  contains folded shear zones thanks are extended to George of the Ontario tha t  serve  t o  further divide i t  into subdomains, but  relative Ministry of Natural  Resources and his Algonquin Park staff ,  ages  of formation of these smaller l i thotectonic units have without whose willingly given co-operation the field 
not been deduced. operation could not have taken place. Thanks a r e  also due t o  

Fieldwork in 1985 was undertaken in t h e  western  and Ross Austin, Radio obse rva to ry  i t  Lake Traverse,  for  t h e  use 
centra l  par ts  of Algonquin Provincial Park and adjoining of fac i l i t ies  at t h a t  establishment.  
regions, within t h e  a rea  covered by N.T.S. 1:50 000 map 

Figure 88.1. Lithotectonic subdivisions of the Centra l  Gneiss Belt ea s t  of Georgian Bay. Stacking order  is 
given by numbers. Stack 1: B - Britt ,  K - Kiosk, R - Rosseau, G - Go Home, N - Novar, H - Huntsville, 
MC - McCraney, ML - McLintock, 0 - Opeongo. Stack 2: PS - Parry  Sound. Stack 3: M - Muskoka, MR - Moon 
River, S - Sequin. Stack 4: CMBBZ - Centra l  Metasedimentary Belt boundary zone. Subdomains N, H, MC, ML 
and 0 a re  in Algonquin domain; p is Powassan batholithic complex. Shaded a rea  indicates 1985 field area.  



PART I: RECONNAISSANCE MAPPING IN WESTERN AND CENTRAL ALGONQUIN PARK 

A. Davidson 

In summary, Algonquin domain contains several cell-  
like subdomains, some  with whorl-shaped internal structural  
map  patterns,  separated by zones of flaggy gneiss having 
more  regular trends oriented mainly e i ther  northeast  or 
northwest with moderate  t o  shallow southeast  and northeast  
dips respectively. The predominant metamorphic grade is 
granulite facies. A ser ies  of broad, e n  echelon, shallow 
southerly dipping shear zones fo rms  the  southern boundary of 
this domain from Dorset t o  Ontario Highway 127 south of 
Whitney (Fig. 88.2), and includes the  previously described 
Kawagama zone (Culshaw et al., 1983). Deformed 
migmat i t ic  gneisses, derived a t  leas t  in par t  f rom Algonquin 
domain rocks, f ea tu re  largely in this region and a r e  a t  
amphibolite grade. To the  northwest, Kiosk domain appears 
t o  b e  divisible into two  parts: 1) a southerly region 
containing a large proportion of highly grain-refined, strongly 
lineated gneisses, many of which can be  termed mylonitic. 
Although in par t  of granulit ic aspect ,  most of these  rocks do 
not contain hypersthene, despi te  suitable composition; 
however, clinopyroxene-bearing leucosomes were  noted in 
places. 2) a region t o  t h e  north, extending beyond t h e  map 
a r e a  boundary (46ON) in to  previously mapped a reas  (Lumbers, 
1971, 19761, containing large plutons of deformed 
metamonzonite and metagrani te  with metasedimentary 
gneisses and strongly deformed, generally more  maf ic  
metaplutonic rocks between them. 

Structural  trends throughout the  study region a r e  
clearly evident on aeromagnet ic  maps excep t  in the  northern 
par t  of Algonquin Park  where the  strong expression of an  
east-trending swarm of post-Grenvillian diabase dykes masks 
t h e  more  subdued bedrock trends. Where outcrop i s  plentiful, 
a s  in t h e  southern and western par ts  of t he  park and 
neighbouring areas,  ridges and valleys r e f l ec t  gneissic 
layering, but some fold-like expressions a r e  found t o  be  
caused by valley intersections of relatively planar t r a c t s  of 
gneisses tha t  a r e  very  shallowly inclined. 

Rock types in  Algonquin and Kiosk domains a r e  many 
and varied, but t h e  combination of high metamorphic grade 
and t h e  ex t r eme  duct i le  deformation t o  which they have been 
subjected makes distinction into mapping units a difficult  
task a t  reconnaissance scale.  The main reasons for this are :  
1) ductile a t tenuat ion has  aiven rise t o  very thin rock units, 
2) deformation and metamorphism, whereby original textura l  
character is t ics  have been completely obliterated, has  led 
ce r t a in  plutonic and supracrustal  rocks with similar 
compositions t o  converge toward a common, nondescript 
der ivat ive  gneiss, and 3) complex s t ruc tu re  has rendered t h e  
continuity of recognizable units unpredictable. The mapper 
is  faced with cer ta in  recognition of rocks a s  
metasedimentary only where  they contain units of 
character is t ic  composition (aluminous, quar tz i t ic ,  
calcareous), and a s  plutonic only where re l ic t  primary t ex tu re  
i s  preserved; metavolcanic rocks, if present,  have not been 
recognized, and a large  proportion of compositionally 
'ordinary', f ine grained, quartzofeldspathic gneiss and 
granulite cannot be conclusively assigned t o  a particular 
protolith. It has been shown previously t h a t  well developed 
layering in gneissic and granulit ic rocks does  not necessarily 
r e f l ec t  a supracrustal  origin, being t h e  result  of e i ther  severe  
transposition or metamorphic segregation during duct i le  
deformation. 

of eas t e rn  Algonquin Park and the  a r e a  t o  the  southeast  
(Lumbers, 19821, rocks in the  current  field a r e a  t o  t h e  west 
a r e  found t o  include a fa i r  proportion of gneiss and granulite 
t h a t  i s  metasedimentary  in origin. These a r e  most commonly 
recognized by the  presence of aluminous varieties,  
character ized by thei r  content  of graphi te  and/or pyr i te  in 
assemblages such a s  quar tz ,  t w o  feldspars, violet garnet,  
b io t i te  and/or hypersthene or  sillimanite, and r a re  green 
spinel. Associated calcareous rocks include assemblages 
containing quar tz ,  plagioclase, scapolite,  grossularite, 
diopside and r a r e  wollastonite. Also present locally a r e  rocks 
containing dark red andradi te  and iron-rich amphibole and 
clinopyroxene with ca lc ic  plagioclase and scapolite.  Calc- 
silicate-bearing marble is  rare ,  but i s  present  a s  decimetre-  
s ca l e  layers in some  t r a c t s  of maf i c  calc-sil icate granulite. 
Most of these  character is t ic  metasediments  occur a s  thin 
units within less diagnostic layered quartzofeldspathic gneiss 
and granulite with variable colour index. The 
metasedimentary  rocks a r e  not m e r e  lenses included within a 
single plutonic complex; ra ther ,  they form linear or  sinuous 
t r a c t s  t ha t  can be t raced for several tens  of kilometres. 

Unequivocal metaplutonic rocks with composition 
ranging f rom gabbro t o  g ran i t e  appear t o  l i e  a s  lenticular or  
tadpole-shaped masses, many of them folded, within a 
supracrustal  or nondescript gneiss matrix. Similar in form t o  
metaplutonic rocks recognized in Brit t  domain 
(Davidson et al., 19821, most of these  orthogneissic rocks a r e  
in continuous strips conformable with t h e  regional 
gneissosity. Crosscutting contacts  have not  been recognized. 
Rel ic t  igneous t ex tu re  is  best  prserved in quartz-absent 
rocks, such a s  gabbro, but coarsely megacrys t ic  (K-feldspar) 
granitoid rocks re ta in  evidence of their  origin where reduced 
t o  augen gneiss in which lenticular quar tz  grains wrap the  
larger  feldspars. The re la t ive  s t a t e  of deformation of t h e  
various metaplutonic rocks cannot generally be  used a s  a 
guide t o  thei r  re la t ive  ages,  but  i t  seems likely t h a t  some 
t r a c t s  of fairly uniform quartzofeldspathic gneiss or granulite 
t h a t  a r e  interlayered with metasedimentary  rocks, together 
lying between recognizable metaplutonic masses, may 
represent  ear l ier  intrusions. 

A l ~ o n q u i n  domain - - 
Within Algonquin domain (as defined in Culshaw et al., 

1983), McLintock subdomain has been extended 
northeastward around t h e  eas tern  side of McCraney 
subdomain (Fig. 88.2) on t h e  basis of continuity of i t s  internal 
s t ruc tu re  and rock assemblages. I t  is  a t e r r ane  of interleaved 
metasedimentary gneiss and granulite of t h e  types just 
described and metaplutonic orthogneiss; t h e  l a t t e r  occurs in 
relatively small  lenticular masses t h a t  can b e  shown t o  grade 
along thei r  lengths from orthogneiss with recognizable re l ic t  
igneous texture ,  f ea tu res  such a s  s t re tched xenoliths, and 
sharp  la tera l  contacts ,  t o  f ine  grained granul i te  lacking any 
such evidence of origin. Regional layering and foliation in 
th is  subdomain s t r ikes  in undulating fashion between 
nor theas t  and north-northwest with eas ter ly  dips and contains 
major recumbent  folds, such a s  south of Lake of Two Rivers 
(Fig. 88.2), with U-shaped closures and axes  parallel t o  t h e  
regional lineation. The prevailing lineation plunges mainly t o  
t h e  eas t ,  but turns  southeasterly in the  eas tern  part  of this 
subdomain. 

Much of the  investigated region has been s t a t ed  t o  be  A marked change in a t t i t ude  of layering occurs e a s t  of 
part of the 'A1gonquin (Schwerdtner and Lumbers, Lake of Two Rivers, where a northwest-trending belt of well 
1980), said to be basement to the Grenville layered mixed rnigmatitic and orthogneissic granulites 
supracrustal succession that occupies the t runca te s  major fold s t ruc tu res  of McLintock subdomain, Metasedimentar~ to the south. Although meta~lutonic marking the boundary of Opeongo subdomain. Eastward from 
rocks of various types  have been mappcd as underlying much th is  's traight zone', which dips moderately east-northeast  and 
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contains a shallowly southeast-plunging s t re tching lineation, 
t he  layering becomes undulatory. Far ther  eas t ,  layering 
describes major folds whose northwest-elongate map  pat terns  
include closures representing domal antiforms overturned t o  
the  northwest and inclined e i ther  nor theas t  or southwest. 
Granitoid orthogneiss occupies the  co re  of one such fold wes t  
of Whitney, but strips of similar orthogneiss also occur 
interlayered with metasedimentary granulite in i t s  carapace. 
A continuous t r a c t  of interlayered charnockitic orthogneiss 
and metasedimentary granulite and gneiss, including marble,  
outlines another dome southeast  of Whitney, c lear ly  
expressed by an annular negative aeromagnet ic  anomaly 
(Geological Survey of Canada, 1953); i t s  core,  however, 
includes both hypersthene-bearing orthogneiss and graphitic 
metasedimentary gneiss whose foliation a t t i tudes  do not 
conform t o  t h e  domal s t ruc tu re  of t he  carapace. Opeongo 
subdomain contains a large cluster of coronitic olivine 
metagabbro bodies, fea tured in Grant (1985, Fig. 57.8) and 
now extended southeastward on e i ther  side of t h e  domal 
s t ruc tu re  west of Whitney. 

Kiosk domain 

The whorl-like s t ruc tu re  of McCraney, t h e  undulating 
northerly s t ruc tu re  of McLintock and the  northwesterly 
s t ructura l  trend of Opeongo subdomain turn in to  t h e  
continuous, broad, east-northeast-trending s t ra ight  bel t  t h a t  
character izes  southern Kiosk domain. To the  west,  this bel t  
swings southwestward, conforming t o  t h e  southern 
termination of the  Powassan batholithic complex, a large,  
composite metaplutonic mass in places with narrow 
metasedimentary sep ta  t h a t  s epa ra t e  distinctive plutonic 
phases. South and e a s t  of this large complex, smaller,  more  
highly deformed metaplutonic masses character ized by 
phases similar t o  those  in the  Powassan complex, namely 
garnetiferous metadiorite,  garnet-hornblende metamonzoni te  
and meta-quartz monzonite, commonly migmatit ic,  and 
bioti te leucogranite orthogneiss, extend from west of Ontario 
Highway 11 t o  e a s t  of Butt  Lake (Fig. 88.2). They occur 
within a matr ix  of mafic,  quartzofeldspathic and peli t ic 
gneisses. The l a t t e r  locally contains notable amounts  of 
graphi te  and has  been t raced east-northeast  through 
Algonquin Park a s  f a r  a s  Radiant Lake; i t  may continue 
northeastward a s  f a r  a s  t h e  Ot tawa River in t h e  vicinity of 
Bissett  Creek, where  similar rocks a r e  being actively 
explored for commercial  exploitation of their  graphi te  
content  (D. Villard, Ontario Ministry of Natural  Resources, 
personal communication, 1985). North of th is  zone, highly 
f la t tened and lineated, mainly grey quartzofeldspathic 
gneisses appear  t o  represent  a ser ies  of adjacent,  now 
elongate  plutons of tonalit ic t o  granodiorit ic composition. 
Another cluster of coronitic olivine metagabbro bodies lies 
within this zone, and scat tered,  smal l  bodies of meta-  
u l t ramafi te ,  leucodioritic and monzonitic orthogneiss a r e  also 
present. This s t ra ight  zone is  bordered, at l eas t  along t h e  
south side of North Tea Lake, by mylonitic t ec ton i t e s  similar 
t o  those t h a t  bound many of the  domains and subdornains 
already described t o  t h e  south and southwest (see Davidson, 
1984). Stretching lineations, commonly manifes t  a s  quar tz  
rods, plunge moderately t o  shallowly east-southeast .  

septum between the  Powassan batholithic complex and the  
nex t  plutonic mass t o  t h e  eas t ,  and trends northward o u t  of 
t h e  map  area.  As previously mentioned, gneisses between t h e  
relatively well  defined metaplutonic masses in northern Kiosk 
domain include more  highly deformed and modified 
metaplutonic rocks. Gneissosity t rends  in this region a r e  
qui te  variable, and lineations plunge more  southerly than in 
t h e  s t ra ight  bel t  t o  t h e  south. 

Summary 

A fur ther  distinctive subdomain has been identified 
within Algonquin domain and t h e  boundary between Algonquin 
and Kiosk domains has been found t o  b e  t h e  s i t e  of a broad 
belt  of highly s t ra ined mylonitic gneiss. Es t imat ion.  of 
re la t ive  sense  of displacements between these  l i thotectonic  
blocks has not been possible on the  basis of field observations 
and awai ts  careful  micropetrofabr ic  analysis of suitable 
rocks. I t  i s  important  t o  record t h a t  most of t h e  rocks in t h e  
subdomain boundary zones within Algonquin domain a r e  in 
granulite fac ies  and exhibit  granoblastic texture.  The 
boundary between Algonquin and Kiosk domains appears t o  
mark t h e  northwestern l imi t  of t h e  granul i te  fac ies  t e r r ane  
centred in western  Algonquin Park, bu t  i t  i s  not y e t  known 
whether or  no< this t e r r ane  has been displaced northwestward 
over somewhaT-'lower grade rocks. It i s  possible t h a t  fu tu re  
mapping in more  deta i l  will prove a connection between t h e  
southern Kiosk s t ra ight  zone and the  zone of similar rocks 
t h a t  bisects Brit t  domain f a r  t o  t h e  west,  passing around t h e  
south end of t h e  Powassan complex and then swinging 
northward and around t h e  north end of Parry  Sound domain. 

I t  i s  noted t h a t  although lineations throughout the  study 
a r e a  plunge moderately t o  gently between eas t  and south 
with very f ew exceptions,  lineation a t t i t ude  is much more  
uniform in t h e  s t ra ight  zones between subdomains than i t  i s  
within them (see Fig. 88.2). This suggests t ha t ,  while a 
common ductile deformation a f f ec t ed  t h e  whole region, l a t e r  
s tages  of this deformation continued in particular res t r ic ted  
zones, isolating t h e  cell-like subdornains t h a t  were  then 
subjected t o  cer ta in ,  though undetermined, amounts  of 
internal warping, ro ta t ion and mutual displacement,  all  of 
this occurring under high grade metamorphic  conditions. A 
study of these  conditions, based on thermobarometr ic  
e s t ima tes  deduced f rom suitable metamorphic  mineral 
assemblages, i s  current ly  being undertaken by s tudents  and 
s taf f  of the  University of Michigan (see Anowitz and Essene, 
1986; Moecher and Essene, 1986). I t  i s  hard t o  reconcile t h e  
observed pat tern  of lineation a t t i t udes  with the  diapiric 
model espoused fo r  this region by Schwerdtner and Lumbers 
(1980) unless i t  i s  admit ted  t h a t  s t ruc tu res  re la ted  t o  ear l ier  
diapirism have been obl i tera ted  by subsequent deformation. 

