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Evolution and Hydrocarbon potential of the 
Queen Charlotte Basin, 

British Columbia 

INTRODUCTION 
The Queen Charlotte Basin is one of Canada's hydrocarbon explo- 
ration frontiers. In 1987, the Geological Survey of Canada began a 
multidisciplinary basin analysis project for the basin under the aus- 
pices of the Frontier Geoscienee Program (FGP). The purpose of this 
Frontier Geosciencc Program is to provide policy makers and the Cana- 
dian public with the best possible assessment of hydrocarbon poten- 
tial in the Basin. The FGP mandate specifies four pri~nary areas of sci- 
entific investigation: 1) deep crustal structure; 2) internal basin 
geology, 3) source rock potential and thermal evolution, and 4) h a  
ards to development. A team of 49 scientists was assembled from the 
Geological Survey of Canada, the University of British Columbia, the 
University of Ottawa, and the private sector. Disciplines brought to 
the program include: biostratigraphy, sedimentology, seabed mapping, 
potential field mapping, seismic reflection and.refraction surveying, 
geological mapping, volcanology, thermal and geochemical analysis. 
and isotopic dating. Preliminary reports of many of the studies have 
been published by the Geological Survey of Canada in its annual pub- 
lication Current Research for the past three years. The 3 1 papers in 
the present volume range from final products to interim reports; cer- 
tain investigations are still in progress. Nonetheless this volume and 
the accompanying maps provide a significant contribution to our 
understanding of the evolution and hydrocabon potential of the of Queen 
Charlotte Basin. 

The Queen Charlotte Basin includes all Middle Jurassic and 
younger stratigraphic units. During Tertiary, Cretaceous and Middle 
Jurassic time the Queen Charlotte Islands probably formed part of a 
larger basin that extended west of today's continental margin. Today, 
the basin is restricted to Hecate Strait, Queen Charlotte Sound, and 
Dixon Entrance. 

Commercial quantities of petroleum, if present in the basin, 
will likely be found in the offshore regions of Hecate Strait and 
Queen Charlotte Sound. However, lack of offshore seismic reflection 
data displaying stratigraphic and structural relationships beneath the 
cover of Tertiary clastic and volcanic rocks leaves onshore geology 
as the only means of inferring pre-Tertiary offshore relationships. For- 
tunately, this is not true for the Tertiary: the complex structural and 
stratigraphic relationships between volcanic and sedimentary rocks 
mapped onshore are well imaged on reflection profiles offshore. To- 
gether with potential field, heat flow and refraction data, an increas- 
ingly comprehensive database is becoming available for the interpretation 
of Tertiary geologic history. 

Seeps of "live" oil on-land fuel speculation that hydrocarbon ac- 
cumulations are geologically possible. The on-land distribution and 
character of thermally mature, Lower Jurassic organic-rich shales are 
now known in detail. Very recently a geochemical link was established 
between hydrocarbons in these potential source rocks and oil stains 
in Tertiary strata drilled offshore. These discoveries imply that some 
Lower Jurassic source rocks must exist offshore and that mature hy- 
drocarbons migrated into the younger Tertiary succession. Oc land, 
Cretaceous sandstones having some reservoir potential locally over- 
lie source strata directly. The structural and stratigraphic history de- 
ciphered to date suggests that Tertiary strata may also directly over- 
lie source rocks. 

INTRODUCTION 
Le bassin de la Reine-Charlotte est I'unc dcs regions pionnitres au 
Canada ob I'on effectue des travaux d'exploration des hydrocarbu- 
res. En 1987, la Commission geologiquc du Canada a entrepris un pro- 
jet d'analyse pluridisciplinaire du bassin sous les auspices du Progmmme 
gtoscientifique des regions pionnibres (PGP). Ce programme a pour 
objectif de four-nir aux decideurs et 21u grand public canadien la 
meilleure Cvaluation possible du potentiel en hydrocarbures de ce bassin. 
I1 est pdcis6 dans le mandat du PGP quatre principaux domaines d'anal- 
yse scicntifique : 1) la structure profonde de la crocte; 2) la gkologie 
inte~ne du bassin, 3) le potentiel et I'Cvolution thermique de la roche 
mkre et 4) les obstacles B la mise en valeur. Une Cquipe de 49 scien- 
tifiques de la Commission gkologique du Canada, de I'UniversitC de 
la Colombie-Britannique, de I'Universitk d'Ottawa et du secteur 
privC a CtC formCe. Les disciplines dont btnCficie le programme sont 
les suivantes : la biostratigraphie, la sedimentologie, la cartographie 
du fond octanique, la cartographie du champ potentiel, la sismique 
rkflexion et la sismique refraction, la cartographie gCologique, la 
volcanologie, I'analyse de donnCes thermiques et g6ocliimiques et la 
datation isotopique. Les rapports pltliminaires de plusieurs de ces Ctudes 
ont ttC publiCs par la Commission geologique dans ses publications 
annuelles sur les Recherches en cours au cours des trois demitres an- 
116es. Les 31 documents contenus dans le present volume sont des r a p  
ports finaux ou provisoires; de nombreuses Ctudes ne sont pas encore 
tetmides. Toutefois, le prCsent volume et les cartes jointes con- 
stituent une contribution importante B la reconstitution de I'Cvolution 
du bassin de la Rcine-Charlotte et B la determination de son poten- 
tie1 en hydrocarbures. 

Le bassin de la Reine-Charlotte comprend routes les unites 
stratigraphiques depuis le Jurassique moyen jusqu'i plus rCcent. Au 
cours clu Tertiaire, du CretacC et du Jurassique moyen, les iles de la 
Reine-Charlotte faisaient probablement partie d'un plus grand bassin 
qui s'etendait i I'ouest de la marge continentale actuelle. Aujourd'hui, 
le bassin se limite au dCtroit d'Hkcate, au dCtroit de la Reine-Char- 
lotte et B I'entrCe Dixon. 

Si le bassin contient des quantitCs commerciales de pCtrole. on 
devrait Cgalement en trouver dans les regions au large du dCtroit d'HC- 
cate et du detroit de la Reine-Charlotte. Cependant, comme les don- 
nCes de sismique rCflexion recueillies au large des cBtes indiquant 
les liens stratigraphiques et structuraux au-dessous de la couverture 
de roches clastiques et volcaniques tertiaires sont insuffisantes, le seul 
moyen d'infCrer les liens extrac8tiet-s prC-tertiaires est d'analyser la 
giologie littorale. Heureusement, eela ne s'applique pas aux roches 
tertiaires : les liens structuraux ct stratigraphiques complexes qui ex- 
istent entre les roches volcaniques et sedimentaires cartographikes 
sur le littoral sont bien reprCsentCs sur les profils de dismique kflex- 
ion recueillis au large. En ajoutant les donnCes sur le champ poten- 
tiel, I'Ccoulement thermique et la sismique refraction, on obtient une 
base de donnees de plus en plus complkte pour I'interprCtation de la 
gCologie tertiaire. La prksence d'indices de pttrole sur les iles de la 
Reine-Charlotte laisse supposer qu'il est geologiquement possible que 
des hydrocarbures s'y soient accumules. La distribution sur terre et 
les caractCristiques des schistes argileux riches en matikre organique 
et thermiquement mature du Jurassique infCrieur n'ont pas CtC deter- 



Although this program focuses on hydrocarbon potential. it also 
recognizes the need to understand the natural hazards that could af- 
fect exploration andtor development. Traditionally, hazard assessment 
has involved engineering tests on sediment cores combined with 
high resolution, single-channel seismic surveys and seabed map- 
ping-methods designed to determine the relative stability of the sea 
bottom and the physical forces that might disrupt it. However, other 
environmental issues have arisen. There are fears within the fishing 
industry and among other concerned Canadians that exploration tech- 
niques, such as multichannel seismic surveys employing large airgun 
arrays, have a negative impact on sea life, especially fish stocks. To 
examine this issue, resources were allocated to a baseline study of plank- 
ton and fish larvae density and distribution in Queen Charlotte Sound 
and Hecate Strait. Understanding the diversity and quantity of marine 
life is a crucial first step in the preparation of an environmental im- 
pact assessment. We acknowledge the advice and willing participa- 
tion of the Federal Department of Fisheries and Oceans. 

An indefinite moratorium on hydrocarbon exploration along 
Canada's west coast was imposed by the Federal Government in 
1972; its purpose is to prevent crude oil tankers from travelling 
through Dixon Entrance, Hecate Strait and Queen Charlotte Sound 
en route from the Trans-Alaska pipeline terminal in Valdez, Alaska. 
Subsequently, a federal Order-in-Council indefmitely relieved existing 
offshore exploration permit holders of their obligations to conduct ex- 
ploratory drilling in these waters and prohibited any further drilling. 
In 198 1, the Province of British Columbia reinforced the moratori- 
um by declaring these waters to be part of an Inland Marine Zone. The 
moratorium on exploration remains indefinite pending an agreement 
between the Federal and British Columbia governments on terms and 
conditions for the resumption of hydrocarbon exploration. Contributions 
of the Queen Charlotte Islands Frontier Geoscience Program repre- 
sent a scientific framework essential to policy formulation and to ne- 
gotiations between different levels of government. 

D.J. Tempelman-Kluit, 
Director, Cordilleran Division, 
Geological Survey of Canada 

minees en dttail; on a ttabli trks rkemrnent un lien gkochimique entre 
les hydrocarbures et ses roches mkres potentielies et les taches de ptt- 
role observCes dans les couches tertiaires forCes au large des cBtes. 
Ces dCcouvertes indiquent qu'il doit exister au large des roches 
mkres du Jurossique infCrieur et que des hydrocarbures matures ont 
migrC vets la succession tertiaire plus rtcente. Sur terre, les grks crk- 
tacis prisentant un certain potentiel de roches rkservoirs reposent di- 
recternent par endroits sur des couches mtres. Selon I'histoire struc- 
turale et stratigraphique reconstitute ii ce jour, les couches tertiaires 
pourraient Cgalement reposer directement sur des roches mkres. 

M&me si ce programme est axC sur la dktermination du poten- 
tie1 en hydrocarbures du bassin, i l  est nCcessaire de connaitre les 
dangers naturels qui pourraient contrecarrer I'exploration ou la mise 
en valeur de ces ressources. Traditionnellement, I'tvaluation des 
dangers consistaient i rCaliser des essais techniques sur des carottes 
de skdiments combinCs i d e s  IevCs sismiques monocanaux i haute re- 
solution et i cartographier le fond ocCanique - mCthodes conyes pour 
dkterminer la stabilitt relative du fond ocCanique et les forces 
physiques qui pourraient le perturber. Or, d'autres questions envi- 
ronnementales ont Cmerge. I1 s'agit des craintes exprimtes par I'in- 
dustrie de la pCche et par d'autres Canadiens qui croient que les 
techniques d'exploration, comme les levts sismiques multicanaux met- 
tant en oeuvre de grands dispositifs de canons 21 air, auront des reper- 
cussions nCgatives sur la vie marine, en particulier sur les stocks de 
poissons. Pour analyser cette question, des ressources ont CtC affec- 
ttes i une Ctude de base sur la densitt et La distribution des planctons 
et des larves de poisson dans les ditroits de la Reine-Charlotte et d'Ht- 
cate. A la premiere etape de la prkparation d'une tvaluation des 
rkpercussions sur I'environnement, il est crucial de connaitre la diversitt 
et la quantitC des organismes marins. Nous remercions done le min- 
istkre f6dCral de PCches et OcCans pour leurs conseils et leur partic- 
ipation spontante. 

En 1972, un moratoire indCfini sur I'exploration des hydro- 
carbures le long de la c8te Ouest du Canada a CtC impost par le gou- 
vemement federal; il visait 21 empCcher les pktroliers en provenance 
du terminal du pipeline trans-alaskien i Valdez (Alaska) de travers- 
er I'entrCe Dixon et les ditroits d'H6cate et de la Reine-Charlotte. Par 
la suite. un ordre en conseil du gouvernement federal a relevC, pour 
une pkriode indkfinie, les dktenteurs de permis d'exploration ex- 
tracetikre de leurs obligations de rialiser des forages d'exploration dans 
ces eaux et a interdit tout forage suppltmentaire. En 1981, la province 
de la Colombie-Britannique a remis en vigueur le moratoire en 
declarant que ces eaux faisaient partie d'une zone marine intkrieure. 
Le moratoire sus I'exploration est maintenu jusqu'i ce qu'un accord 
intervienne entre le gouvemement ftdtral et celui de la Colombie- 
Britannique sur les modalitCs de la reprise de I'exploration des hy- 
drocarbures. Les contributions faites par le Programme gCoscien- 
tifique des rCgions pionnitres dans les iles de la Reine-Charlotte 
reprtsentent un cadre scientifique essentiel i la formulation de poli- 
tiques et la tenue de nCgociations entre les difftrents niveaux de gou- 
vernement. 

D.J. Tempelman-Kluit, 
Directeur, Division de la gtologie de la Cordillkrie, 

Commission gtologique du Canada 



Late Triassic through early Tertiary evolution 
of the Queen Charlotte Basin, British Columbia, 

with a perspective on hydrocarbon potential 

R.I. Thompson', J.W. ~aggart '  and P.D. ~ e w i s ~  

Thompson, R.I., Haggart, J.W., and Lewis, P.D., Late Triassic through early Tertiary evolution of the Queen Charlotte Basin, British 
Columbia, with a perspective on hydrocarbon potential; in Evolution and Hydrocarbon Potential of the Queen Charlotte Basin, British 
Columbia, Geological Survey of Canada, Paper 90-10, p. 3-29, 1991. 

Abstract 

The stratigraphic succession of the Queen Charlotte Islands is composed of two, lithologically distinct, tectonostratigraphic 
packages. The older package comprises the classic Wrangellian succession: a thick sequence of Upper Triassic vol- 
canic rocks (Karmutsen Formation) overlain by Upper Triassic and Lower Jurassic carbonates, siliciclastics, and 
minor tuffs (Kunga and Maude groups), aN deposited in a stable shelf setting. The extensive distribution of very sim- 
ilar Wrangellian rocks across the Insular Belt reflects deposition in a continuous and widespread Late Triassic-Early 
Jurassic basin. 

A regional Middle Jurassic (Bajocian) unconformity marks the end of Wrangellian deposition in the Queen Char- 
lotte Islands and the initiation of a volcanic arc (Yakoun Group). Rocks beneath the unconformity experienced south- 
west-directed folding and contractional faulting, and this is not reflected in the overlying strata. This deformation 
event may have resultedfiom the accretion of the Wrangell Terrane with North America. 

A distinct change in sedimentation style is reflected in the composition and facies of the overlying stratigraphic suc- 
cession, the second tectonostratigraphic package present in the Queen Charlotte Islands. The sedimentary strata of 
this package are composed dominantly of coarse clastics rather than carbonates. The thickness, facies, and distri- 
bution of many of these strata appear to have been controlled by Late Jurassic, Cretaceous, and early Tertiary syn- 
depositional block faulting. This package includes the Yakoun and Moresby groups (Middle Jurassic), the Longarm 
Formation and Queen Charlotte Group (uppermost Jurassic? to Upper Cretaceous), and Tertiary rocks. Although 
strata of similar age to the second package are found on Vancouver Island and in the southern Coast Mormtnins, con- 
tinuity of nzap units between the Queen Charlotte Is1and.t and these regions can tlot be dernonstruted. 

A second episode of folding and thrust fuultittg occurr.ed in the Late Cl-etaceous andlor early Tertiury. Newly rec- 
o~tzized notirnar.ine clastic rocks of Eocene andlot. Oligocc~ne uge (unnunzed) constrain the age of this dejormatiorz. 
Widespread volcanisni (Masset Formation) postdates this second slzortening event, accontpanred by depositioil of a 
thick succession of marine and normtar-ine Miocene and Pliocene sedimentary rocks (Skonun Formation). 

Parts oftlze K~tnga and Mulrde groups ha1.e good so~rr.ce-rock potential. Possible resot.voir rocks include the basal 
transgre.ssive phase of the Cretaceous s~4ccession (Longarm and Haida formations) arld Tertiary sandstones (Sko- 
nun Formation). J~4.rtaposition oj.reser~~oir rocks over source strata has been docunlented on-land; a similar I-ela- 
tionship is likely for local i.egiotzs qffshore. 

LEs iles de la Reine-Char.lotte sont cornposc'cs de deLc.r slrcc.e.ssioi1.s trctorlost~.atig~.aphiq~res : 1 )  des roches volcatziq~ie.~, 
des calcaires et des laches .silicoclastiques rlu Tt.ius supc;rie~ir et du Jurassique infe'rieur de 1afoi.mation de Karmutsen 
et des groupe de K~mga et de Maude respectivernent; et 2 )  des roches volcaniques, d14 81'6s. du schiste argile~r et du 
conglonzh-at du Jurussique moyen, du CrPtucf et drr Tertiaire faisunt partie des RI-oupes de Yakoun et de Moresby 
(.lurassiqlre moyen), de la formation de Longarm (Crf'tacc; itfirieur), du groupe de Queen Charlotte (Cl-itact!), des 
formations de Masset et de Skonun (Tertiaire) et de plusieiirs unitfs cartographiques non de'signfes. 

La succession tectotzostratigru~~I~ique /a plus anc.iennc s'est nccumulie sur le fiagntent continental de la Wrangel- 
liu. L'activird volcunique mujiq~re d~r Trias supe'rieur a f t f  suivie d'une subsidence synch~.orze lente accompagne'e d'un 
dfpdt de roches carbortate'es et c1astiqlie.s de plate-fornze. Selon les donnkes fosales et palPomagne'tiques recueillies, 
la Wrangellia se trolrvait ci des latitudes plus basses pendant le Trias et le dfbut du Jurassique. Le dkplacetnent vers 
le nord, ac.compagnk d'une segmentution et d'une accrftion c'ventuelle de la Wrangellia ci /a ntarge cot~tinentale du 
Canada et de I'Alaska, a eu lieu ent1.e Ie Jurassrque nloyen et le Crc;tacL: supe'rieur. 

' Cordilleran Division, Geological Survey of  Canada. 100 West Pender Srrcet. Vancouver. B.C. V6B I R8 
Department of  Geological Sciences. University of  British Columbia. 6339 Stores Road, Vancouver. B.C. V6T 284 



Un plissement et un chevauchemetzt 6 direction nord-est a accompagnk la dkformation et le plutonisme du Jurassique 
moyen dans les iles de la Reine-Charlotte. AprPs Ie Jurassique moyen, il y a eu un changement de style de skdimen- 
tation mis en kvidence par la composition et le faciPs de l'assemhlage tectono-stratigraphique le plus rkcent. Les zotzes 
d'origine haient proximales et les hassins ktaient de taille relativement petite. M2me si Ies caracth.istiques de ces 
roches sont typiques de couches d'6ge semhlahle dans I'ile de Vancouver et dans le sud de la chafne CBtiPre, il n'a 
pas 6th possible d'ktablir une corrklation des unitks cartographiques entre ces r6,qions. Durant le Jurassique 
supbieur et le Crktace', un morcPlement par failles synskdimentaire a eu des rkpercussions sur I' kpaisseur, le faciPs 
et la distribution des unitks au sein de skquences de grPs-schiste argileux transgressives. Ce style de sedimentation 
s'est poursuivi jusqu'au Tertiaire. Des roches clastiques marines et non marines (non dksignkes) rkcemment dt!couvertes 
de I'EocPne et de I'OligocPne se son! accumulkes d la mCme kpoque par dkhordement de roches pyroclastiques et 
de coul~es mafiques (non dksignkes). Un de14xiPme kpisode de plissements et de chevauchements 6 direction nord- 
est a eu lieu pendant lafin de I'OligocPne etlou au debut du MiocPne. La rkactivation de l'activith volcaniq~le (for- 
mation de Masset) a ktk accompagnke de la skdimaltation de dkp8ts kpais de roches clastiques miocPnes et pliocPnes 
Cformation de Skonun). 

Des parties des groupes de Kunga et de Maude offrent de honnes possihiliths de contenir des roches mPres. Les roches 
rkservoirs possibles sont notamment les formations de Longarm et de Honna et les grPs tertiaires. La juxtaposition 
de roches rkservoirs au-dessus de roches mPres a 6th reconnue sur terre; les m2me.s liens pourraient e,uister au large. 
Pour ident13er les cibles crktackes au large des ctites, il faudra acqukrir des donnkes de sismique rkjlexion de rneilleure 
rksolution dans les rockes sous-jacentes aux roches clastiques et volcaniques tertiaires. 

Le bassin de la Reine-Charlotte possPde plusieurs caractkristiques ge'ologiques semhlahles a celles de ['inlet Cook 
(Alaska) : I )  ils on! tous les deux kvoluks dans des milieu-Y d'avant-arc, 2 )  des suintements de pktrole brut ont ktk 
ohservb, 3) ifs sont surtout composhs (aprPs le Jurassique infkrieur) de grPs feldspatholitique, 4 )  ils sont caractkrisks 
par une histoire tectonique complexe qui s'est traduite par la juxtaposition de couches rkservoirs au-dessus de couch- 
es mPres, 5)  la maturation et la migration des hydrocarhures n'a pas eu lieu avant le Tertiaire et 6 )  ils ont suhi au 
Tertiaire infkrieur une dkformation qui a pu uker  des piPges d'hydrocarbu~.es. 

INTRODUCTION 
Cumulative production from the Cook Inlet Basin, southern 

Alaska (Fig. l), to December 3 l ,  1984 is 1.5 billion barrels of oil; re- 
coverable reserves exceed 1.1 billion barrels. The largest gas field has 
estimated recoverable reserves of 235 billion cubic metres of d ~ y  gas. 
Undiscovered reserves are estimated at 0.3-1.4 billion barrcls of oil 
and 17-76 billion cubic metres of gas. 

Fifteen hundred kilometres southeast of Cook Inlct, the Quccn 
Charlotte Basin on Canada's wcst coast (Fig. I) has ncvcr produccd 
oil or gas and, to date, has no proven hydrocarbon reserves. It docs, 
however, have a stratigraphic and tectonic history comparable in 
several respects to that for Cook Inlet. Does this suggest it has the po- 
tential to equal Cook Illlet as a hydrocarbon producer'? In an attempt 
to address this question, this paper describes the iatc Triassic through 
early Tertiary geologic history of the Queen Charlotte Basin and 
how it may relate to hydrocarbon potential. 

In Cook Inlet, oil fields occur near the basin margin, where 
Tertiary reservoir rocks unconformably overlie Middle Jurassic 
source strata. Exploration is based on a two-part geological model (Ma- 
goon and Claypool, 198 1): 1) burial and maturation of Jurassic source 
rocks during the Cretaceous and early Tertiary was followed by up- 
dip migration of hydrocarbons into conglomerate and sandstone 
reservoirs of Oligocene age; 2) hydrocarbons were remobilized dur- 
ing Pliocene and Pleistocene deformation, filling new traps created 
in faulted anticlines and upturned stratigraphic pinchouts. The model 
is constrained by detailed geological mapping around the basin mar- 
gins; interpretation of thousands of kilometres of industry seismic re- 
flection data; and stratigraphic, biostratigraphic, and geochemical 
examination of morc than l200 exploration wells. 

\ 

Queen Charlotte 

St= Stikine Terrane 

Ax= Alexander Terrane 

W= Wrangell Terrane 

P =  Peninsular Terrane 
Cg= Chugach Terrane 

The Queen Charlotte Basin, in contrast, is an exploration fron- 
tier. Between 1958 and 1961 Richfield Oil Corporation drilled 6 i=igure : Terrane map of the western part of the cordillera showing 
wildcat wells on northeastern Graham Island and Shell Oil drilled 8 the locations of Queen Charlotte Basin, British Columbia, and Cook 
more wells offshore between 1967 and l969 (Fig. 2; Shouldice, Inlet Basin, Alaska. 



1971). Marinc seismic reflection covcragc is sparse ancl of poor qual- 
ity. In 1972 the Federal Goc'clnmcnt imposed an indefinite Inorato- 
rium on offshore hydrocarbon cxploration (West Coast Offshore Es- 
ploration Environmental Assessment Panel. 1986). 

Does the geologic history that led to hydrocarbon maturation, mi- 
flation, and accumulation in Cook Inlet apply to the Queen Charlotte 
Basin as well? There arc important geologic parallels belwecn the two 
regions. In Cook Inlet. source rocks are Jurassic sandstoncs (Magoon 
and Claypol. 1979); in the Queen Charlotte Basin the most likely source 
rocks are organic-rich Upper Triassic to Lower Jurassic carbonate and 
shale (Macauley, 1983: Macauley et al., 1985; Vellutini, 1988: Vel- 
lutini and Bustin, 1988; Bustin and Macaulcy, 1988). Oil-seeps occur 
in both regions, proof that maturation and migration of hydroc;ubons 
has occurred (Snowdon et al., 1988; Hamillon and Cameron, 1990). 

In Cook Inlet. reservoir strata overlie source strata unconformably; 
in the Queen Charlotte Basin, source and potential reservoir rocks are 
also found in unconformable relationship. In Cook Inlet, hydrocar- 
bon maturation did not occur until the late Tertiary, after burial of Jurks- 
sic source rocks beneath a thick Tertiary cover; in large parts of the 
Quecn Charlotte Basin hydrocarbon maturation was also dependant 
Llpon burial bcncath Tertiary strata. In Cook Inlet, hydrocarbon traps 
consist of faulted anticlines formed during Pliocene deformation; in 
offshorc arcas of the Queen Charlotte Basin, faulted anticlines formed 
during an episode of Pliocene compression. 

Comparisons at a more regional scale are also encouraging. 
Likc Cook Inlet, the Queen Charlotte Basin evolved in intra-arc and 
forearc settings, beginning (probably) in the Middle Jurdssic when ter- 
rane accretion was accompanied by subduction of oceanic crust and 

LEGEND 

Motion Vectors (mm/yr.): 

WRANGELLIA 

- - - Terrane Boundary 

Area mapped by: Thompson, Lewis 
Hesthammer, lndrelid 

H Area mapped by: Hickson. Lewis 

PACIFIC 

OCEAN 

Figure 2: Map of the principal crustal elements of the west-central Canadian Cordillera and contiguous oceanic plates. Limits of the Queen Char- 
lotte Basin shown in white. Compiled from Wheeler et al. (1988) and Riddihough (1983). 
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Figure 3: Time-stratigraphic and tectonic history of the Queen Charlotte Basin. 



inception of the Coast Plutonic Complex magmatic arc (van der 
Heyden, 1989). 

Some events and relationships specific to the Queen Charlotte 
Basin, however, weaken this positive comparison with Cook Inlet. Heat- 
ing associated with Middle Jurassic plutonism (Anderson and 
Reichenbach, 1989, 1991) ruined source potential over large areas of 
the southern Queen Charlotte Islands and an unknown but potential- 
ly large part of the offshore region (Vellutini and Bustin, 1988, 1991; 
Orchard and Forster, 1991). Uplift associated with Late Jurassic and 
Cretaceous block faulting may have stripped much of the offshore re- 
gion of source strata (Thompson and Thorkelson, 1989). An impor- 
tant change in plate dynamics during the Eocene also affected the Queen 
Charlotte Basin. A regime of convergence accompanied by subduc- 
tion gave way to northward transcurrent motion of oceanic plates along 
the continental margin (Stock and Molnar, 1988; Engebretson et al., 

1985; Yorath and Hyndman, 1983; Hyndrnan and Hamilton, 1991), 
replacing the forearc setting that had previdsly existed with a strike- 
slip margin having limited potential for subduction. 

Comparison of geological details between Cook Inlet and the 
Queen Charlotte Basin are hampered by a critical difference in the qual- 
ity of seismic data collected: reflection records from Cook Inlet show 
Cretaceous and Jurassic events beneath the thick Tertiary cover, al- 
lowing interpretation of pre-Tertiary basin configurations in offshore 
areas. Records from the Queen Charlotte Basin, however, show few 
events below the presumed base of the Tertiary sedimentary succes- 
sion -the data are insufficient to assess the thickness, distribution, 
and structure of pre-Tertiary source and reservoir strata. 

Fortunately, there is sufficient onshore exposure in the Queen 
Charlotte Islands to assemble a geologic history from Late Triassic 
until early Tertiary time (Figs. 3 and 4). Analysis and interpretation 
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Figure 4: Comparative stratigraphic, plutonic, and tectonic histories for the Queen Charlotte Islands and the Coast Plutonic Complex along a cross 
section at 53ON. 



Figure 5: Generalized geological map of northern Moresby Island and southern Graham Island that encompasses mapping by Thompson (1 990), 
Thompson and Lewis (1990a,b) and P. Lewis et al. (1990). 

of on-land geology provide analogues atld constraints that can assist maps at hand. Tholnpson did the bulk of the regional mapping (scale 
in the intetpretation of structures, stritigraphic r'elations, and levels 1 :S0 000); Lewis prepared detailed maps (scale 1:25 000) and carried 
of maturation in the offshore part of the basin -especially for Cret- out structural analyses of Long Inlet, Rennell Sound, and southeast- 
aceous and older strata. This is critical because if commercial quan- em Louise Island (Lewis and Ross, 1988, 1989, 1991); Haggart pro- 
tities of hydrocarbons exist in the Queen Charlotte Basin, they are like- vided stratigraphic analysis as well as biostratigraphic control on 
ly to be found in the offshore, beneath Hecate Strait, Dixon Entrance, Cretaceous strata (Haggart, 1991). Our data support four main con- 
and Queen Charlotte Sound. clusions: 

Many of the ideas expressed in this paper evolved from new ge- 
ological mapping ( ~ i ~ ,  5:  ~ h ~ ~ ~ ~ ~ ~ ,  1990; ~h~~~~~~ and ~ ~ ~ i ~ ,  l )  Regional folding and faulting occurred in Middle Jurassic time. 

1990a,b; P. Lewis et al., 1990) and stratigraphic studies undertaken 2) Block faulting influenced Mesozoic and Tertiary sedimentary pat- 

during the 1987.1989 field seasons. This paper is best read with the terns. 



3) Folding and faulting occurred late in the Cretaceous or early in 
the Tertiary, or both. 

4) Basin development was not controlled by strike-slip faulting. 

REGIONAL TECTONIC SETTING 
The Queen Charlotte Islands, Hecate Strait, and Queen Charlotte 

Sound are all parts of Wrangell Terrane, an exotic crustal block that 
now consist5 of four crustal segments distributed along more than 2000 
km of the western Cordillera (Jones et al., 1977; Fig. 1). A distinc- 
tive Middle Triassic to Lower Jurassic stratigraphic signature sets 
Wrangell Terrane apart from adjoining terranes. Middle and Upper 
Triassic tholeiitic basalt several kilometres thick is overlain discon- 
formably by Upper Triassic and Lower Jurassic shelf limestone and 
fine-grained calcareous clastic and siliciclastic strata (Fig. 3). The vol- 
canic succession, called the Karmutsen Formation on the Queen 
Charlotte Islands and Vancouver Island, is evidence of a prodigious 
outpouring of tholeiitic basalt: thicknesses range from 2-5 km over 
a vast area. Shelf carbonate deposition followed the volcanism and 
was synchronous everywhere, commencing in the Late Carnian with 
shallow water limestones and succeeded, in the latest Norian and the 
Early Jurassic, by deeper water fine-grained detrital successions. 
This time-stratigraphic succession, present from the Hells Canyon area 
of western Idaho and eastern Oregon to the Wrangell Mountains of 
eastem Alaska (Jones et al., 1977), is absent from areas now contiguous 
with Wrangell Terrane (Fig. 1). 

Both paleomagnetic (Monger and Irving, 1980; Irving et al., 1985) 
and paleontologic (Tozer, 1982; Smith and Tipper, 1986) evidence 
have been cited to suggest that Wrangell Terrane originated at low lat- 
itudes, possibly near present-day Baja Peninsula, that it moved north- 
ward, became segmented, and was subsequently accreted to the con- 
tinental margin. However, debate exists as to when this northward 
movement occurred and the nature ancl timing of accretion. Paleon- 
tologic and stratigraphic data sug~cst  that Wrangell Terrane was 
likely in place as eady as the Middle Jurassic, and certainly so by the 
Late Cretaceous (Smith and Tippcr. 1986). An alternative view is that 
of Monger and Iwing (1980) and In~ing et al. (1985) who interpret- 
ed the paleomagnetic data as indicating Lhat Wrangell Terrane was still 
at low latitudes in Cretaceous time; its subsequent northward joumcy 
must therefore have been swift. with accretion occurring by the Late 
Cretaceous. Butler et al. (1989) cautioned. however, that the appar- 
ent latitudinal displacement suggested by the paleomagnetic data 
may be an artifact of regional tilt and that paleomagnetic results 
from the Coast Plutonic Complex do not necessarily constrain the tim- 
ing of terrane accretion. 

Independent geologic:~l results from the Coast Plutonic Complex 
led van der Heyden (1989) to conclude that Wmngell Ten-ane was joined 
with North America by the Middle Jurassic, as part of a much larg- 
er superterrane that also included the Stikine and Alexander tcrranes 
(Fig. 1). This latter assertion is supported by the recent dating of a Late 
Paleozoic pluton that crosscuts the boundary between Wrangell and 
Alexander terranes in southeastern Alaska (MacKevett et al., 1986; 
Gardner et al.. 1988) ;tld by a Late Jurassic to Early Cretaceous 
magmatic arc (Gnvina-Gambier) that strikes obliquely :~ccros)ss the Coast 
Plutonic Complex from Wrangell Terrane on the west to Stikine 
Terrane on the east. 

Van der Heyden ( 1989) thus interpreted the evolution of the Queen 
Charlotte Isliinds region and the acljacent part of the Coast Plutonic 
Complex within the framework of a long-lived east-dipping sub- 
duction complex. In this interpretation, the Queen Charlotte Islands 
were part of a midJurassic arc that gradually shifted eastward, leav- 
ing the Queen Charlotte Basin in a forearc setting in Cretaceous time 
(Fig. 4), similar to Cook Inlet. The alternative model, that Wrangell 

Terrane was accreted during the late Early or early Late Cretaceous, 
and separate from Stikine Terrane, interprets the Coast Plutonic 
Complex as a metamorphic-plutonic welt representing the suture be- 
tween Wrangell Terrane and the Cretaceous continental margin 
(Monger et al., 1982; Monger, 1984). 

Today, as for the past 6 million yem (Yorath and Hyndman, 1983), 
the Queen Charlotte Islands segment of Wrangell Terrane has been 
separated from the Pacific Plate by the Queen Charlotte Fault (Fig. 
2). The southern 150 km of this fault is oriented slightly oblique to 
Pacific Plate motion, resulting in oblique subduction along the west- 
em margin of Moresby Island (Yorath and Hyndman, 1983; Fig. 2). 
Other crustal boundaries of the Queen Charlotte Basin are more dif- 
ficult to characterize. Dixon Entrance separates Wrangell Terrane from 
Alexander Terrane to the north, but the nature of the boundary is not 
known. Wrangellian stratigraphy (Karmutsen Formation) crops out 
at one locality on the east side of Hecate Strait (Woodsworth, 1988), 
but steeply dipping faults and early Late Jurassic plutons obscure the 
character of any crustal boundary that might be present to the east. 
To the south, Wrangell Terrane rocks are presumed to extend beneath 
Queen Charlotte Sound, linking with equivalents on Vancouver Is- 
land. 

A DEFINITION OF THE 
QUEEN CHARLOTTE BASIN 

Shouldice (1971, p. 407) used the term Queen Charlotte Basin 
in referring to the area: "...lying mainly between the Queen Charlotte 
Islands and the mainland...". In his Figure 2 the basin encompasses 
Hecate Strait, Queen Charlotte Sound, and the narrow continental ter- 
race outboard of the Queen Charlotte Islands. Yorath (1988) adopt- 
ed this usage with slight modification: he excluded the continental ter- 
race but included Dixon Entrance. Both authors imply that Mesozoic 
and older strata are basement to the basin. 

In our definition, the Queen Charlotte Basin embraces the suite 
of Middle Jurassic and younger strata found on the Queen Charlotte 
Islands and offshore beneath Dixon Entrance, Hecate Strait, and 
Queen Charlotte Sound. By expanding the time-stratigraphic limits 
for the basin. we are able to include all stratigraphic successions 
dominated by feldspatholithic sandstone, acknowledging that depo- 
sition in the basin has been essentially continuous since the Early Cret- 
aceous. The Middle Jurassic Yakoun and Moresby groups are included 
bccause they contain the first significant deposits of feldspatholith- 
ic sandstone and, as such, herald the beginning of arc- and forearc- 
related basin development. The significant hiatus in Late Jurassic time 
(Fig. 3) resulted from uplift and unroofing of Middle Jurassic plutons 
(Anderson and Reichenbach, 1989). 

Our definition emphasi~es the overall consistency of depositional 
processes and products since the Middle Jurassic, and obviates any 
requirement to define additional basins or sub-basins. such as the Cret- 
aceous Skidegate Basin of Yorath (1988). 

In practice, the boundaries of the Queen Charlotte Basin are lit- 
tle changed from [hose used by carlier workers except for the addi- 
tion ol thc Queen Charlotte Islands. The new basin boundaries are: 
the Queen Charlotte Fault on the west; the northern margin of Dixon 
Entrance on the north; the eastern margin of Hecate Strait and Queen 
Charlotte Sound on the east; and the southern margin of Queen Char- 
lottc Sound on the south (Figs. I and 2). 

A SYNOIPSIS OF QUEEN CHARLOTTE 
BASIN GEOLOGIC HISTORY 

Figure 3 is a synopsis of the stratigraphic, igneous, and tecton- 
ic events that fashioned Queen Charlotte Islands geology from the Late 
Triassic through the Tertiary; we assume this history applies to the 



Queen Charlotte Basin as a whole. The stratigraphic column can be 
divided into two parts: Upper Triassic through Lower Jurassic 
Wrangellia stratigraphy and Middle Jurassic through Tertiary Queen 
Charlotte Basin stratigraphy. 

Wrangell Terrane succession 
The Upper Triassic Karmutsen Fo~~nation is a succession of pil- 

low lava, breccia, hyaloclastite, and flows and sills. all composed al- 
most entirely of basalt. The aggregate thickness of the formation on 
the islands is estimated at 4200 m (Sutherland Brown. 1968) but its 
base is not exposed. For mapping purposes, the Karmutsen Forma- 
tion is structural basement. It is fractured, jointed, and sliced by a host 
of steeply-dipping faults (Lewis and Ross, 1991) and is deformed by 
broad warps but not folded. 

Karmutsen volcanism ceased late in the Carnian with the onset 
of shallow-water shelf carbonate deposition, as seen in the massive 
g e y  limestone of the Kunga Group (Sadler Limestone of Desrochers 
and Orchard, 1991). This limestone overlies Karmutsen volcanic 
rocks with apparent conformity; beds of Upper Camian limestone with- 
in the upper few metres of Karmutsen volcanic rocks suggest a gra- 
dation with no interruption in sedimentation (Orchard, 1991). The mas- 
sive limestone passes upward into medium- to thick-bedded. organic-rich 
limestone (Peril Formation of Desrochers and Orchard, 199 1 ) succeeded 
by variegated, thin- to medium-bedded calcareous siltstone and tuff 
(Sandilands Formation). These three sedimentary units form the 
Kunga Group, having an aggregate thickness of approximately 1000 
m (Desrochers and Orchard, 1991). Thicknesses of individual formatioxi 
are variable, however, and i t  is rare to encounter more than 500 m of 
unfaulted section at any one locality. 

The remainder of the Lower Jurassic succession. called the 
Maude Group, is dominated by well-bedded, fine-grained detrital rocks 
(Ghost Creek, Fannin, Whiteaves, and Phantom Creek formations). 
The succession is internally conformable, up to l75 m thick, and con- 
sistent with a stable-shelf depositional environment (Cameron and 
Tipper, 1985). The presence of time-stratigraphic correlatives on notlh- 
em Vancouver Island (Quatsino Formation; Jeletzky, 1976; Desrochets. 
1989) suggests that the Upper Triassic-Lower Jurassic shelf was of 
regional extent. 

Queen Charlotte Basin succession 
A regionally important fold and fault event affected Karmutsen. 

Kunga, and Maude rocks early in the Middle Jurassic (Late Aaleni- 
an-earliest Bajocian) time (Fig. 3). This event marked the end of 
Wrangell Terrane-type deposition. Deformation and erosion was fol- 
lowed by Middle Jurassic (Bajocian) volcanism (Yakoun Group) 
and the fust influx of locally derived conglomerate and feldspatholith- 
ic wackes (Yakoun and Moresby groups). Figure 4 suggests that the 
Yakoun arc and the San Christoval and Burnaby Island plutonic 
suites may have been the initial manifestations of a diachronous. 
subduction-related magmatic arc that evolved into the Coast Pluton- 
ic Complex during Late Jurassic through-Tertiary time (van der Hey- 
den, 1989). 

Little Upper Jura~sic strata has been identified in the Queen Char- 
lotte Islands (Fig. 3). Cooling dates (Fig. 4) reported from the Burn- 
aby Island and San Christoval plutonic suites (Anderson, 1988; 
Anderson and Greig, 1989; Anderson and Reichenbach, 1989, I991 ) 
suggest that the islands experienced extensive uplift and erosion dur- 
ing this time. By the Early Cretaceous, uplift was sufficient to expose 
some of the plutons on southeni Moresby Island, which are overlain 
nonconformably by a granitic-rich transgressive lag of the Longarm 
Formation (Yorath and Chase. 1981; Anderson and Greig. 1989; 
Haggart and Gamba, 1990; Haggart, 199 l). Because the nonconfor- 
mity has not been observed on the northern part of Moresby Island 

or on Graham Island, we speculate uplift was greater in the southern 
islands. 

Map pattenls suggcst that uplift was associated with block fault- 
ing. Stratigraphic omissions, especially of the Yakoun Group, suggest 
initial vertical offsets on the order of one kilometre. These faults and 
their influence on Queen Charlotte Islands geology are discussed in 
a later section. 

The Cretaceous succession in the basin consists of two fining up- 
ward sequences of conglomerate, sandstone, and shale. The lower se- 
quence includes the Longarm. Haido, and Skidegate formations, 
whereas the upper includes the Honna Formation and an overlying un- 
named shale succession (Haggart, 1991). Cretaceous sandstones of 
the Queen Charlotte Islands are dominated by feldspatholithic wack- 
es which are compositionally similar to Yakoun Group volcanic 
flows; conglomerates also contain an abundance of cla5ts derived from 
the Yakoun Group. Together, these compositions suggest that the source 
of clastic material for Cretaceous strata was local and centred on the 
Middle Jurassic Yakoun Group, or cannibalized products thereof. 

Volcanic activity was dormant throughout most of Cretaceous 
time in the islands region. A succession of subaqueous volcanic de- 
bris flows, volcanic breccias, and subaerial volcanic flows locally over- 
lying the Upper Cretaceous Honna Formation in Skidegate Inlet rep- 
resents the first definite evidence of volcanism since Middle Jurassic 
time (Haggart et al., 1980). 

Cretaceous sedimentation was terminated by an episode of re- 
gional uplift and erosion. An unconfonnity between uppermost Cret- 
aceous and Paleogene rocks was identified by Lewis (1990), predat- 
ing the onset of Tertiary sedimentation and volcanism. Lewis (1990) 
showed that this period was characterized by northeast-directed fold- 
ing and thrust faulting. 

Two recent discoveries of Paleogene strata, one in the Union Port 
Louis well (Fig. 2) and the other in Long lnlet on southern Graham 
Island (White, 1990; Haggart, 1991). are evidence that both marine 
and nonmarine sedimentation occut~ed in the region during Paleogene 
time. On Moresby Island, volcanic flows and breccias erupted dur- 
ing the Eocene, marking the onset of a protracted period of Tertiary 
volcanisrn (Hickson, 1988, 1989, 1991). These volcanic rocks have 
the same age and composition as dyke swarms cutting the eastem and 
northern parts of Moresby Island which appear to be comagmatic, In 
part, with the Kano plutonic suite (46-27 Ma; Anderson and Rei- 
chenbach, 1989, 1991 ). Souther and Jessop ( l  99 l )  have proposed a 
model of Eocene crustal extension to account For local dyke em- 
placement in the islands. 

The Eocene was a time of widespread crustal extension in the 
Canadian Cordillera (van der Heyden, 1989; Parrish et al., 1988; 
Tempelman-Kluit and Parkinson, 1986: Friedman and Armstrong, 
198X), including the eastern margin of the Coast Plutonic Complex. 
With new evidence for Eocene extension from the Queen Charlotte 
Islands, it seems reasonable to speculate that the Queen Charlotte Basin, 
encompassing large portions of Hecate Strait, Queen Charlotte Sound, 
Dixon Entrance, and the Queen Charlotte Islands, was revitalized dur- 
ing the Eocene and Oligocene - a time when much of the southern 
Cordillera was undergoing regional crustal attenuation. 

Volcaiism and sedimentation continued through the Neogene with 
great volumes of Masset Formation basalt and rhyolite accumulating 
on northern and western Graham Island; the volcanic rocks are in- 
tercalated with, and overlain by, marine and nonmarine detrital sed- 
iment.~ belonging to the Skonun Formation (Hickson, 1988, 1989,1991 ; 
Higgs, 1991: Haggart et al., 1990). 
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Figure 6: (a) Angular unconformity separating Yakoun Group volcanic breccias (above) from Sandilands Formation siltstone (below); (b) upright 
beds of Sandilands Formation having erosional relief exceeding 0.5 m; (c) infillings of Yakoun Formation clasts showing no clast rotation or in- 
terclast shear, and no slip along the unconformity; (d) undeformed interclasts in Yakoun volcanic breccia immediately overlying unconformity. 



MIDDLE JURASSIC DEFORMATION 
Southwest-directed compression, beginning just prior to the 

onset of Middle Jurassic volcanism, produced contraction faults and 
chevron folds within the Kunga and Maude groups. Evidence of this 
Middle Jurassic deformation is displayed throughout northem Mores- 
by and southem Graham islands (Thompson and Thorkelson, 1989; 
Lewis and Ross, 1989; Taite, 1990), as well as on southern Mores- 
by Island (R. Anderson, pers. comm., 1989); we interpret this as a re- 
gional deformation event that probably extended well beyond the Queen 
Charlotte Islands. 

Three lines of evidence support Middle Jurassic (pre-Yakoun 
Group) deformation: 1) an angular unconformity separates Maude Group 
and older strata from Middle Jurassic Yakoun Group and younger sha- 
ta; 2) a pluton of Middle Jurassic age intrudes folded Lower Juras- 
sic strata; and 3) the total amount of shortening is greater in the older 
strata. 

On the north shore of Cumshewa Inlet, 2 km west of Dawson 
Cove (Fig. 5; Thompson and Lewis, 1990a), a sharp angular uncon- 
formity separating the Yakoun Group and the Sandilands Formation 
is exposed (Fig. 6a). Bedding in the Sandilands Formation dips 70" 
southwest, whereas the overlying breccias of the Yakoun Group dip 
30" to the northeast. The unconformity has been stripped clean of any 
Kunga (and Maude) Group detritus, leaving more than one metre of 
erosional relief (Fig. 6a). Interpretation of this unconformity as a de- 
tachment surface can be ruled out for four reasons: l )  it abruptly and 
irregularly truncates steeply dipping fold limbs in the Sandilands 
Formation (Fig. 6b); 2) it has substantial erosional relief; 3) there is 
no evidence of deformation or slip along the unconformity (Fig. 6c); 
and 4) the infill of volcanic breccia clasts shows no evidence of in- 
terclast deformation or preferred clast orientation (Fig. 6d). The 
structural disharmony evident across the unconformity must have re- 
sulted from deformation prior to deposition of the Yakoun Group, as 
seen in the complex geometry of faulted chevron folds present just 
beneath the unconformity (Fig. 7). The stratigraphic relationships at 
this locality place close time limits on the onset of folding - late in 
the Early Jurassic or early in the Middle Jurassic. 

Time of onset of deformation is further constrained on the south 
slope of Maude Island (Fig. 5; Thompson, 1990) in Skidegate Inlet 
where the unconfonnity separates the Toarcian Whiteaves Formation 
from the overlying Lower Bajocian Yakoun Group (Jakobs, 1989). 
Because the youngest map unit of the Maude Group, the Phantom Creek 
Formation, ranges in age from Toarcian to Aalenian, and because de- 
formation postdated Maude Group deposition, we conclude that fold- 
ing first occurred during the latest Aalenian and earliest Bajocian. The 
unconformity is also exposed at other localities (Fig. 5), including the 
northern and southem shores of Cumshewa Inlet (Thompson and Lewis, 
1990a), the south slope of Skidegate Inlet (Thompson, 1990), on 
Louise Island (Thompson and Lewis, 1990a), and northwest of 
Mosquito Lake on Moresby Island (Thompson and Lewis, 1990b). At 
all localities the unconformity separates Kunga or Maude group stra- 
ta from either the Yakoun Group, the Longam Formation (Lower Cret- 
aceous), the Haida Formation (upper Lower Cretaceous), or the 
Honna Formation (Upper Cretaceous); an exception occurs on south- 
western Louise Island where Tertiary volcanic rocks lie directly on 
Kunga Group strata (Fig. 5; Thompson and Lewis, 1990a). Large time- 
stratigraphic omissions above the unconformity apparently resulted 
from uplift and erosion during the Late Jurassic, and during the Late 
Cretaceous or the early Tertiary, or both (described below). 

In central Graham Island, Indrelid et al. (1991) mapped north- 
west-trending contractional faults which emplace Lower Jurassic 

the area. If so, Middle Jurassic shortening extended into, and possi- 
bly through, the time of Yakoun Group deposition. 

Further evidence for Middle Jurassic deformation comes from 
Clapp Basin in Shields Bay (at the head of Rennell Sound; Fig. 5) where 
Anderson and Reichenbach ( 1  99 1) have mapped a 168 + 2 Ma plu- 
ton crosscutting southwest-vergent folds involving the Pliensbachi- 
an Sandilands Formation; this restricts deformation to post-Pliens- 
bachianlpre-Callovian time, consistent with other constraints on the 
timing of deformation discussed above. 

Middle Jurassic deformation is also recognizable in map scale 
pattems. On northern Louise Island and north of Mosquito Lake 
(Fig. 5; Thompson and Lewis, 1990a,b) outcrop belts of Yakoun 
Group volcanic rocks are exposed above structurally thickened suc- 
cessions of the Peril and Sandilands formations. The relatively flat lying 
unconformity truncates steeply dipping beds. 

Map pattems also provide constraints on the size and geometry 
of individual structures. For example, on northem Louise Island, 1 km 
southwest of Kitson Point (Fig. 5; Thompson and Lewis, 1990a), steeply 
dipping to vertical beds of the Peril Formation were traced more 
than 250 m vertically, to a gently dipping contact with overlying Yak- 
oun Group volcanic rocks. Sandilands Formation siltstone with equal- 
ly steep dips crops out on either side of the Peril Formation here. This 
relationship suggests a chevron fold structure having an amplitude ex- 
ceeding 200 m and a narrow hinge zone formed of Peril Formation 
beds. Because Sadler Limestone does not occur in the fold hinge, one 
can speculate that there is a detachment between the Sadler and Peril 
formations (Lewis and Ross, 1991). A similar geometric relationship 
occurs on northwestern Louise Island and on the northern and south- 

strata ( ~ a n d i h d s  Formation) over Yakoun Group strata. They spec- Figure 7: Faulted chevron folds in the Lower Jurassic Sandilands 
ulate that these faults were active prior to Cretaceous deposition in Formation. 



em slopes above Mosquito Lake on Moresby Island (Fig. 5; Thompson 
and Lewis, 1990a,b). Bedding in the Peril and Sandilands formations 
generally dips steeply, and it is common for beds in both formations 
to follow steep gullies for hundreds of metres. A chevron fold style 
satisfies this outcrop pattern. Unfortunately, limited exposure often 
makes tracing out individual folds difficult. 

In Figure 8a-c, equal-area plots of poles-to-bedding support the 
interpretation of Middle Jurassic folding. Maxima for units older 
than Middle Jurassic (Fig. 8b) indicate folds in Kunga and Maude group 
strata have more steeply dipping limbs; maxima for units Middle Juras- 
sic and younger (Fig. 8c) suggest folds in these strata have limbs with 

gentle to moderate dips. In both cases, the dominant fold trend is north- 
northwest. 

Total bed-length shortening caused by Middle Jurassic folding 
is difficult to estimate. Ideal chevron folds with average limb dips of 
60' can account for 50% bed length shortening. Lewis and Ross (1991) 
have measured total finite strain in ammonite impressions found in 
the Maude and Kunga groups and their analysis suggests up to 20% 
shortening along a southwest-northeast axis. 

LEGEND 

Contour Method: Schmidt (1 925) 

Counting Area: 0.010 

Contour Interval: 1% Points per 1% Area 

Maximum Contour: a)6, b)5, c17 

Figure 8: (a) Equal-area plot of poles-to-bedding for all stratigraphic units mapped, (b) for Yakoun Group and younger strata, and (c) for the Kunga 
and Maude groups. 



Other manifestations of compression are outcrop-scale thtust faults 
within the Sandilands Formation (Fig. 9). There are. however. no con- 
straints on when they moved or on how rnuch total shortening they 
accommodate. 

UPPER JIJRASSIC AND YOUNGER BLOCK 
FAULTING AND SEDIMENTATION RESPONSE 

Most of Late Jurassic time is represented as a distinct hiatus in 
the stratigraphic record of the Queen Charlotte Islands. Following the 
accumulation of M o ~ s b y  Group strata in the Late Bathonian and Early 
Callovian no further marine sedimentation occurred in the islands re- 
gion until the Tithonian (latest Jurassic) when basal strata of the 
Cretaceous succession were deposited in the northen] islancls (Haggart. 
1989). K-Ar dates from thc San Christoval and Burnaby Islands plu- 
tonic suites (Anderson and Reichenbach, 1991) show that Late Jur~is- 
sic time in the islands was one of uplift (Fig. 4). By Early Crct- 
aceous time, at least one pluton in Poole Inlet on Burnaby Island had 
been unroofed (Anderson and Greig, 1989). Early Cretaceous (Hau- 
terivian/Barrernian) marine strata unconfonnably overlie Late Juros- 
sic plutonic rocks there. evidence that the plutons were emplaced and 
exhumed by Early Cretaceous time in the southern islands. 

ing a very lhick accumulation similar to that seen on the north shore 
east of the Copper Creek Fault. On the inlet's south side, however, 
Yakoun Group strata are overlain by a relatively thick succession of 
Cretaceous rocks. The important point is that similar, thick accumu- 
lotions of Yakoun Group strata arc found in both areas. on the south 
shorc of the inlet as well as on the north shorc east of the Copper Creek 
Fault. 

Along the north shore oF the inlet west of the Copper Creek Fault, 
however, Cretaceous strata, locally variable in thickness, are seen rest- 
ing unconformably on Jurassic and Triassic rocks, including the 
Sandilands Formation and older Kunga Group rocks. The thick ac- 
cumulations of Yakoun Group which characterize the successions east 
of the Coppcr Creek Fault and along the south shore of the inlet are 
missing. Only minor. thin sections of Yakoun Group strata are found 
locally bcncath thc Cretaceous strata here, indicating that the Yakoun 
Group. oncc much more extensive, was reduced to minor outliers in 
this part of the inlet prior to Cretaceous deposition. 

Thus, two distinct stratigraphic successions characterize differ- 
cnt arcas of Cumshewa Inlet. On the cast and south sides of the inlet, 
Yakoun strata are present in great thickness, but in the block between 
thcse areas Yakoun Group rocks are absent or very thin. Therefore. 

Pre-Cretaceous block faulting 
Block faulting accompanied the uplift of Late Jurassic plutons. 

Exposures in Cumshewa Inlet and Skidegate Inlet readily display this 
important concept. 

Curnshe~.cl lnlet 
A variety of stratigraphic units are exposed in Cumshewa Inlet, 

more-or-less continuously along its north shot-e (Fig. 5: Thompson. 
1990). At the inlet's east end, extensive outcrops of Yakoun Group 
volcanic and sedimentary strata occupy a wide area east of the Cop- 
per Creek Fault. Adjacent to this fault the Yakoun Group outcrops are 
locally overlain by a thin veneer of Cretaceous sedimentary strata. The 
total thickness of Yakoun Group strata east of the Copper Creek 
Fault is unknown but must be substantial. 

Similarly, on the south side of the inlet, especially on the north- 
em side of Louise Island, Yakoun Group strata are also extensive, form- 

a second, more westerly fault, the Dawson Cove Fault (Fig. 5 ,  
Thompson. 1990; Thompson and Lewis, 1090a,b), is required. Move- 
ment along the central block's bounding faults must have elevated the 
block after it received its blanket of Yakoun Group strata to allow for 
the subsequent rcmoval of Yakoun rocks prior to deposition of the Cret- 
~ C C O U S  succession. 

The Dawson Cove Fault (Fig. 5) is inferred for most of its 
length and has been drawn in most areas along the zone separating 
thick Yakoun Group volcanic rocks on thc southwest from thin to non- 
existent Yakoun strata on the northeast. In a later section WC describe 
how this zone became a focus for Late Cretaceous andlor early Ter- 
tiary folding and thrust faulting, due, in part, to reactivation of old base- 
ment weaknesses. 

Figure 9: Small-scale thrust faults within the Sandilands Formation. 



Skitlegc~rc Inlet 
Another locality showing cvidcnce 

of pre-Cretaceous block faulting is in the 
Skidegate Inlet region (Fig. 5: Thompson, 
1990: Thompson and Lewis. 1990b). 
On the inlet's south shore. near Alli- 
ford Bay, thc Macmillan Creek and 
Saachs Creek faults define a narrow 
block exhibiting a thick Yakoun Group 
succession overlying strata of the Maude 
Group. Overlying the Yakoun Group 
is a thin veneer of Cretaceous strata. 
East of the Saachs Creek Fault. Cret- 
aceous rocks overlie a thick succession 
of Yakoun and Moresby groups (Fig. 
I Oa-e). 

In contrast, the area west of the 
 macm mill an Creek Fault is composed of 
a thick succession of Cretaceous sand- 
stone overlying Kuaga Group strata; no 
Moresby or Yakoun group strata have 
been identified here. The Yakoun and 
Moresby sequences which were oligi- 
nally present west of the Macmillan 
Creek Fault must have been removed 
prior to the onset of Cretaceous depo- 
sition. Similarly, the succession of Mores- 
by Group strata originally present be- 
tween the Saachs Creek and Macmillan 
Creek faults must also have been erod- 
ed. Substantial (more than 1 km of off- 
set) Late Jurassic movement along the 
Macmillan Creek Fault resulted in the 
stripping of the entire Middle Jurassic se- 
quence from the region just to the west, 
and lesser movement on the Saachs 
Creek Fault resulted in the stripping of 
only the Moresby Group from the nar- 
row block bounded by the two faults (Fig. 
10e). 

Thus, the pre-Cretaceous surface to- 
pography was strongly influenced by 
Late Jurassic block faulting. Local de- 
position of Cretaceous strata must have 
been controlled in part by this underly- 
ing block-fault topography. 

Cretaceous sedimentation 
Cretaceous time saw the accumu- 

lation of one of the more important com- 
ponents of the Queen Charlotte Islands 
stratigraphic succession, for Cretaceous 
strata have been identified as potential 
reservoir strata in the basin and locally 
are known to directly overlie the older 
Mesozoic source rocks. Details of the na- 
ture of the Cretaceous depositional sys- 
tem are discussed in another paper in this 
volume (Haggart, 1991 ). 

Cretaceous transgression 
Cretaceous strata in the Queen 

Charlotte Islands are readily divided 

NOW 

E 
MT 

POOLE SAACHS 
SAACHS M A C M I L L A N  
CREEK CREEK 

I000 4 FAULT CREEK FAULT FAULT _---- 
500 

S.L. 

500 

too0 

b. E 
MT. I POOLE 

FAULT 

EARLY TERTIARY 

SAACHS 
CREEK 
FA U LT 

S.L. 

LATE CRETACEOUS 
(post Haida Formation deposition: pre Honna Formation deposition) 

C. E W 
S A A C H S  MACMILLAN 
CREEK CREEK 
FAULT FAULT 

S.L. 

d. E EARLY CRETACEOUS W 

SAACHS MACMILLAN 
CREEK CREEK 
FAULT FAULT 

S.L. 

S.L. 

LATE JURASSIC 
(post Moresby Group deposition) 

SAACHS 
CREEK 
FAULT 

Figure 10: Cross-sections, south slope of Skidegate Inlet (see Fig. 5 for location). (a) Present geo- 
logical relationships; (b) during the Tertiary after deposition of the Honna Formation; (c) during the 
Late Cretaceous just before deposition of the Honna Formation; (d) during the Early Cretaceous just 
after deposition of the Longarm Formation; and (e) during the Late Jurassic after deposition of the 
Moresby Group. 



into conglomerate and sandstone of shallow-marine origin (inner 
shelf environments). deeper water shale (outer shelf and slope settings), 
and turbiditic sandstone and shale and conglomerate which accumulated 
in sediment distribution networks and subnlarine fan settings (Haggart, 
199 1). Most of the Cretaceous srrccession reflects shelf deposition in 
a relatively stable tectonic setting. 

The basal strata found in complete sections of Cretaceous rocks 
unconformably onlap older Jurassic and Triassic strata and plutonic 
rocks. These Cretaceous strata, typically sandstone and pebble-cob 
ble-boulder conglomerate, reflect deposition in shallow-water envi- 
ronments as the initial response to local sealevel rise (Haggart, 1991). 
Sections fine upward into siltstone and shalc. locally with turbidites, 
reflecting a gradual deepening of marine waters in response to con- 
tinued inundation. The general fining-upward sequence of lithofacies 
which is present in all the Cretaceous sections constitutes a transgressive 
sequence. 

The stratigraphic record in the islands indicates that transgres- 
sion and consequent sedimentation proceeded without interruption 
through the Cretaceous until the Turonian or Coniacian. At this time 
extensive fan deposits (conglomerate and sandstone) of the Honna 
Formation rapidly prograded into the basin from the east. Several hy- 
potheses have been proposed to explain this progradational event, in- 
cluding Late Cretaceous thrust faulting and eustatic sealevel fall. A 
combination of tectonic factors and sealevel effects is probably the 
most likely explanation (see H a g g a  1991 for summary and discussion). 

Plots of the position of the shoreline at successive time intervals 
show that the direction of Cretzceous transgression was generally east- 
ward (Haggart, 199 1). The earliest record of this transgression in the 
northern part of the islands is latest Jurassic (Tithonian) while in the 
southern islands region the oldest strata yet identified are of Hau- 
terivian/Barremian age. 

On a regional scale deposition of the Cretaceous sediments ap- 
pears to have been essentially continuous over a large area. The 
widespread distribution of Cretaceous rocks reflects subsidence in an 
extensive and continuous basin during a period of general tectonic sta- 
bility and quiescence, at least relative to the Late Jurassic. 

However, local variability in sediment thicknesses, disconfor- 
mities within the Cretaceous succession, and irregularities in pale* 
geographic interpretation all point to additional, local, controls on sed- 
imentation type and rate. The geology of several localities on the islands 
indicates that the localized block faulting which was prominent dur- 
ing Late Jurassic time apparently continued through the Cretaceous 
as well, although likely of lesser magnitude and extent. We present 
evidence below of block faulting activity which occurred during de- 
position of the Cretaceous succession; such activity must have sig- 
nificantly influenced sedimentation on the local scale. 

Late Jurassic str-ircrural contro[.s 
The underlying topography established by Late Jurassic block 

faulting influenced the distribution of Cretaceous sedimentation and 
the thickness of sediment that accumulated in local areas. Some 
areas must have been elevated significantly above Cretaceous shore- 
lines; today they support little or no Cretaceous strata but are surrounded 
by Cretaceous sandstone. In other areas condensed sequences are found, 
suggesting these locales were submarine topographic highs which most 
Cretaceous sediment bypassed in favour of deeper and quieter water 
environments nearby. 

Such a pattem is displayed in the western Skidegate Inlet area. 
On the north side of the peninsula forming the southeast corner of Sandi- 
lands Island (Fig. 5;  Thompson and Lewis, l990b) a thin succession 
of Haida Formation sandstone unconfonnably overlies Upper Trias- 
sic Peril Formation. A short distance to the north (presumably rep- 

resenting a thin section of Haida strata) a thick accumulation of 
Honna Fomiation conglomerates crop out. The conglomerates can be 
traced to the south and west where they are apparently in unconformable 
relationship with the Upper Triassic Sadler Limestone. 

Several kilometres to the north. on the south shore of Maude Is- 
land (Fig. 5; Thompson, 1990) a considerably greater thickness of Haida 
Formation sandstone is associated with a thin section of Haida For- 
mation shale. The same pattem is seen on Lina Island (Fig. 5 )  and along 
the shore of Bearskin Bay, where the sections of both Haida Forma- 
tion sandstone and shale reach great thicknesses. The Cretaceous 
section in Skidegate Inlet thus thickens 10 northward, as one moves 
away from the topographic high which must have been present at Sandi- 
lands Island. 

An additional example of block fault control on Cretaceous 
sedimentation is seen on Moresby Island north of Cumshewa Inlet (Fig. 
5 ;  Thompson, 1990). The Copper Creek Fault can be traced from the 
shore of the inlet, just east of McLcUan Island, for a long distance across 
the Island to the northwest. The fault appears to mark the general east- 
ward limit of Cretaceous deposits. The block to the east of the fault 
is composed completely of Yakoun Group strata with only a thin ve- 
neer of possible Cretaceous strata preserved at one locality. 

Based on the model of eastward-directed transgression, Haggart 
(1 991) suggested that Cretaceous deposits older than Middle Albian 
will not be found east of the region of the fault. Cretaceous rocks of 
vely shallow marine character are found essentially onlapping the Yak- 
oun Group in the immediate vicinity of the fault. It thus appears 
likely that Cretaceous deposition east of the fault, if it occurred, was 
nonmarine. The block east of the Copper Creek Fault appears to 
have acted as a topographic high limiting further Cretaceous depo- 
sition to the northeast. 

Ci.erctceorts block fuirlting 
Although Cretaceous deposition was widespread and continu- 

ous on a regional scale, at local levels disruptions apparently occurred 
in this regime. Evidence for such disruptions is preserved in the ge- 
ological map patterns; they indicate that the block faulting which char- 
acterized the Late Jurassic apparently continued through the Cretaceous. 
Because of the lithological similarity of most of the Cretaceous rocks 
and the typically poor fossil control for many outcrops, stratigraph- 
ic evidence for local discontinuities within most sections of the Cret- 
aceous rocks is generally not available. 

The significant lithologic contrast between the conglomerates of 
the Homa Formation and the rest of the Cretaceous, and indeed the 
Mesozoic, succession in the islands, however, does provide a readily 
recognizable horizon that can be studied at many localities. Stratigraphic 
and sedimentologic evidence indicate that the Honna Fonnation con- 
glomerates are generally conformable within the Cretaceous succes- 
sion (Haggart, 1991 ). There are several localities, however, where the 
relationship of the Honna conglomerates on underlying rock units strong- 
ly supports an interpretation of intra-Cretaceous disconformity. 

The origin of these apparent disconfomities is problematic. 
Some of the observed map patterns showing Honna Formation con- 
glomerates overlying older Cretaceous units, such as the broad belt 
from Skidegate Channel southeast to Cumshewa Inlet where the 
Honna Formation is mapped overlying Longann Formation, likely re- 
sult from poor fauna1 control and inability to precisely differentiate 
the ages of the Cretaceous outcrops. 

The evidence seen at some other localities, though, is more 
compelling. The evidence for Late Jurassic block faulting in the area 
south and southeast of Alliford Bay (Thompson, 1990; Thompson and 
Lewis, 1990b) is described above. Further study of outcrop relation- 
ships in the region bounded by the Saachs Creek and Macmillan 



Creek faults (Fig. 5) shows that in this area the Cretaceous succes- 
sion as well has been modified by apparently syndepositional block 
faulting (Fig. 10d). The block defined by the two faults supports a thin 
succession of Cretaceous sandstone on its top, of BarremianIAptian 
age; these sandstones crop out at the 375 m (1200 ft.) level. Both west 
and east of the block's bounding faults, however, a thick succession 
of Cretaceous sandstone and shale of Albian and younger age crops 
out at the 200 m (600 ft.) elevation. The entire region is blanketed by 
conglomerate of the Honna Formation, which is not offset by the 
Macmillan Creek Fault (Fig. lob). Thus, the block, with its older Cret- 
aceous stratigraphy, must have been elevated relative to the adjoin- 
ing terrain, after deposition of the BarremiadAptian sequence but prior 
to deposition of the Honna conglomerates (Fig. 10c). 

A second problem area is on the east facing slopes approximately 
8 km southwest of Sandspit. Here, Honna Formation conglomerates 
directly overlie Yakoun Group volcanic rocks. If the Honna Forma- 
tion were conformable within the Cretaceous succession at this locality 
what has happened to the older Cretaceous sequence? 

Map relationships in Cumshewa Inlet show that the Honna For- 
mation there locally overlies pre-Yakoun and even Triassic rocks. On 
the inlet's north shore, 0.5 km north of Duval Rock, the Honna For- 
mation conglomerates unconformably overlie steeply dipping Mono- 
tis-bearing beds of the Peril Formation (Fig. 1 1). On the south side 
of the inlet, 2 km west of Kitson Point, the Honna Formation over- 
lies strata of the Sandilands Formation unconformably. 

While the Skidegate Inlet example (Fig. 10c) clearly indicates 
some component of Cretaceous block fault activity, evidence for 
block faulting at the other localities is not so distinct. It is possible that 
observed map relationships at these localities may reflect underlying 
sedimentological controls. For example, the Honna conglomerates are 
considered to have rapidly prograded into the Cretaceous depositional 
basin during the Turonian to Coniacian and this event appears cor- 
relative with a worldwide sealevel drop of several hundred metres 
(Haggart, 1991). Such a drop would have significantly lowered ero- 
sional base level, potentially resulting in extensive local reworking 
of previously deposited Cretaceous sections. The effects of such re- 

working would have been concentrated in the shallow areas of the basin, 
where the interaction between marine and nonmarine deposition was 
greatest. Conformable deposition would have continued in the deep- 
er reaches of the basin, to westward. It is interesting to note that most 
of the localities with Honna Formation resting on older Cretaceous 
or sub-Cretaceous units occur in the eastern part of the outcrop area, 
presumably closer to the eastern edge of the basin and thus more re- 
sponsive to base level changes. 

Tertiary block faulting 
Evidence for Tertiary block faulting occurs on the peninsula sep- 

arating Lagoon Inlet from Sewell Inlet (Fig. 5; Thompson and Lewis, 
1990a). There, Honna Formation conglomerate is juxtaposed against 
early Tertiary volcanic rocks along an east-west trending fault. Both 
the conglomerate and the volcanic rocks overlie the same substrata 
-Cretaceous shale of the Skidegate Formation. This implies that the 
block on the north side of the fault was high prior to volcanism and 
its cover of Honna Formation conglomerate wa.. removed. This event 
must have been followed by subsequent uplift of the southern block 
ajier volcanism to juxtapose the volcanic rocks against the Homa For- 
mation conglomerates and at the same time remove the volcanic 
rocks from the southern side. Alternatively, the uplifted southern 
block may have been the southern flank of a structural graben with- 
in which the volcanic rocks accumulated. 

Another example of probable Tertiary block faulting, although 
timing constraints are poor, is found south of Alliford Bay where the 
Mount Poole Fault cuts the conglomerates of the Honna Formation 
(Thompson, 1990). Interestingly, this east-side-down fault is paral- 
lel to the Sandspit Fault, a Tertiary growth fault bordering the east- 
em limit of northern Moresby Island (Sutherland Brown, 1968). We 
speculate that the Mount Poole Fault may be a small, on-land analogue 
of the Sandspit Fault. Other faults having similar north-northwest trends 
include the Maude Island Fault, and two north-northwest-trending ex- 
tensional faults at Lina Narrows (Fig. 5; Thompson, 1990; P. Lewis 
et al., 1990). In all cases, these are east-side-down faults that may be 
small scale analogues of the Sandspit Fault. 

Figure 11 : Unconformity between vertically-dipping Monotis-bearing Peril Formation limestone and Honna Formation conglomerate. 



LATE CRETACZOUS/BI;RLY TERTIARY 
FOLDING AND THRJSTING 

Until the 19x9 field season, the time of folding and thrusting of 
Cretaceous rocks was loosely constrained as Late Crcraceous or Pa- 
Icocene. In now appears that thcrc wcrc four distinct episodes ofde- 
formation within this time period (Lcwis, 1990): I) northeast-di- 
rccted shortening. in Late Cretaceous to cz~rly Tertiary time; 2) 
cxtcnsional block hultinp. postdating the above shortening but prc- 
dating deposition of Eocene/Oligtrene sc<lin~ents; 3) northeast-directed 
sliortcning, in Olipocenc lime: and 4) post-Oligoccnc block faulting. 
possibly synchronous with extensional structures which cut NCO- 
gene strata in Hccatc Strait. This sequence of'structural events is based 
on contact relationships exposed cast of Long Inlet adjacent to Mount 
Seymour (Fig. 5: Lewis. 1990). 

Folds and thrust I;~ults affecting strata as ywng as Palcogcnc can 
be traced frorn Louise Island across northern Moresby Island into ccn- 
tral and western Graham Island. Dcli)imation is most intensc in a 5-  
10 km-wide belt extending from Louise Island to Long Inlet and from 
there to Rennell Sound. Farther east, on northern Morcsby Island. the 
region is broadly folded. Thrust faults verge northeast on Louisc Ix- 
land, and southwest on norlhcrn Morcsby Island, between Mosquito 
Lake and Skidegate idarrows, and on southern Graharn Island. IJI some 
instances, thrust faults arc spatially associated with tight folds. For ex- 
ample, at Kitson Point in Curnshcwa Inlet, Longann Fonnation bcds 
are thrust northeast over steeply dipping to overturned H o n r ~  Fonnation 
strata (Fig. 123). 

In earlier publications (Tho~r~pson, 19x8; Thompson and Thorkel- 
son, 1989) we referred to thc belt of most intensc folding and fault- 
ing as the Rennell Sound Fold Belt. We have abandoned this usage 
as misleading because it suggests Tertiary deformation is restricted 
to that narrow zone. Results from Scwcll Inlet (Taitc, 1990) and 
central Graharn Islancl (Hcsthammer et al., 1Y89; Indrclid et al., 
1991; P. Lewis et al., 1990) show that Tertiary deformation was also 
important in areas distant from the belt. 

An example of this possible interrelation between pre-existing 
faults and younger structures occurs at Kitson Point (Figs. 5 and 12; 
Thompson and Lewis, 1990a), where the hanging wall block, consisting 
of a thick succession of Longarm and Yakoun strata is thrust over a 
footwall block consisting of Honna Formation conglomerate, Longarm 
Formation, and Kunga Group. There is an obvious stratigraphic 
omission within the footwall block. In our interpretation (Fig. 12). pre- 
Honna Formation movement on the Dawson Cove Fault accounts for 
the stratigraphic omission (Fig. 12c), and Late Cretaceous andtor Ter- 
tiary reactivation of the Dawson Cove Fault produced the fold(s) (Fig. 
12b) that were precursory to the Renner Point and Kitson Point thrust 
faults (Fig. 12c). 

The trend of Late Cretaceous andtor early Tertiary contraction- 
al structures is consistently north-northwest on both Graham Island 
and northeastern Moresby Island (Fig. 5; Hesthammer et al., 1989; 
Indrelid et al., 1991; P. Lewis et al., 1990). However, in the Sewell 
Inlet area west of Louise Island, trends are east-west and north-south 
(Fig. 5; Thompson and Lewis, 1990a; Thompson and Thorkelson, 1989; 
Taite, 1990). On the south side of Sewell Inlet, north of Trotter Bay, 

two pre-Tertiary thrust faults arc interpreted to cousc south to north 
repetition of the Honna and Skidcgate formations. WC do not know 
how or if this pattern relates to northwest-trending structures. Taitc 
(1990) was not able to map these thrusts farther to the west. Strati- 
graphic repetition of'conglomeratc units within the Honna Formation 
is an alternative interpretatiorl requiring further invcslig;~tion. 

BASIN EVOLUTION: STYLZS AND CONSTRAINTS 
:Mcsozoic kistory 

Yasin evolution untle~went e profounti changc in the Middle Juri~s- 
sic with the onset of regional tlct'orrnation. Uppcr Triassic and Lower 
Jurassic Wranpell Tcrrane strata wcre deposited on a stable, slowly 
subsiding shelf that extended well beyond the areal limits of the 
Quccn Charlotte Basin. Near continuous deposition is reflected in the 
rc~narkable time-stratigraphic completeness of the Upper Triassic 

NOW 
N 

Kitson 

l 

- 

- Kitson Pt. Fault - 
ONSET OF CENOZOIC COMPRESSION 

S N 

From northeastern Louise Island to near Skidegate Narrows, Late 
Cretaceous and/or Tertiary folds are coaxial with Middle Jurassic folds; 
at Skidegate Narrows they diverge, the older structures bending west- 
northwest and the younger ones continuing northwest to Rennell 
Sound (Fig. 5; Thompson and Lewis, 1990b; P. Lewis et al., 1990). 
We speculate that the divergence was controlled by a zone of base- 
ment weakness coincident with the Dawson Cove Fault. Because the 
Dawson Cove Fault postdates Middle Jurassic deformation, it would 
have had no effect on those structures. 
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Figure 12: Cross-sections showing structural relationships at Kitson 
Point (see Fig. 5 for location). (a) Present; (b) during the Late Cret- 
aceous or early Tertiary; and (c) during the Late Cretaceous just after 
deposition of the Honna Formation. 



and Lower Jurassic succession (Tipper et al., 1991). The regional con- 
tinuity of rock units attests to the widespread nature of this deposi- 
tion. A slow, uniform subsidence rate in combination with gradual- 
ly increasing water depth is reflected in the change through time of 
stratigraphic facies, from inner-shelf carbonates to outer-shelf car- 
bonaceous limestones to fine-grained clastics. 

This stable basin was replaced by widespread folding, thrust fault- 
ing, uplift, and erosion in the Late Aalenian and Early Bajocian. 
When deposition recommenced, the Wrangellian shelf formed part 
of a new tectonic setting within a volcanic arc: the Queen Charlotte 
Basin. Early in the Late Jurassic, eastward migration of the magmatic 
front left the Queen Charlotte Basin within a forearc setting, where 
it thus remained until early in the Tertiary. The thick succession of 
Middle Jurassic Yakoun Group volcanic breccias, flows, and sand- 
stones formed an extensive intrabasinal source for succeeding clas- 
tic successions; feldspatholithic sandstones would dominate the strati- 
graphic record. Late Jurassic uplift, which led to the unroofing of some 
plutons on southern Moresby Island, was accompanied by block 
faulting on northern Moresby Island and southern Graham Island. Re- 
newed deposition in latest Jurassic and Cretaceous time produced two 
fining-upward clastic successions, reflecting two cycles of marine trans- 
gression (Haggart, 1991). Some block fault activity continued into the 
Cretaceous and influenced the thickness and facies of those strata on 
a local scale. 

Paleogene history 

The recent discovery of Eocene and Oligocene strata on the Queen 
Charlotte Islands, near Long Inlet and in the Union Port Louis well 
(Fig. 2; Haggart et al., 1990; White, 1990; Haggart, 1991), is signif- 
icant because it demonstrates that deposition was largely continuous 
from the Cretaceous into the Tertiary. But the Tertiary did bring one 
important change. the renewal of volcanism and plutonism. Volcan- 
ism was episodic, beginning late in the Cretaceous with a local event 
found interstratified with the top of the Honna Fo~mation (Haggart 
et al., l989), and becoming widespread and voluminous during the 
Paleogene and the Neogene (Hickson, 1988, 1989. 199 1). 

During the Tertiary, the Queen Charlotte Basin must have been 
physiographically complex. Areas of localized nonmarine sedirnen- 
tation and volcanic activity were transitional, both geographically and 
through time, with marine environments. Eocene/Oligocene deposits, 
principally nonmarine and locally including coals. have been identi- 
fied at several localities (Haggart et al., 1990; White, 1990). Marine 
molluscs of Miocene age occur locally in the Skonun Fonnation 
(Addicott, 1978; Higgs, 1991) on eastern and northern Graharn Island 
and Higgs (1989) has demonstrated local interfingering of nonmarine 
and shallow-marine deposits in this formation. Nonmarine dcposits 
of likely mid-Miocene age have also been identified from south- 
central Graharn Island (Haggart et al., 1990). where they are inter- 
stratified with volcanics. 

There is no particular reason to suspect that the present margin 
of the Queen Charlotte Islands was also the Paleogene (or earlier) mar- 
gin. The presence of thick Paleogene shales, sandstones, and volcanic 
rocks, of shallow-marine(?) and nonmarine aspect in the Union Port 
Louis well (White, 1990), and nonmarine shales with coal in the 
Long Inlet area (Haggart, 1991). suggest that the Paleogene margin 
was likely farther west. 

We speculate that basin evolution during the Tertiary may have 
been strongly influenced by Eocene extension. On the Queen Char- 
lotte Islands, Eocene extension is manifest as dyke swarms (Souther, 
1988, 1989; Souther and Bakker, 1988; Souther and Jessop, 1991) and 
this extension appears to have been contemporaneous with an episode 
of regional extension which affected a large part of southcentral British 

Columbia (Tempelman-Kluit and Parkinson, 1986; Parrish et al., 
1988) and the eastern Coast Plutonic Complex (van der Heyden, 
1989; Friedman and Armstrong, 1988). This is also the time when plate 
interactions at the continental margin changed from convergent to tran- 
scurrent regimes (Stock and Molnar, 1988; Engebretson et al., 1985; 
Hyndman and Hamilton, 199 1). 

The accumulations of Eocene-Oligocene strata found in the is- 
lands are sufficiently thick that they probably once were far more 
widespread than they are today. Time-stratigraphic equivalents may 
have underlain all, or parts of, Hecate Strait and Queen Charlotte Sound. 
Many of the half-graben structures imaged by a recent seismic reflection 
experiment in the offshore (Rohr et al., 1989; Rohr and Dietrich, 1991) 
may have been initiated during Eocene and Oligocene time. There is 
no biostratigraphic evidence available to test this notion, but the 
paucity of palynomorphs from the Union Port Louis well suggests that 
a lack of data may be the problem. A complicating factor - Late Cret- 
aceous andtor early Tertiary folding and thrusting - may also have 
influenced early Tertiary depositional patterns. For instance, uplift as- 
sociated with Late Oligocene deformation could have resulted in 
erosion of Eocene and Oligocene strata but we have no data to assess 
this hypothesis. Clearly a thorough paleontologic re-examination of 
existing well cuttings for evidence of Paleogene or older strata is re- 
quired. 

Constraints on basin evolution 

Our interpretation of basin evolution in the Queen Charlotte re- 
gion differs from that of Yorath and Chase (198 1) and Yorath and Hyn- 
dman (1983) in several important ways. Fit, we do not view the Sand- 
spi t -Re~el l  Sound faults as the boundary separating the Wrangell and 
Alexander terranes. Second, we do not interpret Cretaceous and Ter- 
tiary stratigraphy in terms of a three-part suture, post-suture and rift 
succession. Third, we find no support for the notion that Queen Char- 
lotte Sound formed separate of, and much earlier than, Hecate Strait. 
And fourth. our data do not support crustal flexure as the mechanism 
controlling fomlation of Hecate Strait. 

Therc are three reasons for suggesting there is no Late Jurassic- 
Early Cretaceous suture between the Wrangell and Alexander terranes 
along the Rewell Sound-Sandspit fault systems: I) Wrangell Terrane 
rocks are present on the eastern side of Hecate Strait on Bonilla Is- 
land (Woodsworth, 1988); 2) sedimentological and structural evidence 
is lacking (Haggart, 1991); and 3) a pluton of late Paleozoic age in 
southeastern Alaska crosscuts both the Wrangell and Alexander ter- 
ranes (MacKevett et al., 1986; Gardner et al., 1988), evidence that the 
terranes had been amalgamated by Late Paleozoic time. 

Yorath and Chase ( l  981) interpreted the Longarm Formation as 
a suture assemblage. But within the proposed suture zone on the 
Queen Charlotte Islands, Lor~garm strata onlap toward the northeast 
across a basement topography locally controlled by syndepositional 
block faulting. The Longarm is not restricted to a narrow "graben-like 
trough" as previously interpreted (Sutherland Brown, 1968; Yorath 
and Chase, 198 l), and the postulated belt of deep water turbiditic fa- 
cies extending from Cumshewa Inlet northwestward through Long Met 
(Yorath and Chase, 1981) is, in reality, shallow water in nature 
(Haggart, 1989, 1991). A suture assemblage would presumably con- 
tain elements of both the Wrangell and Alexander terranes. We have 
recognized clasts from the Kunga, Maude, and Yakoun groups, and 
granitics derived from Middle Jurassic plutons, but nothing to sug- 
gest that the Alexander Terrane was a source (this fact was also 
noted by Yorath and Chase, 198 1) .  Other elements one might expect 
along a suture, such as a regressive succession characterized by a fly- 
sch to molasse sequence produced from rapid basin infilling, a tec- 
tonic melange, remnants of oceanic crust, high pressure metamorphic 



assemblages, and folds and thrusts of Late Jurassic or Early Cretaceous 
age, are lacking. Potential Field data do not image a crustal suture 
(Lyatsky, 199 1; Sweeney and Seemann, 199 l), and new seismic rc- 
flection data have failed. as yet. to show definite evidence for one (Rohr 
and Dietrich. 1991). 

Because the remainder of Cretaceous deposition did not differ 
significantly in style or facies from thc Longarm Formation deposits, 
we do not characte~ize it as a post-suture assemblage. Rather. later Cret- 
aceous deposition essentially mirrored the stable-shelf setting of ear- 
lier Cretaceous time. The subsequent initiation of Paleogene sedi- 
mentation may havc been related to Cordillera-wide Eocene extension 
as discussed above; we see this as an important event in the ongoing 
evolution of the Queen Charlotte Basin. 

The Harlequin well, drilled near the centre of Queen Charlotte 
Sound (Fig. 2), is Lhe only offshore well in which Tertiary strata of 
Early Miocene age have been confirmed; the remainder of the wells 
intersect Late Miocene and younger strata (Patterson, 198Xa1,b; 
Shouldice, 1971). On the strength of this fact, and the assumption that 
no Tertiary sediments older than Late Miocene were known from the 
Queen Charlotte Islands or Hecate Strait, Yorath and Hyndman 
(1983) proposed that Queen Charlotte Sound formed earlier than 
Hecate Strait, through crustal attenuation during the Late Oligocene 
and Early Miocene (22- 17 Ma). This was followed by thermal sub- 
sidence during the Miocene ( 17-9 Ma), when Ihe basin fillcd with sed- 
iment. The amount of crustal attenuation - ovcr 300%, or approxi- 
mately 70 km in a north-south direction - was based on cstirna~es 
of right lateral strike-slip offset on the Louscoone Inlet Fault system. 

Our mapping suggests thal there is no discernible offsct along 
the northern part of this fault system. Paleogene volcanic rocks can 
be projected across one of the strands of this fault system in Selwyn 
Inlet, with no evidence of offset. Farther north. Triassic and Jurassic 
strata project from Louise Island west onto Moresby Island, across 
the trace of the fault strand, again without offset. Other strands of the 
Louscoone Inlet Fault system shown by Sutherland Brown (1968) along 
the east side of Louise Island have not been found. A myriad of 
steeply-dipping faults do cut the Karmutsen Formation, but they are 
not strike-slip faults and they do not have an appropriate orientation. 
Stratigraphic and structural contacts which trend northwest across cen- 
tral and northern Louise Island are also not offset. Thus, our mapping 
does not support the notion that rifting in Queen Charlotte Sound is 
linked, mechanically, to strike-slip faults on the Queen Charlotte Is- 
lands. Yorath and Hyndman (1983) based their estimate of crustal at- 
tenuation beneath Queen Charlotte Sound (P = 3.3) on the 70 km of 
strike-slip they interpreted along the Louscoone Inlet Fault; our data 
suggest that an alternative approach to estimating crustal attenuation 
is required. 

We also find it difficult to accept the suggestion that the Sand- 
spit Fault is the offset continuation of the Louscoone Inlet Fault. 
This interpretation is based on the notion that the so-called Rennell 
Sound Fault system is a right-lateral strike-slip fault system, linked 
to crustal rifting in southern Hecate Strait during the Middle Miocene 
(Sutherland Brown, 1968; Yorath and Chase, 1981; Yorath and Hyn- 
dman, 1983). The Honna Formation conglomerate overlaps all pos- 
tulated strands of the fault system (Thompson, 1990; Thompson and 
Lewis, 1990b), and kinematic indicators on faults in Rennell Sound 
suggest down-dip displacement, rather than strike-slip (Lewis and Ross, 
1991). The main strand of the Rennell Sound system proposed by 
Sutherland Brown (1968) is the Dawson Cove Fault, which we in- 
terpreted above as a Late Jurassic and Cretaceous block fault. There 
is no evidence in the area of Cumshewa Inlet, Skidegate Narrows, Long 
Inlet, or Rennell Sound to suggest that strike-slip faulting was an im- 
portant deformation mechanism during the Late Tertiary or earlier. 

Higgs (1989, 1990b, pers. cornm.) suggested that horizontal 
slickcnsides seen on brittle fractures in the Curnshewa Inlct area are 
evidence supporting strike-slip. We raise several objections to his in- 
terpretation of this field observation. First, slickenside lineations re- 
late to only the latest offset along a fracture, and tell nothing of the 
cunlulative offsct along that surlacc. Second. mesoscopic faulting with 
subhorizontal slip directions is not limited to areas adjacenl to regional 
st~kc-slip f:~ults. The orientation and slip direction of mesoscopic faults 
is related primarily to the local orientations of the principal stress di- 
rections and rock anisotropies. Steeply-dipping fractures with sub- 
horizontal slip would be expected where the maximum and minimum 
principal stress directions are horizontal, and the intermediate prin- 
cipal stress direction is vertical -a condition common to both regional 
strike-slip fault zones and compressional regimes. Indeed, meso- 
scopic fmcturcs with subhorizontal offset are well-documented fe21- 
tures in the Rocky Mountain Fold and Th~vst Belt where strike-slip 
faulting is essentially absent (Price. 1967; Bielenstein, 1969). 

Finally, Hecate Strait was interpreted by Yorath and Hyndman 
(1983) to have folmed as a result of crustal flexure associated with 
underthrusting along the western margin of the Queen Charlotte Is- 
lands: upward deflection of the plate margin caused downward de- 
flection of the plate interior (i.e.. Hecate Strait). They proposed that 
unde~tlmsting of the Pacific Plate beneath the Queen Charlotte Islands 
began about 6 Ma ago resulting in an uplifted continental edge. The 
flexurc model predicts that 5-7 km of covering rocks have been 
stripped from the western margin of the islands, and that the null point 
(the point where dcposition would begin) is 15 km cast of the present 
trace of the Sandspit Fault. 

Our mapping suggests that none of these points is valid. Struc- 
ture contours drawn at the level of the Kunga Group (Fig. 13) indi- 
cate that the level of exposure is the same across northern Moresby 
and southern Graham Island; this suggests there is no west-to-east dip 
of the Kunga Group across the islands. This conclusion is also sup- 
ported by burial history studies by Vellutini (1988). For example, the 
thickness of eroded section calculated for the Union Port Louis well, 
located on the western margin of Graham Island (Fig. 2), is 1685 m; 
that eroded from the Nadu River No. 1 well, located 65 km farther 
east, is 1160 m. The difference in amount of eroded section between 
these wells is only 600 m - a thickness equal to the difference in to- 
pographic relief between the two areas. This supports Hickson's 
(1991) interpretation that the topography on the west side of Graham 
Island is constructional, formed by accumulation of the subaerial 
Masset Formation volcanic pile, rather than resulting from crustal flex- 
ure. Vitrinite reflectance results from the Tow Hill No. 1 well, located 
95 km northeast of the Union Port Louis well (Fig. 2), support this in- 
terpretation as well: there, 985 m of section were eroded, 700 m less 
than from the Union Port Louis well. Farther south, in Reme11 Sound, 
eastern Skidegate Inlet (Onward Point), and in Cumshewa Inlet, 1725 
m, 1500 m, and 1985 m of section were eroded, respectively - val- 
ues near those calculated for the Union Port Louis well. The most sig- 
nificant difference in amount of eroded section - up to 800 m - oc- 
curs between the Nadu River No. 1 well, and the Cape Ball, Gold Creek 
No. 1, and Tlell No. 1 wells on east central Graham Island (Fig. 2). 

The structure contour data (Fig. 13), when combined with the 
burial history data of Vellutini (1988), and the regional mapping of 
Hickson (1991) suggest that Graham Island and northern Moresby 
Island experienced little or no eastward tilt during the Pliocene. 

The outcrop evidence of Eocene, Oligocene, and Miocene stra- 
ta, the lack of geological evidence for west to east regional tilt, and 
the burial history analysis derived from vitrinite reflectance mea- 
surements (Vellutini, 1988) leave little room for the interpretation that 
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sedimentation beneath Hecate Strait was initiated only 6 Ma ago, as 
a consequence of crustal flexure. 

HYDROCARBON POTENTIAL 
If commercial quantities of hydrocarbons are recovered from the 

Queen Charlotte Basin, it will probably be from the offshore, beneath 
Hecate Strait and Queen Charlotte Sound. An estimate of hydrocar- 
bon potential must address three parameters: the areal extent of po- 
tential source strata, thermal history, and area1 dishibution and geometry 
of potential reservoir strata. 

It is known that some rocks on the Queen Charlotte Islands lo- 
cally exhibit good hydrocarbon-source potential (Macauley, 1983; 
Macauley et al., 1985; Snowdon et al., 1988). It has also been estab- 
lished that some potential source strata on the Queen Charlotte Islands 
are in the oil window (Vellutini, 1988; Vellutini and Bustin, 1988, 1991). 
A critical piece of the puzzle, establishing a link between source 
and reservoir (in this case the Tertiary Skonun Formation), has recently 
been demonstrated geochemically by L.R. Snowdon and M.G. Fowler 
(pers. comm., 1989) for the Sockeye B-10 well (Fig. 2): oil stains in 
sandstone in the well have geochemical characteristics suggesting that 
some of the oil was derived from organic material in Lower Jurassic 
strata. 

Distribution of source rocks 

Portions of the Kunga and Maude groups have good source-rock 
characteristics. Did Middle Jurassic deformation affect their source 
rock potential? Lewis and Ross (1989) analyzed cleavage formation 
within the Maude Group and concluded that deformation occurred at 
elevated pore fluid pressures, while the rocks were still poorly lithi- 
fied. It is unlikely that temperatures and pressures were sufficiently 
high during deformation to permit overmaturation and loss of organic 
material. Regional analysis of maturation levels (Vellutini and Bustin, 
1988, 1991; Vellutini, 1988) shows a close correspondence between 
the spatial distribution of Middle Jurassic plutons and increasing 
level of organic maturation. Becausc deformation preceded pluton- 
Ism, it is unlikely that defo~mation played a significant part in the mat- 
uration process. Burial of the source-rocks beneath a pile of post-Maude 
Grouplpre-Yakoun Group strata thick enough (2-4 km) to promote ther- 
mal maturation of organic material is also not feasible. We conclude 
that Middle Jurassic deformation had little or no effect on maturation 
levels. 

Kunga and Maude strata are  pat^ of Wrangell Terrane stratigraphy 
and therefore, likely to have been once widely distributed. There is 
evcry reason to conclude they once extended beneath Hecate Strait 
and Queen Charlotte Sound, and may do so today; the geochemical 
analyses from the Sockeye B-10 well support this notion. Yet, some 
caution must be exercised in predicting the regional extent of these 
potential source rocks. 

On-land mapping has demonstrated, for instance, that local 
crustal blocks were stripped of their Kunga Group and Maude Group 
stratigraphies prior to deposition of potential reservoir strata. As 
well. basal Longarm Formation strata on Burnaby Island contain 
cobbles and boulders derived it1 siru or from nearby unroofed Mid- 
dle Jurassic plutons; higher in the Longarm section, clasts of Yakoun 
Group volcanic rocks are abundant. This implies that significant up- 
lift occurred during the Late Jurassic, exposing both the plutons and 
Yakoun Group volcanic rocks to erosion. Additionally, local paleocwe~~t 
data (Yorath and Chase, 1981; Yagishita, 1985a,b; Higgs, 1988; 
Gamba et al., 1990) indicate an eastern source for Cretaceous sedi- 
ment, suggesting that parts of Hecate Strait may have been uplifted 
and eroded. 

Clast compositions in the Upper Cretaceous Honna Formation 
provide additional evidence for uplift and erosion in the east. It is prob- 
able that some of the granitic clasts in the Honna Formation were erod- 
ed from the Coast Plutonic Complex or Alexander Terrane of south- 
east Alaska (G.J. Woodsworth, pers. comm., 1990). However, large 
angular clasts of Kunga Group limestone indicate a proximal source 
for some components of the Honna conglomerate. We suggest that 
some Upper Triassic and Lower Jurassic source strata were likely erod- 
ed from offshore regions due to episodic Late Jurassic through Ter- 
tiary block faulting. 

If Late Jurassic through Tertiary block faulting occurred in the 
offshore, as it did on-land, erosion could potentially have removed like- 
ly source strata from some areas. We have no way of predicting 
where, or how large, those areas might be, and Kunga Group and Maude 
Group source rocks would presumably not have been immune. If the 
sediment source was proximal, it would suggest that little potential 
exists for preservation of Kunga Group and Maude Group strata ad- 
jacent to the eastern side of southern Moresby Island. 

Jurassic and Cretaceous uplift along the Coast Plutonic Complex 
to the east (Fig. 4) may also have affected offshore areas, but we have 
no way of knowing how broad an area was affected or how much ma- 
terial may have been removed. Unfortunately, results from a recent 
seismic reflection experiment provide no clue as to the distribution 
and thickness of pre-Tertiary strata offshore (Rohr and Dietrich, 
1991). 

Thermal history 
The thermal history of Queen Charlotte Basins rocks is dis- 

cussed by several authors in this volume (Vellutini and Bustin, 1991; 
T. Lewis et al., 1991; Anderson and Reichenbach, 1991; Souther and 
Jessop, 1991). Yorath and Hyndman (1983) used vitrinite reflectance 
data from the offshore wells as the basis for a model in which high 
heat flow was generated by rifting prior to l7 Ma, followed by cool- 
ing associated with the underthrusting of oceanic lithosphere. New vit- 
rinite reflectance determinations are in progress (M. Bustin, pers. conun.. 
1990) and interpretations are pending. 

Reservoir rocks 
Cretaceous strata are dominantly feldspatholithic sandstones 

and, as such, do not exhibit good reservoir characteristics from a pet- 
rographic standpoint. Fogarassy and Ba~nes ( l  988, 1989. 1991) and 
Fogarassy (1989) showed that shallow-water sandstones adjacent to 
the trend of the Dawson Cove Fault are most mature, contain the great- 
est primary pore space, and represent the best reservoir facies among 
the Cretaceous strata. This suggests that the upside of any block 
fault margin, where sediment reworking is likely. may produce facies 
with good primary reservoir characteristics. This is especially true if 
thc block was stripped of strata down to the Kunga and Maude source 
rocks. Identification of such fault blocks in the subsurface offshore 
remains a problem. Until better geophysical constraints are provid- 
ed for details of pre-Tertiary offshore geology. there is little hope of 
estimating the extent to which Cretaceous sandstones have reservoir 
potential. 

The distribution and geometry of Tertiary strata beneath Hecate 
Strait and Queen Charlotte Sound has been discussed extensively by 
other workers, including Shouldice ( 197 1). Rohr and Dietrich ( l99 I ), 
and Higgs (1990, 199 I ) .  

A COMPARISON WITH THE COOK INLET BASIN 
The rocks of Cook Inlet are part of a belt of Mesozoic and 

Cenozoic strata that extends from the Matanuska Valley at the head 
of the Inlet, southwest along the Alaska Peninsula and Shelikof Strait 



Figure 14: Geography of the Cook Inlet region, Alaska (modified 
from Magoon and Egbert, 1986, Fig. 32). 

(Fig. 14). To the northwest is the Alaska-Aleutian Range Batholith, 
and the Bruin Bay and Castle Mountain faults; on the southeast is the 
Border Ranges Fault and several accreted terranes (Fig. 15). Hydro- 
carbon production is from six oil fields and three gas fields in upper 
Cook Inlet (Fig. 15). A generalized time-stratigraphic chart for Cook 
Inlet is presented in Figure 16 along with a companion chart for the 
Queen Charlotte Islands. Our discussion of Cook Inlet geology and 
the hydrocarbon exploration model used there is taken from Magoon 
and Egbert (1 986) and Magoon and Claypool ( 1981). 

Cook Inlet has been a focus of plate convergence and subduc- 
tion throughout the Mesozoic and Cenozoic. It is a forearc basin 
bordering a magmatic arc on the northwest called the Alaska-Aleu- 
tian Range Batholith - together they form the Peninsular Terrane (Fig. 
I). To the southeast, beyond the Border Ranges Fault are three accreted 
terranes, Kachemak, Chugach, and Prince William (Fig. 15; Jones et 
al., 1977). 

Mesozoic strata in Cook Inlet are principally marine and more 
than 10 750 m thick, whereas Cenozoic strata are continental in na- 
ture and exceed 7000 m in thickness. Sandstone is the dominant rock 
type and was derived from two main sources: the magmatic arc and 
recycled intrabasinal strata. 

Any comparison of the Queen Charlotte Islands with Cook Inlet 
must accommodate the probability that each evolved in entirely dif- 
ferent Late Triassic and Early Jurassic settings. There are scattered 
occurrences of Late Triassic strata on either side of Cook Inlet, in the 
northeastern part of the Alaska Peninsula and on the Kenai Peninsu- 
la (Fig. 15). On the Alaska Peninsula, thick Norian limestones occur, 
not unlike those on the Queen Charlone Islands, overlying (at one lo- 

cality) 300-600 m of mafic volcanic flows and tuffs. To the east, on 
the Kenai Peninsula, there are two successions: 1) basalt capped by 
radiolarian chert; and 2) limestone, chert, and tuff, all underlying Juras- 
sic volcaniclastic rocks. Because rocks older than Late Carnian a p  
pear to be absent, and because volcanic activity appears restricted to 
the Norian, Jones et al. (1977) did not include the region as part of 
the Wrangell Terrane. They pointed out, however, that paleomagnetic 
data (Packer and Stone, 1974) did not exclude the possibility that pre- 
sumed allochthonous rocks of the Alaska and Kenai peninsulas are 
part of Wrangell Terrane. 

From Early Jurassic to Early Cretaceous time, the Aleutian 
Range-Talkeetna Mountain magmatic arc was active; it produced pri- 
mary volcanic flows and volcaniclastics in Cook Inlet Basin, as well 
as sand, silt, and gravel, all rich in feldspar and lithic fragments. 
Some of these rocks, the Middle Jurassic Tuxedni Group and Chinit- 
na Formation (Fig. 16), are moderately rich in organic carbon (0.5- 
1 .5%; Magoon and Claypool, 1979, 198 1) and are the hydrocarbon 
source rocks for Cook Inlet. 

The interaction between arc and forean: basin continued from Early 
Cretaceous time onward. Four sequential tectonic episodes - 
Earlykate Cretaceous, Late Cretaceous, early Cenozoic, late Ceno- 
zoic - are defined by the ages of unconformities separating the 
clastic successions (Fig. 16) and by radiometric dates on plutonic rocks 
(Hudson, 1986). Lower Cretaceous, Upper Cretaceous, and lower Ter- 
tiary successions accumulated during brief time intervals, but the younger 
Tertiary is represented by near-continuous deposition. Cretaceous stra- 
ta are mostly marine whereas Tertiary strata are nonmarine. 

Late Tertiary deposition was crucial to hydrocarbon maturation 
and migration. The Tertiary succession is thickest in the basin cen- 
tre, thinning toward the basin margins (Fig. 17a). The Paleocene 
West Foreland Formation, the Oligocene Hemlock Conglomerate, and 
the Oligocene part of the Tyonek Formation comprise reservoir stra- 
ta (Fig. 16). 

Producing oil fields - Trading Bay, McArthur River, Middle 
Ground, Granite Point, Swanson River, Beaver Creek - are locat- 
ed on the basin flanks where Tertiary reservoir rocks truncate (strati- 
graphically) Middle Jurassic source rocks (Fig. 17). In the first part 
of their two-stage hydrocarbon exploration model, Magoon and Clay- 
pool (1981) suggest that burial and maturation of source rocks dur- 
ing the late Tertiary was followed by migration of hydrocarbons u p  
ward, through the source strata and into the Tertiary reservoir strata 
(Fig. 17c). In the second stage of the model, folding and contractional 
faulting of Plio-Pleistocene age was accompanied by remobilization 
of oil and gas into these structures (Fig. 17b). 

Unlike Cook Inlet, Early Cretaceous through early Tertiary sed- 
imentation in the Queen Charlotte Basin was more continuous and has 
not (as yet) been tied to discrete pulses of arc magmatism and unroofing; 
however a tie with events in the adjacent Coast Plutonic Complex, where 
magmatic activity occurred during the Early Cretaceous, Late Cret- 
aceous, and early Tertiary (van der Heyden, 1989), may eventually 
prove possible. 

A model similar to that for Cook Inlet may also apply for the Queen 
Charlotte Basin. Surface mapping shows that some fault-bounded blocks 
have been stripped of Middle Jurassic strata, and in places, Lower Cret- 
aceous strata, placing TriassicIJurassic source rocks adjacent to p e  
tential Cretaceous reservoir strata. We suspect this applies to offshore 
areas as well. One might expect updip migration of hydrocarbons into 
overlying sandstones and even secondary migration along the youngest 
set of Ternary extension faults. Pliocene deformation in the Queen Char- 
lotte Basin has produced faulted anticlines (Rohr and Dietrich, 1991) 
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Figure 15: Regional geology of the Cook Inlet area (modified from Magoon and Egbert, 1986, Fig. 34). 

similar in some respects to those seen in Cook Inlet; like Cook Inlet, 
these anticlines may constitute traps for remobilized oil and gas. 

SUMMARY 
Middle Jurassic events recorded in the geological history of the 

Queen Charlotte Basin may reflect accretionary processes. These 
include: 1 ) southwest-northeast compression; 2) the initiation of vol- 
canism; 3) intrusion of plutons; and 4) a significant change in the style 
and character of sedimentation. It is possible that this middurassic his- 
tory of the Queen Charlotte Basin may be related to accretion of a su- 
perterrane, composed of the Wrangell, Stikine, and Alexander tel-ranes, 
with North America. 

From Middle Jurassic until early Tertiary time, the Queen Char- 
lotte Basin was in an arc, and later, a forearc, setting, adjacent to the 
Coast Plutonic Complex magmatic arc. Late Jurassic uplift and ero- 
sion accompanied by block faulting, was followed by the deposition 
of two transgressive clastic sequences during the Cretaceous. Depo- 
sition was largely continuous throughout Cretaceous time. Thicknesses 
and facies vary on a local scale, reflecting continued minor adjustment 

along faults that had been active during the Late Jurassic. The uppermost 
Jurassic-Lower Cretaceous Longarm Formation is not viewed as a su- 
ture assemblage between Wrangell and Alexander terranes. Rather, 
it is interpreted as the basal part of an essentially continuous Cretaceous 
succession that also includes the Haida and Skidegate formations. 

The recent discovery of on-land nonmarine and marine detrital 
rocks of Eocene and Oligocene age is evidence that at least parts of 
the Queen Charlotte Basin were receiving sediment early in the Ter- 
tiary. The onset of Eocene and Oligocene deposition appears to co- 
incide with two events of regional importance occurring at this time: 
cn~stal extension in south-central British Columbia and along parts 
(and perhaps all) of the eastern margin of the Coast Plutonic Com- 
plex (Panish et al., 1988; Tempelman-Kluit and Parkinson, 1986; van 
der Heyden, 1989: Friedman and Amstrong, 1988), and a significant 
change in plate dynamics along the Queen Charlotte Basin margin, 
from convergent to transcurrent motion (Engebretson et al., 1985; Stock 
and Molnar, 1988; Yorath and Hyndman, 1983; Hyndman and Hamil- 
ton, 199 1). We believe that Tertiary evolution of the Queen Charlotte 
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Mesozoic and Cenozoic structural history of the central 
Queen Charlotte Islands, British Columbia 

P.D. ~ e w i s '  and J.V. ~ o s s '  

Lewis, P.D. and Ross, J.V., Mesozoic and Cenozoic structural history of the central Queen Charlotte Islands, British Columbia; 
in Evolution and Hydrocarbon Potential of the Queen Charlotte Basin, British Columbia, Geological Survey of Canada, Paper 90- 
10,p. 31-50, 1991. 

Regional and detailed structural studies on the central and northern Queen Charlotte Islands delineate four episodes 
o f  deformatior~ spanning Mesozoic and Cerzozoic time: I )  Middle Jurassic shortening, 2 )  Late Jurassic through mid- 
Cretaceous block faulting, 3 )  Late Ci-etaceouslEarly Ter-tiaiy contrac~tiotzal folding andjaulting, and 4 )  Neogene e,r- 
tensional block faulting. During all dejormation, .struct~iral s ~ l e s  reflect nlechanical rock pi-operties, which vary with 
structural level. In deepest crustal rocks. strain is accommodated along steeply dipping faults and shear zones dur- 
ing both extension and contraction. In o~~erlying well-bedded rocks, shortening is rnanijksted in open to tight folds 
and shallo~~ly dipping detachment surfaces, and e,rtension occurs alorzg steeply dipping normal faults. At highest struc- 
tural levels, in thick homogeneous sedimentary and volcanic strata, dominant structures are broad map-scale folds 
or steeply-dipping fault surfaces. Northwest-trending structural features are cotnmon to all deformation events, and 
regional strain analyses record northwest elo~zgation dir-ections. Kinematic anulyses of fault fabrics indicate that dom- 
inant movement directions along steeply-dipping fault suifaces are east-side-up, or southwest directed. No evidence 
is seen for- large transverse offsets along major faults through the Queen Charlotte Islands. Throughout deforn~ation, 
strains were accommodated by a cornhiiiatiorl of brittle and ductile processes, facilitated ~ J J  elevatedpore,fluidpres- 
sures and fluid circulation. 

Des E'tudes structurale.s, rkgionales et Ll%'taillkes, sur le centre et le nord des iles de la Reine-Charlotte ont permis de 
dklimiter quatre kpisodes de dkformation couvrant le ME'sozoi'que et le Ctfnozoiipe : 1)  un raccourcissement au Juras- 
sique moyen, 2 )  un morcellement par failles du Jurassique supkrieur jusqu'au CrktacP moyen, 3) la formation de plis 
et de failles par contraction au Crktack supkrieur et au Tertiaire infkrieur, et 4 )  un morcellernent par failles de dis- 
tension au NkogPne. Durant toute la dkformation, les styles structuraux rejlPtent les propriktes mkcaniques des roches 
lesquels varient selon 1e niveau structural. Dans les roches de la crolite infkrieure, la dkformation alongk des failles 
a pendage abrupt et des zones de cisaillement durant la distension et la contraction. Dans les roches bien strat~jikes 
sus-jacentes, le raccourcissernent se manifeste dans des plis ouverts serrks et dans des surfaces de dktachement ci 
pendage peu profond, et la distension s'observe le long de failles normales h pendage abrupt. Aux niveaux shucturaux 
les plus klevks dans les kpaisses couches skdimentaires et volcaniques homogPnes, les principales structures sont des 
plis d'kchelle cartographique ou des sugaces de faille a pendage abrupt. Les formes structurales a direction nord- 
ouest sont frkquentes dans tous les kvknernents de dkformation, et des analyses de la dkformation rkgionale indiquent 
des directions d'allongement nord-ouest. Des analyses cinkmatiques de la fabrique des failles rkvPlent que les di- 
rections de dkplacement dominantes le long des surlfaces de faille a pendage abrupt sont l'est, indique' par le cBtk 
relevk, ou le sud-ouest. I1 n'existe aucun indice de dkcalages transversaux importants le long des failles principales 
dans les iles de la Reine-Charlotte. Les dqorrnations, tout au long de leur processus, ont 6tk accompagrdes de pMnom2nes 
cassants et ductiles, facilitks par des pressions de fluide interstitiel klevkes et par une circulation de fluides. 
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INTRODUCTION 
The Queen Charlotte Basin Frontier Geoscience Program (FGP) 

has utilized a multidisciplinary approach to sedimentary basin anal- 
ysis and hydrocarbon resource evaluation, incorporating contributions 
from numerous geological and geophysical studies. Regional mapping 
and structural geology studies have been integral parts of the on-land 
portion of this program, and have followed two closely linked a p  
proaches: 1 :50 000 scale regional geologic maps were completed for 
a large part of the central and northern Queen Charlotte Islands (see 
Thompson et al., 1991), while this study concentrated on detailed map- 
ping and structural analysis of rocks at specific locations. The regional 
maps help to establish stratigraphic and structural relations between 
map units and to outline a regional structural history. The types of in- 
formation provided by the maps are critical for predicting the distri- 
bution of lithologic units in the offshore basin areas and for interpreting 
geophysical data, and will be instrumental to developing models for 
the evolution of the Queen Charlotte Basin. The detailed map stud- 
ies and structural analysis reported here are designed to complement 
the regional geologic mapping. Structural data and oriented rock 
samples were collected at key locations to provide a basis for local 
and regional strain analysis, kinematic analysis of structural fabrics, 
and evaluation of processes of deformation. The results, presented below, 
provide more rigid constraints on the timing, style, and kinematics of 
deformation events than could be achieved from the regional studies 
alone. 

In addition to the mapping and structural studies outlined above, 
other workers involved in the Queen Charlotte Basin FGP have ad- 
dressed specific structural problems which bear on the present study 
and contribute to our knowledge of the structural history of the region. 
Hickson (1989, 1991) has recorded structures within the Tertiary 
(Masset Formation) volcanic succession on Graham Island. Anderson 
(1988), Anderson and Reichenbach (l991), and Anderson and Greig 
(1989) have analyzed fracture patterns and penetrative fabrics with- 
in plutonic rocks throughout the Queen Charlotte Islands, to evalu- 
ate the relative roles of emplacement and tectonic generation of 
structures. Souther (1988) and Souther and Jessop (1991) have com- 
pleted a comprehensive survey of igneous dyke orientation, dishibution, 
and chemistry, to determine the amounts and directions of extension 
associated with different episodes of dyke emplacement. 

Previous Structural Work 

Previous structural interpretations for the Queen Charlotte Islands 
region have relied heavily on wrench-fault tectonic styles, and have 
incorporated large transverse offsets along faults through the Queen 
Charlotte Islands. Sutherland Brown (1968) was the first worker to 
describe the structural geology of the Queen Charlotte region in de- 
tail. He completed regional mapping of all of the Queen Charlotte Is- 
lands and described the dominant structures as several major north- 
west-trending fault systems: the Rennell Sound/Louscoone Inlet 
Fault Zone (RSFZ), the Sandspit Fault (SF), and the Queen Charlotte 
Fault (QCF) (Fig. 1). Sutherland Brown proposed that the RSFZ 
represents a cmstal-scale, strike-slip fault zone with up to tens of kilo- 
metres of offset dating from late Jurassic to Cretaceous time. The Sand- 
spit Fault is less well constrained and is not exposed in surficial out- 
crops, but he suggested dominantly dip-slip movement with a possible 
horizontal component. Sutherland Brown also suggested that many 
folds mapped on the islands could be related to movements along the 
major faults. 

Drawing heavily on the existing geologic map and limited new 
geophysical data, Yorath and Chase (1981) and Yorath and Hyndman 
(1983) expanded Sutherland Brown's interpretations and proposed tec- 
tonic models for the evolution of the Queen Charlotte Basin. Their 

models require significant right-lateral offset along the Rennell Sound 
and Sandspit Fault systems, and they interpreted the Louscoone Fault 
as the offset southern extension of the Sandspit Fault. In addition, they 
suggested that the AlexanderbVrangeU terrane boundary coincides with 
the Sandspit Fault and the offshore extension of the RSFZ. 

Young (1981) reviewed available geological data for the Queen 
Charlotte Islands and demonstrated that nearly all structural features 
mapped by Sutherland Brown could be interpreted as elements of a 
wrench fault system. He also presented geophysical data (high reso- 
lution seismic reflection and aeromagnetic surveys) that indicate a struc- 
tural anomaly in Hecate Strait southeast of and along trend with the 
Sandspit Fault. 

Outline of present study 

Detailed structural mapping was completed on the northern and 
central Queen Charlotte Islands during the 1987 and 1988 field sea- 
sons. Four areas were examined; from north to south these are north- 
west Graham Island, Rennell Sound, Long InletKagan Bay, and 
southeast Louise Island (Fig. l ;  Figs. 4,6,9, 10, in pocket). These lo- 
cations provide exposures of a variety of structural and stratigraph- 
ic levels in the Mesozoic and Cenozoic section. All represent well- 
exposed, structurally complex areas which are identified on existing 
maps as being critical to evaluating the structural history of the region. 
The Reme11 Sound and Long InletJKagan Bay areas both span the Ren- 
nell Sound Fault Zone of Sutherland Brown (1968), and the Louise 
Island area is located where the Louscoone Inlet Fault Zone and 
Rennell Sound Fault Zone join. The northwest Graham Island expo- 
sures were examined to assess the regional continuity of structures and 
to provide further constraints to the overall structural history. 

Figure 1: Locations of areas mapped in this study, and approximate 
traces of major structural features described by Sutherland Brown (1968). 
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Figure 2: Position of the Queen Charlotte Basin with respect to the 

terranes are elements of a single Alexander/Wrangell/Stikine megater- 
rane, which represents a single coherent crustal block with no inter- 
nal sutures. 

Rocks of the Queen Charlotte Islands range in metamorphic grade 
from unmetamorphosed to amphibolite grade. The highest meta- 
morphic grades occur in basic volcanic rocks of the Karmutsen 
Formation, which commonly display penetrative metamorphic foli- 
ations outlined by chlorite and/or amphibolite. Metamorphic miner- 
alogy, conodont colour alteration indices (Orchard, 1988), and ther- 
mal maturation trends (Vellutini, 1988) all reflect a general increase 
in metamorphic grade to the south and west. In addition, strongly hom- 
felsed volcanic and sedimentary rocks form aureoles around many of 
the plutons. This contact metamorphism is pronounced enough to com- 
pletely overprint primary textures, and may extend for several hun- 
dreds of metres from intrusive contacts. 

Stratigraphy 
Strata of the Queen Charlotte Islands can be viewed simplisti- 

cally as defining three distinct tectonostratigraphic sequences. Each 
sequence is bounded by unconformities, may contain internal un- 
conformities, and is subdivided into several map units (Fig. 3). In as- 
cending order, these sequences are: 1) an Upper Triassic to lower Mid- 
dle Jurassic succession comprising Wrangellian strata, 2) Middle 

five major tectonic belts of the Canadian Cordillera and approximate 
boundary between rocks of Wrangellia and Alexander terrane affini- 
ty, as  proposed by van der Heyden (1 989). 

To complement the mapping studies, a regional strain analysis 
was completed using deformed ammonites and belemnites as strain 
markers. Samples were collected from locations on Moresby, Louise, 
and central and southern Graham islands. In addition, oriented rock 
samples were collected from all levels of the stratigraphic section to 
examine microstructural development and analyze mechanisms of de- 
formation on the microscopic scale. 

Geologic framework 

The Queen Charlotte Islands region lies within the Insular Belt 
of the Canadian Cordillera on the westemmost edge of the North Amer- 
ican continental plate (Fig. 2). The Queen Charlotte Basin is defined 
as the Neogene basin occupying the depression bounded by the Coast 
Mountains on the east and by the uplifted ranges of the Queen Char- 
lotte Islands to the west. The basin is superimposed on older M e s e  
zoic sedimentary basins, and much of it lies under Hecate Strait and 
the Queen Charlotte Sound. Most strata exposed on the Queen Char- 
lotte Islands are Mesozoic and Paleogene, and form the basement to 
the Queen Charlotte Basin. Exposures of Neogene rocks are limited 
to volcanic strata covering much of Graham Island and possibly 
areas to the south, and small outcrops of Pliocene sedimentary rocks. 
Mesozoic strata in the Queen Charlotte Islands comprise Upper Tri- 
assic and Lower Jurassic rocks of the Wrangell Terraqe (Jones et al., 
1977), and overlying Jurassic and Cretaceous sedimentary and vol- 
canic strata. The Wrangellia Terrane at the latitude of the Queen 
Charlotte Islands is bounded to the west by the Queen Charlotte 
Fault, the major transform fault forming the boundary between Pa- 
cific and NO& American plates. ~ r a n ~ e l l i a n  strata may extend to the 
east of the islands under Hecate Strait, and Triassic volcanic rocks cor- 
related with Wrangellia have been identified east of Hecate Strait on 
Bonilla Island (Roddick, 1970; Woodsworth, 1988). The Wrangell Ter- 
rane is juxtaposed against the Alexander Terrane to the east. Radie 
metric data indicate that the Alexander Terrane and Wrangellia have 
been amalgamated since at least Middle Pennsylvanian time (Gard- 
ner et al., 1988). van der Heyden (1989) suggests, on the basis of field Figure 3: Simplified stratigraphic column showing ages of major litho- 
mapping and geochronologic studies in the Coast Mountains, that both logic units in the Queen Charlotte Islands. 



Jurassic and Cretaceous volcanic. volcaniclastic. and siliciclastic 
units, the distribution and facies of which are largely structurally con- 
trolled, and 3) Tertia~y volcanic and sedimentary rocks. Intrusions re- 
lated to two periods of plutonism are exposed throughout the is- 
lands. For detailed stratigraphic descriptions, the reader is referred to 
Carneron and Tipper (1985). Desrochers (1988). Fogarassy (1989), 
Haggart ( 1986, 1987, 1989,199 1 ), Haggart and Higgs ( 1989). Higgs 
(1989), and Hickson (1989, 1991). 

T~.icrssic to  lower. Middle Juras.sic 

The oldest rocks found in the Queen Charlotte Islands comprise 
the Wrangellian assemblage of Karmutsen Formation, Kunga Group, 
and Maude Group. The Kunga Group is divided into the Sadler 
Limestone and the Peril and Sandilands formations, while the Maude 
Group comprises the Ghost Creek, Fannin, Phantom Creek, and 
Whiteaves fonnations. This sequence is a continuous succession of 
Late Triassic to lower Middle Jurassic age, and contains no signifi- 
cant unconformities. Paleozoic rocks have not been identified in the 
Queen Charlotte Islands, and for the purposes of discussion the Kar- 
mutsen Fommation/Kunga Grouphlaude Group succession will be re- 
ferred to as structural and stratigraphic basement in this report. 

Organic-rich shales occurring within the Sandilands and Ghost 
Creek formations are considered to have the greatest petroleum 
source rock potential of the Queen Charlotte region (Vellutini, 1988; 
Vellutini and Bustin, 1991). 

Middle Jlcrussic and Crerciceolrs 

A regional angular unconformity separates the Triassic to lower 
Middle Jurassic succession from all overlying rocks. Some previous 
workers considered the Middle Jurassic and Cretaceous section above 
this unconformity to represent two tectonostratigraphic packages 
(e.g., Yorath and Chase, 1981; Yorath, 1988). However, present 
studies suggest most Middle Jurassic and Cretaceous rocks share a com- 
mon depositional style, and therefore they are not subdivided in the 
present discussion. Middle Jurassic through Cretaceous rocks in the 
Queen Charlotte Islands include the dominantly volcanic Yakoun Group 
and siliciclastic sedimentary rocks of the Moresby Group, the Lon- 
g m  Formation, and the Queen Charlotte Group. The Queen Char- 
lotte Group is further divided into the Haida, Skidegate, and Honna 
formations, and unnamed volcanic and sedimentary rocks. The Haida 
and Skidegate formations, together with the underlying Longarm 
Formation, are interpreted as a Lower to mid-Cretaceous transgres- 
sive shelf sequence younging eastwards across the islands (Haggart, 
1991). The overlying Honna Formation is a widespread conglomer- 
atelsandstone unit with uncertain stratigraphic relationships to the older 
rocks. 

A distinctive sandy, locally fossiliferous lithofacies of Lower to 
mid-Cretaceous age contains the highest porosity values measured in 
any of the stratigraphic succession preserved in the Queen Charlotte 
Islands, and is considered a primary hydrocarbon reservoir target 
(Fogarassy and Barnes, 1988). This unit was originally considered to 
represent a basal member of the Haida Formation, but macrofossil col- 
lections from several outcrops have been identified as having equiv- 
alent age to parts of the Longarm Formation (Haggart, 1991). 

The distribution of Middle Jurassic and Cretaceous strata in the 
Queen Charlotte Islands is conh-olled in part by block faults which were 
active prior to and possibly during deposition. Thompson and Thorkel- 
son (1989) have identified three northwest-mending fault blocks on 
Louise, Graham, and northern Moresby islands, each of which has a 
different Middle Jurassic and Lower to mid-Cretaceous stratigraph- 
ic succession preserved. The Upper Cretaceous Honna Formation over- 
laps all fault blocks. 

Tertiri~y volcntzic nrzd se~limetztary r.oc.ks 

Tertiary strata crop out over much of the Queen Charlotte Islands 
and form thick accumulations in the offshore portion of the Queen Char- 
lotte Basin. The oldest documented Tertiary sedimentary rocks occur 
at Long Inlet and Hippa Island and are intersected by the Port Louise 
well, and havc yiclded Eocene/Oligocene palynomorphs (White, 
1990). The regional extent of Eocene/Oligocene sedimentary rocks 
is uncertain, but several hundreds of metres of section are recognized 
in both locations. 

Tertiary volcanic rocks in the Queen Charlotte Islands have 
historically all been assigned to the Masset Formation, but Hickson 
(1991) now recognizes two petrologically distinct suites within these 
rocks. Oligocene and Miocene volcanic rocks covering much of Gra- 
ham Island and interdigitating with Miocene and younger sedimen- 
tary strata of the Skonun Formation (Cameron and Hamilton, 1988) 
are assigned to the Masset Formation. Eocene and Lower Oligocene 
volcanic rocks making up many of the exposures previously mapped 
as Masset Formation south of central Graham Island are an unnamed 
petrologically distinct suite (Hickson, 1991). 

The Skonun Formation is extensive under Hecate Strait, but sur- 
ficial exposures are limited to a few outcrops on eastern and central 
Graham Island. Up to 5 km of Miocene and Pliocene sandstone and 
shale of the Skonun Formation are encountered in oil-company bore- 
holes in Hecate Strait (Shouldice, 1971). The Skonun Formation in- 
cludes both organic-rich sediments and porous sandstones and con- 
glomerates, and may have potential as both a hydrocarbon source and 
a hydrocarbon reservoir beneath Hecate Strait. 

Intrusive rocks 
Anderson and Greig (1989) assign most intrusive rocks in the 

Queen Charlotte Islands to either a Tertiary (Oligocene) plutonic 
suite or one of two Late Jurassic plutonic suites. These suites all rep- 
resent calc-alkaline, I-type plutonism and define northwest-trending 
magmatic belts. Intrusive rocks are volumetrically most abundant in 
the southern portion of the islands. 

STRUCTURAL GEOLOGY 
Mesozoic and Cenozoic deformation in the Queen Charlotte Is- 

lands has resulted in complex faults, folds, and structural fabrics in 
rocks of all ages. Structures were analyzed in the four map areas at 
northwest Graham Island, Rennell Sound, Long Inlet/Kagan Bay, and 
Louise Island (see also Fig. 25). Mapping in these areas, a regional 
strain analysis study, and regional mapping by Thompson et al. 
(1991) all combine to outline a structural model involving at least four 
separate pulses of deformation. 

Map descriptions 
The four map areas examined in this study provide glimpses of 

deformation styles at a number of structural and stratigraphic levels 
at separate locations across the Queen Charlotte Islands. Regional map- 
ping programs have helped establish continuity between these areas, 
and have added timing constraints to some of the structures described. 

Northwest Grahum lslund mup area 
On Graham Island north of Kemecott Point, strata of Late Tri- 

assic to Cretaceous age are continuously exposed along wave-cut bench- 
es. Detailed structural maps were completed at Kennecott Point, 
along the south shore of Sialun Bay, and just north of Fleurieu Point. 
At these locations, well bedded limestone, sandstone, and siltstone of 
the Peril Formation are complexly deformed by several generations 
of folds and faults. 

Kennecott Point. 1 : 1000 scale structural mapping was completed at 
Kennecott Point for an area measuring roughly 500 m by 200 m 



(Fig. 4a, in pocket). Mapping was aided by a 1560 scale aerial pho- 
tograph of the outcrop, prepared as a base for biostratigraphic stud- 
ies in the area. 

Bedding at Kennecott Point strikes approximately east-west, 
and dips moderately to the south. Dominant structural features com- 
prise two nearly orthogonal sets of subvertical faults, shiking 030-040" 
and 130-140". The northeast-trending faults consistently cut and off- 
set northwest-trending faults. Fault surfaces for both sets are either 
discrete surfaces or narrow (R m) brittle shear zones. Northeast-trend- 
ing faults span the width of exposed outcrop, whereas northwest-trend- 
ing faults can be traced with certainty for only tens of metres. Offset 
amount and direction were determined through examination of slick- 
ensides, fault-drag folds, and offsets of marker beds. Both sets of faults 
record subhorizontal, left-lateral offset. The older, northwest-trend- 
ing faults commonly have metres to tens of metres of offset, where- 
as younger, northeast-trending faults have separations greater than their 
exposed strike length, at least 200 m. 

Within fault-bounded blocks, bedding is buckled into broad, open, 
northwest-trending warps. Tight folds are rare and limited to strata im- 
mediately adjacent to fault surfaces. Both types of folds are likely minor 
local features related to fault movement. 

The most elongate fault blocks, which are bounded by closely 
spaced northeast-trending faults, have bedding attitudes striking 050- 
080'. This is slightly more northerly than regional bedding trends, and 
may be related to anticlockwise rotation of the strata within the block 
during faulting. This rotation was accompanied by slip along bedding 
surfaces, and the sense of rotation displayed is consistent with the left- 
lateral offsets along the bounding faults. 

South Sialun Bay. 1:1000 scale maps were completed for wave-cut 
benches of Triassic bedded limestone (Peril Formation) along the south 
shore of Sialun Bay (Fig 4b, in pocket). In this area, bedding strikes 
northwest and dips moderately to the southwest. Three major sets of 
faults were mapped; all dip subvertically. The oldest faults trend 
055-065" and have apparent left-lateral offset. Younger faults form 
two sets: a northwest-trending (150- 160') set with apparent right-lat- 
era1 offset, and an east-west (090-095') set with apparent left-later- 
al offset. Variable crosscutting relations suggest the two younger 
sets formed synchronously as conjugate faults. Slickensides are rarely 
preserved, leaving the vertical component of offset uncertain. All faults 
display metres to tens of metres apparent offset. 

Throughout the south Sialun Bay map area intermediate com- 
position feldspar-hornblende-phyric dykes intrude the stratified rocks. 
These intrusions measure metres to tens of metres in width and up to 
200 m in length, and are cut by all faults. Hickson (1989) suggests 
intrusions in this region are petrologically distinct from Masset For- 
mation volcanic rocks and associated feeders, and may be of similar 
age to either Honna Formation or Haida Formation sedimentary stra- 
ta (mid- to Late Cretaceous). Alternatively, the dykes may be relat- 
ed to Middle Jurassic volcanism or Late Jurassic plutonism. 

Mesoscopic folds are common within the fault-bounded blocks. 
These folds have wavelengths of 10-30 m, and outline open to tight 
buckle forms. Fold hinges are subangular to subrounded, and the tighter 
folds have faulted cores. Axial surfaces are subvertical and approx- 
imately parallel to the younger, east-west trending faults. Fold axes 
plunge gently to the east or west. 

Fleurieu Point. The structural geology of the shoreline area just 
north of Fleurieu Point was described previously by Lewis and Ross 
(1989). This area differs from others mapped on northwest Graham 
Island in that the dominant features present are northwest-trending, 
moderately southwest-dipping thrust faults (Fig. 4c, in pocket). These 
faults are parallel to bedding or cut across bedding at small angles. 

Figure 5: Fault duplex structures between adjacent bedding-parallel 
slip surfaces in bedded Triassic limestone at Fleurieu Point. View look- 
ing west demonstrates north-directed sense of transport. 

The faults bound 5-10 m thick tabular blocks of Peril Formation 
bedded limestone, and can be traced for over 100 m along strike. In 
one location, a three-fold thickening of strata is documented across 
successive faults. Duplex structures are commonly associated with minor 
ramps across bedding (Fig. 5). 

Tight to isoclinal recumbent folds occur in strata immediately 
adjacent to fault surfaces. These folds commonly contain axial-pla- 
nar cleavage parallel to regional compositional layering. Fold axis ori- 
entation~ lie within the fault plane, and are approximately parallel to 
fault ramplflat intersection lines. This orientation and the spatial as- 
sociation between folds and faults suggest that the folds formed dur- 
ing faulting as drag features. Fold asymmetry and fault ramp and du- 
plex geometry indicate north to northeast transport directions. 

Steeply-dipping faults striking 055-065' and 115-l25O offset folds 
and southwest-dipping faults. Both sets of steeply-dipping faults 
have subhorizontal slickensides. Drag folds and offset of stratigraphic 
markers document several metres of left-lateral offset along northeast- 
trending faults, and uncertain amounts of light-lateral offset along north- 
west-trending faults. 

Faults and folds at all three map locations on northwest Graham 
Island record a similar structural history. At all locations, at least two 
generations of crosscutting structures are delineated. Thrust faults at 
Fleurieu Point and early left-lateral strike-slip faults at south Sialun 
Bay both record an early episode of north-south directed shortening. 
Younger left-lateral strike-slip Faults at Fleurieu Point and a conju- 
gate set of strike-slip faults at south Sialun Bay indicate a slight 
clockwise rotation in shortening direction to north-northwest. At 
Kennecott Point, earliest structures are northeast-striking sinistral 
strike-slip faults, more compatible with initial east-west directed 
shortening. These faults have only minor offsets, and the dominant 
northwest-trending strike-slip faults in the area accommodate north- 
south shortening, similar to that inferred for the other map areas. 

The absolute ages of structures on northwest Graham Island are 
uncertain. Gently-dipping Cretaceous strata (Haida and Honna for- 
mations) overlie the Triassic rocks with pronounced angular uncon- 
formity, and are deformed only by broad, map-scale warps and minor 
faults. It seems likely, therefore, that most of the faulting described 
is related to Middle to Late Jurassic defomiation. Fabric studies of fold- 
ed strata at Fleurieu Point support this inference (see following sec- 
tion). 

Renrlell Soitnd map area 

At the southeastern end of Rennell Sound (Shields Bay), com- 
plexly deformed Upper Triassic to Lower Cretaceous strata crop out 
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Figure 7: Sketches showing contrasting fault styles in Triassic strata at Rennell Sound: a) anastomosing fault surfaces bound fault slivers of in- 
tensely folded, bedded limestone and fractured massive limestone and volcanics, b) discrete fault surfaces accompanied by well developed fo- 
liation~ in adjacent massive limestones. 

along shorelines and on surrounding hillsides. Shoreline exposures in 
this area were mapped at 1:20 000 and greater scales, and the hills sur- 
rounding Rennell Sound were mapped at 1 :25 000 scale (Fig. 6,  in 
pocket). 

The Upper Triassic-Lower Jurassic stratigraphic section is par- 
ticularly well exposed along rocky shorelines of closely spaced islands 
in Shields Bay. Throughout this area, the structure is characterized by 
tabular blocks of northeast-dipping strata separated by and repeated 
across steeply-dipping, northwest-striking ( 135- 160') faults. Younger 
subvertical faults strike 080-090' and have minor offset. 

Faults of both orientations occur as either discrete fault sur- 
faces, or as complex brittle fault zones up to 20 m wide (Fig. 7). With- 
in brittle fault zones, anastomosing fault surfaces juxtapose slivers of 
well-bedded strata (Peril and Sandilands formations) between blocks 
of older, more massive volcanic or sedimentary rocks (Karmutsen For- 
mation and Sadler Limestone). These slivers of bedded rocks are them- 
selves internally faulted and strongly folded. Folds are disharmonic, 
tight, and have subhorizontal axes which trend parallel to fault zone 
boundaries. 

Long InletlKagan Bay map area 
Regional mapping was completed at 1:25 000 scale for the 

Long Inlet and Kagan Bay map areas, extending as far south as 
Skidegate Channel (Fig. 9, in pocket). Reconnaissance mapping of 
shoreline exposures as far east as Sandspit and as far west as Chaatl 
Island was conducted. Within the Long Met/Kagan Bay map area stra- 
ta of Middle Jurassic to Paleogene age are represented. A discussion 
of the structure and stratigraphy of the area at the south end of Long 
Inlet alone is included in Haggart et al. (1989). 

Structures throughout the map area are dominated by north- 
west-trending faults and megascopic folds, and are reflected in con- 
sistent northwest bedding strikes. Megascopic folds have upright 
axial surfaces, subhorizontal axes, and wavelengths of 1-3 km. Fold 
styles range from tight, locally overturned structures to broad, open 
warps. The tightest structures occur in an easterly overturned anticline- 
syncline pair which transects Long Inlet and coincides with Sutherland 
Brown's (1968) Rennell Sound Fault Zone. This structure involves 
strata as young as Upper Cretaceous and has been traced over 40 km 

Discrete fault surfaces commonly are accompanied by pervasive . , 
foliations in adjacent rocks. These foliations are best developed in mas- -. I I 

sive rocks of the Sadler Limestone and are limited to rocks within 5- l-, 1 
15 m of the fault surface. Recrystallized calcite veins cut across the < 
foliation at small to moderate angles. Many are tightly to isoclinally "A, . 
folded, with axial planes parallel to the foliation and fold axes par- &'  W .  

.:+,i" 
r.. Z allel to the mineral lineation. , 

In addition to those folds occuning within fault zones and clear- 
ly related to faulting, recumbent isoclines occur rarely within bedded 1 
limestones and siltstones of the Peril Formation (Fig. 8). These folds 
are typified by northwest-trending axes and layer thickening in hinges, 
and the amount of regional structural thickening they represent is un- 

I 

I ,  

certain. The relationship between these folds and the faults described I 

above is unclear, but they probably represent an earlier phase of de- - - 
formation. 

Figure 8: Recumbent, northwest-trending isoclinal fold of Triassic 
Peril Formation limestone exposed along Rennell Sound road. These 
folds are the oldest recognized structures in the areas mapped. 



to the southeast on Moresby Island (Thompson and Thorkelson, 
1989). For convenience, Thompson (1988) informally designated 
these folds the "Rennell Sound Fold Belt", although continuity into 
Remell Sound has not been demonstrated. Furthermore, the structural 
feature contains only a single anticline-syncline pair, and the use of 
the term "fold belt" is misleading. Therefore, we here designate these 
major structures the Long Inlet Anticline and Long Inlet Syncline and 
discourage further use of the terms "fault zone" and "fold belt". The 
timing of folding is constrained to Late Cretaceous or Early Tertiary 
by newly described Paleogene strata which unconformably overlie the 
folds north of Gosset Bay (Lewis, 1990). Total regional shortening 
associated with Late Cretaceous/Early Tertiary folding is less than 15%, 
a estimated from fold geometry. This is considerably less than the 
amounts of shortening observed in Jurassic rocks at the Rennell 
Sound and Louise Island map areas. 

Thompson and Thorkelson (1989) note that the Long Inlet Syn- 
cline and Long Inlet Anticline spatially coincide with a major fault 
(Dawson Cove Fault) which separates two northwest-trending tectonic 
blocks. In the southwest block, the Longarm Formation directly over- 
lies Kunga Group or Yakoun Group rocks, and in the northeast block, 
the HaidaISkidegate succession overlies this same Triassic-Jurassic 
succession. The continuation of the Dawson Cove Fault into Long Inlet 
is implied by thick successions of Longarm and Skidegate formation 
strata juxtaposed across the inlet, but the fault has not been observed 
in outcrop. The fault is overlapped by Upper Cretaceous Honna For- 
mation conglomerate along much of its length, and by volcanic rocks 
of probable Tertiary age north of Skidegate Channel. We postulate 
that this major prelsyn-Cretaceous fault may have been reactivated 
during Late CretaceoustEarly Tertiary folding, and helped l o c h  strain 
along the Long Inlet AnticlineISyncline fold set. 

Steeply-dipping, northwest-trending faults cut all Jurassic and 
Cretaceous strata and the folds described above. Some of these faults 
were originally mapped by Sutherland Brown (1968) as components 
of the Reme11 Sound Fault Zone. AIthough unequivocal offset direction 
indicators are lacking, the simplest offsets which adequately account 
for present outcrop patterns involve only hundreds of metres of dip- 
slip movement. 

Youngest structures in the Long InletKagan Bay area com- 
prise steeply-dipping faults striking 055-070". Slip direction indica- 
tors are lacking, but simplest reconstructions indicate a few hun- 
dreds of metres of left-lateral offset. These faults are similar in 
orientation and sense of offset to faults described at Rennell Sound 
and in central Graham Island (Indrelid et al., 1991). 

Mesoscopic structures related to folding and faulting are ubiq- 
uitous in shale sequences of the Skidegate and Haida formations. Low- 
angle detachments produce minor strata1 repetition in cores of major 
folds and are likely space-accommodating features. Well-defined 
pencil lineations are parallel to fold axes, and locally a weak cleav- 
age is parallel to axial planes. Mesoscopic structures in coarse clas- 
tic and volcanic lithologies are limited to fracture surfaces with minor 
offset and ubiquitous calcite- and quartz-filled veins, and cannot be 
conclusively related to specific megascopic structures. 

Solltheast Louise Island map area 
Shoreline exposures and adjacent hillsides and offshore islands 

were mapped at 1 :25 000 scale along southeast Louise Island from 
Dass Point to Skedans Point (Fig. 10, in pocket). Most exposures in 
this area are of Triassic and Jurassic strata. Exceptions occur at 
Skedans Point where Cretaceous rocks of the Longarm and Haida for- 
mations crop out. Structures in Triassic and Jurassic rocks on south- 
east Louise Island are similar in style and orientation to those described 
in similar age strata at Reme11 Sound. Bedding dips in the area are 

generally to the northeast, especially in the Kam~utsen Formation and 
Sadler Limestone, but strike directions are overall more westerly 
than those recorded at Rennell Sound. 

Most map-scale faults in the area are steeply dipping and strike 
between 090' and 140'. Distinct sets with consistent crosscutting age 
relationships cannot be delineated. In the massive rocks of the Kar- 
mutsen Formation and Sadler Limestone, faults dip steeply to the north- 
nol-herst and occur both as discrete surfaces and as 10-30 m wide anas- 
tomosing brittle fault zones. In the Sadler Limestone, many discrete 
fault surfaces have an associated foliation which is parallel to the fault 
surface. Brittle fault zones are characterized by a complex internal ge- 
ometry and strongly folded slivers of well-bedded limestone (Peril For- 
mation). Folds in the limestone are disharmonic, bedding dips are sub- 
vertical, and internal faults are closely spaced. These bedded limestones 
occur bounded by blocks of massive Karmutsen Formation or Sadler 
Limestone strata, and therefore must be displaced from higher lev- 
els in the stratigraphic succession. 

In the well-bedded Peril and Sandilands formations, fault atti- 
tudes are much shallower, and measurable displacements across sin- 
gle surfaces are smaller. Folds occur as map-scale features and, more 
commonly, as mesoscopic structures. Mesoscopic folds have wave- 
lengths of metres and are characterized by subvertical axial surfaces 
and tight chevron forms. Bed-length shortening across fold sets typ- 
ically measures 10-20%, but may locally exceed 40%. Most folds are 
asymmetric and record a southeast-directed sense of vergence. 

Estimates of direction and amount of net slip along faults are made 
by measurement of observed offsets in stratigraphic markers and 
kinematic analyses of fault fabrics. Kinematic indicators (discussed 
in following section) all indicate a dominant down-dip component of 
slip. Down-dip separation of stratigraphic markers is commonly only 
hundreds of metres in a north-side-up sense. With the northwesterly 
bedding dips common to this area, this displacement represents a net 
shortening and structural thickening. Although the total shortening across 
any one fault is relatively minor, the close spacing of faults allows larg- 
er regional strains to be accommodated. 

Between Skedans Point and Skedans Bay, the Jurassic Yakoun 
Group and Cretaceous Longann Formation unconformably overlie the 
Triassic-Lower Jurassic succession. These younger strata are broad- 
ly folded about northwest-trending axes; it is unclear if they are af- 
fected by the faults mapped at deeper structural levels. 

Strata of the Peril and Sandilands formations between Dass 
Point and Vertical Point are inhuded by numerous, closely spaced dykes 
and sills. These intrusions locally comprise up to 80% of exposed rocks, 
and in places pass into poorly stratified or unstratified brecciated vol- 
canic lithologies which may represent subaerial volcanic flows. 
Dykes of similar character on western Louise Island have been shown 
to be related to Tertiary volcanism (R.I. Thompson, pers. comm., 1989). 

Discussion 
The map studies described above, when combined with the re- 

gional mapping described by Thompson et al. (1991), delineate four 
episodes of deformation which affected the Queen Charlotte region 
in Mesozoic and Cenozoic time. From earliest to most recent, these 
are: a) Middle Jurassic shortening, b) Late Jurassic to mid-Cret- 
aceous block faulting, c) Late Cretaceous or Early Tertiary folding, 
and d) Neogene block faulting. An additional Tertiary shortening event 
is inferred from structures in Paleogene strata north of Long Inlet and 
is discussed by Lewis (1990). The regional significance of this event 
is uncertain, and it is not addressed here. Northwest-trending struc- 
tures are common to all episodes of deformation. As a result individual 
structures observed in the field, especially in older rocks, are difficult 
to ascribe to specific episodes of deformation. Multiple offset histe 



ries are likely for many faults, and folds formed during early defor- 
mation may have been subsequently modified. The geometry of each 
of these episodes and the geologic evidence which constrains the tim- 
ing of deformation are summarized below. 

Middle Jura.s.sic shot-tetzinq 
Earliest structures recognized in the Queen Charlotte Islands com- 

prise northwest-[rending folds and contractional faults in Triassic-Mid- 
dle Jurassic strata. Several lines of evidence constrain the onset of com- 
pression to Aalenian time: 
- 'The Late Triassic (Carnian) to Middle Jurassic (Aalenian) scd- 

imentary section represents a continuous succession unbroken 
by internal unconformities (Tipper, 1989). 

- Bajocian Yakoun Group strata unconformably overlie all older 
rocks. In places, the unconformity surface represents a sharp, an- 
gular discordance where gently dipping undeformed strata over- 
lie subvertically dipping, strongly folded rocks (see Thompson 
et al., 1991). 

- Amounts of shortening across contractional structures are much 
greater in the Triassic to Middle Jurassic section than at higher 
stratigraphic levels. 

- Structural fabrics in folds of Kunga Group rocks indicate that de- 
formation occurred in poorly lithified sediments, at relatively shal- 
low levels (see following section). 

- Dykes of Tithonian age crosscut folds within the Sandilands For- 
mation (Anderson and Reichenbach, 1991). 

Northwest-trending reverse faults at Rennell Sound and Louise 
Island are probably manifestations of this early shortening. Strike-slip 
faults mapped on northwest Graharn Island would have accommodated 
similar orientations of shortening. 

Middle J~o.a.ssic~lCretuccous block fuultitzg 
The present distribution of Middle Jurassic through mid-Creta- 

ceous strata suggests a strong control on sedimentation pattern by episod- 
ic block faulting. Thompson and Thorkelson (1989) and Thompson 
t t  al. (1991) describe three northwest-trending stratigraphic belts 
which transect northem Moresby and Louise islands. Each stratigraphic 
belt is bounded by steep faults, which in turn are overlapped by 
Upper Cretaceous Honna Formation conglomerates. Within each 
belt, the Middle Jurassic to mid-Cretaceous stratigraphic section pre- 
served differs from that in neighbouring blocks: the central block lacks 
Yakoun Group and Long- Formation strata, the northeast block has 
no Longarm Formation strata and only a thin section of Haida For- 
mation strata, and the southwest block completely lacks Haida For- 
mation strata (Thompson and Thorkelson, 1989). The thicknesses and 
facies preserved in these belts vary with position relative to the 
bounding faults (Fogarassy, 1989; Thompson et al., 1991). These strati- 
graphic relations require several periods and senses of offset on the 
bounding faults, controlling the erosion and sedimentation of the 
Middle Jurassic through Cretaceous units. This theme is developed 
more fully by Thompson et al. (1991) in their discussion of region- 
al stratigraphic distribution. 

Late CretaceouslEarly Tertiary folding 
A northwest-trending belt of tightly folded Cretaceous strata has 

been mapped through Long Inlet (Lewis and Ross, 1988) and south- 
west across northem Moresby Island to Louise Island (Thompson and 
Thorkelson, 1989). Volcanic strata which conformably overlie Honna 
Formation conglomerates in Long Inlet are involved in this folding 
(Haggart et al., 1989). However, Miocene (Masset Formation) vol- 
canic rocks throughout Graham Island are generally flat-lying 
(Hickson, 1989), and gently-dipping Eocene/Oligocene sedimenta- 
ry strata unconformably overlie the upturned edge of steeply dipping 

Honna strata both north and south of Long Inlet (Lewis, 1990). These 
field relations restrict the timing of folding of Upper Cretaceous stra- 
ta to Late Cretaceous and/or Early Tertiary. 

Tiv-tiav Bluck Faulting 
Evidence oFTertiary block faulting occurs both in surficial ex- 

posures and in offshore regions. Steeply-dipping, northwest-mending 
faults cut all Mesozoic strata exposed on the Queen Charlotte Islands. 
Both northwest-[rending and east-northeast-trending faults cut Late 
CretaceousfEarly Tertiary folds in the Long Inlet area. The Sandspit 
Fault bounds a thick accumulation of Neogene strata on its east side 
and displays evidence of recent movements (Sutherland Brown, 
1968). Reflection seismic data from Hecate Strait indicate numerous 
steeply-dipping faults of uncertain strike orientation cutting the Ter- 
tiary basin fill (Rohr and Dietrich, 1991). 

Seismic data from Hecate Strait and onshore exposures show fold- 
ing of Neogene Skonun Formation strata (Rohr and Dietrich, 1991; 
Lewis et al., 1990). The regional significance of this folding is uncertain, 
and it may be related to penecontemporaneous block faulting. 

Styles of mesoscopic structures vary regularly throughout the strati- 
graphic section, reflecting the mechanical response of the different lithe 
logic layers to deformation. At deepest levels, in massive strata of the 
Karmutsen Fonnation and Sadler Limestone, regional strain is ac- 
commodated by displacements along steeply-dipping faults or is dis- 
tributed across shear zones during both contractional and extension- 
al deformation. Less competent, bedded strata occurring at higher 
stratigraphic levels are strung out along anastornosing fault zones, re- 
flecting multiple periods of faulting. As faults pass upward into bed- 
ded rocks, both mesoscopic and map-scale folds accommodate in- 
creasing amounts of strain. A transition from block faulting to broad 
folding is particularly well displayed on southeast Louise Island, 
where a map-scale warp of the Sadler Limestone is cored by a fault- 
ed block of the Karmutsen Formation (Fig. 11). This style transition 
is related to strong lithologic layering (bedding) playing an increas- 
ing role in controlling structural development at higher levels. One 
exception to this progression of structural styles occurs on northwest 
Graham Island, where north-northwest-directed shortening in bedded 
limestones (Peril Formation) occurs by strike-slip movement along 
subvertical faults. This change in style may reflect a local change in 
stress configuration, to one in which minimum stresses are in a hor- 
izontal rather than vertical orientation. 

Figure 11: Faulted anticline on southeast Louise Island. Massive 
block of Karmutsen Formation volcanic rock (dark colour) is faulted into 
core of structure outlined by basal Kunga limestone. 



Most of the Mesozoic rocks above the Maude Group behaved 
as thick, competent structural units during deformation. Although bed- 
ding is well-defined in many of these units, it does not represent the 
strong mechanical layering characteristic of the Maude Group and upper 
parts of the Kunga Groups. Consequently, bedding-parallel detach- 
ments and folding are less common. Mechanical layering instead is 
defined by major lithologic boundaries, which occur with a spacing 
of hundreds of metres. As a result, structural styles are dominated by 
broad folds with wavelengths of hundreds of metres to kilometres, and 
by steeply-dipping faults. Within hinges of these megascopic folds, 
especially in thinly- to medium-bedded siltstones and shales of the Queen 
Charlotte Group, greater strains are manifested in detachment surfaces 
at low angles to bedding, in mesoscopic folding, and in the develop 
ment of weak penetrative fabrics. 

Strain analysis 

Introduction 
Invertebrate fossils can often be used as markers to determine 

the magnitude and direction of finite strain in deformed rocks. In the 
Queen Charlotte Islands, deformed ammonites from the Kunga, 
Maude, and Yakoun groups and belemnites from the Yakoun Group 
were used to characterize the strain patterns associated with region- 
al deformation. 

Many ammonites have keel lines which outline logarithmic spi- 
rals when undefonned. The deformation of a logarithmic spiral can 
be quantified using one of several methods; the method described by 
Blake (1878) was used in this study. Blake's method requires visual 
estimation of elongation direction and, therefore, is less accurate for 
low values of strain. Strains determined by this method are two-di- 
mensional and reflect only the deformation in the plane containing the 
keel spiral. In all samples measured, the ammonites were preserved 
as prints on bedding surfaces (Fig. 12). and consequently the values 
obtained ar t  a measure of bedding plane finite strain. Ammonites with- 
in concretions were not measured, as the competency contrast between 
concretions and surrounding rocks effectively shields the fossils from 
regional deformation. 

Belemnites are preserved as either empty casts or as calcite 
shells within sandstone and siltstone lithologies. The calcite shells are 
a more competent material than surrounding rocks, and underwent brit- 
tle failure during deformation. Strain magnitudes and directions were 
determined by measuring the amount of elongation of belemnitcs in 
different orientations, and applying a Mohr circle solution (Ramsay 
and Huber, 1983). Ideally, a randomly oriented distribution of fossils 
will allow three-dimensional strains to be analyzed; in this case, 
belemnites are preserved along bedding planes, and only bedding plane 
strains were quantified. 

Ammonites were collected and/or photographed at 19 locations 
on Graham, Louise, Moresby, Maude, and Sandilands islands, and 
belemnites were collected at one location near Rennell Sound. A total 
of 96 ammonites were measured at these locations. Intervals within 
the Sandilands, Ghost Creek, and Phantom Creek formations and the 
Yakoun Group are represented. None of the fossils observed in Cret- 
aceous strata in the course of the mapping studies displayed measurable 
distortion. Measured strains were restored to horizontal by a single 
rotation about bedding strike. Procedures and calculations are tabu- 
lated in Appendix 1. 

Reslrlts utzd disclrssion 
All samples showed restored elongation dircctions in the north- 

west quadrant (Fig. 13). 'This elongation direction is approximately 
parallel to regional structural trends and perpendicular to the short- 
ening direction inferred from mapping studies. In central Graham Is- 
land, the two most northerly locations sampled show an abrupt change 

towards a more east-west elongation direction. Structures mapped in 
this area do not display a similar change in orientation (Indrelid et al., 
1991). Strata at these locations may have undergone a structural his- 
tory which makes restoring bedding by a simple rotation about strike 
invalid. Belemnites from the Yakoun Group sandstones above Ren- 
nell Sound have elongation directions and magnitudes similar to 
those obtained using ammonites as strain markers. 

Figure 12: Example of deformed ammonite print used to character- 
ize regional bedding-plane finite strain. 
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Figure 15: Map showing variation in bedding-plane finite strain with 
geographic position and stratigraphic level, as determined from deformed 
ammonites and belemnites. At all locations studied, northwest elon- 
gation directions are observed, with highest strain values occurring in 
massive or thickly bedded Ghost Creek Formation siltstones. 



Magnitudes of strain ratios (I+el/l+e3) measured range from 1.0 
(unstrained) to 1.5 1. The strain ratios can be directly correlated with 
lithologic characteristics: lower'strain values were obtained from 
shongly bedded mks with well defined mechanical stratification (Sandi- 
lands Formation), while uniform, massive siltstones and sandstones 
(Phantom Creek and Ghost Creek formations) contained more high- 
ly strained fossils. 

Several limitations to the regional significance of these results 
must be recognized: 

1. Measured strains may be cumulative from several deformation 
events, and may thus represent both Jurassic and Late Cret- 
aceous/Tertiary shortening. However, fossils in Cretaceous 
rocks are rarely preserved as bedding plane prints, and are not 
observed in deformed states. This makes the effect of younger 
deformation in the older rocks difficult to quantify. Shortening 
related to the Late Cretaceous/Early Tertiary folding can be es- 
timated by measuring bed-length shortening in cross sections drawn 
perpendicular to structure. Total shortening in a section through 
the Long InletIKagan Bay area (Fig. 9, in pocket) measures 
only 7-10%. This shortening is considerably less than values de- 
termined from ammonites in Jurassic rocks, which range up to 
20%, assuming constant volume deformation and plane strain (vol- 
ume loss yields greater values of shortening). The strains calculated, 
therefore, reflect to a large extent shortening prior to folding of 
Cretaceous strata, i.e., deformation during the Middle Jurassic 
compression. Deformed belemnites from Yakoun Group rocks 
indicate that the regional penetrative strain associated with Mid- 
dle Jurassic shortening may locally affect rocks above the basal 
Yakoun Group unconformity. 

2. Measured strains reflect the bulk internal strain of the layers in 
which the fossils occur. In addition to this bulk strain, shorten- 
ing is accommodated by displacement along mesoscopic and 
megascopic faults and by folding. Therefore, calculated strains 
reflect only a minimum value for regional shortening. 

Structural fabrics 

Introduction 
Structural fabrics preserved in Mesozoic shata of the Queen Char- 

lotte Islands include fissility and spaced cleavage in shales, foliation 
in the Sadler Limestone, and mylonitic fabrics in metavolcanic rocks 
of the Karmutsen Formation. In addition, folded Peril Formation 
bedded limestones at Fleurieu Point have locally well-developed 
axial-planar cleavages. Nearly all lithologies contain abundant quartz 
or calcite veins. Thin section analyses have helped to describe the mi- 
croscopic elements defining these fabrics, and helped to identify 
weak fabrics not visible mesoscopically. 

Mesoscopic description 
Shale fabrics. Shales and siltstones of the Haida, Skidegate, and 
Ghost Creek formations contain two morphologically distinct types of 
cleavage. The most common is a strong fissility (cleavage) inclined 
to bedding at small to moderate angles (<30°) (Fig. 14). This fabric 
is defined by planar parting surfaces, which occur penetratively or with 
a spacing of up to 5 mm. The cleavage generally strikes northwester- 
ly, but dip amount and direction are variable. Conclusive geometric 
relations between cleavage orientation and local folds could not be es- 
tablished in field exposures, except in parts of the Long Inlet map area 
where cleavage is locally parallel to megascopic fold axial planes. In 
some locations, a second, bedding-parallel fissility results in pencil in- 
tersection lineations; these structures are prismatic or bladed in form, 
depending on the angle between parting surfaces (Fig. 15). 

A separate subclass of spaced cleavage occurs only in concre- 
tionary shales of the upper part of the Haida Formation. This cleav- 

age cuts bedding at high angles, but, unlike the fabrics described above, 
the cleavage surfaces are not planar, and refract sharply across litho- 
logic layering (Fig. 16). The resultant form is one in which cleavage 
surfaces approximate angular fold forms with axial planes following 
lithologic boundaries. Cleavage spacing is variable from 2-10 mm; 
the more closely spaced examples are limited to finer-grained litholo- 
gies. Cleavage surfaces are continuous for at least tens of centimetres, 
and in some locations anastomose slightly. Rocks fracture readily along 
cleavage surfaces, revealing shiny surfaces with striations oriented per- 
pendicular to bedding traces. Rarely, bedding is offset by up to 20 cm 
across cleavage traces. 

Figure 14: Bedding (So) at small angles to cleavage (S,) in Skidegate 
Formation siltstone at Kagan Bay, Graham Island. 

Figure 15: Pencil lineation structures in Skidegate Formation silt- 
stone from East Skidegate Narrows. Lineation directions are consis- 
tently parallel to regional fold axial trends. 

Figure 16: Spaced, refracted cleavage in Haida Formation mudstone 
near Onword Point, Moresby Island. Cleavage surfaces refract sharply 
across bedding surfaces. 



Several relationships exist between concretions and the refract- 
ed cleavage. Rarely, cleavage is preserved intact within concretions 
with no change in orientation or style from that in the enclosing 
shales. More commonly, cleavage is only preserved in the outer- 
most few centimetres of concretions. In a few examples, cleavage is 
sharply refracted around massive, uncleaved concretions. 

Foliation (Sadler Limestone). Foliations occur spatially associated 
with fault surfaces in massive rocks of the Sadler Limestone in the 
Louise Island and Rennell Sound map areas. A well-developed foli- 
ation is limited to a zone up to 15 m wide adjacent to fault surfaces. 
This fabric is most common along west-northwest-trending, steeply- 
dipping faults, and is usually absent along east-west-trending faults. 
The foliation is approximately parallel to fault surfaces, and usually 
contains a pronounced down-dip lineation. The foliation forms a 
strong parting surface in outcrop, which is heightened by preferen- 
tial weathering and fracture. In the few examples where bedding is 
measurable, bedding traces are folded about open to tight structures 
with axial surfaces parallel to the foliation, and, in the most extreme 
cases is transposed parallel to the foliation. 

These fault-associated fabrics are unique to the Sadler Limestone. 
At other stratigraphic levels, faults are represented by discrete surfaces 
or cataclastic zones and lack associated penetrative fabrics. Howev- 
er, planar fabrics occur along apparently conformable contacts between 
the Karmutsen Formation and the overlying Sadler Limestone. Along 
these contacts, the uppermost 0.5-1.0 m of Karmutsen Formation stra- 
ta is highly altered and weakly foliated parallel to the contact. This 
altered zone contains abundant sulfide minerals and zeolite amygdules 
partially or completely replaced by calcite. 

Mylonitic fabrics. Zones of strongly foliated and banded metavol- 
canic rocks of the Karmutsen Formation were observed in recon- 
naissance studies on Shuttle Island in Darwin Sound, and on Chaatl 
Island. Both exposures are characterized by strong planar fabrics oc- 
curring over a zone several hundred meters wide. These fabrics grade 
from weakly foliated actinolite-chlorite schist along the margins to 
banded, very fine grained, mylonitic fabrics in the centres. In places, 
compositional layering forms small angles (10-20") to foliation, and 
small offsets of layering are visible (Fig. 17). Discontinuous carbonate 
layers occur within the foliated zone at both locations and vary in thick- 
ness from 0.1-2.0 m. The foliation strikes between 100" and 130" on 
Chaatl Island and between 140" and 155" on Shuttle Island, and is sub- 
vertical in both locations. On Shuttle Island, the most strongly developed 
fabrics have weak subhorizontal elongation lineations. In addition, both 
Sutherland Brown (1968) and Woodsworth (1988) reported schistosity 
within Karmutsen Formation strata at locations not covered by this 
study. 

Veins. All rocks in the Mesozoic section contain a high density of veins. 
Veins vary from planar forms to highly irregular folded surfaces and 
occur as multiple sets in most locations. In some cases, veins occur 
in axial-planar orientations along the crests of buckle folds, and as en- 
echelon extension gashes on fold limbs, but most cannot be easily re- 
lated to mesoscopic structures. Both quartz- and calcite-filled veins 
are common, and most are between 1 mm and 5 cm in width. 

Microscopic description 

All of the mesoscopic fabrics described above are observed on 
the microscopic scale, as are some weak fabrics not visible on the mese 
scopic scale. Thin sections were prepared from samples of Karmut- 
sen Formation, Kunga and Maude groups, and Queen Charlotte 
Group. In samples containing mylonitic foliation and fault fabrics, sec- 
tions were cut normal to foliation, both parallel and perpendicular to 
lineation, to assess kinematic indicators. 

In undeformed sections, the Karmutsen Formation is characterized 
by an igneous fabric with fine- to medium-grained plagioclase (0.5- 
3 mm) altered to calcite and sericite, set in a patchy matrix of very 
fine-grained (<0.1 mm) chlorite and sericite. Abundant vesicles are 
filled with radiating, clear albite, spherulitic chalcedony, chlorite, or 
cryptocrystalline quartz. This igneous fabric is usually overprinted by 
a metamorphic/tectonic fabric. In samples collected from margins of 
mylonitic zones, this fabric is a weak foliation outlined by small 
(0.5 mm) blades of actinolite set in a matrix of weakly aligned c h l e  
rite, sericite, and quartz. Granular epidote, clinozoisite, and calcite out- 
line feldspar remnants. This fabric commonly has thin (1-5 mm) 
quartz-epidote veins aligned parallel to the foliation. In moderately 
deformed rocks a strong foliation is defined by elongate grains or clus- 
ters of grains of calcite, epidote, clinozoisite, and actinolite. These min- 
erals outline a grain elongation fabric which is crosscut at a small angle 
(15-30") by a secondary fabric defined by fine-grained chlorite and 
sericite (Fig. 18). Agglomerates of epidote and quartz behave as re- 
sistant masses and frequently have asymmetric pressure shadows 
with quartz tails parallel to the secondary fabric. The intersection of 
these two fabrics is subhorizontal and west-northwest trending, and 
defines a weak subhorizontal intersection lineation. Small offsets of 
the primary fabric across the secondary fabric occur in a northeast- 
side-up sense. In the cores of mylonite zones, the included angle b e  

Figure 17: Well-developed follat~on In Karmutsen Format~on on Chaatl 
Island. Composltional layerlng IS lncllned to follatlon at small angles 
and IS offset along follat~on. 
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Figure 18: Photomicrograph of asymmetric composite fabrics in Kar- 
mutsen Formation schist along margins of mylonite zone, Chaatl Is- 
land. So is grain elongation foliation, S, is secondary shear surface, 
recording north-side-up shear. These two fabrics intersect in a sub- 
horizontal mesoscopic lineation. 
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Figure 19: Photomicrograph of strongly twinned elongate calcite 
grains defining foliation in basal Kunga Group limestone adjacent to 
fault surface. Note brittle pull-apart of more competent siliceous layer 
(pointed to by arrow) and fibrous calcite infilling fractures. 

tween fabrics is only 5-10", and a concomitant decrease in grain size 
occurs. Thin marble layers within the highly strained zones have an 
extremely well-developed foliation. This foliation is defined by elon- 
gate calcite grains exhibiting strong twin lamellae that are common- 
ly kinked (Fig. 19). These calcite porphyroblasts are themselves set 
in a fine-grained groundmass of calcite grains and up to 5% strain- 
free quartz grains. These finer grains define sutured margins on the 
larger grains. 

Textures in the Sadler Limestone vary from coarsely crystalline 
to very fine-grained, and are composed almost exclusively of calcite. 
Calcite grains are strongly twinned. with the greatest twin densities 
observed in the coarser grains. Abundant stylolites are present, and 
are filled with organic material and rare, fine quartz grains. Several 
generations of stylolites are apparent, and many occur nearly per- 
pendicular to planar syntaxial calcite veins. In samples of well-foli- 
ated limestone, calcite grains have elliptical or ribbon shapes. In the 
most strongly foliated samples, grains are highly elongate (up to 
8: l)  parallel to the down-dip mesoscopic lineation, and moderately 
elongate (up to 5: 1) in strike orientations. In one sample, deformed 
fecal pellets allow strains to be quantified more accurately (Fig. 20). 
Axial ratios of 6.1: 1 and 3.3:l were obtained by centre-to-ccntre 
strain analysis (see Appendix 2). In some down-dip sections, a weak 
secondary fabric defined by discrete slip surfaces cuts and offsets the 
elongation fabric at small angles (10-20'). The sense of offset record- 
ed along this fabric is consistently northeast-side-up. 

The bedded limestone of the Peril Formation contains well-de- 
veloped microscopic Fabrics associated with axial planar foliations at 
Fleurieu Point on northwest Graham Island (Lewis and Ross, 1989). 
At this location, the limestone is an extremely fine-grained, organic- 
rich micrite, with abundant calcified radiol'axia and scattered, fine-grained 
andesine feldspar crystals. Bedding is defined by bands of unaltered, 
fine-grained, euhedral andesine which are closely packed with little 
intergranular matrix. In cores of mesoscopic folds, these feldspar 
layers are bent about small-scale buckle folds parasitic to the larger 
shuctures. On the outer hinges of these buckles, veins tilled with feldspar 
grains and small amounts of matrix are injected into the adjacent mi- 
critic layers, and are parallel to the axial planes of the buckles. A pen- 
etrative foliation commonly occurs within the micritic layers paral- 
lel to fold axial planes. This foliation is defined by a preferred 
orientation of elongate calcified radiolaria and particulate organic mat- 
ter. At one location, shell fragments of the bivalve Motroris suhcir- 

cularis outline the foliation. In samples collected near hinge zones of 
mesoscopic folds, where bedding is at high angles to cleavage, large 
shell segments are broken and folded into accordion-like forms, with 
enveloping surfaces parallel to bedding (Fig. 21). 

Rocks of the Sandilands Formation are nearly devoid of inter- 
nal deformation structures, except for those interpreted to be related 
to sediment loading. In a few samples, a weaklydeveloped planar zon- 
ing of organic concentrations occurs at high angles (45") to stratifi- 
cation. This weak secondary fabric is not clearly related to any larg- 
er scale structures. 

Microscopic examinations of Maude Group strata were limited 
to shales of the Ghost Creek Formation. In these rocks, planar, organic- 
rich zones similar to those described in the Sandilands Formation occur 
at high angles to bedding. This zoning is poorly developed even 
when deformed fossils record up to 20% shortening. 

Shales and siltstones of the Haida and Skidegate formations 
containing fissility or spaced cleavages were examined. Both fissil- 
ity and spaced cleavages are barely visible on the microscopic scale. 
In thin sections containing spaced cleavages, phyllosilicate grains are 
weakly aligned parallel to cleavage traces. Cleavages occur as nar- 
row planar domains (0.1-0.2 mm wide); within these domains, mul- 
tiple cleavage surfaces anastomose, and the coarser clastic grains may 
be slightly aligned parallel to domain boundaries (Fig. 22). Bedding 
traces show small apparent offsets (0.2-1.0 mm) across cleavage 
surfaces. 

Discussion 
Fissility, spaced cleavage. Most cleavages observed in shales could 
not be related geometrically to any local mesoscopic or megascopic 
structures. Fissility is most common in rocks with abundant soft-sed- 
iment deformation structures, and occurs often as an axial-planar 
fabric in slump folds. One can therefore speculate that the fissile, bed- 
ding-subparallel fabrics formed early in the compaction history of the 
sediments and may be related to local strains induced by downslope 
sediment creep and dewatering. 

Pencil intersection lineations form as a result of a secondary fab- 
ric superimposed on the early bedding subparallel fissility. These fea- 
tures are typical of the early stages of formation of tectonic cleavages 
(Ramsay and Huber, 1983) and commonly form in an orientation par- 
allel to the Y tectonic direction. West-northwest trends of pencil 
structures throughout the map area are parallel to mesoscopic and megas- 
copic fold axes, consistent with their formation being related to tec- 
tonic strains. 

Fabrics similar to the spaced. refracted cleavage of the Haida For- 
mation shale are not well documented in the literature. Spaced cleav- 
age is usually interpreted as a shortening feature associated with 
larger tectonic structures, formed as a consequence of pressure solu- 
tion paired with crystalline plasticity and oriented growth of miner- 
als (Williams. 1972). Spaced cleavage has also been demonstrated to 
represent extensional fractures, or closely spaced joints (Siddans, 
1977; Foster and Hudleston, 1986). The spaced cleavage of the Haida 
Formation lacks any of the characteristic features of pressure solution 
surfaces, and shows no microscopically visible evidence of oriented 
mineral growth. Varying relationships with carbonate concretions sug- 
gest early formation. We therefore interpret the cleavage surfaces to 
have originated as extensional rnicrofractures, coincident with dewatering 
and compaction. The refraction of fracture surfaces observed may be 
either a primary feature or, more likely, a result of deformation of ex- 
isting planar fractures. If the refracted fonn is a primary feature, it like- 
ly reflects changes in principal stress directions across lithologic lay- 
ering as a result of competency contrast. Alternatively, the degree of 
refraction may have been intensified by post-fracture compaction, or 



Figure 20: Photomicrograph of foliated limestone containing deformed fecal pellets used in centre-to-centre strain analysis: a) thin section cut 
in down-dip orientation, parallel to mesoscopic lineation, b) section cut perpendicular to lineation and foliation. 



by simple-shear of sediment layers during later regional buckle fold- 
ing. The down-dip striations commonly marking cleavage surfaces and 
minor offsets of bedding across cleavage may be related to shear move- 
ments along fracture surfaces during this folding or compaction. 

a wider area. Again, the offset direction recorded by mylonitic fab- 
rics cannot be related conclusively to specific episodes of deforma- 
tion. 

Mechanisms of deformation. In the Mesozoic section, strains were 
accommodated throughout deformation by a combination of localized 
slip on fault surfaces and distributed deformation (folding, mi- 
crostructure development). Microfabric analyses show that for both 
localized and distributed deformation, strains have been accommo- 
dated through a combination of brittle failure and processes of pres- 
sure solution, mechanical twinning, and dislocation creep. The par- 
titioning of strain between these mechanisms through time is largely 
a function of composition and structural level. 

Possible analogues to the refracted cleavage of the Haida For- 
mation are "vein structures" or spaced foliations found in partially con- 
solidated muds from Deep Seas Drilling Project (DSDP) cores 
(Cowan, 1982; Lundberg and Moore, 1986). These structures are in- 
terpreted to have formed through during dewatering as either exten- 
sional or passive features (Arthur et al., 1980; Cowan, 1982; Knipe, 
1986a; Lundberg and Moore, 1986). 

Fault fabrics. The use of fault and shear zone fabrics as kinematic 
indicators is discussed in numerous papers (e.g. Simpson and Schmid, 
1983; Cobbold and Gapais, 1987). Composite fabrics and asymmet- 
ric porphyroblast strain shadows both occur in sufficient abundance 
in sheared Triassic rocks of the Sadler Limestone to infer offset 
sense during deformation. In all samples studied, shear fabrics and flat- 
tening foliations intersect in a subhorizontal line, indicating down-dip 
slip directions. The sense of inclination of shear bands to the flattening 
foliation indicates northeast-side-up shear associated with fabric de- 
velopment. The specific timing of deformation related to these f a b  
rics is not conclusively determined. The faults associated with these 
fabrics originated as reverse faults during the earliest (Middle Juras- 
sic) deformation, but a multiple movement history is likely. 

Brittle features include both extensional fractures (veins, extension 
joints, microcracks) and brittle faults and cataclastic zones. These occur 
at all structural levels throughout deformation. Veins with blocky or 
fibrous calcite or quartz filling occur as both planar and folded sur- 
faces, attesting to formation at various stages of structural develop 
ment. Both syntaxial and antitaxial forms are observed; antitaxial veins 
formed by the crack-seal mechanism (Ramsay, 1980) are the most com- 
mon. 

The widespread occurrence of stylolites and microscopic pres- 
sure solution surfaces provides evidence for strains accommodated 
through dissolution processes. Stylolites are most common in the cal- 
careous Kunga Group rocks, where they occur at varying angles to 
bedding. In siliciclastic rocks, sutured quartz grain contacts provide Mylonitic foliations. Mylonitic zones in the Karmutsen Formation 

have well developed asymmetric fabrics which in some cases record 
similar senses of offset (northeast-side-up) to the fault fabrics observed 
in the Kunga Group limestone. The mylonitic zones are probably a 
deeper-level manifestation of discrete fault surfaces or brittle fault zones 
in the Kunga Group, and reflect a transition to distributed strains over 
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Figure 21 : Photomicrograph of cleavage (S1) in micritic fossiliferous 
limestone defined by preferred orientation of elongate calcified radio- 
laria and parallel arrangement of broken Monotis subcircularis shell frag- 
ments. The approximate orientation of bedding is shown by the line S,. 

Figure 22: Photomicrograph of spaced cleavage (S1) in Skidegate For- 
mation siltstone. Weak cleavage is defined by narrow zones of anas- 
tomosing fractures. Note offset of bedding fabric (S,) across fracture. 



evidence for pressure solution. Dissolution is likely associated both 
temporally and spatially with the opening of extensional veins at 
high angles to dissolution surfaces. These vcins may have provided 
sinks for material which entered the pore fluids at sites of dissolution. 
This combination of veins and dissolution surfaces leads to cyclic pore- 
fluid pressure tluctuations, which aid in the transport of fluids through 
the deforming rocks (Etheridge et al., 1984). 

Crystal-plastic processes of deformation included both me- 
chanical twinning and dislocation glide and creep. Calcite grains in 
limestones have abundant twin lamellae, which are most strongly de- 
veloped in ribbon grains associated with fault fabrics. The most high- 
ly strained carbonate rocks contain recrystallized, strain-free grains 
concentrated along boundaries between larger, internally strained 
grains of equal composition. This association is a typical feature of 
dynamic recrystallizatioil, which occurs through dislocation creep pro- 
cesses. 

Rocks at several stratigraphic levels show evidence of fabric de- 
velopment by grain-boundary sliding and intergranular flow at ele- 
vated pore-fluid pressures. The most notable features of this type are 
those observed in Monotis S~thcir-crr1uri.s-bearing Peril Formation 
limestone at Fleurieu Point. Shell fragments in these rocks arc bro- 
ken and rotated into cleavage planes, a process which could occur only 
if the surrounding matrix lacked internal cohesion. In these rocks, elon- 
gate calcite grains (calcified radiolaria?) have attained their present 
shapes through pressure solution. This combination of disaggregation, 
grain boundary sliding, and pressure solution is compatible with low 
temperature deformation of partially-consolidated sediments under el- 
evated pore pressures (Knipe, 3986b; Groshong, 1988), and sug- 
gests that deformation occurred soon after deposition of the sediments. 

SUMMARY AND IMPLICATIONS FOR 
HYDROCARBON RESOURCE POTENTIAL 

Surficial structural geology studies on regional, mesoscopic, 
and microscopic scales have led to a more complete understanding 
of the structural evolution of the Queen Charlotte region than could 
be gained through studies restricted to a single scale. The present study, 
paired with the regional mapping of Thompson (see Thompson et al., 
1991), has helped constrain a tectonic model for the region involv- 
ing alternating periods of contraction and extension through Meso- 
zoic and Cenozoic time. 

Earliest structures are contractional faults and folds which record 
south-southeast directed compression in Middle Jurassic time. Mid- 
dle Jurassic to mid-Cretaceous extension is manifested in northwest- 
trending block faults. A second episode of compressional deforma- 
tion in Late Cretaceous andlor Early Tertiary time modified older 
contractional structures and deformed the Cretaceous section into broad, 
northwest-trending folds. Latest deformation involved further ex- 
tension along steeplydipping northwest-trending and north-south-trend- 
ing faults. Movement along the Sandspit Fault and along steeply 
dipping faults imaged by seismic data from Hecate Strait is associ- 
ated with this last event. 

Structural styles during all phases of deformation were con- 
trolled by a combination of mechanical rock properties and pre-ex- 
isting structures. Regional strain is accommodated either by slip 
along discrete detachment surfaces, by folding, or, at deeper levels, 
by semi-brittle shear distributed across narrow zones. Shortening of 
thick, mechanically homogeneous layers was accommodated by off- 
set along steeply-dipping reverse faults and shear zones and by for- 
mation of broad folds. Strata with well-developed internal stratifica- 
tion were shortened by slip along contractional faults subparallel to 
bedding and by formation of tight, mesoscopic folds. Basement 
faults, formed during the early shortening, controlled at least in part 

the location and orientation of later block faults. The present distri- 
bution of Middle Jurassic through Cretaceous strata is closely linked 
to episodic movement along these faults (Thompson et al., 1991). 

Throughout deformation, the Mesozoic succession was buried 
at shallow to moderate cmstal depths. Outcrop of greenschist and am- 
phibolite grade metamorphic rocks is restricted to the southern and 
western portions of the islands, coincident with the greatest occurrence 
of intrusive rocks. Many of the structures described in the Mesozoic 
section are compatible with deformation at shallow levels, sometimes 
in poorly lithified rocks. Regional penetrative fabrics are rare in the 
areas examined. 

Kinematic analyses of fault and shear zone fabrics in Triassic and 
Jurassic strata corroborate field interpretations based on regional and 
mesoscopic structural geometry. All asymmetric or composite struc- 
tural fabrics preserved indicate a dominant dip-slip displacement di- 
rection along northwest-trending faults and shear zones. in a south- 
west-directed or northeast-side-up sense. Megascopic folds in 
Cretaceous strata at Long Inlet are overturned to the northeast, indi- 
cating a reversal in vergence direction during later deformation. This 
change in vergence may be a local phenomena related to the config- 
uration of reactivated pre-existing structures. 

The regional continuity of structural trends throughout the cen- 
tral Queen Charlotte Islands suggests that structural styles observed 
on land may be successfully extrapolated into offshore areas of the 
Queen Charlotte Basin. Prelimina~y results from the offshore seismic 
reflection survey indicate a strong, north-dipping event on-trend with 
the Rennell Sound Fold Belt and the Dawson Cove Fault. This event 
may represent the offshore extension of a major block-bounding 
fault. 

Neither regional mapping nor mesoscopic and microscopic 
structural analyses supports significant strike-slip offsets along any 
faults through the Queen Charlotte Islands, and models for the for- 
mation of the Queen Charlotte Basin must recognize these con- 
straints. The Rennell Sound Fault Zone, originally mapped as a large 
transform fault zone, represents a structurally complex zone which has 
been active throughout the Mesozoic and Cenozoic. It records both 
contractional and extensional deformation. Several structural fea- 
tures characterize this complex zone of folding and faulting: 

1) It coincides with the trace of Dawson Cove Fault, a major block 
fault separating stratigraphically dissimilar outcrop belts 
(Thompson et al. 1991), 

2) It coincides with the zone of most intense folding of Cretaceous 
strata (Long Inlet Anticline and Syncline), 

3) On northern Moresby Island, it separates a domain to the south- 
west where the Middle Jurassic unconformity is elevated several 
thousand metres above sea-level from a domain to the north where 
the unconformity occurs at near sea-level, and 

4) At Long Inlet, it forms the locus of deposition for two previously 
unrecognized stratigraphic units, Upper Cretaceous volcanic 
rocks and Eocene/Oligocene shales, and as such, may be the lo- 
cation of limited basins during periods of emergence. 