The plutons mapped along t h e  46th parallel by Lumbers 
(1971, 1976) continue southward but t e rmina te  against  t h e  
s t ra ight  zone of southern Kiosk domain. The 
metasedimentary gneiss assemblage t h a t  includes qua r t z i t e  
and pink, sillimanite-bearing, migmat i t ic  quartzofeldspathic 
leucogneiss, lying north of t h e  more  maf ic  and graphi t ic  
peli t ic assemblage in the  Burks Falls area ,  does not appear t o  
continue eastward. Instead, this assemblage forms a narrow 



PART 11: METAGABBROIC ROCKS IN THE CENTRAL GNEISS BELT O F  ONTARIO 

S.M. Grant 

Coronitic olivine metagabbro bodies a r e  common 
throughout the  Centra l  Gneiss Belt in Ontario.  They have 
been found in all domains except  Parry Sound domain. 
Ranging in size from a f ew metres  t o  rarely a s  much as  one 
kilometre in long dimension, and usually equant  o r  oblong in 
plan, they occur singly and in small  or large,  dispersed or  
concentra ted  clusters. Some elongate c lus ters  appear t o  be  
associated with domain or subdomain boundary shear zones; 
o thers  occur within the  l i thotectonic blocks. Also present 
a r e  o ther  types of metagabbro tha t  do  not exhibit  classic 
corona textures ,  e i ther  because this has been destroyed by 
thorough recrystall ization or  because t h e  parent  gabbro had a 
d i f ferent  mineralogy, for example,  norite or  clinopyroxene- 
bearing leucogabbro. 

The corona textures  a r e  apparent t o  the  naked eye  in 
coarse  grained metagabbro and a r e  spectacular  in thin 
sections of finer grained rocks (for illustrations 
s e e  McLelland and Whitney, 1980; Davidson et al., 1982; - 
Emslie, 1983). The coronas a r e  produced by react ion between 
plagioclase and both olivine and Fe-Ti oxide. Where 
unreacted olivine remains in t h e  cores  of coronas, i t  i s  
surrounded by successive shells of orthopyroxene, 
clinopyroxene, aluminous amphibole and garnet;  amphibole 
may not  be  present,  in which case  clinopyroxene and ga rne t  
may form a symplectic intergrowth along their  mutual 
contact .  Where no olivine remains, t h e  corona a r e  mosaics of 
orthopyroxene; garnet  of t he  outer  rim has commonly 
migrated into t h e  plagioclase, leaving a 'moat '  of 
recrystall ized plagioclase behind i t  (Whitney and McLelland, 
1973). Coronas around Fe-Ti oxide grains, now ilmenite bu t  
probably once  containing a Ti-magnetite phase, a r e  composed 

of successive shells of bioti te,  brown amphibole and garnet .  
These coronas a r e  themselves subject t o  fu r the r  change, 
normally through hydration by which t h e  rock is finally 
changed t o  amphibolite with or  without garnet ,  losing 
evidence of former  igneous t ex tu re  if t he re  i s  accompanying 
deformation. Where hydration is not involved, coronitic 
metagabbros may recrystall ize t o  a granular mosaic of 
plagioclase, hypersthene, augite,  hornblende and garnet  with 
an equilibrium texture ;  t ra ins  of garnet  a r e  generally t h e  only 
evidence for  former  coronitic s t ructure ,  and would not  be  
recognized a s  such if transitional s tages  had not been 
observed. 

In the  f i r s t  season of this study, a small  cluster of t h ree  
coronitic olivine metagabbro bodies in Go Home subdomain of 
Muskoka domain and a large cluster in Algonquin domain 
(Opeongo subdomain) were  examined (Grant, 1985). Las t  
season, elongate,  concentra ted  clusters in t h e  Huntsville- 
Novar subdomain boundary zone near t h e  town of Huntsville 
and along t h e  Kawagama zone near t h e  southern margin of 
McLintock subdomain near  Dorset, a dispersed population in 
northwestern Rosseau subdomain, and smal l  c lus ters  in Sequin 
subdomain and a t  t he  southwest end of Kiosk domain were  
mapped and extensively sampled for  analytical  studies. 
Localities of these  and other  known occurrences  of olivine 
metagabbro a r e  shown in Figure 88.3. This repor t  concludes 
with a brief summary of preliminary geochemical resul ts  
obtained so  f a r  a t  t he  University of Leicester on samples 
collected during both field seasons. 

Figure 88.3. Generalized distribution of coronitic olivine metagabbro bodies in par t  of the Cen t ra l  
Gneiss Belt. Outlines of l i thotectonic subdivisions a r e  shown (see Fig. 88.1 for nomenclature). 
Clusters discussed in this paper are: 1, Novar -Huntsville boundary zone, 2, Seguin subdomain, 
3,  southwestern Kiosk dnmain, 0, Kawagama zone, and 5, Rosseau subdomain. For 6, Go I-lome, and 
7, Opeongo (Algonquin) occurrences,  see Grant,  1985. 



Novar-Huntsville boundary zone 

Figure 88.4 shows t h e  major concentration of coronitic 
olivine metagabbro bodies along the  boundary between Novar 
and Huntsville subdomains just west of t he  town of 
Huntsville. The boundary zone is  character ized by flaggy 
L-S tec toni tes  which locally include f ragments  and slivers of 
anorthosit ic gneiss. St ructures  in Novar subdomain a r e  e i the r  
truncated or  transposed in to  parallelism with t h e  t rend of the  
boundary zone. Nadeau (1985) proposed t h a t  t h e  boundary 
zone was the  s i t e  of northward-directed ductile thrusting of 
rocks of Huntsville subdomain over those of Novar 
subdomain, th is  having occurred before  t h e  emplacement  of 
Seguin subdomain which l ies t o  t h e  south. 

The metagabbro bodies vary f rom small  pods about 5 m 
in d iameter  t o  large  masses reaching 800 m in longest 
dimension. They a r e  enveloped by gneisses, with which they 
a r e  normally in tec tonic  contact .  Possible examples of 
original, f ine  grained intrusive margins have been noted in  
t w o  places, one  of which is  i l lustrated in Figure 88.5A, in 
which i t  seems likely t h a t  two  metagabbro pods were  once 
pa r t  of a single body with a primary chilled margin. Later  
deformation led t o  f ragmentat ion and shearing of this body, 
accompanied by recrystall ization of t h e  gabbro t o  ga rne t  
amphibolite, whereby par ts  of t he  body became separa ted by 
remobilized, t ightly folded and highly strained gneiss. Such 
small-scale t ec ton ic  reworking can  also account for  t h e  
overall  map pa t t e rn  through a combination of boundinage and 
t ec ton ic  slicing of a few, formerly larger gabbro intrusions. 
Boudins of metagabbro a r e  represented in Figure 88.5B; 
topographically they form knolls separa ted by valleys 
containing s teeply  dipping gneisses. In general  t h e  
surrounding gneisses a r e  highly strained, f ine  grained and 
commonly have isoclinally folded layering adjacent  t o  t h e  
rnetagabbro bodies. Local mobilization a t  con tac t s  between 
gneiss and metagabbro has  produced chaot ic  interleaving of 
migmat i t ic  gneiss, pegmat i te  and recrystall ized gabbro. The 
gneissic protolith is  identifiable in t h e  northwest par t  of Lake 
Vernon (Fig. 88.4) a s  metaplutonic rock (Lake Vernon sui te  of 
Nadeau, 1985). To t h e  e a s t  t h e  metagabbroic rocks a r e  
underlain by highly strained gneiss of uncer ta in  protoli th t h a t  
const i tu tes  most of t h e  subdomain boundary zone. Northwest 
of Big Island, metagabbroic pods appear t o  be  tectonically 

s tacked;  they have foliated margins t runcated by s teeply  
dipping gneiss (Fig. 88.5C) in which ro t a t ed  feldspar augen 
indicate a northward t ranspor t  direction. 

Except i n  t h e  cores  of t h e  larger bodies, t h e  gabbroic 
rocks rarely conta in  unrecrystall ized primary plagioclase, in 
contras t  t o  many occurrences  studied e lsewhere  in t h e  
region. The margins of t h e  rnetagabbro bodies may b e  simply 
retrogressed and reworked t o  a f ine  grained ga rne t  
amphibolite. Alternatively they may be deformed t o  a 
foliated,  clot-textured rock in which mafic  porphyroclasts of 
clinopyroxene a r e  surrounded by secondary amphibole. These 
c lo ts  a r e  variably f la t tened,  ro t a t ed  and wrapped by 
recrystall ized plagioclase. Fur ther  deformation has  led t o  
t h e  development of a t t enua ted  maf i c  lenses separa ted by th in  
layers of fine grained feldspathic material .  

Seguin subdomain in t h e  Huntsville a r e a  

Metagabbro bodies in Seguin subdomain adjacent  t o  
Huntsville subdomain a r e  of severa l  types. West and 
northwest of Lake Vernon, a few,  relatively large  bodies of 
well  preserved olivine metagabbro with minimal development 
of corona reactions occur within migmat i t ic  gneisses. Some 
smaller bodies, however, although texturally well  preserved, 
exhibit advanced react ion with complete  replacement  of 
original olivine, t o t a l  recrystall ization of plagioclase l a ths  
and thei r  par t ia l  o r  complete  replacement  by garnet.  South 
of Huntsville and wes t  of Mary Lake (Fig. 88.6), t h e  larger  
bodies of a c lus ter  within migmat i t ic  gneiss a r e  
predominantly recrystall ized with e i ther  ga rne t  
pseudomorphs a f t e r  plagioclase in a matr ix  of intergrown 
clinopyroxene and plagioclase o r  a well  developed vein 
network s t ructure .  The former  appears  t o  b e  a case  of 
completion of t h e  react ion between olivine and plagioclase 
under s t a t i c  conditions. In t h e  la t ter ,  t h e  vein mater ia l  is t h e  
dry assemblage plagioclase-hypersthene-augite, and surrounds 
dark cores  containing the  assemblage plagioclase-biotite- 
amphibole-garnet. The vein network s t ruc tu re  is  f la t tened in 
places and is  locally folded. I t s  or ienta t ion is clearly 
t runcated at t h e  con tac t s  of t h e  metagabbro bodies wi th  
quartzofeldspathic gneiss, which a r e  commonly t h e  s i tes  of 
pegmat i te  formation. Smaller rnetagabbro bodies in th i s  

Figure 88.4. Sketch map of distribution of coronitic olivine metagabbro bodies (black) in Huntsville 
subdomain close to the boundary with Novar subdomain in the vicinity of Lake Vernon. 



vicinity a r e  foliated and tec tonica l ly  in ter leaved with grey, 
migmat i t ic  gneiss whose foliation is  variable and wraps t h e  
included maf ic  blocks. Less than metre-size,  boudin-like 
amphiboli te masses and thin, folded amphiboli te layers in 
migmat i t ic  gneiss may represent  t h e  e x t r e m e  product of 
tec tonic  break-up of formerly larger gabbroic masses in a 
duct i le  environment.  Such small-scale t ec ton ic  inclusions a r e  
common in t h e  gneisses in many par ts  of t h e  Centra l  Gneiss 
Belt. 

Southwestern Kiosk domain 

In t h e  shear  be l t  e a s t  of Parry  Sound domain between 
t h e  northwest margin of Novar subdomain and t h e  village of 
Magnetawan (Fig. 88.3), well  preserved coronit ic olivine 
metagabbro bodies occur singly o r  in smal l  clusters,  
part icularly near  Rainy Lake (Fig. 88.7). The surrounding 
amphiboli te grade  gneisses vary f rom grey,  s t reaky,  
relatively maf i c  migmat i tes  t o  leucocra t ic  migmat i tes  with 
pink leucosomes. The l a t t e r  conta in  r a r e  re l ic t  K-feldspar 
megacrys ts  in the i r  mesosome and were  probably derived 
f rom a granitoid plutonic protolith. The southeas t  margin of 
t h e  gabbro body immedia te ly  nor theas t  of Rainy Lake may be 
a preserved chilled intrusive con tac t ;  gabbro a t  t h e  con tac t  is  
f ine  grained, and coarsens toward t h e  interior of t he  body. 
The large  body southeast  of Rainy Lake is  locally very coa r se  
grained, with primary feldspar la ths  in excess  of 2 cm. 
Coronas around olivine and Fe-Ti oxide grains in these  bodies 
have  very narrow ga rne t  rims; th is  is t rue  even in t he  f ine  
grained rocks near  t h e  contac ts .  In t h e  c lus ter  nor thwest  of 

Rainy Lake t h e  gabbroic bodies show more  recrys ta l l iza t ion ,  
locally developing t o  garnet-spotted textures ,  but some  pa r t s  
do r e t a in  a coroni t ic  fabric.  The larges t  gabbro mass  
occupies a hill on  whose north slope t h e  c o n t a c t  with 
underlying gneiss is  exposed. It is  a zone  approximate ly  I m 
wide of sheared and ca t ac l a s t i c  gneiss and gabbro  c u t  by 
deformed pegmatite.  The country rock he re  i s  megacrys t ic  
(K-feldspar) granitoid orthogneiss. Fa r the r  nor thwest ,  near  
Magnetawan, a smal l  coroni t ic  metagabbro  body, equant  in 
plan and about  50 m in d iameter ,  conta ins  both well  
preserved, f ine  grained gabbro with minimal development  of 
corona t ex tu re  and garnet-spotted,  clinopyroxene-rich 
der ivat ive  rock, t h e  two  grading in to  one  another.  At i t s  
margins t h e  gabbro is  heavily amphiboli t ized and has become 
detached in to  masses ranging f rom a f e w  me t re s  t o  a f ew  
cen t ime t r e s  in a matr ix  of sheared pegmat i t ic  gneiss. 

Kawagama  z o n e  

In t h e  vicinity of Kawagama Lake nor theas t  of t h e  
village of Dorset  (Fig. 88.31, McLintock subdomain of 
Algonquin domain and t h e  nor theas tern  extension of Muskoka 
domain a r e  s epa ra t ed  by a modera te ly  t o  shallowly southeas t -  
dipping shear  be l t  up t o  4 k m  in ou tc rop  width 
(Culshaw et al., 1983). Adjacent McLintock subdomain 
conta ins  recognizable metasedimentary  and granitoid 
plutonic gneisses in ter layered with gneiss and granul i te  of 

Figure88.6. Sketch map of distr ibution of metagabbro  
bodies within migrnati t ic gneiss in t h e  co re  of Seguin 
subdomain 2 km southwest  of Mary Lake. 

inset 
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A~ contact  with gneiss 
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Figure 88.5. Sketches of field relationships of coroni t ic  Figure 88.7. Sketch  map of distr ibution of coroni t ic  olivine 
olivine metagabbro bodies with enclosing gneiss. See t e x t  for  metagabbro  bodies in southwestern  Kiosk domain; Rainy Lake 
details. is 10  km southwest  of Burk's Falls  (Fig. 88.2). 



Figure 88.8. Sketch map of distribution of coronitic and arnphibolitic metagabbro bodies in the  
Kawagama tec tonic  zone a t  the southwest margin of McLintock subdomain (see Fig. 88.2). Narrow 
pat terned map unit is syenitic orthogneiss; o the r  types  of highly s t ra ined orthogneiss in long, narrow 
units a r e  also present within the  gneissic tec toni tes  of t he  Kawagarna zone. 

unknown affinity. A character is t ic  orthogneiss is  
granodiorit ic and contains feldspar rnegacrysts or  f la t tened 
feldspar aggregate  augen up t o  3 c m  long; the  rock varies 
from grey t o  olive-brown, t h e  l a t t e r  containing hypersthene. 
The metasediments  include peli t ic and semipelit ic units and 
again a r e  hypersthene-bearing in places. Major fold 
s t ructures  a r e  present and a r e  apparently t runcated by t h e  
Kawagama shear  zone. 

Muskoka domain southeas t  of Kawagama Lake i s  
composed predominantly of heterogeneous grey and pink 
migmat i t ic  gneisses and has  not  been recognized t o  contain 
rocks of clearly metasedimentary  origin. Highly deformed 
rnetagranitoid rocks a r e  present in places, and include small  
patches of charnockitic rocks in an  otherwise arnphibolite 
facies terrane. Southeast  of t he  Kawagarna zone, gneissosity 
trends swing southward, defining large-scale open folds with 
gently east-southeast-plunging axes. 

The boundary zone a t  Kawagarna Lake (Fig. 88.8) i s  
character ized by a concentra t ion of rnetagabbro lenses, th in  
and continuous layers of orthogneiss, and some recognizable 
rnetasedirnentary units a l l  within a host of f l a t t ened  
migrnatitic gneiss. One orthogneiss layer,  a cha rac te r i s t i c  
pink quar tz  syenite,  has  been t r aced  sporadically for  12 krn 
and is only 100-200 rn thick. The gneissic rocks s t r ike  
northeast ,  dip southeas t  between 15 and 30' and conta in  a 
strongly developed down-dip lineation. Minor perturbations 

of this t rend occur  around t h e  margins of t he  metagabbro 
bodies. Late ,  small-scale extensional shear  folds occur  
locally near t h e  southwest end of Kawagama Lake. The 
Kawagama zone contains several topographically defined 
l ineaments parallel  t o  i t s  length. These probably represent  
particularly high s t ra in  zones along which l a t e  differential  
displacement has  occurred between Muskoka and Algonquin 
domains. A t  River Bay on  t h e  nor thwest  s ide  of Kawagama 
Lake, mylonitic and ca t ac l a s t i c  gneiss with pronounced 
southeast-plunging lineation is  exposed. Pseudotachylyte 
veins c u t  t h e  gneiss and probably represent  t h e  l a t e s t  
tec tonic  ac t iv i ty  along th is  zone. 

The metagabbroic  rocks in the  Kawagarna zone show 
both g rea te r  compositional var ie ty  and degree  of 
recrystall ization than those previously described, perhaps 
with t h e  exception of t h e  metagabbros west of Mary Lake. 
Some have low plagioclase con ten t s  and border on  ul t ramafic  
composition. O the r s  have produced biotite-rich rocks on  
recrystall ization. The larges t  body re ta ins  a coroni t ic  
interior with unrecrystall ized plagioclase laths. In general,  
however, t h e  bodies a r e  now arnphibolite and vein network 
metagabbro with patches showing re l ic t  recrystall ized and 
c lot ted ,  fo l ia ted  fabrics. All t h e  con tac t s  a r e  t ec ton ic  and 
a r e  usually associated with deformed, syntectonic  pegmat i te .  
Relict  t ex tu res  become highly f l a t t ened  a t  t h e  margins of t he  
bodies, and vein networks a r e  f la t tened,  foliated,  and in 



places show isoclinal folds. As in the  networks near Mary 
Lake, t h e  more  leucocrat ic  veins have anhydrous assemblages 
containing pyroxenes and in  places garnet.  Tectonic stacking 
has  occurred and may be  observed on  ridges where  
metagabbro lenses on t h e  lower slopes a r e  separa ted f rom 
those capping the  hills by highly strained gneiss. Internal 
shearing within one metagabbro pod isolated by boudinage 
may be  a small  sca le  example  of t h e  overall  t ec ton ic  pa t t e rn  
in t h e  Kawagama zone (Fig. 88.9A). 

Metagabbro bodies have not  been recognized in t h e  
immediately adjacent  pa r t  of McLintock subdomain t o  t h e  
northwest. In Muskoka domain t o  t h e  southwest,  however, 
metagabbro bodies a r e  common, though more  widely 
dispersed than in the  Kawagama zone itself. For example,  
relatively well preserved metagabbro bodies exposed on the  
shores of Raven Lake (Fig. 88.8) a r e  medium- t o  coarse- 
grained, have a patchy re l ic t  fabr ic  of maf ic  coronas now 
cored by orthopyroxene, and contain recrystall ized 
plagioclase laths with granular garnet  in thei r  centres .  Some 
bodies a r e  strongly l ineated, and others  vary from garnet -  
spotted amphibolite t o  vein network metagabbro with two- 
pyroxene-bearing neosomes. Again, foliation developed in 
t h e  vein networks may be t runcated a t  the  con tac t  with the  
surrounding gneiss (Fig. 88.98). 

Western Rosseau subdomain and i t s  boundary wi th  Moon 
River subdomain 

Near t h e  southwest shores of Lake Rosseau and Lake 
Joseph, t h e  s t ruc tu res  in Rosseau subdomain a r e  t runcated at 
t h e  margin of Moon River subdomain t o  t h e  southwest,  where  
highly deformed and f la t tened migmatit ic gneisses dip gently 
southwest and contain t ec ton ic  inclusions of meta-  
anorthosite (Davidson e t  al., 1982). Within Rosseau 
subdomain, an  internal high s t ra in  zone, marked by a semi- 
continuous s t r ip  of meta-anorthosit ic gneiss, separa tes  a 
t e r r ane  of metasedimentary and metaplutonic gneisses that  
verge on granulite fac ies  (metamorphic hypersthene is  
present locally, particularly in t h e  orthogneiss near Port  
Carling) from a predominantly migmatit ic gneiss t e r r ane  t o  
the  northwest.  

Metagabbro bodies, many of them coronitic,  occur in 
both subdomains and also on e i ther  side of t h e  internal high 
s t ra in  zone in Rosseau subdomain (see Davidson e t  al., 1982, 
for  their  distribution). In t h e  northwest par t  of Rosseau 
subdomain, they a r e  enveloped by pink migmat i t ic  gneisses 
with thin amphibolite layers  and lenses. With t w o  exceptions 
they a r e  small  and recrystall ized; t he  t w o  larger  bodies, 
however, contain well  preserved coroni t ic  olivine 
metagabbro. The abundant smaller bodies were  probably 
derived by boundinage of larger masses; they a r e  variably 
recrystall ized, ranging f rom those with re l ic t  igneous f ab r i c  
t o  those t h a t  a r e  now ga rne t  amphibolite. Near t h e  boundary 
with Moon River subdomain, deformation i s  apparently m o r e  
intense and metagabbroic boudins a r e  foliated and sheared 
in to  c lo t ted ,  porphyroclastic rock. Some a r e  completely 
recrystall ized t o  amphibolite; a t  one  locality a foliated vein 
network was  observed. 

Many small  lenses and blocks of amphibolite occur 
within t h e  layering of t h e  marginal Moon River gneissic 
tectonites.  A few of t h e  larger  maf i c  masses  preserve  what  
appears  t o  be  a deformed coroni t ic  texture .  In one  body 
exposed on the  highway 2 km southwest  of P o r t  Carling, 
strings of red ga rne t  in a clinopyroxene-rich matr ix  mark 
former plagioclase laths;  t h i s  rocks looks l ike  a f l a t t ened  
equivalent of t h e  well  preserved garnet-lath metagabbro 
already described f rom west  of Mary Lake. 

Summary of field relationships 

In a l l  t h e  a reas  studied s o  f a r ,  t h e  distribution of 
metagabbro bodies can be  accounted fo r  by map-scale 
boudinage of former larger gabbroic masses during duct i le  
deformation within gneissic envelopes. The mechanism was 
probably progressive in any one a rea ,  with initially large  
boudins continuing t o  pull a p a r t  t o  form smaller ones a s  
deformation proceeded. It is tempt ing t o  suggest t ha t  the  
abundance of smaller amphibolit ic boudins in t h e  Kawagama 
zone and south of i t ,  in the  a rea  west  of Mary River, and in 
t h e  Moon River subdomain margin near  Por t  Carling may 
have resulted f rom fur ther  t ec ton ic  reworking of already 
boudined metagabbro masses such a s  a r e  present a t  Lake 
Vernon and elsewhere. This would accord with t h e  sequence 
of t ec ton ic  stacking suggested by Culshaw et al. (1983; see 
Fig. 88.1) whereby Seguin and Moon River subdomains and 
thei r  extension eas tward in  Muskoka domain were  emplaced 
together  a f t e r  deformat ion within Algonquin domain and 
Rosseau subdomain (an inlier of deck I). However, relatively 
large  and well  preserved coroni t ic  metagabbro bodies a s  well 
a s  highly deformed ones  d o  occur  within Seguin and Moon 
River subdomains, and i t  i s  t he re fo re  possible t h a t  gabbroic 
magma  was  introduced in to  t h e  c rus t  throughout a prot racted 
period of perhaps episodic deformation. 

Although layering ascribable t o  a primary igneous origin 
has been observed in a f ew of the  well  preserved metagabbro 
bodies, i t  i s  very rare ;  more  common a r e  patchy segregations 
of markedly di f ferent  grain size. It does not s eem likely, 
therefore ,  t h a t  t he  concentra ted  c lus ters  of metagabbro 
bodies were  derived by t h e  break-up of layered mafic  igneous 
complexes. The distribution of t h e  coronite bodies shows 
t h a t  they a r e  not res t r ic ted  t o  the  high s t ra in  zones tha t  
bound t h e  l i thotectonic domains and subdomains. Neither do 
they appear t o  be  spatially re la ted  t o  any one  particular t ype  
of host rock. Relatively uniform f ine  grain s ize  of s o m e  
bodies, ophi t ic  texture ,  and t h e  local preservation of what 
c a n  bes t  b e  in terpre ted a s  former  chilled con tac t s  together  
suggest t h a t  these  bodies were  derived for  t h e  most p a r t  
f rom relatively small  intrusions, perhaps irregular dykes. 
Although coa r se  grain size,  found in  many of t h e  larger  
bodies, i s  commonly thought t o  b e  a f e a t u r e  of large  igneous 
masses, i t  may occur in relatively sma l l  intrusions if 
nucleation s i t e s  a r e  widely spaced and crystall ization is  
rapid; s t e l l a t e  and f ea the ry  plagioclase growth observed in  
some  metagabbro bodies support  this contention. It i s  
possible t h a t  t h e  gabbroic magma was introduced in to  a 
duct i le  medium deep  c rus t  when t h e  surrounding rocks were  
a t  conditions of amphibolite or granulite facies 
metamorphism. Intruded at deep level, subso~idus  react ions  
between olivine and plagioclase, and Fe-Ti oxide and 
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t empera tu re  a t  high pressure. The other  a l ternat ive  is t h a t  

,/&@' t h e  metagabbro bodies represent  relatively high level 
$?@/ intrusions t h a t  were buried during t ec ton ic  stacking, t h e  

react ions  recorded within them being ent i re ly  t h e  resul t  of 

se ' ' 2 m  superimposed metamorphism, and separa t ion in to  tectonically 
enclosed masses being t h e  e f f e c t  of Crenvillian deformation. 
I t  i s  hoped t h a t  a thorough study of rock and mineral Figure  08.9. Tectonic fea tures  associated with 

deformed metagabbro in the Kawagama tec tonic  zone. 



chemistry will shed some light on t h e  mechanisms of t h e  the re  a r e  significant d i f ferences  between them. None of t h e  
corona reactions,  possibly leading t o  a resolution of t h e  plots, for  example,  show any over lap  between t h e  Go Home 
al ternat ive  modes of formation expressed above. and Opeongo clusters,  which a r e  discriminated in particular 

by t h e  high F e  and Ti contents  of t h e  Opeongo rnetagabbros. 

Preliminary analytical results Differences in bulk composition a r e  ref lec ted both by 
di f ferences  in proportions of primary igneous minerals and in X R F  have been made date On mineral compositions. In the  f i r s t  case ,  for  example,  t he  Go 

corOnitic Olivine matagabbros f rom Go Home ( I r ) ,  Home coronites have a higher plagioclase con ten t  than those 
Opeongo (lo), ('1 and Seguin ('1 subdomains' from any other population, and those from the Opeongo 

were made in order assess the amount of cluster a r e  notably rich in i lrnenite and i t s  t i tanian corona variation in bulk chemical composition within and between minerals. In the second case! primary olivine ranges f rom 
areally distinct clusters. Preliminary results a r e  shown a s  FoS5  (GO Home) t o  a s  f a y a l l t ~ c  a s  F o ~ ~  (Opeongo), with oxideloxide plots in Figure 88.10 and approximate ranges for  corr,parable differences in primary clinopyroxene and the all  t h e  analyses a r e  given in Table 88.1. The plots show that ,  
although the re  i s  considerable overlap between some  clusters,  

A Opeongo 

0 Seguin 
Hun tsv~ l l e  

+ Go Home 

Figure 88.10. Oxidefoxide plots (weight per cent ,  and with to t a l  Fe a s  Fe203) showing range of 
bulk rock composition in coronitic olivine rnetagabbro from Opeongo, Seguin, Huntsville and Go 
Home subdomains. 



Table 88.1. Range in composition (weight per cent) 
of coronitic olivine metagabbro from Go Home, 
Opeongo, Huntsville and Seguin subdomains 

S i02  42.2 - 47.2 
T i 0  2 1.4 - 5.7 
A1203 12.2 - 20.0' 
Fe203T 10.6 - 19.4 
MgO 4.3 - 8.5 
CaO 7.6 - 10.9 
N a 2 0  2.5 - 3.6 
K 2 0  0.3 - 1.1 

secondary mafic silicates. Garnet compositions, however, do 
not appear t o  have a s  wide a range of Mg:Fe ratios as  the 
other maf ic silicates. 

It is of interest that  the corona minerals formed around 
ilmenite a re  notably magnesian, and a r e  only slightly richer 
in iron than those developed around olivine, attesting t o  
considerable ion mobility a t  grain scale. In this regard, most 
coronites do not show any evidence for reaction between 
primary clinopyroxene and plagioclase, yet where these two 
minerals a r e  in contact adjacent t o  olivine or ilmenite 
coronas, narrow rims of amphibole and garnet in particular 
have spread along the clinopyroxene-plagioclase interfaces. 

Further mineral analytical work will be aimed a t  
carefully evaluating the variations in the corona reactions 
observed from place t o  place, and details of the  mechanism 
by which they formed. It is hoped that thermobarometric 
estimates from coronite assemblages, coupled with those 
obtained from the surrounding country rocks, will help to  
solve which of the two mechanisms, primary subsolidus 
reaction or superimposed metamorphism, is reponsible for the 
reactions, or whether and t o  what extent both have been 
involved. 
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Abstract 

Concentrations of t i tan ium ranging f r o m  0.6-1.1% by volume w i t h  associated concentrations o f  
vanadium as high as 0.04% and zirconium as high as 0.2% were found i n  surf ic ial  sediments col lected 
f rom water depths of approximately 100 m on the northern margin of Cook Bank and southwestern 
margin of Goose Island Bank i n  Queen Charlotte Sound. These deposits are of potent ial  economic 
grade but  further surveys must be performed t o  evaluate the i r  extent, thickness and mineralogical 
variabil ity. 

On a trouvd des concentrations de t i tane variant de 0,6 A 1,l % en volume avec des 
concentrations associ6es de vanadium e t  de zirconium atteignant respectivement 0,04 e t  0,2 % dans 
les s6diments de surface preleves sous I'eau, A des profondeurs d'environ 100 m sur l a  marge nord du 
banc Cook e t  sur l a  marge sud-ouest du banc de I ' i le Goose dans le  d6t ro i t  de l a  Reine-Charlotte. L e  
potent iel  dconomique de ces gisements est Bvident mais il faudra proceder A des etudes additionnelles 
af in  dV6valuer leur Btendue, leur 6paisseur e t  leur variabi l i t6 mindralogique. 

' C-CORE, Memorial  Universi ty o f  Newfoundland, St. John's, Newfoundland A 1 6  3x5 



In t roduc t ion  
A r e p o r t  on  t h e  L a t e  Q u a t e r n a r y  h i s tory  and  

s e d i m e n t a t i o n  of Q u e e n  C h a r l o t t e  Sound, Bri t ish Columbia  
(Luternauer  and M u r r a y ,  1983) (Fig. 1,2) iden t i f ied  e x t e n s i v e  
a r e a s  wi th  well  s o r t e d  s a n d s  (Fig. 3) f r o m  which  t h r e e  
s a m p l e s  w e r e  co l lec ted  at 82, 102 and  122  m w a t e r  dep ths  
which  conta ined  22, 2 8  and 2 6  w t %  heavy  m i n e r a l  
c o n c e n t r a t i o n s ,  r e s p e c t i v e l y  (Fig. 2). T h e s e  c o n c e n t r a t i o n s  
a r e  very high when c o m p a r e d  t o  t h e  norm f o r  d e t r i t a l  
s e d i m e n t s  (Folk,  1974). As p a r t  of a m o r e  e x t e n s i v e  
a s s e s s m e n t  of p lacer  depos i t s  on  t h e  c e n t r a l  and  n o r t h e r n  
shelf  off  w e s t e r n  C a n a d a  t h e s e  s a m p l e s  w e r e  ana lyzed  f o r  
t h e i r  e l e m e n t a l  and  minera l  composit ion.  A t t e n t i o n  w a s  
focused  f i r s t  on t h e  t i t a n i u m  c o n t e n t  of t h e s e  s a m p l e s  a s  
depos i t s  of t i t a n i f e r o u s  m a g n e t i t e  had been  recognized  o n  t h e  
s o u t h e r n  shores  of Q u e e n  C h a r l o t t e  Sound (Holland and 
Nasmi th ,  1958) and  b e c a u s e  s e v e r a l  previously e x a m i n e d  
s a m p l e s  in  t h e  Sound c o n t a i n e d  high proport ions of opaques  at 
l e a s t  p a r t  of which  w e r e  iden t i f ied  a s  i l m e n i t e  (Wiese, 1969). 