Neither "fault zone" nor "fold belt" unambiguously describes this 
structurally complex region, and the future use of these terms is dis- 
couraged. 

These conclusions have important implications for the hydrocarbon 
potential of the Queen Charlotte region: 

1. Structural controls on distribution of source and reservoir 
strata: 
In many areas mapped, Yakoun Group strata unconformably over- 

lie Kunga Group rocks, and intervening Maude Group strata are 



missing. This implies that potential Lower Jurassic source rocks 
were exposed subaerially and eroded from some areas during Mid- 
dle Jurassic deformation. In some locations, these potential source stra- 
ta were structurally thickened during this same deformation event, and 
are preserved intact. The role of Upper Jurassic/Cretaceous block fault- 
ing on preservation of source and reservoir strata is even more pro- 
nounced, as discussed by Thompson et al. (1991). Areas where Cret- 
aceous reservoir strata directly overlie Triassic/Jurassic source strata 
are well documented in the mapping studies, and should be expect- 
ed to occur in both onshore and offshore regions. Continued surficial 
geologic mapping on central Graham Island and in the southem 
Queen Charlotte Islands is necessary to predict the location and ex- 
tent of these areas. 

2. Timing of hydrocarbon migration 

Middle Jurass~c contractional deformation occwred when potential 
source rocks were at shallow structural levels under low pressure and 
temperature conditions. Kunga and Maude Group strata did not reach 
the oil window until after this early deformation event. Maturation as- 
sociated with local heat sources would not have been significant 
until Late Jurassic plutonism. The presence of Jurassic biomarkers in 
Skonun Formation well cuttings from the Sockeye B-10 well (L.R. 
Snowden, pers. comm., 1989) implies that hydrocarbon migration con- 
tinued well into the Tertiary, when structural and stratigraphtc traps 
were well established. 

3. Structures observed in reflection seismic data 

Most structures mapped in the Triassic and Lower Jurassic sec- 
tion comprise mesoscopic folds and closely spaced faults. and would 
not be discernible in seismic sections. Many of the larger-scale struc- 
tures are steeply-dipping and laterally discontinuous, and would also 
present problems. The major lithologic and structural break at the base 
of the Yakoun Group is expected to be a good reflector, as may be 
the major lithologic transitions within the Cretaceous section. Folds 
in Cretaceous strata are generally broad, open structures with long wave- 
lengths, and may be recognizable. 

4. Structural hydrocarbon traps 

The episodic deformation described above has resulted in many 
structures which may prove to be suitable hydrocarbon traps. Broad 
antiformal folds are common within the Cretaceous sequence, and in- 
volve potential hydrocarbon reservoir strata. Unconformities occur 
throughout the Middle Jurassic to Tertiary section, and, in some 
places, are associated with strata with high porosity values. Steeply- 
dipping faults may serve as either updip reservoir seals or as migration 
pathways. The strong northwest structural trends observed on land will 
probably be retained in the geometry of any subsurface reservoirs. 
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APPENDIX 1: STRAIN ANALYSIS ON FOSSILS 
Bedding plane finite strain was analyzed at 18 locations using 

deformed prints of ammonites, and at one location using elongated 
belemnite moulds. Strains were determined from ammonite prints using 
the method of Blake (1878) (see also Ramsay and Huber, 1983). Most 
Jurassic ammonites define a logarithmic spiral when undefomed. 
Blake's method allows the distortion of a this spiral to be deter- 
mined using three successive radial measurements at increments of 
90". A logarithmic spiral is described by the equation: 

= ken 

where r is the spiral radius measured from the origin, k is a con- 
stant, n is the angle through which the spiral has passed, and a is the 
angle between the tangent to the spiral and the radius at the point of 
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Figure 23: Logarithmic spiral in undeformed and deformed states, show- 
ing measurements required for strain analysis. 

tangency (Fig. 23). For three successive radial measurements at in- 
tervals of 90°, radii calculated would therefore be: 

r, = ke 0 

r2 = ke" 
- ken CO'(~)  

3 - 
and 

r2 = (rl r3) I f 2  

When the spiral is homogeneously deformed with principal 
strain axes parallel to these radii, the strain ratio. R, becomes: 

I f 2  . # 

R = (r, ,  r i )  / l 2  

where rl', r,', and r3' are the lengths of the deformed radii. This 
ratio can be determined by three measurements along visually esti- 
mated principal strain axes. 

Using the strain ratios obtained with the above method, percent 
shortening values were calculated assuming I) constant volume de- 
formation, and 2) volume reduction, where c3 = 0. The values obtained 
provide limits for actual shortening values. 

Measurcd strain axes were rotated to horizontal by a single ro- 
tation about bedding strike direction; this simple rotation was considered 
reasonable given regional subhorizontal fold axial trends. 

Strain values for each ammonite were given a weight of 1-5, re- 
flecting the spiral preservation and confidence of measurement. The 
arithmetic mean of the weighted strain values was taken to determine 
the representative strilin magnitude for each location, and a vector mean 
of weighted orientations was used as the representative strain orien- 
tation (Tablc 1). 

Belemnite moulds at one location were extended along micro- 
extensional faults. A Mohr circle construction (Ramsay and Huber. 
1983) was used to determine the strain orientation and magnitude from 
three moulds with different orientations and amounts of extension. 

APPENDIX 2: STRAIN ANALYSIS FOR 
PELLOIDAL LIMESTONES 

The distribution of fecal pellets in a sample of deformed Sadler 
Limestone was used to quantify strains. Several methods were con- 
sidered in making these measurements: if strain markers were orig- 
inally spherical, simple mea~urements of the ellipsoidal shapes are suf- 
ficient to characterize strain. A deformed aggregate of originally 
randomly oriented elliptical markers can be analpzed using the R/$ 
technique. The Fry centre-to-cenbe method can be used if the deformed 
aggregate of originally had a statistically uniform (anticlustered) dis- 
tribution, and is independent of original shape. The centre-to-centre 
method was chosen as providing the most accurate solution, be- 
cause, 1) the uncertainty of initial shape makes simple ellipsoid shape 
measurements suspect, and 2) only small amounts of elongation axis 
dispersion were observed in sections, making the R/$ method inac- 

Table 1 : Results of Strain Analysis of Deformed Fossils 

Elongation Strain Percent Percent 
Latitude Longitude Map Unit N Direction Ratio shortening1 shortening2 

53°18'40" 132O26'00" Phantom Ck. 2 123" 1.41 18.7 29.1 
53O21'20" 132O25'52" Yakoun Gp. 2 115" 1.19 9.1 16.0 
53O21'13" 132O26'05" Yakoun Gp. 6 090" 1.35 15.6 26.0 
53'1 0'20" 132"05'16" Sandilands 14 128" 1.16 7.7 13.8 
53O11'50" 132"03'28 Ghost Ck. 7 136" 1.34 15.4 25.4 
53O11'16" 132O01'25" Ghost Ck. 15 119" 1.32 14.9 24.2 
53'21'52" 132O13'19" Sandilands 9 165" 1.08 3.9 7.4 
53"22'11n 132°15'28" Ghost Ck. 14 155" 1.08 3.9 7.4 
53O23'00" 132O16'18" G host Ck. 2 102" 1.46 20.8 31.5 
53O22'20" 132O13'30" Ghost Ck. 1 139" 1.27 12.7 21.3 
53'24'50 132"18'05" Ghost Ck. 2 100" 1.08 3.9 7.4 
52'53'39" 131°39'27" Sandilands 2 123" 1.16 7.7 13.8 
52'53'27" 131°39'30" Sandilands 2 185" 1.10 4.9 9.1 
52O26'00" 132O19'18" Ghost Ck. 9 98.5" 1.08 3.9 7.4 
N = number of samples 

Calculated assuming constant volume, plane strain. 
Calculated assuming volume reduction with q = q = 0. 



curate. The centre-to-centre riicthod provides o graphical solution based 
on a difference in nearest-neighbour spacing with direction in the de- 
formed aggregate. The accuracy of Fly's method is independent of 
the original shape of the objects and the competency contrast between 
markers and matrix, and is directly relatcd to the degrcc o f  anticlus- 
tering and number of objects used (Crespi, 1986). Two perpendicu- 
lar sections of the same sample were analyzed. One section was ori- 
ented perpendicular to foliation and parallel to mineral lineation, the 
other was oriented perpendicular to foliation and lineation. Centres 
of 224 fecal pellets were digitized in the lineation-parallel section, and 
38 1 were digitized in the lirleation-perpendicular section to produce 
the graphical solutions in Figure 24. Finitc strain ratios of 6.1 : 1 par- 
allel to lineation and 3.3:l perpendicular to lineation were rneasurcd. 

Figure 24: Fry strain analysis plots constructed using thin sections with deformed fecal pellets: a) XZ section oriented parallel to lineation, per- 
pendicular to foliation, constructed from 228 points, b) XY section oriented perpendicular to lineation and foliation, constructed from 385 points. 



Figure 25: Location map of the Queen Charlotte Islands showing geographical region. 



Structural geology and stratigraphy of Mesozoic rocks of central 
Graham Island, Queen Charlotte Islands, British Columbia 

J. lndrelidl, J. ~esthammer', and J.V. ~ o s s '  
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Abstract 

Mesozoic rocks of central Graham Island comprise a basal limestotze unit conformably overlain by interbedded shales, 
silts, and sandstones with ages ranging from Late Triassic (Norian) to Middle J~rrassic (Aalenian). Unconformably 
overlying these are Middle Jurassic (Bajocian) volcanic and volcanic derived sedimentary rocks. Cretaceous rocks 
are represented by limited exposures of sandstones and conglomerates. Major folds are subhorizontal, tight to open 
with a trend towards northwest. Major normal and thrust faults have a northwestward trend. Minor faults trend north- 
east and might be related to strike-slip motion. 

Les roches me'sozoi'ques du centre de I'i'le Graham sont compos6es d'une unite'calcaire basale sur laquelle reposent 
en discordance des schistes argileux, des silts et des yr2s interstrati3ks dont l'cige varie du Trias supe'rieur (Nor-ien) 
au Jurassique moyen (Aalknien). Sur ces derniers reposent en discordance des roches volcaniques et des roches se'di- 
mentaires d'origine volcanique du Jurassique moyen (Bajocien). Les roches crktackes sont reprksentkes par des af- 
fleurements de gr2s et de conglomkrats. Les principaux plis sont sub horizon tau.^, de serre's C? oorrverts, ci direction nord- 
ouest. Les principales failles normales et chevauchantes sont oriente'es vers le nord-ouest. Les failles secondaires sont 
orientkes vers le nord-est et pourraient gtre likes a un rejet horizontal. 

1 Department of Geological Sciences, University of British Columbia, 6339 Stores Road, Vancouver, B.C. V6T 2B4 
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INTRODUCTION 
This paper summarizes the sedimentology and structural geol- 

ogy in the area north of Yakoun Lake, central Graham Island (Fig. 1). 
Sutherland Brown's (1968) geological map of the Queen Charlotte 
Islands indicated complex structural geology in several areas, in- 
cluding the Yakoun River valley. The area has previously been 
mapped by Cameron and Tipper (1985). Additional mapping in the 
surrounding areas has been done by geologists involved in detailed 
studies (e.g. Lewis and Ross, 1988; Thompson, 1988; Thompson and 
Thorkelson, 1989; Haggart et al., 1989). 

Mesozoic sedimentary and volcanic rocks in the area show fold- 
ing and faulting related to periods of compression and extension. 

Central Groham Island 

Figure 1: Regional map showing studied area in central Graham Is- 
land, Queen Charlotte Islands. 

STRATIGRAPHY 
Figure 2 shows the stratigraphy found on the Queen Charlotte 

Islands according to Cameron and Hamilton (1 988). Rocks exposed 
in the map area consist mainly of upper Triassic to Middle Jurassic 
volcanic and sedimentary strata. Middle to Upper Cretaceous sedi- 
mentary rocks occur in the northwestern portion of the mapped area. 

The oldest rocks observed in the area belong to the Peril Formation 
of the Kunga Group, a deep water pelagic fallout (Desrochers, 1988). 
Outcrops of this unit are characterized by an abundance of the bivalve 
Monotis subcircularis. This fauna is known to occur in the upper part 
of the unit and constrains the age to Late Norian (Carter et al., 1989). 
The limestone is overlain by the Sandilands Formation of the Kunga 
Group, which is an uninterrupted sedimentary sequence from Upper 
Norian to Sinemurian age (Tipper, 1989). The most common litholo- 
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Figure 2: Stratigraphic column for Queen Charlotte Islands (after 
Cameron and Hamilton, 1988). 
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Figure 3: Structural map of the central Graham Island area. For location see Figure 1. A-A' and B-B' are locations of the structural sections shown 
in Figure 7. 

53 



gies of the formation are interbedded 2-12 cm thick black-grey 
siliceous sandstone and argillite, thin laminations of black siltstone, 
shale, and grey siliceous tuff. Rare sandstone bed5 with thicknesses 
of more than a metre have been observed in a few outcrops but are 
not abundant. Load structures and coarsening upward grading are com- 
mon sedimentary structures. Synsedimentary folds are also present. 

The Sandilands Formation gmdes conformably into the Sinernurim 
to Aalenian Maude Group. The Maude Group represents two marine 
regressive cycles and, using the stratigraphic norneclature of Cameron 
and Tipper (1985), consist of five formations. 

The Ghost Creek Formation (lowest Pliensbachian) is silty shale 
and a dark grey to black massive shale. The formation is very ho- 
mogeneous. Higher shale content and less volcanic material distin- 
guish this formation from the underlying Sandilands Formation. 

The Lower Ptiensbachian Remeu Junction Formation of Cameron 
and Tipper (1985) overlies the Ghost Creek Formation. The grada- 
tional contact is marked by an upward increase in the amount of tur- 
biditic siltstone and sandstone and a decrease in shale content. The 
main lithologies in the Rennell Junction Formation are 5-15 cm thick 
greenish grey sandstone layers interbedded with siltstone and shale. 
Calcareous concretions and glauconitic sandstone layers are common. 

Fannin Formation (Upper Pliensbachian to Lower Toarcian) 
lies paraconformably on the Rennell Junction Formation. The con- 
tact is marked by a hiatus (Cameron and Tipper, 1985). The forma- 
tion consists of coarser and thicker calcareous sandstone layers and 
less shale than the underlying strata. The sandstone beds are calcareous, 
hard, and contain abundant fossiliferous calcareous concretions. 
Some limestone beds are also present Iron-rich minerals such as siderite, 
glauconite and charnosite exist. The chamosite is cryptocrystalline and 
occurs as oolites, commonly with a nucleus of a volcanic fragment. 

Whiteaves Formation (Lower and Middle Toarcian) is a con- 
cretionary pale grey weathering shale, with a few sandy and silty shale 
layers. Grey ash beds are also common. The boundary between this 
formation and the Fannin Formation is abrupt and marked by a hia- 
tus (Cameron and Tipper, 1985). 

Phantom Creek Formation (Upper Toarcian to Lower Aalenian) 
lies conformably on the Whiteaves Formation. It consists of brown- 
ish weathering, interbedded, fine to coarse grained shallow marine sand- 
stone and silty shale. The sandstone is locally calcareous and may con- 
tain concretions. Belemnites and bivalves are common. Some sandstone 
layers are rich in chamosite oolites. 

Unconfonnably overlying the Upper Triassic and Lower Juras- 
sic Kunga and Maude groups is the Middle Jurassic (Bajocian) Yak- 
oun Group. An angular unconformity separates the less deformed Yak- 
oun Group from the more deformed older units (Hesthammer et al., 
1989). In the mapped area this unconformity is observed to cut down 
section to the Sandilands Formation. The tithology of the Yakoun Group 
is diverse and contains an abundance of primary and reworked vol- 
canic material depositd in marine or subaerial environments. The vol- 
canic rocks comprise tuff, lapilli, volcanic breccia, and andesitic 
flows. The main lithologies of the sedimentary reworked sections are: 
i) relatively deep water, interbedded tuff and red-weathering shale; 
ii) shallower marine, interbedded 2-20 cm thick tuffaceous shale, silt- 
stone and fine to coarse sandstone, locally with thicker (1-5 m) sand- 
stone layers; iii) conglomerate, ranging from matrix supported grav- 
el conglomerate to clast supported pebble and cobble conglomerate. 
Bwlders are locally present. Clasts are generally rounded and poor- 
ly sorted. The clast material is polymict, comprising mainly sandstone 
from underlying Yakoun layers, andesite and lesser plutonic rocks. 
Coal and wood fragments are common constituents of the group. The 
succession of these lithologies is not well understood. The only trace- 

able unit we have found to date is a volcanic cobble conglomerate. 
Despite the many different lithologies, the Yakoun Group is often rec- 
ognized in the field by its brown weathering colour, and spherical weath- 
ering nodules within the sandstone layers. 

Cretaceous rocks crop out in the northwestern corner of the 
mapped area. Structural relationships between the Cretaceous and Juras- 
sic rock units are uncertain. The oldest Cretaceous unit present is the 
Longarm Formation, which in this area is represented by a hard, 
massive, dark green, medium to coarse grained sandstone. 

Overlying this unit is sandy gravel and pebble conglomerate of 
the Homa Formation. The Haida and Skidegate formations are not ob- 
served in the area (but might be present in unexposed areas). Clasts 
in the conglomerate include rounded plutonic and quartzite clasts, fewer 
rounded clasts derived from the Yakoun Formation, angular mud 
clasts, and clasts derived from the Sandilands Formation. The con- 
glomerate varies from clast to mahix supported and is locally well sort- 
ed. Lenses of coarse grained green volcanic sandstone are common. 

STRUCTURES 
Figure 3 shows a structural map of the area north of Yakoun Lake, 

central Graham Island. Major structures in the Triassic and Jurassic 
rocks in this area are northwest trending faults and folds. Folds 
plunge gently northwest and southeast. A second fault set smkes north- 
east, and minor folds with different wends are recorded. Consistent 
north-striking bedding with moderate eastward dip was observed in 
the Cretaceous Honna Formation. The underlying Longarm Forma- 
tion has a more northwesterly strike, similar to the older units. 

Faults 
Few regional large scale faults are observed in the area, due to 

lack of exposures. Interpretation of the regional map pattern requires 
the presence of several large scale faults with offsets of several hun- 
dreds of metres. 

Outcrop-scale faults observed in the field do not show any pre- 
ferred orientation and have offsets of generally a few metres or less. 
Both normal and reverse offsets are present. The most intensely 
faulted units in the central Graham Island ares are volcanic rocks of 
the Yakoun Group. 

Folds 

Regional scale 
For the description of the regional fold pattern it is useful to di- 

vide the studied area into two domains separated by the large fault strik- 
ing northeast just north of structural section A-A', the northern area 
being domain 1. 

Most folds in domain 1 have subhorizontal fold axes plunging less 
than 5" towards the northwest. Folds in the Sandilands Formation vary 
from tight and overturned to open (Fig. 4). In the Maude Group the 
folds are close to open and in the Yakoun Group they are generally open. 
In the northernmost part of the map area, the Jurassic sequence strikes 
east-west, oblique to the northwest-southeast trend found elsewhere. 

In domain 2 there are no continuous northwest trending folds, and 
the bedding generally dips towards the northeast. Some more locally 
developed folds are parallel with those folds recorded in domain l ,  oth- 
ers differ notably from this orientation. Folds with northeast trending 
axes are recorded in the Lower Jurassic Kunga and Maude Group. In 
the southemmost area, folds in the Yakoun Group trend west-northwest. 

Outcrop scale 
The intensity of folding varies in the different rock units. Sandi- 

lands Formation strata are generally more intensely folded than the over- 
lying units (Fig. 4). The folds in Sandilands Formation are open to tight 
buckle folds. Chevron folds are commonly observed. Folds in the Maude 



Figure 4: Typical chevron folds in the Sandilands Formation. 
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Figure 5: Gently folded Rennell Junction Formation. 

Group are more gentle (Fig. 5),  and anticline-syncline pairs are rarely 
seen in outcrop. Outcrop scale folds are uncommon in the Yakoun Group, 
but a few gentle to open folds have been observed in large outcrops. 
Small scale folds in the Yakoun Group generally exist adjacent to faults 
or shear zones. 

Cleavage was not observed or was poorly developed through- 
out the whole sequence from the Sandilands Formation to the Cret- 
aceous units, except for the well developed bedding-planar cleavage 
present in the Ghost Creek Formation. 

DISCUSSION 
Intense folding in the Sandilands Formation and the somewhat 

weaker folding in the Maude Group probably resulted from the first 
compressional event in the area. The Sandilands Formation deforms 
by layer parallel flexural slip into concentric and chevron folds. This 
fold style is caused by high viscosity contrast across the layering in 
the unit. The fairly uniform thicknesses of both competent and less 
competent layers in the Sandilands Formation gave rise to the chevron 
folds. The space problem created in the core of the buckle folds due 



to compression is accommodated by thrust faulting (Fig. 6). P* de- 
tachment surface in the underlying Kunga limestones probably pro- 
vided a decollement accommodating the major buckle folds in the Sandi- 
lands Formation. Figure 7 shows two structural sections drawn 
through the area. The angular unconfonnity at the base of the much 
less tieforrned Yakoun Group restricts the timing of a cotnpression- 
a1 dcfotmation of the Kunga and Maude groups to early Bajocian. pos- 
sibly contitiuing into the early peritxi of deposition of the Yakoun Group 
(Thompson. 1988). Northeast and west-northwest trending struc- 
tures might have developed as a result of a differential stress rcgitne 
under the main deformational event, or they Inay represent other pe- 
riods in the tectonic history of the area. 

30th normal and reversc relative displacement on faults are ob- 
served in outcrops, indicating a complex tectonic history with both 
extensional and compressional periods. Compressional faults in the 
Tri . . '  asslc and Jurassic rocks are commonly contraction faults reiated 
to folding. Fold styles. shown in the two structural sections with an 
alignment of large scale folds and thrust faults, support the theory of 
northeast-southwest oriented compression with development of thn~st 
faults. The thrust faults are probably listric in origin and have their 
detachment within the Kunga Group. This explains the vety few ex- 
posures of the limestone units in the central Graham Island. The 

northeast-southwest striking f:~ult? can be interpreted as strike-slip faults 
on the lateral edges of thrust sheets. The thrusting has affected the Mid- 
dle Jurassic Yakoun Group and is related to a later compressional event 
than the initial folding of the Upper Triassic and Lower Jurassic 
~.ock units. This later compression can be related to a Late Cret- 
aceous to T'ertiary cvent (Thompson, 1988). 

Just north of Yakoun Lake a north\vest striking. steeply dipping 
normal fault juxtaposes the Sandilands Formation and the Yakoun 
Group. This is one of the few large scale faults observed in the field, 
and it is compatible with the theory of an extensional cvent in the tec- 
tonic history. This extensional period postdates the mid-Jurassic 
cornpression (Thompson, 1988). The parallelism of the normal faults 
with the thrust f;tults might have been caused by reactivation of ear- 
lier structures. 

The uniform eastward dip of the Cretaceous Honna Formation 
suggests post depositionad tilting. This tilting may be related to the Late 
Cretaceous andtor elu.1~ Tertiary compression suggested by Thompson 
(1 988). 

Note added in proof: Recent field work by the authors and oth- 
ers has resulted in revision to several of the ideas in this paper. For 
an updated disc~tssion, see the papers in "Current Research, Part F ,  
Geological Survey of Canada, Paper 90- 1 F. 

Figure 6: Folding in the Sandilands Formation accommodated by a thrust fault (marked by a black line) 
running in to the core of the fold. Offset across the fault decreases towards the core of the fold. 
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Abstract 

We present 46 ncli, U-Pb isotopic. dcterminutions fo~ .  zi~.c.oir ~ ~ n d  eight new K-Ar hornhlrnde and nlirscolite dates for 
plutons iir Q u e ~ n  Che11.1otte 1~Iutld.s. Two ~ U S ~ I Z ~ U I . ~  yo~ngitlg  suit^^ of' Micldle to Late Jurassic (1 72-2/58 Mu) plrr- 
tons include: Sun Ch~~i.stovul plutonic sltitc (SCPS; 172-171 Mu); crirci Bu~.riaby 1.slattdpl~rtonic suite (BlPS: 168-2158 
Mu). Nort/~~!urd youn,qin,q r!f the Te~.ticrry Kano plrrtonic. atitc, (KPS; 46-27 Ma), idcntifificd in prcvioirs war-k, reso1vc.s 
into 3 distinct episodes recording passage cgSa northwesterk accelerating rnagmatic.fr-ont. 

Two of the three segments ?f the linear. nortl~we,st-trei~diti~q SCPS plutonic welt are coeval: 171 + 6 Ma (U-Pb; all 
errors 2o) fos the Woorirujf Buy segn~er~t and 172 + 5 Mu rznd 172 f 3 Mu (U-Pb)for the San Christoval Range seg- 
naent. The Renncll-Kuno-\/m inlets .segtiaoit of SCPS i.s no yorrnger than l64 +4/-2 Mu (U-Pb dutefor BlPS apoph- 
ysis within SCPS). Mineral foliatio~i de\,elopcd drrring I V U I I ~ ~ I , ~  st(1ge.s of niainly Early J~trossic conti.ac.tion c,hnrac,- 
terizes SCPS. The rlefnrniution involved the Upper Triassic Kurmut.sen Fornration und Upper Triassic* and Lower .lura.ssic 
K~tnga Groiip host rocks but had cecised by at least l68 + 4 Ma (U-Ph dutc for a pl~rlon tlmt cr.o.s.scut.s folded Sine- 
murian strata). 

The younger (168-2158 Ma) Blrrimhj Islanrl pl~itonic suite c.on~pri.sc<s discrete pl~rtorrs scattered alons the east 
coasts of Morrsby rrnd Grakan? is1anrl.v rrrltd small intnr.sions within SCPS. BujocYun Yakoun Forrnation volcanic rocks 
are the yoirngest c.o~o7tr.y rock; Lower C~.eruceous (Hairter.ivian age) Longarm Formation sedimentut;~ rocks non- 
conformably ovet.lie BlPS. Zir.cot~fi.om the youngest, leucocr-cltic ti~ondlzjemite phase, is at leust 158 * 4 Mu old and 
contains inherited Pb of at least Pennsylvanian age (309 +14/-13 Ma upper concordia intercept). This is the first in- 
dication of pre-Triassic basement in the Queen Charlotte Islands. 

K-Ar dates for the Middle to Late Jurassic plutonic suites rangefr-om 192-145 Ma. Most are concordant with U-Pb 
dates and indicate coeval rapid uplift and cooling. Late Jurassic (147-145 Mu) K-Ar dates for plutons and for plu- 
tonic debris in the Longarm Forrnation may represent resetting during the widespread Late Jurassic-Early Cretaceous 
vein formation common within BIPS and less common within SCPS. The veins are likely part of the formation of cospa- 
tial copper-iron skarn metallic mineral deposits. Advective circulation of hydrothermal fluids was partly responsi- 
ble for thermal overmaturation of organic material in the Kunga Group. Overmaturation of potential source rocks 
by this process would have occurred before deposition of Cretaceous potential reservoir beds. 

Tertiary Kano plutonic suite plutons on eastern and western Moresby Island and along western Graham Island in- 
truded cospatial and broadly coeval Tertiary volcanic rocks. The southern group of extension-related, partly bimodal 
Eocene (46-39 Mu) plutons and coeval dykes may herald inception of the Tertiary Queen Charlotte Basin. The steady 
2.6 cmlyr northwesterly migration of the magmatic front, represented by the medial group of Early Oligocene (36- 
32 Ma) intrusions, records the change from mainly orthogonal to mainly oblique convergence of the Pacific plate 
relative to North America. An extensive, coeval northern group of Late Oligocene (28-27 Ma) plutons is co-exten- 
sive with (but slightly predates) the nearby Miocene Masset Formation volcanic rocks. 

Quatorze-six nouvelles datations selon la mkthode U-Ph sur zircons et huit selon /a mkthode K-Ar sur hornblende 
et muscovite de plutons dans les iles de lu Reine-Charlotte ont permis de dkjnir : un rajeunissement vers I'est des suites plu- 
toniques du Jurassique moyen a tardif(1.58-172 Ma), soit la suite plutonique San Christoval(171-l72 Ma) et la suite plu- 
tonique de I'ile Burnaby (158-168 Ma) et un rajeunissement vers le nord de lu suite plutonique Kano du Terti- 
aire ( ~ o c ~ n e  et Oligoctne; 27-46 Ma). 

Les trois segments de la suitc plutonique de Burnaby (du sud vers le nord : segment de Woodruff, du chainon 
San Christoval et des inlets Rennell-Kano-Van) longeant la cBte ouest de l'ile Moresby et la cbte sud-ouest de l'ile 
Graham recoupent des roches du Trias suph-ieur et du Jurassique infkrieur. Neuffractions sur zircons de trois 

' Cordilleran Division, Geological Survey of Canada, 100 West Pender Street, Vancouver, B.C. V6B IR8 
Continental Geoscience Division, Ottawa. Present address: Department of Earth Sciences. University of Waterloo, Waterloo. Ontario N2L 3GI. 



e'chantillons de la suite San Christoval donnent des Bges de 172 f 10 Ma (toutes les erreurs correspondent d deux 
fois I'e'cart-type) pour le segment de Woodruff et 172 f 5 Ma et 171 f 12 Ma pour le segment du chainon San Chris- 
toval. Le segment des inlets Rennell-Kano-Van de la suite San Christoval ne de'passe pas 164 +4/-2 Ma (Bge U-Pb 
pour I'apophyse de la suite Burnaby dans celle de San Christoval). 

La suite plutonique de I'i'le Burnaby du Jurassique moyen et suph-ieur est composke de plutons distincts, disskminks 
le long de la cbte est des iles Moresby et Graham, et de petites intrusions dans la suite San Christoval. Les roches 
encaissantes les plus re'centes recoupe'es par la suite sont les roches volcaniques de la formation de Yakoun du Ba- 
jocien. Les roches se'dimentaires de la formation de Longarm du Crktace' infe'rieur reposent en discordance sur la 
suite Barnaby. Le zircon d'un kchantillon de la suite Barnaby recueilli pr3s de la discordance a donne' un Bge iso- 
topique de 165 k 4 Mu. Les intrusions de la suite Barnaby dans celle de San Christoval cornportent l'intrusion de 
monzonite quartzique du dktroit de Rennell datke a l64 +4/-2 Ma et la trondhje'mite de l'inlet Beresford (typique d'une 
phase leucocratique de la suite Barnaby dont la datation de l'intrusion selon la mkthode U-Pb sur zircons donne 158 
f. 4 Mu. La systkmatique uranium-plomb de la trondhje'mite indique la prksence de Pb he'rite'e du Pennsylvanien ou 
d'dge ante'rieur (309 +14/-13 Mu, intercept supe'rieur du dia,qramme de Concordia), ce qui correspond d la premiPre 
indication de fa pre'sence d'un socle pre'-triasique dans les i'les de la Reine-Charlotte. Une datation U-Pb a 168 f 2 
Ma d'une intrusion porphyrique d hornblende-plagioclase prPs du bassin Clapp dans la baie Shields traversant des 
plis d vergence sud dans la formation de Sandilands du Pliensbachien limite l'dge de la dkformation d une pkriode 
situe'e entre le Pliensbachien et le Callovien. 

Les datations K-Ar des suites plutoniques du Jurassique moyen d tardif varient de 145 d 192 Mu. La datation au Juras- 
sique moyen par la mkthode K-Ar concorde avec les estimations obtenues par la mhhode U-Pb et indique un 
soulPvement et un refroidissement rapides contemporains des deux suites. La datation des plutons et des de'bris plu- 
toniques de la formation de Long Arm au Jurassique tardif est jusqu'd 25 millions d'annkes plus re'cente que leur 
datation U-Pb. Cela pourrait refliter une remise en place par la formation de vastesfilons au Jurassique supkrieur- 
Cre'tace' infkrieur, filons qui caracte'risent la suite Barnaby et que ['on trouve dans la suite San Christoval. Cesfilons 
ont donne' naissance d des gisements skarn@res de fer-cuivre et sont en partie 2 I'origine de l'hyper maturation des 
roches m2res du groupe de Kunga. 

Les plutons de la suite plutonique Kano du Tertiaire recouperzt toutes les unite's plus anciennes. Dix datations U-Pb 
de 32 fractions de'limitent trois e'pisodes plutoniques diachrones distincts vers le nord de pe'riodicite' de'croissante : 
un groupe me'ridional de plutons e'ocPnes en partie himodaux lie's d une distension (39-46 Mu); un groupe mkdian 
d'intrusions de 1'OligocPne infkrieur (32-36 Mu); et un groupe septentrional de massifs de I'OligocPne supe'rieur de 
m&me etendue (et vraisemblahlement contemporains) que les roches volcatzique.s voisines de la fi~rmation de Mas- 
set du MiocZtle injkrieur. En ce yur conrcrne tous lcs plutons de 11 suite Kano, les datat~ons K-At- sur hornblende et 
biotitc concot-dent avec celles e'tab1ie.s selorr la mkthode U-Pb. Une datution K-Ar (43.7 f 1 ,l Mu) sur hornhlende 
de l '~oc2ne d'un membre de dykes d'andksite porphjlritique de l'cssaitn de dykes de la baie Carpenter a direction 
nord est conforme a la datation U-Pb des plutons de la baie Carperztel- qui renferment une partie de I'essaim. Le plu- 
tonisme, h-prmodal kocPne contempor-aitz et la formatron de dykes irzdiquetzt un important e'p-prsode de distensiotz petl- 
dant l'Eoc2ne supkrieur pouvant annoncer l'ouverture du hassin de lu Reine-Charlotte. 

INTRODUCTION 
Granitic rocks underlie about one-tenth of the area of Queen Char- 

lotte Islands and span about 140 million years of its more than 230 
million year evolution. Thermal overmaturation of potential hydrc- 
carbon source rocks of the Kunga Group is cospatial with some plu- 
tons on southeastern Moresby Island (Orchard, 1988; Vellutini, 1988; 
Orchard and Forster, 199 1 ). Distribution, nature, age, thermal regime 
and tectonic setting of granitic plutons are important in understand- 
ing their genesis and ultimately in assessment of prospective ground 
for hydrocarbon plays in the Queen Charlotte Basin. 

A program of U-Pb and K-Ar dating sought to enhance knowl- 
edge of the timing and extent of different plutonic suites gained from 
a complementary mapping program (Anderson, 1988a; Anderson 
and Greig, 1989) and to assess the influence of plutonism on the ther- 
mal maturation of potential hydrocarbon source rocks. The Middle 
Jurassic (172-171 Ma) San Christoval plutonic suite (SCPS) out- 
crops on the western margin of the islands. The younger (168.2158 
Ma) Bumaby Island plutonic suite (BIPS). which outcrops mainly along 
the eastern margin of the islands, intrudes SCPS. Small BIPS intru- 
sions within SCPS provide a minimum age for SCPS. Tertiary plu- 

tons of the Kano plutonic suite (KPS) occur as two northwest-trend- 
ing belts along the archipelago's margins. They represent three dis- 
crete, geographically restricted, Eocene (46-39 Ma), Early Oligocene 
(36-32 Ma), and Late Oligocene (28-27 Ma) plutonic episodes mark- 
ing passage of a northwardly-accelerating magmatic front. 

The study greatly extends mineral and whole rock K-Ar isotopic 
data from other workers (e.g. Wanless et al., 1968, 1970, 1972; 
Young, 198 1; Yorath and Chase, 1981). That work established the ex- 
isting geochronometric framework for Queen Charlotte Islands plu- 
tonism and pointed out contradictions among the isotopic dates and 
Sutherland Brown's (1968) age assignments for plutons and pluton- 
ic classifications. Jurassic syntectonic plutons were shown to be co- 
eval with post-tectonic plutons, formerly thought to be Cretaceous- 
Tertiary (Sutherland Brown, 1968; Young, 1981). The objective of 
the U-Pb dating was to confirm and extend the K-Ar reconnaissance 
data compiled by Young ( 1  98 1) for plutons along the margins of the 
Queen Charlotte Islands. New and existing geochronometry have re- 
fined dates for: 1) emplacement of two Middle to Late Jurassic plu- 
tonic suites; 2) Middle Jurassic contraction; 3) possible timing of Jura- 



Cretaceous advective heating of country rocks cospatial with BIPS: 
and 4) intrusion of a Tertiary plutonic suite (Figs. 1-3). 

GEOLOGICAL SETTING AND PLUTONIC STYLES 
Middle Jurassic and Tertiary plutons on Queen Charlotte lslands 

account for l000 km2 of the land area and about 140 million years of 
geological history. Each plutonic episodc produced granitoid rocks 
distinguished by distribution, geophysical signature, composition, 
mineralogy, intrusive and geological relations, fabric, and agc. 

Middle to Late Jurassic ( 1  72-2158 Ma) plutons consist of the San 
Christoval plutonic suite (SCPS). which occurs on the west coasts of 
Queen Charlotte Islands (Fig. I),  and the Bumaby lsland plutonic suite 
(BIPS), distributed along the islands' east coasts (Fig. 2). BIPS also 
occurs as small intrusions within SCPS. SCPS outcrops in three seg- 
ments: southernrnost Woodruff Bay segment; medial San Christoval 
Range segment; and northernmost Rennell-Kano-Van inlets segment 
along southwestern Graham Island. The suite compriscs homogeneous, 
medium grained, foliated diorite and quartz diorite that contain com- 
mon 10-30 cm long mafic inclusions but few dykes. The mineral and 
inclusion fabric led Sutherland Brown (1968) to classify the suite as 
"syntectonic." The fabric occurs within 1-2 km of the eastem mar- 
gin of SCPS and parallels the trend of the contact with Upper Trias- 
sic Kartnutsen Formation in the Woodruff and San Christoval Range 
segments. In the northern segment, foliation is widespread but un- 
common and everywhere north- or northwest-trending. Hornblende 
is distinctly prismatic: biotite is rare. texturally late, and commonly 
chloritized. Upper Triassic and Lower Jurassic Kunga Group strata 
are the youngest strata intruded by SCPS (Sutherland Brown, 1968). 

BIPS is more heterogeneous than SCPS. In order of intrusion, 
gabbro or diorite, quartz monzodiorite, quartz tnonzonite and trond- 
hjemite (leucodiorite) make up the main phases. They are typically 
unfoliated and pervasively brittly fractured and veined; Sutherland 
Brown (1968) considered these plutons "post-tectonic." Hornblende 
is subhedral and as abundant as biotite except in felsic phases, where 
biotite is the main mafic mineral. The trondhjemite phase is devoid 
of hornblende but contains muscovite and rare biotite. 

BIPS plutons crosscut Middle Jurassic (Bajocian) and older 
strata. Locally, Lower Cretaceous (Hauterivian) Longarm Formation 
rocks (Haggart and Gamba, 1990) nonconfomably overlie the high- 
ly altered and veined granitic rocks (Anderson and Greig, 1989). 
The nonconformity observed at Rebecca Point (Fig. 8a) differs from 
inbusive contacts involving the Bumaby pluton and Longam Formation 
reported by Sutherland Brown (1968, p. 139). The nonconformable 
relations explain the apparent discrepancy between his suggested 
Cretaceous-Tertiary age for these "post-tectonic" plutons and the 
pluton's Late Jurassic K-Ar date determined by Wanless et al. (1968). 
Hydrothermal alteration and veining of the plutons, which are cospa- 
tial with copper-iron skarns (Anderson, 1988b). are much more in- 
tense and regular in the granitic rocks than in the overlying Longarm 
Formation. 

Late Eocene to Oligocene (46-27 Ma) Kano plutonic suite (KPS) 
comprises two northwest-trending, subparallel belts of (quartz) mon- 
zodiorite and lesser diorite and granite stocks along the west coast of 
Graham Island and west and east coasts of Moresby Island. The 
suite includes: a southern group of Eocene plutons (Carpenter Bay and 
Lyell Island complexes); a medial group of Early Oligocene plutons 
(Sedgwick Bay, Atli-Dog Island, Talunkwan-Porter Head, Sewell, south- 
em Louise Island, northwest Louise Island, Sandspit, Deena River, 
and Kano plutons); and a northern group of Late Oligocene plutons 
(Sheila Lake, Pivot Mountain, Sialun Creek and Langara Island plu- 
tons). Finer grain size, unfoliated and homogeneous character of in- 
dividual plutons, small size (commonly Q0 km2), orthopyroxene, com- 

mon miarolitic cavities. seriate texture and intrusive relations distin- 
guish KPS from Middle Jurassic plutons. Tertiaty, felsic volcanic rocks 
(probable pre-Miocene Masset Formation) are the youngest strata in- 
truded by KPS. The oldest (southern) plutons within KPS are bimodal 
or contain coeval, consistently north-[rending, intraplutonic por- 
phyritic dykes and stocks. The porphyritic intrusions may have been 
feeders for Eocene volcanism. These features suggest an extension- 
al tectotic regune during Eocene plutonism (Andenon and Reichenbach, 
1989). K-Ar dates from the wcstcrn plutons decrease from south to 
north (Young, 198 1 ). 

Aphanitic and porphyritic dykes are an important part of mag- 
matism associated with the plutonic suites (Souther, 1988, 1989: 
Souther and Bakker, 1988). All suites except the Jurassic San Chris- 
toval suite have common (hornblende-) plagioclase-phyric and 
aphanitic green andesite dykes. Concordance of the subvertical, 
north-trending Carpenter Bay dykes (Souther. 1988, 1989; Souther 
and Jessop, 1991) with intraphase plutonic contacts within the coeval 
Eocene Carpenter Bay plutonic host is strong evidence of contem- 
poraneity of plutonism and dyking. 

GEOCHRONOMETRY 

Previous work 
Wanless et al. (1968, 1970, 1972), Yorath and Chase (198 I) and 

Young (l 981) contributed to the existing K-Ar isotopic age database 
(Table 3). They showed that "syntectonic" and somc "post-tectonic" 
plutons were coeval and Late Jurassic ( 159- 145 Ma), as were hom- 
blende-bearing quartz diorite (BIPS-equivalent?) clasts common in 
Cretaceous coarse clastic sedimentary rocks (Yorath and Chase. 198 1). 

K-Ardates For the western belt of known Tertiary "post-tectonic" 
plutons (Pockct Inlet, Kano. and Langara plutons) decrease from 
south (39-40 Ma) to north (about 24 Ma; Young, 198 1; Table 3). Whole 
rock and alkali-feldspar K-Ar dates are younger than coexisting 
hornblende-biotite mineral pairs (e.g. 26 and 3 1 Ma for Pocket Inlet 
pluton alkali-feldspar and whole rock compared with 38 and 40 Ma 
for homblende and biotite). Some are difficult to interpret (e.g. <5 Ma 
whole rock date for Pivot Mountain). 

Sampling and analytical methods 
Samples were collected in 1987 and 1988 for zircon U-Pb dat- 

ing from the Jurassic and Tertiary plutonic suites (Figures 1-3 and Ta- 
bles 1-3). New K-Ar dates for homblende were determined from only 
the freshest, representative samples of central SCPS, central BIPS, and 
two Carpenter Bay hornblende-phyric andesite dykes (Table 2) be- 
cause alteration of the rocks is so common (pervasive within BIPS). 
Petrographic criteria for sample selection for homblende and muscovite 
K-Ar dating included minimal alteration and, for hornblende, mini- 
mal clinopyroxene cores. Thus, samples dated by U-Pb were not 
suitable for K-Ar dating, but in some cases, K-Ar dates are available 
for nearby samples for comparison. 

Zircon was dated by U-Pb methods using analytical procedures 
summarized by Panish et al. (1987). Zircons selected for analysis were 
the clearest and devoid of visible inclusions or features resembling in- 
herited zircon cores. Abrasion of most zircon fractions decreased the 
effect of alteration and recent Pb loss (e.g. Krogh, 1982). Pb and U blanks 
during the course of this study were 7-20 pg and 1-5 pg respectively. 
Analytical techniques for K-Ar dating follow Roddick and Souther 
(1987). All dates are consistent with decay constants of Steiger and Jager 
(1977) and uncertainties are at 2 standard deviations (20). 

Tertiary and most of the Jurassic samples yielded at least one con- 
cordant fraction (asterisks highlight fractions in Table I used in the 
age calculation). Age estimates for the Jurassic samples (Table 3 and 
Figs. 4 and 5) derive from 2 0 7 ~ b / 2 0 6 ~ b  dates (and uncertainties de- 
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Figure 1 : Distribution of K-Ar and U-Pb geochronometry for Middle Jurassic San Christoval plutonic suite (SCPS). New dates presented in this 
report are in italics. 
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Figure 2: Distribution of K-Ar and U-Pb geochronometry for Middle to Late Jurassic Burnaby Island plutonic suite (BIPS). New dates presented 
in this report are in italics. 
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Figure 3: Distribution of K-Ar and U-Pb geochronornetry for Tertiary Kano plutonic suite (KPS) and associated Carpenter Bay-Lyell Island dykes. 
New dates presented in this report are in italics. 
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termined from the 2 0 7 ~ b / 2 0 6 ~ b  experimental errors) for the most con- 
cordant fraction with the srnallest analytical errors. Discordance in Juras- 
sic zircons is assumed to result from Pb loss. 

Zircon from Tertiary plutons was characteristically devoid of vis- 
ible cores and produced excellent U-Pb analyses. Most samples 
yielded concordant Pb/U dates (Fig. 3 and 6; Table I). Slight discordance 
is mainly attributable to the common Pb correction. The intcrnal 
agreement of dates from the concordant fraclions from a particular plu- 
ton and concordance with available K-Ar data (e.g. Langara, Kano 
and Pocket Inlet plutons; Table 3) suggests that further work would 
not change the results appreciably. Tertiary U-Pb dates and uncertainties 
were calculated from the mean 2 0 6 ~ b / 2 3 8 ~  and ' 0 7 ~ b / ? 3 5 ~  dates and 
standard deviations of concordant data for 2 (or more) fractions with 
the least analytical error (Table 3 and Fig. 3). 

Large errors in ' 0 7 ~ b / 2 3 5 ~  ratio (and relatively large errors in 
2 0 6 ~ b / 2 3 8 ~  ratio) relate to fractions containing a predominance of in- 
clusion-rich zircons or to fractions containing few zircons, analyses 
having large common Pb blank values, and/or low radiogenic Pb 
amounts. We omitted some of these data in making the final age es- 
timates. Quoted uncertainties reflect full error propagation (Rod- 
dick, 1987). The geological context of the samples and Palmer's 
(1983) time-scale provide the framework for discussion of the dates 
below. 

U-Pb results 

U-Pb data for three SCPS and four BIPS samples indicate main- 
ly Middle Jurassic dates (Figs. 1 , 2 , 4 ,  and 5; Tables 1 and 3). Mid- 
dle Jurassic '07~b/206pb dates for the most concordant zircon fractions 
from SCPS samples (Fig. 4) are nearly identical and include: 172 + 
5 Ma (Haswell Bay part of the San Christoval Range segment); 172 
f 3 Ma (Pocket Inlet area of the San Christoval Range segment); and 
171 f 6 Ma (Woodruff Bay segment). The Rennell-Kano-Van inlets 
segment of SCPS is no younger than 164 +4/-2 Ma based on the U- 
Pb date for a BIPS apophysis crosscutting SCPS). 

BIPS samples include those from discrete intrusions and satel- 
litic intrusions in SCPS or country rock. The Poole Point sample rep- 
resents one discrete pluton of BIPS. The near concordant zircon frac- 
tion having the smallest Pb/U error yielded a late Middle Jurassic date, 
168 +4/- 1 Ma, from concordia overlap (Fig. 5; error encompasses max- 
imum range of ages from Pb/U and Pb/Pb estimates and uncertain- 
ties). The sample comes from the Burnaby Island pluton near the non- 
conformity with overlying, fossiliferous Lower Cretaceous Longarm 
Formation of Hauterivian age (Anderson and Greig, 1989; Haggart 
and Gamba, 1990; Fig. 8a). The fossil age and isotopic dates suggest 
the nonconformity represents a minimum hiatus of 37 million years. 

The hornblende-plagioclase po hyry sample from Clapp Basin, 
2% Shields Bay area, yielded a 2 0 7 ~ b /  Pb date of 168 + 4 Ma from a 

nearly concordant fraction with the smallest Pb/U errors (Table 1; Fig. 
5). The Jurassic date was a surprise because the porphyry was expected 
to be coeval with texturally similar and nearby Tertiary Masset For- 
mation volcanic rocks and an Early Oligocene quartz monzodiorite 
of the Kano pluton (see sample AT-87-80-1, Table 3). These geological 
relations led Sutherland Brown (1968) to include the porphyry as the 
porphyritic facies of the Cretaceous-Tertiary central Kano pluton. How- 
ever, the lack of visible cores and little evidence for inherited lead in 
the U-Pb data support a late Middle Jurassic date. The Shields Bay 
pluton crosscuts southerly-vergent chevron folds developed in the Lower 
Jurassic Sandilands Formation (Fig. 8b). The intrusion's age and ge- 
ological relations constrain deformation to post-Sinemurian and pre- 
168 Ma. 

Fine grained quartz monzonite, thought to be a Tertiary KPS fel- 
sic phase. intruded SCPS along the southern shore of Rcnnell Sound. 
The U-Pb data for a sample of i t  suggest Pb loss occurred in the four 
discordant fractions and a late Middle Jurassic ' 0 7 ~ b / 2 M ~ b  date of 164 
+4/-2 derives from concordia intercept (Fig. 5c). Again. there is 
nothing to support a Tertiary date for an intrusion that texturally re- 
sembles KPS. 

Perhaps the most interesting of the BIPS samples yielding dis- 
cordant U-Pb data for zircon is ATG-88-299-1 from a moderately de- 
formed leucocratic biotite trondhjemite. The trondhjemite is part of 
the leucocratic phase of BIPS that includes muscovite-bearing, per- 
aluminous variants (see also K-Ar sample AT-87- 124-4). The phase 
crosscuts intensely foliated SCPS diorite of the Beresford complex 
at Beresford Inlet. The U-Pb data for the sample's 3 fractions define 
a chord with a lower concordia intercept of 2158 f 4 Ma and an upper 
intercept date of 309 +14/-l3 (Fig. 5; Table 3). The lower intercept 
is n minimum date for the trondhjemite phase. The discordance sug- 
gests inheritance of older radiogenic Pb by the Jurassic zircon, although 
the zircons contain no visible cores. The upper concordia intercept date 
is the first indication of an older, pre-Late Triassic, basement for the 
Queen Charlotte Islands and is a minimurn age (Pennsylvanian). 
About 4 km southwest of the trondhjemite locality, near Darwin 
Point, undated felsic volcanic rocks occur structurally if not strati- 
graphically below Upper Triassic Karmutsen Formation basalt 
(Woodsworth, 1988). These may represent part of the inferred Pale- 
ozoic basement. 

One zircon fraction From the felsic phase biotite quartz monzonite 
phase of the BIPS Cumshewa Head pluton, was analyzed. We sought 
to resolve a mapping problem arising from the Early Oligocene (34.3 
f 0.3 Ma) U-Pb date from a lithologically similar sample of the near- 
by northwest Louise Island pluton (Fig. 3; Tables 1 and 3). The per- 
vasive veining in Cumshewa Head pluton distinguished it as part of 
BIPS despite similarities in grain size and composition. The U-Pb data, 
although discordant and of little use by themselves in determining a 
precise date, suggest a Middle to Late Jurassic date for the Cumshe- 
wa Head body. 

Tertiary pl~rtons 

U-Pb dates for 10 samples of KPS define three temporally dis- 
tinct groups of KPS plutons that mark the passage of a northwester- 
ly-accelerating magmatic front: southern Eocene (46-39 Ma); medi- 
al Early Oligocene (36-32 Ma); and northern Late Oligocene (28-27 
Ma) plutons (Figs. 3 and 7; Table 3). The data corroborate and refine 
the Tertiary K-Ar data reported by Young (1981). Southern belt plu- 
tons dated are Pocket Inlet (38.9 f 0.1 Ma) and Carpenter Bay plu- 
ton at Point Langford (46.2 f 0.2). Medial belt plutons sampled are 
Kano pluton (32.2 f 0.7 Ma), northwest Louise Island pluton (34.3 
f 0.6 Ma), southem Louise Island pluton (younger quartz monzonite 
felsic phase, 33.8 f 0.6 Ma and older quartz monzodiorite interme- 
diate phase, 33.8 f 0.4 Ma), and Sedgwick Bay pluton (35.7 f 0.3 Ma). 
Northern belt plutons include Langara pluton (26.8 f 0.4 Ma), Pivot 
Mountain pluton (27.9 + 0.4 Ma), and Sheila Lake pluton (27.0 f 0.3 
Ma). 

Previously determined K-Ar hornblende and biotite dates (Young, 
1981) agree closely with U-Pb dates for nearby samples of Langara 
Island pluton (K-Ar: 23.7 f 2.8 Ma, U-Pb: 26.8 k 0.4 Ma), Kano plu- 
ton (K-Ar: 31 + 3 Ma; U-Pb: 32.2 f 0.7 Ma), and Pocket Inlet plu- 
ton (K-Ar: 38-40 + 2 Ma; U-Pb: 38.9 + 0. l Ma; Table 3). The rapid, 
post-emplacement uplift and cooling of the plutons indicated by the 
geochronometry and the fine- to medium-grain size, senate texture 
and miarolitic cavities characteristic of the suite (Anderson and 
Greig, 1989) all suggest high-level intrusion. 
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Figure 4: Concordia plots for U-Pb data from samples of San Christoval 
plutonic suite (SCPS) collected from: a) San Christoval Range seg- 
ment (Haswell Bay transect); b) San Christoval Range (Pocket Inlet 
area); and c) Woodruff Bay. Numbers (e.g. -149+105) refer to zircon 
size fractions listed in Table 1 and abbreviations are: abr = abraded; 
clr = clear; equ = equant; frag = fragments; and pris or pri = prisms. 
Dates from Table 3. 



Table 2. New K-Ar data for hornblende and muscovite from Middle to Late Jurassic and Tertiary plutons, Queen Charlotte Islands. 

Sample G.S.C. No. Locality K Rad. 4 0 ~ r  % atrnos. Age (+ 20' Ma) 
Number or (Lab (wt. %) ((1 0.') 4 0 ~ r  (Hb = hornblende) 

Number) STP) (Mu = muscovite) 

KANO PLUTONIC SUITE (KPS) 
BURNABY ISLAND-CARPENTER BAY DYKE SWARM 

AT-87-7-3 GSC 89-20? Benjarnin 0.51 1 8.783 34.0 43.7k1.1 (Hb) 
(3980) point3 

AT-87-1 9-1 GSC 90-24 Benjamin 0.1 57 14.94 49.0 230 k 13 (Hb) 
(3976) point4 

BURNABY ISLAND PLUTONIC SUITE (BIPS) 
BERESFORD COMPLEX, BlPS TRONDHJEMITE 

AT-87-1 24-4 GSC 90-27 Beresford 8.37 51 7.7 3.8 153 ? 3 (Mu) 
(3982) lnlet5 

BERESFORD COMPLEX, BlPS IN'TERMEDIATE PHASE 
AT-87-1 22-1 GSC 89-1 82 Bischof 0.262 17.44 22.0 164 +3  (Hb) 

(3977) lslands" 

BERESFORD COMPLEX, BlPS MAFlC PHASE (HORNBLENDE DIORITE) 
AT-87-1 24-6 GSC 90-25 Beresford 0.521 33.37 24.0 1 5 8 t 4  (Hb) 

(3978) inlet7 

BURNABY ISLAND PLUTON, INTERMEDIATE PHASE 
AT-87-83-1 GSC 90-26 Burnaby 0.353 20.56 20.0 144+5 (Hb) 

(3981) lsland8 

SAN CHRISTOVAL PLUTONIC SUITE (SCPS) 
HASWELL 'TRANSECT, SAN CHRISTOVAL SEGMENT 

AT-87-1 05-1 GSC 90-28 Haswell 0.636 50.2 8.8 192 k 5  (Hb) 
(3983) Bayg 

AT-87-1 15-1 GSC 89-1 9* Sac Bay'' 0.521 35.23 38.0 166k3  (Hb) 
(3979) 

1. o = standard deviation. 

2. revised from Anderson and Reichenbach (1989) and Anderson (in Hunt and Roddick, 1990). 
3. hornblende-plagioclase andesite porphyry dyke; UTM (zone 9) 5786550 N, 363100 E; 52O12'51" N. 131°00'14" W (NTS 103 813); peninsula south of 

Carpenter Bay, north of Benjamin Point, 2 km south of Langtry Island at sea level. 

4. hornblende (c1inopyroxene)-plagioclase andesite porphyry dyke; UTM (zone 9) 5787050 N, 363200 E; 52O09'36" N, 13l000'00" W (NTS 103 813); 
peninsula south of Carpenter Bay, 1 km north of Benjamin Point, 1.5 km south of Langtry Island, at sea level. Clinopyroxene accounts for less than 10 
percent of hornblende grains but in some grains makes up one-third to one-half of grain. 

5. muscovite trondhjemite; UTM (zone 9) 5830125 N, 326850 E; 52O35'44" N, 131°33'23" W (NTS 103 Bl12E); southwestern tip of Lyell Island between 
Beresford and Sedgwick bays, 0.75 km west of Sedgwick Point at sea level. 

6, biotite-hornblende quartz monzodiorite; UTM (zone 9) 5828400 N, 325925 E; 52O34'47" N, 131°34'09" W (NTS 103 Bl12E); western coast of north- 
ernmost island of Bischof Islands, 1 km east of Richardson Point, 2.6 km southwest of Sedgwick Point, at sea level. 

7. hornblende diorite; UTM (zone 9) 5830125 N, 326850 E; 52O35'44" N, 131°33'23" W (NTS 103 B112E); southwestern tip of Lyell Island between 
Beresford and Sedgwick bays, 0.75 km west of Sedgwick Point, at sea level. 

8. biotite-hornblende quartz diorite; UTM (zone 9) 5813000 N, 344200 E; 52O26'49" N, 131°17'33" W (NTS 103 Bl6); north shore of Burnaby Island, 0.5 
km southwest of Saw Reef, 1.5 km east-northeast of southeastern tip of Alder Island, at sea level. 

9. biotite-hornblende quartz diorite; UTM (zone 9) 5821650 N, 323050 E; 52O31'05" N. 131°36'29" W (NTS 103 Bl12E); in small cove off Haswell Bay, 
3.25 km southwest of Hoskins Point, 2.75 km south-southeast of De La Beche Island, at sea level. 

10. biotite-hornblende diorite; UTM (zone 9) 5823375 N, 318650 E; 52O31'56" N, 131°40'25" W (NTS 103 Bl12E); southeast end of Sac Bay, off de la 
Beche Inlet, 3.5 km west-southwest of de la Beche Island, 5.6 km southwest of Darwin Point, at sea level. 



Figure 5: Concordia plots for U-Pb data from samples of Burnaby Island plutonic suite (BIPS) collected from discrete BlPS intrusions at: a) Burnaby 
Island (Poole Point); and from BlPS intrusions within SCPS at: b) Shields Bay (Clapp Basin); c) Rennell Sound; and d) Beresford Inlet. 
Abbreviations as for Figure 4 and dates from Table 3. 



Tab le  3. Compilation of U-Pb and  K-Ar geochronometry for Middle to Late Jurassic a n d  Tertiary plutons, Queen Charlotte Islands. 

PlutonlLocale G.S.C. No. Sample Number U-Pb Date (Zircon) K-Ar  ate' Fleference3 and Comments 
(lithology2) (+ 20, in Ma) k 2 0 ,  in 

Ma (mineral2) 

TERTIARY GEOCHRONOMETRY 
CARPENTER BAY DYKES 

CARPENTERBAY GSC 89-20 AT-87-7-3 43.7 ? 1 . l  a and e; north-trending dykes 
DYKE (hornblende- (Hb) crosscut 46.2 + 0.5 Ma Car- 
plagioclase penter Bay plutons (see below) 
porphyry andesite) 

CARPENTERBAY GSC 90-24 AT-87-1 9-1 230 + 13 this report; north-trending 
DYKE (hornblende- (Hb) dykes crosscut 46.2 + 0.5 Ma 
plagioclase Carpenter Bay plutons (see 
porphyry andesite) below) and Lower Jurassic Sandilands 

Formation; date unreliable because of 
clinopyroxene cores in hornblende. 

KANO PLUTONIC SUITE (KPS) 
LANGARA ISLAND CH-87-56-6 26.8 k 0.4 a (average U-Pb date and 2 0  
(Bi-Hb quartz error for best 2 fractions) 
monzodiorite) 

GS-50-66 23.7 5 2.8 b; Pan American 
(Hb) Petroleum Corp. (unpublished data noted 

in Steen, 1967); McPherson Point, north 
west shore of Langara Island, 54O15.02' N, 
132O58.83' W 

PIVOT MOUNTAIN CH-87-56-1 0 27.9 + 0.4 a (average U-Pb date and 2 0  
(clinopyroxene- error for best 2 fractions) 
orthopyroxene SD-257-63 t 5  (WR) b; Shell Canada Resources, Ltd. 
diorite) (unpublished data); 4 km southeast of 

Beresford Bay, southwest Graharn Island, 
54"00.63' N, 133"00.57' W 

SHEILA LAKE CH-87-30-09 27.0 ? 0.3 a (average U-Pb date and 2 0  
(clinopyroxene- error for best 2 fractions) 
orthopyroxene 
diorite) 

KAND INLET AT-87-80-1 32.2 + 0.3 a and this report (average U-Pb 
(Dawson Inlet) date and 2 0  error for best 2 
(Bi-Hb quartz fractions) 
monzodiorite) 

GSC 67-1 6 65 AB-21 26 k 6  (Hb) c; southern head of Shields Bay, 
GSC 67-1 7 30 k 2 (Bi) southwest Graham Island, 53O17' N, 

132"26' W 

GSC 70-2 65-AB-1 9 31 k 3 (Bi) d; head of Dawson Inlet, southwest 
Graham Island, 53O13' N, 132'29' W 

NORTHWEST LOUISE ATG-88-333-1 34.3 + 0.6 this report (average U-Pb date 
ISLAND (Bi quartz and 2 0  error for best 2 
monzonite) fractions) 

SOUTHERN LOUISE ATG-88-260-1 33.8 + 0.6 Ihis report (average U-Pb date 
ISLAND (younger, and 2 0  error for best 2 
Bi quartz fractions) 
monzonite phase) 

SOUTHERN LOUISE ATG-88-263-1 33.8 * 0.4 this report (average LI-Pb date 
ISLAND (older, and 2 0  error for best 2 
Hb monzodiorite fractions) 
phase) 

SEDGWICK BAY AT-88-288-1 35.7 + 0.3 ih is  report (average U-Pb date 
(Bi monzogranite) and 2 0  error for best 2 fractions) 



GSC 67-1 8 65-AB 10 
GSC 67-1 9 

Table 3. Compilation of U-Pb and K-Ar geochronometry for Middle to Late Jurassic and Tertiary plutons, Queen Charlotte Islands. (cont'd) 

Pluton/Locale G.S.C. No. Sample Number U-Pb Date (Zircon) K-Ar  ate' fieference3 and Comments 
(lithology2) (+ 2 0 ,  in Ma) a 20, in 

Ma (mineral2) 

ATLl INLET SD-265-63 25 +4  b; single date considered 
(WR) minimum date and of unknown reliability 

by Young (1981); Shell Canada Resources, 
Ltd. (unpublished data); southeastern 
shore of Richardson Inlet, southeast of 
Dog Island, 52O43.67' N, 131°35.95' W 

POCKET INLET ATG-88-415-2 38.9 2 0.1 this report (average U-Pb date 
(Bi granite) and 2 o error for best 2 fractions) 

SD-262-63 2 6 k 4  b; date considered unreliable 
(Kf) by Young (1981); Shell Canada Resources, 

Ltd. (unpublished data); western margin of 
Pocket lnlet batholith, south shore, head of 
Pocket Inlet, 52O36.35' N, 131'54.43' W 

SD-263-63 31 k 4  b; date considered minimum age 
(WR) by Young (1981); Shell Canada Resources, 

Ltd. (unpublished data); western margin of 
Pocket lnlet batholith, north shore, head of 
Pocket Inlet, 52O36.91' N, 131°52.08' W 

38 k 2 (H b) c; central Pocket Inlet 
40 k 2 (Bi) batholith, south shore of Barry Inlet, 

52O34' N, 131 "48' W 

POINT LANGFORD this report (average U-Pb date 
(CARPENTER BAY and 20  error for best 3 
pluton) fractions 
(Bi-Hb quartz north-trending dykes dated at 
monzodiorite 43.7 k 1 . l  Ma (see above) crosscut 

Carpenter Bay plutons. 

MlSCEL LANEOUS TERTIARY DATES 
SCPS(?), GS 31-66 33.6 k4.8 b; date considered unreliable 
RENNELL-KANO- (WR) by Young (1981); Pan American 
VAN INLET Petroleum Corp. (unpublished 
SEGMENT data noted in Steen, 1967); 
(Bi quartz south shore, mouth of Van Inlet, 
diorite) 53O14.87' N, 132O37.0' W 

KPS (?) b; Shell Canada Resources, Ltd. 
(Bi quartz (unpublished data); near contact 
diorite) with Masset Formation, 4 km southeast of 

Mount De La Touche, west coast Moresby 
Island, 52O40.53' N, 131°59.70' W 

CRETACEOUS GEOCHRONOMETRY 
HlPPA ISLAND GS 33-66 122k12 b; single, unconfirmed date 
(Hb quartz (Hb) considered minimum date by Young 
diorite) (1981); Pan American Petroleum Corp. 

(unpublished data noted in Steen, 1967); 
northwest tip Hippa Island, 53O32.17' N, 
132O57.17' W 

JURASSIC GEOCHRONOMETRY 
BURNABY ISLAND PLUTONIC SUITE (BIPS) 

DISCRETE BIPS INTRUSIONS 
GHINUKUNDL GSC 70-3 65-AB-22 159k10 d; considered a minimum date by 
(Hb quartz (Hb) Young (1981) and of uncertain 
diorite) interpretation by J.E. Reesor ( h  Wanless et 

al., 1972, p. 7) because of alteration state 
of sample and uncertain geological rela- 
tions; Chinukundl Creek, 53"19' N, 131°58'W 

33 + 4 (Bi) 



Tab le  3. Compilation of U-Pb and  K-Ar geochronometry for Middle to Late Jurassic and Tertiary plutons, Queen Charlotte Islands. (cont'd) 

CUMSHEWA HEAD 
(Hb-Bi quartz 
date monzonite 

BURNABY ISLAND 
(Bi-Hb quartz 
monzodiorite) 

BURNABY ISLAND 
(POOLE POINT) 
(Bi-Hb quartz 
monzodiorite) 

(H b-Bi 
granodiorite) 

SHIELDS BAY 
(Hb-plagioclase 
porphyry) 

RENNELL SOUND 
(fine grained 
Hb quartz 
monzonite) 

BERESFORO INLET 
(Mu-Bi trondh- 
jemite) 

(hornblende 
diorite) 

BISCHOF 
ISLANDS 
(Bi-Hb quartz 
monzodiorite) 

G.S.C. No. Sample Number U-Pb Date (Zircon) K-Ar  ate' Reference3 and Comments 
(+ 20, in Ma) ? 20, in 

Ma (mineral2) 

AT-87-61-2 Middle to Late Jurassic 
(1 48 to > l  68? Ma) 

this report (one discordant 
fraction indicates 2 0 6 ~ b / 2 3 8 ~  
of 148.3 Ma; 2 0 7 ~ b / 2 3 5 ~  date of 149.5 Ma 
and 207~b/20%b date of 167.9 k4.3 Ma; 
see Table 1 ) 

GSC 90-26 AT-87-83-1 144 +5 (Hb) this report 

this report (Pb-Pb date and 2 0  
error for most concordant 
fraction); cf. K-Ar date below 

GSC 66-14 65-AB4 145 k 3 7  1; considered a minimum date by 
(Hb) Young (1981); cf. U-Pb date above; Poole 

Point, Burnaby Island, 52"22' N, 131°15' W 

BlPS INTRUSIONS IN SCPS 

GSC 90-27 AT-87-1 24-4 

GSC 90-25 AT-87-1 24-6 

this report (Pb-Pb date and 
2 0  for most concordant 
fraction); porphyry intrusion crosscuts 
east-verging chevron folds in Lower 
Jurassic Sandilands Formation of Kunga 
Grouo 

this report (upper concordia 
intercept date and 20  error 
determined for 4 discordant 
fractions); intrusion crosscuts Rennell- 
Kano-Van inlets segment of SCPS 

this report (3 discordant 
fractions which show evidence 
for inherited Pb); younger date (and 20  
error) interpreted as minimum date for 
emplacement of massive to moderately 
foliated BlPS leucocratic phase into well 
foliated SCPS Beresford complex diorite 

153 + 3 (Mu) this report; muscovite trondhjemite is part 
of BlPS leucocratic phase which is faintly 
foliated but intrudes massive Hb diorite of 
BlPS mafic phase in Beresford complex 
(see sample AT-87-124-6 below); cf. U-Pb 
date above for same trondhjemite phase 

158k4  (Hb) this report; hornblende diorite 
is part of BlPS mafic phase which is mas- 
sive and likely intruded intensely foliated 
agmatite of Beresford complex (SCPS?); 
massive Hb diorite intruded by muscovite 
trondhjemite (sample AT-87-1 24-4 
(above)) of BlPS leucocratic phase; cf. K- 
Ar date with leucocratic phase U-Pb and K- 
Ar dates above 

GSC 89-1 8 AT-87-1 22-1 164 k 3  (Hb) a and e 



Tab le  3. Compilation of U-Pb and  K-Ar geochronometry for Middle to Late Jurassic a n d  Tertiary plutons, Queen Charlotte Islands. (cont'd) 

Pluton/Locale G.S.C. No. Sample Number U-Pb Date (Zircon) K-Ar  ate' Reference3 and Comments 
(lithology2) (+ 20, in Ma) + 20, in 

Ma (mineral2) 

SAN CHRISTOVAL PLUTONIC SUITE (SCPS) 
RENNELL- GSC 70-1 65-AB-20 1 4 7 k 8  (Hb) d; single date considered 
KANO-VAN reliable minimum date estimate 
INLETS by Young (1981); southeast tip 
SEGMENT of Cadman Island in Kano Inlet, 
(gneissic Hb Graham Island, 53O17.5' N, 
granodiorite) 132O38.5' W 

SAN CHRISTOVAL GSC 67-20 65-AB 9 145 k 14(Hb) c; single date considered 
RANGE SEGMENT reliable minimum date estimate 
(Darwin Sound) by Young (1981); eastern Darwin 
(foliated Bi-Hb Sound, 3.2 km (2 miles) south 
quartz diorite) of Bigsby Inlet, 52O34'30" N, 131°40' W 

SAN CHRISTOVAL AT-87-1 11 -1 172+5 this report (Pb-Pb date and 2 
RANGE SEGMENT o error for most concordant 
(Haswell Bay fraction); cf. K-Ar date below 
transect) 
(Bi-Hb monzodiorite) 

(Bi-Hb GSC 89-1 9 AT-87-1 15-1 166 * 3  (Hb) a and e; K-Ar date for older 
diorite) mafic phase of SCPS; cf. with U-Pb date 

above and K-Ar date for AT-87-105-1 
below 

(Bi-Hb quartz GSC 90-28 AT-87-1 05-1 192 + 5  (Hb) this report; cf. U-Pb date above 
diorite from similar lithology and with K-Ar date 

above for earlier intruded phase; 
date oninterpretable 

SAN CHRISTOVAL this report (Pb-Pb date and 2 
RANGE SEGMENT o error for most concordant 
(Pocket Inlet) fraction) 
(Bi-Hb quartz 
diorite) 

WOODRUFF BAY AT-87-1 2-1 171 + 6  this report (Pb-Pb date and 2 
SEGMENT o error for most concordant 
(Bi-Hb quartz fraction) 
diorite) 

1. Dates consistent with decay constants of Steiger and Jager (1977); old determinations (Young, 1981) recalculated by R.L. Armstrong (U.B.C. 
Geochronology File, unpublished data) 

2. Abbreviations are Bi = biotite; Hb = hornblende; Kf = alkali feldspar; Mu = muscovite; WR = whole rock 

3. References are: a) Anderson and Reichenbach (1989); b) Young, (1981; see Table Ill, p. 51 for original sources of data); c) Wanless et al., 1970; 
d) Wanless et al., 1972; e) Hunt and Roddick, 1989; f) Wanless et al., 1968 

Abbreviation o = standard deviation 
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Figure 6:  Concordia plots for U-Pb data from samples of Kano plutonic suite (KPS) collected from Late Oligocene northern plutons at: a) Langara 
Island; b) Pivot Mountain; c) Sheila Lake; from Early Oligocene medial belt plutons at: d) Dawson Inlet (Kano pluton); e) northwest Louise Island; 
f) southern Louise Island (younger quartz monzonite felsic phase); g) southern Louise Island (older quartz monzodiorite intermediate phase); h) 
Sedgwick Bay; and from Eocene northern belt plutons at: i) Pocket Inlet; and j) Carpenter Bay (Point Langford). Abbreviations as for Figure 4 
and dates from Table 3. 





K-Ar results 
K-Ar dates for hornblende and muscovite were determined for 

central SCPS. Burnaby Island pluton of central BIPS, BE'S intrusions 
within SCPS. and two north-trending. Carpenter Bay hornblende-phyric 
andesite dykes (Figs. 1-3; Table 2). Almost all the K-Ar samples are 
from the same phase as samples collected for U-Pb dating or are near- 
by (see Table 3). The dykes sampled crosscut the Lower Jurassic Sandi- 
lands Formation; they are cospatial, concordant, and compositional- 
ly similar to dykes in a dated Eocene pluton at Langford Point. Table 
2 includes data given in Anderson and Reichenbach (1989) and Hunt 
and Roddick ( 1990). 

.Iur(~ssir plrrtons 

One of the two new K-Ar hornblende dates for San Christoval 
Ranges segment of SCPS (166 + 3 Ma) is younger than but concor- 
dant with an U-Pb date of 172 f 5 Ma from a nearby sample. The other 
K-Ar date (Haswell Bay area) is anomalously old and discordant at 
192 f 5 Ma. The sample is the same petrographically, geochemical- 
ly and structurally as any other sample of this segment of SCPS. The 
date is not meaningful. The hornblende separate contains anomalously 
low atmospheric Ar content; the old date suggests excess Ar in the 
hornblende. 

Two of the three new K-Ar dates for hornblende and one K-Ar 
muscovite date from BlPS phases compare closely with U-Pb deter- 
mination~ (Tables 2 and 3). Hornblende from intermediate phase 
rocks on Bischof Islands gave a 164 + 3 Ma date that is concordant 
with the U-Pb date (168 +4/-1 Ma) for intermediate phase rocks far- 
ther south at Poole Point on Burnaby Island. Intermediate phase 
rocks on the north shore of Bumaby Island yielded an anomalously 
young Late Jurassic K-Ar hornblende date of 144 + 5 Ma that com- 
pares closely with a less precise, previous K-Ar determination for horn- 
blende from Poole Point (Wanless et al., 1968; Table 3). The simi- 
larity between the oldest hornblende K-Ar dates for SCPS and BIPS 
(166 + 3 Ma and 164 f 3 Ma, respectively) and concordance with re- 
spective U-Pb dates suggest contemporaneity of rapid post-em- 
placement uplift and cooling for the two suites. 

Hornblende from unfoliated BIPS mafic phase diorite yielded an 
anomalously young Late Jurassic K-Ar date of 158 f 4 Ma. The date 
conflicts with intrusive relations involving the mafic phase diorite. The 
mafic phase probably intrudes the foliated SCPS Beresford complex 
and is intruded by BIPS intermediate phase (about 168 Ma, U-Pb) else- 
where. Faintly foliated leucocratic muscovite trondhjemite (BIPS 
leucocratic phase) crosscuts the mafic phase diorite at the sample lo- 
cality. The diorite's K-Ar hornblende date is concordant with a Late 
Jurassic K-Ar muscovite date (153 k 3 Ma) determined for the trond- 
hjemite at the sample locality (Table 2). The date from the diorite is 
also identical with a minimum U-Pb date for zircon (2158 f 4 Ma) 
from trondhjemite that intruded the Beresford complex northwest of 
sample locality AT-87-124. The younger date for the diorite likely re- 
flects resetting by the younger leucocratic phase of BIPS. 

The leucocratic muscovite-biotite trondhjemite phase is unique 
to BIPS. Together with mafic and intermediate phases, it intruded fo- 
liated, heterogeneous diorite of the Hunter-Kindakun points complex 
and the Beresford complex that flank SCPS (Anderson and Greig, 1989). 
Concordant Late Jurassic K-Ar and U-Pb dates for two samples of the 
leucocratic phase suggest a short interval for intrusion, uplift and cool- 
ing of the trondhjemite and supports geological evidence that it is the 
latest intruded phase of BIPS. 

Tertiary tlykrs 
The latest Middle Eocene hornblende date for one of the Carpen- 

ter Bay porphyritic dykes (43.7 k 1.1 Ma; Table 2) is slightly younger 
than but compares closely with the U-Pb date for the Carpenter Bay plu- 



EPOCH AGE S A N  CHRISTOVAL PLUTONIC SUITE BURNABY ISLAND PLUTONIC SUITE (BIPS) 

(SCPS) DISCRETE INTRUSIONS INTRUSIONS IN SCPS 
A 

W ennell- ' L  - 

- 
0 l San Chr~sloval Range l Woodruff Chlnukundl ~ u r n r b y  Is Shlelds Rennell Beresford Blschof 

van inlets1 Segment I Segment Pluton Pluton Bay Sound Inlet Islands 
EARLY Segmenl I Gabbro 

W Hautertvlan L Trondhjemlte 

U 1 3 0 -  4 - - T T  - - K-Ar Dales due 
to J-K veining ? 

INTRUSION OF BlPS 

LEGEND KEY 

0 LONGARM FORMATION 0 ~ l r c o n  

YAKOUN GROUP A Hornblende 

B KUNGA GROUP Blotlte 
0 Muscovlle 

G Whole Rock 

0 K-feldspar 

I r 2 u e r r o r  

KANO PLUTONIC SUITE CARPENTER BAY DYKE 

ear ly  31-36 M* 
MEDUL *PS 

( 0  . ? I  28 Y1 

: KPS 

! 
0 10 2 0  3 0  10  5 0  60  

m ~ d d l e  
W Y 

ear ly  

Figure 7: Compilation of Jurassic and Ter t ia ry  geochronometry from Table 3 and the time scale of Palmer (1 983). Inset diagram for Ter t ia ry  geochronom- 
etry permits comparison of histogram of Tertiary K - A r  dates for Masset Formation volcanics and Kano plutonic suite. 

80 

z 

W la te  

W 
P 

S 30 0 

a Z 
W o early - 

"YOUNGER' 

la te Y O ~ C ~ ~ ~ C  CL~MIX 
PHASE 

a ?  40 0 

w d W  

mlddle 
0 
W 

- 
- NORTHERN GROUP 

16 8 Langara  P lvo t  Shella 
Is  Mtn. L a k e  1 

MEDIAL GROUP 

K a n o  Nor thwes t  S S e d g w ~ c k  
ln let  L o u s e  Loulse B a y  

IS IS. 



Figure 8: Geological relations involving Middle to Late Jurassic plu- 
tons or phases of Burnaby lsland plutonic suite: a) View west-north- 
west to nonconformity at Rebecca Point between intensely veined Mid- 
dle Jurassic BIPS monzodiorite and massive, rarely-veined Lower 
Cretaceous Longarm Formation (sta. AT-278). A sample (ATG-88-291- 
4) collected from fresher monzodiorite from Poole Point nearby yield- 
ed a 168 +4/-1 Ma date (U-Pb, zircon). Hornblende from Jurassic (like 
ly BIPS) granitic debris within Lower Cretaceous Longarm Formation 
on Burnaby lsland yielded dates of 148 * 5 Ma and 152 Ma 2 5 Ma 
(Yorath and Chase, 1981). b) Plagioclase porphyry variety of BIPS at 
Clapp Basin, Shields Bay crosscuts southerly-vergent folds involving 
Lower Jurassic Sandilands Formation (sta. AT-342). A sample of the 
plagioclase porphyry nearby was dated at 168 f 4 Ma (U-Pb, zircon). 

ton at Point Langford (46.2 f 0.2 Ma). The K-Ar and U-Pb dates are con- 
sistent with the intrusive relations between the dykes and host Lower 
Jurassic Sandilands Formation argillite and middle Eocene plutons. 

The Camian K-Ar date (230 f 13 Ma) for hornblende from an- 
other Carpenter Bay porphyritic dyke is anomalous because the dyke 
occurs in the identical geological setting as sample AT-87-7-3. The 
date likely indicates excess argon, possibly contained in clinopyrox- 
ene cores within less than 10% of the hornblende grains. The date is 
unreliable. 

DISCUSSION 
The Jurassic and Tertiary U-Pb and K-Ar geochronometry con- 

hibutes to the understanding of Queen Charlotte Islands' geologic his- 
tory in 3 ways. First, it refines distribution and recurrence of pluton- 
ism in the Queen Charlotte Islands. Second, timing of possible 
overmaturation of potential source rocks of the Upper Triassic and Lower 
Jurassic Kunga Group by advective circulation of hydrothermal flu- 
ids may be estimated. And third, it constrains timing for regional syn- 
plutonic tectonic processes including the Early Jurassic contraction, 
Jurassic terrane interactions, Tertiary plate motions in the Pacific basin, 
Tertiary Masset volcanism, and inception of the Tertiary Queen 
Charlotte Basin. 

Jurassic plutonism 

Distribution, recurrence and terrane interactions 
The geochronometry corroborates division of Middle and Late 

Jurassic plutons into two northwest-trending suites, an older, Middle 
Jurassic (172-171 Ma) San Christoval plutonic suite (SCPS) on the 
west (Fig. 1) and a younger, Middle to Late Jurassic (168-2158 Ma) 
Burnaby Island plutonic suite (BIPS) on the east (Fig. 2; e.g. Anderson 
and Greig, 1989). U-Pb and K-Ar dates from both suites overlap with- 
in 2 0  uncertainty. However, SCPS yielded older dates than the dis- 
crete plutons and satellitic intrusions of BIPS. 

Other Island Intrusions farther south on Vancouver Island share 
characteristics distinctive of Jurassic plutons in Queen Charlotte Is- 
lands (Woodsworth et al., 1989a,b, in press). The Vancouver Island 
plutons are somewhat older (200-185 Ma compared to 172-2158 
Ma; Armstrong, 1988; Isachsen, 1987; Isachsen et al., 1985). 

Mapping and U-Pb geochronometry of Jurassic to Tertiary in- 
trusions across the northwest trend of the Insular and Coast belts be- 
tween 52-54"N shows eastward younging and geochemical evolution 
of magmatism (Anderson and Greig, 1989; van der Heyden, 1989; and 
this report). Five Jura-Cretaceous suites are recognized: Middle 
Jurassic SCPS (172-171 Ma) and Middle to Late Jurassic BIPS (168- 
2158 Ma) in Queen Charlotte Islands; and Late Jurassic Banks Island 
belt (1 60-1 55 Ma), Early Cretaceous McCauley Island belt (1 3 1- 
123 Ma), and mid-Cretaceous Ecstall belt (1 10-94 Ma) on the main- 
land (van der Heyden, 1989). Our new data support van der Heyden's 
hypothesis that subduction-related Middle to Late Jurassic plutonism 
records the monotonic eastward advance of the Mesozoic magmatic 
front across the Wrangellia-Alexander terrane boundary (east of 
Bonilla Island; Woodsworth, 1988). 

West to east modal and geochemical changes across trend are 
also consistent with proposed east-dipping subduction: felsic (even 
peraluminous) compositions become more abundant to the east. Mid- 
dle Jurassic SCPS on western Queen Charlone Islands includes minor 
mafic rocks (Hunter-Kindakun and Beresford diorite complexes) 
and extensive rocks of intermediate composition. Middle to Late 
Jurassic BIPS farther east is more variable. The greater compositional 
range is dominated by intermediate compositions but includes s u b  
ordinate mafic and felsic phases. For example, the leucocratic, locally 
peraluminous, Late Jurassic trondhjemite phase of BIPS is important 



but local in Queen Charlotte Islands. Farther east, Late Jurassic 
Banks Island belt comprises abundant and extensive monazite-, gar- 
net-. muscovite-, and biotite-bearing felsic rocks and minor mafic phas- 
es (van der Heyden. 1989). At this latitude the advance and evolution 
of Middle to Late Jurassic magmatic front across Wrangellia and Alexan- 
der Terrane is consistent with magmatisrn above an east-dipping 
subduction zone west of SCPS. 

Early Jurassic confraction (/rid late sytikit1~wmric intrusiotis 
The Middle Jurassic (1 68 * 4 Ma) date for hornblende-plagio- 

clase porphyry at Shields Bay that crosscuts southerly-vergent folds 
in Sandilands Formation rocks (Fig. 8a) constrains timing for the tec- 
tonic regime within which Middle and Late Jurassic plutonism de- 
veloped. Stratigraphic and structural studies by Thompson and 
Thorkelson (1989), Thompson et al. (1991) and Lewis and Ross ., 
(1989, 199 l) indicate late Early Jurassic to early Middle Jurassic north- 
south- to northeast-southwest-directed contraction. The south-vergent 
folds intruded by the porphyry phase are geometrically similar to fold 
styles described by Lewis and Ross (1989). The intrusive relations and 
geochronometry constrain the timing of deformation to post-Sinemurian, 
pre- 168 Ma ( 198-168 Ma) and support the more restrictive regional 
stratigraphic constraints (post-Sinemurian to pre-Bajocian, ca. 193- 
I83 Ma; Thompson et al., 199 1 ). 

Mineral and mafic xenolith foliation in Middle Jurassic (l 72- 17 1 
Ma) SCPS plutons led Sutherland Brown to tern them "syn-kinematic." 
Intensely foliated rocks restricted to the suite's eastern margin and fo- 
liation trends commonly concordant with the northwest elongation of 
SCPS suggest external tectonic control. However, in the southem seg- 
ments of SCPS, foliation is most intense along and oriented parallel 
to plutonic margins (Anderson, 1988a; Anderson and Greig, 1989). 
This suggests that much of the fabric formed during emplacement and 
was not superimposed. In the northern se-ment of SCPS (Remell-Kano- 
Van inlets area), subvertical mineral foliation is widespread but not 
pervasive and is consistently north-trending. It is unlikely that the fo- 
liation solely resulted from flattening associated with a radially ex- 
panding diapir. Foliation in Middle Jurassic SCPS may record the wan- 
ing stages of a mainly Early to Middle Jurassic contractional evcnt 
that was most pronounced, extensively developed and best preserved 
in the Upper Triassic and Lower Jurassic strata in the Cumshewa Inlet 
and Skidegate Inlet areas (Thompson et al., 1991; Lewis and Ross, 
1991). The younger, Middle to Late Jurassic BIPS, intruded at about 
the same crustal level, contains few ductile fabrics but abundant brit- 
tle faults and veins. 

Timitz~ of possible over.tnuturation of Kurzgn Gt-oup rocks 

The nine Middle to Late Jurassic K-Ar dates for SCPS and 
BIPS plutons show a bimodal distribution attributable to two cooling 
events (Table 3 and Fig. 7). The older age range (5 dates: 166- 153 Ma) 
compares closely with U-Pb dates for samples nearby or with U-Pb 
dates from samples of the same phase. These K-Ar dates suggest rapid 
(and coeval) uplift and cooling of both Jurassic plutonic suites. 

The other four Late Jurassic K-Ar dates (147- 145 Ma) Likely record 
a later thennal event. Dates from earlier studies (Wanless et al.. 
1968, 1970) dominate the data set and have correspondingly larger 
20 errors than more recent determinations. However, the dates are 
widespread and highly discordant to U-Pb dates for SCPS and BIPS 
intrusions (e.g. Bumaby Island samples AT-87-83-1 (K-Ar: 144 f 5) 
and ATG-88-291-4 (U-Pb: 168 +4/-1 Ma)). Similar hornblende dates 
characterize Jurassic (BPS-equivalent'?) granitic clasts within Lower 
Cretaceous Longarm Formation conglomerate in Burnaby Island 
(148 f 5 Ma and l52 Ma + 5 Ma; Yorath and Chase, 1981). 

The younger dates likely record when advective circulation of 
hydrothermal fluids reset the K-Ar systems in brittly fractured and veined 

BIPS and SCPS. A latest Jurassic age for tiacture and vein formation 
is consistent with field relations that indicate a Late Jurassic to Early 
Cretaceous age for the veins (Anderson and Greig. 1989). The veins 
lnay be cogenetic with cospatial Cu-Fe skam deposits (Anderson. 1988b) 
and the Late Jurassic age provides an indirect estimate for the age of 
the skarn deposits. 

High conodont colour alteration indices (C.A.I.) and vitrinite re- 
flectance values in Kunga Group rocks are characteristic of southeastern 
Moresby Island (Orchard, 1988; Orchard and Forster, 199 1 ; Vellu- 
tini, 1988) and cospatial with BIPS. Narrow (0.5 km or less) contact 
metamorphic aureoles and concordant U-Pb and K-Ar dates, suggestive 
of high level emplacement accompanied by rapid uplift and cooling, 
rule out widespread and protracted conductive heating of Kunga 
Group host. Advective transfer of heat by hydrothermal solutions that 
produced the skam deposits may be a more effective mechanism for 
heating potential hydrocarbon source rocks and for local resetting of 
K-Ar systematics. If so, overmaturation of Kunga Group potential source 
rocks occurred before deposition of Cretaceous potential reservoir beds. 

Cwtuceolts and Tertiury K-Ar dates for pl~ltons mapped us Jurassic 

Cretaceous and Tertiary K-Ar dates for samples apparently col- 
lected from SCPS (Sutherland Brown, 1968) are more difficult to in- 
terpret because none of the three localities reported by Young (1981) 
were visited (see "Miscellaneous Tertiary Dates" and "Cretaceous 
Geochronometry" in Table 3). Young considered the whole rock 
Tertiary K-Ar date unreliable. The Tertiary K-Ar biotite date and the 
meager geological relations reported by Shell Canada Resources 
Young, 198 l )  suggest that it might represent a small unmapped KPS 
mowgranite intrusion (perhaps an extension of KPS Pocket Inlet plu- 
ton to the northwest?). The date likely represents a minimum age. 

The mid-Cretaceous K-Ar date from Hippa Island is the most baf- 
fling because it does not correspond with any other known magmat- 
ic or thermal event recognized on the islands. Most likely it indicates 
partial resetting of K-Ar systematics in SCPS rocks by Tertiary mag- 
matism. 

Tertiary plutonism 
Dates for the Tertiary plutons and dykes in Queen Charlotte Is- 

lands bear on interpretations of: relations of an accelerating north- 
westerly-migrating Tertiary magmatic front in the Queen Charlotte 
Islands to the relative plate motions in the northeastern Pacific basin; 
the age of Tertiary Masset volcanism; and the inception of the Ter- 
tiary Queen Charlotte Basin. 

Tertiary Queen Charlotte lslut1r1.s plutonisnl and plate motions 

The more precise U-Pb dates permit greater resolution in track- 
ing the progress of the Tertiary magmatic front first identified by Young 
(l 98 1). The more extensive sampling of plutons within KPS resolves 
the plutonism into three groups (Figs. 3 and 7): a southern group of 
Eocene plutons (46-39 Ma); a medial group of Early Oligocene (36- 
32 Ma) intrusions; and a northern group of Late Oligocene (28-27 Ma) 
bodies. The transition between southern belt plutons (Fig. 3) and 
medial belt plutons includes part of the west-nonhwest-[rending 
boundary between compositionally and structurally distinct Group I 
and Group 2 Tertiary dykes (Souther and Bakker, 1988; Souther, 1989). 
Medial group plutons extend only as far northwest as southwestern 
Graham Island coincident with the southwestern edge of the Miocene 
Masset volcanic field. The northern group occurs farther north where 
i t  is co-extensive (and nearly coeval) with the Lower Miocene Mas- 
set Formation volcanic rocks. 

Nine million years elapsed between the mean age of plutonism 
of the southern and medial groups and about 7 million years be- 
tween medial and northern groups. Accelerated northwesterly advance 



of the magmatic front in three discrete episodcs is apparent in a lon- 
gitudinal time-spacc profile (Fig. 9).  Sharp discontinuities mark the 
transitions between relatively slow advance of the Eocene front 
(about I cm/yr for two samples), the faster advance of Early Oligocene 
plutonism (2.6 cm/yr for four samples) and the widespread but near- 
ly contemporaneous Late Oligocene plutonis~n. This south to north 
progression is a rnarked change from the monotonic west to east mi- 
gration of the Mcsozoic and early Tertiary magmatic front nttributablc 
to a simple Andean model of eastward-dipping subduction (\van der 
Heyden. 1989). 

There is no consistent modal or geochemical evolution with in- 
trusivc age (Fig. 9: Anderson and Greig, 1989; Anderson et al.. 
19X9a, b). Mafic plutons arc more common in the northern group. Bi- 
modal compositions or northerly-trending pluton-dyke co~nplexes char- 
acterize the southern group and suggest an extensional regime dur- 
ing Eocene plutonisrn. 

Although the focusing process remains poorly understood, m -  
gration of the Tertiaty magmatic front on the Queen Charlotte Islands 
must be linked somehow to plate interactions within the northeastern 
Pacific basin. Eocene (46-39 Ma) extension-related plutonisnl and dyk- 
ing of southern KPS and pre-Oligocene normal faulting at Long Inlet 
involving Cretaceous rocks (Lewis, 1990) just precede or accompa- 
ny an abrupt change in the interactions among Kula-Farallon (Van- 
couver), Pacific and North American plates about 43 Ma (Engebret- 
son et al., 1985, Engebretson, 1989; Stock and Molnar, 1988). 
Moderate right-lateral oblique convergence of Kula and Farallon 
plates (with respect to the North American plate) decreased about 43 
Ma. The formerly mainly orthogonally-convel.gent Pacific plate fused 
with the Kula plate, decelerated by 45 km/Ma (from 75-30 km/Ma) 
and its azimuth rotated 65" counterclockwise from N45E-N20W. 

Medial group (32-36 Ma) KPS plutonism occurred 21s relative 
plate motions began to stabilize. From 35-5 Ma, relative plate molion 
data suggests that the Pacific plate's velocity relative to North Amer- 
ica was 50 km/Ma at N3OW azimuth (Engebretson, 1989). Signifi- 
cant acceleration of the Early Oligocene KPS magmatic front con-  
pared with the Eocene front, at half the velocity of predicted relative 
plate motions, resulted. The change from more o~thogonal to main- 
ly oblique convergence of the Pacific plate around 35 Ma (Engebretson, 
1989; Stock and Molnar, 1988) is preserved in the trace of medial group 
KPS plutonism. 

Widespread, coeval northelm group 27-28 Ma plutons in west- 
ern Graham Island define a westerly convex arc from Sheila Lake to 
Langara Island. Steady northwestern advance of the magmatic front 
had apparently stalled; the age and widespread distribution of the plu- 
tonisrn suggests that a change from oblique to more orthogonal (east- 
northeastward) convergence of the Pacific plate west of Graham Is- 
land might account for production of the northern KPS plutons. 
Coeval northeast-directed shortening that involved Oligocene rocks 
at Long Inlet (Lewis, 1990) predates uplift, erosion, and mid-Miocene 
sedimentation and Masset volcanism (Haggart et al., 1990; Hickson. 
1991). 

Eocene utrd Oligoc.enc, plutotzi.sm utrd t.o/ation to Tci-tiirt.y volcmni.stn 

If the dykes studied by Souther (1988. 1989), Souther and 
Bakker (1 988), Souther and Jessop (1 99 1) were feeders to eroded Ter- 
tiary volcanoes and coeval with their host plutons, the northerly 
time-transgressive Eocene to Oligocene plutonism may provide the 
best age estimate for the duration of the volcanism. For example, on 
Graham Island, the northern KPS is co-extensive mlith (and only 
slightly older than) the greatest areal extent of Miocene Masset F ~ F  
mation volcanic rocks (Fig. 7; Anderson and Reichenbach. 1989: 

Hickson, 1988. 1991: Haggart et al.. 1990). That plutonistn probably 
marks the onset of late Tertiary Masset volcanism (Hickson. 1989, 1991 ). 

The distribution of Tertiary volcanic centres in time and space 
may be more complicated than that for the plutons. For example, sus- 
pect" d x e n c  (but possibly Upper Cretaceous?) pre-Massct Formation 
volcanic flows (e.g. at Cape Kno,~. K-Ar date 45.7 ? 3 Ma; Young, 
1981; Hickson. 1989) are not cospatial with known Eocene plutons. 

Reconstructing the inception of the Queen Charlotte Basin must 
consider the inventory of coeval tcctonostratigraphic elements. Im- 
plicit is the definition of the basin. Thompson et al. (1991) expand- 
ed the basin's definition to include Middle Jurassic and younger sed- 
imentary strata. The Tertiary basin of Yorath (1988; following 
Shouldice. 1971) included the Miocene and Pliocene marine and 
nonmarine sedimentary rocks underlying northeastern Graham Island. 
Hecate Strait and Queen Charlotte Sound. Higgs (1989) and Dietrich 
et al. (1989) included the largely subaerial Masset Fonnation volcanics 
and, in the Port Louis well and Skidegate Inlet region, the underly- 
ing. well-dated Eocenc to upper Oligocene unnamed terrestrial shale 
and coal unit (e.g., White, 1991) as basin fill rather than basement. 

That broadened definition led to a two-fold Tertiary basin sub- 
division and proposed evolution: an Eocene rift phase (Yorath and Chase, 
1981) shown in Masset Fonnation volcanic rocks by rift-~ype geo- 
chemical affinities (Hamilton, 1985, 1989; Dostal and Hamilton, 
1988); and the cyclic, coarsening-upward clastic basin fill repre- 
sented by sedimenta~y rocks of the Miocene-Pliocene Skonun For- 
mation. 

Eocene tectonics in Queen Charlotte Islands are dominated by 
extensional features manifest in: 46-39 Ma plutonis~n (Anderson and 
Greig. 1989, Anderson et al., 1989a); circa 44 Ma north-trending dyk- 
ing around Carpenter Bay and southeastern Lyell Island (Souther, 1988. 
1989: Southcr and Bakker. 1988; Anderson and Reichenbach, 1989: 
Souther and Jessop. 199 1); and post-Cretaceous, pre-Eocene or 
a l igocene ,  northwest-trcnding, down-to-the-northeast no~mal fault- 
ing at Long Inlet on Graham Island (Lewis, 1990). On Moresby Is- 
land, the western limit of Carpenter Bay-Lyell lsland dykes and the 
southeastern extent of the medial belt of Early Oligocene plutons (Fig. 
3) may dcfine the western limit of Eocene extension and the edge of 
a developing western margin for part of the Tertiary Queen Charlotte 
Basin. 

If Eocene extension-related magmatisrn in southern Moresby Is- 
land is related to inception of the mainly Miocene-Pliocene part of the 
Queen Charlotte Basin. little stratigraphic or sedimentological evidence 
was preserved as a record. No marine Eocene sedimentnry rocks are 
recognized in southern Moresby Island or from the nearby offshore 
wells. Eocenc strata, if present on the islands (Hickson, 1989, 1991: 
Hyndman and Hamilton, 1991), and the Eocene-Oligocene sedi- 
mentary rocks at Skidegate Inlet and in the Port Louis well, suggest 
a terrestrial, locally swampy, sedimentary environment and associ- 
ated subaerial volcanism. These would be unlikely components of an 
evolving Eocene Queen Charlotte marine basin but probably indicate 
construction of a largely subaerial volcanic highland along the basin's 
western margin. 

Eocene extension within the Coast Belt on the mainland provides 
insight into evolution of the presumed eastern margin of the late Ter- 
tiary Queen Charlotte Basin. Rapid Eocene cooling and uplift at rates 
of as much as 1 mmlyr between 51-44 Ma in the Coast Plutonic 
Complex are recorded in well-behaved fission rack, K-Ar and Rb-Sr 
systems (Armstrong and Runkle, 1979; Harrison et  al., 1979; 
Woodsworth et al., 1983; Crawford et al., 1987; van der Heyden, 
1989). Uplift. which exhumed the Quottoon pluton and high grade 
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Central Gneiss Complex somc 10-15 km between 5 1 and 46 Ma 
(Hanison et al., 1979; Crawford et al., 1987), may have occurred 
along steep to vertical ductile shear zones at depth and by possible high 
level brittle extensional filulting farther east (Crawford et al., 1987). 
Alternatively, Eocene uplift and unroofing of the Central Gnciss Com- 
plex records an intra-arc metamorphic core co~nplex (van der Heyden, 
1989) along gently to moderately northeast-dipping Eocene extensional 
shear zones on the east side of the Coast Belt. 

Structures and the direction along which Eocene extension 
might have propagated are poorly known for the western margin of 
the Coast Plutonic Cotnplex (van dcr Hcyden. 1989) and for south- 
em Moresby Island. Contemporaneous, extension-related metamor- 
phic or volcanic highlands in these areas are indicated by the exist- 
ing geology and geochronometry and argue for an intervening lowland. 
the Tertiary Queen Charlotte Basin. 

SUMMARY 
Widespread granite plutons that characterize the east and west 

coasts of the Queen Charlotte Islands intruded sequentially in Mid- 
dle to Late Jurassic and again in mid-Tertiary times. 

Middle Jurassic (172-171 Ma) San Christoval plutonic suite 
(SCPS) plutons, intruded as a northwest-Wending linear belt in a wan- 
ing contractional regime, were followed by intrusion of discrete plu- 
tons of the Bumaby Island plutonic suite (BIPS) to the east 168-2158 
Ma ago. 'The oldest hornblende K-Ar dates for SCPS and BIPS cor- 
respond closely to nearby zircon U-Pb dates and confinn a contem- 
poraneous and rapid uplift and cooling for both suites. Contraction, which 
produced the characteristic fabric of SCPS, ceased by at least 168 Ma 
(the date for a post-kinematic pluton) and did not involve Bajocian stra- 
ta (Thompson et al., 1991).The youngest zircons for BIPS (2158 Ma), 
from a peralurninous trondhjemite, indicate involvement of Paleozoic 
(>309 Ma) basement in generation of the last gri111itic phase within BPS. 

These Middle and Late Jurassic plutons are part of a general east- 
ward younging and petrological evolution. Mesozoic plutonism, 
which migrated east from the Queen Charlotte Islands onto the main- 
land from Late Jurassic (165-160 Ma) to early Tertiary (van der 
Heyden, 1989), probably developed above an cast-dipping subduc- 
tion zone west of SCPS. 

Latest Jurassic (ca. 147-145 Ma) hotnblende K-Ar dates com- 
mon to both suites probably reflect a regional re-heating of the plu- 
tons and country rock by advective circulation of hydrothermal flu- 
ids. The record of this circulation is preserved as the widespread 
veining pervasive within BIPS and less common within SCPS. The 
veining postdates intrusion of the 2158 Ma trondhjemite phase and 
predates deposition of Lower Cretaceous Longarm Formation. BIPS 
plutons and veining are associated with the cospatial Cu-Fe skam de- 
posits and high conodont C.A.I. and vitrinite reflection values in 
Upper Triassic and Lower Jurassic Kunga Group. Kurlga Group 
rocks probably became overmature as hydrocarbon source rocks be- 
fore deposition of Cretaceous potential reservoir rocks. 

Eocene and Oligocene Kano plutonic suite plutons and dykes com- 
prise 3 discrete intrusive episodes and record the passage of a re- 
markable, northwesterly-accelerating, time-transgressive magmatic 
front. K-Ar mineral dates for the Tertiary plutons are concordant with 
U-Pb dates, indicate rapid uplift and cooling, and corroborate the fine 
grain size, seriate texture, and miarolitic cavities suggestive of high level 
emplacement. 

Extension-related Eocene (46-39 Ma) plutonism in southeastern 
Moresby Island involved intermediate and felsic plutons and cospa- 
tial, slightly younger (44 Ma) uniformly north-trending dykes (Souther, 
1988,1989; Souther and Bakker, 1988; Souther and Jessop, 199 1) and 
bimodal (predominantly felsic), Pocket Inlet pluton on the west. 

Mafic to felsic plutonism in the medial portion of the islands domi- 
nated the Early Oligocene (36-32 Ma) episode characterized by uni- 
Form 2.6 cmlyr northwesterly migration of the magmatic front. North- 
ern Late Oligocene plutonism produced a wcstwardly convex 
curvilinear array of coeval plutons. The plutons are cospatial with but 
just predated the widespread Miocene Masset Formation volcanism. 

Evolution of Tertiary plutonism, associated volcanism and 
Eocene extension-related inception of the late Tertiary Queen Char- 
lotte Basin are linked to Eocenc plate reorganization in the northeast 
Pacific basin. They record the change Frotn mainly orthogonal to main- 
ly obliquc convergence of the Pacific plate in the Oligocene. 
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Abstract 

The westward rise in regional gravity anomaly values over a 400 km-lot1,q zone e-xtendirzg from the Coast Belt to the 
Queen Charlotte Islands is caused mainly by thinning of continental crust by ubolct 8 km ton~ard the Pacific Ocean. 
Low gr-avity over Hecate Strait is produced b y  thick secfirnents within the Queen Charlotte Basin. Local gravity highs 
over Hecate Strait are related to sources within the upper crust neur the basement-sediment inteflace. Density str-uc- 
ture models irfer an extensional origin for these features, before much sedimerzt had ac,cumulated in the Queen Char- 
lotte Basin. High gravity over the Queen Charlotte Islands reflects in part the thick crccum~rlatiotz of dense Karmrtt- 
sen mufic volcunic rocks within the shallow crust. The Sandspit Fault appears to be normal and eastward-dipping 
with little requirement for a strike-slip component. It may be listric. Gravity models indicate that ot8eanic crust may 
he present east of the Queen Charlotte Fault below western Graham Island. 

Rbume' 

L'augmentation vers I'ouest des valeurs gravimbriques rk,qionales au-dessus June zone de 400 km de longueur. de 
Ia zone cbtihe a14x lles de la Reine-Charlotte, est causke principalemetlt par un amincissement de la crotte conti- 
nentale d'environ 8 km vers I'ockan Pacifique. Les valeurs gravimhriques nkgatives au-dessus hr dktroit d'Hkcate 
sont dues U la presence de skdiments kpais uu sein d ~ i  bassin de la Reine-Charlotte. DES valeurs gravimc;tt-iques pos- 
itives locales au-dessus du de'troit d'Hkcute sorzt likes a la presence de sources clans la oolite supbieure p r k  de ['in- 
terface socle-skdiment. Les nzodiles de IN  structure de lu densit6 laissent prksume~. une origine d'extetision de ces 
formes, uvatzt /'accumulation d'une yrandepar.tie de ces skdiments ~latu  le bassin de la Reine-Charlotte. Des valeurs 
gravime'triques positives cnregistre'es au-dessus des iles de la Reine-Chut-lotte rejlktent en partie l'bpaisse accumu- 
lation de roches volcaniques majlques denses de Karmutsen au seiri de Ia cr.oLte peu profonde. Lu faille Sandspit sem- 
hle normale et plonge vel:r l'est sans comporter nc'cessairemetzt un rejet horizontal. Elle pourruit itre listrique. Les 
mod2les RI-avimetriques indiquent que la crotte ockanique pourrait 6tre prksente a l'est de la faille de la Reine-Char- 
lotte, au-dessous de l'ouest de l'ile Graham. 

' Cordilleran Division, Geological Survey of Canada, 100 West Pender Street, Vancouver. B.C. V6B IRX 
Pacific Geosciencc Centre, P.O. Box 6000, Sidney, B.C. VXL 4B2 



INTRODUCTIOF;! 
In the summers of 1987 and 1988, a total of 107 gravity mca- 

surernents were madc in the Quccn Charlotte Islands and added to the 
national gravity data base as part of a concerted GSC effort to assess 
the geological setting and structure of ~ h c  region (Fig. I ) .  The new data 
improve the regional gravity covesage on  Graham Island and provide 
detailecl profiles over selected surlhce features. 

The intent of this preliminary report is to describe the gravity 
anomaly field in the Queen Charlotte region and to present initial den- 
sity structure models of the crust below the area. 

GRAVITY SURVEY 
Gravity measurements were madc with Lacostc-Rornberg grav- 

ity meters G009 and G444. lnstntment readings were reduccti to sim- 
ple Bouguer anomalies using the International Gravity Standardiza- 
tion Net (IGSN7I) and the Geodetic Reference System (GRS67). A 
standard density of 2.67 @cm3 was used in thc Bouguer correction. 

For each gravity station. the horizontal position was plotted on 
1 :S0 O(K) NTS maps and the vertical position was determined with dig- 
ital altimeters. Location accuracies are estimated as f 2 5  m and k3 m 
respectively. Terrain effects were removed from simple Bouguer 
values using a one-kilometre digital elevation grid and, within a few 
kilometres of stations near steep topography, elevation data griddcd 
at 125-500 m. The resulting complete Souguer anomalies are consitlcred 
accurate to within i72 mCal (Fig. 2). Sec Seemann et al. (1988) and 
Sweeney and Seemann (1989) for dctails of the gravity surveys. 

GRAVITY FIELD 
The gravity field is characterized by strong negativc anotnalies, 

locally exceeding -100 rnGal, over the high elevations of the main- 
land Coast Mountains (Fig. 2). Except for a major anomaly low over 
Hecate Strait, the regional anoriialy level rises gradually toward the 
Pacific and culminates in a linear high of up to 80 mGa1 along the west- 
elm edge of the Quccn Charlotte archipelago. The high closely par- 
allels a pronounced offshore gravity low, below -90 mCial in placcs. 
The exceptionally steep anomaly gradient (>6 mGal/krn) between the 
high-low pair lies over tlie Queen Charlotte Fault, the seismically ac- 
tive boundary between the Pacific and North America plates. 

Low anomalies over the mainland are anributctl to thickcncd con- 
tinental cnlst beneath the Coast Mountains (Stacey and Stephens, 1969; 
Forsyth et al., 1974). The low over Hecate Strait appears to be asso- 
ciated with low-density sedimentary rocks of the Queen Charlotte i3asin 
(Figs. 2 and 3). 

The paired high-low anomaly belt over the plate boundary is part- 
ly an edge effect produced by the abrupt change in zrustal thickness 
(Stacey and Stephens, 1969). The low anomaly is enkmced by the pres- 
ence of seawater, a low-density accretionary w e d g  and deformed low- 
density basement rocks as inferred from low P-wave crustal veloci- 
ties on the Pacific side of the Quecn Charlotte Fault (Hyndn~an et al., 
1982; Horn et al.. 1984). The high anomaly on the North American 
side is produced by thinned crust below Graham Island (Forsyth ct 
al., 1974; Mackie et al., 1989). and may be enhanced by flexural u p  
lift produced over the last 5-6 Ma by oblique convcrgence and un- 
derthnlsting of the Pacific Plate beneath North Amcrica in the Queen 
Charlotte region (Yorath and Hyndman, 1983). However, Mesozoic 
and Tertialy rocks within 50 km of the plate boundary on Moresby 
and Graham islands show little evidence of recent eastward region- 
al tilting (Thompson and Thorkelson, 1989; Hickson, 1989). 

A northwest-trending anomaly gradient (up to 2.5 mGal/ktn) ex- 
tends along much of the cast side of the archipelago (Fig. 2) and dis- 
sipates north of Masset Inlet. Between Masset and Skidegate inlets 
the anomaly gradient lies over the Sandspit Fault which, on Graham 

Island, separates Tertiary sedimcnts of the Skonun Formation from 
Mesozoic sedimentary and igneous units to the west (Sutherland 
Bro\vn. 1968). 

INITIAL DENSITY STRUCTURE MODELS 
We assess subs~lrfacc dcnsity structure by comparing observed 

gravity aliornaly valucs hith those generated by cnrstal t-nodcls. con- 
strained at the surface by mapping ancl rock density measurements and 
at depth by bathymetry, borehole logs and by seismic reflection and 
rcfraction horizons (Table 1: Figs. 3 and 4). 

Mapping and rock dcnsity data are taken from Sutherland Brown 
(1968), Staccy (1974), Hickson (1988. 1989), Roddick (1970). G.J. 
Woodsworth and J.G. Soutlier (pers. comm.. 1989) and Thornpson and 
Thorkclson (1989). Bathymctty is from Seemann (1982). Cornpaction 
within Skonun rocks below Hccatc SLrait is calibrated with borehole 
density logs (Shell Canada Ltd., 1968; Table I ) .  Scdimcnt thickness 
below Hecate Strait is taken from a preliminary analysis of seismic re- 
flection data collected in 1988 along Line 6 in Rohr et al. ( 198%). Moho 
depths are based on seismic refraction determinations by Johnson et 
al. (1972). Forsyth et al. (1974). Horn ct al. (1984), Dehler and Clowes 
(1988), G. Spence (pers. comm., 1988) and Mackie et al. (1989). 

Thc density model in Figures 3 and 4 was calculated with the pro- 
gram GRAMA (Seemann ct al., 1990). Local (Airy) isostatic balance 
is assumed. The mantle. deep continental crust and deep oceanic 

1 crust arc assigned nominal densities of 3.30, 2.92 and 2.80 glcm', 
respectively. 

Reglaaal features 
Thinning of the crust by about 8 km. as determined by the seismic 

refraction experiliients, accounts for much of the westward rise in the 
regional gravity field over the mainland and the Queen Chiulottc Islarids 
(Figs. 2 and 3). This rcgional trend is interrupted over Hecate Strait by 
a nlajor gravi~y low that appears to vary with the thickness of the Sko- 
nun Formation. The Coast Plutonic Complex appears broadly trough- 
shaped and can be no more than ahout 5 km thick, assuming that its mekm 
surface density (2.73 g/cm3, Table 1) persists with depth. 

The calculated gravity field over the Pacific is generated using 
thc available depth constraints and a density for oceanic crust that is 
ahout four perccnt less than Illat used for continental crust below the 
mainland. The change in crustal density occurs below Graham Island 
(Fig. 3). The low densities assigned to the seabed sediments (unit U, 
Fig. 3) and to the crust immediately west of the Queen Charlotte Fault 
(F1 ) are based on reduced P-wave velocities within these units (Horn 
et al.. 1984: Cehler and Clowcs, 1988). 

S ~ x i C s  features 
On southern Graham Island. surface mapping and stratigraph- 

ic relations suggest that Tertiary volcanics and post-Kmutsen Meso- 
zoic strata are less than a few kilometres thick (Hickson, 1989; 
Thompson and Thorkclson, 1989; Sutherland Brown, 1968). In the 
crustal density model, these rocks are portrayed as a surface veneer 
(Fig. 3), with the Rennell Sound Fold Belt (F2) shown as a monoclinal 
step at the base of the Mesozoic stratigraphy (R.I. Thompson, pers. 
comm., 1988). 

Granitic rocks appear to be at most 2-3 km thick (Fig. 3). Dips 
of pluton contacts. shown as near-vertical, are poorly constrained by 
the present gravity data. 

Underlying these surface rocks are thick mafic volcanics of the 
Karmutsen Fonnation (unit K, Fig. 3). Their presence is inferred by 
tlie fact that Karmutqen volcanics underlie idesozoic smta south of Skide- 
gate Inlet and arc exposed locally along the west coast of Graham Is- 
land (Sutherland Brown, 1968). Furthermore, sigliitlcant Bouguer 
anomaly peaks over exposed Karmutsen volcanics suggest that the high 
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Figure 1 : Gravity station locations, Queen Charlotte Islands. 



regional gravity field observed throughout the Queen Charlotte Islands underlying crustal rocks, and this is loosely constrained by available P- 
may be generated partly by large volumes of dense Karmutsen rocks wave velocity data (Horn et al., 1984; Mackie et al., 1989; Barton, 1986). 
within the upper crust (Figs. 2 and 3; Seemann et al., 1988). Karmutsen rocks could be much thicker than 5-6 km, in which case the 

Just south of the line of section, the thickness of Karmutsen rocks underlying deep crustal rocks would be less dense. 

is thought to be at least 4.2 km (Sutherland Brown, 1968). On Figure The Skonun Formation is modeled using densities and thicknesses 
3 unit K is shown to be 5-6 km thick. This estimate is imprecise because, based on well logs and seismic reflection horizons from Hecate 
in the gravity model, Karmutsen thickness depends upon the density of Strait. Skonun densities from Graham Island (Table 1) are excluded 

Figure 2: Gravity anomaly field, Bouguer on land, free air offshore (Earth Physics Branch, 1982). Contour interval 5 mGal. Profile location for 
gravity model (Fig. 3) shown. Boreholes near the profile also shown, South Coho to the northwest, Tyee to the southeast. 
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because lithified outcrop samples are uncharacteristic of this domi- 
nantly friable formation (Sutherland Brown, 1968; R. Higgs, pers. 
comm., 1989). The resulting model of the Skonun Formation in 
Queen Charlotte Basin yields a substantial mismatch between the cal- 
culated and observed gravity profiles. An initial fit was achieved with 
density shifts in basement blocks below Hecate Strait. 

This approach is warranted for the mismatch over a horst-like 
basement edifice near the Coast Mountains because the overlying sed- 
iment~ are too thin to make the necessary contribution to the calcu- 
lated gravity field (Figs. 3 and 4). The density (2.73 g/cm" used for 
two of the basement units is intended to suggest equivalence with rocks 
of the nearby Coast Plutonic Complex. The proposed 3.10 g/cm3 block 
may related to basalt flows exposed on small islands just southeast 
of the profile, or the block could represent magnetite-rich dioritic rock 
exposed nearby (Roddick, 1970). If the density of the latter unit (2.90 

gjcm3, Table 1) were used instead of 3.10 g/crn3, the model block would 
need to be about twice as thick to generate a calculated gravity field 
similar to the one shown over the block in Figures 3 and 4. 

A dense block is also required below central Hecate Strait to ac- 
count for the northwest-trending gravity high observed over the area 
(Fig. 2). Calculations using the Bancroft (1960) inequality indicate 
that the top of the block must be within 4 km of the surface. A dense 
mass would therefore lie close to its maximum depth if it was part of 
the basement. 

To generate a fit to the observed gravity field, a basement model 
block must be quite dense (>3.20 e/cm3) and very thick (>5 km). These 
requirements strain credibility. A smaller, lighter mass closer to the 
surface is therefore needed to produce the desired gravity effect 
(Figs. 3 and 4). 

Continental Crust 

DISTANCE (km) 

I @ Sandsplt fault Coast Plutonlc Complex Skonun Fm 1 
K Karmmtsen 

klasaltic or dioritic rbok 
I11 F4aflc lgncsus rocks 

1 - Csiistralned boundary ! 

Figure 4: Detail of Figure 3 showing density structure below Hecate Strait. 
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The Tyee and South Coho boreholes, projected onto the profile 
in Figure 4, penetratc Skonun Formation sediments in Hecate Strait 
(Fig. 2: Shell Canada Ltd., 1968). The former well, projected from 
the southeast, intersects basaltic rock about 2 km above the reflection- 
defined basement (K.M.M. Rohr, pers. cornm., 1989). A 2 km-thick 
model block placed upon the basement-sediment interface gener- 
ates a good tit to the observed gravity field using a block density of 
2.95 g/crn3. reasonable for basalt. It is unclear that the basalt is mas- 
sive as shown in Figures 3 and 4; a series of volcanic interbeds could 
produce the same gravitational effect. 

.- 
TRRLE '; : Density Data 

gIcm3 # gIcrn3 STANDARD 
UNIT MEAN SAkIPLES DEVIATION/RANGE SOURCE 

Coast Plutonic Complex 2.73 3021 -12.55-2.99 1 
Granitoid rocks 2.63 7 0.011- 2 

136 --12.40-3.70 3 
Magnetite-rich dioritic rock 2.90 83 -1- 4 
Dyke rocks 2.76 8 1 0.1 112.51-3.00 5 
Karmutsen Frn. 2.88 52 0.1 012.73-2.99 1 2  
Masset Frn.-volcanics 2.73 10 0.111- 1 2  
Skonun Fm., Graham I. 2.48 12 0.1 012.40-2.71 1 2  
Skonun Fm., Hecate St. 2.22-2.60 none -12.1 5-2.60 6 
Unconsolidated seafloor sediments 2.00 none -11 .95-2.05 7,8 
Post-Karmutsen Mesozoic strata 2.69 131 0.0612.42-2.78 1 2  

l .  Stacey (1 974) 
2. Sutherland Brown (1968) 
3. Anderson and Greig (1989) 
4. Roddick (1 970) 
5. Souther and Bakker (1 988) 
6. Shell Canada Ltd. (1968) 
7. Horn et al. (1 984) 
8. Mackie et al. (1 989) 

. -- 

The South Coho well does not penetrate basaltic rock while the 
Tyee well does. the reverse of what is indicated by projecting their 
positions onto the profile in Figure 4. It seems likely that this dense 
zone within the Skonun Formation thins or  deepens to the northwest 
below central Hecate Strait in concert with the decline in amplitude 
of the positive gravity anomaly trend (Fig. 2). It may also be that the 
dense source lies partly within the basement. This notion is support- 
ed by the Rohret al. (1989a) seismic reflection data that show a high- 
ly contorted horizon near the top of basement below the gravity high 
in question. The disturbed zone is interpreted by !<.M.M. Rohr et al. 
(pers. comm., 1989) as a concentration of high-angle offsets or dykes, 
perhaps a conduit for dense magma that was either extruded on the 
basement surface before the onset of sedimentation or subsequently 
intruded into the overlying strata. If the former, then the disturbed zone 
with its linear trend in the gravity field (Fig. 2) may have genetic links 
with pre-Skonun-age dyke swarms mapped on the Queen Charlotte 
Islands by Souther (1989). Surface samples of these dykes have a mean 
density of 2.76 &m3 (Table 1). To satisfy the gravity and depth con- 
straints, basaltic material of this density would need to be about X km 
thick and extend about 6 km below the basement-sediment interface 
below central Hecate Strait. 

On southeastern Graham Island the Sandspit Fault (F3, Fig. 3) 
forms the western boundary of the Queen Charlotte Basin. The grav- 
ity model, constrained by density differences between the Skonun For- 

, 

mation and surface rocks to the west, shows that the Sandspit Fault 
may be normal with its east side downdropped about 3 km near 
Skidegate Inlet (Fig. 3). Fault offset may become insignificant north 
of Masset Inlet where the gravity anomaly associated with the fault 
disappears (Fig. 2). Model results indicate a near-surface dip on the 
fault of 30-50" east with some indication, illustrated in Figure 3, of 
gentler dips at depth. 

3UMMARY 
The low regional gravity anomaly field over Hecate Strait is gen- 

erated by thick sediments within the Queen Charlotte Basin. These 
seditnents are assumed to be the Neogene Skonun Formation. Older 
sedimentary units could be present at deep levels within the basin but, 
if present, they must have relatively high density. 

Local linear positive gravity trends over the strait appear to be 
produced by anomaly sources near the basement-sediment interface 
as defined by seismic reflection (Figs. 2,3 and 4). Sources near the 
mainland are contained within basement rocks; the source near the basin 
centre probably lies mostly above the basement surface. 

Shallow basement structure below Hecate Strait has been mod- 
eled to suggest the effects of regional extension that thinned the crust 
and presumably facilitated the early development of the Queen Char- 
lotte Basin (Figs. 3 and 4; Rohr et al., 1989b). In the east, basement 
units may have been detached from equivalent rocks exposed with- 
in the Coast Mountains. In the centre, mafic magma may have pen- 
etrated to the earth's surface through ;I swarm of dyke feeders. In the 
west, the Sandspit Fault dips basinward with a large apparent normal 
offset near Skidegate Inlet. Within the deep crust, extension appears 
to have affected a much broader region, as suggested by the gradual 
westward shallowing of the Moho over several hundred kilometres 
(Fig. 3). 

The high gravity anomaly field over the Queen Charlotte Islands 
is generated partly by thick mafic volcanics of the Kmutsen  Formation. 
The change in deep crustid density modeled below Graham Island could 



be related to the transition from continental to oceanic crust. This would 
imply that oceanic crust (density = 2.80 g/cm3, Fig. 3) is present east 
of the Queen Charlotte Fault (FI),  as might be expected along a 
plate boundary with a component of convergence (e.g., Rogers, 
1983). The gravity model does not suggest. as do Yorath and Hynd- 
rnan (1983) and Mackie et al. (1989). that a slab of oceanic crust ex- 
tends below thc continent as far east as the mainland. 
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Regional geophysical constraints 
on crustal structure and geologic evolution 

of the Insular Belt, British Columbia 

Henry V. &yatskyl 

Lyatsky, H.V., Regional geophysical constraints on crustal structure and geologic evolution of the Insular Belt, British Columbia: 
ill Evolution and Hydrocarbon Potential of  the Queen Charlotte Basin, British Columbia. Geological Survey of Canada. Paper YO- 
10. p. 97-106, 1991. 

A multidircil~linary xeoscietlce st~uly oflat;qe-sc~~le .rtr~uc~turuljubric,s  as undrrtuker~ off the west coust qf British Col~rmhiu. 
The oDjcc.ti~je  us to elucidate the ctustol .structur.e of this pust of thr- Iruulai Belt utzd to study its Mesozoic u~zd Ceno- 
zoic tet,tor~ic,s, to constr.ain evolution of its sedinlo11ur:y bu.siizs cmd to pr.ovirf~~ ufiame~rork for detuiled intei~reta- 
tion of scistnic. duta. 

Regional magnetic., gravity and physiogiuphb lirletrn~et~ts were e.~umined. Geologicul calibration was provided by 
mappable str-ucture onshore. Geological, geophysicul urid pi7jjsiographic. tr.erzds srrggest the existence ofsever.ul I T -  
giorzal structural fabrics of Paleozoic and Mesozoic age. The Pi-incipe Lu~.edo, Kitkatlr atzd Sandspit fuult systems 
apparently continue fr-on1 latzd areas into Dixon Eiztranc.e. N o  con~pellin,q evidence has been uncovered to suhstan- 
tiate sign~jicunt hot-izontul di.~plucements. whether- rotational or tr-ur~slatiot~al, of large cru.sta1 blocks east of the Queen 
Charlotte Fault in the Mesozoic and Cenozoic. The lateral crustal movemet1t.s that accompanied theformation oj-the 
Tertiury Queen Charlotte Basin were probably small, and no I-$1-I-elated .structural or geophysical fuhrics have been 
identfwd. A fault-block tectonic pattern likely dominuted, both onshore and offshore, in the Mesozoic und Cenozoic. 
Such un irzterpretrrtior~ avoids conflict witlr geologic.crl data orishore ~ ~ h i l e  rerrurirling conlpatihle ~ l i th  geopliy.sica1 in- 
fortnution. Regional block fuulting ant1 lirizitcd injl~rence of 1iea1-by orogenies on the structur-a1 evolution of the In- 
sular Belt suggests the esisterlc.e ($a pre-middle Paleozoic(P) cr:)lstalline hascnzent conzpl~.~. 

Une Ptude gPosciet~tifiq~~e tn~iltidisciplirluii~c des gr.ut~de.s fuhrique.~ ~ ~ r ~ r c t ~ r u l e s  a PtP entrepr.ise au Iurge rle In c.Ate 
Olrest de lu Colonlhie-Briturtniquc. L'ohjectq Ptait d'ilrrc-idei- 11 .sti.rictrri.e crustale de cette purtie d~ Iu zone Insu- 
hire et n'e'tirdirr- sa tectonique mlsozoi'que et c~e'nozoijlrc, pour p,-Pciser I'Cvolrition oie ses hassins .stdimet~tuire.s et 
dkfirzir utz cadre d'interprc:tatiorz ditaille'e dc.s donne'es sisi?iiqucs. 

Des linrhnzenrs mugnltiques, gruvin~e'triy~res et physiogruphiques ont he' e,vatilit~l.s. L'htalonnage ~6ologique a he' 
re'alise' ci par-tir- n'rrne structure littorale cartop-uphiable. Les tendances gPologiques, gPophy.siques et pl7y.s- 
iographiqrres indiquent I'e.~istence de plusieurs fabriques structur-ales rlgioiiales datant d~r Pal6ozoiijue et d ~ i  MP- 
sozoi'que. Les .sy.st&nes de failles Principe Laredo, Kitkatla et Sand.spit sc~mblerzt se prolon~er- depuis la terre dans 
l'eittrke Dixorz. Auc.une preuve irrlfutahle n'a h k  e'tahlie pour- confirmer d'importants dPplucemerzts horizontau, de 
rotation ou de trunslation, de la faille de la Reine-Cllarlotte dans Ie MLsozoiijue et le CCnozoLque. Les mouvements 
latr'ruux de lu crolite qui ont acconlpagnk la formation clrr hassin tertiaire de Iu Reine-Charlotte orlt pr-obublenzer~t 
ltE'fuibles, et uucurre fuhr.ique structur~ule ou gkophysiyuc like ci des i.ifts rz'a PtP identijVe. Une str-rrctur-e tectonique 
de blocs jaillc~s U PI-ohahlen1ent domink, sur terre et duns lu met., durnnt le M4sozoYque et lc Ce'nozoipie. Une telle 
itzterprktation ne conti-edit pas les do11no:e.s gPolosqique.s continenta1e.s tout erz demc~urant computih1e.s w e e  les don- 
ne'es gPophysiq~res. Les re'sc.aux rL:,Siorznw de hlocs,faille's et /'influence limit& d'oro~enP.ses environnatzte.~ sur I'Pl~o- 
lution .str~rc.trrrale de la zone Insulaire indiquent qu'il c..risterait un socle cristallin antkrieur uu PulPozoi'que mo.yen. 

' Depanrncnt of Geological Sciences, University of British Columbia. 6339 Storcs Rd. ,  Vancouver, B.C. V6T 2B4 



INTRODUCTION 
The study area is located within the Insular Belt along the west 

coast of Canada, between southeast Alaska. Queen Charlotte Islands, 
Vancouver Island and the mainland. Most of the region is covered by 
the waters of Dixon Entrance, Hecatc Stlait and Queen Charlotte Sound 
(Fig. 1 ). These areas are part of Hccatc Depression (Holland, 1964) 
which contains most of the Tertiary Queen Charlotte Basin. Al- 
though outcrop mapping in surrounding land areas defines lithologies 
and structural patterns which may continue offshore, the limited data 
base results in speculative tectonic interpretations and challenges 
the interpreter to take into account all the geological and geophysi- 
cal constraints available. 

The objective was to provide gcneral constraints on crustal 
structure and tectonic evolution of the area and to test Young's 
(1981 ) wrench-fault structural model. This would lead to a greater un- 
derstanding of the processes which caused the forn~ation of sedimentary 
basins in the Insular Belt, as well as shedding new light on the 
Phanerozoic history of the area. A framework for detailed interpre- 
tation of seismic datn would also be provided. Examination of regional 
magnetic. gravity, geologic and physiographic lineament fabrics was 
undertaken. Elsewhere, various authors (Wellman, 1985; Maughan 
and Peny, 1986; Anfiloff. 1988; Murray et al.. 1989) have related lin- 
ear-anomaly domains in potential-field data, topography and geologic 
structure to crustal blocks and/or structural fabrics. 

Linear-fabric analysis of potential-field data is a more powerful 
tool than matching of different areas with similar geophysical signatures 
for generating tectonic reco~istructions. The weakness of the latter ap- 
proach lies in its reliance on an arbitrary and frequently unjustified 
assumption that similar geophysical patterns in different areas result 
born separation of a once continuous geologic feature. Moreover, lithol- 
ogy-anomaly relationships are often obscure, especially offshore. A 
conservative approach was taken in this study, requiring specific. com- 
pelling evidence before large crustal movements are postulated. This 
work was aimed at producing a structural model for the Insular Belt 
which would be compatible with both geological and geophysical ob- 
sel-vations, thus limiting the problem of non-uniqueness inherent in 
geophysical interpretation. 

The stratigraphic norncnclaturc of Cancron and Hamilton (1 988) 
is uscd in th~s report. Where other no~ncnclatures are utilized, specific 
references are made. 

POTENTIAL-FIELD DATA 
Magnetic and gravity data were utilized to exanmine regional s n c -  

tural patterns in the study area. Although such data do not always yield 
the resolution obtainable with reflection-seismic techniques, they 
arc useful where preliminary interpretations over largc areas are re- 
quired. whereas seismic reflection data provide images of the subsurface 
which are largely two-dimensional. Trends observed on magnetic and 
sravity maps were correlated with geologic structure and geomor- 
phologic lineament patterns. In this section, only the Insular-Belt 
portion of the study area is considered as most of the Coast Pluton- 
ic Complex was excluded due to lack of data. 

AEROMAGNETIC DATA 

Data processing 
The magnetic data were flown 305 m and 610 m above sea level 

or ground level, and g-idded at an 813 m interval. Side-lighting of total- 
field magnetic anomaly data was used to enhance linear anomalies, 
and three maps were produced using thc numerical techniqi~e described 
by Broome et al. ( 1985). The declination of the "light source" was 45" 
(Fig. 2a in pocket). 90" (Fig. 2b) and 135" (Fig. 2c), with an inclination 
of 30". 

To investigate large-scale and possibly deep-seated geologic 
features, the magnetic datn were upward continued to 5 km (Fig. 2d 
in pocket) and 20 krn (Fig. 2e). The general theory behind upward con- 
tinuation has been outlined by Briusov (1980). The procedure is nu- 
merical and amounts to filtering the data on the basis of anomaly wave- 
length, with long-wavelength anomalies passed preferentially. The 
cut-off wavelength is proportional to the nominal elevation of the record- 
ing level. and local, short-wavelength anomalies are suppressed. 
Broad anomalies of shallow origin are not excluded, so most features 
in upward-continued data are caused by relatively large-scale sources 
:it various depths in the crust. 
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Figure 1 : Study area location map and the major structural zones a s  recognized from geological field mapping. QCFS - Queen Charlotte fault 
system, SFS - Sandspit fault system, PLFS - Principe Laredo fault system, KFS - Kitkatla fault system, RSFB - Rennell Sound fold belt. 
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Side-lit data 

Many of the magnetic anomalies in Queen Charlotte Sound and 
Hecate Strait appear to be correlative with structures within the 
Queen Charlotte Basin interpreted from reflection seismic data (J.R. 
Dietrich, pers. comm., 1989). This confirms that the magnetic-anoma- 
ly pattern in the study area is controlled largely by structural defor- 
mation of the volcano-sedimentary supracrustal assemblage. 

Various magnetic lineaments can be correlated with known ge- 
ologic structures onshore and with physiographic lineaments in Fig- 
ure 3. The strongest linear anomaly occurs in the northeastern corner 
of the map area (Figs. 2a and 2b in pocket). I t  has a west-northwest- 
erly orientation and extends across the northern part of Hecate Strait 
and into Dixon Entrance. It cuts across magnetic anomalies which run 
in a north-northwesterly direction, with one intersection occurring at 
54O10'N. 13 1 "30'W. north of Banks island. The north-northwester- 
ly trend probably represents an extension of the Principe Laredo 
fault system, and the west-northwesterly magnetic lineament likely 
retlects a northwestward continuation of  the Kitkatla fault zone (Fig. 
1). Elements of the Kitkatla fault system are currently active, as ev- 
idenced by earthquake-seismicity data (Rogers et al., 1988; R.B. 
Homer. pers. comm., 1989). The characler of the Kitkatln and Principe 
Laredo magnetic anomalies indicates that both these fault systems are 
broad and internally complex. 

Queen Charlotte Islands contain numerous, but weaker, magnetic 
lineaments with various orientations. Easterly trends occur mostly on 
northern Graham Island. North-northwesterly trends may be associ- 
ated locally with the Sandspit Fault, which is shown in Figure 1. Thc 
magnetic lineament related to this fault is lost over northern Graham 
lsland but reappears in Dixon Entrance. The west-northwesterly lin- 
eament seen in Figure 2a, at about 53"N, 132"W, likely corresponds 
to the early Middle Jurassic Rennell Sound fold belt (Thompson, 1988). 
This anomaly is restricted largely to Queen Charlotte Islands and has 
no significant extension offshore. The Rennell Sound fold belt mag- 
netic anomaly is intersected without offset by a north-south lineament 
at 131°40'W. Faint west-northwest-oriented magnetic lineaments 
(Fig. 2a) also occur on Graham Island and near the eastern margin of 
the map area, north of 52"N, and the subparallel lineaments in the two 
areas may line up. Since the absence of such anomalies in the inter- 
vening parts of Hecate Depression could be due to increased depth 
to source, continuity of causative geologic structures is suspected but 
not proved. The persistence, especially on Graham Island, of west- 
northwesterly magnetic lineaments suggests that the Rennell Sound 
fold belt could be part of a more pervasive fabric. 

In general, the magnetic field is more subdued offshore than over 
land areas. This probably reflects variations in depth to source, although 
variations in rock composition may contribute. In Hecate Strait, a north- 
east-trending magnetic lineament is observed (Figs. 2b and 2c) be- 
tween 53"N and 54"N, roughly on trend with some of the physiographic 
lineaments on the mainland (Fig. 3). This magnetic anomaly may cross- 
cut the west-northwesterly (Kitkatla) and north-northwesterly (Principe 
Laredo) lineaments at about 54"N. 

Another northeast-trending anomaly can be observed in Figures 
2b and 2c, at 52"30'N, 131°W. This lineament, which may have a faint 
extension on Moresby Island, coincides spatially with a similarly ori- 
ented bathymetric feature (Fig. 3) and is likely associated with the struc- 
turally uplifted Moresby Ridge. The strong magnetic signature of the 
ridge indicates that it is composed at least partly of igneous rocks (Young, 
1981). East of the Moresby Ridge, a north-south magnetic linea- 
ment can be observed at 53ON, 13 1 "W. 

In Queen Charlotte Sound, the north-northeasterly fabric is the 
same as physiographic trends onshore (Fig. 3), and it may reflect ge- 

ologic structures within the Queen Charlotte Basin. The same is true 
of the north-south and west-northwesterly trends, which are concen- 
trated largely in southern Queen Charlotte Sound. 

Magnetic data were upward continued to 5 km (Fig. 2d) and 20 
km (Fig. 2e) to investigate large-scale crustal structure. Examination 
of these maps reveals that thc numerous. small anomalies north of 52"N, 
in eastern Queen Charlotte Sound (Figs. 2a-c) merge into a few large 
highs. Several explanations are possible. 

1. The shape of these anomalies results from a loss of lateral res- 
olution of the data duc to filtering, and their source is shallow. 
However. shallow-seated volcanics elsewhere in the study area 
fail to produce such prominent magnetic highs. 

2. An uplifted crustal block is the cause of the anomalies. However, 
this interpretation is weakened by the absence of an associated 
gravity high in Figures 2f-h (in pocket). 

3. The sources merge at depth to form a larger geologic feature. 
Anomalies may then be produced by a largc, deep-seated pluton 
with multiple apophyses and structures at shallower depths. This 
interpretation is preferred but cannot be proved at this time. 

Two localixed magnetic highs are observable over Queen Char- 
lotte Islilnds (Figs. 2d and 2e), where they coincide approximately with 
outcrops of Late Jurassic and Tertiary intrusive rocks, as mapped by 
Anderson and Greig (1989). It is possible, therefore, that these anoma- 
lies are caused by plutons. Young (1981) suggested an association of 
the anomalies in observed total-field data with Masset eruption cen- 
tres. I prefer the first interpretation due to the large size of the highs 
and the lack of exact coincidence with the outcrops of Masset volcanics. 

The character of the upward-continued magnetic field (Figs. 2d 
and 2e) over eastern Graham Island is generally similar to the one over 
Hecate Strait. The localized positive anomaly at the northern edge of 
the map area may be related to the igneous and metamorphic rocks on 
southem Prince of Wales Island, which were noted by Buddington and 
Chapin (1929), Brew et al. (1966) and Gehrels and Saleeby (1987). 

The "Cordilleran" north-northwesterly trends were largely removed 
by upward continuation of magnetic data to 20 km. In Figure 2e, such 
trends are restricted almost entirely to the vicinity of the Queen Char- 
lotte Fault. Their absence elsewhere suggests that these magnetic lin- 
eaments are caused by comparatively shallow and small geologic fea- 
tures which may represent a relatively young structural overprint. 

Most west-northwesterly trends were also removed by upward con- 
tinuation. The lineaments representing northwestward extensions of 
the Principe Laredo and Kitkatla fault systems (Figs. 2a-c) become frag- 
mented in 5-km magnetic data (Fig. 2d) and are lost on the 20-km map 
(Fig. 2e). The only feature preserved is a localized, positive anomaly 
north of Banks Island. The magnetic lineament associated with the Ren- 
nell Sound fold belt is absent in Figures 2d and 2e. In Figures 2a-c, this 
anomaly is intersected by other trends. All this suggests that both the 
scale and the regional tectonic significance of the Rennell Sound fea- 
ture may have been overestimated by some of the previous workers 
(e.g. Yorath and Chase, 198 1 ; Young, 198 1 ; Yomth and Hyndman, 1983). 

Only in the southern part of the map area (Figs. 2d and 2e) is a 
west-northwesterly trend preserved in upward-continued data, a local 
lineament being observable at 5 ION. 

The filtering used to produce the maps in Figures 2d and 2e passed 
three of the major trends discussed earlier: northerly, easterly and north- 
easterly. North-south trends are common in the southern part of the 
map area but can also be observed in its northeastern part, especial- 
ly at longitude 13 1 "30'W (Fig. 2e). No strong north-south lineament 



at that location appears in Figures 2a-c and 3. East-west trends occur 
in most parts of the map area in Figure 2e. 

Northeasterly trends are prominent in upward-continued mag- 
netic data at various locations. The most promincnt occurs east of the 
southern tip of Moresby Island. This lincamenl is exprcsscd only weak- 
ly in the low-level data in Figures 2a-c, where it  is crosscut by 
northerly and north-northwesterly trends. This may point to partial over- 
printing of the northeasterly trend by the other two. All these orien- 
tations are expressed bathyrnetrically (Fig. 3). In Figure 2e. the north- 
east-trending magnetic-gradient (fault?) zone separates a domain of 
positive anomalies to the south, where plutons are suspected, from a 
negative-anomaly area to the north. Both the gradient zone and the 
positive anomalies are weakened over eastern Queen Charlotte Sound, 
where elevated heat-flow values were rcponed by Hyndman et al. (1982). 
Other northeast-trending lineaments occur mostly to the north of the 
gradient zone. 

From the analysis of seisniic refraction data (Yuan et al., 19S9), 
a change in crustal thickness and composition may be inferred under 
southern Hecate Strait. This. and the magnetic-anomaly pattern dis- 
cussed, suggests that a large, northeast-trending structure may exist 
in northern Queen Charlotte Sound. The effect of this zone on the 
geologic evolution of the area is uncertain and warrants further 
study. 

GRAVITY DATA 

General statement 

Gravity data were examined to investigate the naturc of densi- 
ty contrasts in the study area. Due to the regional nature of the data 
over much of the Coast Mountains, thc study has been restricted to 
the Insular Bclt and western Coast Plutonic Complex. The data 
were gridded at a 2-km interval. and the reduction was Bouguer on 
land and free-air offshore. The results are shown in Figure 2f (in pock- 
et). Side-lit images were generated but proved unsuccessful at revealing 
new linear-anomaly patterns. The data were upward continued to 
5 km (Fig. 2g) and 20 km (Fig. 2h) to investigate large-scale struc- 
ture. 

Interpretation 
Much of the early gravity work in the study area was carried out 

by Stacey and Stephens (1969) and Stacey (1975). who examined the 
character of the gravity field along the west coast of Canada. Stacey 
and Stephens (1969) noted that the large positive anomalies, such as 
the one over Queen Charlotte Islands, were associated with uplifted 
parts of the Insular Belt. The positive-gravity zone is missing over the 
mouth of Qucen Charlotte Sound, as illustrated in the low-level data 
in Figure 2f, but reappears farther south. Stacey and Stephens (1969) 
noted this gap and associated it with a discontinuity in the uplifted por- 
tion of the Insular Belt. The Queen Charlotte Fault is expressed as a 
gravity-gradient zone along the western edge of the map area. 

The western boundary of Hecate Depression was shown by 
Stacey and Stephens (1969) as being locally coincident with the 
Sandspit Fault (Fig. 1). In this report, i t  was suggested that the mag- 
netic lineament associated with this fault is relatively faint and dis- 
continuous (Figs. 2a-c). However, the correlative gravity-gradient zone 
extends across much of the study area (Figs. 2f-h). Sweeney and See- 
mann ( 199 1 ) have shown that this zone is likely produced by the Sand- 
spit Fault. If this fault were associated with significant, recent strike- 
slip displacements, the supracrustal section would be disrupted. 
However, continuity of magnetic fabrics is observed on northern 
Graham Island (Figs. 2a-c). It is thus likely that the Sandspit Fault is 
part of a larger, north-northwest-[rending fault system, which was des- 
ignated by Sutherland Brown (1968) as the Sandspit fault system. Dis- 
placements ;]cross it are interpreted to have been largely dip-slip, ac- 
commodated differently by various elements of the system. On Queen 
Charlotte Islands, the lack of strike-slip displacements across the 
Sandspit Fault was also noted by Thompson (1988) on the basis of 
geologic field mapping. 

North-northwest-[rending linear anomalies occur throughout 
the map area. They are associated with known large-scale fault sys- 
tems including the Queen Charlotte Fault. These trends appear also 
in Hecate Depression, especially in its northern part. Over northern 
Vancouver Island and southern Queen Charlotte Sound. several east- 
west-trending and west-northwest-trending anomalies are apparent. 
Stacey and Stephens ( 1969) and Stacey ( 1974) related the former to 

Figure 3: Major physiographic lineaments in the study area. 
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east-west physiographic lineaments on thc mainland (see Fig. 3. 1:it- 
itude 5 ION). The southern Queen Charlotte Sound gravity high is rect- 
angular in shape, with a west-northwest elongation but an cast-west- 
trending core. 

Easterly trends occur throughout the study arca but are more com- 
mon in the south. Hecate Depression contains both north- and north- 
east-trending anomalies. Northerly trends are more prominent in the 
south and centre. and northeasterly [rends in the north and centre of 
the depression. especially near Moresby Ridge and other ridges in the 
Queen Charlotte Basin. Thus, a north-south/east-west anomaly network 
dominates in Queen Charlotte Sound, and a no~~heast/northwest one 
is prominent in Hecate Strait. However, no shaxp boundary between 
these two domains can be defined as a substantial overlap is observed. 

Some pavity lineaments may be associated with the Principe Lire- 
do fault system. but the Kitkatla system is expressed lesS clearly. 

The upward-continued gravity data shown in Figures 2g and 2h 
were used to investigate large-scale structures in the study area. In Fig- 
ure 2g. positive anomalies persist over Queen Charlotte Islands and 
southern Queen Charlotte Sound. The anomalies at the latter lociition 
have a westerly/west-northwesterly main trend. Over Hecate De- 
pression, the gravity field is generally subdued. North-northwest-trend- 
ing anomalies are faint but become stronger again over the mainland. 
The lineament associated with the Principe Laredo fault zone in 
Dixon Entrance persists. A few north- and northeast-trending anoma- 
lies also remain in Figure 2g. but they are weakened substantially. 

The gravity field upward continued to 20 km (Fig. 2h) is dom- 
inated by regional north-northwesterly trends. A positive-anomaly belt 
is maintained over Queen Charlotte Islands, and it extends across Dixon 
Entrance. This could be a result of the large size of the causativc up- 
lifted block, which 1s bounded by the Queen Charlotte Fault on the 
west and by the Sandspit fault system on the east. Howcver. the 
anomaly is fragmented, and individual highs do not always coincidc 
with the magnetic highs in Figure 2e. North-northwesterly gravity trends 
are also strong over the Coast Mountains, where anomalies arc n e g  
ative (Fig. 2h) due to thicker crust (Stacey and Stephens, 1969). The 
positive anomaly over northern Vancouver Island and southern Queen 
Charlotte Sound maintains a west-northwesterly orientation; east-west 
trends are no longer apparent. The existence of an uplifted block in 
that area is confinned by interpretation of reflection seismic data (J.R. 
Dietrich, pers. comm., 1989). A north-south trend can be secn along 
130°W. and hints of northeasterly orientations occur at 52"N, 53"N 
and 54"N. However, these anomalies are too small to be interpretable 
unambiguously. 

The gravity-field pattern discussed shows correlations with 
large uplifted blocks in the Insular Belt. Such blocks may produce shal- 
low density contrasts, but even a relatively shallow feature exceed- 
ing in size the entire Queen Charlotte Islands may cause a gravity anoma- 
ly which is not removed by upward continuation. Thus, large gravity 
highs in Figure 2h likely correspond to uplifted blocks. Admittedly, 
such an interpretation is complicated north of Queen Charlotte Islands, 
where the correlation between the positive-gravity belt and the uplifted 
land areas is lost, but geologic structure iniaged in reflection seismic 
data in Dixon Entrance (Snavely et al., 1980) may explain the north- 
ward continuation of the gravity high. 

GEOLOGIC TRENDS 

Vancouver Island 
Vancouver Island contains a northwest-trending core of the Pa- 

leozoic Sicker Group (Muller, 1977, 1980). According to Sutherland 
Brown (1966), fold axes in the Sicker Group are more northerly than 
those in younger rocks and were formed earlier than large, northwest- 

trending opcn folds in Mesozoic rocks. Muller et al. (1981) reported 
north-striking faults that cut rocks as young as Early Ju~issic. suggesting 
that the north-trending structures were rcactivatcd in post-Early Juras- 
sic timc. 

Muller et al. (1974) showed that both north- and northwest-strik- 
ing faults affected Cretaceous rocks on Vancouver Island. Northeast- 
erly Faults cut b c e n e  and younger rocks. North-northwesterly and east- 
northeasterly faults also cut elements of the Upper Trii~ssic Karmutscn 
Formation. but the age of initiation of these structures is unknown. 

Jeletzky (1976) proposed that a west-northwesterly trend con- 
trolled thc distribution of Latc Triassic to Middle Jurassic sedimcn- 
taly facies on northern Vancouver Island. This trend may be a prod- 
uct of a latest Triassic defotmation pulsc. Throughout the Cretaceous, 
the northeasterly trend may have been prominent in the form of the 
Brooks Peninsula uplift, although the exact orientation and shape of 
this feature are ambiguous. 

Qzeen Charlotte Islands 
Sutherland Brown (1966, 1968) noted, in addition to the regional, 

north-northwesterly orientation, three others: northerly, northeaster- 
ly and easterly, but did not provide well-constrained ages for these 
trends. 

Southcr ( 1989) and Souther ancl Jessop ( I991 ) undertook u de- 
tailed study of age, orientation and distribution of dykes on Queen Char- 
lotte Islands, many of which are concentrated in distinct swarms 
separated by areas with randomly oriented dykes. A number of north- 
trending swarms were defined on southem Moresby Island. To the north, 
other swarms were encountered, their orientations varying between 
east-northeasterly and north-northeasterly. The age of most dykes is 
Middle Eocenc to Early Miocene. Souther (1989) associated ordered 
dyke swanns with crustal weakness zones separating relatively rigid 
blocks, but no independent confirmation of this hypothesis has so far 
been obtained from field mapping in the area. 

Structures with a northeasterly orientation are common on Gra- 
ham Island (Sutherland Brown, 1968), but the timing of their origin 
is not known regionally. On northwestern Graham Island, small 
faults with a N60°E strike may have been active in the Late Triassic 
or Early Jurassic, as a part of a larger structural pattern (Lewis and 
Ross, 1989). Ho\vever, the small scale of these structures complicates 
correlations with regional fabrics. In central Graham Island, similar 
trends were encountered by Hest hammer ( 1990) and Indrelid ( 1990). 
Northeast-trending structures in younger rocks (Sutherland Brown, 
1968; Sutherland Brown ct al., 1983) rnay be products of reactivation 
of older features. 

Steep, north-striking faults are also known on Queen Charlotte 
Islands (Sutherland Brown, 1968). Hickson (1989) showed that, on 
Graham Island, such faults cut the Tertiary Masset Formation. On Mores- 
by Island, however, north-striking fault.. reported by Taite (1990) may 
have been active in both Jurassic and Tertiary time. The early Mid- 
dle Jurassic Rennell Sound fold belt has a west-northwesterly orien- 
tation, oblique to the general north-northwest trend of the Queen 
Charlotte Islands. 

In Hecate Depression, some structural information is available 
from the interpretation of reflection seismic data (J.R. Dietrich, pers. 
comm., 1989). Although the elongation of the basin is north-north- 
west, some of the intrabasinal trends are northerly, north-northeast- 
erly, northeasterly and easterly. 

British Columbia mainland 
As in the Insular Belt. the dominant geologic trend in the Coast 

Plutonic Complex is north-northwest, but other trends are also pre- 
sent. Woodsworth et al. (1983) arnd Crawford et al. (1987) provided 



a geologic summary of the Coast Plutonic Complex east of Hecate 
Strait. Rocks in southeast Alaska and islands east of Hecate Strait are 
generally considered to belong to the Alexander Termne (Woodsworth 
and Orchard, 1985), and their relationship to Wrangellia is uncertain. 

Of particular interest is the area of the Skeena River, where Rod- 
dick and Hutchison (1972) reported northeast-trending ductile struc- 
tures in rocks they thought are late Paleozoic. More recent work 
(e.g. Crawford et al., 1987) has cast doubt on the age of the protolith 
of the Central Gneiss Complex, nonetheless, northeast-southwest-trend- 
ing minor ductile structures are common in the core of the Coast Plu- 
tonic Complex between 53" and 55"N (e.g. Roddick, 1970; Hutchi- 
son, 1982; Woodsworth et al., 1985; Heah, 1990). Douglas (1986) 
suggested that the Skeena River structural feature may have influenced 
rock deformation in the Late Cretaceous. He speculated that structural 
variations possibly reflect heterogeneities caused in part by pre-ex- 
isting fabrics, although Clague (1984) found no obvious structural con- 
trol of the orientation of the Skeena valley. 

The northeast-trending Skeena Arch in the Intermontane Belt, whose 
northern flank coincides roughly with the Skeena River lineament, was 
active throughout the Jurassic (Tipper and Richards, 1976; Tipper, 1984). 
In Middle and Late Jurassic time, the Skeena Arch was the shoreline 
along the southern margin of the Bowser Basin. This northeast-trend- 
ing strandline probably continued westward into what is now the core 
of the Coast Plutonic Complex. Although the western extent of the Skeena 
Arch is uncertain (Tipper and Richards, 1976). it may have in some 
fashion controlled east-northeast-wending deformation in the Central 
Gneiss Complex (Hutchison, 1982). In Early to mid-Cretaceous time, 
the arch was inactive. The alignment between the Skeena Arch in the 
Intermontane Belt and the Skeena River lineament in the Coast Plu- 
tonic Complex may suggest an early geologic relationship between 
Wrangellia and Stikinia. In fact, Brew and Ford (1983) and van der 
Heyden (1989) proposed that the Coast Plutonic Complex was not fornled 
by mid-Cretaceous superterrane collision as suggested by Monger et 
al. (1982), and that no crustal sutures are present there. 

An east-northeasterly volcanic trend at about 52"Y (the Anahim 
belt) was interpreted by Revier et al. (1979) as a product of the pas- 
sage of North America over a mantle hot spot, or as il rift zone. -<he 
hot-spot hypothesis is consistent with thc general eastward-younging 
age of volcanic centres in the belt. but the same trend appears also in 
many other parts of the Coast Plutonic Complex. 

Northeast-trending lamprophyr-e dykes of ivliocene age were 
reported by Smith (1973) north of Prince itupert, where their em- 
placement may have been controlled by older structure (Eiutchison, 
1982). Baer (1973) noted north-striking dykes of presumed Tdiocene 
to Pleistocene age between 52" and 53"N. Tertiary(?) dykes in the R~nce  
Xupert area have northerly, riortheasterly and easterly orientations 
(Hutchison, 1982). On Porcher island. \;'loodsworth (1991) described 
northeast-trending basaltic dykes of Early Nliocene age that crosscut 
all fabrics on the northwest-trending Kitkatla Fault. 

BMYSIOGKAPHIC LINEAMENTS 

Construction of ma? 
Figure 3 shows some of the prominent physiographic linca- 

ments in the study area. The data base consisted of topographic and 
bathymetric maps as well as airphotos, with scales varying from 1: 
2 000 000 to 1:50 000. Although correlation between physiography 
and geologic structure is commonly tenuous. i t  can be inferred with 
_greater confidence where linear features are relatively long or persistent 
over a large area. The origin of relationships between topography and 
underlying structure was discussed by Press and Siever (1978) and 
Smythe et al. (1978). In southeast Alaska, examples of stl-uctural con- 

trol on existing physiography were presented by Buddington and 
Chapin (1929). In Hecate Strait and Queen Charlotte Sound, recent 
sedimentary bedforms and glacial scouring of the seafloor (Banie and 
Bornhold, 1989) are a complicating factor as they are probably un- 
related to the underlying structure. However, the amplitude of such, 
recent physiographic features is often small on the submerged shelf 
and on the onshore plains, and the use of low-amplitude features was 
generally avoided in the construction of the map in Figure 3. In the 
Coast Mountains, Quaternary glaciation resulted largely in the sculpt- 
ing of pre-existing topography (Baer, 1973; Clague, 1984) and thus 
had a limited influence on the distribution of major lineaments. 

The map in Figure 3 is based on observation of linears in to- 
pography, seafloor morphology, rivers, lakes and coast lines. Initial- 
ly, all suspect lineaments were expressed as straight lines on a base 
map. To emphasize large-scale, regional fabrics and to eliminate 
local effects, features having uncommon orientations were subsequently 
removed. Relatively long lineaments, or those which appeared to be 
widespread, were preserved. This amounted to manual filtering of the 
data on the basis of coherency and repeatability. Quantitative filter- 
ing was considered but rejected because even where digital comput- 
ing is used, filtering parameters are still selected by the user, making 
human biases unavoidable. 

Description of data 
Three paired sets of mutually perpendicular physiographic ori- 

entation~ can be seen in Figure 3: 

1) northerly and easterly, 

2) west-northwesterly and north-northeasterly, and 

3) north-northwesterly and east-northeasterly to northeasterly. 

North-northwesterly trends are common in most parts of the study 
area (Fig. 3). However, there are a number of other prominent ori- 
entation~, including the regionally persistent northeasterly trend, 
which may corrcspond to geologic structures which predate the north- 
north\vesterly fabric. Ilortheasterly trends are especially prominent 
south and east of Prince Rupert, where they are associated with the 
Skeena valley. Similar trends can also be found north of Prince Ru- 
pert and on northeastern and central Graharn Island. as well as on the 
nuinland between 52" iii.~d 53"N. Fraser glaciation lineations on 
northeastern 3raham Island are oriented to the north and north-north- 
west (Sutherland Brown, 1968; Clague et al., 1982) and are too small 
to appear in Figure 3. 

>!orth-south physiographic trends are generally widespread, ex- 
cept on Queen Charlotte Islands. These trends are more apparent east 
of ?rince Rupert, and they cxtcnd into iiecate Strait and Qveen Char- 
lotte Sound. Esst-w~st trends occur throughout the study area, but they 
are more prominent at about 51°i.I, where Stacey (1974) related them 
to fairly recent. locali~eti tectonic activity. riowever, this interpreta- 
tion is wcnkcncd by the wide regional distribution of east-west trends 
and by the probable old age of some of the causative structures. At 
53"Tl, east-west lineaments appear on Queen Charlotte Islands and 
on thc mainland. 

A less common physiographic trend is west-northwest. partic- 
ularly east and south of Prince Rupert. At the latter location, it is as- 
sociated spatially with the Kitkatla Fault and with the northern seg- 
ment of the 3incipe Larcdo fault system (Fig. l), whose southern part 
has a different, north-northwesterly orientation. The Kitkatla topogaphic 
lineament may continue across the Coast ~viountains and merge with 
the 'falakom Fault, but the geologic causes of this configuration are 
unknown. A parallel trend occurs on Queen Charlotte Islands (Fig. 
3), near the Rennell Sound fold belt. Another set of physiographic lin- 
eaments in the rcgion has a north-northeasterly orientation, and these 
trends are the most apparent on the mainland. 



DISCUSSION 

Regional structural style 

Correlation between gravity- and magnetic-field patterns (Figs. 
2a-h) is predictably imperfect. The magnetic field is controlled large- 
ly by the distribution of magnetite and hence of igneous rocks at rel- 
atively shallow levels, whereas deep-seated rocks may be demagne- 
tized by heating above their Curie temperature. Thus, magnetic data 
largely reflect structure in the supracrustal assemblage. In contrast, 
gravity data reflect the entire crustal section. 

On the basis of geophysical data alone, it is impossible to interpret 
definitively the history of deformation across the Principe Llredo and 
Kitkatla fault systems. The Kitkatla Fault appears to be one of a se- 
ries of large faults that, in the Cretaceous and Tertiary, accommodated 
differential vertical uplift of various blocks in western Coast Plutonic 
Complex (Hutchison, 1982; van der Heyden, 1989). Evidence for sig- 
nificant strike-slip displacements across the Kitkatla Fault is lacking. 
Based on interpretation of magnetic data, the Kitkatla and Principe 
Laredo faults appear to intersect and extend into Dixon Entrance. 

Another important observation concerns the continuity and wide 
area1 distribution of various geological, geophysical and physio- 
graphic lineaments. These fabrics are regionally penetrative, and 
their domains overlap considerably. Many of the causative geologic 
structures were likely emplaced in the Paleozoic and Mesozoic and 
repeatedly reactivated since. 

Geologic mapping onshore (Thompson, 1988; Thompson and 
Thorkelson, 1989; Muller et al., 1974, 1981; Jeletzky, 1976; Baer, 1973; 
Hutchison, 1982) has so far revealed no evidence for the existence of 
faults accommodating considerable translational or rotational move- 
ments of large parts of the Canadian Insular Belt. Block faulting a p  
pears to be the dominant structural style on Queen Charlotte Islands 
and northern Vancou\lcr Island, and i t  may be prominent on thc 
mainliuitl. Where striltc-slip movements vxrc documented by geologic 
mapping in wcstern Coast Plutonic Cornplex (Baer, 1973; 'Iutchisorl. 
1982), they werc probably small and appear to have been both dcx- 
tral and sinistral. Thus, i f  large horizontal tectonic displaccments 
did occur in the study area, thc accommodating faults must be locat- 
ed in hecate Strait or Queen Charlotte Sound. Fiowever, the data dis- 
cussed above provide no evidence to suppose that the general struc- 
tural style in the marine parts of the Insular 3elt is significantly 
different from the style obsct-ved onshore. 

Continuity and overlap of crustal fabrics indicates that even thc 
largest f a ~ ~ l t  systems east of the Queen Charlotte Fault may not have 
considerable lateral displacernents associated with thctn. ido con- 
vincing evidence has been found to support major strike-slip move- 
ments across thc other large faults surrounding Hecate Depression. 
This suggests that the depression was formed largely by vertical 
movements across the bounding fault systems. and the associated hor- 
izontal displacernents were small. Thus, the wrench-faulting model 
of Young (198 1 )  is not supported. 

Significant horizontal rotations of large crustal blocks are also 
thought to be lacking. This contradicts the early conclusions reached 
by Hicken and Iwing (1977) on the basis of paleomagnetic investi- 
fations on Queen Charlotte Islands. but their results were not confirmed 
in a subsequent paleomagnetic study (Wynne and Hamilton, 1989). 

Formztion of the Queen Charlotte Basin 

The data examined in this report are compatible with a rcpion- 
al fault-block structural pattern in the study area. The fault nctwork 
was reactivated repeatedly. Cumulative lateral displacemcnts across 
the whole area in the Mesozoic and Cenozoic were likely small. The 
horizontal crustal movements which may have accompanied the for- 

mation of the Tertiary Queen Charlotte Basin (Yorath and Hyndman, 
1983) are thus constrained. None of the structural or geophysical fab- 
rics obsetved can be related unambiguously to Cenozoic sifting in the 
Queen Charlotte Sound or Hecate Strait. The results of this study also 
complicate any interpretation of the Queen Charlotte Basin as a pull- 
apart tectonic feature bounded by master faults. 

A decision between conflicting models of basin formation can- 
not, of course, be made solely on the basis of the geophysical infor- 
mation presented. With sufficient imagination, many hypotheses can 
be reconciled with the observed potential-field data. However. my struc- 
tural model has a significant advantage of avoiding conflict with the 
current understanding of geology onshore while meeting the geophysical 
constraints. 

Tectonic style in the Canadian Insular Belt 

The lack of compelling evidence for large horizontal crustal move- 
ments calls for a new interpretation of the tectonic style that domi- 
nated in this part of the Insular Belt in the Mesozoic and Cenozoic. 
The model proposed below is an attempt to account for the fault-block 
structure in the study area. 

Jeletzky (1976) suggested that the fault-block structural pat- 
tern on northern Vancouver Island is caused by the presence of a rigid 
shield of Upper Triassic Karmutsen volcanics underneath the younger 
section, which provided control on deformation. I speculate that the 
actual basement core of the Insular Belt in Canada is substantially deep 
er and older. 

A large orogenic belt, the Coast Plutonic Complex, is located to 
the east of the study area. Haines et al. (1971) noted that the Insular 
Belt has a subdued magnetic field compared to that in the Coast 
Mountains. Coles and Currie (1977, p. 1768) explained this by sug- 
gesting that "the deep crust in Vancouver Island is much less mag- 
nztic than in the wcstcrn Coast Plutonic Complex, prhaps due to com- 
positional differences". The relatively quiet magnetic ficld over the 
Canadian Insular I!clt, both onshore and offshorc, is also consistent 
with a comparatively low degree of structural deforniation of rocks. 
tharine scdimcnt deposition continued on present-day Queen Char- 
lotte islands itntil at least the Late Santonian (Haggart and Higgs, 1989: 
Fynggnrt, 1991), long after the initiation of orogeny in the Coast Plu- 
tonic Complex. If the Cretaccoits orogeny were not related to su- 
pertcrane accretion, as was suggested by Eirew and Ford (1983) and 
van der I-Icydcn (1089), a sharp contrast in tectonic styles existed in 
the Late Cretaceous between adjacent areas of the Insular Bclt and the 
Coast Plutonic Complex. The numerous orogenies in southeast Alas- 
lia (3rew et al., 1966) also seem to have left the Canadian portion of 
the Insular Belt relatively undisturbed. 

In gcneral, it appears that the Insular Belt in the study area be- 
haved as a single. stable, massif-type cntstal block at least in the Cret- 
aceous and Tertiary. This block felt distal effects of various oroge- 
nies but was not involved in them directly; many of the crustal 
movements in the Canadian Insular Belt were likely epeirogenic (the 
ternis "massif' and "epeirogeny" are used as defined by King, 1969). 
Curing quiescent periods. sedimcnts were deposited and basins were 
formed. Such a geologic history is compatible with thc rigid-shield 
hypothesis. 

' h e  nat~tre of the basement shield is not known. The volcanic Kar- 
mutsen Formation is widespread and is though; to underlie all or 
rnost of the study area. However. its original thickness may from 
one pal? of the area to another (Muller et al., 1974, 1981). and its re- 
gional rnetnlnorphism. where it is obsetved at all, appears to be only 
slight. It is unlikely, therefore. that the Kannutsen Formation by itself 
was strong cnough to act as a structural basement except locally. 



The underlying Sickcr Group contains both volcanic and sedi- 
mentary units. Its lower levels are regionally metamorphosed to a low 
grade. whereas the upper levels are commonly unmetarnorphosed 
(Muller ct al., 1974, 1981). The area1 extent of the Sicker Group is 
uncet-tain. Thus. these rocks arc also unlikely lo have played lhe rolc 
of a rigid shield. The basc of the Sicker Group is not known (Muller. 
1977, 19XO), and the oldest reliablc datcs are Late Devonian (C.J. Yorath, 
pers. comm., 1990). 

This leads to the hypothesis that the lnsular Bclt in the study area 
may contain an unexposed, rigid, crystalline core that prcdates most 
of the middle to late Paleozoic Sicker Group, although i t  might have 
been strengthened in Middle Jurassic time (Jeletzky. 1976). Thesc rocks 
could form the true basement of the Insular Belt in Canada; unqual- 
ified application of the term "basement" to othcr geologic units is mis- 
leading and should be avoided. 

The existencc of a crystalline crustal complex in the corc of the 
Insular Belt is consistent with the seismic refraction data studied by 
Clowes and Gens-Lenartowicz (1985), Mackie et al. (1989) and 
Yuan et al. (1989). Muller (1977) proposed that parts of Vancouver 
Island may be underlain by crystalline rocks of Devonian(?) age. The 
nature of the basement in the Insular Belt could be investigated fur- 
ther by petrologic studies of xenoliths and composition of igneous rocks 
whose parent magmas may have passed through deep crustal Icvels. 
Contamination of Sicker and Ka~mutsen volcanics and othcr igneous 
rocks on Vancouver Island with continental-derivcd isotopes (Andrew 
and Godwin. 198Ya,b,c) could be viewcd in this light. The structural 
relationship of the "Wrangellia basement" to the Alexander Terrane 
could be studied by means of detailed analysis of geological and po- 
tential-field data over Dixon Entrance and adjacent land areas. 

The selativc tectonic stability of the Insular Belt in the past al- 
lows for better preservation of pre-Tertiary seditnentary basins and 
of any petroleum-source and -reservoir rocks contained within them. 

CONCLUSIONS 
1. Several penetrative structural fabrics of precenomic age are pre- 

sent in the crust of the Insular Belt. Areal domains occupied by 
these fabrics overlap greatly. 

2. The Kitkatla, Principe Lnredo and Sandspit faults are probably 
part9 of regional, block-bounding fault systems which extend into 
Dixon Entrance. 

3. A northeast-trending crustal structural feature (fault'?) is suspected 
in southern Hecate Strait, and deep-seated plutons may be pre- 
sent in Queen Charlotte Sound. 

4. No clear evidence for substantial horizontal displacements across 
any of the fault systems east of the Queen Charlotte Fault has 
been found. 

5. Crustal extension that accompanied the formation of the Tertiary 
Queen Charlone Basin was likely small, and none of the geological- 
or geophysics-lineament fabrics can be correlated unambigu- 
ously with Cenozoic rifting. Epeirogetiic crustal movements 
may have been partly responsible for thc formation of Hecate De- 
pression. 

6. The overall structural style in the study area is the one of crustal- 
scale block faulting, possibly controlled by an ancient crys- 
talline complex in the basement. 

7. Regional structural constraints imposed herein may serve as a 
framework for interpretation of seismic data. 

8. Integrated studies of geological- and geophysical-lineament 
fabrics can be used to test various Cordilleran "suspect ter- 
ranes" for allochthoneity with respect to each other and to North 
America. 
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Cenozoic relative plate motions along the northeastern 
Pacific margin and their association with Queen Charlotte area 

tectonics and volcanism 

R.D. Hyndmanl and T.S. Hamilton1 

Hyndman, R.D. and Hamilton, T.S., Cenozoic relative plate motions along the northeastern Pacific margin and their association with Queen 
Charlotte area tectonics and volcanism; in Evolution and Hydrocarbon Potential of the Queen Charlotte Basin, British Columbia, G e e  
logical Survey of Canada, Paper 90- 10, p. 107- 126, 199 1. 

Abstract 
The Cenozoic relative plate interactions along the Queen Charlotte margin, based on published models for the North America and 
northeast PaciJic plates, are related to the tectonic and igneous history of the region. Plate motion models indicate convergence 
and subduction prior to the Eocene. We model subsequent transcurrent motion with varying amounts of oblique extension and 
compression, assuming that the Pacific-America-Farallon triple junction was south of the region. A Late Miocene or Early Pliocene 
(3.4-5.5 Ma) to present period of oblique convergence is clear. The present Queen Charlotte fault zone along the west coast of 
the islands may have been initiated more recently. 

A number of tentative correlations are made between this plate interaction history and volcanism and tectonics in the Queen Char- 
lotte area. The onset of Masset volcanism corresponds, within a few Mu, to the time of major plate reorganization at about 43 
Ma that has tectonic expression around the entire Pacific basin. Within the Cenozoic transcurrent regime, times of extensive Mas- 
set volcanism and plutonism also may correlate with periods of oblique extension. Syntectonic deposition within an extensional 
regime in Queen Charlotte Basin appears to coincide with oblique extension between 36 and 20 Ma. Post-tectonic subsidence 
and deposition may correlate with the model time interval of general transcurrent or oblique convergence motion from 20-5 Ma. 
More recent compressive deformation seen in outcrop and seismic sections of the northern parts of the basin may reflect oblique 
convergence from 5 Ma to the present. This convergence is associated with underthrusting that formed an accretionary wedge 
along the west coast of the Queen Charlotte Islands and with inferred uplifr and erosion of the western part of the islands. 

We show that the geochemistry andphysical volcanology of the Masset volcanics indicate an extensional regime. A variety of data 
have been used to estimate crustal extension ranging from about 10-40% in the Queen Charlotte Basin. 

There appears to be a close analogy between the Queen Charlotte Basin and the Gulfof California extensionalprovince, both in 
Late Tertiary plate margin interactions and in magmatic and tectonic expression. Tectonics of parts of the Pacific margin of North 
America where plate models have nearly orthogonal convergence through the Cenozoic are very different from those of the Queen 
Charlotte area. 

Les interactions relatives des plaques le long de la marge de la Reine-Charlotte au Cinozofque, suivant des modiles publiis pour 
Ies plaques nord-amiricaine et nord-est pacifique, sont alliies a I'histoire tectonique et magrnatique de la rigion. Les modiles 
cinimatiques indiquent une convergence et une subduction antirieures a I'Eocine. Le mouvement dicrochant postirieur est mod- 
ilisi en appliquant des quantitis variables d'extension oblique et de compression, prisumant que le point triple des plaques Paci- 
fique-Amiricaine-Farallon se situait au sud de la rigion. Une piriode de convergence oblique depuis le Miockne supkrieur ou le 
Pliocine infirieur (3.4-5.5 Ma) jusqu'd I'actuel est tris probable. La zone de faille actuelle de la Reine-Charlotte le long de la 
cBte occidentale de ces iles pourrait avoir hi initialisie plus ricemment. 

De possibles corrilations sont faites entre I'histoire de ces mouvements de plaques et les manifestations volcaniques et tectoniques 
dans la rigion de la Reine-Charlotte. Le dibut du volcanisme de Masset correspond, d quelques Ma pris, d une piriode de rkor- 
ganisation mujeure des plaques il y a environ 43 Ma, et qui s'est produit tout autour du bassin pacijique. Durant le rigime dicrochant 
cinozoi'que, les piriodes d'importants volcanisme et plutonisme de Masset pourraient correspondre aux ph-iodes de distension 
oblique. La sidimentation syntectonique qui a accompagni le rigime d'extension dans le bassin de la Reine-Charlotte semhle 
coi'ncider avec une piriode d'extension oblique de 36 d 20 Ma. La subsidence et la sidimentation post-tectoniques peuvent ttre 
corrilies 2 la piriode de mouvement giniral dicrochant 014 convergent oblique du modde, de 20 a 5 Ma. La diformation com- 
pressive plus ricente ohservie dans les afleurements et profils sismiques des parties nord du bassin pourrait refle'ter la conver- 
gence oblique de 5 Ma jusqu'a I'actuel. Cette convergence est associie des sous-charriages qui on! forme' un prisme d'accri- 
tion le long de la c6te occidentale des iles de la Reine-Charlotte ainsi qu'au soulivement et d I'irosion de la partie occidentale 
des iles. 

Nous montrons ici que la giochimie et la pitrographie des roches volcaniques de Masset indiquent une rigime d'extension. Les 
donnies disponibles nous ont permis d'estimer I'extension crustale de I0 a 40% dans le bassin de la Reine-Charlotte. 

Une itroite analogie parait exister entre le bassin de la Reine-Charlotte et la zone d'extension du Golfe de Californie, en ce qui 
concerne a la fois les mouvements aux marges desplaques au NPogkne et I'activiti magmatique et tectonique. La giodynamique 
des parties de la marge pacifique de I'Ambique du Nord pour lesquelles les modiles cinimatiques indiquent une convergence 
presque orthogonale durant Ie Cinozoi'que, est trks dirirente de celle de la rigion de la Reine-Charlotte. 

' Pacific Geoscience Centre. Geological Survey of Canada, P.O. Box 6000, Sidney, B.C. V8L 4B2 



INTRODUCTION 
The Tertiary Queen Charlotte Basin lies beneath the continen- 

tal shelf and northeastern Queen Charlotte Islands of western Cana- 
da, and extends from Vancouver Island to Dixon Entrance (Fig. l). 
This article reviews the data available on the Cenozoic history of rel- 
ative motions between North America and the plates of the northeast 
Pacific as expressed across the Queen Charlotte margin, and associ- 
ates the plate interactions with the tectonic and igneous history of the 
Queen Charlotte Basin, Queen Charlotte Islands and adjacent areas. 
Responses to changing plate regimes across the margin have been sought 
in volcanism, sedimentation, uplift and subsidence history, and styles 
of deformation. For example, prolonged convergence should result 
in arc volcanism, while oblique extensional or transcurrent regimes 
should result in extensional volcanism. A convergent regime should 
result in formation of a trench and an accretionary sedimentary 
wedge, in margin uplift, and in tectonic shortening through folding 
and thrusting. Extension should result in crustal thinning, normal fault- 
ing and basii subsidence. Convergence and extension are also expressed 
in characteristic heat flow and gravity patterns that persist for sever- 
al tens of Ma after relative motion has changed or ceased. Some of 
the correlations are as yet very tentative; they will be improved as the 
recent work in the region is more completely analyzed and interpreted. 

The absence of a spreading ridge between the Pacific and Amer- 
ica plates through most of the Cenozoic requires an indirect solution to 
the problem of relative plate motions across the northeast Pacific mar- 
gin. Also, most of the magnetic anomalies produced on one side of the 
northeast Pacific spreading ridges have teen subducted and are not avail- 
able for reconstruction. However, there has k e n  intensive recent effort 
on this problem using both global plate circuits and the "fixed hot-spot" 
reference frame, and results are now available for the Cenozoic of suf- 
ficient accuracy to allow useful associations with margin tectonics. 

The article finishes with a brief discussion of other areas of the 
North America margin where associations of plate regimes with 
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Figure 1: Location map showing the current plate tectonic regime in 
the Queen Charlotte area. 

local tectonics and igneous activity have been made. While there is 
no exact analogue to the Queen Charlone margin, useful insight is pos- 
sible from the comparisons, particularly with the Gulf of California. 

MARGIN PLATE INTERACTIONS 
Relative plate motion models for the northeast Pacific margin 

It was recognized in earlier northeast Pacific plate reconstructions 
that the complex pattern of offshore plates resulted in North Arneri- 
ca margin interactions that were highly variable in time and space, rang- 
ing from nearly orthogonal subduction to transcurrent motion (Atwater, 
1970; Riddihough, 1982). In this article, we concentrate on the recent 
studies of northeast Pacific-North America plate interactions by Stock 
and Molnar (1988) and by Engebretson et al. (1984,1985) (Fig. 2). The 
former authors employed global plate circuits to obtain the plate in- 
teractions across the western margin of North America. The results of 
Engebretson et al. (1984) are based on the assumption that the hot-spots 
in the Pacific and Atlantic regions have remained fixed with respect 
to one another. While the hot-spot reference frame is a robust control 
in that major errors are not expected, the probable small relative mo- 
tions among the hot-spots limits the resolution. The global plate cir- 
cuit approach allows greater resolution, but because of the large num- 
ber of plate steps involved, it has a greater chance of large error, for 

Queen Charlotte Margin 

Time (Ma) 

Time (Ma)  

Figure 2: The model directions and speeds of relative plate motion across 
the Queen Charlotte margin through the Tertiary, assuming a plate 
boundary strike of 320° (after Stock and Molnar, 1988; and Engebretson 
et al., 1985). The error limits are estimates of 95% confidence. 



example, from rnagrietic anomaly mis-identification or omission of short 
lived plate boundaries. As seen below, while the two approaches give 
different results in detail, the most important tectonic changes are 
well resolved and agree in both studies. Atwater (1989) provides a gen- 
eral review, and Engebretson (1989) and !<elley and Engebretson 
(1989) provide recent discussions. For the ~zriricd prior to the Late k e ~ i e ,  
important constraints have also been provided by Lonsdale ( 1  988); for 
example the conclusion that there was X.ula-America plate interaction 
across the Queen Charlolte margin for some time prior to about 43 Ma. 
'i'orath and Hyndrnan (1983). Cox and Engebretson (l985), Pollitz (1986) 
and Harbert and Cox (1989) discussed the Late Miocene to ?liocene 
(estimates range between about 3.6 and 5.5 Ma) change in absolute Pa- 
cific plate motion that resulted in increased Pacific-America conver- 
gence (also see %lMets et al., 1987 for recent Pacific-America rela- 
tive motion). A secondary effect on magin tectonics may result from 
changes in absolute motion of ih!orth America. For example, Pollitz (l 988) 
presented evidence for a change at about 9 Ma from a nearly westward 
motion to a more southwestward motion. 

The plate interaction chronology used is based on :he magnetic 
anomaly time scale; for the results used in this study, the L'i\ll?.G scale 
of Berggren et al. (1985) or scales not greatly different have been 
used. it should be noted that the time intervals are chosen to correspond 
to the times of sea floor magnetic anomalies. Thus, the times of plate 
motion changes are only resolved to about +3 ivla, except the change 
to oblique convergence at abut 5 Ma which is resolved to about f l Ma. 