M e t h o d s  
Heavy minera l  s e p a r a t i o n  was  p e r f o r m e d  by t h e  

s t a n d a r d  g r a v i t y  m e t h o d  using t e t r a b r o m o e t h a n e  a n d  
s e p a r a t o r y  funne ls  ( C a r v e r ,  197 1). The  r e s u l t a n t  heavy  F i g u r e  1. Index map.  

ancouver 

CONTOURS 
IN METRES 

F i g u r e  2. Loca t ion  and t o t a l  heavy minera l  c o n c e n t r a t i o n  of a n a l y z e d  s a m p l e s  in Q u e e n  
C h a r l o t t e  Sound. 



Figure 3. Grain s i ze  distribution of sediments in Queen Char lo t t e  Sound. Local minimum mean 
grain size indicated in areas  having type F sediment (from Luternauer  and Murray, 1983). 

Table 1. Heavy mineral percentages of amphibole, opaques (ilmenite), sphene and magnet i te  a s  
well a s  concentrations of manganese,  t i tanium, vanadium, chromium and zirconium. Sample 
locations shown in Figure 2 

Total Heavy Specific 
Water M ineral Heavy Mineral Specific 

Sample  Depth Concentra t ion Concentration Element 
Number (m) (wt%) (wt%) Concentration (PPM) 

I Amp Op Sp Mag M n  Ti v ~r ~r 1 



residue, a f t e r  magnet ic  separation,  was  spli t  using a 
microspli t ter  and mounted in Canada balsam fo r  examination.  
At leas t  200 non-opaque minerals were  counted per slide 
using t h e  ribbon method (Galehouse, 1971). Subsamples were  
also epoxied, thin sec t ioned,  polished and carbon coated  fo r  
analysis of t h e  e lementa l  concentra t ion  of principal heavy 
minerals,  part icularly t h e  opaques, by a scanning e lec t ron 
microscope (SEM ) e l emen t  backscat ter  unit. 

Resul ts  

The nonmagnetic heavy mineral  su i te  is dominated by 
amphibole and lesser concentra t ions  of i lmeni te  and sphene 
(Table 1). The l a t t e r  two  minerals both conta in  t i tanium. 
Other  minerals found in quanti t ies g rea t e r  than 5 wt% a r e  
garnet ,  epidote ,  magne t i t e  (including t i tani ferous  magnet i te )  
and chlorite.  The individual sand samples  have a combined 
i lmeni te ,  ru t i le  and zircon content  as  high as  5 wt%. The 
SEM assay established t h a t  t h e  t h r e e  samples  conta ined 
anomalously high concentra t ions  of t i tanium and associated 
vanadium and zirconium (Table 1). 

Discussion and  conclusions 

The combined i lmeni te ,  ru t i le  and zircon concentra t ions  
compare  favorably with t hose  of a mined beach deposit  along 
eas t e rn  Australia which contains ru t i le  and zircon grades  
ranging between 0.2-10% (Jones and Davies, 1979). There  is, 
therefore ,  potential  for  an  economic deposit  of t i tanium in 
Queen Char lo t t e  Sound. However, fu r the r  work must  be  
undertaken t o  define the  la tera l  ex t en t ,  thickness and 
variability of t hese  deposits. 
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Garnetiferous gneisses and a quartz syenite intrusive 
sheet at Lynx Lake, Northwest Territories 
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A b s t r a c t  

G a r n e t i f e r o u s  q u a r t z o - f e l d s p a t h i c  gneisses,  conta in ing  lenses  of amphibol i te ,  p r e d o m i n a t e  in a 
4 0  x 40  k m  a r e a  of t h e  Lynx and Howard  lakes.  They  a r e  in t ruded  by a q u a r t z  s y e n i t e  s h e e t  50  km 
long and up t o  4 krn wide in plan. The  intrusion h a s  an a r c u a t e  ou t l ine  and o c c u r s  a t  t h e  c r e s t  of a 
15 k m  wide a n t i f o r m  plunging g e n t l y  t o  t h e  s o u t h w e s t .  A v e r t i c a l  s h e a r e d  and myloni t ic  zone ,  up t o  
6 Itm wide and t rending  n o r t h e a s t ,  o c c u r s  on  t h e  s o u t h e a s t  s i d e  of t h e  intrusion.  

D e s  'gneiss g r e n a t i f 6 r e s  d e  n a t u r e  quar tzo- fe ldspa th ique ,  c o n t e n a n t  d e s  len t i l l es  d 'amphiboli te ,  
c o n s t i t u e n t  l e  m a t e r i a u  le  plus repandu d a n s  une  s u p e r f i c i e  d e  4 0  s u r  40 km d e  l a  reg ion  d e s  l a c s  Lynx 
e t  Howard .  C e s  roches  c o m p r e n n e n t  une intrusion d'une c o u c h e  d e  sy6ni te  A q u a r t z  d e  50  k m  d e  long 
e t  pouvant  a t t e i n d r e  4 km d e  la rge .  C e t t e  intrusion a un c o n t o u r  a r q u e  e t  s e  t r o u v e  s u r  l 1 a r & t e  d'un 
an t ic l ina l  d e  1 5  k m  d e  la rge ,  incl ine e n  p e n t e  douce  vers  l e  sud-ouest .  U n e  zone  mylonit ique e t  
c i sa i l l ee  c o m p o s a n t e  v e r t i c a l e ,  a t t e i g n a n t  6 k m  d e  l a r g e u r  e t  d 'o r ien ta t ion  nord-es t ,  s e  rnani fes te  
du c a t 6  sud-es t  d e  I 'intrusion. 
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Figure 1. Generalized geological map of the Lynx Lake area, Northwest Territories. 
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General geology 

The Lynx Lake-Howard Lake a rea  (753) is p a r t  of t he  
Aphebian basement,  70 km southwest of t he  Helikian Thelon 
sandstone (Wright, 1967). Reconnaissance mapping on scale  
1 inch t o  8 miles by Wright (1967) showed the  grani te ,  
granodiorite and allied rocks as predominant in the  a rea ,  with 
a 5 km wide zone of gneisses and schists derived f rom 
sedimentary and volcanic rocks, trending southwesterly f rom 
the  south end of Lynx Lake. He repor ted  a K-Ar d a t e  of 
1670 Ma on a bioti te amphibolite on the  northwest margin of 
this zone of gneisses and schists, and another da te  of 2040 Ma 
on a gneissic grani te  south of Howard Lake (Fig. 1). 

Observations by the  wri ter  in 1985 showed tha t  this 
zone of gneisses and schists contains highly sheared and 
mylonitic rocks, and grades in to  the  gneisses tha t  a r e  
common throughout the  study a r e a  (unit I, Fig. I). The 
granitic rocks a r e  limited in extent ,  represented by a qua r t z  
syenite intrusion and re la ted  dykes and pegmatites.  The 
gneisses, quar tz  syenite and t h e  shear zone reveal a sequence 
of events  briefly outlined here. 

Quartzo-feldspathic gneisses and amphibolite (unit 1) 

Quartz-feldspar-hornblende-biotite gneisses, ranging 
f rom fe ls ic  t o  in termedia te  in composition and containing 
layers and lenses of amphibolite, c a n  be  grouped broadly in to  
two  subunits (Fig. 1): ( l a )  predominantly layered gneisses and 
(Ib) relatively uniform quartzo-feldspathic gneisses with a 
minor component of layered gneisses. Garnet  is  commonly 
present in t h e  two  subunits and in  t h e  amphibolites. It is  
generally concentra ted  along layers up t o  a few cen t ime t re s  
thick. 

The layered gneisses (subunit l a )  have compositionally 
distinctive layers and lenses due t o  variation in abundance of 
the  maf i c  minerals, and also show some variations in texture .  
The layering is on a cen t ime t re  t o  me t re  scale.  Some of the  
felsic layers have porphyroblastic feldspar, and resemble 
subunit Ib. Foliation is parallel t o  or a t  low angles t o  the  
layering. 

The quartzo-feldspathic gneisses (subunit l b )  a r e  of 
relatively more  homogeneous cha rac te r  over widths of 
several tens of metres.  They contain feldspar porphyroblasts 
1 t o  2 c m  long, a r e  well foliated,  and locally show well  

developed augen texture .  A few of these,  in zones several 
me t re s  thick, contain very coa r se  feldspar crys ta ls  up t o  
8 c m  long. Mafic minerals usually cons t i tu t e  between 
10 and 20 per c e n t  of t he  rock, with hornblende generally 
predominant over bioti te,  but bioti te is the  main maf ic  
const i tuent  in some  of the  gneisses. 

The amphibolite lenses in the  t w o  subunits range in s ize  
up t o  several tens  of me t re s  in thickness and several hundred 
metres  in length. They lack recognizable volcanic fea tures ,  
and although most a r e  conformable t o  foliation and layering, 
some  show transgressive relationships. The l a t t e r  may 
represent  maf i c  sills and dykes. The amphibolites also occur 
a s  a ser ies  of boundin-like lenses a f ew cent imetres  to  
several t ens  of me t re s  long, parallel t o  foliation and layering. 

The gneisses of t he  t w o  subunits conta in  pegmat i t ic  
veins and lenses t h a t  a r e  deformed, and in places they a r e  
t ightly folded and boundinaged (Fig. 2). 

The layering and foliation in t h e  unit  def ine  a major 
ant i form and subsidiary synforms a t  Lynx Lake. 

Quar t z  syeni te  (unit 2) 

This i s  a sill-like intrusive body. I t  i s  a r c u a t e  in plan 
and continuous fo r  a 5 0  km length with a width of up  t o  4 km. 
I t  has  sharp con tac t s  with gneisses of unit  I ,  commonly a t  a 
low angle t o  t h e  foliation and layering in t h e  la t ter .  The 
qua r t z  syeni te  i s  medium- t o  coarse-grained and massive t o  
crudely l ineated due t o  s t reaky aggregates  of maf i c  minerals. 
The main minerals a r e  plagioclase, potash feldspar 
(orthoclase, microline, perthite),  quar tz ,  hornblende and 
biotite. The accessory minerals a r e  magnet i te ,  apa t i t e ,  
zircon, and fluorite,  and rarely garnet  a t  the  con tac t s  of t h e  
intrusion. The composition varies from monzonitic through 
qua r t z  syenitic t o  granitic. The hornblende-rich var ie t ies  
contain t r aces  of augi te  in hornblende aggregates.  Quar tz  
commonly makes up less than 15 per c e n t  of t h e  rock. Potash 
feldspar predominates over plagioclase. Zircon is locally 
abundant, and forms euhedral o r  subhedral crys ta ls  
surrounded by radiation haloes. Purple f luor i te  was observed 
a t  several  localities. 

The intrusion is distinctly radioactive,  showing 
100-150 counts per second on an Exploranium GRS-101 
scinti l lometer,  in contras t  t o  30 t o  60 counts  per second for 
the  rocks of unit I. In addition, numerous dykes and 
pegmat i tes  re la ted  t o  t h e  intrusion a r e  similarly radioactive.  
They c u t  t h e  deformed, less radioactive,  older pegmat i tes  in 
the  gneisses. The highest radioactivity (200 t o  300 counts  per 
second) was  encountered in t h e  reddish sapprolit ic mater ia l  
derived f rom t h e  qua r t z  syeni te  at Mountain Bay on t h e  wes t  
shore  of Lynx Lake (62'25'N; 106'40tW). 

The intrusion contains xenoliths of t he  gneissic country 
rock at severa l  localities. A t  Mountain Bay, or  gneissic 
xenolith 20 m wide and 75 m long, conta ins  a qua r t z i t e  lens 
u p  t o  1 5  m wide and 50 m long. Quar t z i t e  however is  not  
seen in  t h e  country rock within t h e  study area.  The neares t  
qua r t z i t e  exposure i s  approximately 2 0  km southwest  of Lynx 
Lake (62'13.5IN; 106'401W) where  i t  i s  associated with 
micaceous schist  and quartzo-feldspathic gneiss. I t  was  
discovered during the  course of this study. I t  fo rms  a ridge 
1.5 km long and up  t o  200 m wide, trending east-northeast .  

Sheared gneissic zone (unit 3) 

Figure 2. Highly deformed pegmat i te  in a quartz-feldspar- This is a nearly ver t ica l ,  nor theas t  trending zone 
bioti te layer of unit  l a ,  on the  west shore of Howard Lake; character ized by highly sheared and mylonitic rocks. 
view looking north; north end of the pegmat i te  layer on the Compositionally t h e  zone a s  a whole i s  similar t o  t h e  layered 
lef t  is cu t  by an east-northeasterly trending mafic  dyke gneiss (subunit la) ,  but t h e  layering i s  more  pronounced and 
containing garnet ;  glacial grooves and s t r iae  trend westerly the  layers and lenses a r e  generally thinner (Fig. 3). Some a r e  
(6Z013.7'N; 106°6.1'W). GSC 204136-R thinly laminated or  fine grained and lineated due t o  



I 
mylonitization (Fig. 4, 5). Mylonitized cha rac te r  is bes t  
represented by fine grained, light pink weathering 

I ~ u a r t z o f e l d s p a t h i c  gneiss layers which conta in  qua r t z  s t r eaks  
lkss than 5 h m  wide and -more  than 1 0  c m  'long (Fig. 4). 
Other f ea tu res  of t h e  zone include an  abundance of bioti te- 
rich schistose layers,  highly a t t enua ted  minor folds severa l  
metres  in length,  and overall  s t ra ight  trend on a regional 
scale,  in con t ra s t  t o  t h e  undulating t rend shown by gneisses 
of uni t  I (Fig. 2, 3). Lineation plunges gent ly  t o  moderate ly  
t o  t h e  southwest (Fig. 1). Relatively less sheared rocks occur  
within and a t  t he  margin of t h e  zone, which has gradational 
boundaries with the  gneisses of uni t  1. Locally, t h e  boundary 
between t h e  sheared and unsheared equivalent rock is  abrupt,  
a s  seen on 'Pegmat i te  Island' on t h e  nor th  shore  of Howard 
Lake (62" 15'N; 106O04'W). Large  bodies of undef ormed 
pegmat i te  occur on the  island, but along t h e  north shore  of 
t he  island, t h e  pegmat i te  has  been reduced t o  highly sheared, 
f ine t o  medium grained fe ls ic  micaceous schist. The 
undeformed pegmat i te  shows spot ty  high radioactivity 
(1 30 t o  200 counts  per second on Exploranium GRS- I01  
scinti l lometer) and is believed t o  be re la ted  t o  the  quar tz  
syenite.  