An important uncertainty in modelling plate margin interac- 
tions is identification of which plate has been offshore from the 
@een Charlotte Islands through the period of study. Barlier studies 
(e.g. Riddihough, 1982) allowed the possibility that the Sarallon 
(Juan de Fuca) plate was offshore, which could give convergence such 
as inferred off Vancouver island through much of the Cenozoic. 
However, in recent analyses (Atwater, 1989; Lonsdale, 1988; Stock 
and Molnar, 1988; Engebretson et al., 1985) it has been concluded that 
the Pacific plate probably has been offshore of the Queen Charlotte 
Islands since the major mid-Eocene (43 Ma) plate motion change, with 
the Pacific-Farallon-America triple junction located to the south of 
the Queen Charlotte Islands approximately at its present position. This 
position of the triple junction is well constrained for the past 10 Ma 
(e.g. Riddihough, 1984) and, based on the magnetic anomaly recon- 
structions presented by Stock and Molnar (1988), it almost certain- 
ly has been to the south of the Queen Charlotte Islands since about 
20 Ma, and probably since 30 Ma. Reconstruction of the magnetic 
anomaly pattern gives a ridge trending northward towards northern 
Vancouver Island or southern Queen Charlotte Sound (Stock and 
Molnar, 1988). For the triple junction to have been north of the Islands, 
the offshore ridge system must have had a large northwestward trans- 
form offset which was subsequently subducted. Prior to 43 Ma, the 
Kula plate was probably offshore (e.g. Lonsdale, 1988) but the pres- 
ence of the Pacific plate cannot be excluded. Fortunately, the result- 
ing plate interactions are not fundamentally different; a strongly con- 
vergent regime is implied prior to 43 Ma with either plate offshore 
(Fig. 2). 

The other important uncertainty that affects the estimated rela- 
tive plate motions along the Queen Charlotte margin is the location and 
orientation of the plate boundary. N o  processes could change the mar- 
gin location and orientation: tectonic rotation and margin truncation. 
The Queen Charlotte Islands probably have been moved seaward as 
a consequence of Ternary extension in Queen Charlotte Sound and Hecate 
Strait, and may have been rotated (Yorath and Chase, 1981). Wyme 
and Hamilton (1988) found a consistent clockwise rotation in a palaeo- 
magnetic study of a number of suites of Masset rocks, but the result 
was not statistically significant at the 95% confidence level. Rotation 

of small scale blocks may have occurred (Higgs, 1990, 1991). How- 
ever, these data suggest that, if there has been large scale Tertiary ro- 
tation of the Queen Charlotte islands during or subsequent to Masset 
volcanism, the e;ulier margin was probably more east-west at an ori- 
entation such as to give a greater component of convergence. 

If the magin of the Queen Charlotte Islands has been tectoni- 
cally truncated, the earlier plate boundary may have had a different 
orientation. We have assumed that if there were terranes offshore, they 
were attached to the Pacific plate and that the plate boundary along 
the Queen Charlotte margin has had its present orientation through 
the Cenozoic. The margin's plate regime is particularly uncertain prior 
to the Zocene. For younger times, the Yakutat block now impinging 
on the southem Alaska margin (Plafker, 1989; Davis and ?laker, 1986) 
could have been off the Queen Charlotte Islands as recently as 20 Ma 
if it moved attached to the Pacific plate. In the analysis given here, 
i t  has been assumed that the orientation of the plate boundary at the 
margin has remained that of the Queen Charlotte Fault along the south- 
ern two thirds of the Queen Charlotte Islands, i.e., 320'. If there was 
clockwise block rotation of the Queen Charlotte Islands such that the 
Early Tertiary margin trend was at say 300°, there would have been 
greater convergence; if the earlier trend was similar to that of the long 
nearly linear margin to the north, i.e., an azimuth of about 340°, 
there would have been greater oblique extension. Prior to about 55 
Ma there were large strike-slip motions within the western Canadi- 
an Cordillera (summary in Irving and Thorkelson, 1990) that make 
relative motions in the region of the present m q i n  difficult to determine 
from plate models. 

Application to t;%e Queen Ctarlotte margir? 
The relative plate motions from Engebretson et al. (1985) and 

Stoc!; and Molnar (1988) are shown in Table l ,  and Figures 2 and 3. 
They have been expressed as the component orthogonal to the Queen 
Charlotte margin (azimuth 320') at about 52.5"N 132OW in Figure 4a. 
The relative motion vectors have been computed using the shortest 
great circle between two successive positions of a point on the 
seafloor just seaward of the Queen Charlotte Islands (starting at the 

TABLE 1. RELATIVE PLATE MOTION PARAMETERS 
USED IN THIS STUDY 

Stock and Molnar, (1 988), Pacific-America: 

Time Interval Distance Rate Direction 
(Ma) (km) (km/Ma) (Deg. Azimuth) 
68.5-58.9 744 78.1 20.5 
58.9-49.6 633 67.4 14.0 
49.6-42.0 31 3 41.5 26.6 
42.0-35.6 176 27.3 325.9 
35.6-30.0 21 6 38.6 31 3.0 
30.0-25.8 169 40.2 311.9 
25.8-1 9.9 238 40.3 31 1.9 
19.9-1 0.6 256 27.5 357.1 
10.6-5.5 270 53.0 31 5.6 
5.5-0.0 300 54.5 345.2 

Engebretson et al. (1985): 

Pacific-America and Kula-America motions at "Queen 
Charlotte Islands" and "Juan de Fuca Strait" are given in 
their Table 5, p. 39. 



Figure 3: The progression of a point on the deep seafloor off the Queen 
Charlotte Islands as a function of time through the Tertiary (after 
Stock and Molnar, 1988). The ellipses are 95% confidence limits. 

above position). This is an adequate approximation to the actual path 
of relative plate motion, since the poles of relative motion do not change 
rapidly and are distant from the study area. The changes in the orthogonal 
component of motion in Figure 4a are mainly a consequence of di- 
rection changes. Relative motion directions were approximately or- 
thogonal to the margin prior to about 43 Ma (between 49 and 42 Ma), 
and approximately transcurrent after that time, although the relative 
rates have changed significantly through the Cenozoic. As discussed 
by Stock and Molnar (1988), the errors in the plate models are difi- 
cult to determine quantitatively. The 95% confidence error limits for 
the Stock and Molnar (1988) model are illustrated in Figures 2 and 
3 (see also Atwater, 1989 and Kelley and Engebretson, 1989); they 
should be treated as qualitative estimates as discussed by Stock and 
Molnar (1988). Figure 4 gives the 95% and 67% (taken as 1/2 the 95%) 
confidence intervals for the orthogonal component of relative motion. 

With these error estimates and the assumptions given above, three 
important features of the Queen Charlotte margin plate interaction are 
significant. First, there was fairly rapid convergence approximately 
orthogonal to the margin prior to the mid-Eocene (43 Ma) compara- 
ble to that elsewhere along the Pacific margin of North America. Sec- 
ond, from 43 Ma to the present, the regime has been primarily tran- 
scurrent, with small changes in plate directions resulting in either 
transpression or transtension (if the Farallon plate was offshore, there 
would have been convergence very similar to that shown below for 
the Cascadia margin). Third, at approximately 5 Ma, there was a small 

but well resolved change in plate motion (significant at 95% confi- 
dence) that resulted in a component of compression across the Queen 
Charlotte margin that continues until the present. The components of 
extension and compression in the models between 43 and 5 Ma are 
not well resolved within the estimated emrs, but the periods with greater 
oblique extension from about 36-20 Ma and oblique convergence from 
20-10 Ma in the Stock and Molnar model may be important. The in- 
ferred oblique extension is not significantly different from zero at 95%, 
but is significant at 67% confidence. 

The main differences between the two models is that Stock and 
Molnar (1 988) argued that pre-Eocene Kula-America convergence rates 
were lower than those estimated by Engebretson et al. (1985), and that 
the change from a convergent to transcurrent regime was more grad- 
ual and perhaps somewhat earlier. There is a period of slightly oblique 
extension from 10-5.5 Ma in the model of Stock and Molnar (1988) 
that is not in the models of Engebretson et al. (1985) or Harbert and 
Cox (1989), but the model for this time interval has a large uncertainty 
so the result is not significantly different from zero. 

Time (Ma) 
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Figure 4: (a) Plate model components of orthogonal convergence 
across the Queen Charlotte margin through the Tertiary assuming a 
boundary strike of 320". Uncertainty bounds are 67% and 95% confi- 
dence estimates. (b) Estimated volume of Tertiary igneous activity on 
the Queen Charlotte Islands as afunction of age. " V  represents a vol- 
canic date, "P" a pluton. Note the temporal correspondence between 
the time of inferred oblique extension and the main period of Masset 
volcanism. 



The mid-Tertiary oblique extension period from 36-20 Ma in the 
Stock and Molnar model provides a rough estimate of 80 km of total 
extension (with an uncertainty of about S O  km at 67% confidence), that 
may have been expressed as extension in the Queen Charlotte Basin. 
This estimate assumes a 320" plate boundary. The motion for the peri- 
od from 20- 10 Ma has a large uncertainty but a total convergence of about 
300 km is inferred. If the current azimuth of the Queen Charlotte mar- 
gin is a recent development and the earlier transform trend was that of 
the margin to the north, i.e., 340°, a much larger component of exten- 
sion is inferred since the Eocene. The orthogonal component of motion 
given in Figure 4a offset by 20 mm a-' gives an approximate estimate 

of the motion for this latter plate boundary azimuth, i.e., a component 
of extension of about 20 mm a-' for much of the middle Tertiary. 

The change of Pacific - America motion to a more convergent 
direction across the Queen Charlotte margin in the Late Miocene to 
Early Pliocene is well resolved in all models, and the current motion 
clearly is oblique convergence (e.g. DeMets et al., 1987). The exact 
time of this change to oblique convergence is not well resolved; Cox 
and Engebretson (1985), Engebretson et al. (1985) and Stock and Mol- 
nar (1988) have suggested 5.5 Ma, but Harbert and Cox (1989) sug- 
gested between magnetic anomalies 2A and 3, i.e., between 3.4 and 

TABLE 2: COMPILATION OF ISOTOPIC AGES FOR TERTIARY VOLCANIC AND PLUTONIC ROCKS 

No. SAMPLE REF ELEV LONG LAT AGE THICK PRE? POST? METH MAT FORM COMP LOCALITY 

1 TMV33(7/7-108) 1 2 132.368 54.108 19.0k0.7 1500 Y Y WAr WR LAVA BASIC WlAH POINT 
2 BV1203 1 -44.2 132.702 53.935 23.0k0.8 1500 Y Y WAr WR LAVA BASIC NADENWELL 
3 BV13684 1 -1105 132.702 53.935 23.6k0.8 1500 Y Y WAr WR LAVA BASIC NADEN WELL 
4 618-7012130 1 649 132.767 53.580 11.0 k0 .7  910 Y Y WAr WR LAVA FELSIC QC.RNG1SEAL IN. 
5 6129-1631225 l 69 132.697 53.643 13.1 k0 .7  400 Y Y WAr WR LAVA FELSIC DINAN CREEK 
6 6130-19311815 1 553 132.515 53.718 18.9i0.7 550 N Y WAr WR DYKE INTER. MCKAY RANGE 
7 614-18144 1 13 132.722 53.443 20.0k0.7 910 Y N WAr WR LAVA BASIC TARTUPOINT 
8 TMV61.5 l 11 131.917 53.410 20.4k0.7 150 N Y WAr WR LAVA BASIC LAWNHILL 
9 713-3001495 l 151 132.513 53.743 22.3k0.8 550 N Y WAr WR DYKE FELSIC IANLAKE 

10 7111-342/1020 1 311 132.293 53.547 23.9i0.8 310 N Y WAr WR LAVA FELSIC FLORENCECREEK 
11 6128-1371410 1 125 132.495 53.710 24.4k0.8 550 Y Y WAr WR LAVA BASlC MCKAY RANGE 
12 6129-1611790 1 241 132.687 53.638 26.4k0.9 400 Y Y WAr WR LAVA BASlC DINANBAY 
13 6i7-3812310 1 704 132.202 52.827 23.2k0.8 760 Y Y WAr MIN LAVA FELSIC MT.RUSS 
14 TMV2l 1 116 132.162 52.805 28.9k1.1 760 Y Y WAr WR LAVA BASIC PORTLANDCK. 
15 TMV5O 1 3 131.350 52.553 35.9k1.4 1350 Y Y WAr WR LAVA BASIC RAMSAY ISLAND 
16 TMVlO 1 6 131.357 52.550 41.1 k 1.4 1350 Y Y WAr WR LAVA BASIC RAMSAY ISLAND 
17 SD-261-63 2,s 0 131.995 52.676 33.0k4.0 1368 Y N WAr MIN PLUT INTER. MT.DE LATOUCHE 
18 CH-87-56-6 2 5 133.047 54.258 26.8 k0.4 4407 N N UIPb MIN PLUT INTER. LANGARA ISLAND 
19 GS-50-66 2 3  0 132.981 54.250 23.7k2.8 4407 N N WAr MIN PLUT INTER. LANGARA ISLAND 
20 CH-87-56-10 2 503 133.003 54.133 27.9k0.4 2763 N N UlPb MIN PLUT INTER. PIVOTMOUNTAIN 
21 CH-87-30-09 2 150 132.475 53.493 27.0k0.3 4000 N N UlPb MIN PLUT INTER. SHEILALAKE 
22 AT-87-80-1 2 0 132.475 53.214 32.2k0.7 11987 N N UlPb MIN PLUT INTER. KANO INLET 
23 65 AB-21 2 3  0 132.433 53.283 28.524.0 11987 N N WAr MIN PLUT INTER. KANOINLET 
24 65AB-19 2,3 0 132.483 53.217 31 .0 i3 .0  11987 N N WAr MIN PLUT INTER. KANOINLET 
25 ATG-88-333-1 2 200 131.890 53.020 34.3k0.4 8795 Y N UIPb MIN PLUT INTER. LOUISE ISLAND 
26 ATG-88-260-1 2 150 131.830 52.870 34.0k0.4 8795 N Y UlPb MIN PLUT INTER. LOUISEISLAND 
27 ATG-88-263-1 2 100 131.840 52.880 33.8k0.4 8795 Y N UlPb MIN PLUT INTER. LOUISE ISLAND 
28 ATG-88-288-1 2 0 131.530 52.600 35.5k0.4 4003 N N UlPb MIN PLUT INTER. LYELL ISLAND 
29 ATG-88-415-2 2 10 131.890 53.020 39.0k0.3 8911 N N UIPb MIN PLUT INTER. POCKET INLET 
30 65-AB-10 2 0 131.480 52.570 39.5 k2.0 8911 N N WAr MIN PLUT INTER. POCKET INLET 
31 AT-87-27-3 2 0 131.000 52.214 46.2k0.5 3715 N N UIPb MIN PLUT INTER. CARPENTERBAY 
32 AT-87-7-3 2 0 131.004 52.214 43.7f : l . l  3715 N Y WAr MIN DYKE INTER. CARPENTER BAY 
33 GS-54-66 3 0 132.238 54.070 28.7k2.0 500 Y Y WAr WR LAVA BASIC WESTACOllPOlNT 
34 GS-51-66 3 0 132.650 54.156 23.8k1.3 1600 Y N WAr WR LAVA BASIC SHAG POINT 
35 SD-256-N63 3 0 132.239 54.059 11.0k3.0 400 Y Y WAr WR LAVA BASIC MASSET 
36 MR8 3 0 131.004 53.214 20.2i1.4 150 N N WAr WR LAVA BASIC LAWNHILL 
37 SO-544-N63 3 15 132.353 53.528 20.4 k4 .0  200 Y Y WAr WR LAVA BASIC MAMlN RIVER 
38 MR9&2 3 100 132.333 53.510 26.3k1.6 200 Y Y WAr WR LAVA BASIC MAMlN RIVER 
39 GS-39-66 3 0 132.988 53.700 21.6 k 8.0 750 Y Y WAr WR LAVA BASIC PORT LOUIS 
40 GS-49-66 3 0 132.967 54.167 45.5k 6.0 150 Y N WAr WR LAVA BASIC PARRY PASSAGE 
41 SD-250-N63 3 0 131.637 53.113 17.3+2.0 50 N N WAr WR LAVA BASIC POINTGREY 
42 SD-252-N63 3 5 131.388 52.690 20.4k2.0 650 N Y WAr WR LAVA BASIC GOGITPASSAGE 
43 SD-253-N63 3 2 131.413 52.673 27.5k2.0 650 Y N WAr WR LAVA BASIC GOGITPASSAGE 
44 41360 3 -2152 129.347 51.602 29.6k8.0 3500 Y Y WAr WR LAVA BASIC OSPREY WELL 
45 4143 3 -3228 129.970 51.918 42.8k4.0 3500 N Y WAr WR LAVA BASIC HARLEQUIN WELL 
46 4135J 3 -2370 130.609 52.338 36.7k8.0 3500 Y Y WAr WR LAVA BASIC AUKLET WELL 
47 85V-12 4 0 130.500 53.850 19 .5 i0 .7  50 N Y WAr WR DYKE BASIC PORCHER ISLAND 
48 GW.AVG. 4 5 130.500 53.850 25.4 k0.9 50 Y N WAr WR LAVA BASIC PORCHER ISLAND 

Column labels are: Number of date or average (No.); original sample number (SAMPLE); source (REF); elevation in metres (ELEV); longitude (LONG); latitude (LAT); date or 
weighted average +standard deviation (AGE); estimated thickness in metres (THICK); indication of whether the rock rests on older Tertiary volcanic or plutonic rock (PRE?) or is 
cut or overlain by magmatic rock (POST?); dating method (METH) and material dated (MAT); and the sample geology (FORM), general composition (COMP), and LOCALIPI. 

Sources for dates: 
1. Collected by T.S. Hamilton and analyzed at University of British Columbia (K. Scott and J. Harakal. See Table 3. 
2. Dates reported in Anderson and Reichenbach (1990); some dates recalculated from Young (1981). 
3. Dates compiled by Young (1981) from GSC and industry sources; recalculated using new decay constants. 
4. Dates reported by van der Heyden (1989) and Woodsworth (1991). 



3.9 Ma. We have used 5 Ma in the discussions below. The magnitude 
of the present convergence component resolved perpendicular to the 
margin is close to 20 mm a-' in all of the models, with estimated er- 
rors (67% confidence) of less than about 5 mm a-'. 

The initial oblique convergence following the 5 Ma plate mo- 
tion change was probably accommodated by oblique underthrusting. 
However, based on the development of the Dellwood and Tuzo Wil- 
son spreading centres outlined by Riddihough et al. (1980) and Davis 
and Riddihough (l982), Yorath and Hyndman (1983) suggested that 
the modem Queen Charlotte fault zone formed in the Pacific plate be- 
tween 0.5 and l .O Ma. In more recent work, Carbotte et al. (1989) have 
concluded that the inception of Dellwood spreading was between 1.8 
and 2.5 Ma so the modem fault may have formed at that somewhat 
earlier time. In any case, this fault is thought to have cut off the un- 
derthrust lithosphere from the Pacific plate. Since that time, the con- 
tinuing oblique convergence has been resolved into margin-parallel 
motion on the Queen Charlotte transform fault and approximately or- 
thogonal underthrusting of a separate piece of lithosphere beneath the 
Queen Charlotte Islands. 

RELATION TO QUEEN CHARLOTTE TECTONICS 
This section contains a discussion of associations between the 

geological record in the Queen Charlotte area and the plate interac- 
tion history of the margin. The main associations are with volcanism 
and inferred tectonics on the Queen Charlotte Islands, and with sub- 
sidence and deformation in the Queen Charlotte Basin. In addition to 
the continuing tectonic responses during intervals of different mar- 
gin interaction, the transitions may be important, particularly the 
change from convergence to largely transcurrent motion at about 43 
Ma. Such a transition may have resulted in a "slab window" if the por- 
tion of the Pacific plate already beneath the margin continued to 
sink, separating from the offshore part of the plate which then had begun 
to move parallel to the margin. When such separation occurs, hot as- 
thenosphere must rise to fill the gap. Relaxation of compressive 
structures and re-establishment of isostatic equilibrium are also to be 
expected. Thorkelson and Taylor (1989) have discussed possible 
slab windows in this area. 

Plate models and Tertiary Masset volcanism and plutonism 
Tertiary volcanics of the Masset formation cover large areas of 

the Queen Charlotte Islands from 52-54"N. particularly on northem 
Graham Island (Sutherland Brown, 1968). In this discussion we will 
include all Cenozoic volcanics of the region in the Masset Formation 
after the manner of Sutherland Brown (1968). Cameron and Hamil- 
ton (1988) and Hamilton and Cameron (1989). The composite Ter- 
tiary stratigraphic column in Cameron and Hamilton (1988) includes 
references to dated and analyzed samples in Tables 2 and 4 (e.g. Naden, 
Lawn Hill, Mt. Russ, and Ramsay Island). In places these volcanics 
are seen to underlie and to be interbedded with sediments of the Ter- 
tiary Skonun Formation. Tertiary volcanics penetrated by several 
wells in southern Hecate Strait and Queen Charlotte Sound may be 
their equivalents (Sutherland Brown, 1968; Shouldice, 1971 ; Hickson, 
1989,1991; Hamilton, 1989; Dostal and Hamilton, 1988). Woodsworth 
(1991) has described flows on the eastern margin of Hecate Strait that 
have similar ages and geochemistry to the largest pulse of Masset vol- 
canism on the Queen Charlotte Islands. Thus, the inferred total width 
for Masset volcanism is about 150 km. There are numerous dyke swarms 
on the Queen Charlotte Islands associated with the Masset volcanics 
(Sutherland Brown, 1968, Souther, 1988; Souther and Jessop, 1991), 
and several small plutonic stocks with a similar or slightly older age 
range are aligned in a northwesterly direction through the Queen 
Charlotte Islands (Young, 198 1; Anderson and Greig, 1989; Anderson 
and Reichenbach, 1991). 

The Masset volcanics have a complex petrology and geochem- 
istry and their origin is a subject of debate. The presence of calc- 
alkaline compositions may be taken to imply a volcanic arc origin. 
However, Hamilton (1989) and Hamilton and Dostal(1988) interpret 
the trace element signatures and physical volcanology to reflect vol- 
canism through an extended continental margin. They conclude that 
the calc-alkaline derivatives reflect tholeiitic to calc-alkaline lines of 
descent, as has been observed in the Yellowknife volcanic series 
(Baragar, 1966) and crustal contamination. The geochemical arguments 
for an origin of the Masset volcanism in an extensional regime are given 
in a later section. 

The preferred margin plate models discussed above, first, do not 
indicate an arc association for these Tertiary volcanics, since a large- 
ly transcurrent regime is indicated since about 43 Ma. However, as 
discussed above, convergence is possible if the Farallon plate rather 
than the Pacific plate was offshore, but this required a major offshore 
transform of the Pacific-Farallon ridge and a margin subduction zone 
to have existed, for which no evidence remains in the ocean basin. Sec- 
ond, if the volcanics are associated with an extensional regime, a cor- 
relation of greater volume of volcanism with periods having an 
extensional component of motion is to be expected. 

Tertiary magmatic volume versus time and location 
Figures 4b and 5, and Tables 2 and 3 give age and volume re- 

lationships for Tertiary magmatism on the Queen Charlotte Islands 
based on available age data and a simple volume calculation as de- 
scribed below. The volume versus age curves offer a convenient vi- 
sual comparison of magmatic activity with plate motion. The sample 
locations and ages, and the stratigraphic thickness estimates are given 
in Tables 2 and 3. The volume estimates are compared to the orthogonal 
component of relative plate motion from Stock and Molnar (1988) and 
Engebretson et al. (1985) in Figure 4b. The radioactive age data are 
from Anderson and Reichenbach (1991), Hickson (1988, 1991), 
Young (1981), and some unpublished data referred to in Cameron and 
Hamilton (1988) and Wynne and Hamilton (1989); ages have been 

TERTIARY MAGMATISM - QUEEN CHARLOTTES 
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Figure 5: Estimated volumes of Tertiary volcanic and plutonic rocks 
on the Queen Charlotte Islands a s  a function of age. The total volume 
is 17 000 km3 of volcanics and 4000 km3 of plutons. 



recalculated using the latest decay constants where necessary (Steiger 
and Jager, 1977) (Table 2). The corrections for K-Ar dates from the 
middle Tertiary are about 2%. 

Previous representation of magmatism versus time (Young, 198 1 ; 
Yorath and Chase, 198 1; Yorath and Hyndman, 1983; Hickson, 1988; 
Anderson and Reichenbach, 1989) were simple age hstograms. In this 
study we have attempted semi-quantitative volume estimates, firstly 
dealing with multiple dates on the same stratigraphic section or plu- 
ton, and secondly trying to relate dates to specific volcanic volumes. 
For multiple dates on a volcanic section or pluton, averages have 
been formed with weighting inversely proportional to the analytical 
errors given. This heavily weights the higher precision U-Pb dates for 
the plutons. The volume estimate for each section or pluton was then 
apportioned over a time window assuming a normal distribution with 
width given by the date precision or standard deviation of multiple dates. 
Thus, points with well constrained dates are assigned to shorter time 
intervals than those with a larger uncertainty. 

The thicknesses (and inferred volumes) represented by individ- 
ual sections of volcanic stratigraphy and plutons (Table 3) have been 
estimated, based on field or other data. The volcanic thicknesses are 
minima since unknown amounts have been removed by erosion, and 
commonly the base is not exposed. For dates from wells where only 
the top of the volcanic interval was sampled, for example in Queen 
Charlotte Sound, very approximate thickness estimates have been ob- 
tained from seismic data (Rohr et al., 1989; Clowes and Gens-Lenar- 
towicz, 1985). The approach used emphasim the thicker sections, whch 
in general are the best constrained (usually to about +30%). Pluton 
thicknesses have been estimated assuming thickness equal to the 
square root of the surface area, i.e., based on the crude assumption that 
the bodies are approximately equidimensional and do not have deep 
roots. Most hcknesses are a few kilometres to a few tens of kilometres 
and are thought generally to be accurate to about SO%.  There is a 
disproportionate amount of older plutonic and younger volcanic 
components represented because younger deep seated plutons will not 
yet have been exposed by erosion, and many older volcanics will have 
been eroded. The volume estimates might be improved by adding the 
eroded volcanic component now in the Queen Charlotte Basin and off- 
shore sediments, and by gravity modelling of buried pluton compo- 
nents, but these have not been attempted. However, the total volumes 
including both volcanic and plutonic components as a function of time 
are thought to be reasonably well represented in the plots. 

To obtain the total volumes as a function of time, the thickness 
contribution of each section or pluton was integrated, taking the sim- 
ple assumption that each dated volcanic section or pluton represents 
the same surface area. Thus, the thickest sections contribute the most 
to the volume time curves. The smoothed thickness versus time 
curves were then scaled to represent a reasonable total volume of Ter- 
tiary magmatism for the Queen Charlotte region, estimated to be 17 
000 km3, i.e. 370 km by 185 km by an average thickness of 250 m. 
It must be emphasized that this estimate of volume versus time has 
an uncertainty of perhaps a factor of 5-10, but it should be an im- 
provement over simple date histograms. Over the time span of s u b  
stantial volcanism, the estimated volumes represent a rate of about 0.06 
km3 (one or two lava flows) per 100 years. This rate is typical of with- 
in-plate volcanism in the Cordillera and elsewhere, and substantial- 
ly less than for major hot-spot volcanic sources, for ridge volcanic pro- 
duction, or for the Cascade volcanic arc (e.g. Sherrod and Smith, 1989). 

While correspondence between magmatism and modelled plate 
interactions may be accidental bearing in mind the uncaiahties associated 
with the dates, with the magma volumes because of the non-uniform 
sampling and representation, and the uncertainties in the plate mod- 
els, the agreement is surprisingly good. Substantial magma volume first 

appears in the period 45-40 Ma, in agreement with the change from 
a convergent to a strlke-slip margin regime. The largest peaks in the 
inferred igneous activity occur in the 36-20 Ma period, comprising 
widespread volcanism and intrusion of the Kano and Louise pluton- 
ic suites (Anderson and Reichenbach, 1989, 1991), corresponding 
well with the period of oblique extension in the Stock and Molnar (1988) 
model. The average of all dates weighted according to volume is 28 * 9 Ma, i.e., 37-19 Ma which corresponds well to the model extension 
period. We note also that the termination of the major period of Mas- 
set volcanism (-20 Ma) could correspond to the truncation of the 
margin by the northward displacement of the Yakutat terrane. 

The small peak in igneous activity near 12 Ma may be associ- 
ated with the initiation of oblique extension modelled as starting at 
10 Ma in the model of Stock and Molnar (1988) and with the youngest 
growth faulting (Rohr and Dietrich, 1990). The absence of Late 
Miocene to Recent volcanism corresponds to the 5 Ma to present pe- 
riod of oblique convergence in the plate models. There is inadequate 
resolution in the plate models to infer whether the generally transcmnt 
motion had a component of oblique extension or oblique compression 
at the time corresponding to the smaller pulse of Masset volcanism 
in the Eocene at the onset of Tertiary magmatism (Fig. 4b). Howev- 
er, even without an extensional component of plate motion, up- 
welling into a slab window and the crustal relaxation associated with 
a change from pronounced to convergence to generally transcurrent 
motion may have resulted in extensional processes. 

There is no clear trend of location of volcanism with time, but 
Figure 6 shows that an important trend does exist in the plutonic rocks. 
There is a decrease in plutonic age northward as noted by Young (1981) 

TERTIARY PLUTONS-QUEEN CHARLOTTE ISLANDS 
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Figure 6: Age of Tertiary plutons a s  a function of position on the Queen 
Charlotte Islands, illustrating the decrease in age northward. The 
error bars are 2 sigma analytical uncertainty on single dates or date 
averages. The pluton identifications are a s  in Table 2: LAN - Langara 
Is. pluton; PIV - Pivot Mtn. stock; SHE -Sheila Lake stock; KAN - Kano 
batholith; LOU - Louise Is. batholith; DEL - Mt. de la Touche; LYE - 
Lyell pluton; POC - Pocket Inlet batholith; CAR - Carpenter Bay plu- 
ton. The fitted lines are referred to a margin plate boundary orienta- 
tion of 320". The 22 km ~ a ~ '  line is a fit to all of the data; the 38 km 
~ a - '  line is a fit to the pluton data for the modelled extensional peri- 
od, i.e. excluding CAR and POC. 
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and Anderson and Reichenbach (1989, 1991). Processes that could 
produce this trend are: (1) a northward migration of the change 
from convergent to transcurrent margin interaction. This change is 
not indicated in the plate models. (2) The migration of a triple junc- 
tion northward along the margin. This mechanism also does not fit 
plate model data well. (3) The movement to the north of the Yaku- 
tat block or other offshore terrane from off the west coast of the Queen 
Charlotte Islands. This latter mechanism generally agrees with the 
time required for the block to reach its present position in collision 
with Alaska. Two lines are given in Figure 6. The first is an unweighted 
least squares fit to all of the data, giving an average rate along the mar- 
gin of 22 km ~ a - !  The trend extrapolates to zero age at a point off 
the Alaska panhandle near latitude 57.S0N. The second line is the fit 
to the data during the modelled period of extension and the period 
of major volcanism, i.e., excluding the older POC and CAR plutons. 
The rate along the margin is 38 km ~ a - l ,  not significantly different 
from the average Pacific-America rate for this period of about 40 km 
~ a - '  (see Fig. 3). The extrapolation of this trend to zero age is near 
the location of the Yakutat block at about 60°N. Thus, the former trans- 
form margin may have been between the Queen Charlotte Islands and 
the Yakutat block riding on the Pacific plate with the Queen Char- 
lotte plutonic activity being in some way related to the presence of 
the Yakutat block offshore. 

Figure 7: Major element geochemistry for Masset volcanics. 
(a) Alkali elements versus silica, weight percent anhydrous. In this and 
subsequent petrochemical diagrams, points are labelled by rock type 
to coincide with Table 4: B - basalt; BA - basaltic andesite; A - an- 
desite; D - dacite; R - rhyolite. The alkalinelsubalkaline dividing line 
is from l ~ i n e  and Baragar (1971). The enclosed field in this and the 
following diagrams is for tholeiites and transitional basalts from the Gulf 
of California (Sawlan, 1990). The trend (EPR) for basalts drilled from 
the Guaymas Basin and the East Pacific Rise is also given, based on 
data in Batiza (1 978), Batiza et al. (1 979), Bender et al. (1 984) and 
Saunders et al. (1982, 1983, 1987). 
(b) Silica versusthe ratio of total iron oxide (as ferrous) to magnesia 
for basaltic lavas. The calc-alkaline - tholeiite discriminant line and the 
trends are from Miyashiro (1974) and Miyashiro and Shido (1975). 
(c) FeO" versus FeO'IMg0 for basaltic lavas. The calc-alkaline - 
tholeiite discriminant line and the trends are from Miyashiro (1974). 

44 48 52 56 60 64 68 72 76 

SILICA W1.Z 

Masset volcanism and crustal extension 
Support for an origin of the Masset volcanics by progressive crustal 

extension is provided by a variety of physical volcanology and g e e  
chemistry data. These include the observation that large volcanic 
volumes accumulated in depressions rather than in stratacones, and 
that flows dominate over pyroclastics. An extensional environment 
is also suggested by several widespread sequences that culminate in 
thick dacite and rhyolite ignimbrites as at Mt. Russ and on western 
Graham Island, and by coeval dyke swarms of various orientations 
(Souther, 1988; Souther and Jessop, 1991). 

If the Masset volcanism is arc in origin, the normal arc-trench 
gap of about 200 km (rarely outside 100-300 km) requires that the trench 
was located well seaward of the present margin. The only way that 
such a configuration could have existed is for the trench to have 
been seaward of the Yakutat terrane then located seaward of the 
Queen Charlotte Islands. The 150 km width of Tertiary volcanism is 
also unusually large for a volcanic arc. 

The petrological and geochemical evidence includes the change 
from high to low pressure fractionates, and the increased melt frac- 
tion inferred from trace element inversion of cogenetic packages 
(Dostal and Hamilton, 1988). The most persistent and primitive lavas 
in the Masset volcanics are transitional tholeiites whose geochemistry 
resembles lavas of the adjacent Juan de Fuca ridge system (Cousens 
et al., 1984; Eaby and Clague, 1984) and continental tholeiites (Dupuy 
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and Dostal, 1984). A summary of major and trace element chemistry 
is given below. 

It is useful to compare and contrast the Masset lavas to volcanics 
from a number of other areas; the three noted here are the Cascade 
arc, Mt. Edgecumbe and the Gulf of California. In contrast to the Cas- 
cades arc (Smith and Leeman, 1987), the Masset lavas of any com- 
position (i.e., Si02 fraction) have higher trace element concentrations 
and flatter, more chondritic patterns (see below). From this data, it may 
be inferred that the Masset source is enriched, chondritic upper man- 
tle without the meta-basalt (subducted, altered oceanic crust?) source 
component and its depleted signature characteristic of the Cascades 
arc. The Quaternary volcanism of Mt. Edgecumbe (Kosco, 1981) on 
Revillagigedo Island, approximately 250 km to the north of the 
Queen Charlotte Islands, is very similar to small centres within the 
Masset such as Lawn Hill. The similarity includes the combination 
of volcanic products and style of a small composite basaltic, tholei- 
itic and calc-alkaline, shield volcano. Mt. Edgecumbe is located just 
inboard of the Queen Charlotte fault zone, clearly in a transcurrent plate 
tectonic regime. A tholeiitic primary melt having some degree of with- 
in-plate crustal contamination is inferred for this volcano and for the 

Nb/Y (log ppm ratio) 

Masset volcanism. Sawlan (1990) provides a detailed discussion of 
the complex volcanic expression in the Gulf of California area where 
there was a Late Miocene change from subduction to transcurrent mo- 
tion along the margin. As seen below, this volcanism has many sim- 
ilarities to the Masset, including emplacement of calc-alkaline lavas 
through an extended continental lithosphere. 

Table 4 provides a selection of major and trace element chem- 
istry analyses for Tertiary igneous rocks from the Queen Charlotte area. 
Analyses were selected to describe the variation of volcanic chem- 
istry in space and time. The dominant lava types have been represented 
at each location and analyses from dated specimens or sections and 
correlative strata have been included where available (Table 2). The 
table is organized geographically and stratigraphically, rather than by 
rock type, to allow recognition of bimodal sections. A number of im- 
portant discriminants are illustrated in Figures 7 and 8. The bimodal 
character of this suite is clearly evident in the alkali versus silica plot 
(Fig. 7a). All samples were fresh; the basaltic lavas were hypocrys- 
talline with some groundmass glass. Rhyolites and dacite analyses were 
limited to the interiors of glassy flows to avoid the alteration present 
in the devitrified and crystalline flows. 

P-MORE: B 
I N-MORE! 0 

Figure 8: Trace element geochemistry for Masset volcanics. (a)V versus Ti plot, points labelled a s  in Figure 7. The Vfri discriminants are from 
Shervais (1982). (b)TiN versus NbN weight ratio for Masset basaltic lavas. Discriminant fields are after Pearce (1983). (c)Zr/4 - Nb'2 - Y trace 
element discriminant plot for Masset lavas. The fields are after Meschede (1986). (d)Rb versus SiOg for Masset dacites and rhyolites. Rb and 
other LlLE are enriched for Masset salic lavas like granites from within-plate settings. The discriminant boundary after Pearce et al. (1984); WP 
- within-plate; OR - orogenic settings. 



The basaltic andesites are distinguished here from basalts, in the 
lack of modal olivine, in the higher contents of silica and in the in- 
compatible elements. Porphyritic flows dominate with plagioclase and 
one or two pyroxene types, and with occasional amphibole and oxide 
primocrysts or xenocrysts. However, since these basaltic andesite anal- 
yses pass most of the basaltic compositional screens for discriminant 
diagrams, they are plotted along with the basalts. In the Western 
Woodlark Basin (Binns and Whitford, 1987; Johnson et al., 1987; Per- 
fit et al., 1987), lavas similar to these form the spreading ridge. 

Subalkaline basalts, the dominant lava type (Fig. 7a), are aphyric 
to sparsely porphyritic with textures ranging from glomeroporphyritic 
to ophitic and with phenocrysts of olivine, clinopyroxene, plagioclase 
and sometimes an oxide phase. Basalts occur alone, in bimodal as- 
sociation as at Eden Lake, and stratigraphically admixed with basaltic 
andesites to andesites as at Naden, Lawn Hill and Ramsay Island. Chem- 
ically the Masset basalts are tholeiites with affinities to ocean floor 
basalts, marginal basin basalts and continental margin tholeiites. As 
well as plotting within and adjacent to the fields of the Gulf of Cal- 
ifornia and East Pacific Rise, the Masset basalts scatter about 
Miyashiro's general trend for abyssal tholeiites (i.e. EPR and Izu-Bonin 
on Figs. 7b and 7c). Based on their high Ni and Cr contents and low 
incompatible elements, these lavas are thought to be mantle derived 
and parental to the other lavas shown. 

Collectively the basaltic lavas plot in the MORB (mid-ocean ridge 
basalts) and within-plate fields of most trace element discriminant di- 
agrams (Fig. 8a,b,c); Ti/V is notably more enriched than in arcs (Fig. 
8a). On Meschede's (1986) plot Zr/4 - Nb*2 - Y (Fig. 8c), the Mas- 
set basalts span the fields for N-MORB, within-plate tholeiites and 
within-plate alkali basalts; with chondritic values near Zr/Nb = 16 like 
transitional MORBs (Erlank and Kable, 1976). To show the genetic 
comparison of the Masset to the Gulf of California area, the fields are 
shown in Figure 7c for Baja California, Guaymas basin and the East 
Pacific Rise tholeiites. The Masset basalts follow the trend for the Gulf 

of California and extend to higher Zr values like alkaline lavas from 
within-plate settings. Also for comparison, the CMT field for Mese  
zoic rifted continental margin tholeiites (Meschede, 1986) encompasses 
most of the Masset basaltic lavas. 

Rhyolites and dacites occur in sparsely porphyritic pitchstone flows 
with phenocrysts of: oxide, alkali feldspar and/or plagioclase (ande- 
sine to oligoclase), with occasional quartz, soda-iron pyroxene, am- 
phibole, and biotite. The unusual trace element chemistry of the Ells 
Point sample resembles depleted rhyolites derived from MORB 
(Carmichael, 1964) and is expressed petrographically as an anoma- 
lous green Cr-rich biotite. The elevated levels of Rb (Fig. 8d) and rare 
earths (Hamilton and Dostal, unpub. data) compared to the trace el- 
ement chemistry for granitic rocks of Pearce et al. (1984), suggest with- 
in-plate origin and preclude a volcanic arc origin. Overall, the trace 
element patterns for these evolved Masset lavas exhibit the same range 
of depletion to enrichment as the coeval basalts. The Zr/Nb ratios of 
the rhyolites and dacites range from chondritic to more enriched val- 
ues comparable to ocean islands (Table 4 and Erlank and Kable, 
1976). Note that there is little fractionation in Ti/V from basalt to rhy- 
olite (Fig. $a). 

While flows from the same stratigraphic section may plot in dif- 
ferent discriminant fields, the overall groupings are diagnostic. The 
conclusion from all of the discriminants discussed above is that the 
Tertiary basaltic lavas from the Queen Charlotte area reflect exten- 
sion; they range from depleted oceanic tholeiites to variably enriched 
tholeiites characteristic of rifted continental margins and within-plate 
settings. The evolved dacites and rhyolites exhibit the same range of 
trace element variation as the basalts and are thought to be derived 
from them by extensive fractional crystallization. 

In overview, the Tertiary Masset volcanism is subalkaline and 
silica saturated with abundant mantle derived basalts and both tholei- 
itic and calc-alkaline lines of descent commonly in a single succes- 
sion. All lavas are Fe and Ti rich, representing either a source signa- 

Table 3: K-Ar analytical data for Masset volcanic rocks of this study 

Geographic Area Material Sample # Elev (m) K % % Ar40 1.00E-10 Date (Ma) Sample Description 
Dated mollg k l s.d. 

Northern Graham Island 
1. N.CST. GRAHAM, W.WIAH PT. WR TMV33(7/7-108) 1.5 0.518 ? ,002 41.0 1.712 19.0 ? 0.7 bas, dk grey, fine grn 
2. BVI NADEN b-A27-Jl103-F-15 WR BV1203 -44.2 0.235 k ,001 42.4 0.941 23.0 ? 0.8 bas, black subophitic 
3. BVI NADEN b-A27-Jl103-F-15 WR BV13684 -1 105.2 0.371 k .004 66.8 1.531 23.6 k0.8 bas, grey, chl. veins 

Central Graham Island 
4. QC RANGE, N. SEAL IN. WR 611 8-70/2130 649 2.52 kO.01 21.5 4.84 1 l .0 k0.7 rhy, black pitchstone 
5. S. SLOPE TO DINAN CK. WR 6129-1631225 69 1.54 k0.01 20.5 3.52 13.1 k0.7 rhy, grey porphyritic 
6. SUMMIT, MCKAY RANGE WR 6130-19311815 553 0.605 k ,001 27.4 1.994 18.9 k0.7 dacite, dk grey porph. 
7. TARTU POINT WR 614-1 8144 13.4 1.38 k ,002 68.3 4.8 20.0 k0.7 oliv. basalt, black amygd. 
8. LAWN HILL, E. CST. GRAHAM WR TMV61.5 11 .l 0.291 k ,002 47.2 1.034 20.4 k 0.7 oliv. basalt, blackcolumnar 
9. MCKAY RNG. - IAN LK. WR 713-3001495 151 3.25 kO.O1 60.4 1.266 22.3 k0.8 rhy pitchst, b&w cryst 
10. 10. CINOWFLORENCE CREEK WR 711 1-34211020 31 1 2.17 kO.01 65.3 9.06 23.9 k 0.8 dacite, black porphyritic 
11. MCKAY RNG. - MASSET IN. WR 6128-1371410 125 1.29 kO.01 85.2 5.49 24.4 k0.8 bas, black cpx-phyric 
12. MTN. S. OF DlNAN BAY WR 6129-161n90 241 0.74 +.003 87.7 3.44 26.4 k0.9 oliv. basalt, subophitic 

Southern Moresby lsland 
13. SADDLE, MT. RUSS FELDSPAR6n-3812310 704 4.04 k0.04 80.3 16.33 23.2 ? 0.8 rhy, white silicified 
14. E. OF PORTLAND BAY WR TMV21 116 0.184 ? ,008 29.3 0.929 28.9 k 1 .l bas, cut by rhy dyke 
15. E. RAMSAY IS. WR TMV50 3.1 0.388 + ,003 38.1 2.439 35.9 k 1.4 bas, It grey 5m flow 
16. S. RAMSAY IS. WR TMVIO 6.1 0.504 ,003 90.2 3.636 41.1 + 1.4 bas, dk grey chlorite clots 

Notes: 
1. Analyses perfomed at University of British Columbia Geochronometry Laboratory by J.E. Harakal and K. Scott 
2. Constants are those of Steiger and Jager (1977) 
3. WR = whole-rock 



ture or a primary fractionation at depth. The range in trace element 
chemistry for basalts of similar evolution reflects a range from depleted 
(like N-MORB) to enriched chondritic sources. In that much of this 
variation is stratigraphically controlled, it must arise from the melt- 
ing process and source heterogeneity below this extensional basin, rather 
than from a range of tectonic environments. Comparisons to other con- 
tinental margin settings that were formerly forearc such as the Gulf 
of California (Sawlan, 1990) and the Western Woodlark Basin (Binns 
and Whitford, 1987; Johnson et al., 1987), seem most appropriate both 
geochemically and tectonically. 

Queen Charlotte Basin subsidence and tectonics 
The Queen Charlotte Basin sedimentary succession is seen in new 

multichannel seismic data (Rohr and Spence, 1989; Rohr et al., 1989; 
Rohr and Dietrich, 1989, 1991), and in exploration wells drilled by 
Shell Canada (Shouldice, 1971; Yorath and Hyndman, 1983; Higgs, 
1990, 1991). The sediments are associated with the Tertiary Skonun 
sequences of northeastern Graham Island (Sutherland Brown, 1968; 
Higgs, 1989a, 1991). Figures 4 and 5 of Rohr and Dietrich (1991) show 
multichannel lines across central Hecate Strait crossing the location 
of exploration well Tyee N-39 and across Queen Charlotte Sound par- 
allel to the margin. Two distinct intervals are evident in the seismic 
profiles (Rohr and Dietrich, 1991) and from the Tertiary of the Queen 
Charlotte Basin (Higgs, 1991). The lower sequence is interpreted as 
syntectonic sediments with intercalated volcanics that accumulated 
in grabens and half grabens (Higgs, 1989b. 1990, 199 1 ). Rotated nor- 
mal fault blocks are evident and of the type associated with crustal 
extension, for example in the North Sea (White et al., 1986). Over- 
lying this unit is a (Pliocene) sequence that appeared to have little dis- 
turbance during deposition. The sediments of this upper sequence drape 
deeper structures and exhibit greater lateral stratigraphic continuity. 
This sequence may be associated with a post-tectonic cooling subsi- 
dence phase. In Hecate Strait there is ::Is0 clear evidencc for relatively 
recent compression and shortening (Xohr and Dictrich, 1991 ). Sev- 
eral of the block faults appear to have been reactivated and the sed- 
iment~ deformed as a result of the shortening. There is some erosional 
truncation of folds at the seafloor which suggests very rccent or con- 
tinuing deformation. Steeply dipping Late Miocene slrata on north- 
em Graharn island (Sutherland Brown, 1968) also indicate young corn- 
pressive defonnation. Some anticlines are cut by fault arrnys that arc 
similar to positive "tlower structures" of the t y ~  that characterize corn- 
pressive stnke-slip deformation (Rohr and Dietrich, 199 1). In cucen 
Charlotte Sound, the seismic sections exhibit normal faulting as in Hecate 
Strait but unlike Hecate Strait show little evidence for late 2enozoic 
compressive folding. 

The Tertiary sequences drilled in Recate Strait are largely un- 
fossiliferous (nonmarine and sandy marine; iqiggs, 1990, 1991) with 
vely poor biostratigraphic controls on subsidence and depositional his- 
tory. '--he well reports provide data for only the upper 50-60% of the 
seisnuc sections, and indicate Middle and Upper ivziocenc ages in most 
wells. Lower Miocene ages were inferred from the Harlequin well in 
Queen Charlotte S o ~ ~ n d  which penetrated marine sediments in its lower 
section. A re-analysis of samples from the Queen Charlotte Sound wells 
(Patterson, 1988, 1989) ha$ allowed limited additional constraints, i.e., 
Lower to Middle ?.Ciocene in the Ivkrelet and Harlequin wells and 
Lower Miocene toward the base of the Zsprey well. P- thick se- 
quence of submarine lavas from Zamsay Island givc 5ocene to 
i3ligocene ages (Table 2). ,?ecently acquired palynology data suggcsts 
the presence of oldcr Tertiary seditnents near the base of one Liecate 
Strait well and in at least one Queen Charlotte Islands exposure (J.h/i. 
White, pers. cornln., 1989). -n any case, most of the basin section pen- 
etrated by wells appears to be Early Miocene to Recent. Thus, the syn- 
tectonic phase may be Early Miocenc or older (older than about 17 

Ma). The combination of present heat flow, about 70 mW m-2 (Lewis 
et al., 1991) and vitrinite reflectance data (reported in Yorath and Hyn- 
dman, 1983) indicating a higher heat flow (>l00 mW m-2) in the past 
but subsequent to most sediment deposition, suggests that extension 
ended at approximately 20 Ma (see extension models in Yorath and 
Hyndman, 1983; and Lewis et al., 1991). 

Based on the limited constraints discussed above, the data on the 
sedimentary succession are consistent with a model having most 
crustal extension during the main phase of Masset volcanism and of 
plate model extension from 36-20 Ma, reduced extension and the onset 
of thermal cooling from 20-5 Ma, and convergence and shortening 
with continued cooling From 5 Ma to the present (Higgs, 1991). Some 
oblique convergence and shortening could have occurred in the pe- 
riod from 20-10 Ma. The role of flexural subsidence associated with 
oblique underthrusting and margin uplift as postulated by Yorath 
and Hyndman (1983) cannot be resolved with current basin subsidence 
and deposition age constraints. More confident associations with the 
volcanic history and with plate models are also dependent on better 
biostratigraphic and other age control of the Queen Charlotte Basin 
section. 

The seismic coverage of the basin and the land data are inade- 
quate to map the orientations of the normal faulting. Based on the lim- 
ited data, the modelled oblique extension between the Pacific and North 
America plates was probably resolved into orthogonal extension in 
the basin landward of the margin and transcurrent motion along the 
west coast (see model for early Gulf of California referenced below). 
However, there could have been en-echelon pull apart basins as are 
forming in the present Gulf of California. The inferred compressive 
transcurrent motion in the Hecate Strait part of the basin may be as- 
sociated with the post-5 Ma period of oblique compression in the plate 
models. A recent earthquake in Hecate Strait (m,, 5.3, January 12,1990) 
gave a mechanism that was predominantly strike slip (R.B. Homer, 
pers. comm.). The young deformation of northern Graham Island and 
northwestern Hecate Strait and persistant microseismic activity sug- 
gest the focus of strain and ongoing deformation. 

Amount of Queen Charlotte a-ca extensio:: 
Xcccnt geophysical and geological data allow new estimates of 

the amount of crustal extension in the Qucen Charlotte area. A pre- 
vious estimate was made for queen Charlotte Sound of about 70 km 
over an original width of I00 km ( t'orath and i-iyndman, 1983). A de- 
tailed analysis of crustal extension is beyond the scope of this article, 
but a brief discussion of extension indicators is given here. Crustal ex- 
tension indicators include: ( I )  margin plate model extension, (2) ex- 
tension expressed as dykes, (3) extension expressed in nomal or block 
faults, (4) extension indicated by crustal thinning revealed by seismic 
data, (5) crustal thinning and extension required to accommodate basin 
subsidence and sediment deposition, (6) extension required to produce 
the present surface heat flow and paleo-heat flow indicators. 

As described above, the mid-Tertiary obliquc extension period 
from 36-20 F.4a in the Stocic and Molnar model provides a rough es- 
timate of extension in the Queen Charlotte Basin, i.e. 80 km of total 
extension with an uncertainty of about f 6 0  km. 

Crustal extension may be expressed by two main mechanisms, 
dyke intrusion and nomal faulting (Royden et al., 1980). The former 
is more readily observed in outcrop on land, while the latter is Inore 
readily seen in marine seismic reflection data. On the Queen Char- 
lotte rslands, a ininirnum extension during l~lasset volcanism may be 
obtained from the fraction of dyke widths that make up outcrop sec- 
tions. Tertiary dykes have been observed in many areas of the Queen 
Zharlotte Islands (Sutherland &own, 1968; Souther, 1988; Souther 
and Jessop, 1991). One of the authors (T.H.) has estimated the Frac- 



tion of dykes in outcrop at widely separated coastal exposures from 
Ikeda Cove on South Moresby Island to Wiah Point on North Gra- 
ham Island and found generally north-south orientations implying east- 
west extension of between 2 and 15%. Examples are: ( l )  Nelson Point 
on southeast Louise Island where dykes 1-4 m in width, 20-40 m apart 
and oriented at N 15' W-N 10' E are related to normal faults. The di- 
lation is estimated to be 2-10%; (2) Ikeda Cove on South Moresby 
where 15-20% extension occurs over 1.5 km; (3) Wiah Point to Shag 
Rock on Northern Graham Island where 15% extension is estimated. 
Extension in these areas may be concentrated adjacent to vents such 
that the total regional extension in dykes is smaller, but a regional av- 
erage extension of at least 5% is expressed in dykes over much of the 
islands. In addition, as noted above, a substantial extension has prob- 
ably occurred on normal faults such as are well resolved in the seis- 
mic sections for Queen Charlotte Sound and Hecate Strait. 

Offshore, the extension in normal or block faulting is more eas- 
ily observed, as recognized for other extensional basins (i.e. the 
North Sea; see White et al., 1986). In the seismic sections for Queen 
Charlotte Sound and Hecate Strait (Rohr and Dietrich, 1991), exten- 
sion has been qualitatively estimated to be at least 10% by restoring 
the major block faults. To this must be added extension accommodated 
by dyke intrusion which is expected to be at least as great as that es- 
timated on the Islands. 

Crustal extension may also be estimated from apparent crustal 
thinning. Present crustal thicknesses from seismic refraction and re- 
flection are 18-21 km beneath central Hecate Strait and Queen Char- 
lotte Sound (see Spence et al., 199 1 ; Rohr and Dietrich, 199 1 ) com- 
pared to 30 km on the =.tern margin of Hecate Stmit and approximately 
40 km in the adjacent Coast Plutonic Complex and Vancouver Island 
(McMechan and Spence, 1983). This inferred crustal thinning to 
75% or 50% of the original thickness gives an extensional parame- 
ter Beta (McKenzie, 1978) of 1.5-2.0. 

The extension required to give a (sediment filled) syntectonic basin 
subsidence of 1-2 km followed by post-tectonic subsidence of an ad- 
ditional 1-2 km, inferred from the well and seismic data, after 20 Ma, 
is approximately 25% (Beta = 1.5) (Royden et al., 1980). A similar 
order of extension is required to explain both the present heat flow 
20 Ma after estimated termination of extension, and paleo-heat flow 
indicators. The observed average heat flow for the Queen Charlotte 

2 area is about 70 mW m- (Lewis et al., 1991) compared to a reason- 
able equilibrium value of 40-50 mW m-'. Vitrinite reflectance data 
from Hecate Strait and Queen Charlotte Sound wells (e.g. Yorath <and 
Hyndman, 1983) require that the heat flow was much higher than at 
present at some time in the past, but subsequent to deposition of 
most of the sediment section in the Queen Charlotte Basin. 

The general conclusion from the above constraints is that con- 
siderable extension has occurred in the Queen Charlotte area, primarily 
in the mid-Tertiary. The amount of extension is at least 10-15% and 
may be as high as 40% and perhaps 50% in parts of Hecate Strait and 
Queen Charlotte Sound. 

Uplift of the western Queen Charlotte Islands and develop- 
ment of the accretionary wedge 

Current convergence and underthrusting beneath the margin of 
the Queen Charlotte Islands is indicated by a wide range of offshore 
and margin data (Chase and Tiffin, 1972; Hyndman and Ellis, 1981; 
Hyndman et al., 1982; Yorath and Hyndman, 1983; Dehler and 
Clowes, 1988). These include existence of the Queen Charlotte Ter- 
race (Fig. 9) which appears to be an accretionary sedimentary wedge 
with high amplitude folds, a marginal deep-sea depression or shallow 
trench seaward of the terrace into which offshore sedimentary hori- 
zons dip, a characteristic offshore bathymetric bulge and gravity 
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Figure 9: Single channel seismic section of the Queen Charlotte 
Trough and Queen Charlone Terrace accretionary wedge. 

high about 100 km seaward of the depression, and the characteristic 
parallel bands of very low and high gravity over the trough and the 
west coast of the islands respectively. The heat flow pattern across the 
margin corresponds to that predicted for subducting young oceanic 
crust i.e. high offshore and low on the margin. The high heat flow ob- 
served farther inland was probably caused by the main episode of ex- 
tension. Relatively recent initiation of underthrusting is suggested by 
the lack of arc volcanics which are normally about 200 km inland of 
the trench. The total orthogonal convergence since 5 Ma predicted by 
the plate models is about 100 km. 

An estimate of the duration of present underthrusting can be ob- 
tained from a comparison of the volume rate of sediment coming in 
on the oceanic plate and the volume contained in the accreted wedge. 
The thickness of incoming sediments increases from a few hundred 
metres near the southem tip of the islands where the crust is very young, 
to about 1.5 km off central Graham Island (Davis and Seemann, 
1981; Dehler and Clowes, 1988; and unpublished seismic reflection 
profiles). The component of convergence is estimated to be about 20 
mm a-' (see above). The mass balance has been computed offshore 
from central Moresby Island where the deep sea sediment section is 
about 1.0 km thick and the accreted wedge has an average thickness 
of about 4 km over a 30 km width (the layer of velocity 3.8 km i' 
in Dehler and Clowes (1988) is assumed to be consolidated sediments). 
Changes in sedimentation rate during the Pleistocene and the decrease 
in sediment porosity from offshore to incorporation in the prism 
have been neglected in this rough calculation. Assuming that all of 
the incoming sediment is scraped off at the margin, these parameters 
give a volume balance for a convergence duration of 5 Ma. This re- 
sult has an uncertainty of at least a factor of two, i.e. 2.5-10 Ma, ut it 
is in agreement with the plate model duration of oblique convergence, 
i.e. approximately 5 Ma. 

Late Tertiary uplift and partial erosion of the western Queen 
Charlotte Islands has been postulated by Yorath and Hyndman (1983). 
Based on structural cross-sections for units of the Masset Formation 
given by Sutherland Brown (1968) and a variety of other data they es- 
timated uplift of 3-4 km. However, it has been argued that the high el- 
evation zone along the west coast of Graham Island is a constructional 
volcanic plateau and could have been the volcanic source area such that 
the regional dip of the volcanics reflects primary slopes rather than s u b  
sequent tilting (Hickson, 1989, 1990). A lack of consistent strati- 
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Figure 10: Artificially side-lit topography-bathymetly for the Queen Charlotte area after Sawyer (1989). The Queen Charlotte Ranges are pos- 
tulated to have been uplifted by oblique underthrusting of the Pacific plate in the Late Tertiary. 
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graphic tilting in older rocks has also been cited by Thompson et al. 
(1 990). 

Geomorphic evidence for uplift is given by the linear physiographic 
height of land about 50 km wide parallel to and near the west coast 
of the islands, identified as the Queen Charlotte Ranges by Mathews 
(1986). The topographic ridge seen clearly in the artificially side-lit 
physiography maps of Sawyer (1989) (Fig. IO), appears to be tectonically 
controlled, in that it is continuous across a wide range of bedrock ge- 
ology (Sutherland Brown, 1968). Wynne and Hamilton (1989) have 
examined paleomagnetic inclinations in the Naden well into the Mas- 
set (dated at 23 Ma) and found no resolvable dip, but the resolution 
of 3 degrees is comparable to the expected average regional tilting. 
Post-Masset uplift is supported by the erosional exposure of epizon- 
a1 plutonic rocks primarily along the seaward part of the islands 
(Anderson and Greig, 1989), and by the regional outcrop pattern of 
older rocks exposed to the southwest and younger rocks exposed to 
the northeast (Sutherland Brown, 1968). Uplift is also suggested by 
the presence of subaqueous Masset volcanics above sealevel (e.g. Hamil- 
ton and Cameron, 1989), particularly if one allows for thermal sub- 
sidence following Masset volcanism which could have carried sub- 
aerial volcanics to as much as 1 or 2 km below sealevel. Higgs 
(1991) also discussed late Tertiary uplift and erosion which removed 
almost all of the Skonun sedirnents and some of the Masset vol- 
canic~ from the western part of the Queen Charlotte Islands. 

Quite recent (<l Ma) breaking of the obliquely underthrusting 
oceanic lithosphere to form the modem Queen Charlotte Fault with- 
in the Pacific plate has been suggested by Yorath and Hyndman 
(1983) (see their Fig. 20). New interpretation by Carbotte et al. 
(1989) for the Dellwood and Tuzo Wilson knolls spreading centres 
indicates a somewhat earlier date. In any case, this break may have 
relieved the shear stress inland, the underthrusting beneath the Queen 
Charlotte area becoming more orthogonal to thc margin. 

OTHER WESTERN NORTH AMERICA MARGIPJS 

Gulf of California 
The Gulf of California provides a useful analogue to the Queen 

Charlotte region. The Gulf region has had both extensive geological 
study (Sawlan, 1990 and references therein; Moore, 1973) and detailed 
plate modelling (Stock and Hodges, 1989). The area has been inter- 
preted to have had a phase of opening in the Late Tertiary associat- 
ed with very oblique extension on the Pacific-America plate bound- 
ary (Fig. 1 l) .  Opening of the Gulf of California is attributed to two 
extensional phases, a Mrddle to Late Miocene (l 1-5 Ma) protogulf (Gulf 
Extensional Province) extension approximately orthogonal to the 
margin (Fig. l]), and a Pliocene to Recent development of the mod- 
em Gulf of California through en-echelon spreading centres and 
transform faults. The latter phase is associated with the development 
of and motion on the San Andreas fault system. 

Initiation of the first phase of extension has been associated by 
Stock and Hodges (1989) with mple junction migration southward along 
the Baja California margin, i.e., transit of the Pacific-Rivera spread- 
ing centre. The triple junction migration progressively replaced 
Rivera plate convergence with Pacific plate transcunent motion. The 
Pacific-America motion may have initially been purely transcurrent 
(between about 20 and 11  Ma), but by about 11 Ma motion became 
oblique extension (angle of about 25') on the Gulf of California 
margin (Fig. 11). The total extension from 11-5 Ma from the Stock 
and Hodges (1989) plate model is about 160 f 80 km or about 70% 
extension in the Gulf Extensional Province. Within the Gulf Exten- 
sional Province, there are normal faults parallel to the margin suggesting 
orthogonal extension, but the actual direction of extension is not 
well constrained. Reconstruction of normal faults gives 5-508 extension, 

Motion of Pacific 
with respect to 
North America 

Figure 11 : The Gulf Extensional Province at about 5 Ma, prior to the 
opening of the modern Gulf of California (after Stock and Hodges, 1989). 
Note the similar scale to Hecate Strait and the Queen Charlotte Islands. 
The progression of points on the deep seafloor a s  a function of time 
are from Stock and Molnar (1988) (with 95% confidence ellipses) 
and from Engebretson et al. (1985). The oblique extension prior to 5.5 
Ma is well resolved. 

while other geological data give 20-200% extension (Stock and 
Hodges, 1989), in general agreement with the plate estimate. 

The plate tectonic model postulated by Stock and Hodges (1989) 
for the Gulf of California area has Pacific-America motion resolved 
into pure strike-slip on a margin fault and orthogonal extension in- 
land during the phase of oblique extension. Baja California may 
have acted as a nearly rigid microplate. The extension appears to have 
occurred at the axis of the previous arc where the lithosphere was ther- 
mally weakened and thinned. If the margin of the Queen Charlotte Is- 
lands behaved in a similar manner to the Gulf of California, during 
the periods of modelled oblique extension there may have been a trams- 

form fault along the west coast, with approximately orthogonal ex- 
tension on an inland zone. However, there is no evidence of compa- 
rable pre-Masset arc volcanism in the Hecate Strait region (or further 
inland for nearly 400 km, Armstrong, 1988). 

Stock and Hodges (1989) associated the initiation of extension 
in the Gulf Extensional Province with the change to oblique exten- 
sion in the Pacific-America model of Stock and Molnar (1988) at about 



10 Ma. However, Sawlan (1990) reports somewhat older dates of ex- 
tensional type volcanic rocks, and extension in the Gulf of Califor- 
nia area may have been initiated by the southward triple junction mi- 
gration rather than by the modelled 10 Ma relative plate motion 
change. 

The Gulf of California-Baja area was formerly a volcanic arc with 
extensive outcrop of older pyroclastics and epiclastics, and which re- 
tains a calc-alkaline series from andesites to rhyolites throughout 
the period of extensional tectonics to the present (Sawlan, 1990). In 
addition to these calc-alkaline lavas and the MORBs and transition- 
al basalts of the Gulf that are characteristic of extensional volcanism, 
there is a strongly potassic arc-alkaline series. Sawlan (1990) explains 
the derivations of these rocks from an arc-modified upper mantle source. 
By contrast, the Queen Charlotte area contains only the tholeiitic and 
calc-alkaline series. Evidence for volcanism between Middle Juras- 
sic (Cameron and Hamilton, 1988; Sutherland Brown, 1968) and 
Eocene is scant. Haggart et al. (1989) described an isolated occurrence 
of volcanics with conglomerate mapped as Cretaceous. The lava 
however yielded a whole rock K-Ar age of 35.3 + 1 Ma (C.J. Hickson, 
unpub. data). Lacking precursory arc volcanics, the region appears to 
have formerly been in a forearc setting. The paired tholeiitic and calc- 
alkaline assemblage of the Queen Charlotte area also occurs in other 
marginal basins which were formerly in a forearc position. Examples 
are the Western Woodlark Basin (Perfit et al., 1987; Johnson et al., 
1987), and the southern California borderland basins, including Santa 
Cruz Island (Crowe et al., 1976) and the Los Angeles Basin (Higgins, 
1976). 

Cascadia and the Aleutian Islands margins 

1. Convergence and subduction are modelled for the Early Tertiary 
until approximately the time of major Pacific-wide plate reor- 
ganization in the Eocene (43 Ma). 

2. General transcurrent motion with varying amounts of very 
oblique extension or compression has occurred since that time, 
assuming that the Pacific plate rather than the Farallon was off- 
shore. A total of 80 * 60 km of extension resolved orthogonal 
to the margin is predicted for the middle Tertiary. 

3. There is a well resolved latest Miocene or earliest Pliocene 
change from transcurrent motion or oblique extension to oblique 
convergence, the latter continuing from about 5 Ma to the pre- 
sent. Since approximately 1-2 Ma, the oblique convergence 
may have been divided into transcurrent motion along the mar- 
gin on the Queen Charlotte fault and roughly orthogonal un- 
derthmsting beneath the Queen Charlotte Islands. The predict- 
ed component of convergence orthogonal to the margin since 5 
Ma is about 100 km. 

The onset of Masset volcanism corresponds approximately to the 
major plate reorganization at about 43 Ma. There also appears to be 
a correlation between the period of maximum magmatic activity and 
the time during the general Tertiary transcurrent regime when one plate 
interaction model shows oblique extension (36-20 Ma). 

Syntectonic deposition in the Queen Charlotte Basin may be tem- 
porally correlated with the interval from 36-20 Ma of oblique exten- 
sion in one plate model, continued deposition with reduced extension 
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It is useful to contrast the tectonic and volcanic histories of 
margins that have had mainly strike-slip margin plate motion for the 
Middle to Late Tertiary with those that have had nearly orthogonal 
convergence. The Cascadia margin has had nearly orthogonal con- 
vergence at about 50 mm a-' since the Eocene (Fig. 12). The result 
is a margin structure and tectonic history (Fm, 1989; Wells et al., 1984; 
Hyndman et al., 1990) and volcanic history (Priest, 1989) and com- 
position (Leeman et al., 1989; Sherrod and Smith, 1989; Smith and 
Leeman, 1987) that is very different from the Queen Charlotte Islands 
and Gulf of California transcurrent margins. Similarly, the Aleutian 
Island margin (Wallace and Engebretson, 1984) exhibits the strikingly 
different tectonic and volcanic history characteristic of an arc. 

For example, there are major accretionary sedimentary wedges 
100-200 km wide along both subduction zone margins. The Casca- 
dia accretionary wedge is approximately equal in sediment volume 
to the estimated amount of material that has been carried in on the s u b  
ducting Juan de Fuca plate since the start of the current phase of con- 
vergence in the Eocene. As described above, the volcanic expressions 
of these subduction zone margins are also very different from the ex- 
pressions of transcurrent margins. In both the Cascades and Aleutian 
arcs, separated central constructional volcanoes dominate, with py- 
roclastics and andesites to dacites being the most common volcanic 
products. Thus, there is a strong correlation between the nature of the 
volcanism and tectonics and the relative plate motions between North 
America and the adjacent plates of the northeast Pacific. 

CONCLUSIONS 
The data available for the chronology of plate interactions along 

the margin, for igneous activity, for basin subsidence and for tecton- 
ics have been reviewed. Although there are substantial uncertainties 
in all of these processes, some tentative correlations are suggested. 
Recent northeast Pacific plate models for the Cenozoic indicate the 
following Queen Charlotte margin interactions: 
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Figure 12: (a) The model angle of relative plate motion across the Cas- 
cadia margin at Vancouver Island through the Tertiary assuming a plate 
boundary strike of 320" (after Engebretson et al., 1985). 
(b) The model speed of plate relative motion. 



and post-tectonic subsidence with the period from 20-5 Ma and the 
youngest deposition and latest deformation with the 5-0 Ma period 
of oblique convergence. Somc of the shortening seen in the seismic 
sections may be the result of the oblique convergence modelled from 
20- 10 Ma. 

The modelled convergence for 5 Ma to the present is probably 
associated with the formation of an accretionary wedge along the west 
coast, with uplift and deformation of the Queen Charlotte Islands. and 
possibly with the compression that locally deforms thc complete 
Tertiary succession as observed in seismic sections of Hecate Strait. 

The extensive Masset volcanism is inferred to arise in an ex- 
tensional environment from numerous physical volcanic and geo- 
chemical indicators. Locally, estimates of extension within the Queen 
Charlotte Basin from a variety of data range from about 10% to as much 
as 40%. 

'There is a pronounced difference in the magmatic and tectonic 
activity behveen the Pacific margin areas with modelled Cenozoic tran- 
scitrrent (e.g. Queen Charlottes, California borderlands, Gulf of Cal- 
ifornia) versus convergent (e.g. Cascadia and Aleutians) relative mo- 
tions. There may be a close analogy in the plate margin interactions 
and their tectonic expression between the Queen Charlotte Basin 
and the Gulf of California extensional province, i.e. oblique plate ex- 
tension resolved into margin transcurrent motion and inland orthog- 
onal extension. However, en-echelon rift-transform (pull-apart) ex- 
tension such as that evident in the modem Gulf of California and along 
the margin of California may also have occurred. 
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Abstract 

One thousand kilometres of 14 second marine reflection seismic data collected in the Queen Charlotte Basin region 
in 1988provide excellent images of Tertiary sedimentary basin fill as well as deep crustal structure. This paper pre- 
sents preliminary interpretations of two seismic lines: one in Hecate Strait and one in Queen Charlotte Sound. The 
Tertiary section is highly variable in thickness, with up to 6500 m of strata occurring in the deepest depocentres in a com- 
plex array of sub-basins and hay-grabens. Widespread extensional deformation including normal faulting dur- 
ing basin development was followed later by compressional deformation in the northern half of the basin. Sediments 
have been compressed into open folds and flower structures. Seismic interpretations of structural features suggest 
that Tertiary extension and compression have developed in response to strike-slip tectonics. 

Crust under Hecate Strait is more reflective than under Queen Charlotte Sound; geological interpretation of these 
discontinuous and structurally variable crust21 reflections requires further analysis. In some areas of the basin (e.g. 
near the Sockeye wells, Hecate Strait) coherent reflections occur directly beneath the Tertiary section and may be 
images of Mesozoic strata. Deep reflections imaged at times of 7.0-10.0 s on many profiles, provide for the seismic 
differentiation between reflective lower crust and non-reflective upper mantle. Estimated crustal thicknesses of 18- 
21 km beneath Hecate Strait and Queen Charlotte Sound indicate sign~jicant crustal thinning beneath the Queen Char- 
lotte Basin. 

Mille kilom2tres de donne'es de sismique re'flexion marine aux 14 secondes, recueillies dans la rigion du bassin de 
la Reine-Charlotte en 1988, ont fourni d'excellentes images des matkriaus de remplissage du bassin se'dirnentaire 
du Tertiaire ainsi que de la structure profonde de la crolite. Cette communication prisente les interpre'tations 
pre'liminaires de deux llgnes sismiques: unc dans le de'troit d'He'cate et l'autre duns le ditroit de la Reine-Charlotte. 
La sectior~ du Tertiaire a une e'paisseur tr&s variable, atteignant 6500 m de couches situkes dans les points de se'di- 
rnentation n ~ ~ r i m u m  les plusprofi~r~ds dans un r6seau compleses de sous-bussins et de demi-grabens. Une d8ormation 
n'extension ge'nkr-ale avec formation de failles trormales pendant le de'veloppemenf du hassin a e't6 suivie plus tard 
d'une de'formation de compression dans la moitie' nord dlr bassin. Des se'diments ont it6 tass6.~ dans des plis ouverts 
et des structur-es en fleur-. Les interprktations sismiques des caracte'ristiques structurales indiquent que 1'e.xtension 
et la dkjbrmation du Tertiair-e risultent de mouvements tectoniques de dkcrochement. 

Ln uolite rg6chit davanta,qe sous le de'poit d'Hkcate que sous le dktroit de la Reine-Charbtte; l'interprktation ge'ologique 
de ces rtj?e,uions crustales discontinues et structuralement variables ne'cessitc une analyse plus pousse'e. Duns cer- 
taines parties du bassin (p .  ex. prks des puits Sockeye dans le dbtroit d'Hkate), des re'flexions cohirentes se produisent 
direclement sous la section du Tertiaire; il pourrait s'agir d'images des couches mimzoi'ques. Des rbfle,rions pro- 
fondes enregistre'es U des temps de 7,O-10,O s sur de nonzhreux. profils permettent la difkrenciation sisrnique entre 
la croite infe'rieure re'jle'chissante et le nzanteau supkrieur non rr'fle'chissant. L'kpaisseur de La create, estinze'e a de 
18 a 21 km so~ds le de'troit d'He'cate et le de'troit de la Reine-Charlotte, indiqltc qlie la crolite est beaucoup plus mince 
sous le basin de la Reine-Charlotte. 

' Pacific Geosciencc Centre, Geological Survey of Canada, P.O. Box 6000, Sidney, B.C. V8L 482 
Instihlte of Sedimentary and Petroleuln Geology, 3303 - 33rd Street N.W., Calgary, Alberta T2L 2A7 



INTRODUCTION channel reflection seismic data and drilling of eight offshore wells. 
m e  Tertiary Queen Charlone Basin in the Hecate Smit and Queen The seismic and well data provided the basis for initial descriptions 

Charlotte Sound region of Canada's western continental shelf was the of the regional geology of the offshore Queen charlotte Basin 
site of petroleum exploration in the 1960s and early 1970s. prior to (Shouldice, 1971; Yorath and Chase, 1981). The indusW seismicdata 
establishment of an exploration moratorium in 1971. Exploration by was acquired with seismic sources and record lengths which provid- 
the petroleum industry (principally Shell Canada Ltd. and Chevron ed only limited and often Poor quality images of the deeper portions 
Canada Resources Ltd.) included acquisition of a regional grid of multi- of the basin fill and underlying basement. TO provide new informa- 

Figure l: Map of multi-channel seismic reflection data collected in 1988. 



tion on the structure and stratigraphy of the basin fill and crustal struc- lotte Islands due to shallow water depths for line QC88-06 and an ex- 
ture down to Moho, a regional deep reflection seismic survey was car- cluded marine park area for line QC88-05. The lack of data collect- 
ried out in July, 1988 (Rohr and Dietrich, 1990). This report de- ed closer to the Queen Charlotte Islands hinders correlation between 
scribes the acquisition and processing of the deep reflection data the exposed geology onshore and the reflection data offshore. 
and presents preliminary interpretations of 2 of the 8 lines collected. 
Detailed interpretations of the complete data set are continuing and PROCESSING 
more comprehensive accounts of the regional geology and tectonic 
history of the basin will be incorporated into future publications. The reflection data were processed under contract by Geopho- 

to Services Ltd., Calgary. True amplitude recovery was applied to the 

ACQUISITION first 3.5 s of data at 6 db/s with a constant gain of 21 db for the re- 
maining 10.5 S. First breaks were muted and an f-k filter (-3 to 7 

One thousand kilometres of 40-fold marine reflection data were msltrace) was applied to the shot records. The effect of the f-k filter 
collected under contract by Geophoto Services Ltd. using the seismic on the stacked data is illustrated in Figure 2. The stacked data with- 
vessel M/V E.O. VETTER. The seismic source consisted of a 6358 out the filter are dominated by seafloor-generated diffractions and lin- 
in3 (106L) tuned airgun array towed at 12 m depth. Shotpoints were ear noise which are effectively removed by the filter. The shot records 
spaced at 45 m intervals and 14 seconds of data were recorded at a were then deconvolved using both a source signature deconvolution 
sample rate of 4 milliseconds. The streamer was 3600 m long and con- and gap deconvolution. Mean amplitudes of the traces were equalized 
tained 240 groups of hydrophones with a group length of 15 m. Field and the shot records were decimated from 240 to 120 traces per shot. 
data were recorded with a 8-90 Hz filter. Data were acquired along This eliminates every other common-depth-point (CDP) gather so our 
8 lines crossing Hecate Strait and Queen Charlotte Sound (Fig. 1). The CDP spacing is 15 m. Velocity analyses of the CDP gathers were car- 
lines were oriented to run across and parallel to the main northwest- ried out every 3 km. Below 6 s little difference in the CDP stacks were 
southeast trend of the basin, with direct ties to the locations of 5 of observed for a wide range of velocities (Fig. 3); stacking velocities 
the 8 offshore wells; the southern lines QC88-02 and -03 cross the pre- of 6000-7000 m/s were used to stack data below 6 S. Note reflection 
sent day plate boundary adjacent to Queen Charlotte Sound. In Hecate events at 4,6.5 and 7.2 S. Following normal move out and 40-fold stack, 
Strait data were collected on lines QC88-05 and QC88-06 within 3 another deconvolution filter was applied to the data to further atten- 
km of the eastern shoreline of the strait but the western extent of data uate water bottom multiples. A filter was applied to remove random 
collection was limited to about 20 km offshore from the Queen Char- noise in the f-X domain, followed by time variant filtering and scal- 

Figure 2: Brute stack of data: a) before and b) after f-k filter. Note that the steeply dipping diffractions in a) have been eliminated by the filter. 



ing. The data were filtered 10-45 Hz from 0-4.0 s and the filter below 1969 to a depth of 3469 m and bottomed in microgabbro. The Queen 
8 s was reduced to 10-15 Hz. The frequency filter was not varied lat- Charlotte Basin sedimentary strata penetrated by the Tyee well are most- 
erally and some high frequency noise remains in areas where high ve- 
locity basement rocks occur at shallow depths. The final step in the 
data processing involved f-k migration using smoothed stacking ve- 
locities. Migration improved the imaging of structures within the 
sedimentary basin, but did little to resolve the structurally complex 
reflections sub-basement. Improved imaging of specific areas and fea- 
tures may result from advanced or specialized processing techniques, 
such reprocessing is currently planned or in progress for portions of 
the data set. 

INTERPRETATION 
Line QC88-06 - Hecate Strait 

Line QC88-06 is a 90 km long southwest-northeast oriented pro- 
file crossing northern Hecate Strait (Fig. l). The southwest end of the 
line crossed the location of the Tyee N-39 well which was drilled in 

ly Miocene and Pliocene in age (Shouldice, 1971). but parts of the basin 
may contain Tertiary strata as old as Eocene (Dietrich et al., 1989; Higgs, 
1989). Seismically the Tertiary basin fill is characterized by relatively 
continuous, coherent reflections of variable amplitude (Fig. 4). The 
Tertiary clastic section contains intervals with interbedded coal and 
locally, interbedded volcanics; both sequences can produce high am- 
plitude reflections. The Tertiary section displays considerable vari- 
ability in thickness along line QC88-06, with the thickest deposits oc- 
cuning in fault-bounded half-grabens; they can exceed 3.0 s or 5000 
m in thickness. Basement along QC88-06 is interpreted to be at or near 
the base of the coherent, continuous reflections (#3 in Fig. 4). Depth 
estimates to seismically identified basement were derived from sonic 
well log data and seismic stacking velocities. Within the basin fill an 
unconformity at approx. 0.6 s at the Tyee well divides the Tertiary sec- 
tion into two units (labelled # l  and #2 in Fig. 4), with the lower unit 

Figure 3: a) Gather #364 from line QC88-06; b) moved-out gather at velocity functions 1-7 on Figure d. Note that below 6 S there is little differ- 
ence between the different velocities used. c) Stacks of gather plus 5 adjacent gathers using velocity functions in d. 



displaying more variability in structural attitude and thickness than 
the upper unit. The unconformity has yet to be precisely dated from 
the well data, but is probably Early to mid-Pliocene in age. The basal 
portions of the lower unit locally contain high amplitude reflections, 
interpreted to be interbedded clastics and volcanic flows. 

Along QC88-06 and throughout Hecate Strait the Tertiary sec- 
tion is extensively faulted and locally folded. The folds involve stra- 
ta in both upper and lower units and clearly represent a young phase 
of deformation. The folds are isolated features eg. the anticline be- 
neath the Tyee well and are usually cut by both normal and reverse 
faults; seismically they appear similar to positive flower structures, 

faulted anticlines which form through convergent strike-slip defor- 
mation (Harding et al., 1983). The crest of the Tyee anticline has been 
truncated by erosion. Most of the faults disrupting the Tertiary sec- 
tion along QC88-06 and elsewhere in the basin are basement-in- 
volved normal faults with variable geometries and dips. The east end 
of QC88-06 crosses the Principe Laredo Fault which is imaged as a 
steeply dipping, down to northeast, normal fault; the fault bounds a 
half-graben containing up to 2.0 s (3000 m) of Tertiary sediments. The 
half-graben (informally named here the Feeney basin) appears sim- 
ilar in cross-section to some of the strike-slip basins in southern Cal- 
ifornia (e.g. Crowell, 1984). The basin-bounding F'rincipe Laredo Fault 
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Figure 3: d) Velocity functions used to move-out and stack data. 



appears to extend to considerable depths into the crust as evidenced 
by the truncation and apparent offset of crustal reflections below 6 s 
(#6 in Fig. 4). 

Reflections within basement are variably dipping (#4 in Fig. 4) 
and display complex structural geometries, e.g. wedge-shaped struc- 
ture at #5 in Figure 4. They can be observed from the sediment-base- 
ment interface down to 8-10 S. Below this depth no reflections are ob- 
served and we interpret the deepest of these events to be from 
reflection Moho (Klemperer et al., 1986). In western Hecate Strait high 
amplitude reflections and bright events cut each other between 5 
and 7 S; they are underlain by weaker events down to 10.0 S. At the 
location of the velocity analysis discussed above note reflections at 
4.0,6.5 and 7.2 S. Under the Tyee well a discontinuous series of re- 
flections dip from 3.0 s at the sediment-basement interface (near #3 
on Fig. 4) to 8 S. East of this reflector bands of subhorizontal reflec- 
tions lie between 6 and 9.5 S; these events fade under the crustal block 
uplifted west of the Principe Laredo Fault. 

Lnterpretations of lithology, age and internal structure of the 
basement are still preliminary. The basement rocks penetrated by the 
Tyee well at 2.2-2.24 S (3364-3469 m) consist of microgabbro of pos- 
sible Paleozoic age (Yorath and Chase. 198 l). Igneous rocks of the Coat 
Plutonic complex exposed east of Hecate Strait probably com- 

prise much of the non-reflective basement section at the east end of QC8 
8-06. East of the Principe Laredo Fault crust is 10 s or 30 km thick 
whereas in the basin crystalline crust is 18-2 1 km thick, using an in- 
terval velocity of 6.0 krnls. The estimated 20 km depth to the Moho 
based on reflection times is in general agreement with crustal thick- 
ness interpreted from seismic refraction data on this line (Spence et 
al., 1991). 

Line QC88-(P1 -Queen Charlotte Sound 
The southeastern portion of QC88-01, crossing southern Queen 

Charlotte Sound (Fig. l), is illustrated in Figure 5. This segment of 
QC88-01 crosses the location of the Osprey D-36 well, drilled to a 
depth of 2531 m and bottomed in basalt. Along QC88-01 the seismic 
differentiation between Tertiary strata (#l in Fig. 5) and underlying 

l- 

SW TYEE N-39 

basement (#2 in Fig. 5) is more distinct than that observed on QC88- 
06. Coherent, moderate to high amplitude reflections within the Ter- 
tiary section are in marked contrast to the weakly reflective to non- 
reflective character of the underlying crust. Very high amplitude 
reflections in the lower part of the basin fill at the Osprey location are 
generated from interbedded clastics and volcan~cs. Unlike the Hecate 
Strait area, the Tertiary section beneath Queen Charlotte Sound is rarely 
folded and shows little effects of the late Tertiary-Quatemary com- 
pression observed further north. Seafloor canyons within Queen 
Charlotte Sound cut upper parts of the basin fill and do not appear to 
be controlled by basement structure; they have eroded into the sedi- 
ments over basement highs and lows and are not coincident with base- 
ment faults. Tertiary strata and underlying basement along QC88-01 
are cut by several large offset normal faults that bound tilted basement 
blocks and adjacent bedinlent and volcanic filled half-grabens; some 
faults can be followed for a few seconds into basement (#3 in Fig. 5). 
They appear to flatten in basement but this is mostly a velocity effect 
(Peddy et al., 1986). Fewer crustal reflections are imaged here than 
on the GC88-06. Weak discontinuous events between 6 and 8 s (W 
in Fig. 5 )  are interpreted to be lower crustal reflections with the 
deepest events marking Moho. Using an interval velocity of 6 km/s 
crystalline crust is then 18 km thick under the deepest portion of the 
basin shown. 

SUMMARY 
One thousand kilometres of 14 second marine reflection seismic 

data collected in the Queen Charlotte Basin region in 1988 have 
been processed to final stack and migrated sections. Detailed inter- 
pretations of the data are continuing but a number of observations can 
presently be summarized. All uf the seismic profiles provide excel- 
lent images of the Tertiary sedimentary basin fill. The Tertiary sec- 
tion is highly variable in thickness, with up to 6500 m of strata oc- 
curring in the deepest depocentres beneath Hecate Strait. The basin 
fill and underlying basement are extensively faulted and, in a regional 
sense, form a complex array of subbasins and half-grabens. Widespread 
extensional deformation including normal faulting during the early 

10km 
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Figure 4: Stack of the QC88-06. See text for discussion. 



phases of basin development was followed by compressional defor- 
mation in the northern half of the basin. Seismic interpretations ol'struc- 
tural features suggest that the Tcrtiary extension and con~pression Inay 
have developed in response to strike-slip tectonics. 

Crust under Hecate Strait is more reflective than under Queen 
Charlotte Sound; geological interpretation of these discontinuous 
and structurally variable crustiil reflections requires further analysis. 
Beneath the Tertiary section in the Queen Charlotte Basin the seis- 
mic identification of Mesozoic sedimentary strata remains equivocal 
on some of the seismic sections, including lines QC88-01 and QC88- 
06, discussed here. in some areas of the basin (e.g. near the Sockeye 
wells, Hecate Strait) coherent reflections occur directly beneath the 
Temary section and may be images of Cretaceous strata. Deep reflections 
imaged at times of 7.0- 10.0 s on many profiles, provide for the seis- 
mic differentiation between reflective lower crust and non-reflective 
upper mantle. Estimated crustal thicknesses of 18-21 km beneath Hecate 
Strait and Queen Charlotte Sound indicate significant crustal thinning 
beneath the Queen Charlotte 3asin. 
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Abstract 

Refractions and wide-angle reflectronsfiom a 102L (6300 cu. in.) nla~.rne arrgun arrujl were recorded on single chan- 
nel land stations durlng a c,onzbrned soismic reflection and refirictrort vurvc,y rn the Queen Charlotte Basin. The oh- 
jective of the survey was to obta~n a better understanding of the busrn ar-chltecture and e~~olutlon. In this report, we 
describe the seismic refr-actionlwide angle reflection suive+y and present 13 represe~ztative sections out of the total 
4 4 7  recorded. The major characteristics ~f the sections are desct-ibed, including thefillo~ling observations: ( l )  a 
prominent mid-crustal reflection was often recorded at stations near the coast hut was absent from stations 20-40 
km farther inland; a traveltime delay in the first arrivals at about 60 km range was commonly associated with the 
reflection; (2)  a pronlinent Moho reflection typically over the 60-100 km range; (3) mantle refraction arrivals with 
apparent velocities near 8.0-8.1 kmls ohseived out to 280 km range. 

Prelimi~zar-y traveltime models were determined for three record sections. The models should be considered as only 
generally representative of the velocity structure; firrther details will be confirmed in later synthetic seismogram in- 
terpretations. Across central Hecate Struit, the upper crust can be divided into two regions. Below the sediments, ve- 
locities in the first layer inc.reasefiom 6.2-6.3 to 6.4-6.5 kmls over a thickness qf 3-5 km. In the second layer, from 
about 8-1 7 krn subsurface depth, the velocity gradient is small und tnay even become negative. At 15-17 km depth, 
velocities increase abruptly to at least 6.8-6.9 knzls. A sliver of 1-3 km thickness with velocity 7.2 kmls or more may 
be present below the interface in both Hecate Strait and southern Queen Charlotte Sound; the sliver may he a piece 
of ocean cru.st or mantle stranded in a past suhductioil episode. Crustal thickiless beneath Hecate Strait is no more 
than 23 km, implying sigilificant thinning relative to the crvst outside the basin. 

Durant un levk contbitzunt la sismique re'fle.rion et fa sismique rkfraction duns le hassin des flex de la Reine-Char-- 
lotte, les I-@fractions et 1e.s rdflexions grand angle d'un dispositij'de canons a air sous-marins de 1021 (6300 po. cu.) 
ont ktk enregistrkes a des stations terrestres ntortocanarrx. Le prksent rapport contieizt une description du levd de sis- 
mique rkfleerion et re'fiactio grand angle et pre'sente 13 coupes repi-ksenfatives des 47 qui ont ktP enregistre'es au 
total. Les principales caractkristiques des coupes son! les suivantes : 1)  une irnportante re'jle.rion a souvent ktk en- 
registrke dans la croiite intermkdiaire a partir des stations situe'es prPs de la ctite mais pas h par fir de stations situe'es 
entre 20 a 40 km a I'inte'rieur des terres; un retard enregistrk dans les preniitres arrive'es a une distance d'environ 
60 km a ktk et1 ~dne'ral associk a la rkjlexion; 2 )  une importante r6flexion de Moho sur une distance typique de 60 a 
100 km; 3 )  des temps d'arrivde de la re'fraction dans le mantealr caracte'risdes par des vitesses apparentes de prks 
de 8,O et 8,1 kmls jusqu'a une distance de 280 km. 

On a ddtermink pour [I-ois coupes d'enregistrement, des moddles pre'liminaires de d~rre'e de trajet. Ces modtles ne 
devruient gtre considkl-6s que pour une reprksentation ghkrale de la structure de la vitesse; dautres donne'es dk- 
taillkes seront cor7firmdes par des interpre'tations u1tkrieure.s de sismogr-amrnes synthktiques. A travers le centre du 
de'troit d' Hdcate, la c.rolite supkrieure peut se suhdiviser en deu-v rkgions. Au-dc.ssoris des skdintents, Ies vitesses dans 
la premidre couche passent de 6,2 et 6,3 kmls a 6,4 et 6,5 kmls au-dessus d'une kpaisseur de 3 B 5 km. Duns la deu.1.- 
iPme couche, U partir d'environ 8 U 17 km .sous fa surface, le grudient de vitesse est,faible et peut m&nze Etre nkgat$ 
A la profondeur de 15 d 17 km, les vitesses augmentertt subitenlertt ci au moins 6,8 et 6,9 kmls. Uil fragment de I ri 3 
km d'ipaisselir donnant une vitesse d'au moins 7,2 kmls pouri-uit Etre prkseizt au-dessus de /'interface dans le dktroit 
dlHe'cate et duns le sud du ddtroit de la Reine-Charlotte; cefiagmmt pour-rait itre un morceau de croiite ockanique 
ou de manteau kchoud au cours d u n  kpisode de suhduc.tion antdrieui.. L'kpaisseur de la crolite au-dessous clu dktroit 
d'HPcate ne dkpasse pas 23 km, indiquant un amincissenzent itnpoi-tan! de la crolite d. I'e,rte'rieur du hassin. 
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INTRODUCTION 
The Queen Charlotte Islands are located on the western Cana- 

dian margin near the triple junction between the Juan de Fuca ridge 
system, the subduction zone of the Juan de Fuca plate system, and the 
Queen Charlotte transform fault (Fig. 1). The Queen Charlotte Basin 
includes the area underlying Hecate Strait and Queen Charlotte 
Sound, and extends under eastern Graham Island. Exploration in the 
1960's included extensive reflection seismic surveying and the drilling 
of 8 offshore wells. These established that the maximum thickness of 
sediments in the basin was at least 4.5 km (Shouldice, 1971). Most 
of the basin sediments were dated as late Miocene or Pliocene (about 
6 Ma). Based on more recent studies of marine microfaunas by 
B.E.B. Cameron (in Yorath and Hyndrnan, 1983), subsidence and basin 
formation were initiated at about 17 Ma in the region of the Harlequin 
well in Queen Charlotte Sound (Fig. 1). 

Many problems exist in our understanding of the Queen Char- 
lotte Basin. Yorath and Hyndman (1983) proposed that extension in 
Queen Charlotte Sound was taken up by strike-slip motion along the 
then-continuous Louscoone Inlet-Sandspit fault system, which was 
subsequently offset by the Rennell Sound Fault zone (Fig. 1). How- 
ever, Thompson and Thorkelson (1 989) found no evidence of Tertiary 
strike-slip motion in detailed mapping of northern Moresby Island. 
They observed block faulting from late Jurassic to early Tertiary, and 
suggested that reactivation of the block faults may have caused sub- 
sidence in the late Tertiary as well. Yorath and Hyndman (1983) also 
discussed geophysical evidence for oblique convergence and under- 
thrusting of the oceanic plate beneath southern Moresby Island. They 
argued that the associated lithospheric flexure produced subsidence 
in Queen Charlotte Basin and uplift along westem Graharn Island, where 
up to 5 km of uplift were inferred from the geological observations 

Figure 1: General location and tectonic map. Solid arrows show direction of plate motions with respect to North America (NA). PA = 
Pacific plate; EX = Explorer plate of the Juan de Fuca plate system; S.F. = Sandspit fault; R.S.F. = Rennell Sound fold zone; L.I.F. = 
Louscoone Inlet fault; Q.C.F. = Queen Charlotte Fault. 
Exploratory wells: l-South Coho; 2-Tyee; 3-Sockeye B-1 0; CSockeye E-66; BMurrelet; 6-Auklet; 7-Harlequin; 8-Osprey. 



of Sutherland Brown (1968). However, Thompson and Thorkelson 
(1 989) found no preferred eastward dip in their detailed mapping, and 
so question the inference of uplift. Thus, there appears to be a con- 
flict between general tectonic and geophysical considerations and some 
current geological interpretations, regarding the origin of the Queen 
Charlotte Basin. 

As part of the Frontier Geoscience Program, a combined seis- 
mic reflection and refraction survey was camed out in July 1988 to 
study the structure of the sediments and underlying basement of the 
Queen Charlotte Basin. The main objective of the program was to ob- 
tain a better understanding of the basin architecture and evolution, and 
to study plate structure and plate interactions in the region. Specifi- 
cally, the program hoped to test various aspects of the rift and flex- 
ure model of Yorath and Hyndman (1983). The Queen Charlotte 
area is one of Canada's most seismically active regions, including the 
largest earthquake recorded in Canada - the 1949 magnitude 8.1 

event described by Rogers (1983). Thus, an additional objective of 
the program was to provide structural and velocity information use- 
ful for earthquake analysis. This information could improve the ac- 
curacy of earthquake locations, identify potentially active faults, and 
suggest models and mechanisms for improved understanding of the 
origin of the earthquakes. 

The seismic refraction survey is described in this report; the seis- 
mic reflection study is presented in a companion paper (Rohr and Di- 
etrich, 1991). The major benefit of recording wide-angle reflections 
and refractions is that the large source-receiver offsets allow both struc- 
ture and velocities to be obtained within and below the crust. This is 
particularly important for the lower crust and upper mantle, where ve- 
locity resolution determined by the reflection method is poor. Refraction 
velocities may then be used to convert traveltimes on reflection sec- 
tions to depth. Onshore recording of offshore shots also enables 
major crustal features interpreted from the marine reflection lines to 

- 5 4 O  
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Sonobuoy 

A Land seismograph 0 100 km - 
134' 132' 130' 

Figure 2: Location of recent seismic refraction profiles. Representative velocity models for some of the profiles are shown in Figure 3. 
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be extrapolated to the land where they may be correlated with g e e  
logical studies. 

This report describes the refraction experiment and provides a 
compilation of the refraction data. The dataset is very extensive, 
consisting of 47 record sections. In this report we present l3 repre- 
sentative sections, describe the major features of the reflected and re- 
fracted arrivals, and present preliminary interpretations of portions of 
the dataset. The preliminary nature of the refraction interpretation must 
be stressed. A final refraction model awaits a more careful analysis 
of the data and integration with geological and other geophysical in- 
terpretations, in particular that of the seismic reflection data. 

PREVIOUS SEISMIC REFRACTION STUDIES 
Velocity models from several recent seismic refraction studies 

in the Queen Charlotte Island region are given in Figure 3, with cor- 
responding profile locations shown in Figure 2. 

Results from a 1983 refraction experiment are shown in Figurcs 
3a and 3b. Figure 3a presents a velocity model deduced from airguns 
and 34 explosive shots sited west of Moreqby Island (Dehler and Clowes, 
1988; Mackie et al., 1989). The main features include: ( l )  anomalously 
low velocities below the Queen Charlotte terrace, supporting the in- 
terpretation of the terrace as a sedimentary accretionary wedge: (2) 
a thin crust (21-27 km) beneath the Queen Charlotte Islands; and (3) 
the Moho beneath Hecate Strait deepening eastward from 27-32 km. 
The velocity model converted to density also is consistent with mod- 
els of the gravity anomaly field along the profile (Mackie et al., 
1989). 

( a )  Dehler and Clowes (1988), Mackie et a1 .(l9891 

Distance (km) 
0 8 0 160 240 

The upper crustal velocity structure beneath Hecate Strait is 
shown in Figure 3b (Pike, 1986). Sediment thicknesses are estimat- 
ed only from the refracted arrivals since no multichannel reflection 
profile was then available. Velocities near 6 km/s are reached by 5 
km depth, and velocities near 6.5 km/s are interpreted at 7 km depth. 
The model also includes a low velocity zone at 3 km depth at the east 
end of the profile, plus high velocities of 7 km/s and greater at the base 
of the model, although this characteristic was poorly constrained. By 
comparison with the high-quality dataset along a nearly-coincident 
line presented later in this report, we feel that these latter two features 
are not justified due to the low signal-to-noise ratios in the 1983 data. 

Horn et al. (1984) interpreted a refraction profile across the 
Queen Charlotte Fault off southern Moresby Island; the profile used 
explosive sources recorded on OBS's and land-based stations. Their 
results, shown in Figure 3c, are consistent with the model off north- 
em Moresby Island (Fig. 3a). Beneath the terrace, the crustal veloc- 
ities are anomalously low and the thickness of the crust rapidly increases 
eastwards from 12- 18 km. 

In Queen Charlotte Sound, Clowes and Gens-Lenartowicz (1985) 
obtained a crustal velocity model (Fig. 3d) from a series of sonobuoy 
profiles using a 32 L airgun source. Below a cover of about 2 km of 
sedirnents, they found basement velocities of 5.1-5.5 km/s which 
they associated with Masset extrusives. They also observed an elon- 
gated wave train and a possible 200 ms delay in the 5.5 km/s arrival, 
and interpreted this as due to a low-velocity zone beneath the volcanics. 
Clowes and Gens-Lenartowicz (1985) proposed that the low veloc- 
ity material represented sediments which were subsequently cov- 

(b )  Pike (1986) 
Distance (km) 
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(d)  Clowes and Gens-Lenartowicz (1985) 

Figure 3: Velocity models in the Queen Charlotte Island region based on recent seismic refraction interpretations. The lightly shaded regions just 
below the surface represent sediments. The hachured regions in (b) and (c) have been interpreted a s  low velocity zones. See Figure 2 for pro- 
file locations. 
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ered by the extrusives. They noted that this is consistent with the grav- The percentage of shots missed was 35%, 15% and 45% for lines 5, 
ity interpretation of Stacey (1975), who proposed that the low grav- 6 and 7 respectively. Missing shot times were objectively interpolated 
ity values in Queen Charlotte Sound could also be explained by low- from the existing ones based on the repetitive nature of the shooting 
density sediments occuning below the volcanics. supplemented by the alignment of refracted arrivals. This process is 

ACQUISITION OF THE SEISMIC 
REFRACTION DATA 

A coincident seismic reflection and refraction experiment was 
carried out utilizing a 102 L airgun array. A total of 1135 km of 14s 
marine reflection data were collected. Simultaneously, refractions and 
wide-angle reflections from the airgun shots were recorded on land 
seismographs distributed around Hecate Strait and Queen Charlotte 
Sound (Fig. 4). Single channel digital seismographs, maintained by 
the Geological Survey of Canada, were deployed at 1 1 sites, and FM 
analog systems from the University of British Columbia recorded ar- 
rivals at 9 sites. 

Each airgun line was recorded at one digital and one analog site 
at the landward ends of the lines, as well as at nearby offline or 
broadside sites. Receiver site locations were determined from 1 :S0 000 
topographic maps to accuracies of approximately 75 m. The airgun 
shots were fired every 45 m by the ship's navigation system, which 
was controlled by Loran C and supplementary satellite fixes; the rel- 
ative accuracy from shot-to-shot was 1-2 m, whereas the absolute shot 
location error was 100-300 m. The shot firing system, which was tied 
into a GOES satellite receiver clock, gave shot times to an accuracy 
of about 2 ms. 

Unfortunately, for the last three lines of the survey, a significant 
number of shot times were not recorded due to equipment problems. 

complete for lines 5 and 6, and nearly finished for line 7. 

A total of 5 1 digital seismographs were deployed. The output of 
vertical 2 Hz geophones was recorded at a rate of 120 samples per sec- 
ond, with a total of 1 Mbyte or 1.2 hours of data stored in the solid 
state memory of each instrument. Only line 6 at its western end was 
recorded continuously. For all remaining sites, the instruments record- 
ed 40 s windows separated by 40 s gaps, effectively doubling the elapsed 
time covered. The internal clock of each instrument was rated against 
a GOES satellite clock, and the clock drift for each trace automati- 
cally calculated. Total drifts were commonly less than 15 ms for de- 
ployment~ of 1-2 days, with an estimated drift error of -3 ms. 

The FM analog instruments recorded the output from vertical 1 
Hz seismometers at three amplitude levels. A WWVB radio time code, 
1 Hz and 15 Hz internal clocks, and a short circuit were recorded on 
the remaining tape channels. The data were digitized at 120 samples 
per second using the 15 Hz clock to trigger the digitizer in order to 
compensate for tape speed variations. Changes in tape speed also pro- 
duced amplitude variations because of the FM recording. These were 
corrected by subtracting the short circuit channel signal from the 
data channels. At three sites (FM05, M 1 5  and FM18), additional large, 
high frequency tape speed variations occurred. Special hardware and 
software were designed to correct this problem, but its severity nev- 
ertheless resulted in increased noise levels at these sites. 

Arrivals out to about 10 km range were recorded using an an- 
chored, telemetered sonobuoy at the western end of line 6. The sig- 
nal received on the shooting ship was digitized and recorded on a DFS- 
V recording system. 

DATA PROCESSING 
All data were converted to the extended SEG-Y format adopt- 

ed by Lithoprobe for refraction data storage (Spencer et al., 1989). Field 
records for the digital seismograph data were initially 40 s in length 
and usually separated by 40 s gaps. The shot interval was nominally 
20 S, and so SEG-Y records were written with a record length of 20 
S. Because of the 40 s recording gaps, not all shots were recorded for 
the full 20 S, and either the beginning or end of many records had to 
be padded with zeroes. 

Subsequent processing included filtering and trace binning. The 
dominant signal frequency is 8-10 Hz, and so bandpass filtering 
from 5-20 Hz was applied. All traces within non-overlapping bins of 
135 m width were summed, using a summing velocity of 8 km/s. This 
bin width was chosen in order to span the traces missed during the 
40 s time gap (i.e. a minimum gap in offset of 90 m), and also to com- 
press the data to a more easily displayed trace interval. 

On lines for which a preliminary interpretation was done, water 
layer and sediment statics corrections were calculated for each trace, 
and plots were generated both with and without this correction. The 
statics correction usually smoothed out traveltime undulations due to 
rapid variations in sediment thickness. Water depths were obtained 
from the shipboard echo sounder. Two-way times through the sedi- 
ments were determined from the multichannel seismic lines and then 
converted from time to depth by simple ray tracing through a veloc- 
ity model based on well velocity logs. The statics correction applies . - 

traveltime delays to strip off the water and sediment layers and replace 
Figure 4: Location of marine airgun profiles and land-based seismo- them with a sediment layer above a constant velocity base- 
graph sites during the Queen Charlotte seismic experiment. The 102 
L airgun array fired shots every 45 m, At sites starting with LB, digi. ment. By "filling in7'material to a horizontal datum level, this correction 

tal Lunchbox recorders were deployed, while those beginning with FM asSUme.5 that the immediate sub-basement v e l ~ i t y  ShUCtUE is effectively 
recorded arrivals on 5-day a n a i o g . ~ ~  seismographs.- horizontal. The alternate correction is not to replace the stripped 



Figure 5: Near-offset portion of record sections for sites LBOl and LB14 on Line 1. Arrivals labelled C originate from a mid-crustal interface. Moho 
reflections are labelled M1. Amplitudes are multiplied by a factor proportional to the square root of the trace range. 

Figure 6: Record sections out to maximum recorded offsets for sites LBOl and LB14 on Line 1. Arrivals labelled C originate from a mid-crustal 
interface. Moho reflections are labelled M1. Mantle arrivals, labelled M2, have velocity 8.0-8.1 kmls. Record sections are plotted trace normal- 
ized, and no sediment statics corrections are applied. 



Figure 7: Trace equalized section for Lunchbox site LB03 on Line 2. See caption for Figure 6. 

Figure 8: Trace equalized section for analog site FM04 on line 2. See caption for Figure 6. 

Figure 9: Trace equalized section for analog site FM05 on Line 3. See caption for Figure 6. 



Figure 10: Trace equalized section for Lunchbox site LB06 on Line 3. See caption for Figure 6. 

Figure l l: True amplitude section for Lunchbox site LB14 on Line 4. See caption for Figure 6. 

Figure 12: Trace equalized section for Lunchbox site LB19 on Line 4. See caption for Figure 6. 
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Figure 16: True amplitude section for analog site FM21 on Line 6. See caption for Figure 6. 

Figure 17: Trace equalized section for analog site FM1 1 on Line 6. See caption for Figure 6. 

Figure 18: True amplitude section for Lunchbox site LBlO on Line 6. 



Figure 19: Trace equalized section for Lunchbox site LB17 on Line 6. 

Figure 20: Same as Figure 18, but with sediment thickness statics correction applied. Note that most of the rapid traveltime undulations have 
been smoothed out. 

Figure 21: Same as Figure 19, but with sediment thickness statics correction applied. 



water and sediment with anything, which assumes that all deeper struc- occur over the 60-100 km range, although large amplitudes sometimes 
tures are effectively parallel to the basement. extend out to 120 hn, as seen on Line I. 

DATA DESCRIPTION 
The digital systems recorded a total of 2 1 seismic refraction sec- 

tions and 96000 traces. The FM analog seismographs recorded 26 seis- 
mic sections and 72379 traces. Figures 5-21 show representative 
record sections for Lines 1-6. Line 7 is not yet complete. All sections 
are plotted with a reducing velocity of 8.0 km/s, so that arrivals 
which are horizontal on the section have an apparent velocity of 8.0 
km/s. Most sections do not include a correction for variations in 
water depth or sediment thickness. However, in Figures 20 and 21 the 
data from site LB 17 and LB l 0  on Line 6 are displayed after correc- 
tion for these effects. A comparison with the uncorrected sections in 
Figures 18 and 19 shows that most of the rapid traveltime undulations 
have been smoothed out. 

The first arrivals on all sections are continuous from the near- 
est offsets out to distances of 50-60 km, where the apparent veloci- 
ties are typically 6.5-7.0 km/s. On many sections, a delay of -600 ms 
occurs at this range, and a secondary event (labelled as C in the dia- 
grams), which is seen at near offsets of 40-50 km, then becomes the 
first arrival. This feature is generally more prominent for sites near- 
est to the end of the lines (e.g. LBOI and LB 14 for Line 1 ; LB07 and 
LB 15 for Line 5; LB 10 for Line 6). That is, it appears to be more con- 
fined to the basin itself (Spence et al., 1989). 

Moho reflections (labelled as M1 in the figures) are observed on 
nearly all sections. As an example, Figure 5 shows a true amplitude 
record section for the near ranges of LBOl and LB 14 on Line 1. On 
most lines, significant amplitudes for the Moho reflection generally 

The mantle refraction (labelled as M2) generally becomes the first 
arrival beyond the 100 km range, although the critical distance where 
the refraction is tangent to the Moho reflection occurs at ranges as small 
as 70 km. The entire offset range for Line 1 is shown in Figure 6. In 
order to display the weak amplitudes of the far arrivals, the sections 
in Figure 6 are plotted with all traces normalized to the same maxi- 
mum amplitude; this results in an apparent increase in the back- 
ground noise level at the far distances. Mantle refractions are seen as 
weak but clearly identifiable anivals out to the maximum shot-receiver 
range of 280 km. The velocities of mantle arrivals for Line 1 are near 
8.0 km/s, although they are slightly larger for site LB 14 than for site 
LBOI. As well, the intercept times are about 0.5 s larger for LB 14, 
indicating a somewhat thicker crust in the northern portion of Queen 
Charlotte Sound than in the south. 

Figures 7-10 show refraction sites at the mainland end of Lines 
2 and 3 across Queen Charlotte Sound. Water depths increased from 
100-300 m in Queen Charlotte Sound to over 2.5 km seaward of the 
continental slope. The mansition to deep water is more rapid along Line 
2, as evidenced by the sudden increase in first arrival times seen at 
135 km for site LB03 (Fig. 7) and 155 km for site FM04 (Fig. 8). Moho 
reflections (labelled MI) are seen as strong secondary arrivals, and 
the mantle refractions probably become first arrivals beyond 1 10-120 
km. Although these lines are unreversed, additional constraints will 
come from refraction results along the intersecting Line I, and from 
Moho depths observed on the corresponding reflection lines. 

DISTANCE (km) 
40 60 80 

Figure 22: Preliminary velocity model representative of the structure beneath Line 6 in Hecate Strait. Velocities are based on ray trace mod- 
elling of refraction traveltime data from sites LB10 and LB17. The shaded region corresponds to the sediments; the base of the sediments has 
been picked from the coincident multichannel reflection line, with sediment velocities consistent with Tyee well velocity logs and with the OBS 
interpretation of Pike (1986). The hachured region is a high-velocity mid-crustal sliver. The thickened line at zero depth shows the distance 
range where airgun shots were fired along Line 6. 



In Figures 11-12 the record sections for sites LB 14 and LB 19 
on Line 4 are displayed. Line 4 was recorded at many sites, such as 
LB14, for which the travel paths were broadside to the line direction 
(Fig. 4). The data for LB 14 are plotted at the appropriate shot-receiver 
offset for each trace, so at the nearest offsets the difference in ranges 
for neighbouring traces is quite small and the line is effectively corn- 
pressed; an alternative display would be to plot each trace at its shot- 
receiver azimuth angle. In any case, the first-arrival character of the 
sections for LB14 and LB 19 is similar to that on other lines, and on 
LB19 (Fig. 12) a Moho reflection occurs as a secondary arrival start- 
ing at ranges of 70-80 km. 

Figures 13-21 are for Lines 5 and 6 across Hecate Strait. The mid- 
crustal reflector C and associaled traveltime delay are prominent at 
sites LB07 and LB15 on Line 5 and at site LB 10 on Line 6, while sites 
FM21 and LB 17 on the west end of Line 6 show indications of suc- 
cessive delays in the first arrivals as the offsets are increased. No ev- 
idence for a strong mid-crustal reflector can easily be found in the data 
for site FM08 on Line 5 or FM l1 on Line 6. Prominent Moho reflections 
M 1 are seen at sites LB07 and LB 15 on Line 5 and at LB 17 and FM 1 1 
on Line 6. The identification of the Moho reflection is more difficult 
at site FM08 on Line 5 and FM21 on Line 6, and the shot-receiver off- 
sets at site LB 10 on Line 6 do not reach large enough values for a con- 
fident identification of this event. 

PRELIMINARY INTERPRETATION AND 
DISCUSSION 

Preliminary traveltime interpretations have been carried out for 
sites LBlO and LB 17 at either end of Line 6, and for site L301 at the 
south end of Line 1. Figure 22 shows a velocity model below Line 6 
which approximately fits the traveltimes for both receivers; the fit be- 
tween the observed traveltimes and the model traveltimes is shown 
in Figure 23. Model traveltimes were obtained using the two-di- 
mensional ray tracing algorithm of Spence et al. (1984). The model 
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Figure 23: Traveltimes fit for receivers LB10 and LB17 on Line 6. 
Model traveltimes calculated for the velocity model of Figure 22 are 
shown by the solid lines. Observed traveltimes, indicated by the '+' 
symbols, were picked from the sediment-corrected sections of Fig- 
ures 20 and 21. The event labelled C corresponds to reflectionslre- 
fractions from a high-velocity mid-crustal sliver. The event M1 on 
LB17 is the Moho reflection. 

in Figure 22 should be considered as only generally representative of 
the structure beneath Line 6. Only crude first-pass modelling of the 
data has been completed, and details of the model are not well-de- 
[ermined because of the problems of non-uniqueness in any travel- 
time interpretation. A more careful and tightly constrained interpre- 
tation will be derived in future synthetic seismogram modelling. 

(a) Se&inienis 
'The velocity model in Figure 22 includes a horizon to volcanic 

basement as picked from the corresponding seismic reflection section. 
The velocity profile in the sediments was a thrce-layer model based 
on velocities from the Tyee well logs, which incorporated check 
shot information (J.R. Dietrich, pers. comrn., 1989). The velocity logs 
were also consistent with the results of Pike (1986), who interpreted 
data from ocean bottom seismographs along a line a few kilometres 
to the south of Line 6 (Fig. 2). Sediment velocities in the well reached 
-4.9 km/s at 4-5 km depth. The velocity gradient in the lower part of 
the well was then used to extrapolate velocities at depths below the 
base of the well. A similar procedure was used in the preliminary in- 
terpretation of site LBOl on Line 1, where velocity logs were avail- 
able from the Harlequin and Osprey wells (Fig. 1). 

Rapid variations in sediment thickness produced traveltime un- 
dulations in the seismic refraction data. Statics corrections usually 
smoothed out these undulations (e.g. Figs. 20 and 21 compared to Figs. 
18 and 19). In some cases the statics correction overcorrected the data, 
which indicated that the deep velocities at those locations should be 
higher than normal sediment velocity. This can be explained as in- 
terbedded clastics and volcanic flows, as was seen at the base of some 
wells (e.g. Osprey). The concept is also supported by the recent in- 
terpretation of Sweeney and Seemann (1990), in which positive grav- 
ity anomalies indicated high densities deep in the basin. As well, the 
explanation is generally consistent with the seismic reflection data where 
the lower part of the basin fill locally contained high amplitude re- 
flections generated by the flows (Rohr and Dietrich, 1991). 

(5) Upper crusta: velocity structure 
For determining the structure below the sediments, observed trav- 

eltimes (Fig. 23) were picked from sections with the sediment stat- 
ics correction applied (Figs. 20 and 21). Corrected sections were 
modelled because: (1) with the effect of sediments removed, the 
traveltime trends of the arrivals show only the sub-basement veloc- 
ity stn~cture, and (2) the ray tracing was both faster and easier to run. 

The results for Line 6 displayed in Figure 22 and Figure 23 in- 
dicate that the velocity below the sediments rapidly reaches 6.2-6.3 
km/s by 5 km subsurface depth, increasing to 6.4-6.5 km/s by 8 km 
depth. This gradient regicn probably contains volcanic material cor- 
responding to the Masset Formation on the Queen Charlotte Islands. 
The refracted arrivals are continuous out to 50-60 km range, indicating 
that for Line 6,  at least the upper 3-5 km beneath the sediments con- 
tain no velocity reversal. This contrasts with the interpretation of Clowes 
and Gens-Lenartowicz (1985) in Queen Charlotte Sound (see Fig. 3d), 
where a 200 ms traveltime delay at 15 km range indicated a 1 km thick 
low velocity zone beneath 1-3 km of volcanics. The zone was inter- 
preted as a layer of Cretaceous sediments at 4-5 km subsurface depth. 
An equivalent low velocity zone does not appear to be present below 
Line 6 in Hecate Strait. However, the data below Line 6 would not 
indicate localized lenses of low velocity material or a low velocity zone 
with a thickness much less than 1 km. 

Between 8 km and about 17 km depth in the model of Figure 22, 
the velocity stays nearly constant or possibly even decreases. On the 
Queen Charlotte reflection lines, normal faults are found which are 
near-vertical at the basement but may sole out at 3-4 s or -10 km depth 
(Rohr and Dietrich, 1991). This depth is close to the top of the con- 



stant velocity block found in the refraction interpretation, indicating 
that the block may be acting as a decollement zone for the extensional 
faulting. At least the upper portion of this block is likely Wrangellia 
terrane (Woodsworth, 1988). In the lower portion, velocities are 
lower than those interpreted for Wrangellia terrane beneath Van- 
couver Island, where a velocity gradient region continued to 16 km 
depth and velocitics reached 6.8 km/s (Spence et al., 1985; Drcw and 
Clowes, 1990). 

(c) Mid-crustal interface 
Below the constant velocity region from -8-17 km depth, a 1-  

3 km thick sliver of high-velocity material is present. For site LB 10 
(Fig. 20 and Fig. 23), the apparent velocity of the event labelled C im- 
plies that the velocity of the sliver is perhaps as high as 7.5 km/s. The 
significant velocity contrast at the interface produces the large am- 
plitudes associated with event C, and the large thickness of the low- 
or constant-velocity region causes the traveltime delay in this arrival 
(e.g. the 600 ms delay at 65 km range in Fig. 20). An alternative fea- 
ture which can explain a traveltime delay is a two-dimensional struc- 
ture such as fault or step. However, this is rejected for Line 6 because 
for a fault a traveltime advance would be expected on the reverse pro- 
file, and this is not seen for site LB17 (Fig. 21). 

As described in the previous section, equivalent mid-crustal ar- 
rivals and traveltime delays are observed on refraction sections 
throughout the Queen Charlotte Basin, generally at those sites on the 
edge of the basin. Visual inspection indicates that other lines will in- 
clude similar constant or low velocity zones above a significant ve- 
locity interface. For example, a preliminary interpretation of the data 
from site LBO1 on Line 1 shows a mid-crustal reflector at about 15 
km depth (T. Yuan, pers. comm., 1989). 

Only a speculative explanation can be given for the high-velocity 
layer. Perhaps it is related to past subduction events, in which pieces 
of ocean crust or mantle become stranded as the locus of the subduction 
zone shifts due to regional tectonic adjustments. A stranded high-ve- 
locity sliver was also interpreted for the Vancouver Island margin 
(Spence et al., 1985). 

(d) Lower crust and Moho 
Moho depths were determined mainly from wide-angle reflec- 

tions from the Moho (labelled M1 in Fig. 21 and Fig. 23). Prelimi- 
nary traveltime interpretations yielded a Moho depth of about 26-28 
km beneath Line 6 (Fig. 22) and 24 km beneath the southern portion 
of Line 1. The thinner crust on line 1 in Queen Charlotte Sound 
compared to line 6 in Hecate Strait is significant in that it may indi- 
cate greater extension in the more southerly region. On L i e  6, the Moho 
depths correspond to the portion of the basin where sediment thick- 
nesses are 5 km and greater, and so a crustal thickness of 23 km or 
less is implied. Converted to vertical traveltime, the refraction Moho 
occurs at a two-way time of 9.9 S, which generally agrees with the seis- 
mic reflection Moho for this line (Rohr and Dietrich, 1991). On the 
eastern portion of the line where sediment is thin, the reflection data 
indicate a crustal thickness of 30 km. Thus, significant crustal thin- 
ning due to extension is implied beneath the Queen Charlotte Basin. 

Crustal velocities for the lower crust are poorly-determined, 
but appear to be 6.9(kO.2) kmls. Tighter constraints are expected in 
later synthetic seismogram interpretations. If lower crustal velocities 
are found to be greater than 7.0 kmls, then this would be an indica- 
tor of an extensional rift origin of the basin. High-velocity "rift pil- 
lows" have been found in the lower crust beneath extensional mar- 
gins (White et al., 1988; LASE, 1986) and beneath rift and graben 
features such as the Rhinegraben and the Mississippi embayment 
(Mooney et al., 1983). If deep velocities are less than 7.0 km/s, then 
a rift or thermal origin should perhaps be questioned. Extension oc- 

curring in a strike-slip environment, for which there are indicators in 
the seismic reflection data, would remain a favourable explanation. 

SUMMARY 
Refractions and wide-angle reflections from a 102L (6300 cu. 

in.) airgun array were recorded on single channel land stations dur- 
ing a combined seismic reflection and refraction survey in Queen Char- 
lotte Basin. A velocity model has been obtained from preliminary trav- 
eltime interpretations for two receivers on Line 6 in Hecate Strait and 
one receiver at the south end of Line 1 in Queen Charlotte Sound. Be- 
neath the sediment packagc of up to 5 km thickness, the upper crust 
for Line 6 can be divided into two regions. The first layer, which prob- 
ably contains volcanic flows equivalent to the Masset Formation, is 
approximately 3-5 km thick in which velocities increase from 6.2-6.3 
to 6.4-6.5 km/s. The second layer likely corresponds to Wrangellia 
terrane, at least over its top portion. The layer extends from about 8- 
17 km below the surface, and velocities rernain nearly constant or per- 
haps even decrease. At 15-17 km depth a major velocity interface is 
present. Below the interface a high-velocity sliver may exist with a 
thickness of 1-3 km and velocity of 7.2 km/s or more; such high-ve- 
locity slivers may be pieces of ocean crust or mantle stranded in past 
subduction episodes. The lower crustal velocity below the sliver is 6.8- 
6.9 km/s, but this is not yet well-constrained. Estimates of Moho depth 
are 26-28 km for Line 6 and 24 km for the south end of Line l. Crustal 
thickness beneath the deepest basin on Line 6 may then be 21-23 km, 
and with an estimated thickness of 30 k ~ n  at the east end of Line 6, 
significant crustal thinning is implied. 
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Abstract 

We review the history of geological exploration of the Queen Charlotte Islands and show how the stratigraphic nomen- 
clature has developed over the last century. The Triassic and Jut-assic stratigraphy cfthe islarzds is now reasonably 
well understood, and much progress has been made with Cl-etaceous strata. Our understanding of the stratigraphy 
of latest Cretaceous and early Tertiary rocks is fi-agmentary. 

Les auteurs examinent l'histoire de l'explot-ation gkologique des iles de la Reine-Charlotte et montrent comment la 
nomenclature stratigraphique a e'volue' all cours du si2cle dernier. La stratigraphie du Trias et du Jurassique des iles 
est maintertant assez bien &tablie, et l'hude des couches du CrPtace' progresse bien. L'Ptat des connaissances de la 
stratigraphie des ruches du Ct-itace' supkrieur et du Tertiaire infkrieur est fragmentaire. 
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INTRODUCTION 
The recent work in the Queen Charlotte Basin described in the 

papers in this volume builds on and extends the framework erected 
by previous studies, particularly past stratigraphic and structural 
studies on the Queen Charlotte Islands themselves. 

In this note we review the history of geological exploration of 
the Queen Charlotte Islands, with emphasis on the development of strati- 
graphic nomenclature. Our object is to give an introduction to the state 
of knowledge of the pre-Pleistocene stratigraphy prior to the begin- 
ning of the Frontier Geoscience Program, to give an entry to the 
stratigraphic and structural literature of the islands, and to illustrate 
the high degree to which geological understanding depends on regional 
mapping and biostratigraphic studies. We treat the material histori- 
cally rather than by stratigraphic unit or time slices to highlight the 
controversies that have taken place over the yean. Our paper builds 
on previous historical compilations, particularly those by McLean~ 
(1949), Cameron and Tipper (1985), and Haggart (1987). The areas 
studied by some of the workers discussed below are shown in Fig- 
ure 1, and comparative stratigraphic columns are given in Figure 2. 

THE EARLIEST STUDIES: 
RICHARDSON AND BILLINGS 

Geological interest in the Queen Charlotte Islands dates back to 
1852 when Captain Mitchell of the Hudson's Bay Company direct- 
ed a short mining operation on Mitchell Inlet, then known as Port Kuper 
or Gold Harbour. The mining operation is reputed to have yielded some 
$75,000 in gold but, as the carrier was shipwrecked on route to Cape 
Flattery, the actual amount remains uncertain (Dalzell, 1968). This, 
the fust lode mining operation in British Columbia, was shortly to spark 
more exploration interest in the Queen Charlotte Islands. 

In 1859 Major William Downie spent thrce months in the Queen 
Charlotte Islands in search of gold at the request of Governor James 
Douglas. Downie, a veteran of the California gold rush, prospected 
the old gold site on Mitchell Inlet without success. He did, however, 
find coal near Skidegate Inlet, and in 1865 the Queen Charlotte Coal 
Company was formed to exploit these deposits. Exploration and 
preparation for mining the coal at Cowgitz (now Kagan Bay) began 
in 1865, despite lack of preliminary geological studies. By 1872 the 
mine had closed: much capital had been wasted and only 435 tons on 
coal had been mined (Dalzell, 1968). 

However, the project did result in the first visit to the islands by 
the Geological Survey of Canada. At the request of those interested 
in the coal, James Richardson spent twelve days in the region in 
1872. Most of this time was spent working with the Queen Charlotte 
Mining Company evaluating the coal potential in the workings at Kagan 
Bay, but he did find time for brief examinations of the shoreline 
along Skidegate hlet and Skidegate Channel. Richardson (1873) di- 
vided the "coal bearing rocks of the Queen Charlotte Islands" into three 
Jura-Cretaceous sedimentary units (Fig. 2, column I) which togeth- 
er lie in a north-south trough bounded to the west by a "high range 
of volcanic rocks" of unstated age. 

Richardson's fossils were examined by E. Billings and J.W. Daw- 
son; their reports were published as appendices to his. Dawson (1873) 
assigned the plant fossils to the Lower Jurassic or Lower Cretaceous. 
Billings (1873) studied the invertebrate fossils and reported, "...the 
Ammonites and Belen~nites tend to prove that the Queen Charlotte Is- 
lands rocks are Jurassic, while the Nautilrts would place them in the 
Cretaceous". Billings correctly recognized the mixed nature of 
Richardson's collections and presence of two faunas (one Jurassic and 
one Cretaceous). But despite his report, studies for the next thirty years 
failed to make this crucial separation of Jurassic and Cretaceous 
strata. 

In 1876 the Geological Survey of Canada published the first sec- 
tion of J.F. Whiteaves' tive-part treatise on Mesozoic fossils, three parts 
of which deal with the Queen Charlotte Islands. In part 1, Whiteaves 
(1876) re-described Richardson's fossil collections from the Queen 
Charlotte Islands. Although Whiteaves realized that some of the fos- 
sils had Jurassic affinities, he failed to recognize the mixed fauna1 na- 
ture of Richardson's collections. Whiteaves wrote. "It is sufficient- 
ly obvious that they exhibit a blending of life of the Cretaceous 
period with that of the Jurassic ...." (p. 9 1). He concluded, "At present 
i t  would be premature to express any very decided opinion on the exact 
age of these Coal-bearing rocks. All that the fossils show with any de- 
gree of probability is that the series can scarcely be much newer than 
the Middle Cretaceous, or older than the Upper Jurassic." (p. 92). 

THE FIRST THOROUGH RECONNAISSANCE: 
G.M. DAWSON 

In 1878 the remarkable natural scientist G.M. Dawson set sail 
from Victoria in the small schooner "Wanderer" to explore the 
Queen Charlotte Islands. In two and one half months of stormy 
weather Dawson explored the eastern shoreline of most of the islands 
and mapped in detail along Skidegate Inlet. Because of the un- 
favourable weather conditions and the large amount of shoreline ex- 
posed on the many islands on the east side of the archipelago, time 
did not permit exploration of the west coast. The resulting compre- 
hensive report (Dawson, 1880) included studies of the geology, phys- 
iography, tlora and fauna, and a monograph on the Haida people. The 
report contains the first geological map of the islands, the first work- 
able stratigraphy, a thoughtful discussion of the Quaternary deposits, 
and the first attempt at a tectonic history of the islands. These con- 
tributions remained invaluable for the next eighty years. 

Dawson (1 880,1889) divided the strata into four broad units rang- 
ing in age from Triassic (possibly Carboniferous) to post-Pliocene (Fig. 
2, column 2). The oldest of these has four subdivisions, three of which 
remain today as the Karmutsen Formation and the lower two divisions 
of the Kunga Group (Sadler Limestone and Peril Formation). After his 
season on Vancouver Island, Dawson (1887,1889) correlated these units 
with the Vancouver Group, recognizing the similarities between lower 
Mesozoic strata on Vancouver and Queen Charlotte islands. 

Dawson (l 880) subdivided the "Cretaceous coal-bearing rocks" 
unconformably overlying the Triassic strata into five units, from 
youngest to oldest called A-E. In 1889, following Whiteaves (1883). 
he named the lower three units (C-E) the "Queen Charlotte Island for- 
mation" (Dawson, 1889; Fig. 2, column 2). He believed the Lithologically 
similar sandstones in units C and E were the same age and that the 
volcanic agglomerates (D, now the Yakoun Group) separating them 
represented contemporaneous volcanism. Although Dawson remarked 
on the irregular surface between units C and D he concluded, "This 
partial unconformity is, however, believed to be essentially unimportant, 
and only such as might be anticipated at the junction of two classes 
of deposits so dissimilar." (Dawson, 1880, p. 67B). 

Probably influenced by Whiteaves' reports on Richardson's fos- 
sil collections indicating that units C and E are the same age, Dawson 
failed to recognize the unconformity separating his unit C (correctly 
recognized by Dawson as Cretaceous) from unit D (incorrectly thought 
to be Cretaceous and found later to be Jurassic). This failure to sepa- 
rate Jurassic from Cretaceous strata was Dawson's main error in in- 
terpretation and was to persist for the next twenty-five years. 

Dawson's interpretation of the tectonic history of the islands con- 
tains the seeds of many later ideas and is worth quoting at some length: 

After the deposition of'the rocks coloured as Triassic, and 
hefore the newer series with which the coal is associated 
began to hc formed, a period of some disturbance must have 
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Figure 1: Areas studied by some previous workers on the Queen Charlotte Islands. 



itrtervencd, to ~ , l~ i ch  U great port qf the ,qrunitoid intrusive 
rocks of the rcgion are po.ssihly referable. Portions of 
thc,se older socks n3ew rui.sed above. the sea level at this tin?(,, 
and the deposition o f  the Crc~tcrceous c~oal-hearit~,q rockss bv~s 
inaleguru fed. This did not proceed uninterrilptcdly, ho)oever, 
for we have cwidence of the occurrence of aperiod of great 
volcanic activity, which Ird to the intercalation ($.several 
thoti.sandfeet of ultnost utw~keci volr.unic products. follow in^ 
this, rvitholet any marked ur~ronfi)rtnity  is a tratzquil pe- 
riod, d~crin~q !:vhir.h a great thirkrle.ss of .slmlc.s and sh(11y sand- 
stones was deposited, and in contzection with the ecrrlit~st 
beds of which the Skideeqate coal w>as formed. The over(s- 
ing conglomerates probably evidence a period of depres- 
sion, afrer which, and closing a.s,far us we know the record 
of the Cretaceous period in this region, un r~pper .serie.s of 
shales and satzdstones was produced in a shallow and 
quiet sea. The great period of di.strrrbmtu and tnountairt f i r -  
mation for the region now strperver~ed. and the only record 
we have of the tinze elapsing between the Cretaceous and 
later Tertiary is in the flexure, crumpling and fracture of 
the beds. (Dawson, 1880, p. 46B-47B). 

In some ways, this is a thoroughly modem synthesis, particularly 
coming after just one season of field work. Dawson noted the similar- 
ity of the Triassic rocks with those on Vancouver Island and clearly rec- 
ognized two "periods of disturbance". The older occurred in post-Tri- 
assic time (now known to be Middle Jurassic) and was associated with 
extensive plutonism (San Christoval and Burnaby Island plutonic suites 
of Anderson and Reichenbach, 1991). Uplift and erosion were fol- 
lowed by renewed sedimentation and volcanism that ended with deposition 
of conglomerates (Honna Formation in today's nomenclature) and 
shales (Skidegate Formation). The second main "period of disturbance" 
was in the Cretaceous or early Tertiary. Dawson thought that, follow- 
ing this deformation, sea level in late Tertiary time was probably much 
as i t  is today. Slight changes in sea level resulted in the deposition of 
sediments (Skonun Formation); volcanic rocks (Masset Formation) 
were probably erupted from a number different eruptive centres. 

Dawson's fossil collections were described by J.F. Whiteaves 
(1884) in the third part of "Mesozoic Fossils." This report further en- 
forced the idea that the "coal-bearing" rocks were a conformable se- 
quence of Cretaceous age. "By far the largest number of fossils col- 
lected by Dr. Dawson, however, consisting of upwards of one thousand 
specimens, are from the Newer Mesozoic strata of Skidegate and 
Cumshewa Inlets, which can now be shown to be of Cretaceous 
rather than of Jurassic age." (Whiteaves, 1884, p. 192). 

In 1895 and 1897 the anthropologist Dr. C.F. Newcombe of Vic- 
toria collected fossils from Skidegate and Cumshewa inlets. These were 
the subject of Part 4 of "Mesozoic Fossils" (Whiteaves, 1900). 
Whiteaves stuck to his conviction that the fossiis were Cretaceous in 
age. He also revised his identifications of Richardson's and Dawson's 
collections from Jurassic forms to Cretaceous forms based on the bet- 
ter material supplied by Newcombe. 

Not until the first years of the twentieth century were Whiteaves' 
conclusions seriously questioned and a resolution to the problem 
found. Two American paleontologists, T.W. Stanton and G.C. Mar- 
tin (1905), working on the Mesozoic strata of Cook Inlet, Alaka, noted 
that some of the Cook Inlet ammonites were clearly Jurassic in age 
yet were strikingly similar to specimens figured by Whiteaves and as- 
signed by him to the Cretaceous. The following year, D.B. Dowling 
(1906), working on the Jurassic of southwestem Alberta, also noted 
the Jurassic aspect of some of Whiteaves' "Cretaceous" forms from 
the Queen Charlottes. He concluded that the fossils from Dawson's 
unit C were in fact from two units and suggested that the problems 

could be resolved if the Queen Charlotte beries were divided into two 
formations, one Jurassic and the other Cretaceous. 

3EGI1IIMINGS OF MODERN NOMENCLATURE: 
CEAPP Alc!E1 WiACi&ElVZiE 

In the 1880s. the "Wilson" coal seam had been found on Gra- 
ham Island by Mr. W.A. Robellson, while evaluating timber re- 
sources for the provincial government. In 1905, R.W. Ells of the Ge- 
ological Survey of Canada spent the summer on Graham Island, 
under instructions to examine the coal field represented by the Wil- 
son seam. Ells made the first geological reconnaissance of the west 
coast of Graham Island and completed a traverse of the island from 
Masset Wet via the Yakoun River to Skidegate Inlet, but he spent most 
of his time on the "Cretaceous coal-bearing rocks" that were then of 
economic interest. Ells' (1906) map and report added little new to the 
understanding of the area, but he did recognize that some of the ig- 
neous rocks in Dawson's Queen Charlotte Island formation were 
pre-Cretaceous in age (Fig. 2, column 3). 

In 1912, C.H. Clapp of the Geological Survey of Canada spent 
seventeen days on Graham Island at the request of a company work- 
ing on the coal deposits. Clapp examined parts of Masset and Skide- 
gate inlets and traversed the island from the mouth of the Honna River 
to the mouth of the Yakoun River. Clapp was also actively working 
on Vancouver Island and his familiarity with stratigaphy there no doubt 
aided him on the Charlottes. 

Clapp (1914) divided the strata into several main units ranging 
in age from Triassic to Recent (Fig. 2, column 4). Following Daw- 
son (1889) he recognized that the Triassic-Jurassic strata are similar 
to those on Vancouver Island and referred to these units as the Van- 
couver Group. He abandoned Dawson's Queen Charlotte Island for- 
mation (Dawson's units C-E) and proposed instead the Queen Char- 
lotte series for Dawson's units A to D; this is essentially the Queen 
Charlotte Group of modem usage. Within the Queen Charlotte series 
he recognized four members: the Image (now Yakoun Group, in 
part), Haida, Honna, and Skidegate. Clapp recognized an unconfor- 
mity between his Image and Haida members and also recognized that 
Middle to Late Jurassic plutons cut what is now called the Yakoun 
Group. He thought the Skidegate was younger than the Honna con- 
glomerate, a mistake that was perpetuated by succeeding geologists 
until corrected by Haggart (1987). 

Clapp's comments on the geological history and tectonic setting 
of the Queen Charlotte series and younger rocks are interesting and 
show that he recognized the pre-Yakoun uplift and erosion empha- 
sized by Thompson et al. (1991 ) and the constructional nature of Mas- 
set volcanism described by Hickson (1991). According to Clapp 
(1914, p. 14-15): 

The [Queen Charlotte] .seric>s is o f  sedirnentaty origin, 
and was apparently deposited in a wide valley between high- 
lan(f,s of the nletamorphic clnd grunitic rocks. In the valley 
itself, there uppear to have been three orfi~ur large mo12- 
crdnocks, which remained uhove the depositinnul level dur- 
ing thcforrnution of, at least, the lowermernhers of the se- 
ries, inclrrdin~ the coal seams. The date o f  deposition is 
generally considered to he Lower to Upper Cretaceous .... 
Breaking through the Queen Charlotte series and forming 
,sills, &kes, and probably laccolith.~, and u1soflow.s. are ig- 
rteous rocks, rangitr,q from ducites to basalts. They are 
douht1es.s largely of Tertiary age, ultholc,qh possibly erupt- 
ed clt widely separated itzterva1.s .... 111 the cet~tral part HGra- 
ham island the hasalts apparently form intrrrsive nzasses, 
presumably laccoliths. and po.ssiblyflon~s, and now occur 



capping [he large monadnocks which s~omount the hasin 
~rtzderlain by the Queen Charlotte series. 

Clapp's short visit was highly productive and prompted a more 
detailed study by J.D. MacKenzie. He spent a total of five months dur- 
ing the summers of 1913 and 19 14 on reconnaissance and detailed map- 
ping on Graham Island. His final report (MacKenzie, 1916) was the 
most comprehensive since Dawson's and included a geological map 
of Graham Island at I inch to 4 miles. 

MacKenzie proposed a number of new stratigraphic names 
(Maude, Yakoun, Masset, and Skonun) that continue in use today, al- 
though some have changed rank (Fig. 2, column 5). He divided the 
Vancouver Group on Graham Island into two formations: the Lower 
Jurassic and possibly Triassic Maude Formation (sedimentary) and 
the Middle Jurassic Yakoun Formation (largely volcanic and vol- 
caniclastic). The rocks of Clapp's Image member became part of the 
newly defined Yakoun Formation. The Cretaceous members of 
Clapp's Queen Charlotte series (Haida, Honna, and Skidegate) were 
raised to the formational status that they enjoy today. 

MacKenzie divided the Tertiiuy rocks of Graham Island into two 
main units: the Skonun Formation (dated as Miocene or Pliocene by 
Whiteaves on the basis of MacKenzie's fossils) and the Pliocene Mas- 
set Formation (which he thought overlay the Skonun). However, he 
noted that some Tertiary volcanic rocks predate the Masset. In the pre- 
liminary report on his first summer of field work (MacKenzie. 19 14), 
he suggested the name Etheline Formation for basalt flows found on 
Mt. Etheline in central Graham Island. Field work the following year 
convinced him that these flows were part of the Pliocene Masset For- 
mation, but he kept the name Etheline Formation for subvolcanic in- 
trusions that he presumed were Eocene in age. The Etheline Forma- 
tion has not been accepted by later workers, and the rocks they 
represent are included in the Masset Formation and Kano plutonic suite 
and various dyke swarms. 

MacKenzie's interpretation of the tectonic history of the region 
extended Clapp's ideas. Sedimentary rocks of the Maude Formation 
were deposited under widespread, quiet and stable conditions during 
Late Triassic and Early Jurassic time. Towards the end of Early 
Jurassic time, minor uplift resulted in deposition of slightly coarser 
sediments; these were followed by a great period of explosive volcanic 
activity (Yakoun Group) in Middle Jurassic time. Following Yakoun 
volcanism there was a period of uplift, erosion, and plutonism: 

The length of this stage of vulcanism is unknown as the vol- 
canic~ are everywhere removed or truncated by the surface 
of pre-Cretaceous erosion. That there was considerable cov- 
ering over the formations now exposed at the surface is ev- 
identfrorn the fact that they are intruded by batholithic rocks, 
requiring at least several hundred feet of cover.... the lower 
and middle Jurassic rocks were folded to a considerable de- 
gree, and intruded by masses of igneous rocks in the form 
of batholiths ...[ that] may be correlated with the intrusion 
of the Coast Range batholith, generally supposed to he upper 
Jurassic in age. (MacKenzie, 1916, p. 115). 

At the beginning of Cretaceous sedimentation, the region was 
one of moderate relief. Renewed marine sedimentation began, first 
in local basins, then more widespread as subsidence continued (com- 
pare Haggart, 199 1 for a modem treatment of Cretaceous sedimen- 
tation patterns). 

At the close of the Cretaceous, the region was uplifted and fold- 
ed, though much less strongly than in the Jurassic. Cretaceous sedi- 
ments were largely removed by erosion, remaining only in synclinoria. 
The Eocene was marked by the intrusion of dacite and andesite 
dykes, sills, and hypabyssal inhusions. In the Miocene and Pliocene(?), 

marine and nonmarine sediments of the Skonun Formation were de- 
posited on northeastern Graham Island prior to eruption of the 
Miocene(?) and Pliocene Masset Formation. MacKenzie recognized 
that both the Masset and Skonun formations were folded into broad 
open warps and cut by faults. 

Finally, MacKenzie devoted 13 pages to a discussion of the 
petroleum potential of Graham Island. He recognized the source-rock 
potential of the Maude Group, described the Lawn Hill and other bi- 
tumen occurrences, but concluded that it was extremely remote that 
significant hydrocarbon reserves existed on the island. 

THE FIRST DETAILED BIOSTRATIGRAPHY: 
F.H. MCLEARN 

The publications of Whiteaves and the ensuing controversy had 
brought the remarkable Jurassic and Cretaceous fossils from Skide- 
gate Inlet to world-wide attention. In 1921, the Geological Survey of 
Canada paleontologist Frank McLeam made the first of many trips 
to Skidegate Inlet. Unlike previous geologists to visit the islands, he 
was not motivated by economic concerns or interest in the regional 
geology. He systematically and carefully collected from the rela- 
tively narrow span of time represented by sections in the small area 
(Fig. l)  centred on Maude Island and Alliford Bay. He published sev- 
eral interim papers (e.g. McLeam, 1929, 1930, 1932) on Jurassic pa- 
leontology and stratigraphy in which he concluded that the Maude For- 
mation was Toarcian in age. 

In 1949 he summarized his information on the Jurassic of Skide- 
gate Inlet in a bulletin (McLeam, 1949). In his revision of the Juras- 
sic smtigraphy he retained MacKenzie's Maude and Yakoun formation5 
and further divided the Maude into two unnamed lithologic units and 
the Yakoun into three (Fig. 2, column 6). 

McLeam's work on the Cretaceous molluscs remained unpub- 
lished at his death in 1964. His rough manuscript, edited and completed 
by George Jeletzky, was finally published more than 50 years after 
his first visit to the islands (McLearn, 1972). McLeam was predom- 
inantly a Triassic specialist and his Jurassic work has undergone se- 
vere revision by later workers. His Cretaceous work has stood up well, 
though, and his careful collections remain of value to present-day bios- 
tratigraphers. 

THE FIRST COMPETE MAP AND SYNTHESIS: 
A. SUTHERLAND BROWN 

Apart from McLearn's detailed biostmtigraphy, little regional work 
was work was done in the 40 years after publication of MacKenzie's 
report. Although there had been extensive mineral exploration between 
about 1906 and 1915, there was little between 1915 and the late 
1940s. The 1950s were a time of intense exploration. Moresby Island 
saw active exploration for Fe-Cu skarn deposits, and on Graham Is- 
land Richfield Oil Corporation drilled five exploratory wells in 1958 
to assess the hydrocarbon potential of the region. In 1958 Atholl 
Sutherland Brown of the British Columbia Department of Mines 
and Petroleum Resources began systematic mapping of the region as 
an aid to mineral exploration. His original intent was to map Mores- 
by and adjacent islands (which had not been systematically examined 
since Dawson) but in 1961 work was extended to include Graham Is- 
land. He spent the summers of 1958-62, and several weeks in each 
of the following years in the field. The final publication (Sutherland 
Brown, 1968) contains detailed and elegant descriptions and syntheses 
of the bedrock geology, mineral and surficial deposits, and glacial his- 
tory. The first geophysical survey of the area, an aeromagnetic sur- 
vey of central Moresby Island intended to aid mineral exploration, was 
done as part of the overall project. The excellent geological map of 
the archipelago (at 1: 125 000 scale) that accompanies the report re- 



Figure 2: Stratigraphic columns for the Queen Charlotte region, based on previous work. Column 11 includes offshore data; all other columns 
are for the Queen Charlotte Islands only. 
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mains highly useful, although large parts have been superseded by more 
recent work. 

In his trcntrnent of the stratigraphy, Sutherland Brown intro- 
duced several new names and subdivided some older ones (Fig. 2, col- 
umn 7). He called the basal basaltic unit of the Vancouver Group the 
Karmutsen Formation. thus formally recognizing what had becn 
known since Dawson's time: the ilpper Triassic volcanic rocks on Vm- 
couver and Queen Charlotte islands are identical. in a preli~iiinary re- 
port (Sutherland Brown and Jeffrey, 1960) he introduced the narne F.unga 
Formation for the Upper Triassic and Lower Jurassic sedimentary se- 
quence characterized and generally dominated by limestone. In the final 
report (Sutherland Brown, 1968) he subdivided thc .:unga into thrcc 
members (now called the Sadler, Peril, and Sandilandz i:, maric.,ls). 

Sutherland Brown gave the name Longarm ?orm~.tic~i to dower 
Cretaceous, mainly sedimentary rocks that unconfonnably ovcilic tuc 

Yakoun Formation. MacKenzie (1916) had included thesc rocks in 
his Triassic-Jurassic Maude Formation; all othcr workers had placud 
them the Queen Charlotte series. For the mid-Cretaceous rocks, 
Sutherland Brown used the term Queen Charlottc .Sroup and re- 
tained MacKenzie's Haida, Honna and Skidegate fonnations. The Ilaida 
Formation he further subdivided into two members. 

Sutherland Brown kept MacKenzie's Skonun and Masset k>r- 
mations but, in opposition to MacKenzie, he placed the Skonun For- 
mation unconformably above the Masset Formation. He subdivided 
the Masset into three facies based on area1 disribution: the Tartu. ::oote- 
nay and Dana facies. He concluded that the olivinc basalts at Tow kiill 
are sills within the Skonuii Formation and are distinct both temporally 
and petrographically from thc idasset Formation. 

The plutonic rocks received their first systematic study by 
Sutherland Brown. He recognized two suites, an older (possibly la te  
Jurassic) syntectonic category, and a younger (perhaps Eocene) post- 
tectonic suite. 

Sutherland Brown's summary of the structural and tectonic his- 
tory of the region, although conceived before the widespread accep 
tance of plate tectonics, gave an integrated and coherent picture that 
had a strong influence on later workers, particularly Yorath and 
Chase (1981) and Yorath and Hyndman (1983). Sutherland Brown 
was the first to study seriously the pattern of faulting on the islands. 
He believed that the distribution and nature of volcanic, sedimenta- 
ry, and plutonic rocks was controlled by motion along three subpar- 
allel, northwest-trending fault zones: the Rennell Sound-Louscoone 
Inlet fault zone in the centre, the Sandspit fault zone on the east, and 
the Queen Charlotte fault offshore to the west. Movement along 
these faults occurred from Triassic time to the present. The history 
of the fault systems is complicated, but Sutherland Brown suggest- 
ed that the net movement on the Rennell Sound-Louscoone and 
Sandspit systems combined large right-lateral displacement with sig- 
nificant east-side-down motion. 

In his reconstruction of the tectonic history, the mantle-derived 
Karmutsen Formation erupted from a series of vents controlled by north- 
west trending faults. The Kunga Group was deposited in a basin that 
was initially shallow but deepened by Early Jurassic time; the Maude 
Group represents turbidite deposits in a deep basin. Marine and non- 
marine Yakoun volcanic rocks erupted from a series of vents paral- 
lel to and west of the Sandspit fault. Volcanism was followed by in- 
tense deformation and the emplacement of syntectonic plutons. 

The earliest sediments of Cretaceous age, the Longarm Forma- 
tion, were deposited in a graben-like basin controlled by the Rennell 
Sound-Louscoone Inlet fault and lapped onto the eroded margins of 
Yakoun deposits to the east. During Haida deposition, a land mass ex- 
isted in what is now the western part of the archipelago; exposed units 

included the :<armutsen and Kunga formations and the syntectonic 
plutons. The strand line roughly followed the tracc of the Rennell-Lous- 
coone fault. To the east therc may have been a chain of islands un- 
derlain by Yakoun volcanics: Haitia sediments may have been deposited 
beneath what is now Hecate Strait. The change in sedimentary style 
shown by thc Honna Porniation resulted from extensive fault motion 
along the marsins of the Haida basin during Honna time. 

Like many later workers, Sutherla~id Brown worried about the 
mode of origin of the Masset Formation. He suggested that the basalts 
represented remelting of Kamiutsen basalts or a ncw tap of mantle ma- 
tcrials. The Masset rhyolites, on the other hand, may represent remelt- 
ins of early Palcozoic plutons such as those now exposed in south- 
c;;,..ern ,>,laska. He recognized that the Tow Hill basalts are 
petrogenetically different than the illasset volcanics, and suggested 
that they may be correlative with alkaline basalts east of Hecate 
."trait (sce Woodsworth, 1091 Cor a discussion of this point). 

Thc marine and nonmarine Skonun Formation was deposited into 
an extensive, rapidly sinking basin, possibly fault-controlled on its mar- 
gins, with sediment derived from both the Queen Charlotte Islands 
and from the mainland. 

?GIST-SLITHERLAW3 BROWN, PRE-FGF 
SYNTWESES AND BIOSTRATIGRAPHY 

Little regional mapping ws; tlonc on the Queen Charlotte Islands 
in the two decades following the completion of Sutherland Brown's 
ficld work. Several syntheses were published based on his mapping, 
on geophysical surveys. new concepts of platc tectonics, new K-Ar dat- 
ing, and the data gleaned from the active petroleum exploration pro- 
gram in Queen Charlottc Basin in the 1960s. Of these syntheses, only 
Shouldice (1971) added sigmificantly to the stratigraphic database for 
the Queen Charlotte region. However, the models of Yorath and 
Chase (1981) and Yorath and Hyndman (1983) have been sufficient- 
ly influential that we outline them briefly without critical comment. 

D.H. Shouldice (1971) interpreted the Tertiary part of the Queen 
Charlotte Basin from a petroleum exploration viewpoint, using large- 
ly proprietary geophysical and well data from Hecate Strait collect- 
ed by Richmond Oil Corporation and Shell Canada. In his interpre- 
tation, volcanism began in Early to Middle Eocene time and continued 
sporadically into Miocene time. Tertiary sedimentation in the Queen 
Charlotte basin began in Miocene time and continued, interrupted by 
periods of uplift and erosion, through Pliocene time into the Pleistocene. 
The seismic data indicate large topographic relief on the top of the pre- 
Tertiary sediments; Tertiary sediments onlap onto this surface and thick- 
en basinwards. 

In his M.Sc. thesis, Ian Young (1981) presented the first com- 
prehensive set of K-Ar dates for plutons and volcanic rocks of the Queen 
Charlotte Islands and interpreted the Mesozoic and Cenozoic histo- 
ry of the region in terms of a wrench-fault model. However, the 
most influential and controversial paper was that by Chris Yorath and 
Dick Chase. Using the geological framework developed by Sutherland 
Brown (1968), radiometric data obtained by Young (1981), gravity 
and magnetic data, and multichannel seismic data supplied by Chevron 
Standard Ltd. and Shell Canada Resources Ltd., Yorath and Chase 
(1981) interpreted the stratigraphic succession in terms of four tec- 
tonic assemblages: allochthonous, suture, post-suture, and rift. In 
their model, the Paleozoic through Jurassic strata of Alexander ter- 
rane and Wrangellia comprise allochthonous assemblages. Longarm 
Formation and Late Jurassic plutons on Queen Charlotte Islands rep- 
resent suturing of Wrangellia to Alexander terrane along a proposed 
Reme11 Sound-Sandspit fault system. Sedimentary rocks of the post- 
suture Queen Charlotte Group may have had an easterly source and 
may represent the final accretion of the amalgamated terranes to the 



continent in mid-Cretaceous time. Masset Formation volcanic rocks 
and Tertiary plutons may represent middle to late Tertiary rifting in 
Queen Charlotte Sound above a mantle plume. Ritiing resulted in strike- 
slip motion and subsidence in Queen Charlotte Sound and Hecate Strait. 

In a related paper, Yorath and Roy Hyndman (1983) gave a model 
for the Tertiary evolution of the Queen Charlotte region. In their in- 
terpretation, rifting and cn~stal extension occurred in Oueen Charlotte 
Sound until about 17 Ma ago. The Queen Charlotte Islands were dis- 
placed northwards by strike-slip motion. Rifting and crustal thinning 
resulted in a large thermal anomaly, ivlasset volcanism, and a restricted 
deep basin. Beginning about 6 Ma ago, oblique subduction along the 
continental margin caused flexural uplift of the westem part of the Queen 
Charlotte Islands coupled with subsidence and widespread sedimen- 
tation in Hecate Strait and Queen Charlotte Sound. 

Beginning in 1974, there was a renewed interest in the Jura-Cret- 
aceous biostratigraphy of the Quecn Charlotte Islands. Howard 
Tipper, later joined by Bruce Carneron, Beth Carter and Paul Smith, 
began systematic study of the Jurassic sections on Maude, Moresby 
and central Graham islands, integrating studies of macrofossils, ra- 
diolarians, and foraminifera. The first formal, substantial publication 
resulting from this work, Cameron and Tipper ( 1985). thoroughly re- 
vised the Jurassic nomenclature of the islands based on their new itnd 
detailed biostratigraphic work (Fig. 2, column 8). Cameron and 
Tipper (1985) abandoned the Vancouver Group, raised the Kunga For- 
mation to group status, and gave the formal name Sandilands Formation 
to Sutherland Brown's (1968) black argillite member of the Xunga 
Group. Cameron and Tipper (1  985) elevated h e  Lower to Middle Juras- 
sic Maude Formation to group status and divided it into five new for- 
mations: Ghost Creek, Rennell Junction, Fannin, Whiteaves (named 
for J.F. Whiteaves). and Phantom Creek formation. 

In treating the Yakoun Formation as it was described by 
Sutherland Brown (1968), they recognized that there was a hiatus be- 
tween his lower, volcanogenic members and the upper, entirely sed- 
imentary member. Cameron and Tipper (1985) restricted the term "Yak- 
oun" to the lower, volcanogenic strata and raised the term to group 
status, consistent with their treatment of the Maude and Kunga 
groups. They subdivided the Yakoun Group into two formations: the 
lower shale and tuffdominated Graham Island Formation and the con- 
formably overlying, volcanic-dominated Richardson Bay Formation 
(indirectly named for James Richardson). The new term Moresby Group 
was given by Cameron and Tipper (1985) to the sedimentary beds that 
previously formed the upper part of the Yakoun Formation. Three new 
formations were formally defined within the Moresby Group: the Al- 
liford, Newcombe, and Robber Point formations. 

The mid-Cretaceous Queen Charlotte Group was also a focus of 
renewed interest in the 1980s. K. Yagishita (1985a,b), in his sedi- 
mentological study, placed the Homa Formation below the Skidegate 
Formation, in common with most earlier workers (Fig. 2, column 9). 
Yagishita concluded that the Haida and Honna formations are fore- 
arc basin deposits and were derived from the east. 

James Haggart (1986, 1987) took a biostratigraphic and lithos- 
mtigraphic approach to the first significant revision of the Queen Char- 
lotte Group in over a century. He identified early Turonian fossils from 
both the Skidegate and Haida formations, indicating that the two 
units are at least in part facies equivalents (Fig. 2, column 10). The 
greater part of the Homa Formation is Coniacian in age and thus caps 
the stratigraphic sequence (Haggart, 1987). Interestingly, Haggart 
showed that T.W. Stanton (parap- in MacKenzie, 1916) recognized 
the Turonian age of at least part of the Skidegate Member and the shale 
member of the Haida, but the stratigraphic implications were over- 
looked at the time. 

Cameron and Hamilton (1988) published a stratigraphic column 
for the Queen Charlotte Islands and Hecate Strait (Fig. 2, column 1 1) 
that attempted to summarize the state of stratigraphic knowledge to 
date. The main changes from earlier workers were in the Tertiary, where 
the Masset and Skonun forn~ations were recognized as being in part 
correlative. 

PRESENT STATE OF KNOWLEDGE 
Work done under the Geological Survey of Canada's Frontier 

Geoscience Program has resulted in revisions to most parts of the strati- 
graphic column. These revisions are based on detailed biostratigra- 
phy, geochronology, and regional mapping. The present state of 
stratigraphic nomenclature for the Queen Charlotte Islands is shown 
in Figure 3. 

Upper Triassic and Lower to Middle Jurassic Kunga and Maude 
groups have seen intense study in the last several years. Desrochers 
and Orchard (1991), as part of an integrated biostratigraphic and 
sedimentological study of the Kunga Group, proposed the names 
Sadler Limestone and Peril Formation for the "grey limestone" and 
"black limestone" members of the Kunga Group. Tipper et al. (1991) 
continued their work on Lower and Middle Jurassic biostratigraphy. 
They abandoned the Rennell Junction Formation and included its beds 
within a revised Fannin Fomiation. Further major revisions to the Kunga 
and Maude groups seem unlikely in the near future, although refine- 
ment of the ages will continue and the Maude Group is ripe for a mod- 
ern sedimentological study. 

'(he 'iakoun and Moresby groups have seen relatively little 
study in the last three years, thus the stratigraphic nomenclature of 
Cameron and Tipper (1985) has not been thoroughly tested. Both units 
need more study. 

Haggart (199 l), continuing his work on Cretaceous biostratig- 
raphy, suggested that the Longarm Formation may extend down into 
the Jurassic. He interpreted the Longarm Formation and much of the 
younger Cretaceous Queen Charlotte Group as transgressive se- 
quences deposited primarily in response to rising sea level. Haggart 
(1 991) concluded that the previously inferred unconformity separat- 
ing the two units does not exist: a continuous stratigraphic succession 
indicates that deposition in the basin was continuous through Early 
Cretaceous and into Late Cretaceous time. These results are prelim- 
inary; Upper Jurassic and Lower Cretaceous strata remain poorly un- 
derstood relative to the Kunga and Maude groups. 

Haggart's (1987) revisions to the Queen Charlotte Group remain 
essentially unchanged, but it is clear that there are several poorly ex- 
posed, poorly dated, and unnamed units on the northern half of the 
Queen Charlotte Islands. The age ranges and stratigraphic relations 
of these units (Fig. 3) are largely speculative; the Late Cretaceous to 
early Tertiary time span needs much more work. 

The informally named "Gust Island volcanics" (Haggart et al., 
1989) are intermediate volcanogenic rocks intercalated with the 
Homa conglomerate and sandstone. Haggart and Higgs (1989) reported 
a previously unrecognized shale unit containing Late Santonian to Early 
Campanian fossils. The coal deposits at the old Cowgitz site in Kagan 
Bay, which sparked much of the early geological work on the islands, 
are now know to be Early Eocene to Early Oligocene in age (White, 
1990; Haggart, 1991), not Cretaceous as was long thought. This is the 
first identification of Paleogene strata in the Queen Charlotte Islands 
(White, 1990) 

The definition of the Masset Formation remains controversial. 
Cameron and Hamilton (1988), based largely on unpublished work 
by Hamilton, used the term Masset for all Eocene through Miocene 
volcanic rocks on Queen Charlotte Islands and in Hecate Strait. 
Hickson (1991), based on detailed mapping on Graham Island, chem- 
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istry, and petrography, restricted the Masset Formation to Late 
Oligocene to earliest Pliocene, aphyric to sparsely phyric, calc-alka- 
lic volcanic rocks and associated epiclastic sediments. Under this def- 
inition, rocks of Sutherland Brown's (1968) Kootenay facies are in- 
cluded in the Masset Formation, but breccias of his Dana facies are 
excluded. In contrast to Cameron and Hamilton (1988), the Miocene 
basalts along the east side of Graham Island, beneath and along the 
east side of Hecate Strait are also excluded from the Masset Forma- 
tion (Woodsworth, 1991). All active workers, however, agree that the 
Skonun Formation is in large part correlative with the Masset Formation 
(Fig. 3). 

Although Young (1981) had done some K-Ar dating on some 
plutons on the Queen Charlotte Islands, plutonic rocks had been large- 
ly ignored since Sutherland Brown (1968). In the last few years, Bob 
Anderson and others have made a systematic study of plutons on the 
islands (Anderson, 1988; Anderson and Greig, 1989; Anderson and 
Reichenbach, 1991). This work has shown that Sutherland Brown's 
(1968) inferred Cretaceous age for his syntectonic and post-tecton- 
ic batholiths is incorrect. Instead, they showed that there are two suites 
of Middle Jurassic plutons on the islands. They named these the San 
Christoval suite (on the east) and the Bumaby Island suite (younger, 
and on the east) (Fig. 3). They showed that Tertiary plutonic rocks, 
which they named the Kano plutonic suite, are Middle Eocene and 
Miocene in age and are roughly coeval and cospatial with the Mas- 
set volcanic rocks. 

CONCLUSION 
The stratigraphic nomenclature of the Queen Charlotte Islands 

has developed over the last century in a piecemeal fashion. The 
stratigaphic column used by any individual worker is an interpreta- 
tion reflecting the scientific paradigms of the day, hisher geological 
training and prejudices, the stratigraphic record preserved in the area 
studied, and the cumulative knowledge gained from the literature. Thus 
different workers may use different (and often contradictory) strati- 
graphic nomenclature, and not all studies that have been published rep- 
resent significant progress. 
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Abstract 
In the Queen Charlotte Islands (QCI), three lithostratigraphic subdivisions of the Lute Triassic-Early Jurassic Kunga 
Group are recognized. These are the Sadler Limestone at the base (new formation, 42-200 m in thickness, Lute Carni- 
an in age), the Peril Formation (new formation, -350 m, Lute Carnian-early Late Norian), and the Sandilandr Formation 
at the top (-500 m, middle Late Norian-Sinemurian). Three informal subdivisions of the Peril Formation are recognized 
on the basis ofpredominant limestone lithofacies: a lower concretionary calcilutite member (Upper Carnian-Lower No- 
rian), a middle laminated calcarenite member (Lower-Middle Norian), and an upper pelecypod coquina member (lower 
Upper Norian). 

The geologic history of the Kunga Group involves three distinct depositional stages corresponding to the three litho- 
stratigraphic units. The Sadler Limestone represents deposition on a widespread carbonate platform that was established 
on a relativelyflat volcanic basement after the termination of volcanic activity in the Carnian. An open platj4orm facies, 
and on-shelfsand shoal facies developed during the Upper Carnian polygnathifonnis Zone time. 

The Peril Formation record a relatively rapid sea level rise beginning in Upper Carnian nodosus Zone time. This re- 
sultedfirst in the formation of hardgrounds over the drowned platform, and then in the deposition of deeper water sed- 
iment~ representative of a slope to basin setting throughout the remainder of the Lute Carnian and through early Late 
Norian time. Depositionul facies include pelagiclhemipelagic sediments, proximal to distal calciturbidites, andplarform- 
to slope-derived debris flows. No carbonate source for these is known in QC!. 

With the advent of middle Late Norian time, within the bidentata Zone, carbonate sedimentation ended abruptly in QCI. 
This event is coincident with the drowning of isolated carbonate platforms in other parts of Wrangellia. Thereafter, pre- 
dominant1,y terri~rnous ~ ~ d i m e n t ~  of the Sandihnds Forrnatiotl were deposited in the basin. 

Dans les ilcs de la Reitle-Charlotte, on (I  ddter-mint trois .sirbdivi.sions lit/zostr-ati,qraphique,s du 'Troupe de Kunga du Trios 
sirphicur au Jurassique injzrieur. Ce sont Ie calcaire de Sadler Li la brrse (nouvelle formation, de 42 ir 200 m d'kpais- 
sew, &ant Carnien supdrieur, hfonwtion de Peril (nouvel(e for7nation. -350 m, dic Carriien tardifdkbut du Norien supdrie 
ur et 1 1  fortnution dc Sutdilands uu somnlet ( - 5 0  m, drr milieu dlr Noricn suphrierrr- U L ~  Sirlktnrrrien). En se.fondarzt a ~ r  le litho- 
fuciPs calcaire p~~kdomi~zunr, 011 a dktermine' trois srrhdivision.~ itlformelles de lu,formmtio~~ de Peril : utz membre iti- 
fe'r-ieur de calcil~itite concrhtionne'e date' du Carnien supkrieur au Norien infdricur, ir11 menrbre itztermhdiaire de cal- 
care'nite Iaminke du Norietz itfhrieur. U nzoyetl et rrtz tnmhrr siip(;rieio. culcuire U pPlt;~:ypodes appartet~u~zt U lu partie i$e'rieuw 
du Norien suplrieur. 
L'histoire g&ologique du groupe de Kunga comporte trois Ptapes sddirnentaires distinctes corre.spondant aux trois uititLs 
1ithostratigraphique.s. Le calcaire de Sadler corr-esporul U 10 .skdimetztation d'irtie vaste plate-fi,r-me car-bonate'e sur un 
soclc volcanique r-elativement plot apr3s Ia fin de I'activitc: volcatiique dir Carnien. Un faciks de plate$orme ouverte 
et un fuciPs de haut fond sab/(~ux de plarqforme continentale sc sont forrn6.s durant la mise en place de la zone ci 
polygnathifonnis du Car-nien supe'rieur. 

La,formution de Peril contient des irrdiccs d'lrne augmentatiotl relativemcnt r-apide du tlivealr de la mer conlmen<:ant a 
l' Fpoque de la formation de lu zone a nodosus du Carnicn sup6rieur. I1 s'ensuivit la formatiotl d'un fond marin indurh 
au-dessus de la plate-fnrmc inorrdke, suivic rlu dip61 de skdimc~nts d 'c i~u  plus proji~nde correspotldutlt a une .s&dimen- 
tatiotl de tahis a celle de bassin pendant torrt le reste du Carnien sicpit-ieirr et pendant Ie dihut dr4 Norien supkrieur. Le 
faciPs de s&dimentation comprend des skdiments pklagiques et hitnipilagiques, des calciturbidites de pro,vitnales a dis- 
tales et des coulies de dkbris provenant dune  zor7e variant de la plure-forme au talus. Otz n'a r-epkrd uucune source de 
carbonates datzs les iles de 11 Reine-Charlotte. 

A L ~  milieu dii Norictl supirieur durant 10 zone a bidentata, la s6dirr~etztation drs carhotrates u cesst brusquement dans 
les iles. Ce phkrwrndne coiilcicle uvec l'inondution ile plate.sform~:s carbotzathes iso1ke.s daru duutres parties & la Wrungel- 
lia. Par la suite, des se'irnent.~ principalcmmt terrigtnes de lu fot.matiotz de Sundilands se sotzt de'posks dans le hassin. 
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INTRODUCTION 
The Kunga Group (Upper Triassic-Lower Jurassic) is the old- 

est sedimentary sequence recognized in the Queen Charlotte Islands, 
off the west coast of British Columbia (Fig. 1). During the field sea- 
sons 1987 and 1988, the principal Triassic outcrops of the group de- 
lineated by Sutherland Brown (1968) were visited and sampled. The 
resulting integration of lithostratigraphy and conodont biostratigra- 
phy provide a basis for fornial comprehensive subdivision of the 
Kunga Group presented here. 

In this paper, new fonnational names are introduced for the 
lower and middle parts of thc Kunga Group, the lithostwtigraphic re- 
lationships and internal structure of the carbonate units are described, 
and biostratigraphic constraints are summarized. The second part of 
this paper documents the variety of carbonate lithofacies and gives 
a brief overview of the sedimentary history of the Kunga Group. 

STRATIGRAPHY OF THE KUNGA GROUP 

Previous nomenclature 

Kunga Group strata were first recognized as a distinct unit by 
Dawson (1880). but Sutherland Brown and Jeffrey (1960) intro- 
duced the name Kunga Formation for a sedimentary sequence of lime- 
stone and argillite of Camian to Sinemurian age (early Late Triassic- 
mid-Early Jurassic). Sutherland Brown (1968) subdivided the formahon 
into three informal members, from base to top: I) massivc, grey 
limestone; 2) thinly bedded, black limestone; and 3) thinly bedded, 
black argillite. 

In addition, Sutherland Brown (1968) defined more precisely the 
Vancouver Group, a term originally proposed by Clapp (1914) for Tri- 
assic and Jurassic volcanic and sedimentary rocks on Vancouver Is- 
land. The Vancouver Group comprises four formations, in ascending 
order: I) the Karmutsen Fonnation composed of basalt pillow lava 
and breccia, and minor sediments of Triassic age; 2) the Kunga For- 
mation comprising Upper Triassic to Lower Jurassic limestone and 
argillite; 3) the Maude Formation composed of Lower Jurassic 
argillite, shale, limestone, and sandstone; and 4) the Yakoun Forma- 
tion comprising Middle Jurassic tuff, agglomerate, volcanic sandstone, 
shale, sandstone, and conglomerate. 

Existing nomenclature 

Cameron and Tipper (1985) proposed a profound revision of the 
Jurassic stratigraphy of the Queen Charlotte Island, by elevating old 
formational names to group status, introducing new formational 
names, and subdividing formations into infonnal members (Fig. 2). 
In their new nomenclature, they abandoned the term Vancouver 
Group arguing that it could not be applied to the Queen Charlotte Is- 
lands because of lithological dissimilarities between the two regions. 
They also elevated the Kunga Formation to a group level and rede- 
fined the upper member as the Sandilands Formation. The two lower, 
wholly Triassic members have remained un-named until now. 

Proposed nomenclature 

The Kunga Group is characterized by distinctive lithologies 
and laterally persistent members as defined by Sutherland Brown (l%@. 
In addition, these members can be mapped regionally at a scale of 
1:50,000. For these reasons, the members should be redefined and el- 
evated to a formational status according to the spirit of the Code of 
Stratigraphic Nomenclature. 

ERTICAL POINT 
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LUXANA BAY 3 

The new names Sadler Limestone and Peril Formation are herc 
proposed for, respectively, the massive, grey limestone  ember and Figure 1 : Map of the Queen Charlotte Islands showing Triassic out- 
the thinly bedded, black limestone member (Fig. 34). The Peril For- crop, and key localities cited in the text (compiled from Sutherland Brown, 
mation is divided into three informal members: l) a lower concretionary- 1968). 



limestone member, 2) a middle calcarenite member, and 3) an upper 
coquinoid-limestone member. 

The Triassic part of the Kunga Group including the two newly 
defined formations are described below. The reader is referred to 
Cameron and Tipper (1985) for details on the Jurassic part of the Kunga 
Group. 

LITHOSTRATIGRAPHIC UNITS 

Sadler Limestone (new formation) 

Reference section 
The type section is located at Sadler Point (Grid Reference 

Zone 8,624300E, 5997680N) on the northwest tip of Graham Island 
(Fig. I). The section consists of superb coastal exposure comprising 
accessible cliffs with good bedding plane view of the lower and 
upper contacts of the formation. 

Lithology 
The sequence was originally defined as massive, thick-bedded 

grey limestones that are more or less recrystallized near intrusive bod- 
ies (Sutherland Brown, 1968). When unaffected by thermal meta- 
morphism, these massive limestones comprise three distinct lithofa- 
cies (Fig. 5): I) lime mudstone to peloidal wackestone, 2) bioclastic 
wackestone to packstone, and 3) oolitic calcarenite. 

Distrihzction 
This formation has been found throughout the entire length of 

the Queen Charlotte Islands but is best exposed on northwest Kunghit 

Figure 2: General stratigraphic column for the revised Triassic-Juras- 
sic units of the Queen Charlotte Basin (modified from Cameron and 
Hamilton, 1988). 

Island (Hornby Point), Huston Inlet, northern Kunga Island (includ- 
ing Titul Island), and at Sadler Point (Fig. 1). Other sections are also 
present in most outcrop areas but occur in small fault blocks. 
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The thickness of the formation calculated from well exposed sec- 
tions in simple structural situations is variable and ranges from 42-200 
m. The minimum thickness is seen at the type section at Sadler Point, 
where no structural or stratigraphic breaks are evident. Sections up to 
150 m thick were measured at Huston Point and western Kunghit Is- 
land (Hornby Point) but the formation is only partially exposed, and 
probably repeated by faulting. Sutherland Brown (1968) reported a 200 
m thick section of grey limestone on the north shore of the Kunga Is- 
land, and a similar thickness is also exposed a few kilometres north 
of Kunga Island on Titul Island; both sections are faulted. 
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The formation is in sharp but apparently conformable contact with 
the underlying Karmutsen Volcanics (Fig. 3,SA). The upper contact 
with the Peril Formation is also conformable and is placed at the top 
of the last massive grey limestone. The upper contact is furthermore 
characterized by a thin (0.5-1.0 m) transition zone composed of dis- 
tinctive thin-bedded, nodular echinoderm calcarenites that are inter- 
preted as hardgrounds (see below). 
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Figure 3: Generalized stratigraphic column of major carbonate litho- 
facies in the Upper Triassic portion of the Kunga Group. 
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Figure 4: Schematic diagram showing ammonoid and conodont zona- 
tion of the Upper Triassic in relation to lithostratigraphy of the Kunga 
Group (modified from Carter et al., 1989). 
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Fuunu 
Although the fauna is not abundant, the formation has yielded 

a great variety of fossils representing mainly benthic organisms. 
These fossils are best observed in thin-seclion and include gastropods, 
thick-shelled pelecypods, echinoderms, ostracodes, oncolites, bra- 
chiopods, dasycladacean algae, and foraminiferids. Rare ammonites 
are also present, and according to Sutherland Brown (1968, p. 60). 
unidentifiable corals occur. Conodonts were found in about half of 
the samples taken. Silicified holothurian schlerites and ichthyoliths 
also occur in the acid residues. Thalassinoides is a common trace fos- 
sil in the limestones. 

Ase 
Prior to the present investigation, age control on the Sadler 

Limestone was minimal. Sutherland Brown (1968, p. 60-61, Table IV) 
records an atypical amrnonoid-belemnoid-pelecypod fauna from the 
Sadler Limestone at Kaisun that was detennined as Camian by E.T. 
Tozer, but no more direct age was available. It should be noted that 
this association is more typical of the overlying Peril Formation. 
New ammonoid collections from within the Sadler Formation at 
Huston Inlet are now referred to the Upper Camian Dilleri Zone 
(l'ozer, in Orchard et al., 1990). Two further collections from the tran- 
sition beds of the Sadler Limestone and Peril Formation at Breaker 
Bay and Sadler Point are also referred to the Dilleri Zone (op. cit.), 
but are included in the Peril Formation. Conodont collections from 
the Sadler Limestone are referred to the polygnath$ormis Assemblage 
Zone, which is typical of, but not exclusive to the Upper Camian 
(Orchard, 199 1 ). Rare conodont faunules from carbonate pods with- 

Figure 5: Sadler Limestone. A) Field exposure of the contact between 
the Karmutsen Volcanics and the thick-bedded, grey limestones of the 
Sadler Limestone. Sadler Point. B) Field exposure (cross-section 
view) of typical bioturbated lime mudstone and peloidal wackestone. 
Note the burrow-mottled fabric and bedding plane contact outlined by 
centimetre-wide stylolite. Sadler Point. 

in the underlying Karmutsen Formation are essentially the same as 
those from the Sadler Limestone and this argues for a close temp@ 
ral relationship between the two units (Fig. 4). 

Rcnlurks 
The type section of the Kunga "Formation" (sensu Sutherland 

Brown, 1968) is located on the north shore of Kunga Island. This sec- 
tion is unsuitable for defining new subdivisions of the group be- 
cause: 1) the internal and external stratigraphic relations of the grey 
limestones are obscured by faulting; 2) primary depositional fabrics 
are poorly preserved in the limestones; and 3) the thermal effects of 
Middle to Upper Jurassic plutons in eastern South Moresby is evident 
from CA1 values (i.e. conodont colour alteration index) of 4.5-5 
(Orchard, 1988; Orchard and Forster, 1991). In contrast, the newly 
proposed type sections are characterized by well defined internal 
and external stratigraphic relations, by well preserved limestone 
lithofacies, and by lower CA1 values (i.e. 1.5-2.5). 

Peril Formation (new formation) 

Reference section 
The Peril Formation outcrops as fault-bounded sections of thin- 

ly-bedded, black limestones. No single locality exposes the complete 
sequence but a composite stratigraphic section (Fig. 3) has been 
compiled through ammonoid, bivalve, radiolarian, and particularly con- 
odont based correlations (Fig. 4; Carter et al., 1989; Orchard, 1991). 
The sections exposed on the south and west shores of Peril Bay 
(Fig. l )  on northwest Graharn Island are selected as the primary ref- 



erence sections. On the south, Kennecott Point (Grid Reference: 
Zone 8,621 170E, 5975500N) represents the only locality where the 
contact with the overlying Sandilands Formation is well exposed 
and not obscured by faulting. To the west, much of the Peril Forma- 
tion is exposed in a series of fault blocks (see Orchard and Forster, 
1991) on Frederick Island (Grid Reference: Zone 8, 620960E, 
5977500N). However, neither the top nor the base of the Peril For- 
mation occur on Frederick Island, and recovered conodont fauna 
from throughout QC1 indicates that a total composite section for the 
formation may only be derived from several sections (see below). 

Lithology 
The Peril Formation consists mainly of thinly bedded, siliceous 

dark-grey to black limestone. Three major limestone lithofacies are 
recognized: l )  radiolarian-rich calcilutite, 2) laminated calcarenite, and 
3) pelecypod coquina. The formation is subdivided into three infor- 
mal members on the basis of predominant limestone lithofacies (Fig. 
3,4): 1) a lower member dominated by radiolarian-rich calcilutite in 
which dense micritic concretions are present (Fig. 6); 2) a middle mem- 
ber dominated by laminated calcarenite (Fig. 7); and 3) an upper mem- 
ber dominated by pelecypod coquina (Fig. 8). In addition, intrafor- 
mational conglomerate and echinoderm calcarenite occur as minor 
lithofacies. 

The primary depositional textures and structures of these lime- 
stone lithofacies are commonly difficult to recognize in the field be- 
cause silicification is locally pervasive. Silicification is usually con- 
centrated at the lower and upper boundaries of limestone beds but only 
relict fabrics of the original limestone bed remain where it is more 
widespread. 

Distribution 
The formation has been found over the whole length of the 

Queen Charlotte Islands, but the most important sections are those on 
northwestern Kunghit Island, the north side of Poole Inlet, Burnaby 
Island at Section Cove, southeastern Kunga Island, northern and 
eastern Huxley Island, on Frederick Island, and north of Sadler Point 
(Fig. 1): these collectively embrace the complete fauna1 sequence 
(Orchard, 1991). Other sections are structurally complex and consist 
of many faulted-bounded exposures. 

Thickness 
Sutherland Brown (1968) reported variable thickness for the thin- 

ly-bedded black limestones but faulting may be responsible for mak- 
ing this more apparent than real. He reported thicknesses of 278 m 
and (905 fi) and 188 m (6 10 ft) at sections on Kunga Island and Burn- 
aby Island respectively. Conodont based compilation of a compos- 
ite section provides a thickness of about 350 m for the Peril Forma- 
tion. Approximate thicknesses of 90 m, 210 m, and 40+ m are 
determined for, respectively, the lower, middle, and upper members. 

Definition of boundaries 
The lower contact is sharp but conformable (Fig. 6A). At its base, 

a thin transitional zone, 0.5-1.0 m thick, comprises thin- to medium- 
bedded, nodular echinoderm calcarenite quite distinct from the un- 

Figure 6: Peril Formation, lower member. A) Field exposure of the tran- 
sition zone at the base of the Peril Formation comprising pelmatozoan 
calcarenite conformably overlying the burrowed hardground surface 
of the Sadler Limestone. Kunghit Island. B) Field exposure of well bed- 
ded grainstones at the base of the Peril Formation. Sadler Point. C) 
Field exposure of thinly bedded, dark-grey calcilutite with silicified black 
margins and a layer of micritic nodules. Kunghit Island. D) Field ex- 
posure of a large micritic nodule in thinly bedded calcilutite separat- 
ed by more recessive argillaceous interbeds; these nodules often 
yield rich fossil faunas. Sadler Point. 