Regional geological observations 

According t o  Wright (1967) gneisses and schists derived 
f rom sedimentary and volcanic rocks occur 70 km nor theas t  
of Lynx Lake, a t  Boomerang Lake (6Z037.5'N; 105"OO'W) in a 
northeast-trending zone 12 km wide and 2 0  krn long. Field 
observations by t h e  writer showed t h a t  these  rocks a r e  
generally similar t o  those of unit 1 in t h e  Lynx Lake a rea ,  
and t h a t  some of them a r e  highly sheared. Similar rocks also 
occur in the  intervening region, along t h e  nor theas ter ly  
region s t ructura l  trend. Exploration work at Boomerang Lake 
has  revealed t h e  Dresence of graohi t ic  horizons in 

vigure 3. ~ ~ ~ i ~ ~ l  outcrop surface of the highly sheared and garnetiferous metapei i tes  associate$ ;ith quartt-feldspar- 
m y  lonitic 'straight' zone ( u n i t  3); 2.5 km west of rapids hornblende-biotite gneisses, and of unconformity-related 
between ~~~~~d L~~~ lakes; looking northeast; pyrite- uranium mineralization in t h e  Thelon sandstone above the  
bearing f r ac tu res  a t  the  c e n t r e  of the  photograph a r e  graphitic horizons (Gibbins, 1983; G.1. Davidson, personal 
radioactive,  with two spots reading 600 and 1200 counts per communication, 1985). Garnetiferous metapel i tes  extend f o r  
second on the Exploranium GRS-101 scinti l lometer ( 6 2 q 7 ' N ;  10 km south of t h e  12 I<m wide zone mapped by Wright (1967)- 
105°58.2'W). GSC 204136-Q 

Figure 4. Close-up photograph of the  shore outcrop in Figure 5. Highly sheared gneiss (unit  3) on the  northwest 
Figure 3; the darker  layers a r e  biotite-rich; the  l ighter shore of Howard Lake; interlensing of the  fine grained felsic 
quartzo-feldspathic layer  on the  lef t  is fine grained and and mafic  components,  and the  feldspar 'augen' gneiss lens a s  
contains quar tz  s t r eaks  of few mill imetres thick and more seen in cen t r e ,  a r e  common in unit 3;  looking nor theas t  
than 1 0  crn long, indicating i t s  mylonitized character .  (6Z015.4'N; 106°3.3'W). GSC 204136-5 
GSC 204136-T 



Graphitic horizons have not been found a t  Lynx Lake, but  t he  
layered gneisses contain some  layers that  a r e  similar t o  the  
garnetiferous metapel i tes  south of Boomerang Lake. 
Association of t h e  metapel i t ic  rocks and t h e  quartz-feldspar- 
hornblende-biotite gneisses in t h e  region, and the  presence of 
qua r t z i t e  in t h e  vicinity of Lynx Lake a r e  noteworthy in 
consideration of the  sedimentary origin of these  gneisses a s  
visualized by Wright (1967). Quar tz i te  also occurs 150 km 
nor theas t  of Lynx Lake, near  Eyeberry Lake a s  repor ted  by 
Wright (ibid). 

The sheared and mylonitic zone, according t o  
observations by S.M. Roscoe (personal communication, 1985), 
extends for over 100 km t o  the  southwest to Manchester 
Lake, and coincides with a s t eep  southeasterly decreasing 
magnetic gradient and linear magnetic lows (Geological 
Survey of Canada, 1981). The boundary of this zone with the  
quar tz  syenite intrusion is not exposed, but the  intrusion 
appears t o  predate the  shearing and mylonitization in the  
zone judging from the  observations on 'Pegmat i te  Island' in 
Howard Lake. The intrusion was emplaced a f t e r  t h e  
development of t h e  older pegmat i tes  in the  gneisses of unit 1 
and thei r  deformation. A gent le  folding even t  impar ted  t h e  
a rcua te  outline in plan t o  t h e  intrusion. 
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Abs t r ac t  

A field study was  conducted a t  King Point to  col lec t  sediment t ranspor t  and coas ta l  zone da t a .  
Nearshore directional wave measurements  were  collected for  the  f i rs t  t ime  in t he  Canadian Beaufort  
Sea. The da t a  also included wind speed and direction,  bot tom current  velocit ies and directions,  
sediment samples and beach and bathymetr ic  profiles. The da t a  will be used t o  ca l ibra te  numerical  
models to  e s t ima te  wave c l imate  and alongshore sediment  t ranspor t  r a t e s  and directions.  

Une e tude  sur  le te r ra in ,  realisee A King Point au Yukon, visait a recueil l ir  des donnees sur le 
t ranspor t  des sediments  e t  sur la zone l i t torale.  C'Btait la premi6re fois que I'on recueil lai t  des  
donnees de mesure sur la direction des vagues dans la mer  d e  Beaufort .  Les  donnees recueil l ies 
portaient Bgalement sur la vitesse e t  la direction du vent,  la vitesse e t  la direction des  courants  d e  
fond, les sediments  e t  les profils l i t toraux e t  bathymetriques.  Ces  donnees serviront A calibrer les 
modeles numeriques servant  A Bvaluer le regime des  vagues e t  le ry thme e t  la direction du t ranspor t  
des  sediments le long du l i t toral .  

l Sea consult, Suite 820, 1200 West 73rd Avenue, Vancovuer, British Columbia V6P 6G5 



Introduction 

As par t  of t he  Northern Oil and Gas  Action Program 
(NOGAP), t h e  Beaufort Coasta l  Project  (D l )  was established 
t o  provide information on the  coas ta l  zone as required by 
government fo r  land use planning and by industry in t h e  
design of shore-based facilities. Specific a reas  of in teres t  
include r a t e s  of coastl ine recession, r a t e s  and directions of 
sediment  transport  and analysis of wave and weather 
conditions a t  si tes around t h e  Beaufort  Sea. 

During 1984-85, a s  part  of a collaboration between t h e  
Geological Survey of Canada (GSC) and Indian and Northern 
Affairs Canada (INAC), Keith Philpott  Consulting Ltd. of 
Thornhill, Ontario,  performed an extensive numerical 
modelling study (Pinchin et al., 1985). The study featured a 
synthesis of available meteorological,  wave and geological 
data ,  and t h e  application of numerical modelling techniques 
t o  predict  wave c l imate  and ra tes  and directions of sediment  
transport  a t  several  si tes in the  Beaufort  Sea. The study 
indicated a growing d a t a  base regarding coas ta l  processes in 
t h e  Beaufort Sea, but  also i l lustrated t h e  lack of pertinent 
s i t e  specific da t a  t o  aid in t h e  fur ther  calibration of t h e  
numerical procedures. The required da ta  include both 
deepwater and nearshore directional wave records, nearshore 
and beach sediment samples,  and beach and bathymetr ic  
profiles. 

Field work was conducted during t h e  summer of 1985. 
Par t  of t h e  work was done under contract  by Dobrocky 
Seatech Ltd. of Sidney, British Columbia. King Point has 

been investigated in t h e  course of severa l  research programs 
on t h e  Beaufort  Sea  coas t  (Mackay, 1963; Public Works 
Canada, 1971; McDonald and Lewis, 1973). It has also been 
proposed as a s i t e  for an  onshore terminal  t o  support  t h e  
offshore oil and gas industry in t h e  Arctic.  As such, 
information on t h e  wave c l imate ,  t h e  wind c l ima te  and t h e  
sediment t ranspor t  processes is  essential  in t h e  analysis of 
coastal  processes and sedimentation. 

Between 24 August and 16 September 1985, a field 
c a m p  was  established a t  King Point. The remoteness  of t h e  
location (200 km northwest of Inuvik) mean t  t h a t  all  
equipment had t o  be brought in to  t h e  c a m p  by barge  or  f loa t  
plane. 

Figure 3. Comparison of 1954 and 1975 a i r  photos. The 
development of t he  barrier beach since 1954 indicates  
sediment t ranspor t  predominantly t o  the  southeast .  

Figure 1. Location map, King P o ~ n t ,  Yukon Territory.  - -"-- ---Fn--r - - 

. .  . . .: > 
. , ., - . . ; I  ~. Figure 4. Storm-surge driftwood deposits a t  the  southeast  

Figure 2. Oblique air  photo of the  King Point area .  end of the barrier beach. 



Si te  description Oceanographic  ins t rumenta t ion  and deployment  

King Point is located about 70 km southeas t  of Herschel 
Island on t h e  Yukon coas t  of t h e  Beaufort  Sea  (Fig. I). The  
s i t e  f ea tu re s  50 m high ice  rich tundra  cliffs and a 2 km long 
barrier beach lying t o  t h e  southeast  of t h e  cliffs (Fig. 2). The 
barrier beach separa tes  a broad lagoon f rom t h e  ocean. The 
depth of t h e  lagoon (to a maximum of 3.5 m )  suggests t h a t  
t h e  lagoon had a thaw lake  origin. The lagoon was open t o  
t h e  s e a  as recently as  1954, but i t  is now completely 
landlocked; t he  barrier beach developed rapidly f rom a spi t  
be tween 1954 and 1975 (Fin. 3). 

Previous coas ta l  sediment  t r anspor t  studies 
(Gillie, 1984a, b) used r emote  power cables  and micro- 
computers  fo r  wave and current  me te r  opera t ion .  In t h e  
Beaufort  Sea  however,  t h e  possibility of i ce  f loes  becoming 
grounded in t h e  study a rea ,  t h e  ma in t enance  which shore- 
based acquisition and power supplies require,  and t h e  need for 
a la rge  power supply pointed t o  t h e  use  of ins t ruments  
fea tur ing  self-contained power sources and d a t a  loggers. 
Although t h e  performance of each  device  during deployment 
could not be  monitored (as with r e m o t e  micro-computers and 
ins t rument  t o  shore  cables),  t h e  problems of cables' becoming 

The highest point On the barrier beach lies 2'5 above buried or broken during s to rms ,  or being snagged by i ce  floes 
s e a  level. The beach f ea tu re s  severa l  lines of storm-surge were eliminated. 
drif twood deposits (Fin. 4). Overwash pat terns  a t  t h e  

I 1  . . . .  . . . . . sys tem.  

northwest end ind ica t eYtha t  some  past  s torm surges have To  measure  directional waves and currents ,  two  Sea 
overtopped portions of t h e  beach, and must have been in t h e  D a t a  directional wave and current  m e t e r s  (Models 621 and 
range of 1.5 t o  2.0 m. 635-12) w e r e  deployed. Both ins t ruments  were  s e t  t o  record 

values every  3 hours for  17.5 minute  periods. Model 621 

Figure  7. Sea Da ta  635-12 directional wave and current  
m e t e r ,  in tripod. This exper imenta l  tripod configuration 
 roved less suitable than the  confiauration of Fiaure 6 for  

BEAUFORT SEA 

. . rn : . . . . 
. . . . . . . . 

Figure  6. Sea Da ta  621 directional wave and current  deployment in t he  nearshore zone. The m e t e r  was overturned 
me te r ,  in tripod. a f t e r  1 3  days of deployment during s torm conditions. 
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m e t e r  was deployed f rom 28 August t o  14 September ,  
20 m offshore f rom t h e  st i l l  wa te r  mark ,  in 2.6 m of 
wa te r  (Fig. 5). This me te r  measured breaking waves and 
longshore currents .  The me te r  was  mounted in a tr ipod 
1.5 m in height (Fig. 6 )  and zero  current  calibration was 
performed by placing t h e  current  sensor  in a drum of 
wa te r .  Divers car r ied  t h e  me te r  and tr ipod in to  place 
off t h e  beach; sand bags were  used t o  anchor t h e  f e e t  of 
t h e  tripod. A f loa t  was a t t ached  t o  mark t h e  
ins t rument ,  and a l ine was a t t ached  t o  sho re  t o  support  
t h e  hose for  t h e  suspended sediment  sampling pump. 

Model 635-12 me te r  (Fig. 7) was  deployed f rom 
29 August t o  11 September  in 6 m of wa te r ,  600 m f rom 
shore.  This m e t e r  measured waves and cu r r en t s  outside 
of t h e  breaking zone. Af ter  t he  ze ro  check,  t h e  me te r  
was  by boat. The m e t e r  was being supported upright in 
i t s  descent  by a l ine  t o  t h e  boat.  Sandbags were  again 
used t o  anchor t h e  legs of t h e  tripod. 

Model 635-12 me te r  was recovered 3 days before  
t h e  model 621 m e t e r ,  because  i t  was  found t ipped over 
on a reconnaissance dive. Although t h e  pressure sensor 

Figure  5 

Instrument deployment locations and survey control  



continued t o  measure wave heights, t h e  sensor used t o  
measure currents  had become uncalibrated. Nevertheless, 
t h e  deployment of these  t w o  instruments has provided t h e  
f i rs t  directional wave measurements  in t h e  Canadian 
Beauf o r t  Sea. 

Five Aanderaa current meters  were  deployed between 
30 August and 6 September in 5.0, 7.5, 10.0, 12.5 and 15.0 m 
of water (Fig. 3). Near-bottom currents  ( I  m above t h e  bed) 
were  measured every 5 minutes. The meters  were  mounted 
on concrete  anchors, and each supported by two  Vimy floats.  
These me te r s  were  deployed using a Zodiac boat. Divers 
inspected t h e  Aanderaa me te r s  t o  check thei r  orientations,  
and t o  s e e  t h a t  t hey  were  opera t ing properly. 

Only t h r e e  of t h e  Aanderaa  me te r s  (5.0 m, 10.0 m and 
15.0 m) were  recovered a s  t h e  su r face  markers on t h e  other  
two  meters  were  lost. Although the  da ta  record is not as 
extensive as hoped for ,  current  velocity and direction 
comparisons can be made with t h e  da ta  obtained. 

Weather s ta t ion 

To obtain s i t e  specific weather  data ,  a portable 
Aanderaa weather  s ta t ion was const ructed on t h e  beach 
(Fig. 8). Wind speed, wind direction and barometr ic  pressure 
were  recorded a t  1 5  minute intervals,  10 m above ground 
level, from 26 August t o  14 September.  

These da ta  will enable comparisons to  be made with 
longer wind records from other locations around Beauf or t  
Sea. Such s i t e  specific d a t a  allow for  more  ef fect ive  wave 
c l imate  hindcasting. 

Beach profiling and bathymetr ic  surveying 

In order t o  model shoreline change due t o  wave a t t a c k  
a s  accurate ly  a s  possible, extensive series of beach and 
bathymetric profiles a r e  required. Since t h e  sediment  
transport  models have been developed chiefly for  beaches 
possessing fine sands and shallow profiles, t h e  s t eep  profiles 
and coarse sediments found a t  King Point will provide 
nontypical input conditions for  t h e  numerical models. 

A system of co-ordinates for  horizontal control  was 
established by locating two  s tee l  pins (GSC I, GSC 21, using 
t h e  known location of two  instrumented boreholes. The t w o  
baselines established on t h e  beach a r e  shown in Figure 5. 

Station spacing was 100 m along baseline 2, and 100 m 
along baseline 1 from GSC 2 t o  t h e  600 m station, with 200 m 
spacings f rom this s ta t ion t o  the  end of the  baseline. The 
stations were  located in this manner t o  more  accurate ly  
monitor t h e  higher sediment deposition r a t e s  at the  southeas t  
end of t h e  barrier beach. 

. , 

Figure 8. Aanderaa weather  station. 
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Profile lines were  then run a t  right angles t o  t h e  
baselines a t  each  station, running f rom wading depth  on t h e  
ocean side, across  the  barrier beach t o  e i ther  t h e  tundra  
edge, or t h e  edge  of t h e  lagoon. Mean sea level derived f r o m  
the  wave me te r  records will be used fo r  ver t ica l  datum.  

Bathymetry both in t h e  lagoon and offshore (to a depth  
of 7.5 m) was studied by running sounding lines along each of 
the  profile lines; distance was measured electronically and 
depth by an echo sounder. 

Bottom sediment  sampling 

During t h e  field program 76 bot tom sediment samples 
were  collected. A sample  was col lec ted a t  each  of t h e  
Aanderaa current  meter  deployment si tes,  and 3 samples  
were  taken from t h e  swash zone during t h e  collection of 
suspended sediment  samples by hand. 

Four samples were  t aken  on each profile line t o  provide 
a representa t ive  se t  of sediment samples in t h e  nearshore 
zone. One was taken at t h e  top  of t h e  ac t ive  beach berm, 
one  in t h e  swash zone, one  20 m offshore f rom t h e  s t i l l  water  
mark,  and t h e  final one 50 m offshore f rom t h e  sti l l  w a t e r  
mark. The samples from the  ac t ive  beach berm and t h e  
swash zone were  gathered by hand; offshore samples  w e r e  
collected using a pipe dredge hand-hauled from' a boat. 

The samples collected i l lustrated a wide variation of 
sediments a t  t he  site.  The act ive  beach berm and swash zone 
were  made up of coarse  sands,  granule and pebble sized 
gravel. Between 5 and 10 m offshore f rom the  sti l l  water 
line, t h e  s i ze  increased dramatically,  with larger pebbles and 

Figure 9. Vibracoring unit. 



Figure 10. Active beach (looking southeast) ,  showing 
seaward storm-surge driftwood deposits. During the  s torm of 
15 September,  wave run-up reached the  driftwood deposit. 

cobbles present. At 20 m offshore, this gave way t o  coarse  
sand with sca t t e red  pebbles. About 50 m offshore a st iff  
c lay  was found in some  samples,  along with finer sands and 
silts. 