. - .-.* * 
r S .  "- * '  Figure 7: Peril Formation, middle member. A) Field exposure (cross- 

, 

section view) of laminated calcarenite showing Tb-d subdivisions of r. 
! 

Bouma sequence and grading up into darker-grey argillaceous lime- --- -. h' 
stone. Section Cove, Burnaby Island. B) Field exposure (bedding -, 1 

/I.: 
plane view) of intraformational conglomerate characterized by an ap- 

' " 2 :  
parent clast-supported fabric. Section Cove, Burnaby Island. C) Field 
exposure (bedding plane view) of intensively bioturbated calcilutite with 
several different ichnofossils preserved. Frederick Island. / .. : / -4 

l 

Figure 8: Peril Formation, upper member. A) Field exposure (bedding 
plane view) with abundant Monotis pelecypods in coquinoid lime- 
stone. Frederick Island. B) Photomicrograph of thin-shelled pelecypods 
in Monotiscoquina; note the abundance of spherical radiolarian tests 
in the micritic matrix. C) Field exposure (bedding plane view) of the 
silicified Thalassinoides burrow networks that are commonly in- 
terbedded with Monotis. Huxley Island. D) Field exposure (bedding plane .< ' ' view) of numerous specimens of the hydrozoan Heterastridium. The > ,,.* '9 . :  / \ 

seaweed bladder may be a modern analogue in terms of habitat. 
Kennecott Point. 



derlying thick-bedded, grey limestones and from the overlying thin- 
ly-bedded, black limestones. The upper contact of the Peril Forma- 
tion is conformable and transitional with the Sandilands Formation 
and arbitrarily placed at top of the last Monotis coquina bed, as orig- 
inally suggested by Sutherland Brown (1968) for the contact be- 
tween the middle and upper "members" of the Kunga "Formation". 

Fauna 

In contrast with the underlying Sadler Limestone, the fauna of the 
Peril Formation is mainly pelagic but echinoderms are present in the 
thin transition zone between the formations and in rare beds elsewhere. 
The macrofauna is dominated by the thin-shelled pelecypods Halobiu, 
in the lower and middle members, and Monotis, in the upper member. 
Ammonoids occur throughout, but are most common in the lower mem- 
ber where they are locally associated with belemnoids. The spherical 
hydrozoan Heterastridiunz is commonly found in association with 
Monotis in the upper member. The Peril Formation contains a rich mi- 
crofauna. This is particularly true of the lower member where conodonts 
(Orchard, 1991) and radiolarians (Carter, 1991). together with fewer 
foraminiferids and ichthyoliths, occur with amrnonoids and thereby pro- 
vide good potential for an integrated zonation (Carter et al., 1989). All 
of these microfossils also occur in the middle and upper members, but 
they are generally fewer in number. 

Age 
Macrofossil determinations have previously established that the 

Peril Formation is Upper Carnian to Upper Norian (Sutherland 
Brown, 1968). However, within this time frame, only two zones 
were confidently determined: those of the Upper Carnian Welleri Zone 
and monotids indicating the lower Upper Norian (Sutherland Brown, 
1968, p. 61). New discoveries of amrnonoids during this study (Fig. 
4), in addition to Upper Camian Dilleri Zone ammonoids at or near 
the base of the formation (see above), include fauna of the Upper Car- 
nian Welleri and Macrolobatus zones from western Kunghit Island, 
Bumaby Island (Bluejay and Section coves), Huxley Island, and 
Sadler Point (Tozer, in Orchard et al., 1990). Lower Norian collec- 
tions of the pelecypod Pet-ihalohia were also collected from Huxley 
Island, Shields Island, and on Frederick Island. A single Middle No- 
rim ammonoid way found in Poole Lnlet (op. cit.). Upper Norian Mono- 
tis beds occur throughout the islands, but the best sections are to be 
seen at Rose Inlet, Huxley Island-Arichika Island, Shields Bay, Fred- 
erick Island, and Kemecott Point. 

The Peril Formation extends from the Late Carnian Dilleri zone 
at its base to Late Norian at its top (Fig. 4). The lower nodular mem- 
ber of this formation is mostly Late Carnian in age (Welleri and 
Macrolobatus ammonoid zones; nodosa, comrnurzisti, primitia con- 
odont zones). The middle calcarenite member is poor in megafossils 
but dated mainly on conodonts as Lower and Middle Norian (chiefly 
triangularis to postera conodont zones). Coquinas of the upper mem- 
ber are characterized by the Upper Norian pelecypod Monotis 
(Cordilleranus ammonoid Zone; biderztata conodont Zone). 

The Sandilands Formation 

Reference section 

The type area for the Sandilands Formation was designated as 
Sandilands Island in Skidegate Inlet (Cameron and Tipper, 1985, p. 
12), where the formation is dated as Sinemurian. Older parts of the 
formation are not well displayed on the island, and more complete ref- 
erence sections are found at Kennecott Point and on Kunga Island. 

Lithofogy 

The Sandilands Formation consists predominantly of thin-bed- 
ded, dark siliceous siltstone, with minor tuffaceous sandstone, shale, 
and conspicuous carbonate concretions. 

Distribution 

In addition to the sections described by Sutherland Brown (1968) 
from Kunga and Bumaby islands, and by Cameron and Tipper (l 985) 
on Graham Island and around Cumshewa Inlet, additional significant 
sections are to be found at Kennecott Point (Tipper, 1989), on south- 
em Kunghit Island (southeast Luxana Bay), on northern Huxley Is- 
land, and on eastern Louise Island, south of Vertical Point (Fig. I). 
On Kunghit and Huxley islands the formation forms high cliffs and 
is not easily accessible. 

Thickness 

Estimations of a cumulative thickness of about 500 m have 
been given by Sutherland Brown (1968), Cameron and Tipper (1985), 
and E.S. Carter (pers. comm., 1989). 

Definition of boundaries 
The base of the Sandilands Formation is drawn at the top of the 

last monotid coquina, which coincides with a lithological change 
from carbonate-rich to carbonate poor strata. At Kennecott Point, the 
highest Peril Formation strata form a resistant bluff and the overly- 
ing Sandilands Formation is relatively recessive. The top of the for- 
mation lies within the Lower Jurassic and has not been considered here. 

Fauna 

Ammonoids occur sporadically in the Triassic part of the Sandi- 
lands Formation but they are rare. Rare pelecypods also occur, but the 
microfauna is the most persistent element. Radiolarians, foraminiferids, 
and ichthyoliths are present in many collections from the Triassic part 
of the formation. Conodonts are common in the lower part but become 
uncommon upward and are rare in the highest Triassic strata. 

Age 
Cameron and Tipper (1985) reviewed the age control on the Sandi- 

lands Formation from which no data was previously available for most 
of the Upper Norian and Hettangian time. The basal strata of this for- 
mation lying above Monotis beds but below the first appearance of 
Sinemurian aretitid ammonites was originally thought to be unfos- 
siliferous, but is now known to include Late Triassic ammonoids (Crick- 
mayi Zone; Tozer in Orchard et al., 1990), and conodonts (bidenta- 
ta Zone et seq.; Orchard, 1990). and diverse radiolarian faunas 
(Carter, 1990), as well as Hettangian macrofauna (Tipper, 1989). 

CARBONATE SEDIMENTOLOGY OF 
THE KUNGA GROUP 

Although silicification and/or thermal metamorphism are locally 
important, a wide variety of carbonate lithofacies can be recognized 
in the Triassic portion of the Kunga Group. The lithofacies can be 
grouped into two principal environmental associations: shallow water 
carbonate shelf, and slope and basinal sediments. These two associ- 
ations correspond to the Sadler Limestone and Peril Formation re- 
spectively. 

Sadler Limestone 

Bioturbated Iirne tnmrrdstone to peloidal n~uckestone - 
deep open shelf facies 

L i e  mudstone to peloidal wackestone is the most common litho- 
facies representing 60-70% of the formation (Fig. 5B). These subti- 
dal carbonates are rather uniform, comprising only burrowed lime mud- 
stone to peloidal wackestone with small amounts of mollusc debris, 
foraminifers, and ostracodes. Ammonoids and rzdiolarians are also 
present. Thalassinoides is the most common trace fossil producing a 
densely packed burrow system and giving a typical burrow-mottled 
fabric to these limestones (Fig. 5B). The burrows contain large 
amounts of faecal pellets, and some show longitudinal canals char- 
acteristic of many groups of deposit-feeding crustaceans (Ekdale et 



al.. 1984). Black chert "nodules" ale ubiquitous and represent partially 
silicified horizontal networks of Tha1as.rinoide.s bur~ows. 

This lithofacies represents typical open shelf carbonatc sedirnents 
deposited in a low energy setting below wave base (Wilson and Jor- 
dan, 1983). This is in agreement with the common occurrence of Thrha- 
lassinoides in quiet water carbonate scdiments deposited near or 
below the wave base (Sheehan and Schiefelbein, 1984). 

Biotur-hated bioclustic ~vuc.kestone to pack.stotze - 
shallow opetl shelffacies 

This lithofacies occurs commonly in the upper half of the for- 
mation interbedded with bioturbated lime mudstone to peloidal 
wackestone. Generally it consists of a burrowed micritic matrix with 
variable amounts of bioclasts that are whole to fragmented, but gen- 
erally unabraided. The diverse biota is dominated by gastropods, 
thick-shelled pelecypods, and echinoderms, with ostracodes, bra- 
chiopods, and dasycladacean algae being much less common. Locally, 
slightly asymmetrical oncolites up to 5.0 mm in size occur mixed with 
small amounts of ooids. Peloids ana micritic intraclasts are abundant 
where bioturbation is pervasive. Tha1a.ssinoide.s is the most conspic- 
uous trace fossil in this lithofacies too. 

This lithofacies represents low-energy subtidal sediments deposited 
under open marine conditions. However, the local development of ir- 
regular, poorly laminated oncolites indicates intermittent turbulence 
(Wright, 1983) and suggests a shallower position with rcspect to the 
wave base than the previous lithofacies. In addition, the common as- 
sociation of ooids with oncolites may represent either a transitional 
facies with active ooid sand shoals, or inactive portions of ooid sand 
shoals reworked by pervasive bioturbation (Hine, 1983). Simil;ir 
sediments are present in modem, open shelf deposits which are gen- 
erally muddy with burrowed wackestone and packstone dominating 
the shelf environments (Wilson and Jordan, 1983). 

Oolitic calcarenite - on-sheysand shoal fucies 
Oolitic calcarenite is a minor lithofacies which is commonly pre- 

sent in the upper half of the formation. Although primarily composed 
of ooids, the calcarenites also contain mollusc fragments, brachiopods, 
and some peloids and intraclasts. The calcarenites usually form mas- 
sive, lenticular units up to 3.0 m thick, but poorly developed cross- 
bedding may be present locally. The usually massive appearance of 
these units may be due to the extremely well sorted ooids and insuf- 
ficient grain-size variation to produce prominent crossbedding. 

This lithofacies represents well winnowed oolitic sand accu- 
mulating in high-energy shoal environments. Active sand shoals 
characterized by open marine fauna have been reported from sever- 
al Holocene platforms (Wilson and. Jordan, 1983). Most of thesc 
shoals formed only a few metrcs below sea level. The lateral extent 
of these on-shelf shoals in the Peril Formation is more restricted 
than in modem counterparts of the Bahamas where extensive ooid sand 
shoals occur at the margin of the platform (Hine, 1983). 

Peril Formation 

Radinlarian-rich calcilutites - peri-plarfomi oozes 

This lithofacies consists of 3-10 cm thick beds of dark grey cal- 
cilutite (mainly lime mudstone to wackestone) separated by thin 
argillaceous interbeds (Fig. 6C,D). The calcilutites display gradational 
contacts over a few centimetres with siliceous black beds (3-10 cm 
thick) which represent silicified calcilutites that have been more 
severely affected by physical compaction, as indicated by flattened 
burrows and radiolarian tests. 

The calcilutites are poor in rnegafossils but contain common mi- 
crofossils including conodonts, radiolarians and sparse sponge spicules. 
Thin-shelled pelecypods and ammonoids are also present. The cal- 

cilutites are loc:~lly laminated but are cornmonly massive where bio- 
turbation is more perva~ive. A restricted assemblage of small trace fos- 
sils (mainly horizontal) is well prese~ved and typically dominated by 
the deposit-feeding burrows, mainly Platzolites and Chortdrites (Fig. 
7C). 

The calcilutites are fine-grained limestones that were deposited 
in deep waters as indicated by their pelagic fauna1 assemblage. L e  
cally abundant horizontal trace fossils suggest a low-energy environment 
with slow to moderate sedimentation rates (Ekdale et al., 1984). The 
lack of any megafossils in sir11 also suggests low-oxygen conditions, 
and the presence of restricted benthic infaunal activities may further 
indicate dysaerobic bottom-water conditions (Bromley and Ekdale, 
1084). 

In the absence of major sources of pelagic carbonate sediments 
(i.e. coccoliths, foraminifers) during Triassic time (Scholle et al., 
1983), these fine-grained carbonates were probably derived from 
adjacent shallow-water carbonate platforms. The platform-derived Lime 
mud in modem settings, also termed peri-platform ooze (Schlager and 
james, 1978). are usually placed into suspension during storm events 
and transported and redeposited into deep-marine environments. 

Laminated culcur-enifes - calcifur-bidites 

Laminated calcarenite occurs in 3-20 cm thick beds interbedded 
with calcilutites and pelecypod coquinas. It is a major lithofacies of 
the middle member of the formation but is also present in the other 
members. The calcarenites range in composition From micropelletoid 
packstoneJgrainstone to bioclastic grainstone. The former are com- 
posed of well-sorted, silt- to fine sand-sized micritic particles with- 
in a micritic or spar matrix. The fauna is sparse and consists of frag- 
mented thin-shelled pelecypods and radiolarians. In addition, a 
significant amount (10-20%) of fine-grained tenigenous sediment (main- 
ly silt) is present. The bioclastic grainstone comprise coarser-grained 
limestones with clnstic textured fabrics containing sand- to pebble- 
sized particles composed mainly of echinodenn grains. Mollusc de- 
bris, intraclasts, and ooids are less common. 

Classic Ta-e 8ourna sequence arc lwally pxsent in the calcarenites, 
but graded Ta-b in bioclastic grainstones, and Tc-e in micropelletoid 
packstonelgrainstone are more common (Fig. 7A). Flutes and other 
sole markings are rare and difficult to recognize becausc bed contacts 
are commonly obscured by pervasive silicification. 

The calcarenites represent carbonate equivalent of siliciclastic 
turbidites deposited from currents moving downslope that formed by 
the sudden surge-type release of dense fluids generated at the shelf 
edge (McIlreath and James. 1984). Although a sediment source for 
these calciturbidites is not known in the Lower and MiddleNorian por- 
tion of the Kunga Group, small isolated shallow-water carbonate 
platforms have been recognized in the other parts of Wrangellia 
(Desrochers, 1988, 1989), and their margins produced skeletal ma- 
terial, especially pelmatozoans that can be easily remobilized and trans- 
ported downslope. The micropelletoid packstonelgrainstone may 
represent more distal turbidites generated further down the slope and 
mixed with fine-grained clastic terrigenous or volcaniclastic sediment. 

Pelecypod coquinas - pelagic limestones 

The coquinas form 3-15 cm thick beds characterized by abun- 
dant, thin-shelled pelecypods within a dark-gey micritic matrix. The 
pelecypods are compacted and flattened parallel to the bedding plane 
reducing to a minimum the micritic matrix and giving a distinctive 
fissile fabric to these coquinas (Fig. 8A,B). Two distinct genera of pele- 
cypods are recognized: Hulohia present in the lower and middle 
members of the formation, and Monotis restricted to the upper mem- 
ber. Calcified radiolarians are also common (Fig. 8B). Thalassi- 



t~oides burrow networks are locally interbedded with Mmtzotis coquinas 
(Fig. 8C). 

The coquinas represent deep basinal environments similx to those 
in which radiolarian-rich calcilutites were deposited. Ln this case, the 
influx of pen-platform components (mainly lime mud) was ovemd- 
den by that of pelagic components (mainly thin-shelled pelecypods). 
Halobia and Monotis pelecypods are regarded as having a epiplank- 
tic mode of life, and represent a deep neritic ecological group that is 
known only from Upper Triassic basinal limestones (Hallam, 198 1 ). 
Their accumulation was related to periods of high productivity in sur- 
face waters due to favourable ecological factors such as nutrient sup- 
ply, temperature, light, and salinity (Scholle et al., 1983). 

Intraforttmtional c.onglomerate - debris flow doposits 

Conglomerate beds up to 2.0 m thick are a minor but conspic- 
uous lithofacies of the lower and basal middle members of the Peril 
Formation (Fig. 7B). Conglomerates range from matrix-supported fab  
ric with 10-20% of clasts floating in a calcarenite matrix, to clast-sup- 
ported fabric comprising different pebble-to cobble-sized clasts with- 
in a calcarenite matrix. Most of the clasts are platy and represent 
reworked fragments of calcilutite and to a lesser extenr of pelecypod 
coquina. In addition, a few conglomerates at the base of this forma- 
tion comprise mainly Karmutsen-like volcanic fragments mixed with 
some calcilutite clasts. The matrix is commonly poorly-sorted and com- 
posed of pelmatozoan-rich packstone to grainstone. 

Conglomerates are submarine debris flows composed almost en- 
tirely of intraformational clasts derived from the surrounding slope 
sediments. The association of pelmatozoan-rich calcarenite with con- 
glomerate suggests that turbidity currents moving downslope from co- 
eval sand shoals may have been important agents of erosion of in- 
traformational clasts. The presence of platy clasts, commonly derived 
by separation along bedding planes, clearly indicates that they were 
Lithified very early, probably by submarine cementation (Coniglio, 1986). 

Evidence of synsedimentary deformation are reported in the 
Kunga Group (Lewis and Ross, 1989). Active faulting may have lo- 
cally affected the underlying Karmutsen basement and provided vol- 
canic fragments that were incorporated in associated debris flows. 

Pelnzatozoat~ calcarenire - hardCqrounds recording the drowning of 
the carbonate pla~fortn 

Distinctive, nodular calcarenite beds (5-15 cm thick) occur at the 
base of the Peril Formation and form a transitional zone up to 1.0 m 
thick with the underlying grey limestones of the Sadler Limestone (Fig. 
6A.B). The calcarenites consist of well winnowed pelmatozoan-rich 
grainstone containing various amounts of thin-shelled pelecypods. Am- 
monoids are locally abundant and concentrated along bedding plane 
surfaces. The sediment is moderately bioturbated and silicified Tha- 
lassinoides burrows are present. In thin-section, the sediment displays 
minor effects of physical compaction and retains its high original poros- 
ity (30-40%) that is filled by a thick isopachous layer of prismatic or 
fibrous calcite cement. 

These calcarenites represent hardgrounds fo~med during the 
rapid drowning of large portions of an extensive carbonate platform. 
Hardgrounds result from penecontemporaneous sea floor lithification 
(James and Choquette, 1983), but the absence of borings or encrust- 
ing organisms indicates that those at the base of the Peril Formation 
may have formed at shallow depths below the sediment-water inter- 
face. Although early diagenetic, sea floor lithification has been de- 
scribed from a number of deep water settings (Scholle et al., 1983), 
the formation of hardground is favoured by long contact between sed- 
iment and seawater, such as in areas of slow sedimentation where fine 
grained material is removed by bottom currents. 

SUMMARY AND CONCLUSIONS 
The geologic history of the Kunga outcrops exposed in the 

Queen Charlotte Islands can be summarized as three distinct depo- 
sitional stages corresponding to the three lithostratigraphic subdivi- 
sions of the Kunga Group (i.e. Sadler Limestone, Peril, and Sandilands 
formations). 

1) A widespread carbonate platform was established on relatively 
flat volcanic basement after the termination of major volcanic 
activity in the Camian. During this initial phase, open-marine con- 
ditions were maintained and two sub-environments developed: 
open platform facies (bioturbated lime mudstone to peloidal 
wackestone, and bioclastic muddy limestones), and on-shelf 
sand shoals (oolitic calcarenite). 

2) Relatively rapid sea level rise in the Upper Camian (tzohsus Zone) 
resulted first in the formation of hardgrounds over the drowned 
platform, and then in the deposition of deeper water sediments 
beyond carbonate platforms in a slope to basin setting during the 
Camian through early Upper Norian. Carbonate piatforms did 
not develop in the Queen Charlotte Islands during the Early and 
Middle Norian but they were present in other parts of Wrangel- 
lia (Desrochers, 1988, 1989). Depositional facies are: I ) pelag- 
ichemipelagic sediment (calcilutite, pelecypod coquina), 2) 
proximal to distal calciturbidite (laminated calcarenite), and 3) 
platform- to slope-derived debris flow (intraformation con- 
glomerate). 

3) Following the drowning of isolated carbonate platforms in other 
parts of Wrangellia during the Late Norian, carbonate sedi- 
mentation ended abruptly in QCI. Thereafter, terrigenous sedi- 
ments were deposited in a relatively deep water basin that was 
remote from the volcanic centres and which received only fine 
detritus (Cameron and Tipper, 1985). 
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Abstract 

Cor~oclontJorrl~er.~.fkon~ tlic Upper Tria.s.~ic. Krrngtr C;rorrp represent 11 rele~ti~-rIy conlpletc~ c.ot~odorrt ~.c~c.ordf,.otn the 
Late Ccrrnian to the Lore No/-icm. Inipo~?crnt cot~oClr)tit g e n ~ l ~  LIIY Metapolygnathus, r.e!cIc~firred to incllrde er11 Upper 
Curnicrrr nncl one Lo~vel- Noricnl sl>ec~ic.s. and Epigondolella, 1cvl7ic.lr is r.cstr-icterl to thc Nor io i~.  0 1 7  111e ber.~i.s cfni i~u 
c~o~~ot lo i~r  .s/~eeics qf' Me~npol ygnathus ( fou~. ~lew~..fi've ~~d r f i ' i i ed ) ,  si.r I IOM,  Uppe~' Cni.iiiern conorlo~it zones ~11.c i~ i t ro -  
cllrccdb)~. the KUIISLI GI.OIL/I (Scldler und Pur~ i l , f i~~~ t~~a t io i~ .s ) .  Fi\-c, c!ftlzese rot1e.s crrr crlso ~.ec.o,y~ri:od i r ~  ~ior.tkea.st B~.itislr 
Coli/~?zhitr. 111 as(.~~ziI i /~,g OI.~CI.. I / I P  zotles cr1.e: polygnathithmmis; Lower., Micldle, und Ul~pc~r notlosus: communisti: 
LOM,PI. prirnitiits. 7 ' l )~se :orle.s crrc c'orrc~lcrted ~ ~ ' i t l l  the Dillcri. Welleri, trnd Macrolohat~ts un7motloicl :ones. 

The /?LISP ($the Noricrn is marked /?v the incomil~g of 'Neogondolella' navicula. wl1ic.11 I srrgge.st de\.elnl,ed,fr.o~t~ crd- 
~ ~ U I I C P ~  ~ ~ I o I ~ / I ~ ~ , I ~ ~ J c s  of M .  tomrnutlisti ut the begi1711ing oj'tlre Upper primitius Zone. Epigondolella cle~~elopctl~i~om 
MetapoI ygnathus prirniti~~s ~ . i t h i i ~  the, Lobc,cr. No1.iut1. (rnd tlio.cr@el.prol-ided i7iost ($the zonul i~itlicr.s,fi)r the rcmni~ldo 
efthe, T~.i~z.~.sic. Sir. possihly . S ~ \ ~ U I ,  ogthc right Nor. iu~~ Epigontlolella c,orrodo~~t :oilr.s c.stahli.shcd iri rhr Noricrn f o r -  
clotz~ic~t Fo1.t71cltion ( K ~ r r i - C ' o ~ ~ ~ l i l I c ~ ~ ~ n ~ i ~  o1n171011oid :onc'.s) ~ f t z o t ~ t l ~ ~ ~ c ~ ~ t e ~ ~  B.C. are re(.o,yniz~d itz the Klrngo G~.o~rp 
(Peril and S(mdi1unds fornrutio~i.~). In  aclditiorr. post-Epigondolel lafi~rtnus oc.clrr in ~vhiclrfirst 'Neogondolella' a11d 
then Misikel la oc.c.lrr ulone. the lattc~r ~ i t h i n  the lotest Triassic. Cricknrclvi omnlonoid Zoire. 

T11c Ku~./iirrt.so~ Vol~~tr i~ ic~s tr~itl Saello Liriiesto~ze ("gr.c,y li~lresto~ic" ) M'CI.C tlepo.~itc~cl, ut Icust ill pu1.1, ~ ~ i t h h  the Uppc~r 
Cat.nio11 polygnathifonnis Zoiirl. 7.11~ Peril For.n1otioi7 ("blac,k lin~c~stone") ru~igcs ill agefr.0171 the Lori,er nodosus Zolic 
of the Upper Ca~wian through bidentata Zone of the Upper Norian; a conodont-based composite section shorz~s this 
unit is about 350 m thick. The Sandilands Formation incl~rdes the bidentata Zone at its hase and embraces the rv- 
mailider of the Triassic. conodont record in its lower part. 

Les faunes de conodontes du grolrpe cle Kunga du Trios supirieur donnent un compte rendu relati~yement complet des 
conodontes du Carnien suphieur au Nor-ien supirieur. Les principa~a genres son! Metapolygnathus, redkfini pour in- 
clure toutes les especes drd Carnien supPrieur et line espPce d11 Norien infirieur, et Epigondolella, qlri est limitie au Norien. 
En se fondarzt sur rreuf especes de conodontes de Metapolygnathus (quatre nouvelles, cinq ~.edijinies), on a introduit sir 
nou~~elles zones d conodontes drr Carnien supirielrr duns le groupe de Kunga (fornlations de Sadler et de Peril). Ciny 
de ces zones se retroirvent e'galetnent dons le nord-est de la Colombie-B~.itanniq~re. Duns 1'ordr.e ascendant, ce sont : /a zone 
a polygnathiformis; les zones infkrieure, rnoyenne et supe'rieure d. nodosus; la zone a cornrnunisti; /a zone irlfe'rieure a 
prirnitius. Ces zones englobent les zones a ammonoi'di.~ Dilleri, Welleri et Macrolobatus. 

La hase d ~ i  Norien est mar-quke par I'apparition de 'Neogondolella' navicula qlii dicoulerait, selon I'auteur, de mor- 
phoppes avanc6 de M. cornrnunisti au de'bilt de /a zone suphieure Li prirnitius. Epigondolella s'est diveloppk B par- 
tir de Metapolygnathus primitius au sein dri Norien infe'rieur et a par la suite fourni presque tous les indices des zones 
du reste du Trias. Sis, peut-gtre sept, des lruit zones ci conodontes Epigondolella dir Norien Ptablies dans /a forma- 
tion de Pardonnet du Norien (zones ci ammonoiilhs Kerri-Cordilleranus) darzs le nord-est de /a Colombie-Britannique 
ont e'ti identifiies duns le groupe de Kunga (formations de Peril et de Sandilands). De plus, les faunes post-Epigon- 
dolella sont prisentes la oii 'Neogondolella' et ensuite Misikella sorrt apparues seules, cette de7nih.e au sein de /a 
zone r j  ammonoi'dis Crickmayi de /a tolrte f in  du Trias. 

La forn~ation de Karmutsen et Ie calcaire de Sadler ("calcaire p i s " )  se sont de'posis, du moins en partie, au sein 
de /a zone ci polygnathi formis d ~ r  Carnien suphieur. L'@e de la formation de Peril ( "calcaire noir") varie de fa zone 
infe'rieure b nodosus du Carnien supirieur jusqu'a /a zone a bidentata du Norien supbieur; une coupe composite a 
base de conodontes rnontre que cette unite'mesure environ 350 m d'ipaisseur. La formation de Sandilands comprend 
d sa base /a zone a bidentata et englobe le reste des conodontes t~.iasiques dons sa partie infkrieure. 

I Cordilleran Division, Geological Survey of  Canada. 100 West Pender Street. Vancouver. B.C. V6B IR8 



INTRODUCTION sampling demonstrated a potential for valuable conodont biostrati- 

Systematic investigation of conodonts in the Late Triassic Kunga graphical and biochronological data. Macrofossils collected by 

Group of the Queen Charlone Islands (Fig. l)  began after reconnaissance Sutherland Brown ( 1968) ranged in age from Late Camian to Late 
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Figure 1: Map of the Queen Charlotte Islands showing the principal conodont bearing sections of the Kunga Group. Inset shows position of QC1 
off the west coast of Canada. 
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Norian, but provided little information in between. A total of 375 con- 
odont faunas now recovered provide both a critical test of the Nori- 
an conodont zonation developed in the Norian Pardonnet Formation 
in northeast British Columbia (Orchard, 1983), and provide an important 
Upper Camian supplement to that zonation. The resulting biochrono- 
logical scale provides excellent resolution of the stratigraphy and evo- 
lution of the Kunga Group (Fig. 2). 

Figure 2: Schematic diagram showing ammonoid and conodont zona- 
tion of the Upper Triassic in relation to lithostratigraphy of the Kunga 
Group (from Desrochers and Orchard, 1990). 

Suspected differences between Tethyan (low latitude) and Cana- 
dian autochthonous (mid- to high latitude) conodont fauna1 scqucnccs. 
and the wish to determine biogeographical relationships of the Kunga 
Group 'Wrangellian' faunas, also providcd a background for this 
study. 

In this paper, I: 
1. describe the extent of the conodont record in the Kunga Group, 

2. definc new Upper Carnian conodont zones and their calibration 
with ammonoid zones, 

3. present the phylogenetic basis for the Uppcr Carnian conodont 
zonation, 

4. outline taxonomic concepts that provide definition for thc new 
Upper Camian zonation. 

S. show the general application of existing Norian conodont zona- 
tion to the Kunga succession. 

6. present a preliminary conodont-based timc-stratigraphic frame- 
work for correlation of Kunga Group section. 

Complete geographic, stratigraphic, taxonomic, and numeric 
data covering the conodont samples from the Kunga Group may be 
found in the database accompanying this volume (Orchard et al., 
1990). New lithostratigraphy of the Kunga Group (Desrochers and 
Orchard, 199 1 ; Fig. 2) .  and a study of conodont Colour Alteration In- 
dices (CAI) (Orchard and Forster, 1991), may also be found elsewhere 
in this volume. Formal new taxonomy and thorough description of the 
conodont fauna will be presented in a future paper. 

TAXONOMIC DEFINITIONS 
Below I outline taxonomic differentiations en~ployed in this 

paper. Most of the species concepts differ fundamentally from pre- 
vious usage. In my classification, the intraspecific variability of 
species forms an integral part of the species definition, as i t  does for 
Norian Epigondolella populations (Orchard, 1983). 

Genus Epigondolella Mosher 1968: gondolelloid species that 
have a distinctly free blade, large and discrete anterior platform den- 
ticles that are at least as high as the depth of the platform base, and a 
subdued, irregular and open style of platform microreticulion (Fig. 9 
of Orchard, 1983). Growth is isometric about a single platform expansion. 
A basal pit is generally developed beneath the central or anterior part 
of the platform. Epi,qor~ciolella is here regarded as a wholly Norian genus. 

'E' .  primitia is removed from this genus, otherwise the species 
described by Orchard (1983) are retained within Epigondolella. The 
type species, E. abneptis, is here restricted to the type material because 
the original description and illustration is inadequate to distinguish 
between several similar species, and the holotype is broken and part- 
ly lost. E. ahneptis subsp. A Orchard is retained pending future 
nomenclatural revision; E. abneptis subsp. B Orchard is now referred 
to E. tr.ian,g~rlaris (Budurov) (Orchard in Carter et al., 1989, p. 28). 

Genus MetapoI.ygnathus Hayashi 1968: gondolelloid species 
that are charactcrized by a reduced platform anterior of variably pro- 
nounccd geniculation points, and relatively robust, regular and com- 
pact platfonn microreticulation in most species (Fig 8. of Orchard, 1983). 
Species may be unomamented or show varying degrees of node for- 
mation that is subducd in some species, well developed in others. In 
sharp notled species (mostly lacking microreticulae), the nodes are small 
relative to those in El~i.qondolella: nodc height is less than the depth 
of the platform base. Growth often proceeds through 'dual' out- 
growth of the anterior and, later, posterior portions of the platforms 
so as to commonly produce a marked poslerior constriction in early 
to median growth stages. A basal pit is generally developed beneath 
the posterior half of the platform. As here conceived, Me/apol~~gtmtlirn 
ranges throughout thc Carnian and into the basal Norian. 

Several new species of M~rcrpo1.vgrfurhu.s are introduced infor- 
mally in this paper. Some other species recognized in the Kunga Group 
have previously been refcrred to thc genera Gor~dolellr, which I re- 
gard as a wholly Late Carboniferous gondolelloid genus, and/or 
Para~ondolclla, which might be valid for Middle Trinssic species (P. 
C Y ( . C / S U ) .  All Camii~n species are brought here to Metapoly~~~otlrrts. 
Specific criteria for the Upper Carnian species arc: 

Metnl~o/y,qriirthtrs conm~tt~~isti Hayashi 1968: a weakly- to un-or- 
namented species characterized by elements with longitudinally 
and/or laterally reduced platfomis, particularly in carly growth stages; 
in some small specimens the platform is vestigial. Broader morpho- 
types commonly have a high parapet or geniculation point. In many 
specimens, the basal pit is morc antcriorly located than in other 
metapolygnathids. This species probably also includes Metapoly,ir~u/lncs 
par-\.its Kozur (cf. Krystyn, 1980. p. 76). 

Mcrtrpo!,.,qt~arlrrrs ec,hiriat~rs (Hayashi 1968): herein regarded as 
a derivative of M. n. sp. G, this species is characterized by a long blade, 
and a short quadrate platform that bears small, usually sharp marginal 



denticles. particularly on the anterior part. Tlie basal edge is charac- 
teristically straight when viewed laten~lly. Tlie holotype of M. c~chi- 
~ ~ a / r r s  was poorly illustratecl and its characteristics need to be clarified. 

~Me/u/~ol~~~q~rtr/hrts t~odo.srrs (Hayaslii 1968): a broad spccies con- 
cept in which elements are characterized by a platlbmm with marginal 
nodes that may be I O W  and weak (particularly in larger specimens). 
but arc often distinctly developed as a result of irregular incision of 
the anterior and/or lateral platform margins. Advanccd specirncns show 
a trend toward elc\iating discrete, often issegular nodes above the plat- 
form surface, but the posterior platfomi margins remain relatively high 
compared with M. p~.iini/irts. Strong posterior platform constriction 
occurs in early growth stages of this species. In large specimens. the 
nodes commonly coalesce and bccornc indistinct (as in 'Go~rdolcllrr' 
rrotrh (H:~yashi, 1968)). The populations of Me/crl~o/yg~rcr/hrrs 110- 

dosrr.r include a wide range of both platform shape and node hrma-  
tion. I concur with Krystyn (1980. p. 76) that the anteriorly nodosc 
'Co~rdolellu' c.a~pu/llic.a Mock 1979 cannot be maintained as a sep- 
arate species. 

M~/trpoly,q~~arlrrr.s ex gr. p o l y g i ~ n r l ~ j f o ~ ~ ~ ~ ~ i s  (Budurov and Stc- 
fanov 1965): n group characterized by elerncnts with unornamented 
platform margins ofunifor~n height. The platform is generally broad- 
est at midlength or anterior of that point. Rel;~tively broad adcarinal 
troughs, and round, discrete carinal nodes are typical. Incipient an- 
terior nodes are rarely developed in large specimens. During early 
growth. platlorrns generally develop more uniformly compared with 
~Mr~/ul~ol~gi~ar l~r ts  ~rodo.srr.s. and less corn~nonly have a posterior con- 
striction. 

Me/npolyg~ia/llrrs prinlirirrs (Mosher 1970): a species with uni- 
formly developed, discrete, roundly terminated, anterior platform 
nodes of moderate size that project above the level of the platforni. 
which is relatively flattened and low-lying posterior of the anterior 
nodes. The plarfonii nodes tend to coalcscc in large specimens. 

Me/crpo/ygnorh~r.r n. sp. E Orchard: an elongate derivative of the 
~rorlos~rs stock charactesizetl by a strong posterior platform constriction, 
and variable, absent to subdued platfor~n nodes. The platform posteri- 

or of the constriction is oftcn developed asymmetrically with rcspect 
to the anterior pall. Narrow morphotypes mimic Neogoi~rlolellu. 

Me/apo!,',q~rcr/lrrrs n. sp. F Orchard: a derivative of M. n. sp. E 
cliaractcrizetl by large. well defined but low, roundetl nodes on the 
antcsior platform. In advanced specimens, thc anteriorniost nodes Inay 
become sharp. In some specimens ;I slight anterior shift of basal pit 
is seen. 

Meral)o/y,yi~trrhrr.r n. sp. C; Orchard: a derivative of M. n. sp. F 
characterized by relatively small. sha~ply te~minated nodes. which usu- 
ally occur on ~ I I I  platfo~m margins. although they are often smaller in 
the posterior part. 

Mc/ t rpol~~t~o/hrrs  n. sp. K Orchard: o small specics with a short 
blade and a bowl-like platform with variable marginal sculpture on 
the upturned plathxm margins. 

UI'PER CARNIAN ZONATION 
Conodont /onation of the Upper Carnian has not been particular- 

ly refined to (late, plu~icularly for North American sequences. In the com- 
pilation ofS\veet et al. (197 l ) ,  a single zone, the Pa~~c~,qo~~clolcllc~poly,q- 
~~cr/h~foi.~~ii.s Assemblage-Zone was shown to embrace the whole inte~val. 
Subsequently, European \vorkers have proposed several zones for thc 
Upper Camian based on taxonomic distinctions that have not been at- 
tempted in North America prior to the present work. The European Lona- 
tions were presented in a series of papers culminating in syntheses by 
Kovacs and Komr ( 1980). Kozur ( 1980). and Krystyn (1980). Kozur 
(1980) recognized the unifommity of conodont succession through the 
interval and proposed a standard /-onation consisting of (in ascending 
order) the 11ocr11 (-poIygnci/h~/i)rn~i.s). c~o~pa/lric.cr (eitrly rroclosrr.~), and 
irorlo.so(rr.s) assemblage-,cones; these three ,cones were shown as c(1n.e- 
sponding to, respectively. the Dilleri. Subbullatus (-Welleri), and 
Macrolobatus ammonoid Lones (Ko~ur ,  1980, Fig. 8). 

The zonation proposed by Krystyn (1980) tliffers from the for- 
mer in both the taxonomic concepts employed and thc ammonoid cor- 
relation presented. Within the Clunian Krystyn (19x0) recogni~etlpolyg- 
~~trflrjfo~~nris. Lowcr and Upper i~otlo.scr(rc.r) assemblage-zones. and a 

Figure 3: New conodont zonation of the Upper Carnian (on the right) and its calibration with the arnmonoid zones (on the left); previous schemes 
are shown for comparison. 
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commi~nisti rnorphotype A Zone. According to Krystyn (1980, Figs. 
7,8), correlation with the ammonoid zones are, respectively, Dilleri- 
lower Subbullatus (-Welleri), upper Subbullatus (-Welleri)-lower Ana- 
tropites (-Macrolobatus), lower upper Anatropites (-Macrolobatus), 
and upper upper Anatropites (-Macrolobatus) Zone. 

In this paper, both my proposed zonation and its taxonomic 
basis, as outlined under species concepts, differ from those of previ- 
ous authors. In so far as a comparison between these zonations is pos- 
sible, i t  is shown on Figure 3. In western Canada, several taxa appear 
to have differing ranges, and some appear earlier in relation to the am- 
monoid chronology than proposed on the basis of eurasiatic records. 
To some extent these differences are attributed to differing species con- 
cepts, but they may also result from differing provinciality, or from 
faunal mixing within the Hallstatt Limestone. 

In the Kunga Group, continuous sequences of Upper Carnian con- 
odonts has facilitated the subdivision of the interval into six rather than 
one (Mosher, 1968), three (Krystyn, 1980), or four (Kozur, 1980) con- 
odont zones. These are presented below in stratigraphic order. 

The Metapolygnathus polygnathiformis Assemblage Zone 
A polygnathifornzis Assemblage Zone was originally proposed 

by Mosher (Mosher, 1968, p. 91 l )  on the basis of fauna from Upper 
Carnian Tropires beds in both Europe and North America. Somer- 
aukogel, Austria was designated as type locality for the zone, which 
ranges from 43 m (141 ft.) through 9 1 m (299 ft.) in the Hallstatt Lime- 
stone. 

The polygnathifornris A-Zone of Mosher (1968) is characterized 
by an abundance of the zonal index. However, the concept of the species 
employed by Mosher (1968, p. 939-940) includes the variably ornate 
Metapo1)~gnathus nodosus of this paper whereas the holotype of the 
nominal species (Budurov and Stepanov, 1965), from the Lower 
Carnian Trahyceras no11 Zone, has no platfo~m nodes and is rcgard- 
ed here as a separate entity. This situation has produced nornenclat- 
ural confusion. 

Originally, Sweet et al., (1971, p. 458) notcd that 'P~rcr,yotrclo- 
lella' po/ygtratllifi)t.n~i.r or a similar form occurred first in the Uppcr 
Ladinian. Mosher (1973, p. 164) recorded the species frorn the 
Maclcarni Zone in Canada, and Krystyn (1980. p. 78, Figs. 7, 8) also 
showed the range extending from near top of the late Ladinian Suther- 
lnndi Zone (-Longobard 3) in Europe. Later. taxonomic revision of 
the Latlinian-Carnian boundary taxa led Krystyn (1983, p. 240.254) 
to conclude that 'C~ontlolella' / ~ o ! \ . , g t r o / h j f i ~ ~ ~ t i ~ i ~ c  first appeared in stra- 
ta wilh trachyceratids of the T. aotr group (which provided thc orig- 
inal definition for thc base ofthe Carnian); sirnilar elements in the La- 
dinian were referred to 'G'. itrc.liticrla Kovncs 1983. Krystyn (1983, 
p. 253) suggested that the appewance of 'G. poIygnu/h~forr~ii.r sliould 
be used to define the L:~clinian-Carnian boundary, although he named 
the basal Carnian zone defined by its appcau-ance as the rarlpole A- 
Zone (=foliat~~j?~lia/tr of Kovacs 1983) in order to avoid conflict with 
the established. but apparenlly mis-named,po!,:qtlathifo~mi.r Zone of 
the Upper Carnian. 

The Upper Car~iian polygt~n/h~fi~rn~is A-Zone of Krystyn ( 1980. 
p. 77-79) differs from that of Mosher (1968) in both its lower and upper 
boundaries. Krystyn characterized the zone as "the exclusive presence 
of.." the species, and proposed its base be drawn at the disappearance 
of Gladi~qondolella /etlydis (Huckriede 1958). According to Krystyn 
(1983, p. 249), this latter event "...can easily be traced throughout thc 
"pelagic" conodont region." Recent tlata (op. cit.) indicates that the 
base of the zone, thus defined, can be drawn at the base of the Tuvalian 
(Dilleri Zone) in the Tethyan Realm. However, Gladi~otidolelln 
does not occur in western Canada. Recognition of the poly,ytiat/rjfo~~ttrf.s 
A-Zone in non-Tethyan sections must therefore rest on an abun- 

dance of the zonal index, 2nd may be older than the poly~tluthi- 
fotmis Assemblage Zone of Krystyn (1980). 

The upper limit of the po1)~gnaihiforrnis Assemblage Zone of 
Krystyn (1980) is defined by the appearance of Me/apolygt~n/kus no- 
dosus which occurs at the base of the upper part of the Subbullatus 
(-Welleri) Zone in Europe (Krystyn, 1980, p. 79). This position is well 
within the polyg~zathifor~rnis A-Zone of Mosher (1968). 

In the present paper, thepolygt7atkifornlis Assemblage Zone is 
defined as embracing the range of Metapolygnathus ex gr. p(&?- 
nathifor.n7is prior to the appearance and conspicuous radiation of 
Metapolygnath~is nodosus, as defined above. The base of the zone is 
not seen in QCI, but clearly the European definition (Krystyn, 1980, 
1983) is not tenable in North American sections known to date. 

Additional elements regarded as representative of the polyg- 
na/kiforrnis Zone in QC1 comprise the septimembrate apparatus re- 
ferred to Cornudina? sp. by Orchard (in Carter et al., 1989). At pre- 
sent, this multi-element taxon does not provide diagnostic age criteria, 
but it is locally common (e.g. Huston Inlet) in the lower part of the 
Sadler Limestone, where it presumably represents a particular envi- 
ronmental niche. The taxon provides faunal identity in the absence 
of metapolygnathids. 

Although the present collections from the Queen Charlotte Is- 
lands lack conodonts indicative of the Lower Camian, their exact po- 
sition within the Camian Stage cannot be determined with complete 
confidence. However, CO-occurrence with Dilleri Zone ammonoids 
in Huston Inlet, and immediately beneath the same zone at Sadler Point 
support an early Late Carnian age. 

Reference sections: Sadler Point (SP-1A - 3), Kunghit Island, 
west (KT-AI - 12), Huston Inlet (HU-2 - I 1). 

Other QC1 occurrences: Treat Bay (TB-A3A), Rose Inlet (WV- 
52), Rose Harbour (RH3). Huton Point (HP2). Bush Rock (BR-I - 
4). Blue Jay Cove (BJ-S). Burnaby Island (Bl-86E. 87/2), Vert~cal Point 
(TWL-403). Newcornbe Inlet (NI-I), Curnshewa Inlet (TWT-69, 
EC86-4). Mosquito Lake (TW-494), Shields Island (TWL-246), 
Fredcrick Island (TWL-X I B). 

'I'he Metapolygnathus nodosus Zone 

This zone has not prcviousl y been differentiated within the 
North American Upper Triassic. The base of the zonc is herein de- 
fined by the appearancc of the index species, and its top is marked by 
the appearance of M .  c~omnzrini.sti. M. troc1o.sli.s is the most common 
ancl widespread of Upper Carnian conodonts ranging through most 
of the Uppcr Carnian and into the basal part of the Norian. The no- 
dosrr.v Zone of Krystyn (1980, p. 79), established in the Tethyan re- 
gion, is al range zone and is separated into lower and upper parts based 
on the appearance of Me/trl~olj~qtw/hrts p~.ittiitiri.s in the upper part. Ac- 
cording to Krystyn (1980), the conodont zone, in his sense. corresponds 
to the upper Subbullatus (-Welleri) through lower upper Anatro- 
pites (-Macrolobatus) zones. In this paper, the Mcrapo/v,qtiu~hus no- 
dosus (revised) is shown to include the whole of the Welleri Zone, 
as wcll as the uppermost part of the Dilleri Zone. Inlbrnial subdivi- 
sion of the North American Welleri Zone into lower and upper parts 
by E.T. Tozer (pers. comm.. 1989) has not been fully assirnilated in 
this paper, but provisional calibration of the ammonoid ancl con- 
odont zonations are given below under the three proposed subdivi- 
sions of the tiodosus Zone. 

Weakly ornarnented to apparently unornamented quadrate forms 
sirnilar to Me/al~olygtratlni.s ex gr. polygt~cr/hifo~~r,lis occur in the no- 
rltnrn Zone. These probably correspond to 'GoncIolc~lIr' nocrli (Hayashi) 
but I have not differentiated such forms because 1 regard them as in- 
traspecific variants of the tiodo.srrs population (cf. Krystyn, 1980, p. 



76). The morphology often develops in larger specimens of M. no- 
11o.srt.s because the nodes coalesce. 

Lower Metapolygnathus nodosus Zone 
This zonc is characterized by the occurrence of ~ c i a ~ ~ o l ~ ~ g ~ ~ c z i l l r l s  

~~otloars and/or Mciapol~~~nuil~r~s n. sp. E prior to the appearance of 
Mctul~c~l~~~qr~uihus n. sp. F .  This fauna arose during the initial radiation 
of the 17oclo.su.s stock and in addition to the elongate Mrtu/cll,ol~grrotlr~r,s 
n. sp. E also includes similar morphological cncl members that resemble 
'Neogo~rdolelkl'. For the present. these cxtrcmc fornis are sctainctl with- 
in Met~qoI~~~r~c~t l r r~ .~  n. sp. E: 'N.' ~ ~ c ~ ~ o : s n  Mosher 1973, kern the Welleri 
Zonc of Arctic Canada. is thought to bc an example of a similar 
derivative fom~. Conodonts indicative of this zone apparently occur 
in association with ammonoids indicative of both lower and upper parts 
of the Welleri Zone (Tozer. in Orchard et al.. 1990). 

Reference section: Kunghit Island. wcst (KT-A 13- I X ) .  

Other QC1 occurrences: Kunghit Isla~ld, southwest (KT-B:! - S), 
Huston Point (HP-S.7), Blue Jay Cove (BJ-8 - 13), Poolc lnlet (HO- 
3). Burnaby Island (BI-3A.4). Huxley Island (HUX-A4). Crescent lnlet 
(CRE-2.3). Cumshewa Inlet (TW-92), Sadlcr Point (SP-4 -?10). 

Middle Metapolygnathus nodosus Zone 
The Middle nodosus zone is defined by the concurrent range of 

Mr~iripo!,:qnuilrrrs n. sp. F and Mc~trryol~griutl~rts ~~odtarts prior to the 
appearance of Meicr/~oIyg~rriihrts n. sp. G. In addition to these species. 
Murapol~gticrthrrs n. sp. E and its 'Neo,~or~tlolelln'-likc dcl.ivativcs may 
occur but they arc less common in the present collections. I n  the ref- 
erence section, this conodont zone is associated with ammonoids in- 
dicative of the upper part of the Welleri Zone (Tozer, in Orchard et 
al., 1990). 

Reference Section: Kunghit Island. wcst (KT-A l9 - 2 1 ). 

Other QC1 occurrences: Huston Inlet. south (SHU-4 - 5). Huston 
Point (HP-@, Jeclway Bay (JED-9). Sandilnnds Island (SI-84120-l l ) .  

Upper Melapolygnathrts nodosus Zone 
This zone is defined by the co-occurrence of Mc,itrpolygnarhrt.s 

n. sp. G and Meiapoly~qnntlrus noclo.sus prior to the appearance of 
Metupo1y~ynuihu.s conrnruni.vii. In good examples of hiuna reprcsen- 
tntivc of this zone, the sharp-noded Metul~ol~qrrutl,~rs n. sp. G is rel- 
atively common, although conservative Metril~oly~qr~trthtrs not1osrt.s is 
usually dominant. Older membe~s of the Mer~tpoIy,qrwrl,Irs n. spp. E- 
F-G lineage tnay also occur. This zone is not associated with ammonoids 
ill QCI, so its exact equivalence to upper Welleri or lower Macrolo- 
batus ammonoid levels is unresolved. It occurs at the top of the Bal- 
donnel Formation in northcast B.C. 

Reference Section: Kunphit Island, west (KT-A24). 

Other QC1 occurrcnces: Huston Inlet, south (SHU-2,6,7), Sandi- 
lands Island (SI-84120-10, 87-5). 

The Metapolygnathus cornmunisti Zone 
The index for this zone was first recorded as a constituent of the 

mixed fauna described from the Adoyama Formation in Japan by 
Hayashi ( 1968). Its stratigraphic significance, not recognized at first, 
has continued to be hindered through variable taxonomic interpretation. 
Krystyn (1980) recognized two morphotypcs with mutually cxclusive 
ranges about the Carnian-Norian boundary interval. In this paper, my 
definition of M. conu?~imi.sti excludes morphotype B of Krystyn (19x0). 

The range of Mc~tupo/y,yriail~rrs c.omnlltrristi can be shown to 
span part of the Macrolobatus (-Anatropites) and superadjacent Ketri 
(-Jandianus) ammonoid zones both in Western Canada (herein) and 
in Europe (Krystyn, 1980). In contrast to the European range shown 
by Ksystyn (1980. Fig. S), in western Canada the species appears be- 
fore Metapoly~ntrthus pr-imitius and therefore provides the basis for 

a new zone of wholly Upper Camian age. The c~onuirrrnisti Zone is wcll 
represented in both northeast B.C. and in QCI, where i t  includes 
within it the Macrolobattn ammonoid level (with "Jrri.m.ites" cr1rloiterrsi.s 
(Whiteaves)) originally collected by G.M. Dawson (Tozer. ill Orchard 
et al.. 1990). 

Thc base of the zonc is defined by the appearance of Mctupolyg- 
r~orlrrrs cmnnlrrrristi. ancl the top by the appearance of iMetal>o/ygtrtrth~rs 
l~r~itrritirr.~, which rcprescnts a widcsprcnd Sau~nal turnover. A further im- 
portant index species that occurs in this zonc is the ornate Mettrpolyg- 
~rutlrrrs ec,hitrctfus, which I interpret as the end member in the lineage 
Mctupc~1ygtrutlr~r.r n. spp. E-F-G.  isolated specimens of which also 
occur. Thcsc oriiate species have often been identified previously (c.3. 
Krystyn, 1980, p. 79) as Epigoi7ek)lellr rrbrel,tis (Huckliede 1958). which 
has contrihutctl to the long rangc attributed to thot species. In my 
view, the lineage t-eprescnts an unlclatcd Uppcr Carnian experiment with- 
in the mctapolygnathid stock that resulted in a homcomorphic epigon- 
dolellid-like morphology: the Middle Triassic nlrtn~qoc~rni.~ group is an 
earlier example of a similar phenomenon. For the present. I have cho- 
sen not to refer the Uppcr Camian lineage to a new genus. 

A few collections ase known from northeast B.C. and QC1 in which 
Meta~~ol~~ynai l~us echinatrrs occurs without M. cornmrrnisii. This mis- 
es the possibility that there may he an older ecllinutrts faunal unit prior 
to the conmrunisii Zone, a proposition currently under review. 

Mc~tci~~ol~v~rrtrthrrs riodo.crr.s contitlucs as an important. and often 
dominant constituent of the c~onrrwr~ri.sti zonc, but some elements 
begin to display a motphology that approaches that ol'the descendant 
M. pr.iinitiu.s. At about the same time, Me/u~~oIyg~r~rth~r.s n. sp. K de- 
veloped as a further offshoot of Mctul~olsgnrrttars tiodosrts. 

Refcrcncc Section: Kunghit Islantl, west (KT-A26A,27). 

Othcr QC1 occurrences: Huxlcy Island (HUX-BXA). Kunga Is- 
land, south (86/7SKU-A 10 - YB), Sandilnnds lsland (86(79)SI-2: 85- 
6), Shields Island (SHI-6). Frcdcrick Island (FI-A6.7). Sadlcr Point 
(SP-12). 

The Metapolygt~athus primitirrs Zone 
When Mosher ( 1970) first introduced 'Epi,yondolellu' p~.inzitia, 

the species was regarded as an intermediate between Mctripolyg- 
rwtho.s poI~~,r:11ntlr1fi)r171is, in which Moshcr included nodose forms. and 
Epi,yo~idoIc~lla cihnc~ptis. The selection of morphological criteria to sep- 
arate po1ygnuth~fornzi.s from prin~itirrs was stated to be arbitrary 
(Mosher, 1970, p. 741) and does not hold up well in comparing the 
species rroclosrrs and primiiirrs, which Moshcr did not do at the time. 
Later, Mosher (1973. p. 161) statetl thot the t\vo latter species differed 
in length to breadth ratio as wcll as in the lateral platform constric- 
tion ofpr.inritirrs. In my view. none of these published criteria arc suf- 
ficient to separate the two species consistently, and this has led to some 
earlier authors synonymizing them (e.g. Krystyn. 1973: Kovacs and 
Kozur, 1980, p. 53). On the contrary, the two arc clearly different when 
viewed in lateral profilc (see taxonomic definitions). In fact. the de- 
velopment of Metnpoly~trut11rrspt~inzitirr.s from Metupoly~yrmthrrs 110- 

r1o.srt.s is the major conodont faunal event of the Upper Camian. 

As found by Krystyn (198O), the appearance of Metrrpoljsr:- 
rrut11uspri1niiirr.s occurs within the Macrolobatus (-Anatropites) am- 
monoid Zonc of the Upper Camian. The species crosses the Cami- 
an-Norian boundary, as originally shown by Mosher (1970), and 
extends to near the top of the Lower Norian Kerri Zone (Orchard, 1983), 
or a little beyond in the Tethyan region (Krystyn. 1980, Fig. 8). 

The oldest fauna of the Norian described by Orchard ( 1983) was 
chancterized by both Metcrpo/~~,~~rrrthir,s pr.irnitiir.s and 'N~ogonrlolelkc' 
rrnvic.~ilcr. which represents an upper subdivision of the pr.itnitirr.r 
Zone. Collections from the Kunga Group and others newly recovered 
from northeast British Columbia include both lower and upper zones 



in sequence and are key to untlerstanding their relationship. The 
pr.iruirici Assemblage Zone of Krystyn ( 1  980, p. 70) is rather dif1i.r- 
ent in scope from the present one and is not adopted in this paper. 

The Lower ~Metapolygnathus pritnitius Zone 
This zone is recognizetl by the occurrence of the name giver prior 

to the appearance of ~N(~ogor~cloIclla' nri~~ic.irlci. which defines the base 
of the succeeding Upper pi.inri/iir.s Zone. The base of the zone is 
characterized by the development of Metu~~o1~~qncrtl1rr.s prirritiits frorn 
its irn~ncdiatc precursor Mercrl~o!\'gi?n/l~rrs irodosrrs. which may con- 
tinue to occur. although usui~lly in subortlinate nu~nbers. Associated 
species include most of the species known in thc subjaccnt c.ornw?rr- 
riisli Zone. although platformless variants of McrnpoI~~~q~~otI i~~ .~  conr- 
r~rirnisri may appear first in this zonc. On QCI, ammonoids of the 
Macrolobatus Zone are associated with this fauna in the reference sec- 
tion on Huxley Island (Tozer, irr Orchard et al.. 1990). 

Reference Section: Huxley Island (HUX-B8.9 - 10A). 

Other QC1 occurrences: Kunga Island, south (86flSKU-A8A.8), 
Shields Island (SHI-5), Huston Inlet, south (SHU-X), Sttcller Point (SP- 
13). 

NORIAN ZONATION 
New conodont zonation of the Norian Series was proposed in o 

preliminary way several years ago (Orchard, 1983). Eight zones 
were recognized in the Pardonnet Formation in northeast British 
Columbia as a result of collaborative research with E.T. Tozer (GSC. 
Vancouver). The zonal succession, frorn near the base of the Lower 
Norian through the early Upper Norian. was developed in conjunc- 
tion with ammonoid collections that provided a framework for cali- 
bration. Subsequently, this zonation has been supplemented by stud- 
ies of youngest Norian (Amoenum and Crick~nayi zones) strata in the 
Tyaughton Creek area of south-central British Colurnbiu and, in co- 
operation with D. Taylor (Portland), in the Upper Norinn of Nevada. 
As a consequence of this work, intcrcalibration of Norian arnmonoid 
and conodont biochronologies has found a firm foundation that had 
not been entirely possible in the condensed Hallstatt (Tethyan) facies 
of the Eurasian Triassic. 

In North America. the bitsc of the Norian is drawn at the base 
of the Kerri ammonoid Zone, which is well developed near the base 
of the Pardonnet Formation in northeast British Columbia. In terms 
of superimposition of key amnionoid faunas, the Carnian-Norian 
boundary is less well displayed than intra-Norian zones in this area. 
However, a contin~~ous sueccssion of conodonts are known across the 
Baltlonnel-Pardonnet formational contact at one locality (Black Bear 
Ridge, BBR in Fig. 8). and the succession compares favourably with 
that in several sections of the Kunga Group where. unfo~h~natcly, Lower 
Norian ammonoids are not known. In both regions. the appearance 
of 'Neo,yondolella' nal-icula in association with Mc~tapo/j~gna//lir.$ I?I .~ITI-  

itills is regarded as definitive of the basal Norim. 

The Norian conodonts of the Pardonnet Fonn;ition, and formal 
description of the Norian conodont zonation will be described in a later 
paper. In the following. I briefly discuss the key zonal species, note 
their occurrence within the Kunga Group, and focus on differences 
between the Queen Charlotte Islands and northea~stcrn British Columbia. 

The Upper Metapolygnathus primitius Zone 
This zone is defmed by the CO-occurrence of 'Neo,qondolella' nor- 

icirlu (Huekriede 1958) and Merapo(vgncith~rs primitius. The base of 
the zone is drawn at the appearance of the neogondolellid and the top 
at the appearance of common Epi~qondolellu abr~epris subsp. A 
Orchard, a relatively sudden event near the top of the Kerri Zone in 
northeast B.C. (Orchard, 1983). In northeast B.C.. 'N.' rrcr~-icula oc- 
curs first in association with Kerri Zone amrnonoids (E.T. Tozer, pers. 

colnm., iri Orchard, 1983). In the Kunga Group, the pelecypod Per.- 
ilrrilohi~r eo~nmonly occurs at this lcvcl (Tozer, 01 Orchard et al.. 1090). 

Recognition of the Upperpr.ir~iitirr.s Zone poses some problems 
because of both the uncertainty about the origin of 'Ncogorrdolcllri' 
r~a~~ic.rtlo, and the erratic appearance of this species in Lower Norian 
faunulcs. The species has been regarded as confined to Norian stra- 
ta (Krystyn, lY80. p. 76). but its ancestor is not obvious in Carnian 
collections. Thc species almost certainly has its roots in Metapolj,y- 
1rcrthir.s rather than directly from true~Vc~o,~.orrdolellu of the Middle Tri- 
assic: Krysty n ( 1980) rcgardcd "Gotrclolellci" po/ygrrurhiforr,riv as 
its ancestor. A f~trthcr ;~lternative is derivation from a platfonnless xan- 
iognathifonn-like conodont, although such candidates are extreme- 
ly rare in thc authors collections, ancl none occur in subjacent (Macrolo- 
batus Zone) strata. In this paper. I suggest platfotmless specimens allied 
to Mertrl~o!\:qilatlrli.~ conm~iotisri may represent the source for 'Neos~orr- 
clolellu' ~~civic.irla. If this phylogeny (see below) is correct, it puts the 
index species in context with Upper Camian progenitors and produces 
a more reliable zonation. 

Rcferencc Section: Sadler Point (SP- 14 - 1 8). 

Other QC1 occurrences: Huxley Island (HUX-B I.?), Kunga Is- 
land. south (SKII-A7), Crescent Inlet (CRE-4), Shields Island (SHI- 
3) .  Fredcrick Island (FI- l .2.Ac) - 14.B 15). 

The Epigondolella abnepti.~ subsp. A Zone 

This zone is recognized by the common occurrence o l  the name 
giver, which resembles Mc~tupo!\:q~rcithi~.s /~rin~itilr.s but has much 
more prominent anterior platform nodes, a consistently different 
platform length to breadth ratio (Orchard, 1983, Fig. 5).  and ontoge- 
nctic development and microreticulation typical of Epiiqorrdolella. 

The index species, which appears to be a cosmopolitan form, will 
need a new name. El)i,yotrtIolella cih~repti.~ (Huckriede 1958) could be 
a specimen of either a Lowcr or Middlc Norian epigondolcllid (e.g. 
E/~iigorrelol(~lla n. sp. C Orchard) but both the original illustration and 
prcscnt condition of the holotype precludes positive identification. 

The base of this zone is drawn near the top of the Kerri ammonoid 
Zone in northeast B.C., where it extends to a position within the 
Dawsoni Zone (Orchard, 1983). 

Reference Section: northeast B.C. (in prep.). 

QC1 occurrences: Treat Bay (TB-A4 - S), ?Huston Inlet. south 
(SHU-9 - 10). Huxley Island (HUX-BIS), Kunga Island. south 
(SKU-A6 - I), Des~nariscove Point (DEM-2). Frederick Island (FI- 
3 - 4.B l6 - 20). Sadler Point (SP- 19). 

The Epigondolella triatrgularis Zone 
This is a new name applied to the zone ol'Epi~qot~doleNa ahr~epti.~ 

suhsp. B Orchard, which is synonymous with the older ndme of 
Budurov (1972). The index species is characterized by an ornate. gen- 
erally spm~netrical platform that in later growth stages commonly be- 
comes laterally broadened posteriorly to produce the distinctive shape 
described by Budurov (1972) under A~rc:,~i.ogondolellc~. I do not re- 
gard the spccics as the same as E[~i~~onclolellu .spatrrlu/u (Hayashi 1968) 
of  authors although i t  is similar (Orchard, in prep.). Typical repre- 
sentatives of this latter species may be restricted to Tethyan faunas. 

Early growth stagcs of Epigor~dolelia /r~iur?grtlnr~is resemble 
Epigondolcllr postera (Kozur and Mostler 197 1) and the two have 
often been confused. This probably explains the range attributed to 
the latter by some authors (e.g. Krystyn, 1980. Fig. X), who record it 
within the Lower Norian. Retention of this juvenile morphology a p  
pears to have led to the development of some Middle Norian epigon- 
dolellids, but Epi~ondolellu posler~~ is strictly a Middle Norian 
Columbianus Zone index (Orchard, 1983). 



In a few collections (e.g. EPO- I, HO-5, FI-25) from the Peril For- 
mation, 'Neo,pondolella' hnllstattn~sis (Mosher 1968) occurs in the 
triangularis zone. This is the first record of the neogondolellid species 
in North America. The species is more common in the Tethyan suc- 
cession, where i t  is confined to the Epi,qonclolellu sputrrlata-Assem- 
blage Zone of Krystyn (1980), equivalent to the latest Paulckei and 
Magnus ammonoid zones. In western Canada, the trian,pularis Zone 
similarly embraces part of the Dawsoni Zone through the Magnus Zone 
(Orchard, 1983). 

Reference Section: northeast B.C. (in prep.). 

QC1 occurrences: Swan Bay (SB-1,?4), Deluge Point (DP-I), Poole 
Inlet (NPO-5, EPO-I , HO-A5 - 9), Bumaby Island (86187BI- 1 1 - 13a). 
Sandilands Island (SI-8611). Desmariscove Point (DEM-6), Freder- 
ick Island (FI-2 1,22,25,33-36). 

The Epigondolella multidentata Zone 
This base of this zone is defined by the appearance of Epi,pon- 

dolella multidenmta Mosher, which coincides with the base of the 
Rutherfordi ammonoid Zone in northeast B.C. (Orchard, 1983). In rich 
collections from this zone in autochthonous western Canada, sever- 
al different morphotypes occur, of which the most distinctive is char- 
acterized by a long, narrow platform with several strong anterior 
denticles on each platform margin, and a remarkably high posterior 
carina. This morphotype is not presently known to occur in the Kunga 
Group, elsewhere in allochthonous western Canada, or in the Tethyan 
region. However, in several collections from the Peril Formation, an 
association of elements similar to the other components of the mu/- 
tidentata Zone in northeast B.C. do occur along with elements of the 
older triatigularis Zone. These are tentatively referred to the mirlti- 
dentata Zone, although they may be slightly older than examples from 
the Pardonnet Formation, where the fauna1 turnover between the 
Lower ( t r ia~~~ular i s  Zone) and Middle (multidentnta Zone) Norian 
is ahrupt. 

Reference Section: northeast B.C. (in prep.). 

QC1 occurrcnccs: Swan Bay (SB-5), '?Poole Inlet (HO-A I I ), 
?Burnaby Island (86BI- IS), Huxley Island (HUX-I). 

The Epigondolella n.  sp. C Zone 
This zone is dominated by strongly serrate, typically asymmct- 

ric epigondolellids (Orchard, 1983). In northeast B.C.. the zone oc- 
curs in the Columbianus 1 ammonoid Zone, postdating the n~rtlticlc~tl/o/cr 
Zone which intervenes between the present zone and the Lower No- 
rian rt~ia~~grrl~rris Zone. The index species for the latter zone and that 
for the Epigondolelln n. sp. C Zone are similar and both have been 
referred to Epi,qon~folellu crhrrepti,~ (Huckriede) in the past, giving that 
species an alleged range through ~nost of the Norian (as well as the 
Upper Carnian - see conmz~rilisti Zone). 

In the Peril Fomiation, El>i,qotidolcllrr n. sp. C is known from 
several localities, the best examples being Povle Inlet. where i t  over- 
lies older faunas of the t~-iarr~l~lari.s and ?nzulriclcntcrtu zones, and on 
Burnaby Island where it is overlain by the posreru Zonc. Its occur- 
rence in the QC1 is thus comparable to its established position in other 
parts of western Canada. 

Reference Section: northeast B.C. (in prep.). 

QC1 occurrences: Poole Inlet (HO-A13). Burnaby Island 
(86/87BI 19 - 19B), Frederick Island (FI-30 - 32). 

'The Epigorzdolella postera Zone 
The type material of this species originated from Middlc Nori- 

an strata of Sommeraukogel, Austria (Kozur and Mostler, 1971). 
The zone is well represented in the Pardonnet Formation in associa- 
tion with amrnonoids of the Middle Norian Colurnbianus I1 Zone 

(Orchard, 1983). and reports of it from deeper levels are suspect (see 
tria~~gularis Zone). Faunules representative of this zone are easily iden- 
tified and show a consistent range of variation. 

The zone occuts in several collections from the Peril Formation, 
in which i t  commonly occurs in association with 'Neogorzdolelln' stein- 
hei;pensi.s (Mosher). This is also the case in northeast B.C. where neogon- 
dolellids become very common at this level. The significance of this 
'acme' is not known, but it was certainly widespread. 

Reference section: northeast B.C. (in prep.). 

QC1 occurrences: Burnaby Island (86BI-24,25,87BI-A2 - 6), 
Huxley Island (HUX-C 19 - 20). Desmariscove Point (DEM-R), Fred- 
erick Island (FR-A 12,13). 

The Epigondolella n.  sp. D Zone 
The Epigo~~~lolclla n. sp. D Orchard fauna is known from sev- 

eral localities in autochthonous western Canada where it CO-occurs 
with Middle Norian Columbianus I11 amrnonoids and the pelecypod 
Eomonotis. 

No good examples of this fauna have been recovered from the 
Kunga Group. In fact, very few conodonts have been recovered from 
between postern Zone levels and Monotis beds, partly due to the lack 
of suitable lithologies. Rare elements that resemble the nominal 
species do occur in younger beds, but they are associated with Mono- 
tis and other conodonts referred to the bidentata Zone. The zonal fauna 
may be endemic to autochthonous western Canada. 

Reference section: northeast B.C. (in prep.). 

QC1 occurrences: ?Kunga Island, north (KU-3). 

The Epigondolella bidentata Zone 
As stressed by Orchard (1983, p. 188-9), the 'bidentate mor- 

phology' is common to most early growth stages of Epi~qondolella 
species and thercfose bidentate elements need to be assessed very care- 
fully in differentiating the age of Norian collections. Small specimens 
of most Norian species may be difficult to separatc from Epi~or?do- 
Ic~llr hidc>rr/o/a Moshcr, which is itselfa small species. Ktystyn (1980, 
p. 80) recognized this problcm but his l~iilc~tl/o/cr Zone bcgan well down 
in the Middle Norian Columbianus Zone whereas I consider the zone 
is typici~lly Late Norian. as WiIs the typc material from Austria. 

The hest collections of Epi,qorrclolellr ex Sr. />idcntutu in the Par- 
donnet Fo~n~ation of northeast B.C. come from atnrnonoid bearing beds 
olthc lower Upper Nosian Cordilleranus amrnonoid Zone interbed- 
ded with Motioris coquina (Orchard. 1983). These populations rep- 
resent my standard [or the hiclcrrtcttu Zone. However, several species 
of Upper Norian epigondolellids have been proposed since Mosher 
(1 968) described Epicqorldolella hiderztcrra. These include E. rrroshari 
(Kozur nntl Mostler 107 1 ). E. .slo~vc~korsi.s (Kozur 1972), and E. 
11rtoIcitcsi.s Meek 1987. For the moment, all these species (the sep- 
aration of which is h ~ r  from clcarcut) and possibly others unde- 
scribecl, are included under E~>i,qon~lolella ex gr. hidcntuta. These Upper 
Norian epigondolellids rangc throughout the Cordilleranus and 
Amoenum zones in British Columbia and Nevada. Bidentate species 
occur in latest Middle Norian strata in western Canada but none of 
the present collections are large enough to fully evaluate the in- 
trnspccific variability. 

In the QCI, this zone, characterized by the common occurrence 
of El>i,yc~rdolella ex gr. hi~leritu~u, occurs in the upper member (Mor~o- 
/is beds) of the Peril Formation and in overlying post-Mot?otis stra- 
ta of the Sandilands Fomlation. The age of the hiclcnrara bearing part 
of the latter in tetms of atnmonoid chronology is uncertain. but an 
Amoenum Zone age seems probable. Ammonoids of the Crickmayi 
Zone occur higher in the Sandilands Formation, but no epigondolel- 
lids have been found in association. 



Reference sections: Rose Inlet (RI-A I -6) ,  Shields Bay (SHB- 
3 - 20), Kennecott Point (XXKP-M3A - 7. X7/8KP-A3A - 7), north- 
cast B.C.. south-central B.C.. Nevada. 

Other QC1 occurrences: South Cove (SC-3). Swan Bay (SB-6). 
Poole Inlet (HO-A18, SPO-2). Burnaby Island (86B1-32: 87BI-A I0 
- 16). Huxley lsland (HUX-S), Arichika Islantl (AI- l ) .  Kunga Island, 
south (SKI/-D1 2). Kunga Island, north (KU-E4.6; F2-7). Newcombc 
Inlet (NI-S), Sandilands Island (XXSI-4, I 1A.12). Skidegate Channel 
(EC85- 12; SKID-5). ?Dcsmariscove Point (DEM-9). Frcderick Island 
(86FR-A 1-6). 

The post-Epigondolella interval 

Upper Norian conodonts are uncommon in strata above the dis- 
appearance of El~i,qoirclolclIu in western Canada. None are known in 
the autochthonous sections of the Pardonnet Formation and overly- 
ing units. and they arc r?we in the suspect terrancs. This contrasts with 
the recortl of conodonts in Tethyan regions where several species of 
iMi,sikeller provide ~rsefirl indices through the remaining part of the Tri- 
assic. In North America, Mi.sikclla (including Asiotlrc,ci Fahraeus and 
Ryley) has never been well documented, although M. linn.st~,itii is noted 
to occur, with Epi,qo/~doleII(~ hidi~trieriu, in the Glenn Shale of east-cen- 
traJ Alaska (Robinson and Car ,  1985). My own collections From Cana- 
da include a single specimen of M. ~~o.rrlro~/rsrei/ri frorn presumed Crick- 
mayi Zone strata in the Tyaughton Creek area (Cadwallader Terrane) 
of southern B.C., and a second collection of the xalne species from 
chert of the Cache Creek Group in southern Yukon where there is no 
independent aye constraint. 

In QC], thc conodonts that occur above the range ofEpi,qo/rdo- 
lellu are relatively uncommon but more arc being recovered. They in- 

clude at first ncogondolellids, and then a single fauna of Mi.sikel1opo.r- 
~licv.t~steini; undiferentiated ramifonn elements occur throughout. Pcnd- 
ing further study of this key interval, no attempt has been made to for- 
mally differentiate these post-hidetltain conodont faunas. They do. 
however, have parallels with the European sections where Krystyn 
( 1  980, 1088) rccogni~ed a 'Gontlolello' stci/rher,qeti.si.s Zone within 
the transitional beds frorn the Hallstatt Limestone to the ~narls of the 
Zla~nbach Formation; this zone embraces the range of 'Neogo~idolcll~i' 
above the last cpigondolellid. In  a more recent paper (Krystyn. 1988). 
thc stci~ihe/~e/isi.s Zone is shown as ecluivalent to, in the amrnonoid 
chronology. the lower subzone (Choristoceras "haueri") of the 
Vandaiteh stuer~nbaumi Zone based on sections of the Zlanbach marls. 

The youngest rccord ofconodonts in the Kunga Group is the oc- 
currence of Misikelln posthe~.~rstei/zi in association with the am- 
  no no id C1rori.stor~e~~cr.s /.licrc~iic.rrni (Tozer, in Orchard et al., 1990). This 
is important in that i t  represents the first record of co-occurring con- 
odonts and ammonoids in the latest Triassic Crickmayi Zone of 
North America. In Europe. M. posthe~.lls/c,i~ri is known from both the 
Zlambach Formation ancl the Koessen beds and apparently has a 
long range compared with other Mi.sikcllu species. It is, however, the 
last remaining conodont species in the youngest Triassic strata, oc- 
curring alone in the higher parts of the Choristocen~s marshi Zone in 
Europe (Krystyn, 1980, 1988: Golebiowski, 1986). At the moment, 
the Kunga occurrence cannot be unecluivocally assigned to a partic- 
ular part of the Crickmayi Zone. 

QC1 occurrences: Huxley Island (HUX-18), Sandilands Island 
(88SI-13). Shields Bay (SHB-21), Kcnnecott Point (KPA-7A - 18A. 
C3.5, D1 AA). 

Figure 4: Phylogeny of Upper Carnian platform conodonts. The stippled field indicates the broad range of variation present in M. nodosus. The 
new lineage E-F-G is, for the present, retained in Metapolygnathus. E. 'abneptis' A is regarded a s  the first Epigondolella. The origin of 'N.' nav- 
icula is uncertain. 
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PHYLOGENY OF UPPER TRIASSIC CONODONTS 
Considerable uncertainty has surrounded the relationship between 

Upper Carnian conodonts and their Norian offsprincp. This has rcsulted 
in varying phylogenetic schemes. strongly differing nomenclature. and 
zonations that have lacked precision and resolution. My initial study of 
the rclationsliips between Norian epigondolellid conodonts (Orchard. 
1983) has yet to bc bccn fully docutnented, aid has been delayecl to some 
cxtent by the need to clarify the otigins ofthe group in Carnian strata. 
The Kungn Group has provided both the impetus and the key. 

Thc following account starts with Mctupoly~qnatlccts cx gr. po1v.q- 
tiuth~forniis, which has been regarded as the root stock for all Upper 
Carnian platform conodonts (Fig. 4). This fauna is the oldest in the 
QC1 although. as discussed above. the relationship with the Lower Car- 
nian type material is uncertain. Typical populations of Metcipol~~qt~citlrrrs 
troclosrt.~ appear at about the base of the Peril Formation. a position 
close to thc highcst occurrence of Dilleri Zone ammonoids. The 
faunules from successively higher beds show diverse development of 
platform nodes and an ontogenetic serieb in which early growth 
stages have il strongly constricted platform. Specimens with a rela- 
tively clongatc pli~tfotm and rclatively low blade denticlcs also a p  
pear, and are separated as Mctci~~oly,qt~urh~r.s n. sp. E.  This trend cul- 
minated in ;I neogondolellid morphology. similar to 'N.' rere~sn. 

A further trend begins somewhat later and is characterized by a 
steepening of the anterior platform margins in elements that otherwise 
resemble M. 11. sp. E. At the beginning of Middle tzorlos~ts Zone 
times, strong but low rounded notles appeared for the first time in this 
latter stock to produce Metu~~olyg t ru t l~~~ n. sp. F .  This trend contin- 
ued and reached an extreme in Mrttipo!\Xt~c~thrts n. sp. G of the Upper 
t~otk)slrs Zone. Thereafter, M, echirrtrtrrs developed through reduction 
of the anterior platform (sec below). 

Whilst the ornamental elaboration in the E-F-G lincagc was 
underway, the conservative stock of M. I I O ~ O S L I . T  went through rela- 
tively littlc change. Elerncnts of M. trodnsrt.~ continued as strongly to 
weakly noded fonns in which platfvrln margins maintained a uniform 
hvight regardless of the degree of node developtnent. Beginning in 
the cotrlnrrrt~i.sti Zone. the conservative stock of M. 11ot1o.srr.v diversi- 
fied (Fig. 4). One descendant species. MrtpoIy,qriothir.s rotirmrrtli,sri. 
arose through suppression of both nodes and platform. whereas in a 
second trend nodes were emphasized and some omate specimens began 
to resemble Mcllu~)o/~vgtral/~u.s pritnitius (Mosher). Initially, both 
trends involved a relative lowering of the posterior platform to pro- 
duce a relatively high geniculation point in the former, and more dis- 
crete upstanding nodes in the latter; anterior migration of the pit oc- 
curred in both. Particularly in the case of M. conrmrrrristi, there was 
also a trend to reduce the platform both longitudinally andtor later- 
ally. ant1 large populations of this species show alot of variation in plat- 
form shape. 

Concurrent with (or possible a little earlier than) the appearance 
of M. comm~rni.sti and advanced species of M. r~oc1o.s~~. there was a 
similar longitudinal retardation in platform development in the 
Me1apo4:qnathus n. spp. E-F-G lineage to produce what is herein called 
Mc~tapoI~~,qnrith~rs ei.hinutlrs. Specimens of M. i~ornnlunisti and M. echi- 
natus may have a similar platfolm shape but the former usually have 
longer free blades and no platrorm bculpture. 

The c,onu?1irt1isti Zone appears to have been a time when the plat- 
form conodonts began to undergo sorne fundamental changes in plat- 
form growth, with the development of both M. c.on~mrrr~i.sti and M. e(.lli- 
natus involving platform reduction. A similar trend is also evident in 
the diminutive Me~apolygnathus n. sp. K Orchard which appeared 
in this zone. In the youngerprimitius Zone, this trend continued and 
the proportion of abbreviated morphotypes increased. The most sig- 

nificant event at this time was the metamo~phosis of M. r~otio.sri.s 
(Hayashi) into M .  ~~r~itt~itirr.~ through the development of relatively high 
antcrior nodes clearly projecting above the platform; the advantages 
were clearly great and M. pt.it~ritirrs quickly became the dominant and 
then exclusive metapolygnathid. 

The ultimate evcnt in the evolution of Carnian conodonts was 
the development of 'Neo~ot~clolella' trcr~-ic~rrla (Huckriede), which ap- 
peared at, and marks the base of the Norian. In my opinion, n clue to 
the origin of this species may be seen in the extraordinary plasticity 
of M. c.orntrrrrttisti. This species is extrelnely variable and even early 
growth stages show variation from a small quadrate platform to one 
that is sagittatc. or extremely narrow and sinuous. In some specimens. 
the platform is vestigial at the posterior extremity of the element, or 
completely absent. These manifestations are not merely a result of dif- 
fering growth stages but are, I sumrnizc, the beginning of a trend that 
culminated in a neogondolellid morphology. In some samples from 
the Kunga Group. rare elements occur that are quite large but still lack 
:I platfo~m (comparable with Por~~i~qot~dolellu of the Upper Norian). 
These platform variations are also accompanied by a shifting in the 
position of the basal pit, which commonly lies far anterior of the pos- 
terior end of the element in 'typical' M. cottirlmi.sti, but which is pos- 
teriorly located in some small elements. 'N.' nuviarlr may have de- 
veloped as a result of the stabilization of this platformless condition, 
followed by rapid devclop~nent of uniform platform growth along most 
of the length of the carina. 

As discussed under the Upper prin1iti1t.s Zone. alternative can- 
didates for the trmic.lrla ancestor in subjaccnt strata are unknown. and 
I discount a direct relationship between 'Neogot~rlolell~~' rc,~~et.sa. or 
similar t~odos~rs Zone morphotypes, and 'N.' 17ovic.ulu. 

The innovations shown by the platform conodonts close to the 
Ca~nian-Norian boundary set the stage for one more development. The 
advantage of discrete anterior nodes exertcd strong selective pressure 
and toward the top of the Lower Norian Kerri ornmonoid Zone, true 
El~i~otrrloli~llu was born. Now nodcs became universally developed 
rather than variable as in many metapolygnathids. and they grew to 
effectively double the 'hcight' of the conodont platform. In order to 
accommodate this change in morpholog)~, or in response to it, the mi- 
croreticulation of the platforms changed. Whereas in Mettipolyq- 
truthr~s rnicroreticulae had been uniformly developed, close-packed, 
and with some rclief, in Epigot~dolello they became more dispersed, 
irregular and subdued. A further change, here regarded as generical- 
ly significant, is manifest in the growth of the two genera. The pos- 
terior constriction and common dual platform growth that character- 
izes early growth stages of all species of Mt~tupo/ygnurhus is not n feature 
of Epigondolellii. 

The phylogenetic development of later Norian conodonts was 
briefly outlined by Orchard (1983, p. 191). The transition from 
Epi.qotrdolelIn ahtzep~is subsp. A Orchard to El~i~qondolellu trinngrr- 
lot-i.7 (Budurov) is reaffirmed in the Kunga Group. 'Neo,qondolella' 
hullstattensis (Mosher) developed from 'N.' nnr.iculn at this time ac- 
cording to Krystyn ( 1980. Fig. 6); it is noteworthy that the former species 
in particular shows attributes of its proposed Metupol~vgnuthus roots. 

New data from the Kunga Group and further work on abundant 
collections from northeast B.C., as well as observations on the glob- 
al distribution of species, has shown that it may be possible to rec- 
ognize a more complex history amongst the Middle Norian epigon- 
dolellids beginning with retention of early growth morphology in E. 
tric~nguloris. By the nlrrltidentnta Zone, diverse morphology was 
present in the epigondolellid populations (Orchard, 1983). Further work 
is required on the relationships of the Middle and Upper Norian con- 
odonts. including Misikclla, the origin of which remains an enigma. 



Figure 5: Time stratigraphic correlation of Kunga Group sections on Queen Charlotte Islands. These seven sections have been the most important 
for the development of the Upper Carnian conodont zonation. Section locations are listed under the description of each zone. No vertical scale 
is intended. Conodont sample numbers are shown on the right of the columns; ammonoid zonal assignments (D = Dilleri, W = Welleri, M = Macrolo- 
batus, K = Kerri, C = Columbianus) and pelecypod occurrences (H = Halobia, P = Perihalobia, M = Monotis) are shown on the left. 
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Figure 6: Time stratigraphic correlation of Kunga Group sections on Queen Charlotte Islands: Upper Carnian sections. See Figure 5 for 
explanation of abbreviations. 
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Figure 7:  Time stratigraphic correlation of Kunga Group sections on ( 
ure 5 for explanation of abbreviations. 
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BIOSTRATIGRAPHIC CORRELATION OF 
KUNGA GROUP 

Figures 5- 12 show time-correlation ol' the Kunga Group sections 
based on conodont collections frorn samples indicated to the right of 
each column. The sections represent time duration only - lithologi- 
cal characteristics and vertical scale are omitted in this paper. By way 
of supporting data, correlation of some Upper Camiam sections in no~lh- 
east B.C. utilizing the new zonation is also presentccl (Fig. 8). Sam- 
ple occurrences of each of the conodont zones within the Kunga 
Group are also listed under the appropriate zone above. Most of the 
zones are widespread and can be confidently cmployed as a biochrono- 
logical frr~mework for Kunga Group correlation. Preliminary work sug- 
gests that many can also be recognized throughout westcm Canatl:~, 
and perhaps beyond. 

For the QCI, the results show that both the Karrnutsen Volcimics 
and the Sadler Limestone were deposited within a single fauna1 unit. 
the p o / y g i i u t / i o n .  Zone, and no great time separation is evident. 
Rarc carbonates interbedded with the volcanies attest to conletnpo- 
raneous volcanism and carbonate deposition in QCI, but to what ex- 
tent the Sadler Limestone and Katm~~tsen Volcanics arc co-eval is not 
known. It has not been possible to recognize structural repetition in 
the commonly faulted Sadler Limestone on the basis of conodont fauna. 
so absolute thicknesses for the unit remain speculative: 42 m at 
Sadler Point is a minimum, whereas at Kunghit Island west (KT-A) 
and on Huston lnlet wcst (HU) about 150 In was measured (Desrochers 
and Orchard, 1991). 

The Peril Formation is now known to embrace the whole of the 
Lower and Middle Norian, as well as most of the Upper Camian, and 
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the lowest part of the Upper Norian. Structural repetition is not always 
obvious, but can often be de~nonstrated on the basis of conodont 
fauna. This constitutes one valuable application of the conodont study 
for it has allowed a reasonable estimate of the tot;~l thickness of the for- 
mation to hc made. These figures are best developed from variously 
summing sections on Kunghit Island wcst (KT-A), Bumaby Island (BI), 
Huxley Island (HUX-C). Frcdcrick Islalid (FI.FR). and Kennecott 
Point (KP-M). Some small inte~vals of time that cannot be demonstrated 
on these long sections (e.g. Carnian-Norian boundary beds as on Hux- 
ley Island (HUX-B)) apparently do not represent very much strata. The 
total thickness for the Peril Fonnation is determined at about 350 m. 

The thickness of strata represented by an individual conodont zone 
varies considerably and some are vcry thin. Nevertheless. I believe 
that close-spaced sampling within the lowcr nodule rnernber of the Peril 
Formation (Desrochers and Orchard. 1991) has yielded a relatively 
complete conodont record for the Upper Carnian and Camian-Nori- 
an boundary beds. The higher strata of the middle grainstone mem- 
ber is less productive and i t  is not possiblc to demonstrate the pres- 
cnce of all zones in all sections that span the Lower to Middle Norian. 
Intraformational conglomerates are developed within the late Lower 
Norian (Swan Bay, SB-I) and/or early Middle Norian (Bumaby Is- 
land, BI-15). It is possible that these mark a sedimentary break close 
to the Lower-Middle Norian boundary because typical nrultitIcti/ata 
Zone conodonts. as found in northeast B.C., have not been recovered. 
However. this absence might reflect biogeogsaphic differences between 
the two regions. 

Further minor stratigr;~phic breaks may also be developed locally 
in post-Peril Formation strata. For example, on Kunga Island a dis- 
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Figure 8: Time stratigraphic correlation of sections of the Baldonnel and Pardonnet formations in northeast B.C.: Upper Carnian-Lower Norian 
sections. PH = Pardonnet Hill, BBR = Black Bear Ridge, BH = Brown Hill. GSC locality numbers are given for spot samples. See Figure 5 for ex- 
planation of other abbreviations. 
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continuity occurs in the lower part of the Sandilands Fo~mation. and vanced c~ommrrt?is/i morphotypes is thought to have given rise to 
in the Skidegate Channel area there are coarse clastic beds within the 'Nco~or~dolellr'  na\ic.rrln, the index for the base of the Norian (Upper 
same formation that include reworked monotids from the Pcril For- pr.it?tilirrs Zone). 
mation (SI-I IA, SKID-5). However. fauna1 continuity at Kennccott El~ i~o t t~ lo l t l l r  developed from Metupo!\:qrlathlrs pr.ir1iiriu.r with- 
Point suggests there is no significant break in that section. in the Lower Norian, and thcrcaftcr provided most of the zonal indices 

CONODONT ZONES 

'ABNEPTIS' A 

SUMMARY 

N.E. BRITISH COLUMBIA 

- - - - - - -  ----m---- - - - - - - - - - - - - - - - - -  

On the basis of nine conodont species of ~Merupol~y~ncrrhus (four 
of them new, five redefined). six Upper Camian conodont zones are 
introduced for tlie Ku~iga Group and correlative strata in northeast British 
Columbia. These are. in ascentling order, the po1~~~11n1hifor7i1i.s. 
Lowcr. Middle, and Uppcr rrodo.slr.s, ronm~~misli .  and Lower prirni- 
rirrs zones. 

The conservative po/ygr~nih~firntis stock is present in the Kar- 
mutsen Volcanics and in the Sadlcr Limestone. where i t  is nssociat- 
ed with Dillcri Zone uilrnonoids. The development of M. ~lodosrrs began 
close to the boundary betwcen the Sadlcr and Pcril formations. near 
the upper limit of the Dilleri Zone. Fullher calibration of the conodont 
and ammonoid zones is summarized in Figurcs 2 and 3. 

L 

Four (three new) Upper Camian conodont species, which form 
the basis for subdivision of the rrodoslrs Zone. are related in a phy- 
logenetic lineage that results in forms homeomorphic with Noriari 
E/7igot~dolella. 

PRlMlTlUS 

Radiation of the consenrative r~ot/o.s~rs stock in thc Macroloba- 
tus Zone led first to the development of the index for thc cwnmrrrli.sti 
Zone and later to that for theprimitius Zone. Metamorphosis of ad- 
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for the remainder of thc Triassic. Nomenclatural changes will be 
necessary as a result of the proposed taxonomic isolation of E. nl?r~e/?ti.s. 

Six of the eight Norian conodont zones recognized in the Nori- 
an Pardonnet Formation (Orchard, 1983) are recognized in the Kunga 
Group. The equivalent of a seventh, the Middle Norian n~ultidentu- 
m Zone, is probably present, but it differs in some important re- 
spects. Compositional differences between several of the zones are 
possibly due to palcoenvironmcntal andlor paleogeographic differences. 

Several conodont taxa appear to have differing ranges, and 
some appcar carlier in rcspect to tlie ammonoid chronology compltred 
with Eurusiatic records. To some extent. these differences are attributed 
to differing spccics concepts, but they may also result from differing 
provinciality, or from the vagarics of the condensed and reworked Hall- 
statt Limestone facies. 

The Kamiutsen Volcanics and Sadler Limestcine (42-200 m) were 
deposited within a single Carnian conodont zone. The Peril Fomia- 
tion ranges in age from low in the Upper Carnian through lower 
Upper Norian, and is about 350 m thick. There may be minor local 
stratigraphic breaks within the middle part of the Peril Formation, and 
in the lower part of thc overlying Sandilands Formation. 
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QUEEN CHARLOTTE ISLANDS 

TRIANGULARIS 

Figure 9: Time stratigraphic correlation of Kunga Group sections on Queen Charlotte Islands: Lower Norian sections. See Figure 5 for expla- 
nation of abbreviations. 

Figure 10: Time stratigraphic correlation of Kunga Group sections on Queen Charlotte Islands: Lower Norian sections. See Figure 5 for expla- 
nation of abbreviations. 
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Figure 12: Time stratigraphic correlation of Kunga Group sections on Queen Charlotte Islands: Middle-Upper Norian sections. See Figure 5 for 
explanation of abbreviations. 
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Plate l 
All  specimens from Peril Fo~ma~ion, Kunga Group. x80. unless 

stated othcrwisc. Numbers shown in parentheses are field numbers. 
Figures 1-6: Metapolygnathus n. sp. E Orchard. 1,2,6. GSC 95193 
- 5, from GSC loc. no. 0-42306 (un-named unit, Alaska Highway, hill 
south of Mile Post 427). 3,5. GSC 95196,-7, from GSC loc. no. C-l 57374 
(KT-Al9A). 4. GSC 95198, from GSC loc. no. C-157373 (KT-Al9); spec- 
imen is transitional to M. n. sp. F. 
Figures 7-1 1 : Metapolygnathus n. sp. F Orchard. 7-1 0. GSC 951 99 
- 202, from GSC loc. no. C-157379 (KT-A24); figs. 9,10, x90. 1 l. GSC 
95203, from GSC loc. no. C-157037 (SHU-2). 
Figures 12-18: Metapolygnathus n. sp. G Orchard. 12,18. GSC 
95204,-5, from GSC loc. no. C- l  57042 (SHU-7); 18 is transitional from 
M. n. sp. F. 13,17. GSC 95206,-7, from GSC loc. no. 0-2341 9 (Lewes 
River Group, Yukon Territory). 14. GSC 95208, from GSC loc. no. C- 
157379 (KT-A24). 15. GSC 81 244, from GSC loc. no. C- l  57037 
(SHU-2). 16. GSC 95209, from GSC loc. no. C-87955 (BBR-31 OB, Bal- 
donnel Formation, Black Bear Ridge, Peace River). 
Figures 19,21-26: Metapolygnathus echinatus (Hayashi). 19,21, 23- 
26. GSC 9521 0 - 15, from GSC loc. no. C-87955 (BBR-31 OB, Baldonnel 
Formation, Black Bear Ridge, Peace River). 22. GSC 95216, from GSC 
loc. no. C-1 50169 (86SKU-A10). 
Figure 20: Epigondolella abneptis subsp. A Orchard. GSC 9521 7, from 
GSC loc. no. C-879090 (BH-48, Pardonnet Formation, Brown Hill, Peace 
River). 

Plate 2 
All  specimens from Peril Fonnation. Kunga Group. x80, unless 

stated otherwise. Numbers shown in parentheses are field numbers. 
Figures 1-7: Metapolygnathus primitius (Mosher). 1,4-7. GSC 9521 8 
- 22, from GSC loc. no. 0-64628 (Pardonnet Formation, head of 
Western Gully on Pardonnet Hill, Peace River). 2,3. GSC 95223,-4, 
from GSC loc. no. C-1501 67 (86SKU-A8); Fig. 2 x100. 
Figures 8-13: Metapolygnathus nodosus (Hayashi). 8. GSC 95225, 
from GSC loc. no. C- l  57378 (KT-A23). 9. GSC 81242, from GSC loc. 
no. C-1 57381 (KT-A26). 10. GSC 95226, from GSC loc. no. C-1 57383 
(KT-A27). 11,13. GSC 95227,-28, from GSC loc. no. C-87903 (BH-59, 
Baldonnel Formation, Brown Hill, Peace River). 12. GSC 95229, from 
GSC loc. no. C-87955 (BBR-3lOB, Baldonnel Formation, Black Bear 
Ridge, Peace River). 
Figures 14-24: Metapolygnathus communisti Hayashi. 14,15,21,24. 
GSC 95230 - 33, from 0-64628 (Pardonnet Formation, head of West- 
ern Gully on Pardonnet Hill, Peace River); Figs. 21,24 x100. 16,17. Two 
views of GSC 95234, from 0-94738 (Ludington Formation, Mount Lau- 
rier). 18,19. Two views of GSC 81 245, from GSC loc. no. C-1 57275 
(87SKU-A10). 20. GSC 95235, from GSC loc. no. C-87955 (BBR-31 OB, 
Baldonnel Formation, Black Bear Ridge, Peace River). 22,23. GSC 
95236,-37, x90, from GSC loc. no. C-157121 (HUX-B9). Figures 21- 
24 are extreme morphotypes with vestigial or completely reduced 
platform. Compare profiles of Figures 21 and 27. 
Figures 25-27: 'Neogondolella' navicula (Huckriede). 25,27. GSC 
95238,-39, from GSC loc. no. C-87941 (PH-316B, Pardonnet Formation, 
Pardonnet Hill, Peace River). 26. GSC 95240, from GSC loc. no. C- 
87910 (BH-47/48, Pardonnet Formation, Brown Hill, Peace River). 

Plate 3 
Lateral views of  specimens from Peril Formation of  the Kunga 

Group (A-F), and from the Pardonnet Formation (G-I), x160. Num- 
bers shown in parentheses are field numbers. Denticle profile outlined 
in  black ink. Arrows show proposed phyletic relationships. Bar scale 
is about 200 microns long. 
Figure A: Metapolygnathus nodosus (Hayashi). GSC 81 242, from GSC 
loc. no. C-157381 (KT-A26); also illustrated on Plate 2, Fig. 9. 

Figure B: Metapolygnathus n. sp. F Orchard. GSC 95203, from 
GSC loc. no. C-1 57037 (SHU-2); also illustrated on Plate 1, Fig. 11. 
Figure C: Metapolygnathus n. sp. G Orchard. GSC 95205, from 
GSC loc. no. C-157042 (SHU-7); also illustrated on Plate 1, Fig. 18. 
Specimen is transitional from M. n. sp. F. 
Figure D: Metapolygnathus n. sp. G Orchard. GSC 81244, from 
GSC loc. no. C-157037 (SHU-2); also illustrated on Plate 1, Fig. 15. 
Figure E: Metapolygnathus echinatus (Hayashi). GSC 95216, from C- 
1501 69 (86SKU-A10); also illustrated on Plate l ,  Fig. 22. 
Figure F: Metapolygnathus primitius (Mosher). GSC 95241, from 
GSC loc. no. C-87941 (PH-3166, Pardonnet Formation, Pardonnet Hill, 
Peace River). 
Figure G: Epigondolella abneptis subsp. A Orchard. GSC 95242, from 
GSC loc. no. C-87909 (BH-48, Pardonnet Formation, Brown Hill, 
Peace River). 
Figure H: Epigondolella triangularis (Budorov). GSC 95243, from 
GSC loc. no. C-87981 (MS82-1, Pardonnet Formation, McLay Spur, 
Peace River). 
Figure I: Epigondolella n. sp. C Orchard. GSC 95244, from GSC loc. 
no. C-87988 (MS82-8, Pardonnet Formation, McLay Spur, Peace 
River). 

Plate 4 
Figure I from the Kmutsen Volcanics, 2-4 from the Sadler Lime- 

stone, 17.19 from the Pardonnet Formation, and the remainder from 
the Peril Formation. Numbers shown in parentheses are field nurn- 
bers. A l l  specimens x80, unless stated otherwise. 
Figures 1,3,4: Metapolygnathus ex gr. polygnathiformis (Budurov 
and Stefanov). 1. GSC 95245, from GSC loc. no. C-157413 (WV-52). 
3,4. GSC 95246,-7, from GSC loc. no. C-157361 (KT-A7). 
Figure 2: Cornudina? n. sp. A. GSC 81241, xl00, from GSC loc. no. 
C-1 57008 (HU-5). 
Figures 5 , l l :  'Neogondolella' hallstattensis (Mosher). GSC 81 246, 
95249, x100, from GSC loc. no. C-1571 10 (EPO-l). 
Figures 6,7: Metapolygnathus n. sp. K Orchard. GSC 95249,-50, x90, 
from respectively, GSC loc. no. C-1 571 23 (HUX-B1 OA), and GSC loc. 
no. C-1 571 22 (HUX-B1 0). 
Figures 8-10: Epigondolella abneptis subsp. A Orchard. 8,10. GSC 
95251 ,-2, from GSC loc. no. C-156547 (FI-B18). 9. GSC 95253, from 
GSC loc. no. C-150163 (SKU-A5). 
Figure 12: Epigondolella triangularis (Budorov). GSC 81 247, from GSC 
loc. no. C-157325 (81-13). 
Figure 13: 'Neogondolella'navicula (Huckriede). GSC 95254, x70, from 
GSC loc. no. C-157126 (HUX-Bl3). 
Figure 14: 'Neogondolella' steinbergensis (Mosher). GSC 95255, 
from GSC loc. no. C-157133 (HUX-Cl9). 
Figures 15,16: Epigondolella ex gr. multidentata Mosher. GSC 95256,- 
7, from GSC loc. no. C-1571 12 (HUX-l). 
Figure 17: Epigondolella multidentata Mosher. GSC 95258, from 
GSC loc. no. C-87984 (MS82-4, Pardonnet Formation, McLay Spur, 
Peace River). 
Figure 18-20: Epigondolella n. sp. C Orchard. 18,20. GSC 95259,- 
60, from GSC loc. no. C-157300 (BI-19A). 19. GSC 95261, from GSC 
loc. no. C-87988 (MS82-4, Pardonnet Formation, McLay Spur, Peace 
River). 
Figure 21 : Epigondolella postera (Kozur and Mostler). GSC 95262, 
from GSC loc. no. C-1 571 33 (HUX-C1 9). 
Figure 22: Epigondolella ex gr. bidentata Mosher. GSC 95263, from 
GSC loc. no. C-156793 (KPA-E). 
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Late Triassic radiolarian biostratigraphy of the 
Kunga Group, Queen Charlotte Islands, British Columbia 
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Abstract 

Drvet.sc~,  ell pr.eserved Upper Cat-iiiun and Norinn racfiolat-inns ut.e preserrt in 111e Peril und Sundilurrd.s~~rnrutiotrs 
of the Kungu Gr.oup, Queen Charlotte. I.sIant1.s. Anzmonoids, hilal~*es, and c.onocionts NW associated wit11 nrost radi- 
olut-iun u.s.sc~n~bluges. The oldest fuunus are Late Curniun and occur ~i t11 ammonoidsfronl the Lower Wcllcri Zone. 
Capnodoce De Wever- is /-are it1 these ussenzblu,qe.s hut bec.ornp.s more ahuncinrzt and dil'et-se it1 up~~ernfost Cart~ian 
onc,.s. Desoihed r~~diolrr-iu11 .spec.ie.sfronr cu.sterti Oregotl. ~~estertr Europe, utrd the Meditet-I-urrcc~n ur.ec~ are prcsent 
itz c111 .scrnrples, hut the majority of taw (p~lrticular~ly Upper- Car-tliciri) are new. 

Capnodoce fragilis Blome. Harsa siscwaiensis 11. ge11. 11. sp., utid Xiphosphaera fistulata n. sp. a1.e ahundatlt in upper. 
Lor\,or Not.imtz to lo~vo. Micldlc Nor-iutr stt.cztc~ uf /he Qlrcen Charlotte  island,^. This threc$old ~~udiolur.ian ussociation 
is U uscful rtrur~ker~ for this intet-rcrl of'tinle; it has trot hcen ji~~rtid itz o ld~r  or. younger usseniblugcs. Two rzew species 
utrd one rrew ge1zu.s u1.e descr-ihed in this t.c.por.t. 

Uppa Nor.iun rudio1uriut1.s of the Betracciurn deweveri Sirh-one are presetrt in the Monotis beds oj.tlze uppermost 
Peril Fortnatiotl. Three ir~jbrmul Upper Norian rudiolur-iun as.sen~hlages Izuve heetz proposetl for post- Monotis stra- 
tu ofthe o~~erlyirrg Sutzdilutz~ls Fornzution. 

Lcs$)rrnutior~s de Pail et de Sutzdi1ut~d.s du ~roupe de KLOIXU, rluns les Tics de 1c1 Rdtic-Charlo[te ~.er$er.rnetzt di~~ers 
1.uc1ioluir.e.s hierz cw~set.vPs du Cnt-nietr et du Nor.ietr supkt.ic~rt..s. Dcs amtnotzotidc's, clcs bi~~tr1ve.s et des conodontcs 
sotit associc;~ d Iu p111put.t ~ C S  u~senrblugi~~ do t~udioluit~es. Lc~s fn~rt~cs les plus urrcietztze.s son/ tlu Cut.tlien sLipc;rieur 
et se r.etro~cl~crrt avec. des ctnlnroiiotidPs dr~ IN zone itlfL:t.i(~lli.e de Wclleri. Capnodoce De Wever est re~re durrs ces us- 
senzbln,qc~.s, muis devient plus uhonn'rmt ~t phrs viwic; duns Ies u.s.sembla~e.s .sirphinrrs clrr Carrrien. Des esp?ces dC;crite.s 
de I-adiolaires de I'est de rOr6<yon, d' Europe occidetrtale et de lu I-k,yiotz rnC;diterr.unC;enile .sot11 p/-k.~ente.s clnn.s to1t.s 
les c~chutztillons, mais /a majorit8 des tel.\-ons (notatnnzent d~r Curtlien .sup4rielrr-) sont nouvc,aux. 

Capnodoce fragilis Blome. Harsa siscwaiensis 11. gen. n. sp. cJt Xiphospheara fistulata 11. sp.  aborzdetzt dulls Ics coirch- 
es supkrieirres hr Not.icn it?fkrierrr- er les couches it$i;r.iclrrv.s drr Nor.ieii NIOYCII  ~ C S  2r.s de In Rritle-Chur.lotte. Cc t t~  
triple association de rcrdiol~it~e.~ e.st iin rep21.c utile pout. (.et inter~~alle de tet71p.s; otz t ~ c  la r.ett.o~r1.e pns da17s les as- 
sen~hlages pllrs anc.ii7n.s ou plrrs jcitnes. Dcux noouvelle.~ cspkces et un rzouveau ,qct11~~ sont rle'c,t.its darr.s c? rapjj0t.t. 

Des rutlio1air.e.s dlr Nor.i~iz slrpPrielrr de lu s(>lls-iotlc de Betraccium deweveri sorrt pt.c;.srnt.s duns l ~ s  co~rc,hes de Mono- 
tis de In fot'nzatiotr .sonrrnitale de Peril. Trois us,setnhloge.s irlf)r-n~uels de rudiolnirc~s dlr Norien supc;rieur otzt c;tPpl.o- 
posLs pour les couch~s post-Monotis de Infifi,rmtrtiotr sus-jcrcente de Sandi1ancl.s. 

' 58335 Timbcr Road. Vernoniu. Oregon, 97064 U.S.A. 
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INTRODUCTION 
Progress continues in the study of Uppcr Triassic radiolariims from 

the Quecn Charlotte Islantls. Intensive biostratigraphic investiga- 
tions of the Kunga Group by the Geological Survey of Canada began 
in 1987 (Orchard, 1988). Since then most outcrops o f  Upper Trias- 
sic Kunga Group havc been visitetl and systctnatically samplctl for 
conodonts. radiolarians, and macrofossils. Unfortunately the rocks 
proved too hard for the recovery of calcarcous microfauna (B.E.B. 
Camcron. pers. comm.. 1980) hilt a variety of other microfaunas. in- 
cluding holothurians, icthyoliths, and sponge spiculcs. have bccn 
found. 

Thc Lower Mcsozoic Kunga Group in the Quecn Charlotte Is- 
lands consists of the Sadlcr Limestone (Dcsrochers and Orchard. 
1991: equivalent to the grcy limestone member of Sutherland Brown. 
1968). the Peril Formation (Desrochcrs and Orchard, 1991 : equiva- 
lent to the black limestone member of Sutherland Brown. 1968). 
and t l~e  Sandilands Formation. Kunga Group strata in general are strong- 
ly deformed: consequently, in many are:& only short uninterrupted scc- 
tions can be measured. Using biostratigraphic control provided by am- 
monoids, bivalves, conodonts. and radiolarians. these sections havc 
been combined to give an almost complete succcssion oC Uppcr 
Ca~nian and Norian strata. 

Diverse, well preserved radiolarians havc becn rccovcred from 
~nicrilc conoctions ancl lenscs in the Peril and Sandilands formations. 
The faunas contain Upper Triassic taxa described by Kozur and 
Mostlcr (1 972, 1979, 1981 ). De Wcver et al. (1979). Pessagno et al. 
(1979). and Blome (1983.1984), among others. New genera and specics 
have been recognized in both lower and uppermost Norian succcssions. 
but a greater number of new taxa are Ihund in the thick Upper Car- 
nian succession. 

Over 1500 microfossil samples werc collected during this stutly. 
Of these, over 230 collections of well preserved and well dated 
Upper Triassic radiolarians have been examined. Data pertaining to 
all collections is available in the Uppcr Triassic database for the 
Quecn Charlotte Islands (Orchard et al., 1991). 

This report summarizes initial Triassic radiolarian studies of Carter 
( 1988, 1990: Carter et al., 1989) and furnishes some new information 
on taxa related to specific stratigraphic intervals. Two new species and 
one new genus are described. 

BIOSTRATIGRAPHY 

Upper Carnian 
The Sadler Limestone is n massive. bioclastic unit recording the 

\vidcspread development of a shallow subtidal platform (Dcsrochers, 
1988). It contains Upper Camian ammonoicls (Dilleri Z ~ n e ) .  conodonts, 
and locally common holothurians, but no radiolarians have becn 
found. 

The lower part of the overlying Peril Fonnation contains an ex- 
cellent Upper Carnian radiolarian succession. This strata also contains 
ammonoids from the Welleri antl Macrolobatus zones (mid- to upper 
Upper Cnrnian) and conodonts from the Lower. Middle. and lipper 
trodo.sus Zone, the con~~nrtt~isti Zone, antl the Lower p1.in7iti~i.s Zone 
(Fig. l ) .  Upper Carnian sadiolarian I'ilunas are charactc~-ized by diverse 
and abundant C t i l ~ ~ ~ r r c - l r o s l ~ l ~ c ~ t ~ ~ ~ ~  De Wcver. Kci l i lo~os l~ l~~ic~~~(~  Kozur 
and Mostler, and Sn1.10 Pessagno: common Pori1l1rr.s DC Wever. Xctro- 
rrlm Blorne, and Xiphotlic~.~. De Wever; and a vast number of undc- 
scribed saturnalid and nassellarian tnxa. 

The oldest ndiplarian faunas are associated with ammonoitls from 
the Lower Welleri Zone and conodonts from the Lower nodosrrs 
Zonc. These rich faunas contain a few Lowcr Camian specics from 
Austria described by Kozur and Mostler ( 1979. 198 1 )  and other 

species having affinities to Lowcr Ca~nian forms, but the mqjority of 
taxa x c  undcscribed. Two undescrikl species of Crrpnodocr De Wever 
have been ot>scrvcd, but specimen5 are generally rare. 

Slightly younger faunas, associated with conodonts from the Mid- 
dle and Upper norlosrrs Zone and ronmirini.sti Zone. contain the same 
species of Capnodoce and rare specimens of Justirrm 1101-un1 Blorne. 
In other genera. however, there arc considerable diffcrcnces between 
the species in this fauna and their counterparts in the older fauna pre- 
viously discussetl. For example, long-spincc! formh 01' KUIIICI~OSI~IU~~~I~LI  
KOLLIS and Mostler arc dominant in the older fauna, whereas in the 
younger frlunxs some specics have shorter spines with large bladed 
tips and are generally smaller. Several distinctive kahlerosphacrid species 
in the younger faunas werc recogni~ed previously in it suite of sam- 
ples from Sandilands island (Carter, unpub. data). Originally these s m -  
plcs werc thought to be from the Carnian-Norian boundary interval 
(Gutcr. 1988). but the osstxiated conodonts are now known to be Upper 
Carnian from the Middle to Upper troclosrrs Zone and the cuninzrr~~i.sti 
Zonc (M.J. Orchard. pcrs. comm.. 1989). This and othcr evidence sug- 
gest the possibility of a zonal break in the radiolarian succession dur- 
ing the mid- to lower upper Upper Carnian. The position of this 
break and how extensive i t  may be is not known. Other species pre- 
sent at this level include Ctr~~t~rrc~liospl~~ic~~~o cot~cu~~cr DC Wcver, C .  c,olc- 
nru~ri Blomc, C'. clc~,i3rve~~i Kozur and Mostlcr. C .  aff. putlcttr De 
Wever. C. tlrc~loiilc.,~ De Wcvcr. and P(11eosrrtrrr~11trli.s lutiot~trrrlnt~cs Kozr~r 
and Mosllcr. 

Upper Carnian faunas that occur with conodonts from the Lower 
p1.in1irirr.s Zone are char;~cterized by increasingly diverse Cupnoduce 
De Wcver, common .lrlstir~nl 1101.rr1n Blorne, and further differing 
specics of Kahlcrosl~lrcrc~w Kozur and Mostlcr and Sur.Ir Pcssagno. 
I(.r-io~?rcr rc~rt~~~rc~i.str-rrt~~ DC Wever is first observed in the uppermost 

@ AMMONOIDS PELECYPODS m CONODONTS a RADIOLARIANS 

L% HOLUTHURIANS alE3 CONCiETlON - LAMINATED CALCARENITE ZPELECYPOD 
COQUINA 

Figure l : Triassic fauna from the Kunga Group. Position of recovered 
fossil collections shown against the ammonoid and conodont zonation 
of the Upper Triassic. Modified from Carter et al., 1989. 



Carnian although rarc specimens with affinity to this species have hcen 
fbund in older strata containing conodonts of the c'onrrnrctristi 'Lone. 
Significant fauna1 change takcs place within the Kadiolariit in thc Car- 
nian-Yorian transitional beds. This I ~ u n a  must be studied much more 
carefully in ordcr to understand the n~orphological devclopnient 
wilhin key genera and the range of index species. 

Lower Norian 

Well prescrvcd, diverse radiolarian assemblages are know11 
from Lower Norian strata dated by conodonts froni the Upperprir?r- 
irilts Zonc. the cihtli,p/i.s A Zone, and the rr~icr~rgrrlirr~is Zone. In thcsc 
assemblagcs, Cc7p11~rc.hospl1c1i~r~u Dc Wcvcr. Knlilo~o.s~~hire,.cr Kozur 
and Mostler, and Sirrla Pessagno are common and Cir/~trorloce DC Wevcr 
becomes much more abundant and diversc. Capr~~rrho.sphacr~cc dot,- 
ei1er.i Kozur and Mostler, C'. rhrloiiles De Wever. C.  rt~irrs.sicir De Wcvcr, 
Icr.ion~a /rrrurri.i.strunl DC Wcvcr. Kohlct~o.sphcr~ir nor.ic.u Kozur and 
Mostler. Pulcoscctrtr~t~ulis r~ror.ki Kozur and Mostlcr, P.seudo.sirtrrrrii- 

f2ornlo rnirrrito Blorne, and S~r.itl,goccrp.su I~o/oeles De Wcvcr have 
been observed at many levels throughout the Lowcr Norian. 

Radiolarians found in association with lower Lowcr Noriun 
conodonts of the Upperpr.irni/irr.s Zone include Co~~~~r~c.hos~~/iao.crcr c.010- 
mcrni Blome, C .  snri/hor.un~ Blonic. Ca/onra c.oncirvlu Blome. Ca/oniir 
,qeornetr.ic.ir Blome. P S ~ ~ L I ~ ~ ~ ~ I / L ~ I ~ ~ ~ ~ ~ ; ) I ~ I ? U  c.u~.~zicu Kozur and Mostler, 
Sl?ori,qo.st~lrrs ror./ilis Kozur ancl Mostler. S~ri~rgoc~ul~su rrr~;yidcr Blo~ne, 
Xenor.rtn1 I u I . , ~ I I I ~ ~  Blorne, ancl Xiphotl~ec~u Xu,per~issior~rtr.si.s De 
Wever. 

In younger assemblages that arc parallel hut not equivalent to the 
irhneptis A conodont zone, abundant radiolarian species include 
Capnodocc itff. nilirpete.s De Wever, C.  c~ry.s~alli~~ir Pessagno, C .  in- 
srlcJta Blome. Icr.ionrtr tra\3e/.sa Blome, Latiun~ lorrgrtl~r~n Blorne. T1.i- 
u.s.soc~ut~rpe p1.oprirrn1 Blorne, and Vino.s.su.spori~rts tr.rrtl.situs Kozur and 
Mostler. 

In still younger nsscn~blagcs associated with conodonts of the rri- 
nn,qrrlirr.i.r Zone, C'irptlodoc~ef,~a,qi/i.s Blome, C'ir~~nrrc~l~o.sp/rirern afl: /l/- 
cloides De Wevcr, Piileo.sa/rrr~~~rrli.s 1lrplrer.i (Blome), P. rnc~c~oyerrsis 
(Blome), P. ro/ltndrrs (Blome), P. .sill~er~c~rrsi.s (Blome). P. 13ig1.assi 
(Blorne), Kor:irrr~l od~~r~~,sunr  Blome, Sporrgos~lrts tr.i.rpinosus Kozur 
and Mostler. Qlrirsil~etu.srt.s di.ser.trrs Blome, Q. in.solitus Blome. V1.g- 
hici ,srrlo~~e~r.si.s Kozur and Mostlcr. and a new genus, herein named 
Ha~:sn, arc common. 

Cq>nocloi~c,fi.tr,qilis Blornc ranges through Lower and Middle No- 
rian strata that contains conodonts from the a11r1epri.s A, /r.iur~grlla,i.v. 
and n. sp. C zones (conodonts from the ~irlrlti~lerrto/a Zone have not 
been found in the Queen Charlotte Islands). From data presently 
available, the peak abundance of Cirl,rroiloc~c,fi.agilis Blo~ne occurs 
in upper Lower Norian strata that contains conodonts from the tri- 
crngrtlirr~is Zone. Ccipnorloc~efi~a~ilis Blome is distinctive and relatively 
easy to identify even when poorly preserved. It appears to be a sig- 
nificant marker for the upper Lower Norian. Hu~:su .si.si~~c~c~icri.si.s n. gen. 
n. sp. and Xipl7o.spllc1er~ofistrtlutn n. sp. are also important indicators 
for this interval in the Queen Charlotte Islands. This informal asso- 
ciation of radiolarians, (figured on Plate I )  is subsequently referred 
to in this report its the "Cnpt1odoc.cfi.ngi1i.s - Ha~.sci .si.sc~rcaicnsis - 
Xipho.sphae~~n,fi.str~Inta" association. 

Middle Norian 
Middle Norian radiolarians from the Kunga Group wcre re- 

ported as "rare and not well preserved" in Carter et al. (1989). Since 
then new collections from Frederick Island have yielded better pre- 
sewed faunas that are associated with conodonts from the E/~i,qondolclln 
n. sp. C Zone (Fig. I). The "Cnpnodoce fi.u,qili,s - Hur.sct sisc\t~iiicnsis 
-Xipl~o.spherern fi'st11Icr/i1" association is moderately abundant in this 

strata but hits not been fount1 higher in the sequcncc. This absence may 
be due to preservation but. as all component species arc quite sturdy 
and generally can be recognized even if poorly prescrved. i t  is pos- 
sible these forms may be very rarc or absent by mid-Middle Norian 
timc. 

Radiolarians equivalent in age to thepo.s/cr-er conoclont zone arc 
rare in the Queen Charlotte Islands presumably beciulse grainstone 
beds. rather than micrite concretions, are the prevailing form of linie- 
stone in the Middle Norian part of the Peril Fonnation. Pe~rr/ac~/i~iocarprr.s 
.sc,~*ciricrt.s Kozur and Mostler is present in these assemblages along with 
species of Cnl~rrrrt~ho.sl~/iue~~ir De Wcver and Su1.1a Pcssagno that 
have affinities to the species described from upper Middle Norian stra- 
ta of Ba.ja California Sur by Pessagno. irr Pessagno et al. (1979). Rare 
specimens of Li~~crrelln Kozur and Mostler. Me.so.scrtrrrt~crli,s Kozur and 
Mostler. Niit~.a,qlicr Pcssagno, ancl gen. nov. E (Carter, 1990) are first 
recorded at this level. Species of Pat~crtr~ic~.s.son.srr.~rn Kozur and 
Mostler, Pserrdotrclioclisc~rrs Kozur and Mostler, Tc~tt.a/~or.obrac~hiu Kozur 
ancl Mostler, Vrghic:\~cliu Kozur and Mostler, and other satumalid taxu 
constitute an important part of this Middle Norian fauna. 

A well preserved. convincing example of the upper Middle No- 
rian radiolarian fauna from Baja California Sur described by Pessagno 
ct al. (1979) has not becn found in the Queen Charlotte Islands. 

Upper Norian 

Peril Fo~~ttrutiori 
Well preserved ritdiolarians have becn recovered from lime- 

stone concretions in the upper part of the Peril Fo~mation at Shields 
Bay and Kennecott Point. These ktunas are associated with thc pelag- 
ic bivalve Mor1oti.s in strata genelxlly equated with the Cordilleranus 
aunmonoid zone. Conodonts from the Epigorrilolellir hiilenriim Mosh- 
er group are associated with these radiolarians in most collections. Bc- 
rr.crc.c.iu~?z dervelvr-i Pessagno and Blorne, B. n1irclenr.17i Pessagno and 
Blome, G'o1.gc~nsirrn7 t.iclrar.dsoni Pessagno anti Blorne, Li~~a~.cllir 
dorsiporirrcr Kozur and Mostler, Nor.i.spoti~rr.s poet.sc~het7etr.sis Kozur 
and Mostler. Pc~trti~c~tir~ocirrp~r.~ .scvu/icus Kozur and Mostler. Pscrr- 
dohi~giu.s/~.rtnr cf. /?ro/l.str.lro.srrr~l Pcssagno, Sl~or~go.strtrrrriirli.s bifiihrs 
Kozur and Mostler, and S. aff. Xah1er.i Kozur and Mostler have been 
observed in these collections along with other Upper Norian taxa de- 
scribed by Blome (1984). Undescribcd species of P.s~rtdo1~agiu.s- 
/rrtriz Pessagno and Tetr~apo~~ohr~uclriir Kozur and Mostler are abun- 
dant, and a few specimens of gen nov. A and gen. nov. E (Carter, 1990) 
are prcscnt. V c ~ y  nu'c spccirnens of Po~rlprts De Wever have been ob- 
scn~cd  only in thc stratigraphically lowest collections. The entire 
Sauna is characteristic of thc Upper Norian Betr~uccirr~n cIi,\z~cve/.i 
Subzonc of Blornc (1984). 

The Sandilands Formation is best exposed at Kennecott Point and 
Kunga Island where it conformably overlies the M o t ~ o ~ i s  beds of the 
Peril Formation. The Sandilands Formation is Late Norian to Sine- 
rnurian in age (Carter. 1990; Tipper, 1989). Late Triassic arnnlonoids 
indicating the Crickrnayi Zone, namely Chor.i.stoc~er.ns cf. C.  rhoeticu~rz 
(Giirnbel). are known froni basal strata at Kennecott Point. No 
A~noenum Zone indicators have becn found at this locality, but the 
sequence is probably complete. Rare conodonts of the El)igorzdolcl- 
la hidcr~tnta Mosher group are associated with radiolarians in post- 
Mormtis strata at Kennecott Point, Louise Island. and Kunga Island, 
and at one locality Misikelln has been found (Orchard, 1991). At Kunga 
Island, no Upper Norian rnacrofossils have been found above the level 
o f  Mono/is. The upper part of the Sandilands Formation contains Het- 
tangian and Sinernuriin tunmonites and ntdiola~ians (Tipper et al., 1991). 

The locus of the most recent radiolarian studies of the Upper Tri- 
ttssic has been the uppennost No~ian fauna of the Sandilands Formation 





(Carter, 1990). Abundant, diverse, and well preserved radiolarians have 
been recovered from micrite concretions in the basal part of the for- 
mation at Kennecott Point and Kunga Island (south side). The potential 
for zoning the uppermost Triassic and identifying the Triassic-Juras- 
sic boundary beds is excellent as the sequence appears to be contin- 
uous. 

Some characteristic Upper Norian and/or Rhaetian radiolarian 
species found in these assemblages include Canoptum r.haeticum 
Kozur and Mostler, Carztalrrn7 aliirnt Blome, Livarella densipor.ato 
Kozur and Mostler, L. validirs Yoshida, Norispongris poetschenen- 
sis Kozur and Mostler. PantatieNirrtn skidegatensis Pessagno and 
Blome, Pentartinocarpus se~aticus Kozur and Mostler, Pserrrloha- 
giastrum rnonstruosum Pessagno, Pseudoheliodiscus sandspitensis 
Blome, Praecitridr~ma nlostleri Kozur, and Squinaholella? sp. C (in 
Yao, 1982). Other forms have affinities to Lower Jurassic species such 
as Canopt~lm disoni Pessagno and Whalen, C. unicrtm Pessagno and 
Whalen, and Panta17elliiinz bt.owni Pessagno and Blome. The over- 
all fauna is dominated by species of Betracci~m7 Pessagno, Pan- 
tanellium Pessagno, Canoptum Pessagno and Poisson, I;hrr.esi~rm 
Blome, Haeckelicvrtium Kozur and Mostler, Praecitriditma Kozur, 
Squinabolella Pessagno; forms with affinities to Canutus Pessagno 
and Whalen, Lautonim Blome, Podocapsa Riist; and several new gen- 
era. Betraccium den..el.eri Pessagno and Blome, and B. rnaclearni Pes- 
sagno and Blome occur in samples 7.5 and 8 m above the base of the 
section at Kennecott Point, but have not been found higher. 

Three preliminary radiolarian assemblages are recognized in Upper 
Norian strata lying above the Monotis beds (Carter, 1990). Assem- 
blage 1, the lower one, is tentatively correlated with the Upper part 
of the Cordilleranus Zone; Assemblage 2 is thought to approximate 
the Amoenum Zone; and Assemblage 3 is correlated with the Crick- 
mayi Zone. 

SYSTEMATIC PALEONTOLO<;Y 

Holotypes and all illustr;~tcd material have been deposited with 
the Geological Survey of Canada. These specimens remain attachcd 
to SEM stubs. Other specimens arc in E.S. Carter's collections. 

Phylum PROTOZA 
Subclass RADIOLARIA Miiller. 1858 

Order POLYCYSTlNA Ehrcnbcrg, 1838 
cmend. Rietlcl, 1967 

Suborder SPUMELLARIA Ehrenberg, 1875 
Genus Cupr~odocc De Wever, 1979 

emend. Pessagno, 1979; cmend. Blome, 1983 

Type species. Capnotloi~e L I I ~ U ~ C I ~ S  De Wcver, 1979 

Capnndoce fi~u,yilis Blome, 198.3 
Plate l ,  figures 1 and 6 

Capnodocefiagili.~ Blome, 1983, p. 26-27, pl. 6, figs. 4. 10, 18; 
pl. I 1, fig. 5. Blome, 1984, p. 34, pl. 4, fig. 1 1. Carter et al., 1989, pl. 
1, fig. 10. 
Measurements (pm). Based on 9 specimens; diameter of cortical shell 
133- 150; length of primary spines 225-3 13. 
Remarks. These forms are slightly larger than the species described 
by Blome, but in all other respects they are very similar. 
Range. Upper Triassic; Lower to upper Middle Norian. 
Occurrence. Illustrated specimens GSC 85958 from GSC Loc. C- 
140407, Sandilands Island, and GSC 85963 from GSC Loc. C- 
1501 18, Bumaby Island. Peril Formation, Queen Charlotte Islands. 
Hurley Formation, near Bralorne, British Columbia. Rail Cabin 
Argillite, Suplee-Izee area, east-central Oregon: see Blome (1983). 

Genus Harsa n. gen. 
Type species. Har.sa siscu~aiensis n. sp. 
Description. Cortical shell large, subcircular in outline and flattened 
in plane of spines; three radially arranged primary spines of approx- 
imately equal length lie in the same plane. Upper and lower surfaces 
of cortical shell horizontal to slightly convex; sides convex. Meshwork 
of cortical shell consists of three layers: the two inner layers are 
composed of coarse polygonal pore frames; the outer one consists of 
coarse polygonal pore frames with nodes at pore frame vertices. 
Nodes superimposed on vertices of underlying layer of pore frames. 
Cortical shell has three-six large subcircular to subtriangular pores sit- 
uated at the base of each spine: one pore at base of each spine groove, 
others (usually of lesser size) may or may not lie at base of spine ridges. 
Test lacking medullary shell. Central cavity contains a simple inter- 
nal spicule; spicule connected to outer shell by primary radial beams. 
Primary spines equal to unequal in length; symmetrically to asym- 
metrically arranged. Spines solid, bladed, triradiate in axial section; 
composed of ridges and groovcs. 
Remarks. Har.sa n. gen. differs from Surlc Pessagno by having a three- 
layered cortical shell that is strongly compressed in the plane of the 
spines; an intcrnal spicule rather than a medullaty shell; and large pores 
that are siti~atcd at base of each primary spine. I t  diffcrs Trotn i;e1.1.c7- 
sirrni Blorne by its much larger size, and by having flattcned ~tppcr and 
lower surfaces on  the col-tical shell. and large porcs at thc base of each 
spine. 
Etymology. Ho,:~a is a name formed by an arbitrary combination of 
letters (International Codc of Zoological Nomcnclahue. 1985. Appendix 
D. Recommendation 40). 
Range. Upper Triassic: Lower to Middle Norian. 
Occurrence. Peril Fonnation, Kunga Group, Quecn Charlotte Islands; 
Hurley Formation. near B~.alornc. British Columbia. 

Hurstr si.rc~~,trietisi.r n. sp. 
Plate I, figure 2. 

Description. Test as for genus. Cortical shell largc. subcircular in out- 
line: upper and lower surfaces very slightly convex, sides convex. Pore 

PLATE l 
Scanning electron micrographs of Lower to Middle Norian Radiolaria from the Peril Formation, Kunga Group. Queen Charlotte Islands, 

British Columbia. Bar scalc - number oT pm cited for cach specimen illustrated. 
Figure l. Capnodoce fragilis Blome. GSC 85958 from GSC Loc. No. C-1 40407 (sample 86 CAA (EC) SP-l) Sandilands Island. Scale = 150 pm. 
Figure 2. Harsa siscwaiensis n. sp. Holotype, GSC 85959 from GSC Loc. No. C-156585 (sample 88 FI 25) Frederick Island. Scale = 163 pm. 
Figure 3. Harsa sp. cf. H. siscwaiensis n. sp. GSC 85960 from GSC Loc. C-1501 18 (sample 86 BI 13) Burnaby island. Scale = 150 pm. 
Figure 4. Xiphosphaera fistulata n. sp. Paratype, GSC 85962 from GSC Loc. No. C-156585 (sample 88 FI 25) Frederick Island. Scale = 150 pm. 
Figures 5,7,8,9,10. Xiphosphaera fistulata n. sp. Holotype, GSC 85962 from GSC Loc. No. C-15325 (sample 87 BI 13) Burnaby Island; (7-8) 
detail of bipolar spines; (9-1 0) stereoscopic pair showing single pore at end of hollow spine. Scales = 150, 37 and 61 pm, respectively. 
Figure 6. Capnodoce fragilis Blome. GSC 85963 from GSC Loc. C-1 501 18 (sample 86 BI 13), Burnaby Island. Scale = 150 pm. 



ti.arnes and nodes are small in ccnter of test becoming larger towards 
the periphety. Nodes have moderate to high relief. Primal-)! spines long 
(about one and one-fourth times diameter of cortical shell) and trira- 
diate. Configuration of ridges and grooves is variable: ridges may be 
nai-sow to wide, groove5 shallow to deep. Spines are nearly equal in 
length and exhibit slight torsion throughout although sornctirncs tor- 
sion is more prominent in distal portion of spinc. One I;lrgc subcir- 
cular pore situated at base of each spine groovc. 
Remarks. Hur:su .si,sc~\~~nior.si,s n. sp. has a larger conical shcll and 
longer, stouter spines than other undcscribed fotms of this genus. 
Etymology. This species is namcd for Frederick Isla~nd (type local- 
ity), known as SISCWAI to the ancient Hnidn. 
Measurements (pm). Holotypc Avg. of 10 spec. Max. Min. 

Diameter. cortical shell 240 238 263 225 
Length, primary spines 342 307 375 244 

Type locality. GSC Loc. C-156585. Sec Appendix. 
Range. Upper Triassic; Lower to Middle Norian. 
Occurrence. Illustrated specimen GSC 85959 (holotype) I'rom lo- 
cality on Frederick Island. Peril Fosmation, Kunga Group, Queen Char- 
lotte Islands. Hurley Fosmation, near Bralorne. British Columbia. 

H u r s u  sp. cf. H. sisc~\ tn ic l~s i .s  n. sp. 
Plate I, figure 3 

Remarks. This form is very similar to Hurscr .si.sc~~zaie~~.sis n. sp. but 
the cortical shell has a smoother surhce with larger pores. and pri- 
mary spines arc straight. 
Range. Upper Triassic: Lower to Middle Norim. 
Occurrence. Illustrated specimen GSC 85960 from GSC Loc. C- 
1501 18. Burnaby Island. Peril Formation, Kunga Group, Qucen 
Charlotte Islands. 

Genus X l l ~ l ~ o . s p l r u c i ~ n  Hneckcl, 1882 
Type species. X i p h o s p h a e r a  tr.eu'ecimpoi.ata Riist, 1885. 
Description. Xiphosphaera Haeckel has a single lattice shell with two 
similar polar spines (from Campbell, 1954, p. D54). 

Xiphosphaera f is tu la ra  n. sp. 
Plate 1, figures 4 ,5 ,7 ,8 ,9 ,  10 

Description. Cortical shell large and spherical in outline. Meshwork 
of wall thick, composed of small, irregularly arranged pore fsames (most- 
ly hexagonal and pentagonal). Nodes at vertices of pore frames are 
low in relief. Shell has long, smooth, tubular, bipolar primary spines; 
spines approximately equal in length, slightly tapering distally. One 
long tapering pore visible at the tip of each spine. 
Remarks. The cortical shell of Xiphosphaera g lohosa  Riist, 1885 (pl. 
27, fig. 16) appears similar to X. f i s t ~ t l a t a  n. sp. However, from 
Riist's line drawing it is difficult to determine the exact morphology 
of the spines i.e. whether they are solid or hollow. X.f istulntn n. sp. 
differs from other undescribed forms of this genus by having hollow 
rather than solid spines. 
Etymology. F i s t u l a t ~ l s - a - u r n  (Latin) = with pipes. 
Measurements (pm). Holotype Avg. of 10 spec. Max. Min. 

Diameter, cortical shell 206 199 225 169 
Length, primary spines 28 1 277 345 225 

Type locality. GSC locality C-150325. See Appendix. 
Range. Upper Triassic; Lower to Middle Norian. 
Occurrence. Illustrated specimen GSC 85962 (holotype) and GSC 
8596 1 (paratype) from GSC Loc. C- 150325 and C- 156585, respec- 
tively. Peril Fosmation, Kunga Group, Queen Charlotte Islands. 
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APPENDIX: 1,OCALITY REGISI'ER 
lnfonnation is provided below for illustsated material. 

(;SC Lot. C-140407. Sandiliinds Island (86 CAA (EC) SP l); 
5.3" 10'44. I "N, 132'07' 19.7"W. Kunga Group, Peril Form:~tion. Spot 
sample of black lirnestonc. Occurs with Hnlohin and with conodonts 
of the /~~icr~r,g~rloris Zone (h4.J. Orch:~rd. pers. cornm., 1989). 

GSC Loc. C-150118. Burnaby Island, N side. E of Section Cove 
(80 OF B1 13): 52"25'54.1 "N. 13 1'19'56. I "W. Kunga Group, Peril 
Form;~tion. Section BI; from a 5 x 50 cm medium grey micrite nod- 
ule with finely disseminated pyrite and shell fragments, at 195.5 m 
above datum. Occurs with conodonts of the r~.iot~~~rlari.r Zone (M.J. 
Orchartl, pers. comm., 1989). 

(;SC 1,oc. C-150325. Bumaby Island. N side. E of Section Cove 
(X7 OF B1 1.3); 52"25'54.13'N. 13 1°10'56.1"W. Kunga Group, Peril 
Formation. Section BI; from a 5 x 50 cm limestone nodule at 194 m 
abovc datum. Occurs with conodonts of the t1~ia1lgri1ctr.i~ Zone (M.J. 
Orchard, pers. cornm.. 1989). 

GSC 1,oc. C-156585. Frederick Island (X8 O F  F1 25); 
53O55'33.2"N. 133O09'33.2"W. Kunga Group. Peril Formation. Sec- 
tion FI-D: from a 20-50 cm shell bed 3 m above disturbed zone 
(datum). Occurs with conodonts ot' the tricmg~rlaris Zone (M.J. 
Orchanl, pers. comm., 1989). 
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Abstract 

Thc L O M ~  Jio.n.ssic. .st~.utu qf'Qrrc,clil Chu1.1otte Islnrids 1ur1.r hee~r dir,idetl irrto Ji'13e lithologicull~ di.stinctfi)~nrutioiu, 
irun~el~: tlrc Sti~rdikriid,~ Foi.~~zutioil (?f'tlle Krr11~qu C;i.~up ui1cI t h ~  GIIOSI C~.eek, F U I ~ I I ~ I I ,  IYI~itea~v.s, u11d PI?cilztoin Creek 
fo1.ri1utioii.s oftlzc Muridc Grorrp. T I I~J  Rriinell J~rilc.tioir rririt i . ~  cihtrntloi~c~d crs ci,fbr.n~utioi~ a t~d  tile bed7 iircl~ded ~ l i th-  
iii a ~.rdqfiiicd E'u~iniii Fo~'nzatioir. 

Muc~~?fo.ssil.s, partic,~rlu~.ly tminzonites, and rnici.c!ti,ssil.s, notuhly Rucliolui~in, For~umiiiij2er.cr. Os t i~ucod~~,  u~rd ichthy- 
olirlrs, are crhur~cluirt. genei~ully n~ell-p~~esci~~~cci, i~casot~ahlj~ d i ~ ~ o ~ s e .  und n1.e forrnd, to u dcp.ee, in c~llfor~ti~crtior~s. The 
record srcggests U cornpletc L O M ~  Jrri.u.s.sic .sec/rtenc.r ~ ' i t l i  f c ~ ? ,  ifuiiy, hiut~rses ($c.oi~.scqlrri~cr. Thr Plic~~rshucliin~r 
rrrnmonite zonatior~ for North Anreritz is dejined .str(~to/~pc, orrd re@~.errc.c .sectio~~.s iri .YkicI~~qnte Inlet. T O N I . ~ ~ ~ I I  
Kt~diolarici 1ikewi.se have Ilee~z zorted. The hio.stratiir:ruplri(. stirdies qf'nll fultr~as has us U goal, zorlatiorms hascd on 
rnnrrjfarrrrtr.~ arzd U satisfrctorj co~.relation of these sc11en1e.s. 

I~?iporrurmr nrucrqfi,.ssils crrrtl nricrc$o.s.sil.s ore illrt.strat~r1 u~rd zones arm~1,furrnul us.set?mhlug~.s 11ave heerz dc~.~c.rihed. The 
itnpormncc offi).s.sil.s to nmappers und stratigr-uphers and the upplii~rlion o f  these rlatci to m1 ~rrmcle~stanrlin~q qf'pale- 
ogengr~p l~ j~  arid trctonic..~ is etnphnsizcd. 

Lcs c~oirc~1rr.s rlli .l~ri.n,s.siqrtc i~lfh.ier/r tles flc~s cle In Krii~c-C'h~ii.lott~ on/ (;/(: di1,isc;c.s ol c~inqfhimntio~ts litholo,qiqrrc- 
tneirt c1i.stiirt~tr.s : /a Jhi.nrtrtio~r de Sairdilaiitls dir ,q~.oicpe de Krr~rgci et Irs fi)~.tnorion.s de Ghost C~.crk, dc Fu11ni11, de 
Whircn~,c.,s et dc Phiiirtonl drr g~.oupe clc Mnutle. L'irnilL: (l(> Ren~~c~ll  . I~ i~~c~~io ir  I I ' C J S ~  plirs coi~siciflr(;e c'om~tre une for- 
rnutior~ et les coric.hc.s 0111 &P inc1u.se.s dam une forniutior~ de Funnin red(/i'nie. 

Les nrucrofo.ssile.s, err pm.tic.rrlier les arn17lonire.s, et Ies nnlic~rqt2)s.silc.s. ~iotumnrerrr les I-adiolaires, ~ O I . O I P I ~ I ~ ~ J ' ? I . ~ S ,  os- 
trucmle.~ et ichtlr~olite~, SOIII  at~or~dant.~, gk1161.ule1ncrmt hie11 e.o11.se1.1'6.~, rc~i.sonirnhlerner~t riiver.7ijik.s et prksents. duns 
L I I I ~  certuine n~eslrrc, clara to~rte.s les ji)rnrutiorr.s. La c.olonrre itrcliqrte rrrme s6qlrenc.e dlr Jura.s.sique infkrie~rr cornplP.re 
a w e  que1qrrr.s larrrrres s'il v u lieu. La zonation des anmrnonites du Plien.shuchien cn Arnhique du Nord est dkfinie 
par Ie strc~tor?,pe et les coupes de rcife'rencv contenues dur~s I'i~zlet Skidegate. Le.7 rudiol~it-e.s tourciens ont 6tc; zonc:.s 
dc /a m?nreJir<:o~i. Lcs hudes hio.rtruti,~rcipI~ique.s de ~ O I I I C S  lesfuuire~ on/ pour ohjectifde.~ zo~~c~ t io t z~  ~ ( I S P B S  s~rr (Ie 
~romhi~eu.se.sferuirc.s et une c~o~.~.klatioir suti.$uisuiirc~ c10 rrs . S ( . ~ ~ I ? ~ N S .  

Les muc~i~ofhs,siles et mici.oj)s.silrs in1poi.tant.s sent illust~.c:.s et Ics -.onc,.s ct as.semhl~~rs, fuu i i ic~~e~s oirt itr' dko.it.s. L'im- 
por.tni1c.r dcs fh.ssiles pour Irs cm~tog~~upl~es er les st~.utigirrphes et l'upplicution de c m  doiine'es ti IN  pultogc;ogi~apkic~ 
ct U In tectoiiiyue so111 rnis e i ~  i.eliqf 
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INTRODUCTION 
Paleontology and biostratigraphy are essential to a full geolog- 

ical understanding of any area and the Queen Charlotte Islands are no 
exception. Previous work in thesc fields was largely prclirninary, par- 
ticularly for the Lowcr Jurassic faunas. The opportunity to begin a dc- 
tailed study in ;I region [hat is poorly known and yet so gcologic;llly 
and cconornically important was both rare and exciting. I t  is partic- 
ularly intriguing as both macrofossils and microfossils are available 
in abundance with a high diversity of genera and species. 

The macrofossils, particularly the ~ ~ m ~ n o n i t e s .  provide con- 
st~xinta for surface nlappers to effect local and regional correlations. 
In  Queen Charlotte Islands the complex structure and the relatively 
poor exposure dictate the neetl for such a tool in co~~elation. The macro- 
fossils when fully understood biostratigraphically provide a stan- 
dard reference for microfossil correlation both locally and worldwide. 
In this way correlation on the surface and in the subsurfrlce is possi- 
ble and provides a service to the surface mapping and subsurface stmti- 
graphic work of mining and oil co~npanies. 

The ammonites found in Queen Charlotte Islands display good 
to excellent preservation and are a diverse and abundant fauna. A few 
genera and many species are endemic to this area or to western North 
America. Several species show affinities to species in South Amer- 
ica, Siberia and Japan and to the klunas of northwest Europe. From 
studies to date. thcre is no reason to believe there is any large gap in 
the f~ulnal sequence: Frequently collection failure in one section is amply 
compensated for in other sections. Thus the ammonite fauna is ideal 
in most aspects for taxonomy, correlation, and paleobiogeography. 

Foraminifcm arc abundant throughout the Lower Jurassic stra- 
ta of the Queen Charlotte Islands and the succession is essentially com- 
plete. The recovery of Foraninifera by conventional lahorato~y means 
from some of the more indurated rocks has proven to be a problem 
in some cases. Nevertheless, through more sophisticated Iaborato~y 
techniques, it  is hoped to fully document the foraminifenll and ostracodal 
succession in these rocks. Ostracods occur much less frequently in the 
Lowcr Jurassic possibly due to the interpretetl relatively deep water 
paleoenvironrnents of at least the lower part of the succession. A few 
species, occurring in the Pliensbachian and Toarcian. appear to have 
important stratigraphic significance. 

The dishibution and Frequency of occurrence of thesc microhunas 
is currently being documented in detail. Some of the more significant 
rnicrofossils are discussed and illustratecl herein for purposes of the 
present preliminary treatment. Since no formal zonation has yet been 
proposed for these rocks based on the braminiferal succession, the 
occurrences of the microfossils are discussed in terms of lithostrati- 
graphic units. 

Well preserved, diverse radiolarians have been recovered from 
micrite concretions and lenses throughout most Lower Jurassic for- 
ma~ions in the Queen Charlotte Islands. Many new taxa are recognized. 
In most cases the faunas arc closely associated with the Lowcr J L I ~ ~ I S -  
sic ammonites currently under study. As with the ammonites, collection 
f. '11 . I  u ~ e  . of radiolarians in one section (commonly the lack of suitable 
concretions) can usually be compensatcd for in other scctions. Given 
the completeness of section. the abundance of well preserved radio- 
larian faunas and the precise niegafossil dating becoming available, 
the potential for refining the existing zonation of Pessagno et al. 
(1987). is excellent. Such zonation will provide an essential tool for 
correlating between the allochthonous terrancs of western North 
America and will contribute to widespread correlation around thc Pa- 
cific Rim and perhaps globally. 

Lower Jurassic radiolarian faunas of the Queen Charlotte Islands 
are diverse and when well preserved contain many pantanelliid 

species. The faunas demonstrate affinities to Tcthyan assemblages from 
British Colu~nbia, eastern Oregon. the Mccliterranean area. Japan 
and New Zealand. 

PREVIOUS WORK 
The earliest palcontological studies in Queen Charlotte Islands 

wcre c:~rricd out in conjunction with exploration and reconnaissance 
mapping by Jamcs Richartlson in I X72 ( 1873. p. 56-63), G.M. Daw- 
son in 1878 (1 880). R.W. Ells in 190% (1906). C.H. Clapp in 1912 (1914) 
and J.D. MacKenzie in Ic)1 3- 14 ( 19 16. p. 40). These men investigated 
the Crelaceous rocks ancl became involved in the controversy of 
defining what was Cretaceous and what was Middle Jurassic. Although 
they never recognized them as such. home Lower Jurassic bctls were 
included inadvertently in the Cretaceous or Middle Jurassic. For ex- 
ample. Dawson collectetl some Early Jurassic faunas believing them 
to be Cretaceous: two of these spccies later \verc used as Jurassic holo- 
types. Various paleontologists were involved in identifying the Cret- 
aceous to Middle Jurassic faunas namely E. Billings (1873). J.F. 
Whiteaves (1876. 1883, 1884, 1900) anti Stanton and Martin (1905) 
but none recognized Lower Jurnssic faunas. 

In 1921 F.H. McLearn carried out the first detailed biostratigraphic 
and paleontologic study in the Queen Charlotte Islands when he 
studied and published on the Cretaceous (Alhian) faunas (McLearn. 
1972) and the Jurassic faunas (McLearn, 1927, 1929. 1932, 1940). In 
his publications he recognized a Fu/~tri/roc~rt~~i.s fnuna (now known to 
be Pliensbachian in age) and a D~ic.iylioc~rr.trs and Hn/poc.c,rtrs fauna 
(now identified as 7'il/o/iica/.ns ant1 others known to be of Toarcian 
and Plicnsbachian age). This initiated Lower Jurassic fauna1 studies. 

A. Sutherland Brown mapped the islands kom 1958 to l965 and 
published a bulletin for the B.C. Department of  mines (1968). This 
was the last major mapping project in the Quecn Ch:rlotte Islands prior 
to the present investigations. 

H;ins Frebold (I 967b) discussed the stratigraphic position of the 
genus Fatzt~inoe~o.crs and later (Freboltl. 1970) described some new 
species from the Pliensbachian beds. This was the last paleontolog- 
ical report published prior to the current studies. 

The first reference to radiolarians in the strata of the Quecn 
Charlotte Islands was by Sutherlantl Brown (1968. p. 59, who sug- 
gested that abundant spherules in the Kunga Formation were pelag- 
ic rnicrofossils, "probably Radiolaria and Foraminifera". In the late 
1970's. Cameron found radiolarims in samples previously collected 
by Tipper and Inter he collected additional samples on Maude Islantl 
and in central Graharn Island. Initial study of fhunas from the Queen 
Charlotte Islands was begun soon after by E.A. Pessagno, C.D. 
Blome, and P.A. Whalen on material from Kunga Island, Whiteaves 
Bay and Maude Island. The resulting works wcre primarily taxonomic 
but some biostratigraphic data for Lower Jurassic (Hettangian?, Sine- 
murian and Pliensbachian) fonns were included (Pessagno ancl Blorne, 
1980; Pessagno and Whalen, 1982: Pessagno et al., 1986; Whalen, 
1985). This information together with biostratigraphic data dcrivcd 
from E.S. C~~rter ' s  study of Upper Pliensbachian and Toarcian fau- 
nas (1985), was incorporated in a preliminary radiolarian zonation for 
the Jurassic of North America (Pessagno et al.. 1987). 

PRESEN'I' WORK 
The prescnt research was begun in 1974 when Tipper began an 

examination of the occurrences of Futitritzoc~c~rns and work has con- 
tinued intennittcntly to the present. Carneron joined the investigations 
in 1978 after he discovered Foraminifera and Radiolaria in samples col- 
lected previously by Tipper. In 1982 Carter began a graduate thesis on 
the Radiolaria and in the same year Smith began a detailed analysis 
of the Pliensbachian ammonites. In l987 Jakobs began a comprehensive 



biostratigraphic and paleontologic consideration of the Toarcian am- 
monites and continued the study in 1988. Tipper recognized an Het- 
tangian section in 1987 at Kennecott Point and collected ammonites 
in both 1987 and 1988. As a result, the authors have been involved in 
studies in all stages of the Lower Jurassic, Tipper, Smith. and Jakobs 
with the ammonites and Cameron and Carter with Foraminifera and 
Radiolaria respectively. Icthyolith studies by Johns are a recent ven- 
ture. Many short papers and two bulletins have resulted from our 
work and the reader is referred to the bibliography for details. 

THE LOWER JURASSIC FORMATIONS 
The Lower Jurassic rocks of the Queen Charlotte Islands (Table 

I) are soft shale, crumbly sandstone, or brittle, closely fractured silt- 
stone, tuff, and sandstone. As a result, exposures are recessive, occumng 
as intertidal outcrops and exposures in creeks, and less commonly, on 
low, rounded hills. The complex structure further disrupts the expo- 
sure and thick, unfaulted sections are the exception rather than the rule. 
As a result the work dictated that as many sections as possible, how- 
ever short, be searched out, measured carefully, collected bed by bed 
and pieced together into a reasonable stratigraphic sequence. The abun- 
dance and great diversity of faunas facilitated this task. Where the mi- 
crofauna and macrofauna are considered together good control, zona- 
tion, and correlation results. 

The following summary reviews the lithostratigraphy and bios- 
tratigraphy of the Lower Jurassic formations of the Queen Charlotte 
Islands and discusses some aspects of facies, sedimentology, volcanology 
and tectonics that have manifested themselves during the fauna1 stud- 
ies. This is not intended as a final, comprehensive report, particular- 
ly with regard to the biostratigraphy and paleontology. It is meant to 
be a presentation of our present understanding of several topics and 
problems, some of which will be dealt with in separate reports by the 
individual authors. 
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SANDILANDS FORMATION 

Lithostratigraphy 
The Sandilands Formation (Fig. I) was named (Cameron and 

Tipper, 1985) for 

" a  thilrly bedded, hard dense. black t o  dar-k grey siliceous 

s i l c ro~re  01. a~:qi l l i te  in  heds 2.5 t o  10 c m  thick ( F i g .  2 ) .  I t  

is i~r ter~hedded wi th  minor  heds of ,grey siliceous t~cff, Iith- 

ic sal?rlsro~?e der.ived mai~l ly f iorn ticfi~. ,?l.een to  ~ r e y - p u e n  

shnle (possibly tr!ffnceorrs), f i n e  \ ,olcall ic hreccia  w i th  

clnsts t o  2.5 c m  ill N'iameter. a n d  thin l aminn t io~ ls  ofhlack 

shale 01. silrsto~le" 

Ammonite Fauna 

Paltechioceras cf. boehmi. Paltechioceras cf. rothpletzi 
Oxynoticeras sp. 
Asteroceras (Eparietites) (?l SP. 
Epophioceras (?) sp. 

Asteroceras (Eparietites) (?l sp. 

Oxynoticeras sp.. Paltechioceras harbledownense. 
Paltechioceras c f .  rothpletzi 

Oxynoticeras sp. 

Arctoasteroceras ieletzkyi 

Asteroceras cf. obtusum 

shale. siltstone, minor sandstone 

micritic limestone 

t"ff 

(modified after McFarlane. 1988) 

Figure 2: Typical Upper Sinemurian measured section of Sandilands 
Formation from a quarry in central Graham Island. 

Figure 3: Upper Sinemurian Sandilands Formation on north side of 
Figure 1: Distribution of main Sandilands Formation outcrops of Sine- Cumshewa Inlet. The thickest bed is about 15 cm thick. Interbedded 
murian (S) and Hettangian (H) age. siliceous tuff, siltstone and shale. 



Table 1 : Summary of the present status of the Early Jurassic lithostratigraphy and biostratigraphy in the Queen Charlotte Islands. 
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(Figs. 3 and 4). They concluded that i t  was an uninterrupted se- 
IFJ quence of all or most of Sinemurian time. Recent work has changed 

< -- 
ys- 

. -, this interpretation somewhat. 

Figure 4: Upper Sinemurian Sandilands beds on the south side 
of Maude Island, Skidegate Inlet, Queen Charlotte Islands. 
The white bands are well-bedded tuffs and the light grey are tuffa- 
ceous siltstone. Dark grey beds are argillite or siliceous siltstone. 

The Kunga Formation of Sutherland Brown (1968, p. 50-61) was 
raised to group status by Cameron and Tipper ( 1  985, p. I l-  16) and 
the youngest member of the formation, the black argillite member of 
Sutherland Brown raised to formation status, as the Sandilands For- 
mation (Cameron and Tipper, 1985, p. I l). The other two members, 
which are of Triassic age, were similarly considered to be formations 
but were not named or redefined. 

Sutherland Brown's black argillite member was stratigraphically 
above the Motlotis suhcircl~lnris-bearing beds but the only known fos- 
sils in the member were of Sinemurian age. Because of apparent con- 
tinuous sedimentation between the Triassic Norian beds with Mono- 
/is and the Sinemurian beds, the presence of uppermost Norian beds 
(=Amoenum and Crickmayi zones) and of Hettangian beds was ex- 
pected (Sutherland Brown, 1968, p. 60) but was not proven. In 1987 
Sutherland Brown's suggestion was proven correct in a fossiliferous 
section (Figs. 5 and 6 )  found at Kennecott Point (Tipper, 1989). 
Subsequently other sections of this age have been identified by am- 
monites and radiolarians (Carter, 1988). As a result the Sandilands For- 
mation is now considered to be of the same age as Sutherland Brown's 
black argillite member, namely from the top of the Monotis-bearing 
beds (above the Cordilleranus Zone) to the top of Sinemurian with one 
slight modification, a diachmnous contact with the mainly Lower Pliens- 
bachian Ghost Creek Fonnation. 

The Sandilands Formation is easily recognized by its characteristic 
well-bedded nature, by its hardness, in places verging on a chert-like 
consistency, and by its tuffaceous layers that commonly weather 
white or green. In a few places, fine volcanic breccia has been noted 
but nowhere has conglomerate been seen. Very thin limestone bands, 
up to I0 cm thick, limestone lenses, and concretions have been ob- 
served and many of the siltstone beds are calcareous. 

The source of the volcanic detritus in the formation has not been 
clearly demonstrated. On Maude Island in Skidegate Inlet, beds of white- 
weathering tuff are conspicuous in an upper Sinemurian section reach- 
ing thicknesses of 10-15 cm for individual beds, more commonly 5 cm. 
Other sections on Moresby Island and Louise Island to the south sim- 
ilarly have prominent tuff beds. However, Upper Sinemurian sec- 

Figure 5: Typical Hettangian-Lower 
Sinemurian beds exposed at Ken- 
necott Point, northwest Graham Is- 
land, Queen Charlotte Islands. Even, 
welldefined bedding is characteristic. 
The light grey bed in the foreground 
is about 15 cm thick. 
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Figure 6: Restored Hettangian and earliest Sinemurian measured section of Sandilands Formation exposed at Kennecott Point. 
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tions in central Graham Island some 30 or more kilometres to the north 
have noticeably thinner bands oC tuff, one centimetre or less is com- 
mon. or the tuff is mixed with fine rock detritus to fomi a tuffaceous 
siltstone. Clearly therc is a volcanic source nearby as many of the tuff 
beds are suggestive of air-fall deposits. Evidence of water transport of 
the volcanic detritus is generally lacking and the apparent thinning of 
the tuff beds of the same age, Late Sinemurian, suggests a source to 
the south or southwest. A similar situation exists on Vancouver Island 
where the Sinemurian Bonanza volcanics are exposed as massive pri- 
mary volcanic piles. To the e a t ,  on Harbledown Island, Sinemurinn 
shale and siltstonc with interbedded tuff beds of the Harbledown For- 
mation are similar or identical in lithology and fossil faunas to the upper 
part of the Sandilands Formation. I t  would appear that the tuff of the 

$ 8 

Harbledown Formation was derived as an air-fall deposit from the Bo- 
nanza volcanics, a few kilometres to the west. Thus the tr~ffs of the Sandi- 
lands Formation may have been derived from a volcanic source to the 
south or southwest, a volcanic source not presently seen within thc Queen 
Charlotte Islands. 

As tnentioned above, the contact with the Pliensbachian Ghost 
Creek Formation is diachronous. The Ghost Creek Formation is 
largely a soft shale or siltstone. In central Grnham Island the Ghost 
Creek Formation extends downward into the Late Sinemurian as 
Pal/cr~l~ioc~~r-c~.s is found in its basal beds, clearly ol' Late Sinemurian 
age 21s a result. In Skidegatc Inlet the lowest beds ol'the Ghost Creek 
Formation contain earliest Pliensbachian faunas and the subjacent Simdi- 
lands Formation in its topmost beds has latest Sinemurian ammonites. 

Kalrorna sp, Bipedrssp 

C a n o ~ l u m  unicum 
Parahsuum 7 sp 
Panlanellium brown1 

Arn!oceras 

ariel,l!ds 

Badouxfa sp  

Verm,ccras 



Thc stage boundiuy there coincides with the fommation boutltlaty. HOMJ- 
ever, in the southern part of Queen Charlotte Islands, o~~ 'Huxley Is- 
land. the Sandilands Formation contains ammonites which, from 
photographs, suggest Psc~r~rtloski~~~~oc~c~~~u.~ of earliest Pliensbachian 
age (E.T. Tozcr. pers. cotnln.. 1988). Thus the top of the Sandilands 
Formation varics in age from Early Plicnsbnchian in the south to Late 
Sincmurian in the north. probably rcflccting thc diminishing vol- 
canic activity ncar thc closc of Sinemurian time. 

Biostratigraphy 

The ammonite fauna of the Sandilands Formation is in places. 
diverse and abundant as at Kctmecott Point and a few rare placcs near 
Skidcgate Inlet and in ccntral Graham Island but in most exposures 
the sequences arc devoid of' fossils or nearly so and diversity is lim- 
ited to one or two species. Cornrnonly the specirnens arc secondnri- 
l y compressed and on1 y in undeformed concretions. 

The study of the ammonite fauna of the Sandilands has just begun. 
Sutherland Brown collected material from many isolated localities, 
both ammonites ancl bivalvcs, but in most instances identification to 
generic level was all that was attempted: no sequence from an cxtended 
section was established. In 1987 R.B. McFarlane studied a section (Fig. 
2) of Upper Sinetnurian strata in tletail and established a preliminary 
scqucnce o i  faunas ( 1988). From l974 to the prcscnt numerous scat- 
tered collections from isolated Sincmurian loci~lities were made by 
Tipper and by Cameron but few were in scqucnce. In 1987 and 19x8 
Tippcr and Carter measured a section and collected ammonites and 
samples for Radiolaria at Kcnnecott Point (Fig. h); Hettangian and ear- 
liest Sincmurian ages were determined. Futurc study of the Sandilands 
fauna will bc carried out by Tipper and Smith (Hettangian am- 
monitcs) and by J. Pdlfy, a graduate student of Smith (Sinemurian a n -  
~nonitcs). Carter \\)il l  be continuing her study of both Hcttangian and 
Sitie~nurian radiolarians, mainly from Kennccott Point and Kunga Is- 
land. Although Forarninifera arc known to be present as pyritizcd fonns 
or stcinkerns. few taxi1 have been recovered yet that are suitable for 
a de~ailed study (sec below). 

Preliminary study or thc Hettangian faunas suggests a strong sim- 
ilarity to the Hettangian faunas of Nevada (Gucx. 1980). Gucx has es- 
tablishcd eight Hettangian zones in Nevada (as yct unpublished) and 
seven arc apparently represented at Kennccott Point (Jcan Guex, 
pers. comtn., 1989). The eighth zone. the lowest is possibly represented 
by an interval, so far barren of any fossils. Those illustrated (Plate 1) 
are only a few of  the common forms; the fauna at Kcnnecott Point is 
divcrsc and abundant although poorly preserved. 

The Lower Hcttangian is characterized by Disc'on~/~lric~e~~as, 
Kanzmer-kr~.ite.s, and phylloccratids. The Middlc Hcttangian has sev- 
eral species of Sc/?lotheinziu, Al.sntitos, phylloceratitls and several 
other genera. The Upper Hettangian has several genera that are fore- 
runners of Sinemurian forms. First appearances of V(~II?I~CPI.~IS. PSCII- 
tl~r~/on~oc.cr.as and others are noted. 

The Lower Jurassic scction at Kennccott Point is underlain by 
bcds containing faunas that ;ire believed to be the uppermost Trias- 
sic. As there is no obvious structural or stratigraphic break in cvitlcncc. 
there is ample reason to bclieve that the Triassic and Jurassic rocks 
represent continuous deposition and it is reasonable to assume that the 
fauna1 gap is a result of collection failure. There arc a few other l u  
calities on Moresby Island and Kunga Island that arc probably Het- 
tangian as indicated by radiolarians but ammonites are few. The sec- 
tion at Kennecott Point that contains both Noriw and Hettimgian faunas 
probably is an uninterrupted sequence fully exposed across the Tri- 
assic-Jurassic boundary and as such is the first known in Canada. I t  
is also the most complete Hcttangian section in Canada. This Fauna 
was collected in greater tlctail in 1989. 

The Sincmurian fauna on the othcr hantl is widespread but is cx- 
posed orily in short, faulted sections except at Kennecott Point. There 
the Sinemurian ovcrlics the Hettangian in a continuous sedimentary 
section and contains faunas of Frebold's Canadensis Zone (Frebold. 
l967a) and overlying beds containing arietitids such as Cor.otric,c>t.as 
sp. and in the highest beds the first occurrence ofAu7iocr1m. Below 
the Canadensis Zone and above the Hettangiar~ faunas is a 10 In sec- 
tion that has not yielded any dctelminable ammonites and these bcds 
could he either Sinemurian or Hettangian. 

In central Graham Island, on Maudc Island and at a few locali- 
ties on Morcsby Island sections havc yielded a few species ofA~.~lio- 
(.cJ/.o.s that tcntativcly are thought to represent sections of mid-Early 
Sineniurian time. N o  other Lower Sincmurian ammonitc faunas are 
yet known but many unfossiliferous sections scvcral tens of mctrcs 
thick Inay overlie the AI.II~OCCI.~.Y beds and underlie the next higher 
fauna, the Upper Sinemurian ~~~~~~~oc.ertr.s. 

In ccntri~l Graham Island. Bruce McFarlane studied a section of 
Upper Sine~nurian Sandilands Formation for a Bachelor's degree 
thesis (McFarlanc. 1988). He found a succession withA.st~~roce~.ns and 
Epopllioc'c~.tts at thc base followed by oxyrloticeratids in the middle 
part ancl Pol/cr~hioc~~~~tr.s at the top (Plate 2). The sequence was not par- 
ticularly diverse. Paltrc~11ioc~er~a.s was relatively abundant and is one 
of the more commonly found genera in thc Sandilands 011 Graham Is- 
land and southward. 

Foraminifera and ostracoda of Sandilands Formation have not 
been recovered in abundance. Disintegration of the thoroughly hard 
induwted rocks of the formation has proven to be very difficult by con- 
vcntional laboratory techniques, however it is hoped that through ncw 
procedures more recognizable ci~lcarcous taxa will be recovered. 
Acidizatioti of some of the calcareous beds has yielded a great vari- 
ety of small pyritizcd fonns as well as a fcw agglutinating taxa. The 
pyritizcd forms ore characteristically steinkerns and thus do not pro- 
vide much surface detail. This microfauna consists o f  a very highly 
diversified nodosarid and polymorphinid fauna with less frequently 
occurring agglutinating taxa such as Atn/ni,iodi.sccra Ammobut~rr1itc.s ant1 
Glon~ospircl. A few of the latter agglutinating taxa appear to be dis- 
tinctive. 

Since 1986 Jurassic radiolarian studies by Cancr have focuscd 
on Hettangian and Sinemurian faunas from the Sandilands Forn~ation. 
The present North American ratliolarian zonation for lhis interval (Pes- 
sagno et al., 1987) \vns based on wcll preserved hut imprecisely 
dated faunas fiom the Sandilands Fomlation on Kunga Island. When 
this zonation was established, Hettangian strata in the Queen Char- 
lotte Islands were not recognized and the extent of Sinemurian, othcr 
than upper, was poorly known. The purpose of current studies is to 
understand the basal Jurassic ndiolarian succession, to define precisely 
cxisting zonal boundaries by integrating them with North American 
ammonite zones. and to determine if subdivision of these mdiolari- 
an zones is feasible. 

Recent studies of ammonites and radiolarlans contirn~ the Sandi- 
lands Fotmation IS upper Norian (Cater, 1988, 1990; Cater et ill., 1989) 
and Hettrmgian (Tipper, 1989), as well as Sinernurtan. Ammonitc col- 
lections from Kennecott Point suggest all Hcttangian anti earliest Sine- 
muriiu~ time is represented in an essentially continuous sequence. L i e -  
stone concretions yielding well preserved radiolarians are in close 
association with ammonites at many levels. Hettangian and Sinemurian 
radiolarians have also been collected from measured sections on 
Kunga Island, and from localities on the Yakoun River (central Gra- 
ham Island). Maude I\land. Santlilands Island, and Tasu Sound (Lom- 
gon Bay and Wilson Bay) (Fig. 7). 



PLATE l Figure 5: Fergusonites striatus Guex, 1980; GSC 95564; GSC Loc. No. C- 

Hettangian ammonites from the Sandilands Formation. Al l  figures are nat- l 56906; Lower Hettangian. 
Figure 6: Kammerkarites? sp.; GSC 95565; GSC Loc. No. C-1 56907; Lower Het- 

ural size. tanaian. 
Figure 1: Schlotheimia sp.; GSC 95560; GSC Loc. No. C-156915; Mtddle Hettang~an. 7: ~ i ~ ~ ~ ~ , , h i ~ ~ ~ ~ ~  so,: GSC 95566; GSC LOC, N ~ .  C-156906; L~~~~ 
Figure 2: Phylloceratid; GSC 95561; GSC Loc. No. C-156915; Middle Hettangian. H&angian. 
Figure3: Franzicerassp.; GSC 95562; GSC Loc. No. C-156915; Middle Hettangian. Figure 8: Discamphiceras sp.; GSC 95567; GSC Loc. No. C-156906; Lower 
Figure 4: Franzicerassp.; GSC 95563; GSC Loc. No. C-156915; Middle Hettangian. Hettangian. 



At Kennecott Point radiolarians are associated with ammonites 
at two levels: the lower level, lower Lower Hettangian, occurs 55 m 
above the base of Section D (=12.5 m above base of the Jurassic); the 
upper level, Lower Hettangian, occurs 10 m above base of Section B 
(Plate 8). On Figure 6 these samples occur at 12.5 and 53 m, respec- 
tively. The lower assemblage contains Bipedis sp., Cattoplum mer-um 

Pessagno and Whalen, C. praeanulatum Pessagno and Whalen, and 
Pantanel l ium tatzuetise Pessagno and Blome. The upper assemblage 
contains the above species plus Dro l tus  heca!ensis Pessagno and 
Whalen, Relanus r-eclfensis Pessagno and Whalen, some forms doc- 
umented by Whalen (1985). and many other new taxa. 

On Kunga Island, well preserved Lower Jurassic radiolarian 
collections were made by Carter and Orchard in 1986. and by Carter 
in 1987. Because the Sandilands Formation is frequently disrupted and 
the beds difficult to trace on the north side of Kunga Island. the for- 
mation was measured in discrete uninterrupted sections rather than 
as a whole (see Fig. 7 for approximate location of sections A-D). Pre- 
cise megafossil dating is not yet available for Kunga Island faunas but 
detailed comparison of the radiolarian faunas with well dated faunas 
from Kennecott Point provides a fairly close correlation. Based on this 
comparison, a rich sample (KU-D2; C-164676) collected 22.5 m 
above the base of Section D (Kunga Island), is probably Early to Mid- 

PLATE 2 Figure 2: Asterocerassp.; GSC 95568; GSC Loc. No. C-157501 ; Upper Sinemurian. 

sinernu,.ian from ,he sa,,dilands Fornation, All figures are Figure 3: Badouxia canadensis (Frebold, 1951); GSC 95569; GSC LOC. NO. C- 
157629; Canadensis Zone. 

urai size. Figure 4: Vermicerassp.; GSC 95570; GSC Loc. No. C-157623; Lower Sinernurian. 
Figure 1 : Arnioceras arnouldi(Dumortier. 1867); UBC 08; south shore of Maude Figure paltechjoceras har&,ledownense 1928,; GSC 95571 ; GSC 
Island; Lower Sinernurian. Loc. No. '2-157517; Upper Sinernurian. 



dlc Hcttangian. All Hcttangian taxn previously mentioned arc present 
in this sample plus Prr,rr~iircllirrtir klrronr Pcssapo :uld Blome, P. hr.o~z.tri 
Pessagno and Blome, and P. ~nl~ttrk~~urrorsc, Pessngno and Blome. An- 
other sample. collected 4.5 m higher, contains abundant P. ln.o~~,rri and 
P. /ul~rtrk~~utietrs(., but lacks P. klrro~sc and P. tntrrrrtrse. This shift in 
species abutldance suggests the latter nsscmblagc may be slightly 
younger. 

I I I 
133 132 1 3 7  

A sample from Wilson Bay (Tasu Sound) has yielded C'uiio/~- 
/unr rrnicrmr Pcssagno and Whalen, l l t~ol/~i .s  Ircctr/ctrsis Pessagno and 
Whalen, Patrtut~clliroii ht.o~vri Pessagno and Blo~nc, P. /alrrtik~~atrcrr,se 
Pessagno and Blome, and other Hettangian taxa documented by 
Whalen (1985). The fauna is probably Hcttangian. but not Early 
Hettangian in age. 

c.elltr sp. and common I>t.ol/rrs: these collections are younger. but still 

Radiolarians associated with ammonites from the basal Sinemurkan 
Canadensis Zone (North American equivalent of the lower part of the 
Northwest European Bucklnndi Zone) havc been recovered f ro~n  
limestone concretions 44.5, 47 and 50 m abovc the base of Section 
B, Kennecott Point (shown at 85, 87.5 and 90.5 m, respectively. on 
Fig. 6). The faunas arc similar and contain Canoprutrl ~ i t z i ( . r r t ~ r  Pessago 
a ~ d  Whalen. P ~ I I I L I I I C / / ~ I I I ? I  ht.oll.tri Pessagno and Blomc. P. dntraetrsc 
Pessagno and Blome, P.  ltrlrrtrk~c~citro~w Pcssagno and Blome, and 
Purulrs~rrmr'? sp. (Plate 8 ) .  They are further charactc~ized by new 
taxa belonging to the genera Bi/7rclis. L't.rrc~ellu. Kn/r.ot,zcr. and by 
many nodose spumellarian forms co~nmonly having thrcc radial 
spines in one plane (see Whalen, 1985). At Kunga Island, limestone 
concretions collected 68. 70 and 75 m abovc the base of Section D, 
contain well preserved radiolarians that compare closely with the loul- 
est Sinemurian hunas listed abovc from Kcnnecott Point. Higher in 
Section D (above beds slightly disruptecl by Pa'aulting and folding), as- 
semblagcs contain Putr/ntiellirrnr krrt~,qaeirse Pessagno ancl Blome, CI.LI- 

probably Early Sinemurian. 

Many other excellent radiol:i~ian collcctions havc been obtained 

- 54' from limestone concretions in sections C. B and A on Kunga Island. 

KENNECOTT PTO 
These sections young towards the cast (Section C, the older: Section 
A, the younger) but until mole precise macrolbssil dating is available, 
i t  is unccl~ain if the sequence is con~plete or if there is repetition. With- 
in thcsc sections the t~currencc of  some sigrlifican~ taxa are listed below: 

1 .  C'ntirr~rrs roc~kj'i.s/rc/r.si.s Pessagno and Whnlen ib  first obbervcd in 

i the upper part of Section C. associated with Potirut~~lliut~r ~ M I I -  

xtietrsc Pessagno and Rlornc. P.  .r/;etlutrsrtr.sr Pessagno and 
Blo~nc. and P. dotrcicir.sc~ Pcssagno and Blomc. These tnxa co- 

I 
m occur with several anlmonites believed to be Sincmurian. 12.5 

- 53 m highcr. the genus Wi~titrgellirrrtr is First observed in association 
with an ammonite regarded :is Sinemurian, possibly upper. 

2. Bn,yo/lti,r cr.t.cr/ic.rrn~ Pcssagno and Whalen, B.(?)  hclmc~~rtrse 
Pessagno and Whalen. Cri/rol~/ro,r divotli Pessagno and Whalen, 

W Dt.olrrr.s 1n.sc~rketrsi.s Pcssagno and Whalen, and Nci/oot.u ,gt.~iy- 
M O R E S B Y  - htrye/rsi,s Pessagno. Whalen and Ych, occur together ncar the base 

of Section B. An ammonite imprint collected 16.5 m higher in 
the section resembles Asto.oc.c7t.cr.s sp.; possibly vely early Late 
Sinc~nurian. 

0 1 

- 52" 3.  Dt.olrrrs !\'cllc/i.si,s Pessagno and Whalen is first observed near the 
km - 

A SAMPLE LOCALITY 
'? base of Section A: approximately midwiiy through this section 

I I I Pntz/c~t~ellirrr,r hnirltretise Pessagno and Blomc and Wt.cin,yc~llirit~r 
Figure 7: Location of radiolarian samples and sections in the Queen //rut.s/ot~c~nsr Pcssagno and Whalen are present. Rare specimens 

Charlotte Islands referred to in this report. strongly resembling Put~u/r.rrr~rni s.s. are found in the upper part 
of this section (sa~nplc KU-A6; C-150151). 

O c e a n  

Figure 8: Distribution of main Ghost Creek (G) and Fannin (F) For- 
mation outcrops of Pliensbachian age. 



Radiolarian collections from the Yakoun 
River and Sandilands Island arc Late Sine- 
murian, associotcd with the ammonite Ptrllc- 
chioc.c,rcr.s. Collections from Maude Island and 
Lomgon Bay, by comparison, arc also 
Sinemurian. No radiolnrian collections from 
the latest Sinemuri;cn lhavc yet been round. 

Some Hettnngian and Sinemurian radio- 
larians from Kunga Island and Kennccott Point 
are illustrated on Platc 9. 

THE GHOST CREEK FORMATION 

Lithostratigraphy 
The Ghost Creek Formation. named by 

Cameron ancl Tipper ( 1985). is the basal unit of 
the Mautle Gro~~p.  It consists of fetid shalcs, silt- 
stones and mudstones with Ixre sandslones and 
thin beds or nodules of limestone. Outcrops of 
this characteristically recessive unit have been 
recognized from Cumshewa Inlet to ccntral 
Graham lsland whcrc the lype section was des- 
ignated (Fig. 8). Because of its incompetence, 
i t  h;is not been possible to measure a complete 
zection through the Ghost Creek Formation 
but the unit reachcs thicknesses in excess of 60 
In in both its northcm and southem~nost outcrops 
(Figs. 9 and 10). 

The diachronous relationship between the 
Ghost Creek and Sandilands formations is dis- 
cussetl above. The Ghost Creek Fosrnalion it- 
self shows only subtle lateral variolions in 
lithology from slightly tuffaceous and more 
resistant in the south to darker, more regular- 
ly bedded and locally glauconitic in the north. 
Sedimentation seems to have been uniform in 
a relatively deep water setting. The high total 
organic carbon content, particularly compared 
to the overlying Fannin Formation (Vellutini, 
1988), and the high pyrite content of the sedi- 
ments suggest a euxinic environment of depo- 
sition and this is supported by the dearth of ben- 
thonic organisms, trace fossils and bioturbation. 
Benthonic and trace fossils are slightly more 
common in both the upper part of the unit gen- 
erally, and throughout the entire unit in more 
southerly exposures. 

Biostratigraphy 
The bulk of the Ghost Creek Formation is 

assignable to the lmlayi Zone, the lowest North 
American Zone of the Pliensbachian Stage 
(Smith et al., 1988). Ammonites that are par- 
ticularly common at this level include species 
of Pseudoskirroceras, Metaderoceras and 
Tropidoceras (Fig. 1 I ;  Plate 3). Less common 
are species of Phrirodoceras, Polymorphites and 
Gemmellaroceras. 

At all localities where the contact between 
the Ghost Creek and Fannin formations is ex- 
posed, up to 10 m or so of the upper Ghost Creek 
Formation yields ammonites of the superja- 
cent Whiteavesi Zone (Smith et al., 1988), par- 
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ticularly species of Acarr~hopleur~ocerar, Metacle,ncer~m, Tropidoceras * 

and Duba~.iceras (Plate 4). At one locality in the Whiteaves Bay 
' 

section, the presence of Dubarice~~asfieboldi indicates the Freboldi 

, Zone, the uppermost zone of the Lower Pliensbachian. Ammonites 

, of the Imlayi and Whiteavesi zones have been retrieved from the sub- 
surface in Intercoast Resources core DDH 179, which penetrated 
the Ghost Creek Formation in central Graham Island (section 3 of 

' 'l Carneron and Tipper, 1985). 
I ,  

The first common, well preserved calcareous foraminiferal fau- 
S nas occur in the dark shales of the Ghost Creek Formation (base of 

Lower Pliensbachian ammonites from the Ghost Creek Formation. All 
I 

figures are natural size. 
Figure l:  Pseudoskirroceras imlayismith and Tipper, 1988; GSC 95572; GSC 

Figure l 1  : A sandstone bedding surface within the Ghost Creek For- Loc. No. C-157551; lmlayi Zone. 
mation exposed on the north shore of Cumshewa Inlet. Poorly preselved Figure 2: Tropidoceras masseanum (D'Orbigny, 1844); GSC 95573; GSC Loc. 
ammonites are Pseudoskirroceras sp. and Tropidoceras sp. of the Im- No. C-093575; Whiteavesi Zone. 

layi Zone. Field of view approximately 25 cm across. Figure 3: Tropidoceras flandrini(Dumortier. 1869); GSC 95574; GSC Loc. No. 
C-090977; lmlayi and Whiteavesi Zone. 
Figure 4: Phricodoceras cf. taylori (J. de C. Sowerby, 1826); GSC 87789; 
GSC Loc. No. C-090974; lmlayi to Freboldi Zone. 



PLATE 4 
Lower Pliensbachian nrnmonitcs from the Fannin Formation 

(beds transitional to the Ghost Creek Formation). All figures are nat- 
ural size. 
Figure 1 : Gemmellaroceras aenigmaticum (Gemrnellaro, 1884); GSC 
95575; GSC Loc. No. C-1 1701 9; Whiteavesi and lowermost Frebol- 
di Zone. 
Figure 2: Metaderoceras evolutum (Fucini, 1921); GSC 95576; GSC 
Loc. No. 091 794; lmlayi to lowermost Freboldi Zone. 
Figure 3: Acanthopleuroceras whiteavesiSmith and Tipper, 1988; GSC 
87790; GSC Loc. No. 091 794. 
Figure 4: Dubariceras freboldi Domrnergues, Mouterde and Rivas, 1985; 
GSC 87794; GSC Loc. No. C-090587; Freboldi Zone. 