Suspended sediment sampling 

Field measurements of suspended sediment 
concentrations can be  used t o  constrain numerical e s t ima tes  
of sediment transport .  Four s e t s  of measurements were  
taken t o  coincide with t h e  17.5 minute sampling intervals of 
t he  model 621 meter .  A small  water pump sampled water 
f rom a nozzle strapped t o  t h e  leg of t h e  current  me te r  tr ipod 
a t  t he  same  elevation as t h e  current sensors. The amount of 
sediment  in  t h e  sample  along with t h e  cu r ren t s  measured by 
t h e  meter ,  will provide a suspended sediment flux which will 
then be  compared t o  t h e  numerical estimation of suspended 
flux a t  tha t  point in t h e  surf zone. 

Vibracoring program 

The vibracore sampling was carried out  by 
M .J. O'Connor and Associates of Calgary. I t  was  hoped t o  
obtain 3 t o  4 m co re  samples f rom both onshore and offshore 
locations a t  t h e  southeas t  end of t h e  spit. A new 3.5 inch 
(8.9 c m )  diameter  drill s t em (Fig. 9) was tes ted  for i t s  
penetration abili ty in to  heavy gravel,  which is abundant a t  
King Point. 

The vibracoring program met  with l imi ted  success. 
Only four locations had been t e s t ed  with t h e  unit when t h e  
drive cable broke and could not be repaired a t  t he  s i te .  At 
t h e  first  t h r e e  locations,  penetration in to  t h e  surficial  sand 
layers was quick but ended about 1.3 m below ground level 
when heavier gravels were  encountered. A t  t h e  four th  
location on t h e  ac t ive  beach berm t h e  drive cable  broke at a 
depth of 1.8 m. 

Wave and wind conditions 

During t h e  deployment period, wave a t t a c k  was  
predominantly f rom t h e  northwest,  with t h e  wave height 
ranging up t o  about 1.6 m. Due t o  the  very s t e e p  beach f a c e ,  
t h e  a t tacking waves would break within 5 m of t h e  still wa te r  
mark. Wave heights, however, were  ext remely variable: 
5 second waves of 1.0 m in height could reduce t o  0.2 m 
within a m a t t e r  of hours. 

The largest  s torm occurred on t h e  morning of 
1 5  September,  with an  e s t ima ted  s to rm su rge  of at l eas t  
0.8 m. The highest waves were  approximately 1.5 m in 
height. The ent i re  width of t h e  ac t ive  beach t o  t h e  f i r s t  
major log line was submerged (Fig. 10). The s torm lasted 
only 5 hours. 

Along with t h e  predominant d i rec t ion of wave a t tack,  
t h e  wind blew predominantly f rom t h e  nor th  or northwest,  
gusting at t imes  up t o  40 km/h. However, t h e  strongest 
winds blew directly f rom t h e  south,  and reached es t imated 
velocities of 70 t o  80 Ikm/h on t w o  sepa ra t e  days. During this 
t ime,  t he re  was no significant wave a t t a c k  on t h e  beach. 

Summary and fu tu re  work 

The field program provided a unique se t  of synchronous 
wave, current  and sediment  da ta ,  under a wide range of 
weather conditions. Observations of beach conditions 
indicated very ac t ive  sediment  t ranspor t  processes, with 
profiles changing daily. 

The d a t a  a r e  being analyzed and will be  used t o  
e s t ima te  sediment  t ranspor t  a t  King Point,  and to  aid in t h e  
calibration of numerical modelling procedures as they apply 
t o  t h e  Beaufort coastl ine.  
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lllite crystallinity studies around the Roberts metal deposit, 
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Abstract 

lllite crystallinity (IC) values obtained from sediments within a 4 km radius of the J.A.G. Mines, Saint-Robert Ag, W, Bi 
deposit, Eastern Townships, Quebec, range from 0.17 to 0.37 "26. Low IC values (<0.23) dominate in the central part of the 
study area, around the deposit. High IC values (20.23) occur principally around the margins of the study area and in 
isolated patches within the central portion. More information is required from outsideof thestudy area todetermine whether 
the higher IC values represent the regional diagenetic-metamorphic grade. If so, the presence of a wide zone of sediments 
bearing well-crystallized illites (i.e., low IC values) over the deposit area supports the hypothesis that a hidden intrusive 
body exists at depth. 

Chlorite crystallinity patterns parallel those of IC patterns throughout the study area. 

Les indices de cristallinite de I'illite des roches sedimentaires A I'interieur d'un rayon de 4 km du d6pBt de Ag, Wet  Bi 
des mines J.A.G., B Saint-Robert, dans I'Estrie au Quebec, donnent des valeurs de 0,17 B 0,37" 28. Les valeurs basses 
(<0,23) dominent dans la partie centrale de la region Btudiee, autour du depbt. Les valeurs elevees (20,23) se trouvent 
principalement en peripherie de la region Btudibe, et dans des zones isolees A I'interieur de la partie centrale. Des donnees 
su~~lementaires provenant de I'extbrieur de la reaion etudiee seront necessaires Dour bien determiner si les indices eleves 
de'cristallinite de i'illite sont representatifs du de66 metamorphique regional. Si tel est le cas, la presence d'une large zone 
de roches sedimentaires caracterisees par des illites bien cristallis4es (indices faibles) vient appuyer I'hypothbse selon 
laquelle un amas intrusif est present en profondeur. 

Les configurations cristallines de la chlorite correspondent a celles de I'illite dans la region Btudiee. 

1 Contribution to the Federal Asbestos Initiatives, Geoscience Research Program 1984-1987. Project carried by 
Geological Survey of Canada, Mineral Resources Division, Project 840059. 

2 Mineral Exploration Research Institute, C.P. 6079, Succ. A, Montreal, Quebec, H3C 3A7 
3 Department of Geological Sciences, McGill University, 3450 University Street, Montreal, Quebec H3A 2A7 



Introduction Metamorphism and alteration 

The J.A.G. Mines, Saint-Robert Ag, W, Bi deposit near St. 
Robert de Bellarmin, Eastern Townships, Quebec, is associated 
with a magnetic anomaly and a small thermal metamorphic 
aureole and alteration zone. Cattalani and Williams-Jones (1986) 
suggested that an intrusive stock at depth produced these fea- 
tures. The objective of this study is to use illite crystallinity 
values obtained from the host sedimentary sequence to deline- 
ate any low-grade thermal aureole which may exist outside of 
the small, high-grade aureole and alteration zone, centred on 
the deposit. 

Geology 

As described by Cattalani and Williams-Jones (1986) the 
study area lies within the Boundary Mountain Anticlinorium, 
immediately south of the major fault which separates the anti- 
clinorium from the GaspC-Connecticut Valley Synclinorium 
(Fig. 1). The sedimentary rocks are part of the Frontenac Forma- 
tion, and consist of finely laminated slates, siltstones, sandy 
schists, quartzites and greywackes (of which some are cal- 
careous), of possible Early Ordovician age (Harron, 1976). Thick 
(0 to >70 m) Pleistocene glacial till and recent alluvium in the 
study area severely restrict sampling. 

The sedimentary strata were deformed during the Middle 
Ordovician Acadian Orogeny into tight, upright isoclinal folds 
trending ENE. A major penetrative cleavage, F,, parallels the 
folding. A weaker subparallel cleavage, F,, is represented by 
crenulation of the shaley units, the F, deformation is charac- 
terized by open folds with axial traces approximately normal to 
- . - 
F, and F,. 

Acadian dyke swarms cut the Frontenac Formation. Gra- 
nodioritic, granitic and lamprophyric dykes have intruded pre- 
dominantly along the penetrative cleavage. 

Two fault systems are present in the area. The "Main Fault" 
system, in the centre of the mine property, consists of major, 
vertical faults, predominantly dip-slip (downthrow to the 
north) in character, which have a strike length of over 2.5 km. A 
minor system of later, subvertical faults is found in the western 
and central portions of the property; these are approximately 
normal to the Main Fault system. 

The regional metamorphic grade reported by Cattalani and 
Williams-Jones (1986) is lower greenschist to greenschist facies. 
A small thermal aureole is present in the centre of the property. 
The aureole, 2.5 km by 0.5 km, lies along the Main Fault system 
and consists of biotite-hornfelses. 

A zone of moderate to intense hydrothermal alteration is 
closely associated with the Main Fault system (and thus also 
with the thermal aureole) and a magnetic anomaly. Rocks 
within and near the faults are bleached and friable, and consist 
mainly of kaolinite. Farther from the fault system (up to 250 m), 
rocks are a pale grey-green colour where the alteration is phyl- 
lic. Another small phyllic alteration zone has been observed to 
the northwest of the Main Fault system. 

Sampling and analyses 

The study area is roughly 8 km in diameter (Fig. 2), and is 
centred on the deposit. Exposure is somewhat sporadic, par- 
ticularly north and south of the mine property, due to thick 
glacial till and alluvial cover. Most rocks sampled are siltstones 
to fine greywackes; a small number of these are calcareous. The 
siltstones are commonly phyllitic or schistose. 

The samples were processed as detailed in Duba (1982) to 
separate out the less than 2 Fm mineral fraction; carbonate was 
not removed from the samples. Oriented <2 pm fractions were 
analyzed by X-ray diffraction, using a Siemens diffractometer 
with a CuK, so'urce and lo divergence and scatter slits. The 
samples were scanned at 1°28/min.; the scan was recorded at 
1°28/cm. 

Mineralogy of the <2 k m  fraction 

In the majority of samples analyzed, the <2 krn fraction 
comprises illite, chlorite, quartz and feldspar (predominantly 
plagioclase). In a given sample one or more of these minerals 
may be absent with the exception of illite which is present in all 
samples. Kandites and possibly biotite were only indicated in a 
few samples. Glycolation of 6 samples with wide peaks near 
1.0 q m  (basal 001 illite peak) resulted in a slight splitting of that 
peak. No major peak shifts were observed. This suggests that 

Flgure 1. Location of the J.A.G. Mlnes, St-Robert property. From Cattalanl and Wllllams-Jone (1986). 



Figure 2. Map of the illite crystallinity values in the St-Robert deposit area. The chlorite crystallinity index, 
where measurable, is listed below the illite crystallinity index. 

smectites are present, but in quantities of less than 10% (cf., the specimen surface, and the difficulty of assessing the back- 
Kalkberg examples, Hower, 1981). ground (Brindley and Brown, 1980). Duba (1982) concluded that 

the illite crvstallinitv index is independent of the carbonate 

Illite crystallinity Index (IC) 

Introduction 

The progressive ordering of the illite crytallinity structure 
with increasing diagenetic grade, due to a decrease in the pro- 
portion of smectite layers (cf., Hower, 1981) is reflected in the X- 
ray diffractograms of the <2 p.m clay fraction by a narrowing of 
the illite 001 peak (1.0 qm). The illite crystallinity index is de- 
fined as the width of this peak at half height, measured in "20. In 
a similar manner, the 001 peak of chlorite (1.4 qm) may be 
measured to obtain the chlorite crystallinity index. 

In addition to natural variations, the 001 peak width is 
dependent on the X-ray diffraction conditions, the roughness of 

content of <he host iock, and noted that chlorite crystallinity 
generally parallels illite crystallinity. 

Result 

In most samples, the illite 001 peak is sharp and well- 
defined. The IC values of the St. Robert samples are low, falling 
in a range from 0.17-0.23"20, in the area 2-3 km around the 
deposit in all directions. The few high IC values within this area 
are from samples which exhibit evidence of fairly pervasive 
weathering. Consistently higher IC values, 0.23-0.37'0 are 
found on the margins of the study area (Fig. 2). Chlorite crys- 
tallinity indices parallel illite crystallinity indices closely 
(Fig. 3). 



C hllorite crystallinity ('28) 
Figure 3. Graph of illite crystallinity versus chlorite crystallinity values for samples containing both 
minerals. The line indicates the ideal 1:I correlation betwen the parameters. 

Discussion and conclusions 

The generally low IC values and the absence of smectite 
indicate thermal conditions higher than those associated with 
diagenesis (the upper limit of which is defined at IC index of 
0.38"20 by Kisch, 1980). Illite crystaHinity values for rocks out- 
side the study area are required to determine whether the 
higher IC values represent the regional diagenetic grade. If 
these high IC values are representative, the wide zone of low IC 
values (i.e., well-crystallized illite) associated with the deposit 
would support the hypothesis that a hidden intrusive body 
exists at depth, and suggests that the body may be larger than 
anticipated in that most of the chosen study area has undergone 
low-grade thermal metamorphism. 
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Geologie du Quaternaire 
de la region du mont Alexandre, Gaspesie (Quebec)' 
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Cloutier, M., et Corbeil, P., Geologie du Quaternaire de la region du mont Alexandre, Gaspesie (Quebec); 
dans Recherches en Cours, partie B, Commission g6ologique du Canada, Etude 86-18, p. 869-873, 1986. 

Un placage de till recouvre une bonne partie du plateau de la region du mont Alexandre. Des regolithes d'bge pr6- et 
post-glaciaire tapissent la roche de fond. Les surfaces striees et les erratiques indiquent un ecoulement giaciaire vers le 
sud et le sud-est. 

Abstract 

A till veneer covers a substantial part of the plateau in the Mont Alexandre area. Regoliths of preglacial and postglacial 
age cover bedrock. Striated surfaces and transport of erratic blocks indicate glacial flow to the south and to the southeast. 

1 Contribution au Plan de developpement Bconomique Canada/GaspBsie et Bas Sainl-Laurent, volet mines 
1983-1988. Sous la responsabilite de le Commission g6ologique du Canada, Division de la science des terrains, 
projet ,840035. 
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Introduction 

Un projet de cartographie des formations en surface a 
l'echelle 1/50 000 a kt6 entrepris a l'Ct6 1985 dans le centre Est de 
la peninsule gaspesienne : feuillet Mont Alexandre 22 A111 et 
113 Est du  feuillet Ruisseau-Lesseps 22 A112 (fig. 1). La cam- 
pagne de  terrain a de  plus permis un relev6 des marques d'ero- 
sion glaciaire e t  le pointage des erratiques. Cette note presente 
ces observations et les integre dans I'histoire glaciaire regionale. 

Ce travail s'insere A l'interieur d'un projet plus vaste, de 
compilation quaternaire I'echelle de 11250 000. 

Rappel de l'histoire glaciaire de la Gasphsie 

Les premiers auteurs des travaux touchant I'histoire 
glaciaire de la peninsule ont postule, d'une part, I'existence 
d'une calotte glaciaire gaspesienne dans les secteurs les plus 
eleves et, d'autre part, que I'influence de la calotte continentale 
sur la peninsule fut reduite au minimum (Bell, 1863; Chalmers, 
1886, 1906; Coleman, 1922). 

Un peu plus tard, la decouverte, dans la region de  la 
Gaspbsie, de  plusieurs blocs prkcambriens provenant des re- 
gions au nord du  Saint-Laurent demontrhrent que I'inlandsis 
avait, en partie du moins, recouvert la peninsule (Jones, 1934, 
1939; Alcock, 1935, 1944; Flint et al., 1942; McGerrigle, 1950, 
1952). 

Grant (1977) a suggere pour le Wisconsin superieur que la 
limite sud de l'inlandsis B l'est de Saint-Antonin se situait dans 
le golfe Saint-Laurent et que la peninsule Ctait recouverte par- 
tiellement par une calotte regionale se rattachant a celle du 
Nouveau-Brunswick. 

Recemment, David et Lebuis (1985) ont synthetise plu- 
sieurs annees de  travaux (Lebuis et David, 1972; Lebuis 1973a, 
1973b, 1975; Lebuis et David, 1977) et propose un modele d'en- 
glaciation et de  deglaciation pour la partie occidentale de  la 
Gaspesie. 11s diviserent la region en quatre zones (fig. 2) : du 
nord au sud, l'erosion glaciaire augmente en importance et les 
dep8ts s'bpaississent de la zone I la zone 11; ils sont absents 
dans la zone I11 et ressurgissent dans la zone IV. Cette zonation 
est due h des changements de temperature h la base du 
glacier : depuis la zone I vers le sud, la partie inferieure de la 
glace devient de  plus en plus froide pour Gtre completement 
gelee B la base, dans la zone 111. Elle se rkchauffe ensuite 
jusqu'au point de fusion dans la zone IV. 

Chauvin (1982, 1983, 1984) et LaSalle (1983, 1984, 1986) qui 
ont travail16 du  nord au sud dans la partie centrale de la penin- 
sule, ont observe un ecoulement vers le sud ou le sud-est au 
pleni-glaciaire. Sur le versant nord, Chauvin (1984) determine, 
par une etude de  dispersion d'erratiques, que la glace s'ecoulait 
vers le nord-est au tardi-glaciaire en direction de l'ouverture du  
golfe Saint-Laurent. Suite aux observations sur les surfaces 
d'erosion, les accumulations de depbts et les sediments d'altC- 
ration, LaSalle suggere que le modele de David et Lebuis (op. 
cit.) s'applique au plateau central mais avec de legeres modifica- 
tions. 