Lower Pliensbachan). This distinctivc microfauna was recovered from 
a road-side exposure near the Yakoun River (GSC Loc. Nos. C- 
127868, C- 127899 and C- 127933) and consists of predominantly 
small nodosarids including: Iri~ti~yoloria hico.stato hirosttrro (d'Or- 
bigny, 1850). 1. hic~~statu trle.solio.ssica (Brand), Pai.rrlit~g~rlino trrr- 
eru plil~u (Terquem). P. sp., Me,sodetztcrlitru ter7ui.stt.inrcr (Terquem), 
M. huus1o.i (Schick). Nodosar.iu sirnp1e.v Terquem. 

The upper pan of the Ghost Creek Formation continues the i t -  
portant P. tet~er-a lineage with occurrences of P. tetreru teriiristricrtu 
(Norvang). This assemblage is low in diversity and specimens are vely 
small in size. Representatives of the following also occur here: Meso- 
der~ttrlit~a spp., Nodosur.iu spp., Mur~git~ulir~a pritnti d'orbigny var., 
Vu,qiri~rlitia spp.. Kuni~rlina sp., Citlrur-iiza sp., Lentic~rlitlu spp. 

THE FANNIN FORMATION 

Lithostratigraphy 
The lower part of the Maude Group is characterized by a con- 

formable transition from a basal argillaceous unit (the Ghost Creek 

Formation) into a sequence dominated by calcareous sandstone (the 
Fannin Formation as defined by Cameron and Tipper, 1985). The g a -  
dational inlerval of alternating sandstones and argillaceous rocks 
with some irregularly bedded, diagenetic limestones was named the 
Rcnncll Junction Formation by Cameron and Tipper (1985) but i t  is 
here recommended that this unit be abandoned as a fonnation for the 
following reasons: I )  although the Rennell Junction Formation is eas- 
ily recognizable in the Skidegate lnlet area, it has not always been pos- 
sible to separate it h m  the Fannin Formation during the course of 
regional mapping elsewhere in the islands, particularly when isolat- 
ed outcrops of either unit occur: 2) the channelling at the contact be- 
tween the Rcnncll Junction and Fannin formations reported by 
Cz~meron and Tipper (1985) was a misinterpretation of diagenetical- 
ly produced. irregularly bedded lirncstoncs; and 3) continued collecting 
has shown that there is no biostratigraphic gap at the Rennell Junc- 
tion-Fannin fonnation contact as previously reported (Cameron and 
Tippcr, 1985). 

The beds that were previously included within the Rcnnell Junc- 
tion Formation should be included in the Fannin Formation whose basal 
contact is now defined by the incoming of sandstones and irregular- 
ly bedded limestones which r u ~  more resistant dlan the underlying Ghost 
Creek Formation. The type section for the redefined Fannin Forma- 
tion is Fannin Bay on Maude Island (Figs. 9 and 10: section 8 and part 
of scction 6 of Cameron and Tippcr, 1985) wherc the basal contact 
is easily recognizable and a completc sequence of the lithologies 
that characterize the Fannin Formation is developed. The section 
exposed at Rcnnell Junction is retained as an auxiliary reference sec- 
tion (Fig. 14: section 10 of Camcron and Tipper, 1985). The unit reach- 
es a thickness of at least 75 m. 

The Fannin Fortiiation represents a regressive. coarsening-up- 
ward sequence passing from alternating shales, sandstones and lime- 
stones into coarscr, 111ore tuffiaceous. partly calcareous sandstones 



Figure 12: Exposures of the Fannin Formation at Fannin Bay on 
Maude Island (section 8 of Cameron and Tipper, 1985) showing al- 
ternating sandstones, siltstones and limestones in the foreground 
and more resistant sandstones in the background. The white strip in 
the foreground marks the boundary between the Whiteavesi and Fre- 
boldi zones, the strip in the background, the boundary between the Fre- 
boldi and Kunae zones. Hammer for scale. 

(Fig. 12). Lenses with rhynchonellid brachiopods and pectinoid bi- 
valves are frequent in the upper part of the unit. The uppermost part 
of the unit is characterized by sandstones and some shales with 
chamosite ooliths the nmifications of which are discussed by Cameron 
and Tipper (1985). Bioturbation is common in the lower part of the 
F'annin Formation and the sandstones of the upper pan of the unit con- 
tain trace fossils of the near-shore Skolithos ichnofacies such as Tha- 
Inssinoides and Diploo.ate~.io~?. 

The Fannin Formation was thought to be present in Sialun Bay 
in northwestern Graham Island (Cameron and Tipper, 1985) but this 
has not been verified by subsequent work. The only sandstones pre- 
sent in Sialun Bay are Cretaceous in age and it can only be assumed 
that the Tiltoniceras propinqrrum reportedly collected from this area 
by T. Potter Chamney of Petro-Canada was mislabelled. The Fannin 
Formation has been conclusively recognized from exposures in cen- 
tral Graham Island southwards to the north shore of Louise Island in 
Cumshewa Inlet. In the southern exposures rocks are generally coars- 
er grained with breccias present in the upper part of the unit. 

Biostratigraphy 
The Fannin Formation as a whole ranges from the Whiteavesi Zone 

of the Lower Pliensbachian to the basal Toarcian. The transitional al- 
ternating shales and sandstones (formerly the Rennell Junction For- 
mation) range from the Whiteavesi to the Freboldi zones of the Lower 
Pliensbachian. Typical ammonites include species of Tropidoceras, Acon- 
thoplerrroceras, Duhariceras, Gemn~ellaroceras and Metaderoceras 
(Plate 4). Rare examples of species of Reynesocoeloceras, Liparocera.~ 
(Becheice~.as), and Phylloceros are also known. 

The passage from the transitional beds of the Fannin Formation 
to the upper sandstones seems to have occurred in all areas near the 
top of the Freboldi Zone (Fig. 13) with deposition of the Fannin 
sandstones occurring throughout the Kunae and Carlottense zones and 
even into the earliest Toarcian in the Skidegate Inlet area. The 
chamosite oolith beds are restricted to the Carlottense Zone. 

The upper Fannin sandstones of the Kunae and Carlottense 
zones have yielded a diverse suite of ammonites including species of 
Fanninoc.eras, Aveyroniceras, Reynesoceras, Reynesocoeloceras, 
Cymhites, Arieticeras, Leptaleoceras, Fontanelliwras, Protogram- 
moceras, F~rciniceras, Tiltoniceras and Lioreratoides (Plate 5).  Rare 
examples of species of Amalthe~rs, Liparoceras (Beeheireras) and Phyl- 
1oce1.a~ also occur. The basal Toarcian is marked by the occurrence 

PLATE S 
Pliensbachian and Toarcian ammonites from the Fannin Formation. 

A l l  figures are natural size. 
Figure l : Metaderoceras mouterdei (Frebold, 1970); GSC 87797; GSC Loc. No. 
C-08061 0; upper Whiteavesi to lowermost Kunae Zone (Pliensbachian). 
Figure 2: Aveyroniceras colubriforme (Bettoni. 1900); GSC 87796; GSC Loc. 
No. C-090614; uppermost Freboldi and lower Kunae Zone (Pliensbachian). 
Figure 3: Reynesoceras ragazzonii(Hauer. 1861); GSC 87800; GSC Loc. No. 
048564; Kunae Zone (Pliensbachian). 
Figure 4: Dactylioceras kanense McLearn, 1930; GSC 9051 ; GSC Loc. No. C- 
080778; Lower Toarcian. 
Figure 5: Fanninoceras carlottense McLearn, 1930; GSC 4878; GSC Loc. No. 
C-1 17003; Carlottense Zone (Pliensbachian). 
Figure 6: Fanninoceras fannini McLearn, 1930; GSC 9054; GSC Loc. No. C- 
1 17032; Kunae Zone (Pliensbachian). 
Figure 7: Fanninoceras crassum McLearn, 1932; GSC 651 7; GSC Loc. No. C- 
l 17032; Kunae Zone (Pliensbachian). 
Figure 8: Tiltoniceras propinquum (Whiteaves, 1884); GSC 87804; GSC Loc. 
No. C-1 17003; Carlottense Zone (Pliensbachian and lower Toarcian). 

Figure 13: Close UP of the boundary between the Freboldi and Kunae Figure 9: ~epta~eoceras aff. accuratum (Fucini. 1931); GSC 95577; GsC LOC. 
Zones (at the level of the hammer heads) with transitional beds of the NO. C-081703; Kunae Zone (Pliensbachian), 
Fannin Formation in the foreground beneath darker sandstones of the Figure 10: Protogrammoceras pectinatom (Meneghini. 1881); GSC 87808; 
upper Fannin Formation. GSC Loc. No. C-080786; Kunae to Carlottense Zone (Pliensbachian). 
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of Dnt~ry1ior~cru.s Rarlorse (Plate 5) .  The beds immediately below the 
Fannin-Whitcaves fortnational contact. contain Dtrc~tylioc~ertis X.(/- 
IIOIISO,  7'iltorlicortis p~.opirltllcl~t~l and Tciflertici sp. 

The occurrence of Pliensbachian and lowest Toarcian zones in 
the lower Maude Group of the Qucen Charlotte Islands is illustrated 
schematically in Figure 14 \vhich also tlemonstrates the extent ofdi- 
achronism. A comprchensive report on the Pliensbachian amtnonite 
biostratigraphy and systematic paleontology is in preparation by 
Smith and Tipper. 

The foraminiferal faunas within the Lower Pliensbachian part of 
the Fannin Fonnation arc not highly diversified and are relatively small 
in size (Plate 10). The Par-ulir~g~tlit~a rer~o-a lineage is represented in 
thc basal part by P. 1e11el.n .s~~I>p~.i.~nlaficn (Frankc). Among the less 
frequently occurring taxa arc Irhth~olai~io? pvgcltncicn Franke, Ri- 
,qei7er.irtab? sp., Rri~~holdella sp., Op/halnzitiilrn~ sp., A.rrac.ohrs spp., No- 
t1osnr.i~ spp., and the enrlicst occul-rcncc o fa  form rcfcrred to by vas- 
ious authors as B ~ . ~ : ( I / ~ I I N  or Boli~'itr(/. 

The overlying strata of the Frcholdi zone have yiclded a relatively 
meagre microfauna which is due in pall to the shallowing water ancl 
the coarsening of thc clastic sedimcnts (presumably a highes energy 
regime). In these coarser clastics. large agglutinating genera such as 
Reol)ko.\. antl An~n~ohrrr~i~li~c~.~ arc common. In the shales and cnl- 
carcow beds an abundant antl divcrse assemblage of tiny, completely 
pyritized foraminifers is found. This includes a form referred to here- 
in as hJcohrrliminn? sp. This form. as well as some of the other small 
pyritized species, extend into the Kunae Lone. 

The remaining part of the Upper Pliensbachian Fannin Forma- 
tion represents a rclativcly shallow watcr clastic cnvironmcnt. A 
good part of this section is tuffaceous thus makins the recovcty of mi- 
crofiuna rather difticult. Ne\~crthclcss. robust agglutinating Foraminifera 
are fairly well represented by Rco/>~LI.I-: A n ~ t ? ~ ~ h u c . u l i f ~ . ~  and 4tn- 
modiscus. The small pyritized fauna is well represented in the base. 
Other significant foraminifers recovered from this interval include 
Mayqinirlina prima pr-ima d'orbigny, M .  hcrgundiae Terquem, Pur- 
alingirlina terlera tenera (Bomemann), Reinholdella sp., Li/~,qulono- 
dosaria sp., Nodosaria spp., Mesodentalina spp., "Bri:alit~a" sp. 

An abundant microfi~una was found associated with the ammonite 
Tiltorric~erti.spro~~i~~clrtr~n~ in the tufhceous beds of the uppennost pan 
of the Fannin Fonnation on Maude Island. This included an abundance 
of siliceous sponge spicules and silicihed pamcyprid ostracods. Al- 
though these ostracods are not specifically identifiable, they mark the 
fi~st comnlon occtm~~cnce of ostracods in the Lower Jurassic of the Qucen 
Charlotte Islands. 

WHITEAVES FORMATION 
Lithostratigraphy 

The Whiteaves Formation (Figs. 15 and 18) consists, primari- 
ly. of a grcenish-grey silt)! shale which weathers to a rusty-grcy 
colour. I t  is a recessive unit (Fig. 16) hest exposed in crcek and rivcr 
beds. The shale is very fragmcnted and lacks well-defined bedding 
planes. Interbedded with the shale are a number of glauconitic. green- 
ish sandy layers: limy layers and concretionary horizons arc also 
comtiion. The concretions arc ol' two types: septarian and non-scp- 
tarinn. The scptariali concretions arc usually thc larger and can rcach 
diameters of approximately 30 cm. Duc to their septarian nature. 
they arc gencrully unfossilifcro~~s ancl any a~nrnonitcs that arc prcsctved 
in their interiors are Iiighly fragmented. In many cases. the septarian 
concretions have hollow interiors which can contain bituminous ma- 
terial. The non-septarian concretions. ranging in diameter from 1-25 
cm, are more prevalent in the upper part of the fotmation. usually con- 
ccntrotcd in bands. The concretions range in shape from nearly spher- 
ical 10 discoidal and commonly contain well-preserved ammonites. 
Ammonites arc found in either variety and are usually parallel to bed- 
ding. Thin (1-5 cm), bentonitic ash beds are common in the shales. 
Two members were recognized by Cameron and Tipper (1985. p. 25). 
a lower one characterized by the septarian concretions and an upper 
one characterized by the non-septarian concretions. 
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Figure 14: Schematic representation of the distribution of Pliens- 
bachian and Lower Toarcian zones in the Queen Charlotte Islands. Figure 15: Locality map of Toarcian lithostratigraphic units. 
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ostracods Ki~rkeli~~ella. Cythe~.ella, Cytlie~.elloidea and Motroc,erati- 
/in are a conspicuous and common element of the microfaunas. 

Figure 16: Soft shale and siltstone of the Whiteaves Formation on the 
Yakoun River. A few small concretions can be seen scattered randomly 
through the section. Stick at the right is about 60 cm long. 

No significant lateral changes were observed in the formation be- 
tween its exposures throughout the Charlottes from Louise Island to 
Yakoun River. Ash beds are too thin and of too uniform an appear- 
ance to serve as correlative tools. The sandy and limy beds except for 
the concretionary beds, appear to be of restricted geographical extent. 

The Whiteaves Formation is underlain by the Fannin Formation 
but there is only one exposure where the contact is seen, namely at 
Whiteaves Bay where it appears to be conformable (Cameron and 
Tipper, 1985). 

The Whiteaves Formation was deposited in a fairly continuous deep 
basinal setting. Portions were probably deposited under anoxic condi- 
tions as indicated by the general lack of a benthonic fauna. The sandi- 
er layers contain some benthonic bivalves and probably represent a par- 
tially oxygenated environment. It was deposited during an interval of 
time characterized by the deposition of black shale coincident with a world 
wide rise in sea level in Early and Middle Toarcian time. 

Biostratigraphy 
The Whiteaves Formation ranges in age from the Late Early Toar- 

cian to the Early Late Toarcian. 
The lowermost part of the formation occurs only at Whiteaves 

Bay and due to the poor outcrop exposure, ammonites collected here 
are generally talus samples only. The uppermost part of the Lower Toar- 
cian beds is exposed along the Yakoun River in several places. It is 
represented by Hildaites cf. chrysonthenium (Yokoyama, 1904), 
Hnrpoceras exar.atum (Young and Bird, 1822), Dactyliocercls sp. and 
Peronoceras sp. (Plate 6). 

The Middle Toarcian is marked by the appearance of Phynia- 
toceras; Hildaites cf. chrysalithenluni (Yokoyama, 1904) is absent. 
It is represented by P11ynintocer.a.~ tjarbone~zse (Buckman, 1898). 
Phyniutoceras erbaense(?) (Hauer, 1856), Pnro1iicel.a~ ster.~iale (von 
Buch, 1832), Peronocer.as cf. desplacei (D'Orbigny, 1844) and 
Le~lkadielln sp. 

The uppermost part of the Formation represents the lower part 
of the Upper Toarcian. The Upper Toarcian is marked by the appearance 
of Granimocer.as; Pe~.o/zoce~.as is not present. The Whiteaves portion 
of the Upper Toarcian is represented by G~.aninioce~.m cf. str.iatrrl~rni 
(Sowerby, 1823), G~.amnioc.er.as tlioltar.se~ise (D'Orbigny, 1843), 
Phymntoce~.as cf. roh~rstuni (Hyatt, 1867), Phyniatoc.eras copiape17se 
(Moricke, 1894), Phymatoceras spp. and Podagrosi/rs sp. 

The foraminifers of the Whiteaves Formation, are among the most 
abundant and diverse of the Lower Jurassic of the Queen Charlotte 
Islands. Nodosarid genera are characteristic and dominate the faunas 
with rotaloid and agglutinating forms somewhat less common. The 

Foraminifers characteristic of the lower part of the Whiteaves For- 
mation (Plate I I) include Rei~ilioI(iella sp. cf. R. ~naclfocllve~ti (Ten Dam), 
Fcrlsopaln~rtkr ~~ur io~is  (Bornemann), Le~itic,rrli~za ~ottingerisir (Bome- 
mann), Lc~iticrrli~ra ti'o~.hi,q~iyi (Roenier), Pse~tdotioclosaria l)yg~naea 
(Terquem), Citl~ar.i~ln sn,qqrrit/$or~nis (Terquem), and Letiticrrlitia 
sp. TI - a form restricted to the lower Whiteaves Formation and 
characterized by its large size, partly evolute test in the adult stage and 
truncate peripheral margin when observed in side view. 

The upper part of the Whiteaves Formation has yielded an 
equally diverse foraminiferal fauna. Agglutinating fonns are more abun- 
dant however, perhaps suggesting a gradual shallowing of the seas. 
Len~icrtliiin d'or.hi,q/iyi is one of the main constituents of this fauna 
and consistently appears to be much more reticulate than other rep- 
resentatives of this species in the lower part of the formation (com- 
pare figs. 6 and 10 in Plate I I). Other important species of the upper 
Whiteaves Formation include Letitic,rtlinapr.i~na (d'orbigny), Leliti- 
c.ltlinn spp.. Va~i~~rrlina listi (Bornemann). 

PHANTOM CREEK FORMATION 

Lithostratigraphy 
The Phantom Creek (Figs. 17 and 18) Formation is a fine- to 

coarse-grained greenish-grey sandstone with thin shale interbeds. 

Figure 17: Sandy, irregularly bedded Phantom Creek Formation on 
the Yakoun River. A few concretionary, limy masses are scattered 
through the section. 



The sandstone may be glauconitic in its upper layers and is a bright 
green, sometimes blue-green colour. Buff-weathering concretion 
beds are common in the lower part of the formation. Some of the con- 
cretions which reach diameters of 1.3 m are exceedingly fossilifer- 
ous. The lower part of the formation is richly fossiliferous and coquinoid 
in nature. The sandstone is generally quite friable and thinly bedded. 
The upper part of the formation is generally thickly bedded, well in- 
durated and contains few ammonites. 

The contact of the Phantom Creek Formation with the overly- 
ing Graharn Island Formation is quite distinguishable as 'an abnrpt change 
from thickly bedded greenish sandstones to thinly bedded black silt- 
stones of Late Bajocian age. A paraconformable hiatus is present as 

evidenced by the absence of Upper Aalenian and earliest Lower Ba- 
jocian beds (Cameron and Tipper, 1985). 

The contact of the Phantom Creek Formation with the underly- 
ing Whiteaves Formation is also distinct. There is an abrupt change 
from the greenish-grey shales of the Whiteaves Formation to the 
sandstone of the Phantom Creek Formation with no transitional beds. 
A hiatus of variable duration is represented here. Along the Yakoun 
River, the Phantom Creek Formation is approximately 15 m thick, at 
Road 59 it is 3 m thick and on Maude Island it is less than 3 m thick 
and probably Aalenian in age. The fauna at Road 59 indicates that the 
lower part of the formation is absent and suggests that the effect of 
the hiatus increases with increasing distance southwards. 
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PLATE 6 C-087105; Middle Toarcian. 
Figure 3: Grammmras thouarsense (D'Orbigny. 1843); GSC 95580; GSC Loc. 

Toarcian ammonites from the Whiteaves Formation. All figures are N ~ .  C-087122; upper ~ ~ ~ ~ ~ i ~ ~ ,  
natural size. Figure 4: Hildaites cf. chrysanthemum (Yokoyama, 1904); GSC 95581 ; GSC 
Figure l:  Phymatoceras copiapense (Moricke, 1894); GSC 95578: GSC Loc. Loc. No. C-158008: Lower Toarcian. 
No. C-1 57728; Middle Toarcian. Figure 5: Harpoceras cf. exaratum (Young and Bird, 1828); GSC 95582; GSC 
Figure 2: Paroniceras sternale (von Buch. 1832); GSC 95579; GSC Loc. No. Loc. No. C-158027; Lower Toarcian. 
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Figure 18: Measured sections of Whiteaves, Phantom Creek and Fannin (in part) formations and ammonite faunas. 



The Phantom Creek Fotmation probably represents deposition 
in a fairly shallow basin. Benthonic bivalves are common and sug- 
gest oxygenated conditions. Plant fragments such as fern leaves and 
wood pieces are common suggesting a relatively close sediment 
source. The upper part of the formation probably represents a deep- 
ening trend as evidenced by the paucity of bivalves and the predom- 
inance of pelagic fauna such as ammonites and belemnites. 

Biostratigraphy 
The Phantom Creek Formation ranges in age from the Middle 

Late Toarcian to the Early Aalenian. 

The main section on the Yakoun River has a covered interval of 
approximately I0 m just above the Whiteaves/Phantom Creek bound- 
ary. Above the covered interval is a "coquinoid" part of the forma- 
tion which is represented (Plate 7) by Hommatoc,eras speciositm (Ja- 
nensch, 1902). S/~l?net.coc~loc~e,.cls hrochiiforme (Jaworski, 1926). 
Ph1yscogrammocera.r tenr~ic.ostatilnl (Jaworski, 1926). and Du- 
mortieric~ sp. The upper part of the formation consists of hard, mas- 
sive sands and has yielded Hammatoceras sp., Pleydellia and the large, 
involute ammonite that Frebold (internal report) referred to as "Es- 
ericet.as" but is probably another Hammatoceras. In addition, the lower 
part of the formation is represented by a number of species which Fre- 

PLATE 7 
Toarcian ammonites from the Phantom Creek Formation. All figures are Figure 2: Sphaercoeloceras brochiiforme (Jaworski, 1926); GSC 95584; GSC 

natural size. Loc. No. C-0871 18; Upper Toarcian. 
Figure l : Hammatoceras speciosum (Janensch, 1902); GSC 95583; GSC Loc. Figure 3: Phlyseogrammoceras(?) sp.; GSC 95585; GSC Loc. No. C-0871 14; 
No. C-08721 5; Upper Toarcian. Upper Toarcian. 



bold assigned to Detic~k~~iutrniu. They are similar to some Pliy~nuro- 
c,et.us but display very prominent nodes at the base o f  the whorl 
flanks. They have been tentatively idcntificd as ' ! I ) c ~ t ~ c ~ X t , r c i ~ r t l i ~ r .  The 
uppermost part of the formation is Early Aalcnian in age and is rep- 
resented by Ttnc,toc,oa.s sp. and Rrerlyicr sp. (sec Poulton et al., I99 I). 

The foraminiferal faunas of the lower part of the Phantom Creek 
For~nation (Upper Toxrcian) are similar to those of the underlying 
Whiteaves Formation. Their diversity is ~nuch  reduced and their re- 
covery much riiore difficult due to the dominance of s:~ndstone in the 
forniation. A few species that appear to be restricted to the lower Phan- 
tom Creek include Fnlso~~nlt~~~rlu,jrrr~e~isi.s (Franke). Letiric.~rlitin sp., 
Cirhnrina sp. cf. C. 1oncluc~niu1.i (Terquem). P.re~rdo~iodo.sa~~ic~ l ~ ~ t n u c a  
(Terquem). 

UPPER PLIENSBACHIAN-TOARCIAN 
RADIOLARIA 

The radiolxian studies begun in 1982, resultetl in preliminary 
zonation for Lower and Middle Jurassic faunas of late Pliensbachi- 
an, Toarcian. Aalenian and early Bajocian age from the Fannin, 
Whiteaves and Phantom Creek formations of the Maude Group. and 
the Graham Island Fomiation of the Yakoun Group (Cartes et al.. 1988). 
For discussion oPMiddle Jurassic (Aalenian ancl lower Bajocian) rn- 
diolarians see Poulton et al. (1991). Toarcian radiolarians were em- 
phasized because little was known previously of their morphology and 
distribution. Rich, well preserved faunas were recovered korn lime- 
stones of the Whiteaves and Phantom Crcck fomiations at localities 
on Maudc Island and in the Yakoun River area of Graham Island. As- 
semblages were dated by closely associated suites of ammonites 
(Table I )  and five info~mal radiolarian zones ( l  -5) were distinguished 
within the late Pliensbachian to Toarcian intcl-val (see Carter et al., 
1988, p. 20, Fig. I ). Zone 1 is late Pliensbachian (Carlottense Zone). 
Corresponding ammonite zones for Toarciai mdiolarian zones 2-5 have 
not yet been worked out for North America; thus Zone 2 is early Mid- 
dle Toarcian (approximately equivalent to the Bifrons Zone), Zones 
3 and 4 are late middle to early Late Toarcian, and Zone 5 is Late Toar- 
cian. A synopsis of zonal indicators for these zones is as follows: 

Zone 1 : Base undetermined (no subjacent fauna to provide basis 
for definition). Top of zone marked by final appearance of Katrorna 
ninstintsi Carter, Bipedis fantlini Carter and Canutus s.s. 

Zone 2: Base recognized by first appearance of P~.otoperi~rpyridiurn, 
Pa~vicingula s.l., and Erniluvia. Abundant species characteristic of this 
zone are Hsuunz optimus Carter, Protout~urnapn~/smithi Carter Pro- 
toperispyridiurn(?) hippaensis Carter, Enlilu\~io(?) rnot.esbyensis 
Carter and Hs~runl cf. rosehuclense Pessagno and Whalen. Top of zone 
marked by final appearance of J O ~ L I S  rnagnificus Carter and Par- 
vicingula(?) sp A. 

Zone 3: Base recognized by first appearance of Turnnta rnarinae 
Pessagno and Blome, and the genus Elodirrrn. This zone is defined on 
first appearances of species only; no significant extinctions are observed. 

Zone 4: Base recognized by first appearance of Tripocyclia s s .  
and the genus Maudia. Other genera abundant in this zone are Ernilu- 
via, Staurolonche, Hsuurn, Elodi~rrn and spongy forms such as Palm- 
aella, Crucella, Spotzgostaurr~r, Spongotroclz~rs and Spongorrip~u. Top 
of zone marked by final appearance of Crucella ungulosa Carter 
and Rolurnb~rs kil*staense Carter. 

Zone 5: Base recognized by first appearance of Hig~rmnrtra. Abun- 
dant genera making up the bulk of this zone are Erniluiia, Hagias- 
trurn, Praeconocaryornrna, Hs~r~rrn, Elodi~~rn and many of the spongy 
forms mentioned above in Zone 4. Top of zone marked by final ap- 
pearance of Canopt~rrn s s .  and Spongiostoma saccideon Carter. This 
zone is approximately equivalent to the top of Subzone 1A2 of Pes- 
sagno et al. (1987). 

Details ofthis zonation imd description of many new taxa arc lbund 
in Carter et al. (1988). Some data on Toarcian faunas was incorpo- 
rated in a preliminary radiolariim zonation for [he Jurassic of North 
America by Pessagno et al. (1987). 

Toarcian assemblages are characterized hy abuntlant haginstrid 
ancl patulibracchiid fonns. e.g. Pnr~onnellrr, C~.rrc.elln. Hotncoput~otineII~. 
Hngicr.rrrrrt~i etc. These forms arc particularly abundant in the Mitldle 
to Upper Toarcian Phantom Creek Formation. Lithological and fau- 
nal evidence suggests at least the lower part of this formation was de- 
posited in a high energy, sh:~llow water environment, The exception- 
al abuntlancc ofspuniellarian radiolarians (particularly spongy fonns) 
in a Jur:~ssic nearshore setting may suggest future possibilitics for coni- 
paring Mesozoic fi~unas with recent ones in the modern ocean. 

Some index titxa for the late Pliensbachian and Toarcian are i l -  
lustrated in Plate 9. 

OTHER SIGNIFICANT FOSSILS OF THE LOWER 
JURASSIC OF QUEEN CHARLOTTE ISLANDS 

Ammonites. Ratliolaria, and Foraminifera are the fossil faunas 
that have been studietl in detail and will continue to receive most of 
our attention. There are. however. other faunas. probably not as 
abuntlant. that may bc worthy of attention in the future. So~ile preliminary 
work has in some cases already begun. The following brief comments 
will outline the potential for study that exists. 

Vertebrates 

Fish Remains. In the Sinemurian beds of the Sa~idilands Formation 
a few partial skeletons ofs~nal l  fish have been noted. In particular in 
the upper part of thc Upper Sinemurian beds, at about the level of PuI- 
~ ~ ~ ~ ~ I I ~ o ~ ~ L ~ I ~ u s .  several specimens have been noted at two localities in 
central Graham Island. In the Lower Sinemurian beds of Kennecott 
Point fish skeletons were noted in the Canadensis Zone and slightly 
higher. Also fish scales and small bones are commonly seen on shale 
bedding surfaces throughout the Hettangian section. As yet no study 
of this material has been attempted. 

Ichthyoliths. Fish debris has been noted at several stratigraphic 
levels throughout the Lower Jurassic beds in several formations as well 
as in Upper Tria~sic beds of the Sandilands Formation. Ichthyolith stud- 
ies have been initiated by Johns to determine their potential useful- 
ness to ongoing biostratigraphical work in B.C. The initial objectives 
have been to recognize morphological differences in specimens, de- 
velop and apply a taxonomic system and to obtain specimens from 
dated sections to determine ichthyolith zonations. Once ichthyolith 
zones have been determined, these can be applied to dating and cor- 
relating sediments. The Lower Jurassic of Queen Charlotte Islands was 
thought to be a good starting area. As conodonts became extinct at 
the Jurassic-Triassic boundary, a new fossil group, insoluble in acid, 
could prove to be a useful additional biostratigraphic tool. 

Ichthyoliths are microscopic skeletal remains of fishes com- 
posed of calcium phosphates -mainly the mineral apatite. Fish teeth 
and dermal denticles (scales of sharks, skates and rays) are the most 
commonly recognized forms. Ichthyoliths are particularly resistant to 
dissolution and have been recovered from deep water, otherwise un- 
fossiliferous, pelagic clays (Helms and Riedel, 1971) to marginal ma- 
rine environments. Ichthyolith recovery techniques are compatible with 
those used to recover other microfossils (Foraminifera, ostracods, ra- 
diolarians, conodonts, etc.) where specimens can be obtained from a 
variety of lithologies. 

To date, the ichthyolith collection contains specimens removed 
from various microfossil slides from samples collected in the Queen 
Charlotte Islands by Cameron and others. Much potential still exists 



PLATE 8 
Scann~ng elect~o~i micrographs of Henangiim and Sine~nu~ian Radiolaria from 

the Sandilands Fonn;~tio~i. Quccn Chilrlottc Isli~nds. British Columbia. Bar scale 
=number of pm cited for each illustration. 
Figure l: Paleosaturnalis sp. 1; GSC 85940; GSC Loc. No. C-164676; Kunga IS- 
land; Hettang~an; scale = 267 pm. 
Figure 2: Pseudohel~odiscus sp. l ; GSC 85941 ; GSC Loc. No. C-164676; Kunga 
lsGnd; Hettangian; scale = 267 pm. 
Figure 3: Pseudoheliodiscus sp. 2; GSC 85942; GSC Loc. No. C-164676; Kunga 
Island; Hettangian; scale = 267 pm. 
Figure 4: Relanus reefensis Pessagno and Whalen. 1982; GSC 85943; GSC Loc. 
No. C-164676; Kunga Island; Hettangian; scale = 200 pm. 
Figure 5: Pantanellium sp. aff. P. tanuense Pessagno and Blome. 1980; GSC 
85944: GSC Loc. No. C-164676; Kunga Island; Henangian; scale = 200 pm. 
Figure 6: Gen. indet. I. sp. 1; GSC 85945; GSC Loc. No. C-164676; Kunga Island. 
north; Hettangian; scale = 200 pm. 
Figure 7: Gen. indet. J. sp. 1 ; GSC 85946; GSC Loc. No. C-164676; Kunga Island; 
Hettangian; scale = 200 pm. 
Figure 8: Gen. indet. Z. sp. A (in Cordey, 1988, pl. 24, fig. 9); GSC 85947; GSC Loc. 
~ 6 .  C-164659; Kennecott Point. Graham Island; Lower Sinemurian; scale = 200 pm. 
Figure 9: Gorgansium sp. l ; GSC 85948; GSC Loc. No. C-1 64659; Kennecon Point. 
Graham Island; Lower Sinemurian; scale = 200 pm. 
Figure 10: Crucella sp. l ; GSC 85949; GSC Loc. No. C-164659; Kennecott Point. 
Graham Island; Lower Sinemurian; scale = 200 pm. 
Figure 11: Gen. indet. K. sp. 1; GSC 85950; GSC Loc. No. C-164676; Kunga Is- 
land; Hettangian; scale = 200 pm. 
Figure 12: Relanus? sp. 1; GSC 85951; GSC Loc. No. C-164676; Kunga Island; Het- 
tangian; scale = 200 pm. 
Fiaure 13: Pantanellium browni Pessaano and Blome. 1980: GSC 85952: GSC Loc. 
N; C-164659. Kennecon Polnt. ~ r a h a m  Island; ~ower ~inemurian; scale = 200 pm. 
Figure 14: Pantanetlium sp. 1 ; GSC 85953; GSC Loc. No. C-164661 ; Kennecon Point. 
Graham Island; Lower Sinemurian; scale = 200 pm. 
Figure 15: Gen. indet. L. sp. l; GSC 85954; GSC Loc. No. C-164676; Kunga Is- 
land; Hettangian; scale = 200 pm. 
Figure 16: Canoptum unicum Pessagno and Whalen. 1982; GSC 85955; GSC Loc. 
No. C-164659; Kennecon Point, Graham Island; Lower Sinemurian; scale = 200 pm. 
Figure 17: Eucyflis? sp. 1; GSC 85956; GSC Loc. No. C-164661 ; Kennecon Point. 
Graham Island; Lower Sinemurian: scale = 200 pm. 
Figure 18: Gen. indet. M. sp. 1; GSC 85957; GSC Loc. No. C-164659; Kennewtt 
Point, Graham Island; Lower Sinemurian; scale = 200 pm. 

PLATE 9 
Scanning electron micrographs of Plienshachian and Toarcian Rildiolaria from 

the Queen Charlotte Islands, British Columbia. Bar scalc = number of lun cited 
for each illustri~tion. 
Figure l : Praeconocaryomma whiteavesicarter, 1988; GSC 80528; GSC Loc. No. 
C-080577; Fannin Formation, Maude Island; Upper Pliensbachian; scale = 128 
P"'. 
Figure 2: Katroma n~nstintsicarter, 1988; GSC 80694; GSC Loc. No. C-080577: 
Fannin Format~on. Maude Island, Upper Pliensbachian; scale = 200 pm. 
Figure 3: Bipedis fanninicarter, 1988; GSC 80702; GSC Loc. No. C-080577; Fan- 
nin Formation. Maude Island; Upper Pliensbachian; scale = 144 pm. 
Figure 4: Parahsuum edenshawi(Carter, 1988); GSC 80653; GSC Loc. No. C.080577; 
Fannin Formation, Maude Island; Upper Pliensbachian; scale = 200 pm. 
Figure 5: Crucella angulosa Carter. 1988; GSC 80591 ; GSC Loc. No. C-080577; 
Fannin Formation, Maude Island; Upper Pliensbachian; scale = 216 pm. 
Figure 6: Jacus magnificus Carter, 1988; GSC 80676; GSC Loc. No. C-080579; 
Whiteaves Formation, Maude Island; Middle Toarcian; scale = 191 pm. 
Figure 7: Hsuum optimus (Carter, 1988); GSC 80674; GSC Loc. No. C-080579; 
Wh~teaves Format~on. Maude Island; Middle Toarcian; scale = 217 pm. 
Figure 8: Protounuma paulsmithi Carter, 1988; GSC 80657; GSC Loc. No. C- 
080579; Whiteaves Formation, Maude Island; Middle Toarcian; scale = 137 pm. 
Figure 9: Homeoparonaella reciproca Carter, 1988; GSC 80505; GSC Loc. No. C- 
080584; Phantom Creek Formation, Yakoun River, Graham Island; Upper mid- 
dleilower upper Toarcian; scale = 224 pm. 
Figure 10: Tympaneides charlonensis Carter. 1988; GSC 80555; GSC Loc. No. C- 
080583; Phantom Creek Formation, Yakoun River, Graham Island; Upper mid- 
dleilower upper Toarcian; scale = 170 pm. 
Figure 11: Triipocyclia rosespitense Carter, 1988; GSC 80502; GSC Loc. No. C-080597; 
Phantom Creek Formation, Yakoun River, Graham Island; Upper Toarcian; scale 
= 170 pm. 
Figure 12: Elodium cameronicarter. 1988; GSC 80631; GSC Loc. No. C-080597; 
Phantom Creek Formation, Yakoun River, Graham Island; Upper Toarcian; scale 
=217 pm. 
Figure 13: Mesosaturnalis hexagonus (Yao, 1972); GSC 80615; GSC Loc. No. C- 
080583; Phantom Creek Formation. Yakoun River. Graham Island; Upper mid- 
dlellower upper Toarcian, scale = 236 pm. 
Figure 14: Spongiosloma saccideon Carter, 1988; GSC 8061 1 ; GSC Loc. No. C- 
080583; Phantom Creek Formation. Yakoun River, Graham Island; Upper mid- 
dleilower upper Toarcian; scale = 191 pm. 
Figure 15: Rolumbus kiustaense Carter. 1988; GSC 80681; GSC Loc. No. C- 
080583; Phantom Creek Formation..Yakoun River, Graham Island; Upper mid- 
dlellower upper Toarcian; scale = 200 pm. 

Figure 16: Parahsuum sp B: GSC 80758; GSC Loc. No. C-080583; Phantom 
Creek Formation. Yakoun R~ver, Graham Island; Upper m~ddleilower upper Toar- 
cian; scale = 188 pm. 

PLATE 10 
Scanning electron micrographs of Pliensbachi;~n Fora~ninifera from the 

Queen Charlotte Islands, British Columbia. Bar scillc = nurnbcr of pm cited for 
each spccimcn illustrated. 
Figure l : Paralingulina tenera tenuistriata (No~ang); GSC 95659; GSC Loc. No. 
C-172558; Ghost Creek Formation; Early Pliensbachian; scale = 150 ltm. 
Figure 2: Paralingulina tenera subprismatica (Franke); GSC 95660; GSC Loc. No. 
C-127851; Ghost Creek Formation; Early Pliensbachian; scale = 150 pm. 
Figure 3: Paralingulina tenera pupa (Terquem): GSC 95661 ; GSC Loc. No. C-127933; 
Ghost Creek Formation; Early Pliensbachian; scale = 150 pm. 
Figure 4: Paralingulina tenerasubsp. A.; GSC 95662; GSC Loc. No. C-127851; Ghost 
Creek Formation; Early Pliensbachian; scale = 150 pm. 
Figure 5: Paralingulinasp.; GSC 95663; GSC Loc. No. C-127868; Ghost Creek For- 
mation; Early Pliensbachian; scale = 150 pm. 
Figure 6: Marginulinaprima d'orbigny var.; GSC 95664; GSC Loc. No. C-172565; 
Ghost Creek Formation; Early Pliensbachian; scale = 150 pm. 
Figure 7: lchthyolaria bicostata bicostata (d'orbigny); GSC 95665; GSC Loc. No. 
C-127899; Ghost Creek Formation; Early Pliensbachian; scale = 190 pm. 
Figure 8: lchthyolaria bicostata mesoliassica (Brand); GSC 95666; GSC Loc. No. 
C-127868; Ghost Creek Formation; Early Pliensbachian; scale = 190 pm. 
Figure 9: Mesodentalina hausieri (Schick); GSC 95667; GSC Loc. No. C-1 27868; 
Ghost Creek Formation; Early Pliensbachian; scale = 190 pm. 
Figure 10: Mescdentalina tenuistriata (Terquem); GSC 95668; GSC Loc. No. C-1 27899; 
Ghost Creek Formation; Early Pliensbachian; scale = 190 pm. 
Figure l l : Marginulina burgundiae Terquem; GSC 95669; GSC Loc. No. C- l  7271 5; 
upper part of the Fannin Formation; Late Pliensbachian; scale = 514 pm. 
Figure 12: Bigenerina? sp.; GSC 95670; GSC Loc. No. C-172595; lower part of the 
Fannin Formation; Early Pliensbachian; scale = 514 pm. 
Figure 13: Ichthyolaria? pygmaea (Franke); GSC 95671 ; GSC Loc. No. C-1 27840; 
lower part of the Fannin Formation; Early Pliensbachian; scale = 514 pm. 
Figure 14: Lingulonodosariasp.; GSC 95672; GSC Loc. No. C-172607; upper part 
of the Fannin Formation; Late Pliensbachian; scale = 150 pm. 
Figure 15: Neobulimina? sp.; GSC 95673; GSC Loc. No. C-172607; upper part of 
the Fannin Formation; Late Pliensbachian; scale = 112 pm. 

PLATE 11 
Scanning electron micrographs of Toarcian Foramlnifera and ostracoda 

from tlie Queen Charlotte Islands. British Columbi;~. Bar scale = number of pm 
cited for each specimen illustr;~ted. 
Figure l : Reinholdella cf. macfadyeni (Ten Dam); GSC 95644; GSC Loc. No. C- 
127824; Whiteaves Format~on, Septarian Shale Member; Middle Toarcian; scale = 

312 pm. 
Figure 2: Falsopalmulajurensis (Franke); GSC 95645; GSC Loc. No. C-172619: Phan- 
tom Creek Formation, Coqu~no~d Sandstone Member; Upper Toarcian; scale = 312 
pm. 
Figure 3: Kinkelinella sp.; GSC 95646; GSC Loc. No. C-127824; Whiteaves For- 
mation, Septarian Shale Member; Middle Toarcian; scale = 500 pm. 
Figure 4: Lenticulina sp. T l ;  GSC 95647; GSC Loc. No. C-l 72423; Whiteaves For- 
mation, Septarian Shale Member; Middle Toarcian; scale = 500 pm. 
Figure 5: Falsopalmula varians (Bornemann); GSC 95648; GSC Loc. No. C- 
127824; Whiteaves Format~on, Septarian Shale Member; M~ddle Toarc~an; scale = 

500 pm. 
Figure 6: Lenticulina d'orbignyl (Roemer) var.; GSC 95649; GSC Loc. No. C- 
172372; Whiteaves Formation. Concretionary Shale Member; Middle Toarcian; 
scale = 500 pm. 
Figure 7: Lenticulina pnma (d'orbigny); GSC 95650; GSC Loc. No. C-172378; 
Whiteaves Formation, Concretionary Shale Member; Middle Toarcian; scale = 500 
pm. 
Figure 8: Lenticulina sp. T2; GSC 95651 ; GSC Loc. No. C-l 72621; Phantom Creek 
Formation, Coquinoid Sandstone Member; Upper Toarcian; scale = 714 pm. 
Figure 9: Lenticulinasp.; GSC 95652; GSC Loc. No. C-172378; Whiteaves Formation. 
Concretionary Shale Member; Middle Toarcian; scale = 714 pm. 
Figure 10: Lenticulina d'orbignyi (Roemer); GSC 95653; GSC Loc. No. C-172706; 
Whiteaves Format~on. Septarian Shale Member; Middle Toarcian; scale = 714 pm. 
Figure 11 : Lenticulinagoningensisi(i(Bornemann); GSC 95654; GSC Loc. No. C-172390; 
Whiteaves Formation, Septarian Shale Member; Middle Toarcian; scale = 714 pm. 
Figure 12: Pseudonodsaria pygmaea (Terquem); GSC 95655; GSC Loc. No. C-172706; 
Whiteaves Formation, Septarian Shale Member; Middle Toarcian; scale = 714 pm. 
Figure 13: Citharina cf. tonguemari (Terquem); GSC 95656; GSC Loc. No. C- 
17261 9; Phantom Creek Formation, Coquinoid Sandstone Member; Upper Toarcian; 
scale = 714 pm. 
Figure 14: Citharina saggittiformis (Terquem); GSC 95657; GSC Loc. No. C- 
172424; Whiteaves Formation, Septarian Shale Member; Middle Toarcian; scale = 
714 pm. 
Figure 15: Vaginulina listi (Bornemann); GSC 95658; GSC Loc. No. C-172378; 
Whiteaves Formation, Concretionary Shale Member; Middle Toarcian; scale = 714 
c1m. 
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for locating additional specimens in other microfossil rcsidues and slide 
collections and by processing samples obtained from previous field work. 

Most ichthyoliths have been recovered from the Lower Jurassic 
shale samples of the Toarcian Whiteaves Formation. Other ichthyolith 
occurrcnccs havc been found in the Fannin and Ghost Creek forma- 
tions of the Pliensbachian. 

Ichthyoliths from the Whiteaves Fonnation have a variety of dis- 
tinct forms, with one common type (Plate 12, figs. 9 and 10). Other 
forms illustrated in this plate show some of their diversity. Figures 1 -  
12 illustrate teeth and 13-18 dermal denticles. An interesting feature 
of ichthyoliths is that they appear to show colour changes in speci- 
mens from different sections (Plate 12. figures 4 and 5) Fannin For- 
mation types are very dark brown-black whereas other types show 
varying grades of transparent amber; the potential for colour/thcrmal 
alteration indices needs to be explored. 

Ichthyolith zonation would be premature at this stage. The num- 
ber of specimens needs to be increased through adtlitional sampling. 
A new taxonomic system (initiated by Doyle et al., 1974 for Ceno- 
zoic ichthyoliths) will need to be expanded to include new Jurassic 
forms. Johns is confident that in samples collected from the Queen 
Charlotte Islands and other localities, distinctive ichthyolith types will 
be recognized with specific agekzone ranges. 

There is clearly a growing interest in ichthyolith biostrati- 
graphical studies at other institutions. Since 1971 to the present, 
Doyle, Riedel, Tway and many others from Scripps Institute of 
Oceanography have contributed many papers describing new ichthy- 
olith forms and utilized them to date Cenozoic and Upper Mesozoic 
sedi~nents from D.S.D.P. cores. Doyle and Riedel(1985) give an ex- 
cellent summary of current ichthyolith taxonomy and stratigraphic 
ranges. Ichthyoliths have been particularly useful for dating pelagic 
sediments which are olien lacking calcareous and siliceous microbssils 
(Helms and Riedel, 1971; Doyle et al., 1974; other references with- 
in). Ichthyoliths have been used to recognize reworking in sediments 
and low biological protluctive areas and in addition, distinguish hiii- 
tuses from slowly accumulating sedi~nents (Doyle et al., 1977; Edger- 
ton et al., 1977; Doyle and Riedel, 1979, 1980; Kaneps et al., 1981 ; 
Gottfried et al., 1984a,b). 

As ichthyoliths are found in most sediments thcy could be par- 
ticularly useful for dating those rocks that are apparently otherwise 
unfossiliferous. 

Ichthyosaurs. At Kemecott Point, particularly in the Lower Sinemuriru~ 
beds of the Sandilands Formation, fragments of bone, including parts 
of two skulls, from several ichthyosaurs have been recovered. The oc- 
currences suggest a stratigraphic position slightly higher than Canadcn- 
sis Zone ammonites. The fossils have been studied by Shane Denni- 
son, a student of P.L. Smith, aind a report on his findings will be 
published soon. Preservation is poor but the rarity of such finds in the 
Canadian Lower Jurassic makes this occurrence important. One spec- 
imen has been identified as Ichthyosc~ur-~1.7 sp. showing some similar- 
ities to I .  renuir-oslr-is and /. rotiyheru.i (S. Demison, pers. comm., 19x9). 

Invertebrates 
Coleoids. The Lower Jurassic strata co~nmonly but not abundantly 
yield representatives of coleoidea. Material collected was sent to the 
late J.A. Jeletzky who, from time to time reported on the submitted 
material. However, the material has not formed the basis of any 
comprehensive investigation. 

Species of Atr.ac.tite.7 have been collected infrequently in Hettangian 
through Pliensbachian rocks but no specimens were well-preserved. 
Probably the Sandilands Fonnation has yielded the greater number. 

In the upper part of the Whiteaves Formation and the lower half 
of the Phantom Creek Formation dicoelitid belemnites arc common 

and in a few places relatively abundant. The only part of the geological 
column in Queen Charlotte Islands that yields dicoelitid belemnites 
is the Middle Toarcian and the lower part of the Upper Toarcian. As 
such they are easily recognized index fossils. They also arc the ear- 
liest bcle~ruiitc recorticd, as coleoids of the Early To:~rci;in are extremely 
rare and bclicved to be A/r.uc.ti/e.s. Other bclernnitcs havc been found 
in the highest Toarcian beds. commonly above the highest Hattln~n- 
/or.er.a.r species, hut these are not tlicoelitids. The stratign~phic posi- 
tion of these coleoids in Queen Charlot~e Islands seems to be retlected 
in other areas of British Columbia. 

Nautiloids. In the Fannin Formation (Carlottense Zone. Late Pliens- 
bachian) a few large but poorly preserved nautiloids have been found. 
A few were also found in the Whiteaves and Phantom Creek forrna- 
lions of the Toarcinn. None has as yet been found in the Hettangian 
or Sinemurian of Sandilands Formation. 

Bivalves. Bivalvcs arc common throughout the Lower Jurassic stra- 
ta but seldom are thcy the more prevalent taxa in any collection. Sel- 
dom, are beds encountered that are coquinoid in character. There seems 
however, to be a fairly great diversity in genera. Thin-shelled spec- 
imens that might characterize moderate to deep water depth are as- 
sociated with ammonite species in shale or siltstone sequences. Pec- 
tinid species are common in the Fannin Formation and in the Phantom 
Creek Formation and usually small in size. IVoylo has been found in 
the Upper Pliensbachian Fannin Fo~niation, possibly the Sandilands 
Formation and possibly the Toarcian part of the Fannin Formation. 
M/evln is most abundant in shallow water settings and the general lack 
of this fauna may point to a moderate to deep water depth. 

Brachiopods. Rhynchonellitl brachiopods are present in the Fannin 
Formation, particularly in the upper parts. Elsewhere the Lower 
Jurassic beds are devoid of brachiopods or rare single specimens 
Inay be encountered. 

Other. Faunas such as g:istropods ancl crustaceans are rare, dis- 
tributed without any particular stratigraphic reason. In general most 
beds of the-Early Jurassic show evidence of organic remains. Trace 
fossils are common and bioturbntion is characteristic of many beds. 

Flora 

Leaves are found occasionally as single, fortuitously preserved spec- 
imens. Nowhere are they abundant or suggest extensive nonmarine 
deposition. Wood is a common constituent of the beds throughout the 
Lower Jurassic but seldom are pieces larger than 15 cm seen. For some 
unknown reason leaves appear more common in the Upper Pliens- 
bachian Fannin Formation but this may be more apparent than real. 

FUTURE BIOSTRATIGRAPHIC WORK IN 
QUEEN CHARLOTTE ISLANDS 

The biostratigraphic work on the Early Jurassic faunas is well 
advanced. The lithostratigraphy has been described and published 
(Cameron and Tipper, 1985) and will be modified as work continues. 
Smith and Tipper have completed the study of Pliensbachian ammonites 
and a monograph will be forthcoming. Jakobs and Jmsef Palfy are cur- 
rently investigating the Toarcian and Sinemurian respectively as the- 
sis topics. Tipper will be publishing on Hettangian ammonites after 
field work and study are compleled. Carter has published one bulletin 
on Radiolaria (Carter et al., 1988) and further publications on the Het- 
tangian, Sinemurian, and Early Pliensbachian f o ~ m s  are planned as 
soon as possible. The field work on Toarcian-Pliensbachian Fo~uninifera 
is complete and Ciuneron plans reports in the future. The study of ichthy- 
oliths is still in its infancy but Johns hopes to pursue this further. 
Studies on other faunas will be encouraged when interest in them is 
forthcoming. 





PLA'TE 12 
Sci~nning electron ~nicrogr;~phs of  L.o\ver Jurassic ich~llyol i~hs from the 

Queen Charlotte Islnntls. Bri~ish <'olutnbia. Spccirnc~ls arc from sanlples tlc- 
scribed in slratigraphic sections from C;~meron and Tippcr ( 108.5). Tc~nporary 
typc nutnhrrs have hecn ;15signctI 10 each specimcn, sincc identification has 
yet to Is completetl. Rar sc;~le = numbcr ot'111n cited for cach spccilnen illusrrirtod. 

Figure l: Type Jur-01; GSC 95626: GSC Loc. No. C-127928; Strat. Sect. No. 
10; Rennell Junction, Graham Island, Maude Group, Ghost Creek Formation; 
Early Pliensbachian; scale = 500 ttm. 
Figure 2: Type Jur-02; GSC 95627; GSC Loc. No. C-127895: Strat. Sect. No. 
10; Rennell Junction. Graham Island, Maude Group, Fannin Formation; Early 
Pliensbachian; scale = 500 )[m. 
Figure 3: Type Jur-03; GSC 95628; GSC Loc. No. C-127837; Strat. Sect. No. 
10; Rennell Junction, Graham Island, Maude Group. Fannin Formation; Early 
Pliensbachian; scale = 500 !m. 
Figure 4: Type Jur-04: GSC 95629; GSC Loc. No. C-172522; Strat. Sect. No. 
9; Maude island, Maude Group, Fannin Formation; Late Pliensbach~an to Early 
Toarcian; scale = 500 pm. 
Figure 5: Type Jur-05; GSC 95630; GSC Loc. No. C-1 72523; Strat. Sect. No. 
9: Maude Island, Maude Group. Fannin Formation; Late Pliensbachian to Early 
Toarcian; scale = 300 pm. 
Figure 6: Type Jur-06; GSC 95631: GSC Loc. No. C-1 72440; Strat. Sect. No. 
15: Yakoun River, Graham Island, Maude Group, Whiteaves Formation: Mid- 
dle Toarcian; scale = 500 pm. 
Figure 7: Type Jur-07; GSC 95632; GSC Loc. No. C-1 72390: Strat. Sect. No. 
14; Branch Road 57. Graham Island. Maude Group, Whiteaves Formation: 
Middle Toarcian; scale = 700 pm. 
Figure 8: Type Jur-08; GSC 95633; GSC Loc. No. C-127817; Strat. Sect. No. 
10; Graham Island, Maude Group, Whiteaves Formation; Middle Toarcian; 
scale = 300 pm. 
Figure 9: Type Jur-09: GSC 95634; GSC Loc. No. C-172307; Strat. Sect. No. 
11; Yakoun River, Graham Island, Maude Group. Whiteaves Formation; Mid- 
dle Toarcian; scale = 300 urn. 
Figure 10: Type Jur-10; GSC 95635; GSC Loc. No. C-127818; Strat. Sect. No. 
10: Graham Island. Maude Group, Whiteaves Formation; Middle Toarcian; 
scale = 300 pm. 
Figure 11: Type Jur-11: GSC 95636; GSC Loc. No. C-172477; Strat. Sect. No. 
15; Yakoun River. Graham Island, Maude Group, Whiteaves Format~on: Mid- 
die Toarcian; scale = 300 pm. 
Figure 12: Type Jur-12, GSC 95637; GSC Loc. No. C-172438; Strat. Secl. No. 
15; Yakoun R~ver, Graham Island. Maude Group, Whiteaves Formation; Mid- 
dle Toarcian; scale = 300 pm. 
Figure 13: Type Jur-13; GSC 95638; GSC Loc. No. C-127824; Strat. Sect. No. 
10; Graham Island, Maude Group, Whiteaves Formation; Middle Toarcian; 
scale = 500 pm. 
Figure 14: Type Jur-14; GSC 95639; GSC Loc. No. C-127824; Strat. Sect. No. 
10; Graham Island, Maude Group, Whiteaves Formation; Middle Toarcian: 
scale = 190 pm. 
Figure 15: Type Jur-15; GSC 95640; GSC Loc. No. C - l  72390; Strat. Sect. No. 
14; Branch Road 57. Graham Island. Maude Group, Whiteaves Formation; 
Middle Toarcian; scale = 190 pm. 
Figure 16: Type Jur-16; GSC 95641: GSC Loc. No. C-127824; Strat. Sect. No. 
10; Graham Island, Maude Group, Whiteaves Formation; M~ddle Toarcian; 
scale = 190 pm. 
Figure 17: Type Jur-17; GSC 95642; GSC Loc. No. C- l  27824; Strat. Sect. No. 
10; Graham Island. Maude Group, Whiteaves Formation: Middle Toarcian; 
scale = 190 pm. 
Figure 18: Type Jur-18; GSC 95643: GSC Loc. No. C-172519; Strat. Sect. No. 
5; Maude Island, Maude Group, Whiteaves Formation; Middle Toarc~an; scale 
= 190 pm. 

Thc Queen Charlotte Islands w i l l  act as a type area for  much of 
the standard North American Ionat ion whether based on ammonites, 

radiolarians. or  for;tminifcrs and arc therefore pivotal to precise cor- 

relations bct\veen the allochthonoux temanes ancl between the terranes 

and the crnton. This is iI critical region because here Tethyan, cast Pa- 

c i l i c  and some Borcal f i~unas occur together. a unique situation. The 

preservation o f  faunas is pood to excellent, there is an abundant sup- 

ply o f  specimens. there is a h igh diversity i n  the faunas. and the 

stratigraphic sequence. although in numerous short sections can be 

worked  out  and checked in several sections. A s  an example the 

Pliensbachian section has been painstakingly reconstructed so that w e  

arc confident we have a complete Pliensbachian sequence that is 

continuous w i t h  the Sinemurian below and the Toarcian above. W e  

have been able to establish an amtnonite zonation that readily falls into 

f ive zones (Smith et al., 1988) which. w i t h  further work  may  be sub- 

d iv ided into subzoncs. Th is  7onation is the first o f  four  for  am- 

monitcs in each stage and i n  titnc zonations based o n  Foraminifera 

and Radioluria are possible ancl w i l l  be closely tied to  the ammonite 

zonation. Th is  is already undcr way I'or the Radiolaria (Carter et al., 

19x8). 

In addition to their atratigtxphic utility. fossils can be used as pow- 

er fu l  tools in biogeography and the study o f  nllochthonous terranes 

(Smith and Tipper, 1986). H i g h  diversity faunas and high endemism 

in the faunas suggest a low latitude position o f  the area in Pliensbachian 

time. The presence of Fnnrzinocvr-us and other faunas indicate an east 

Pacif ic posit ion in Pliensbachian t ime and the presence of amalthei- 

ds indicates an or ig in in the northern hemisphere resolving the hemi- 

bphere ambiguity inherent in paleomagnetic data. Studies such as these 

place constraints o n  paleogeographic models independent o f  geological 

or  geophysical data (Smtth, 1988). 

Macrofossils and tnicrofosails arc a means o f  providing fast, ac- 

curate, and precise dating o f  rock units, unconformities. and sttuctural 

evcnts. Macrofossils such as arntnonitcs can provide a standard zona- 

t ion that can be correlated wor ld  wide w i t h  great precision. M ic ro -  

fossils o f  several classcs or  orders can together offer even grcater de- 

tai l  and precision of zonation and when correlated w i th  an amtnonite 

standard, of fer  a high resolution method o f  precise wor ld  wide cor- 

relation. The  Queen Charlotte Islands have fossil faunas that are ad- 

mirably suited to  achieving this result. 
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APPENDIX 1 

Hettangian ammonite locality register 
Information is provideti hcrc for illustrated Hettangian am- 

monite material. 

GSC Loc. No. C-156906.88-3-3-G. 103F/14E, Frederick Island. 
62 1300E. 5975200N. Grahaln Island, Kennecott Point. Kunpa Group. 
Sandilands Fot-niation: Lower Hettangian. 

GSC Loc. No. C-156907.88-3-4-G, 103F/14E, Frcderick Island, 
621300E, 5975200N. Graham Island. Kcnnecott Point. Kunga Group. 
Sandilands Formi~tion: Lower Hettangian. 

GSC Loc. No. C- 1569 15. 88-5-2-TD, 103F/14E, Frcderick Is- 
land, 62 1300E. 5975200N. Graham Island, Kennecort Point, Kunga 
Group, Sandilands Forniation: Middle Hettangian. 

APPENDIX 2 

Sinemurian ammonite locality register 
Information is provided here for illustrated Sinemurian am- 

monite material. 

GSC Loc. No. C-157501. 103F/8. Yakoun Lake, 679050E. 
59212WN. central Graham Isl:uid, Kunga Group, Siuidilluids Fo~mi~tion: 
Upper Sinernurian. 

GSC Loc. No. C-157517. 103F/8, Yakoun Lake. 679050E. 
5021 2(X)N. ccntnl Gritham Island. Kunga Group, Sandil~ulds Formation; 
Upper Sinernurii~n. 

GSC Loc. No. C- 157623. 87TD-2 IT, 103F/14E, Frederick Is- 
li~nd, 62 1300E, 5975200N. Graham Island, Kennecott Point, Kungn 
Group. Sandilantls Formation; Lower Sincmurian. 

GSC Loc. No. C- 157620. 87TD-2 10, 103F/14E, Frederick Is- 
land, 62 1300E. 5075200N. Gritham Island. Kennecott Point, Kunga 
Group, Sandilands Formation; Lower Sincrilurian. 

UBC 08 103F/l, Skitlegate Channel, 697200E. 5998400N. south 
shore of Maude Island, Kunga Group, Sandilands Formation: Lower 
Sinemurian. 

APPENDIX 3 

Pliensbachian ammonite locality register 
lnformation is provided here for illustrated Pliensbachian nm- 

monite material. 

GSC Loc. No. 048564. 103F/1, Skidegate Chirnnel. 698800E. 
5897300N. Whiteaves Bay, north shore of Moreshp Island, Maudc 
Group, Fannin Formation; Kunae Zone. 

GSC Loc. No. C-080610. 103G/4, Cumshewa Inlet, 302500E, 
5881500N. Curnshewa Inlet. northeast of Barge Point, Maude Group, 
Fannin Formation (lowcr part); Whitcavesi to Frcboldi Zone. 

GSC Loc. No. C-080786. 103F/I. Skidegate Channel. 697200E. 
589X300N. Fannin Bay, south shorc of Maude Island, Maude Group, 
Fannin Formation; I m bclow the top ofthe section in Figure C): Car- 
lottense Zone. 

GSC Loc. No. C-08 1703. 103F/8. Yakoun Lakc, ccntlxl (il.aham 
Island: Maude Group, Fannin Formation; Kunac Zone. 

GSC Loc. No. C-090587. 103F18, Yakouri Lake, 6X1700E, 
5917700N. central Grahnm Island (Strnt. Sect. No. I0 of Cameron and 
Tipper. 1985): Maude Group, Fannin Formation (lower pan): 12.5- 
16.5 m above the base of the "Rcnnell Junction Form;rtion" of Strat 
Sect. No. 10 of Cameron and Tipper, 1985; White;rvcsi Zone. 

GSC Loc. No. C-090614. 103F/1, Skidegatc Channel, 697200E. 
5898300N. Fannin Bay. south shore of Maude Island, Maude Group, 
Fannin Formation: 4 m above the base of the Fannin Formation of Strot 
Sect. No. 8 of Cameron and Tipper, 1985; Kunae Zonc. 

GSC Loc. No. C-090974. 103F18, Yakoun Lithe, 679800E. 
592 IOOON. central Grah;~m Island, Maudc Group, Ghost Creek For- 
mation: lmlayi Zone. 

GSC Loc. No. C-090977. 103F18, Yakoun Lakc. 679800E, 
5921000N. ccntral Graharn 1sl;uid. Maude Group. Ghost Creek For- 
mation: 1rnl;lyi Zone. 

GSC Loc. No. C-00 1794. 103F/I. Skidepate Channel. 697200E, 
58983001V. Fannit1 Bay on south shorc of Maude Island, Maudc 
Gmi~p, Fimnin Fonnation (lower part); I4 m above thc basc of the "Ren- 
nell Junction Formation" o f  Strut Sect. No. X o f  Cameron and Tipper, 
1985: Whitcnvesi Zone. 

GSC Loc. No. C-093575. 103F/I, Skidegate Chanticl, 698000E. 
5897300N. Whitcavcs Bay, north shore of Moresby Island, Maude 
Group, Ghost Creck Formation; Whitcavcsi Zone. 

GSC Loc. No. C- l 17003. 103F/1, Skidepate Channel, 697200E, 
5898300N. Fannin Bay on south shore of Maude Island, Maude 
Ciroup, Fannin Formation; I m below the top of the section in Fig- 
ure 9: Carlottense Zone. 

GSC Loc. No. C-l 17019. 103G/4, Cumshewa Inlet. 302500E. 
588 1500N. Cumshewa Inlet, northeast of Barge Point, Maude Group. 
Fannin Fo~mation (lower part): Wliiteavesi and lowest Frcboldi Zone. 

GSC Loc. No. C- 1 17032. 103F/1, Skidegate Channel. 697200E. 
5898500N. Fannin Bay on south sliorc of Maude Island. Maude 
Group, Fannin Funnation: loose 1 .S m above the base of the Fannin 
Formation oSStrat.  sec^. No. 8 oSC~uiieron and Tipper, 1985: Kuriae 
Zone. 

GSC Loc. No. C- 15755 1. 103Fl8, Yakoun Lake. 679800E. 
592 1000N. central Graham Island. Maude Group. Ghost Creck For- 
mation; Imlayi Zone. 

APPENDIX 4 

Toarcian ammonite locality register 
Information is provided here for illustrated Toarcian ammonite 

ri~atesinl. 

GSC Loc. No. C-080778. 103F/I. Skidegate Channel, 698800E, 
5897300N. Moresby Island, Whiteaves Bay. Fannin Formation; 9.0 
m above the base of the Whiteaves Bay section. Lower Toarcian. 

GSC Loc. No. C-087105. 80TD-63FA. 103F/8, Yakoun Lake, 
681500E, 5922000N. Graharn Island. Yakoun River, Whiteaves For- 
mation: 25 m above the base of the Yakoun River section. Middle Toar- 
cian. 

GSC Loc. No. C-0871 14.8OTD-84FA, 103F/8, Yakoun Lakc, 
681500E. 5923000N. Graham Islantl, Yakoun River, Phantom Creek 
Formation; 74 m above the base o f  the Yakoun River section. Upper 
Toarcian. 

GSC Loc. No. C-OX71 18. XOTD-80FA. 103F/8, Yakoun Lake. 
68 1500E. 5922000N. Graham Island, Yakoun River, Phantom Creek 
Formation: 75 m above the base of the Yakoun River section. Toar- 
cian. 

GSC Loc. No. C-OX7 122. 8OTD-76FA-I,103F/X, Yakoun Lake, 
681 500E, 5922000N. Graham Island, Yakoun River, Whiteaves For- 
mation: 58 m above the base of the Yakoun River section. Upper Toar- 
cian. 

GSC Loc. No. C-0872 15. 80TD-50FA, 103F/X, Yakoun Lake, 
682000E. 5922500N. Graham Island. Yakoun River, Phantom Creek 
Fomiation: 20 m below the top of Strat. Sect. No. 12 (Cameron and 
Tipper, 1985). Upper Toarcian. 

GSC Loc. No. C-1 57728.87TDJ. 103F/8, Yakoun Lake, 68 1500E, 
5922000N. Graharn Island. Yakoun River, Whiteaves Formation; 
Talus from the section on the Yakoun River. Upper Toarcian. 



GSC Loc. No. C-158008. 87TDJ. 103F/X. Yitkoun Litkc. 
6821500E, 5922100N. Gmh~un Island, Ynkoun Rivcr. Whitcavcs 
Formation; Talus from the Yakoun Rivcr on the shore opposite Strat. 
Sect. No. 15 (Cameron and Tipper. 1985). Lower Toarcian. 

GSC Loc. No. C-158027. 87TDJ. I03F/X, Yakoun Lake. 
6821500E, 5922100N. Graha~n Island. Yakoun Rivcr. Whiteaves 
Formation: 79.0 m abovc the base of the scction opposite Strat. Scct. 
No. 15 (Cameron and Tipper. 1985). Lower Toarcian. 

APPENDIX 5 

Radiolaria locality register 
lnfor~nation is provided here for illustrated ratliolarian 11iatcl.ial. 

GSC Loc. No. C-080577. Maude Island: 53'1 l .$?'N. 132'3.63'W. 
Maude Group, Fannin Formation: fine c:~lcarenite collected 54.3 m 
below top of Fannin Fonnation (Strat. Scct. 4 of Ciuneron and Tipper. 
1985). 

GSC Loc. No. C-080579. Maude Island, 53'1 1.94.N. 132"3.25'W. 
Mnude Group. Whiteaves Formation: lilnestonc nodule collected 
20.5 m below top of Whiteaves Forniation (Strat. Sect. 6 of Camcron 
and Tipper, 1985). Occurs with one poorly preserved spccirnen of Pig- 
nln/occ,r.ns sp.; middle Toarcian (H.W. Tippcr. pers. colnm.. 1983). 

GSC Loc. No. C-080583, C-080584. Yakoun River. Graham Is- 
land, 53O25.19'N. 132O15.64'W. Maude Group, Phantoni Creek For- 
mation; fine calcarcnitc samples collected 10.5 and 14.5 m. respec- 
tively, above top of Whitcavcs Forniation (Strat. Sect. 12 of Camcron 
and Tippcr, 1985). Based on co-occurring ammonites, siumples ~11.c late 
middle or early late Toarcian (H.W. Tipper. pers. cornm., 1984). 

GSC Loc. No. C-080597. Yakoun River. Graham Island, 
53O25.22'N. 132'1 5.73.W. Maude Group, Phantom Creek Fonnation; 
sample is fine calcarcnite, collected with ammonites refcrrcd to the 
late Toarcian (H.W. Tippcr, pers. comm., 1983). 

GSC Loc. No. C-164676. Kunga Isliuid, north (87CAA(EC)KUD- 
2); 52"46.33'N, 13 1°33.58'W. Kunga Group, Sandilands Forma- 
tion; 22.5 m ahovc exposed base of section D; micrite concretion. 

GSC Loc. No. C-164659. Kcnnccott Point. Graham Island 
(87CAA(EC)KPB 10): 53'54.73'N. 133O9.1 5'W. Kunga Group, 
Sandilands Formation; 44.5 m above exposed basc of section B; 
limestone lensc. Occurs with Rntlorr.ritr c.atroderlsis. basal Sinclnuri- 
an (H.W. Tipper. pcrs. comm., 1988). 

GSC Loc. No. C- 16466 1. Kennecott Point, Graham Island 
(87CAA(EC)KPB 12): 53'54.73'N, 133'9.1 5'W. Kunga Group, 
Sandilands Formation: 50 m above exposed basc of section B; lime- 
stone concretion (20 X 40 cm). Occurs with Bado~r.t-in c~at~odet~.si.r, basal 
Sinemurian (H.W. Tipper. pers. comm., 1988). 

APPENDIX 6 

Foraminifera locality register 
Information is provided here for illustrated foraminifera mate- 

rial. Stratigraphic sections arc described in Camcron and Tipper. 
1985. 

GSC Loc. No. C- 127824. 80-CAA-T-0 I .  Stn. 22B, Sh 01 B: 
103F/8W, Yakoun Lake: 68 1800E. 5917750N. Grahanm Island, Ren- 
nell Junction, Whiteaves Fonnation, Septarian Shulc Member: 258.0- 
258.9 m below the top of Strat. Scct. No. 10; Middle Toarcian. 

GSC Loc. No. C-127840. 80-CAA-T-07. Stn. 05, Sh 01; 
I03F/XW. Yakoun Lakc; 68 1600E. 5917750N. Graham Island, Ren- 
nell Junction. lower part ofthc Farmin Fommation; 327.9 m bclow the 
top of Strat. Sect. No. 10; Early Pliensbachian. 

GSC Loc. No. C-1 2785 1. 80-CAA-T-07. Stn. l l ,  Sh 01; 
103F/8W, Yakbun Lake; 68 1600E, 591 7750N. Graham Island, Ren- 

ncll Junction, Ghost Crcck Fonnation; 356.7 m bclow the top of 
Stri~t. Scct. No .  10: Early Pliensbachian. 

GSC Loc. No. C- 127868. 80-CAA-T-07. Stn. 14, Sh 13B; 
103F/8W, Yako~~n  Lnkc; 68 1500E. 59 17750N. Gmharn Island, Ren- 
nell Junction. Ghost Creek Formation: 414.9 m bclow the top of 
Strat. Sect. No. 10: Early Pliensbachian. 

GSC Loc. No. C- 127899. 82-CAA-01. Sh 16; 103F/8W. Yak- 
oun I.akc; 68 ISWE. 59 17750N. Graham Island. Renncll Junction, Ghost 
Creek Formation; 41 5.5-4 16.1 m bclow the top of Strat. Sect. No. 10; 
Early Pliensbachian. 

GSC Loc. No. C-1 27933.79-CAA-RP-01. Sli 08: IO3F/8W, Yak- 
oun Lake: 68 1500E. 591 7750N. Graham Island. Rennell Junction, Ghost 
Creek Formation; 41 7.0 m bclow the top of Strat. Sect. No. 10; Early 
Pliensbachian. 

GSC Loc. No. C-172372. 80-CAA-T-06, Stn. 10, Sh 06B; 
103F/8W. Yakoun Lakc; 681400E, 5910100N. Graham Island. 
Branch Road 57. Whiteaves Formation. Concretionary Shale Mem- 
ber: 276.0 m bclow the top of Strat. Scct. No. 14: Middle Toarcian. 

GSC Loc. No. C-172378. 80-CAA-T-06. Stn. 10. Sh I I ;  
103F/8W, Yakoun Lakc: 681400E. 5919100N. Graharn Island, 
Branch Road 57, W1iitc;ives For~iiation, Concretionary Shale Mem- 
ber; 289.5-291.0 m below the top of Strat. Scct. No. 14; Middle 
Toarcian. 

GSC Loc. No. C-172390.80/82-CAA-TT-06, Sh 08; 103FI8W. 
Yakoun Lake; 68 1300E. 5919 IOON. Graham Island. Branch Road 57. 
Wliitci~vcs Fommation. Scptarian Shale Member; 308.1-309.0 m below 
the top of Strat. Sect. No. 14; Middle Toarcian. 

GSC Lot. No. C-172423. 80-CAA-T-08. Sh 01: 103F/XW, 
Yakoun Lakc: 682100E. 5922000N. Graha~n Island, Yakoun River. 
Whitcaves Fonnation. Scptarian Shale Member: 96.0 m bclow the top 
of Strat. Sect. No. 15: Middle Toarcian. 

GSC LW. No. C-172424. 80-CAA-T-08, Sh 02; 103F/8W. 
Yakoun Lake; 682 IOOE, 5922000N. Graham Island, Yakoun River, 
Whitellvcs Formation. Septarian Shale Member; 93.9 m below the top 
of Strat. Sect. No. 15; Middle Toarcinn. 

GSC Loc. No. C-172558.78-CAA-02, Sh 08; 103F/IE, Skide- 
gate Channel; 696 1 00E, 5897700N. Mnude Island, Type Maude. 
Ghost Crcck Forliii~tion; 9.0-10.5 m abovc the base of the Ghost 
Creek Formation, Strat. Scct. No. 8; Early Pliensbachian. 

GSC Loc. No. C- 172565.78-CAA-02, Sh 15; 103F/1 E, Skide- 
gate Channel; 696200E. 5897700N. Maude Island. Type Maude. 
Ghost Creek Formation; 19.5-2 1 .O m above the base of the Ghost Creek 
Formation, Strat. Sect. No. 8: Early Pliensbachian. 

GSC Loc. No. C-172595. 78-CAA-02, Sh 45; 103F/IE, Skide- 
gate Channel; 696400E, 5897800N. Maude Island, Type Maude. 
lower part of the Fannin Formation; 61 .S-63.0 m above the base of 
the Ghost Creek Formation, Strat. Sect. No. 8; Early Pliensbachian. 

GSC Loc. No. C-1 72607.78-CAA-02, Sli 57; 103F/1 E, Skide- 
gate Channel; 696400E, 5897900N. Maude Island. Type Maude, 
upper part of the Fannin Formation; 8 1.0-84.0 m above the base of 
the Ghost Creek For~nation. Strat. Sect. No. 8; Late Pliensbachian. 

GSC LOC. No. C-172619. 80-CAA-T-03, Sh 03; 103F/8W. 
Yakoun Lake; 682000E, 5922550N. Graham Island, Yakoun River, 
Phantom Creek Formation, Coquinoid Sandstone Member; 12.6- 
13.5 m below the top of Strat. Sect. No. 12: Upper Toarcian. 

GSC LW. NO. C- 17262 1 .  80-CAA-T-03. Sh 05: 103F/8W, 
Yakoun Lake: 682000E. 5922550N. Graham Island, Yakoun River. 
Phantom Creek Formation, Coquinoid Sandstone Member: 23.1- 
24.0 m below the top of Strat. Scct. No. 12: Upper Toarcian. 



(;S(' Loc. No. C- 172700. 78/70-('AA-'1'-06. Sh 06: 103F/I E. 
Skidcgatc Channel: 6007001~. 5S08300h. Mautlc Island. Fannin Ra).  
Whitcn\~es For~ii:~tion, Scptarian Sli:~lc h4cmhcs: 37.5-39.0 ni bclo\v 
rhc top of Sts;~t. Sect. No. 0;  Middlc .I'oascian. 

(iSC 1.o~. NO. ('-1727 15. 78-C'AA-'I'-03. St11. 01. Sh 05: IORf:/l E:. 
Skidcgatc C'lia~lncl; 007050E. 589S300N. Ma~~ t l e  Islancl. F;uinin Bay. 
uppu pan of the F::uinin Formation: Late I'licnl;h;lclii:~~i. 

APPIWDIX 7 

Ichthyolith locality register 

Inl'orriiation is provided licre Ihr illustratecl iclithyolitli ~nateri- 
al. Stratiglxphic sections arc described in Ca~iieron and Tipper. 1985. 

GSC Loc. No. C-127817. 80-('AA-'r-01. Stn. 16. Sli 01: 
I03F/XW. Yakoun Lakc; OX1  SOOE. 5017750N. Gralia~ii Isla~itl. Kcn- 
nell Ju~ictio~i, Whitcaves Formation, Concretion;lry Shulc Mctiihcl; 
23 1.0-232.5 ni bclow the lop of Strat. Scct. No. 10: Middle Toarci;t~i. 

GSC' Loc. No. C-127SIS. SO-('AA-T-01, Stn. 17, Sh 01: 
I03F/XW. Yakou~i Lahe: 68 1 SOOE. 59 17750N. Cir;lIiam Island. Kcn- 
nell J~lnctio~i. Wliitcavcs Formation. Concl-ctionasy Shnlc Mcnibcs: 
234.0-235.2 m below the top of Strat. Scct. No. 10; Mitldlc l'oarcian. 

GSC Loc. No. C-127824. 80-CAA-1'-01. St11. 22B. Sh 01 13; 
103F/XW, Y i ~ k o ~ ~ n  Lakc: 08 1800E. 59 17750N. Cisaham Isla~id, Ken- 
nell Junction, Wllitcavc\ Fosm:~tion. Scptar-i;ln Sli;~Ic Vetnbcr: 258.0- 
25X.9 m below the top of  Strat. Scct. No. 10: Middle Toarcinn. 

CiSC LOC. No. C-127837. 80-CAA-T-07. Sin. 02. Sh 01; 
103F/8W. Ynkoun Lnkc: 68 1600E. 591 7750N. Graliani Island. Ren- 
nell Junction. Iowa. part o f  the h'annin Fonilation; 3 18.0 m belo\v the 
top of Strat. Scct. No. 10: Early Plictishachian. 

GSC: 1,oc. No. C-127805. 82-CAA-01. Sh 13: IOZF/SW, Yak- 
oun Lake: ($4 IOWE. 59 17750N. Gn~ham Islaritl. licnncll Junction, lower 
part of the K ~ n ~ i i n  F:os~nation: 330.3-337.2 m bclow thc top ol'Str;~t. 
Sect. No. 10: Ei~rly Pliensl,achinn. 

CiSC Loc. No. C'- 127928. 75)-C'AA-KI'-O I. S11 03A; 103F/8W, 
Yi~koun Lakc: 681600l:. 501775ON. G ~ ~ l i a m  Island. Kc~ i~ i c l l  Jutic- 
tion. Ghost ('reek Fosmatio~i; 360.0 m bclow the top of Stsi~t. Scct. 
No. 10: Early I'licnsbacliian. 

CiS(' Loo. N o .  C'-172307. 80-('AA-T-05. Stn. 07, Sh 01: 
IO3I:/SW, Yahoun Lnkc: 68 1500E. 502 IC)OON. (irah;im 1sl:tntl. Yak- 
ou11 River. Wliitcavcs Forniation. Scl)l;lsi:~n Shale Men~hcs; 5 1.0 m, 
at rlic bax  ol' Scptnrian Slii~le Mcnibcr, Strat. Sccr. No. I I ;  Midtlle 
'I'() ;IIClclll. 

GSC Loo. KO. C'-! 72300. 80/82-CAA-TT-Oh. Sh 08; IO.?F/XW. 
Y:tkouri Lake: 68 1300E. 5019 1 OON. (in11i:un I\l;lnd. Branch Road 57, 
Whircaves F:orm;rtion, Scptari;~n Shale Me~nbel-: 308.1-309.0 m below 
the top o f  SI~;II. Scct. No. 14: Midtllc To:trci;tn. 

CiSC Loc. No.  C- 172438. SO-C'AA-T-08. Sh I h: 103F/8W. 
Yitkoun Lake: 682 IOOE. 5922 IOON. (;rahatii Isl;lnd, Yakoun River. 
Whiteavcs Fomiation. Septarian Shale Mcmbcl-: 67.5 m below the top 
of  Strat. Sect. No. 1 5: Midtllc T'o;~rcian. 

GSC Loc. No. C- 172440. 80-C'AA-T-OX, Sh I S: 103F/XW, 
Ynkoun Lake: 682100E. 5922 10ON. (iraha~n Island, Yakoun Kivcs. 
Whilc:~vcs Fo~mation. Scptxian Shale Member: 64.5 m bclow the top 
of S t ~ l t .  Scct. No. 15; Midcllc Tonscian. 

(;S<' Loo. No. C'-172447. 82-('AA-04. Sh 04: 103F/SW. Yak- 
oun Lakc: 682 IOOE. 5022000N. (iraharn Island, Yakoun Lakc. 
Whiteaves Formation, Scptilsian Shnlc Mcmbcs: 82.8-84.0 ni bclow 
the lop of Strat. Sect. No. 15; Mitldlc Toarcian. 

GSC' Loc. NO. C'- 1725 19. 78/82-('AA-T-01. Sh 0 I: 103F/I E. 
Skitlegate Channel: 607300E. 5808bOON. Maudc Isliuid. Whiteavcs 
f.'orniation. ('oncretionary Sh;~lc Mcmhcr: 6 1.5-63.0 m below the 
top of  Strat. Scct. No. 5: Midtlle Toarcian. 

GSC Loc. No. C- 172522.7C)-('AA-02, Sh 0 I : 103F/I E. Skide- 
gate Channel: 696400E. 5898400K. Maudc Islantl, Fannin Bay, 
upper p;ut of the Fannin Fomiation: 0.9-2.4 m hclow the top o f  Strat. 
Sect. No. 9: I.;ltc Plicnsbnchian. 

CiSC Loo. Nu. C- 172523.79-CAA-02. Sh 02; 103FJI E. Skide- 
g;ttc ('liannel; hC)0400E. 580840ON. M;lude Islnntl, Fannin Ray ,  
uppcl. part of the Fannin Forni;ttion: 4.5-5.4 m bclow the top of Strat. 
Scct. No. 9 Late I'licnsbacliian. 
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INTRODUCTION 
The lithostratigrapliy of the Middle Jurassic of the Queen Char- 

lotte Islands (Fig. I )  was tlescribecl by Carneron and Tipper (1985) 
and is summarizetl in Figure 2. The biostratigraphy and much or the 
paleontology are described in other repons (e.g. Catneron and Tipper, 
1985) and only a summary. with new data. is provided here. The re- 
cent mapping. structural and biostratigraphic work has resulted in a 
new understanding of geological relationships on the Queen Charlottes. 
To a large degree the more detailed biostratigraphy available (cuneron 

and Tipper, 1985) has aided this understanding. The unravelling of 
the stratigraphy has had a long and checkered history because of the 
lithological similarity of many of the units and their structural com- 
plexity and because of early confusion of a great variety of Early Juras- 
sic through Cretaceous fossils. The first mnjor strides toward a mod- 
em biostratigraphy, based on detailed taxonomic stirdies combined with 
field work. were made by McLeam (1 929. 1949) and similar studies 
continue toward the same goals. 

Hecate  Strait  

6 Graham Island 

Louise Is land 

Pacific Ocean 
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hl 

Figure 1 : Index map showing significant Middle Jurassic fossil localities, Queen Charlotte Islands. 
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The sequence as presently known (Canieron and Tipper. 1985) 
is an elaboration of what was earlier called the Maude and Yakoun 
formations (McLearn, 1949). The Maude. with incomparably better 
fossil control than was available previously, was elevated to group sta- 
t ~ ~ s  by Cameron and Tipper (1985) and subdivitled into five forma- 
tions. some of them separated by disconformities. Only the uppermost 
3-5 m are Middle Jurassic. These Aalenian beds appear to overlie gra- 
dat ionally Upper Toarcian beds. 

The Yakoun was also elevated to group rank by Cameron and 
Tipper ( 1985), has had the upper part separated fiom it, and the remaining 
major part subdivided into two formations. The lower, thicker part con- 
sists of a thick pile of monotonous flow and pyroclastic volcanic 
rocks with lesser amounts of volcaniclastic sedimentary rocks, main- 
ly in the lower part. These lower beds, the 'lower Yakoun sediments' 
of previous authors, are Bajocian in age. Several ammonite assemblages 
are present in the Lower Bajocian (Plate 1. Figs. 1-4: Plate 2), but no 
continuous sequence has been observed because of the lack ofexpo- 
sure between discontinuous outcrops (Hall and Westermann, 1980). 
Therefore the assignment to zones is bawd on correlation with ammonites 
outside the area and not on an observed succession, so that i t  is pos- 
sible that future discoveries will require that the sequence be revised. 
At least two significant new faunas, still not studied in detail, have been 
found since Hall and Westermann (1980) described two of the as- 
semblages, and all available early collections have been re-exam- 
ined. Because of the unfossiliferous nature of much of the Yakoun Group 
and the discontinuous outcrop of the fossiliferous parts, knowledge of 
its succession and characteristics remain unsatisfactory. The Yakoun 
volcanic and volcaniclastic package apparently overlies a regional un- 
conformity (Thompson et al., 1991) which, with the volcanic nature 
of the unit itself, indicates the occurrence of significant tectonic events 
in the early Middle Jurassic. The 'upper Yakoun sediments' of previous 
authors have been reassigned to the Morcsby Group and subdivided 
into three ti)l~liations (Cameron and Tippcr. 1085) which span the Ratho- 
nim-Cnllovian bounda~y. The fossil zoncs (Plntc I .  Fig. 5: Plate 3) sug- 
gest n substantial hiatus bctween this sedimentary package and the un- 
derlying volcanics. The thick volcanic pile, regional structurnl 
rel;~tionships (Thornpson et al.. I99 I ). and a possiblc i~nguli~r tliscos- 
dance at the contact (Cameron ant1 Tipper, 1985). indicate further. tcc- 
tonic activity within tile Middle Jurassic. 

Lppcr Jurassic sedimentary rocks. and supposedly Uppcr Juras- 
sic Sr~c.hiri collections. have becn rcportcti in the litcraturc on the Quccn 
Charlotte Islands (Jeletzky. I9S4; Jclctzky. i l l  Cameron and Tippcr. 

1985). The identification and age of the fossils are not firmly estab- 
lished. and stratigraphic relations suggest that a Late Jurassic age may 
be doubtful, but cannot be ruletl out entirely at some localities. The 
relationship between the Lower Callovian beds and the structurally 
discordant Lower Cretaceous Longarm Fo~mation remains poorly un- 
derstood. The long hiatus separating these two units regionally is one 
of the major breaks in the Mesozoic succession of the Queen Char- 
lottes and coincides with a widespread plutonic event (Anderson 
and Reichenbach, 1991 ). 

In the locality descriptions that follow. the locations and strati- 
graphic context are taken tlirectly from the field "pink slips" supplied 
by the collector. thus there is considerable variation in the fo~mat ant1 
quality of this information. 

AALENIAN 
The lower Aalenian is represented in Queen Charlotte Islands by 

a belemnite-rich. calcareous sandstone at the top of the Phantom 
Creek Formation, conformably overlying beds with latest Toarcian 
fossils. The Aalenian beds are almost certainly Lower Aalenian 
(Leioc.errrs o l ? o l i l i ~ r m  or Tnietoc.c~rrts sc.i.ssrmi Standard zones) based 
on the presence of Tnreroc.era.9 sc.i.ssrrm Benecke and Brec!\.ia cf. 
r n a ~ i f l u s e ~ n i s  Westermann ( " H n n i ~ i i ( ~ t o c e r . a s "  of previous reports) 
(Poulton and Tipper, in press). The Aalenian ammonites have been 
found on Yakoun River and on logging road 59 (section 13. Cameron 
ant1 Tipper, 1985), both on Graham Island. 

Carter et al. (1988) described a distinctive association of radio- 
laria from the Aalenian sandstone on road 59. It comprises a mixture 
of species, some of which range upward from older beds into the Aale- 
nian. Others which are characteristic of the Middle Jurassic first ap- 
pear in this zone. Both the base and top of this zone (Zonc 6, Figure 
8, Carter et al., 1988) are notable for being either the lower or upper 
limit of a number. of species. T ~ I I . ~ I I ~ ( I  i ~ l o r i ~ r r ~ c  PCSS;I~IIO and Blome. 
I ~ ~ L I ~ I I I I  o l , / i~nr rs  Carter, ;tncl E l o t l i r n ~ i  sp. make their final appearance 
in this zone. N o  microfossils other than ratliolaria have bccn rccovercd. 

!Vnrtlr of Ycrkolr~r LtrXc,  lo::gi~rg r.oclcI.5V ( / : i s .  I ,  /or . .  1 0 )  

C3951 6. (Fornicrly rniscatalogi~cd :IS C-90074) H.W. Tippcr. 1983. 
liond 59. CiraIi;~rn Island. Lat. 5.3-23'N. Long. 132"IO'W (NTS 
103F). Phantom Creek Fo~mation, at top. This specimen occurs with- 
in inches ahovc T n r c r o c v r u . ~  (C-90567) ancl is in placc in the same bed 
(sec Section 13 of Cameron and Tipper, 1985). 

Figure 2: Chart showing Middle Jurassic formations and fossil assemblage zones. Queen Charlotte Islands. 
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C-90567. H.W. Tipper. 1980. Road 59. Cir;~liam I\land. Lat. 5 3 W . h .  
Long. 132O16'W (NTS 103F). Top of Phantom Crcck Fonnation. with- 
in centimetres of C-395 16. bclow i t  in the xune bed (Section 13 of 
Cameron and Tippcr. 1985). 

7n1rtocucrs sci.s.rrrrn (Beneckc) 

C-157552. H.W. Tipper, 1987. Road 59 at waterfall. Lat. 53"23'0WN. 
Long. 1 32°16'00"W (NTS 103F/X). Phantom Crcck Formation. Same 
as earlier Rre&icr and Tnrc,toc.c,r.cl.s locality on road 59 (see Poulton 
and Tipper. in press). 

Br.c&ier sp. 

Yukortrl Ki\w rlo1.111 o/' Ycrkortri Lakc (Fig. I .  k)c.  8 )  
C-117482. H.W. Tipper, 1984. Yakoun liiver. Ciraham Island (NTS 
103F). Phantom Creck Formation. M;~udc Ciroup. 53-25.N. Long. 
li2'16'W. 

Rl.cclyirr sp. 
~.~)'/01711? Sp. 

EARLY BAJOCIAN 
I)ocidoceras n~irlebayerzse Zone 

The lowest Bajocian zone in the Quccn Charlotte Islands has been 
correlated with the D. ~z~irlc~beryrr7,sr Assemblage Zone by Cameron 
and Tipper (1985). I t  charactcrizcs the Gralianl Island Formation 
which comprises ;I rnixturc of volcanic and scdinlcntury lithologics. 
This zone was originally designated by Hall arid Westcrrnann (1980) 
who designated a type area at Wide Bay. southern Alaska, where thc 
succession was described by Wcstc~mann ( 1969). It compribcs much 
of the lower part ofthe Lower B;~jocian, approsirnatcly eclui\jalenl to 
the I-Iy/~c~r.lior~c~,~s rli.rc~i~~~.r arid Sorirrir7icr o\.uIis ( I o \ v c ~  Wirc.l~rlliu klc,- 
~i~t.sc~rrluj zones of Northwcst Europe. In addition to Doc~ie/oc~c~r~c~.s, the 
;~sscmblagcs in southern Alaska cont;~in late P,serrtk)liocc~rcrs. and 
early Wirrhellia. Sorrr~inicr (Er~Iio/~loc~o.us) and S .  (Altrskir~inJ as well 
;IS other genera. 1)oi~iibcc~rcr.s itself is rare in British Columbia, and 
the earlier parts of the Bqiocian arc dominantly represented by son- 
niniids. 

Frebold (it, Cameron and Tippcr, 1985) identilied species of Do- 
c.idocer.cr.s and Sonnirticr from the south shore of Maude Island. and 
several forms were reported by Camcron and Tippcr from Graham Is- 
land. including Wirc.Iiellin, Dorserensiu. Sorlrrirrin. (;rrl~scmicr, Hr.e~eI- 

fi~rdiu and other sonniniids. Detailed taxonomic stildy still has not been 
undenaken, but a preliminary ~cview suggcsts that Docidoco.crs is prob- 
ably not present in the collections and that t.'o~rru~r~~csitr may be rep- 
resented. 

Foraminifera arc rllrc and comprise two assemblages, listed by 
Carneron and Tippcr (1985) and Carter et al. (1988). The lower fauna 
contains distinctive spccies of Lazric.rrlirra, A.s/erc~olrr,s and Mur;yirr~rliiro 
and Mar.gii~ulop.si.s and the upper fauna contains species of Hi,ycrrc- 
r.irrtr. Ai,r~~rohu(~rrli~r.r. Rcopl~cu, 7'1.oc~htrrrir~ri11c1 and Trork(rrrrnri- 
110iclc.s('j. 

Radiolarians from two sections (sections 13 and 14 of C;uiicro~i 
and Tippcr. 1985) were dcscrihetl in Caller et al. (1988). They arc ab~ul- 
dant. generally distinct from those of older rocks and were included 
in Zone 7 of Carter et al. The base of this zone is recognized bq the 
earliest appearance of Panic51,qrrlu 1Izatrri.a Pcssagno and Whalen. 601.- 

,ycllrsiirnr .sil\~icseirsis Pessagno and Blome and Zci/.rus rlrc~ypr.i Pessagno 
and Blome appear near the base of the zone as well its t'onns similar 
to 7'r.illrr.s scidersi Pessagno and Blolnc anti H.SIILIIII ~~rir~crbrrri~lr~~~~ 
Pessagno and Whalen. The association of these forms, togctlicr with 
Enzil~r\~in Foreman, 7'ric~oIoc,crl1sc1 Hacckcl ;incl S/ic~hoc~crp.ro H;icckcl. 
is characteristic. Pe/.i.spyridiirnr and Par~~ic.iir,qlrlrr, wliich occur rarely 
in Toarcian rocks, arc abundant in the Lower Bajocian. 

<'hloropliytc algal cysts (Rouse. i11 Carter et al., 1988) similar to 
l . o ~ ~ l r o c / i c ~ t y o ~ i ~ I i r ~ ~ ~ i  .sc~l:;(,uriri Pocock occur in this unit. 

Sipnificanr arnmonitc-bearing localities and their bunas are 
listed below (" indicates itlcntifications by H. Frcbold): 

I ; ~ ~ I I I I ~ I I  ncly u~.ecr. .sorrtl~ slroro (?f,Wulrtle 1.sIu11cl 
(1s.i~. l ,  lot,. 19) 
91826. H.W. Tipper, 1974. Southeast side of Mnude Island, between 
McLearn's M4 and M5. 137 m cast of fault which separates thcsc beck 
from Toarcian rocks. 

:':L)oc.icloc.er~crs sp. afl: ~c~u~~t~r.sl~r~irr~.sc~~~.~i~ Imlay 
'~:Sotrrrinict sp. 
:",\'ii,~llc,llicr(?) sp. 

91831. H.W. Tippcr, 1074. South side of' Ma~lile Islantl, between 
McLcarn's M4  nil M5 localities. Just cast of Toarcian-Bajocian 
fnult. Bctwcoi McLcarn's localities M4 and MS. 

'"Soil~ri~rio spp. 
'"Doc.ii1oce1~u.v sp. 
Do~..sc~tot.sici(YJ sp. 
sonniniid arnmonitcs. indct. 

C-80787. H.W. I'ippcr ancl B.E.B. Ca~ncron. 1978. South shore of 
Maude Islantl. Lnt. 53" l2'N. Long. 132"03'W. 

sonniniid ammonites, indct. 
C-81714. H.W. Tippcr, 1982. East end of Fannin Boy. Maudc Island. 
Lat. 53"12'N. Long. 132O03'W. 

.Tollllil~i~l sp. 
Fo/rtcr~~~rc,.sio( :'J sp. 
l ~ ~ i t c l r e / l ~ ~ ~ ( ?  j sp. 
beleninite. indet. 

Glro.sr Cr.ock ar.ecr wcsr c!fYakorrn K i r w  (Fig. I .  lot,. 7)  
C-81715. H.W. Tippcr, 1982. Camp by quarry 1.6 km west ofjunc- 
tion of Ghost Creek road and Queen Charlotte Island road. Lat. 
53"25'3SnN, Long. 132" 16'W. Graham Island Formation. possibly 
the highest part. 

Solrrrinicr (Pal>illic.c~r.a.s) sp. 

Nor111 of' Ycrkorrrr Lake. loggirrg rocrcl S9 (Fig. I .  loc. 10) 
C-81732. H.W. Tipper. 1982. Road 59, quarry at first bent1 north of 
waterfall. Gn~h;un Island, Lat. 53"22'15"N, Long. 132°1 6'40"W. 
Same as GSC locality C-90570. 

I~'onranrresicr(?J sp. 
Sonr~inia(?J sp. 
hclc~nnitc. intlct. 

C-81748. H.W. Tipper, 1982. Creck north of road 59, Rennell Junc- 
tion. Same loc;~lity as C-87201. 

Fo~rtrirrirc,sirr .;p. 
C-81910. H.W. Tipper. 1979. Logging road north of Rennell Junc- 
tion to coast. Grahan Islaitl, Lat. 53"22'35-N. Long. 132" l6'W. Lower 
part, Yakoun Group. 

sonniniid ammvnitcs, indct. 
C-87201. B.E.B. C:ui~eron, 1980. Creek north of road 59. Rcnnell Junc- 
tion. Same as GSC locality C-81748. 

l.'o~?rci~~rresia sp. 
arnmonilcs, indct. 

C-90562. H.W. Tipper. 1980. Road 59. Grahani Island. Lat. 
53"22'15"N, Long. 132"16'40"W. Shale-tulf'rnernbcr, Grahan Island 
Formation, first quarry (Section 13 of Camcran and Tipper, 1985). 

I'o~irtr~l~~esin sp. 

B~wrt C'recl; cBci.sr of Yirkorrii Lokc (Fig. I .  loc. 12)  
('-90563. H.W. Tipper, 1980. Rrent Creek. Graham Island. 

Sonninia sp. 



bclemnitc, indct. 

Nor-th of' Yuko~rn LnXc, lo,q,gi/i~ road 57 (Fig. 1 ,  loc. 9 )  
C-81705. H.W. Tipper, 1982. Section 14 of Cameron and Tipper ( 1985). 
Road 57. Graham Island, Lat. 53'23'36"N. Long. 132O16'W. Shale- 
tuff member, Graham Island Formation. 

Soirt~inic~ sp. 
Doc,ici~cer.a.s(.~) sp. 
For/tari~zesia(.~) sp. 
bivalvcs. indet. 

C-90585. B.E.B. Cameron and H.W. Tipper. Road 57, Graham Island, 
Lat. 53"23'36"N, Long. 132'16'W (Section 14 of Cameron and 
Tipper, 1985). 

Fonrcrnncsic~(?) sp. 
Sontrinia(:j) sp. 
belemnites, indet. 

C-90586. B.E.B. Cameron and H.W. Tipper, 1980. Road 57. Graham 
Island, Lat. 53'23'36"N. Long. 132O16'W. Graham Island Formation 
(Section 14 of Cameron and Tipper, 1985). 

Fonta~r~zesiu sp. 

Parabigotites crassicostalus Zone 

The ammonite assemblages from three localities that include Klr- 
n1ato.step1rorzrr.s are correlated with the P. o-u.s,sicosiatu.s Assemblage 
Zonc, based on southern Alaska assemblages (Hall and Westermann, 
1980) and the Oioites souzci Standard Zone of northwest Europe. A 
new ammonite fauna, containing an evolutc ammonite listed below 
as Paruhigo/itr~s(Y/ sp. was discovered in 1988 in black sandstones 
of the Yakoun Group. However the ammonites are small and not well 
presc~ved, so that thc age and the identifications given below are ten- 
tative. Another locality. containing oppeliid(?) ammonites is also 
thought to be of this age. 

Kiti,q Crcc~X crrea (Fig. I ,  loc. 0 )  

C-163798. H.W. Tipper, R.L. Hall, and T.P. Poulton, 1988. Quarry 
on King Creek road. UTM Zone 8U 67924E, 59249N. Graham Island. 

Parcthi~qotirc~.s(:)) sp. 
oppcliid(?) ammonites 
other ammonites, indet. 

North ~f'Y(rkourl Luke, log,gi/i~ r.oud59 (Fix. I ,  loc. 10) 
C-81740. H.W. Tipper. 1982. Second quany on road 59 above wa- 
terfall. Graham Island. Lat. 53"20'N, Long. 132'1 5'28"W. Shale-tuff 
member, Graham Island Formation. Recollection of 1980 localities 
C-90564, C-90565. 

oppeliid(?) ammonites 
Astclrtc sp. 
bivalves, indet. 
gastropods, indet. 
terebratulid brachiopods, indet. 

C-90565. H.W. Tipper, 1980. Same as GSC locality C-8 1740. 
oppeliid(?) ammonite 

Fanrzin Buy ur.ea, .so~iiher.n I M U L ~ L I ~  Island (Fig. I .  lot,. 19). 
C-168504. T.P. Poulton and R.L. Hall. 1988. East side of Fannin Bay, 
south coast of Maude Island. In large boulders: no equivalent expo- 
sure up the hill. UTM Zone 8U 697 lE 58983N. 

So~~niniu sp. 
Stephnnocer.c~s sp. 
Krtn~arosrc~pl~u~~us(.')) sp. 
Doridoreras(:)) sp. 
belemnites, indet. 

C-142948. R.I. Thompson, 1987. UTM 973990, Lat. 53O12'20"N. Long. 
132"02'45"W. 

Ooc~icloc~c~~~c~.s(y) sp. 
K1/177atostephn/lrrs(YI sp. 
Fo~itannc,sia(Y) sp. 

C-171157. R.L. Hall, 1985. Quarry above Richardson Bay, up hill from 
coastline exposures, southern Maude Islantl. UTM 977 989. 

K~tnrato,srel~hntlrrs sp. 
Sonninia sp. 

Stephanoceras kirschneri Zone 

The lowest beds with Stephcr~roc~o.us are assigned to the S. 
kir.sc11nc~r.i Assemblage &ne, erected by Hall and Westermann ( 1980) 
based on a type area in Cook Inlet, southern Alaska. Hall and West- 
ermann ( 1980) recognized an upper subzone, that of Zc~n7i.rtephatlrrs 
r.ic,htrr.dsoni, but did not designate characteristic species for lower pans 
of the zone in southern Alaska or western Canada. In Queen Char- 
lotte Islands the two are, at present, essentially synonymous and 
contain the lower faunas of the Richardson Bay Formation. Upper beds 
of the underlying and partially ccluivalent Graham Island Formation 
Inay also contain stephanocerntid ammonites of these zones. They are 
considered to be equivalent with upper pans of the Oroites su~rzei and 
lower parts of the Stephanoc~e~.as li~tmphr~ic.sinn~rm Standard Zone (Hall 
and Westermann, 1980). 

The fauna in Queen Charlotte Islands, present at MacKenzie Bay 
on the north shore of Maude Island, contains Zemi.step1zu1z~r.s r.ic,hard- 
soni (Whiteaves), Z.  cal-1ottetrsi.s (Whiteaves), Z. u1askeiz.si.s Hall. Z.  
c~ric,klna.vi (McLearn), Stephanoce/.as aff. ac~~rticostatum Weisert and 
CIro~id~.o(~e~.u~ sp. (Hall and Westemlann, 1980; Cameron and Tipper, 
1985). The taxonomic assignments follow Hall and Westermann 
(1980). who revised many of the earlier identifications (McLeam, 1929. 
1932) in light of modern procedures which take into account sexual 
dimorphism. As a result, many of the original species are placed 
into synonymy with others (see Hall and Westermann, 1980) and the 
following genera are no longer recognized: Itinsaires (microconch of 
Stephanoc~cras iti~isae), Ka~iustephar/us (=Zemistephutius). Nor- 
nzcltrrritc~s (=Zc~nrisrephu~rus). D~fo~rric.et.as (=Cho/idroccras). Addi- 
tionally, the rccord (Arkell and Playford, 1954) of Pscrtdotoitcs in the 
Queen Charlottes rcfers to a species of Zcvnistephc~~~rrs and of Fro,q- 
t1enite.s (McLeam, 1929) to Chondr.occ~r.a.s. 

Significant fossil localities and their faunas are listed below (" 
indicates identifications by H. Frebold): 

Mac.Ke/izie Bav a1.et7, no~.ihe~.n Martde Island (Fig. I ,  loc. 15) 
13635. F.H. McLearn, 1921. Between MacKenzie and Maude Bay, 
Skidegate Inlet. 

Zo~ri.stc~phu~~us sp. 
O.vytotllu sp. 

48593. A. Sutherland Brown, 1961. Lat. 53°12'45"N, Long. 132O05'W. 
Zemi.rtepha~z~rs I-iclla~.dsoni (Whiteaves) 

48598. A. Sutherland Brown. 196 1. Lat. 53" 12'45"N, Long. 132'05'W. 
Zemi.stephanu.s(?) sp. 

93738. H.W. Tipper, 1976. North shore of Maude Island. 4 km west- 
southwest of Robber Island. Lat. 53012'4SnN, Long. 132"05'W. 

%emi.sic,phaiz~rs sp. 
C-81909. H.W. Tipper, 1979. MacKenzie Bay, north side of Maude 
Island. Lat. 53"12'32"N, Long. 132O05'W. Lower part of Yakoun 
Group. 

Stepharroceras sp. 
Lis.socer.u.s(?) sp. 
Zcmistephan~rs sp. 

C-168505. T.P. Poulton and R.L. Hall. 1988. MacKenzie Bay, north 
side of Maude Island, UTM Zone 8U 69474E 589976N. 

Zetnistephanrrs sp. 





C-168506. T.P. Poulton and R.I.. Hall. 1088. MacKcn~ic  Bay. north 
sidc o f  Maude Islnnd. U T M  Zone 811 60478E 589976N. Strati- 
graphically abovc C- lh8SOS. 

C'llollcl/~oco.c/s sp. 

C-168507. T.P. Poulton ant1 R.L. Hall, 1988. MacKenzie Ray. north 
sidc of Ma~rclc Island, U T M  Zone 8U 6948E 58998N. Stratigriiphi- 
cnlly abovc C-168506. 

%emi.r./rl~hcrtrrrs sp. 

belcmnites 

Fotirrin HUT urc~u. .sorrrhct~tr Marrdc Islrtrd (/;;g. I ,  loc. 19) 

(3-80816. H.W. Tipper. 1978. Fannin Bay. south side of Maude Is- 

land. Lat. 53" 12'N. Long. 132'03'W. 

~ l ~ ' / l h t l / l O ~ ~ c ' l ~ n ~  Sp. 

sonniniitl ;immonitc, indct. 

C-80828. H.W. Tipper. 1075. Ln creek at cast end of Fsnnin Bay. south 
side of Maude Island, Lat. 53"12'00"N. Long. 132"03'10"W. 

Slc'/lllrl/loc~~l.tr~ sp. 

Fotrrtr~l~~c,sicil:') sp. 

Ric~lrot~clso~? B(/!. s~~r / l r c~u i  M o I ~ ~ ( J  l~ l c i t~d  (Fig. I ,  Ioc. 20)  

13636. F.H. McLcarn. 1921. South shore o f  Richardson Bay. 

S~e~pl~o~~occrcrs  ski~le~nrensis (Whiteaves) 

Ylrkorrtr Ki1.c.t. tic,ar Ghos/ Crc.c.4 (Fig. 1 ,  lot,. H) 

52331. A. Sutherliuid Brown, 1962. Yokoun River near Ghost Creck. 
station 52. Grahani Islantl. 

stephanoceratid('?) ammonite, indot. 

Kitrg Cl.coA trruri (Fin. I ,  lot,. h )  

52344. A. Sutherland Brown, 1962. Hi l l  wcst of King Creek. station 
259, Graharn Island. 

Zcnris~c~l~l?cr~llrs sp. 

PLATE l 
All figures natural size. 
"McM" indicates specimens stored in the paleontological collec- 

tion at the Department of Geology, McMaster University, Hamilton, 
Ontario. 

"GSC" indicates specimens stored in the Type Collection, 
Geological Suwey of Canada, Ottawa, Ontario. 

"RBCM" indicates specimens stored in the Biological Collec- 
tions of the Royal British Columbia Museum, Victoria, British Columbia. 
Figures 1 and 2. Stephanoceras (Stephanoceras) skidegatense 
Whiteaves. 1. macroconch with part of body chamber, McM J1878, from 
Dark Sandstone Member, Richardson Bay Formation (Yakoun Group) 
at Richardson Bay, south shore of Maude Island, Skidegate Inlet; grid 
reference 978989, Skidegate Channel 1 :50 000 topographic sheet. 
103Fl1 E. 2. microconch, complete with lappets, allotype McM J1802b, 
from same bed as Figure 1 .  Early Bajocian Chondroceras oblatum Zone, 
loc. 20 of Figure l .  
Figures 3 and 4. Zemistephanus richardsoni (Whiteaves). 3. macro- 
conch, holotype GSC 5013, collected from Skidegate Inlet by J. 
Richardson in 1872.4. microconch, complete with lappets, allotype McM 
J1796a, from Dark Sandstone Member, Richardson Bay Formation (Yak- 
oun Group), at MacKenzie Bay, north shore of Maude Island, Skide- 
gate Inlet; grid reference 946997, Skidegate Channel 1.50 000 topo- 
graphic sheet, 103Fl1 E. Early Bajocian Stephanoceras kirschneri 
Zone, loc. 15 of Figure l. 
Figure 5. lniskinites cepoides (Whiteaves). Probably macroconch 
with apertural constriction. RBCM figured specimen EH89.1 . l  from col- 
lection No. 990. Alliford Bay (?), collected by C.F. Newcombe in 1897. 
Probably Late Bathonian from loc. 20 of Figure 1. 

C-163799. T.P. Poulton iund R.L. Hiill. 1988. Loose in road ~nateri- 
XI, King Creek soad. c.en[l-al Graham Idand. U T M  Zone 8U 67924E 
50240N. 

S~tl)lltrnoc.e~.tr.( ~ ( ~ X O I I I I P I ? . S P  McLearli 

No1.11r of' Ytrkorr~r Lirke, lo::::i~l~ /.orit/ .F0 (Fig. I .  lot,. 10) 
C-90571. H.W. Tipper. 1980. Road 59. top quarry, Cilali;lln Island; 
clnsts in conglomcsote of the Albian H;~itl:r Formation. 

S/.?/)lrcrtroc.~t.cr~ SP. 
~ ~ o l ~ l ~ o r c ~ l l c r  sp. 
Astcrrle sp. 
o.\:\/ot,w sp. 
belemnite. indet. 

C-171 158. R.L. Hiill. 1985. Same as loc. C-9057 1. UTM 82 1 171. Pcb- 
blc in Haida conglomerate. 

S1~~plltltroc~c~l~ti.s sp. 

HI. ( , I I I  Creek trr.ctr c'trsi of Yakorr11 Lukc (Fig. I ,  loc,. 12) 
52351. A. Suthcrlantl Brown. 1962. Near Brent Crcek, station 75s. 
Gsahaln Island (sec Sutherland Brown, 1968. p. 74, loc. 15). 

'Ylrotrtlr~oc~ct~crs sp. 
Zcnlis~ephtr~rrrs t.ic.l~n~.dso~ri (Whitcavcs) 

52354. A. Sutherland Brown, 1962. Near Bront Crcek, station 
75. 

%~~t l l~ .~ /C /~h(~ t l l l .~  Sp. 

C-168502. T.P. Poulton and R.L. Hall. 1988. Quarry wcst o f  Brcnt 
Crcek, ccntral Glahnm Islantl. UTM Zone 8U 6872E 591 225N; los- 
sils in  clasts within Cretaceous conglomerate. 

S/cl)l~to~oc~er-crs sp. 
%o~ri.s/c~l~hti~irrs sp. 
Cho~rdi.ot~rr.o.r(:') sp. 
Illoc,o.tlt~rli.s sp. 

R P I I ~ ~ C P I ~  Yakolrw Lakc otrd Rcn17cll Soir~lcl (Fi,?. I .  lot,. 4 )  
C-90957. H.W. Tipper, 1080. Rennell road. Lat. 53O20'24"N. Long. 
132'2 1 '48"W. 

S/cphctnoc.~rcr.s sp. 

C-90965. H.W. Tipper. 1980. Rcnnell roatl, .S km wcst o f  7 km 
milepost, Lat. 53O20'36''N. Long. 132O21 'W. 

%c~t,ii.s/ephrrt~rr.s(?) sp. 
Pitltra sp. 
bivi~lvcs. indet. 
bclernnitcs, indet. 

licirirc~ll Sorr~rd (l;i,q. I .  loi,. I )  
C-171154. R.L. Hall ontl G. Jnkobs, 1988. Rennell Sound. Graham 
Isli~ntl Formation. 

SItphu/loc.o.n.\ ( S l o t ~ ~ t ~ n l o c ~ ~ t ~ o s )  ex er. S .  crc~~rric~osrtrlrr,~r 
(Wciscrt) 

I:'os/ c~f'Krr11~c~l1 Sorr11d (Fig. I .  lot,. 2 )  
0 6 9 .  Q.C. Timber Ltd., H.W. Tippcr, 1979. Rile)! Creck near Ken- 
nell roatl. Lat. 53O2 1 '30"N. Long. 132'24' 18"W. 

S/c~I~u t~~~c:o . c~ . s  i~itr.sc~e (McLcitrn) 

Easr r?fRotrnell So~rnd (Fig. I .  lot,. 3) 
C-90972. H.W. Tipper. 1980. Rcnnell road, Lat. 53°20'30"N, Long. 
132'23'30"W. 

Ze~rni.r/epl~a~~rrs sp. 
stephanoceratid ammonite. indet. 

Wcs~rrtr Skidcgulc C I I ~ I I ~ I I C I  (Fi,?. I .  Ioc. 14) 
C-101704. R. Higgs. 1987. Skidegate Channel, U T M  076906. 

S~ephu~roce~~cr.~ sp. 

So~rllr c~fAll~fi)t.cl Boy (Fig. I ,  Ior.. 25)  





C-140272. J.W. Haypart. 1988. C'umslicwn area. Lnt. 5 3  10' 14"s. I.otig. 
13 1 '59'30"W. LITM 000952. 

Stc.~~lr~rtro(~c~rt~.s SIX 

Clrorzdrocerns oblcrtrtrn Zone 
The younger arnmoriitc h~una recognized by I-lall and Wester- 

Inann (1980) in thc liicliasdson Bay Fosrnation was as\igrluI to the 
C. ohlc~trrrtr Zone. which was bnscd on n type itrci~ dcsigriatcd at Rib- 
bon Creek, southwestern Alhcsta. I t  is chi~ractesitcd by the associ:~- 
tion of  C. ohlr~rrrii (Whitcavcs) ~ii l l i  .S/cy)/ict/ro(~~~~~c~.s i/irr.\o~ (McLenrn). 
'/i./oc~o.cr.s c.ric.ktrrci~i (Frcholcl) and otller amrnonitcs. The itssociation. 
characterizing the "Dark Santlstonc Member" o f  tlic Richardson Bay 
Fomiation, has been correlated with the middle and upper patts of the 
S/e~~l~utroc.c~,ur.s lrrrni~~hric~.sit~t~r~r~i St2tndartf 7 ~ n c  (l lall and Westcnnann. 
1980). 

Src~l?hnrioc.ero.s i / i t l so~ (McLcarn) and ('lrotrclt~oc~er~crs ohkrtrrttr 
(Whiteaves) occu~.on So~rth Halch Islantl within a rich and varied ~ l i i ~ l -  
low niasinc ftuna including bivalvcs, bclcrrinites ant1 plants. as does 
S. skidc,gurrrrsis (Whiicavcs). Chotrdr~oc~o~cr.~ rlcJi)r~/ii (McLcasn) ancl 
C. t~rtrrrrlrri.su (RilcLcam) at Kichardson Hay (MeLeam, 1929: Hall and 
Wcstcmiitnn. 1980; C:~mcson and Tipper. 108.5). 

A It'w distir~ctivc riiicroFossils. tiiostly fora~ninifcra. havc bccn 
recovered li.on1 this zonc at Richardson Hay. They include Mur;qitr- 
rtlirra /rr~.~qidcr (Schwaper), r l~or;q i~r~r l i~ io~~,s i .~  sp., Lortic.rrlitrc~ sp. atf'. I.. 
rrrrmsrc~t.i (Roerner). Psc~rrdorrotlo.sczt~io prrlx)iclc>.\ (Borncmann). Citha- 
ritru sp. afl'. C. inc.ot~.sttz~r~ (Terquem) and several unidentified ostra- 
cod species (Cnmeron ancl Tipper, 1985). 

Tlic C'. obIcr/lmr huna occurs nt many localities in the Queen ('h~tr- 
lottc Islands. The lithological and palcontological characteristics ol' 
this zone ;~sc scrnarkahly uniform over a broad hand from Maude Is- 
land in Skidegatc Inlet as Par south as 12cel'lsland off the east coast 
oSMorcsby Island. This pcrliaps intlicatcs a northwest-so~~thenst tle- 
positional trend, consistetit with proposed sls~rctu~xl trends, and sug- 
gests stability of the fault block on which they wcrc deposited dus- 
ing Early Bajocian time. Siglificant fossil localities and their faunas 
arc listed below (:k itidicatcs identifications by H. Frcbold. which havc 
not been revised): 

PLATE 2 
All figures natural size except 5. 
Abbreviations as on Plate 1. 

Figures 1 and 2. Stephanoceras (Stephanoceras) itinsae (McLearn). 
1. macroconch, with ultimate half-whorl of body chamber and aperture. 
Figured specimen GSC 56691, from Dark Sandstone Member, 
Richardson Bay Formation (Yakoun Group), south shore of South Balch 
Island. Skidegate Inlet; grid reference 951008, Skidegate Channel 1.50 
000 topographic sheet, 103Fl1 E. 2. microconch, complete with lappets, 
McM J1799a, from same member and locality as Figure 1. Early Ba- 
jocian Chondroceras oblatum Zone, loc. 16 of Figure 1. 
Figures 3-5. Chondroceras oblatum (Whiteaves). 3. macroconch, 
complete specimen with aperture, holotype GSC 4964. From un- 
known locality in Skidegate Inlet. 4. microconch, allotype McM J1794a, 
from Dark Sandstone Member, Richardson Bay Formation (Yakoun 
Group), on south shore of Balch Island, Skidegate Inlet; grid reference 
951008, Skidegate Channel 1 :50,000 topographic sheet 103F11 E. 5. 
Same specimen as Figure 4, X2. Early Bajocian Chondroceras obla- 
turn Zone, loc. 16 of Figure 1. 
Figures 6 and 7. Chondroceras defontii (McLearn). 6 .  macroconch, com- 
plete with aperture, GSC 56696, from Dark Sandstone Member, 
Richardson Bay Formation (Yakoun Group), Richardson Bay on south 
shore of Maude Island, Skidegate Inlet; grid reference 978989, Skide- 
gate Channel 1 :50,000 topographic sheet 103Fl1 E. 7. microconch, com- 
plete with aperture, allotype McM J1793a, from same locality as Fig- 
ure 6. Early Bajocian Chondroceras oblatum Zone, loc. 20 of Figure 1. 

Bc)/rt~cot YcrXorrti Lokc trtrd Rerrtrell Soroitl (Fig. I .  /or.. 5 )  

C-96964. H.W. Tipper, 1980. 7 k m  milepost, Rennell road. Lat. 
53 '20'30"N. Long. 132 20'48"W. 

Ste~~lrcrrroc~c~r~trs sp. 
Clrr~/icli~oc.c~~n.s sp. 
P//l/li/ S[>. 
csubtaccan fragment 

Sorrllr Bul(.lr I,slur~cl. rior./lr c!/'iMr.lr~rlc, I.slcrrr(l (Fi,q. 13. lot,. 16)  

'3634. F . H .  blcLcasn. 1921. "Logan Island" (south Balch lslantl 
probably ). south shore. Collection apparently miscd, ant1 includes Zcr?ri.s- 
tCl~lrcorrr.s h ~ n  McLcarn.5 Loc. I 1 (Fig. 1, loc. IS), nol-th side of Mnude 
Island. so that actuill associations arc unk~iown. 

C'lrotrclr~~cc~rus ol~lcitrrttr (Whiteitves) 
Stc~1~htrt1oc.rt~cr.s iritr.soc (McLcitm) 
%rtrri.stc2l~l~tr~~rrs sp. 
Of,lP?/io SIJ. 
C'or~hrtltr sp. 
iM~o~111oi~ollo sp. 
bivalve, indct. 

13638. F.H. ~Mcl~easn. 102 1. Station 414. Skidcpte Inlet. Probably 
south Balch 1sl:uid. 

C 'llollcll~oc~o~i~s sp. 

$4714. A. Sutherland Brown. 1060. Station S h d ,  south Balch Island. 

S1c~~1htrr1oc.oru.s i/iir.strc (McLcarn) 
PlcrlrortlJtr sp. 

C-81908. H.W. Tipper, 1979. South Balch Island. Lat. 53"13'N. 
I .ong. 132"05'W. Lower pall. Yakoun Formation. 

Stc~phorroc.o~cls ititrsccc. (McLcarn) 
~'llo~~tl~.oc~c~r.trs sp. 
R;urr/il~rs sp. 
bivalves, indct. 
fossil fsuits, indct. 

Hi(~lrcrr~tl.sot~ H r r x ,  .sorr/l~c~i~rr ~Mnrrclc 1.slcrrrtl (E' i ,y .  I ,  /or,. 2 0 )  
13637. F.H. McLcarn. 1921. Kichardson Buy. 

Src~l~hcrrrocous sp. 
('Irotrclr~oc~c~r~crs tI<fr)ritii (McLeam) 
Plurrroni~cz sp. 
Grtoliur11 sp. 
lrroc.et~~rttrrrs(~') sp. 
ostrciid bivalvcs. indct. 
helcrnriitcs, indet. 

21!29. Shell Oi l  Co., 1951. South sidc of Maude Island. 

.circ,/'lrcllloc~c,i'tl,s sp. 

48594. A.  Sutlicrland Brown, 1961. Richardson Bay. south sidc of 
h4uudc Island. Lnt. 5.1" 1 % '  15"N, Long. 132 '02'30"W. 

('1~otrilr~oc~er~tr.s sp. 
Stcpl1trtloc~c~rcl.s sp. 
tbI~o~~hot.ellr sp. 
Pholrrclotti~cr sp. 
PIt,rrron~ya sp. 
bivalvcs. indet. 
belcniniles. indct. 
gastropods, indct. 

93739. H.W. 'Tipper, 1976. Southcast shore of Maude Isln~id, slight- 
ly soutliu~est of Kicli:~rtlson Bay. Lat. 53" 12' l5"N, Long. 1 32°02'20W. 

Srcpliuiroceras sp. 
C11orrtlr~oc~e1~u.r (1~:fi)trtii (McLcarn) 
Plrr:r.or~~~o sp. 
gastropods 



93740. H.W. Tipper. 1970. Southeast shore of M;iude Island, Lilt. 
5.3'1 2' 1 5"N, Long. 132OO2'20"W. 

(.'ko~rtl~~or~c~,c,s sp. 

Stc~7lrcr1roc~c~ro.\ sp 
Pilr/?o sp. 
E~itolirir?~ sp. 
C'(rrq>toitcc.rcs sp. 
Astitrru sp. 
bclemnitcs 

C-80822. H.W. Tippcr. 1978. South side o f  Mnude Island. on beach 
near volca~iic brcccia. Richardson Bay. Lat. 53"12'15"N. Long. 
132"02'30"W. 

Cho/rtI~.o(.c,~.t,.r t l r f i ~ r~ i i  (McLearn) 
c'olli/~llylloc~e,/.cl.ri :'j sp. 
C'o~~hul(i sp. 
PIc~rll~ol?!\~tr sp. 
A,s/cirt~~ sp. 
bclc~nnitcs 

C-80823. B.E.B. Camelan, 1978. Richardson Bay, south side o f  
Maude Island, Lat. 53' 12'IO"N. Long. 132"02'20"W. 2.5 m below 
GSC locnlit)~ C-80822. 

Stcll~lrtrrroc.crc~.r sp. cf. ski(1~gcrrcrtsis (Whitcnvcs) 
('lro~rc/~~oc~cr~~.r(~') sp. 
Illoc~c~l~l7rlll~.s sp. 
P i l l l l ~  sp. 
Pltrgio.rro~nrl sp 
As/er~./c, sp. 
Plcr~~.oiryo sp. 
bclemnitcs, indet. 

Merc~Kc~~r:ic~ Btry UI.(YI,  ~ ror~t l rc~~~~r  Moriclc Isluitcl ( E  it?. I ,  lot,. 15)  
48601. A. Sutherland Brown, 1961. Lat. 53"13'30"N, Long. 
132'04'30"W (sec Sutherland Brown. 1968). 

Stc~l)l~~~roc~erc~.r sp. 
C'ho~idl-oc.o.cr.s sp. 
Narrri1rr.s sp. 
r ~ o / ) h o r c ~ l l a  sp. 
bivalvcs. indet. 

52356. A. Sutlicrlancl Brown, 1962. Rockrun Creek, sti~tion 96sc (see 
Sutherland Rrow~i, 1968. p. 78, loc. 14). 

C'/io~rtl~~oc~c~~.r,.r sp. 

(;/.cry Boy. C ( I . T ~  side (fMo~.c,xI)y ls1011d (I;;,?. I .  10(,. 20) 
C-168511. T.P. Po~~ l ton  ancl R.L. H:~ll. 1988. Middlc past of shore of 
Gray Hay. UTM Zone 911 3 195E 5XXXSN. 

S~c~l)l~(r~roc.c~~.n.\. sp. 

Rec;t'lsla~iil. ens! sick, of '~ro~./he~-~r point (Fix.  I .  Ioc. 28) 
40946. A. Sutherland Brown. 1959. Reef Island. 

Clto~idr.oc.erers sp. cf. ohlrrrrrn (Whiteaves) 
bivalvcs, indet. 

40985. A. Smith. 1959. Reef Island. Lower member, Y'akoun Fonnation. 
.Yt~~/)lrtr~roc~erc~s iritrscrc~ ( McLearn) 
bivalvcs. indet. 
belemnitcs, indct. 

C-168508. T.P. Poulton and R.L. Hall. 1988. North side of Reef Is- 
land. U T M  Zone 9U 33058E 5861 32N. 

Stc~~lttr~toc~ri~o.~ sp. 
C-168510. T.P. Poulton and R.L. Hall. 1988. North side of Rccf Is- 
Iiind, U T M  Zone 9U 33132E 586145N. East o f  C-168508. 

Sic~pltortoc~ercn iti~nncz (McLearn) 
Cho~tdroccras sp. 

PIc~lll~ollryc~ sp. 
bivnlvcs. indet 

Kc~c:j ' l~lc~~rd.  \t,c~.st .rirlc q / ' ~ ro~ . / l t c~~ .~?  17oi1i1 (F'ix. 1. 1 0 ( . .  27) 
(:-168509. T.P. Poufton ant1 K.L. Hall. 1988. Nonh side o f  Reef Is- 
land. I :TM Zone 91J 33020E 586 122N. West o f  C- 168508. 

S1c~/7/itrnoc~c~r~crs sp. 

BATHONIAN 
The Robber Point Fornlation, csposed at Caimes Bay near Rob- 

ber Point on castcni Maude Islantl. ovcrlics thc thick volcanic pile of 
the Yakoun Ciroup which contains Bajocian lbssils in its lo\\lcr parts. 
I t  i s  gradationally o\ierlain by the Ncwcomhc For~ii:~tiorl which con- 
txins Late Bathonian ant1 Eiirly Callovian :unmonitc fauna5 discussed 
bclow. The Robbcr Point Fosn~ation, a shallo\v. marine siltstonc- 
~nudstone unit. Ilas not yielded amn~onitcs. The abundant and varied 
bivalvcs from these "G'~:\pl~erc~cr beds". reviscd and listed by Poulton 
( I98 I ); arc charactesized principally by (;~:~l~hoccr l~r~:c.i~nili.s Whiteavcs. 
P(~~~rrllcloclo~r .si~liillir~rn (W hitcavcs). and Tri,yo~rict sp.. M icrok~unas in- 
clude abundant Forominiferi~ and common Ostracodn. They were list- 
ed by Tippcr ancl Cameron ( 1980) and Cameron ancl Tippcr ( 1985). 

Significant l i~ssil localities and their fauaas from the Robbcr Point 
Formation are listed below: 

Robber Poirtr cir c,ir.sr crtcl of Merrrt/c, lslcr~id (F ix .  I .  lot. I S )  
C-86361. T.P. Poulton, 1979. C;iimcs Bay. Robber Point. Mnude Is- 
land. Upper rncmber. Yakoun Formation. "(;r:\~l~lrcrc~ri" shale. Sec 
Poulton, 1981. 

/\.s/cr~.tc c~cr~~lot/e~i.si.s Whitcavcs 
E11tolirr171 sp. 
(;~;vl~lrcrc,n l>e~'.sinrili,s Wllitcavcs 
/forno~ilycr(?~ sp. 
lsog~rorrro~r sp. 
Mocliolrrs sp. 
Pa~~crllcloilo~i .si~~rillinrci (Whiteavcs) 
Plartoello(7) sp. 
Protot~arclin srih.si111i1e Whiteavcs 
Protoc~rrelio sp. 

PLIBTE 3 
All specimens natural size. 
All abbreviations as in Plate 1. 

Figures 1-4. lniskinites cepoides (Whiteaves). 1. intermediate sized 
specimen, complete with apertural constriction; figured specimen 
EH89.1.2 from RBCM Collection No. 936, collected by C.F. New- 
combe in 1897 at Alliford Bay, northern Moresby Island (loc. 21 of Fig- 
ure 1). 2. probable microconch, with apertural modifications; figured 
soecimen EH89.1.3 from RBCM Collection No. 860. collected bv C.F. 
Newcornbe in 1897, detailed locality unknown. 3. incomplete figured 
specimen EH89.1.4 from RBCM Collection No. 856, collected by C.F. 
Newcombe in 1897, probably from Robber Point, east end of ~ a u d e  
Island. Skidegate Inlet (loc. 18 of Figure 1). 4. probable microconch 
with apertural modifications; figured specimen from same locality as 
Figure 1. Late Bathonian. 
Figures 5-7. Cadoceras sp, aff. catostoma Pompeckj. 5. intermedi- 
ate sized specimen, complete with umbilical constriction, figured spec- 
imen EH89.1.5 from RBCM Collection No. 881, collected by C.F. 
Newcombe in 1897 at Alliford Bay, northern Moresby Island. 6. in- 
complete macroconch, figured specimen EH89.1.6 from RBCM Col- 
lection No. 987, collected by C.F. Newcombe in 1897 from Alliford Bay. 
7. inner whorls, from same collection as Figure 6. Early Callovian(?), 
loc. 21 of Figure 1. 
Figures 8 and 9. Kepplerites gitinsi McLearn. Intermediate sized 
specimens with apertural smoothing and lappet (on Fig. 9). Figured 
specimens EH89.1.7 and 8 from RBCM Collection No. 882, collect- 
ed by C.F. Newcombe in 1897 at Alliford Bay, northern Moresby Is- 
land. Latest Bathonian or earliest Callovian, loc. 21 of Figure 1. 





C-86372. H.W. Tipper, 1978. Robber Point. cast cntl of Mautfc Is- 
land, Lat. 53"13'N, Long. 133 01 '4S"W. "C;r:\plroe~e?" beds. upper 
part of Yakoun Fomiation. Sec Poultot~. I98 I .  

'Ostrc,u'( ?) sp. 
A~io~nitr sp. 
Astcrr.te c.crrlottc,~~.si.s Whiteaves 
Ctrnz/~tone~c~/e.s sp. 
Corhrrlcr sp. 
Cypi'i~inl?) sp. 
C ; I . ( I I I I I T ~ ( I ~ ~ C / ~ I I  sp. 
C;i;\plrnrrr ~~c~i~ .~ i t t r i l i .~  W liiten\/cs 
Isoh"roilloir sp. 
Moclio1~r.s sp. 
Pirlac~oii~~c~r~lo:' sp. 
I-'ni.crllclo~lot~ .sir~illiiiro (Whitcavcs) 
Plf.lli~oilryu sp. 
PIerri.otn!tr sp. nff. 1ucl.iguto Whitc;ivcs 
P~.otoc.ar.clin srrhsit~rile W hit eaves 
Tl?r.oc.in sp. 
biv;ilvcs, indct. 
gastropods. indct. 

LATE BATHONIAN AND EAKIJY CAL1,OVIAN 
Ammonites of Late Bathonian and Early Callovian iigc arc 

known in the Quecn Charlottc Islands from Newcombc Ray ancl 
Robber Point on castcrn Maudc Island and from Alliford Bay and atl- 
.iaccnt arcas inland on northern Moresby Island. Five faunas havc been 
recognized. prohahly spanning the Bathonian-Callovian boundary 
(Tipper and Cameron, 19x0: Cameron ancl Tipper. 198 1. 1985). It is 
not entirely clear that they rcprcscnt a succession of asscmblagc 
zoncs having the sane level of conhtlencc ;IS assctnblage zoncs in other 
iircils or intc~vals. Furtlier~norc. thc status of'Batho~iia~i zoncs ancl cor- 
scl:ition of the basal Callovian bour~dary arc ~~nsntisfacto~y world\vidc 
and arc poorly known in western Canada. Thcrcforc the hiostratig- 
raphy of this interval remains tentative: the P ~ C V ~ O L I S I Y  s~~ggcsted 
succession and dating arc applicable locally and are maintained for 
present purposes. 

The following upward sequence of faunas. the lower of which 
is almost certainly Late Bathonian in age, has been found in the 
Ncwcombe Formation santlstonc (Camcron and Tipper, 1985): 
Ini.ski~~ite~,s cepoi(1as. Kepl>lcriti~.s spp., and 0.vyc.er.irc.s sp. The over- 
lying fiiunas in the salnc formation. characterized by species report- 
cd as Cadoc~c,rns dorwchiiri (Eichwaltl) and Ki~l11)lerite.s sp. rcspcc- 
tively arc probably Early Callovian in agc. Thcsc correlations are based 
on similarity of the faunas with successions in southcrn Alaska and 
elsewhere in western North America. which remain poorly understood 
with respect to thc standard zones of East Greenland and \vestern Eu- 
rope. The ammonite taxonomy is still poorly known as well so that 
no rigor is ilnplicd in the v~irious specific itlentifications of the am- 
~nonitcs used in this report. Some are identified with the abunda~itly 
illustrated. but biostratigraphically and taxonomically poorly known 
collections from southcrn Alaska (Ilnlay. 1953) ancl others with the 
cqually prolifically illustrated Kc~l~plo.i/cs specimens of McLearn 
(1 929). Although no Ibmial revision has yet been undertaken, the fol- 
lowing old Queen Charlottes genera are no  longer rccognizcd; all arc 
synonyms of K c ~ ~ ~ ~ ~ l c r i t c ~ s :  Y~rkorriloc.c,rir.s. Sc,ynrortrite.s, Ytrkorrnitc~.~, 
C'trlilneitc~s (cg. Callornon, 1954). A distinctive hivalve chi~lacteriz- 
ing the 1ni.ski11ires beds is Vurrgo~~infleuic~o.stnter (Rurwash) (Poulton. 
198 1). The 1ni.rkinirc.s wcrc described by Frcbold ( 1979). Callornon 
(1983) has suggested correlations of some of the species with those 
o f  southern Alaska and Europe. 

The succcssion of faunas listed abovc is basetl on castcrn Maudc 
Island. and the prcsencc ofCetdocc~~.ns sp. at Allifortl Hay on north- 

ern Moresby lsla~id as well as the presence ot'Kul)plei~itc.s at MacKenzic 
Ray on northeastern 54audc Islantl and ; ~ t  Allili)rd Bay (McLclun. 1929) 
sc~vc  as tics bctwccn Lhc various outcrop areas. The [aunas listcd below 
from individual fossil collcctions silggcst that further data might be 
available to correlate from one locality to anothcr in Skidcgatc Inlet. 
but thcy havc not yet been studied in detail. The shales of the Alli- 
ford Forniation at Alliford Ray. conti~ining Kc,l~plaritcs sp.. arc dis- 
tinguishcd particularly hy the bivalve ~~yoplror~cll~r prrr.kut.ili (Crick- 
may) (Poulton. 1081) antl helcmnites. They also cat-ry n suite o f  
bio~t~~tigraphically signilicant For:ln~iliifcrn and ostracotls (Tipper and 
Cameron. 1980; C'amcrori ancl Tipper, 1985). 

Follo\ving i a list of the significant macrofossil localities and 
faunas within the Late Bathonian (and earliest Callovian'?) New- 
cornbe \;intlstone and tlie probably Early Callovian Alliford shale ('+: 

indicates idcntificatiuns by H. Frcboltl which lin\~c not bccn revised): 

iVe,u~c.oiirhr Llcry, i~oi.//rrcis/c~i~ir , W ~ i i t l c )  I.~lc~trd (1;ig. 1 .  10c . .  17) 

13616. F.H. .\/lcLcal-n, 1921. Ncwco~nbc Ray, Skidegate Inlet. Maudc 
Island. See Poulton. 1979, 198 1 .  

Kc~l>pler~iro.s sp. 
~lfvol~hoi.clla di,\.ercr (Eichwald) 
A.sterr.tr c~crrlorte~~nis Whitcavcs 
Curnptonec.to.s (Canipronclc.lc,s) sp. 
114~ophorc~lltr packc~rdi (Crickmay)(?) 

13620. F.H. McLearn, 1921. Newcolnbc Hay, Maudc Island. 

K~,pp/~rirc,.s sp. 
Plrlri.oi~~~tr bp. 
~ ; i ~ ~ ~ i 1 1 i i 1 ~ ~ 1 0 ~ / 0 i i ( . ' ~ ~  sp. 

13621. F.H. McLcm.  192 1 .  Maudc Island, Ncwcomlx Bay, float kom 
probable Callovian beds (see Poulton, 1070). 

l i c ~ ~ ~ ~ ) l a i . i / ~ ~ s  sp. 
O.~:,.c~c,r.ite.s sp. 
Pui~/.vc~llicc~i~cr.v sp. 
Plcrri.oiir~u sp. 
M~oplpllorc~llo pirc.karcli (Cric kmay) 
k ~ o p h o ~ ~ c l l u  c/rtrrlottor.si.s (P;lck;~rd) 
M.ophoi.ellcr(') dco\*c,.vu (Eichwald) 
Pernu sp. 
E~rtolir~in sp. 
C~l ) r i~rc~(P)  sp. 
Protoc.ordiu srrh.sinri/c Whiteaves 
ostrciitl bivalvcs, indet. 
gastropods. indct. 
rhynchoncllid hrachiopods, indct. 
tcrebratulid b~xchiopods. indct. 
I.i~r,y~~ln sp. 

13625. F.H. McLcarn. 1921. Newcornbc Bay. Mi~ude Island (scc 
Polllton. I981 ). 

Goirioi,yo ap. 
Plerri.oiii~rr sp. 
Ho~~ioni~cr( ? j  sp. 
Psc'~lrloillotlo/is(:~) S!). 

PIcr,yio.stonro(?) sp. 
T(rr~cri~dirr(.~) sp. 
Cr~rhrrln(?) sp. 
A.stcrrte(P) sp. 
Entolirrn~ sp. 
Cerc.on!\n sp. 
Asrnrt~ c~ur1ottan.si.c- Whiteavcs 
Protoc.cr~.clin .srrh.sitnilc Whitcavcs 
ostreiid bivalves. indet. 



13633. F.H. McLearn, 192 1 .  Loose at Ncwcombe Bay (sec Frcbold. 
1979). 

It~i.skitri/e sp. cf. ~ t r c l e ~ ~ r ~ ~ i  Frebold. 
C-81904. H.W. Tipper. 1979. Kewcornhe Bay. McLcarn's main 
"Callovian" loc;~lity. Mautle Isl;~ncl, Lilt. 53'13'20"N, Long. 
132°02'40"W. Highest part ot' short section. 

P11ylloc~c~ru.s (P(rrr.sc1tic~oru.s) grotrr:i (Irnlay) 
Kc,l)l~lcr.ites (Sc,~t~rortrirt~sJ nl>rrrl~t~~,s (McLearn) 

C-81905. H.W. Tippcr. 1979. Ncwcombc Bay. McLearn's main 
"Cr~llovian" loci~lity. Maude Island, Lat. 53' 13'20"N. Long. 
132'02'40"W. Fcw feet below GSC locality C-X1904 in glrcn sand. 

Inisl;itri/es sp. cf. c~cyoidc.s (Whiteaves) 

Kobhc~r. Pain! a /  ecrst ellcl c?/'Murreie Island (Fig.  I ,  lot,. 18)  

4959. J .  Richardson, 1872. Robber Point, Skideeatc Inlet. 
C'u(1oc~ercr.s sp. cf. certo.s/onrcr Pompcckj 

4967. J. Richartlson, 1872. Robber Point. Skidegatc Inlet. 
Irri.skitrir~s sp. 

7595. F.H. Mclearn, 1921. At point at the east end of Maude Island 
on shore in front of Indian village, in float. 

:~Itti.skit~itc~s sp. cf. c.cpoitics (Whiteaves) 
Msophor.clltr( ?) sp. 
Plerrt.otiryc? sp. 
E~rlolirrnr sp. 
I so~~non~on  sp. 
77rra(,io sp. 
Lirr~rrlo sp. 
rhynchonellid brachiopoda, indet. 

13617. F.H. McLearn. 1921. Robber Point. Maude Island (see 
McLeam, 1929; Poulton. 1979, 1981 ). 

K~,ppl(,~.irc~.s sp. 
Errrolilrnr sp. 
T11rac.i~ sp. 
PIc~rrt.oniy(r sp. 
Myoplrotrll~r t l c ~ ~ , . ~ u  (Eichwald) 
Myoptror~ello /~uc~kc~t.eli (Crickmay)(?) 
Cunil)rorrc~crc~.s (~Wcle(rt~ttiu) sp. 
Pen~a(Y J sp. 
Gryl)hnetr sp. 
Ccr.coniyn(.?) sp. 
Pr.oroc,n,vlitr .sirh.similc Whitcavcs 
Canzpmnec,/es (Cuniprotlecre.s)(:.') sp. 
Astarre cc~rloi/etisi.s Whiteavcs 
ostrciid bivalves. inclct. 

48602. A.  Sutherlantl Brown, 1961. Lnt. 53'13' lSnN, Long. 
132"02'30"W. Above Cu~locc,a.s clot-o.scliit?i and below K c p ~ ~ l ~ ~ ~ i / e . s  
sl>itiosrtni (sce Cameron and Tipper. 1985). 

Kepp1cr.itc.s sp. 
Codoc,er.u.s sp. 
Irli.skini/c.s sp. 
Mvophorelln sp. 
At~dirrigotzitr sp. cf. l~lrrr?iu.scrrsi.s (Hyatt) 
Camp/otiec,ie.\ (Mrlctrr.t~ier) sp. 
I.\ogriomon sp. 
belemniles, indet. 
pelecypods, indet. 
gastropods, indet. 
corals. indet. 
gastropods, indet. 
terebratulid brachiopods, indet. 

48605. A. Sutherland Brown. 1961. Same as GSC locality 93737. Lat. 
5.3" 13'N, Long. 132'0 1 '45"W. Original identification o f  Clrotrdt'o- 

(,c,r.o.> by H .  1;seboltl (iir Sutherland 13rown. 1968) indic;~tes thc prcs- 
cnce oFirii.~Xinires (sec Sutherland Brown 1968. p. 74; Frebold, 1079: 
Poulton. IC)XI ). 

Irri.ski~ri~c~.s sp. cf. c,c~l)oidc.\ (Whitcavcs) 
P I e ~ ~ ~ ~ ~ o ~ ~ l ~ u  sp. 
/ l~yo/~ / rot~c~l / r  sp. 

93736. t1.W. Tipper. 1076. East shore of Maude Island on point 
southwest of Robher Ixl;~nd. Lat. 5 3  1.3'N. Long. 132"O 1 '40"W (see 
Frcboltl, 1979). 

I~i .~kini /c.s cc~/~oi( lc.~ (Whitt'ilvcs) 
Kc~p/)lcri/c~s sp. 
Asrctt./~ c~rr-1orrcr1,si.s Whitcavcs 
Grrtolirorr sp. 
~-'o,5rtlu(P) sp. 
'l%t.nc.in sp. 
Pro/ocetrclin srrhsi~~tilr Whiteaves 
Plerr/~orrr~cr Ic?c'\~i~cr/o Whitcavcs 
M,vo?/)/roi.c~lla ilc~'c.\.o (Eichwnld)(?) 
Myo/)horc~lln ptrc'kcn.di (Crickmay)('?) 
Isognon~on(.~) sp. 
ProrroelIn(?) sp. 

93737. H.W. Tipper, 1976. East shore of Maudc Island on point 
southwest of Robber Island. Lnt. 53'-12'55"N. Long. 132'01 '40"W. 
Same as GSC locality 48605. 

T~.igotricc sp. 
(;r;v/>11(1<~(1 sp. 
Ptr~~c.rllclotlo~r .sir?rillirnu (Whitcaves) 
gastropods, indet. 

C-81906. H.W. Tippcr. 1079. Robber Point. Mautlc Island, Lat. 
53°11-'40"N. Long. 132°U2'10"W. Top of section wit11 abundant 
large pelecypods. 

Kc~pl?loirc~.s sp. 
C-81907. H.W. Tippcr. 1970. Robber Point. Nlaude Island. Lat. 
53^12'40"N, Long. 132 02'IO"W. About 1 .S m below Kc~l~plc~~.i/c~s 
in grccn sandstonc. 

1iri.ski~ites sp. cf. c~l>oidc~.s (Whitcavcs) 
Myophorc~llcr nlorr/cr~rcro~.sis (Meek) 
bivalves. indct. 

C-86356. T.P. Poulton. 1979. Cairnex Bay, Robber Point, at or ncar 
McLcnrn's locality 45. Mnudc Islanil, Bathonian sondslonc blufl' 
(SCC Poulto11. 198 I ). 

Etr/olirtnl sp. 
Gc~~.villio sp. 
Pl~rrr-olirycl sp. 
Vnirgottin(7) tloro.scltitii (Eichwald) 
\/'(rrr,yotiicr~7e.t-ico.rtn/(1 ( Rurwas h) 

C-86369.T.P. Poulton and H.W. Tipper, 1978. Robher Point. cast cnd 
of Maude Island. Lat. 53O13.N. Long. 132"OI '4X"W. Kt~l?pler.i/e.s beds 
(sec Poul t~n,  198 l ). 

Kepplerites sp. 
C'rrc~rrlltreer porrtfc~r.o,sa Whiteaves 
Isogriotnorl .skiclc~,:lure~rsis (Whiteaves) 
O,si/'c'tr sp. 
Plelrroniyu /crc~ri,q(r/a Whitcavcs 
belemnitcs. intlet. 

C-86370. H.W. Tippcr. 1978. Robber Point, east end o f  Maude Is- 
land. Lat. 5.1" 13'N, Long. 132"OI '48"W. Irriski/ri/c.s bed (see Poi~lton, 
I')Rl). 

Etrtoliron sp. 
I.sogriotrrorr .skid~,q(~/~~~.si .s (Whitcavcs) 
M\~ol.'lrot.elltr sp. 



O.strvc1 sp. 
Pleio.ornyrr Icre~~i,quta Whiteaves(?) 
PI~rrr.on?yi~ sp. 
Pl.ollOe110(?) sp. 
Protocut~Iio srrhsiniile Whiteaves 
Vaugonin dor~osc~lrirri (Eichwald) 

C-86371. H.W. Tipper, 1978. Robber Point, east end of Mautle Is- 
land, Lat. 53" 13'N, Long. 132'01 '48"W. Irri.skir?ites bed. 

At?ntir?a(:)) sp. 
At?otnia(:)j sp. 
Caniptonc~c.tes (Cc~rnptoc~hlaniys)(:)) sp. 
Can?ptoriectes (Carnptoriertes?) sp. 
C~rc.rrllnen? (Irlorierrrca?) t ~ m ~ i d a  (Whiteaves) 
Er?tolirrni sp. 
Cer.~.illia 11e~~e.on7hii Whiteaves 
Conioniya(.?) sp. 
Crypliaea sp. 
Myophowllo sp. 
Myophor~lla c~l?at.lottensis (Packard) 
Myophorellcr(?) sp. aff. yrl1o~:tton~nsis Imlay 
0str.ecr skidega/et?sis Whiteaves 
Pirlna sp. 
Ple~rr.ornya sp. 
Thr.acio(?) sp. 
VairjioriiaJ1e.uic~o.stota (Burwash) 
Vnugonio dorosc~l?itii (Eichwald)(?) 
Cercornya(? j sp. 
Placrrt?opsis(?) sp. 
bivalves, indet. 
belemnites, indet. 
rhynchonellid brachiopods, indet. 
corals, indet. 

East of Yakoun Lake (Fig. l .  lot,. 13) 
C-101719. R. Higgs, 1987. East of Yakoun Lake, UTM 8801 14. 

Itiiskiriites ce/7oides (Whiteaves) 
ammonite, indet. 

C-101720. R. Higgs, 1987. East of Yakoun Lake, UTM X75 109. 
Itiiskinites sp. cf. cc>poides (Whiteaves) 
belemnite, indet. 

C-101721. R. Higgs, 1987. East of Yakoun Lake, UTM 875 108. 
Kepplerites sp. 

Al1ifor.d Buy, eust side (Fig. I .  loc. 22) 
13618. F.H. McLearn, 1921. On island, northeast shore of Alliford 
Bay, Skidegate Inlet (see Poulton, 1979, 198 1 ). 

PIerrr.on?ya(?) sp. 
Myophor.c~lla pac.kar-rii (Crickmay) 
Throcia sp. 
Gryphaea sp. 
Astcrrte ccrrlofter?sis Whiteaves 

13624. F.H. McLearn, 192 1. Talus on island northeast side of Alli- 
ford Bay (see Poulton, 1979, 198 1 ). 

Kepplerites sp. 
Myol~l~or-ella de~,e..ru (Eichwald) 
Myo/~l?or.eIIo pcrckarcli (Crickmay)(?) 
Cor.b~rla(P) sp. 
Astarte sp. 
Eritoliurn(?) sp. 
P1eur.om.v~ sp. 
Cypr.inu(?) sp. 
Myol~hot.ella rleve.ra (Eichwald) 
Asmr.te carlottensis Whiteaves 

Pi.or~oella(.?j sp. 
Lirr,~ulcr sp. 

14923. G.M. Dawson. 1878. East coast of Alliford Bay (see Poulton, 
1979). 

Myol~lro~~elkr cle~'erir (Eichwald) 
C-80808. H.W. Tipper, 1978. Island with beacon northwest of ferry 
terminal at Alliford Bay. Lat. 53"12'45"N, Long. 13I059'24"W. 
Top of section (see Poulton, 198 1). 

Cadocerns sp. 
lniskitiites sp. 
Kepplet.ites sp. 
Gr.aninlutodor~(?) sp. 
Honionyn sp. 
Myol7horelkr tle,~.rtr (Eichwald) 
Myol~hor.ellu(?j sp. 
Neoc~r~assiria (Coelc~stcrr.tcj(:)) sp. 
Pllolaclonrya sp. 
Pleirr.oniyn(?) sp. 
Pr.onorlla sp. 
Tllr.crc~ia(?j sp. 
Palaeorruc~rlu sp. 
Plagiostonra sp. 
belemnites, indet. 

C-80809. H.W. Tipper. 1978. Island with beacon northwest of feny 
terminal at Alliford Bay, Lat. 53'1 2'45"N, Long. 13 1°59'24"W. 
Upper member, Yakoun Formation. 

0.ryc.er.ites sp. 

C-80810. H.W. Tipper, 1978. Island northwest of ferty terminal with 
beacon. Alliford Bay, Lat. 53'12'45"N, Long. 13I059'24"W (see 
Poulton, 1981) 

Corl?rrltr(:~) sp. 
Cr~nn?rnutoclon(?) sp. 
Myophor~ella r1e1~e.u~ (Eichwald) 
Myo~~l?or~ellcr packar.di (Crickmay)(?) 
Ostr.ea(P) sp. 
Plugioston?a(?) sp. 
P I ~ ~ u r ~ o n ~ a  1ae1'igata Whiteaves 
PIelri.oniycr(?) sp. 
Thraciu sp. 
Gorziomyu sp. 

Allifor~cl Box, soutli side (Fig. I ,  lot.. 21) 
13619. F.H. McLeam, 192 1. South side of Alliford Bay (see Poulton. 
1979, 1981). 

Kel~pler.ites sp. cf. logcr17iurrrrs (Whiteaves) 
Osycerites sp. 
lniskinites sp. 
Vougollio sp. 
Tlrr~uciu(?) sp. 
Plelrron?ya(P) sp. 
Conion~va sp. 
Entolirtn? sp. 
Corbrrla sp. 
MyopI?o~~eIIa d e ~ ~ e s a  (Eichwald) 
Myophorello poc,kardi (Crickmay) 
Ostrecr sp. 
Astarte car.lottensis Whiteaves(?) 
Pr.otoc.trrdio suhsin~ile Whiteaves 
Va~~gor~ia,fle.vic~o.stutcr (Burwash) 
Pleur.ornya Iae\li,qata Whiteaves(?) 
Myophorvllu cliarlottensis (Packard) 
Ostr.ea skidegatetisis Whiteaves 



13626. F.H. McLearn. 1921. South side of Alliford Bay. Shidegate 
Inlct. Talus from probable Callovian beds (see Poulton, 1970. 198 1 ) .  

Asrrr/.r~ sp. 
r~ophot.c~ller ptrc,krrrtli ( C r i c k m ; ~ ~ )  
A.srtrrrc7 c~rrr1oftc~1t.si.r White:wcs 
Prortoc~llrr(~)) sp. 
7'lrr~cin sp. 

21124. Shell Oil Co.. I95 I. Skidegate Inlet, Alliford Bay. 
1tii.skitii1e.s sp. 

44707. A. Sutherland Brown. 1060. South shore of Alliford Bay 
(sec Poulton. 1979). 

Catlocc~rcw(?) sp. aff. rior~rlc~rr,s~jorlLli Callornon 
Itriskittitc~s(.?) sp. 
ammonite. intlet. 
pelecypods, indct. 
Myol,hot.~llrr ptrc,krit.rli (Crickmay) 

44708. A. Sutherland Brown. 1960. Fossil Point, Allilbrd Ray (bee 
Poulton. 198 1). 

Myol~hor.ellci poc,kot.di (Crick~nay)(?) 
93734. H.W. Tipper, 1976. Alliford Bay on north shore of Moresby 
Island. Lat. 53O13.N. Long. 132OW. 

:':Kepl>kc~t.i/cs sp. aff. spinosttni (Imlay) 
Cerdoc.i~~.us sp. a fr. r~ordc~n.s~joeldi Cal lomon 
Myol~lrorc~llcr pcrc,kcrr.di (Crickmay) 
Os/recr(? J sp. 

93735. H.W. Tipper. 1976. Alliford Bay on north shore of Moresby 
Island. Fossil Point. Lat. 53" 12'N. Long. 132'00' 1O"W. 

Kepplerires sp. 
Itli.~kini/e.~ sp. 
O.str.co(.'>) sp. 
Myophot.ell~ ptrc.ktri.tli (Crickmay)('?) 
Asrtrt./c c~crr.lot/c/l.ri.r Whitcavcs 
PI~rrt.ortiycr c~r~r~lot/oi.si.r Whitcavcs 
Plc~ri.ottiytr lac>\~i,qntct W hiteaves(?) 
7lrt~uc~in sp. 
7'/1t.nt,io dc>p/.es.ra (Sowerby) 
il4odiolu.r sp. 
Pt.ot10cllu sp. 
I.sog/lol7loll( ? l  sp. 

C-80803. H.W. Tipper. 1978. Fossil Point, west side of AlliUortl 
Bay. Lat. 53"12'06"N, Long. 13 1 "59'25"W. Uppcr member. Yakoun 
Fonnation. 

KoppIc~ri~o~ sp. 
~ ~ o p h o , u l l r  pcrc~kcrrcli (Crickmay )(?) 

Throl.icr .sc~nriplnricr/cr W hi tcavcs 
Cerc~otitycr (Col,illintytr) senrircrtlinto (Whitcavcs) 
Isognon1011 sp. 
Plngio.stonro(? ) sp. 
PIc~rrr.otnyc~ c~ar~lo//c/isi.s Whitcavcs 
Plcrrr.otnytr sp. 
Vtrtr~otlia tlot.osc.liitri (Eichw;lld)('?) 
gastropods. indet. 

C-80804. H.W. Tippcr, 1078. Fossil Point, west side of Allifortl 
Bay. Lat. 53" 12'06"N. Long. 13 1 -59'25"W. Uppcr mcmbcr. Yakoun 
Fonnation. 

Lytoc.rt.o.s sp. 
O.\:vc~o.ite*,s s p. 

C-80805. H.W. Tippcr, 1978. Fossil Point. west side of Allifortl 
Bay. Lat. 53'1 2'06%. Long. 13 1 "59'25"W. Upper membcr. Yakoun 
Formation. 

Kc,~>~~lo.ircs sp. 

C-80807. H.W. Tippcr and B.E.B. Cameron. 1978. South end of Al- 
lilbrd Bay in centre of syncline. Lat. 53' 12'06"N. Long. 13 1°59'W. 

'*Kc~l~l~lc,ri/c~s sp. cf. .sl~itzosrrnt (Imlay) 
Cccr/oc~c~t.trs sp. af'. nordc~ti.s~joc~ltli Callornon 
Crrrlocet.crs sp. 
Myol~ltorc'llr /~trc'k(rt'tii (Crickmay) 
~Vi.vol~liorelltr sp. 
Ptrluc~ottl~l/tr sp. 
Pktgiostortm sp. 
Plcwro~ttyu sp. 
O S I ~ C L I  sp. 

C-171156. R.L.  Hall. 198.5. Fossil Point. wcst sitlc of Alliford Bay. 
LITM 004 986. 

l/ii.skitri/c.s sp. 

East of Allijotvl H t y .  /tor.tl.icr.ti Mowshy l.slu/td (Fi,q. I ,  lot,. 23 )  
C-101728. R.1. Thompson. 1947. LlTM 028989. Lat. 53"12' I5"N. Long. 
131'57'15"W. 

1tiiskitiite.s sp. 

Eost c!f'AIIijh~.d R17y (Fix. 1. to(.. 24) 
C-142919. R.I. Tf~ompson. 1987. UTM 035972, Lat. 53"I 1 '2ON. Long. 
13 1 "56'30"W. 

Kepplc,r.i/~s sp. 

CONCLUDING PALEOGEOGRAPHIC REMARKS 
The Quccn Charlotte Islands form part of Wrangellia, a tectonos- 

tlatigraphic telrane that also includes Vancouver Island, and sonic wcst- 
crnmost parts o f  mainland British Columbia. Thc origin and tirning 
and nature of the amalgamation of the western allochthonous terranes 
to North America remain controversial. The Ju~xssic rocks appear to 
form part of an ovcrlap assemblage, deposited with relative unifor- 
mity over a widc area on a variety of older units: Triassic Wrangel- 
lia in thc Quccn Charlottes ancl Vancouver Island. tlic Triassic Cad- 
w~llladcr Terrane near Ynlakom Fault. south\~cstcm mainl:atl B.C.. 
and on a Triassic tcrlxne bctwccn the two that may be part of Stikinia. 

The Middle Julassic iunmonitc faunas ofthc Qucen Clia~.lotte Is- 
lands contain ;I Sew species wit11 a distinctly wcstcm North American 
affinity. but most arc pantlernic. The distinctive North Americiin gcn- 
era include %c~mi.s/eplrc~nrrs of the Early Bajocian and lniskiriirrs of the 
Late Bathoninn. Their tlisuibution. on and adjacent to the western North 
American cratonic platform was taken to characterize the 'Athabas- 
can Province' of the East Pacific Realm (Tayloret al.. 1984). Because 
the southern limit of these ammonites in the autochthonous western 
interior Jurassic succession seems to be in southern Alberta. they 
may be considcrcd as cvitlence that the plate carrying the Qucen 
Charlotte Islands Jurilssic was not located farther south than about 49"N 
latitude in Mitldlc Jurassic time. Equivalent rocks of western interior 
U.S.A. are apparently not in fi~vourahlc facies for similar ammonite 
ftiunas t o  be psescrvcd, however, so that no definitive statement regarding 
[lie degree of northerly transport can be made. 

Thc thin Aalenian succession, gratlational from the relatively com- 
pletc Lowcr Jurassic scqucncc. appears to be earliest Aalenian in agc 
and to be truncated at it? top by an unconfomiity above which are Lower 
Bi~jocialn beds. The Aaleninn in the Qucen Charlottes must represent 
tiny remnants of wl~at was a much thicker. niorc complete and more 
\\~idcsprc;td Aalcnian sedimentary and volcanic sequencc such as is 
found elscwherc in western British Columbia, in other parts of 
Wrangcllia and Stikinia tcrrancs (Poulton and Tipper. in press). 

B;ljocian beds ore similarly widely distributed in western British 
Columbia. They are highly variable from one place to another. and 
inclutle volcanic units as on Queen Charlotte Islands. Tectonic/vol- 
canic activity and deposition in small, isolated basins is clearly indi- 
cated. 



Latc Bathonian atid Callovian rocks over much of western 
British Columbia, as on Quecn Charlotte Islands, are shales, siltstones 
and mudstones with little evidencc for influx o!' coarse sedimcnt 
from local sourcc areas or tectonic activity. Tippcr ( I  984) suggcst- 
ed that thcy may be nn overlap assernblagc indicating amalgamation 
of western Cordillcra, allochthonous terranes with othcrs to thc cast. 
In this case. the hiatus betwccn lhc Moresby ancl Yakoun groups on 
Quecn Charlottc Islands has supl-a-regional signific;~nce. 
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Abstract 

A I I P ~ I ,  111odel ~ / ' C I Y I U ~ ~ C O ~ I S  t l q o s i f i o ~ ~  ill tl7c @re~tr Cl7at.lottc. 1.slnr1cl.s t.e<qion is proposed. This ititetpretutiot~ is hascd 
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INTRODUCTION 
The Queen Charlotte Islantls serve as an important cornerstone 

for interpreting the tectonic history of the Cordillcran rcgion of 
Canada (Fig. 1 ). The Crctaceous succession in the Quecn Ch:lrlottc 
Islantls represents a hignificant portion of the total stratigraphic 
package and thus must be consitlered as :ui integral part o f  any 
tcctonostratigraphic model for Can:ida's Pacific coast. 

Recent structural investigations in the Queen Charlotte 1sl:lnds 
have Icd to the recognition of the Cretaceous strata as an important 
constraining factor in interpreting the geological evolution of the is- 
lands themselves (Tho~npson and Thorkelson. 1989; Thompson et al.. 
199 1). A comprchcnsive undcrstantling of Crctaceous stratigraphy is 
thcrcforc of vital concern in conceptualizing tlic structural history of 
the region. 

Finally. a dctailcd model of Cretaceous stratigraphy and sedi- 
mentation is of paramount imporlance for oil exploration. because Crct- 
aceous rocks in the Queen Charlotte lslands (and possibly in the off- 
shore. Hecatc Strait. rcgion as well) overlie Jumssic source rocks 
(Cameron and Tipper, 198 I : Macauley, 1983: Hamilton ancl Cameron. 
1989) and have been identified as a potential secondary hydrocarbon 
target (Fogarassy. 1989: Fog:lraxsy and Barnes, 1089). 

The author's field program in tlie Queen Charlotte Islands was 
initiated to improve the biostratigraphic framework for correlation of 
Cretaceous strata within the islands, as well as with othcr areas of wcst- 
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Figure 1 : Location map of Queen Charlotte lslands showing main lo- 
calities discussed in text. 

ern North America. In ;~dtlition to enhancing the biostrntigr:tphic 
control. field\vork supported by the QUCC~I Chiwlottc Islands Frontier 
Gcoscicnce Prograrn (QC1 FGP) in 1988 and 1989 hac sho~vn that the 
Cretaceous system in the islantls is rnuch more extensive than prcvi- 
ously bclicvctl. 130th geographically and tcrnpolxlly. Additionally. thc 
cnvironmcnts in which many of the Crctaceous rocks accumulated arc 
now recopni~ed to be distinctly different than previously hypothesi~ed. 

Linking all tlie stratigraphic and scdinicntological studies. the cor- 
relations provided by ~nolluscan biostratigraphy have nllo\ved for the 
forn~ulation of an intcgratctl modcl of the Crctaccous dcpositional sys- 
tems of the Queen Charlotte lslarids region. This model unites the stratig- 
raphy of the islands into a simple niodcl of sedimentation which is also 
predictive of the subsurface distribution of strata under Hecate Strait 
to the east. 

This paper tlescribcs this new. integrated model of the Cretaceous 
system in the Quecn Charlotte lslands. First. I will review ancl sum- 
marize data rcgarding tlie major stratigraphic units rccognizcd in the 
islands. This will bc followed by a prcscntation ofthc new model of 
Crctaceous deposition and its implications for Cretaceous paleo- 
geography. tectonic interpretations. ant1 hydrocarbon potential. 

S o ~ n e  of the major stratigraphic rel:~tionsliips discussed in this 
p;lpcr were first rccogni~cd in 1989. Several ofthe papers in this vol- 
ume were prepared before that tirne and conscqucntly may not rctlect 
the ul~tlatcd stratigraphic interprct~~tion. 

STRATIGRAPHY 
For more than a century. the study ancl correlation of Mcsozoic 

strata in the Quecn Charlotte Islands has relied almost exclusively on 
molluscs. chiefly ammonites and bivalves. Molluscan rcrnains occur 
in great profusion at some levels in the succession. ancl these I'ossils 
were initially described by Whiteaves ( 1876, 1884, 1900). The util- 
ity of ammonites for correlation resulted in the early dcvclopmcnt of 
n stratigraphic scheme based in large measure on this fossil group. 

Iicccnt efforts to incorporate microfossils into the study antl cor- 
relation of the Cretaceous system have not proved greatly successful. 
In contrast. in older levels of the McsoLoic succession in the Queen 
Charlotte Islru~ds. integnltcd ammonoid, conotlont. antl radiolarian bios- 
tratigraphic schemes have been developetl (e.g. Carter et al.. 1989). 
Compared to the Triassic and Jurassic scqucnccs. the coarse-grained 
lithologics which charactcrizc much of the Cretaceous system are rel- 
atively barren in these niicrofossil groups. 

Whatever the fossil groups used for correlation, a precise geo- 
graphic location for each fbssil collection is mandatory if a reliable 
stratigraphic scheme is to be developed. Unfortunately, some of the 
cnrly fossil collections made by Richardson (1873) and other geolo- 
gists visiting the Queen Charlotte lslands wcrc mixed. resulting in con- 
fused interpretations. I t  was not until this century that McLearn 
(1949) unravelled the succession of faunas present in several key sec- 
tions visited by the early geologists, and established the basic frame- 
work within which successive stratigraphic studies in the Queen 
Charlotte Islands have been ~inderlaken. 

The development of stratigraphic nv~nenclature for the Jurassic 
ancl Cretaceous systems of the islands was detailed by McLcarn 
(1949). Subsequent informative discus\ion is provided by Sutherland 
Brown ( 19h8), Canieron and Tipper (1985). Haggart ( 1987). and 
Woodsworth and Tercicr (1991). A summary of the Cretaceous 
non~cnclatorial evolution of the Queen Charlotte Islands. gleaned 
from these sources, is presented by Woodsworth and Tcrcicr ( l  99 l ). 
The references cited above should also be consulted for background 
detail regarding the origin ofstratigr:~phic names. This paper utilizes 
the established Cretaceous stmtigraphic nomenclature for purposes of 



discussion. while recognizing that a revision of Cretaceous stratign~phy 
is now timely. 

To date. four major C'rctaceous stratigsaphic units have been 
recognized in the Queen Charlotte Islands on the b;u;is of p:~lcontological 
studies (Fig. 2). In chronological order of their recognition. these itre: 

1 )  the Queen Charlotte Group; 
2) the Longa171i Fonnation: 

3) an unnamctl succession of Late Cretaccous sedimentary rocks. 
principally shnlcs; and 

4) a succession of Late Cretaccous volcanic rocks. also presently 
unnamed. 

Prior to the Geological Survey ofC;mada's QC1 FGP, only the 
first two of these four stratigri~phic units werc recognized (see 
Sutherland Brown. 1968; Haggart, 1986~). The Queen Charlotte 
Group and the Longarm Formation werc interpreted as distinct strati- 
graphic packages representing discrcte episodes of Cretaceous scdi- 
mentation in the islands (Sutherlantl Brown, 1968: Yor:~th and Chase. 
19% 1 : Cameron and Hamilton. 1988: Hamilton and ('ameron. 1980) 
(summarized in Fig. 2). 

A brief summary of these four stratigraphic units is presented 
below. in order of their dates of'dcscription. This order. rather than 
stratigraphic sequence. is prcfcned because i t  allows the Cretaceous 
dcpositional framework to be simply described in terms o l  its basic 
components. sandstone and shale lithologic units. 

Queen Charlotte Croup -general statement 
The Queen Charlotte Group was originally definecl as the Quecn 

Charlotte Series by Clapp ( 1914). for the younger Jurassic and Cret- 
aceous strata found in the Skitlegate Inlet region of the Quccn Char- 
lotte Islands. Clapp ( 1  914) subdivided his Quecn Charlotte Series into 
three units. the Haida Member, thc Honna Member, and the Skide- 
gate Member, and considered them a stratigraphically-successional 
package. Faunal differentiation allowed MacKenzie (1916) to re- 
strict the group to the Cretaceous portion of the section. MacKenzie 
(1 9 16) also raised Clapp's (19 14) members to formation status, rec- 
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Figure 2: Interpretations of Cretaceous stratigraphy of the Queen Char- 
lotte Islands prior to, and resultant from, the FGP study. Absolute ages 
after Palmer (l 983). 

ognizing the Haitla. Honna. ancl Skitlegate hr~nations, in ascending 
stratigraphic order. 

Haida Formation 
Clapp's ( 19 14) definition of the Haida Member was based on cx- 

posures in the Skidegate Inlet region (Fig. I). Thc stnta which are found 
on both sides of the presently recognized Cretaccous outcrop belt in 
the central Quccn Charlotte Islands were placed by Clapp within 
this unit. Thus. lie included rocks which arc now assigned to the Lon- 
ganii Fo~lnation within the Haida stratigraphic unit. Clapp ( 19 14) rec- 
ognized a basal fine-grained sandstone lithofi~cics within the Haidit 
member. which grades upward into shale. Sutherland Brown (1968) 
suhscquently defined the Sandstone member i~ntl the Shale member 
ofthc Haida Fonuation for these two distinct lithologies. which char- 
acteri~c the lower and upper portions of the fornation, respectively. 
The distribution of Haida Formation outcrops in thc Queen Charlotte 
Islands is shown in Figure 3. 

Srin(l.srottr tnc~nlho 

Ilthology. Details of the lithological composition of the Sandstone 
member of the lower Haida Formation werc discussed by Sutherland 
Brown ( 1068) and Yagishita (1985). who measured and tlescribed sec- 
tions for the type locality in Bearskin Bay, and by Haggart (1986~). 
Fogarassy and Barnes (l 988. 199 1). and Higgs and Bornhold ( 198%). 
The Sandstone member contains a numbcr of distinct lithofi~cies 
which. when present, consistently succeed each other through an 
outcrop section: these have been described under various names by 
the workers citetl above. 

In general. the Sandstone member consists of medium- to fine- 
grained, greenish, cross-stratitied sandstone, locally cxhibitiny estensivc 
bioturbi~tion. A discontin~rous basal pebble conglomerate lithofa- 
cics. no more than a few tens of metres in thickness, occurs in the low- 
elmost part of the member. The composition of the conglomerate clasts 
at many localities indicates the Jurassic Yakoun Group volcanics as 
the dominant source. The matrix of the sandstones has a volcanic-frag- 
ment component, also likely derived from the Yakoun Group rocks 
(Sutherland Brown, 1968; Yagishita, 1985). The member is rich in 
plant debris and other fossils, including ammonites, bivalves. other 
molluscs, and decapod crustaceans. 

Thickness. The Sandstone member of the Haida Formation is sepa- 
rated by a considerable unconformity from all underlying units ex- 
cept the Longarm Formation. The total thickness of the member is dif- 
ficult to ascertain because of intermittent exposure and local disruptions 
due to faulting. Sutherland Brown (1968) gave a thickness of 823 m 
at the type locality in Bearskin Bay. It is suggested here that this num- 
ber is exaggerated due to the mapping difficulties noted above. Based 
on composite measured sections of Sandstone member strata in 
Cumshewa Inlet, I estimate the actual thickness to be approximate- 
ly half that of Sutherland Brown (1968). 

Depositional environment. The lower part of the Sandstone mem- 
ber includes a rich and diverse mollusc fauna and a variety of sedi- 
mentary structures which are indicative of shallow-marine deposition. 
Haggart (1986~) recognized that the sequence of lithofacies making 
up the member represents an inner-shelf succession which accumu- 
lated in a regime of gradually rising sea level, i.e., a marine transgression. 
Higgs and Bornhold (1988) further ascertained that much of the 
member was deposited as a result of storm events. It appears that the 
Sandstone member of the Haida Formation represents the basal trans- 
gressive phase of deposition in the eastern part of the Cretaceous basin. 

Fogarassy and Barnes (1989) have suggested that the Sand- 
stone member may locally contain nonmarine beds. Some of the 
beds they identified as possibly nonmarine have yielded shallow-ma- 
sine bivalves (trigoniids and oysters), however, indicating that at 
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least these localities are of marginal-marine origin. On the other 
hand, some support for a nonmarine interpretation for some parts of 
the member comes from the Beresford Bay area, where thin (less than 
4 cm), laterally discontinuous coal seams occur at the base of the sec- 
tion (Haggart, 1986~). 

Distribution. The Sandstone member of the Haida Formation has been 
identified at many localities in the Queen Charlotte Islands. In the cen- 
tral islands area, these outcrops form a belt approximately 3 km in width 
which trends across the region in a general northwest to southeast di- 
rection (see Sutherland Brown, 1968, his Fig. 13; Thompson, 1990; 
Lewis et al., 1990). The Sandstone member outcrop belt forms the east- 
emmost Cretaceous outcrop recognized in the islands. 

Exposures of this unit also occur extensively along the northwest 
coast of Graham Island north of Beresford Bay, and on Langara Is- 
land at the northem tip of the Queen Charlotte Islands (Sutherland 
Brown, 1968; Haggart, 1986~). No exposures of the Sandstone mem- 
ber have so far been recognized south of Cumshewa Inlet, in the south- 
em two-thirds of the archipelago. 

Age. The age of the Sandstone member is well constrained by rich 
assemblages of ammonites. Many of these fossils have come from the 
type section in Skidegate Inlet. These and other collections from 
nearby locales were described by McLeam (1972), who recognized 
that the Sandstone member in the Skidegate Inlet region includes stra- 
ta representing most of the Albian stage. McLeam (1972) proposed 
a sequence of ammonite zones for the Albian of the Queen Charlotte 
Islands, based on the Skidegate Inlet collections. He compared this 
succession with other areas of the Pacific coast of North America, not- 
ing that the basal Albian did not appear to be represented in Skide- 
gate Inlet. 

Jones et al. (1965) suggested the possibility that the Skidegate 
Inlet area might contain the lowest Albian, and they definitely iden- 
tified basal Albian strata from the Sandstone member in the Beres- 
ford Bay area of the islands (Fig. l). Thus. as summarized by Jelet- 
zky ( 1  977). the Sandstone member of the Haida Fo~mation in the Quecn 
Charlotte Islands is finnly identified as including strata spanning the 
entire Albian stagc. 

Slrcrle member 
Sutherland Brown (1968) defined the Shale member of the 

upper Haida Formation on the basis of exposures in western Bearskin 
Bay. Skidegate Inlet (Fig. l), where shale and silty shale predominate. 
The Shale member conformably ovcrlies the Sandstone member at its 
type section and at all other localities whcre its base has becn stud- 
ied. Transitional strata are sometimes encountered. and the assignment 
of these rocks to either member is somewhat arbitrary (see Haggart, 
1986c in regards to exposures in eastern Cumshewa Inlet). Nonethe- 
less, the well-exposed sequences of distinctive lithology seen at the 
type locality and in many other sections indicate that the unit is a vi- 
able stratigraphic entity. 

Cameron and Hamilton (1988) suppressed the use of the name 
Shale member, preferring to include this unit within a greatly expanded 
Skidegate Formation. For reasons discussed below this assignment is 
considered inappropriate. 

Lithology. Sutherland Brown (1968) described a measured section 
and lithologies for the Shale member at its type locality. Other dis- 
cussions were provided by Haggart (1986~) and Fogarassy and Barnes 
(1988). 

The Shale member consists primarily of a monotonous succes- 
sion of black. silty shale with abundant calcareous concretions. 
Lenticular bedding, with sand dispersed throughout the mud matrix, 
is noted throughout the member, but distinct sandstone beds are rare. 
Those that are noted consist of fine- to medium-grained sandstone and 

sometimes include a basal granule or grit lithology with associated 
shell debris. The proportion of mud to sand in the member is quite high, 
generally greater than 10:l. The early diagenetic concretions are 
spherical or potato-shaped and range from several centimetres to 
more than 50 cm in diameter. It is within the concretions that the best- 
preserved, three-dimensional fossils are found, generally in aggregations; 
flattened impressions of some forms, especially bivalves, often occur 
singly in the mud matrix. 

At one locality in Cumshewa Inlet, near McLellan Island (Fig. 
8), the member includes abundant conglomeratic debris, primarily 
granitic cobbles and small boulders, intraformational clasts, and 
transported fossils. all found in a chaotic melange. 

Yagishita ( l985), Haggart ( 1986~). and Fogarassy and Bames 
(1988) described the uppermost strata of the Shale member as com- 
monly containing thinly-interbedded siltstone and fine-grained sand- 
stone, commonly bioturbated. As discussed below, these strata are 10- 
cally transitional to the Skidegate Formation. 

Thickness. The Shale member conformably overlies the Sandstone 
member of the Haida Formation at the type locality at Bearskin Bay, 
as well as at Cumshewa Inlet. Sutherland Brown (1968) measured the 
unit to be approximately 325 m thick at its type locality, whereas Haggart 
(1986~) gave a composite thickness of approximately l00 m for the 
Shale member at Cumshewa Inlet. 

Depositional environment. The conformable nature of the contact 
of the Shale member with the underlying Sandstone member indicates 
that a gradual change in depositional environment must have occurred. 
The rocks of the Shale member accumulated as a result of the same 
transgression which produced the underlying Sandstone member. 
The mudstones of the Shale member reflect a deeper-water, gener- 
ally more offshore facies, interfingering with, and laterally equiva- 
lent to, the Sandstone member deposits. The storm deposits which char- 
acterize the nearshore Sandstone member (Higgs and Bornhold. 
1988) are also found in the Shale member and arc represented by the 
infrequent fine sandstones with basal grit and shell lags. 

Haggart (1986~)  suggested that sedimcntological and fauna1 
cvidence pointcd to an outer-shelf sctting for most of thc Shale mem- 
ber. The presence of thc chaotic conglomel.atcs described above. as 
well as local slump features. indicates that at least locally the mcm- 
ber may represent slope environments (Gamba et al.. 1990). 

Distribution. The utility of the Shale member as a mapping unit in 
field studies further underscores its value as a stratigraphic unit. Out- 
crops of the member have becn identified at numerous localities 
across the Queen Charlotte Islands. In general. the outcrop of the mem- 
ber fonns a belt about 3-4 km in width. situated parallel to thc out- 
crop of thc more easterly occurring Sandstone member (see Sutherland 
Brown. 1968, his Fig. 13 and geologic maps by Thompson, 1990 and 
Lewis et al., 1990). In addition to the type locality, the Shale mem- 
ber is displayed well along the north shore of Cumshewa Inlet. The 
outcrop belt can be traced into central Graham Island (Haggart et al., 
1990; Indrelid, 1990) where, again, i t  is typically found parallel to, 
and west of, the Sandstone member outcrops. 

Shale member strati1 also occur on the northwest coast of Gra- 
ham Island, as well as on nearby Li~ngara Island. The rocks at these 
locales are very gently dipping and typically show a greater compo- 
nent of lenticular bedding. Fossils in these strata are somewhat sparse, 
found principally in the thin, coarse g i t  and pebble conglomerates which 
occur locally. 

Age. In its type section at Bearskin Bay, as well as at several other 
localities in Skidegate Inlet, the Shale member contains rocks of 
Cenomanian and Early Turonian age (McLearn, 1972). The same age 
range characterizes most other known outcrops of the Shale member. 



At several localities on the north coast of Ciraliam Island. just south 
of Langara Island. the member contains Cenornanian fossils imme- 
diately beneath the overlying Honna Fortnation. No fossil evidence 
of Turonian-age strata has been found anywhere on tlie northwest coast 
of Graham lsland to date. Some sections. such as the ones at Bcrcs- 
ford Bay ;uld Hanna Koot Creek, could conceivably inclutle Turoni- 
an rocks. howcvcr, as they are undated or contain significant amounts 
of section overlying known Albian liosizolls. 

At Cumslicwa Inlet. rocks of the Shale nlcnibcr just beneath the 
overlying Honna Formation are of Early Turonian age (Haggart. 
1986~).  Farther south. scvcritl exposures of Early Turonian age arc 
found on the northeast shore of Sewell Inlct. 

Skidegate Formation 
Much of the Cretaceous strata fount1 at shoreline level in Long 

Inlet and Skitlegate Channel (Fig. I) was recognized by tlie early gc- 
ologists as lithologically distinct from typic;rl Haida Forniation stra- 
ta frtrthcr cast. in Bearskin Bay. These rocks were tli~ts described as 
n scpante stratigraphic unit, to which Clapp ( 1914) gave the name Skide- 
gate Mcmbcr. Apparent field relationships of vitrious rock units sug- 
gested to the early geologists that the Skidegate Formation rocks cx- 
posed along the north shorc ofKaga11 Bay fornied the uppennost part 
of the Crctaccous stratigraphic succession in the Skidcgate Inlet re- 
gion (e.g., Richardson, 1873: Dawson, 1880). 

Lithology. Rocks of the Skidegate Fonnation are perhaps the most 
lithologically distinct Cretaceous strata in the Queen Charlotte Islands. 
The lithology was described in detail by Sutherland Brown (1968). 
Haggnrt ( 1986~). ancl Fogarassy and Bames ( 1988). These rocks arc 
composed of strongly indurated, silty shale and intcrl7etldcd turbidite 
sandstone, often forming spectacular and jagged exposures at shore- 
line level. The fine- to coarse-grained sandstone beds arc often clian- 
nclized into the untlcrlying strata, are graded and show partial Bouma 
sequences, and range in thickness from 5 cm to more than a metre. 
Sole marks are sometimes seen on the undersides of individual sand- 
stone bcds. while the upper surfaces arc extensively bioturbatcd. 
Mollusc remains are quite rare. and are found principally in the sand- 
stones, and a limited amount of small-size plant debris is observed lo- 
cally. 

Various outcrops of the Skidegate Formation exhibit a lesser or 
greater development of turbidite sandstone bcds. On outcrop scale, 
the proportion of sandstone to shale ranges from about 10: I to l : I .  
Those outcrops where the ratio approaches 1 : I appear somewhat 
sitiiilar to the Shale member of the Haida Fomintion. For mapping pur- 
poses, the two units can usually be differentiated o n  the basis of 
presence or abscncc of the t~~rbiditic sandstone beds, and of stratigraphic 
context; sandstone-free shale succcssions in the Skidegatc Fonnation 
rarely persist for more than a few metres stratigraphically. Outcrops 
of the Shale member frequently contain common calcareous concretions. 
which do not appear to be present in the Skidcgatc Fonnation. 

The exposures of siltstone and tine-grained sandstone interbedded 
with shale at Cumshewa Inlct, described by Yagisliita (19x5) Haggart 
(1986c), and Fogitrassy and Barrles ( 1988) and correlated by thcsc all- 
thors with the upper part of the Shale member of the Hitida Forma- 
tion, probably represent transitional strata between the Haida Shale 
member and Skidegate Forniation. 

Thickness. The Skidcgatc Fonnation is gratlational with the Haida 
Shale member (see discussion below). The total thickness of shale and 
sandstone forming the unit is unknown becailse its base is unde- 
fined. Sutherland Brown (1968) estimated an approximate thickness 
of 630 m for the formation at its type section in Kagan Bay. 

Depositional environment. Sutherland Brown et al. (1 983) interpreted 
the Skidegate Formation at the type locality as a unit depobitcd in a 

lacustrinc or shallow-marine environment. Haggart (1986~)  report- 
ed ~narinc fossils from the formation, and Cameron (unpublished 
GSC fossil report BEBC- 1980- I ) has subsequently identified 
foraminifcrs fro111 outcrops in Long lnlct which indicate that those 10- 
calities represent outer-shelf to upper-slopc rnarine environments. The 
abundi~ncc of turbidite deposi~s interbedded with shales. the paucity 
of lnollusc fossils. and the intergradational nature and age equivalence 
of the krmation with the Shale member of the Haida Formation (sec 
below), all point to a submarine-fan setting for much of the Iblma- 
tion. 

Haggart ct al. (19x9) suggcstcd that Skidegate exposurcs in 
Long Inlet represent distal-turbidite deposits of a submarine fan com- 
plex. Gamba ct al. ( 1990) interpreted the Skidegatc Formation Inore 
specifically, as levee deposits adjacent to fin-channel complexes of 
the Honna Fonnation. This interpretation holds on a local scale, es- 
pecially at Yakoun Lnkc or Scwell Inlet. where the conglomerates of 
the Honna Formation arc thin and interstratified with shales and 
weakly-developed turbidite sandstones of the Skidegate Fonnation. 
However, the oldest Skidegate Fomiation deposits appear to predate 
those of the Honna Fotmation (see below), and the Skidegittc Formation 
deposilional system had apparently existed Ibr a substantial period of 
lirnc prior to progradation of Honria deposits into the basin. 

In general. the thick accumulations of Skidegate Formalion 
rocks which are li~und on the wcstcm flank of the outcrop belt arc con- 
sidered to rellect a submarine fan setting. Minor occurrences of 
Skidegatc-type rocks within shale sequences of the Hi~ida Fonnation, 
such as occur in the Sewcll Inlet area, indicate that the Skidegatc For- 
mation also accumulated locally in non-fan settings. Interpreting the 
formation strictly as of submarine fan origin overlooks the possibil- 
ity [hilt minor turbiditic deposition may have occurred at sites on the 
outer shelf or slope where gradient and sediment supply were suffi- 
cient, perhaps in localizetl subbasins. 

Distribution.The Skidcgate Formation is much more restricted in its 
area1 distribution than is the Haida Formation (Fig.3). Outcrops of the 
Skidegatc Formation are oriented subparallcl to the general trend of 
the Haida Formation outcrop bclt but are generally located west of that 
belt. Local exposures of the Skidegate Fomration occur on southeastan 
Langara lsland and northwestern Graham Island, in western Skide- 
gate Inlct. and in the Scwcll Inlet region. The most southerly expo- 
sures yet identified arc in the Crescent Inlet area of Logan Inlet (Fig. I). 

Age. Until recently. the age of the Skidegatc Fomiation was consid- 
ered problematic. Bascd on confusing field relationships. early geologists 
maintained that the Skidcgatc Formation was the youngest Cret- 
aceous stratigraphic unit in the Skidegate Inlet area. supposedly over- 
lying the Honna Formation con_elomerates at Kagan Bay (Ricliardson. 
1873: Dawson, 1880; Clapp, 19 14; MacKen~ie, 19 16). However, 
Whiteaves ( l  884) had recognized that the Skidcgate rocks included 
fossils of Turonian age and that the same fossils occurred in the 
Haida Formation. This connection was lost on the field geologists, how- 
ever, who continued to maintain a stratigraphic segregation of the two 
lithologic units. Haggart (1987) summarized the geological and pa- 
leontological investigations which ultimately led to the recognition 
that the Skidegate Formation is ewentially the same age as the Haida 
Sandstone and Shale members. 

The scarcity of mollusc remains in the Skidegate Formation 
complicates dating of individual outcrops and even sections. However. 
a number of collections from several areas have shown that the for- 
mation includes strata of at least Cenomanian and Early Turonian, and 
probably Albian, age (Haggart. 1986~. 1987). When fossils are found 
in the highest Skidegate Formation and Haida Shale member beds im- 
mediately beneath the overlying Honna Formation conglomerates. at 
most localities in the Queen Charlotte Islands (including western 



Skidegate Inlet. Cumshewa Inlet, and Sewell Inlet), they are consis- 
tently of Early Turonian age. Fossils of likely Early Turonian agc have 
also hecn collected by the writer from Skidegate Forn~ation outcrops 
just beneath Honna Fonnation strata on central Grahilm Island (Ghobt 
Creek area). 

Camcron and Hamilton (19x8) expanded the definition of the 
Skitlegate Formation to inclutle all the finer clastics of similar age oc- 
curring throughout the archipela@o, including Inany rocks previous- 
ly assigned to the Shalc member of the Haida Fotmation. This fails 
to recognize the lithologic din'erences between the Skidegate Fomation 
and the Shale member rocks. In addition, the areal cxtent of tnle Skide- 
gate-lithology strata in the Queen Charlotte Islands is much more re- 
stricted than that oSShalc member deposits. Most oftlie outcrop belt 
on northern Graham Island, for instance, is lacking in turbidites ;~nd 
is conspicuously distinct from thc typical beds of the Skidcgate For- 
mation type section. As discussed below, the distribution of Haida Shale 
member and Skidegatc Folmation lithologics can be readily interpreted 
in an integrated lithogenetic and sedimentological context. For these 
reasons, i t  is preferable to retain tlie Shale member of the Haida For- 
riiation as a practical stlatigrnphic tcnil and mapping unit. 

Honna Formation 

The Honna Formation is the third of Clapp's (1914) lnembcrs 
comprising the Quccn Charlotte Group. N o  other Cretaccous strati- 
graphic unit in the islands has attracted the attention given to this for- 
mation. Sutherland Brown (1968), Yagishita ( 1985). Haggart (1986c), 
Fogarassy and Bnrnes ( I988), and Higgs ( 1  990) provided extensive 
descriptions of the Honni~ Formation outcrops in the central part of 
the Queen Charlotte Islands. and Higgs (199la) gave a lithological 
description for the formation on the north coast of Grahnni Islantl. Higgs 
( 1988, 1990, 199 1 a) has proposed ;I regional depositional model for 
the Honna Formation that relates it to tectonic activity east of the Queen 
Charlotte Islands. 

Lithology. The Honna Formation consists predominantly of cobble 
conglomerate and medium- to coarse-grained sandstone rich in vol- 
canic rock fragments. with minor fine-grained sandstone and shale oc- 
curring locally. The formation is notoriously lacking in fossil re- 
mains. The composition of clasts in the conglomerates suggests that 
most of the material was derived from proximal sources. 

Haggart (1986~) noted that the Honna Formation fotms an over- 
all fining-upward sequence, but this is not readily discernible on 
outcrop scale. In general, the base of the fomiation is chari~cterized 
by thickly-bedded. col1rse conglomerates that gradually thin and finc 
upsection into sandstone. In the highest parts of the fomiation. tur- 
bitlitic sandstone occurs. intcrbeddcd with bioturbatcd shale. Haggart 
( 1  9 8 6 ~ )  described such a succession through the Honna Formation ;it 
Cumshewa Inlet, and a similar sequcncc is seen on the south coast of 
Langara Island. 

Higgs ( 1988) and Fogarassy and Bames ( 1988) have noted u basal 
scour of the Honna into underlying strata of the Shale rnember of the 
Haida Formation and the Skidegate Formation. The uppermost beds 
of these sub-Honna units at tlie type section in westcm Skidegate Inlet 
(Sutherland Brown, 1968; Yagishitn, 1985). as well as in Curnshewa 
hilet (Haggart. 1986c), often exhibit im influx of intn~formational clasts 
several metres below the fotmation contact. 

Locally, the lower part ofthe Honna Formation lacks abundant 
conglomerate but is rather characterized by thickly bedded. massive 
to cross-stratifiecl feldspathic sandstone interbedded with thin shale 
and siltstone intervals. This sandstone facies of the Honna Formation 
is extensively developed in the Long lnlet area, where it has becn de- 
scribed by Haggart et al. (1989). 

Thickness. Sutherland Brown measured the thickness of thc Honna 
Formation at its type locality in Lina Narrows. giving an approximate 
number of 4 15 m. Haggart ( 1  9 8 6 ~ )  suggested that the total thickness 
ofthc Homa Formation at Cumshewa lnlet was signilicantly less, about 
200 m. 

I>epositional environment. A variety of lithofacies have locillly 
becn identified in the Honna Formation by several workers (Yagishita. 
1985; Haggart. 1980c; Fogarassy and Barnes, 1988). Interpreting 
this assemblage of lithofa~ies. Yagibhito (1985) proposed a canyon- 
fed submarine fan model for the origin of the Somation. He further 
suggested that the source of the volcanic-derived Honna sandstones 
may have been a deeply-dissected volcanic arc lying sonic~~herc to 
the east of thc islands. 

Higgs ( 1988) maintained that Yagishita's ( 19x5) submarine fan 
model coultl not account for the granitoid megaclasts noted locally 
within the ti)miation. Higgs (1988, 1990, I991a) thus proposed an- 
other model for the origin of the Homia Fomintion deposits. In his model 
on-land deposits of the Honna Formation reflect a complex of coa- 
lescing fan-deltas which cxtcnded across a very narrow shelf frolii ;in 
alluvial fan system in the cast into a decp-water basin in the west. The 
various lithofacies in the Honna Formation have been related by 
Higgs ( 1  985. 1990) to specific environments in the fan-delta complex, 
and imbrication studies of the conglomerates indicate that paleoflow 
was gcnefi~lly to the west (Yagishita, 1985; Higgs. 1990; Garnba et 
LII., 1990). 

The source of material for the Sans was suggested by Higgs (1988) 
to have been uplifted mountain blocks a few tens of kilometres to the 
east. likely fronting the Sandspit Fault or related fault systems. The 
alluvial fan equivalents of the deep water fan deposits preservetl on 
the Queen Charlotte Islands are infesred by Higgs ( l  990) to have been 
located to the east of the Honna Formation outcrop belt before they 
were eroded. 

Distributipn. The Honna Formation is presently known from a wide 
area of the northern half of the archipelago (Fig. 4). and most of its 
outcrops were recognized by Sutherland Brown ( 1  968). The thickness 
ofthc unit is highly variable. Outcrops in the Mount Stapleton area. 
previously identified by Sutherland Brown (1968). arc now known 
to be of a Tertiary sctlimentary and volcanic succession partly cor- 
relative with the Skonun and Masset formations (Haggart et ill., 

1990). Some outcrops north of Tasu Sound, also identified by 
Sutherland Brown (1968) us the Honna Folmation. have subsequently 
becn described by Higgs (1991 b). Higgs' description of these rocks 
suggests that they may bc of similar composition to tlie Tertiary stra- 
ta in the Mount Stapleton area. 

Higgs (1989) also indicated that the conglomerate and sandstone 
Sound on thc west coast of the Queen Charlotte Islands, at Hippa Is- 
land (the so-called "Hippa beds"), might be of Cretaceous or Tertiary 
age. aitl hence arc possibly correlative with the Honna Formation. Poor- 
ly-prcscrvctl palynoniorphs showing high themial maturity and prob- 
ably of Ccnozoic age have subsequently been identified in these 
strata (J. White, pers. comm.. 1989). Given the occurrence of themially 
mature Paleogene deposits found at depth in the Union Port Louis well 
6 km to the north (White. 1900a), it is thus likely that the "Hippa beds" 
are of I'aleogene, rather than Cretaceous, age. 

Age. The age of the Honna Fotinntion is problematic. Most outcrop 
evidence studied by the author indicates that the formation is large- 
ly conform;lble within the Cretaceous succession and resulted from 
the rapid progradation of several fan complexes into the shale basin. 

Several lines of evidence support this interpretation. First. con- 
glorncr;ltes of the Honna Formation can be seen to interfinger directly 
with shales of the Skidegate and Haida formations at several locali- 
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ties, including Langara Isl;t~nd. Yakoun Lake. and Sewell Inlet. Sec- 
ond, an apparently conformable contact of the Honna Formation 
with the Haida and Skidegate formations has been noted in several 
other areas (Haggart, 1086~;  Fogarassy and Barnes. 19x8). 

Finally, wherever fossil control is available, i t  supports a gen- 
erally conli)mable age relationship between the Honna Formation and 
the underlying Haida and Skidegate fo~mations. A few ammonite and 
bivalve collections have becn madc from higher parts of the Honna 
Fortnation in western Skidegate Inlct, and these bracket an agc rangc 
of Early Coniacian to Early Santonian (Riccardi, 198 1 ; Haggart. 
1986~). Thus. the base of the formation may include oldcr. Turoni- 
an. stratil. Bivalves of Early 'l'uronian agc (M~tiiloitkcs Iabitrr~rsj have 
consistently been collectetl from shales of the Skidcgate Formation 
and the Shale member of the Haitla Formation. which underlie Honna 
Folmation conglomerates at several localities in the central Quecn Char- 
lotte Islands. On the northwest coast of Graham Island and on Lan- 
gara Island, the Honna Formation also overlies deposits of the Skide- 
gate Formation and the Shale member ofthe Haida Fom~ation. In this 
region. however, only Ccnonlanian I'vssils have been identified from 
thc sub-Honna beds. 

This circumstantial evidence suppons the hypothesis that the Honna 
Formation conglomerates conformably overlie the Skidegate and 
Haida fortnations and that the earliest phase of Honna deposition in 
the ccntral Queen Charlotte Islands region rnay bc of Inter Turonian 
age. In thc nonhern Quecn Charlotte Islands. deposition may have corn- 
menccd in Ccnomanian time. 

However, geologic mapping has identified several localities 
where thc Honna Forniation is apparently resting in unconhrmable 
relationsllip on top ol'oldcr Cretaceous units, Middle Jurassic Yak- 
oun Group strata, and cven Late Triassic Kunga Ciroup rocks 
('rhompson, 1990; Lewis et al.. 1990: summari~ed in Thompson et 
al., 1991). Some of  these exanlples (e.g.. the area from Skidegate Chan- 
nel southeast to Cu~nshewa Inlet, wherc Honna conglornentes arc shown 
on the maps overlying Longarm Formation rocks) may be resultant 
from inadequate fossil control and hence, incorrect identification oi  
map units. Other exa~nplcs. howcvcr, such as south of Sandspi1 where 
the Honna rests on Middle Jurassic Yakoun Group, are more prob- 
lematic. 

Thompson et al. (1991 ) proposed two hypotheses to explkiin these 
anomalous relationships. First, syndepositional block fbulting :tp- 
pears to have occurred, at least locally, during part of later Cret- 
aceous time. Block faulting was extensive and of large-scale in thc 
Late Junbsic (Thompson et al.. 1'991 ) and Csctaccous activity, appascntly 
of smaller-scale and less widely distributed. may havc occurred lo- 
cally as a reactivation of the older. Late Jurassic fault system. Thus. 
adjoining local areas separated by bounding faults sometimes exhibit 
different Cretaceous stratigraphic succcssions, as is sccn southeast of 
Alliford Bap. 

Second, some of the Cretaceous unconformitics may be related 
to lowered erosional base level associated with sca level drop. The 
rapid progradation of Honna Formation fan complexes into the basin 
may havc locally resulted in erosion and reworking of some of thc cap 
lier Cretaceous ;~nd older Mesozoic section. Such stripping would be 
expected to be most pronounced in the more nearshore. or eastern. pans 
of the basin and this is roughly supported by thc age distribution of 
the sob-Honna rocks as shown on the geological maps. 

Longirm Formation 
Sutherland Brown (1968) was the firs1 to recognize that some 

of the strata previously assigned to the Qucerl Charlotte Group included 
beds substantially older than the typical Queen Charlotte Group sec- 
tions in eastem Skidegate Inlet. Fossil identifications revealed that these 

older beds inclutled strata of Valangininn through Barremian age 
(Jelct~ky itr Sutherland Brown, 1968). Sutherlantl Brown (1968) rc- 
pol-ted that these strata consist of conglomerate, lithic wackc, shale, 
and minor volcanic rocks. Because ofthe apparently dissimilar litho- 
logical character of these strata from typical Quecn Charlotte Group 
rocks. as well as their signilicantly gtcatcr age, Sutherland Brown (1968) 
propoxctl that thcy he p1:tccd within :I new stsatigraphic unit, which 
he informally named the Longam) Formation. 

A type section Por the Longartn Formation was not proposed by 
Suthcrlantl Brown (1968) although he indicated that strata in Long Inlet 
(rocks originally inclutled by Clapp [ 19 141 in his Haida member) are 
typical of the unit. No upper or lowel. limits to the formation can be 
defined at that location. The Long Inlet section includes most of the 
lithologics rccognizcd in the Longann Fot~nation (scc Haggart. 1989: 
Haggart and Garnba, 1990), though most are better displayed at other 
localities. 

Lithulogy. Sutherland Brown (1 968) described the spectacular exposures 
of the basal conglomcrate of the Longartn Formation, which uncon- 
li)rmably overlies Triassic Peril Formation rocks on Arichika Island 
(Fig. I). Hagpart and Gamba (1990) described this basal conglomerate 
in dctail and interpreted it as a transgressive lag deposit. Thc basal con- 
glomerate facics is well dcvclopcd in the southern Queen Charlotte 
Islands but is only poorly developed north of Cumshcwa Inlet. 
Hztggart and Gomb;~ ( 1990) pointcd out that the basal beds of the Lon- 
gann conglomerates are rich in clasts derived from the locally underlying 
stratiyaphie units. Upsection in the conglomerates, howcvcr, clasts 
of Jurassic Yakoun Group volcanics become predominant, reflecting 
the apparently ubiquitous prcsence of thcse sourcc rocks throughout 
thc Longan11 depositional basin. 

The li)rmation gntdcs upward into sandstone and shale (Haggart, 
1089; Haggart and Gamba, 1990). The composition of the Longarm 
sandstone is similar to that of the Haida Sandstone member. although 
a greater poportion of volcanic detritus is present. Fossils, especial- 
ly ammonites, bivalvcs, and wood fr:tgmenls, are locally abundant. 

Onc of thc lithological characteristics traditionally used to dis- 
tinguish Longa~m Formation rocks from those of thc Haida Sandstone 
manher is the greater degree of lithilication and induration which char- 
acteri~cs the former. This is not a function of compositional variation, 
however. Rather. i t  appears to be rclated to the greater degree of di- 
agene~ic alteration associated with structural defomlation and intru- 
sive activity which characterizes many of the Longann Formation out- 
crops. Much of the formation in central Curnshcwa Inlct is soft and 
friable, similar to the Haida Sandstone member; where i t  is intruded 
by dyke complexes, howcvcr, it bccorncs strongly indurated and 
dcnsc. Longann Formation outcrops arc concentrated in the zone of 
intense deformation which trends across the central islands region 
(Thornpson. 1988: formerly Renncll Sound fault systcm of Sutherland 
Brown. 1968) and the formation has thus experiencecl a greater de- 
gree of alteration than Haida Formation rocks, which crop out gen- 
erally cast of this deformation zone. 

Fogarassy ( 1989) and Fogmssy and Bunes ( 1989) have described 
a mylonitic quartz tcxture in rocks they correlated with the base of the 
Haitla Sandstone member. They suggested that this mineralogy is unique 
to the basal Haida Formation deposits. Several localities of this litho- 
facies have since been shown to be of Longarm age (J. Haggart, un- 
published GSC fossil reports). Thus, this mineralogical texture is not 
unique to the basal Huicla Sandstone member ancl might be expect- 
ed in other basal Cretaceous sections. Indeed, Jurassic plutonic rocks 
of Lycll Island exhibit the rnylonitic texture (Fogarassy and Barnes, 
1989); thus. any post-Late Jurassic strata could conceivably include 
detritus exhibiting this texture. 



Thickness. The Longarm Formation rests unconformably upon a 
variety of sub-Cretaceous units. including the Kannutsen Fonnation 
(Sea Pigeon Island), thc S~tdler Formation (Bolkus lsland), the Peril 
Fommation (Arichika lsland), the S~mdilands Fonnation (Cumshc~~a 
Inlet). probable Yakoun Group (westcm Skidegate Inlet), and Late Juras- 
sic plutons (Poole Inlet, Bumahy Island: sec Andcrson and Greig, 1989). 
Haggart (1989) gave an interpolated thickness of450 m for the for- 
mation in the Long Inlet area. based on composite measured sections. 
The continuously exposed section on Arichika lsland includes 175 m 
of Longarm strata (Sutherland Brown, 1968). but it represents only 
the lower part of the formation. 

Depositional environment. Haggall ( l  989) noted that most of the Lon- 
garm rocks on Graha~n Island and northern Moresby lsland are of shal- 
low-marine origui. A similar intcrprctation of the Connation in the south- 
cm Queen Charlotte Islands was proposed by Haggart and Gamba 
( 1990). The diverse and abundant mollusc fauna, the associated scd- 
imentary structures. and the succession of lithofacies, all indicate that 
the Longarm Formation accumulated in a variety of shelf and, per- 
haps locally, upper-slope environments (Haggart and Gamba. 1990). 
The fining-upward trend exhibited through the formation, from the 
basal conglonieratic lag deposit through the shales, indicates that 
the formation accumulated in a regime of rising sca level, much like 
the one that existed i n  Haida time. 

Distribution. Sutherland Brown (1968: Fig. I l )  suggested that the 
Longarm Formation occupied a narrow north-northwest-trentling 
belt in the central and southcastern part of the Queen Charlotte Islands. 
Improved access to prcviously inaccessible exposures in central Gra- 
ham lsland has resulted in the recognition that thc Longarm Fomma- 
tion is actually much more widespread in that area than prcviously 
mapped (Fig. 5). As well, new fbssil collections kom outcrops in Skide- 
gate anti Cu~nshewa inlets, which were previously mapped as Haida 
Fonnation (Sutherland Brown. 1968: Fig. 5). have produced molluscs 
of Longarm age. The distribution of Longarm outcrops in the south- 
em Queen Charlone Islands remains essentially as indicated in the maps 
of Sutherland Brown ( 1968). with minor additions. 

Age. Jeletzky (in Sutherland Brown, 1968) determined that the rocks 
of the Longarm Formation in thc Long Inlet and Cu~nshewa Inlet ex- 
posures include beds of Hauterivian and Barrc~nian age. Jeletzky 
also noted that Late Valanginian fossils occur at sevcral localities in 
the northern half of the Queen Charlotte Islands. A more detailed study 
of exposures in Cumshewa Inlet enabled Haggnrt ( 1989) to recognize 
that the formation includes beds of probable Early Aptian age. 

Field work in 1989 led to thc identification of a continuous 
Cretaceous stratigraphic section in Cumshewa Inlct (adjacent to Sec- 
tion A oPHaggart, 1986c: Fig. 2) which includes additional, younger 
Aptian. strata. Fossils identilied from this section include Slrustoc~ercrs 
sp., Lyroc.o-us (Gabhioc,erus) sp.. Sliu.stic~~.ioc~e~.us sp.. and Tropurlrm 
sp. This new Cretaceous section contains the same shallow-water fa- 
cies which characterize much of the Longarm Formation in thc 
Cumshewa lnlet area, and grades upward into similar, shallow-water 
deposits of the Haida Formation containing B ~ C M ~ P I . ~ ~ P ) Y I . S  I I I I ~ ~ I I C I I S ~ ~ .  
of Albian age (see Haggart, 1986~). 

The rocks preserved in a section on a small island off the north- 
west coast of Graham Island, 2.5 km southwest of White Point (Fig. 
l), were dated as Tithonian by Jeletzky (1984). Cameron and Tipper 
(1985) referred these strata to an unnamed Upper Jurassic sedimen- 
tary unit. Haggart (1989) gave details of the lithologies and facies pre- 
sent in these beds, and in Valanginian-Hauterivian Longarm Fonna- 
tion outcrops situated nearby, on the coast of Graham Island. Based 
on stratigraphic evidence, Haggart (1989) tentatively correlated the 
Tithonian strata with the Longarm Formation rather than with an in- 
dependent cycle of deposition. Both sections contain markedly slm- 

ilar rocks: abundant conglomerate interbedded with coarse- to mcdi- 
um-grainetl sandstone. Haggart (1989) suggested that the Tithonian 
scction might represent the cnrliest phase of deposition in thc :m3, equiv- 
illent to the unfossilil'erous lowcr part of the onshore section. How- 
cvcr, 110 exposures of Berrinsian strata have yet been identified in the 
area, and none are known anywhere in the Queen Charlotte Islands, 
and it is questionable whcthcr n correlation of the Tithoniiln scction 
with the Longarm Formation purely on lithological grounds is fully 
appropriate. Still. the marked similarity of this section to the Graham 
lsland exposures likely indicates that the former represents the ear- 
liest phase of Longarrn deposition in the Queen Charlotte Islands. For 
this reason. the Longarm Formation in the Queen Charlotte Islands 
is tentatively consitlered to i~iclude rocks as old as Tithonian. 

Longarm volcanics? Much of the Longarm Fonnation is intruded by 
extensive dykes and sills, and Sutherland Brown ( 1968) suggested that 
minor amounts of volcanic rocks occur in the fommation. However, 
no Longarm volcanic rocks have yet been identified, except for pos- 
sible occurrences in Sewell Inlet and on northern Lyell Island. The 
Sewell Inlet exposure consists of boulder and cobble conglomerate 
grading upwards into cross-stratified sandstone and siltstonc. Al- 
though no definite volcanic interbeds occur, the sandstones have a high- 
ly tuffaceous aspect, suggesting close proximity to a volcanic source. 
lmprovcd fossil control is needed to ascertain whether these rocks be- 
long to thc Longarm Formation or Yakoun Group. 

The outcrops on northern Lyell lsland were previously mapped 
as Longarm Formation by Sutherland Brown (1968). but this as- 
signment was questioned by Cameron and Hamilton (l 988). They sub- 
mitted that the lithologic composition of these rocks suggests they are 
locally derived from thc  middle Jurassic Kichardson Bay Formation 
and, in the absence of fossil control, a correlation with thc Middlc Juras- 
sic strata was preferred. 

The beds which crop out on northern Lyell Island are found in 
two closely associated stratigraphic sections. At the top of one of these 
sections, extensive andesites and andesite flow breccias occur. No vol- 
canic rocks arc noted in stratigraphic continuity with the setlirnenta- 
ry rocks in the second section. Ammonites found there are of Mid- 
dle Jurassic age (H.W. Tipper, pers. comm., 1989) and, as this section 
includes strata of similar but not identical lithology to the section lack- 
ing ammonite control, the corrclation of both sections with the Mid- 
dle Jurassic. as made by Cameron and Hamilton (1988), is highly sug- 
gestive. In any event. should any of these sections ultimately prove 
assignable to the Longarm Formation, thc total occurrence of Lower 
Cretaceous volcanic rocks prescnt in thc Queen Charlotte Islands will 
still be of relatively minor extent. The evidence for the existence of 
Longarm volcanics is considered unreliable and very circumstantial 
at this time. 

Unnamed Upper Cretaceous sliales 
A ncw Upper Cretaceous shale unit was ~.ccently recognized by 

Haggart and Higgs (1989) in the vicinity of western Skidegate Inlet. 

Lithology. The unit is composed of bioturbated, brittle. dark grey shale 
with abundant calcareous concretions up to 30 cm in diameter. Rare, 
very thin (less than 3 cm), fine-grained sandstone beds are found at 
some localities and sandstone dykes intrude the shales. Fossils are pre- 
sewed both singly in the matrix, in which case they disaggregate and 
are preservetl poorly. or in the calcareous concrctions. where they are 
preserved well. 

Thickness. As the unnamed shale unit is known only from isolated 
exposures. with no top or base yet identified, its total thickness is un- 
known. At least 30 m of continuously exposed strata were noted at 
one locality (Haggart and Higgs, 1989). but i t  is quite likely that this 
IS only a fraction of the total thickness. 
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Depositional environment. The diverse rnoll~rscitn assemblages pre- 
sent in the unnamed shale unit, the undamaged naturc o f  the fossils 
in the concretions. and the lack of a sancl component in most outcrop:,. 
led Haggart and Higgs (1980) to suggest that this shalc unit wa:, dc- 
posited in an outer-shelf setting. 

Distribution. To date. thc unniuned shale unit has been recogni;led only 
in the Slatechuck Mountail1 area of wcste171 Skidegate Inlet (Fig. 6). 
However. the shales overlying, appitrcntly confo~~nably. the Honna For- 
mation conglomerates on Litngara Island and in Pillar Bay, on the nor-th 
coast of Grahnm Island, may be correlative with this unit. Isolated out- 
crops of shale in the valley bottoms cast of Yakoun Lake contain 
foraminili-rs of possible Campanian-Maastrichti:in age (~lnp~~bl ished 
Bujak Davics Group Ibssil report. 1989). and may also be corrclarivc. 

Age. Ammonites and bivalvcs collcctctl from the shalc unit indicate 
a Late Santonian to Early Campanian age for several localities 
(Haggart and Higgs. 1989). Microfossils recovered from the topo- 
graphically highest exposed shales in the area of these mollusc col- 
lections indicate that those beds are of Late Cretaceous age. possibly 
Carnpanian to Maastrichtian (unpublishetl Bujak Davies Group fos- 
sil report. 1989). Thus, the unit includes rocks of Santonian. Cdnpaniiui, 
and possibly Maastrichtian age. spanning much oftlic latest Cretaceous. 

Cretaceous volcanics 

Prior to the 1988 ficld season. evidence for onshore volcanic de- 
posits of Late Cretaceous agc was lacking in the Quccn Charlotte Is- 
lands. Haggart et al. (1989) reported a volcanic succcssion found in 
the western Skidegate Jnlct area, \vhicli is interstratified with the 
Honna Formation. A detailed description of the age, composition, and 
stratigraphic setting of this volcanic succcssion is presently being prc- 
pared. 

Lithology. The description of the volcanic rocks was provided by 
Haggart et al. (1989). The succession consists of intc~mediatc volcanic 
debris flows, massive flows, and scoriit. Euhcdral plagioclasc and less- 
er pyroxene phcnocrysts are coliimon. Thc base of the volcanic suc- 
cession at Gust Island in Long Inlet consists o fa  scrics of poorly sort- 
ed debris flows intcrstr~tificd with sandstone and conglo~ncr:ttc of the 
upper Honna Formation. Within the volcanic unit these intcrstratificd 
deposits are quickly succccdcd by flows, which are in turn overlain 
by scoriaceous deposits and, near the top of the section. by massive 
subaerial flows. 

Thickness and  distribution. The volcanic unit reaches a maximum 
thickness of 700-800 m in the vicinity of Josctte Point, just north of 
Gust Island. Laterally, howcvcr, the unit appears to thin dramatical- 
ly: the extremely limited areal distribution of the volcanic rocks in the 
Skidegate Inlet area (Fig. 6) implies a rapid pinching-out of the unit. 

Depositional environment. The base of the volcanic succcssion is 
interstratified with Honna Formation clastics. The Honna deposits arc 
interpreted as having accumulntcd in a ~rlativcly deep-water basin which 
rapidly shallowed due to progratlatiorl of fan complexes into the 
basin (Haggart et al.. 1989). Further shallowing is indicatctl by the ac- 
cumulation, at the top of the volcanic succcssion, of subacrial flows 
and scoria. 

Age. The age of the volcanics is poorly constrained. The only defi- 
nite evidcnce is their interstratilication with the Honna Fonnation rocks 
on Gust Island. Unfortunately, thc numerous foraniiniferal and pa- 
lynological collections made from these Homa rocks have proved bar- 
ren. Fossil data from other localities. howcvcr. indicate that the 
Honna Formation ranges in age from possiblc Turoninn through Co- 
niacian (Haggart. 1 9 8 6 ~ .  1987). As thc volcanic rocks in Long Inlet 
occur near the top of the Honna Formation, a Coniacian to Snntoni- 
an age is suspected. 

STRATIGRAPHIC SYNTHESIS 

1)epositional model 
The nurncro~~s recent investigations ofthe Crctaceoils sequence 

of' thc Queen Charlotte Islands. conducted as a part ol'thc Geologi- 
cal Survcy of Canada's QC1 FGP, coupled with i~nprovctl biostrati- 
graphic control for i~nportant parts of the section, have now allowed 
for the compilation of an integrated modcl ot'Cretaccous deposition 
in the islands. The model is based on the interprctation that the Crct- 
nceous stratigraphic units of the islands were deposited in response 
to marine transgression. Two units, the Hnida ancl Skidegate lijrnla- 
tions. with their rclativcly well-described o~~tcropscdi~ncntology and 
good biostratigraphic control. provide :I readily s t~~d ied  systc1~1. I t  is 
appropriate to cxarnine this dcpositional system first: cxtrapolation 
to the rest of the Cretaceous sequence thcn nitturally follows. 

T/I ( ,  Haid(tlSki~lc~,yurc &po.sitio~~crl system 

The age relationships and facies associations of the Haida and 
Skitlegate formations indicate that they arc temporally equivalent 
(Haggart, 1986~.  1987). Their component parts represent different cn- 
vironments within a sinsle depositional system which existed during 
late Early Cretaceous to early Latc Crctaccous time. If a time line rep- 
resenting the late Albian-early Ccnornnnian is drawn through the 
stratigraphic sections in thc ccntral part ofthe islands, it is readily seen 
that the three major components of the system, the Haitla Sandstone 
member, the Haida Shale member, ant1 the Skidegate Fonnation. 
form a continuum of coexisting tlcpositional environments. Shal- 
low-marine littoral deposits of the Haidn Sandstone ~ncmber on the 
cast arc transitional westward to deeper-shelf deposits of the Haida 
Shale member. The Shale member is transitional. in turn. to the 
outer-shelf ancl slopc deposits of thc Skidegitte For~i~ation (Haggart, 
1 9 8 6 ~ .  1987; Haggall et al., 1989). Thcse relationships arc summn- 
r i ~ e d  schernatically in Figurc 7. 

Of course, the complex topography of the shelf. presumably es- 
tablished by block fi~ulting, would dictate that a simplc gradational 
continuum between all three units, one pcrpentlicular to thc shoreline, 
was the exception rather than the SLIIC. LocIIII~,  thc Haida Shale 
~ n c ~ n b c r  and the Skidegate Fo~mation may reflect laterally equivalent 
deposits that accumulated parallel to the shoreline. 

On a regional scale, however, thc interpretation of an cast-wcst 
continuum of depositional environments i s  generally supported by the 
position and orientation of regionally mappable outcrop belts. The Haida 
Sandstone belt is the most easterly onc observecl. The Haida Shale out- 
crop belt occurs in the ccntral portion of the basin. indicating that the 
basin deepened to the wcst. In general. the Skidegate Formation oc- 
curs even farther westward. possibly reflecting a shelf/slopc break in 
the deepest part o r  the basin. As well, the interpretation of the basin 
as deepening to the wcst is consistent with thc easterly provenance 
determined for Quccn Charlotte Group sctlimcnts (Yagishita. 1985; 
Higgs. 1988: Gamba et al.. 1990). 

Wllut i s  I/?(> Lotl,y~rttl Forniotiotl? 

At first glancc, the interpretation of thc Longarm depositional 
system is less straightforward than that for the overlying Haida and 
Skidegatc formations. B c c a ~ ~ s c  of the structural disruption of many 
Longarm outcrops, the relatively poor biostratigraphic control. and 
the ap1.io1.i belief that thc fonnalion accurnulated in 3 nlu-row. restsictcd 
trough relittcd to tcrranc accretion (Yorath and Chase. I981), the 
true naturc and extent o f  thc formation was intcrpretcd incorrectly in 
clirlier moclcls. In spitc of the lesser quality of the fauna1 control. how- 
ever, i t  is now clear that the Longarm Formation, like the overlying 
Haida Formation, represents a fining-upward succession which ac- 
cumulated in response to a relative sea level rise. The basal part of 
the Longam Formation, the conglomerate and sandstone sequence. 
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Figure 7: Paleoenvironmental relationship of Sandstone and Shale mem- 
bers of the Haida Formation and the Skidegate Formation. The Sand- 
stone member reflects nearshore deposition strongly influenced by storm 
events. The Shale member is a more offshore, deeper-water equiv- 
alent of the Sandstone member. The Skidegate Formation is a deep- 
water facies associated with sediment distributary systems. Locally, 
the Skidegate Formation occurs westward of the Shale member de- 
posits and may represent the deepest waters in the basin. 

grades upward into shales. Thus. the deepest-water cnvironnicnts 
represented in the formation occur at its top. 

Although a time line cannot yet be drawn through various scc- 
tions of the Longalm Formation to show equivalence of the conlpo- 
ncnt facies belts, e:~stward-stepping onlap can be dcnlonstratetl (sec 
below). As with Haitla/Skidcgate deposition. the deeper part of the 
Longarm basin was also located to the wcst. Also like the Haida For- 
mation, an easterly. shallow-marine sandstone belt in the easl coex- 
isted with a deeper-marine shale bclt in the west. 

A C ~ I I I ~ I I L I O I I S  CI.(I/CIC.(,OLIS de/70~i/i011al S V S I C I I I  

The identification of Aptian beds in Cumshcwn Inlet, linking the 
Longa~m Formation below with the Haidn Fonnation above. is of con- 
siderable significance. This discovery indicates that no regional hia- 
tus exists between the two li)rnlations. and deposition in the basin was 
continuous through the Early Cretaceous and the early pan of the Late 
Crctaccous. The transgressive evcnt which produced the Haida For- 
mation. with its Sandstone and Shale niembers, hacl also produced the 
Longami Fonnation. with its biisal sandstone and conglomerate and 
upper shale beds. Accumulation of the Longarm and Haida portions 
of the Cretaceous succession resulted from a continuous transgressive 
episode and the Longarm Forn~ation exposures. located on the wcst 
side of the outcrop belt. rcprelrcnt the earliest dcposition (Tithonixn- 
Valanginian). By Alhian time, shallow-marine deposition had migrated 
eastward. to the vicinity of the Haida S:indstonc member outcrop bclt. 

Study of stratigraphic sections in the Cumshewa Inlct area helps 
interpret the nature of the Cretaceous transgression (Fig. 8). The 
\vestcm end of the inlet is ch;lracterizcd by outcrops of the shalcs of 
thc Longarm Formation, which are decpcr-water deposits containing 
only poorly-preserved bclemnites. Thc first exposure of basal Lon- 
g m  Formation rocks occurs about 2.2 km e a t  of Acro townsite, where 
the formation unconformably overlies the Lower Jurassic Sandilands 
Fonnation. The age of the oldest Cretaceous rocks identifictl in this 
section is Huutcrivian, and the section continues into the Aptian 
(sections B and A of Haggart, 1989: Fig. 7). At the wcst end of 
Dawson Covc, basal Longann strata arc in fault contact with anoth- 

er exposure of the Sandilands Formation, and the ngc of oldest Crct- 
aceous fossils is Barrcrni;in. The overlying section is scmi-continu- 
ous along thc north shore of Dnwson Covc into the lower Albian stra- 
ta of the Haitla Forniation (Section A of Haggart, 1986~: Fig. 2). 

Moving east, the nest exposure with a bnsal Cretaceous contact 
is o n  the triangular peninsula I km wcst of  Conglomerate Point (Fig. 
8). At this locality. beds with thc bivalve Q~~oic,cc,l~ir~ arc noted. of prob- 
able Basremian to Aptian age. The easternmost locality where a 
bnsal Crctaceous contact is preserved occurs east of McLcllan Island. 
where basal Haida strata apparently onlap Yakoun Group rocks. No 
fossils have bccn found in this exposure, but beds nearby, just north- 
cast of McLellan Island (Section G of Haggart. 1986~: Fig. 2), are of 
Middle Alhian age. The age of onlap of Cretaceous strata i l l  Curnshc- 
w3 Inlet 111~1s youngs castwarcl. The total thickness of Cretaceous sand- 
stones present at various loc:ililics is approxirnntcly constant, rc- 
gardless o f  their age. The rcsul~ant Cretaccous outcrop pattern 
preserved from this eastward-directed transgressive system is a series 
of time-tr;~nsgressive facies belts. Moving west from the eastcrn- 
most cxposures seen today (the youngest Cretaceous, Haitla beds), one 
encounters progressively older basal sandstones. 

Thc same relationship appears to exist Ihr the accompanying .;hale 
bclt. although fauna1 control is much more sparse. For example. no 
good shale sections with Alhian fossils have yet been identified. al- 
though pre-Albian shi~les arc known from western Cumshewa Inlet 
and the west end of Yakoun Lake. This relative scarcity of older shale 
section5 is attributed to three frictors: I )  the shalcs arc not as well cx- 
posed as the sandstones; 2) the shales arc more sparsely fossilifcrous 
and many exposures have not yet been precisely identified as to their 
age: and 3) the shales are predicted to reach their greatest extent in 
the western part of the basin. and this is the region which has expe- 
rienccd ;I high degrcc of structural defornlation (Thompson. 1988; 
Thompson and Thorkelson. 1989). 
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Figure 8: Cretaceous stratigraphic sections in Cumshewa Inlet. Sec- 
tion thicknesses not to scale. Note eastward younging of base of 
Cretaceous section. 



3asi1i histo:'y 

Several ~)~ntlicses of ('rcti~ccous dcpositional history in the 
Quccn Cliarloue Islunds h;~vc bccn undcrtakcn. and other studies 
have sc~vctl to det;~il evcnts d ~ r r i n ~  spccilic periocls of Crctaccous timc. 
Thc most conll~relicnsivc cl'li)rt to elucid;rtc thc geological history of 
tlic islands ;ad the acliaccnt oFkliorc basin has bccn that of Yoclth ant1 
Chasc (1981): aspects of their modcl lia\,e hccn utili~ctl iuid CA-  

pnnded upon by other workers (Yorath and 13yndrn;m. I9X.3: Yorntli. 
1987). ('onco~nit;~nt with the overall basin-cvvlution stirdics has been 
a series of shorter cotitributio~~s tlcoli~ig with specific aspects 01-Clvt- 
:iccous dcposi~ion in the isli~nds. Some ofthis work has nlrcacly bee11 
discu\scd. 

('cntral to the model proposed I>y Yo~lth ancl ('liase ( 198 I i i h  

the corlccpl that the ('retaccous succcssion in tlie (Juccn (:harlottc 
Islimds is fundanie~it;lll)i ~.elatcd to terlanc accretion. ~pcciCic;~ll!~ to 
the :~rn:~lgaln;~tion of Wr;ingcllii~ and the Alex;lndcr TCI-nlnc. In t h i ~  
  no del. the Lo\r,cr Crctacco~~s Longarm r.'orrnation i \  i~iterprctccl a\  
a "SUILII-c i~sscmbl;~pc", dcrivctl di~cctly from thc ~utul-ing of' tlic 
two tcrranes and tlepositetl in a dccp tro~lgll (Suthcrland Bro~\11. IOhS) 
which supposctlly traversed the :irca ;~pprosim;ttely pari~llel to the Lrcnd 
of the suture. 

Overlying the "suture ;~sscmblag", accorditig to Yolath ancl Ch;ac 
( I98 I ). is the "post-suture ;~sscmhl;lgc", rcprcxnted by the mid- to 
Uppel- Cretaceous Quccn Ch;~rlottc Cin)up. Yorath and Chase ( l98 I ) 
inferred that the Queen Charlotte Grc)up rests ivith a pronouncctl an- 
gular unconl'or~nity upon all older units, includiny the Imnyarrn 
Formation. even though :I direct cont;~ct of the 1-ongar~n F'or~iiation 
with the younger rocks hacl not been oh.;crved by tlicsc authors. 
The post-sut~~rc nssc1nhli1gc wits suhscqucntly del)o\itcd ovcs ~l le  tcr- 
rnnc suture and represents stat>lc, low-energy rlcposition during a timc 
of tectonic tluicsccnce (Yolath ilntl ('hasc. 1981 ). 

t3ascd 011 nc\v geological ohscrv:~tio~is. I bclicvc tli;lt I'u~~tlanlcntal 
flaws exist ill tliis nlodcl ol'C'rct~~ccous b;~si~i history. 111 tlic foIIou,- 
ing sections, I will attempt to explain \sll)l the cnrliel. nlodel must bc 
rcvisetl. Tlie first step will he a n  ;lsscssnlcnt of ('rctaccoua bilhinill 
history na i t  is nou understood. 

'/'I/lrotriot~ to k,'l11,/y Tr/i~)ir;(it? 

Deposition in tlic Ix~siri w;ls initii~tcd in the latest Jurassic 
(Tithonian), when tr;tnsgrcssion in the no~iliwc~t coast ol'Ciraham Is- 
land rcgion ~rsultcd in ;~ccumulation oftlic oldest dcposits of the L.on- 
garm Formation (Fig. 9). C:rctaccous rocks arc prcscrvetl in several 
sections in the area. although actual Tithonian rocks arc known only 
at one locality (Haspan. 1989). Deposition continued through the cal-- 
licst Cretaceous and. by the Late Vnlanginian. a deeper-marine en- 
vironment was wcll estahlishcd (Hagpart. 1989). 

Late Vnlanginian trn~lsglcssivc deposits ;ur known also from the 
~~cs tcsn  Skitlegate Inlet rcgion (Jelctzky i r r  Suthcrland Brown. 1068). 
1i)l-ming the Inost westerly Cretaceous deposits i n  this part of the (J~~ccn 
Charlotte Islands. The contillual costward tr;lnsgscssion rcultcd i n  the 
gsadl~nl orllap ul' hasin fill on bnsc~ncnt socks. In ('um.;lic\\~a Inlet. tlie 
onlap appcars to havc initiated i l l  I4;1utcrivian tinic: in  the ('arpcntcr 
Ray region. onlap may have initiatecl as I;itc as Bilrren~iiln. although 
the base of this section is not exposed. 

The tri~nsgrr'ssion continuetl into the ?'~~sonian. proclucing an cast- 
ward-onlapping st~xndlinc and resulting in a grndui~l deepening of 
marine environments in the wcstcrn p;lrt of the btthin, until that area 
was rcccivinp mostly fine-grained detritus. probably at outer-sliclf 
depths. The tlceper marine shale subhasin \vliicli thus developed in 
the western part of the basin  persisted for much of Early and cal-ly 
I.;~tc Cretaceous timc. The earliest phase of this. deeper-water dc- 

po\itioti. is rcprcacntctl by thc accomulation oI' the finc clastics ;it the 
top ol'thc I.ongnrm 1;ormation. of  ;~pproxi~natcly Harrcmi;ul ~o Ap- 
ti;ul ;lsc. Shale ;tccumulotion continued into the Late ('rctaceous. \\:it11 
the dc~~osi l io~i  nl'the Slialc mcmbcr of the Ilaida Formation. In the 
westel7lniost palis of tllc shi~lc subbahin, the Skitleyate I-'ormntion dc- 
vclopctl at the timc of maximum flootlinp. in the Ccno~nanian-'l ur- 
oni;~n. 

'l'his st;~hlc shale subbasin is one of the ~najot- compolients of the 
(:rctaccous tlcposition:~l qstcm ilntl i t  rIppcal-\ 10 havc been nlostly 
OIJCII to the oce;111 on thc \vest during it5 cxiatencc. '['lie 7'itllonia1i to 
I:arl), 'ru~.oniarl xtr.iitigrapliic succession of the Queen ('ll;l~.lottc Islands. 
clepositcd ill a tcctonically qulchccnt regime in response to gsadual- 
ly rising hca Icvel. I'os~ns the first major \tr:~tigraphic package ol'the 
C~CIBCCOLIS ~ ~ ( ~ L I C I I C C .  
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1)cposition oftlic str:ltigraphic package just tlcscrihccl was [er- 
~i~i~lalcd ;~bsuptly sonlctimc ;lftcr tlic Lnrl~ T'ut-onian with ~ h c  progr;~- 
dillion ol'thc I'un co~nplcscs ofthe tlonna E:orm;~tion. 'l'hc I'ans u:crc 
sourcctl in the cast (Y;lpishit;~. lOS.5: Higps. 1988: Gumhil et ill.. 1090). 
('oitlcidcnt \vitli f;ln progradation in the wcstcrn Skitlegate Inlct 
i11.c;~. Ioci~lizcd igneoils ;~ctivity produced a tliicli scc~ucnce of volcanic 
strata (the !.ate ('rctaceous i~nna~nctl volcanics described above) 
which rapidly built up to subaerial e.\l>osurc. l'his ccntrc ofvolcan- 
ism may lii~vc dc\!cloped along a zone of prior structural tlck)rm;~- 
tion (Ii;~gpnrt et al.. IC)S!)). 

The h ~ n  conlplcxes must h;~vc travcrsctl tlie basin r:lpitlly. be- 
ci~uac. by Suntoniim tinic. they were heginning to finc up\~asd into 
the suhscclucnt shale succcssion. 'l'his return to \lialc dcpositio~i li)l- 
Iou,i~lg the I lonna c \~e~l t  is c\~itlcnccd hy the tliicl< accumulation o f  
shales overlying the IIonna Pornlation in Pilli~r Bay ancl on I,angaro 
Islarltl. at t l~e northern entl oftllc Quccn Charlotte 1sl:inda. a \  wcll :is 
b} llic thick. unna~netl shale succession c c n  i n  the Skidcg;ltc I~ilct 
;1rc;1. Little data cxists to help il~tc~-pr-ct tlic ~~alcogeography ;~ssoci- 
ated with the l.i~tc ( ' ~ C ~ ; I C C ~ I I S  volcilnic i ~ c ~ ~ ~ ~ i u l i l t i o ~ l .  tfo\vcver. ils 
cvidc~lccd by its psoxi~nity to the outcroll of the unn;~nlctl sh;tlcs o11 
Sl;ltcclluck ;vlo~rntaili. the rcgion ;~pl)ei~rs likcly to have nlso been in- 
t~ndatcd by 1n;lrinc tr;~nsgrcssion I)y the late Santonian to early Pam- 
pani:~n. 

'The cycle ol'tlcposition representetl by thc Honna Forniation u11d 
the overlying shales is the second major ('rctaccous str;ttigraphic pack- 
age of thc Quccn Chnrlortc Islantls. .l'Iic ;tgc of [cl-mi~lation of shale 
deposition is poorly constrained. Tlie youngcst shales found to date 
arc of possible ('arnpr~~li;tn-Mi~i~stricI~tia~i apc (unpuhlislicd Bulak 
Davics (iroup kxsil report. 1089) ; I I I ~  show 110 e\~idcncc of shoal- 
ins. C'ertitinly. 2111 end to tleposition IIILISI I ~ ; I V C  O C C L I ~ ~ C ~  ~liortly after 
thia ti~nc, I>ecnusc l.cwis ( 1990) I I : I ~  docunlcntcd an ~~nconti)rmity scp- 
arating C'sctaccous SI IXI ;~  f'rom P;~lcogcnc nonmarinc rocks in \\,cht- 
ern Sl,itlcgale Inlet. 

The tlepositional ~notlcl tlet;~ilcd above differs zignifica~~tly 
from prl'viously hrlnulated Iiypotlicscs, in  that i t  no\\ appcars that 
tectonic cl~~iescencc pcrsistcd tlirougll Inosl of Cretacro~~s timc. Vol- 
canic activity was at ;I low. with only one local event rccordctl. in tlic 
1,atc ('rctacco~~s. Fault ;~ctivity ;ippc;~rs to havc been of small-scale 
anti o f  localizctl extent. On a regional scitlc. <:rct;~ccous dcposition 
w;~s C O I ~ ~ ~ I I U O L I S  ;uld cssc~itially I~oniogcneous tl~roughout the Qucc~l 
C:harlotte Islands. with an eostw;~rd-migrating shoreline and ;I decp- 
er shale basin prohahly open to the west. l'licre is no reason to in- 
tcl-pret tlie v:~rious purls of the succcssion as "suture" ant1 "post-su- 
turc" asscn~blapcs. ant1 stratigraphic evidence for the existence of ;l 
terrnne boundary in the islantls is lacking. 
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Figure 9: Valanginian through Early Campanian depositional history, Queen Charlotte Islands. 
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CRETACEOUS PALBO(;EO(;RAPHY 

Migrating ('retaceous strandlincs 

Esanlinatio~i ol' Figuse X slio\vh that shallo\\. rnarinc t'ilcicz ol'tlic 
basal C'rctacct~us t~uisgrcasivc scclucrlce clin he traced ircross Curnslie- 
\ \a  Inlet. stepping castwt~rd at progrcszively younger times. Thus. the 
st~~ntllinc must lia\~c been migrating eastwarcl as well. 01lc can 21p- 
proximately locate the strand on a map ror a particular- instant of ge- 
ologic timc, ancl i t  is possible to locate the approxi~nate position of 
the H~~utcri\~iari. B;1rrcmi;111. Aptian. and Midtllc Albian .;trantls in 
C'u~iislrc\\ ;I Inlct. Similarly. basal tfi~nsgrcssivc outcrol~s can hc rec- 
ogni/cd in tlie Skidepatc lnlct region. ;ultl Late Valanginia~i, prob;~- 
hle /\prim. :lnd Early Alhi:ui stl;lntls have been itlcntiticd tlicrc as u ~ l l .  

[:sing this technique. a series of stlantllincs. migrating cast- 
ward across the central Quccn Charlotte Islnnds. can be est;~blislicd 
(Fig. 10). The strandline is a11 important p;~lcogcogr-aphic li';~turc ;IS 

i t  delimits the land/sca intcrl'acc ar ;I particular time. Areas Inntlward 
ol'thc strand \vcr~ topopr~phic landmnsscs. shedding detritus. \\:liilc 
arcus baainwi~rtl horn the strantl were receiving thc scdimcnts. 

Figure 10: Approximate position of the strandline at various times dur- 
ing the Cretaceous, Queen Charlotte Islands. Solid lines indicate 
good faunal control, dashed lines reflect no faunal control, thus inferred 
trend. 

Rckrring to the geologic map of the Curnsliew;~ Inlct rcgion prc- 
parccl for the Q('I FGP report (Tlionlpson. 1990). one can sec that the 
ourcrop belt of s;~ntlstone of Hi~utcrivi;~n/Ban-cmion ;~gc passes do\vn 
the length ol'thc inlet. l'~.oln the vicinity of Dawson C'ovc across to. 
and along tlie north shore of, Louisc Island. Albian-;\pc sandstone does 
not crop our .;outh of this linc. This suggests that transgrcasion \\!;IS 

likely dircctetl to thc nortllez~st in this region. toward C'u~nshe~ca 
Inlet's north shore. Thus. one would not expect any Albian or youngcr 
santl.;tonc south of Curnshewa Inlct. 

I t  is i~itcrczting to note tliar the Crctaccouz sliorclinc trentls arc 
:~pprosiiiiatcl! par;lllel to the regional structural trends notctl by other 
workerx (i.e.. Kcnnell Sound fault zone, Sandspit Fa~rlt, and Louacoonc 
lnlct F:lult ot'Sutlierland I3rown. 1968). Thompson et al. (1901) have 
shown that solile o f  thcse structural trends arc rclatctl to oltlcr Mczo- 
7oic S I I ~ I I C I U ~ ~ S .  Thus. prior block fault topography rnay have intlu- 
enccci the location of Crctnccous deposition. I t  is tc~npting to suggest 
that the c;~stward limit of Albian deposition in the Cumsliewa lnlct 
region 11i;i)~ have heel1 an activc \carp for~iied along the Copper 
Creek Fnult of Thompson ( I YcSO). 

Eastward-tlirectctl transgression in the Queen Charlotte Islands 
appears to mirror thc Crctnccous transgressive histog/ of nonhcrn Cal- 
ifornin/so~~thcrn Oregon. In that region. deposition resultant from 
transgrcssion corn~nenccd in Valanginian timc and continued through 
the Turoninn (Joncs and 11~vin. 197 1 : Ingcrsoll. 1979; Sliter et al., 1984). 
A progri~tlational e\.cnt in 'T~~ronian/Coniaciun time marks an inter- 
ruption of transgression. but inundation was subsccluently renewed in 
thc Santonii~n (Haggart. 1986a). It is tempting to suggcst that anal* 
gous transgressive dcpositional regimes may have been in place at. 
what are today. witlcly scpamtctl locations on  the Pacific margin. 

The shell' 

Most ofthc Cretaceous strata in the Queen Charlotte Islantls were 
deposited at shclf depths. The rnnxinium width ol'the shclf was prob- 
ably achieved at the timc of 111axirnu1n tlooding. in the Early Turo- 
nian. prior to Honna fan progradation. At this timc. the sliclf was at 
Icast I8 km witlc. The actual width may have been much greater be- 
cause the Early Turonian strand was evidently locatetl some tlis- 
lance cast of the islands: the only Early Turonian age-strata known 
from tlic eastern outcrop belt arc the Haida Shde mcn~bcr. 

Theestimation of shclfwidth is dependent on the interpreted 10- 
cation of the sliclf/slopc bountlary. In contrast to locating strandlines. 
the identification o l  this boundary is more sub.jectivc. For the pu~poscs 
of this paper. the shclf/slope break is arbitrarily assumed to be np- 
prosimately coincident with the transitiorl of tlie Hnida Shale mcm- 
bcr into the Skidcgotc For~notion. Loc:llly. as at Scwcll Inlct, this tran- 
sition Lone occurs ~ v c r  a wide area and is poorly constrained by fossil 
colltrol. 

Honna Channel complexes 

The Hon~ia For~i~ation is not a widespread. blanket unit. Rather, 
i t  thickens ancl thins dra~n;~tically in its outcrop belt [rending across 
the northern half of the Queen Cli:~rlottc Islantls. Regional thickness 
variations ofthe fonnatio~i may sellect the location of Honna fan corn- 
plcscs. Presumably. tlie greatest thickncss of fan deposits will occur 
in the vicinity of the fan channel. with areas lateral to the channel sys- 
tem receiving a Icsscr amount of sedirncnt. Examination of an out- 
crop-tliickncss map (Fig. I I) shows two ;Ircns with thick Honna ac- 
cu~nulations: on the north coi~st of Grahrun Island at Pillar Bay and 
the ;~tl,jaccnt Langara Island: and in the central islands between Skide- 
gate and Curnslicwa inlets. 

In the latter o f  thcse two centres. on northern Morcsby lslantl and 
souther~imost Graham Island, considerable thickncsscs of Honna 
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Figure 11 : Map showing approximate thickness of Honna Formation 
outcrops (in metres). Two main depocentres are defined: the central 
islands region, in the vicinity of Skidegate and Cumshewa inlets; and 
northwestern Graham Island and nearby Langara Island. Paleocurrent 
data for these regions (Higgs, 1988, 1990, 1991a; Gamba et al., 
1990) indicate a general westerly direction of transport. Lateral to these 
depocentres, the Honna Formation thins dramatically. Depocentres are 
considered to represent two major fan complexes which prograded into 
the islands region during Turonian-Coniacian time. 

rocks are present, significantly greater than at localities to the north 
and south, at Yakoun Lake and Sewell Inlet, respectively. The thick- 
er sections of Honna Formation strata are composed, in great patt, of 
massive conglomerate and sandstone. The thinner Honna sections to 
the north and south, in contrast, consist of conglomerate horizons, 3- 
30 m in thickness, interstratified with shale. The thick accumulations 
of conglomerate and sandstone may represent the main channel sys- 
tem of the Honna fans, and the thinner packages of conglomerate in- 
terbedded with shale to the north and south may reflect lateral in- 
terfingering of channel overbank or avulsion deposits with basin 
shales. Although many different individual channels, and perhaps sev- 
eral fan complexes, are probably represented in the single outcrop re- 
gion centred on Skidegate Inlet, the total north-south distance from 
Yakoun Lake to Sewell Inlet suggests that this patticular Honna fan 
complex had an approximate cross-fan width of 50 km. 

The Skidegate Formation, also, is irregularly distributed across 
the islands. The most extensive development of the formation occurs 
in the western Skidegate Inlet region, and i t  is closely associated with 
the thick and extensive Honna Formation deposits described above. 
Where the Honna Fonnation is thin, as at Yakoun Lake and Sewell 
Inlet, the Skidegate Fotmntion lithology is not extensively developed 
either. These relationships indicate that the same distribution network 
that transported materials across the shelf to the Skidegate Formation 
submarine fan complexes was utilizetl in subsequent deposition of the 
Honna Formation clastics. 

Cretaceous coal? 

Over the last 100 years, consitlerable interest was directed to the 
search for exploitable coal deposits in the Queen Charlotte Islands. 
Sutherland Brown (1968) discussed the stratigraphic occurrences of 
coal in the islands and chronicled some of the mining ventures. Ac- 
cording to Sutherland Brown (1968), Jurassic and Tertiary, and like- 
ly Cretaceous, coals are to be found in the islands. This record of Cret- 
aceous coals in the islands has been incorporated in subsequent 
large-scale compilations of Cretaceous paleogeographic data for 
North America (e.g. Beeson, 1984). 

One of the tnost interesting coal localities is the Cowgitz site in 
western Skidegate Inlet. This mine was one of the earliest areas to be 
sutveyed and mined for coal in the Queen Charlotte Islands and was 
the focus of much of the early geological interest. The early geolo- 
gists (Richardson. 1873: Dawson, 1880) considered the strata host- 
ing the coals to be Cretaceous because of their geographic proxinii- 
ty to outcrops containing Cretaceous fossils. Thus, the coals were 
believed to be of Cretaceous age, located at approximately the same 
strati~aphic level as the Haida Formation of the Queen Charlone Group. 

Occurrence of Cretaceous coals in this pat-t of the basin is of con- 
siderable paleogeographic interest. Although occurrences of minor 
amounts of coal are known from marginal tnarinc facies of basal Cret- 
aceous strata on northern Graham Island (Haggart, 1986~).  it is dif- 
ficult to reconcile the presence of a relatively thick coal deposit with 
the essentially marine Cretaceous depositional model for the central 
Queen Charlotte Islands. Thus, Haggart et al. (1989) tentatively pro- 
posed that the coal in Skidegate lnlet might represent still another cycle 
of Late Cretaceous deposition, this one with a substantial nonmarine 
phase. 

An unsuccessful attempt was made to locate the old mine site 
in 1988. However, coal float obtained from the vicinity was analyzed 
for pollen content. The age of the flora present in the associated ma- 
trix indicates an Early Eocene to Early Oligocene age (J. White, un- 
published GSC fossil report JMW-89-2). According to White ( l990a). 
this is the first identification of Paleogene strata in the Queen Char- 
lotte Islands. A second, successful, attempt was made to locate the mine 
site in 1989. The Paleogene shale unit which hosts the coals can be 
followed northward, into Slatechuck Creek. where i t  hosts the Slat- 
echuck Creek argillite quany, source of the famed Haida carving argillite, 
also previously considered to be a Cretaceous deposit (Sutherland 
Brown, 1968). The unit has also been identified in the Yakoun Lake 
area (Haggart et al., 1990). 

Thus, no substantial coal deposits are known in the Cretaceous 
system of the Queen Charlotte Islands. 

SEDIMENTATION CONTROLS - 
TECTONICS OR EUSTASY? 

The preceding discussion has served to illustrate the impor- 
tance of relative sea level rise in interpreting the history of Cretaceous 
deposition in the Queen Charlotte Islands. However, Cretaceous de- 



position was not likcly related solelk to rcl;itive sea levcl fluctu;~tions. 
and the contribution.; of other factors should be considcretl. 

Structural controls 

Detailed geological field mapping by members of the QC1 FGP 
has provided a trcmcndous amount of local d;~t;l relevant to the anal- 
ysis of Cretaceous strntigriiphy in the Queen Ch;~rlottc Islands. Per- 
haps the most important contribution is the recognition of basemerit 
structural control on Crctaccou\ deposition (Thumpson cr al.. 199 1 ). 
As discussed earlier in this paper. Thonipson et al. ( I991 ) have tlc- 
tcrrnined that syndepositional block faulting appears to have played 
a role in defining local Clrtaccous dcpositional trends. 

Other workers have invoked even larger-scale tectonic pro- 
ccxbcs to explain gross aspccn of thc Cretllceous st~xtigraphic succession. 
As noted above. Yorath and Chase ( 198 l ) proposed that the Longarm 
Formation reprcsclitcd a "s~lturc assembl~igc" rcsultant fro111 the 
arnalgarn;~tion of Wrnngellia wit11 the Alexantlcr Terrane. Higgs 
(1988. 1990. 1991 a) has invokctl extensive thrust faulting to the east 
of the islands in Cretaceous time to form a highland which providctl 
the detritus for the locally thick Honna fan sequences. How necessary 
arc thcsc I;~rgc-scale tcctonic factors in explaining the observed C'rct- 
aceous succession'? I feel the most parsirnoniou.; csplanation to the 
question ofthe major control on Cretaceous sedimentation in the Quccn 
Charlotte Islands lics in sea level rise and fall. 

Sea level rise 

I have shown that much of the stratigraphic succession in the Queen 
Charlotte Islands represents a fining-upward trend caused by a rela- 
tive sea levcl rise. Figurc 12 shows tlie rcl;~tive sea lcvcl trends pre- 
served in the Cretaceous scction in the islands. as detluccd from out- 
crop str;~tigr;~phy. 

SEALEVEL CURVES 

Figure 12: Local sea level history for Cretaceous of Queen Charlotte 
Islands and the Cretaceous eustatic curves of Hancock and Kauffman 
(1979) and Haq et al. (1987). Stage boundary dates of Hancock and 
Kauffman equilibrated to those of Haq et al. Base of Hancock and Kauff- 
man curve is set at Early Albian sea level. 

E(//.!\. to Et/)'!\' L.a/e Cr.t,rcit.eorcs srcr 1c1,c.l rise 

As shown abovc. there is no evidcncc to suppon the interpreta- 
tion that the Longnnin Formation ~ntl overlying Haida Fornnntion 
were deposited in rcsponsc to tlie amalgamation of two tcctonostrati- 
graphic tcmlnes. Rather. both units are parts of a continuous stn~tig~~phic 
secluerice, tlcpositcd iri  response to a rclativc sea level rise (Illring a pc- 
riod of tectonic quicsccnce. Intcrcstingly, the local sca lcvcl trcnds re- 
Slcctcd li)r the Quccn Charlotte Islantls i n  the Longium/Haida succcssioli 
(Fig. 12) closely parallcl ellstatic sea lcvcl trends tlcterlnincd by other 
worhcrs (Hancock ancl Knuffman. 1979: Haq et al.. 1087). 

Tcrr~otritri~-C'o~iic~t~i(~t~ srcr Ic1,el tlr.ol~ 

Continued tr;insycssion through most of the Early Crctaceous and 
early part of tlie LIIC Cretaceous in the Queen Charlotte Basin was dis- 
ruptctl in tlic later Turonian to Coninci;~n with the progradation of the 
coarsc Honna cli~sticj. This event has been previously been a~ttribut- 
cd to the "linal asscnihly of'S~~pc~.tcn.inc 11 (Wrangellia. Alexander and 
T;~ku)" by ('ameron imd Hamilton (1988: p. 227) or to west-verging 
thrusting associated with a "west-migratinp li)relanti basin upon the 
accreting tcrrane" of WI-angellia-Alcxnlider by Higps (1 988: p. 2 1-22). 
Both of these explanations rely heavily on large-scale tectonic processes 
as the ultimutc determinant of Honna deposition. 

However, on land evitlcnce for Late Cretaceous tectonisni in the 
Queen ('hnrlottc Islands is sparse. The localiLcd occurrence of in- 
traformational clasts in the uppermost parts of thc Haida shale, just 
beneath the overlying Honna conglomerntcs. rniglit perhaps be $up- 
gestetl as evidence for the initiation ofa tectonic epistxle. A local change 
in dcpositional cnvironmcnts is a more simplc and likely explanation, 
however: intn~lixmatio~i:~l clnsts occur within thc Shale member at 
other localities (i.e., NlcLcllan Island. Cumshcwa Inlet), well bclow 
this stratigraphic Ic\~el. 

The unconformity \vhicli has been loc;rlly mapped at the base of 
the Ho~nna Formation riiiplit also be equated with a tectonic episode 
but. as discussed abovc. the uncolil'ormity is orlly local in extent and 
can be explained by local erosion of section rcsultant from lowcred 
base levcl nnd, in somc cases, reactivation of I.ate Jurassic block faults. 
No widespreatl and unequivocal evidcncc for Latc Cretaceous tectonism 
presently exists in [lie islantls. 

The initiation of Honna Jiln progradation into the basin corresponds 
almost exactly. howcvcr, \vi th thc major custatic sea level drop in the 
Turonian and Coniaciari which is recogni/.cd by numerous workers 
(Hancock and Kauftinan. 1979: Harris et al.. 1984: Sciglie and Baker, 
1984: Flexcr et al., 1986; Haq et al., 1987). A similar progradation- 
ol cvent at this time has also been documented for northern Califor- 
nia (Haggart, 1986a, b). Most ofthe Early Crctaccous in the Queen 
Charlotte Islands. ancl the earlier part of the Lute Cretaceous, some 
45 million years of geologic tirnc. was characterized by relative tec- 
tonic quiesccnce ancl a regime of g~tdual sediment occ~rrnulation in 
response to a rising sea level. Why should the period beginning in the 
Turonian be necessarily dilf'ercnt? A sea levcl drop would likely have 
resulted in an abundance of detrital material prograding into the 
Quccn Charlotte Basin from highlands to the east. 

A further complication in Higgs' (1988) tectonic interpretation 
for the origin of the Honnn 'In cornplcses is his assessment of thc ge- 
ometry of the fans the~nsclvcs. According to Higgs' analysis of litho- 
facies belts in the Honna Formation, somc of the proximal-fi~n-facies 
belts span the entire east-west width of the Honna outcrop Lone. 
which cxcccds 20 km, and for which no ~norlem analogues exist. Higgs' 
explanation for this geometry is based on a static model of Honna fan 
development. with a fan banked against a sediment-shedding scarp 
to the cast. This model sccms to ignorc Walther's Law. which implies 
that n significant width of n facies' outcrop belt reflects geographic 



migration of the causative environment in time. The wide distribu- 
tion of thc same lithofacics across the region can be cxplairleti by a 
relatively rapid and time-transgrchsive progradational evcnt, cxact- 
ly as would be expected in a period of rapid sea levcl drop. 

S u t ~ ~ o i r i u t r - C b t t ~ ~ ~ ~ ~ t r i ~ ~ ~ i  SW /PI.(,/ rise 

Further evidence for sea Icvel control on Cretaceous scdirncn- 
tation is found in the post-Honna stratigraphic record. Relative sea level 
rise from the later Coniacian through Campanian in the Queen Char- 
lotte lslantls produced the fining-upward sequence in the midcllc and 
upper parts of the Honna. with the unnamcd shale sequence at thc top 
of thc succcssion marking a retunl to the higher levels of earlier 
time. Again. this pattern is mirrored in the eustatic sea levcl curves 
(Fig. 12). 

Clearly. tectonic factors must h:ive influenced deposition in the 
Queen Charlotte Islands on a local scale: I have previously noted sev- 
eral examples ofsrnall-scale Cretaceous block I'i~ulting. However, thc 
dramatic correlation of the Cretaceous sea level curve for the Queen 
Charlotte Islands with the eustatic curves deduced independently by 
other workers supports possible eustatic control on regional sedi- 
mentation. Certainly. one can argue that tectonic factors may be onc 
driving force. for what produces the eustatic trends? However. com- 
plicated large-scale tectonic models do not seem necessary to explain 
the origin of the relatively simple Cretaceous scquenccs found on the 
islands. 

CRETACEOUS IN THE OFFSHORE 
Woods~iorth (1988) showcd that Wrangellian strata likely un- 

derlie most, or all, of Hecate Strait. Thus, continuity of' Cretaceous 
strata might be considered likely beneath much of the strait and ad- 
jacent Quccn Charlotte Sound. Recent scisrnic surveys have to date 
failed to define sub-Tertiary stratigraphy and structure in thc offshore 
region, and the sole source of hard data bearing on the presence or ab- 
sence of Cretaceous strata offshore is the series of exploration bore- 
holes drilled by Shell in the late 1960s (Fig. 13). 

Offshore well data 

Ct.etaceous sedirnenfat:~ t.ocks 
Unfortunately, the extent and distribution of Cretaceous rocks 

in the subsurface offshore cannot be established because most of the 
wells were abandoned before reaching the base of the Tertiary sec- 
tion. Numerous workers, including Shouldice ( 197 1, 1973), Stacey 
( 1975), Young (1 98 1 ), and Leslie ( 1989), have discussed the well data. 
Unfortunately, the data are not concisely summarized in a single 
publication, and there are conflicting interpretations of the stratigra- 
phy encountered. 

Cretaceous strata were originally identified in the Tyee N-39 and 
the Sockeye B-10 and E-66 wells (Shouldice, 1971, 1973). All three 
of these wells lie north of the Moresby Ridge, which divides the Queen 
Charlotte Basin into the northern Hecate Subbasin and the southern 
Charlotte Subbasin (Young, 1981). Audretsch (in Higgs, 1991b, 
p. 341) indicated that some of the original Cretaceous ages were 
based on very poorly constrained pollen analyses and could perhaps 
represent reworked assemblages. White (1990b) has re-examined 
the floral assemblages and concluded that in-place Cretaceous paly- 
nomorphs are present in coaly intervals in the Sockeye E-66 and Tyee 
wells, thus confirming the presence of probable nonmarine strata of 
Cretaceous age. 

Leslie (1989) described the supposed Late Cretaceous-Pale- 
ocene sedimentary rocks encountered in the Tyee and Sockeye wells. 
Leslie also identified the same units in the South Coho 1-74 well, from 
which earlier workers had only reported Miocene strata (i.e., Shouldice, 
1973; Stacey, 1975). No new data were provided by Leslie (1989) to 

constrain the ages of these units. The sedimentary rocks are sandstone 
ancl siltstone ol' lithic-wackc composition, and they o\~crlic volcanic 
cunglomeratcs of' predominantly basaltic co~nposition (Lcslie, 1989). 
Lcslic invoked a Triahsic Karmutscn Formation source for the basalt 
clasts in the conglomerates ancl suggested that the provenance of all 
the strata in the wclls was  the west side ofthe basin. i.e. the Quccn 
Charlotte Islands region. Petrographic data suggest a shallow-marine 
origin for the sedimentary strata, possibly ;I fan-delta (Lcslie. 1989). 
Llnfort~rnately. without better co~istrained agc data, correlation of 
this supposed Late Cretaceous-Paleoccnc sequence from well to well 
or with onshore exposures is unlikely to be reliable. 

Thus, the only confirmed Crctaccous strata in the ofl.shorc arc 
found in the Sockcye E-h6 ancl Tycc wells. ancl these inclutle prob- 
able nonninrinc deposits. 

Reported radiometric dates fro111 volci~nic rocks in thc wells 
arc considered unreli;~ble bccausc of possible contamination and al- 
teration (Youns. 198 1 ; C.J. Hickson. pers. comm.. 1988). However. 
Cameron and Hamilton (1988) have suggested that two episodes of 
Cretaceous volcanic activity may be represented in the drilled suc- 
cessions. an Early Cretaceous evcnt ancl 21 latest Crctaccous-Paleoccnc 
cvellt. 

Young ( 198 I ) reported a radio~netric ;igc datc 01' l I X ? 7 Mn for 
volcanics in the Shell Anglo Sockeyc E-66 wcll in Hccate Strait 
(Fig. 13). These volcanics lie beneath scdiments that were original- 
ly dated :IS P;lleoccr~e basecl on palynomovhs but which iue now known 
to include Cretaceous fo1.111~ (White, 1990b). Canicron and Hamilton 
(1988) embraced the radiometric datc. suggesting that i t  reflects a pc- 
riod of Early Crctaceous (Barremian-Aptian) volcanism, approximately 
contemporaneous with the Longann Fo~mation. Hickson (in Haggart 
et al., 1989) cautioned, however, that this date can only be considered 
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0 Exploratory boreholes ' 

Figure 13: Distribution of wells in offshore areas of Queen Charlotte 
Basin. 1 = South Coho; 2= Tyee; 3= Sockeye B-10; 4= Sockeye E-66; 
5= Murrelet; 6= Auklet; 7= Harlequin; 8= Osprey. 



as tcntati\,c beciu~sc ol' possible .;itlcn,aII conta~nin:ition in the oripi- 
nal well cuttings. In :uiy cvc~it. no volcanic rocks ol~tliis age have hccn 
definitely idcntificd o~isliorc. 

Young ( 108 1 ) rcpoflctl ollier racliomctric tl:~tcs. of 73- + 0 and X4 
i- 10 M;\. l'ronl volcariic socks in tlie Sochcyc B- I0 well (Fig. 13). Re- 
cause ol'thc polcnlii~l ol'co~ita~iiini~tion. thcsc cli~tcs. too, niusl illso be 
trcatctl us tentative. l'hcy arc. howover, gcncfi~lly L.arc ('rcti~ccous in 
i~gc and may thus he conclativc \vitIi the ('onii~cian-Santo~ii;~~ i~nnamcd 
volcanic rocks founcl in I.ong Inlet (Haggart et al.. IOSO: thi.; ~x~pcr ) .  

C;i\'c~i the r.;~rity of volcanic rocks in  the C'ret;~ccous wction on 
land. i t  is worth reiterating that identifications ol'ang volc;~~iic rocks 
in the offshore must be considered highly speculative at prcsc~~t. 

Onshore-ofl'shore trends 
I t  has been suggcstctl iibove thnt <'I-ctnceous deposition in Lhc 

Queen Cliiulotte Islands rcgion proccctlcd roughly horn west to cast 
with the earliest sctli~nc~ils. the Longiu-m Forniation, accumuluting in 
the wcstcrn p:vt oC the basin. Tlie outcrop hclrs dclined by geologic 
mapping ~cflect the g~.adu;ll c;~st\\:astl ~iiigl.;ition of tlie ('retaccous shore- 
line. Knowing the position of tlic stri~ncllinc :I[ any ~~asticular tinic. as 
\\,cl1 as the direction of basin decpcning. one can pretlicr the approx- 
inlate depoccntsc locatio~i ancl the local litliology ol'dcposits: either 
sI i~t l lo~~~-rnari~~e sanrlstor~es o r  deeper-water shales. 

For cx;~~nplc, the Ii~cli of Alhinn-age si~ndstonc ol'rlic Quecn Cli;~r- 
lottc Group in  the sourlicrn part of the archipelago is not ;I function 
of subsequent erosion o f  thosc strat;]. but likely of nontleposition. The 
Cretaceous succcssion in tlic sourher11 islands consists of oltler. Lon- 
gann Fo~mation sandstone and shale. a tri~nsgrcssivc scyuence dcpositctl 
during I-lauterivian nntl Bnrre~nian time o n  a variety of untlcrlying stra- 
ta. The model predicts that younper deposits in the southern islands 
woultl be shales, deposited in response to continuctl dccpeninp of dc- 
position. N o  younger strata have hcen firmly identified in the south- 
em islands although shales of possil7le Cmnl~anian age crop out on I3un1- 
aby Island (unpuhlislicd Bujnk I);lvics Group fossil report, 10x9). 

Sandstones of Ilaida-age (Alhian) would have been deposited to 
the northeast ofthe Longnm outcrop belt in the southern isl;lnds, wlicn 
the .itranclline, migrating in responsc to the trnr~sgrcssion. evcnlual- 
ly sliiftctl to tliat part of thc islands (Fig. 10). Northeast of the Lon- 
gnrm outcrop belt, one should not expect to fincl an additio~lal sccrio~i 
of Longarm Formation prescsve(l in the x~rbsurf'i~cc. T'he only Crct- 
aceoils striltii which sho~~ld be encountcrctl in drilling in this area will 
hc the younger Quccn Charlotte Ciroup tlcposits. 

Simil;irly, the Irick ol' Longarm strata in the castern Cumsliewa 
Inlct area is not a function of their subsequent erosion from that re- 
gion, but rather. bccriusc they were never tlcposited there: t~~nsgrcssion 
had not odvanccd thnt h ~ r  cost. Moving offshore north and cast from 
the Curnshewa Inlet area. one should not expect to encounter iuny C'rct- 
aceous strata oltler than Middle Albinn. as these arc tlie youngest Clrct- 
accous rocks dcpositctl in tlie eastern outcrop belt. Rocks offshore to 
the nortlie:~st call be predicted to be Midclle Alhian or younger. One 
must hccp in ~nind, though, that the tsansgscssion whicli recstnb- 
lishctl itself after Honna fan progfitdntion in the Turonian-Coniacinn 
may not 1i;ivc reached this far cast, and younger Cretaceous marine 
cleposits were likcly never dcposiled in this area. 

4 s  a final csaniplc. I cite the distribution of Cretaceous dc- 
posits on tlic nortliwcst coi~st ol'Grali;~m Island. Longarm deposits in 
tlic vicinity of Whitc Point represent the earliest ph;lsc ol'tr;lnsgrcs- 
sion and deposition in thnt area. According to the transgression 
model. Longarrn deposits shoultl not be found northeast of the pre- 
sent outcrops: instc;~d youngcr Cretaceous deposits of the Quecn 
Chrtrlotte Ciroup are cxpectctl. This relationship is seen in the gcol- 
ogy of this nrca. A corollary to this argument is that basal transgres- 

sive strata of Albian age. the Haida S;untlstonc ~nc~iibcr. will not be 
fountl to the \test of its present outcrop tlistrihution, for thc sanie rca- 
son: thc tr;insgrc\sion hr~d progressed fil~ther c;~slw;~rd by Albi;ui time. 

'l'he intcrprct;~tion of ('rctaccous dcpo.;ition ~propo.;cd in [hi\ 
pap" suggests that 21 signil'icant seclion of ~narine Cretaceous rochs 
\ \ , i l l  1101 he fi)~~ncl in [lie Hccatc Stn~it ;u.eo. Study ol'tlie shosclinc trcntls 
tlisplaycd in Figure I0 intlici~tcs that tlie C'rel;iccous strandline lihc- 
ly pro.jcctcd to the southeast from tllc vicinity ofC'i~nislic\\,a Inlct. Thus. 
the only <'retaccous rocks \vliicli miglit be expectetl in Hecare Stmit 
wo~11~1 likcly be non~nal-iric in nature. The presence of coaly intervals 
~ \ : i t l i  ~ ~ C I I I C C ~ U S  pi~lyno~iiorphs in the Sochcyc E-h6 and Tycc wells 
(White. I990h) supports this interpretation. I f  sea level drop oc- 
curlcd in Turonian-C'oniacian rime in the isl:uids region. as suggest- 
ed carlicr. then the possibility exists that substantial parts of Hccate 
Strait Inay have been subaerially cxposcd at the time. resulting in loss 
of carlicr section in thnt part of the oft'shore. 

Hascd on projection of the slioscl ine trend, the occurrence of' rna- 
rinc ('rctaccous rocks woultl appear to he niore likcly ill Quccn Char- 
lotte Sountl. Signilicantly, Stxcy (1975) suggested th;~t an appreciable 
scction of' I;~tcsr Mcso~oic-Ccno~c)ic deposits may bc present in this 
~xgion, his analysis bascd on glxvity and other geophysical data. 

One :~d(litional point should be made rcgruding tlic prediction o f  
occurrences ol'Cretaccou5 mats. The total thickness ol'the Cretaceous 
system in the Quccn Charlotte 1sl;lnds is not n composite hosecl on Lon- 
grlrni Forn~ation plus Quecn ('harlotte Group thicknesses (as fol- 
lowed by Hamilton and <':urneron [IOXC)]). because the various ele- 
ments of the Cretaceous system are distributed unevenly. The total 
thickness at any particular locality is rather a function of gcograpk 
ic position. The total Cretaceous section in the castcrn part of the is- 
la~itls. and presu~nahly offshore, will be thc local thickness of the AI- 
bian transgressive sequence plus tlic overlying Honna Formation. Tlic 
L,o~ig;ir~n Forniation thickness is Lero at that location and is not in- 
cluded. Siniilarly, in the southom and western parts of'thc Quccn Char- 
lotte Islands. tlie total thickness of Cretaceous rocks slioulcl include 
tlic Hu~1tcrivian/I3arrcnii:11i basal t~xnsgrcssivc sccl~~cricc (the Longarni 
I:o~mativn) and any youngcrshnles. but sllo~lld not include n component 
for tlie Albian-age Haida Sandstone member because that unit was never 
dcpositctl in the wcstcrn part of the islands. 

MYDROCAKBON POTEN'l'IAI, 017 THE 
CRETACEOUS SYSTEM 

Esplornto~y drilling for hydrocarbons on the Queen Charlotte Is- 
lands dates back to the early pan of this century (sec Sutherland 
Brown, 1968: Hai~nila ancl Proctor, 19X2), and the oflshorc wells in 
Hecatc Strait and Queen Charlotte Sound were drilled in thc Intc 1960s 
(Fig. 13). The results of these invcstigi~tions were not promising. The 
itlentification oC potential Triassic/Jurassic source-rock strata on- 
shore (Camcron allcl Tipper. 198 1: Macaulcy. 1983) rcestablislied the 
i~itcrest in the liytlrocarbon potential of the islarlds and of the West 
Coast region in general. 

One aspect of'thc Q('1 FCiI' hi~s been to assess the gcochemistry 
of potential source roclts on tlic islands ancl offshore, rlntl to idcntify 
potc~itial rcsenioir rocks in the Phancro~oic succcssion. 

Source rocks 

'I'lic study of source-rock potenti;~l and olyanic maturation of Crct- 
accous strata on the Queen Charlotte Islands has not been promising. 
Spot srtmplcs collected from the Lonpmi. Haida. Skidegatc, and Honna 
I'ormntio~is at various localities have shown that the total-organic-car- 
bon (TOC) content is generally low. coniposed principally of Type 
111 organic matter (Vellutini n t l  Bustin, 1991; R.M. Bustin. pen. conun., 
1990). Tlie degree of orzanic maturation of Cretaccous strata in- 



creases from north to south across the islands and this appears to be 
correlated with the heating caused by local plutonism (Vellutini ancl 
Bustin. 1991). Cretaceous strata on Graham Island are immature to 
ovennature and have fair to moderate gas-source potential. Cret- 
aceous strata on Moresby Island are generally overmature and exhibit 
poor source potential. 

San~ples collected from the unnamed Upper Cretaceous shale unit 
in the vicinity of Slatechuck Mountain were also found to be over- 
mature. However. TOC values indicate that this unit, when it was ma- 
ture, was a good source rock, capable of producing hydrocarbons (L. 
McCulloch-Smith, pers. comm., 1989). The type of hydrocarbons, ei- 
ther gas or oil, is not identifiable. 

Reservoir rocks 
The best hydrocarbon-reservoir rocks yet identified in the Cret- 

aceous sequence are the strata described as the "basal Haida lithofa- 
cies" by Fogarassy and Barnes (1989). This lithofacies, cropping 
out in Cumshewa Inlet, was described by Haggart (1986~)  under the 
name pebbly sandstone lithofacies. These rocks are not stratigraph- 
ically extensive (a 24 m-thick succession was described from central 
Cumshewa Inlet by Haggart, 1986c), but they are widespread and, ac- 
cording to Yagishita ( 1985) and Fogarassy and Barnes ( 1989). exhibit 
high visual porosity. 

The "basal Haida lithofacies" of Fogarassy and Batnes (1989) 
is a misnomer as this lithofacies actually characterizes the base of the 
diachronous Cretaceous transgressive succession at multiple stratigraphic 
horizons, including the base of the Longarm Fonnation. Thus, this unit 
is better referred to as the Cretaceous basal transgressive lithofacies. 
In addition to the exposures in the Cumshewa Inlet region, this litho- 
facies has also been identified a! Skidegate Inlet (Fogarassy and 
Barnes, 1989) and at Beresford Bay and Caswell Point, on the north- 
west coast of Graham Island (Haggart, 1986~;  Fogarassy, 1989). 

Offshore hydrocarbon potential 
The prospect for significant reserves of hydrocarbons offshore 

(i.e. Hecate Strait and Queen Charlotte Sound) has been enhanced since 
the discovery of Jurassic-derived bitumen in cuttings in the Sockeye 
B-I0 well (L. Snowdon, pers. comm., 1989). If Jurassic source rocks 
occur in the vicinity of this well, then it is possible that Cretaceous 
strata may also occur, acting as a source for Tertiary horizons, or c a p  
ping the Jurassic and forming a potential reservoir. 

The source potential of Cretaceous strata offshore is considered 
marginal (Snowdon et al.. 1989). However, generally low maturation 
and quality of organic matter levels for Cretaceous exposures onshore 
are attributed to heating associated with local plutonism (Vellutini and 
Bustin, 1991 ). If plutons are absent in the offshore region, the present 
geochetnical characteristics of Cretaceous strata could be more 
favourable for hydrocarbon generation. However, a caution must be 
raised: Lyatsky (1991) suggests that plutons may be present in the 
eastern Queen Charlotte Sound region. 

As described above, the possible reservoir-rock lithofacies at the 
base of the Cretaceous transgressive succession can be expected to 
continue, for some distance at least, offshore into Hecate Strait. Un- 
fortunately, Leslie (1 989), who studied the supposed Upper Cretaceous 
to Lower Paleocene strata in the Tyee and Sockeye wells, found 
these rocks to have low visual porosity with no evidence of sec- 
ondary porosity; the rocks thus have a very poor hydrocarbon-reser- 
voir potential. It should be reiterated here, though, that the age con- 
trol on the strata studied by Leslie (1989) is inadequate. It is quite 
possible that rocks older or younger than Cretaceous may have in- 
advertently been the subject of Leslie's study. 

CONCLUSIONS 
I )  The previously inferred Barremian-Aptian hiatus between the 

Lower Cretaceous Longann Formation and the younger Cretaceous 
Queen Charlotte Group does not exist. Deposition was contin- 
uous through most of Cretaceous time in the Queen Charlotte Is- 
lands region. 

2) Cretaceous strata in the islands consist principally of shallow- 
marine sandstones and deeper-water shales. The strata were de- 
posited over a wide area, accutnulating mainly in shelf envi- 
ronments. 

3) Previous models suggesting that the Cretaceous deposits repre- 
sent "suture" and "post-suture" assemblages which evolved in 
response to the amalgamation of Wrangellia and the Alexander 
Terrane, are not supported. There is no stratigraphic or sedi- 
mentologic evidence for the existence of a Cretaceous terrane su- 
ture in the Queen Charlotte Islands. 

4) The Cretaceous stratigraphic succession forms two large-scale 
transgressive sequences which appear to have developed primarily 
in response to a regional sea level rise. Small-scale block fault- 
ing reactivated along Late Jurassic bounding faults may have in- 
fluenced sedimentation on the local scale. 
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Stratigraphy and diagenesis of the middle to Upper Cretaceous 
Queen Charlotte Group, Queen Charlotte Islands, British Columbia 

J.A.S. ~ o ~ a r a s s ~  l and W.C. ~ a r n e s '  

f;ugi~r;~shy. J.A.S. aritl I3;lsnc.a. W.C.. Srr;~rigrapl~y ;~ntl tliagenesih of the niitl- ro Upper Crci;rceo~~s Queer1 Chal-lotle Group. Queen 
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Abstract 
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INTRODUCTION 
Geologic study of the Queen Charlotte Islands, and more par- 

ticularly the Queen Charlotte Group, has been sporadic. Richardson 
(1873), Dawson ( 1880), Ells ( 1906). Clapp ( 19 14) and MacKenzie 
(1916) made early lithostratigraphic studies. Sutherland Brown (1968) 
produced the first comprehensive maps and report on the geology of 
the islands. including the Queen Charlotte Group. 

The middle to Upper Cretaceous sequence (Fig. I ) has received 
recent study. McLearn (1972) and Riccardi (1981) described the am- 
monoid and inoceramid faunas of the Haida and Honna formations. 
Yagishita (1985) studied sedimentation patterns in relation to plate tec- 
tonic theory as formulated by Yorath and Chase (198 I )  and Yorath and 
Hyndman ( 1983). Haggart (1 986, 1987), using ammonoid faunas, 
and Cameron and Hamilton (1988), employing foraminiferal bios- 
tratigraphy, refined the stratigraphy of the Queen Charlotte Group. 
Fogarassy and Barnes ( l988a) divided the sequence into eight lithos- 
tratigraphic units which correlate well with these biostratigraphic di- 
visions. 
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Figure 1 : Stratigraphic column for the Queen Charlotte Islands (mod- 
ified from Cameron and Hamilton, 1988). 

Yagishita ( 1985) conducted a preliminary diagenetic study of the 
Haida-Skidegate-Honna sequence. Fogarassy and Bames (l988a,b; 1989) 
examined all important sections of Queen Charlotte Group on the is- 
lands and documented diagenetic controls on petroleum reservoir de- 
velopment in sandstones and conglomerdtes. Using porosity development, 
they rated the Haida Formation as a secondary reservoir objective after 
the Tertiary Skonun Fo~mation in the Queen Charlotte Basin. 

Methods 
Stratigraphic sections of middle to Upper Cretaceous strata 

were measured in four separate areas of exposure (Fig. 2). Heli- 
copter supported camps were used in the Beresford Bay-Langara Is- 
land region, whereas a four wheel drive vehicle and inflatable boat 
were employed for reaching southerly outcrops in Skidegate, Cumshe- 
wa, Sewell and Logan inlets. Study of stratigraphic sections was 
generally limited to shoreline outcrops. Inland outcrops are discon- 
tinuous and found only in isolated quarries and logging roadcuts and 
thus were not extensively sampled. 

Two hundred and fifteen thin sections of conglomerates and sand- 
stones were cut from selected hand samples. All thin sections were 
stained with sodium cobaltinitrite, using the technique of Houghton 
(1980), for K-feldspar and clay determination. Sixty-two thin sections 
were vacuum impregnated with blue dyed epoxy resin to aid in vi- 
sual porosity estimates (Yanguas and Paxton, 1986). Selected sections 
were stained with alizarin red S (sodium alizarin sulphonate) and potas- 
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Figure 2: Middle to Upper Cretaceous outcrops (modified from 
Sutherland Brown, 1968). 



sium ferricyanide for identification of calcite and ferroan carbonates 
respectively (Dickson, 1965). 

Thin section analysis identified lithofacies of petrographic and 
diagenetic interest. These units were examined with a Nanolab 7 
Scanning Electron Microscope (S.E.M.) and a Kevex Energy Dispersive 
Spectrometer (E.D.S.). Rough and polished sections were coated 
with 50 nm and 25 nm of carbon respectively and analyzed with 30 
keV accelerating voltage using 50 nm and 100 nm beam diameters. 

Clay mineralogy was studied with a Philips X-ray diffractome- 
ter (X.R.D.) equipped with a Cu K, tube and Ni filter. Three separate 
X-ray diffractograms were obtained for each sample. Upon gathering 
an initial pattern, from 3-65" 20, the slide was heated in a furnace for 
12 hours at 550°C, then transferred to a desiccator to avoid rehydra- 
tion of expandable clays before loading into the diffractorneter for a 
second run from 3-35O 20. A third diffractogram, to aid in the identi- 
fication of mixed-layer clay assemblages, was run from 3-35' 20 on 
a duplicate oriented clay slide which was treated for48 hours with ethy- 
lene glycol vapour to determine the presence or absence of swelling 
clays and mixed-layer assemblages containing swelling clays. 

Stable carbon and oxygen isotope ratios on carbonate cements 
were determined by a VG Isogas Ltd. isotope ratio mass spectrome- 
ter. Sample preparation involved heating a minimum of 2 rng of 
sample at 430°C for half an hour to volatize organic components. Sam- 
ples were reacted with 100% &POJ at 90°C, to generate CO2 gas. 
All isotope values presented are referenced to Belemnitella oniericann 
from the Peedee Formation (PDB). 

STRATIGRAPHY 
The middle to Upper Cretaceous sequence of the Queen Char- 

lotte Islands is composed of a tripartite sedimentary package of con- 
glomerates, sandstones and mudstones. The Albian Haida Formation. 
the Cenomanian-Santonian Skidegate Formation and the Coniacian- 
Santonian Honna Formation collectively form the Queen Charlotte 
Group. Cameron and Hamilton (1988) restructured the original strati- 
graphic nomenclature suggested by Sutherland Brown (1968) for 
the middle to Upper Cretaceous (Fig. 3). Employing foraminiferal ev- 
idence, they equated Sutherland Brown's Upper Haida shale mem- 
ber to the Skidegate Formation. These coeval units were recognized 
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as older than the Honna Formation. Haggart (1986) had previously 
demonstrated equivalence of the upper ~ a i d a  shale member and the 
Skidegate Formation with ammonoid faunas. 

The Queen Charlotte Group lies with marked unconformity on 
Lower Cretaceous, Jurassic and Upper Triassic strata and may be over- 
lain unconformably by volcanics of the Tertiary Masset Formation. 
The Haida-Skidegate-Honna sequence represents an overall fining up- 
wards package deposited during a marine transgression (Yagishita, 
1985). The Haida Formation is a nonmarine, probably fluvial deposit 
at its base and quickly grades upward into nearshore, shallow marine 
deposits. Gradual deepening of waters is seen in the deposition of mud- 
stones of the Skidegate Formation. Abruptly overlying the Haida 
and Skidegate formations is the Honna Formation. These coarse 
grained clastics may represent submarine channel and turbidite de- 
position (Yagishita, 1985) or a fan-delta deposit (Higgs, 1988). 

The Haida, Skidegate and Honna formations are divided into eight 
regionally mappable lithofacies (Fig. 4). The Haida Formation is 
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Figure 4: Middle to Upper Cretaceous lithofacies chart (adapted from 
Yagishita, 1985 and Haggart, 1986). 
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Figure 3: Stratigraphic nomenclature for the Queen Charlotte Group (modified from Haggart, 1987). 
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composed of medium to coarse grained sandstone with granule to peb- 
ble conglomerate at its base. The Skidegate Formation is a concre- 
tionary mudstone unit and the Honna Formation is a vasiably thick 
sequence of pebble to boulder conglomerate and turbiditic sand- 
stone. The source for all middle to Upper Cretaceous sediments ap- 
pears to be the same local underlying sedimentary, volcanic ;rntl plu- 
tonic units now exposed on the Queen Charlotte Islands. Fault 
repetition complicates measurement of the true stratigraphic thicknesses 
of the units, but the middle to Upper Cretaceous section is inferred 
to thin southward from the Beresford Bay-Langara Islantl re,' 010n to 
Culnshewa and Sewell inlets (Fig. 5). 

Haida Formation 
The lowennost unit of the Queen Charlotte Group, the Haida For- 

mation, is subdivided into three lithofacies: l )  basal Haida: 2) lower 
Haida sandstone; and 3) upper Haida. Each lithofacies progressive- 
ly fines and increases in argillaceous content upwards. 

Basal H~litlrr li/l~ofac.ics 
The basal Haida is the coarsest of the Haida Formation lithofa- 

cies and has a variable thickness throughout the islands. It has a 
measured outcrop thickness ranging from a postulatecl pinchout on 
Louise lsland in the south to 190 m in the Beresford Bay-Langara Is- 

Figure 5: Isopach: Haida, Skidegate and Honna formations. Note south- 
easterly thinning. Circles represent studied regions; a s  outcrops are 
generally shallow dipping (<25") their exposure covers long stretch- 
e s  of coastline. Dashed contours represent possible isopach extrap- 
olations. 

land region of nolthwester~~ Graham Island. The unit is typified by 
well developed low and high angle planar and trough cross-lamina- 
tion. Coalified wood and plant fragments and fine grained terrigenous 
carbonaceous organic debris are locally abundant. A paucity of ich- 
nofossils characterizes this lithofacies, indicating freshwater condi- 
tions or rapid deposition rates. The basal Haida lithofacies is suggested 
to be a fluvial deposit. I t  grades vertically over a few metres into the 
lower Haida sandstone lithofacies. 

The basal Haida lithofacies is the most petrographically distinct 
of the eight lithofacies present in the Queen Charlotte Group. The litho- 
facies is composed of granule to pebble, matrix to clast supposted con- 
glomerate and medium to coarse grained arkosic and feldspathic aren- 
ite. The unit has a bimodal grain size distribution with very well 
rounded. polycrystalline and strained quartz (Fig. 6) and plutonic 
rock fragments and medium grained, subangular to subrounded 
feldspars. monoc~ystalline quartz and sedimentary rock fraLgnents. Poly- 
crystalline and highly strained quartz dominates the framework with 
an average grain size of greater than 2 mm that comprises up to 30% 
of total framework. Subordinate monocrystalline quartz, feldspar and 
rock fragments account for the remaining 70% and have an average 
grain size of 500 ym. Matrix is negligible, but a pseudomatrix of de- 
formed sedimentmy and volcanic rock fragments occurs (Dickinson, 
1970). Detrital muscovite was found only in the basal Haida lithofa- 
cies. Cement is restricted to patchy, infrequently poikilitic, calcite 
and minor amounts of interstratified clays fo~ming at the expense of 
osthoclase and plagioclase. 

The basal Haida lithofacies is petrographically unique; we sug- 
gest that i t  be recognized as a separate formation in the Queen Char- 
lotte Group or as a fom~al member of the Haida Formation. 

The source of the coarser fr:ictions of the basal Haida lithofacies 
appears to be Late Jurassic plutons. Thin sections from samples from 
the margins of Late Jurassic intrusions on Lyell lsland (R.G. Anderson. 
pers. comm., 1989; Anderson and Greig, 1989) display strain textures 
identical to those present in basal Haida sandstones. Moderate to high- 
ly strained "ribbon" grains characterize polycrystalline quartz. Min- 
eralogy of strained grains is predominantly quartz (60-100%) but in- 
cludes albite twinned plagioclase, osthoclase and fine grained sericite 
parallel to foliation. Although a plutonic source is postulated, a duc- 
tilely defonned quastz-rich siltstone and sandstone is a possibility. The 
high degree of rounding and sphericity seen in the majority of coars- 

Figure 6: Basal Haida: polycrystalline quartz. These large grains 
readily distinguish the basal Haida lithofacies from the rest of the 
Queen Charlotte Group. Highly strained "ribbon" quartz, increases in 
abundance in southerly outcrops. Thin section photomicrograph, 
crossed nicols, width of photomicrograph is 4 mm. 



er framework grains suggests sediment recycling, possibly from the 
Moresby Group or the Longarm Formation. Initial denudation of 
Late Jurassic plutons may have caused the deposition of quartz-rich 
Jura-Cretaceous sedimentary strata which in turn were the source of 
the basal Haida lithofacies. The area1 distribution of the strained 
quartz grains is generally restricted mainly to Skidegate and Cumshe- 
wa inlets, but sniall percentages are present in the Beresford Bay-Lan- 
gara Island region. The origin of basal Haida sediments in the Beres- 
ford Bay-Langara Island region appears mainly to be nearby Triassic 
and Jurassic cherty radiolarian mudstones and volcaniclastics. 

L o ~ v r  Hcrida sotidstotre litl?ofac~ic~s 

The sandstones of the Lower Haida are generally texturally and 
compositionally immature. They are locally stained with dead oil and 
contain carbonized wootl fragments, including logs exceeding 2 m in 
length. The unit is characterized by abundant ammonites, the mollusc 
Trigonia and locally intense bioturbation. It  ranges from 200-700 m 
in thickness. Argillaceous content and buff-brown weathering calcite 
concretions increase upsection. In some places, concretions coalesce 
to form "beds" up to I m thick, preserving original sedimentary tex- 
tures and structures. Yagishita ( 1985) described desiccation crack casts 
in many outcrops, but these were not recognized during the present 
study. Cameron and Hamilton (1988) also indicated the absence of 
desiccation structures. 

Discrete offshore bar build-ups occur in this transgressive sand- 
stone. Low and high angle planar cross-stratification and distinctive 
coarsening upward sequences. 2-6 m thick, punctuate the section. Rec- 
ognized trace fossils include Ophionlolpha and P1a11olite.s. Ophionio1.- 
pha is a common, shallow water, nearshore marine ichnofossil char- 
acteristic of the Sko1itho.s ichnofacies (Chamberlain, 1978: Frey and 
Pemberton, 1985). 

An overall upward fining trend, however, and increased clay con- 
tent may represent deposition in a transgressive marine environment 
(Yagishita, 1985). In the upper part of the unit. hummocky and swa- 
ley cross-stratification suggests reworking below fair weather wave- 
base (Walker, 1979a). The lower Haida sandstone grades. over tens 
of metres, into the upper Haida lithofacies. 

The sandstones of the lower Haida lithofacies are poorly to 
moderately sorted, subangular to subrounded, fine to medium grained, 
arkosic to lithic wackes and arenites. The offshore bar build-ups 
which punctuate the sequence are characteristically more mature and 
in places exhibit visible porosity. Abundant codified, woody organ- 
ic matter may contribute to porosity development. Abundant ortho- 
clase, plagioclase, quartz. fragments of Triassic-Jurassic carbona- 
ceous shales, and minor biotite, glauconite, sphene, epidote, and 
pyrite typify mineral assemblages. 

Although Yagishita (1985) described plagioclase to K-feldspar 
ratios in excess of 50: 1 for this lithofacies, point counting of stained 
thin sections in the present study indicates ratios of 3:2 to be the norm. 
These rados are more consistent with the approximately 4: l ratios de- 
scribed by Sutherland Brown (1968). E.D.S. analysis of a series of pol- 
ished sections confirmed subequal amounts of alkali and sodiclcal- 
cic feldspars. The more alkali-rich sandstones suggest major 
contributions from Jurassic plutons rather than, for example, the 
more plagioclase-rich Karmutsen Formation. 

Upper Haida lithofacies 

The upper Haida lithofacies is an interbedded, very fine grained 
sandstone, siltstone and mudstone unit. The unit represents a thick tran- 
sition between the sandstones of the underlying Lower Haida litho- 
facies to the shales and mudstones of the overlying Skidegate Formation. 

The upper Haida is typified by abundant ammonoid faunas. 
pyritized in places. and :I suite of other molluscs including the bivalve 
Trigoniir. Calcareous concretions excceding one metre in diameter 
locally fotm resistant marker "beds". Coalified and silicified wood frag- 
ments decrease in abundancc near the Skidegate Formation contact. 
The unit ranges from 0-200 m thick. and is found chiefly in the area 
of Skidegate and Cumshewa inlets. I t  grades. over tens of metres. into 
the Skidegate Formation. 

The sandstones of the upper Haidn lithofacies are similar pet- 
rographically to the lower Haida sandstone lithofacies but are generally 
finer grained, more angular and poorly sorted, and more argillaceous 
than the remainder of the Haida sandstones. The upper Haida litho- 
facies is classified as lithic wacke. 

Skidegate Formation 
Thc Skidegate Formation is a dark grey marine mudstone 

(Haggart. 1986). It is subdivided into two lithofacies: I ) Skidegate shale: 
and 2) Skidegate sandstone-siltstonc. 

Skidegate shale lithofacies 
The Skidegate shale lithofacies is 100-300 m thick, consisting 

of illitic and iron-rich chloritic mudstone and shale with rare calcareous 
sandstone and siltstone interbeds less than 30 cm thick. 

Ammonites and calcitic concretions are common in the mudstones. 
Complex septarian concretions occur in the upper portion of the 
lithofacies in the Beresford Bay-Langarrt Island region where they may 
be used as a stratigraphic marker. Slump structures (Fig. 7) increase 
in abundance to the northwest and may be related to growth faulting. 
Thickness of section, slump and shallow water sedimentary structures 
may indicate syn-sedimentary faulting. Load, ball and pillow, and flame 
structures and syn-sedimentary microfrtults are abundant in coarser 
sandstone interbeds. This unit grades rapidly over a few tens of me- 
tres into the overlying Skidega~e sandstone-siltstone lithofacies. 

Sandstones layers, 1-10 cm thick, punctuate the Skidegate shale 
lithofacies. They are argillaceou:;, vcry poorly sorted, have angular 
grains, and generally grade upward from very fine grained sand- 
stone to siltstone. They are classified as lithic wackes. 

Skidegate sandstone-siltstone lithofacies 
The Skidegate sandstone-siltstone lithofricies is a fine grained sand- 

stone with thin pebble conglomerate lenses at its top and intercalat- 

Figure 7: Skidegate shale: slump structures. The lithofacies is char- 
acterized by syn-sedimentary deformation structures. Slump and con- 
volute lamination is pronounced in the Beresford Bay-Langara Island 
region. Northerly shallowing of waters is interpreted on the basis of in- 
creased sandstone and siltstone content and slump structures. 



ed tnudstones and siltstones near its base. Yagishita (1985) informally 
designated the Skidegate sandstone-siltstone unit as a member in 
the Queen Charlotte Group. The sandstones show poorly developed 
A and B divisions of the Bouma sequence, with accompanying basal 
scour and normal grading. Turbiclite seclimentation appears to presage 
deposition of the Honna Formation (Yagishita. 1985; Haggart. 1986). 
Although usually less than 30 m thick, the lithofacies was recognized 
at scattered localities throughout the islands underlying conglomer- 
ates of the Honna Fotmation. 

Petrologically the Skidegate sandstone-siltstone lithofacies is sim- 
ilar to the overlying Honna Formation. Plagioclase, volcanic rock frag- 
ments, biotite, and detrital and authigenic clays such as chlorite, 
occur in greater abundance than in the underlying Haida Formation 
sandstones and conglomerates. The unit is moderately sorted, sub- 
rounded to subangular, fine grained sandstone and siltstone and is clas- 
sified as a lithic and arkosic wacke or arenite. 

Honna Formation 
The Honna Formation is a thick sequence of conglomerate and 

sandstone that erosionally overlies the Skidegate and Haida forma- 
tions as well as Jurassic and Triassic strata. The formation is infor- 
mally subdivided into three lithofacies: I) basal Honna; 2) middle Honna; 
and 3) upper Honna. 

Bosol Honrln lirh(?fac,ies 

The basal Honna lithofacies is a clast supported pebble to boul- 
der conglomerate containing plutonic, volcanic and sedimentary 
clasts derived from underlying Cretaceous and older strata (Sutherland 
Brown, 1968) with a matrix of medium to very coarse grained argilla- 
ceous arkosic to lithic sandstone. Conglomerate beds are sharp based, 
variably graded, and up to 5 m thick. Massive medium to very coarse 
grained sandstone lenses, usually less than 30 m long and 3 m thick, 
are present throughout the lithofacies (Fig. 8). Yagishita (1985) in- 
terpreted source directions within the conglomerate based on clast im- 
brication. However, imbrication of basal Honna clasts is extremely 
scarce except on northwest Graham Island. 

The occurrence of massive sandstone lenses and interfingering 
with the overlying rniddle Honna turbiditic sandstones suggests the 
basal Honna lithofacies is a submarine channel deposit. Deposition 
of the lithofacies appears to be controlled by channeling processes wluch 
typify gravelly submarine fans. 

Sandstones of the basal Honna lithofacies are characterized by 
plagioclase, trachytic volcanic rock fragments and a suite of heavy min- 
erals that includes biotite, hornblende, epidote, sphene, ilmenite and 
garnet. in order of decreasing abundance. Angular and poorly sort- 
ed, the Honna sandstones are classified, with the rest of the Honna For- 
mation, as lithic wackes. 

Increased abundance of volcanic rock fragments and plagioclase, 
the presence of hornblende and the lower proportions of quartz serve 
to distinguish the Honna sandstones from those in the Haida and Skide- 
gate formations. Decreased compositional maturity is accompanied 
by decreased textural maturity. Sphericity 'and roundness are much lower 
than in the Skidegate and Haida formations. 

Middle Hotitia litht!focies 

The middle Honna lithofacies is a sequence of interbedded con- 
glomerates and sandstones. The unit is divisible into two parts: I )  lower 
conglomerate and sandstone; and 2) upper turbiditic sandstones and 
shales. 

The lower part is a clast supported pebble to cobble conglom- 
erate intercalated with massive, well sorted fine to medium grained 
sandstones. The sandstones are 0.5-2 m thick and may represent 
grain flow deposition within the confines of submarine channels. 

The upper part of the middle Honna lithofacies is composed of 
titrbiditic sandstones and mudstones. Well developed B-C and B-C- 
D divisions of the Bouma sequence may represent deposition on the 
margins of a submarine fan (Walker, 1979b). Trace fossils are abun- 
dant in more argillaceous portions of this sub-unit but have not been 
found to be diagnostic in terms of water depth. 

Conglomerate and sandstone of the middle Honna are overlain 
abruptly by conglomerates of the upper Honna lithofacies. 

The sandstones are petrographically similar to underlying lentic- 
ular sandstones of the basal Honna lithofacies. They are composed 
of plagioclase, volcanic rock fragments, orthoclase, monocrystalline 
quartz, and a variety of fesrotnagnesian constituents including biotite 
and hornblende. The unit is classified as a lithic wacke or a lithic aren- 
ite. Middle Honna sandstones are distinctive in that hornblende abun- 
dance can locally reach 10% of the framework grain assemblage. The 
hornblende is generally very fresh and is commonly the largest frame- 
work grain in thin section. 

TrlasslC.JUra8~1Ic and 

Lower C r e t a c e o ~ s  sedlrnants 

Figure 8: Basal Honna: lenticular sandstone and pebble-cobble clast 
supported conglomerate. Massive, medium to very coarse grained sand- Figure 9: Schematic stratigraphic cross-section, Queen Charlotte 
stones are devoid of visible sedimentary structures. Paucity of struc- Group. Modified from Yagishita (1985); Haggart and Higgs (1989); and 
tures may indicate the sandstone was deposited from a mass flow. Height B.E.B. Cameron, J.W. Haggart and R. Higgs (pers. comm., 1988). 
of outcrop approximately 10 m. Dashed lines indicate inferred contacts. 



I;/I/I(JI. Hoii~ltr li/lrojirc~ic2s 
The upper Honna litliofacies is n clost supported pebble to cob- 

ble conglome~ite containing ;III angular. poorly so~tcd medium to coarse 
grained lithic sandstone matrix. The unit is similar pctroloaically 
ancl setlimcntologically to the basal Honna lithokicics. It  contains a 
variety of clast types and has massive, lenticular sandstoncs scattered 
throughout the section. 1)ifltrences inclutlc locally well tfevelopcd bctl- 
ding anti clast imbrication. The unit averages 40 m thick. about onc- 
fifth thc thichncss of the basal Honna conglonicratcs. 

2isctission: Stratigraphy 
Deposition of the Quccn ('liiirlottc (iroup can bc suhtlividcd into 

two separate periods: Haida-Skidegatc deposition with ;I south-soutll- 
\\)c51 provenance: :ind Honna and continued Skitlcgiltc deposition 
with a north-northeast pn)vcnance (Fig. 9). Ileposition is postulotcd 
to have been the greatest in two suh-basins. One, in the Scresford Hay- 
Langara Island region, has pronounced petrographic and diagenetic 
characteristics which distinguish i t  from the arcally laryr  southern 
sub-basin extending from Logan Inlet to north of Skidegiite Inlet. Yag- 
ishita (1985) proposed four contemporaneous scdimcnt;iry basins 
for thc Quccn Charlotte C ~ ~ O L I ~  based on a tectonic intcrprctation 
heavily rcliant upon postulated large sc:ilc strike-slip fault offscts, lewis 
and Ross ( 1988) and Thompson and Thorkelxon (1980) suggested that 
little or no right-lntcral strike-slip of'l'set exists along presumed regional 
1: ,IU I ts . .  xuch as the Renncll Sound fault system (Sutlicrland Brown. 1968). 

In Skitlegate and Cunishewa inlets. ('retaccous sedimentation may bc 
related to cpisotlic block f;lulting (Thonipson and Thorkclson. 1989). 

Haida-Skidcgatc deposition represents a major marine transgrcs- 
sion (Yapishib. 1985). Haida satidstones and conglomerates are prescnt- 
ly found only northeast of the Renncll Sound fold belt; a southerly de- 
positional edge appears to occur in the area o l  Cumshcwa Inlet. A 
stn~ctural cross-section hy Lcwis and Ross (1988) also infers a souther- 
ly pinchout of the Haidu Formation. Regional variations in thickness of 
all units of thc Queen Charlotfe Ciro~~p suggests stratigraphic thinning 
in a southerly direction. Increaseti abundance of high density detrital coni- 
ponents, including zircon and epidote, in south Cumshcwa Inlet outcrops 
Inay indicate a southerly provenance. All our data contlatlict Yagishi- 
fa's (1985) s~~ggcstion of :l11 easterly source for Haida sedimcnts. 

The Skidcgatc Formation Inay he a correlative hcies of the 
Haida and Honna Ihrniations and may be younger in places than the 
other formations of the Quccn Charlotte Ciroup (R.E.B. Camcron, J.W. 
Haggart and R. Higgs. pers. comm.. 1088: Haggnrt and Higgs. 1989: 
see Fig. 9). Intercalations of Skidcgate mudstone and shale in the Haitla 
and especially the Honna formations lnay indicate sporadic trans~rcssivc 
pulscs. 

, . l lie Honna For~iintion Iias received concentlatecl s t ~ ~ d y  recent- 
ly, particularly in the Skidcpatc Inlet kirca. Yiigishita (IC185) and 
Higgs (198s) both infer an eastern provenancc based on poor i~nhri- 
cation and ~cgional tectonic interplutations. The delmsitional envimnmenl 
appears to be either a submarine channel and Ihn system (Yagishita. 
1985) or a fan-delta (Higgs. 1988). Stratigraphic observations of 
Haggart et al. (1989) indicate sub:ierinl volc;~nic debris flows con- 
formably overlying and intcrl'ingcring with a conglon~cratic facics 
thought to be part of the Honna Fonnation in northwestcm Skidegatc 
Jnlet (Long Inlet). Friable. green silty shale beds. 10- 15 cni thick, lo- 
cally occur in thc Skidegnte shale and the upper Haida lithofacies. X- 
ray diffractograms indicate a distinctivc clay mineralogy dotiiinatcd 
by interstratified illitc/smcctitc and iron-rich chloritc. Thcsc beds 
may be aquagene tuft's, possibly related to Late Cretaceous subaeri- 
al volcanisrn described by Haggart et al. (19XC)). 

The basal Haidn lithofacies is unique pctrologically in the Quccn 
Charlotte C;roup. It is colnposctl o fa  distinctive suite of frariicwork 

and cementing n1incr;ils. Sutherland Bn)wn (1965) described the 
bits;il deposits of the Haida as " ... csccption;il in being rclativcly ma- 
ture ..." (p. 57). Fogarassy 2nd Barnes ( 1980) related petroleum reser- 
voir potential in the bnsal blaida lithobcies to increased mineralog- 
ical and textural maturity. 

?'he amount ant1 composition of nlatrix is variable tliroughout 
the Quccn Cliarlottc (iroup. "Matrix" in many sandstoncs is n pscu- 
tlo~n:~tris (Ilickinson. 1970) of dcl'onnetl 11iic;~s. sedimentary rock flag- 
1ne111s ;~nd. to a le.;scr cxtcnt. volcanic rock fragment.; \vliich have hccn 
forccd during con1p;lction into the interstices between more rigid 
fr;itncworh groins. Variation of ~natrix alnount creates a broad spec- 
trum ol'roch types ~~inging I'ro~n "clean" nrenitcs to "dirty" irii~naturc 
\\iackcs. As ;I result the classification of in(lividual samples does not 
exhibit discernible trends. An exception is thc basal Haitla lithofacies. 
whidi almost unifoniily contains less than 10% matrix. Jdcntification 
of  matrix and pseutlo~natrix constituents other than micas. glru~conitc 
and olpanic material is difficult in thin section. Unidentified clays may 
be authigcnic ancl thus classified as cenicnt. Differentiating clay Ina- 
trix holn clay cement can only be done reliably in a fcw thin sections. 

The Quccn Charlotte (iroup is pctrologically similar to other sili- 
ciclastic units in the northeastern Pi~cit'ic margin ;!sea (Dickinson 
and Suc~ek, 1079) ant1 the Queen Charlottc I.;landx (Yagishita, 1985: 
Sutherlantl Hrown. 1968). Framework grain conipositions for the 
Queen Charlottc Group, except for the basal Haida lithofi~cies ;inti the 
Honna Formation. arc conil)osed ol' \~;lriablc amounts of quartz, K- 
feldspar. ~~lagioclasc and lithic fragments. The basal Haida lithofiicies 
is o fcltlspathic/:~rkosic arcnitc. whereas the Honna Fonnation con- 
tains abundant plagioclasc. volcanic rock fragments and n~afic com- 
ponents. including epidote and hornblende. 

Using the fr:imcwork grain ternary plotsof Dickinson and 
Sucack (1979), scdiments of the Haidn Formation arc dcrivcrl in part 
from a rccycletl orogen \vlieseas the Honna and Skidcpatc li)miations 
were derivctl from a ~nagmatic arc (Fig. 10). These snntlstonc com- 
position data arc similar to those of Sutherland Brown (1968) except 
for the inercasecl n1;rturity observed in the Haida Formation. Thc 
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Figure 10: Sandstone classification; Haida, Skidegate and Honna for- 
mations. Ternary diagram; framework grain compositions. Classification 
scheme modified from Williams et al. (1954). A = sediments sourced 
from a continental block provenance, B = sediments sourced from a 
recycled orogen provenance, and C = sediments sourced from a 
magmatic arc provenance (Dickinson and Suczek, 1979). 



distinctive petrologic and diagenetic make-up of the Haida Formation, 
particularly the basal Haida lithofacies, indicates potential sediment 
sources from deformed and subduction zone sequences; and/or along 
collision orogens: and/or within foreland fold-thrust belts (Dickinson 
and Suczek, 1979). The coarse grained and varied petrologic character 
of the Haida Folmation supports a collision orogen provenance, p;v- 
ticularly for the basal Haitla lithofacies. The Honna-Skidegate for- 
mations. with their high percentage of volcanic and ferromagnesian 
framework grains. and association with intercalated volcanics and aqua- 
gene tuffs, are interpreted as being derived from an active island arc 
or active continental margin. 

DIAGENESIS 
The diagenetic history of the Qucen Charlotte Group and the rest 

of the geologic section is extremely complex due to the labile and re- 
active composition of the strata (Galloway, 1974: Fogarassy and 
Bames. 1988a,b). Of the eight lithofacies studied. the basal Haida ex- 
hibits the greatest diagenetic variability. involving precipitation and 
dissolution of carbonate and aluminosilicnte components. The remainder 
of the Queen Charlotte Group, although compositionally immature. 
exhibits generally uniform diagenetic trends throughout the islands. 

Chlorite, smectite and interstratified chlorite/smectite (corrensite) 
and interstratified chlorite/smectite/illite group minerals dominate 
clay assemblages in the sandstone and conglomerate petrofacies of the 
Queen Charlotte Group. Authigenic laumontite and glauconite, and al- 
logenic biotite and muscovite occur in lesser but locally significant 

C=Chlorite 
Q-Quartz 
F-Feldspar 

A. 24 Hours 550°C 

amounts. The clay mineralogy of shale units. primarily the Skidegate 
shale lithofacies, varies significantly from sandstone and conglomer- 
ate units in that iron-rich chlorite and illite are the main phyllosilicate 
phases. Smectite and illite/srnectite occur locally in minor amounts. 
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Chlorite 
Chlorite is the most abundant phyllosilicate in the Queen Char- 

lotte Group. It  is easily recognized in virtually all thin sections by its 
distinctive green hue, pore-lining and pore-filling habit and its char- 
acteristic basal reflections in X-ray diffractograms. Ripidolite, an iron- 
rich member of the chlotite group, is the dominant species. Diffractoparns 
(Fig. I l )  show strong (002) and (004) reflections and corresponding- 
ly weak (001 ), (003) and (005) peaks indicating iron-rich chlorite. 

Iron-rich chlorites deduced from X.R.D. patterns were con- 
firmed with S.E.M.E.D.S. (Figs. 12, 13). Wilson and Pittman ( 1977) 
described four authigenic chlorite S.E.M. morphologies: plate, rosette, 
honeycomb and cabbagehead, corresponding to decreasing iron con- 
centrations. Plate-type chlorite is the dominant form seen in the 
Queen Charlotte Group. Where chlorite occurs in a monomineralic 
form and not as part of a mixed-layer clay assemblage, i t  is invari- 
ably iron-rich. Where found interstratified with smectite, chlorite 
tends to be iron-poor. Chlorite of the Honna Formation is generally 
more iron-rich and tends to font  thicker platelets than chlorite of the 
Haida and Skidegate formations. This probably reflects the more 
mafic composition of the Honna Formation protolith, shown also by 
an abundance of mafic volcanic rock fragments. 
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Chlorite in the sandstone and conglomerate is entirely diagenetic. 
Textural observations indicate chlorite formation occurred at an in- 
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Figure 12: Pore-fill chlorite. Thick, large authigenic platelets of iron- 
rich chlorite. Scanning electron microscope photomicrograph. 
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Figure 11 : Chamosite, X-ray diffractograms. Characteristic patterns 
for iron-rich chlorite (B). Note partial to complete loss of (002), (003), 
(004) and (005) peaks after heat treatment (A); (001) peak is sharp- 
ened and intensified with a small decrease in the c unit cell length. Gly- 
colation of chamosite has no effect on basal spacings (C). 

Figure 13: Chamosite (iron-rich chlorite), energy dispersive spec- 
trometer elemental spectra. 



temediate stage of diagenesis at temperatures 75-150°C (Hofftnan 
and Hower, 1979), after concretionary calcite ancl ferroan calcite ce- 
mentation episodes. Iron-rich chlorite formed at temperatures less than 
100°C, probably at the expense of rnafic framework grain components 
such as iron bearing volcanic lithic fragments. Occurrence of iron-poor 
chlorites indicates a later stage of formation. The highly varied and 
complex nature of isomorphous substitution in chlorites may reflect 
illitization of slnectites in mixed-layer groups. Burial and concorni- 
tant illitization of smectite may have mobilized octahedral magnesium 
from smectite at temperatures of 100- 150°C (Boles and Franks, 
1979) to octahedral positions in the talc and brucite layers of chlorite. 
formerly occupied by iron. 

Release of iron and calcium during smectite illitization accord- 
ing to the equation below may also have resulted in the precipitation 
of the later stage ferroan calcite cement, at temperatures greater than 
120°C. filling secondary porosity produced by the leaching of feldspars 
and other aluminosilicates (Fig. 14). Such a diagenetic sequence 
(Boles and Franks, 1979): 
4.5~' + + KNnCazMg,Fe,AIIJSi3,01,n(OH)zcl~ IOH,O (smecrite) = 

KS,5Mg,Fe,sAl,2Si3,0,,,,(OH),,, (illite) + ~ a +  + 2ca2+ + 
2.5~e" + 2 ~ ~ "  + 3siJ+ + IOH,O 

is seen in the Beresford Bay-Langam Island region where smectite abun- 
dance is much higher than elsewhere in the Queen Charlotte Islands. 
Potassium and aluminuln ions for the smectite to illite conversion are 
supplied, in part, from the partial to complete leaching of K-feldspars 
(Boles and Franks, 1979) and potassium bearing volcanic rock frag- 
ments, possibly during secondary porosity enhancement. Figure 15 
is a diagenetic sequence of mineral precipitation and dissolution con- 
structed for the middle to Upper Cretaceous sequence. 

Textural and mineralogical data indicate the Beresford Bay- 
Langara Island region to be much more complex diagenetically than 
other areas of outcropping Cretaceous sandstones and conglomerates. 
The abundance of iron-poor chlorite and interstratified clay assem- 
blages in the Beresford Bay-Langara Island area may be associated 
with the abundance of smectite, which in turn may be related to a vol- 
canic-rich sedimentary or igneous source. Lack of appreciable amounts 
of smectite elsewhere in the islands appears to correlate with an 
abundance of iron-rich chlorites. 

Chlorites of the Queen Charlotte Group indicate growth in a di- 
agenetic environment. Euhedral crystals and pore-lining or pore-fill- 
ing habit rule out a detrital or metamorphic origin. Brown and Bai- 
ley (1962) identified four polytypes, based on a study of 303 chlorites 
of diverse origin, Ia, Ib(P=97"), Ib(P=90°) and IIa Types Ia, Ib(97") 

and Ib(90°) are indicative of dingenetic environments whereas type 
IIa is fotmed at low metamorphic temperatures. about 150-200°C 
(Hayes. 1970). Chlorites of the Queen Charlotte Group fall into the 
type Ia or Ib (diagenetic) categories based on textures derived from 
the S.E.M. and from thin section observations. 

Smectite 
Authigenic smectite is ~lbiquitous throughout the sandstone and 

conglomerate units of the Queen Charlotte Group. Abundant amounts 
of this 2: 1 layer silicate occur in the Honna Formation and the Skide- 
gate sandstone-siltstone lithofacies of the Beresford Bay-Langara 
Island region. Smectite was confirmed to be trioctahedral by the lat- 
tice spacing of the (060) reflection which places i t  in the saponite sub- 
group. Saponite forms in magnesium-rich environments associated with 
mafic volcanics at temperatures generally less than 70°C (Hoffman 
and Hower, 1979; Chang et al., 1986). The analyses of Post (1984). 
Suquet et al. (1975) and Faust and Murata (1953) suggest observed 
first order basal spacings of smectite in the Queen Charlotte Group 
are indicative of calciutn saponite. 

In the majority of samples, saponite is partly illitized. Discrete 
saponite illitization is easily identified by morphological transformation 
of honeycomb, web-like crystals to fine, ribbon fibres (Keller et al.. 
1986) (Fig. 16). Neoformation of quartz, observed rarely in the Queen 

Figure 15: Composite diagenetic sequence of Queen Charlotte Group 
sandstones as  determined by S.E.M.IE.D.S., X.R.D., thin section in- 
spection and oxygenlcarbon stable isotope ratios. 
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Figure 14: Ferroan calcite cement (Ca) infilling secondary fabric se- 
lective porosity in feldspar (F). Thin section photomicrograph, plane 
polarized light, width of photomicrograph is 4 mm. 
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Figure 16: lllitization of smectite. Note delicate fibres forming atop webby 
srnectite. Scanning electron microscope photomicrograph. 
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Charlotte Group, may be related to the illitization process (Boles and 
Franks, 1979). 

lllite 
Illite is found mainly in mudstone and shale units. X.R.D. pat- 

terns indicate that illite forms mixed-layer assemblages with smec- 
tite. The presence of interstratified illite/smectite indicates an authi- 
genic, rather than allogenic origin for illite as this mixed-layer clay 
is observed growing on framework grains in sandstones. 

Interstratified clays 
Minor amounts of mixed-layer chlorite/smectite (corrensite), 

illitelsmectite, and perhaps chlorite/smectite/illite occur throughout 
the middle to Upper Cretaceous sequence in all outcrops. 

Interstratified assemblages containing chlorite and smectite are 
recognized on X-ray diffractograms by high background at low 2 an- 
gles and by small, but obsel-vable, shifts in peak position. Superlattice 
peaks at 25-30 A (3.53-2.94' 20) are strong evidence of chlorite/smec- 
tite interstratification. The best examples of corrensite were found in 
samples of the Haida Fo~mation from Cumshewa Inlet and in the 
Honna Formation from the Beresford Bay-Langara Island region. 

Corrensite may be a transformation product from magnesium sat- 
urated chlorite (Brigatti and Poppi, 1984). with the smectite to illite 
conversion providing magnesium ions for incorporation into the 
chlorite structure. Formation of trioctahedral smectite (saponite) may 
in part be related to iron oxidation of chlotite (Brigatti and Poppi, 1984). 
Conversely, the transformation of saponite to chlorite via colrensite, 
due to the formation of intermicellar hydroxide sheets resulting from 
aluminum substitution of silicon in tetrahedral layers. may explain the 
authigenic clay make-up observed in the Beresford Bay-Langara Is- 
land strata. The volcanic-rich nature of siliciclastic framework grains 
in this region favours the formation of corrensite (Eslinger and Pe- 
vear, 1988). Corrensite fonns at diagenetic temperatures of 85-95°C 
in argillaceous Cretaceous siliciclastics of the Cassipore Basin, Brazil 
(Chang et al., 1986). 

Recognition of mixed-layer illitelsmectite was based upon a 
comparison of X-ray diffractograms to computer-generated illitelsmec- 
tite X-ray patterns of Reynolds and Hower (1970) and S.E.M. ob- 
servations. Illite/smectite of Queen Charlotte Group sandstones is ir- 
regularly interstratified with non-expandable illite comprising up to 
about 30% of the illitelsmectite assemblage. Similar mixed-layer il- 
litelsmectite percentages were deduced from valley-to-peak ratios of 
the (001) smectite reflection, which are empirically related to the per- 
centage of illite in a mixed-layer illite/smectite assemblage (Hoffman. 
1976; Schoonmaker, 1986). Illite/smectite ratio estimates were con- 
finned with complementary examination of crystal morphology with 
the S.E.M. in the manner of Keller et al. (1986). 

Other mixed-layer clay minerals probably exist in the Queen Chai- 
lotte Group. Heterogeneous, mafic framework grain and matrix as- 
semblages may give rise to the growth of three component mixed-layer 
minerals. The complex nature of fine fraction (<2 pm) X-ray diffrac- 
tograms where numerous reflections remain unidentified suggests such 
interstratification. Chlorite/smectite/illite may be one such assemblage 
as the dual occurrence of corrensite and illitelsmectite in samples is 
not unusual, particularly in the Beresford Bay-Langara Island re- 
gion. 

Other minerals 
Biotite, laumontite, muscovite and glauconite make up the re- 

mainder of the clay-size (<2 pm) fraction of Queen Charlotte Group 
sediments. Biotite is the major detrital phyllosilicate constituent in the 
sequence. It is strongly pleochroic, is partly to completely chloritized, 
and contains displacive intergrowths of pyrite and other unidentified 

iron sulphides. Samples rich in biotite commonly exhibit discrete part- 
ings associated with the mica. 

Laumontite is irregularly distributed in the Haida-Skidegate-Honna 
package, and is difficult to identify in the S.E.M. and in thin section. 
Confirmation of laumontite was made by X-ray diffractornetry. Heat 
treatment of laumontite produces a characteristic peak shift from 
9.31 to 10.4" 20 (Fig. 17). This peak shift may be the dehydration phe- 
nomenon commonly observed in other zeolites (Coombs, 1952; 
Boles, 1972). Yagishita (l 985) suggested that mordenite occurs in the 
Queen Charlotte Group, but is mre and was not found in this study. 
Traces of an unidentified calcium aluminosilicate, possibly wairakite, 
occur throughout the section and may be related to thennal effects of 
nearby intrusions (P.B. Read, pers. cornm., 1989). 

Although occurring in trace amounts to 2 8 ,  detrital muscovite 
is an important provenance indicator. It is most abundant in the basal 
Haida lithofacies where i t  generally is fresh and unaltered and occurs 
mainly in association with schistose and plutonic rock fragments 
containing K-feldspar and quartz. The presence of muscovite indicates 
an alkalic source, possibly related to that of the strained quartzgrains. 

Glauconite is apple green in plane- and cross-polarized light. It 
is well rounded and is often seen filling microfossils, primarily 
foraminifera and radiolaria. Although scattered throughout the Queen 
Charlotte Group, glauconite is concentrated in the lower Haida sand- 
stone and upper Haida lithofacies. Glauconite comprises more than 
40% of some sandstones in Cumshewa Inlet. 

Opaque minerals account for a small fraction of cement observed 
in the Queen Charlotte Group. Pyrite is the dominant phase but other 
iron sulphides and oxides make LIP a significant proportion of the di- 
agenetic fraction. Yagishita (1985) discussed the diagenetic aspects 
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Figure 17: Laurnontite peak shift, X-ray diffractograms. Peak shifts due 
to dehydration have been documented in the zeolite group, particu- 
larly heulandite (Boles, 1972) and the transformation of laumontite to 
leonhardite (Coombs, 1952). Untreated (B) and glycolated (C) sam- 
ples reveal an intense peak at 9.31" 28 with minor peaks at 12.80°, 
21 .30° and 29.30" 28 confirming the presence of laumontite. Heat treat- 
ment (A) shifts the 9.31" peak to 10.42" 28, possibly due to dehydra- 
tion. The other minor peaks are not affected. This sample also displays 
irregularly interstratified I/S and chlorite (variety chamosite). 



of pyrite formation, noted its occurrence with plant fragments and in- 
ferred an early diagenetic origin. Textural evidence indicates pyrite 
fonned during early diagenesis. 

Trace amounts of other diagenetic phases, identified with S.E.M. 
back scattered electron imaging and the E.D.S., include barite and leu- 
coxene. 

Diagenetic history 

Basal Haida 1lilllofac~ie.s 
The diagenesis of the basal Haida lithofacies in Skidegate and 

Cumshewa inlets involved the precipitation of carbonate cements with 
subsequent dissolution followed by aluminosilicate framework grain 
dissolution. Calcite is the dominant carbonate observed, but ferroan 
calcite is present in subordinate amounts and may be abundant locally. 
The content of detrital and authigenic clays is low for an arc-derived 
greywacke assemblage. Dissolution textures observed in carbonates 
contribute to the majority of secondary porosity development. Although 
proportionately less, aluminosilicate dissolution involving the leach- 
ing of orthoclase, plagioclase and lithic rock fragments created a p  
preciable secondary porosity. 

In the basal Haida sandstones of the Beresford Bay-Langara Is- 
land region, early diagenetic cements include complexly zoned calcite 
and ferroan calcite, indicating a variable diagenetic environment. Fer- 

Figure 18: Displacive exfoliation texture of calcite and ferroan calcite 
(Ca) in quartz (Q). Thin section photomicrograph, plane polarized 
light, width of photomicrograph is 4 mm. 

Figure 19: Carbonate microstalactitic cement (Ca) indicating precipita- 
tion under vadose conditions. Thin section photomicrograph, plane po- 
larized light, basal Haida lithofacies, width of photomicrograph is 4 mm. 

roan calcite is the most abundant carbonate cement observed. "Float- 
ing" framework grains are common in calcareous beds and co~ictrtions. 
indicating early diagenesis. Growth of fibrous carbonate cements cre- 
ates exfoliation textures in outcrop (Fi_g. 18), and growth has fractured 
and separated framework grains. Typical of the Beresford Bay-Lan- 
gara Island region. this displacive texture indicates an initial cemen- 
tation episode under vadose conditions (Buczynski and Chafetz, 
1987). Well developed calcite and ferroan calcite microstalactitic ce- 
ment confirm formation in the vadose zone (Fig. 19). Iron-free calcite 
frequently rims framework grains and thus predates fetroan calcite ce- 
mentation, an observation consistent with cementation in the vadose 
zone, an oxidizing environment (Jarnes. 1984). 

Stable carbon and oxygen isotopes ratios are variable in the 
basal Haida lithofacies, particularly in the Culnshewa Inlet region. Car- 
bon isotope ratios are lighter on the north shore of Cumshewa Inlet 
than on the south shore. An analogous but more subdued trend exists 
for oxygen isotope ratios (Fig. 20). Large carbon isotope data varia- 
tions observed in the rocks of Cumshewa Inlet may be related to C3 
higher plants which commonly have -25 to -30% F"C values 
(DeNiro, 1983; Schidlowski, 1986). Sedimentological indicators 
from outcrops of sandstones with anomalously light carbon isotope 
values suggest fluvial deposition. Light carbon isotope values docu- 
mented from strata of the north shore of Cumshewa Inlet coincide with 
the best visual porosity development. 

Aluminosilicate framework grains of the basal Haida lithofacies 
were partly or completely dissolved during diagenesis. Textures such 
as fabric selective dissolution are abundant, particularly in the Cumshe- 
wa Inlet region. O~~hoclase, plagioclase and volcanic rock fragments 
are highly leached in sandstones with little carbonate cement. Thin sec- 
tion arlcl S.E.M. studies indicate the former presence of interstitial car- 
bonates (Schmidt and McDonalcl, 1979a,b; Burley and Kantorowicz, 
1986). Angular pores, corroded and embayed framework grains and 
enlarged pore throats occur throughout the basal Haida lithofacies. 

A diagenetic similarity exists between outcrops of basal Haida 
lithofacies in the Queen Charlotte Islands, but framework grain com- 
positions are different. The basal Haida lithofacies of the Beresford 
Bay-Langara Island region had a similar diagenetic history despite hav- 
ing a volcanic provenance, whereas the southerly sections were dom- 
inated by plutonic and sedimentary sources. AI1 areas have coarse frame- 
work grain sizes, in places reaching cobble dimensions, a high degree 
of rounding and sphericity, and a bimodal grain size distribution. 

I 1  
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Figure 20: Graph of 1 3 ~ p o B  versus '80p,B of carbonate cements, basal 
Haida lithofacies. 1 = Beresford Bav-Lanaara Island; 2 = Skidegate Inlet; 
3 = Cumshewa Inlet-north shore: 4 = Cumshewa inlet-soGh shore. 
Anomalous light isotopic ratio compositions of Cumshewa Inlet-north 
shore may be related to higher plant (C3) matter. Presence of higher 
plants agrees well with fluvial sedimentological indicators seen in out- 
crop such a s  herringbone crossbedding, absence of trace fossils 
and coarse grain size. Outcrops with light 13C values exhibit the best 
visual porosity and reservoir characteristics. Contouring of carbon 
isotope data may be useful in delineating prospective, potentially 
porous fluvial sedimentary environments. 



I.o)t,cl~. Iltritltr .rtr~~tl.sto~rc c r l r r l  r i / ) / ) c 2 r .  Iltrirlcr l i / lr~/bc.ic~~ 
T.'cldspars :lnd volcanic rock fragments arc prcti.rcnti;~lly dis- 

solved in specific facics of the stratigraphic scclucncc. i'\luminosilic;~tcs 
Iciichcd in the lowcr Idaida sandstone litliofilcics arc obsc~vcd main- 
Iy in  ini its interpreted as ol'l~\horc ban. Minor amounts of primary ~~oros -  
ity apparently rcrnainctl after burial and compac~ion due to the good 
sorting in har deposits. Subsequent rn;~turation ol'in  sit^^ organic mat- 
ter released ticids which rnigratcd through the primary ports. chelat- 
ing and disolving early ccnicnts and clctrit:~l grains. Thu.;. to create 
porosity a l'or~nation must f'irst have porosity (Surtlarn et al.. 1084). 

.CXiclegcitc, F'o~.trrcrtior, 
Chlorite is the dominant cliagcnetic mineral in the Skidcgatc For- 

mation. C'hloriti~ation of hiotitc and the precipitation of authigcnic porc- 
filling and pore-lining cliloritc is similar to thi~t in the overlying 
Honna Forrniltion. Numcro~is chloritii.cd biotitc fl;lhcs contain displncivc 
opaque minerals, inclutling pyrite ant1 po.;sibly magnetite and heniatitc. 

Plagioclasc g~l i r i s  arc gcncrally very fresh with little or no cf- 
fccts o f  weathering or diagcnctic ;~lterirtion: orthoclasc. on the other 
hand. is gcnclxllj weathered. The su.;ccptibility ol'ortliocl;~sc to dis- 
solution and alteration has crcatecl sporadic Loncs ol'sccondar-). poros- 
ity development. Fabric selective dissolution creating oversi/ccl pores 
is a strong intlicator oCscconclary porosity (Scllrnidt and McDon;~ld. 
1079b). Detrital and a~~tliigcnic calcite rclnn:~nts in porous samples 
may indicate large-scale carbonate dissolutiorl. Organic matter is 
very abundant in the lithofucics and Inay have contributctl to minor 
porosity enhancement in the same nliinncr postulated li)r the basal Haida 
and lowcr Haida santlstone litholacics. The paucity of pore-filling car- 
bonate in ~>oroufii~mplcs rnay indicate signilicant leaching. Al- 
though textural evidence to explain the /.ones of porosity dcveloprncr:t 
is lacking. an iriiportant prerequisite for porosity enhancement, the cx- 
istencc of primary porosity (Sichcrt et al., 1984) appears to be firltillcd. 
A cl~ralitntive con-elation hctwecn initial porosity development and sub- 
sequent second;~ry porosity formation is ohscrvcd in the litlioktcics. 

HOIIII(/  E 'o~ .n~e~/ io~~ 
The diagcnctic mineralogy oi'thc Honna Formation is domin:itcd 

by the chloritc group. I'orc-lining ancl pore-filling authigcnic chlor-ite 
and smectite irnpart green hues on outcrops. Cliloriti/ation of krro- 
rnagnesian grains. pri~nnrily biotite, is pervasive. 

Dis\olution of hornblende and ortlioclnse creates substantial 
porosity locally exceeding 12%. Good secondary porosity enhancc- 
mcnt is confined to the C~~rnshewa Inlct area nntl may he related to 
:I conibination of a hornblende-rich source and structural efftcts 
\vhicli rcsult in deposition ol'middlc I-Ionna s;uidstoncs on Kunga Group 
palcotopographic highs (Thompson and Thorkelson. 1989). 

l ) in ,yc .~~~/ic~ irldic.trtioiis (?/'bloc~~firrrl/i~ig 
A diagcnctic fingerprint of Late Susassic tlirougli 'l'crti:iry Illock 

faulting (Thornpson and Thorkelson. 19X?) ancl implied multiple 
cpisodcs ol concomitant uplift ;uid subsidcncc is documented in 
terms of carbonate ccrnentation/tleccnier1tati011 cpisodcs (Fig. 15). 

'T'lic presen~ation of carbonate at increased burial dcptlis dc- 
crcascs substantially, particularly in :irgillncco~~s sediments (Howcr 
et al., 1976). Stages I and 2 of the composite Queen Charlotte Group 
diagenetic sequence (Fig. 15) depict ;In cxpectccl pattern of progrcs- 
sivcly grcatcr burial with the early precipitation and later dissolution 
of carbonatc cements. However, a rcpcat of carbonate growth and dis- 
solution (Fig. 15, stage 3) may reflect rapid tectonic uplift and rcpcatcd 
burial. Pctrologic evidence indicates that a carbonate prccipita- 
tionldissolution cycle may have occurred twice in some areas. prin- 
cipally in the Beresford Bay-Langara [sland and Curnshe\~a Inlet re- 
gions. Such diagenctic observations may corroborate the suggestion 

ofThoml)x)ri ;and Thorkclson ( 1089) that steeply dipping (cxtcnsion?) 
fl~ults were ~ictivc thro~rghout C'rctaccou time. creating block uplift 
and subsidence in the area ol'C~rmsIie\va Inlct. 

I'ETROLEUM KESI<RVOIW PO'TEN'I'IAL 
The middle to I'ppcr C'rctaceou\ sequence of the Queen Char- 

lottc Hasin W:I\ first s~rggcstctl as a potential hydrocarbon target by 
Yorath and C;inicron (1982). Lying helo\v I'ppcr Cretaceous and Ter- 
tii~r)/ Mahset volcanics and resting upon Meoroic  hasalts, limestones 
and i~nmaturc siliciclnstics. these volcnniclastic santlstones and con- 
glorncratca holcl gootl reservoir potential if the underlying probable 
sourcc beds. organic-rich Jurassic shales 01' the Kunga and Maude 
groups. arc not overmature as a rcsult of buri:il or Jurassic igneous ac- 
tivity (Thompson. 1988). Haimila and Procter ( 1982) infer the rnid- 
dle to lipper Cretaceous rocks in Dixon Entmncc, Hecatc Strait and 
Queen Charlotte Sound to havc reservoir potcntial. Souther (1988) in- 
clicatez Y~tkoun volcanism may havc created ovcrn~aturation in Sun~s- 
sic Kunga Ciroup source rocks, particuli~rly in soutlicrly areas of'thc 
Quecn C'li:~rlottc Islands: Massct volc:mics appc:u to be localized ancl 
havc little thcrrn~il cfl'cct on  hydrocarbon so~rrcc and reservoir rocks. 
Vcllutini (1088) concl~rdes Mesozoic strata on  Moresby Island hold 
poor hydrocarbon source potcntial clue to high heat flows associated 
with plutonisrn. \vhcrcas Meso~oic strata of Ciraham Island arc im- 
mature to mature and hold fair to good oil and gas source potcntial. 

Stncey ( 197.5) suggests sedimc~its of prc-Tertiary age rnay bc Ibund 
beneath Massct volcanics in Hecate Strait and Quecn Charlotte 
Sound. Clowes ancl Gcns-Lenartowicz ( 1985) inferred the Masset to 
be witlcly deposited in Queen Charlotte Sound; they traced a M e w  
~ o i c  scdinicntary package up to 1 krn thick in a sonobuoy refraction 

Figure 21 : Outcrop porosity, basal Haida lithofacies. Average poros- 
ity values expressed a s  percent, estimated from visual inspection of 
blue dyed epoxy impregnated thin sections. Although data are limit- 
ed a porosity increase is seen a s  the Haida Formation depositional edge 
is approached. 



study. Fogarassy and Barnes (1988a, 1988b; 1989) and McWhae et 
al. ( 1988) have upgraded the potential of the Cretaceous strata to the 
level of a secondary objective, following the primary hydrocarbon ob- 
jective in the Queen Charlotte Basin, the Miocene-Pliocene Skonun 
Formation (Shouldice, 1971 ). 

Basal Haida and lower Haida sandstone lithofacies 
Porosity in the basal Haida lithofacies increases in a southeast- 

erly direction (Fig. 2 1). Maximum porosity development is preserved 
in outcrops on the north and south shores of Cumshewa Inlet where 
values may exceed 15%. The majority of porosity is regarded as ef- 
fective, because the presence of well rounded framework grains and 
the lack of clay minerals contribute to fair observed permeabilities which 
would significantly increase recoverable reserves of oil and gas. The 
thickness of the basal Haida is about 40 m in southern sections and 
approaches 190 m on northwest Graham Island. Porosity is variable; 
approximately 30% of the basal IIaida lithofacies in Skidegate and 
Cumshewa inlets exceeds a 10% effective porosity cut-off, the min- 
imum believed required to generate economic recoveries of hydro- 
carbons. Attractiveness of the basal Haida lithofacies may in part may 
related to high energy fluvial sedimentation processes, which have prob- 
ably winnowed labile fractions. 

The sandstones of the lower Haida lithofacies h a y  hold marginal 
potential, despite exhibiting low porosity values (less than 5%) and 
composed chiefly of feldspars, lithic fragments and clays. The thick- 
ness of the lower Haida sandstone averages 500 m. Porosity devel- 
opment is limited, with a 10% porosity cut-off applicable to 10% of 
the lithofacies. Porosity occurrences, however, correlate well with ob- 
served offshore bar build-ups which developed during the middle to 
Upper Cretaceous marine transgression in the Queen Charlotte Islands. 

Prospects 
Analogies which may be of use in hydrocarbon exploration of 

thc Qucen Charlotte Basin include devclopcd plays in Cook lnlet. Alas- 
ka (Magoon and Claypool. I98 l )  and western Washington and Ore- 
gon (Atmentrout and Suck, 1985). These ~ w o  areas have cstablishcd 
production in strata initially considered non-prospective. Cook Inlet, 
for example. is similar. both structurally and stratig~.aphically, to the 
Queen Charlotte Basin. Trapping of hydrocarbons there appears to bc 
related, at Icast in part. to secondary porosity dcvclopment in Tertiary 
strata which unconfomably ovcrlic marine Middlc Jurassic source rocks. 
Reservoir quality sandstoncs may also exist in Cretaceous strata. 

Thornpson ( 1988) and Lewis ancl Ross ( l  984;) have document- 
ed a prominent fold belt trending through Cumshcwa Inlet and pos- 
sibly southeastward into Hccatc Strait. Active Late Jurassic through 
Tertiary extensional block Faulting in thc vicinity of the Rennell 
Sound Fold belt appears to have influenced sedimentation pattcms in 
the middle to Upper Cretaceous sequence (Thompson. 1988; Tho~npson 
and Thorkelson, 1989). Porous zones observed in the basal Haida litho- 
facics may be rclated to specific depositional environments localized 
near the fold bclt. Extcnsional structural events may have also influ- 
enced sedimentation pattelns in the lower Haida santlstone where ob- 
served marginal porosity development is conlined to probable offshore 
bar build-ups. Folding UICI faulting of pre-Cretaceous strata may also 
have occurrcd in the Bercsford Bay-Langara Island region. As at 
Cumshewa Inlet, basal Haida conglorneratcs and coarsc grained 
sandstones rest on Late Triassic Moi~olis beds o f  the black limcstollc 
member (Peril Formation) of the Kunga Group. Investigations indi- 
cate a northwesterly structural trend (Lewis and Ross, 1988). 

The organic maturation data of Vellutini (1988) outline broad areas 
of interest with respect to secondary porosity development in the Queen 
Charlotte Group. Areas in which alurninosilicate dissolution textures 
were observed are coincident with areas of mature and ovematun: Jurns- 

sic strata (Fig. 22). Thus, a positive correlation exists on a regional 
scale between the organic and inorganic diagenetic histories of Cret- 
aceous rocks of the Queen Charlotte Islands. 

Areas of interest 
Cumshewa Inlet has many positive geological factors in terms of 

reservoir development including: I ) primary and secondary porosity 
development; 2) proximity to the Rennell Sound fold belt which, dur- 
ing extensional block faulting episodes has influenced sedimentation 
and reservoir development patterns; 3) organic maturation data indi- 
cate in situ organic material (kerogen) has undergone sufficient dia- 
genesis in terms of CO, and organic acid production; and 4) potential 
for conduction of alurninosilicate and carbonate leaching fluids along 
multiple unconformity surfaces that exist at the base of the Queen Char- 
lotte Group and potentially elsewhere throughout the sequence due to 
reactivation of bounding extensional block faults. This greatly enhances 
porosity of all units, particularly the basal Haida lithofacies. 

The Beresford Bay-Langara Island region is less prospective. A 
st~uctural trend similar to the Rennell Sound fold belt exists; however 
organic maturation data indicate insufficient heat for CO, and organic 
acid production. Tertiary intrusions, by creating maturation anoma- 
lies, may have contributed to local secondary porosity development. 
Intrusions or thermal solution effects of regional faults cutting Honna 
Formation sandstones at Pillar Bay (near Langara Island) may have 
produced anomalous visual porosity values approaching 30% (T.S. 
Hamilton, pers. comm., 1987). 

SURFACE MATURATION MAP 

FOR MESOZOIC AND TERTIARY STRATA 

54- 

7 OVER MATURE 
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Figure 22: Surface maturation trends for Mesozoic and Tertiary stra- 
ta derived from vitrinite reflectance data. Immature = 0.00-0.50 
%Rorand, mature = 0.50-1.35 %Rorand and overmature = greater than 
1.35 %Rora,, (adapted from Vellutini, 1988). 



Discussion: pe t ro leum reservoir potent ial  

Structulnl highs may provicle the best xeas of interest for secondiqi 

porosity development. Subaerial exposure and dcvcloprnent of an un- 

conformity surface overlairl by porous fluvial conglomerates and 

aantlstones. which may eventually conduct grountl\vatcrs capahle of 

leaching secondary porosity, arc sccn at C'umshcwa hilet. near tlic Rcn- 

~ ~ c l l  Sound fold hclt. This  area of  interest may bc extrapolated to ad- 

jacent offshore rcgions. Kcst~lts of seismic surveys tlonc undcr thc Fron- 

tier Gcosciencc Program may show the continuation of onshore 

structural features to the offshore (Thompson and Thorkelson, 19x9). 

T h e  basal Haida sandstones and conglonicrates can be regonl- 

et1 i ~ s  a potential s c c o n d a ~ y  hydrocarbon exploration vbjcctivc in the 

Queen Charlotte Basin. Outcrop assessnient of this siliciclastic sequence 

indicates the presence OF potcnti:il rcscrvoir strata. Itrocet.ctrr~frs as- 

sclnblagcs collected in Cumshcwa Inlet indicate correlation with the 

basal Haida lithofacies and the L o n g a m  Formation (J.W. Hasgart and 

R.I. T h o ~ n p s o n ,  pers. cotnm.. 1989). If these units arc coeval then thc 

Longarm Formation (or basal Haidit litllof'acies) may hold reservoir 

potential in southerly areas of the Queen Charlotte Islantls. Pctrologic 

cxntnination o fso~t the r ly  Longami OLIICSOI~S lnity confirm ~ h c  Lowcr 

Crctnccous strata 21s a hydrocarbon ob.jcctivc. 

With the exception of isolatecl porous zones in outcrop, the rc- 

~i iaindcr  of' the Haida Forniation anti thc Skidcgatc and Honna lor- 

mations hold minor reservoir potential. Poor r c s c ~ ~ o i r  quitlily in the 

Honna Formation may. in part, hc related lo mode  ofclcposition. Fan- 

deltn deposits generally havc little or nv porosity dcvclopmcnt tluc to 
poor sorting, matrix abundance ancl poly~nict ic  and hetcrolithic com- 

position (McPhcrson et  al., 1987). 

CONCLUSIONS 
I .  T h e  basal Haida lithofacies is a separate ancl distinct unit from 

the rest of  the Queen Charlotte Group.  High quartz framework 

grain percentages and lack of abundant phyllosilicate cement coni- 

bined with nonmarine sedimentological indicators provide a 
strong basis for formalizing this lithofacies as a separate mem- 

ber  o r  formation in the Queen Charlotte Group. 

2. The  Haida Formation has a southwesterly source area with a prob- 

able pinchout occurring south of Cumshewa Inlet; Honna For- 
mation sediments are  derived from the northeast and probably 

interfiger with the Skidegate Formation. The Skidegate Fotmation 

is also likely to  be a basinward, deeper  water equivalent of  

s o m e  parts of the Haida and Honna formations. 

3. Clay mineralogy is much more complex than previously docu- 

mented. Mixed-layer clays, illite/smectite, corrensite, and il- 

lite/smectite/chlorite, a long with iron-rich chlorite, dominate 

sandstone phyllosilicate assemblages. 

4. A compos i te  tripartite paragenet ic  sequence,  involving the 

growth and dissolution of  clays, carbonates and aluminosilicates 

best describes the diagenetic history. 

5 .  Petroleum reservoir potential exists in the basal Haida lithofa- 

cies. The lower Haida sandstone lithofacies may have minor p@ 
tential; the remainder of  the Queen Charlotte Group has little or 
no potential. 

ACKNOWLEDGMENTS 
Thanks are given for technical assistance to Ms. Stanya Horsky, 

Mr. John Knight, Ms. Bente Nielsen, all from the Department of  Ge- 
ological Sciences, University of British Columbia,  and  Dr. Les 
Lavkulich of  the Department of Soil Science, University of British 

Columbia. Thanks are extended to Mr. David Mercer, Mr. David Rhys, 

Mr. Jason Miller and Mr. Ken Hoffman for assistance in the field. 

This  work was funded by tlic Frontiei. Gcosciencc Program of 

tlic Gcological Susvcy of Canada; Dr. Bob Tliompson. Party Chief. 

is tli:mkctl expressly. Research grants from Texaco Canada Resources 

LA., Chevron Canada Keso~trccs Ltd. and the American Association 

of I'ctroleurn Cieolopists ;ire gr;~tcfully acknowledged. Financial sup- 

port for J.A.S.F was provided by a l!nivcnity of British Columbia Grad- 

uate Teaching Assistantship and a Natural Sciences and Engineering 

Rcse:~rch Council Postgraduate Scholarship. 

REFERENCES 
.Anderson, R.(;. and (;reig. ('.,l. 
1989: Juraqbic and 'I'crtiar!. plutc~~lisn~ in tl~c Quccn Cliiirlotte Islands. British 

('olumhia: iri ('urrcot Rc.ic;~rcli. Pan H. (;eologic;tl Sul-\*c) of C';lnads. Pspcr 
so-Ill. p. 95-10-1. 

Armentroul, .l.M. and Suck, RH. 
1985: ll!dr~~c;~rhon csplol.;~lio~~ il l  i r  cylcrn Oregon ;incl W;~rIi~~ifto~i: A~ncr~can , \X -  

\~rciaiion nf  I'strnlcuni (icologisls Ilullcti~i. v. h0, p. 627-6-13. 

Roles. .[.R. 
1972: Co~npn\itiun. opticill propc~liur. cell clinic~~sions. ;incl 111cl-rn:ll .;t;lhil~l). ol \olile 

l i c \~ l ;~~~d~tc  groi~l) /,colitcs: iZi11crici111 bli~~eralogist. V .  57. p. 1463.1 493. 

Iloles. .j.R. and Franks. S.(;. 
l :  ('lay cll;lgcnc\is in Wilcox .;;i~~dslonu\ of so~~lh\r'cst 'I'cx;~s: itnplic;~~iol~\ 01\rncc- 

tlte cliafcl~c\is on s;~nd.;to~ic celnelili~lio~~: Joiirn~ll of' Scdime~it;~ry Pcuologq. 
\ . J'l. 1'. 55-70. 

I3rigntti. .M.F. and Poppi. I.. 
1984: ('rptal c11c111i\try of corrunritc: a rcbicw: ('lays i111iI ('lay bl~~icr;~l\. v .  72. 11. 

39 1-309. 

Brown. B.E. and Bailey, S.W. 
1962: Cliloritc polytypi.;ln: I. Rcgular and sc~ni-ralidom one-l;~ycr rtnlcturcs: Arnrr- 

ic;m Mincr;~loyi\t. v. -17. p. X 19-850. 

!luczynski, C. and Ch:tfetz, H.S. 
1987: Silicicl:lstic grain brcakage atid displacc~~icnl duc to carhonatc crystal grou th: 

;In cs;miple from the Leitdcrs Foniiation (I'ern~i;~n) of ~~onli-cenlral 'li.x;~s. li.S.!\.: 
Scdi~iicnrology. v. 34. p. 837-8-13. 

Uurlev, S.D. and Kantorowicz. J.D. 
1986: Thin scctioli and S.L:.M. 1cx111raI cri~crii~ li)r ~ I I C  recogt~iti~~~i uf ccmcnt-disxo- 

lution porobity in sands~oncs: Scili~~icntology, v. 32. p. 587-004. 

Cameron, U.E.B. and Hamilton, T.S. 
1988: Contributions to the stratigraphy and reclo~iics of the Queen Charlotte Basin. 

British Columbia; irr Current Research. Pan E. Geolopic;ll Survey of Canada. 
Paper 88- l E. p. 22 1-227. 

Chamberlain, C.K. 
1978: Recognition of trace fossils in cores: b~ Trace Fossil Concepls. P.A. Basm (ed.). 

Society of Economic Paleontologists nod Mineralogists Short Course No. 5 .  
p. 133-183. 

Chang, H.K., MacKenzie, F.T., and Schoonmaker, J. 
1986: Comparisons between the diagenesis of dioc~ahedral and trioctahedral mec- 

tite. Brazilian offshore basins: Clays and Clay Minerals, v. 34, p. 407-423. 

Clapp, C.H. 
1914: A geological reconnaissance on Graha~n Island, Queen Charlotte Group, B.C.: 

Geological Survey of Canada. Summary Report. 1912. p. 12-40. 

Clowes, R.M. and Gens-Lenartowicz, E. 
1985: Upper crustal structure of southern Queen Charlotte Basin from sonobuoy re- 

fraction studies: Canadian Journal of Earth Sciences. v. 22. p. 1696-1710. 

Coombs, D.S. 
1952: Cell size. optical properlies and chemical composition of laumontite and leon- 

hardite: American Mineralogist, v. 37, p. 812-830. 

Dawson, G.M. 
1880: Report on the Queen Charlotte Islands. 1878; Geological Sunrey of Canada, 

Report of Progress for 1878- 1879, p. I B-239B. 

DeNiro, M.J. 
1983: Distribution of the stable isotopes of carbon, nilrogen, oxygen, and hydrogen 

among plants: i n  Organic Geochemisrry of Contemporary and Ancient Sedi- 
mena. W.G. Meinshein and J.M. Hayes (d.). Society of Economic Paleontologists 
and Mineralogists Shon Coorse, Great Lakes Section. p. 4-1 - 4-27. 

Dickinson, W.R. 
1970: Interpreting detrital modes of greywacke and arkose; Journal of Sedimentary 

Petrology. v. 40, p. 695-707. 

Dickinson, W.R. and Suczek, C.A. 
1979: Plate tectonics and sandstone compositions: American Association of Perroleuni 

Geologists Bulletin, v. 63. p. 2164-2182. 

Dickson, J.A.D. 
1965: A modified staining technique for carbonates in thin section: Nature, v. 105. 

p. 587. 



Ells, R.W. 
1906: Report on Gr;~ha~n 1sl;lnd. B.C.: Gcologic:~l Sur\.ey of C;III;K~;I Annual Report. 

New Series. v. I h. Part R. p. 1-46. 

Eslinger. E. and Pevear, D. 
1988: Clicy minerals for petrole~~m geologists and engineer.;: Society of Econonlic Pa- 

leontologisr.; and Miner:ilogi\ts Short Course No. 22.413 p. 

Faust. (;.'l.. and Murata, K..]. 
1953: Stevcnsitc. redefined os ;I nle~nhcr of the rnont~norillonite group; American Min- 

cr;~logi\t. v. 38. p. 973-987. 

Fogarassy. J.A.S. and Barnes. W.C. 
1988a: Str:aigr;~phy. diagmt.\i\ and petrolcu~n rese~l,oir potenti;~l of the mid- to Upper 

Cret;~ccou\ Haidn ;~ntl Ho~inn for~n;~tion\ of the Queen Chi~rlotte !\lands. 
Briti\h Colu~nbia: i ~ r  Current Re\earch. Pitrt E. Geologic;~l Survey of C;tn;~d;~. 
Pitper $8- I E. p. 265-268. 

I988b: Petroleum reservoir aspect\ of middle to Upper Cret;~ceou\ :~nd 'I'cni;~ry \tr;i- 
[;I of the Queen Charlotte Islands: irr Somc Ahl1ects of the Perrolcum Geology 
of the Queen C1i;rrlottc 1hl;lndh. R. H i p p  (compiler). C;~n:~tlii~n Society o f  
Pe~roleu~n Geologi\ts Field Trip Guidebook.. p. 22-25. 

1989: The middle Cret;tceous Hnida Forni;~tion: 21 potentii~l hydrocarbon reservoir in 
the Queen Charlotte Isl;~ntlh. British Colu~nhia: i r i  Current Rcse;~rch. Rtrt H. 
Gcologic;tl Survey of C:~n;icla. Paper 89- I H. p. 47-52, 

Frey. R.W. and Pemberton. S.(;. 
1985: Biogenic structure\ ill outcrop\ and core\. I. Approaches to ichnology: Bulletin 

ofC;~nadii~n Petroleu~n Geology. 1.. 33. p. 72-1 15. 

(;alloway, W.E. 
1974: Deposition :~nd diagcnctic ;~lteration of.;;~ntlstone in nonhea~t Pacific nrc-rc- 

lntetl I);IS~II\: in~plici~tions for grcywacke genesis: Geologic;~l Socicty of Amer- 
ica Bulletin. v. 85, p. 379-390. 

Haggart, J.W. 
1986: Stratigraphic investigations ofthe Crel;~ceous Queen Charlotte Group. Quecn 

Ch:~rlotte I.;lands, B r i t i ~ l i  Columbia: Geological Survey ol'C;~n;~il;~. Paper 86- 
2 0 .  24 p. 

1987: On the age of thc Queen Cl~;trlotte Group of Rrilisli Colu~nbi:~: C;ln;tdian Jour- 
n;~l ofE:irth Science\. v.  24, p. 2470-2476. 

Haggart, J.W. and Higgs. R. 
1989: A new Late Crct;~ceou.; ~nollu\c fauna from [he Queen Chitrlotte lslandh. 

British Columhi;~: irr Current Rc.;e;~rch. P;wt H. Geological Survcy of Canada. 
P;cpcr 89-1 H. p. 59-64. 

Haggart, J.W., L.ewis, P.D.. and Hickson, C..]. 
1989: Striltigraphy and structure of Crct;lceous striltii. Long Inlet, Quecn Charlotte Is- 

lantls. British Columbia: i ~ r  Current Rcsc:ircli. P;ln H. Geologicill Survey of C;I~;I- 
da. Paper 89- I H. p. 65-72. 

Haimila, 8.1.:. and Procter, R.M. 
1982: Hydrw;rrtx)n potential of offshore British Colulnhi:~: Geologic;~l Sunzey ofCan;~- 

d;~. Opcn File 824. 28 p. 

Hayes, .].B. 
1970: Polytypisrn of chlorite in setliment;iry rock\: Clays and Clay Minerals. v. 18. 

p. 285-306. 

Higgs, R. 
1988: Sedi~nentolopy of the Honns Formation. Upper Cret;~ceous fan-tlclt;~ con- 

glomerates: in Son~e Aspect\ of the Petrolcum Geology of the Queen Charlotte 
Islands. R. Higgs (conipiler). Canadi;~n Society of Petroleu~i~ Geologists Fieltl 
Trip Guidebook. p. 14-22, 

Hoffman, J. 
1976: Regional tneta~norphirln and K-Ar dating ofcl;~y 1niner;lls in Cret;seous sed- 

iment~ of the di:,turhed belt o f  Montana: Ph.D. thesis. C:~se Western Reserve 
University. 266 p. 

Hoffman, J. and Hower, J. 
1979: Cl;~y mineral asse~nhlages ;IS low grade rnctatiiorpliic geothernlon~eter\: ap- 

plication 10 the thrust fiiulted disturbed belt of Montana. U.S.A.: ill Aspects of 
Diagenesic. P.A. Scholle and P.R. Schlugcr (ed.). Society of Economic Pale- 
ontologists and Mineralogists Special Publication 26. p. 55-70. 

Houghton, H.F. 
1980: Refined techniques for staining plagioclnsc and alkali feldspi~r in thin section: 

Journ:~l of Sedimentary Petrology. v. 50. p. 629-631. 

Hnwer, .l., Eslinger, E.V., Hower, M.E., and Perry, E.A. 
1976: Mechanis~n of burial metaniorphisnl of argillaceous sediment: I. Mine~alog- 

ical :~nd chemical evidence: Geologic;~l Society of America Bulletin. v. $7. p. 
725.737. 

James, N.P. 
1984: Diapenesis 9. Linrstones - the meteoric di;~@enetic environnlent: Geoscience 

Canada, v.  I l. p. 161-194. 

Keller. W.D., Reynnlds, R.C.. and Inoue. A. 
1986: Morphology of clay mineral:, in the smectitc-to-illite conversion series by 

sci~nning electron microscopy: Clays and Clay Mineral\. v. 34. p. 187-197. 

Lewis, P.D. and Ross, J.V. 
1988: Preliminary investigations of stmctural styles in Mesozoic strata of the Queen 

Ch81rlotte Islands. British Columbia: i r r  Current Rese;~rch. Pan E. Geological 
Survey of Canada. PRpcr 88-IE. p, 275-279, 

MacKenzie. J.1). 
1916: Geology of Gr;~ha~n Island. British Colurnbi;~: Geological Survey of Canada 

Mcnioir XX. 22 1 p. 

Magoon. L.B. and Claypool. (;.E. 
1981: Petroleu~n geology of Cook Inlet Basin - ;In explorirlion motlel: Anlerican As- 

soci;ltio11 of Petrolcum Geologi\t\ Bulletin. \,. 65. p. I04%IOhl. 

~McLearn. F.H. 
1972: Ammor~oitls of the Lower Clrt;seous sandstone ~iic~nber of the Haid;! Foni1;rtion. 

Skidegate Inlet. Queen Charlotte Islands.  wester^^ British Columbia: Geolog- 
ical Survcy of Clnad:~. Bulletin 188. 78 p. 

McPherson, .l.(;.. Shanmugam. C;., and Moiola. R.J. 
1987: Fan-tleltn\ and hraid delta\: v;~ricties of co:lrse grained deltas: Geolopic;~l So- 

ciety o f  America Bullet~n. v. 00. p. 331-340. 

McWhae. .].R.. Ross, R., and Ross, K. 
1988: Evolution :incl hydrocarbon l)ote~~tial of Queen Charlotte Basin. Canada: Amer- 

ican Associatio~~ of Petroleum Geologists B~~lletin. v. 72. p. 222. 

I'ost. J.L. 
1984: Saponitc from near Ballarat. California: Cl;~y:, and Clay Minerals. v. 32. p. 147- 

153. 

Reynolds, .Jr., R.C. and Hnwer. J .  
1970: The nature of interlayering in tnixed-layer illite-mo~~ln?orillonites: Clays and 

CI:ly Mincr:~ls. v. 18. p. 25-36. 

Kiccardi, A.(:. 
1981: An Upper Crct;~ceou\ ammonite and inoceramitls from the Honnn Formation. 

Queen Chiirlotte Iclands, British Columbia: irr Currcnt Re\earch. Part C. Ge- 
ological Survcy of Can.~d:~. Paper S I - IC. p. 1-8. 

Richartlsnn, J. 
1873: Repon on the coal-tieltls ofV;~ncouver and Queen Charlotte Islands. with a map 

o f  the distrihutio~~ of the fonner: Geologic;~l Survey of Canad:,. Report of 
Proeress for 1872.73. p. 32-86, 

Schidlo\vski, M. 
1986: "c/"c ratios ;is ind~cator.; of hiogenicity: 1rr Biological Markers in [lie Sedi- 

1nent;iry Record. R.B. Johns (cd.). Elsevicr. A~nstertlam. p. 347-361. 

Schmidt. V. and McDonald, D.A. 
1979a: The role of hecondary poro\ity in the cource of sandstone diagenesis: irr A.;- 

peel\ of Diapenesis. P.A. Scholle and P.R. Schlugcr (ed.). Society of Economic 
P;~leontologibts and Mineralogists Special Publication 26, p. 175-207. 

1979b: Texture and recognition of secondary porosity in s;~ndstoncs: i r r  Aspects o f  Di- 
;igenesis. P.A. Scholle and P.R. Schluger (ed.). Society of Economic Paleon- 
tolo~ists and Miner;~logist\ Special Publication 26. p. 209-225. 

Schoonmaker. .l. 
1986: Clay n~iner;~logy and diagenesi:, of sedinients from deformation zones in the 

Barbados i~ccretionary wedge (Deep Sea Drilling Project Leg 78A): Gcolop- 
ical Society of Americ;~ Me~noir 166. p. 105-1 16. 

Shouldice, D.H. 
9 7  Geology of the western Canadian continental shelf: Bulletin of Can;~dinn 

Petroleum Geology. v. 19. p. 405-436. 

Siehert, R.M., Moncure. (;.K.. and 1.ahann. R.W. 
198-k 4 theory of fr;~me\vork grain tli,solution in sandstones: irr Clasric Diagmesis. 

D.A. McDon;tld and R.C. Sortlam (ed.). American Ah.;ociation of Petroleu~n 
Geologist.; Memoir 37. p. 163-1 75 

Souther, J.G. 
1988: Implic;~tions for hydroc:~rbon exploration of dykc cnlplacement in the Queen 

Ch;~rlotte Isl;~ntls. British Columbia: irr Current Rese;~rch. Part E. Geological 
Survey of Canada, Paper 88- I E. p. 24 1-245. 

Stacey, R.A. 
1975: Structure of the Queen Ch;~rlotte Basin: irr cinad;~'s Continental Margins and 

Offshore Petroleum Explor:~tion. C.J. Yoruth. E.R. Parker, and D.J. Glass 
(ed.1. Can;~di;~n Socicly of Petroleum Geologists Memoir 4, p. 723-741. 

Suquet, H., de la Calle. C.. and Pezerat. H. 
1975: Swelling and structural org;~nization ol'saponite: Clays and Clay Minerals. v. 

23, p. 1-9. 

Surdam, R.C., Hoese, S.W., and Crossey, L.J. 
1984: The chemistry of secondt~ry porosity: in Cl;~stic Di:~genesis. D.A. McDonald 

and R.C. Surdan1 (ed.), American Association of Petrolcum Geologists Man- 
oir 37, 11. 127-149. 

Sutherland Brown, A. 
1968: Geology o f  the Queen Ch;~rlottc Islands. British Columbia: British Colomhi;~ 

Dep;~ru~ient of Mines and Petroleum Resources Bulletin 54.226 p. 

Thompson, R.1. 
1988: Late Trinssic through Cret;~ceous geological evolution. Queen Charlotte Islands. 

British Columbia: ill Current Research. h r t  E. Geological Survey of Canada. 
Pnpcr 88- I E. p. 2 17-2 19. 

Thompson, R.I. and Thorkelson, D. 
1989: Regional lnapping update. centr:~l Queen Charlotte Islands, British Columbia: 

irr Current Research. Part H. Geological Survey ofC;~nada. Paper 80- IH. p. 7- 
I I. 



Vellulini. D. 
1988: 0rg;illic f ~ i i i l l l r i ~ l i o~~  ;111d \oLlrir rock ~ l~ i cn l i i i l  01' MC\O/OIC ~ I I I ~  I 'cr~iar)  51r;i- 

!;I, QLICCI~ Cli; ir l l i~~c I\~;III~\, l<r11i\11 C'ol~~nihi;~: b1.S~ I~IC\I\, L, '~iivcr\~l) c i l '  
H r~~ i s l i  (:o1~1111hi;i. \',~IICOU\ cr. 

Walker. R.(;. 
19793: ksic'h ~nollcls 7. Shallow ~n;irine \:~ncl\: III F.lclc\ \ l~dc l \ .  K.C;. \V;llkcr (ed.). 

(;cc)\cicncs (';ll~;itla Rcprinl Scric, I. 11. 75-81). 
lY79b: I:;icie\ ti~(xlcl> S. rurhiclilc\ ;lncl a\\oci;i~ccl co;lrse cl;~btic llepll\il\: ;I! F;slcc 

A,l~tlcl$. R.G. W;ilhcr. (~(1.). Cico\cisrlcc C;III;I~;I 1lcrir11i1 SCI.~C\ I. p. 0 I 1 0 2 .  

Willi;ims. H.. Turner. 1'..1., and (;ilbcrt, (:.M. 
1954: I'c~n)gralilly. i\n Illlnuiuclion lo 11ie Stutlq ol'llochs in ' r l~ in  Scc~io~ls: H'.11. Frcr- 

Inan tint1 C'ull~p;iny. San I.r;l~~ci\rc~. 400 p. 