Les travaux de Bail (1983, 1985) sur le versant sud pour la 
region de New-Carlisle - Paspebiac indique I'existence d'un 
mouvement vers le nord provenant de  la calotte Escuminac. 

Cadre physique 

Physiographie 

Le territoire se situe dans la region physiographique des 
Appalaches et, pour la majeure partie, dans la division des 
monts Notre-Dame (fig. 1). La division du bas-plateau des Cha- 
leurs occupe une faible part dans le coin sud-est (Bostock, 1970). 

Figure 1. Carte de localisation et divisions physiographi- 
ques. 

Figure 2. Zones relides au regime thermique A la base du 
glacier (d'aprks David et Lebuis, 7985). Partant de la zone I vers 
le sud, la glace devient de plus en plus .. froide ,, et est gele au 
substratum dans la zone 111. 

La region se presente comme un plateau ondul6 en pente 
legere vers le sud, dont l'altitude varie de 550 B 490 m. Seules 
quelques montagnes, dont le mont Alexandre et le mont de 
I'Observation atteignent des altitudes superieures B 700 m. La 
surface est entaillee d e  profondes vallees fluviatiles. 

La region d'etude s'inshre dans l'unite tectonostratigraphi- 
que du  synclinorium de Gasp6 (Poole et Rodgers, 1972). Le 
substratum est compose essentiellement d e  roches terrigenes - 
gres, siltstone, argilites - et calcaires, d'ige siluro-devonien 
deformees lors de l'orogenie acadienne du Devonien tardif. 
Notons un conglomerat calcaire a stromatopores (formation 
West Point, Bourque 1975) qui peut presenter de  bonnes 
qualites comme indicateur lithologique. La structure (plis et 
failles principales) de ces formations s'oriente suivant une direc- 
tion regionale ouest-est (Morin et Simard, 1985). 

Des bandes d e  roches volcaniques, constituees principale- 
ment de  basalte, viennent s'intercaler dans la sequence sedi- 
mentaire. Elles ne  peuvent pas toutes 6tre utilisees comme tra- 
ceurs lithologiques avec le m6me degre de  confiance B cause de  
leur presence en petites enclaves affleurant un peu partout dans 
le secteur, en  plus d e  la bande principale exposee dans le syn- 
clinal du mont Alexandre. Cependant, l'unite de roche bpi- 
clastite - conglomerat volcanique rouge (formation West Point) 
- constitue le meilleur traceur. 



Figure 3. Marques d'6rosion glaciaire et blocs erratiques. 

~coulements  et transport glaciaire 

Le plateau ne presente presqu'aucun macro-signe d'ero- 
sion glaciaire. Les vallees ont des profils en V tr6s encaisses, le 
reseau de  drainage est entiPrement contr616 par la structure de 
la roche de  fond, les interfluves sont plats. Seules les depres- 
sions topographiques occupees partiellement par des petits lacs 
et marecages indiquent une erosion glaciaire possible. 

Cependant, trois sites de  micro et meso formes d'erosion 
glaciaire ont ete retraces (fig. 3). 

Une roche moutonnee et deux surfaces striees temoignent 
de  la presence d'une glace active qui s'ecoulait vers le sud et le 
sud-est, et, d'un mouvement orient6 NE-SW d'une direction et 
d'un Age incertains. 

Le mouvement vers le sud et le sud-est confirm6 par un 
deplacement vers le sud des traceurs lithologiques : 

- plusieurs erratiques de  roches epiclastites ont kt6 lo- 
calisks. Ils sont tous situes au sud de leur aire d'affleure- 
ment. Aucun ne se retrouve au nord de la bande d'epi- 
clastite situee dans le flanc nord du  synclinal du  mont 
Alexandre (fig. 3); 

- de plus, les erratiques de roches volcaniques sont tous 
situes au sud des aires d'affleurement. 

- seuls quelques blocs erratiques de conglomerat calcaire A 
stromatopores ont ete reperes, toujours au sud des aires 
d'exposition; 

- des blocs granitiques ont ete point& dans la partie sud 
du 113 Est de  la carte 22 A112 (fig. 3). Ces blocs appartien- 
nent A lnextr6mit6 sud-est de la trainee des monts McGer- 
rigle dejb identifiee au nord par Chauvin (1984). 

Geologie de surface 

Le repartition des sediments meubles a fait l'objet d'une 
carte dCjb publike (Cloutier et Corbeil, 1986). Les principales 
unites sont : 

I1 se presente comme un  sediment constitue soit de  frag- 
ments anguleux mono-lithologiques provenant de  l'altera- 
tion mecanique du  roc - ((rubble )) -, soit un sediment silto- 
argileux derive de  la decomposition chimique d u  sub- 
stratum - saprolite -. Entre ces deux extrkmes existent des 
diamictons monolithologiques dans lesquels des fragments 
anguleux, souvent pourris, sont englobes dans une matrice 
silto-argileuse en  gh6ra l  oxydee. Ces sediments reposent 
directement sur la roche de fond alteree sur des epaisseurs 
variant d e  30 cm A plus de  2 m. De plus, a quelques endroits 
le long d e  la route Chandler-Murdochville, nous les avons 
observes sous le till. 

Le till se presente comme un diamicton, fissile par endroits, 
variant d e  compact a liche. La matrice est silto-argileuse, 
parfois carbonatee, contenant d e  nombreux galets anguleux 

sub-arrondis et dont plusieurs sont stries. La lithologie 
variee reflete le substratum de la region avec des grhs, sil- 
tstones, calcaires et roches volcaniques, et les apports regio- 
naux avec des granites et skarns venant des secteurs monts 
McGerrigle et Murdochville au nord. Dans le coin nord-est 
de  la zone d'etude, les galets sont mono-lithologiques, stribs 
et de forme pentagonale. Dans la region etudiee, on re- 
trouve une couverture d e  till sur une grande partie du  
plateau. Le depbt est mince, presque toujours d'epaisseur 
infkrieure B 1 m. La couverture est sporadique avec de 
nombreuses percees rocheuses. Dans les depressions au- 
tour des lacs et markcages, l'epaisseur depasse 1 m. La to- 
pographie ne semble plus contrblee par le socle mais par la 
couverture de  d6pBts. Dans les flancs de vallee comme la 
riviere Saint-Jean et le ruisseau Sirois, on peut observer de  
grandes zones de placage de till ldche, sur des denivelees de 
plus de  10 m. La couleur du till varie de gris A chamois. 



- Sediments lacustres 

Dans le secteur d u  lac Triangle, on retrouve des silts bruns 
d'une faible kpaisseur (30 cm) surinontant le till. Ces silts 
sont plusieurs endroits recouverts d'un trPs mince placage 
de  matiere organique noire. 11s sont d'origine lacustre et ont 
et6 deposes dans un bassin un peu plus grand que le lac 
actuel, en le comblant graduellement. 

Mentionnons la presence de marnes qui constituent I'assise 
du lac Triangle. 

- Alluvions 

Les alluvions sont constituees surtout de graviers et de 
sables, fins par endroits, rarement stratifies, mais plut6t 
avec des coupures granulom6triques. Les graviers et blocs 
sont sub-arrondis ou arrondis. 11s recouvrent le fond plat 
des vallees sous forme de  plaines alluviales et de terrasses 
de basse altitude. 

A certains endroits (riviere Saint-Jean Sud), l'epaisseur des 
dep8ts atteint plus de 10 m dans le talus de terrasse sup@ 
rieure. I1 s'agit probablement d'alluvions d'origine fluvio- 
glaciaire lointaine, entaillees par les cours d'eau, lors du 
relevement isostatique. 

- Colluvion 

Les pentes mobilisent les sediments dejh decrits pour 
former des colluvions sous forme de talus et cbnes. 

Discussion 

Le relief actuel est typiquement d'origine fluviatile. Le pa- 
tron de  drainage est contrble soit par la structure ou par une 
ancienne surface d'erosion. Les vallees qui incisent le plateau 
presentent toutes le m&me profil caracteristique en G V ~ .  I1 
semble que des glaces n'ont eu que peu d'effet sur le model6 
actuel. Ceci rejoint le modele de David et Lebuis (1985) d'une 
glace gelke h la base pour la region. 

Cependant, les marques d'erosion glaciaire, les trainees de 
blocs locales - epiclastite, roche volcanique, conglomerat cal- 
caire - et I'etendue d e  la mince couche de till sur la majeure 
partie d u  plateau au sud d e  la riviere Saint-Jean, indiquent que 
la glace etait active - erosion, transport, deposition - pendant 
un certain temps. 

Dans le modele de  David et Lebuis, cette activite glaciaire 
aurait eu lieu soit au debut de  la glaciation ou lors du retrait de la 
glace. 

Dans une autre optique, I'extension vers I'est de la zone 111 
(fig. 2) oh la glace est gelee & la base, ne peut Gtre poursuivie. 
DejA LaSalle et David (1984) ont remarque des signes de glaces 
actives sur le plateau dans la partie sud d e  la Gaspesie. 

En conformite avec les donnees au nord (Chauvin 1983) et 
au sud (LaSalle, 1984), les stries et les trainees d'erratiques 
indiquent un ecoulement d e  la glace vers le sud ou le sud-est. 
Aucun erratique provenant du  nord du  Saint-Laurent n'a ete 
observe. Les granites localises appartiennent probablement 
tous A la trainee des mont McGerrigle (Chauvin, 1984). 

Durant la deglaciation, des eaux de fonte ont pu mettre en 
place des sediments qui ont presque tous 6te erodes lors de 
I'encaissement du  systeme fluviatile dG au relevement isostati- 
que. Seules quelques hautes terrasses demeurent au-dessus des 
terrasses et plaines alluviales actuelles. Les lacs qui ont occupe 
les depressions se sont combles ou bien vidanges par le m&me 
rhseau fluviatile s'encaissant dans les seuils. 

Comme LaSalle (1986), nous avons observe le regolithe 
parfois sous le till, parfois sur des surfaces striees. Les re- 
golithes ont donc 6th deposes & deux epoques differentes : 
avant et apres une glaciation. 
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GEOWGY OF THE STRANGE LAKE ALKALIC COMPLEX 
AND THE ASSOCIATED Zr-Y-Nb-Be-REE MINERALIZATION 

R .  R.  Miller 
Mineral Deposits Section 

ABSTRACT 
7 l e  Strange Lake Alk(11ic Complex is locared on rhe Quebec-Labmclor border it1 norrherrr Lcihrtidor. I/ c.otltuit1.v .sub.vtut~- 

rial quantities of Zr, Y; Nb, Be and REE, which are concentrated in lenses uncl veins of jrrr ~ ru ine i l  ut~dpe~tneiriric grcinitc. 

Perrographic and mapping studies have idenrijed three major subdivisions of the riebcckitc, k cregiritre ~rtrnire, hu.rcd 
on rhe volume percent of exotic minerals (many of which are ore minrmls). These subdivi.rion.v ure: exoticpoor (< 5 percent 
exoric mirtemls), exotic (5 to IOpercenr exotic minemls) and exotic-rich (r  10 percent exoric minerals). The sputiul relotion- 
ships between these subdivisions are illustrated in cross-section and plan views ($thr complex. Age relution.ships, us itrrlicute(1 
by j e l d  evidence, indicate that the exotic mineral contents increase with decreasing age 

The comparative chemistry of the subdivisions reflect the exotic mineral contents, us most incompatible c~lvmenr.~, includitrg 
Zr, Be. Y, Nb, and Th, increase in concentration with differentiation; REE concentrations and patterns al.so&l/ow this tre,ncl. 

Mineralization at Strange Lake occurs in the most exotic mineml enriched phases, which are lute staxe and enrichocl 
in incompatible elements. Concentrations of many elements are economically interesting. 

MARBLE ASSESSMENT - INSULAR NEWFOUNDLAND 

A.  F. Howse 
Mineral Deposits Section 

ABSTRACT 
An assessment of Ndoundland's  marble deposits was initiated in 1985. The project's aim is to determine the potential 

value of this marble for such industrial applicarions as fillers, whiteners and dimension stone. 

Marble of potential commercial value occurs at a number of localities in western Newfoundland. AI White Bay, deposits 
exist in the Cambro-Ordovician Coney Arm Group and in the Eocambrian White Bay Group. In  the same area, a newly iden- 
tified unit of marble and calc-silicate rocks occurs within the Precambrian tertune of the Long Range Mountains. White high- 
purity marble is found in the Ordovician St. George Group at seveml sires around Canada Bay on the Great Northern Penin- 
sula. In and around Corner Brook, marble deposits are hosted by the St. George Group and Table Head Formation. 

METALLOGENY OF NEWFOUNDLAND GRANITES - STUDIES IN THE 
WESTERN WHITE BAY AREA AND ON THE SOUTHWEST COAST 

J. 'hach 
Mineral Deposits Section 

ABSTRACT 
Gold prospects in the Silurian Sops Arm Group. White Bay area, are briefly described, and i t  is suggested that t h y  may 

have formed in epithennal-fumarolic environments. In addition, potential exists for gold minemlization associated with carbonate- 
altered ultramajc rocks along lineaments. A fluorite occurrence is described from the Devils Room Granite. 

Molybdenite andfluorite occurrences are briefly described in the Isle Aur Morts Brook and Srmwberry gmnites, southwest 
coast of N e w j o u n d l d  Anomalous mdioactivity is present in the Peter Snout and Rose Blanche east gmnires. The gold-bearing 
environments in the Cape Ray area are summarized, and additionalpo!ential for gold is noted in the Porr Aux Basques Gneiss 
and in the Bay Du Nard Group. 



METALLOGENY OF THE TULKS HILL VOLCANICS, 
VICTORIA LAKE GROUP, CENTRAL NEWFOUNDLAND 

B.F. Kean and D.T.W. Evans 
Mineral Deposits Section 

ABSTRACT 

The Tulks Hil l  volcanics are hosr to pyriric volcanogenic suljdes and are part of a thick sequence of volcanic and 
volcaniclastic rocks of the Victoria Lake Group. The gmup was deposited during the development of an early to middle Ordovi- 
cian island arc. The volcanic rocks occur within two principal volcanic units, informally termed the Tulks Hil l  and Tally Pond 
volcanics. The volcanic rocks consist of intercalcared mafic and felsic rocks that are predominantly pyroclastic; mafic pillow 
lava is more common in !he Tally Pond volcanics than in the Tulks Hi l l  volcanics. The felsic volcanic rocks occur as laterally 
extensive sheets of crystal and crystal-lithic tuff, breccia and minorflows. Sedimentary rocks consist of sandstone, silrstone, 
shale, argillite, chert and minor inferbedded conglomerate. The clastic sedimentary rocks appear to be derivedfrom the adja- 
cent and underlying volcanic rocks of the Victoria Lake Group. 

There are six principal volcanogenic sulfide occurrences in the Victoria Lake Group, four in the Tulks Hi l l  volcanics and 
two in the Tally Pond volcanics. 7he Tally Pond (Boundary) deposit and Burnt Pond prospect are both massive suljdes in 
the Tally Pond volcanics. The Tulks Hi l l ,  Tulks East and Victoria deposits are both stratifom, pyritic, Zn-Pb-Cu, massive 
suljdes in the Tulks Hil l  volcanics. The Jacks Pond deposit also occurs in the Tu1k.s Hi l l  volcanics, bur aside from a zone 
of transported clasric suljdes, it mostly appears to be a stoc!work zone. The minemlization is hosted by felsic crystal tuff, 
lapilli tuff and breccia, and are enveloped by an altemrion halo characterized by silicijcation, sericitization and chloritiza- 
tion. Disseminated and stringer suljdes are also well developed in this halo. 

GEOLOGY OF THE JACKS POND VOLCANOGENIC SULFIDE 
PROSPECTS, VICTORIA LAKE GROUP, CENTRAL NEWFOUNDLAND 

D. T. W. Evans 
Department of Earth Sciences 

Memorial University of Newfoundland 

and 

B. F. Kean 
Mineral Deposits Section 

ABSTRACT 
The Jacks Pond prospects occur in the felsic volcanic rocks of the Tulks Hi l l  volcanics, Victoria Lake Group. The Tulks 

Hil l  volcanics consist predominantly of linear belts of felsic pyroclastics and minor mafic volcanic rocks that are intercalated 
with mafic to felsic, fine grained, volcaniclastic rocks. The hosr rocks to the mineralization are variably altered, fine grained. 
felsic, lapilli tufi vitric tuff and crystal-virric ruff 

The Jacks Pond prospects consist of four pyritic, volcanogenic suljdes with low base-meral values. The minemliza,ion 
occurs mainly as disseminated and stringer sulfides in an alteration stockwork containing minor, exhalative sulfides that ex- 
hibit detrital textures. Chlori!izarion, sericitization and silicification are chamcteristic altemtion types. 