Wilrun, M.D. encl I'ittman. 1r.D. 
1977: , \u l l~ i~cnic cl;~\:s ill \;~lld\lunes: rcco$nitio~~ ;in11 influcllcc 011 rc\sr\.oir prop- 

enic\ :l1111 ~~; i I r~o-c~~v i r~ ,nmci~ in l  all;ily\i\: Joum;ll 1)f Sedi~ncnr;~ry I'c~nilog>. \ .  

-17. p. 3-31. 

Y;~gishiI;i~ K. 
X :  .\lid- 111 I.;nc C'ICI;ICC(III\ \C~~II~ICIII;IIIOII i l l  llic QIICCII Cliarhi~ic I\liil~d'i. Rriii\Ii 

('111111iihiii: I~Il inl;~c~c\. I~;I~C(ICII~I~III ~IIILI P C I ~ ~ ~ K I ~ ~ ~ I I C  ;III;I~>~C\ ~~'K'I~IIIICIIIS: P11.l). 
IIIL*\~X. I111ivcr\11y ol"1~0ron10. 

Yangoas..I.I.:. and Yaxton. S.1'. 
1980: A IIC\~ Iccl~niquc ior prcp;~r;~liut~ ofpclrogr;ipl~ic Illill \CCIIOII\ u411g 1111r;lvio- 

Icl-cur~np ;allic~ivc: Jourll:~! of Scdi~~~cnt;~ry I'c~rology. \.. 50. p. 539-540. 

Yoralh, C'..]. ;~nd (>~lner~)n. I3.E.B. 
1982: Oil ~ i l ' f l l i c  co;~,~?: C;cr~\. \ c .  l l .  IIO. 2 ,  1). 1.3-1.5. 

l 'o ra t l~ .  ('..I. ant1 C'lliise. K.1,. 
1981: TecIn111r Ili$111ry 01 IIIC QIIC~I~ C'Ii;~rlo~ic I\I;II?~\ ;III~ ;icI1;1cc111 circa\ - :I II~LICICI: 

c ' ,  s ~ ~ ~ G ~ ( l i ; ~ ~ ~  , Jo11rt1.11 01 E;rr111 Scic~icc\, b. 18, 11, 17 17- 17Y). 

Yorath, ('..l. an11 Hyntlman, R.D. 
1983: Suhsidcncc ;~nd IIIC~III~II hi\lor) ol'lhc Quccn Chiirloltc R:l\in: C;III~I~~~III Jo11r- 

nil1 o l  h n h  Scicncc\. v. 20. 11. 135- 150. 



Sedimentology and implications for petrolleum exploration 
of the Wonna Formation, northern Queen Charlotte Islands, 

British Columbia 
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Abstract 
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INTRODUCTION 
The Honna Formation, which crops out in central and northern 

Queen Charlotte Islands (Figs. 1,2), is thick and coarse grained, and 
therefore has petroleum-reservoir potential in the subsurface. How- 
ever, the subsurface extent of the Honna Formation is unknown: 
none of the oil-exploration boreholes in the region (Fig. I) penetrat- 
ed the Honna Formation, most holes bottoming in younger (Ter- 
tiary) deposits. Whereas an earlier study (Higgs, 1988a.b. 1990) de- 
scribed the sedimentology of the central outcrop (Fig. l). the present 
study deals with the northern outcrop. 

Meagre paleontological collections from the central outcrop in- 
dicate that the Honna Formation is Coniacian, at least in part (Haggart. 
1986; Higgs, 1990). Microfossils collected in the present study 

(below) suggest the same age for the northern outcrop. The Honna con- 
glomerates and sanclstones of the central outcrop were interpreted as 
mass-flow deposits of a deep-water fan delta (Fig. 3; Higgs, 1988a,b, 
1990). Development of a fan delta, as for an alluvial fan, implies ad- 
jacent mountains. The inferred tectonic setting was a west-verging fore- 
land basin, with the Honna conglomerates accumulating ahead of an 
active thrust sheet which was supported by an ancestral Sandspit 
thrust fault (Figs. 2.3; Higgs. 198Xa.b. 1990). The foreland-basin model 
is supported by seismic profiles acquired subsequently in Hecate 
Strait to the east (Rohr and Dietrich. 1991). which show low-angle 
(thrust?) faults with an eastward component of dip. Thompson and 
Thorkelson (1989) criticized the foreland-basin model, arguing that 
deformation Inore likely progressed eastward, "judging by the greater 

Figure 1: Map showing location of the Queen Charlotte Islands. Borehole marked "1" is the Naden borehole (see text). 
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Figure 2: Outcrops of the Honna Formation and principal faults of the Queen Charlotte Islands (after Sutherland 
Brown, 1968; Yorath and Chase, 1981). 
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Figure 3: Sedimentary environment model for the Honna Formation (after Higgs, 1990). Deposition took place on a gravel- 
ly, deep-water fan delta. Additional fan deltas may have developed along strike, as shown here, and may even have coa- 
lesced. For illustrative purposes, the source area is depicted as a thrust sheet, but may instead have been a horst block. 

amount and complexity o f  shortening" within the Rennell So~rntl 
lault zone (RSF). lying west of the Honna outcrop (Fig. 2). Howcv- 
er, this argument overlooks the l l c t  that ~nuch  o f  the dcformalion with- 
in  the RSF Inay relate ~o a younger. Tcrt i t~ry tectonic episode, possi- 
bly involving strike-slip (Sutherlancl Brown. 1968; Yoratli and Chase, 
1081 ): indeed, the* RSF rcacmblcs a strike-slip f lower structure 
(Young. I O X I .  p. 242), and a scisniic profile  cross the offshore ex- 
tension o f  the RSF (Rohr and Dietrich. 199 1 ) shows flower-type dc- 
formation o f  Tertiary strata. 

The northern Honna outcrop (Fig. 4) was visited by the author 
in June. 1088, and three sections were mcasured (Fig. 5). Due to for- 
est and ~nuskcg cover. esposures arc confinctl to the coast, where shor~ 
stratigraphic sections (max. 30 m) arc cxposetl in  uii~ve-cut plat- 
forms and low cliffs. 

I n  addition to the northern ;md central Honna outcrops, small o ~ l t -  
crops mapped as Honna Formation by Suthcrl:~ntl Brown (1968) 
occur Further south (Fig. 2). Howc\jer. these strata may instead be Ter- 
t h y ,  basctl on their intimate association with the Tertiary Massct For- 
mation (Higgs. 1091 ). 

GEOLOGICAL SETTING 
The thickness of the Honna Formation in the northern outcrop is 

unknown. due to structural con~plications and discontinuous exposure: 

conformity, at U T M  Grit1 Kefcrcnccs PR302091 and 302085. on Lan- 
g x a  Island. At the I'irst locality, the contact is a low-i~ngle scour. incising 
a few decimetres over a t'ew metres laterally. At the second locality. the 
contact is csposcd fur about 20 m la tc~ l l l y ,  with no obvious scouring: 
slr:rtigl-apliic confomiity seems likely. hut awaits paleontological con- 
firmnlion. 'The Skidegatc Formation o n  Langan~ Island consists o f  lam- 
inated shale with thin (cm), b~adcd sandstone beds. low to moderate bio- 
turbation (including Mucnstcria). and slump beds: the interpreted 
dcpositional environment is a deep-waterslope, based on the slump beds 
and the abscncc of  \vavc-l'orrnccl structures (cl'. Higgs. 1990). 

Thc top o f  the Honna Formation is an unconfor~nity. accortling to 
C~umcron and Hamilton (1988). Howcvcr, newly discovcrcd S:atoni- 
an and Campani~ul marine shales near the central outcrop :1rea (Cameron. 
1089; Haggart nnd Higgs. 19x9) may rest conformably on the Honn;~ 
Fonnation, or they may be laterally cquiv:llcnt to the Honn;~. I n  the prc- 
sent study area. the Honna Fo~mation appears to be unconfonably ovc1.- 
lain by Tcrt ia~y volcanics (Sutherland Brown. 1968. his Fig. 5 ) .  

Llnfort~inatcly, no mcpal'ossils were discovered during the prc- 
sent study. Howcvcr. two composite mudstonc samples. one from Scc- 
[ ion B (Fig. 5h, 10.35-21.45 m )  and thc other froin Section C (Fig. 
5c. 0.0-3.6 ni), yielded upper Cretaceous. post-Turonian foraminifera 
(Cameron. 1080). 

ho\vevcr, a thickness of several hundred rnctres scenis likely. I n  the ccn- I[;ACIES 
tral outcrop, the Honna Formation rests conform:tbly or parncon- 
formably on Skidcgatc Formation ticep-marine shales and turbiditc Description 

sandstoncs (Higgs, 1990). In the northern outcrop. Honna conglomcr- Like the central outcrop, the tlon~inant lithology in  the north is 
ates can be seen resting on Skidegate Formation shales. with apparent cltlst-supported, pebble-cobble conglomerate. Beds are mostly 1-5 In 



Figure 4: Northern outcrop of the Honna Formation (from Sutherland Brown, 1968, his Fig. 5). For map location, see Figure 2. The eight 
stereonets show clast fabric in eight conglomerate beds at localities 1 to 4 (e.g. stereonets l a, l b and l c  correspond to three different beds 
at Locality 1). An arrow representing the direction of maximum clustering (eigenvector V1) is plotted on each stereonet; this is a measure 
of the mean paleoflow direction (see text). Locality 1 is a small outcrop of Honna Formation separated from the main outcrop area (stip- 
pled) by faulting. Also shown is location of Measured Section C (Fig. 5); the other measured sections, A and B, are at localities 2 and 3 
respectively. Beresford Bay Fault (Yorath and Chase, 1981) is plotted from Sutherland Brown (1968, his Fig. 5) .  

thick and are picked out by abrupt changes in  clast size andlor fabric crop, where volcanic and granitoid clasts are equally abundant (Higgs. 
(Figs. S, 621). The matrix is fine to coarse sandstone, and sorting is poor, 1990). Pale grey clasts o f  aphanitic, aphyric volcanic rock are promi- 
both among the clasts and within the matrix. There are rare examples nent in  the north but uncommon in the central area. Sedimentary 
of openwork (matrix-free) conglomerate, cemented by calcite (Fig. 6b). clasts include intrafomational pebble conglomerate and sandstone (Fig. 
Most clasts are volcanic rock fragments, with subordinate granitoid and 6c). A few clasts of mylonite and presumed Karmutsen Formation green- 
minor sedimentary rock fragments; this contrasts with the central out- stone were observed. Some granitoid clasts are foliated, and Inay 
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Figure 5: Measured sections in the northern outcrop of the Honna Formation. Numbers beside paleocurrent arrows (2a etc.) are keyed 
to the corresponding imbrication site (see Fig. 4 and Table 1). Section A is in shoreline bluffs at Locality 2 (Fig. 4; see Table 1 for grid ref- 
erence). Section B is on a wave-cut platform at Locality 3 (Fig. 4). Section C is a foreshore platform at PR360020 (Fig. 4). MPS is maxi- 
mum particle size, calculated a s  the average of the ten largest accessible clasts (area generally about 2 m'), excluding rnegaclasts. The 
continuous line in the MPS column of Section A indicates a possible coarsening-upward sequence (see text). 

therefore be derived from the "syntectonic plutons" of Sutherland Conglomerate facies are similar to those of the central outcrop 
Brown (1968; see also Anderson and Reichenbach, 1991). Granitoid (Higgs, 1988a,b, 1990). They include ungraded beds (e.g. Fig. Sa, 3.2- 
rocks also occur as isolated "megaclasts" up to 2.7 m across (Fig. 5c, 4.0 m), inverse-graded beds (9.6- 11.1 m) and parallel-stratified beds 
9-10 m). Clasts of Yakoun Formation feldspar porphyry and Kunga (4.0-5.4 m), the first two being the most common. Many beds show 
Formation mudstone, both common in the central outcrop (Sutherland imbrication. Most beds appear tabular within the limited extent of in- 
Brown, 1968), are absent in the north. dividual exposures, but some beds are lenticular due to scouring at 



Figure 6: Honna Formation conglomerate, northern outcrop. A. General view of Measured Section A (Fig. 5). The section was measured on the 
right-hand (west) side of the fault crevice. Note sharp-based conglomerate beds, and "sandstone cappings" (see text). Staff 1.5 m long. B. Open- 
work conglomerate cemented by zoned calcite. Note that locally the conglomerate has a matrix (coarse sand). Note also the zoned calcite vein, 
filling a fracture which cuts across cement and clasts alike; this relationship indicates that fracturing postdated cementation. Grid reference 
PR350033, western extremity of extensive rock platform. Coin 2.4 cm in diameter. C. Conglomerate containing a clast of intraformational pebble 
conglomerate (Fig. 5b, 25.0-26.0 m). Hammer 30 cm long. D. Conglomerate (and two sandstone) cross-strata, dipping to the left (north). The in- 
clination of the cross-strata decreases toward the left, the strata eventually becoming subhorizontal and concordant with the bed beneath. Base 
of staff rests on a (recessive) bedding plane which, traced toward the left, coincides with the base of a sandstone layer. Current flowed from right 
to left. Staff 1.5 m long. Grid reference PR37201 9, west face of sea stack about 100 m east of Pillar Rock. 



the base. Scour walls are seldom steeper than 30". and few scours are 
deeper than 1 111: one scour shows about I m of relief over 2 m lat- 
erally (Fig. Sb, 1.5-2.3 m). Many conglomerate beds have a thin 
(cm-dm) "sandstone capping" (Nemec et al., 1980). whose lower and 
upper surfaces are smooth or undulatory (e.g. Fig. 5b. 5-6 m; Fig. 6a: 
cf. Higgs. 1990). 

Conglomerates of the northern outcrop differ from those of the 
central outcrop in some respects. For example, matrix-supported 
conglomerate beds are more common in the north, generally consisting 
of granules and/or pebbles floating in stn~ctureless medium sandstone. 
ancl commonly grading abruptly upward into clast-free medium sand- 
stone (e.g. two beds in Fig. Sb, 14.9- 16.2 m). Many of these beds show 
imbrication. One rare facies. not recorded in the central outcrop, 
consists of clast-supported granule conglomerate with a sandstone ma- 
trix and with floating pebbles and cobbles; the grain-size distribution 
is thus trimodal (e.g. Fig. 5a, 0.0-0.4 m). Another facies found in the 
north, of which only one bed is known, is cross-stratified conglom- 
erate (Fig. 6d). 

Two sandstone facies and a heterolithic (mudstone-sandstone) 
facies also occur, identical to those of the central outcrop (Higgs, 1990). 
The massive-sandstone facies occurs as intervals of medium sand- 
stone up to at least 2.5 m thick (e.g. Fig. Sc, 10.9-1.3.4 m); some of 
these intetvals comprise amalgamated beds up to l m thick, as shown 
by subtle breaks in grain size. The parallel-laminated sandstone fa- 
cies occurs in units up to at least 1.5 m thick (e.g. Fig. Sb, 17.9-19.4 
m). The heterolithic facies occurs as units up to at least 3.5 m thick 
(e.g. Fig. 5c, 0.0-3.6 m), and consists of mudstone with sharp-based, 
graded interbeds of sandstone. The sandstone beds vary in thickness 
(mm-dm) and grain size (silt to medium sand), and show TA, TAR and 
TC turbidite sequences. The mudstone ranges from massive (thoroughly 
bioturbated?) to millimetre-laminated with sparse burrows: one ichno- 
genus is a hori/ontal, branching. bed-intcl-[;ice burrow, possibly 7'lrtr- 
Ins.viiioitlc~.s. Some of  the thicker (m)  mudstonc intcrv:~ls contain bcd- 
ding-parallel strings ofcalcarcous concretions; individual cot~crctions 
2u.c lcnsoidal (bcdding-l~:~rallel). up to 30 cln long. and conncctcd or 
~lnconncctcd. Some mudstone inten~als contain disturbed units in 
which the stratification is foldctl and concretions are randomly ori- 
ented. One such contostccl bed has an irregular upper sutl';~cc (Fig. 5c. 
2.4-3.3 m). 

Interpretation 

The clnst-supported conglomcmtc beds. like their counterparts 
in thc central outcrop, are interpreted as the deposits of cohesionless 
debris flows and/or high-deilsity turbidity currents (Higgs, 1990). A 
subaqucous setting was deduced by Higp  ( It)O0). based on sedimentary 
characteristics o i  the conglomerate beds: this is supported in the prc- 
sent stutly by the tliscovcry offoraminifern in intcrvcning mudstone 
layers. The sandstone tappings betwccn these beds are interpreted as 
T A  turbidites (Higgs. 1990). Matrix-suppo~~ctl cot~glolner:ltc bctls are 
attributed to sandy, high-density turbidity currents (S3 division of Lowc. 
1982). based on the lack of stratification and the common prescncc 
ofgratling. The cross-stratified conglornernte bed could be either: ( 1  ) 
lateral-accretion deposits o fa  submarine channel or intra-channel bar 
(cf. Hcin and Walkcr, 1982): or ( 2 )  forescts of a bedform produccd 
by tr;iction at the base of a gra\ielly turbidity current (cl'. Winn and 
Dott. 1979; Lowc. 1982). The lattcr csplanation is prcfcrrcd. he- 
cause: (a) dccp ( l -  l 0  m) chiinncls have not been observed in the Honn;~ 
Fommation. unlike the laterally :~ccretctl conglomerates described by 
Hein and Walker (1082); (h) the latcral-accretion surfilces illustl.at- 
ed by Hcin and Walkcr (1982, thcir Fig. 9 )  show less than 10" of dip. 
whereas the Honna cross-strata have steeper dips (Fig. 6d); and (c) 
the Honna cross-strata dip northward. ~vhich is the down-paleoslopc 

direction based on imbrication in other beds (see below). The varia- 
tion in clast size from one foreset stratum to the next (Fig. 6d) may 
reflect a surging flow. 

The massive sandstone facies and parallel-stratified sandstone 
frlcies are inferred to represent Bouma A and B turbidite divisions. 
respectively (Higgs, 1990). In the heterolithic facies, the tnudstone r e p  
resents low-energy suspension deposition, with the graded sand- 
stones deposited from low-density turbidity cursents (Higgs. 1990). 
The contorted mutlstone units are intelpreted as slump beds. 

PALEOCURRENTS 

Method 
Imbrication provides the only measurable paleocurrent inclica- 

tor in the study area (sole marks and ripples do not weather out). Im- 
brication was measured at four localities (Fig. 4). At each locality. one, 
or two, or three separate beds were measured, for a total of eight im- 
brication sites (Fig. 4: Table I). At each site, the dip and strike of at 
least 30 flat (i.e. bladed or discoid) clasts in a single bed were mea- 
sured, starting with an arbitrarily selected clast and then measuring 
adjacent clasts until the required total was reached. Clast orientations 
were then plotted, as poles to the plane of tlattening, on a Schmidt equal 
area lower hemisphere net (Fig. 4), after correcting for tectonic tilt. 
Finally, eigenvalue analysis (e.g. Davis, 1973) was petformed by com- 
puter to determine the direction of preferred clustering of poles 
(eigenvector VI ;  Table I), a measure of the mean paleoflow direction. 
The obsetved clustering is highly significant statistically: for all sites. 
the probability that the clasts are indeed preferentially oriented exceeds 
99% as determined by the eigenvalue-ratio (SI/S3 in Table l )  test of 
Woodcock and Naylor (1983). 

Table 1. Eigenvector and eigenvalue statistics for imbricated con- 
glomerates, northern outcrop, Honna Formation. 

Site Grid ref. V, Dip S, S,IS, N P 

l a  PR302091 48.9 57.3 0.701 7.563 50 >99 

I b  17.5 53.3 0.820 22.877 30 >99 

I c 59.3 69.7 0.661 10.482 50 >99 

2a PR322079 11.7 77.4 0.897 34.672 35 >99 

2b 334.8 62.9 0.756 10.063 50 >99 

3a PR356026 24.5 63.9 0.806 12.837 50 >99 

3b 357.4 71.5 0.773 9.076 50 >99 

4 PR371019 352.8 66.2 0.808 12.136 50 >99 

Successive columns give: site number; grid reference; eigenvector 
V1 ; dip of V1 ; normalized eigenvalue S1 ; ratio of eigenvalues S1 and 
S3;  number of clasts measured, N ;  and probability, P, that the clast 
orientations are non-random. Three beds were measured at Locality 
1 (hence, Sites l a ,  I b and Ic), two beds each at Localities 2 and 
3. and one bed at Locality 4. 

Interpretation 
l 'hc overall paleoflow direction was northward (Fig. 4). As 

flows are infcrrcd to have hcen gravity-driven. north\vard flow im- 
plies a north-dipping paleoslope. Locally. paleollow was not-thcast- 
ward (e.g. Fig. 4. Locality 1 ). 

DEPOSJ'I'EONAL ENVYRONMEN'P' AND 
TEC'TONIC SKT'I'ING 

The hcics and infcrrcd depositiollal proccsscs in the study arca 
;we very similar to those of the central outcrop (Higgs, 1990): hence, 
the same depositional cnvironmcnt is invoked. namely a deep-watcr 



f;~n delta alongside an activc fault scarp (Fig. 3). This intcrprctation 
is consistent with the inferred deep-water slope setting of the undcr- 
lying Skidcgittc Foniiation (see ;tbove). The cvitlcncc for non1iw;lrd 
paleoflow implies [hilt the fan dclta firccd north. and that the ;~ctive 
f a ~ ~ l t  lily to the S O U I I I .  The prcscncc of slump hods, not seen in the ccn- 
tral outcrop, is consistcnt wit11 fhc liui-dcltn intcrprct;ition. The inferred 
subitcriiil component of the hln delta. an alluvial fan  (Fig. 3). hils not 
bee11 obsc~vcd. and is assumed to he either concealctl or eroded. 7'hc 
proximal s~~baqueous part ol'rhe fan is envisagctl as an cssc~iti;~lly u~i-  
cha~incled gravel belt (Fig. 3). bccause the Honna Forniatiun lacks real 
channels. Thc dowrislope length ofthc _crave1 belt was at Icast I0 krn, 
as shown by the north-south (downslopc) length of the outcrop (I'ig. 
4). There is no obvious so~rtli-to-nonh (i.e. proximal-to-dist;il) dccrc;lsc 
in clast size (Fig. S), except very Iirrge (>I m )  rncg;~clasts were only 
obsenlcd in the more proximal region. on Graham Island (e.g. Fig. 5 ) .  
This lack of'dowrislope fininp suppests that flows originatecl on all 
pal-ts of the kin su~facc  due to an inherent instability: this is typical 
for relatively stccp subaqueous slopes, where gravel is e~nplnccd un- 
stably and becomes subject to episodic rcmobili~ation. moving 
downslope in step-wise fashion (W. Ncmcc. written comm.. 1988). 
Flows may havc started spontaneously clue to dcpositional over- 
steepening. or may have been triggered by earthquakes. Supply of grav- 
el to thc fan slope may havc been by rivcr flootls which transformed 
into sediment gravity flows upon entering tlic scn (Porchski, 1984). 

The activc fault was probably oriented approximately cast-west, 
in view ofthc northward paleoslupe. The active fault may havc been 
tlic Bcrcsford Bay Fault (Fig. 4). in which casc part of'the fan tlclta 
accu~nulated south of the f : ~ ~ ~ l t  (Fig. 4: cf. Fig. 3). Alternatively, the 
activc fitult may lia\~c bccn one o f  tlic (approximately) cast-west 
ritults cxposcd on the wcst coast, ;I few kilometres south ofthc Beres- 
ford Bay Fault (Sutherland Brown. 1968. his Fig. S) .  A third possi- 
bility is that the activc flu~lt was :I north-south kiult lying to the cast, 
as in the case of the ccntral Honna outcrop (Higgs. I98Xa.b, 1090). 
ancl that the entire northcm outcrop has undergone clock\visc rotation 
ofabout90" (cf. rotations of this magnitutlc in Calili)rt~ia (Luyendyk 
and Hornafius (1987)). Such a rotation is ccrtai~ily not ~~nrc;~sonable,  
given that rotations arc common in strike-slip regimes (Freuncl. 
1974), and that the Quccn Charlotte continental malgin has bee11 a t m s -  
form plate boundary for at least the last 10 m.y. (Riddihough. 1982). 
and possibly for as long as 43 m.y. (Hyndman and Hamilton, 1991 ). 
If the strata of thc northern outcrop arc indeed easterly derived. then 
just one active fault Inay havc been responsible for ticposition of both 
the ccntral and northern Honnn strata (Sandspit F~tult in Fig. 2). In sup- 
port or the rotation hypothesis. Yorath and Chase (l981 ) argued for 
post-Honnn strike-slip (0 km) on the Bcrcsford Bay Fault. in a sinis- 
tral sense, which is consistent with clockwise rotation of ;I c~ustal block 
embracing the study area. In addition. on Lanpara Island thc author 
observed other cast-nortlic:~st-trcnding post-Honna fi~ults with sinis- 
tral offsets ( l  -5 m), as well as a I'lult with subhorizontal slickensidcs. 
Furthermore, o similar clockwise rotntion has hec~i postulated for part 
of the ccntral outcrop (Higgs. 1990). 

FACIES SEQUENCES 

Large-scale (> 100 m) coarsening (('-U) or fini~?g-upwa~.d (F-L) 
sequences are undctectablc in the Honna Fonn;ltion due to the lack 
of long, exposed stratigraphic sections (Higgs, 1090). However, 
small-sci~le (10-30 m) F-U scq~~cnces  occur in tlic northcrn outcrop. 
Each scqucncc comprises an upwards transition Fro111 conglo~nclntc. 
through sandstone, into mudstonc with thin turbidites (e.g. Fig. Sb, 
0.0-21.4 m). The basal conglomerate commonly rests. with sharp con- 
tact. on mudstone with turbidites. Similar sequences occur in the 
central outcrop (Higgs, 1990). The F-C sequences may reflect grad- 

ual ahando~iment of gravclly dcpositional lobes (Hipgs. 1990). or they 
may be tectonically controlled. .4 possiblc C-l: sequence only 1.7 In 
thick was observed- but is tenuous because it involves only thrcc con- 
glonierute beds (Fig. Sa. 2.3-4.0 m). 

RELEZVANCE TO PETROLEUM KXP1,ORA'I'ION 
The present htutly has the following i~nplications for petroleum 

exploration in the Quccn Clia~.lotte lsl~tnds: 

I )  If the Santlspit Fault (Fig. 3) was rcsponsihlc for both the ccn- 
tral ancl northern Henna firn dclt:rs. atldition;~l h n  dcltas may fringe 
the fl1u11 beneath the cxtensivc Tertiary (blnssct For~nation) tle- 
posits ul'Graham Island. ol'fcring exploration targets. This niay 
hove been the rationale of the Nadcn well (Fig. I ) .  

2 )  The porosity tuntl peni~cahility of Honna Fo~mntion conglonicri~tcs 
and s:~ntlstoncs arc poor tluc to occlusion of purosity hy altcr- 
ation products of  volc;tnic rock fragments (Fog:rrassy and Dames. 
I98X:l.b). However. undiscovered Honna fLln deltas belloath 
Graham Island (sec " I "  above) may he entirely of granitic 
provenance. resulting in better reservoir propcrtics. In additio~i, 
secondary porosity could be prescnt (Fogorassy and Bar~ics. 
I9XXa.b). Intervals of openwork conglomerate (Fig. 6b) woultl 
have csccllcnt porosity and permeability if they lacked cement. 

3) Deep-water fan dcltils appear to be characterized by gravel belts 
which extend many kilo~iietres downslope (Higgs. 1990). The 
~lorthern Honna fan dclta was no exception, with ;I gc~ve l  belt 
longer than l(i km (above). Such a long gravel belt. bordered by 
u sandy Sririgc (e.g. Fig. 3). hits obvious petroleum reservoir po- 
tcntial. 
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Abstract 

Tho Masset For.nlatiotr (us strrdied on Gruha~n I.sland) is a Lute Oligoc.ene to Earl? Pliocerrc tholeiitic to c,ul(.-ulku- 
litre nritc, of ~~olcatric. rwks  tlztrt rrtrder1ie.s n1uc.h qf Gt-ahtiln Islnlrtl. Thesc, lai.cis. itith nrirzot. i~~terculrted felsic py1.o- 
clustic  flow.^. undcr.lie casta-n Gruhcitn Islrt~d hrtt probably do riot crtcrld nil)) great di.stt11lc.c~ hrnccrth Hec,atr Stl.trit. 
The Foi.tnutio/r c~o1npr.isr.s itrtri.c~olatcd, tlphyi.ic. to,felt ispcri~/~l~yi~ic, I I I ~ / ~  to fclsic. Itn~aflor?:~ aird pyi.oc~lci.stic,,v. Thick 
rhyolircjlo~*.v case irrlurrd I~ills alotrg tlre r?-c'.st t,ocrsr uird t t r c i ~  I . ~ ~ ~ I . C . T P I I I  1-ci1t t~i~ocisfi.ot~r ~~lriclr ~.o/c.~iric. / I I . O ~ L ~ L . ~ S  atid 
sedinzolts \t1cJi.(> .sIrc~il cJclst urrd w'est. K-AI tlutcs ,s~rg,y:~.st ui.rcptio11s clinm.~rdti.on~ 20-25 Mtr; the/-e ~ , c i . s  c~oiltcwrporc/- 
I I E O I I S  ~ ~ . Y ~ I . I I S ~ O I I  offc1/si(. ~rrd  nrtlfi'c. nrogmns; nrufi'c tntrgnrus tfoininate \90/rtnrc~t~-ir~u//~ find t~~cr~~ellc~dfar~l~c~~st~fron~ i,errt 
rrrecis. The e.vtt.irsion of these roc.k.s was rapid, leco~in~q little tinrc>fi)r. sc~dirnenmtiorr or w~otherirrg het~t.eerr errr~)tiotr.s. 
Epiclostic seditnents c.onsist nro.st1~ of clc~hris j7ow cleposits. 

The Musset firnrtrtiorl is rtntlefi,rn?cd c.n.eptibr steep ~rc~rth-r~-ctrtli~~g.fi~~rls. Br.ddill,y crttitrrde's 1.cpl.rsoir l)l.in~trl.y slopi~.~ 
of (~oizstt.rrc~ti~111~11 \~)lc,crlrii. Ier~rtifoi.itrs. 

B~salt ic  Iti1.n.~ Jou~lcl in c?ffShot.c tli~illi~ig irr Qucetr Ckul.lortr Sound alzd Hecntc Stt.crit a1.c oldet. a id  lit/rolo,yical!\' dis- 
tinc~tfi~onl tlrc hulk ~f'Mo.vsc*t 1.ocli.s uirtl it is pl~oposc~l /hut t h q  reprcsr~rt otrc, or- more i.o/i.u~iic. epi.sodc.s disti~zc~t,fi.onr 
the Ma.s.s~t erripriota. Olcie~. rolcutric. I-ocks were ul.sofi)rrrrd intc~rcn/utec/ w.itlrin (lie Horrnu trnd Huiclu formations. 
These rolcullic- rocks arc, di.stinc.t in that tlrc? c.otrttiin hortrhletrtlc~ p11etroc.y.st.s ~~11ic.h were trotfo~~rrd irr the Masset 
Fortnation of Cralram Islutrd. 

Lc~foi.t~~ntion clc Massct (rcllc qrr'6tldiic) datr.~ l'rlc. Gi.clhaln) est rirrcl .srritr dr 1.oc.1rc.s I ~ o I ~ ~ I I L ~ ~ ~ L I ~ ~ s  dc tl~oliiiti~jire~s U 
culco-alc.alines cle l'Oligoc~?nc~ .srcpiric,irr c111 Plioc@tre irfc'ric,rr~- qrri S' Ptc>rrd h r s  Ie sous-sol clc pre.sclucJ toute I'ile Grci- 
hum. Ces lai.c~.s. uinsi qrrcl qrre1qrte.s corrlJer pyroc~1rstiq1re.s felsiqrt(~s irrt~r.c.alies. s'c;terrdcnt .sorr.s I'est dc, I'ile Gra- 
hum mais ire S E  1n-oIolrg~nt prohah/ilrnent pets srrr M ~ I P  granclc, clisfarrcc ciu-d(,s.sorr.s drr clc'/r.oit n'HPc.ute. La.fornmtior1 
corrzpretrd yuelqcres c~ouk;e.s dc, lu\,c, et clev 1.ochc:s pyroclasriquc~.~ intc~ru~eilPcs, n'q~hyricluc,~ c? ~~o~~lzv~~iqrres,fiIcl.r~~iitl~iq~~~c~.s 
et dc llruj~yucs u,felsit/rrr.s. l?'c'pcrisses c.orr1r'c.s ele i.hyoli/c o~~(~~r / ) e l i /  /C CEII I I .C  (1c.s (~ollilre~ de I'i'lc le l o n ~  de lu ctire 
orrest et pour~r~uiolt 1~~pl~Csc~ntri~ dc,.s zoi1c.s dc c.herni1rie.s d ti.al.cJrs Ic,stluclle.s dcs pi.oduits \ ~ O / ~ ~ ~ I I L ~ ~ L I C . S  et cl's sCdit71~11t.s 
arr~~ilioit c:/& c.ipul.sc;s r9o.s l't,s/ c/ I'orrest. Des dcr/ertiorl~ K-AI. iirdiqrroit ycrc les 6i.rrptiotr.s olrt crtteirrt Irlri. uc.ti\sitc; rnc~s- 
irlrale etrtr.c 20 c/ 135 Mu; il y (1 C I I  L I I IC  C Y ~ I . ~ I S ~ O I I  c~~irtc~~npo~~ui~re d~ t~~cr~rni~~~cl .~ ic lues  c,! n1tlfiqrre.s; 1c.s nzacqnrus nruficlires 
dominent par Ieur \*oIrrm~ et 011t PUI.~.OLII.LI U I I C  p1u.s gwnde distarrc.e> ci ptir-tir des c.hot~rirrPes d'e.upul.siorr. L'c\ltrr.rsion 
de ces roches U i r i  rapide, lcii.s.se7rrt peu de temps pour ut2e .sc'iiinrentution ou rrne L:,-osion clrrtl.e les 6ruptiorn. Les sc'cli- 
motrts r'piclu.stiquc~.s sorrt surtout c.on~po.sc;s de d6pht.s de coulc'es de dc'I7r.i.s. 

La ji)rnlntion de Mcr.s.sc~t ~ ~ ' e s t  pt1.s ~ ~ ~ ? ) I ~ ~ I I c ; c ,  U I'e..\~.o/~~ioii do fai1le.s irhi.lr/~t~.~ 01.i~trtc;r.s 1 .~1 .~  / P  i10t.d. L'uttitrid~ d ~ . s  
couc~1zu.s r.or.l.cspond a dcs portcs pi.irnai~.cl.s do rcliclf:s ~~olcrnriqrr~.~ rlc. e.o~~.s/l.~l(.ti~ii. 

Lcs Invc,s dc. huscrltc d6c.ori\~c1.tcs pcrr dc.sfil.trges clii I ~ P I -  dolls Ics tllll.oirs tlr lu Rcirre-Chur.lotre c,! d'Hfc.ure sotit phts 
rinrietr~~c~.~ et Ic>rrr lithologie di8e1-c. de I'cnsen~hlc~ des I-oc-hes de Mtissr~t. I1 est par- t~otr.sc;rlrrerit pr.oposP qi~'c~IIe.s poirr- 
raient rep,-holter irtr oil ylusierrr-.S c:pi.sodes \lo/ccir~iqires drffirrnzts des c:ruptio~~s de Masscr. 0 1 1  U c;,qalenzent tr.orirP 
des it~tercalatiorrs de roches \~olc.anic/ues plus ant.i~nnes rlnns Ic.sfi)rnzeitio~rs u'c. Hol?lin et d' Hnida. Ces r.oc,hc.s vol -  
curliqu~,~ d;fc;rent par leur tenerrr err phc;nocri,sttrrr.~ dc horrthlendc qui soizt uhscirts dc IN  jiol.nrr~tion de Masset duns 
I' ila Gl.uhurn. 



INTRODUCTION 
The Queen Charlotte Islands contain a thick succession of Ter- 

tiary volcanic rocks named the Masset Formation by MacKenzie 
(1916). Sutherland Brown (1968) provided the first detailed de- 
scriptions of the succession as part of a geological reconnaissance of 
the islands. The Masset Formation underlies much of west-central Gra- 
ham Island and, indeed is the dominant fonnation found on Graham 
Island. More limited exposures are Sound on Moresby and adjacent 
islands (Fig. I). The present study focuses on the internal character 
of the volcanic complex as preserved on Graham Island. Here, despite 
less than 5% overall exposure, good sections can be found along the 
west coast. The internal relationships exposed in these sections allow 
a reinterpretation of the tectonic setting and mode of emplacement. 
Preliminary results were given in Hickson ( 1  988, 1989) but this 
paper integrates and refines the previous findings. 

Tertiary volcanism represents an important stage in the geologic 
evolution of the Queen Charlotte Islands, especially with regard to the 
potential for maturation, migration and trapping of hydrocarbons. Ep- 
ithennal activity associated with Tertiary volcanism is thought to be 
responsible for the Cinola gold deposit. The distribution and relative 

Dominant Rock Ty 
from Sutherland Brown I1 

Figure 1 : Distribution of Tertiary volcanic rocks studied by Sutherland 
Brown (1 968; his Fig. 17) in relation to the region studied in detail dur- 
ing this work. The Tartu Facies comprises most of the rocks belong- 
ing to the Masset Formation as  defined in this paper (western Graham 
Island); the Kootenay Facies occurs on Western Moresby Island, and 
the Dana Facies on eastern Moresby and offshore islands a s  far 
south a s  Ramsay Island. 

volumes of volcanic rocks are important in the interpretation of seis- 
mic and gravity data. In addition, the flows themselves pose techni- 
cal difficulties for any drilling program. be i t  for hydrocarbons or min- 
eral deposits. 

Sutherland Brown (1968. p. 104) described the Masset Forma- 
tion as comprising "thin flows of columnar basalt, basalt breccia, 
thick sodic rhyolite ash flow tuffs, and welded tuff breccias and brec- 
cias of mixed basalt and rhyolite clasts." He recognized three volcanic 
facies and named them Tartu, Kootenay and Dana (Fig. I). This was 
partly for ease of reference but was also based on lithostratigraphy. It 
was noted that the "Kootenay facies is typified by welded rhyolite tuff 
breccias and spherulitic rhyolites .... The Dana facies is formed princi- 
pally of pyroclastic breccias of mixed basalt and rhyolite clasts" 
(Sutherland Brown, 1968; p. 106). The Tartu facies was noted to be 
more of a mixed succession, an observation amplified by the present 
study. 

Sutherland Brown ( 1968) indicated that the Masset Formation 
consists of alkalic basalts and sodic rhyolites. Petrochemical work by 
Hamilton (1985) and Dostal and Hamilton (1988) showed n range in 
chemical composition from T-MORB to metaluminous rhyolite. 
Dostal and Hamilton (1988) suggested that the Masset volcanics re- 
flect pronounced fractional clystallization and some degree of magma 
mixing. 

Sutherland Brown ( 1968) noted that the Masset Formation over- 
lies all older strata with angular unconformity. However, in the east, 
i t  is conformably overlain by, or interfingers with, the Miocene- 
Pliocene Skonun Formation (Cameron and Hamilton, 1988; Sutherland 
Brown, 1968). On this basis Sutherland Brown (1968) assigned an age 
of Paleocene to Miocene for the Masset Formation. On the basis of 
K-Ar dates, Young ( 198 1 ) suggested the Masset may in part be as old 
as Late Cretaceous. Using further K-Ar dating, Hamilton (1985) and 
Canleron and Hamilton (1988) determined a more restricted, Early 
Eocene to Late Miocene, age for Masset volcanism. 

Of the eight exploratory wells drilled in Hecate Strait and Queen 
Charlotte Sound in the early 1960s by Shell Canada Ltd., several in- 
tersected basaltic flows. These were correlated with the Masset For- 
mation by Shouldice (1973) and Young (1 98 l), possibly implying that 
the Masset Formation may extend beneath Hecate Strait and Queen 
Charlotte Sound. 

In 1987, field work was concentrated in the area between Mas- 
set Inlet and the west coast (excluding the coastal exposures); in 
1988 exposures along the west coast were studied in detail (Fig. I). 
Reconnaissance of areas to the south and north of these two areas was 
also undertaken. Data were recorded at a 1 5 0  000 scale using vehi- 
cle, boat and helicopter support. The geology of much of the Masset 
Formation is shown on four 1 :50 000 map sheets (Hickson, 1990a.b; 
Hickson and Lewis, 1990; Lewis and Hickson, 1990). 

STRATIGRAPHY AND FIELD RELATIONS 
In this paper, for the reasons outlined in sections on chemistry, 

petrology, K-Ar dating and field relations, the Masset Formation is 
restricted to Late Oligocene to earliest Pliocene, aphyric to sparsely 
phyric, calc-alkalic volcanic rocks and associated epiclastic sedi- 
ments (Fig. 2). Excluded from this definition are the alkalic, olivine- 
phyric basalts of Tow Hill, Lawn Hill (Fig. I) and those along the east 
side of Hecate Strait (Woodsworth, 1991). Rocks of Sutherland 
Brown's (1968) Kootenay Facies fit the definition of Masset Formation, 
but breccias of the Dana Facies (Fig. 1) and spatially associateh 
basalts on Tar Islets and Ramsay Island represent phases of volcan- 
ism distinct from the Masset. Volcanic rocks on southern Graham Is- 
land (Fig. I) are older, representing early Tertiary (Eocene?) and Cret- 
aceous volcanism (Lewis et al., 1989; Hickson, 1989). 
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Figure 2: Distribution of the Masset Formation, exposed plutons of the Kano Plutonic suite and locations where the contact between the Mas- 
set Formation and older strata is exposed. Also noted are the location and compositions of whole rock chemical samples (results listed in Table 
1 and Hickson 1990b). Symbols are based on classification shown in Figure 3. Details of the measured section can be found in Figure 7. 



The Masset Formation consists of rnafic through li.lsic flows and 
pysvclastics with minor intcrcalatetl scdirnents. Regions sevcr;~l kilo- 
metres in size arc predominantly ~nnl'ic or Fclsic. but over scver:il 
hundred rnctres of section both rock typcs occur. Malic \~olciinic map 
units (Hickson, 1990a.b: Hickson iod Lcwis, 1990: Lewis ancl Hickson. 
1990) are composed of multiple Slows with minor i~itcrflow breccias. 
Fclsic map units (Hickson, IO9Oa,b; Hickhon and Lcwis, 1990: Lewis 
and Hickson. 1900) represent combinations of lava flows. densely wcld- 
ed pyroclastics and unweldcd pun~iccous lapilli deposits. The thick- 
ness of the entire str:itigsaphic scction does not exceed 3000 ni and there 
is little cviclerice ~ I I ; I I  the section has bccn rctlucc(l through erosion. 

The plienocryst asscmblagc, rock weathering charnctcristics. 
and colour on weathcrcd ancl ~~nwci~thercd surfi~ccs were the ficld cri- 
teria used to estimate rock composition ancl distinguish between map 
units. Whether fclsic or rnafic, Masset Formation rocks are aphyric 
to Feldsparphyric. Pyroxcne and quart/. occur only rarely as phc- 
noclyst phases. The rocks are corn~no~ily aphilnitic and arc grey to black 
in colour. Eutasitic tcsturcs, flow banding, or gencral weathesing char- 
acteristics arc often the only indication of rock composition. Bc- 
cause of these attributes it was often not possible, bascd on hand sanl- 
plcs and fieltl cxposurcs. to dctcmline the presence andtor volumes 
of intermcdi:~tc rock types. 

Fclsic rocks, all of which have an aphanitic ground~nass. arc hub- 
divided into four units on the 1:50 000 maps (Hickson IY90a.h: 
Hickson and Lcwis. '1090; Lcwis and Hickson. 1990): aphyric to less 
than 5'L ( T ~ I L )  feldspar phenocrysts: 15-40% fcltlspar phenocrysts 
( T m ) ;  quartz-ltldsparphyric (Txrtk); and pyroxene-fcldsparphyric 
(Tkifr). Fclsic units wcre subdividctl into lava flows and pyroclastic 
rocks. The ~nnfic socks are subdivide(l into two units: I )  aphanitic- 
aphyric lavas (Tk~rn;~). ;uid 2) ap1i:uiitic lavas with plagiwlasc phcnoc~ysts 
(T\<tnli,). Sedimentary units ;u.c also subdividctl into two units: l )  rc- 
worked primary volcanic rock (TMS;~). and primary volcanic deposits 
cmplaccd by scdi~nentary processes (lahars. T u ~ b ) .  

SiOp(wt2 %) 

FIELD CLASSIFICATION 

T1gui-e 3: Plot of total alkali versus silica for samples from the Mas- 
set Formation. Sample symbols are based on the field classification. 
All other diagram classify the rock chemically, based on the fields shown 
here. Fields are from LeBas et al. (1986). Map units are from Hickson 
(1990a,b; Hickson and Lewis, 1990; Lewis and Hickson, 1990). 

The volcanic lnnp units were classified chemically (Fig. 3) 
using the schcme of LeBas et al. (1986). Aphyric aphanitic rock 
typcs posed the prcatest di fliculties in ficld classification. For cxample. 
bascd o n  I'icld obsc~vations rocks of unit f i i l l l i l  were thought to be an- 
dcsitcs. Ho\vc\!cr. chemically thcsc rocks span the basalt to dacite lields. 
Similarly. unit Tkik contains both dacitcs and rhyolitcs. 

Sedimcnt:~ry rocks that are non-volcanic in origin are rare and 
have limited lateral extent. They arc nonmarine, presumably fluvial 
deposits that range from coarse conglomen~tes to fine-grained sand- 
ancl siltstoncs. Tlicsc scdinients co~n~nonly contain layers of silicified 
and carbonbed wood debris (flattened logs) up to 30 cm thick. Pri- 
maly \lolcanic lahnrs and secondary debris flows consist of hetero- 
and ~iionolithologicol diamictons that accumulated along the flanks 
of' I he volcano. 

The Masset Formation accumulatcd at or above sea level: nci- 
ther volcanics nor scdi~ncntary intcrcalatioiis contain evidence of a 
~narinc cnvironnicnt. Hamilton and Ca~iicron (1989) report that some 
rocks in the Masset, in thc vicinity of King Creek, Ciraham 1sl;und. were 
deposited in a marine setting. Re-es;~mination of this locality indicates 
that these rocks do not belong to the Masset Formation. but rather are 
part of the Middle Jurassic Yakoun and Lower Cretaceous Longarm 
Formation (Indrclid et al.. 1991: Lcwis et al., 1000). 

Rcgoliths wcre obsc~vcd at two stratigraphic Icvcls. One, west 
of C'inola (Fig. 2), occurs at the basc of the volcanic succession and 
is composed of weathered porphyritic rtxks of the Yahoun(?) Fom~ation 
(Fig. 4). The other. north of Juskatla Mountain, within the Masset sc- 
quence. represents an area (kipuka) that escaped inundation by lava 
flows for a longer period than surrounding areas. 

Fclsic volcanic rocks arc dominantly pyroclastic in origin; flows 
arc rare. In the field, due to exmemc welding of so~iie of the pyroclastic 
flows they can be mistaken for lava flows. However, the pyroclastic 
origin is evident in thin section. Because only a fraction of the col- 
lected samples wcre sectioned, no attempt was madc to change the 
field identification. Thus the map does not accurately reflect the pro- 
portions of lava flow to pyroclastic material. 

The pyroclastic flows arc dominantly weltled Inpilli tuffs (Fig. 
5) and arc con~monly associated with pumiceous airfall material. 
The bases of both pyroclastic and lava tlows are generally vitreous, 
though perlitic fractures and associated devitritication features are com- 
mon. Spherulites. up to 3 cm in diameter, are abundant in many 
flows. Lithophysac, up I0 cm in diameter (Fig. 6).  have destroyed pri- 
mary textures in the upper palls of many tlows. Felsic lava and py- 
scxlnstic tlows ;ue ~nucli thicker (10-200 m) than rnafic lava flows which 
are comn~only only a few metres to 30 m thick. Felsic rocks dorni- 
nate around lronsidc Mountain and the Mount Hobbs area (Fig. 2). 

Coastal exposures provide better outcrop continuity than in- 
land cxposurcs. A felsic pyroclastic unit exposed along 1.5 km of wave- 
cut tcrrncc at White Point (Fig. 2) can be traced for a fu~tlier 5 km along 
the beach south o f  Kennecott Point. Below the pyroclastic flow is a 
I m thick ai~l.;ill I:~yercomposcd of pumiceous clasts up to 2 cm across 
and lithic fragments reaching I cm in diameter. Carbonized and sili- 
cilicd tree stumps up to 1 .S m in diameter (Fig. 7) are preserved in 
the growth position in this layer, which has in turn been scoured and 
overlain by a 30 m thick pyroclastic flow. Threc kilometres inland, 
similar brcccia rnaterial outcrops as a thick (150 nl) flow at the basc 
of thc hills. This unit ~inconfornlably overlies co~iglomeratcs of thc 
Longarm and Honna fom~ations (J.W. Haggart, pers. cornm., 1989; 
H.W. Tipper, pers. colnni.. 1988; Hickson and Lewis, 1990; Lewis 
and Hickson, 1990). 

Mafic map units consist of rnultiple flows. Individual flows 
range from 2-30 m thick and are associated with thin (a few tens of 



Figure 4: Exposed paleosol below the Masset Formation composed of feldsparphyric volcanic rocks of the '{akoun Formation. Exposure is be- 
tween Juskatla Mountain and Cinola (Fig. 2). 

1- 

Figure 5: Eutaxitic texture in Masset Formation rhyolite. Exposure is along the north shore of Port Chanal. 



Figure 6: Lithophysae which have formed in the top section of a rhyolite flow within the Masset Formation, Cameron Range, Graham Island. 

Figure 7: Carbonized and silicified tree stump eroded out -f !it!-if::: pyroclastic rock, Masset Formation, White Point, Graham Island. 
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centimetres or less) interflow breccias. Mafic dykes are common 
and in some areas appear to have been feeders for localized eruptions. 
Agglutinate, found at several localities between Juskatla Inlet and Cine  
la (Fig. 2), probably represents eroded cinder cones fed by the dykes. 

The succession from Tian Head to Beavis Point perhaps best il- 
lustrates the mixed mafic and felsic nature of the Masset Formation 
as well as the sedimentary layers intercalated with the volcanic units 
(Fig. 8). The section includes cumulate(?) nodule-bearinp mafic 

MAP 
STATION * UNlT WEST 

CH-88-1 1-02 TMmb 

basal breccia 

laminated coarse sand 
CH-88-1 1-03 TMsa 4 organlc layer 
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T ~ m b  mafic f low 
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flows. debris flows. felsic pyroclastics and flows. and coarse- to 
fine-grained. well-bedded sandstones. 

The division into felsic, mafic and mixed 'members' (Fig. 1) de- 
scribed by Sutherland Brown (1968) only crudely approximates the 
distribution of felsic and mafic rocks on Graham Island. The west coast 
is dominated by mafic flows that are stratigraphically below the 
thick felsic flows and domes that dominate the west-central area. Mafic 
flows are prevalent in eastern Graham Island but many mav have orip- 
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Figure 8: Stratigraphic section exposed along the coastline between Tian Head and BeaVis Point; location is shown in Figure 2. Map units are 
from Hickson (1 990a,b; Hickson and Lewis, 1990; Lewis and Hickson, 1990). 



inated in tlie ceritral region where remnants of mafic flows cap many the Queen Charlotte tn~nsfomi fault. This would explain the appar- 
of the ridges (Fig. 9: Hickson. 1990a,h). ent truncation of the fomiation along the west coast. 

STRUCTURE 

Layering attitudes within the Masset Formation are uniform at 
the kilometre scale (Figs. 2.9),  suggesting present mol-phology may 
be strongly influenced by psimay depositional patterns. T~here are abun- 
dant breccias but most appear to be primary flow top and flow bot- 
tom breccias resulting froni deposition. Intense folding associated with 
flow emplacement was noted in many outcrops. but tectonically re- 
lated folding was noted only in the vicinity of Juskatla Mountain (see 
below) and south of Po1-1 Louis (Hickson. 1990b). 

Along the west coast of Graliam Island flows and pyroclastics 
dip from 10-30" toward the west and flatten inland (Fig. 2). where thick 
rhyolite flows. up to 200 m thick, predominate (Fig. 9: Hickson 
1990b). These flows (possibly domes), up to 200 m thick, underlie a 
range of hills just inland of tlie coast. East of this line of hills, flows 
dip consistently east to northeast. North of Rennell Sound the flows 
dip northward and in the vicinity of Ironside Mountain the dips are 
concentric about the peak (Fig. 2; Hickson, 1990a.b: Hickson and Lewis, 
1990). Based on the presence of alteration zones, thick areally restricted 
flows, and dip directions, three major sources for much of the felsic 
volcanic rocks are suggested. These are in the vicinity of Ironside and 
Juskatla mountains and Seal Inlet (Fig. 2). 

It is proposed that volcanic outpourings produced several large. 
low profile, shield volcanoes that are on the order of 20-30 km in di- 
ameter. These volcanoes may never have attained typical stratonior- 
phology because they were built of multiple layers of densely weld- 
ed, far travelled, pyroclastic flows and fluid andesitic flows. They were. 
however, at least 1500 m in height. based on present day topography 
and well data from the Post Louis well. Thick accumulations of Mas- 
set volcanics along the west side of Graham Island suggest that the 
westemnost parts of the Masset Fommation and much of western Gra- 
ham Island are missing and have been transported northward along 

Sutherland Brown suggested that the dips of bedding may rep- 
resent sagging into an evacuated magma chamber (Sutherland Brown, 
1968: p. 159). Yorath and Chase (1981), and Yorath and Hyndman 
( 1983) have interpreted dips within the Masset Formation as struc- 
tural, the result of uplift along the west coast. 

If dips were a result of eastward tilting, all dip data would be 
skewed in an easterly clirection. Such is not the case; see for instance 
Sutherland Brown's ( 1968: Fig. 30. p. 157) summary diagram for folds 
in Tertiary anti older rocks, Figure 2. and Hickson (1990a,b: Hickson 
and Lewis. 1990: Lewis and Hickson. 1990). Eastward dipping beds 
would be oversteepened and beds dipping westward would have 
shallower dips than those dipping to the east. The eastward dipping 
beds should also show higher dip angles than is common in con- 
structional volcanic edifices. where dips can range up to 30'. No ev- 
idence of either phenomena was found. 

Yorath and Hyndman ( 1983) also suggested that wave-cut ter- 
races along the wcst coast are the result of differential uplift. How- 
eves, these terraces are not unique to the west coast (Sutherland 
Brown. 1968) and are present along the east coast of Moresby Island 
and elsewhere. 

Near Juskatla Mountain, steep north-trending normal faults with 
an east-side-down sense of motion are exposed and inferred from map 
patterns and bedding orientation. Inferred displacements from offsets 
are on the order of a 100 m: the actual displacements seen in the field 
are much smaller, only a few metres at most. Three closely spaced en 
echelon faults have a cumulative displacement of 10 m, east-side down. 
Along Blackwater Creek and the north slope of Juskatla Mountain, 
units have been tilted to vertical over distances of only a few tens of 
metres, suggesting drag on steep fault(s) (P.D. Lewis, pers. comm., 
1988). Preliminary paleomagnetic results (Wynne and Hamilton, 
1989) froni the vicinity of Naden Harbour (Fig. 2) suggest a small 
amount of tilting (less than So) but indicate no consistent orientation. 

Figure 9: South- 
ward view of the 
locally northeast 
dipping Masset 
Formation, Port 
Chanal area, 
Graham Island. 



On Graham Island, there is an apparent spatial relationship be- 
tween the Masset Formation, pre-Masset stratigraphy and rocks of the 
Kano Plutonic suite (Fig. 2). The plutons give U-Pb dates of 26-28 
Ma (Anderson and Reichenbach, 1989), contemporaneous with early 
phases of Masset volcanism. The limits of exposure of the Masset For- 
mation parallel major topographic features such as Naden Harbour to 
the north, lan Lake, and Juskatla Inlet in the central region, and 
dykes near Rennell Sound (Souther, 1988) in the south. 

Whether (or how) these relationships relate to the structural 
history of Graham Island is not clear. One interpretation is that the 
Masset Formation on Graham Island is preserved in a large east-west 
trending, down faulted block similar to that proposed for the preser- 
vation of some of the Mesozoic strata further south (Thompson et al., 
199 1). This has uplifted and exposed the plutons and basement rocks 
along the northern and southern margins and preserved Eocene sed- 
iment~ and older volcanics (White, 1991) in more central areas. 

The west side of this block probably coincides with the Queen 
Charlotte transform fault and the east margin with Masset Sound rather 
than the proposed projection of the Sandspit Fault. 

At Cinola the Spegonia Fault, a normal fault dipping 45" east, 
is thought to be a splay of the Sandspit Fault. The Spegonia Fault trend 
changes from northwest trending to north trending in the vicinity of 

the mine. This northerly trend is parallel to Masset Sound and fault 
trends near Juskatla Mountain. 

There is no evidence to continue the Sandspit Fault northeast from 
Cinola. Many northeasterly trending linear features cut across the 
northerly projection of the fault (Sutherland Brown, 1968: Fig. 26, p. 
148) and no evidence of offset or alteration was seen at the northwest 
end of Ian Lake. However, stratigraphic levels exposed at surface on 
either side of Masset Sound are different. On the west side Early Miocene 
Masset volcanic rocks outcrop; on the east Miocene-Pliocene sedi- 
ments of the Skonun Formation are exposed. 

Drill data also supports an east-side-down fault. Volcanic rocks 
correlated with the Masset Formation have been intersected in drill 
holes east of the sound at depths of 200-2000 m (Masset well and Cape 
Ball well respectively, Fig. 18). The flows appear to be subaerial with 
little intercalated sediments; they are overlain by Skonun Formation 
rocks deposited in a shallow marine to fluvial environment. There- 
fore, the east side of Masset Sound must have subsided during and 
after Masset Formation volcanism. 

Of note for development in areas underlain by Masset Forma- 
tion rocks is the instability of the slopes. The "flaggy" weathering tex- 
ture of the pyroclastic flows leaves them vulnerable to surface fail- 
ure. In addition to numerous surface slips two large landslides have 

Figure 18: Location of off- 
shore and onshore wells and 
inferred original extent of the 
Masset Formation before 
block faulting and erosion. 
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been noted. A two kilometre-long, postglacial landslide deposit on the 
northwest side of Juskatla Mountain (Hickson, 1990a) parallels the 
trace of a steep north-trending fault. The headwall is at 490 m and de- 
bris was carried to the base of Towustansin Hill at 200 m elevation. 
A second landslide north of Masset Inlet (Hickson, 1990b) carried de- 
bris from the top of the ridge at 600 m to the shore of the inlet. 

WHOLE ROCK CHEMISTRY 
Volcanic rock chemistty can be used to recognize distinct pet- 

rogenetic rock suites. These chemical rock suites suggest genetic re- 
lationships with specific tectonic regimes. The tectonic regime may 
dictate the depth of melting, the source material, and petrogenetic pro- 
cesses within the melt and Inay hence affect magmatic composition. 
The stress state of the crust is thought to control the location and size 
of magma chambers, thus influencing the final tnagmatic products. 

Whole rock chemistry can help choose one tectonic regime 
over another. In general "rift" generated magmas are tholeiitic to al- 
kaline; peralkaline magmas are associated with continental riliing. Sub- 
duction zones are characterized by calc-alkaline to tholeiitic magmas 
with rare alkaline rocks. 

Fifty-three samples were analyzed by X-ray fluorescence (XRF) 
methods for major, minor and trace elements. Trace elements were 
analyzed by means of pressed powder pellets on a Phillips Model 1400 
at the Department of Oceanography, University of British Columbia; 
M. Soon, analyst. Major and minor elements were analyzed using glass 
powder discs. The samples were fused with a light absorber (lithium 
tetraborate) then crushed, formed into a pellet and analyzed on a Phillips 
Model 1410 at the Department of Geological Sciences, University of 
British Columbia; S. Horsky, analyst. Table 1 gives results for selected 
samples for which petrographic descriptions are also available (Table 
2). Complete chemical analyses can be found in Hickson (l990b). Sam- 
ple locations are plotted schematically in Figure 2 and by reference 

number on the maps of Hickson (1990a,b; Hickson and Lewis, 1990; 
Lewis and Hickson, 1990). 

All volcanic rocks are subalkaline (Iwine and Baragar, 1971 ; Fig. 
3) save one. The subalkaline chemistry of these rocks is further sup- 
ported by the presence of normative quartz and orthopyroxene (Fig. 
10; Table 1). When plotted on a K20 versus SiOz diagram (Fig. I I) 
the samples extend from the field of low-K tholeiites to high-K rhy- 
olites (Ewart, 1982). This trend crosses that of several established calc- 
alkaline suites; including the Andean, Japanese and Cascade trends 
(Ewart, 1979, 1982). On an AFM diagram (Fig. 12) most of the sam- 
ples fall below the iron enrichment trend typical of tholeiites. How- 
ever, when plotted as FeO*/MgO versus Si02 (Fig. 13) they straddle 
the calc-alkaline tholeiitic boundary (Ewat?, 1982). 

It has been suggested (Hamilton, 1985; Dostal and Hamilton, 1988) 
that the basalts of the Masset Formation have T-MORB characteris- 
tics. However, their sample set includes analyses of rocks fsom localities, 
such as Lawn Hill, which have been specifically excluded from the 
Masset Formation. Of those samples analyzed from Graham Island 
in this study, all are higher in P2OS, Ti02 (Fig. 14), KzO (Fig. 1 l), 
Rb, Ba (Fig. 15) and lower in Ni, V (Fig. 15) than typical T-type MORBs 
(Basaltic Volcanism Study Project, 198 1). Additionally, they do not 
contain normative olivine (Fig. 10). though a few sarnples contain modal 
groundmass olivine with reaction rims (see petrology section). 

A more alkalic to MORB type chemistty has been recognized by 
Souther and Jessop (1991) for dyke swarms on the Queen Charlotte Is- 
lands, and by Timms (1989) for the Tertiary flows and sills at Tow Hill. 
These suites are not spatially associated with the sarnples analyzed 
from Graham Island and Tow Hill is specifically excluded from the Mas- 
set Fonnation. These suites contain groundmass and olivine phenocrysts 
and are olivine to nepheline normative. It is notewotlhy that these se- 
quences (Tow Hill, Lawn Hill and Tar Islets) overlap in age with the 
Masset Fotmation and form a linear band along the eastern margin of 

I Whole Rock Chemical Classification I 

A Basalt Andesite m Dacite X Rhyolite 

0 Basaltic andesi te  o Trachy-andesite Trachy-dacite 

Figure 10: Normative nepheline (ne), olivine (ol), orthopyroxene (opx), clinopyroxenes (cpx) and quartz (qtz) plot of the Masset Formation. Sym- 
bols are based on classification shown in Figure 3. 
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Figure 14: P2O5, Ti02, Na,O v e r s u s  SO2. S y m b o l s  a r e  b a s e d  on c las -  
s i f i c a t i o n  s h o w n  in F i g u r e  3. 

Figure 11 : K 2 0  v e r s u s  SiO,. F i e l d s  a f t e r  E w a r t  (1 9 8 2 ) .  S y m b o l s  a r e  
b a s e d  on c l a s s i f i c a t i o n  s h o w n  in F i g u r e  3. 
Figure 12: A F M  d i a g r a m  o f  w h o l e - r o c k  c h e m i c a l  a n a l y s e s  o f  s a m p l e s  
f r o m  t h e  M a s s e t  F o r m a t i o n .  S y m b o l s  a r e  b a s e d  on c l a s s i f i c a t i o n  
s h o w n  in F i g u r e  3. 
Figure 13: F e O ' I M g O  v e r s u s  Si02. C a l c - a l k a l i n e  v e r s u s  tho le i i te  p l o t  
a f t e r  E w a r t  (1982) .  S y m b o l s  a r e  b a s e d  o n  c l a s s i f i c a t i o n  s h o w n  in 
F i g u r e  3. 
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TABLE 2: S e l e c t e d  p e t r o g r a p h i c  d e s c r i p t i o n s  and p h e n o c r y s t  a s s e m b l a g e  

#' Petrographic Chem An 
classilication classz Qlz K-fsp Plag content3 01 En Hy Aug Bio Hb Other: minor and secondary phases 

Olivine Basalt 
3 CH-87-07-08b BAS 12% 60 8% 

Trachybasalt 
10  CH-87-40-02 BASAND 9% 66 0.5% 0.5% 
29 CH-88-07-02 DAC 13% 70 2% 3% 2% (oP) 

Olivine Tholeiile 
6 CH-88-05-07 BAS 10.5% 12% 12% 
33 CH-88-19-03 DAC 10% 51 2% 1% 7.5% 1 % (91). l % (op) 

Tholeiite 
7 CH-88-02-05 BASAND 28% 40 6% 6% 
23 CH-87-1 1 -05a TAN0 18% 33-46 1.5% 10?h 3.6% (gl). 0.9% (op) 
3 2  CH-88-23-06a DAC 18% 44-23 4.5% 7.5% 

Basaltic Andesite 
4 CH-87-51-17 BAS 8% 70-53 6% 1% 2% (oP). 3% (gt) 
5 CH-88-14-01b BAS 6% 53 3% 6% (cl) 
22  CH-88-10-05 AND 14% 19  1% 1% (cl). 4% (91) 
31 CH-88-22-03a OAC 10% 37 4% 6 %  8% 4% (tm), 2% (gl), 4% (op), 25 (ca) 
36  CH-88-06-08 TDAC 34% 40 2% 4% (op) 

Andesile 
2 CH-88-21-11b BAS NO PHENOCRYSTS 
8 CH-87-40-04a BASAND 0 5% 8.5% 55 
12 CH-87-07-1 2 BASAND 9% 64 
13 CH-87-35-07 BASAND 19% 62 
14 CH-87-53-07 BASAND 24% 43 
22 CH-87-10-03 AND 18% 70 
28 CH-88-22-10 TDAC 26% 46 
39 CH-88-12-02 RHY 16% 29 
51 CH-88-20-01b RHY 14% 33 

Dacite 
9 CH-87-52-05b BASANO 15% 3 0  
49 CH-88-28-09 RHY 20% 21 

Rhyodacite 
3 0  CH-88-16-04b DAC 10.5% 40 
34 CH-87-57-18 TDAC 9% 21% 33 
44 CH-87-47-17a RHY 2% 2.5% 22 
47 CH-88-30-07a RHY 10% 
48 CH-87-46-23b RHY 3.5% 1% 14 

Rhyolite 
25 CH-87-46-10a TAND NO PHENOCRYSTS 
38  CH-87-45-07 RHY 19.5% 31 1.5% 

Minerals listed are all those that could be determined optically Ou-quarlz, K-fsp=K-feldspar; Plag=pla- 
gioclase: Ol=olivine; En=enstat~te, Hy=hypersthene; Aug=augite; Bio=biotite; Hb=hornblende; op=opaques; 
gl=glass; cl-chlorite; tm=tourrnaline; ca=calc~te 

' Numbers in this column refer to Table 1 and H~ckson (1990b), where the complete chemical analyses can be lound. 
BAS = basalt, BASAND = basalt~c andes~te. AND = andesite, TAND = trachy-andesite. TOAC = trachy-dacite, DAC = dacite, 
RHY = rhyolite, see Figure 3 for cornpos~t~onal boundaries. 
An content determined by optical means. Petrography was completed by S. Higman. Percentages (%) given are fractions 
of total modal composit~on. 

2% (gl), 2% (op). 4% (qutcl) 
2% (gl). 1% (op). 1% (cl) 

0.25% (op). 0.5% (cl) 

7.5% (qutchl). 1.5% (gl) 



50 55 60 65 70 75 
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I Whole Rock Chemical Classification 1 

SiO2 (wt.  %) 

A Basalt @ Andesite a Dacite X Rhyolite 

0 Basaltic andes i te  3 Trachy-andesite Trachy-dacite 

Figure 15: Rb, Ba, Ni, V versus SiO*. Symbols are based on classification shown in Figure 3. 

the islands (western side of Hccate Strait). The alkalic basaltic rocks de- 
scrilxd by Wotxls\\~orth ( 199 l ) fosm a linear trend along the eastcm side 
ot'Hcc;~tc Strait. I t  is suggehtcd that these more "~llkalic" rocks nlay be 
tapping a deeper magma source or havc shorter cnistal residence times 
than that associated with thc Massct Forination on Graham Islarld. 
This source may be related to deep normal faults associated with the de- 
velopment of the Queen Charlotte Basin and Hecatc Strait. 

AI about 42  Ma Pacific Plate motion with respect to North 
Anicrica changed from doruilia~itly convergent to transform (Engc- 
brctson et ;11., 1986). During convergent niotion a \ubduction zone must 
have esisted somewhcrc along the wcsterri margin of the Queen 
Charlotte Islands. This would have resulted in calc-alkaline. arc type. 
volcanism. After the change in plate motion, volcanism may have be- 
come more alkalic in affinity. This, howcvcr, does not seem to be re- 
flected in the whole rock chemistry of thc bulk of the Mnsset Fomiation. 
Instead, both cnlc-l~lkaline and alkalic volcanisnl appear to havc oc- 
curred simultaneclusly. but spatially separated. and climaxed some ten 
million years after the change in plate motion. 

cm) ancl plagioclasc mcgacrysts (up to 3 cm) wcre found (Hickson. 
1989). Pyroxenitc nodules and pyrosenc megocrysts occur in flows 
and brcccias exposed along the coast between Whitc and Kennecott 
points. Other mafic flows are dominated by plagioclase phenocrysts; 
pyroxene occurs infrequently and olivine is rare, everywhere occur- 
ring with a reaction rim. 

Aside from mcgncrysts ancl nodules. mafic and fclsic flows of 
the Massct Formation conti~in a lirnitetl variety of'phcnocrysts, all 3 
mm or less in diameter. Thcy are unlike rnost cale-alkaline felsic flows 
which generally contain varied, large (0.5- 1 cm) phenocrysts (Ewsrt, 
1979, 1982). In the felsic rock of the Masset, plagioclase is the only 
phenocryst phase that is consistently present: quartz, pyroxene, K- 
feldspar and opaques arc rarc (Table 2). Pyroxcne phenocrysts. found 
in a small pcrccntagc of rocks classified in the field as both felsic and 
mafic. ilrc characteristic of rocks whose silica content stn~ddlcs the 
andesite-dacite compositional boundary (Fig. 2). Biotite was found 
in two samples and hornblende phenocrysts wcre not seen. 

Pctrologically volcanic rocks of the Masset Formation are typi- 
PETROGRAPHY cul neither of arc volcmics nor of rocks which have undergone any amount 

Some mafic flows along the west coast contain curnulate (man- of hactionation. Their nphyric character may reflect eutectic melts with 
tle-derived'?) notlules. Near Tian Head. anortliositc nodulcs (up to 8 low (<5%) water content but it should be notcd that the presence of arc 



related i~phyric tholeiitic rocks worldwide h;~s Ixun undcrcstimated (Ewart, 
1982: C. Wood, pers. comm., 19x9). This aplxars to be because research 
has focused on the phenocryst-lich stratovolcanocs in the arcs. The com- 
plete answer to the oriyin of the Milsset volcanics is the focus of on- 
going tlctailed chemical stutlies. 

AGE RELATIONSHIPS AND DISTRIBUTION 

Pre-Masset volcanics 

Solne volciinics on Graharn Island mnpped as Masset by Sutherland 
Brown ( 1968) arc now thought to be part of an older suite. The cvitlencc 
outlinetl below suggests that parts of Graharn lsla~ld arc untlerlain by 
an extensive Late Cretaceous-early Tertiary volcanic assemblage that 
has been largely unrecognized until now. This assemblage is excluded 
on lithological and geochronological grounds k o ~ n  the Masset Forma- 
tion iis uscd in this paper. The li~liology of rocks of the Massct Forma- 
lion as studied on Graham lsland make thcrn distinguishable in the field 
From Palcogenc and older volcanic rocks. Thc lack of large fcldspar and 
hornblende phenocrysts in felsic lav;is and the absence of olivinc phe- 
nocrysts (and no~mativc olivine) in rnafic lavas ;ire distinctive cli;~r;~c- 
tcristics. K-Ar dating confirms that lithologically distinct rocks iur. in 
gencral, oldcr than rhc Massct Formation. 

Masset Formation 
Thirty-two K-Ar ;IFS are available from rocks assigned to the Mas- 

set Formation (Table 3; Fig. 16). A histogram (Fig. 17) showing the 

Mlocene-LOllgoceneJ- Eocene Paleocene 

0 Masset Formation 

m Tertlar volcanic rocks chemically, petrologically and/ 
or spafially separate from the Masset Formation 

3 number of analyses 

sprcatl of agcs, suggests that eruption ofthe Massct Formation was rc- 
strictcd in time. and cli~nascd during a five million year period bctwec~i 
20 and 75 Ma. Palynological agcs for iritcrcalatcd scdirneritary rocks 
(Table 4)  arc not conclubive. but illso suggcst Ncogcnc volcanisrn. 

1)atcs from BAd Moulitain (64 M:I. # E .  Table 3) 2nd Cape Knox 
(46 Ma. #I ,  Table 3) arc oldcr than ~nost d;ucs for the Masset Forma- 
tion on Glaham Island. The strata were previously correlated with the 
Masset For~nation (Sutherlantl Brown. 1968: Young. 1981) but litho- 
logically these rocks arc unlike Masset rocks. They arc strongly por- 
phyritic. with feldspar, biotite and minor hornblende phenocrysts. 
Thcy may represent oldcr (Cret;~ccous. Eoccnc-Oligoccne'!) volcanic 
cpisotlcs correlative with volcanis~n reprcsetitcd by samples from 
wells in Queen Charlotte Sound. 

Sutherland Brown (1968) indicated outcrops of Masset Formation 
north ol' White Point. These rochs, esa~niriccl in IYSS, are lithologically 
unlike Mnsset rocks tiulher so~lth. At Flcurieu Point and Sialun Bay dykes 
and sills contnin hornblende phenocrysts. \vliercas Ncwcombe Hill is 
a high-level plutonic hotly (Fig. 9 )  (Lcwis and Hickson, 1990). Field 
cvitlence suggests a much decpcr erosion level north of Pivot Moun- 
tain. Erosion has stripped any rocks of the Masset Formation that may 
havc existed. exposing plutonic rocks and oldcr stratigl-aphic sc- 
qucnces. - 

tunher evitlence that the northern part of Graham lsland is un- 
derlain by subaerial, pre-Masset flows is a fcltlspar-biotite-phyric flow 
on Lucy Island (between Lnngara and Graham islands). This flow is 
overlain by finely larninntecl siltstonc ofthc Honlia(?) Formation and 
lithologically rcsernbles that at Cape Knox whcre o 45.7 f 3 Ma K-Ar 
date (Young. 1981; rccnlculated with ncw constant) was obtained 
from a rhyolitc ash flo\v tuft'. On Lanpara Island felclsparpliyric mafic 
and f'clsic flows are interbedded with the Haida Formation. R.G. 
Anderson (pcrs. colnm.. 1988) noted that thcsc volcanics arc cut by the 
Langnra lsland pluton which gives a 27 Mn LJ-Pb date (Anderson and 
Rcichcnbach. 1989). 

Farthcr south, in the vicinity of Renncll Sound. volcanics previ- 
ously mapwd as Mawt  (Sutherland Brown, 1968) were found to be hom- 

Figure 16: Location map of onshore K-Ar dates (for analytical details 
and references s e e  Table 3). 

Figure 17: Histogram showing the distribution of dates from the Mas- 
set Formation and older volcanic units. Dates used are those given in 
Table 3 excluding the c5 Ma date from Tow Hill and the duplicate dates 
from Lawn Hill (#24 and 25 in Table 3). Included are 5 dates listed in 
Figure 18 from wells in Queen Charlotte Sound. 



TABLE 3: Compilation of K-Ar dates for the Masset Formation and other Tertiary volcanic units 

NO.' Rock type ~~e~ Lat. Long. sample n3 Data 
(Ma ? 10) source 

1 *felsic ash flow 45.7 * 3 54'10.17' 132' 58.0' GS-49-66 b 
2 basalt 19.0 f 0.7 F~4~06.5' 132-22.1' TMV33 d 
3 basalt 24.4 f 1.3 54O09.33' 132-39.0' GS-51-66 b 
4 basalt 29.4 t 2 54O04.17' 132 14.25' GS-54-66 b 
5 basalt 12+3 54O03.53' 132'14.33' SD-256-N63 b 
6 *ol. basalt 36.1 i 2  54O04.4' 131°47.7' GS-29-66 b 
7 '01. basalt <5 54O04.73' 131°47.65' SD-546-M63 b 
8 basalt 23.0 + 0.8 53O56.1' 132O42.1' BV1203 d 
9 basalt 23.6 i 0.8 53O56.1' 132O42.1' BV13684 d 
10 basalt 21.854 53O42.08' 132O59.17' GS-39-66 b 
11 rhyolite 22.3 i 0.8 53' 44.6' 132"30.8' 3001495 d 
12 dacite 18.9 i 0.7 53"43.13 132O30.9' 19311 81 5 d 
13 basalt 24.4 k 0.8 53O42.6' 132O29.7' l371410 d 
14 rhyolite 13.1 i 0 . 7  53O38.6' 132O41.8' l631225 d 
15 basalt 26.4 + 0.9 53O38.3' 132O41.2' l611790 d 
16 rhyolite 11.0i0.7 53O34.8' 1 32O46.0' 7012130 d 
17 andesite 24.5 + 0.8 53O30.6' 132O20.0' MR 9 C 
18 felsic ash flow 24.3 f 0.8 53O30.6' 132O20.0' MR 2 C 
19 felsic ash flow 2 1 f 2  53O31.68' 132O21.2' SD-544-N63 b 
20 dacite 23.9 ? 0.8 53'32.8' 132'17.6' 34211 020 d 
21 basalt 20.0 f 0.7 53O26.6' 132'43.3' 18144 d 
22 bio.fdspr.porp. 64 k 3  53'24.2' 132O23.1' AK 378 a 
23 *basalt 20.4 ? 0.7 53O24.6' 131 "55.0' TMV61.5 d 
24 *basalt 20.3 f 0.7 53O24.6' 131 "55.5' MR 8 C 
25 '01. basalt 36 f 3  53O25.1' 131°54.8' SD-278-N63 b 
26 *andesite 1 7 t 1  53O06.8' 131 "38.23' SD-250-N63 b 
27 'rhyolite 23.2 t 0.8 52O49.6' 132"12.1' 381231 0 d 
28 *basalt 28.9 t 1 . l  52' 48.3' 132"09.7' TMV21 d 
29 *basalt 21 i 1  52"41.4' 131°23.27' SD-252-N63 b 
30 'basalt 28?1 52'40.4' 131 "24.75' SD-253-N63 b 
31 *basalt 41.1 i 1 . 4  52O33.0' 131 "21.4' TMVlO d 
32 'basalt 35.9 ? 1.4 52"33.2' 131 "21 .O' TMV5O d 

1. Number refers to plotted locations on Figure 16. 
2. Refer to original source for details of analyses; dates have been recalculated using new constants, where applicable (R.L. 

Armstrong, pers, comm.). 
3. Original sample number quoted by source. 
4. Source of dates: 

a: Mathews, 1964; 
b: Young, 1981; unpublished data from Shell Development Corp. (Houston, Texas) and Pan-America Petroleum Corporation; 
c: Young, 1981; run at Geochron Laboratory, University of British Columbia; 
d: U.B.C. Geochron File. Samples collected by T. Hamilton and dated by J. Harakal under contract to the G.S.C.; 

*: Samples prefaced with a '*' are excluded from the Masset Formation on chemical, petrological andlor spatial grounds. 

TABLE 4: Palynological for samples from the Masset Formation 

Sample # Lat. Long. Probable age GSC Loc. # 

CH-87-61 -01c 53043'11M 132"36'38" Eocene-Pliocene C-1 58301 
CH-87-61 -01a 53O43'11" 132O36'38" L. Miocene-E. Pliocene C-1 58302 
CH-87-23-1 1e 53O33'18" 132O22'29" L. Miocene-E. Pliocene C-l58303 
CH-87-25-15c 53"33'2OV 132022'22" Eocene-Pliocene C-1 58304 
CH-87-27-1 1 b 53"34'50n 132"23'37" undeterminable C-1 58305 
CH-87-28-09e 53"32'30n 132O26'44" pre-Quaternary C-1 58306 
CH-87-33-02a 53'35'02" 132"44'18" undeterminable C-1 58308 
CH-87-33-02b 53'35'02" 132O44'18" pre-Quaternary C-l58307 
CH-87-02-1 8a 53'38'1 9" 132°21'31" undeterminable C-1 5831 0 
CH-87-02-1 8c 53'38'1 9" 132"21'31" undeterminable C-1 58309 
CH-88-02-08b 513~58'02" 133O06'45" undeterminable C-158317 
CH-88-30-09a 53'53'31" 132O26'44" undeterminable C-158315 
CH-88-30-09b 53'35'31" 132O26'44" undeterminable C-158316 
CH-88-03-04c 53'57'65" 133O06'46" undeterminable C-158314 
CH-88-22-01c 53'26'48" 132O41'57" Cenozoic C-1 58313 

Data from GSC Paleontology Reports JMW-89-5 and JMW-88-1, J. White pers. comm. (1988, 1989). 



blende-biotite-quartzpl~yric rocks which are not in stri~tigraphic conti- 
nuity with Masset rocks. Nearby, on Bald Mountain, a lithologically sim- 
ilar biotite-feldspar porphyritic intrusive body (64 k 3 Ma K-As date: 
recalculated with new constants) was dated by Mothews ( 1  964). A few 
kilornch-es north of Bald Mountain. is a southeasterly-mending ridge cappctl 
by a pebble-cobblc conglomerate unit lithologically similar to the 
Upper Cretaceous Honna Formation (Indrelid et al.. 199 1 : Lcwis ct al.. 
1990). This conglomcrate contains plutonic clasts resembling the Bald 
Mountain intrusion and volcanic clasts resembling rocks seen closer to 
Rennell Sound. The evidence. though circumstantial, suggests that the 
rocks in Rennell Sound represent an older (Lale Cretaceous-Pale- 
ocene?) phase of volcanism. 

In the vicinity of Long Inlet mafic (basaltic andesite) flows intertinger 
with conglonieraitcs of the Honna Fomiation as described by Haggai-t 
et al. ( l  989). These tlows are unconfomiably o\lerlain by Fresh\~ater shale 
of Eoccnc age. In the Po~ t  Louis well a thick sedimentary package has 
been dated as Eocene (White. I991 ). The scdiments overlie n volcanic 
unit that may be correlative with the Long Inlet volcanics. 

In the area ncar Cinola, tlistinctivc quartz-eye porphyry tlykcs 
cut rocks of the Yakoun and Haida formations. Detailed mapping has 
revealed a qu;mzphyric tlow within fine p i n e d  shales of the shale mcm- 
ber of the Haida Forniation (S. Deighton. pers. comm.. 1988). Isolated 
exposures of hornblendephyric rocks were found in an area mapped as 
Yakoun Formation by Sutherland Brown (1968) south of the proposed 
mine site (M.A. Hepp. pers. comni.. 1988). 

K-Ar dates on older volcanic rocks from borcholcs in Hecate 
Strait are of dub io~~s  analytical quality (Young. 1981). Howcver. the 
youngest date from the Hecate Strait wells (Sockeye; Fig. 16) is 72 Ma 
(Young, 198 l), suggesting that these volcanics are older than the Mas- 
set. Detailed petrological work by Leslic (1989) suggest that all the rc- 
ported volcanic rocks arc reworked volcaniclastic sandstones and con- 
glomerates. The Jurassic Yakoun Formation was suggested by Lcslie 
(1 989) as a possible source for much of the volcanic detritus. 

The evidence from the Hecate Strait and Port Louis wells and on- 
land exposures inlplies that porphyritic mafic and felsic rocks represent 
volcanic activity prior to the Massct eruptions. This corrc)boratcs field 
evidence that the Massct Formation may be more areally and temporally 
restricted than previously thought (Fig. 18). There is no compelling cv- 
idence to suggest that Masset flows formed n continuous sheet south of 
Grahani Island. Based on work to the south, Souther (1988) noted that 
there is an increase in dykc density around xens of "Massct" outcrop; 
he suggested that the present distribution of volcanic rocks may corrc- 
spond closely to an original accumulation around localized centres. 

Dating and mapping suggest that over time there have been many 
phases of Tertiary volcanism on the Queen Charlotte Islands. The late 
Eocene-Oligocene pulse may be related to change in plate motions 
around 42 Ma (Engebretson et al., 1986). However, the chemistry and 
weal distribution of these older units awd how they differ from Masset 
volcanism (as defined in this paper) on Gntharn Island must await fur- 
ther study. 

DISCUSSION 
The Masset Formation is interpreted as a product of orogenic vol- 

canism during Late Oligocene to Early Pliocene time. Assuming the Kula- 
Farallon triple junction was north of the Queen Charlotte Islands during 
the Miocene. oblique subduction would have triggered magma produc- 
tion in a region of thinned crust and high heat flow as the triple junction 
migrated southward to its present position. The eruptive episode climaxed 
20-25 Ma ago with voluminous outpourirlgs of a range of magnia types. 

It is noteworthy that the Masset Formation is chemically, petro- 
logically and morphologically similar to Miocene volcanics in the Cas- 
cade mountains of Washington (D.A. Swanson, pers. comm.. 1989; 

Schultz. 1988). Swanson and Schultz have inte~preted the Cascadc 
volcanics to be the product of suhduction off the west coast. Souther and 
Yoratli (in press) havc supgcstctl that the Masset volcanics may bc 
part of the "Pembe~ton m" system based on the coeval ages of volcanics 
and plutons in tlic Pcmbcnon belt (35-16 Ma). 

Other postulated origins for the Masset volcainics include 
ritiing (Yorath and Hyndnimi, 1983), possibly initinted by a mantle hotspot 
(Yorath ancl Chase, 198 I ): an "edgc effect" of the subducted margin of 
the Faurallon plate (Stacey, 1974). and wrench tectonics along the Sand- 
spit and Renncll-Louscoone fault systems (Young. 198 I). 

The Masset Formation appears to havc had little effect on the re- 
gional thcnnal ma~uration of the country rocks, possibly reflecting the 
apparent lack of high level magma chambers and the short duration of 
eruptive activity. In addition, volcanism was marginal to the sctlimen- 
tary basin, afkcting only loc:ilized areas. The easterly thinning and in- 
terfingering of Masset flows with sediments of the Skonun Formation 
is rclc\~ant to oflbliore drilling in Hecate Strait. Wells there. intersect clas- 
tic rwks derived finm a volcanic event olclcr than the Masset and, at depth 
may intcrscct flows tiom an event that may be as old as Jurassic. 

Volcanic rocks have not prc\~iously been noted in outcrops of the 
Albian and Late Cretaceous Queen Charlotte Group. although volcanics 
have been intersected in drill holes (Young. 1981). Previously. vol- 
canic rocks were assigned to either the Masset Formation. Yakoun 
Group or Kamutsen Formation. but the occurrences near Langara Island. 
Rennell Sound. Cinola and Long Inlet cannot be correlated with any of 
the above units. Volcanic rocks that arc post-Yakoun Group and pre-Mas- 
set Formation (as used in this paper) should be considered sepasately. ci- 
ther as distinct formations or as members of existing formations. 
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APPENDIX: XRF ANALYSES LIMITATIONS 
AND ERRORS 

Chemical analysis by X-ray fluorescence has become routine in 
laboratories around the world. However. as with any analytical tool 
there are limitations to the method. As greater emphasis is placed on 
detailed pctrogenesis and cornparison ol'rock suites on regional and 
global scalcs, more concern must be placed on the accuracy and rc- 
producibility of the analytical results. 

Error analysis is n time consuming process that must take into 
account many factors. The counting error is the single most crucial 
source of error. It depends only on the total accutnulated counts, but 
represents the maximum possible precision that can be obtained. In- 
creasing counting time will increase the total counts (thereby rcduc- 
ing tlie detection limit) but must be billancod with other sources of error 
such as device or instrumental error, opcralionill errors, spccimen prepa- 
ration errors and other miscellaneous errors. many of which are not 
completely quantifiable. 

For analytical results that are greater than three times the detection 
limit. the errors are relatively low (less than I %  of the value). A t  these 
concentrations. b~ctors >uch as the calibration and reproducibility of an- 
alytical results beconle important but are difficult to assess. Counts for 
major elements are generally very high, thus the errors are small. Because 
of this. the focus of this s~udy has been on the minor and trace elements 
which may have low total counts and therefore be subject to large errors. 

The accuracy of the result. i.e., how well i t  compares to results 
achievetl in other labs, was checked by running external laborato~y stan- 
dards :IS unknowns and excluding them from the calibration. The re- 
sults (Table A I )  include runs completed in three different years using 
the same instrument. analytical techniques and machine conditions (i.e. 
count times. and peak and background positions). 



The precision of the analytical value 141as assesscd by running a carefully weighed. These errors can become significant whcri thc user 
homo_gcnizcd, internal laboratory standard multiplc times. Thc purpose compares this data set to that of another laboratory for purposcs such 
of this csercisc was to try to evaluate differences that might exist be- as producing tectonic discriminant diagrams or goes about detailed pet- 
twccn the three sets of data and how accurate the results arc. The rogenctic c;llculations. When the esrors \vithin and between the d;ita sets 
work also points out the problc~n in reproducibility of analytical val- arc taken into account the rcsults may not be valid. Results are shown 
ircs. The errors, though not neccssarily 1;lrgc in thcmsclves. should be in Tahlc A2. 

TABLE A1 : Standard data: comparisons 

Name Element Stand. cornp.' Det. Cornp. Diff. Det. cornp. Diff. Det. cornp. Diff. 
 ate^ 1987 02-89 - 03-89 - 

AGV-1 Ba 1200. 1151. 149 1229 9 t30 1296.4 t96 
CO 16. 20. t 4  12.1 -4 16.8 +l  
Cr 10. -25. -15 8.6 -1 9.7 0 
Cu 59. 65. t 6  87.1 t28  86.8 t27  
Mn ?7? 825. 806.4 838.7 
N b 16? 14. t2? 13.5 -3? 15.7 O? 
N I  15. 12. t 3  10.6 -4 16.0 +l  
P b 33. 44. + l  1 37. t 4  40.7 -8 
Rb 67. 66. + l  68.6 t 2  70.0 t 3  
Sr 660. 711. t51 666.8 t 7  673.0 t 13  
V 125. 124. + l  123.8 -1 132.0 t 7  
Y 19. 22. t 3  17.0 -2 18.6 0 
Zn 86. 89. t 3  80.6 -5 89.9 t 4  
Zr 230. 243. t 13  239.3 t 9  243.1 + l 3  

GSP-I Ba 1300. 1300. 0 1315.5 + l5  1368.7 t69 
CO 8. 9. t 1 1 .O -7 4.3 -4 
Cr 12. -14. -2 7.7 -4 9.5 -3 
Cu 33. 31. t 2  46.0 + l 3  45.6 t13  
Mn ??? 327. 286.7 290.3 
N b 23? 23. 23? 21.8 - l?  22 5 - l ?  
Ni 9. 10. +l 16.2 t 7  16 3 17 
Pb 54. 52. -2 55.0 +l 56 3 t 2  
R b 250. 257. t 7  255 7 t 6  251 7 12 
Sr 240. 245. t 5  243 6 t 4  240 1 0 
V 54. 69. t15 52 3 -2 55 1 t1  
Y 29. 27. t 2  31 4 t 2  30 2 +l  
Zn 105 107. t 2  112.2 t 7  106 3 t1  
Zr 500. 502. t 2  481.3 -19 494 3 -6 

GA Ba 850. 892. t42 880.7 131 897.5 t47 
CO 5. 8. t 3  6.7 t 2  9.1 t 4  
Cr 12 1.  t l l  9 0 -3 8.3 -4 
Cu 16 21. c5 29.3 + l 3  33.1 c17 
M n 777 823. 769.0 777.0 
N b 1 O? 14. c4 11.5 + l7  13 1 t3? 
Ni 7. 4. -3 3 0 -4 6.7 0 
P b 30. 34. t 4  31 0 +l 33.2 t 3  
R b 175. 169. t 6  173 3 -2 174.3 -1 
Sr 310. 315. t 5  306.1 -4 304.2 -6 
V 38. 33. t 5  36.1 -2 39.7 t 2  
Y 21. 21. 0 20.5 -1 21.6 +l  
Zn 80 71. t 9  71.6 -8 71.4 -8 
Zr 150. 153. t 3  145.1 -5 147.2 -3 

SY-2 Ba 460. 498. t38  462.7 t 3  463.0 t 3  
CO 11. 6. t 5  7.8 -3 4.6 -5 
Cr 12. 2. + l0  3.5 -9 3.2 -9 
Cu 5. 2. t 3  22.3 + l7  15.7 + l6  
Mn ??? 2619. 2639.0 2533.5 
Nb 23.? 26. +3? 11.2 -1 2? 11.2 -1 2? 
Ni 10. 23. + l 3  69.5 t59  68.9 t59 
Pb 80. 39. t41 76.7 -3 79.4 -1 
Rb 220. 233. + l 3  182.9 -38 176.4 -44 
Sr 275. 297. t22  262.3 -13 256.2 -19 
V 52. -1. t51 61.2 t 9  61 .O t 9  
Y 130. 137. +7 172.5 t42 177.0 t47  
Zn 250. 278. t28  269.5 + l 9  263.2 + l 3  
Zr 280. 275. t 5  269.2 -1 1 272.1 -8 

G-2 Ba 1900. 2003.3 +l 03 2092.6 +l93 
CO 5. 2.2 -3 -0 4 -5 
Cr 8. 4.6 -3 3 9 -4 
Cu 10. 31.4 t21 27.1 t17 
Mn ??? 247.4 267.7 
N b 13.? 11.3 -27 13.4 O? 
N I  3. -3.4 -6 -1.4 -4 
Pb 30. 33.2 t 3  33.4 t 3  
Rb 170. 173.8 t 4  171 7 t 2  
Sr 480. 498.6 + l9  489.2 t 9  
V 36 42.8 t 7  50.1 +l4 
Y 11. 8.9 -2 8 3 -3 
Zn 84. 91 .O t 7  91.9 t 8  
Zr 300. 308.9 t 9  315.5 + l5  

' All analyses in ppm 
Year or rnonth-year analyses were completed 
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Neogene to Recent volcanism along the east side 
of Hecate Strait, British Columbia 

Woodsworth. G.J., Ncogene to Rccent volcanism along thc ~ 1 s t  side o f  Hecntc Strait. British Columbia: / / I  Evolution and Hydro- 
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INTRODUCTION 
Most islands east of Hecate Strait are underlain entirely by Cret- 

aceous and older plutonic and metamorphic rocks of the Coast Plu- 
tonic Complex. However, Neogene to Recent volcanic rocks are ex- 
posed in several small areas (Fig. I). 

The best studied of these volcanics are those in the western 
part of the Anahim Volcanic Belt, exposed near Bella Bella. There, 
a bimodal suite of alkaline to peralkaline eruptive rocks and dyke swarms 
comprises the Bella Bella Formation. Most dykes appear to form a 
conjugate set with 345" and 020' trends and may have been controlled 
by older structures (Souther, 1986). K-Ar dates from the Bella Bella 
Formation and cogenetic King Island syenite and soda granite range 
from 12.5 to 14.5 Ma. The peralkaline chemistry of the Anahim Vol- 
canic Belt. the general east-west trend, and the systematic eastward 
decrease in age of initial volcanism suggests that the belt may reflect 
the westward movement of North America relative to a mantle hot spot 
(Bevier et al., 1979; Souther, 1986). 

The other volcanic rocks collectively consist of a northwest-trend- 
ing series of Olipocene-Miocene and postglacial basalt and andesite 
centres. The two main postglacial volcanic centres are at Kitasu Hill 
and Lake Island (Fig. 1 ). Smaller exposures of probable Pleistocene 
to Recent volcanics are present on Price and Lady Douglas islands. 
Most of these rocks are strongly alkaline olivine basalt flows and py- 
roclastic cones that were included in the Lake Island Formation by 
Dolmage (1922). Brief descriptions of Kitasu Hill and Lake Island were 
given by Baer ( 1973) and Souther ( 1966, in press). Two chemical anal- 
yses, one each from Kitasu and Lake Island. were given by Erdman 
(1985) and confirm the strongly alkaline nature of the rocks. 

The older, northern volcanic centres are the subject of the pre- 
sent paper. These consist of remnants of basalt along the west side of 
Aristazabal Island northwest of Bella Bella and along Kitkatla Inlet 
south of Prince Rupel-I, and poorly exposed but substantial areas of 
southeastern Hecate Strait (Fig. I). These rocks were noted by Souther 
( 1966), Roddick ( 1970) and Baer ( 1973) during reconnaissance map- 
ping. A chemical analysis of one of Souther's samples from Aristazabal 
Island was given by Erdman (1985). The present study was undertaken 
to examine these rocks, obtain petrographic, chemical, and isotopic 
data, compare the rocks with the Miocene Masset Formation on 
Queen Charlotte Islands, and discuss their bearing on the evolution 
of the Queen Charlotte Basin. 

FIELD ASPECTS 

Aristazabal Island 

Volcanic rocks are exposed in a 5 km by I km area southwest 
of Kettle Inlet on the west side of Aristazabal Island. The volcanics 
form rocky spines and islets, many of which have a pronounced 
northwest to north-northwest elongation (Fig. 2). No Tertiary volcanics 
were found on Aristazabal Island itself. The small area mapped as such 
by Baer ( 1973) about 1 .S km southeast of Trenaman Island is underlain 
instead by greenschist to amphibolite facies volcanics and plutonic 
rocks that are probably pre-Tertiary in age. 

The volcanic rocks are entirely black, fresh basalt flows with few 
vesicles. No ultramafic nodules were found here, or in any of the vol- 
canic rocks east of Hecate Strait. Each islet consists of one or two flows. 
Most islets show well developed columnar jointing that appears to ex- 
tend the full height of the outcrops. Columns plunge 60-70' no~lheast. 
This plunge is uniform over the entire area of exposure, suggesting 
that the volcanics are flows rather than necks and have been tilted about 
20-30" to the southwest during subsidence of the Queen Charlotte Basin, 
if the columns were originally vertical. 

The base of the volcanics is exposed on an islet at the mouth of 
Kettle Inlet. A poorly consolidated conglomerate about I0 m thick con- 
taining cobbles and boulders of granitoid material in a vesicular 
basaltic matrix lies unconfonnably on granitoid rocks of the Coast Plu- 
tonic Complex. The conglomerate is overlain by columnar-jointed basalt 
flows. Both the basement surface and the flows dip about 20-30" to 
the southwest. The number of flows and total preserved thickness of 
the pile is uncertain but the minimum thickness on the largest of the 
islets exceeds 30 m. Assuming a 20' dip and no repetition by fault- 
ing, the total structural thickness exposed in the area probably does 
not exceed 250 m. 

Kitkatla Inlet 

Tertiary volcanic rocks in the Kitkatla Inlet ,uea underlie two areas, 
one centred on the Ness Islands and the other on Serpentine Inlet about 
I 1 km to the northwest Fig. 3). These rocks were originally mapped 
and briefly described by Roddick (1970). who suggested they were 
Late Miocene('?) in age. 

The Ness Islands area is the better exposed of the two volcanic 
centres. The islands and surrounding rocks are underlain by brown- 
weathering, black to dark green-grey basalt flows. Most outcrops show 
well developed columnar jointing. Bedding, where present, and col- 

- Volcanic rocks 
Approximate eastern limit - of volcanics 
Dated or chemically 

O g  analyzed sample 

Figure 2: Distribution of Oligocene-Miocene volcanic rocks exposed 
along west coast of Aristazabal Island, with locations of samples an- 
alyzed during this study. 
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umn attitudes suggest that the flo\v.; d ip about 20-30" southwest to There arc lew exposures o f  the volcanic rocks in the Serpentine 
southeast. On  the cast side o f thc  main island. two flows are cxposcd. Inlct area. thus tlie ar-cal extent o f  the volcanics t'artlier northwest is 
These are separated by highly arnygdaloidal ;~ncl scorjaceous basalt. unknown. but i t  is not likely to be great. The thickness o f  the unit is 
On  the northcast side o f  the rnain island. :in isol;rtctl outcrop o f  ag- unknown but is probably less than 200 m. 
glorncratc is exposetl. This rock contains rounded pebble- and cob- 
ble-sizetl clasts o f  amygdaloidal basalt in a basaltic matrix. Total ex- 
posed thickness o f  the Ness Islands volcnnics is cstiniated to exceed 
50-100 m. A small patch of fresh, vesicular basalt is exposed on the 
shore o f  Porcher Island northeast of Ness lslnntls (A.J. Raer. unpub. 
field notes, 1963). Hand specimens o f  basalt from the Ness Islands 

The volcanic rocks arc dark brown-weathering. fresh, black 
olivine basalt flows. Columnarjointing is generally present. Vesicles 
and arnygdulcs are less abundant than on Ness Islands. Vesicle sheets. 
pipe vesicles. and column attitudcs suggest that intial dips are gen- 
tle to moderate to the south or southeast. 

area contain conspicuous olivine and pyroxenc phenocrysts. Arnyg- On  the shoreline o f  Porcher Isl;und abo~lt 1 km east of the entrancc 
dules o f  calcite and zeolites (chab:izitc?) foml  up to 10%. o f  the rock. to Scl-pcntinc Inlct, the tlows :ire underlain by a poorly consolidated 

App rox ima te  l im i t  of vo l can i c  r o c k s  . D a t e d  o r  c h e m i c a l l y  a n a l y z e d  
s a m p l e  ( t h i s  s tudy )  

Figure 3: Kitkatla Inlet volcanic centres, showing sample locations and trends of basalt dykes. 
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pyroclastic deposit. Most clasts are round but some are ;ingul:ir. 
Clasts average about 10-30 cln in diameter: the Inrgcst is about 2 m 
across. Although most clasts are olivine b;isiilt, a few arc vesiculilr, 
white in colour. contain conspicuous quartz eyes. ancl are probably 
rhyolites. These are the only known felsic to intermediate volcanics 
in the Kitkatla Inlet area. The pyroclastic deposit is cut by two north- 
east-striking olivine basalt dykes: the relation ol'the dykes to the over- 
lying basalt flow5 is obscured by overburden. 

Steele Rock 
This isolated islet about 18 km southwest of Aristazabal lsland 

(Figs. 1,2) is composed entirely of fresh, black andesite that appears 
to represent a singlc flow or sill. Strong shecting and poorly dcvcl- 
oped colurnns arc the only structures seen: these suggest that the vol- 
canic~ dip moderately to the south. Mason Rock, 2.5 km cast of' 
Steele Rock. was not examined during the present study but was de- 
scribed as consisting entirely of dark greenish-black basalt with 
strong primary shcetin~ dipping about 40" south (J.G. Southcr, unpub. 
field notes, 1063). 

PETROGRAPHY 
Almost all the samples from Aristazabal Island and Kitkatla Inlet 

are fairly fresh, po~phyritic, olivine basalt. Phcnocrysts of olivine. pla- 
gioclasc, and clinopyroxene constitute about 1-35% of the rock vol- 
ume. In most samples, olivine forms up to 7% of the rock as phenocrysts 
up to 4 mm in diameter. 'These are con~monly glomeroporphyritic and 
slightly to entirely replaced by iddingsite and other ~ilteration prod- 
ucts. Plagioclase phenocrysts, some with partly resorbcd cores, com- 
prise up to 35% of the Aristaznbal samples but are rare in the Kitknt- 
la rocks. About half the Aristazabal samples contain up to 15% 
strongly zoned augite phenocrysts about I mm across. 

The groundmass of most siumples is intergranular, pilotaxitic, and 
composed largcly of plagioclase, clinopyroscne, and opaques. About 
half the samples contain patches of chlorite. calcite and cryptocrys- 
talline material that may represent dcvitrified and altered glass. One 
sample (88WV-8) from Arist;r~abal Island contains traces of reddish 
brown biotitc. A~nygdules arc rare and consist of calcite. zeolites. chlo- 
rite. :incl pumpellyitc. 

The one sample exa~nined from Stecle Rock consists of about 
10% plagioclase phenocrysts about 2 mm in diameter in a fine- 
grained. trachytic groundmass. Plagioclase phenocrysts are euhcdral 
to subhedral: many grains havc sodic overgrowths on strongly ~-csorbetl 
cores. Roughly equnnt patches ofchlorite and calcite may be pseu- 
domorphs after primary pyroxcne. Thc groundmass consists of tiny 
plagiocliise laths. a few percent granular opaques, and minor chlorite 
and calcite. 

K-Ar dates and field relationships indicate that volcanic r.ocks 
east of Hecate Strait were extruded in latest Oligoccnc to earliest 
Miocene (26-23 Ma). Late Miocene (l 9.5 M;i), and Quaternary to Re- 
cent times. 

Whole-rock K-Ar dates were obtained from three of the fresh- 
est samples from Kitkatla Inlet and Aristnzabal Island and the sole sam- 
ple available from Steele Rock. The four dates and one from van der 
Heyden (1989) are given in Table I :  sample locations are shown on 
Figures 2 and 3. Except for the one from van der Heyden. the dales 
cluster fairly tightly between 22.9 and 26.2 Ma and indicate a latest 
Oligocene to earliest Miocene age for most of the volcanism. The two 
dates tinm Kitkatla Inlet, one each from Serpentine Inlet and Ness Islets, 
are the same within analytical error and average 25.4 Ma. These 
dates are somewhat older than the 19.5 ? 0.5 Ma date reportetl by van 
der Heyden (1989) for a silmple of fresh olivine basalt from Ness Is- 

TABLE 1 : Whole-rock K-Ar data 

Area K (%) 4 0 ~ r * '  % 4 0 ~ r * 2  Date (Ma) + 10 
Sample No. 

Aristazabal Island 
88WV-11 0.533 0.4770 24.7 22.9 + 1 .O 

Steele Rock 
88WV-6 1.19 1.190 58.6 25.5 + 0.9 

Kitkatla lnlet 
87WV-115 0.51 1 0.524 67.8 26.2 + 0.9 
87WV-120 0.338 0.325 63.2 24.6 k 0.9 
85V-12 0.498 0.379 52.9 19.5 k 0.7 

' Radiogenic 4 0 ~ r  (X 10'%m31g STP). 
Radiogenic Ar as percentage of total Ar. 

Sample sources: 
87WV and 88WV series: this study. 
85V-12: van der Heyden (1 989). 

Analyses were done at the  University of British Columbia by D. Runk l e  (K)  
and J.E. Harakal (Ar). K was determined in duplicate by atomic absorp- 
tion using a Techtron AA4 spectrophotometer on dilute sulphate solutions 
buffered by Na and Li nitrates. Ar was determined by isotope dilution using 
an AEI MS-10 mass spectrometer with Carey Model 10 vibrating read elec- 
trometer, high purity 3 8 ~ r  spike, and conventional gas extraction and p u -  
rification procedures as described by White et al. (1967). The errors re- 
ported are for range of multiple analyses for K and for estimated l o  for 
the calculated date. Decay constants are those recommended by Steiger 
and Jager (1 977). 

lantls. All three datcs appear to be analytically sound. and suggest that 
\~olcanisrn i n  the Kitkatla Inlet area may have persisted until well into 
Miocene time. 

N o  K-Ar dates are available for the Kitasu Hill and Lake Island 
centres. However, they have long been known to be Quaternary to Re- 
cent in age; volcanic rocks unconformably overlie Plei~tocene glacial 
deposits (Souther. 1966. in press). 

STRUC'TURAL CONTROL AND AREAL 
EXTENT OF THE VOLCANICS 

There is evidence for both a northwest- and northeast-trending 
structural control to Neogene and Quaternary volcanism east of 
Hecate Strait. In the Kitkatla lnlet area. pre-Tertiary basement con- 
sists of highly defornictl. greenschist hcies metavolcanic and metased- 
irnentnry rocks and Early Cretaceous plutons. The rocks havc a pro- 
nounced northwest grain. reflecting mylonitizntion along 
northwest-trentling faults and shears, the largest of' which was nameti 
the Kitkatla Fault by Roddick (1970). These northwest-trending 
structures are shown topographically in the remarkably straight nortll- 
east shorelines of' Porcher Peninsula and Goschen Island (Figs. 1.3) 
and ;Ire also conspicuous on the bathy~netry map of' Sawyer ( 1989). 
Further. Kitkatla lnlet forms the northeastern edge of a very strong. 
positive. linear magnetic anomaly (Geological Survey of Canatla 1987b) 
that trends NSOOW. 

Northeast-striking linear features arc prominent in the Kitkatla 
Inlet ~.cgion. One marks the northwest side of McCauley Island; an- 
other marks the northwest side of Porcher Island. Yet another extends 
along the northwest side of Goschen Island and may continue to the 
northeast on Porcher Island. Still others are conspicuous on air pho- 
tos of western Poreher lsland as straight, northeast-southwest drainage 
pattelns and on the bathymetry map (Sawyer. 1989). Trends of fresh, 
columnar-jointed olivine basalt dykes in the Kitkatla Inlet region 
support the idea of a northeast-striking system ot' structures. AI- 



though such dykcs arc not ahundanr. they gcncr;~lly trcnd north- 
northeast to northeast and have motler;~tc to vertical dips (Fig. 3). No 
isotopic dates arc available from rhcse dykes. but petrographically they 
are si~iiilar to the Kitkatla volcanics and it seenis reasonable to assume 
that they iirc fccders to the subaerial volcanic rocks nearby. 

The Kitkatla volcanics are localized at the intersections of the 
riortliwcst-strikirig faults ofthe Kitkatla fault system (perhaps rcac- 
tivated in Neogcnc time) and thc nortlicast-striking lineaments that 
mark the north\vcst sides ol. Goschcn and Porchcr islands. On Nesh 
Islands. thc volcanic ;1rc c ~ ~ t  by steep. irscgul;isly-striking fractures 
and brittle faults. ancl 11ic gcner~~lly southerly dips iri both the Nc\s and 
Scspcntinc arcas xuggcst a moderate alilount of post-eruptive tilting 
to the south. 

Althoi~gh lie W ~ I S  unaware of the time span represented by the 
rocks, Soutlicr (1966) noted that the Lake Island. Kitzlsu Hill ancl Aris- 
tuz;~b;~l Island centres li)~lii n northwest-trcnding. linear chain that k)l- 
lows conspicuous northwest-trending topogn~phic featurcs. Thc trcnd 
of this chain is about N5S0W. oblique to the dominantly N1O W trcnd 
of the cast margin of Quecn Charlotte Basin and the cxposcd west mar- 
gin of the Coast Plutonic Complex in this area. Many of the rocks and 
spines of tlie Aristazahal Island volcaliic centre Iiil\~e a pronounced 
north to northwest trcnd. and northwest tre~itls arc common in brit- 
tlc and ~luctilc S ~ S L I C ~ U ~ C S  i l l  tlic ha~cnie~it rocks 011 11c;lrby Arist;l~i~- 
bal Island (A.J. H:~cr. unpub. fieltl maps). Basalt on the casternmost 
islct is cut by h.:~ctures and narrow. northwest-trcncling. brittle frac- 
ture zones. Thcsc reach 2 cm in width. arc tilled with calcite and htsaltic 
fault brcccia. On tlie shore of Aristazak~l Islantl. much of the plutonic 
rock shows intense brittlc fracturing ant1 shearing. 

Although the evitlcnce is not conclusive. it nppcitrs probable that 
the Aristaz;ihal Island. Kitasu Hill. and Lake lsland volcanics are con- 
trolletl by prc-existing. northwest-trending s tn~ct~~ral  features. The 20- 
30° southwest dip of the Aristazabal volcanics and the brittle faults 
that cut them suggest that these structures were reactivated after 
eruption. and that the volcanics are preserved in west-dipping blocks 
that may have formed in half-grabens or east-side-down normal 
faults. 

GEOPHYSICAL EXPRESSION 
Magnetic anomaly maps (Geological Survey of Canada, 1987b) 

show extensive. irregular areas southwest of Aristazabal lsland with 
positive magnetic anomalies, commonly exceeding 200 nanoteslas. 
The irregular, high frequency nature of the magnetic topography 
suggests a near-surface origin for the anomalies. Near-surface reflectors 
appropriate for mafic volcanic rocks are conspicuous in seismic re- 
flection lines in eastern Hecate Strait (K.M. Rohr, pers. comm., 
1989). 

Heavy seas and sea lions prevented a landing on North Danger 
Rocks (Fig. l )  some 120 km northwest of Steele Rock and 15 km off- 
shore, but binocular study indicates that they are underlain by vol- 
canic rocks. In appearance these closely resemble the Neogene vol- 
can ic~  of Steele Rock and Aristazabal lsland rather than the Late 
Triassic Karmutsen Formation on Bonilla lsland (Woodsworth. 
1988). All other rocks and islets between North Danger Rocks and 
Steele Rock are composed of granitoid rocks of the Coast Plutonic 
Complex. 

Volcanics in Kitkatla Inlet have no clear expression on the 
magnetic anomaly map (Geological Survey of Canada, 1987a). This 
corroborates the field evidence that the volcanics are a thin, locally 
preserved veneer on an older basement. Unlike tlie Aristazabal Is- 
land and Steele Rock areas, there is no compelling evidence from the 
magnetics or bathymetry to suggest that the Kitkatla volcanics are 
much more extensive than their present surface exposures. 

1 ARISTAZABLL 
8 t A STEELE ROCK 

:> KITKATLA 

Macdonald (1968) 

m - - 
4 - 

Figure 4: Alkali-silica diagram for Hecate Strait volcanic rocks using 
data in Table 2. Classification fields are from Le Bas et al. (1986). Data 
for Tow Hill basalts are from Timms (1989). 

CHEMISTRY AND TECTONIC SETTING 
Major and trace clcmcnl a~ialyscs for 6 basalts from Kitkatla Inlet. 

7 basalts f'so~n Aristar.;~bal Island. and one :tntlesile from Stccle Rock 
arc givcn in Table 2. along with an analyses for Aristazi~bal bnsi~lt givcn 
by Esdnian ( 1985). Locations of samples collcctctl during this s t ~ ~ d y  
;ire slio\\ln on Figures 2 and 3. Thc scsults confirm both the limited 
cornpositionnl ranpc wggested by t l~c pctrogr;tphy and the much 
more siliccous nature of Stecle Rock compared to basalts on Aristwabal 
Island. In general. the Aristazahal and Kitkatla rocks overlap in com- 
positional riln_re. but the Kitkatla ba~alts shows morc internal variability. 
Foresample. CaO ranges from 8.5- 10.9% in Kitkatlo rocks. compared 
with 9. I- 10.I'k for Arista~abal samples. Contrary to the general pat- 
tern. Kitkatla samples show less v:iriation in /MS values (100 s 
Mg/(Mg + ~e'?),  cation per cent) than Aristazabal rocks (62-7 1 ver- 
sus 49-72). Basalts from Kitkatla Inlet have higher MgO than the Aris- 
tazabal samples (6.8-8.3% versus 5.1-7.0%). higher Ni (78-241 ver- 
sus 23-63 ppm). higher Co (36-60 to 26-35 ppm). and lower PzOs 
(0.23-0.38 against 0.4 1-0.65%). 

SiO, values of the basalts lie between 49.0 and 5 1.8 weight per- 
cent.  one of the samples are quartz nonnative: five of the samples 
contain small amounts of normative nepheline. On a total alkali-sil- 
ica diagram (Fig. 4) the basalts straddle the basalt and trachybasalt fields 
of Le Bas et al. (1986): Steele Rock plots in the andesite field. The 
basalts fall near or above the line used by Macdonald (1968) to sep- 
arate alkaline and subalkaline fields. On an AFM diagram (not shown) 
most samples plot within the tholeiitic field. 

Petrographically. the basalts are alkali olivine basalt in that cal- 
cic clinopyroxene is the only pyroxene present. Chemically. the 
rocks are transitional basalt in the sense of Bevier (l9X3a) in that they 
are olivine-normative with either normative hypersthene or nepheline 
(Fig. 5). 

Initial "~r/X'sr ratios (Table 3) mostly of 0.7035-0.7037 for the 
Kitkatla and Aristazabal basalts are consistent with a mantle origin 
with little crustal contamination. However, Pearce element ratio di- 
agrams (Russell and Nichols. 1988) using conserved constituents 
suggest that neither the Kitkatla nor Aristazabal basalts can be derived 
from a single magma and cannot be derived from each other by cr s 1 - tal fractionation. Although the data are few, the variation in *'sr/X Sr 
initial ratios for each suite supports this view and suggests a hetero- 
geneous mantle beneath Hecate Strait or contamination with s~iiall 
amounts of radiogenic Sr. The Mg values of 62-72 suggest that the 
basalts do not represent primary magmas in equilibrium with the man- 
tle. unless the mantle beneath the westem side of Hecate Strait is anoma- 
lously Fe-rich. The low Ni values (23-241 ppm) compared with pri- 



TABLE 2: Chemical a n a l y s e s  and s a m p l e  l o c a t i o n s  

Sample no. 87WV-90a 87WV-91a 87WV-92 87WV-115 87WV-116 87WV-117 87WV-120 88WV-6 88VJV-8 
Area Kitkatla Kitkatla Kltkstla Kitkalla Kitkatla Kitkatla Kitkatla Steele Rk. Aristazabal 
Latitude 53 52.10 53 52.18 53 52.28 53 56.77 53 56.49 53-56 34 53 53.33 52 28.94 52 40.05 
Longitude 130 33 25 130 33.99 130.32.94 130 40.19 130 40.50 130 39 97 130 34.35 129 18.95 129'14.83 

Major elements (weight percent) 
SiO? 50.06 50.05 49.25 49.51 49.21 49.95 49.25 57.72 51.69 
TiO, 1.53 1.11 1.60 1.54 1.27 1 .G4 0 97 1.24 1.16 
AI203 15.85 17.25 17.00 16.29 16.77 1642 17 31 17.80 17.63 

2.47 3.92 0 89 3.53 3 76 2.24 2 70 3.74 2.91 
Fe0 7.59 5.50 8.52 5.82 6.17 7 33 6 70 4.08 5.01 
ivlnO 0.17 0.17 0.16 0.16 0 17 0 16 0 16 0.19 0.19 
MgO 8.26 7.40 7.72 7.23 6 81 7 57 7.74 2.69 7.04 
CaO 8.49 10.61 9.28 9.18 9 89 9 05 10 94 6.16 9.57 
Na20 3.94 4.01 3 77 3 75 3.94 3 79 3.1 1 4.39 3.94 
K20 0.98 0.50 0.54 0.62 0 49 0 58 0 44 1.49 1.13 
Pzo5 0.38 0.24 0.34 0.38 0 33 0 36 0 23 0.44 0.49 
Total 99.72 100.76 99 07 98.02 98 81 99 09 99 55 99.94 100.76 

L01 1.25 3.28 1.77 1.05 0 67 1 08 0 68 2.72 1.60 
CO2 1.12 1.10 

Trace elements (ppm) 
Ba 300.2 195.1 139.1 180 4 193 6 179 8 165 6 730.14 430.21 
CO 60.1 47.1 52.9 56.8 36 1 50 2 45 2 16.05 28.06 
Cr 281.7 169.0 21 7.0 228.7 87.8 245.6 196.7 102.84 244.23 
Cu 78.9 85.1 62.9 69.8 64.0 60.5 72.1 39.26 65.29 
PA n 1239.3 1290.1 1229.0 1241.6 1282 9 1286.5 1262.1 1101 20 1086.80 
Nh 11.7 5.5 7.9 9.9 6.3 7.9 4.7 14.07 10.44 
Ni 241.1 11 2.5 170.9 162.9 77.5 191.4 114.8 6.38 62.95 
P h 9.0 9.3 3.7 5.4 10.6 11.9 9.7 12.75 8.07 
R h 14.1 4.5 5.7 9.1 7.1 8.8 5.9 25.60 15.40 
Sr 1142.4 489.4 632.9 599.8 676.9 571.7 473.2 523.39 901.11 
V 210.2 230.4 183.8 231 9 248.3 217.8 204.8 110.51 266.27 
Y 22.0 23.0 22.5 23.0 20.1 21.4 20.3 26.64 14.92 
Zn 107.6 85.8 84.3 90.3 100.6 91 .O 82.3 98.76 92.24 
Zr 195.8 104.8 209.7 176 5 131.9 188.6 104.4 192.20 126.71 

Sample no. 88WV-9 88WV-l l 88WV-12 88WV-13 88WV-14 SE-090265 SE-050365 SE-030865 
Area Aristazabal Aristazahal Aristazabal Aristazabal Aristazabal Aristazabal Kltasu Hill Lake Island 
Latitude 52 40.06 52 41.08 52 41.60 52 41.75 52 42.01 52-40.0 52 29.5 52' 21.3 
Longitude 129 14.02 129.14.81 129 15.27 129'15.49 129 15.73 129 15.5 128-43.5 128 21.0 

Major elements (weight percent) 
Si02 49.02 51.40 51.45 50.84 51.80 50 38 50.15 47.24 
TIO, 1.38 2.24 2.14 2.58 1.77 1.85 2.35 2.51 

17.39 15.70 17.05 15.51 18.70 16.53 15.18 13.91 
2.51 2.35 2.27 2.66 3.40 9.90 13.07 16.20 

Fe0 5.42 8.99 7.57 8.61 5.19 0.00 0 00 0.00 
NlnO 0.19 0.20 0.19 0.20 0.1 6 0 15 0 19 0.20 
MgO 6.18 5.05 4.66 4.59 4 60 6 46 3.66 6.31 
CaO 9.28 9.76 10.14 10.09 9 14 8 64 7.62 8.00 
Na,O 4.11 3.90 4.03 4.09 4 46 4 33 5 27 3.86 
K20 0.76 0.65 0 71 0.73 1 .Ol 1 07 1.55 0.96 
p205 4.11 0.41 0.52 0.62 0.65 0 69 0 96 0.81 
Total 100.35 100.65 100.73 100.52 100 88 100 00 100.00 100.00 

L01 1.48 1.16 1.27 1.25 l 55 
CO2 1.17 0.97 l .Ol 1.09 0 48 

Trace elements (ppm) 
Ba 293.68 279.33 288.09 245.97 349 77 
CO 25.78 33.49 28.36 35.43 25 63 
Cr 95.64 147.88 14.54 142.44 175.76 
Cu 70.38 99.85 75.45 86.99 11067 
M n 1095.50 1509.70 1527.90 1486.70 1151 20 
Nb 12.54 17.03 16.07 17.36 16 34 
NI 40.79 22.66 30.44 25 77 42 09 
Ph 8 00 10.01 8.94 9.00 13.39 
R h 13.22 14.03 8.17 11.80 16.71 
Sr 881.57 574.21 541.60 538.13 871 .82 
V 253.35 332.40 194.76 224.66 235.32 
Y 14.86 27.94 33.01 33.84 27.52 
ZII 91.01 115.60 101.05 11 8.72 98.97 
Zr 11 9.04 169.30 174.46 164.05 174.03 

Sample sources: 
87WV and 88WV series: this study. collected and analyzed in 1987 and 1988. 
SE series: Collected in 1965 by J.G. Souther. Analyses reported by Erdman (1985). 

All analyses were done at the University of British Columbia. For this study. major and minor elements .rere analyzed by S. Horsky in the Department of Geological Sciences. 
Powdered samples were fused with lithium tetraborate and then ground to form a pressed glass poader disc. Analyses were done using a Phillips 1410 XRF. Fe0 was determined 
by titration. LOI: loss on ignition. Trace elemerits were analyzed by M. Soon in the Department 01 Oceanography using a fully automated Phillips PW1400 XRF with autosampler. 
See Hickson (1991) for estimate of analytical errors. 



Area Rb (ppm) Sr (ppm) B 7 ~ b ? 6 ~ r  "Sr r6~r  a 7 ~ r a 6 ~ r  
Sample No. (measured) (initial) 

TABLE 3: Fib-Sr data 

OLIGOCENE and MIOCENE VOLCANICS 

 nary magmas (200-4.50 ppln: I3asaltic Volcanisni Study I'roject. 

198 I ) suz~est t l i i t t  the Kitkatla and Ar-icta;l;ih:~l ~iiagnias icere derived 

Aristazabal lsland 
88wv-11 11.4 559 0.059 o 70372 0.70370 
SE-090265 12 5 921 0.039 0 7042 0.7042 

Steele Rock 
88VJV-6 24.8 503 0.142 0.70424 0.70419 

Kitkatla Inlet 
87WV-115 9.4 574 0.047 0.70352 0.70350 
87WV-120 7.2 452 0.046 0.70378 0.70376 

RUATERNARY TO RECENT VOLCANICS 

Kitasu Hill 
SE-050365d 29.0 457 0.184 0.7026 0.7026 
SE-022465 16.5 446 0.107 0.7027 0.7027 

Lake lsland 
SE-030865 16.0 425 0.108 0 7035 0.7035 

Lady Douglas lsland (52 20.75'N. 128 23.5'W) 
SE-040165 20.5 422 0.141 0.7037 0.7037 

Price lsland (52 27.O'N. 128'37.3'W) 
SE-040665 21.5 557 0.112 0.7026 0.7026 

Sample sources, 
87WV arid 88WV series: t h ~ s  study. 
SE serles. collected in 1965 by J.G. Souther: data from Erdman (1985) 

Analyses were done at t l ie University of British Columbia by D.E. Ru~ikle and K. Scott. 
Rb and Sr aere determined by replicate analyses of pressed powder pellets using 
XRF. U.S. Geological Survey rock standards nere used for calibration. Mass absorpt~on 
c o e f f i c ~ e n t s  !.ere obtained from MO Ka Co~npton scatterllig measuremelits. 
Co~icer i t ra t~ons have a prec is~on of 5% or 1 ppm, whichever 1s greater. Blanks for 
Rh and Sr are about 0.8 and 6 nanograms, respect~vely Sr lsotopic composltlon 
was measured on unspiked samples prepared with standard ion exchange methods 
using a Vacuum-Generator lsomass 54R mass spectrometer automated with a 
Healett-Packard HP-85 computer. Measured ratios were normalized to a ''~r?'~sr 
ratio of 0 1194 and adjusted so that the NBS standard SrCO, (SRM 987) gave a "Sr?%r 
ratio of 0 7109 +0.00002 and the Elmer and Ariiend Sr standartl a ration of O 70800 
+ 0.00002. The precision of a slngle 87~r/8%r rat10 IS normally, 0.0001 (10) 

at Icarr iri part by fr;ictionation of oli\,inc froni a Inorc primitive 

magma. This suggestion is s~~pl,ortctl b) thc pscscncc ofolivinc plie- 

nocrysts in ;ill but one of the Kitkatla nntl Aristnzabal samples. 

Clinopyrosene and plagioclasc (coni~nonly rcsorhed) arc additional 

phenoc~yst ~>liascs in somc sarnplt.5 l'rom Ariskwahnl Isl~~nd. suggesting 
t l i i ~ t  the\e mincri~la \vcrc adclitio~lal licluidus phase.; during partial 

melting or ascell1 of the riiagliias. 

O n  tectonic cliscrimina~it cli;~gl;ums appmpriattt for basalts or 

alkali hns;rlts. analyhes born Aris~a/ah;rl Isl;uncl and Kitkatlil Inlet plot 
mainly in the within-plate I'icltl (e.g. Fiy. 6) or ccattcr across the 

within-plate illid MORI3 fields (e.g. Fiy. 7). /\n 'isla~icl arc' cctting i~p-  

pear\ to he rulcd out. None of  the commonly used discriniinant dia- 

grams i consistently ahlc to separate the various \sithin-plate cnvi- 

ronments such ;IS mantle lu~nc. incipient rift. or back-arc. Tr;~nsitional 
ol iv i~ie has;~lts wit11 low 'Sriu'Sr ratios are chimalcristic of hack-arc 

and incipient rift settings (Basaltic Volcanisrn Stutly I'rcjcct. 198 I ). 
Sirnilar basalts arc intleccl fountl in island arc settings. but thcrc they 

arc volumetric;illy riiinor co~nparcd with the tliffcrcnti:~tcd. citlc-al- 

kalinc roclis clinracterixtic ofiwcs and tcntl to occi~l.at kinks. breaks. 
and ends of  i t ~ s  (e.g. 1.awrcncc et al.. 1984: Green et al.. 1988). In  

contrast, felsic volcanic rocks are unknown east of Hccatc Strait. ex- 

cept t i ~ r  a !?\v clnsts in bns:~ltic agglomcrntc in Ki tk t~~la Inlet. All avail- 

able clicmici~l. isotopic: arid petrographic dat;~ indicate that tlic mafic 

volc:~nic\ of the Ari\ta/abnl i ~nd  Kitkatln cuites arc modil'ictl ~nnlitle 
melts tl~nt were gcncratcd in ;I within-plate setting. possibly a bi~ch- 

arc or (more likely) an incipient rift setting. 

-I'hc Quntcrnn~y to Keccnt volcanic rocks of Kitusu Hill and I .akc. 
1,acly Ihugl i~s ;111tl Price islanils I1;ivc gcncritl ly Iliglicl. RbISr ~xtios and 

lower (0.7026-0.7037) "ss/"'s~ initial ratios tlian the Oligoccnc- 

Mioccnc volcanic rocks. 'l'hcsc ri~tioh i11itl the two uvitilahlc chcmi- 

cal analyses (Table 2. Fig. 4) suygcsts that they arc more alki~line atid 
reflcct a more limitctl amount o f  pal-tial ~nclt ing o r  o deeper mantle 

sourcc than thc older basnlts. 

Figure 5: Plots of molecular-normative quartz (q), orthopyroxene (opx), clinopyroxene (cpx), olivine (01) and nepheline (ne) for volcanics east of 
Hecate Strait suite. The field for Masset basalts and basaltic andesite is based on data in Hickson (1991) and her definition of the Masset For- 
mation. The field for Lawn Hill includes analyses from the BV Naden Harbour well and Ramsay lsland and is derived from data in Hyndman and 
Hamilton (1991). The field for Tow Hill basalts was calculated from data in Timms (1989). 
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Figure 6: Ti-Zr-Y discriminant diagram for rocks of the Hecate Strait Figure 7: V-Ti discriminant diagram for the Hecate Strait suite; field 
suite. Field boundaries from Pearce and Cann (1973). WPB, within- boundaries from Shewais (1982). 
plate basalt; LKT, low-K tholeiite; OFB, ocean-floor basalt; CAB, calc- 
alkaline basalt. 

DISCUSSION ever. these rock\ arc very tlifferent from the Masset Formation. In con- 

Regional comparisons 
Chemically and petrographically, the Hecatc Strait volcanics havc 

many similarities with the transitional flood basalts of the Chilcotin 
Group in west-central British Colurnbia (Bevier, 198%). Most K-AI. 
datcs from the Chilcotin Group are between 2 and 15 Ma (Bevier. 
I'383b), making them younger than the Hecate Strait suite. Bevier 
(I 983a) suggestetl that the Chilcotin basalts erupted in a back-arc en- 
vironment, behind the calc-alkaline Pemberton volcanic arc. 

Erdman (1 985) tentatively correlated the basalts east of Hccate 
Strait with the Anahim Volcanic Belt on chemical grounds. Vol- 
canic rocks of the western Anahim Volcanic Belt (Souther, 1'386) ilif- 
f'er t'ro~n Aristazabal and Kitkatla basalts in being peralkaline in 
chcmist~-)l and younger ( 12.5- 14.5 Mn compared with 20-26 Ma). Fur- 
ther, Aristazabal Island and Kitkatla Inlet do not lic on the well de- 
fined east-northeast trend of the Anahim belt. suggesting that they are 
not directly related to the Anahim Belt. 

Van dcr Hcydcn (1989) suggested that the volcanics east of 
Hecntc Strait ore an eastern extension of the M;ssct Formation o n  Quecn 
Charlotte 1sl;inds. The Massct Formation (Fig. I )  is controversial in 
definition, a g .  chemistry. and tectonic setting. In most papcrs. the telm 
"Masset Formation" has been used for all Tertiary volcanics on the 
Queen Charlotte Islands ancl in Quecn Charlotte Basin. K-Ar dates 
on these Tertiary volcanics range from <S to 62 Ma; most fall between 
20 and 25 Ma (data summari~ed in Hickson, 1991 and Hyndman and 
Hamilton. 1991 ). Biiscd on detailed I'icld work, Hickson ( 199 I ) sug- 
gested that the Masset Fonnation be restricted to Late Oligoccne to 
earliest Pliocene. aphyric to sparsely phyric, calc-alkaline volcanics 
and associated epiclastic sediments. The basalts at Tow Hill. Lawn 
Hill, in the BV Nadcn Harbour drill hole. and volcanics encountered 
in wells in Hecate Strait were specifically excludetl from the Massct 
Formation hy Hickson (1991). Her definition of thc Massct Forma- 
tion is used in the following discussion. 

Reliable K-Ar dates from thc Masset Formation indicate that vol- 
canism is 20-25 Ma in age (Hickson. 199 1 : H yndman and Hamilton, 
199 1) and was thus clearly contcmporancous with eruptions at Steele 
Rock, Arista~abal Island. and Kitkatla Inlet. Pctrographically, how- 

trast with A~istazab;il. Kitkatla, and Stcele volcmnics, the Masset is com- 
posed of intercalated. mostly aphyric. felsic to mat'ic flows and py- 
roclastic rocks. Feldspar is the common phenocryst phase: olivine is 
conspicuously absent. The chemistry of the Masset also differs 
markedly from that of bnsalts east of Hecate Strait. For example. on 
the normative q-opx-cpx-ol plot (Fig. S), the field for Masset basalts 
and basaltic andcsitcs bkircly ovcrlaps that for the Hecate Strait 
hasalts. The Massct has a calc-alkaline signature (e.g. Fig. 3- of 
Hickson, 1991 ) rather than the transitional to alkaline chemistry of the 
basalts east of Hecatc Strait. 

The tectol!ic setting of thc Massct Fonnation is controversial. But 
whntevcr sctting eventually proves correct, the chemical contrasts be- 
tween the Massct Formation and the Hecate Strait volcanics ore suf- 
licicntly marked to suggest that the two contemporaneous assemblages 
may have formed in appreciably different tectonic settinss. Although 
they are the same age, volcanic rocks east of Hecate Strait should not 
be treated as pi~rt ot'the Mi~sset Formation. 

The volcanic rocks at Tow Hill, Lawn Hill and in the BV Naden 
Harbour well (Fig. I ) were excluded by Hickson ( I99 I ) from the Mas- 
set Fonnation on field. petrographic. and chemical evidence. Tow Hill 
consists of  basalt sills or flows within the Miocene to Pliocene Sko- 
nun Formation (Sutherland Brown. 1968). Pctrographically. the rocks 
are similar to the volcanics cast of Hccate Strait in that olivine is thc 
common phenocryst phase. Chemically. Tow Hill basalts are quartz- 
ancl hypersthene-normative and tholeiitic (e.g. Fig. 5: Timms. 1989), 
unlike the transitional nature of the Hecate Strait basalts. Timms 
(1989) conclutled that the Tow Hill basalts formed in an extension- 
al setting similar to that inferred for thc Hecate Strait volcanics. 
There ;ire no reliable K-Ar dates for Tow Hill, owing in part to the 
highly altered nature of the basnlts, and thus correlation with the 
Hecate Strait suite remains speculative. 

Volcanic rocks intcrsccted in the Nadcn Harbour well and cx- 
posed at Lawn Hill (Fig. I) may he the closest relatives on the Queen 
Charlotte Islands to the volcanic rocks east of Hccate Strait. Reliable 
K-Ar datcs indicate that they are about 20-24 Mn old. contempora- 
neous with rocks at Steele Rock, Aristazabal Island. and Kitkatla Inlet. 



L'nlikc the \4;1ssct l;orriiation. the Lawn llill ancl Nadcn H;trhour ~01 -  

canics arc bas;tlt ttnd basaltic antlcsite, comnionly containing olivinc 
phenocrysts. Chemical analyses (Hyndman and Hi~milton, 1!)91: T.S. 
Hamilton, pcrs. comnl.. 1990) suggest that the rocks arc transitional 
between the Masset Formation and basalts eilst ol' Hecatc Strait (e.g. 
Fig. 5 ) .  On most tectonic discrinlin;~nt diagr;~rns. i.rnalyxs I'or Lawu 
Hill and RV Katlcn I larbour well plot in thc same I'iclds as the Hccatc 
Strait rockc. suggesting a common tectonic sctting. 

>,'eogene tec:onic history c.arif of Heca:e Sfra:: 

During early 'l'crtiary timc. convergence of tlie Kula Plate with 
North Alnerica produced widespread subduction-relatctl tiiagniatism 
in west-central R.C. Eoccne niagmatistn ccasetl abruptly ahout 45 Ma 
(e.g. van dcr Heytlen. IOXO) .  at about the tirnc convergent motion gevc 
\\,ay to domini~ntly transcurrctit motion along thc Kula-North Amer- 
ica boundary (e.g. Stock and Molnar, 1988). No magmatic activity is 
known lion1 the Coast Plutonic Complex in central and northern 
British C'olurnbii~ from about 42 Ma until the beginning of Kitkntla 
and Aristarabal volcarlism at about 26 Ma. 

Based on fission track dates, Parrish (1983) suggested that since 
40 Ma tlie maximum total upliR east of I-lccatc Strait ran@ from nil 
near the co;~st to sc\~cral kilolnetrcs inland and fro111 0-2 km sincc 10 
Ma. Howevcr. the data arc vcsy sparse in the region bctwccn Princc 
Kupcrt ancl Bella Bclla. In both the Arista~nhol and Kitkatla volcanic 
centres, fcatures such as pillows. interbctldctl marine sedimcnts. and 
hyaloclastic texture that would indicate a marine clepositional envi- 
ronment for the volcanics arc i~bscnt. The scoriaccous basal con- 
glomcr:~tc o n  Arista/.abal Island and the abundant columnarjointing 
suggest that the volcanics were erupted subaerially. If so. then thcrc 
has been at least a small net amount of subsicience, not uplift, in these 
itrc;ts sincc Early Miocene timc. because the volcanics are now close 
to SCil IevcI. 

The 20-30" clips. generally to the southwest. for the volcanics in 
both areas suggest that the region was tiltcd to tlie south\vcst in post- 
Eiuly Mioccne timc. The bsittlc fit~tlts that cut the Aristazabal volci~nics 
may indicate that listric normal fltulting accon~paniccl tilting. Such a 
style of deformation is consistent with the abundant half-grabens 
seen on seismic reflection profiles from Hecatc Strait (Rohr and Di- 
etrich, 1901) and could explain the absence of Ncogene volcanics from 
the low arcas farther east on Aristnzabal Island and their preservation 
beneath castcm Hecittc Strait. On the other band, thc Kitkatlo Inlct vol- 
c a n i c ~  occur in a northwest-trentling depression flanked on either side 
by high-relief islands. Speculatively, Kitkatla Inlct represents a half- 
graben that is controlled on the southwest by Ncogene movement along 
the northalest-trcntling, Early Cretaceous or younger (van dcr Hcy- 
den. 1989) Kitkatla Fault. The volcanics may linvc been erupted into 
this fault-bounded basin and owe their prcsenlation to renewed post- 
Early Miocenc normal faulting along the glahcn-bounding fault. At 
lcasl some of the dcfomiation observed in the seismic records is thus 
post-Early Miocene. 

This conclusion implies at leact a small amount of extension along 
the eastern margin of Quccn Charlotte Basin during citrly Ncogcnc 
tirnc. Such extension is consistent with a back-arc tectonic sctting and 
is rccluircd for an incipient rit't origin. The chet~~is t ry  of the volcanic 
rocks can be used to support either tectonic sctting. The amount of 
extension along tlie eact margin of Hecute Stcdt was probably less than 
a I tw percent, because the percent ofdykcs associated with the vol- 
canic rocks is vcry small (probably <O. 1% using the tlykc clistribu- 
tion in Kitkatla Inlet). Reactivation of older. northwest-[rending 
faults in Oligocene-Miocene timc could have provided conduits for 
mantle-derived magma with only e vcry small amount of estension. 
Episodic extensional reactivation of oldcr structures appears to have 

k e n  the dolnitiant stl~~clural style along the west side of the Coast Moun- 
tains since 1,atc Oligocenc time. 

Extension-related riiagmatism in the western Coast Mountains 
did not cease with thc Early Mioccne cncl of Kitkatln volcnnisrn. Nu- 
merous nortlleast-trcticlitig basalt and I:unprophyre dykes arc known 
in ttn area cxtcntling north horn Princc Rupert into southeastern 
Alaska (Stnith. 1973; Hutchison. 1982). One of these tlykcs from north 
of Princc Rupcrt gave n K-Ar whole-rock (late of7.3 + 0.8 Ma (Table 
I; Erdmari. 1985). Chcmic;tl analyses (Sniith. 1073) indicate that 
the dykes are alkaline in composition. sugges t in  that they fonned in 
an extensional regime. 

Farther south. conventional chcmical discriminant diagrams 
supfcst that the Quaternary-Recent alkali basalts of Lake Island and 
Kitasu Hill probably formed in an extcnsional sctting. However, the 
plate tectonic lcgime for the 1;1st 5 Ma has been one of oblique con- 
vergence of the Pacilic Plate with North America (Hyndman and Hamil- 
ton. I99 l ) .  Such local and sporadic alkalic extcnsional magmatism 
within a rcgion:~lly convergent hctting indicates that caution is required 
when interpreting volcanic chemistry in terms of plate tectonic set- 

I thank Kathlccn Dixon for cheerful assistance during field 
work in Kitkatla Inlet. The Aristazabal Island outcrops were exam- 
incd during a cruise of CFAV Eiidecrr~orrr led by Trcvor Lewis. Dis- 
cussions with Cathic Hickson. Jack Soulher. Tark Hamilton. and 
I'cter van dcr tieyden wctv cxtrcmely helpful. Critical reviews by Dick 
Annstrong and Cathic Hickson ~uid a final polish by Jack Souther great- 
ly improved the paper. 
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Sedimentology, basin-fill architecture and petroleum geology 
of the Tertiary Queen Charlotte Basin, British Columbia 

Roger ~ i g g s '  

Higgs, R., Sedimentology, basin-fill architecture and petroleum geology of the Tertiary Queen Charlotte Basin, British Columbia; 
it! Evolution and Hydrocarbon Potential of the Queen Charlotte Basin, British Columbia, Geological Survey of Canada. Paper 90- 
10, p. 337-371, 1991. 

Abstract 

The oo.~hore-offsho~e Qrrern Charlottc~ Basin (QCB), c~on~~ention(~l/y ~ i e u ~ e d  as entirely sedin~etitctt.y (Skoilutl For- 
mation) 017 a 1'01ct1t~ic basenleizt (Masset Fot.nlation), is here i.erlefifi,?etl to iilcl~lde the Masset in the lo~ver hasill fill. 
based on par.tial Skot?roi-Masset age-eq~ri~,~~lence, and 0 1 7  prnhable i~ztei$ngering. The t.edejit7ed basin colVers a greatet. 
area thun before, the on-lalld portion con~pl.ising the e/ltir.e Queen Cha/.lotte Islands, i/?stead ( f on l y  ~zot.the~rstel,~l 
Ci.ahanr Islrri~d. Delirrriti~zg the MYester/r edge of both the QCB and the Qi~eerr Chai.lotte l s l a~~ds  is the  coil^-er,qe~~t-tratzs- 
fot.n? Queen Chat.lotte Fuult, 1-eprese~zting the PacVfic~-Nortl? An1et.ic.a plate bolr/lda~-y. 

Well-log co~.r.elurions r.e~leal a bipartite hasiil fill. The upper uilit, Unit 11, is a Miocetie-Recent sedinzentaiy blanket 
col*er.iilg the oj$~hore area, hut ahseilt onshore except for not.theust Graharn Island. Character.i-iizg Unit I1 on u!ell 
logs use coursening-up shale-sand sequences of t.egiona1 eAteilt, 10-30 m thick, intetptvted as allogetlic regressi~*e 
cycles. Ut?der!\~ing Unit 11, Unit I 1ac.k~ hasin~~ide cor.r.elations and c.onll>rises Eocene to Miocene ~~olcanic~s (ii?clrrding 
the Masset Fo~.n~ution) and it~ter.c~alated sediments. 

Facies analysis of cores and snzall e.vposu1.e.s shows that Unit I includes allulial fat?, futl delta anrlflu~,ial,facies. Unit 
I1 strata e.vposed in noi.tlzeast Gruham Island are of Miocene age and inclnde tlzsee facies associations: ( I )  delta- 
plait? mudstot?e, sandstone und coal; ( 2 )  tiduI-~kelf~~~~o~.s-~f~~atified sund.~toi~e; utld (3) ~nlt~lgunlnted shelfstol.m beds. 
The outci.ol> data s~rggesf that the r.egt.es.si~~e c-ycles weognized or1 well logs conzpr.ise shelf deposits shallowing L ~ / I  

into delta-l>Iuin  deposit.^. 

The bipartite hosi17fill is interpreted in ternls of an cvtensio~zal hasin ~ l i t h  a McKe~rzie-ppe, two-stage sirbsidence his- 
tot:v. 1Jirit 1 ;.c i/rter/~/~etc~I cr.s (/ "t.qt" .s1rc~e~~~.s.si011, /~ci.s(~l otr thc~ ~ ~ o l c ~ ~ ~ ~ ~ i ~ ~ s .  lo(~11 co~r~qloi~r~~r~crt~~s, (111~1 /(i(,k of ~~or~i~c~l~itions; 
tlc,lxi.citiotl II,U.S itr 11tr~~g~~uhutr.s in at? c~.vtcir.c.ioi~ul, bloc~X.,firrrlti/ig i.c,,qinrc,. S~hsec/rrelltly. I//rit I1 M Y I S  i/q~o.c.itc~l lrndet. "~)o.st- 
I.$" i.c:qiolrcrl (tlret~nrtrl.") .\rrh.sirlcirc~c,. Sci.srtric l)t.c~/i'lc.s .\lrpl)oi.t tlrc pr.opo.rod t~t.o-stugc el~olrrtiot~. 

Ic~het~x  clrol)sto~rc~.~ oc,c.rrr. it1 cJ.\po.srrt.c.> otr not.thctrst (;t.crhtrtir I.s/trirrl of lerlc, .kfioc,c,t~c, slrc~sc~iiitre/rts (Skonrrn Fot.nru- 
tiori. Ilnit 11). .slr,y,gc'stiilg that nzurrt~taitls ~t,irh 1~tr1li.v glac,io..s M1rt.e iietr/.l~. Soinr~ c?f flrc iIt.ol>.stoncs c1t.c ofinti.t~fotmn- 
riotltrl (.otnl>ositioii, inlplyiirg thtrt thc n1olitlttrin.s M,et.c trti)i.nz~t.!). .slr/?t~r(>t;g~ti put.t of the QCB ~rndogoiirg syil-dcl>o.si- 
tiotrtrl lrplifi. In odditi~ir. III~,.YC .slrc~/fclcl~osit.s S I I O M .  tic/(// .sedinr(,irt~t;v .c.t~.rrctirt.e~, itldi(.ntiil,q tlr(rt er I~trd hut.t.iet. c.vi.st~d 
to tlrc rt,c,.st, to /~t'o\'itlc rlrc scitri-utrclo~cd .shclfc~o/rrlitioir.s i~c,c,rssutyfii. lai;;.c, tidtjs (cf. tirodo-tr Hccurc Sfi.ait). Tokcjtr 
togethet,, the, clt~ol~.sto/ic.s nnrl the c,~.idcnc.c,fit. tirlc,s .srr~gc'.ct rq,l$ q fa  (l~i.c\~iorr.r/~v .srrht~rrt~getl) ~~i~oto-Q~rec~/r Chat~lorte 
lo~rtltrrtrss 11c:fi)t.c. or drrt.ii7g thc Intc Mioc,cvic>. ( l l~ l~$  is ~~o.stlrlnrc~cl to I~trl.c, .srat-tecl at 20 Mu ~ ~ ' h e i ~ ,  hcisc~d on a prrhlislrcd 
11ltrtc-kitrc~tnurir. nrodel. 11I~rte it~ter.(rctiotr alorrg tlrr Mot.c,.sl)y I.sln~rel src.tot. qj'thc Qmcen C'hut.lottc niu/.girr (ot.icvzted320°) 
clra~rgc~tlji~ot~r t~.tri~sc.~rr~r~c~nr to tt.atl.c.p~.c>.\.si~.u. Tlrr, ~.e.slrlt ~t,u.s ohliyrtc, .srthduc,tiotr, C . L I I I S ~ I I X  enrct;qcvlc.(J nntl r~pliji qfproto- 
Moi~csI>~~ 1,slut~d. Meertr~t~lrilc (;ruhcitt~ 1,sIutr~l r.c~rtr~rii~rd .~lrlnt~et~,qc,d ~ ~ i ~ t i l  5 MO, 11~1re11 uiio.thct. slrifi iir t.cdnti\,e 1111rte irro- 
tiotr iniriutc,d ohlicirrc. .srrbtluctiotl ulotlg t h ~  n&ic.etlt .se(.tor c~ftllc~ /11{rtr ttrut;qitl (.340°). As u t.c.srrlt of~rplift, c~t.o.sio/l stt.il~ped 
Sltonutr sudirtrc.trt.sjj.ottr nrrrc.11 o f t l r~  Qlrccir Chtrslortc, I.s/rtltl.s, eq>o.siir,q Mcr.s.sc,t l~olc~rrnic~s crtrtl Mc.so:oit. husenlort. Mot.cs- 
h j  I.s/ertrr/, hcr~itlg cttrc,t.,ycd c,crr/ic>t. thtrir Gt.trhtr17r Islnnd. is rt.ot/ee/ to L/ dc>c,l~rr .stt.lcc~trrt.n/ /e~.e/ .  

Soitlc, iny~lic~otio~r.s,fot~ oil e~.\plotntioil ut.e: ( l )  ~.~tet~.sioti(il h(r.sirr~ OI.C l ~ y ~ l t ~ e ~ c ~ n t ~ h o ~ i - y r o n ~ ~  ~,ot.ltlr?~idc, utrd the QCB 
tirtry he tlo rvc.eptiot1: ( 2 )  intrtr-Mussrt QCB sct1ittrolt.s ofr/ot. r.y)lot.utio~r rrrt.gc,t.s it1 ulest (;tnhuitr Islcr~rd utld e1se1idlet.c: 
(3)  otrgoitrg ~r[?lij of / / I O  bt,i'.stei.ir port of tlrr htrsitl nrcons thcct the pr.c,senf-d~y oil w,itzclo~t. thct.e inay c.onttrin (rrpliff- 
et/) o130.r71ntlr~.c stl.ntcl; ( 4 )  potc,~rtiol t.c,,scv.\loit..s in(-lrrde jilt] ~ C I I O S  in (/nit I ntrd, in Unit 11, dc~lrrr~f,.oirr scrtld botlir.~, 
ofs1rot.c ti(Icr1 strtrtl bodies, uird ~rmc71,q~t~rnt~d .rtot.nr .scrtr(/s; trirrl (5)  ticlnl .str~rcl.s nray hc, ~~ritrer~ulogiruII~~ ~trntlrre d l r~  
to IOIIS-di.stanc.o rr.a/~spot.ttrtioir, i-~srrltitr,y in inll)rol.etl pot.osi!) colcl po.meuhilitv. 

I Ciculog~c;tl Sur\'cy of (.all;~da. I';lcitic C;co\c~cncc ('cnrrc, I'.O. Bo\ hOOO. Sidncy. B.('. VSI .  JBZ 
Prcscn! addrc\\: tiit._g\ Pc[rolcum C(11lsu111n~ I.td . 743 Ollvcr Slrcel. Vic[uri;l. B.('.. V8S 3 W 5  



Lt. hus.sin (10 lr Rriric,-Cktrr.lortc.. qrro (.c) soit srrr Ir littoral orr orr Itrr.,yr, ircrit t ~ o ~ ~ i ~ c t r ~ i o r r n r I I c ~ ~ t ~ c ~ ~ ~ ~  c~orr.sid6r.t; c,oirrrnc~ 
rnti?t~orrr(~~rt (,urrr/)o.sc; 1 1 ~  .s6tli17rt~111,s (fi)l.nratiorr tit, Sk-o~irr~r) t.opo.s(r~~t .srrr 1 / 1 1  ,so(~lt, r~olt~trrriqrrc~ (fi)r.r~ratiolr de Mtr.s.srt). 
I1 cJst t.ctl<firii porrr irrc.lrrt.c~ 10 j~)t~trrtrtiorr de /MUS.SC~ duns .S(/ 17ul.tie ~ I !~&?PI I IP  (/(>S s(:dirtr~rrt.~ de I Y ~ I ~ / ~ S . S ( I ~ C ,  P ~ I  .~c,fOr~- 
cfntrt srrr rrric bt/r~~i~.trIorrc.~ clirorrolo~icl~rc put-tic,lle Skor~rrtr-Mtrssc~t (.I srrr uric inter~digitcrtiorr pr.ohnhlc. Lr btr.s.sitr r.etlt?/i- 
11; rorr1'r.r I'c~ri.st~riiblc~ rlc,.s iles 1 1 ' ~  I ( /  Reirrcj-Ch(rt~1ottc~ /)/~rt(?/ t/rrcJ . S ~ , I ~ / ( J ~ I I P I I ~  It> rrot.(/-c,.\t (/c, 1'71r G I I / / I ( ~ ~ I I .  Lcrtuillr (,on- 
l.e~~;qeirtc~ rt tr.clnsti)r.rntorf(' tle 1 1  K~i~ro-C'I~trr~Iot~t~ e1c;li~rrit~ 1 1  r?iar:<c oc~c,itlt~rrtole tlri hrr.\.sirr rt tk,s ilrs tIc1 10 Reirrr-Clrtrt.lottc. 
EIIP nrt~rqrrt> /U /inrite c>ritr~, le,.s l>1aqrrt1.~ pt~c~ltitlrrt~ et not~d-trr~rc;t~ic~c~ir~o. 

1)c.s e~or.r.6loriorr.s tlr tli(rgr.(r/rl,hic.s tlo prrits r.c:r~Clc~lt 1411 ~.cttr,uli~~u,q~ (YO II(I.SS~/I tlri t1e11.v />trr.fi('s. L9r,r/ritt; .TLI/)~:~.~cLII.c 011 
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INTRODUCTION convergence causes oblique underthrusting (Yornth and Hyndman, 

The Tertiary Queen Charlotte Basin (QCB), on Canada's west- 1983). The QCB has significant petroleum potential (Yorath and 

em continental margin, embraces the Queen Charlotte Islands, Dixon Cameron. 1982; Yorath. 1987), but has been scarcely explored, only 
Entrance, Hecate Strait and Queen Charloue Sound (Fig. 1). The con- 17 wells (all dry) having been drilled. Exploration is currently min- 

tinental edge is delimited by the Queen Charlotte Fault (Fig. I), imal due to a government moratorium on offshore drilling. Encour- 

which accommodates mainly (dextral) transform motion between aging for exploration are: thick porous sandstones; oil-stained sand 
the Pacific and Nonh America plates, although a small component of i n  the Sockeye B-  10 offshore well (Shell Canada Ltd., 1968b: 
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Figure 1: Location map of the Queen Charlotte Islands region. QCF = Queen Charlotte Fault (after Hutchison et al., 1979); TJ = triple junction. 
Oil exploration wells: 1 Tian Bay; 2 Port Louis; 3 Naden (twin wells; see text); 4 Tow Hill; 5 Masset; 6 Nadu River; 7 Cape Ball; 8 Gold Creek; 9 
Tlell; 10 Queen Charlotte (spudded in Mesozoic basement); 1 1 South Coho; 12 Tyee; 13 Sockeye B-1 0; 14 Sockeye E-66; 15 Murrelet; 16 Auk- 
let; 17 Harlequin; 18 Osprey. 



Shouldice, 1971); abundant onshore oil seeps in Tertiary Masset 
Formation volcanics (Hamilton and Cameron, 1989; lack of known 
onshore seeps in the Skonun Formation may sinmply reflect poor ex- 
posure); and rich Jurassic source rocks in onshore strata of the pre- 
Tertiary basement (Bustin and Macaulay, 1988). Exploratoty drilling 
began with the Tian Bay well (Fig. I), abandoned in 1915. Multi-well 
drilling programs were conducted onshore by Richfield in the 1950s 
and offshore by Shell in the 1960s. The most recent well was drilled 
at Naden in 1984. 

Exploration to date has been conducted with minimal knowledge 
of the sedimentology and basin-fill configuration of the QCB, and two 
critical questions remain unanswered: What is the geometry of potential 
reservoir bodies? What type of basin is the QCB, hence what is its in- 
trinsic petroleum potential? This paper addresses these cluestions. The 
paper is in five sections. The first section discusses well-log correla- 
tions and the architecture of the basin fill. This is followed by two sec- 
tions comprising a facies analysis of all known Skonun Formation ex- 
posures and cores, respectively; these were examined by the author 
in 1987 and 1988. In accordance with standard practice, the facies are 
first described, and are then interpreted in terms of depositional pro- 
cess and environment. The fourth section is a heavy-mineral analy- 
sis of sandstone samples taken from cores. The final section discusses 
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Figure 2: Oil exploration wells and Skonun Formation exposures on 
the Queen Charlotte Islands. See Figure 1 caption for borehole listing. 
Exposures: a Skonun Point; b Yakan Point; c Tow Hill; d Miller Creek; 
e Cinola; f Yakoun River; g Collison Point; h Kumdis Island; i Nadu River 
mouth; j Grid reference PQ892688; k PQ898695; 1 Allan Point; m 
PQ907720; n Watun River mouth; p, q, r, S Tasu; t Hippa Island. 

basin origin, surnrnarizes depositional environments, and considers 
implications for petroleum exploration and production. 

As defined by Shouldice ( l97 1, 1973), the QCB contains up to 
S km of Tertiary marine and nonmarine siliciclastic sediments. These 
sediments, known as the Skonun Fonnation, consist of sandstone, mud- 
stone, conglomerate and coal (Sutherland Brown. 1968); they occur 
throughout northeast Graham Island, Hecate Strait and Queen Char- 
lotte Sound (Figs. I and 2: Fig. 3, in pocket), beneath a cover of Qua- 
ternary sediment (Sutherland Brown, 1968; Shouldice, 197 1 ). The Qua- 
ternary deposits were excluded frorim the Skonun Formation by 
Sutherland Brown (1968). but it may he more practical to include them, 
because the boundary between the Skonun Formation and the Qua- 
ternary both onshore and offshore does not appear to be a distinct litho- 
logical break (Sutherland Brown, 1968, p. 33, 123). Confusion may 
also have arisen from previous assumptions that all glacial deposits 
on Graham Island are Quaternary, when in fact several exposures of 
known Miocene-age Skonun strata include glaciomarine (ice-rafted) 
deposits, as described below. Hence, sonme exposures previously as- 
sumed to be Quaternary may actually be older. For example, expo- 
sures of crossbedded sand ancl dropstone-bearing mud in sea cliffs near 
Cape Ball, eastern Graham Island (Sutherland Brown, 1968, Plate 10C; 
Clague et al., 1982), previously assumed to be Quaternary and not vis- 
ited by the author, are possibly Miocene or Pliocene. in view of: I) 
the lack of dates from these exposures; and 2) the occurrence of sim- 
ilar facies with the same (subhorizontal) attitude at several exposures 
of Miocene-age Skonun Formation. The only true Quaternary deposits 
in northeast Gtaham Island may be the "postglacial" deposits, including 
fluvial sands in channels, described by Clague et al. (1982), and the 
"channels of late glacial to Recent age" of Sutherland Brown (1968, 
p. 32). Similar channels containing pebbly sand and gravel of inferred 
Quaternary outwash origin are exposed at the top of the Yakoun 
River sand pit (see below and Figs. SD, 10). Hence, it is recommended 
that the Skonun Fonnation be redefined to include the Quaternary de- 
posits of the region. Furthermore, like the Skonun, the Quaterna~y stra- 
ta should be regarded as part of the QCB fill because, in the offshore 
area at least, subsidence and deposition appear to have been contin- 
uous from at least the Miocene to the present. as discussed below. 

The Skonun Fomiation includes Miocene and Pliocene strata, based 
on foraminifera, palynomorphs and molluscs (Sutherland Brown, 
1968; Shouldice, 1971; Addicott, 1978; Champigny et al., 1981; Pat- 
terson, 1988, 1989; White, 1990, 199 1 ). However, parts of the suc- 
cession are nonmarine (Sutherland Brown, 1968; Shouldice, 197 1 ) and 
therefore poorly dated, and could include pre-Miocene sediments 
(White, 1990, 1991). 

The Skonun Formation was considered by Sutherland Brown 
(1968) to overlie the volcanic Masset Formation. However, recent work 
has shown that the two fommations are instead time-equivalent, at least 
in part, as shown by the presence of early and middle Miocene stra- 
ta in both the Skonun (Shouldice, 1971; Champigny et al., 1981; Pat- 
terson, 1988, 1989) and the Masset (Cameron and Hamilton, 1988; 
Hickson, 1988, her Fig. 5). An interfingering relationship between the 
Skonun and Masset is likely (Hamilton and Cameron, 1988, their Fig. 
2), because Masset volcanics are intercalated with sediments both at 
outcrop (Hickson, 1988, Fig. 2; 1989, Fig. 4, and 1991) and in off- 
shore and onshore wells (Fig. 3, in pocket; Shouldice, 197 1) .  An in- 
terfingering relationship implies that the Masset accumulated, like the 
Skonun, in a subsiding basin. Hence, the Masset should be viewed as 
part of the QCB fill, along with the Skonun Formation. (In contrast, 
earlier workers have regarded the Masset as basement.) Thus, the QCB 
is redefined here to include the Masset Formation, thereby extending 
the basin westward, beyond the western zero isopach depicted by 



Sho~~ldicc  (1973. his Fig. 32: sec b'ig. 3. inset), to the wcstcrn edge 
of the Queen Charlotte Islancls. 

Access to tlic Skonun Formation i \  limited to: ( I  ) a few small 
exposures on Graliarn Islantl: ( 2 )  drill corc. a quarry. iind an ;idit at 
the Cinola gold property (Fig. 2); ttnd (3) fifteen onshore and offshorc 
oil-exploration wells (Fig. l ) .  Outcrop sections arc seldom longer than 
15 m, while no corc is longcr than 8 In: hence, intc~pretation ol'dc- 
positional environments is liamperc~l by a lack of continuous facies 
sequences (d. Walker. 1984). Another constraint on scdimcrltolog- 
ical interpretation is tlie tlifficulty of determining latcritl t'ilcies 
changes. hencc paleogeogr:ipliy, due to the poor biostratipr:~phic 
control arising from the abundance of nonmarine strata and foriuii- 
free marine sandstoncs. In view of  these shortconlings. i t  is csscntinl 
that the maximum ariiount of'sedimentological infonnation be extracted 
from the lilnitcti mater-ial (corc and cxposurcs) available. 

The Skonun Foniiation will be import;uit in any f'uture pctroleu~ii- 
exploration program in the QCB, because i t  includes abundant sand- 
stone with high porosity (Slioulclice, 197 1 : McWhae. 1086). and be- 
cause i t  has tlie highest mineralogical maturity (hence le~~st  susceptibility 
to diagenetic reduction of porosity and pe~meability) ol'all the Sor- 
mations exposed on thc islantls (Suthcrlanti Brown, 1068). Rowcv- 
er, eflcctivc oil exploration is hindered by u lack of knowledge about 
the deposition;tl environnients of the Skonun ;:orrnation ancl about tlie 
origin of the ()CB. I t  is critical to know what type of basin is the QCR, 
because some basins arc inherently more hydrocarbon-prolie thari oth- 
ers (e.g. Dickinson. 1978). Similarly. a t l i o r ~ ~ ~ g l i  understancling ofde- 
positional environment is essential for predicting the subsurface dis- 
tribution and geolrictry ol' (potential rcscr\~oir) sandstone bodies. 

Field nieas~~r-ements made hy the ~u~t l ior  are givcri in S1 units. 
whereas core and sample depths arc given in the original English or 
metric units. for casc of cross-refcrcncc to the wcll logs ;uitl wcll his- 
tory reports. 

PREVIOUS IKTERPR..S'I'ATIli~IV~i 
There have been no ~~revious  purely scdirnentological .;tudics of 

the Skonun Fo~ination. Rased partly on  pnlyno~no~plis. A4arlui :md Rouse 
( 1966, p. 178) concluded that Skonun strata exposetl o n  Gralitum Is- 
land are "interbedded marinc and non~iiarine beds" tlcpositccl in an 
environment that was " 1 0 ~ 1 ,  relatively flat. closc to the sea. s\vampy 
or marshy". According to Sutherland Brown (1968. p. 125), the Sko- 
nun was tleposited under aJtcrn;~ting marine and nonmarine conditions: 
the "marine cnvironrnent is all shallow water. near shore. and the non- 
marine is all near sea-level and Inay include swamp. lagoorl. lacus- 
trinc, and delta". In n report sum~nar i~ing the results of offshore scis- 
niic surveys and drilling by Shcll, Shouldice ( l97 1 .  1973) stated that 
the QCB deposits are nonmarine and marine (inner neritic to upper 
bathyal). Conglorneratcs at Cinola were interpreted :IS braided-stream 
deposits by Champigny and Sinclair ( 1  982). 

WELL-I,OG CORRELA'TIONS AND 
BASIN-FILL ARCHITECTURE 

A u~ireline lop cross-scction tllrouph tlie V<'B  hi^\ k e n  constructed, 
using tlie fifteen wells for which logs arc available (Fig. 3; Kichfielcl 
Oil Corporation, IY58a-c. 1961: Shell Canada Ltcl.. 196Sa-f, 1969n.b: 
Union Oil Coml'any of Canada 1-td., 197 1 ). Logs can be cor-relatcd 
from one well to another, but only in the upper part of tlie succession. 
The correlatable entities are 10-30 m packets of upwartl-decrc:~sing 
gamma, SP and sonic velocity, commonly forniing continuous "saw- 
tooth" successions (Fig. 3). Individual packets prohtbly represent coars- 
ening-upward (shale-sand) sequences, because these arc virtually 
ubiquitous in the stratigraphic record (e.g. Goodwin and Anderson. 
1985). However. coarscninp-up sequences are hard to verify in this 

case. becausc w,cll cuttings li-on1 the Q ( ' H  are gc~icl;llly of poor1lu:il- 
it)) due to the poorly litliilied naiurc oftlie setliments and the rapid drill 
per~ctri~tio~i rate (see wcll hi\tory r epor t ) .  Ncvertlieless, in the 
llarlequirl wcll. three successi\,c scqucnccs belween 3800 and 4100 
ft (Fig. 3. beside "h4li") correspond closely to coarserling-up se- 
c\uuicc\ dctincd by cuttirigs. as illustrated on the Canadian Str;~tigraphic 
Service Ltd. ("ConStrat". ('algary) lithological log. Adtlitionol coars- 
ening-up sequence?, niny bc ~naskccl. because the Shonun Formation 
santlstoncs arc fi.ldspathic ((i:tlloway, lY7-l) iuid therefore have a "shaly" 
pani~iia rcs~x)n\c (e.g. Cant, 1084). 

, . 
1 lic co:t~.scning-~~l,(?) sccluenccs, either singly o r  in groups, can 

be cor-I-clatccl latcl-all) for at Icast 175 km (from Sockeyc to Osprey: 
Fig. 3 ) .  'llic.irscgioni~l extent implies that sequences are transgressive- 
regressi\,e cycles of allogcnic (eustatic or tectonic) origin, rather 
than local, autogenic cycles. '17re probable coarsening-up nature of the 
scclucnws suggests that they 31-e rcgressivc (i.e. shallo\ving-up), scp- 
aratcd by surfaces ol'abrul,t ~.egional transgression representing time 
lines (CrootI\\,in ancl Aridcrson. 1985). 

'l'he cro\s-scction (Fig. 3) sugge\ts that the QCB fill is divisible 
into t u ' ~  htriltigriipllic 1111its. Fl'l~c lower unit. liere named Unit I.  lacks 
correlations and comprises intcrcalateti scdimcnts and volcanics. In 
contrast. ;;nit I1 Iacl,s volc:lnics and contains laterally corrclatt~ble sc- 
qucnccs. Clnit I i:, buried hcncath [:nit I I  in Queen Charlotte Sound, 
Hecatc Strait and northcast (iralia~n Island (Fig. 3). but Unit I shal- 
lows toward tlie north and west. ultimately occurring at surface in the 
To\\' Ilill ;tnd Port I>ouis wclls. which arc cntircly Unit 1 (Fig. 3); hc- 
twccn these wclls. (:nit I c r o p  out extensively in wcstcrn Graharn Is- 
1;tntl a \  the !$4asxct I:on~~ation (volc:uiics with subordinate scdiments: 
Flickson, 199 I). (irah~tin 1sl:uid thus cunsiqs essentially of Enit 1 Mas- 
set volcnnics in the west and. in the east. IJnit I1 (Skonun) scclimcnts 
ovcrlyinp Unit I \edi~~lcnts and volcanics (Fig. 3). This cast-young- 
ing outcroll pattern is attributed to (orlgoing) uplift of (iraham Island 
being lister i r ~  the west thar~ in the c a t  (sec below), ct~using exhumation 
of lJnit 1 irl t l~c  wcht. 

'I 't~e t\vin Natlcn wclls (Fig. I) \\!ere drilled cntircly in Unit I vol. 
c:tnics. The ' l 'o~\  ; f i l l  exposure (Fig. 2, locality c) is attributed to Unit 
I bccausc it includes thc volcanic Tow Hill sills (see bclo\v: Sutherland 
Brown, 1008), u.hicli also occur in the Tow Hill wcll (Fig. 3). Bore- 
hole cuttings. described in the u~cll 1iistor-y rcports, indicaie that sed- 
imen t~  in Irnit l incluclc sandstone, shale and coal. In arldition, there 
arc co1iglorneratc-do111i11~1ted intervals Inore than 500 m thick, for ex- 
amplc in tlic Tow tfill well (Fig. 3). I'liick conglomerates also occur 
at Cinola, wliicl~ is thercEorc assigned to Unit I .  Intervals of interca- 
latetl scdiments and volcanics attributed to [init I can exceed I km (Fig. 
3). Some wells penetrated niorc than I km of LJnit 1 sedinients belore 
(or without) pelletrating volcanics. The thickness of Unit I is uncer- 
tain, bcc;u~sc fcw \vclls reach prc-Tertiary baserncnt. However. Cret- 
aceous paly~lornorphs were reported in the basal sedimcnts of Tyee 
and Sockcyc E-66 (Shcll Canada I>ttl.. 1968:1.c), bu! these could be 
reworked specirnclis (A.P. Audrctsch. pcrs. comm., 1989). From the 
bottoni of Sockcyc H- 10, unreliable latc Cretaceous radiometric ages 
were obtained on basalt cuttings ancl o n  altered basalt from a sidc\vall 
core (i:ig. -3; Young. 1981). Only the Tyec wcll. which bottomed in 
prc-'I'crtial-y intr~~sivcs. rc:tchcd ~ ~ n e q ~ ~ i v o c a l  basement rocks under- 
lying the QC'H. 'l'his \veil penetrated 2.7 km of Unit I. Inore than any 
other ~ l e l l .  providing a minimum thickness for the unit. Tyee pcne- 
trated no volcanics, prouirig that the .viaset Formation is not a bas- 
inwide blunkct. 

Deposition (if Unit I sedirncnts ancl volcanics began at 45-40 Ma 
(middle koccnc; tirnc scale of Palnicr (1983)) ancl continued until 15- 
l0  ivla (rniddlc to latc Mioccne). based on K-Ar ages of Masset For- 
mation volcanics (sunimarizcd by Hickson, 1088. her Fig. 5 ) .  (The 



Tow Hill sills, chen~ically equivalent to the Masset volcanics (Cameron 
and Hamilton, 1988). are of equivocal age, having yielded two un- 
reliable K-Ar dates of 35 and <5 Ma (Young, 198 l).) Fossils in Unit 
I sediments at Cinola are Lower to Middle Miocene (Champigny et 
al., 198 1). Palynomorphs indicate that Unit I sediments in the Port Louis 
well are within the range early Eocene to early Oligocene (White, 1990), 
and in the Tow Hill well are Miocene to possibly as old as late 
Oligocene (White, 199 l). 

Unit 11, the upper stratigraphic unit, is characterized by correlatable 
sequences and absence of volcanics. The maximum thickness of 
Unit I1 in the offshore wells is 2 km (Fig. 3). The age of Unit 11, based 
on forams in the Mundet, Harlequin and Osprey wells (Patterson, 1988, 
1989), is early Miocene through Quaternary (Fig. 3). Skonun Formation 
strata along Masset Sound (g through n in Fig. 2) are here assigned 
to Unit 11, because they are near wells in which Unit I1 occurs at sur- 
face (Figs. 2,3). Rocks at Skonun Point (a), Yakan Point (b) and Yak- 
oun River (0 are likewise assigned to Unit 11, because fossils indicate 
that they are the same ape (late Miocene) as Masset Sound localities 
g and h (below and Addicott, 1978). The Miller Creek section (d) is 
also assigned to Unit 11, based on facies similarities with Yakan 
Point and Yakoun River, as described below. Addicott's (1978) late 
Miocene (Wishkahan) age for the beds at Yakan Point and Skonun 
Point was estimated as 13-1 1 Ma by Champigny et al. (1981); hence, 
deposition of Unit I1 began no later than I I Ma on Graham Island. 
However, eruption of underlying Unit I volcanics persisted until 15- 
10 Ma (Hickson, 1988, Fig. 5 and Table 1). Thus, deposition of Unit 
11 on Graham Island began at some time in the interval 15-1 1 Ma, or 
middle to late Miocene. Fullher south, deposition of Unit I1 began ear- 
lier, in early Miocene time, in Queen Charlotte Sound (Fig. 3, Osprey 
and possibly Harlequin wells). This suggests that Unit I1 is di- 
achronous, with its base younging northward. 

An important lateral facies change occurs in Unit 11. In the 
southemmost two wells (Harlequin and Osprey), cuttings suggest that 
Unit I1 is entirely marine, since it lacks coal and contains foraminifera 
(Shouldice, 1971). In contrast, correlative strata to the north include 
both marine intervals and coal-bearing continental intervals, as shown 
by well cuttings (Sutherland Brown, 1968; Shouldice, 197 I) and ex- 
posures (see descriptions below). This facies change was document- 
ed by Shouldice (l971), but he implied that the Skonun Formation in 
the north is e~~tb-ely continental, whereas in fact the onshore exposures 
are dominantly marine (see below), and the onshore wells contain shelly 
marine intervals (Sutherland Brown, 1968, p. 123 and Fig. 20). In the 
north, on Graham Island, Unit I1 facies include delta-plain muds, sands 
and coals, and tidal-shelf sands, as described below. Offshore in the 
south, the three available cores indicate a stoml-dominated shelf en- 
vironment. The absence of continental fncies in Unit I1 in the south- 
em two wells, indicated by the presence of forams and the absence 
of coal in cuttings (Shouldice, 197 1 ), suggests that during each regressive 
episode (corresponding to a single coarsening-up sequence), the 
shoreline failed to prograde as far as the southern area (Fig. 4). 

The base of Unit I1 is picked in Figure 3 to underlie the lowest 
conclatable sequence and to coincide with a distinct change in log char- 
acter, below which the logs of most wells are more "spiky" d3e to a 
higher frequency of coal beds in  Unit I (Fig. 3; see also Sutherland 
Brown, 1968, Fig. 20, and the CanStrat logs for Sockeye E-66, Nadu 
River, Gold Creek and Cape Ball). The Unit 11-Unit I contact may or 
may not be an (intra-Miocenc) unconformity, possibly correspond- 
ing to the regional unconformity recognized by McWhae (1986) on 
offshore seismic profiles. This unconformity was dated as Pliocene 
rather than Miocene by McWhae ( 1986), but this date is based on 1960s 
palynological data (well history reports and Shouldice, 1971), of 
doubtful reliability in view of their vintage. The unconformity, if it 
exists, has presumably been exhumed in those parts of the Queen Char- 
lotte Islands where uplift and erosion have breached Unit 11. The un- 
conformity may be manifested as the Skidegate Plateau, a gently north- 
east-dipping surface dominating western Graham Island and truncating 
(slightly steeper-dipping) Masset strata by a few degrees (Sutherland 
Brown, 1968). 

The bipartite basin fill is interpreted in terms of a "rift" and "post- 
rift" evolution, as discussed below under "Basin origin". 

EXPOSURES: DESCRIPTION AND 
INTERPRETATION 

Summary 
All known exposures in the Skonun Formation are described and 

interpreted in this section. As mentioned above, exposures which be- 
long to Unit I are Tow Hill and Cinola (c and e in Fig. 2). The expo- 
sures at Tasu (p through s) and Hippa Island (t) may also belong to 
Unit I, based on their conglomeratic nature and their intimate asso- 
ciation with volcanics. All other exposures belong to Unit 11. 

Unit I strata at Cinola and Tasu are conglomeratic, interpreted 
respectively as fan delta and braided stream deposits. Unit I1 facies 
are entirely different. Exposed Miocene strata comprise three facies 
associations: ( I )  delta-plain muds with coal beds (Skonun Point and 
Miller Creek); (2) tidal-she1 f cross-strati fied sand with ice-rafted 
dropstones (Skonun Point, Yakan Point, Miller Creek, Yakoun River 
and Collison Point); and (3) storm-dominated shelf deposits with drop 
stones (Skonun Point). Minor conglomerates are associated with the 
tidal sands; these are interpreted as dropstone "condensation layers" 
formed by slow accumulation of ice-rafted dropstones under high tidal- 
current velocities (Skonun Point, Miller Creek, Masset Sound). These 
are thought to be the first known tidal deposits in the Tertiary of Cana- 
da south of latitiude 60°N. Furthennore, the dropstones are possibly 
the first known evidence for pre-Quaternary (Miocene) glaciers in west- 
ern Canada. 

The nature and geometry of sand and conglomerate bodies in Units 
I and I1 are important for petroleum exploration and are discussed below. 

Skonun Point 
This locality (a in Fig. 2). the type section and largest exposure 

of the Skonun Formation, was described in some detail by Sutherland 
Brown (1968), who pointed out its inadequacy as a type section due 
to the small amount of rock exposed; he recommended instead using 
the onshore boreholes as the standard. Two types of exposure occur 
at Skonun Point: I) the point itself. consisting of two sea stacks: and 
2) the intertidal beach stretching for up to I km eastward and expos- 
ing low ribs of lignite and sandstone which are submerged at high tide 
and which are separated by covered intervals. 

Eastern sea stack 
Description. The largest sea stack, at UTM grid reference PQ928909, 

Figure 4: Two schematic coarsening-upward sequences, showing a 
possible explanation for the lateral facies change from marine in the exposes about 15 m of fine to medium sandstone dipping north at about 
south to marine and continental in the north (see text). 20". The sandstone consists of amalgamated beds which are individually 



5-50 cm thick (Fig. SA). Bed sutures are marked by concentrations 
of bivalve shells, by discontinuous mudstone partings up to 2 cm thick, 
and by abrupt changes in grain size or sedimentary structures. Indi- 
vidual sandstone beds are massive to hummocky cross-stratified. 
Lamination in many beds is faint and discontinuous, suggestive of post- 
depositional liquefaction. Some beds comprise a massive basal divi- 
sion overlain by hummocky cross-stratification (HCS) (Fig. 6A). 
Locally, the HCS is transitional to low-angle trough cross-stratifica- 
tion (cf. Nottvedt and Kreisa. 1987). in which the troughs are open 
to the north, indicating northward paleoflow. Ripple cross-lamination 
was not seen, but one bedding plane shows poorly preserved ripples. 
Disarticulated bivalve shells, seldom abraded, are dispersed through- 
out some beds (Fig. 6A); they also occur as a coquina up to 40 cm 
thick at the base of some beds (Fig. 6B), similar to the coquinas de- 
scribed by Kreisa (1981). In some coquinas the shells are all convex- 
up, while other coquinas comprise mixed convex-up and convex-down 
shells, with subordinate vertical shells (Fig. 6B). Rare articulated valves 
also occur, some with a mud fill (Fig. 6B). The bivalves are of late 
Miocene age according to Addicott (1978). Vertical Opllimorphci bur- 
rows occur locally, similar to those at other Skonun Formation exposures 
described by Higgs (1989~). Also present are chevron structures, 
caused by collapse of ve~tical Ophiomo~plm burrows (Frey et al., 1978), 
as well as possible bivalve escape shafts. Angular to rounded pebbles, 
cobbles, and boulders occur as isolated clasts "floating" in sand- 
stone; they include sedimentary, volcanic and granitoid rock types (Fig. 

GC: Sutherland Brown, 1968, Plate 10B). One mudstone clast carries 
a fossil claw, which was not recovered for fear of breakage (Fig. 6D). 

The sandstone is well-indurated by calcite cement, possibly de- 
rived locally from the abundant bivalve shells. Subvertical sand- 
stone dykes up to I cm wide. laminated parallel to their length, are 
locally visible; some can be traced downward into a "donor" bed. Cal- 
cite veins up to 2 mm thick are also common. 

Interpretation. The environment was marine, as shown by the bivalves: 
this is consistent with the presence of Ophiomorphn (Frey et al.. 
1978). The floating clasts are interpreted as ice-rafted dropstones, de- 
posited from icebergs or shore-connected floating ice. An alternative 
possibility, that the clasts are dropstones rafted in the roots of drift- 
ing trees, is rejected because: I) a few of the inferred dropstones at 
the nearby western sea stack (see below) have possible facets, diag- 
nostic of glacial transport; and 2) one of the inferred dropstones in the 
western sea stack is at least 5 m across. Probable dropstones have also 
been reported in the Skonun Formation at Collison Point and Miller 
Creek (Higgs, 1989~). At Collison Point, floating clasts are accom- 
panied by dispersed wood fragments. The wood implies that the 
coast was at least partially ice-free, suggesting that the glaciers were 
tidewater valley glaciers rather than ice sheets. The dropstones were 
probably supplied by icebergs, rather than by shore-connected ice 
tongues, because at Miller Creek (Higgs, 1989~)  and Yakoun River 
(below), dropstones occur in tidal-shelf sandstones but not in in- 
terbedded shallow-marine mudstones, suggesting that the ice was in 
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Figure 5: Graphic sedimentological logs of: A Skonun Point, eastern sea stack; B Skonun Point, western sea stack; C Yakoun River cliff at PQ 
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the form of icebergs entrained along tidal-current pathwayb. The l~l/rs/c,rti .scJcl .sr(cc.k 
dropxtoncs imply an offsliorc environment. rather than an estuary or. 
Ia50011. The int'crrcd icchcrgs 1n;i) 1i:tvc bccn calving from gl:tciers 
of tlie ancestral (Mioccnc) mountain 01' Morcsby Island. as dis- 
cussed bcIo\v. or froni tlie mainland Co2tst Kangcs ( I  ligss. I9S9c). 