GNEISS-ANORTHOSITE-GRANITE RELATIONSHIPS IN THE ANAKTALIK 
BROOK-KOGALUK RIVER AREA (N'B 14Dl1, S), LABRADOR 

B. Ryan and D. Lee 
Labrador Mapping Section 

ABSTRACT 
Granulite and amphibolire facies gneisses of the Archean Nain Province and the Early Proterozoic Churchill Province 

are intruded by MiddleProterozoic plutons of gabbroid, intermediate and granitoid composirions. Conract aureoles are variably 
developed, the most widely recognized transformation being a pymxene hornfels assemblage developed in a Churchill Pro- 
vince, granulite facies, garnetiferous gneiss south and east of Makhavinekh Lake. Gabbmic rocks occur as isolared rafts in 
younger rocks in the Kogaluk River area, but consritute a large coherent body in the northern halfof the pmject area. In- 
termediate plutons form irregular intrusive bodies in anorthosite north of Trout Pond, bur constitute a flat-lying sheet south 
of Mukhovinekh h k e .  Rapakivi granite forms an ovoidal, steep-walled, flat-topped pluton between Makhavinekh Lake and 
Anuktulik Brook. Field relationships suggest co-existence of gabbmid, intermediate and gmnitoid compositions. Minerals of 
economic importance are limited to isolated small occurrences of labmdorire in the gabbmids, and graphiric and pyritic gossan 
zones in the metusedimentary rocks. 



PLUTONIC ROCKS OF THE EASTERN CENTRAL MINERAL BELT, LABRADOR: 
GENERAL GEOLOGY AND DESCRIPTION OF REGIONAL GRANITOID UNITS 

Andrew Kerr 
Labrador Mapping Section 

ABSTRACT 
This prelimitrary report outlines resultsfrom a three-year project initiated in late 1984 to assess the potettticrl of gmttitoid 

rocks in the eastern Central Mineral Belt for granophile ntineralization, and gather informution o t ~  the mtrjor cltrr!\. to ~t r i t l l le  
Proterozoic batholiths of which they form a part. 

Gmnitoid rocks in the area. fall into two major groups. An earlier group (Makkovikion grctttitoi[ls) consirts o/~i) l ioted 
to gneissic racks emplaced c.1.85 Ga, contemporaneous with a major period of cleformation and tnetcrmorphistn. 77tese c.on- 
trast with a younger group of posttectonic intrusions that form the c.1.65 Ga Trans-Labtador bntholirh, which is g o t t ~ r u l l ~  
undefonned or only weakly foliated over much of the study area. Although it includes layered gabbms, murrwnites ond svenites. 
the Tmns-Labmdor batholith is dominated mostly by gmnites and alkali-feldspar gmites. The northern m c r ~ i n  ofthe hutholitlt 
in this area includes a number of small, leucocmtic granite bodies whose outcrop patterns suggest that their upper surftrc~c,~ 
are cut by the present e,rosion sut$ace. Some of these bodies host Mo-Cu minemlization, and or her.^ appear to he .sl)aticrlly 
associated with hydrothermal velns containing M o  and buse metal sulfides. 

GEOLOGY OF THE SAND HILL RIVER - BATTEAU MAP 
REGION, GRENVILLE PROVINCE, EASTERN LABRADOR 

Charles F. Gower, Timothy Van Nostrand, Gordon McRoberts, 
Loretta Crisby and Stephen Prevec 

Labrador Mapping Section 

ABSTRACT 
The Sand Hil l  River - Batteau map region is subdivided into six structuml-lithological entities, namely the I )  Domino 

domain, 2) Earl Island domain, 3) Paradise metasedimentary gneiss belr, 4) Sand H i l l  Big Pond gabbronorite, 5) Paradise 
Arm pluton, and 6) the White Bear Arm complex. The Domino and Earl Island domains consist of gmnitoid plutonic rocks 
and orthogneiss, together with layered majic intrusions and rare metasedimentary gneiss. The Paradise metasedimentary gneiss 
belt comprises cordierite-garnet-sillimanite-kyanite pelitic gneiss with minor quartzile, psammitic gneiss, calc-silicate rocks 
and amphibolite. Sapphirine and orthopyroxene are present in mefasedimentary gneiss adjncent to the Sand Hi l l  Big Pond 
gubbronorite. The Sand Hi l l  Big Pond gabbmnorite and White Bear Arm complex are both composed of anorthosite, norite. 
gabbro and monzonite, and are interpreted as having been contiguous prior to the emplacement of the linear Paradise Arm 
pluton. Orher rocks mapped include pre-Grenvillian mafic dikes of various ages, and late Precambrian - early Paleozoic north- 
northeast- trending mafic dikes. 

Regional structures have a consistent west-northwest trend and a& associated with right folds and major strike-slip faults. 
A north-directed thrusi was mapped in the norrheast part of the area. Many prominent phorolineaments arc interpreted to 
b'e related to post-Grenvillian faulting and dike emplacement. 

The best for economic mineralization are sulfide-rich zones and muscovite-rich pegmatite in the P~lradise 
metasedimentary gneiss belr. 

THE ATIKONAK RIVER MASSIF AND SURROUNDING 
AREA, WESTERN LABRADOR AND QUEBEC 

Nunn G.A.G., Emslie R.F., .Lefebvre C.E., 
Noel N. and Wells S. 

Labrador Mapping Section 
and 

Geological Survey of Canada 

ABSTRACT 
The Atikonak River massif is a suite of troctoliric, noritic and anorthosiric rocks in southwestern Labmdor. Sparially related 

pyroxene quartz monmnite and mpakivi-textured quartz syenite to gmnite occur with the anorthositic rocks in an association 
that is common to anor!hosi!ic suites elsewhere in Labrador. Areas ofpamgneiss and K-feldsparporphyritic gmnite also occur 
in and around the massif: 

Magmatic structures and textures are well preserved in the Atikonak River massifand clearly demonstrate that intrusion 
of the basic magmas was not accomplished as highly crystalline mushes. Widespread development of minemlogical layering, 
including gmded and cross-bedded varieties, attests to the presence of substantial amounts of liquid at rhe time of intrusion. 
Evidence of sub-solidus reaction between olivine and plagioclase is common in crystal cumula!es in the massif: Al present 
i! is unclear to what extent such reactions rook phce during cdulirrg ufrlte tmssif$wtrr magmatic tcmpcmturcs, or arc thc 
result of later regional metamorphism. 

The massif is rimmed on the northwest side by monzonitic and mpakivi-textured rocks, which are in turn adjacent to 
pamgneiss that is intruded by gabbronoritic and granitoid plutonic rocks. On the southeast side, the anorthositic rocks ther- 
mally affect part of a gabbronorire body. In  the southeasr of the map area, the anorthositic rocks and the amphibolite equivalents 
of the gabbronorite are intruded by a suite of predominantly equigmnular or  Kyeldrpar megacrystic granitoid rocks. 



ORDOVICIAN SEDIMENTARY STRATA OF THE PISTOLET BAY AND 
HARE BAY AREA, GREAT NORTHERN PENINSULA, NEWFOUNDLAND 

Ian Knight 
Newfoundland Mapping Section 

ABSTRACT 

Autochthonous Ordovician carbonate and siliciclastic rocks occur between Cambrian dolostones in the west and 
allochthonous sedimentary rocks of the Northwest Arm Formation in the eastern pari of the map area. The Lower Ordovician 
St. George Group comprises four formatiom, the Wans Bight, Boat Harbour, Catoche and Aguathuna formations. fiur lithologic 
members are delineated in the Catoche Formation within undolomitizedpamutochthonorcs strata. The members, in ascending 
onier, are: I )  lower burrowed limestone, 2) middle mound, 3) upper burrowed limestone, and 4) white limestone. 7he Aguathuna 
Formation, which is mapped in this area for thefrst time, is thin and appears to rest disconformably upon the Catoche Fonna- 
tion. 7he Table Head Group comprises only the Table Point, Black Cove and Cape Cormorant formations. Fenestral limesfones 
form an important member at the base of the Table Point Formation. 

A number of erosional disconformities occur near the top of the St. George Group and the base of the Table Head Group. 
Growlh faults breached the platform during the late Arenig, coinciding with regression on the platform and later early Llanvirn 
tmnsgression. Shale-filledjissures, erosion and cementation at the top of the Table Point limestoqe, and abundance of Table 
Head-derived limestone breccias andpossible olistoliths, suggest the area preserves the complexfinal stages of the Ordovician 
platform. 7he carbonates were succeeded by Middle Ordovician flysch, which flooded southwestward into the area. 

Defomtion began with the emplacement of Lower Ordovician melange (Northwest Arm Formation) over the flysch basin 
and weshuard thrusting ofpamutochthonous limestones. This was followed by a later phase of compression in which a penetrative 
cleavage, westward-verging thrusts, northeast-trending. upright t o  overturned folds, and overthrusting, deformed the eastern 
hayof the carbonate termne, thejlysch basin and the overlying melange. The carbonate rermne was later extensively block 
foulred by northeast-, northwest-and west-trending high-angle faults. 

Widespread sphalerite minemlization occurs in the Boat Harbour and Catoche formations within matrix breccias and 
secondary dolostones. Formation of cavern breccias and widespread dolomirization may have been partly controlled by the 
growth faulting that dissected the platform during late Arenig regression and karstification. 

GEOLOGY OF THE CENTRAL PORTION OF THE 
HERMITAGE FLEXURE AREA, NJ3WFOUNDLAND 

S.J. O'Brien, W.L. Dickson, and R.F. Blackwood 
Newfoundland Mapping Section 

ABSTRACT 
The oldest known rocks in the region are pre-Middle Ordovician mafc meta-igneous complexes, represenrittg vestiges 

of either the crust of an ocean basin or the roots of a remnant arc. These rocks form the substrate to a thick succession of 
silicic volcanic and sedimentary rocks, most of which are of Middle Ordovician age. During the Silurian, the Hermitage Flex- 
ure area was affected by a tectono-thermal even!, marked by large scale recumbent folding and greenschist to amphibolite 
facies metamorphism and migmatization. Major synkinematic, multiphase batholiths, containing significant proportions of 
hornblende-biotite tonalite and granodiorire, were intruded at this time. The gmnitoids are essentially deformed throughout, 
and ure affected by major D, mylonire zones. Thermal relaration of thickened crust resulted in the production of post D, , 
syn D2 muscovite-bearing granites, possibly by progressive partial melting of peraluminous parental material. The area is 
host to a variety of mineral occurrences, including volcanogenic base metals and umnium, and granite-hosted uranium, 
molybdenum, tin and tungsten. The potential for epithermal-fumerolic gold minemlization in the volcanic and comagmatic 
intrusive rocks is high. 

QUATERNARY EXPLORATION AND SURFICIAL MAPPING 
IN THE LETITIA LAKE AREA, LABRADOR 

Martin Batterson and Paul LeGrow 
Quaternary Geology Section 

ABSTRACT 
Investigations in the Letitia Lake area focused on 1:50,000 scale termin mapping of the northern half of 13L/l and the 

southern portion of I3L/8 and detailed Quaternary exploration around Two-Tom Lake. Termin mapping focused on ground 
verifying an air photogmph interpretation; till sampling and locating ice flow indicators. Evidence of three flows was found, 
all probably related to the Late Wisconsin, with the Iaresrjlow being generally west to east (072-080). Detailed studies followed 
up a previously reported mdiometric anomaly that was confirmed by an airborne scintillometer survey. A ground program. 
consisting of bedrock and boulder mapping, idenriJied two distinct, minemlized, syenite-gneiss, boulder tmins and seveml 
areas of previously unmapped mineralized bedrock. In addition, a ground scintillometer survey was used to enhance the air- 
borne survey, and a biogeochemical progmm was initiated with the aim of defning dispersal patterns. 





ERRATA 

Geoloqical Paper 86-1A 

Current Research, Par t  A 

Report 28: Submersible observations and origin o f  an iceberg p i t  on the Grand Banks of 
Newfoundland: J.V. Barrie, W.T. Collins, J.I. Clark, C.F.M. Lewis, and D.R. Parrot t .  

p. 255: The scale bar i n  Figure 28.4 should represent 100 m, not  50 m. 

p. 257: Insert "The result of this loading has been observed to  be primari ly a bearing 
capacity fai lure under an inclined load" between the f i f t h  a r ~ d  sixth sentences 
o f  the second paragraph. 

Report 65: Notes on the Proterozoic Thule Group, northern Ba f f in  Island: G.D. Jackson. 

p. 542: In Figure 65.1, west and southwest of Dundas, the Thule Group pattern should 
be present on the larger island, nor th of the fau l t  on the smaller island and by 
the shore of the smaller island, just north of the same fault .  

p. 543: I n  the l e f t  column, th i rd  l ine f r o m  the bottom, "Cadogan Glacier" should read 
"Kissel Gletscher". 

p. 549: The f i r s t  l ine af ter  the heading "Dundas Formation" should read "Seen only 
br ie f ly  a t  Dundas Mountain near Dundas, ...". 

p. 551: I n  the r ight  column, twe l f th  l ine f rom the top, "Wolstenholme" should read 
"Northumberland". 
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NOTE T O  CONTRIBUTORS 

Submissions t o  t he  Discussion section of Current Research a re  welcome f rom 
both the  s t a f f  of t he  Geological Survey and f rom the  public. Discussions a r e  l imited 
t o  6 double-spaced typewri t ten  pages (about 1500 words) and a r e  subjec t  to  review 
by the  Chief Scientif ic Editor. Discussions a r e  r e s t r i c t ed  t o  t h e  sc ient i f ic  con ten t  
of Geological Survey repor ts .  General  discussions concerning branch o r  government 
policy will not  be accepted .  I l lustrations will be  accep ted  only if ,  in the  opinion of 
t he  editor,  they a r e  considered essential .  In any case  no redraf t ing  will b e  
under taken and reproducible copy must accompany the  original submissions. 
Discussion is l imited t o  r ecen t  r epo r t s  (not more  than 2 yea r s  old) and may be  in 
e i ther  English or French. Every e f fo r t  is made t o  include both Discussion and Reply 
in t he  s ame  issue. Current Research is published in January and July. Submissions 
should be  sen t  to the  Chief Scientif ic Editor, Geological Survey of Canada, 
601 Booth St ree t ,  Ot tawa,  Canada, K1A OE8. 

AVIS AUX AUTEURS D'ARTICLES 

Nous encourageons t an t  le personnel d e  la Commission g6ologique que  le grand 
public 2 nous f a i r e  parvenir  des  a r t i c l e s  des t ines  i la section discussion d e  la 
publication Recherches en cours. Le t e x t e  doit  comprendre  au  plus six pages 
dactylographi6es ?I double interl igne (environ 1500 mots), t e x t e  qui peut f a i r e  I'objet 
dlun reexamen par le redacteur  en chef scientif ique.  Les discussions doivent s e  
l imiter a u  contenu scientif ique d e s  rappor ts  d e  la Commission g6ologique. Les 
discussions genera les  sur la Direction ou l e s  politiques gouvernementa les  n e  seront  
pas  acceptees .  Les i l lustrations n e  seront  a c c e p t e e s  que  dans  la mesure  oh, selon 
I'opinion du redacteur ,  el les seront  considerees comme essentielles. Aucune 
re touche ne  sera  f a i t e  aux t ex t e s  e t  dans tous les ca s ,  une copie qui puisse & t r e  
reproduite doit accompagner  les  t ex t e s  originaux. Les discussions en f r a n ~ a i s  ou en 
anglais doivent s e  l imi ter  aux rappor ts  r ecen t s  (au plus d e  2 ans). On s lef forcera  d e  
f a i r e  coincider l e s  a r t i c l e s  des t ines  aux rubriques discussions e t  reponses dans le 
meme  numero. La publication Recherches en cours paraPt en janvier e t  en juillet. 
Les ar t ic les  doivent & t r e  renvoyes au redacteur  en chef  scientif ique: Commission 
g6ologique du Canada,  601, rue Booth, O t t awa ,  Canada,  K1A OE8. 
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