The s;tndstoric bcds ;it thc castcrn stack are interpretctl as shal- 
low-marine stonn beds. deposited under tlic influence of w;lvcs, as 
shown by the presence of H('S (Ilott iund Bourgeois. 1982). tiacli bctl 
was rapidly deposited during a short-lived event, as indicated by 
\harp bed bases and by the ~~ossiblc bi\':il\,c c.;c:~pc shrift.;. Sirnilits sc- 
qucnces of intc~nal htructurcs, invol\~inp basal coquinas ovcrlain by 
a massivc tlivision antl/or HC'S. arc well known in ;~nc.icnt (Krcisa. 
198 1 : Don and Bourgeois. 198'7; Walker et al.. 1983) iuid modcni (Ajp-  
er and Rcincck. 1982) stor~n bcds. The transitional ~ICS/trougli cross- 
stratification suggests th:~t strong unitlircctional currents supplc- 
rncntetl the storln-\\wc oscillalory curTcnts (Nottvcdt ;ulcl Krcisa. 1987): 
the supplerneritary currcnt may have bccn tidal in this case, given the 
evidencc for tidal currents :it other Skonun l;or~iintion csposurcs (see 
bclow and Higgs, 1989~). 1nst;lnccs of faint. tliscontinuous Iamina- 
tion are su~gcstive of post-deposition;tl disruption by IiqueFaction. This 
suggcststhat the massive appearance of some betls may be scc- 
ondary. Liqi~cf~~ction wits possibly triggcrctl by e:u?liqu;tkcs, ;a inl'crrcd 
for the sandstonc dykes (hclow). The coquirlas arc intcrprctctl as 
winnowed I;lg dcposils, consisting of burrowing hival\~es cshumed 
from a layer (thickness unknown) of host sedi~iient which was win- 
nowed away by strong currents carly in thc stomi. prior to santl-bed 
tlcposition. The host sediment in some cases was probably nil~d. as 
sliown by thosc bivalvcs with a mud fill tund by the prcsencc ofdis- 
continuous niud layers. The winnower1 hivalve.; untlc~\\lcnt limited Iran\- 
portation. ;is shown hy their ~~nbrokcn, non-:thratlcd st;ttc, antl by the 
prcscncc of ;~rticulatcd spccimcris. In  cocluinas whose constituent 
hhclls are all convex-up. the shclls were proh:~bly tliro'i\~n into suspension 
by storm currents. and then. ;~ftcr sinking concave-up (Allcn, 19x4). 
they were flipped over. upon strihing the betl, by :I one-way current 
whose velocity exceeded the "ovc~li~r~iing thrcsliolcl ... Cor settliiig par- 
ticles" (Allcn, 1984). In contrast, mixed con\~cx-up and convcx- 
clown coquinas suggct one of tlircc possihilitics: ( 1 )  the currcnt ve- 
locity cxccedcd the overturning tlirc\liold for some species but not for 
others: (3) Ihc suspension cont;~incd a high concentc~tion of sand. which 
was comnio~ily trapped on the (concave) upper side of settling shclls 
dr~c to the separation vortex above each shell (Allcn, 1984). thercby 
causing tlic cn'ective mass (liencc. overturning thscshold) of settling 
shells to increase (Allcn. 1984): or (3) thc shell suspension u l a  so dense 
that interference effects prc\~cntetl sonic shclls froni o\icrturning, an 
explanation that is consistent with tlic presence of vertical v:ilvc\. 

Hence. the strata of tlie eastern sea stack are interpreted as amal- 
gamated storni bcds, depositctl on a storm-danin:~ted shallow sea floor. 
The sandstonc dykes suggest that the strata underwent carly litliifi- 
cution, and were then intruded by sand i11.jcctcd from an untlcrlying 
donor bed. liquefied possibly by n u  eartliqu;~kc. 

Descr:p:ion. About 150 rn farther west along the sand beach is nn- 
otlicr sea stitch. exposing about 5 m orclast-supported conglomerate 
ovcrlain by 2 m of pebbly sandstonc (Fig. 5B). Tlicsc strata are prob- 
ably of late Mioccne aTc. hec;u~sc they ;Ire along strike from. ;~nd of 
si~iiil:~r attitude to, the (late Mioccnc) stfilta of the castcm stack. The 
conglorner:~te is extremely poorly honed: clasts rang in size from pan- 
ules to boultlcrs. The conglomerate grades laterally at one placc into 
a patch of trough cross-stlatified pcbbly snnclstone. ('last roundness 
is highly variable, from subangular to well rounded. A few rounded 
clasts arc truncated by flat faces, possibly representing glacial filcets. 
L,ithology is also very variable, including volcanic. plutonic. mcta- 
morphic and sedimentary rock types. Sedimentary clasts include 
subangular boulders of massive shelly sandstone. and of hummocky(?) 
cross-stratilied sandstone. similar to lithologics exposed at the cast- 
ern sea stack. A body of Sine sandstonc at least 5 m zlcross dominates 
tlic western sea stack ancl extcntls below beach level. This sandstonc 
body is interpreted as :I giant clast, bcc;u~sc subvertical contacts with 
tlic cnvelo[~ing conglorneratc can be seen on its north. cast and south 
Flanks. (However, on the south and east flanks, the conglorneratc cn- 
vclopc has been rcduccd to a patchy veneer by ongoing erosion.) In 
an alterliativc interpretation. Suthcrlund Brown (1968, p. 122) viewetl 
the sandstone hotly as itr silrc sandstonc "irregularly cut aritl filled by 
and intcrc:tlntcd with ... conglonieratc". The inferred niegaclost is litho- 
logically similar to the ninssivc sandstonc of the eastern sea stack. Grav- 
cl-six fragments of thick-shelled bivnlves comprise about 5%. of the 
conglomerate. The conglomerate matrix is medium to coarse sand. 

The overlying pcbbly sandstone is trough cross-stratified. in 
sets 20-40 cm thick. Forcset attitudes indicate palcotlow to the north- 
M,CSI. The santlsto~ie is medium grained ancl contains about 5 %  grav- 
cl-siye fragments of thick-shellecl bivolvcs. 

Interpretation. Both the conglomcr;~tc ancl tlie overlying pebbly 
sandstonc are probably marine. based on the shell fragments. Thc con- 
glonicratc is thought to be an accurni~lation of dropstones, rather 
than a mass-!low tlcposit. basctl on: ( l )  the possible Faceted clasts; (2) 
the estrcmc diversity of clztst s ix .  roundness and composition; ,and 
(3) the presence of probable dropstones at other Skonun Formation 
locztlitics, occurring both us tlispcrscd clasts in sandstonc and as cl:~st 
accumulations (sec above and below. and Higgs. 1989~). The con- 
plomerate is not a dropstone lcix deposit. left behind by winnowing 
of an enclosing sediment layer (sand or mutl). because winnowing would 
produce only a one-clast-thick surface layer, sufficient to "armour" 
tlie bed against further erosion. Instead, tlie conglomerate is thought 
to be a conclcns:~tion layer, li)rnied by slow accuniulation of dropstones 
under a high ambient currcnt velocity. such that sand and mucl were 
swept past. exccpt for sand and shell fragments entrapped in the 
"current shadow" behind individual dropstones on the sea floor. The 
ambient current was probably tidal. rather than wind- or wave-induccd. 
basctl on the abundant evidence for tidal-shelf deposition at other Sko- 
nun Form:~tiori exposures (>cc bclow arid Higgs, 1989~).  The patch 
of cross-stratific:~tiori within the conglomcrate may have becn fornled 

Figure 6: Sandstone facies at Skonun Point, eastern sea stack. Hammer 30 cm long; coin 24 mm across. A Two amalgamated sandstone beds, 
each consisting of a basal, massive shelly intewal passing up into hummocky cross-stratification. Note that the shells are disarticulated, unbro- 
ken, and almost invariably convex-up. Beach sand at top left and bottom. B Coquina of bivalve shells at base of a sandstone bed. Stratigraphic 
top is up. Shells are mostly disarticulated, and are oriented convex-up, convex-down, or vertical. A few shells are articulated; the one at top right 
has a calcite cement f i l l ;  the one at centre has a mud f i l l  (see text). C Bedding-plane view of a sandstone bed containing a "floating" boulder of 
granitoid rock. The sandstone bed, which is dipping to the left (north), has a basal coquina (visible at top, bottom and right) overlain by faint hum- 
mocky cross-stratification (visible below boulder). D Sandstone bed containing a floating 10 cm mudstone clast bearing a fossil claw. Bedding 
plane view. The sandstone is massive and contains sparse, disarticulated bivalve shells. Circular structure on right-hand side is a modern limpet 
attachment mark. 



by tidal bedlbrms in a \andy depres\ion o n  an othcrwisc gravelly sea 
tloor. 'l'lic I)ivalve dc t r i t~~s  u ~ i d e r ~ ~ e ~ i t  c ~ ~ i s i ~ l c r i ~ b l c  tr;r~is~ort:~tio~i. ;IS 

\ h o w  by the dcgrcc ol' fragmentation. The thick-wi~lled nature ol'the 
$hell.; suggests that the biv:ilvc wcrc cpifaunal. inhabitin: a high-en- 
ergy en\iironment: they may have been attachecl to nearby boulders 
or rock outcrops, comparable to bivalves in the modern English 
Channel ancl Scottish sl~clf. in areas of strongest tidal current (M'il- 
son. 1982). 

With rcgartl to the source area ol'thc inferred dropstonci;. many 
ofthe clasts lithologic:~lly resemble bedrock units of the Quccn Char- 
lotte Islands, particularly the sandstone clasts (including the rncgaclast). 
which arc thought to be intraforniational Skonun Formation materi- 
al. This irnplics contclnponneous uplift of a former "Skonun-tlcl~ositing" 
area, to rorni mountains in which upliftctl Skonun material was u o d -  
ed and entrained by glaciers. Hence, the mainland Coast Mountains 
are csclutlcd as a possible sourcc: they :rppcirr to have cxistctl thro~lgli- 
out thc Eoccne to Keccnt span ofthc QCB (I'arrish. 198.3) and would 
therefore never havc been the site of Skonun deposition. Instead. i t  
is proposctl that :I mountainous. proto-Queen Charlotte Islands land- 
mass Iny to the west. These mounk~ins must have existed by late Micxcne 
time if they were the source ofttie tlropstones in the (upper Mioccnc) 
strata of the western sea stack. Hence, it is argued (see "Discussion" 
below) that proto-Morcsby Island was upliftctl at :rbout 20 Ma. due 
to a change in relative motion ofthc Pacitic plate which initiated oblique 
subduction at the previously transforn~ Queen Charlotte margin. In atl- 
dition to the proto-Morcshy mountains. some ofthc dropstones may 
have been derived from the mainland ('oast Mountains (Higgs. 
1989~).  Indeed. Sutherland Brown (1968. p. 124) notctl that while most 
of the "coarse clasts" in the Skonun For~nation "can or must havc been 
derived f'rorn the Quccn Charlotte Islands", tlie metamorphic clacts 
"must have originated from tlie mainland or southeastern Alasha". 

The cross-stratified pebbly sandstone capping the westem sea stack 
is thought to reflect gravelly bedforms migrating under a strong tidal 
current in a shallow-marine setting (cf. Belderson et al., 1982). 

I i~tei.t ir lal beach 

Description. On the beach to the east of the sea stacks is an intermittently 
exposed succession estimated to be 98 m thick by Sutherland Brown 
(1968). Unfortunately, the stratigmphic relationship between these south- 
dipping beds and the (north-dipping) strata of the sea stacks is unknown, 
because the contact is covered by beach sand. The facies are entire- 
ly different. Forming resistant ribs in the beach are lignite beds rang- 
ing from 5 cm to 1 m thick. Up to ten lignite ribs are present, sepa- 
rated by covered intervals up to a few metres thick. Individual ribs 
can be traced laterally for at least 50 m. Tree stumps are discernible 
in the lignite beds, as well as fallen tree trunks at least I m long and 
30 cm wide. Intermittently exposed between the lignite ribs, largely 
covered by beach sand, is semi-consolidated mudstone. Where the base 
of a lignite bed is visible, the contact with the underlying mudstone 
is sharp. and vertical to subhorizontal roots are locally visible, extending 
downward into the mudstone for up to I m (Fig. 7A). The ~nudstone 
is generally massive, but locally shows traces of disturbed (by root- 
ing?), millimetre-scale lamination. The mudstone is mostly grey to 
brown; some exposures show coiour mottling, with various shades of 
grey, brown and pink. Some lnottled intervals contain irregular. cen- 
timetre-size patches of muddy sand with diffuse boundaries and a dif- 
ferent colour from the enclosing mudstone. Strings of lensoidal cal- 
careous concretions occur in the mudstone, forming resistant ribs. 
Concretions are individually up to 60 cm thick and 3 m across: they 
are connected laterally to one another in some cases, and are dis- 
connected in others. The most southerly (i.e. shoreward) rib is a 
layer of fine to medium sandstone 1 m thick, comprising a single pla- 
nar-tabular cross-set in which the foresets dip approximately north. 

I',. .' ' ;lcrng the rib laterally to the east and \vest. i t  thins to about 30 cm. 
and the cross-str;r~ificirtiori passes into ripplc cross-lamination. 

b terpre ta t ion.  The presence of roots dcmonstratcs that the vcgcta- 
tion comprising the lignite beds grew itr s i t lr .  The rootctl. colour-niot- 
tled mudstones arc interpreted :is paleo.sols (Collinson. 1086). 7'hc as- 
sociation of palcosols and ill .\ill1 coil1 suggests an overbank setting 
on a fluvial or deltaic plain. The single rib of sanclstone is interpret- 
ed as :I fluvial or distributary channel: tlic large-scale cross-set rcp- 
rese~its ;I do~\~~istre;i~ii-~iiigrati~ip s;r~id bar i r i  the chirrillel propcr. \\~Iiile 
the Ilanhing cross-laminatio~~ represents the channel Icvccs. 

Yakan Point 

'I'hc main section at Yaknn Point has been described and inter- 
prctcd by Higgs (1489~) .  Mol l~~scs  and an echinoid at this locality in- 
dicate a late Miocene age (Addicott. 1978). Tidal sedimcntrrry struc- 
tures :rt this section include herringbone cross-stratification. first 
reported by McWliae ( 1986). Thcsc are probably the first tidal deposits 
reportetl from the Tertiary in Canada, south of latitude 600N. An ad- 
ditional csposurc at U K  147948 near high-water mark on the castcrn 
sitlc ol'tlie poirit, scl):rratcd korn the main section by :I /one of no ex- 
posure. rcvcals about I In of subhori~ontally bedded fine sandstonc. 
7'hc sandstone consists of alternating units, up to 10 cm thick. of rip- 
ple cross-laminated sandstonc and pirrallcl-laminated carbonaceous 
sandstonc (Fig. 7R). Each of the cross-laminated units comprises sev- 
eral sets ol'crosional-stoss. tirbular cross-lamination with north-dip- 
ping f'orescts. Asymnictrical, north-l~cing ripples are cxposctl on the 
upper surfaccs of the cross-l;1niinatet1 units: ripplc crests strike N8S0E 
in one case. The intervening parallel-larnin:rtctI units comprise mil- 
limetre-thick alternating quartzosc laminae and carbonaceous I;~mi- 
nac: the Iattcr consist of siund-sizc plant detritus. About 20-30 quart- 
zose laminae occur in each unit, although counts are unreliable 
because the lamination is commonly faint. 

The laminated sandstone at UK147948 is interpreted as a "tidal 
rhythmite" (Reineck and Singh, 1980), based on: ( I )  regularly alter- 
nating units; (2) regularly alternating laminae; and (3) approximate- 
ly consistent number of laminae in each laminated unit. Evidence for 
emergence or wave action is lacking, suggesting deposition below wave 
base. Each cross-laminated unit may represent a single (peak) spring 
tide, either ebb or flood, while the succeeding plane-laminated unit 
represents the remainder of the (two-week) spring-neap cycle. The im- 
plication is that the carbonaceous laminae represent material which 
settled from suspension during slack-water episodes, whereas quart- 
zose laminae represent traction deposition during the ebb and/or 
flood. The fact that 20-30 quartzose laminae occur in each (inferred 
two-week) cycle is colisistent with either: ( I )  deposition of one quart- 
zose lamina during every flood and every ebb, in a diurnal tidal 
regime ("ideal" total of 28 quartzose laminae); or (2) deposition of 
one quartzose lamina during every flood or every ebb (but not both) 
in a regime which was semi-diurnal and in which only the ebb or flood 
was strong enough to transport sand. The consistent orientation of rip- 
ple crestlines suggests a consistently oriented (flood- or ebb-) current. 
Tidal rhythmites have been described by Reineck and Singh (1980), 

Figure 7: Hammer 30 cm long. A Seaweed-covered lignite rib (top), 
with two roots penetrating downward into underlying recessive mud- 
stone (one root at each end of hammer). Intertidal beach at Skonun 
Point. B Tidal rhythmite facies at Yakan Point. See  text for explana- 
tion. Right way up. 
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but in their examples the sand is interlaminated with 
mud rather than carbonaceous litter. 

Tow Hill 

Dest.riptiot~ 
Immediately beneath the sill which forms Tow Hill 

(Sutherland Brown, 1968). an interval of mudstone 1 .5 
m thick is exposed, at UK171955. The contact be- 
tween the sill and the mudstone is sharp, and the base 
of the mudstone is covered by beach shingle. The 
mudstone shows millimetre-scale lamination, which is 
variably disturbed by burrowing, producing a mot- 
tled texture. The uppermost 10 cm of the mudstone, ad- 
jacent to the sill, is better indurated than the rest, pos- 
sibly due to baking (Sutherland Brown, 1968). 

Thirty metres along the beach to the southwest, a 
second sill protrudes above the beach gravel, forming 
a rib 40 cm thick. Beneath this sill 75 cm of mudstone 
is exposed. The mudstone is similar to that beneath the 
main sill, except that the basal 30 cm is contorted. 

The presence of burrows suggests a subaqueous 
depositional environment, but the data are insufficient 
to judge whether the water was fresh or marine. The 
contorted mudstone may be a slump deposit, or may 
have been disturbed it1 sir~c, possibly by an earthquake. 
A slump interpretation is consistent with the inte~pre- 
tation (see discussion below) that Unit I was deposit- 
ed in high-gradient environments (alluvial fans and fan 
deltas) during active tectonism. 

Miller Creek 
The exposure at Miller Creek was discussed by 

Higgs (1989~). 

Cinola 
At the Cinola gold property, disseminated mi- 

croscopic gold occurs in silicified Skonun Formation 
deposits (Champigny and Sinclair, 1982). Exposure of 
the Skonun Formation in 1987 comprised an adit, a small 
quarry for extraction of road material, and several 
kilometres of diamond drill core taken from numerous 
shallow boreholes (up to 300 m deep; see Champigny 
and Sinclair, 1982). The Skonun strata at Cinola are dom- 
inated by conglomerate, and are dated as early Miocene 
based on palynomorphs. bivalves and K-Ar ages of a 
rhyolite intrusion (Champigny et al., 1981). 

Core 
Description. Much of the core material is unsuitable 
for sedirnentological description because extensive 
alteration (Champigny and Sinclair, 1982) ha5 obliterated 
sedimentary structures. One of the least altered cores 
was examined in detail (Corehole 84-1: Fig. 8). The 
dominant facies is clast-supported conglomerate in 
beds up to 7 m thick. Clasts include felsic and mafic 
volcanics. granite, and sedimentary rock types 
(Champigny and Sinclair, 1982). Neither grading nor 
imbrication is conspicuous. Subordinate matrix-sup- 
ported conglomerate beds also occur; the matrix con- 
sists of mud in some cases and sand in others. In ad- 
dition to conglomerates, there are sharp-based beds of 
massive sandstone up to I m thick, some of which are 
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graded. Interbedded with the conglon~erates and sandstones are mud- 
stone intervals up to I I ni thick; these range from nludstone in which 
silt streaks define a millimetre-scale lamination, to thoroughly bio- 
turbated mudstone with a mottled appearance. 

Interpretation. The conglomerate beds are interpreted as mass-flow 
deposits, based on their sharp upper and lower contacts, and their lack 
of stratification. Deposition in or beside a high-gradient terrain is im- 
plied, to enable gravel transportation. The clast-supported conglom- 
erates were probably deposited by high-density turbidity currents or 
by cohesionless debris flows (Lowe, 1982; Nemec and Steel, 1984). 
while the mud-supported conglomerates were deposited by cohe- 
sive debris flows. The sandstone beds are interpreted a5 turbidites. Thus. 
the conglomerate and sandstone beds represent catastrophic deposi- 
tional "events", possibly floods, while the mudstone represents nor- 
mal "background" deposition. The depositional environment was 
probably subaqueous. since there is no evidence for emergence, such 
a5 coal, paleosols, roots or desiccation cracks. A subaqueous environment 
is consistent with the presence of burrows in the mudstone. The 
water was probably marine because marine bivalves were collected 
from a trench at Cinola by Champigny et al. (1981): the author also 
found bivalves in a Cinola quarry (below). Wave-formed sedimen- 
tary structures are absent, suggesting deposition in relatively deep water, 
below storm wave base. There are two possible depositional envi- 
ronments for submarine mass-flow gravels: ( I )  a deep-water subaqueous 
valley, such as a submxine canyon or fan valley: and (2) an unchanneled 
fan-delta slope extending from shallow water into deep water ("deep- 
water fan delta" of Higgs, 1990). The fan-delta interpretation is the 
more likely in this case, based on the association with "beach to 
nearshore marine" bivalves (Champigny et al., 1981, p. 1902). 

Q1rar7.y 

Description. The quarry face was inaccessible due to active quarry- 
ing at the time of the author's visit. However, loose quarried blocks 
up to 2 m across were examined at the quarry mouth. The dominant 
lithology was silicified. matrix-supported conglomerate, referred to 
informally as the "Upper Debris Flow" by personnel of City Resources 
(Canada) Limited, the minesite operator. This unit has also been rec- 
ognized in core at Cinola and is 20-25 m thick (R. Tolbert, pen. comm., 
1987). The conglomerate matrix is unstratified and consists of poor- 
ly sorted, muddy, very fine sand. Clasts include volcanic, plutonic and 
sedimentary rock types, ranging from angular to rounded, and from 
granule to cobble grade. Another quarried block, about I m across, 
consisted of massive very fine sandstone containing a 5 cm layer of 
coquina, comprising whole bivalve shells, including some articulat- 
ed specimens. Yet another block, about 50 cm across, was com- 
posed of cross-stratified very fine sandstone. 

Interpretation. The "Upper Debris Flow" is interpreted as the deposit 
of a cohesive debris flow, based on its massive texture. poor sorting 
and muddy matrix (Middleton and Hampton, 1976). The association 
of this mass-flow conglomerate with bivalves is consistent with de- 
position on a deep-water fan delta, as inferred above for the Cinola 
core. 

Adit 

Description. An adit, driven into the hillside for assay tests, enabled 
the author to view the Skonun Formation underground. In 1987, the 
adit comprised a main drift about 400 m long, and a crosscut of sim- 
ilar length. The dominant exposed facies were conglomerate and 
mudstone. A matrix-supported conglomerate unit about 25 m thick 
is informally termed the "Lower Debris Flow" by City Resources staff. 
This unit stratigraphically underlies the "Upper Debris Flow" (R. Tol- 
bert, pers. comm., 1987). The matrix is structureless mudstone, and 
more than 90% of the clasts are light-grey rhyolite. Most clasts are 

angular. but some are rounded. Clasts are poorly sorted, and seldom 
exceed 20 cm in diameter; however, one megaclast composed of 
conglomerate is more than 2 m long, and another of volcanic brec- 
cia is at least I m long. One 20 cm bed of graded, clast-supported con- 
glomerate appears to occupy a channel, although only one channel wall 
was exposed, inclined at about 45" to bedding. The graded con- 
glomerate is underlain by mottled mudstone. and overlain by mottled 
mudstone containing subvertical roots. Exposed in the adit roof was 
a carbonized tree trunk at least 40 cm across and 2 m long, oriented 
parallel to bedding. 

Interpretation. The "Lower Debris Flow" is interpreted as the de- 
posit of a cohesive debris flow, based on the massive muddy matrix, 
lack of grading and poor sotling. The rooted, mottled mudstone is in- 
terpreted as a paleosol, implying that part of the adit succession was 
deposited in a subaerial environment. The association of paleosols and 
debris-flow conglomerates suggests deposition on an alluvial fan. The 
graded conglomerate bed, in view of the grading. channeling and in- 
ferred subaerial setting, is interpreted as the deposit of a turbulent, flu- 
idal sediment flow (Nemec and Steel, 1984). 

An alluvial-fan interpretation is consistent with the fan-delta-slope 
environment proposed above for the core and quany strata. Hence, 
the overall depositional system inferred for Cinola is a fan delta, 
comprising an alluvial fan building directly into deep water (cf. 
Higgs, 1990). 

Yakoun River 
Several Skonun Formation exposures occur in cliffs along the 

Yakoun River and in a nearby sand pit and roadcuts. Horizontal or 
near-horizonral strata occur in three cliff exposures along a 1.5 km stretch 
of the river. 

Cliff at PQHH837.5 
Description. The bare cliff is about 150 m long and exposes about 
12 m of tabular-crossbedded medium sandstone overlain by about 3 
m of pale grey, massive mudstone containing whole, disarticulated 
bivalves and gastropods (Fig. SC). Sandstone cross-sets are 30- 100 
cm thick, and foresets dip north. Only in one set was the true (three- 
dimensional) attitude of the foresets visible, yielding a dip direction 
of 335". The top few decimetres of each set contain vertical Ophionior- 
pha burrows, sufficiently crowded in some cases to obliterate the cross- 
stratification. Dispersed within the sets are "floating" pebbles up to 
3 cm across. (The same crossbedded facies with Opl~ioniorpha bur- 
rows and floating clasts is exposed at Collison Point (see below and 
Higgs, 1989~)). About I m above river level, the sandstone contains 
a layer of angular to rounded pebbles and cobbles, one clast thick; a 
few clasts are in contact with their neighbours. One angular vol- 
canic clast is 50 cm long. 

The mudstone is inaccessible at the clifftop, but talus at the 
base of the cliff can be examined. Molluscs recovered from the talus 
are upper Miocene (L. Marincovich, Jr., pers. comm.. 1989; Higgs et 
al., in prep.), and include the bivalve Acila enlpi~.e~l.sis, which has not 
previously been described from the Skonun Formation. 

Interpretation. The presence of Ol~kionio~pha suggests that a ma- 
rine environment is most likely for the sandstone (Frey et al., 1978). 
Similarly, the mudstone mollusc fauna is marine, and indicates an inner 
or middle shelf setting (L. Marincovich, Jr., pers. comm.. 1989). 
The floating clasts are interpreted as ice-rafted dropstones, while the 
discrete layer of clasts is interpreted as either a dropstone condensa- 
tion layer or a wi~nowed lag (see Skonun Point above). The presence 
of dropstones supports the mollusc evidence for an offshore shelf en- 
vironment, rather than an estuary or lagoon. The cross-stratification 
was produced by bedforms migrating across the sea floor under the 
influence of a strong current. The current was probably tidal, based 



on the evidence for titlal currents at othcr Skonun Fotmation expo- 
sures (especially Yakan Point i~bovc and Yakoun sand pit below). The 
thickness and tabular geotiietry of the cross-sets sugpcst that thc par- 
ent bcdforms \\ere strai$it-crested sandwaves (.\cvrsrr Collinson and 
Thonipson, 1982) up to at least I ni high. The consistent northward 
dip of tlie forcscts indicates that the dominant tidal flow (ebb or 
flood) at this locality was northward (sec discussion below). 'l'hc ap- 
parent lack of clay laminae draping the forescts (cl: Visxcr. 19x0) sug- 
zests that slack water never occul-red. prsu~nably due to a supplen~entauy 
( U  intl-driven?) current. 

The up\vard tsiinsition froni slinllow-~narinc ~antlstonc into slial- 
IOU,-marine mudstone prcsutnably rcllects a sutlclen dccrcasc of tidal 
current vclocity, possibly iluc to a tectonically or glacially induced 
change in basin configuration. causing tidal currents to diminish. or 
titlal tlou' paths to shift laterally. 7'he absence of dropstones in the rnuti- 
\tone suggests that icebergs wcrc kept away, poasibly by cntrainrnent 
in titlal-current path\vays. Ncvcrthelcss. gli~ciers may have continued 
to influence deposition: the lack of structure in the muilstonc is typ- 
ical of glacioniorinc lnutls (e.g. Eylcs ttntl Miall. 1984). ancl may re- 
Hcct continuous rainout from scdimcnt-rich ovcrtlows fccl by glacial 
meltwater. 

Description. Tlie cliff cxposcs about 2 m of apparently niassivc 
(hurrowcd'!) sandstone. overlain hy about 3- m of tabular-cross-stm- 
ificd sandstonc. The two units arc sepanltcd hy a string. one clast thick, 
of pcbbles and cobbles. Tlic crossbeddcd sandstonc comprises t ~ l o  scts. 
each about I m thick, with opposed foreset dips (southward in thc lou~cr 
set and north\vard in the upper set). forming a herringbone pattern. 

Inter;,retation, 'rhc hcrri~igboni' cross-stlatitici~tio~~ is ytrongly sug- 
gestive of tid;~l currents. anti the pebble-cobble layer may rcpscscnt 
dropstones (sec above). The inl'crrcd dcpositional environment is a 
glacially influcncctl tidal shelf. :is I'or the previous cliff exposure. 

C'l$'nr PQHYX.ih.5 

Description. The clifl'consists of about 30 m of  tabular-cross-strati- 
fietl sandstone. massive sandstonc irntl massive mudstonc, interbedded 
in units 2-5 In thick (Fig. 9). Individual cmss-sets arc up to about 1 ni 
tliick, and all forescts dip northward. The massivc sandstonc interval 
contains a bedding-parallel stringer of pebbles und/or cobbles (Fig. 9). 

Interpretation. Tlic facics rcscmblc thosc at othcr Skonun Forma- 
tion exposures and arc likcwisc intcrprctcd in ternis of a glacially in- 
llucnccd. tide-dominotctl shallow-~narinc envimnment (see above 
and Hips\, 19x9~). 

. Y f / / l ~ /  /lit 

A sand pit at PQ882380. about 600 m west of the Yakoun 
River. cxposcs friitblc Skonun Formation snntlstone extracted to pave 
logging roads. About 10 rii of subhorizontal, ti~hular-cross-stratified 
sandstonc arc exposed (Figs. 51). 10). 7'his is capped by 1-3 m of gniv- 
el and cross-stratified pebbly sand, with an irregular, colnpound- 
channeled base with up to 2 m of reliet'anci with locally subvcrtic;ll 
channel tvalls (Figs. SD, 10). No fossils were found in the sand-pit 
deposits. so their age is unknown. However, tlie gra\~clly capping is 
tentatively intcrprctcd as Quatern;~ry fluvioglacial outwash (sec 
above). The underlying sandstonc is very similar to late Mioccnc FJ- 
cics which occur less than I km away along the Yakoun River 
(PQ888375: see abovc). in strata which are likcwisc subhorizontal: 
hence. the quarry sediments are probably also upper Mioccne. 

Description. The cross-stratilied santlstone is fine to medium grained, 
and contains sparse. floating pcbbles up to 3.5 c111 across. Sets are es- 
scntially tabular and are 30- 150 c111 tliick. Set bountlitries arc planar. 
but succcssivc pairs of sct bountlarics arc commonly not quite par- 

i~llel. divcrgitig hy up to 20- (Fig. 10). l'he Ihrcscts in every cross-sct 
dip north\v;lrtl. Foresets arc atrangd such that groups of concave forc- 
sets (with contiguous bottomsets) alternate. on a decimetre scale. 
with groups of planar foresets (Fig. I I). Bottomsets arc, moderately 
to strongly bunowetl in places. fonning burrowed intervals 5-15 cm 
thick (Fig. 12A). Tlie burrow:; are 1-2 mln in diarnctcr, vertical to hor- 
izontal. ;\nd include a branching ichnogcnuh (('lror7rl1~itc~.s?) and pos- 
sihlc t:-tubes. F:orcsets contain sparse Oplrior~ro~~/)lrc/ burrows. mca- 
suring 1-3 cm in diilmcter and up to 50 cm long. \vhicIi descend 
vertically I'rom upper set boundaries. 

L,ocally. two scts arc sel~aratctl by a thin (1-2 cm) layer ofmas- 
sivc, pale g ~ c ) ~  mudstone. There are also rare mutl dlapcs \~.i/lrirr 
cross-sets. intcrcalatcd in the fosesct lamination (Fig. 12B). Thc mud 
drapes occur as doublets cnclosing a millimetre-thick sand lamina; the 
thickness of this "sand\vich" is up to 3.5 cm. 

In some cross-sets. il bundlc o f  forcsets is defomiccl into decimc- 
trc-scale folds (Figs. I I .  12B.C). The tlcformcd bundlc is up to about 
1 m tliick, mcitsured perpendicular to the foresets. Thc bundle is 
boundctl latcrally by undeformcd foresets. and is either truncated at 
tlic top by the overlying cross-set (Fig. I I ) or else the dcfomiation i~f- 
kcts the overlying sct as well (Fig. 12C). The folds consist of sharp 
anticlines separated by broatl, roundetl synclines (Fig. I I); i t  is not 
known how far the anticlines cstcnd in the thirtl dimension. or indccd 
if thcy arc donial. Anticlincs become sliarpcs upward within a deformed 
br~ntlle. culminnting in ;I diapis-like fold. Anticline axes are vertical. 
arid the axial zone is co~nmonly a structureless pillar a fcw centime- 
tres across (Fig. 12C). In  one foltlcd foreset buntllc, thc foresets are 
ofl'sct by n dow~iwrrsd verging thrust (Fig. 13C). 

In!erpretation. The floating clitsts arc interpreted. like thosc at other 
Skonun Forliiittion loc;~lities. as iccber~ dropstones. iniplying an off- 
shore environliicnt. The double mud drapea are proof of a subaquc- 
ous titlnl environment (Visxr, 1980). lending support to the tidal in- 
tcrprctaticxi already inferred for similar fiicics at'othcr Skonun 
Formation cxposurcs (above). The cross-sets wcrc protluccd by mi- 
gration of rcl;itivclp straight-crested sandwavcs up to at least 1 .S ni 
high. as shown by the relatively tabular set geometry and by the 
thickness of sets: in the terminology of Allen (1980). the bedforms 
were Class lllB sand waves. The tlouble mud drapes represent deposition 
between two dominant tides, with the mud laminae reflecting slack 
water and tlic intervening sand la~iiina the subordinate tide (Visscr, 
1980). The scarcity of mud drapes (cf. Visser, 1980) suggests that slack 
water seldom occurred. prcsurnably due to a supplementary (wind- 
driven?) cut-rent. The alternating groups ofconcavc and planar forc- 
scts lend further support to a subaqucous tidal environment. Similar 
groupings in Belgian Eocenc deposits \\)ere interprctctl as neap- 
spring cyclcs by Houtliuys and Ciullentops ( 1988). I f  this intcryreta- 
tion is correct, tlie horizontal spacing between two co~isccutivc con- 
cave groups (or two planar gsoul~s), gcncrally in the order of 50 cm. 
rcprcscnts the distancc that the bcdforni advanced in t ~ i o  weeks 
(spring-neap-spring). According to Houthnys and Gullcntops ( 1988). 
the concave groups were deposited around neap tide. Howcver, con- 

Figure 9: Yakoun River cliff at PQ898365, comprising massive sand- 
stone, massive mudstone, and cross-stratified sandstone. Height of 
section in this view is about 15 m. Two superimposed tabular cross- 
sets are visible at bottom left, immediately below the foliage. Foresets 
dip to the left (north) in both cases. Traced toward the right, the upper 
set becomes massive. 
Figure 10: Sand pit near Yakoun River, showing tabular cross-strat- 
ified sandstone. Paleoflow to left (north). Note that the sandstone is 
incised by an irregular, composite scour, which is overlain by gravel 
and pebbly sand of probable glacial-outwash origin (see text). 
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cave foresets (and their contiguous bottomsets) usually reflect stronger 
currents than angular foreset5 (Jopling, 1965). hence the concave glnups 
may instead represent spr.i~ig tide; during the ensuing neap phase, the 
bottomsets were non-depositional and underwent burrowing. 

The Opkiomorphn burrows reflect burrowing on the stoss sides of 
the sandwaves. The observed sparse burrow density may not reflect the 
actual population density because stoss sides may have been deeply erod- 
ed by current-scour ahead of the next (advancing) sandwave. 

The cross-strata are of fair-weather, not storm-tidal origin (cf. 
Anderton, 1976). based on the presence of mud drapes and neap-spring 
foreset groups. Where a 1-2 cm mud layer separates two sets. this may 
reflect a temporaty decrease in the tidal current velocity, perhaps due 
to a temporary diversion of the tidal current flow path. 

The folded foreset bundles are thought to reflect dewatering, the 
anticlines forming by upward expulsion of pore water along discrete 
channels corresponding to anticline axes; this would explain why axes 
are vertical and why the axial sediment is comn~only structureless. In- 
dividual anticlines sharpen upward because positions progressively 
higher up the axis are flushed by increasing amounts of escaping water. 
The inferred dewatering implies that the deformed bundle underwent 
liquefaction, possibly triggered by an earthquake. Liquefaction was 
contemporaneous with deposition, and took place at or near the sea 
floor, as shown by one set in which the deformed bundle is truncat- 
ed by the overlying (undefonned) cross-set (Fig. 1 I) .  The fact that fold 
axes are vertical rather than inclined implies that dewatering was not 
accompanied by downslope sliding of the deforming bundle. In the 
one definite instance where such sliding took place, deformation 
was accommodated by thrusting (Fig. 12C). 

Roaclc~~[s 
Description. Several roadcuts occur along logging roads within 1 km 
of the quarry, exposing Skonun Formation strata. At PQ 880383, a 
roadcut about 100 m long exposes horizontal strata, dominated by a 
4-5 m unit of massive, pale grey mudstone. There is also an interval 
of millimetre-scale interlaminated mudstone and very fine sandstone, 
containing vertical, sand-filled Ophiornoipha burrows. Another road- 
cut at PQ881380, some 300 m further south and about 100 m west 
of the quarry, exposes what is possibly the same 4-5 m massive 
mudstone unit, underlain by about 5 m of fine sandstone which is thor- 
oughly bioturbated by Oplziomorphu and therefore has a mud matrix 
(cf. Higgs, 1 9 8 9 ~ ;  Fig. SE). Beneath the muddy sandstone is about 3 
m of tabular cross-stratified, fine to medium sandstone, with foresets 
dipping approximately northward. The top few decimetres of the 
upper cross-set contain closely spaced, vertical Opkionlorplzo burrows 
up to I cm in diametel; burrow density decreases downward due to 
"fallout" of the shallower burrows. A stringer of disconnected peb- 
bles, one clast thick, follows the upper contact of the crossbedded sand- 
stone, and another occurs within the overlying muddy sandstone 
unit. The clasts include an angular volcanic clast about 15 cm across, 
and an angular granitoid clast about 8 cm across. 

Interpretation. All except the interlaminated sand-mud facies have 
been described and interpreted at other Skonun Formation localities 
(see above and Higgs, 1989c), and are indicative of a shallow, glacial- 
ly-influenced, tidal sea floor. The interlaminated sand-mud facies may 
reflect either daily tidal-current fluctuations, or seasonal fluctuations 
in the velocity (hence competence) of meltwater plumes. 

Figure 11A,B: Photograph and corresponding line drawing of three tab- 
ular cross-sets at Yakoun River sand pit. The central cross-set shows al- 
ternating groups of concave and planar foresets, highlighted in the line di- 
agram. The central set also shows vertical, diapir-like anticlines formed by 
dewatering, and truncated by the overlying set boundary (e.g. top right). 
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Figure 12: Yakoun River sand pit. A Subhorizontal toeset lamination 
(upper third) overlying steeply dipping foresets. A 5 cm toeset interval shows 
densely packed, filamentous burrows. Sparse burrows are also visible in 
the foresets. Lens cap 5.3 cm across. B Tabular cross-set, showing low 
to moderate deformation due to dewatering (see text). Two resistant fore- 
set laminae "emanate" from the person's forehead and trend toward the 
bottom right. The upper, darker lamina is a double mud drape (see text) 
which has been thickened to about 4 cm near its right-hand end (above lens 
cap) due to soft-sediment deformation. C Tabular cross-set showing two 
kinds of soft-sediment deformation: 1) diapir-like anticlines, formed by de- 
watering, punching upward through the overlying set boundary (horizon- 
tal line at top right); and 2) a downward-verging thrust (upper left), which 
soles out along a foreset lamina, and which involves both the upper and 
lower cross-sets. The thrust is listric, curves upward abruptly toward the 
right, and terminates in a thrust tip. Dark foresets are not mud drapes; the 
dark colour is due to preferential algal(?) growth along relatively permeable 
foreset laminae. Hammer 30 cm long. 



Masset Sound 

Several small exposures of subhorizontal Skonun Formation 
strata occur along the shores of Masset Sountl (Fig. 2. g to n). Most 
of these localities appear on the map of Sutherland Brown (1968. Fig. 
S). The exposures ase discussed individually below, from south to no~th. 

Colli.sorr Poi~rt 
The Collison Point section was described and interpreted by Higgs 

(1989~). The facies include the familiar tabular cross-stratified sand- 
stone with Ophior?lo,pha burrows and dropstones. The inferred de- 
positional environment was a glacially influenced, tide-dominated shal- 
low sea floor (Higgs, 1989~). The Collison Point strata were tentatively 
dated as late Miocene to early Pliocene by Martin and Rouse ( 1966). 
based on palynomorphs. Higgs (1989~) pointed out that a late Miocene 
age is likely, because bivalves of this a g  were found 7 km to the north, 
on Kumdis Island (Addicott. 1978; see below). in strata which are like- 
wise subhorizontal and close to sea level. A late Miocene age has now 
been confirmed (L. Marincovich, Jr., pers. comm., 1989), based on 
bivalves collected at Collison Point in 1988 by the author and by Dr. 
James White (Higgs et al., unpub. data). 

Klrn~dis I S I L I I I ~  
Description. A rock ledge on the foreshore at PQ878670, on the west 
side of Kumdis Island, exposes about I m of well indurated, poorly 
sorted sandstone containing dispersed granules and small pebbles. The 
sandstone is partially coated by seaweed and mud, but appears mas- 
sive. There is possibly a northward dip of a few degrees at this locality. 

At PQ882675, S00 m to the northeast, on the northern tip of 
Kumdis Island (Hogan Point), a few decimetres of rock are poorly ex- 
posed in foreshore ledges. Facies include silt-laminated mudstone, fine 
to medium sandstone, and coarse pebbly sandstone. 

Addicott (1978) recovered and identified a late Miocene bi- 
valve. and an untlctern~inctl g~~stsopod, from northem Kumtlis Island. 
although his precise sampling locality was not spccil'icd. 

Interpretation. Exposure is too poor for dctailetl interpretation. Tlic 
dispcrscd pebbles may be icc-rafted tlropstones. as inli.rretl for other 
Skonun Formation exposures (abovc and Higgs. 19x9~). 

N~tlrr Ki~so. nrorctli 

Description. A slime-ve~iccl-cd rock platli~mi is i~itennittently exposed 
on the foscshorc for :I distance of about 400 ni south ofthe Nadu River 
mouth (PQX90682), on the east bank of Massct Sound. Structural dip 
is less than 5". Exposed at PQ888679 is a lignite bed I0 cm thick. The 
lignite is irntlcrlain by colour-nlottlctl sandstonc, of wllich only 2 cm 
are visible. and ovcrlain by silty mutlstone. of \vIiich some I0 cm arc 
exposed. h\ covered interval of about 20 nl scp;~siitcs this cxposirn: from 
the next one 10 the south. which consists of a I'ew decimetres of mas- 
sive. mottled-green, finc to coarse sandstone, containing disperscd. 
angular to roundctl pebbles. 

Interpretation. The mottled santlstone underlying the lignite bed is 
interpreted us a p:rleosol. The axsociation of lignite and paleosol sug- 
gcsts an overbank sctting on an alluvial or delta plain. The dispersed 
pebbles at thc soulhern cxposure arc possibly ice-rafted dropstones. 
21s inferred fbr sinlilar pebbles in s:~ntlstonc at o thc~  Skonun Forma- 
tion localities (abovc: Higgs. 19x9~).  

Grit1 r~c~~r.erri.c PQS9208K 

.The liveshorc at this locality (j in Fig. 2) is a rocli ledge whosc 
seaw:trd edge is it vertical clilt' itt least I m high. TIic upper part or 
thc cli1.f is clncrgent at low tide. .fhc lcdgc extends more than 100 m 
north or a subduetl promontory and 200 m south. At least the top 70 
cm of the ledge consists of well cemented conglo~nc~.ate. The lcdgc 
is essentially horiu)ntal. suggesting that the conglomerate bed has ncg- 
ligiblc dip: this is supported by the occurrence of a similar con- 

glomerate ledge on the foreshore at Allan Point, I km to the north, 
and at Watun River ~nouth, 7 km to the north. 

Description. The conglomerate is mostly matrix-supported. but lo- 
cally clast-supported. The matrix consists of poorly sorted, tine to coarse 
sandstone. Clasts are likewise poorly sorted, ranging from granule to 
boulder grade (maximum 60 cm across). Clasts include shell fragment$, 
volcanic and granitoid rock types, and siltstone. Pale grey rhyolite(?) 
clasts are possibly derived from the Masset Formation. The clasts are 
rounded to subangular. The conglomerate lacks grading and imbri- 
cation. At least locally, the conglomerate contains a I0 cm layer of 
shell gravel composed of broken bivalves. About 100 m south of the 
promontory. the sandy matrix between clasts is crowded with whole, 
articulated bivalves in probable life position (Fig. 13A). 

A slurnp scar on the tree-covered slope behind the conglomer- 
ate ledge exposes 10-20 m of horizontally bedded sandstone and 
mudstone. These strata are separated from the conglomerate bed 
below by a covered interval several metres thick. 

Interpretation. The shells indicate that the conglomerate is not flu- 
vial, but probably marine. Deposition by subaqueous gravelly mass 
flow is unlikely, based on the poor solling and the lack of grading and 
imbrication (Lowe, 1982; Nemec and Steel, 1984). The most likely 
interpretation is that the conglomerate is a dropstone condensation layer 
(see Skonun Point above). A strong ambient current is implied, hin- 
dering deposition of sand and mud; the current was probably tidal, in 
view of the evidence for tidal-current deposition at other Skonun For- 
mation exposures (above). Hence, the inferred environment is a 
glacially influenced, tide-dominated shallow sea. The sandy-gravel- 
ly sea floor was colonized by burrowing bivalves, analogous to mod- 
ern burrowing bivalves in high-energy gravelly areas in the tidal En- 
glish Channel (Wilson, 1982). The shell gravel reflects transportation 
and accumulation of shell detritus, analogous to the shell accumula- 
tions found in gravelly areas of the English Channel (Wilson, 1982). 

Similar conglomcsatc beds con~aining shells wcrc described 
from the Plcistoccnc of southern Alaska and from the Pcrmian of Aus- 
tralia by Eyles and Lagoe (1989. their "planar muddy Coquinas" 
and their 1:igs. SC. 6D (lowcr half) and 14A). Thesc authors inferred 
slow accumulation of icc-raftcd dropstones on current-swcpt (sedi- 
ment-starved) areas of the continental shelf. 

The age o f  the conglomerate is unknown; the bivalvcs arc dif- 
ficult to extract and idcntifl because they arc tightly ccmcntcd in the 
sock. S~~thcrli~nil Brown (1968, p. 126. his Locnlity 3) collected mol- 
luscs from"li)ssiliferous sandh" in this vicinity. and qi~oted F.J.E. Wag- 
ner and also S. Davidson as saying that a Pleistocenc age was like- 
ly These sands tire probitbly those exposed in the cliff bchind (;rnd 
;rbovc) the conglon~crate. A I;tte Mioccne age is probable li)r the con- 
glomerate. since littc Mioccnc fossils occur nearby at Collison Point 
and Kumdis lsland (abovc). in strata which are likewise close to sea 
levcl and essentially horizontal. 

Grid r-c.fi.r-er?c,c PQ8946.')0 
At this locality. just 200 m north of'the last one, the base of the 

tree-covered slope exposes about 2 m ofhori~ontnl beds, comprising 
mudstonc interbedded on a ~i~illimetrc-ce~~ti~~ietre scale with sandstonc 
containing shell fsagmcnts. 

Figure 13: Bedding-plane view of a horizontal Skonun Formation con- 
glomerate bed forming an intertidal rock platform intermittently ex- 
posed along Masset Sound. Hammer 30 cm long. A Matrix-supported 
conglomerate, partly obscured by seaweed, at PQ892688. All visible 
clasts are in situ and firmly cemented. Numerous articulated bivalves 
are visible in the sand matrix, in probable life position (hinges vertical). 
B Clast-supported conglomerate at Watun River mouth. Bivalve frag- 
ments and disarticulated shells are conspicuous in the sand matrix. 





Description. The base ol'thc steep h)rested hank of Massct Sound is 
bare at this locality (k in Fig. 2). exposing about 9 In of liori/.ontal stra- 
ta, comprising three units (Fig. SF). Thoroughly bioturbated finc 
sandstone (2 111) is overlain bq faintly stratified fine sandstone (4 m) 
which contains dispersed clasts up to 10 cm across and also dis- 
persed bivalve fragments and valves. some articulated. A ll~int hori- 
~on ta l  stratification in this niitldlc unit is defined by centimetre-thick 
bands. with dif'usc rnlugins, ui wluch slicll material is more concentrated. 
Some of the clasts arc rounded and some itre cncrustetl by barnacles. 
The top unit consists 01' par:tllcl-la~ni~~atcti finc sandstone with ill- 
tersperscd trough cross-sets and with a 10-20 cm matrix-supported con- 
glomerate Inycr at the base. The top unit lacks shells. burrows and tlis- 
persctl clasts. 

Interpretation. The lower two units are probably marine. btisctl OII 

the burrowing and fossils. The floating clasts are intc~pretcd as drop- 
stones, as at other localities (above), implying tliat the middle unit was 
deposited in an ofl'shore environ~nent. The presence 01' parallel lam- 
ination rather than cross-stratification suggests "upper plane bed"de- 
position (e.g. Harms et al.. 1982. Fig. 2-5); the sand may have been 
too finc to l'orm dunes or sandwavcs. Sedimentation of the ~nidtlle unit 
was relatively slow. allowing barnacles to coloni~c dropstoncs on the 
sea tloor. The bands of greater shell concentration may reflect cpixodes 
of stronger current and therefore increased sediment by-passing. The 
current was probably tidal. as infcrrctl for the majority of Skonun For- 
mation exposures (abovc). The top unit is probably a deltaic distributary 
channel, \with a basal conglomcratic 1;tg: this interpretation is consistent 
with the absence of fossils, burrows and dropstoncs. Hence, the sue- 
cession appears to be regressive, with tidal-shelf deposits passing up 
into delta-plain sediments. Delta-front andtor nearshore scdinicnts woultl 
nornlally be expected to separate the marine from the delta-plain 
sediments, according to Walther's Law; their absence may reflect chan- 
nel erosion. 

Description. The foreshore at Allan Pouit is a subhorizontal ledge com- 
prising about 50 cm of well cemented conglomerate. The ledge is un- 
dercut below low-water level, so that the underlying strata are unknown. 
The conglomerate is matrix- (fine sand) to clast-supported, and con- 
tains sparse shell fragments. Clasts are poorly sorted, ranging from 
granules to boulders (max. 40 cm across), and from rounded to an- 
gular. Clasts include volcanic and granitoid rocks. 

Interpretation. The conglomerate is thought to be the same as tliat 
at PQ892688 (above), which similarly forms an essentially horizon- 
tal ledge at sea level, only I km away. Hence, the Allan Point con- 
glomerate is likewise interpreted as a dropstone condensation layer 
deposited on a shallow sea floor where strong tidal currents caused 
by-passing of mud and most sand. 

Description. The foreshore at this locality (m in Fig. 2) is a rock ledge 
capped by about 30 cm of the same conglomerate as at Allan Point 
(above), underlain by at least 50  cm of fine sandstone with faint par- 
allel lamination and sparse, millimetre-size burrows. The base of 
the sandstone is underwater. 

Interpretation. The conglomerate is thought to be a dropstone con- 
densation layer, as previously argued, while the fine sandstone could 
have been deposited by strong tidal currents under upper-plane-bed 
conditions (see PQ898695 above). 

Watun Rive~. mouth 

Description. A foreshore ledge at PQ912762, immediately south of 
Watun River mouth, is formed by a horizontal conglomerate bed, at 

least S O  cm thick, lithologically identicitl to tlie conglomerate bed at 
the previous two localities (Fig. 13B). Whole and bl-oken bivalve shell!, 
arc conspicuous (Fig. 13H). Fobsils wcrc collected in this vicinity by 
Sutherland Brown (lt)68), to which he tentatively assigned a Plcis- 
toccne agc. but the exact sampling locality was not stated. 

Interpretation. The conglomcratc is interpreted as a dropstone con- 
densation layer. as abovc. 

"Tasu beds'' 

The geologicitl map of Sutherland Brown ( 1968, Fig. 5 )  shons 
four smtill outcrops ot'Cret;ceous Horula Fomlation in northwest Mores- 
hy Island, situ;ttctl 10-25 km northwest oftlie Tasu mine (p through 
s i n  Fig. 2). These strata arc here informally named the Tasu beds. 
Sutherlantl Brown ( l  968) probably assig~icd these bctls to tlie Honna 
Formation based on: ( I )  their conglomeratic nature, like the Honna 
type section; ancl (2) the perception that the Tasu beds underlie the 
Mussct Formation (:tlthougli this is ecluivocal because no contacts have 
been seen and bcca~rse the strata are undated). However. an ultcrna- 
tive possibility is that the Tasu beds are ;I tongue of Skonun Forma- 
tion intcl.c:tlatcd with Massct volcanics. Indeed. the strata at Cinola 
(ithove) wcre likcwisc mapped as Honna Formation bq Sutherland 
Brown ( I  968. Fig. S ) .  but wcre suhsctluently recognized as Skonun 
Formation (Champigny et al.. I98 I; Champigny and Sinclair, 1982). 

The ;tuthor spent one day examining the Tasu beds with Dr. Brim 
Bornhold in 1988. Only outcrop p with found. Helicopter reconnais- 
sance of [lie other three localities (cl. rand S)  sho\vcd nunieroub crags 
exposing Massct volcanics. but no sign of sedirnents. Beach and 
crcck traverses of locality s likcwisc rcvc~tlecl only volcanics at out- 
crop and in float, apart from ~ w o  decimetre-size sandstone boulders 
on the beach (PP834652) and in a crcck bed (PP837052). 

Locality p is a stepped plateau, largely bare rock, measuring ap- 
proximately 500 m by 150 m (Fig. 14A). Exposed here are 30-40 m of 
sandstone and conglomerate, dipping northwest at about 20"; no folds 
or faults were observed. Strata are well exposed on dip slopes corre- 
sponding to the flat steps of the plateau, and in low scarps separating 
the steps (Figs. 14A,B). The Tasu beds are surrounded by Masset vol- 
canic~ (Fig. 14A; Sutherland Brown, 1968, Fig. 5), but no contacts were 
seen, so the stratigraphic relationship with the Masset is unknown. 

The Tasu beds comprise cross-stratified sandstone intercalated 
with pebble-conglomerate layers up to 50 cm thick (Figs. 14B,C). Con- 
tacts between sandstone and conglomerate vary from sharp to diffuse. 
The proportion of conglomerate in any 5 m interval ranges from O- 
50%. The sandstone is poorly sorted; modal grain size ranges from 
medium to coarse. Cross-sets are 5-50 cm thick and include both tab- 
ular and trough sets. Foreset dips show that paleoflow was toward the 
northwest quadrant, with a considerable spread in direction, between 
westward and northward. The conglomerate is clast-supported, with 

Figure 14: Tasu beds. Hammer 30 cm long. A Helicopter view, look- 
ing southwest, of the stepped-plateau outcrop of the Tasu beds (left- 
hand side). Strata dip to the right (northwest), and the total thickness 
exposed is about 30-40 m. The light-coloured ridge on the right-hand 
side consists of Masset Formation volcanics. The contact between the 
Masset and the Tasu beds, which is not exposed, could be either: (1) 
stratigraphic, with the Masset overlying the Tasu beds; or (2) a fault 
running along the wooded valley immediately left of the volcanic 
ridge. B Scarp showing cross-stratified sandstone with conglomerate 
layers (visible near base). Both trough and tabular cross-sets are 
present, and foresets in every set dip to the right (north). C Interca- 
lated conglomerate and cross-stratified sandstone. D Conglomerate 
bed, overlain by cross-stratified sandstone. 





a sand mattrix (Fig. 1 0 ) .  Clasts arc hubangular to rounded iu~d main- 
ly volcanic; 10.20% of the clasts are white, finely crystalline vein(?) 
quartz. The co~tglomeratc locally shows imbrication. whereas gratl- 
ing and internal stnitillcation are lacking. 

Interl~rotulioti 

A fluvial-channel environment is likely, based on the coarse grain 
size, cross-stsatilication ancl lack of fossils. The prescncc of conglomelate 
and the absence of overbank mud suggest a braided rather than me- 
andering stream. This is consistent with the wide (90") spread in cross- 
bedding orientation, reflecting the variable orientation of bcdforn~ slip 
faces in braided streams (e.g. Cant ancl Walker, 1978). Thc trough and 
tabular cross-stratification was produced by migrating duncs ancl 
transverse bars, respectively (Cant and Walker, 1978). In vicw ofthe 
evidence for alluvial fan and fan-delta deposition at Cinola (above), 
the Tasu braided streams may have been part of an alluviail fan, 
which itself may have hecn prrst of a deep-water fin-dcltu system. The 
stepped nature of thc outcrop may reflect cyclicity. each step repre- 
senting a single cycle (cf. Steel and Aasheim. 1978). 

Hippa beds 
A small outcrop of conglorncratc. handstone and mudstone occurs 

on Hippa Island. unconfosmably bcneath Masset volcanics ( t  in Fig. 2; 
Higgs, 1989b). These braided-stream and lacustrine deposits are either 
pre- or intra-Massct (Higgs, 1989b) and could belong to Unit 11. 

ROREHOLE CORES: DESCRIPTION AND 
INTERPRETATION 

Cores wcrc cut in the Skonun andlor Mnsset Formations in the 
Harlequin ancl Osprey offshore wells. and in all of the onshore wells 
except Tian Bay and Cape Ball (Fig. I ). The onshorc and offshore cores 
arc stored. respectively, at thc B.C. government core storage facili- 
ty at Chaslie Lake and at the fecleral government Institute of Sedimentary 
and Petroleum Geology in Calgary. The author examined all of thc 
cores. Due to the repetitive nature of the data (96 cores), this section 
contains only a summary discussion of the depositional environ- 
ments interpreted from the cores. Individual core descriptions and in- 
terpretations are given in Appendix I .  

Interpretation of cores is seldom as detailed as for exposures, be- 
cause cores may fail to expose small, dispersed features (e.g. drop- 
stones), or may only partially expose large-scale features, hindering 
their recognition (e.g. hummocky cross-stratification). 

The cores have been previously described, with emphasis on lithol- 
ogy, mineralogy and porosity rather than sedimentary structures, in 
the respective well history reports (Richfield Oil Corporation, 
1958a,b,c,e; Shell Canada Ltd., 1968e,f; Union Oil Company of 
Canada Ltd., 1971; Bow Valley Industries, 1984a,b), and in CanStrat 
lithological logs (Tow Hill, Nadu River, Cape Ball, Gold Creek, 
Harlequin and Soekeye E-66 wells). 

As explained above under "Well-log correlations and basin-fill ar- 
chitecture", the Port Louis, Naden and Tow Hill wells were drilled en- 
tirely in Unit I; consequently, all cores from these two wells belong to 
Unit I. Also assigned to Unit I are Cores 2 through 10 in the Masset well, 
13 through 23 in Nadu River, 7 through 18 in Gold Creek, and 5 and 6 
in Tlell (Fig. 3, in pocket; note that all cores are marked on Fig. 3 using 
a bar symbol and a code for lithology). The remaining cores, including 
all three cores in Harlequin and Osprey, are from Unit 11. 

Union Port Louis c-28-L 103-F-10, Bow Valley et al. Naden b- 
27-5 103-F-15 and Bow Valley et al. Naden b-A27-J 103-F-15 
Cores in these three wells are entirely volcanics, belonging to Unit I 
or possibly, in the Port Louis well, to the Middle Jumssic Yakoun Group. 

Richfield et al. Tow Hill d-93-C 103-5-4 
All cores belong to Unit I as discussed above. A pronounced facies 
change occurs between cores 15 and 16. Cores 1 through 15 are 

dominantly mudstone and sandstone interpreted as fluvial deposits. 
In contrast. Cores 16 through 33 are mostly conglomerate and sand- 
stone interpreted as turbidites and allied gravity-tlow deposits. 

Richfield et al. Masset c-10-1 103-F-16 
Core I is loosc tine sand. unfit I'or interpretation due to absence of setl- 
imentary structures. The remaining cores are (Unit 11) volcanics. 

Richfield et al. Nadu River h-69-A 103-F-16 
Corcs I through 12 bclong to Unit I1 and consist mostly of sandstone. 
interpreted as cross-stratified tidal-shelf deposits. with or without 
dropstones. In contrast. cores 13 through 23 are from Unit I and are 
mostly volcarlics andtor epiclastic rnudllow deposits. 

Richfield et al. Gold Creek c-56-H 103-F-9 
Corcs I through 6 bclon_g to Unit 11; recovery was insufficient for in- 
te~prctation. Cores 7 through I X arc assigned to Unit I (Fig. 3). but 
corcs 7 ancl 8 may instead belong to Unit 11 because Core 8 contains 
possiblc dropstones, typical of Unit 11. This i~nplics that the base of 
Unit I1 in the Gold Creek well may be slightly lower than shown in 
Figure 3. Cores 9 through 15 are rnostly sandstone and mudstone, un- 
diagnostic in most cases. but probably fluvial or delta-plain in corcs 
13 and 15. The three deepest cores ( 16 through 18) arc volcanic. 

Richfield et al. Tlell c-56-D 103-(3-12 
Cores 1 through 4 are from Unit 11 and comprise pebbly mud of proba- 
ble glaciornarine origin. and mud of fluvial or dclta-plain origin. Cores 
5 and 6, fiom Unit I, include probable turbidites and fluvial overbnh mud. 

Shell Anglo Harlequin D-86 
Both cores arc in Unit I1 sandstone atnd arc interpreted as amalgamated 
shelf storm beds. 

Shell Anglo Osprey 1)-36 
One core was cut in Unit 11 sandstonc and is interpreted as amalga- 
mated shelf storm beds. 

HEAVY-MINERAL ANALYSIS 
Heavy-mineral analysis of 50 sandstone samples taken from cores 

from 6 wells (5 onshore and I offshore) was conducted in order to elu- 
cidate provenance, as im aid to determining the tectonic setting of the bmin. 

When comparing the heavy-mineral suites of different sand 
samples, i t  is desirable to restrict the analysis to a standard, narrow 
grain-size fraction (Carver, 197 1). Carver (1971) suggests that the 2- 
3 phi fraction is an excellent compromise for most studies. Howev- 
er, many of the QCB sandstone samples are finer than this, so the 3- 
4 phi fraction was used instead. 

Method 
Samples were first disaggregated, either by crushing between the 

fingers or by treatment with 10% or 20% HCI, followed, if necessary, 
by light grinding with a mortar and pestle. Samples were then washed 
with distilled water, and oven-dried. Next, samples were dry-sieved 
and the heavy minerals extracted from the 3-4 phi sieve fraction 
using sodium polytungstate. Grain mounts were then prepared on mi- 
croscope slides using Canada balsam. 

Heavy-mineral compositions were determined by conducting a p i n  
count of each grain mount. Only the non-opaque heavy-mineral grains 
(i.e. those most diagnostic of provenance) were counted. At least 100, 
and in most cases 200 non-opaque grains were counted per grain mount 
(cf. Hubert, 197 l), depending on the number of grains present. 

Results and interpretation 
The main non-opaque heavy minerals present, in approximate 

order of decreasing abundance, are hornblende, epidote group (cli- 
nozoisite and epidote), zircon, garnet, biotite and tourmaline (Table 
I; Fig. 15). This heavy-mineral association is clearly diagnostic of a 
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high-rank metamorphic provenance (Hubert, 1971. his Table 2). 
Hornblende grains are mostly green and zue commonly etched, reflecting 
intrastratal solution. Epidote is maginally more abundant than cli- 
nozoisite in most samples. Garnet grains are almost invariably colour- 
less, with rare pink grains. Minerals occurring in trace amounts (usu- 
ally 0-I%) in just a few samples are augite, corunduni, diopside. 
muscovite, rutile and staurolite; these minerals are fully consistent with 
derivation from a metamorphic source. Riebeckite is present in small 
amounts (up to 5%)  in many samples, indicating a subordinate gran- 
ite or syenite provenance. There is no obvious difference between the 
samples of Unit 1 and those of Unit I1 in terms of heavy-mineral com- 
position. 

With regard to the location of the source area, high-grade meta- 
morphic rocks are rare in the Queen Charlotte Islands (Sutherland 
Brown, 1968). as indeed they are throughout Wrangellia, the terrane 
to which most of the Queen Charlottes landmass belongs (Monger and 
Berg, 1984). Hence, Wrangellia is discounted as the source of the stud- 
ied Skonun samples. In contrast, high-grade metamorphic rocks are 
common in the Coast Mountains (Fig. 1); these rocks belong to the 
Alexander Terrane (Monger and Berg, 1984) and were probably 
even more widespread prior to unroofing of the plutons which now 
dominate the Coast Mountains (Coast Plutonic Complex). Hence, the 
Skonun samples were probably derived from the Alexander Ter- 
rane. According to Yorath and Chase ( 198 l), the Alexander Terrane 
includes northeast Graham Island and much of Hecate Strait. In con- 
trast, Woodsworth (1988) suggested that these areas have a Wrangel- 
lian foundation and that the Wrangellia-Alexander boundary is fur- 
ther east, along the eastern shore of Hecate Strait. Of these two 
models, the Yorath and Chase (1981) model is the more likely, be- 
cause heavy-mineral samples from northeast Graham Island belong- 
ing to "syn-rift" Unit I (i.e. most samples in the Tow Hill, Gold 
Crcck and Tlell wclls) were presumably derived locally. from activc 
fault scarps (sec "Basin origin" below). implying that northcast (ira- 
ham Island is underlain by high-grade ~netamol-phic rocks (i.e. Alcsan- 
dcr Tcrranc). 111 contrast, the source regions for "post-rift" l'nit I1 scd- 
iments were presumably located fr~sther aficld: sediment was probably 
transportetl from an Alexander Terranc provenance in the area of thc 
present-day Coast Mountains by rivers and shallow-marine (tidal 
and storm) currents. 

All wells show broadly similar heavy-mineral compositions 
(Fig. 15). Howcvcr, the Tow Hill well shows considcrably more /.h- 
con and garnet than thc othcr wells. at the espcnsc ol'amphibole. Two 
wclls show pronounced ~~pholc  cliangcs in heavy-~nineral composi- 
tion. Firstly, in thc Tow Hill well. there are two distinct "floods" of 
hornblende, at about 4500 f t  and above 1500 ft  (Table l ) :  in tlic rest 
of the well ho~nblcnde is ~iegligible. and is compcnxitcil by a pro- 
portiorial increase in the epidote-group niinerals. The I1uctu;lting 
hornblcndc co~icc~itration suggests eithcr that the source asca switched 
with time, or that thcrc arc uphole variations in intrastratal solution, 
possibly due to permeability variations. In  the Nadu Kivcr wcII, thcrc 
is :I weak trend of upliole-decrca\i~ig hornhlendc (Tablc I). 

DISCUSSION AND IMPLICATIONS FOR 
PETROLEUM EXPLORATION 

Basin origin 

'I'wo stages of basin subsitlcncc arc infcl-red, corresponding to 
Units 1 and 11, defined above. Unit I.  the lowcr stratigraphic unit. re- 
sulted from extensional block r;~ulting, with scdinientation and vol- 
canism (including the Massct Formation) taking placc in grabcns and 
half-grabens. Block I'i~ulting is huggested by thrcc attributes of Unit 
I: the volcaiics, thc prcsencc of local conglome~~tcs (prcsumahly banked 
against active fault scarps), and the lack of correlations. Further- 

more, grabens and half-grabens are visible on published seismic-re- 
flection profiles (Snavely et al.. 1981: Yorath and Chase, 1981; 
McWhae, 1986). and on new profiles acquired by the Geological Sur- 
vey of Canada in 1988 (Dietrich et al., 1989: Rohr and Dietrich, 
1991). A modelled structural profile of Dixon Entrance, based on a 
seismic r .e f icrc . r io t~  line (Shor, 1962, Fig. 3. east end). likewise shows 
half-grabens. The volcanics in Unit 1 were presumably erupted via ac- 
tive faults. Block faulting lasted from Eocene to Miocene time, as shown 
by the radiometric age-span of Unit I (see above). 

Block faulting and deposition of Unit I gave way to deposition 
of Unit 11. Subsidence changed from block faulting to regional sag- 
ging. as shown by the fact that sequences in Unit I1 can be correlat- 
ed laterally for at least 100 km, with little thickness change (Fig. 3). 
Fossils in Unit I1 indicate that regional subsidence began in the 
Miocene and continued into the Plio-Quaternary. The northward 
younging of the base of Unit I1 mentioned previously may indicate 
that the transition from block faulting to regional subsidence is di- 
achronous, younging to the north. The oriset of block faulting may also 
have been diachronous; this is supported by a distinct northward-young- 
ing trend among Tertiary plutons in the Queen Charlotte Islands 
(Anderson and Reichenbach, 1989, 1991); a similar but less distinct 
trend is shown by offshore and onshore Tertiary volcanics (Hickson, 
1988). 

Hence, the internal architecture of the QCB reveals a two-stage 
development, whereby a block-faulting or "rift" stage (Eocene to 
Miocene) gave way to ongoing "post-rift" regional subsidence 
(Miocene to Quaternary). The inferred two-stage subsidence history 
is supported by seismic profiles (Yorath and Chase, 1981; McWhae, 
1986; Dietrich et al., 1989; Rohr and Dietrich, 1991). An extension- 
al origin of the QCB is also indicated by: the composition of Masset 
Formation volcanics (Hamilton, 1989; Hyndman and Hamilton, 
1991): tlic probahle fissure style of volca~iic cruptioris (Sutlicrland 
Brown. 1968; Hichbon. 19x8 ): tlic abundance of Tcrtiiiry dykes 
(Southcr, Ic)X9; Souther and Jcssop, 1091): and the himodality of Tcr- 
tiltry plutons (Andcrson and Circig. 19x1)). A two-stage evolution of 
extension confinctl to Queen Charlotte Sound follo\vcd by basinwide 
regional subsidence relatcd to obliquc subduction w;is postulated by 
Yorath and Hyndman (1983). Higgs (1989a) pointed out that cstcn- 
sion followed hy rcgional (thcrmal) subsidcncc is typical of rift 
basins (McKenzic. 1978) and of larsc strike-slip pull-apart basins 
(Christic-Blick ancl Biddlc, 1'185). A pull-apart niodcl is implicit in 
a polcogcopraphic sketch of thc Canadian Cordillera by Eisbacher (1985. 
Fip. S). 

The c.(itr.scJ of extension in the QCR is germane to the question 
of what I!/,O of basin is the QCB. Yorath and Ch;tsc ( I O X  I) postulated 
extension ("rifting") in Queen Ch;rrlottc Sound which they attribut- 
ed to a mantle plume. whercns Yorath and Hyndmiui (1983) suggested 
that undertlirustin_g of an oceanic spreading ridgc may have been rc- 
sponsihlc. I-ligp (1988) speculated that tllc b;r.iin may be due to 
strike-.;lip exlension. bnseil on tlic dominantly transf'or~n present- 
day character of the ~nargin. 

A rnotlel explaining the underlying cause of cxtension in the QCB 
is presented by Hyndma~i and Hamilton (1991). founded on the plate- 
motion models of Engebrctson ct al. (1985) and Stock and Molnnr 
(I1)XX).  Hynclman and Halllilton argue that sincc a major plate reor- 
giuii~ation at 43 M;I, thc Quccn Charlotte margin has hccn characterized 
by transcumnt interaction bchh'ccn tlic Pacific arid North America platcs. 
with varying amounts of oblique extension or conlpression. They cor- 
relate an interval of oblique extension between 36 and 20 Ma (their 
I:igs. 7- and 3) with spntcctonic deposition (cf. Unit i )  and maximum 
rniig~i~atic activity in the QC:B (their Fig. 4). This obliquc extension. 
they i~rguc. \\)as probably resolvctl into orthogonal extension in tlic 



()('B landward ofthc platc margin ancl triinscurrent motion along the 
M:CSI coast. A period of"gencriil transcurrcnt motion" l'rom 20-5 Ma 
is infc~red to correlate with post-tectonic regional subsidence (cf. Unit 
11). Finally, oblique convergencc ttom 5-0 Ma is responsihlc. they sug- 
gest, for uplift and crosion ol'thc wcstc1.n part of tlie Queen Charlotte 
Islands. However. as tliscusscd below. uplift ol'thc islantls rnii), in t'lict 
have begun earlier, at 20 Ma, whcn platc intcristion at the Queen Char- 
lotte margin may have changctl h m  ohliquc extension to oblique con- 
vergence (sec plot labelled "Stock and Molriar" in Figs. 2 and 3 of Hyn- 
dman imd Hamilton. 1991). 

The cause of the post-extension. regional subsidence (Unit 11) 
is contentious. The subsitlencc is possibly tluc to thermal cooling. such 
subsidcncc being a typical post-extension response in both rili basins 
(McKcnzic, 1978) and in large strike-slip pull-apart basins (Christic- 
Hlick and Bicitlle, 1985). An altcrn:itivc possibility is simple down- 
tlcxing of an elastic plate due to uplii't at the western edge (Yoriith and 
Hyndman. 19x3). However, cvidcnce that the islands were upliftctl 
as discrete fault blocks (sec below) raises doubts about the platc's abil- 
ity to transmit Ilexurc. A third possibility is that underplating of the 
QCB since 20 Ma by oceanic lithosphere (scc below) has caused sub- 
sidence by downdrag. 

11s well as causing uplift. oblique convergcncc at the Quccn Char- 
lotte margin may have the following st~uctural manifestations: ( I)  pas- 
sible (clockwise) rotations of discrete crustal blocks in the Queen Char- 
lotte Islands (Southcr. 1988: Higgs, 1990. 100 1 ): (2) n;u.ro\v. faulted 
:intifornis afli'cting tlie entirc QCB succession on offshore seismic pro- 
files (Yorath aid Chase, 1081. Fig. 12, I d ' t  side; McWliae, 1986, Fig. 
57, leli sitlc. and Plate S :  Rohr and Dietrich, 199 I): these antiforms 
arc probably wrench-related (McWhae. 1986); they rcsctnblc [Hard- 
ing et al.'s (1983) "positive flower structures". of convc~pcnt-wrench 
origin; some of the antifornis :ire truncated by crosion at the sei~tloor 
(Higgs, 1989a), suggesting that they are still growing; erosion of the 
(poorly consolidated) Skonun deposits may be due to Pleistocene glaciers 
or present-day tidal currents; (3) a possible exhumed flower structure, 
the Rennell Sound Fault system, in central Queen Charlotte Islands 
(Young, 198 1, p. 237-248); slickensides on this fault system are sub- 
horizontal (Sutherland Brown. 1968); deformation is younger than the 
(Eocene to Miocene) Masset Formation, as shown by a fault slice con- 
taining Masset volcanics (Sutherland Brown, Fig. 5). 

The inference that the QCB is extensional is important to 
petroleum exploration because extensional basins are hydrocarbon- 
prone worldwide (e.g. North Sea, Southern California). Such basins 
typically provide ideal conditions for the genesis of source rocks, reser- 
voir rocks and traps, as well as providing enhanced organic matura- 
tion due to deep burial and high heat flow (Dickinson, 1978). Recog- 
nition that the Masset Formation is part of the basin fill (i.e. not 
basement) means that wells should not necessarily be terminated 
upon reaching volcanics. On the contrary, QCB sediments intercalated 
with the volcanics are a viable exploration play both onshore and off- 
shore, and may have been the objective of some of the wells which 
spudded in volcanics (Tian Bay, Port Louis, Naden; Fig. I). 

Uplift of the western part of the basin 

Of the fourteen known exposures of the Skonun Formation in 
northeast Graham Island, six have been dated using fossils: all six are 
Miocene (a, b, e, f, g and h in Fig. 2; see descriptions above). The ap- 
parent absence of yonngn. strata onshore (glacial outwash excepted), 
in contrast to the offshore area where Plio-Quaternary sediments 
occur (Fig. 3), suggests that northeast Graham Island has undergone 
tectonic uplift and erosion, beginning in or after the late Miocene 
(youngest fossils). Uplift and erosion are confirmed by vitrinite-re- 
flectance measurements in the onshore wells (Vellutini and Bustin, 

1988). Ho\vcvcr. some of the qflfslror-c wells also reveal uplift (Vcl- 
lutini ancl Rustin. 1988). but this niight simply reflect loc~trl uplift in 
;m othcrwisc subsiding region (e.g. growth of positive flower struc- 
tures in a subsiding basin). At Cinolii. at least I km of crosion 11~1s oc- 
curred aince the early Miocene, based on fluid-inclusion evidence (Shcn 
ct al.. 1082). Uplift is also indicated by thc occurrence of erosional- 
ly truncated, steeply dipping Skonun strata exposed at Skonun ancl Ylknn 
points and Tow Hill (Sutlicrland Brown, 1968, Fig. 5). Erosion due 
to uplifi is inferrcd to h;ivc strippeil Unit I I  lium lurge areas of the Queen 
C:harlottc Islantls. exposing Unit I Masset volcanics. 7'he volcanics 
arc themselves missing in pl;iccs. either due to crosion or non-tlcpo- 
sition. exposing Mcsozoic basement. 

Uplift is continuing at the prcscnt day, as indicnted by ubiqui- 
IOLIS ~.;~iscd sliorclinc l i ' i ~ t u r ~ ~  (Sutlicrli~ntl Brown, 1968, p. 27; Clnguc 
et al., 1982). The present-day uplift is prohahly other than glacial re- 
bound. kcausc there was only a "thin localized ice cover" in the Queen 
C'harlottc Islands in tlie last glacial (Clague et al., 1982, p. 1793). In- 
stead. the uplift is attributctl to oblique underthrusting of the Quccn 
Charlotte Islands by the Pacific plate (Hyndman and Ellis. 1981; 
Yorilth and Hynd~nan, 198.3). According to Yori~tli and Hynd~nan 
(1083). uplift co~nrnenccd at about 6 Ma. in thc latest Mioccnc (sec 
also Hyndniu~n iind Hamilton. 1991). However. uplift Inay have com- 
menced sooner than this. as shown by the presence of intmfornintionnl 
Skonun clasts among iceberg tlropstones in upper Mioccnc strata :it 
Skonun Point (scc above). indicating that a fornicr Skonun-deposit- 
ing arc:] had bccn uplifted to for111 glacier-bearing nlountains by latc 
Mioccnc tirnc. Hence, i t  is postulatccl that part of the QCB was up- 
litied in or Ixforc latc Mioccnc tirnc, forming mountainous protoQueen 
Charlotte Islands. In these mountains. newly uplifted Skonun strata 
(entirely eroded today) underwent crosion, entrainment by glaciers, 
ancl finally deposition from icebergs in neighbouring. still-submerged 
areas of the QCB. It is likely that the uplift started at 20 Ma (early 
Miocene). triggered by a northward shift in the relative motion of the 
Pacific plate at that time (Stock and Molnar, 1988; see Hyndman and 
Hamilton, 1991, Table I and Figs. 1 and 2). The shift would have caused 
plate interaction along the southern 213 of the Queen Charlotte mar- 
gin (i.e. Moresby lsland sector) to change from trdnstension to trans- 
pression, assuming that: I) this stretch of coastline had an orientation 
of about 320°, as it has today (see Fig. 2 of Hyndman and Hamilton, 
1991); and that 2) the Pacific plate, rather than the Farallon plate, was 
offshore the QCB (Hyndrnan and Hamilton, 1991). It is proposed, there- 
fore, that transpression along the Moresby Island sector caused up- 
lift of the western edge of the QCB and emergence of proto-Mores- 
by lsland from 20 Ma onward. In contrast, along the northern 113 of 
the margin, oriented more northerly (340°), the plate-motion change 
at 20 Ma would have caused plate interaction to become less transten- 
sile but not transpressive. However, transpression and uplift of Gra- 
ham lsland eventually did begin at about 5 Ma (Yorath and Hyndman, 
1983), when a further plate reorganisation caused Pacific relative mo- 
tion to become even more northerly (see Fig. 2 of Hyndman and Hamil- 
ton, 1991). 

The inferred 20 Ma uplift of Moresby Island also explains the 
tidal sedimentary structures in Unit I1 shelf deposits. in that the an- 
cestral Moresby mountains would have partially barred the shelf 
areas of the QCB from the ocean, thereby ensuring large tides. Fur- 
thermore. the proposal that Moresby lsland has been undergoing up- 
lift for much longer than Graham lsland explains why the former has 
a f'u higher proportion of (exhumed) pre-Tertiary basement rocks at 
outcrop than Graham lsland (Sutherland Brown, 1968. Fig. 5). In other 
words, erosion has proceeded to a deeper structural level on Mores- 
by Island. Erosion of more than 5 km of material in western Graham 
Island was estimated by Yorath and Hyndman (1983), based on 



structural cross-sections. Since 8000 years B.P., uplift of Graham Is- 
land has amounted to 15 m (Clague et al.. 1982). 

Oblique subduction beneath the Queen Charlotte Islands is sup- 
ported by a recent seismic-refraction study which indicates a proba- 
ble underplated oceanic slab beneath Hecate Strait (Mackie et al., 1989). 
These authors pointed out (their Fig. I) that if oblique subduction has 
occurred, the subducted slab would appear in plan as a southward-ta- 
pering sliver, tenninating ;tt the triple junction south of the Queen Char- 
lotte Islands (see also Yorath and Hyndman, 1983, Fig. 20). The 
north-south length of the slab can be calculated approximately. Ne- 
glecting slab dip and assuming that subduction commenced at 20 Ma, 
and that the relative velocity of the subducting plate has been constant 
at 40 km/m.y. (cf. Fig. 2 of Hyndman and Hamilton, 1991). a length 
of 800 km is obtained. Assuming also that the triple junction has lain 
between Vancouver Island and the Queen Charlotte Islands since 20 
Ma, an 800 km-long subducted slab would reach northward about 200 
km beyond the Kupreanof volcanic field of southeastern Alaska (e.g. 
Brew. 1989). Hence, these volcanics are possibly arc volcanics de- 
rived by melting of the subducting oceanic sliver; their 5-0 Ma age 
(Brew, 1989) implies that the slab-front reached here about 5 m.y. ago. 
in accordance with the calculation above. However, the inferred 600 
km "arc-trench gap" is anomalous; widths exceeding 400 km are ex- 
ceptional (Mitchell and Reading, 1986). A possible explanation is that 
the sliver is subducting at a very shallow angle. This is consistent with 
subduction of young oceanic crust and with the high relative veloc- 
ity of the overriding plate toward the "trench" (see discussion and ref- 
erences in Mackie et al., 1989). 

The regional outcrop pattern of the Queen Charlotte Islands, with 
older rocks to the southwest and younger rocks to the northeast 
(Sutherland Brown, 1968, Fig. 5), can be explained either by I )  
northcast\vartl tilting acco~npanyirig uplift: or 2) by differential up- 
l i f t  ofthe southwest and northeast par-ts ofthe islands as indepe~itlent 
fault blocks. with the southwestern block having the greatest uplil't. 
The first hypothcsis is unlikely, because Tliornpson and Thorkclson 
(1989) found a lack o f  preferred eastward tilting in tlie plc-Tertiary 
basement stratigraphy. The second hypothcsis is therefore f;ivouretl. 
and is supported by thc pronounced linearity of thc easlcrn edge of 
the mountains of wcslcrn Ciraham Island. This edge is considered to 
be tectonically controlled by Hyndman and Hamilton (1901: see 
their Fig. 10). 

With the onset of obliq~~c sulxtuction. the wcstcrn etlgc of the QCB 
was uplifted. causing thc Quecn Charlotte Islands to emerge and the 
area of Unit I1  deposition to shrink eastward. Deposition of Unit I1  
continued in Hccate Strait and Queen Charlotte Sound, as shown by 
the presence of Pliocenc and Quaternary strata in the offshore wells 
(Fig. 3: Shouldicc. 1971; Pattcrson, 1988. 1989). Locally in the off- 
shore arcas. antiformal uplifts (tloiver structures) were fornicd along 
convergent wrench fiiults. in an overall regime of (therm;ll?) subsi- 
dcncc. Flower structures might also bc present onshore. For esatnple. 
the Skonun Point ancl Yakan Point exposures show stccp clips and abmpt 
changes in dip across (non-exposed) faults, characteristic of flower 
structurcs. Furthermorc, flower structures arc generally intcrspcrscd 
with arcay of essentially l'lat-lying strata (e.g. Hardinp et al.. 1983). 
and this is comparable to the situation on Cil-aham Isl:inci, where 
arcas of steeply dipping Skonun 01. Massct bctis (c,& Skonun Point: 
Ynkan Point; Tow Hill; Rcnncll Sound Fault system) contrast morkcd- 
ly with undisturld Skonun mld Massct bcds nearby (e.g. Yakoiln River: 
Massct Sound: sec also Sutherland Brown. 1908. Fig. S ) .  Exposures 
of Unit I volcanics at Tow Hill and Lawnhill (,Sutherland Brown. 1968, 
Fig. 5) possibly represent thc uplifted cores of positivc flower struc- 
tures. 

The proposal. discussed above, that Unit I1 has been stripped from 
Moresby Island and western Graham Island due to uplift implies 
that the present western edge of Unit I1 (essentially the Skonun edge 
in Figs. I and 3) is erosional rather than depositional. Nevertheless, 
Unit I1 does appear to thin depositionally toward the west (and north), 
as shown in Figure 3 by the westward convergence of the lowest two 
correlation lines in wells 4 to 8. This lateral thinning is consistent with 
the classic "steer's head" geometry of rift basins (e.g. Dewey, 1982). 
whereby the post-rift sequence (Unit I1 in this case), representing the 
steer's horns, thins toward the extremities of the basin. 

The inferred uplift and erosion in the Queen Charlotte Islands 
has the following implications for petroleum exploration: ( I )  oil gen- 
eration may have ceased if the oil window is now occupied by over- 
mature strata being brought to surface by uplift and erosion; (2) oil 
fields may have been uplifted to shallower depths: and (3) defonna- 
tion in the form of (post-20 Ma) flower structures could have breached 
pre-existing oil pools (cf. Snowdon et al.. 1988); this could explain 
the abundance of seeps in the Masset Formation. On the other hand, 
deformation Inay also have created potential traps. 

Depositions1 environment and geometry of sand bodies 
Both Unit I and Unit I1 are very sandy, as shown by the abun- 

dance of sandstone in cuttings (see well history reports) and in cores 
(Appendix 1). Sand-dominated intervals hundreds of metres thick al- 
ternate with mud-dominated intervals and volcanic intervals of sim- 
ilar thickness. The sand intervals offer petroleum reservoir potential. 
Knowledge of their depositional environment can assist in predicting 
the three-dimensional geometry of the sand bodies. 

Uuir I 
Unit I sediments are represented by three exposures (Tow Hill. 

Cinola and Tasu) and by cores from five wells in northeast Graham 
Island. The exposures comprise mainly sandstone and conglomerate. 
clcpositetl in alluvial falls, marine fan deltas, and braidcd streams. as 
discussed c;~rlicr. The fans were dcpoaitcd in grabens and half- 
grabens. arid wcrc derived from and built against active fault scarps. 
Cuttings and well logs intiicatc that coal bctls arc common in Unit I .  
consistent with distul alluvial-fan deposition (Hcwnrd, 1978). Cores 
indicate fluvial and suhaqucous gravity-flow deposition. consistent 
with tlie overall fan/fan delta interpretation. Hence. the main potcn- 
,i :I I r~scrvoirs -. ., i l l  Unit I are sandsronc and conglomerotc fan deltas and 
all~~vial fans. for~iiing cone-sh;~ped bodics adjz~cent to fi~ults (cf. Stow 
et al.. 1982). Exploration fix such resc~.voirs would rcqoirc detailed 
seismic sctlection surveys to map the syn-sedirncnt:~ry faults and 
tlicir associated fl~ns. With regard to reservoir properties, calcitc-cc- 
nientetl openwork conglorner;ite occurs in the Tow Hill well (Core 32). 
Such conglomeratc \vould have cxcellcnt permeability if  the cement 
were ~nissing. cithcr due to non-cementation or dissolution. 

Ut~i!  11 
lJnit I1 sediments occur at all Skonun cxposures except Tow Hill 

ancl Cinoln (Fig. 2). ;~ntl occur in cores from ol'l'sliore wells (Harlequin 
ancl Osprey) and onshore wells (Massct, Natlu Rivcr, Gold Crcek and 
Tlcll). These occurrcnccs rcvc;~l three facies ;tssocintions. entirely dif- 
ferent from those of Unit I: 

( i )  Iklta-?lain facies association. This nssocii~tion comprises cnr- 
bonaccous niudstone and coal. with channcl and crcvassc-splay sand- 
stones. The association is cxposed. sometimes with one or two of the 
characteristic lithologics missing. at Skonun Point. Miller Crcek and 
Massct Sountl (Nadu Rivcr and PQ898695). and also in cores from 
the Gold Crcek and Tlell wells. Potential reservoir bodies distribumy 
channcls. In addition, delta-front sand bodies, although unknown at 
outcrop (due to non-exposure?), could occur as potential reservoirs 
in the subsurhce: their gcometry would cithcr be linear or sheet-like. 



depending on wlietlicr the tlelt;~ u,as tluvinl-. title-. or \v;lvc-tlornin;~tctl 
(Elliott. 1986). 

(2) Tidal-skelf associatic:n. 'l'his associ:~tion consists o f  t;~hul;tr 
cross-stratifietl sandstone with subordinate dropstone-conglo11icratc 
bctls ancl muclstone. The association is c x p o ~ d .  in whole or in part. 
;it Skonun Point (wcstem st:lck). Yalian Point. Miller Crcck. Yako~~n 
River. and se\,er;~l Itrolities along Masset Sound. notably C'ollisoli Point. 
The association is also recognized in cores from the Nudu Kivcr 
well. The cross-strata were tlcpositcd b), straight-crctetl sand uravcs 
(.so/~.su Allen. 1980). tliscussctl prcviousl) (see Yakoun \and pit). 
'The overall sand-body geometry. by analogy with modcrn tid;~l seas. 
was probably either a sand .vh~r~r, made ol'coalcscillg sand wa\'cs, or 
:I linear sand rit!;.u (syn, satid bank) with supcrilnposctl sa~ld \iJiive\ 
(cl'. Stridc et al., 1983). Si111d bodies ;ire 3 111 to 31 I C ; I S I  l0 111 thick. 
based on cxposcd cosct thicknesses. Forcscts dip northward in some 
coscts and southward in others. with rare cxaniplcs of mixed "hcr- 
ringbonc" dips. In addition to this cvidencc for bipolar palcotlow. thcrc 
is a lack of titlal reactivation surfaces. indicatin~ that thcrc was no K- 
verse-flow santl transport during the tidal cycle at any one locality. 
Togcthcr, these two ohsc~vntions suggest that ebb ancl flood sand-tuns- 
port fields were scparatc. 'l'his suggests that the sand bodies may havc 
been ridges rather than sheets. since modcrn sand ridges show opposed 
sand transport directions on thcir two sides (Stride et al.. 1982. cs~ccinll) 
Fig. S .  17). Overall, thcrc is a preference li)r northivard foreset dips 
among the known Skonun r:omiation exposures. This northu,ard 
prcl'erencc. i l '  the sand bodics arc ridges. would intlicatc that the [.c- 
gional net sand transport direction was toward the south (sic,; Stritlc 
ct al.. 19x2. p. I 1 X). 

The tlistinction betwccn sheet- ontl r i t l~c geometry is import;int 
for petroleum exploration and production, since it has implications for 
rcscrvoir shape and volume. One approach to resolving this question 
is to attempt to map the sand bodies seismically. 

Due to long-distance tidal transportation, tidal-shelf sand bod- 
ies may have greater compositional maturity, hence better porosity and 
permeability, than is usual for the Skonun Formation, which gener- 
ally has low permeability (despite high porosity) due to bridging of 
pores by feldspar decomposition products (Shouldice, 197 1 ). 

(3) Storm-dominated shelf association. This association consists of 
amalgamated. hummocky cross-stratified to burrowed sandstone, 
with subordinate mudstone. The association is represented by an ex- 
posure at Skonun Point (eastern stack) and by the three cores in the 
Harlequin and Osprey wells. Sand bodies could be either shore-con- 
nected tongues (cf. Brenchley and Newall, 1982, Fig. 10). or offshore 
bars (cf. de Raaf et al.. 1977). 

Relationship uniorig Uriit Il,fi~cics ussoc.iations 

The vertical and lateral interrelationships between the three fa- 
cies associations are uncertain because of the litnited exposure and 
core control. Similarly, the typical thickness of any one intet-val of each 
association is unknown. because none of the known outcrop sections 
exposes the top and bottom of an association. Co~isequently, the 
scale of alternation among the three associations is also unknown. Most 
localities, despite being up to 15 m thick, expose only one facies as- 
sociation, indicating that associations are intercalated on a scale of at 
least tens of metres. Only two localities, Miller Creek and PQ898695 
(Masset Sound). expose the contact between two associations. At Miller 
Creek, the delta-plain association is sharply overlain by the tidal-shelf 
association. indicating a rapid marine transgression. This is reminis- 
cent of the inferred rapid transgression at the base of the (10-30 m) 
regressive sequences recognized on well logs (above). This leads to 
a speculative model whereby each regressive sequence comprises tidal- 
shelf deposits at the base, shallowing up gradually through delta-front 

h~cics into clclta-plain k~cics. I I o ~ c \ ~ c r .  neither xi upw:~rd gradation 
nor any delta-front deposits havc hccn ohscrvcd. probably hecausc of 
spnrsc exposure. pl'lie second locality. o n  Masset Sountl. neither con- 
firms nor ncgatcs the model: tidal-shclf hlcies pass up sharply into an 
inli'rrctl tlclt;~-plain channel. which could Iha\,c eroded the "missing" 
delta-h)nt tleposits. Two other Massct Sound cxposuses provide i1t1- 
clitional cvitlence of an intimate reltitionship hctwecn the tidal-shell' 
and clclta-plain a\\ociations: the for-mcr ;~ssociatiori is cxposetl ;I[ 

C'ollison Point. \~liile the latter occurs nt  N i ~ t l u  lii\.cr mourh: nl- 
tl~ough tllc t\\o localities irrc as much as X kni apart. stratigraphic pros- 
i~iiity can be inf'crrcd hecause !lie strata at both localities arc sublior- 
i~orital and arc at similar elev;~tions (within 2 rn ol'lhigh-tide Icvcl). 

?l'hc yxltial relationship bctt\.ccn the stor~n-dominated shclras- 
sociation autl the other two associ;~tions is tlnccrtain becausc the for- 
mer is so sparsely exposctl ilnd ~ ~ C ; I L I S U  no contacts arc visible. HOW- 
ever. at Skonun Point. the storni-tlominatcd shclf association ancl the 
tidal-shelf asxociation. although cxposcd in scpnrate sea st;tcks 150 
m ;lpall, arc on strike with one anotllerand have similar dips. suggesting 
that the two associations arc in (concealed) stratigral~liic contact, un- 
less a fault separates the two stacks. 'The prohablc clusc relationship 
implies t l i i ~ t ,  on the I'nit I1 shelf. tide-dolnini~tcd ;~rcas graded I:~tcr-- 
ally into storm-dorninatcd i1re;Is. 

Although the spatial and palcogeopraphic rclationsliip between 
the two slielf~~.;soci~~tions is poorly ~llitlerstood. i t  is conclutlcd that 
Ll~ i i t  I1 011 (irahaln Islitnd comprises shell-to-tlclta cycles 10-30 m thick. 
In contrast. cycles co~lld he cntircly continental to the north of Gra- 
Iia~n 1sl;lntl. and cntircly marine to the south (Fig, 4). 

l'crl(,oc.lin~crti(. irrrl>lic.irtions 

Icchcrg dropsto~lcs appc;w to he cornliion in Unit I1 shclf sctli- 
Inents. as described abovc. The inlklrcd icebergs may liavc becn 
calving along the coast of 11iainl;ind British Columbia, whcrc the an- 
cestral (late Miocene) Coast Mountains (Fig. I )  may have been suf- 
ficiently high to produce glaciers capable of reaching the sea (Higgs, 
1989~). However, as discussed above, i t  seems likely that at least some 
of the icebergs were calved from glaciers in the mountains of ances- 
tral (Miocene) Moresby Island. In apparent contradiction of this ev- 
idence for nearby glaciers, molluscs in the Skonun Formation indi- 
cate that the local shallow-water climate in late Miocene time was 
temperate and "probably somewhat warmer than that which occurs 
off this coast today" (Addicott. 1978, p. 687). Similarly, microflora 
in the Skonun Formation indicates that the climate was "relatively humid, 
and probably somewhat more temperate than ... today" (Martin and 
Rouse, 1966, p. 179). Thus the dropstones probably do rfot reflect a 
cold regional climate. Instead, the dropstones may reflect a combi- 
nation of high elevations and heavy precipitation in the ancestral 
Moresby mountains. such that glaciers were sufficiently nourished to 
reach the sea, despite the mild climate which prevailed at sea level. 
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.IP?ENI)IX 1: BOREdOLE CORES: DESCRIPTION 
ANI) 1NTERPZE'li'A';'IO~d 

Union Port Louis c-28-1, 103-F-10 

C'orc, #l, 51 16-5/47 ji.. r ~ .  31 ,p. 
This core was cut at the base of the well ancl consists of volcanics be- 
longing either to Unit J (Massct Forniation) or t o  tlic Middlc Juras- 
sic Yakoun Group (Union Oil Company of Canada Ltd.. I97 1 ). 

Bow Valley et al. Naden h-27-J 103-F-15 
Continuous core in (!nit l (Masset) volcanics. Hole abandoned at 474 
m duc to tcclinical problems. 

Bow Va!ley et al. Naden b-A27-.J 103-F-15 
Continuous core in Unit I volcanics to total depth of 1147.1) m. 

Richfield et al. Tow Hill d-93-C 103-J-4 

C.0r.c. #I. 241-26l ,fi.. r-cc,. I /  f i .  
Light to medium FI-ey murlstonc. Millimctrc-scale p:trallcl lamination, 
variably homogcni~ed (by burrowing and/or ~.ooting'?). Abundant 
carbonaccous Iilminne. comprising millimetre-ccntirnctre commiliutcd 
plant dctrilus. Probably nonmarine. based on conspicuous plant de- 
bris ancl lack of fossils and pyrite. Possibly Il~tvial osdcltaic ovcrbank. 

('ot.~ ##2. 4.50-470 f i . .  I.(,(,. h.8 f i .  

Light grcy. massive mudstonc with common plant detritus. including 
leaf I'r:~~mcnts. Millirnctrc-hc21le piwallcl Iaiiinntion Icxally visible. high- 
14 contorted (by burro\ving and/or rooting'?). Sideritc(?) nodulc 7- 
cm across. Interpretation as for Core I .  

C.'or.c #3, 004-h24fi.. /.cc.. 19.1 f i .  
Light grey mudstone. ~har-ply ovcrlain by 15 ft of fining-upward 
(coart:c to fine), ~nassive sandstone. grading up into light grey mucl- 
stone with common leaf impressions. The sandstone contains a 
conikr cone. Probably fluvial. based on fining-upward sandstone (chan- 
ncl), non-com~ninutcd plant matter, iuitl lack of Ibssils. 

C01.c #4. X 1.5-8-<.5 Ji.. ,-cJ(.. /-<,ft. 
Light grey tiludsto~ic. sharply ovcrlain by 4 f't of J'ining-up~vard 
(coarse to line) sandstone. grading up into light grcy mudstone with 
common plant debris. Interpretation as for Core 3. 

C'orct #5. 998-IOlhfi.. I - c ~ .  16.9fl. 

Grey-brown mudstonc. massive at h ~ s c .  parallel-laminated (mm-cm 
scale) in the top 7 ft. Brown microcrystalline siderite(:') nodulc I cm 
across. Carbonaceous partings and centimctrc-size plant fragments. 
Interpretation as for Core 1. 

C'o/.c #6. 1140-1155 f t . .  I.(,(.. 2, f t .  
Pebbly mudstone (0.25 ft) with roundctl clasts of granitic gneiss, 
siltstone and mudstone. overlain by 1 ft of green aphanitic volcanic 
rock (possibly a clajt), capped by 0.75 ft of light grey mudstone, 10- 
cnlly millimetre-la~iii~~i~tcd. lntcrpretcd as a tlebris flo\v deposit or as 
glaciomarinc rnutl with dropstoncs. 



('01.c # / 5 .  2bOO-267.7 j i . .  1.t.c.. I l .9 , f i .  

Grccn volcanic rock capped by 0.5 ft of grey mudstone. The ~nudstone 
is brittle (baked. according to Suthcrland Brown ( 1968. p. 127)). 

Par~illel-Ian~inatcJ sandstone. varying from rnctliurn to coarse. con- 
taining a subrounded basalt pebble 2 cm across. 7'he latiiin;~tion 
shows ;~hout 40' dip. but this is structus;~l. as shown by dipping mud- 
stone laminations in other cores. Centimetre-size plant fragment. In- 
terpreted as fluvial-channcl sand. based on plant liagmenr, coarse grain 
s ix .  lack of fossils and dominancc o f  probablc flu\~ial deposits in over- 
lying cores. Kicht'icltl Oil Corporation ( 195Xc) reported W/(. poros- 
ity and 578 mD permeability for a s;imple which is probably from this 
core (rcportcd dcpth of 1410 ft should presumrtbly read 1470 ft). 

Olivc-brown mudstone. Slight oil stain was rcportcd by Suthcrland 
Brown (1968, p. 179). but ;I small core sample collected by the nu- 
thor and tested in toluenc by Dr. T.S. Hamilton yielded no cut. and 
staining is not reported in the CanStrat log. 

Co,,c, HIO. 17.j.5'-1750 fi.. l.(.(,. IOfl. 

Light grey-brown to olive-brown mudstone. Millimetre-scale paral- 
lel lamination. variably honiogenizetl. Common nlillirnetre-thick 
carbonaceous laminae with well prcscwctl plant leaves and stems. 1Mi- 
crofilnltcd intc~val a few centinictrcs thick. truncated upwiwd (i.c. syn- 
scdimcnta~y). Probably fluvial o\/crtxink, based on uncomminutcd plant 
material, lack of fossils and lack ol'obvious burrows. Holnogcni7:a- 
tion possibly due to rooting. Microfaults suggest syn-tlepositional tcc- 
tonism (earthqunkcs). 

Parallel-laminated mediurn sandstone. Many laminae comprise sand- 
size carbonaceous detritus. Rounded mud chips 1-3 cm across are con- 
centrated in intervals a few centimetres thick. Probably fluvial, based 
on high carbonaceous content and on dominance of probable fluvial 
facies in preceding cores. 

Core #12,2/23-21433.. rec.. 17.23. 

Parallel-laminated medium sandstone (0.5 ft) grades up into very fine 
sandstone and siltstone showing parallel lamination, ripple cross- 
lamination and convolute lamination alternating on a centimetre 
scale (Bouma sequences?). This grades up into mudstone with mil- 
limetre-scale parallel lamination, variably homogenized, probably by 
rooting and/or burrowing. The mudstone shows rootlets, and also 
oblique, cylindrical burrows 1-5 mm in diameter and up to 5 cm long. 
Carbonaceous laminae are common throughout the core. Interpreted 
as fluvial levee deposits, based on rootlets, abundant plant detritus, 
dominance of silt and very-fine sand, and possible Bouma sequences 
(Elliott, 1986, p. 137 and Fig. 6.29B). 

Parallel-laminated to massive siltstone and very fine sandstone. Car- 
bonaceous. Probably fluvial. based on high carbonaceous content and 
dominance of probable fluvial facies in preceding cores. 

Core #14.2540-2551 3 . .  rec. 11.2.fi. 

Grey siltstone, with parallel lamination, much of which is partly to 
completely homogenized by bioturbation. Laminated intervals com- 
prise alternating millimetre-thick light and dark laminae. Dark lam- 
inae consist of comminuted plant debris, with some centimetre-size 
leaf and stem fragments. A few centimetre-thick ripple cross-laminated 
intervals. Burrows as in Core 12. Interpreted as fluvial levee, as for 
Core 12. 

Massivc to parallel-lamina[ed mediurn sandstone, gruding up into par- 
allel-laminated finc silntlstone. Abundant carbonaceous larninac. 
Scattcrcd rounded siltstonc chips up to 2 cm across. liarc whole 
Icavcs. Horilon of millimetre-sic ferruginous (sitlcritc?) concrc- 
tions. Interpreted as fluvial channel deposit. basctl on overall fining- 
up\vard trend. abundant plant dcbris and dominance of probable flu- 
vi;il ihcies in corcs above. 

Kipplc cross-laminated and convolute-larninatcd siltstonc. Top rnetrc 
co~iti~ins cc~itimetre-tlcci~lletrc interbeds of pebblc conglomerate. 
matrix- to clast-suppo~?ed. m:tl a 10 cm layer ofp:vallcl-laminated very 
coarsc sandstone. Conglomerate beds comprise angul:~r to subroundcd 
volcanic and granitoid-gneiss clasts, and hnvc sharp tops and bahcs: 
~natrix is very coarse sandstone. Entirc cosc may co~npribc low-den- 
sity lurbidites (siltstonc) and Ihigh-density turbidites (sandstone and 
conglornc~~tc) (Lowe. 19x2). Alternatively, the conglomer:~tc rnay have 
k e n  dcpositetl by cohesionless debris flows (Lowc. 1983-1 Nemec ancl 
Steel. 1984). Convolute lamination may be oftlcpositional (turbidite) 
origin, or may be due to pcnccontcmporaneous carthquakcs. Envi- 
ronment subaqucous, but could be either marine o r  Incustrine. 

(iraded sandstone lxds (coarse nantl 10 silt). 10-70 cm thick. comprisi~ig 
amalgamated Bourlia AB, ABC, and R scqllenccs, with a few E di- 
visions, l ' w o  A tfivisions contain centimetre-thick mud-chip con- 
glon~cratcs. Interpretcti as t~~rbitlites. based on grading and Bouma se- 
quences. The turhiditcs arc largely amalganiatcd, without intervening 
"backgmund" mucl deposits. 

Graded sandstone beds, centimetre-decimetre thick, ranging from 
very coarse sand to silt. showing Bouma features including ABE, 
ABCDE and BCE sequences. Interpreted as non-amalgamated turbidites. 

Centimetre-decimetre beds of massive, granule to pebble conglom- 
erate. with sharp tops and bases, alternating with centimetre-decime- 
tre intervals of siltstone and very fine to medium sandstone showing 
Bouma sequences. Top 20 cm consists of mottled (burrowed'?) mud- 
stone. Conglomerate is matrix- (very coarse sand) to clast-suppo~t- 
ed. Clasts are angular to rounded. and include volcanics and grani- 
toid-gneiss. The siltstone-sandstone intervals are interpreted as 
turbidites. The conglomerates are interpreted as sediment gravity 
flow deposits (either high-density turbidites or cohesionless debris flow 
deposits (Lowe. 1982; Nemec and Steel, 1984)). The mudstone rep- 
resents background deposition from suspension. 

Cow #20,353/-3541 ji.. rec. 8.Yji. 

Centimetre-decimetre beds of pebble-cobble conglomerate, with four 
interlayers (cm) of parallel-laminated and ripple cross-laminated 
sandstone. The conglomerate is clast-supported, with a coarse sand 
to granule matrix. Clasts are almost entirely dark grey, aphanitic 
volcanics, mostly rounded, with a few quartz pebbles. Maximum 
clast size I0 cm. One coal clast 2 cm across. The sandstone beds are 
interpreted as turbidites. The conglomerate beds are interpreted as high 
density turbidites or cohesionless debris flows. 

Centimetre-decimetre graded sandstone beds, ranging from coarse sand 
to silt, showing Bouma AB and ABC sequences. Mud-chip con- 
glomerates (cm) at base of two A divisions. Interpreted as amalga- 
mated turbidites. 



Cor.c~ #22. 3830-3840.fr.. 1.e~. lof t .  
Basal 50 cm consists of granule and fine-pebble conglomerate, par- 
allel-stratified on a 1-5 cm scale, with a matrix of coarse to very coarse 
sand. Grades up into massive, dark grey muddy sediment (diamictite) 
which ranges from mud-supported granule conglomerate to sandy, gran- 
ulely mudstone. The diamictite contains: ( I )  about three thin (cm) gran- 
ule or very coarse sand layers with gradational tops and bottoms; and 
(2) abundant centimetre-long plant fragments, forming thin (mm) coal 
seams. Diamictite could represent mudflow deposits, or glacial tillite, 
or glaciomarine muds with dropstones; the mudflow interpretation is 
the most likely, based on dominance of sediment gravity flow deposits 
in adjacent cores (Cores 16 to 33). Again based on the dominance of 
sediment gravity flow deposits in cores 16-33, the stratified con- 
glomerate is more likely a sediment gravity flow deposit than a flu- 
vial deposit. 

Core #23,4020-4030j., rec. 9 j .  

Clast-supported pebble-cobble conglomerate. Matrix is coarse sand 
to granules. Clasts are up to I0 cm across, mostly subrounded to well 
rounded, and mostly light to dark grey, aphanitic volcanics. A few clasts 
of granitoid-gneiss: also finely crystalline quartz with 5-10% dark crys- 
tals (vein quartz?). Interpreted as sediment gravity flow deposits, 
rather than fluvial, based on dominance of sediment gravity flow de- 
posits in associated cores and on lack of stratification; probably high- 
density turbidites or cohesionless debris-flow deposits. 

Core #24.4230-4240ft.. rec. 9ft. 
Dark grey, massive mudstone. I0 cm layer of clast-supported con- 
glomerate near top, with sharp top and bottom; clasts rounded, most- 
ly medium-dark grey volcanics. The mudstone is interpreted as a mud- 
flow deposit, based on the dominance of sediment gravity flow 
deposits in associated cores and on the lack of structure. The con- 
glomerate is probably also a sediment gravity flow deposit. 

Core #25,4445-4455j., rec. 10). 

Clast-supported, pebble conglomerate interbedded (dm-scale) with medi- 
um to dark grey, fine-medium massive sandstone. The conglomerate 
is non-stratified, has a coarse to very coarse sand matrix, and local- 
ly shows 10-20% visible quartz cement. Interpreted as high-density 
turbidites or cohesionless debris flow deposits (conglomerate) and 
Bouma A turbidites (sandstone). 

Core #26,4650-4660fl., rec. I0 fr .  

Non-stratified, clast-supported conglomerate, sharply overlain by 
1.2 m of dark grey, fine-medium massive sandstone. Interpretation as 
for Core 25. 

Pebble conglomerate, clast- to matrix supported. Matrix is coarse sand. 
Clasts are rounded, mostly dark grey aphanitic volcanics. Some cen- 
timetre-long plant fragments. Interpreted as sediment gravity flow de- 
posits, rather than fluvial, based on lack of stratification. 

Cow #28,5050-5060fr., rec. 4 8 .  

Clast- to matrix-supported, non-stratified pebble conglomerate. Ma- 
trix is fine to coarse sand. Interpretation as for Core 27. 

Core #29.5270-5290ft.. rec. 20fr. 
Decimetre-interbedded pebble-cobble conglomerate and coarse sand- 
stone. Conglomerate layers are clast-supported; clasts are mostly 
subrounded to well rounded, medium to dark grey, aphanitic volcanics. 
Matrix is coarse sand to granules. Two sandstone layers are parallel- 
laminated throughout; the third is massive and grades up into a few 
centimetres of dark grey mudstone. The conglomerate is interpreted 
as sediment gravity flow deposits, based on lack of stratification. The 
sandstone is interpreted as Bouma A and B turbidites. 

Core #30,5410-5430 ft.. rec. 208.  
Clast-s~~pported pebble-cobble conglomerate. Matrix is coarse sand 
to granules. Some clasts are wider than the core (i.e. 9 cm). Clasts are 
rounded and are mostly dark grey, aphanitic volcanics. One large (9 
cm) pink granitoid clast. Clasts locally show imbrication. Interpret- 
ed as sediment gravity flow deposits, rather than fluvial, based on lack 
of stratification and on dominance of gravity flow deposits in neigh- 
bouring cores (Cores 16 to 33). 

Core #3/. 5575-55958.. rec. 18). 
Dark grey, massive mudstone interbedded (gradational contacts). on 
a centimetre-decimetre scale, with medium grey, very coarse sand- 
stone. Mudstone contains abundant centimetre-long plant fragments, 
oriented parallel to bedding. Sandstone mostly massive to parallel-lam- 
inated. A 30 cm layer of clast-supported conglomerate occurs at top 
of core. The sandstone beds are interpreted as Bouma A, B, and AB 
turbidites. The conglomerate bed is interpreted as a sediment gravi- 
ty flow deposit. The mudstone represents "background" suspension 
sediment, rather than mudflow deposits, based on parallel orientation 
of plant fragments; intense burrowing could explain both the massive 
appearance and the gradational contacts with sandstone beds. 

Core #32,5780-5800ft., rec. 19.53. 
Clast-supported pebble-cobble conglomerate. Clasts mostly sub- 
rounded to well rounded; mostly dark grey, aphanitic volcanics. Im- 
brication locally visible. Matrix types are: ( I )  coarse sand to granules 
cemented by calcite (i.e. little or no diagenetic clay); and (2) calcite 
cement only (i.e. cemented openwork conglomerate). Interpreted as 
sediment gravity flow deposits, rather than fluvial, based on lack of 
stratification and on dominance of probable sediment gravity flow de- 
posits in adjacent cores (Cores 16 to 33). 

Core #33,5995-60l5j., rec. 208.  
Clast-supported pebble-cobble conglomerate. Clasts mostly sub- 
rounded to well rounded, and mostly light- to dark grey, aphanitic vol- 
canic~; subordinate granitoid-gneiss and pink granitoid clasts. Matrix 
is coarse sand to granules, cemented by quartz and calcite (i.e. no di- 
agenetic clay). Interpretation as for Core 32. 

Richfield et al. Masset c-10-1 103-F-16 

Core # I ,  401 -421 ft., rec. 0.5ft. 
Fine, loose sand, with a few centimetre-size lumps of massive fine sand- 
stone. Data insufficient for interpretation. 

Core #2.595-605ft.. rec. 1.58 
Volcanics. 

Core #3,605-6/58,, rec. 7 j .  
Volcanics. 

Co1.e #4,800-808j.. rec. 3 ft. 
Volcanics. 

Co1.e #5.992-1002 ft., rec. 8 . 7 j .  
Volcanics. 

Core #6.1160-1166ft.. rec. 5.5fi. 
Volcanics. 

Core #7,1166-1176ft.. rec. 9.3fr. 
Volcanics. 

Core #8,1395-1402ft.. rec. 6.6). 
Volcanics. 

COW #9,1720-1729j., rec. 9ft. 
Volcanics. 

Co1.e #10, 1830-lX40j., rec. 8.5fl. 
Volcanics. 



Richfield et al. Ni~du  River ;;-69-A 103-F-I6 

('01.1' # l .  210-220,fi.. 1 . 1 ~ 1 . .  O..i f i .  
Poorly consolid:~tcd pebbly niildstonc, locally clast-supported. ('l;~sts 
arc up to 1 cni across and include light grey and dark yrcy aphzaitic 
volcanics. Clasts arc subangular to subrounded. Interpreted a5 either 
a mudflow deposit or as #laciotnarine mud with tlropstoncs. 

(.'oI.c #-?. 240-2OOti.. 1.1.c.. 2.2,fi. 
Grey. very tine loose sand and centimetre-side friable sandstone 
lumps. Faint parallel to contorted (by corinp?) lamination. Loose. an- 
gular. basalt-like pcbhlc 6 cm across. Intcrprctation of sandstonc hin- 
dered by sparsily of'tlatn. Thc pebble miiy bc an ice-rnfied dropstonc. 
based on: ( I ) its ~~ngi~larity:  ancl (2) the abuntlancc of probable drop- 
stone.; in sutiace exposures of Skonun Formation sandstonc (abovc). 

Coi.c #-3. 450-47Ofi.. r.cc. nil. 

('or.[) #4, 61.5-h.iSfi.. ,.cr.. 2 t i .  
Cirey. fine to coarse loosc snritl ant1 centimetre-si~c friahlc si~ndstonc 
lumps. Faint millimetlr-scale p;u'allcl lamination and contorted (by 
coring) lamination. Coarse s;~ndstonc lumps contain floating ~ranulcs  
up to 3 mm across. The parallcl I:unination is tcntativcly interprett,d 
ss li>rcscts of large-scale, shallow-~iiarinc tidal cross-stratiticatio~i, be- 
cause this fllcics is dorninant in surS;~cc exposures (see above) nlld can 
be identified with reasonable confidcncc in Core 1 1 (hclou,). The flo;~t- 
inp granules may be dropstoncs, which are common in the cross-strat- 
ified tidal sands at outcrop. 

Cor.c, #5. 63.7-h.5.5,fi.. 1.ec.. 2.11. 
Circy. vely tinc to ~ned iu~n  loosc sand and centimetre-si~e tiiablc sand- 
stone lunips. Milli~i~ctre-scale parallel lamination and contorted (by 
coring?) lamination. Parallel laniination comprises ;tltcmating coars- 
er and finer laniinac. Interpretation ns for Core 4. 

Co~v,  KO, 810-830 fi., I . ( ~ c . .  3 Ji. 
Grey, fine to medium loose sand and centimetre-size friable sandstone 
lumps. Faint millimetre-scale coarser-finer lamination, contorted, 
possibly by coring. One lump contains a rounded 1 .S cm pebble. There 
are also some centimetre-size lumps of pebbly mudstone containing 
subrounded basalt-like clasts 2-3 cm across. The sandstone may rep- 
resent tidal cross-stratification and the floating pebble a dropstone (see 
Core 4 above). If this interpretation is correct, the pebbly mudstone 
is probably glaciomarine mud with dropstones, rather than till or a mud- 
flow deposit. 

Core #7. 1020-1030fr.. re(.. 0.25). 
Four lumps (cm size) of massive, well cemented sandstone. In one lump, 
medium sandstone grades up, over 1-2 cm. into mudstone. Insufficient 
material for interpretation. 

Gory # K .  1030-1040fr., re(.. 2 f i .  
Grey, fine to medium loose sand and centimetre-size sandstone 
lumps. Some lumps are massive; others show contorted (by coring?) 
coarser-finer lamination (mm-scale). Interpretation as for Core 4. 

Core #9. 1200-12/0f1., re(.. 3.83.  
Grey, medium loose sand and centimetre-size sandstone lumps. Faint 
contorted lamination locally visible. One 4x 1 cm mudstone clast. In- 
terpretation as for Core 4. 

Core #10, 1210-1220fr., rue. 0.1 ft.  
Grey, medium loose sand and one centimehesize lump of well cemented, 
massive, medium sandstone. Insufficient material for interpretation. 

Core # I  I ,  1390-1400ft., luc. 3 8 .  
Grey, fine to medium loose sand and centimetre-size sandstone 
lumps. In two lumps, the core wall is preserved; these lumps show 
steeply dipping (cu. 45') parallel lamination, consisting of alternat- 

ing lighter a id  darker laminae 1-2 cm thick. Interpreted as large-scalc. 
shallo\v-rnzirine tidal cross-stratification. 'fliis M ~ S  the tentative in- 
tcrprctntion for (:ore 4. but thc interpretation is strengthened in this 
cusc by the detnonstr:tbly steep primary dip of  thc laminae, indicat- 
ing that the I:uminac arc indeed foresets. 

( ' o i ~ .  # l? ,  1400-1410 f i . .  I . ( , ( , .  0.5P. 
Circy. finc s:~ntl ;~ntl ce~itimctrc-size santlstonc lumps with millinictrc- 
thick mutl lamin~~e. Hnsctl on its contitillity with Core I I .  this sandstonc 
is probably also of tidal shallow-marine origin. The mud laminae may 
represent slack-\vater mud drapes (cf. Yakoun River sand pit. abovc). 

( ' 0 1 . ( ,  #/. j ,  1600- 1h06,fi.. /.cc.. -5, fi. 
Grey. tinc to medium loosc sand and centimetre-size lumps. Some lumps 
sho\v contorted (by coring'?) ~nillimetrc-scale lamination, consisting 
ol'alternating lighter and tlarkcr laminae. Interpreted as cither: ( l )  off- 
shorc-titlal, as for Core 4; or (2) Iluvinl channel. based on  proximity 
to pi~lcosol bcncath (sec Core 14). 

( . ~ I Y '  # I d ,  /606-/020,fi.. /.cc.. h f i .  
Massive. grey-brown rnudstone with abundant liori~ontal carbonaceous 
needles (CO. I mm X 5-10 mm) ant1 inclined cnrbonacct)us rods ( 1 . 1 7 .  

2 nini acrr)ss). Some centinictrc-si~e plant debris. The needles arc prob- 
ably conifc~. needles. The inclined rods arc interpreted as rootlets. in 
which case the mudstonc is a paleosol, whose lack of smstun: is thought 
to rcrlecr rootlet hioturbatioti. The inkrrcd environment is rluvial or 
delta-plain overh~nk.  

C'o1.1, #I.(. 1800-IHl0,fi.. I . ( , ( , .  6.D. 

Altered volcanics. 

Core # / h .  ISIO-ISIJfl.. r-ec. Tfl. 
Volcanics. 

Co1.1, # /7 .  2100-21 l 0 f i . .  ,.()c,. lOfi. 
Volcanics. 

Core #18. 2440-2447fi.. r-er. 1.5fl. 
Pebbly niudstone, containing rounded basalt-like pebbles. Interpreted as 
a volcaniclastic (epiclastic) mudflow, based on pebble composition and 
on the presence of volcanics in the contiguous core beneath (Core 19). 

Core #19, 2447-2455fi., WC. H ft. 
Volcanics. 

Core #20,2580-25YOfl., rec. 3.5fl. 
Volcanics. 

C O I . ~  #2 / ,  2590-2596ft.. rec. 5f l .  
Volcanics. 

Co1.e #22,2920-2940fi., rec. 16fr.  
Volcanics, overlying about I m of sandstone. sandy rnudstone and peb- 
bly mudstone. The sediments are interpreted a5 epiclastic deposits; the 
pebbly mudstone is probably a mudflow deposit. 

Co1.e #23.4700-4710,ft.. rec. 7.6fr. 
Volcanics. 

Richfield et al. Cold Creek c-56-H 103-F-9 

COIY # I .  270-280fi.. 1.e~. nil. 

Core #2,280-290fi.. rec. 0.Sfr. 
Loose, poorly sorted gravel, comprising granules and pebbles (max- 
imum clast size 5 cm). Clasts are subrounded to subangular, and are 
mostly basalt-like. Insufficient material for interpretation. 

Core #3,600-60.5 ft.. rec. nil. 

Co1.c #4, 605-610fl., rec. ~ l i l .  

Core #S. 800-805ft.. re(.. 11i1. 



l.'irle loose sand and ccntirnctrc-\i/c m:~sxive to p;\r;illcl-la~ninated \and- 
stone lumps. Lamination consists of ~nillimetre-xale alternation 01' 
finer and coarser lamin:ic. Insufficic~it material for intcr~,rct;ltion. 

Very fine santlstonc ( l5 cm) showing parallel (hori~ontal) lamination. 
overlain by mutlstone. Thc rnud\tonc ranges li.om mas\ive to millimetre- 
laminatecl: pasting surfllces show abuncliunt carhonaccous needle\, some 
ol'which :we ~ ~ o ~ l p c d  as fronds. conlirrning their idcntilication its conikr 
ncctllcs (see Nadu River, Core 14). Pyrite concretions 1-2 m m  across 
occur in the mudstone. The m~~dstone is interpretetl as a Huvial osdclta- 
plain ovcrhank deposit, basecl on the abund;lncc of conifer ~lccclles; 
a delta-plain is more likely, since the pyrite sugscsts a marine influ- 
ence (Herner, 1084). The lack of ;I soil prol'ilc suggests a pcrmnncntly 
subaqueous environment, pcrhap\ an intcrdistributary swalnp: ;I him- 
i l l  ,u . setting . is cnvis:igctl l'or similar needle-hearing. pyritic mutlstones 
at Miller Crcch (Higgs. 19Xc)c. p. 9 1 ). Massive iritcrvals in the mud- 
stone may reflect rootlct bioturbation. The sandstonc may bc of dis- 
tributary-channel or crev;~ssc-splay origin. in vie\\. of its association 
with infe~~ct l  overbank mutlstonc. 

About 30 cm p:~rallel-laminated mudstonc showing low to moderate hio- 
turbation, anrl little or no cnrbonaceous detritus. Hu~~o \vs  inclutle ;I 

lined. hori/ontal ichnogenus about 2 m m  across ancl at least 5 cm long 
(7'c~ic~lric~lrr11rs?). l 'hc ~nudstone is overlain by very fine loosc sand ancl 
centimetre-six sandstone lumps, showing milli~nctre-scale parallel 
I;uminntion of unknown origin;tl clip. Two loose. ;lnpular fragments 01' 
pale grey. aphanitic volcanic rock. 7'he volc:iriic fr:\gmcnts arc inte~-plctctl 
as dropstoncs, originally Floating in sandstonc, bi~scd on the abuncli~ncc 
of inferred tlropstones in Skonun Formation sandstone exposure\ and 
in s:~ndstonc cores from the Kadu River well (see above). If this inter- 
pretation is correct, the sandstone and ~nudstone are probably marine. 

Core #9,2810-2820fi., r w .  I f i .  
Very fine loose sand and centimetre-size sandstone lumps. Millime- 
tre-scale parallel (horizontal) lamination, slightly bowed by coring. 
One 5 cm lump of mudstone with contorted (by coring?) lamination. 
Insufficient material for interpretation. 

Core #10.2820-2830 f i . ,  re(.. 10 f i .  
Fine, loose sand and centimetre-size massive sandstone lumps. One 
2-3 cm parallel-laminated mudstone parting. Insufficient material 
for interpretation. 

Co1.e # / l ,  3010-3020fi.. w e .  2 f i .  
Parallel-laminated mudstone, variably homogenized (by burrow- 
ing?) and contorted by coring. Insufficient material for inte~pretation. 

Core #12,3020-3030,fl., rec. 8.3f l .  

About 40 cm of parallel-laminated, moderately bioturbated mud- 
stone with carbonaceous laminae, sharply overlain by fine to medi- 
um loose sand and centimetre-size friable sandstone lumps. Some lumps 
show millimetre-scale lighter-darker lamination dipping at 30-40' rel- 
ative to the core wall. The sandstone is thought to be cross-stratified, 
based on the steep lamina dips. Insufficient material for environmental 
interpretation. 

Parallel-laminated mudstone, variably homogenized. Abundant car- 
bonized plant fragments, millimetre-centimetre sized, concentrated in 
laminae in the lower half of the core. A S cm coal bed occurs half- 
way up the core. The interpreted environment is a fluvial or delta-plain 
overbank, based on the coal bed. Homogenization in the mudstone may 
reflect burrowi~lg or rooting. 

{~o t . c~#14 ,  -<4OU-.i4lO,fi., r c ~ .  0.3 j i .  
I.ine loose si111~1 and centimetre-siz sanclsto~lc lumps. Some lumps sho\v 
millimetre-scaIc lighter-clarkcr lanlini~tion dipping at about 20' rel- 
ative to the core \vaII. Scvcrirl intcrheds, 1 - 1  5 cm thick. of ~nudstone 
riunging rrom ~nassivc to pi~r.;~llcl (horiront:\l) I;rmin:\tecl. In the mud- 
stone. \and-size carbonaceous flakes are conspicuous on parting sur- 
f . \ .  Le\. . . T'he inclined \anclstone lamination is s~rggestivc ofcross-strat- 

ification. Insufficient rl~alcrii~l l'or environmcnti~l interpretation. 

Pal-allel-laminated ~nudstonc. Partinp suri'aces conlmonly show spnrsc 
to abundant sand-gl-atlc ca~-bo~~aceous Il~tkcs. li:uc strings ol'connccted 
siltstonc ripple>. Tentatively intcrprctccl as deltaic intertlist~ihutary bay 
tlcpnsits, based on the conlmon plant tlct,ris ;~ntl the lack of rootlet hio- 
turbation. 

Volcanics 

c ' o t . ~  #I 7 .  ; ,Y;o--~cYJ~ f i . ,  I - ( > c , .  2..i j i. 
Altered volc;~nics. 

(-'oI.o #/A'. .7,S4.5-385.5 fi.. I . ( , ( . .  S.4tt 
Volcanics. 

C'otr # l .  210-220 f i . .  t.cc,. I ji. 
Pebbly mudstonc. Pebbles arc rountled. up to 3 cm long. and include 
siltstone anti basalt-lihc rock. Possible interpretations are: ( I )  mud- 
flow; (2) glacial till: or (3) glacionlarine mud with dropstoncs. The 
third interpretation is considered the most likely, since thc core is at 
shallow tlepth. and rn;~rirlc sedimcnts with dropstoncs are common at 
oLIIcrOp (Ilbovc). 

Cot.13 #2, 220-2.10 f i . ,  1 . 1 ~ .  t ~ i l .  

Case #3,420-430fi., rrc. 1 .3jifi. 
Pebbly mudstone. Most pebbles are basalt-like, and some are grani- 
toid. Bivalve fragment. The depositional environment was probably 
marine, based on the bivalve fragment. The pebbly mudstone is prob- 
ably a glaciomarine mud with dropstones, as for Core I .  

C0r.e #4,430-440fl., rec. 2.7f i .  
Mudstone, in part parallel-laminated, containing a 5 cm lignite bed. 
Interpreted as fluvial or delta-plain overbank, based on the coal bed. 

Cor.e #.5, 3460-3480fi.. w e .  9.5 f i .  
Mudstone. The lower 1 .S m shows an upward gradation from light 
grey mudstone into medium brown mudstone, into about 30 cm of lig- 
nite. This is overlain by light grey mudstone, containing centimetre- 
size plant fragments. A millimetre-size blob of amber was found in 
the blnwn mudstone. The rnudstone contains inclined carbonaceous 
filaments, and shows parallel-lamination which has been partly to com- 
pletely homogenized. The carbonaceous filaments are interpreted as 
rootlets. The lower mudstone is clearly a paleosol, based on the 
colour grading, the presence of rootlets and amber, and the overly- 
ing coal. The implied environment is a fluvial or delta-plain overbank. 

Core #6,4100-4120J., i.rc. 17.23. 
Medium to coarse loose sand and centimetre-size sandstone lumps, 
massive to parallel-laminated. Two intervals, 30 and 75 cm thick, of 
parallel-laminated mudstone. Laminae in the mudstone show the 
same dip (about 20') as the laminae in the sandstone, indicating that 
this dip is structural, and that the sandstone laminae were deposited 
horizontally, rather than as foresets. The previous core (S), in contrast, 
shows no obvious structural dip, suggesting that there may be an un- 
corlformity between Cores 5 and 6. The sandstone is tentatively in- 
terpreted as turbidites interbedded with background muds, based on 



the sandstone-rliudstc,ne ;~ltcrllations and the possible presence (11' 
Bouma A (m;~ssi\lc) and Routi~n 13 (1:irninatcd) divisions. 

Shell Anglo Harlequin 

Strongly bioturbated. carbonaccous. very finc s;uidstonc. Burrows in- 
clude: ( I )  clay-lined. and (2) unlined hori/.ontal to vertical tubcs. I -  
10 mm in dialneter; (3) hori~ontnl tubes. L I ~  to I0 nirn in dianlctcr. 
lined with light-coloured sand: (4) horizontal. slightly sinuous. un- 
branched. unlined tubes 1-3 mm in diameter ( P i ~ I r c ~ o l ~ l r ~ c ~ ~ ~ . ~ ~ ? ) :  :und ( 5 )  
large O/>Iriortrorphi7 burrows, consisting of horizontal and vertical tubes. 
1-5 cm in Jiiumcter. with il li~ling, a f c ~ l  111111 thick. corlsisti~ig of al- 
tcrnating clay ancl sand corlccntric lam~nac. One vertical Ol11rio1,ror.- 
/)/?U tube forms an inverted "T-connection" with a hori~ontal tube. The 
O~~/~io~norplrcr burrows arc commonly "I?-burrowed" by ? P i i l i i ~ ~ o ~ ~ l i ~ u . ~ .  
Iri  all five burrow types. the fill matches the host sand. A 4 rnm 
pyritc concretion was noted. 

The presence of O~~lriorriorpl~ii is suggestive (but not dingnos- 
tic) of a shallow-marine environment (FIX? et al.. 1978). A marine sct- 
ting is consistent with the prcscncc of pyrite (Berncr, 1984). ancl 
with the intcnsc bio~urbation: the latter suggests dcposition below fair- 
weather wave base. The nature of the depositional current, whelher 
rnetcoroIogic:~l. tidal or a density current, is uncertain clue to total de- 
struction of primaly structures by burrowing. However. the sandstone 
is tentativcly interpreted as amalgamated burrowed storni beds (cf. Bour- 
geois. 1980. her Fig. 9). implyilig an inner shclfenvironmcrit (Bour- 
geois. 1980). This interprctalion is supported by the filet that sitnil;lr 
burrowed sandstone in Osprey Core 1 (below) is intimately associ- 
ated with HC'S. 

Strongly bioturbated very finc sandstone, indistinguishable from 
Corr I .  Burrows includc O/~lriorlrorplur and ?Pnliieol~lyc~r~s, as fix Core 
I .  Pyrite nodule 7x20 mm. Scvc~ l l  bivalvc fragments in a l 0  crn cal- 
cite-cemented interval. A 5 cm interval of millimetre-scale inter- 
laminated mud and very-fine sand was noted. 

The interpreted environment is shallow ~iiarine, as for ('ore I .  
with added support from the prcscnce of bivalvc debris. The sandstone 
is tentatively inlcrprcted as amalgamaterl burrou,ctl storm beds. as for 
Core 1; this is consistent with the prcscncc of broken (i.c. al- 
lochthonous) bivalves. The mudstone rctlects background deposition 
from suspension. 

Shell Anglo Osprey D-36 

C'or.c, # I .  375.7-5775fl.. i.cc.. 6.3 f i .  
Very tine sandstone. showing low-angle cross-stratification which has 
been partially to completely destroycd by bioturbation. 111 places. a 
decimetre-thick bioturbated interval is truncated upward\ by a loui- 
angle surface which is conformably drapecl by laminated sand pass- 
ing up into burrowetl sand (cf. Dott and Bourgeois, 1982, their Fig. 
X, facies Hb). Lamination, where preservcd, consists ofmillimctrc- 
laminae which are alternately rich and poor in comminuted plant flakes. 
Burrows includc unlined, unbranched. horizontal tubcs up to I cm in 
di;uncter (Pnlircq~lyc.rrs'?). One 40 cm interval consists of'spwscly bur- 
rowed mutlstonc with mm laminae of silt and very finc sand. and a 
string of connected ripples. 

The cross-stratification is interpreted as hummocky cross-strat- 
itication. rather than trough- or tabular crosshedding, bcc:~usc: ( 1 ) dips 
do not exceed 10'. far below the angle of repose: and (2) the plain size 
is too fine for the development ol'dunes, sandwaves or rncgaripples 
(Hanns et al., 1982. their Fig. 2-5). The sandstone is interpretctl as 
amalgamated hummocky-to-burrowed storm beds (cf. Bourgeois. 
1980, Fig. 9: Dott and Bourgeois, 1982, Fig. X. facies Hb). This irn- 
plies an inner shclf depositional environment (Bourgeois, 1980). The 
mudstonc reprcscnts background dcposition from suspension. 

Table 1. Summary of non-opaque heavy-mineral compos~tions 
of sandstone core samples from Queen Charlotte Basin wells. 

Well Sample 
depth (11) 

Tow H i l l  619 
81 7.5 
1470.5 
1477 
1921.5 
2139.5 
2355.5 
2660.5 
2668 
2840 
2845.5 
3012.5 
3235.5 
3239 
3406 
3414 
3626.5 
3629.5 
4238 
4449.5 
4651 
5271.5 
5591 

Avg . 
Massel 401 

Nadu River 241 
617 
635 
81 1 
1031 
1201 
1210 
1391 
1400 
1605 

Avg . 
Gold Creek 201 1 

2628 
2641 
2810 
2829 
3020 
3027 
3408 

Avg . 
Tlell 4100.5 

4112 
Avg . 

Harlequin 4440 
4450 
4455 
4460 
5500 
5505 

Avg . 

Amph. Zir. Gnt. Ep. Tm. Bio. Others 

All values in number percent. Arnph.=amphibole (hornblende and rare riebeck- 
ite); Zir.=zircon; Gnt.=garnet; Ep.=epidote group (clinozoisite and epidote); 
Trn.=tourmaline; Bio.=biotite. 
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Abstract 

Tire Tow, Hill No. I M ~ P I I O I I  the northeast coast qf !f~,.uhum Island pcnetrutes 1833.4 rn of Cenozoic. Skorrun For.nia- 
tion in the Queen Char.lotte Basin. Pal~ynological c~nalyscs qf31 sumple.s,f,~om cor-efr-on7 the Tow Hill No. I well, pro- 
1,itlc U pc~lyno.st~~utigruphic,f,-unlcrc.or-k for the .?Lute Puleo~ene and Nuogetze Skor~~tn For-nlation penetrated by the 
TOM' Hill M.c / I .  Sc~dinlcvlt I . C ( Y C / ~ I I ~  tather tlzun V ~ I C U I I ~ C  it~tr.usiot~ bt'.rt expluins aizon~ulorrs putter.n.s of' high ther-nzal 
tnutro.ity in orgcrnic nzutres in the uppcr 366 nz ofthe ~ ' ~ 1 1 .  TI.VO s u n l p l ~ ~  vororger. t h ~ n  Middle Mioc,ene.fi-on1 uptrrrned 
nlltd hcds at Yukcin Point. 2.5 kni ~ ~ s t  of Tow Hill, c.orztoin thrt~mully n1atltrv seclinrozt, indic~atiii,g l~ossible .so~rr.ce.s 
for t.ccyrled .sedimetrts. Rec,ycling is pr-obahlv caused by local tec.toni.snr. The lrpprr- 590 m of the T o ~ v  Hill No. 1   ell 
is interpreted to he Lute Miocerle (ca. 8 Mu) to possibly Early Plioretze (>3 Mu), hecause it is aho\~> the extitrc.tion 
qf Liquidambar and does not c.uhihit a cool tcm/~erutejloru. Local tec,toni.sm and vnlcanism pt.ohahly occur-red with- 
in this time. The section between 590 c~tzel 930 111 is interpr.eted to be mid-Middle Mioccne (ca. I5  Mu), hused on the 
jir..st uppea~.cmcc (f Grutnineue, to Late Mioccne. Tlzc section jjfj.onr 930 to T.D. is poosly constr~uined by pa1.y- 
nonlorph.~, but nray r~rrr~qe hetwc~arr Lutc Oli~occ~nc to Micldlc Miocene. Two ~ t ~ z t i u t ~ d p a l ~ ~ t r o ~ t r ~ u t i g ~ ~ c ~ ~ ~ ~ r i c ~  o~~ents  o(.c~ti. 
17cczr- 1100 and 1440 nz. 

Le prtits TOM' Hill tz0 I for.(; dun.s /a ccite tzot.d-c~st de I'ilp Grc~hom tt.cu9et..sc 1833.4 nr de 11 for.nzutioi~ de Skonui~ dlt Cbzo- 
zoi'yue duns /c bassi11 dc In Rcitre-Charlotte.. Des aizu1~~se.s p c ~ l ~ y ~ ~ o l o g i q ~ ~ ~ ~  de .?l 6(~huntillons d'uize rarottc 
proveilant dlt prtits Tow Hill no l foto~ni.s.sctlt rrri c.crtb-r palyno.str-clti~q1~c1pI7ic~~re poro- /U formation de Skonlrn drr P~r/c;o,qPrrc sup 
PI-icur-? c/ drr Ne'ogPnc travo.s6c, pcrr le plrits TOM' Hill. C'est Ic rccyclagc dcs se'dimcnts plrrtbt que l'irrtr-usion vol- 
caniclue clui e,uplic/ue le mie1t.x Ies cotdigut.ations anor-ma1e.s de n~atul.itt the~.nzique tlevPc~ ohservc'es duns les mutiPr-es 
ol;guniyues cotztenues durls Ics 366 nz supe'rier~rs dcs soc.1ie.s r-cc,oupe'c,s par Ic puits. Der~u 6cht1tztillons plus 1.6c.ents yrte 
/c Mioctrle nzoyrlr p1.6levc;s duns des c,ouc,hes dc horie ~~otou~~~re'e.s U /U poitrfo Yukun, U 2,5 kill Li I'ouest dc, TOM' Hill, 
cotzticrrtlozt des .sc;ditnents the~.nliyuc,mc~nt nratrtr.e.s, indiyuant /a 111-c;.sorce possihlc de .soro~cc..s de skciirnents recyc1C.s. 
Le t-oc:\~.Iuge U p~~obuhlcn~o~t  6t6 rnrr.sPe par lit1 t e c t o t z i . ~ ~ ~ ~  local. Lcs r.oc,he.s des 590 m supPr.ierrta I-ecorrpPes par- le prtits 
TOM' Hill tzO 1 se situesaicnt entt-e Ie Miocelic .supc;ricur (11c.r~ 8 Mu) et peut-e^tr.e le Plioci.ne injPrie~~r. (> .3 Mu). e'tant 
dontic; y~'e1le.s se tro~t~~c,nt ( I L I - ~ ~ S S L I S  de /U zone d'e>,utitrction de Liquidamhar et qu'elles rze contientient pas h j l o r e  de 
c,limut tempe'rPf,.oid. Lcs clctivit6.s tc~ctoniques et volcaniyues locales ont pwhablcnzent cu lieu au colit-s de cette e'poque. 
Ent1.e 590 et 930 nz. /PS I-orhes du/cr.oient drr milieu du Miocc;ne I T ~ O ~ C I I  (vers 15 Mu), ciz sefiizduilt sur la pi-emit/-r 
appar.itiotr de grclrtlin6s, j ~ t ~ q ~ t ' a u  Mio(.P~zc> S L ~ ~ ( ; I . ~ C U I . .  Lu .sectiotl allar7t de 930 m U h pr.ofotzcler~~ liniite a e'rc' rnnl de'linr- 
itc'c si / 'on se base srrr les pa1ynonrorphc.s n1c1i.s clle potti.rait se situer eiztr.e I'OligocPi~e .sup($r-ie~~r ~t /C Mioc.ine nloyen. 
D c r ~  P1v2rlenrent.s puly/zostrurig/~c~~~hitlrrcs non datks otzt laiss6 das trac,es prPs tie 1100 et 1440 m. 
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GEOLOGICAL SETTING AND AGE 
The type locality of the Skonun Fotniation is Skonun Point, on 

the northeast coast of Graham Island (MacKenzie. 19 16). However, 
outcrop is limited and Sutherland Brown (1968) points out that the 
long subsurface sections from boreholes should fotnm the standard for 
the Skonun Formation. Figure I illustrates the distribution of Skonun 
Formation and location of outcrop and wells penetrating the Skonun 
Formation of Graham Island. 

The Tertiary Skonun Formation underlies northeastern Graham 
Island. Hecate Strait, Queen Charlotte Sound, and probably part of 
Dixon Entrance (Sutherland Brown, 1968; Panerson, 1989; Higs, 1989). 
The Skonun Formation sediments are mostly sands. sandstones and 
conglomerates, with shale and lignite stringers (Sutherland Brown, 
1968). The Skonun Formation is continental to marginal marine to the 
north in the Queen Charlotte Bssin, with deeper matine and continental 
facies to the south under Queen Charlotte Sound (Martin and Rouse, 

8 
I 

I I 

Dixon 13*0 Entrance 

COLUMBIA 

Limit of the Skonun Fm. 5 1'- ............................ (after Shouldice 19731 - 
0 ...................... Exploratory borehole or outcrop 

Figure l :  The distribution of the Skonun Formation in the Queen Sk;,!c!:: Basin, with outcrops and wells. 
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1966; Shouldice. 1971; Addicott, 1978; Patterson, 1988, 1989). The 
Skonun Forniation is underlain by ancl interfingers with the volcanic 
Masset Formation (Sutherland Brown, 1968: Hickson, 1988). 

The Skonun Formation was originally dete~mined to be Miocene 
or Pliocene by use of marine molluscs found in outcrop (Dawson, 1880: 
MacKenzie, 19 16). Addicott ( 1978) used molluscs to revise the age 
of the outcrop to Late Miocene. In Queen Charlotte Sound the ma- 
rine sections of Skonun Formation are'Early to Middle Miocene. and 
Pliocene-Quaternary (Patterson, 1988). Sedimentary rocks, of Eocene 
and/or Early Oligocene age, have been identified in the Union Port 
Louis Well on the west coast of Graham Island, and in float from near 
the former Cowgitz Mines on Skidegate Inlet (White, 1990b). In the 
Port Louis well the sedimentary rocks underlie the Masset Formation. 
The relationship of these rocks to the known Skonun Formation re- 
mains to be determined (White, 1990b). 

Molluscs found in the Skonun Formation indicate a shallow 
water marine environment. warmer than at present. for the Queen Char- 
lotte Islands during the Late Miocene. Addicott (1978) suggests. as 
a possible analog, a protected embayment along the central Califor- 
nia coast about 2000 km to the south. 

A palynological flora of 50 species has been described by Mar- 
tin and Rouse (1966) from the outcrops of Skonun Formation. This 
valuable study provides a taxonomic basis for subsequent palynolo- 
gy in the Skonun Formation. However, because the palynomorphs are 
from dispersed, short sections it provides neither a biosmtignphic frame- 
work nor age determinations independent of the molluscan chronol- 
ogy. Martin and Rouse (1966) interpret three communities from the 
palynoflora: I )  a forest-swamp type similar to that found on the 
modern Louisiana Gulf Coast, 2) a more open-water community 
such as the Everglades, and 3) a coastal brackish water environment. 
The climate was interpreted to have been warmer, more temperate, 
and niorc humid than totlay, with virtually no host. 

TOW idILI, NO. 1 WEI,Z, 
The Richfield Mic Mac Homestead ' T o w  Hill No. I \veil is lo- 

catcd on the nonh Coast of Graham Islantl, about 1 km east of Tow 
Hill (h 54"04'47", W 13 l"46'45"). The u!ell was spuddetl ancl com- 
pleted in 1958. 

The Tow Hill No. I well penetrates 1833.4 In o f  Skon~ln For- 
mation. Lithology has been provided by Sutherland Brown (1968, his 
Fig. 20). TIic well is prctlominantly sandstone with major congloni- 
eratcs bclow 1000 m, especially in the lowest 300 m. Thin interheds 
o f  shale and lignite arc more common in the uppcr 1000 ni. 

Volcanic rocks dcsc~ibcd as "Tow Hill Sills" occur between 366 
itnd 521 In (Sutherland Brown. 1968). Outcrop of the "Tow Hill 
Sills" at Tow Hill has yieldctl K-Ar dates of <5 and 35.2 + 2 Mn 
(Hicks~)n. 1988). Neithcr iigc is rcliable because ol'altcration of the 
rock (C.J. Hickson, pcrs, comm.. 1989). A possible reintcrpretalion 
of the "Tow Hill Sills" is discusscc1 bclow. 

Research strategy and methods 
For all initial palynostratigraphic Framework for the Skon~rn 

Fo~mation i t  sccrned atlvisahle to avoid cutting samples and the con- 
scqucnt problcm of caving. The Richfield et al. wells on eastern 
Graham Island wcrc intermittently cored, giving potential forsaniples 
with good stratigraphic control. 'Thc Cape Ball and l'ow Hill No. I 
wells have tlic dccpest pcnctration of Skonun Fortnation (Suthcrl:ind 
Rrown. 1968). 

Detailed palynological analysis was done on samples fiotn the 
I 11.3 m of core which is available from Tow Hill No I .  l'he rcsults 
arc not a dcnsc ;inalysis intc~vnl, but a biost~.atigr:iphic "skeleton". frec 
of the mqior stratigraphic uncertainties of cutting samples. 

Variability in the palynological record may be viewed in the 'sig- 
nal to noise' paradigm. 'Signal' comes from those sources which give 
biostratigt-aphically useful results - true species origination or extinction, 
or major changes in the geographic distributions of species in response 
to climatic andlor tectonic events. 'Noise' comes from several sources 
including short-term vegetation community succession, edaphic adap 
tation. sorting of fossils prior to deposition. and stochastic variation. 
All lignite and organic shale beds found in the cores, even those 
closely spaced, were individually sampled and analyzed to compare 
short-term and long-tenn variability. There were 3 1 productive sam- 
ples. On Figure 2 (in pocket), the vertical distance between some of 
these analysis intervals has been exaggerated 10 times to permit 
plotting without pen overlap. 

Stratigraphically significant change has been evaluated by both 
the estimation of the percentage composition of the palynological flora, 
and the search for rare palynomorphs. This strategy was adopted to 
recover maximum data from the analyses. All palynomorphs in pre- 
pared residues were tallied to a minimum sum of 300 grains. At the 
same time an independent count was maintained of microspheres added 
to the preparation (Benninghoff, 1962: Ogden, 1986; White, 1988). 
This count was continued into the scan for rare types which fol- 
lowed the fixed tally, allowing an estimation of the relative abundance 
of rare taxa (White. 1990a). 

Results 
Complete tallies with taxonomic determinations were made for 

1 1,646 fossils. In addition, an estimated I 1 1,500 fossils were scanned 
in a search for rare species. The author has a photographic catalogue 
of the palynomorphs at the I.S.P.G. 

One hundred and twenty-six taxonomic categories were used to 
record the Tow Hill data. Many of the common pollen and spore taxa 
in Tertiary sediments can be referred to modem plant taxa. Ncw 
tasa cncountercd in the stutly will bc formally described in a future 
paper. Photogn~phs or descriptions of most tasa named in this paper 
can he fountl in Martin and KOLISC (1066). Lcopolcl (1960). Picl 
( 197 1 ), Hallog ct al. ( 1977). Rousc (l 977). Norris (1986). antl Gray 
( 1985). Prcscrvation of tht: palynomorphs was generally poor. with 
considerable erosion antl compression. 

Perccnti~gcs arc calculated on tlic sum of nil tallietl palynomorphs 
in cach sample. gcncrally 300-500 pnlynomorphs for statistical reli- 
ithility. The sum inclutled those fossils unidentifiable becausc of 
poor presenlation. 

'lhc percentages ol'thc h8 most uscfi~l tasa itrc prcscntcd in Fig- 
urc 2 (in pockct). Tasa have been excluded bccci~~sc tIic)l wcrc long- 
ranging and without any significant trends in perccnt;~pc rcpresenta- 
tion. or bccausc thcy wcre singlc occurrences of previously unreported 
taxa. The naturc of the distribution ol'n tlison. ancl its potential bios- 
tratigraphic significance, is vcry poorly indicated by a singlc occur- 
rence. Figure 2 (in pocket) contains a sum~nntion of all taxa not plot- 
ted individually becausc thcy were tlccrncd to yield no hiost~~tigraphic 
or environmental inti)min~ion. A sub-sum of this surn is presented. show- 
ing in cach sample tlic percentage of palynomorphs u~iidentifiablc bc- 
cziusc of poor preservation. 

Taxa obsc~vcd during the scan of the slide after the count havc 
vcry low relative abundances. Kclntivc :~buncianccs of many tiixa are 
~ilarked by a "+". which irldicates an observcd occurrencc of <U. 19'0. 
i.e.. is less than 1 occun-encc in 1000 fossils. The observed relative 
abundance of ni:tny toxa. such as Liclr~i~ktnrl~uur-. shows that an ob- 
scrvation of more than 1000 li~ssils per salriplc is required to cstimatc 
its stratigriipliic range. 

The taxa in Figure 2 are arariged primarily by last stratigraph- 
ic occurrencc to serve as a guitlc for palynological analysis of cuttings 



from exploration weils. Taxa are arranged secondarily by a botani- 
cal hierarchy from algae to angiosperms. and thirdly by alphabetic order 
within each botanical group. Taxa whose stratigraphic ranges are known 
to extend into the Quaternary in the Queen Charlotte Basin, but 
which were not observed in the uppermost sample for stochastic rea- 
sons. are arranged with the taxa whose last occurrences are at the top 
of the wcll. 

Discussion and Interpretation 
Preliminary to an interpretation of ages in the Tow Hill No. I well, 

must be a consideration of evidence of sediment recycling and fos- 
sil recycling in the stratigraphic sequence. 

Rec.yc'ling of Serlime~rr ill the  Tow Hill No. / Well 
Many beds in the upper 360 m of Tow Hill No. 1 well have anoma- 

lously high thermal maturities. evident from the palynological kero- 
gen preparations and from vitrinite reflectance (Vellutini and Bustin, 
1988). Furthermore, some palynological preparations were found to 
contain both a thermally immature and a mature fraction. Analysis of 
kerogen from sample 184.4 m confirmed the presence of a fraction 
of TA1 about 2-, and another fraction of about 3 or 3- using Pearson's 
scale (1984). Table I shows the occurrence of the two maturity frac- 
tions in the upper 528 m of the well. Possible alternative explanations 
for the thermal anomalies are local heating of the sediment by dykes 
or sills, or recycling of scdiment. 

Table 1: Distribution of low and high thermal maturity fractions in 
samples from upper 528 m of Tow Hill No. 1 well. 

Depth m (ft) Mature Immature 

73.9 (242.5) X 

74.5 (244.5) X 

184.4 (605.0) X X 1. 

268.8 (882.0) X 

306.2 (1 004.5) X 

306.9 (1 007.0) X 

348.5 (1 143.5) X X 2. 

365.9 (1200.5) X X 2. 

527.9 (1 732.0) X 

l. immature fraction plotted a s  179.8 m on Figure 2. 
2. fossils too rare to plot on Figure 2. 

The Tow Hill No. 1 well logs show volcanic rocks, described as 
the "Tow Hill Sills" by Sutherland Brown (1968), between 366-404 
m (1200-1325 ft), 412-424 m (1350- 1390 ft) and 522.7-524.3 m 
(1715- 1720 ft). This suggests that igneous intrusions may have caused 
the thermal maturity anomalies. 

In order to evaluate the maximum thermal maturity effect of an 
igneous intrusion of 58 m thickness, a liumerical model has been run 
using typical physical properties for the rocks and a burial depth of 
1-2 km. The maximum envelope around a sill within which organic 
matter could be brought to the oil window (Time Temperature Index 
-15, or Thermal Alteration Index >-2+ in Pearson's scale (1984)) is 
70 m, that value being derived by a model run of 400 years, after which 
time the thermal effect will change very little (A. Jessop, pers. comm., 
1989). A sill could thus explain high thermal maturities up to but not 
beyond a present depth of about 300 m. Table l shows that low ther- 
mal maturities are observed in two samples between the volcanic rocks 
and 300 m, high maturities in several samples above 300 m. Furthermore, 
there is variation in thermal maturity within individual samples. 
There is no indication of other sills within the sediments in the upper 

366 m either in lithology or in the resistivity log, which distinctly marks 
the volcanic unit between 366 and 424 m. 

Identifiable palynomorphs were observed in the sample at 365.9 
m, which was collected from within about I m of the volcanic rock. 
The same numerical model shows that organic matter from within I 
m of the margin of a sill within 10 years would have achieved a TT1 
orders of magnitude beyond the dry gas generation phase; i.e. com- 
plete carbonization (A. Jessop. pers. comm., 1989). 'The presence ol' 
identifiable palynomorphs in this sample strongly suggests that the 
volcanic rock is not intrusive. 

The outcrop which is Tow Hill is about 1 km west of the well 
site. Dip is difficult to measure on the irregular surface. but using an 
estimated 17' east-southeast dip one can project the base of the vol- 
canic outcrop into the Tow Hill No. I well at about 300 m, in the range 
of the observeddepth of the volcanic rock. Sutherllu~d Brown (1968) 
has correlated the volcanic rocks in the well with the outcrop. How- 
ever. the thermal maturity data presented above challenge Sutherland 
Brown's interpretation of these rocks as intrusive. The outcrop at Tow 
Hill has also been reinterpreted on field inspection as consolidated sub- 
aqueous pyroclastic ejecta (C.J. Hickson, pers. comm.. 1988). Paly- 
nostratigraphic argumenls presented below suggest that if the Tow Hill 
volcanic rocks are extrusive, they are younger than 8 Ma, and older 
than 3 Ma. 

Regarding the thermal maturity anomalies, the data presented are 
more consistent with the sediment recycling hypothesis than the vol- 
canic intrusion hypothesis. The volcanics may not be intrusions, and 
there are no similar igneous units higher in the well, even though high 
thermal maturities are found in the organic sediments. Most likely older 
and thermally more mature sediments have been inte~mittcntly recycled 
into younger sediments. The data from Yakan Point (below) show that 
sediments containing Ericaceae and Gramineae, and therefore prob- 
ably of late Middle Miocene to Recent age. have been significantly 
deformed and heated. Sutherland Brown ( 1  968) has described evidence 
of intense syndepositional and postdepositional tectonism along 
Dixon Entrance during the late Tertiary. Recycled sediments of this 
age could be palynologically indistinguishable from primary sediments 
of the same age unless they differ in thermal maturity. 

A sample at 74.5 m was thermally mature. and contained sev- 
eral taxa found only towards the base of the well, i.e., Pycnidium Type 
B, Fungal type C, Incerrae s ~ d i s  A, 1nuperti.spor~it~s scahridiirs, 
Podocrirpus-type, and Tricolporate E. These taxa suggest that the sed- 
iment is recycled from older beds. To avoid presenting spuriously long 
stratigraphic ranges, sample 74.5 m was deleted from the data prior 
to plotting the taxa by stratigraphic last occurrences (Fig. 2). The data 
will be presented in the future. 

Correlulion and Age 
In the discussion below, the boundaries of stratigraphic units are 

interpolated between samples. 

Surface to  590 metres. The age of the Tow Hill No. I well sec- 
tion above 590 is late Late Miocene to possibly Early Pliocene. Re- 
cent data suggest that the transition from a T-C-T- to a Pinacae- 
dominated assemblage occurred in the latest Pliocene. It is therefore 
unlikely that a Pliocene section is present in the Tow Hill well. This 
interpretation is based on the local extinction of Licl~~id~rrnbur at 
647.5 m. The upper range limit of Liquidambar is interpreted to be 
no younger than 8-9 Ma (see discussion below). 

There is no palynological evidence in the Tow Hill well for iden- 
tifying the Pliocene, although the extensive sediment recycling above 
366 m may mask the Miocene-Pliocene transition. In Alaska, the Late 
Miocene-Pliocene Clamgulchian Stage is also not easily separated by 
palynology from the Homerian Stage, except in the impoverishment of 



cxotic taxa (Wolfe et ~11.. 1966: 1-eopold. 1969). The relativcly high 'I'- 
C-T pollen perccntagcs and the rclativcly low representatio~i of the 
Pinaceae (bisaccatcs) appears to exclude an age younger than thc rn;!jor 
north latitude cooling during thc late Pliocene (Savin. 1977; Shacklc- 
ton et al., 1984). The estimate of 984 m ofcrotled section at Tow Hill 
(Vellutini ant1 Bustin. 1988) may be the Plioccnc-Quatcm:iry section. 

590 to 930 metres. The division at 930 m. I~ctwccn samples at 
867.6 and 086.6 m. is a major biostratigritphic division in the well. 
Cir;tmineae. C'ompositene. Ericaccac, S/~/lujirrrm~ and cf. Mricrr  ap- 
pear at 867.6 m. This boundary coincitlcs approximately with reduced 
abundance or ends of the local stratigraphic ranges of Polyporate A, 
Fungal typc D. Tricolporate D. Tricolpolxtc C. Tricolpatc B. Pter.o- 
c.nt;scr, Fungal type B, Ulrr~rr.s~ZclXo~~cr. Car:vn. Lgc.o/~oclirorr ji)\~~oIi/c>,r 
and Co.s/orrco typc. Changes in the pcrcentagcs of T-C-T. 7.1.;- 
pot~o/~ollrriitc~.r. and itltrrls (4 porc anrl 6 porc) closely coincide with 
this boundary. 

An agc dctcnnination of Middle Mioccne to Late Mioccne for 
the 590-930 m scg~nent of the Tow Hill No. 1 wcll is based on the 
concurrent ranges o f  t l~e distinctivc taxi L i ~ l l ~ i c k i t ) ~ l ~ ~ ~ ~  (1038.1-647.5 
m) and tiramincac (867.6- 179.8 m). These two t:tx:~ :ire also concurrent 
in the Skonun Formation scdiments in the Cinola gold deposit on cen- 
tral Graham Island (Champisny et al., 1981). 

The observed stratigraphic range of a taxon is a combination of 
both its truc str:~tigraphic range and its occu~~cnce in sufficient abun- 
(lance that i t  will be observecl in :I fossil assemblage. The global 
stratigraphic range of Poiiceae ((iraminc;ie) extends into the Palcoccne 
(Muller. I98 1 ). Norris (l 986) lists its occurrence in the Oligocene Kug- 
mallit sequcncc in the Beaufort Sea. and Rouse anti Mathews (1988) 
note thc presence of Gi.crririnidi/c.s grumirreoicles in Late and Middle 
Eocc~ic beds of central R.C. Howcvcr. the tinie at which Gramineae 
comrnonly occurs in scdinicnts in the Pacific Northwest appears to 
tx considerably youngcr. I t  is unknown wliethcr thib rcprcscnts an evo- 
lutionary development in the Gramineae. or some regional environ- 
mental shift. 

Gramincac occur; in the southern Alaskmi, Cook Inlet palynological 
recorcl in the Latc Miocene-Early Pliocene (Lcopold, 1969). This is in- 
tcrprcted here to mean thc Clarngulchian Floral Stagc. dated between 
8 ;tnd 4.2 Ma (Wolfe, 198 1, Fig. 5) .  Although prilsses arc presently ubiq- 
uitous givcn open habitat. Grr~mincae pollen docs not appear earlier than 
Late Miocene-Early Plioccne in Alaska (Lcopold. 1969). 

Gramincae has been reported in central British Columbia in the 
Diatomaccous Unit (Piel, 1977). which has sincc been named the Crown- 
ire Formation by Rouse and Mathews (1979) and dated to late Mid- 
dle Mioccnc ( l  1-13 Ma). Gramineac is not reported in the earlier Mid- 
dle Miocenc Big Slide Unit (Fraser Bend Formation), nor in the 
Oligoccne Alexandriuflarcosli Unit (Auswali:m Creek Fornation) (Piel. 
1971, 1977; Rouse and Mathe\vs. 1979). although ?Gramincac is re- 
ported in Early Oligocene rocks o f  the Rocky Mountain Trench 
(Llopkins ct al., 1972). 

In no~lhwcstern Washington Grarnincac occurs in the Montesano 
Formation (Ballog et al.. 1972). whosc age has been revised to early 
Latc Mioccnc. 1 1 .S-9 Ma (Barron. 198 1). Graminc;~~ is rarc in Clarkia 
sediments (Gray. 1%8), which is of Early Mioccne age (Smiley ancl 
Rember. 1085). Jorstad (1983) reports Gramincae in the Middle i~nd 
Late Mioccnc Oviatt Crcck and Rover Siding floras. Newman's 
(1981) Paleogene palynology of central and western Washington re- 
ports one occurrence of cf. Gramineae'? in the Guye Formation. Hop- 
kins (1968) does not report Gramineae frorn subsurface Miocene 
rocks in the Whatconi Basin. 

Dates on niincralized dykes or scdiments at Cinola, Gr;th:um Is- 
land (C.J. Hickson, pers. comm.. 1989) of 14 and 14.1 Ma have al- 

lowed Champigny et al. (1981) to suggest an age of 15 Ma for sedi- 
ment containing Gramineac. Considering the stratigraphic range of 
Gramineae in southern Alaska, central B.C., and northwest Washington, 
Champigny et al.'s (1981) datc or 15 Ma seems to be near the prob- 
able maxin~unl age for Gramineae in the Queen Charlotte Basin. 

Licllriclcrtnhtrr. h:ts a distinct stratigraphic range in the Tow Hill 
No. 1 wcll. Howevcr. its very low relative abundance means that its 
true str:ttigrophic range in the \vcll is less certain than that of Grarnineae. 

Champigny et al. (1981) usetl a Seldovian Stagc last occur- 
rence for Liqrridumbar in Alaska. dated to 17.5- 13 Ma, and a last oc- 
currence of 10 Ma in the Ellensburp flora of central Washington to 
estimate its range in the Queen Charlotte Islands. However. the upper 
stratigraphic limit of Liqrrid(7nihcrr. is probably younger. Leopold 
(1969) shows its occurrence in the late Homerian Stage. or younger 
than 8 Ma (Wolfe, 1981). Wolfe et al. (1966) suggest that its occur- 
rence in the Late Miocene-Early Pliocene is due to recycling. The 
Alaskan stratigraphic range of Liquidarill~ur is thus from Late 
Oligocene to Late Miocene. 

In northwest Washington Licl~titiamhar occurs in the early Late 
Miocene Montesano Forn~ation (Balloget al.. 1972: Barron, 1981). How- 
ever. there must be section missing between the Montesano Forma- 
tion ancl the overlying Pliocene sediments which lack Liqlriclutnbur. 
Thus, Liqiritlnmhor may range higher than early Late Miocene. 

The upper stratigraphic limit of Licluid(unhor north of the Queen 
Charlotte Islands is about 8 Ma, and south it is about 9 Ma. Liy- 
/titltrn7htn.'.s occurrence in the Tow Hill No. 1 well at 647.5 m sug- 
gests a conservative upper age of 8 Ma for this level. 

Acho~?losphac,ru spo17.giosa occurs at 647.5 and 776.2 m. This di- 
noflagellate has been identified in the Early to Late Miocene of the 
west coast of North Japan, and in the Late Miocene of the Bering Sea 
(Matsuoka and Bujak, 1988; Wiggins, 1986). This concurs with the 
Middlc Mioccnc to Late Miocene age assignment for the interval be- 
tween 930 and 647.5 m (Matsuoka and Rujak. 1988) although it 
would also admit an Early Miocenc age. 

930 to 1833 metres. The age of thc strotigraphic sequence from 
930- 1833 m can not bc as clearly constrained by the palynomorphs. 
However, presently uncorrelnted biostratigraphic events at 1 100 and 
1440 m will likely be ditteable with further research, and should 
allow correlation within the basin. 

The sample at 1038.2 In (the first abovc l l00 m) contains the 
first appearances of Lirlrridomb~~r., oT a distinct Piti~rs, of a Bcrirla less 
than 20 micrometers in diameter, and of Tricolporate J. There is also 
a marked drop in the relative abundance of Taxodiaceae-Cupres- 
saceae-Taxaceae pollen. It could be argued that the decreased dom- 
inance of the T-C-T pollen permits the appearance of rarer taxa, but 
it is notable that the taxa listed abovc do not appear at all in the clus- 
ter of sa~nplcs circa 1 170 m. Unfortunately the I 100 m biostratigraphic 
cvcrlt is not presently datable. 

At 1440 m a biostratigraphic event is evident. The samples 
from 1357.3- 1355.5 m contain the first appearances of Fungal type 
C, l i r /~~u/r i~~oropol le~~i / r~s A, Jlc,yluns, ?Tiliu, Tricolporate G, Incrper- 
/ispor~i/e,s scc~hridilts. Jlr.s.sicrcc~, cf. Poc/oc,trrpus-type. cf. Ahies, and Tri- 
colporiite H. These taxa suggest. but do not demonstrate. a Paleogene 
age for the basal 650 m of thc well. 

Eirgc~lhard~ia-Alfirrou (1 608.9 m) is long-ranging in the north- 
westcm United States Interior, from possible Upper Cretaceous to upper 
Oligocenc (Leopolcl and MacGinitie, 1972). Engclhnrdtia-Alfaroa - 
type is reported in southern Alaska in the Oligocene (Leopold, 1969). 
and is not known in Miocene rocks in Alaska (Wahrhaftig et al., 1969). 
It is reportcd in the Lower Oligocene in central British Columbia (Piel. 
1971) but is not reported in the Miocene (Piel, 1977; Rouse and 



Mathcws. 1979). Ncwrnitn ( 198 I ) report\ Ettgc~lltu1111lcr in Etmnc-Lower 
Oligocene scdirncnts in northwestern Washington. It is Inre in Lower 
Mioccne Clarkia sediment ((;~.;ty. 1085: Jorstad. 1983). Althou~h Hop- 
kins (1968) reports i t  in the Mioccne in tlie Whntcom Basin. i t  is ah- 
sent in the early Late Mioccnc Montesano Formation (Hallog et al.. 
1973,: Barron. 198 1 ). 

I t ~ ~ ~ ~ t r ~ t ~ i l ~ n r ~ o ~ ~ o l l ~ ~ ~ ~ i f ~ ~ , ~  A Rousc 1977 occurs at 1357.3 and I 168.5 
m. I t  occurs in the Arctic it1 the Early to Middle I'occne (Rouse. 1977). 
A very si~nili~r pollen, suggcstcd to he K e c ~ \ ~ ~ . s i o  occurs in  tlic Early 
Miocenc in Clarkiii (Grity. 1085). However. I i r ~ ~ . o r ~ ~ i l ~ o t . o / ) ( ~ l I c t ~ i r ~ ~ . ~  ,4 
or ?Koc~>c,.sicl arc larcly reported. 

lt1nl7r~t~/is~~ot.i/o.s .sc.nh~.in'irr.c. Sheffy and Dilclier 197 1 was itlcn- 
tified at 1356.2 m. I. .sc~trh~.icli~~.s is of Mirldlc Eocenc ape korn thc ('lai- 
borne F'orm~ttion. Tcnrlcsscc, but this t;txo~l is rarely reported. and its 
!rue stratigraphic riuigc is uncertain. 

Jlr.ssiric,rr sp. (1356.2 m)  occurs in rhc Iatcst fiocene and Loujer 
Oli_poccne in central and eastern British Columbia (Piel, 197 1: Hop- 
kins et al., 1972: Rouse, 1077) and in tlic Arctic (Rousc, 1977). It also 
occurs in Middle Mioccnc Frascr Bend Formation in central British 
Columbia (Piel. 1977: Rousc and Mathcws. 1979). 

The stratigraphic distributions considered abovc suggest the 
possibility that Paleogenc sediment is present in the Tow Hill No. I 
wcll below about 1200 m. However, ;I P;tlcogenc age is not conclu- 
sively demonstrated. Asscmblngcs itlentificd in Lower Oligoccne 
rocks in central British Columbia (Picl. 1971: Hopkins et al.. 1972: 
Rouse, 1977) are not present in the Tow Hill well. Similarly, other 
distinctive Palcogcne taxa (Hills, 1965: Hopkins. 1969. Elsik and Jan- 
xonius. 1974; Rouse. 1977: Rousc and Mathcws. 1979, 1988). which 
confirm the Eoccne and/or Early Oligocene age in the Po~t  Louis wcll 
(White, 1990b) do not occur in tlic snmplcs Fro111 the To\v Hill well. 
The sediriicnt bclow 1200 111 Inay be Lotc Oligoccnc in age. Howcvcr. 
an Early to Middle Mioccnc ngc 11i;iy also be corrcct, :uid this would 
he most in concortlancc with sedimentation in the southcm Queen Char- 
lotte Bitsin (Pi~ttcrson. 1980). 

YAKAN POIN'I' 
Yakan Point (103J/4W, N 54-04'20". W 131"50'06") is ap- 

proxiniatcly 2.5 km wcst of the more prominent Tow Hill on the north 
coast of Graharn lsland (Fig. 1 ). Approximately 300 m of intermit- 
tent outcrop isexposed in a no~lh-south direction in the intertidal zone 
at low tide. On the western side of the point are four sandstone seast- 
acks. the distal scastack at the apex being the most prominent. The 
eastern side of the point is ~niirkcd by only one low sandstone scast- 
ack. The point is ;tji~mblc of small sandstone blocks with mud exposed 
between. Strntigraphy and scdimentology of Yakan Point have bccn 
de.;crihcd by Hipgs ( 1089). Addicott ( 1078) gives a Late Mioccne ;tgc 
to the s;lntlstoncs based o n  hivalves ancl an echinoitl. 

The point is stratigri~phically complex. with the original rela- 
tionships between units bcing uncertain. Conscquently. the outcrop 
can not contribute pri~nary cvitlcncc for palynolopical zonation. Mar- 
tin iuid Rouse ( 1966) describe a 30 rt. sandstone sequence enclosing 
7 siltstonc interbeds. tlie lowcst one yielding palynornorphs. Silts in- 
terhcddetl in tlie sandstone scqucilcc wcrc not siunpled during the 1988 
field season. 

About 2 m ol'nluil bcds wc~c  discovcretl cropping out in the bot- 
tom of an intertidal pool just northcost of thc second major santlstonc 
scastack north of tlic shore on the wcst side of Yakan Point. These bcds 
were partly covered at the outcrop, ancl wcrc not observed clscwherc 
on the point. Unlikc the other rnuds visible in the intertidal area. thcsc 
beds have a distinct strike of about 340" (North grid), and a dip of ap- 
proximately 45' to the wcst. It is unce~win whcther they are conlbmiably 
or unconformably bclow the sandstone seastacks, whose positions may 

have rotated due to erosion. Relationship to the subhorizontally hctl- 
detl muds of the intcrtitlal area is also uncertain. T w o  s:irnplcs wcrc 
tzikcn from thcsc uptumetl bcds 2s i t  was clear that they predated some 
significant local dcfornmation. 

I I Table 2: Palynology of Yakan Point, Graham Island, Queen 
Charlotte Islands. 

Brachysporisporites sp. 
Desmidiospora sp. 
Unidentified fungal palyno~norphs 
Polypodiaceae-Dennstaedtiaceae Form 1 
Polypodiaceae-Dennstaedtiaceae Form 2 
Polypodiaceae-Dennstaedtiaceae Form 3 
Lycopodiuln ini~ndatum type 
Lycopodiu17i S p. 
Osn7unda irregulites 
Osmunda sp. 
Selagitlella sinuites 
Triletes sp. 
Abies sp. 
Picea sp. 
Pinaceae (bisaccate) 
Taxodiaceae-Cupressaceae-Taxaceae 
Tsilga heterophylla type 
Tsilga sp. 
Aceraceae 
Alnus sp. (4 pore) 
Alnus sp. (5 pore) 
Alnus sp. (6 pore) 
Betula sp. (< 20 micrometers) 
Betula sp. (> 20 micrometers) 
Caryophyllaceae 
cf. Sparga~lium 
Ericaceae 
NyssaJ Fagus S p. 
Gramineae 
llex sp. 
Juglans sp. 
Liliaceae 
Pterocarya sp. 
Salix S p. 
Triporopolle~~ties sp. 
Ulmus sp. 
Unidentified angiosperms 
Unidentifiable palynomorphs 

C- C- C- 
163698 163687 163686 
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? - Questionably present 
V -Very rare 
R - Rare 
F -  Few 
C - Commori 
A - Abundan t  

S;lmples C I h3686 itnil C 163687 arc from the upturned mud beds. 
I'alynological results arc presented in Table 2. Ericacciie was idcnti- 
ficil in C 163686. ancl Cirarnineae in C' 163687. Both s;~mplcs contain 
Ur~u l t r  grains less than 7-0 niicr~~netcrs in diameter. With rcf'crcncc 
to the pulynostratigri~phic rcsults from the TOW Hill NO. I \vcII. these 
s;tmplcs arc Middle Mioccnc or younger. The .l'hc~mal Alteration Indcx 
of the palynornorphs is 2+ or 3- (Pcarson. 1984). 

Sample C 163698 (Table 2) is from the subhorizontally bedded 
mud with sand stringers in the intertidal area on the castern side of 



the point. Th is  satnple also contains F.ric;iccac. ( i ~ i m i n c a c .  ancl small  
Rc~trrla grains. I t  i l lso contains Pti~i.oc,cii:\n pol len. Palynomorpl i \  arc 
poor ly  preserved. l ' h c  presence ofP~c,t.oc~oi:\,a is problematic. ;is i t \  

stratigraphic range i n  the ' l 'o~\ l  Hill No. I \\,ell harely ovcl-laps that of' 
Cirnmineae, Ericaceile, and small  B r~c r lo .  11'tIic horicontal beds arc. 
:is seems most probable. considerably younger rhi in thc ~ t p t ~ t r n c d  
beds. this m a y  point to a longer concuncnt  range of Ptc,i.oc.cli:\.o w i t h  
Cirarnineac. Eric:iccac. stnall Retrrln. nncl associated taxa. than the re- 
s~ t l t s  f rom the T o w  H i l l  N o .  1 we l l  sugge~ts.  Alternatively. sediment 
recycl ing may  hc responsible. Ho\vcvcr. thc T A 1  o f  the pnlynomorphs 
i s  2. \vl i ich is considerably less thermally maturc than rhc upturned 
m u d  beds. 

Satnplcs C 163686 ancl C 163687 are o f  Intc M i d d l e  o r  Lntc  
M ioccne  agc. wh ich  is older than deformation and heating of the scd- 
iment. Sample C 163608 can not he chronologica l ly  separated f rom 
the p rcv io~rs  t w o  samples bccausc o f  poor  palynoniorph preservation 
and possible sediment recycl ing. so n o  post -delvr rnat io~i  chronolog- 
ica l  const r i i in t  can be p rov ided .  Ho \vcvc r ,  the reh~ t l t s  be;tr ot l t  
Sutherland Brown'.; ( 1968) interpretation of Late Tert iary tccionistn 
along D ixon  Entl-ancc. The h igh thermal mii tur i ty o f t h e  palynomorphs 
i n  the upturnctl  bctls suggcsts a yourcc I'or some o f  the anomalously 
mature palynornorplis i n  the upper 368 m o f t h c  T o w  Hill No.  I wcl l .  

CONCLUSIONS 
The  analysis o f  core f rom the T o w  llill NO. I we l l  provides a pa- 

lynosts:~tigraphic f ramework ti)r the Ncogcne and ?Upper Piileogene 
por t ion o f  the Skonun Format ion.  W h i l e  tlic f rameworh must reflect 
biostratigraphic patterns w i th in  the Ccnoro ic  Queen Charlotte Hnsiri. 
i t  must also. to  soriie degree. reflect condit ions i t l iosyncrat ic to th;tt 
por t ion of the basin i n  w h i c h  the T o w  Hill N o .  I we l l  i\ locatetl. T h e  
style o f  late Ter t iary  tectonism along D i x o n  Entrance m a y  not he thc 
same as that further south. T h i s  cou ld  affect bo th  p r imary  bios- 
tratigraphy, and patterns o f  sediment recycl ing. Palynological anal- 
ysis o f  addit ional wel ls  is  required to  measure what is  typ ica l  o f  the 
basin, and what is  idiosyncrat ic t o  the T o w  Hill N o .  1 wel l .  

The  strategy o f  percentage estimation and tlie search f o r  rare taxa 
demonstrates that the appearance o f  rare taxa and percentage changes 
i n  long-ranging taxa are associated. They probably reflect climatic, tec- 
tonic o r  otherevents. T h e  significance o f  the stratigraphic change can 
be ver i f ied b y  the use o f  both l ines o f  evidence. T h e  estimation o f  the 
true relative abundance o f  rare taxa b y  the microsphere method can as- 
sist in evaluating the potential  stratigraphic ~ ~ t i l i t y  o f  the rare types. 

A considerable amount o f  sediment recycl ing occurs in the upper 
360  m o f  the T o w  Hill N o .  1 well ,  detectable pr imar i ly  b y  anomalous 
patterns o f  thermal maturi ty. Evidence o f  a source o f  recyclable sed- 
iment  was found in t l iennal ly  mature. upturned beds at Yakan Point. 
Recyc l ing o f  sediment o lder  than that found  at Yakan Point was sug- 
gested b y  the analysis o f  the 74.5 m level  in the T o w  Hill No .  I well .  
The  sediment f r o m  the surface to  590 m is  interpreted to  be younger 
than 8 Ma,  o r  Late Miocene but not younger than mid-Pliocene (about 
3 Ma), based o n  the upper stratigraphic range o f  Licpridamhar and the 
absence o f  a coo l  temperate flora. T h e  episode o f  tectonism. vulcan- 
ism. and o f  sediment recycl ing has apparently occurred wi th in  this t ime 
period. T h e  Late Pliocene-Quaternaty section m a y  have been eroded. 

T h e  section f r o m  590-930 m is  interpreted to  b e  m i d - M i d d l e  
Miocene (ca. 15 M a )  t o  Late Miocene. This  age detemiination is  based 
o n  an interpretation o f  the age at wh ich  Gramineae occurs i n  sediment 
i n  the Queen Charlotte Basin, although the g lobal  stratigraphic range 
o f  Gramineae is  longer. Future data m a y  a l l ow a rev is ion o f  this age 
assignment. 

T h e  section f r o m  930- 1833.4 m m a y  be Late Oligocene to  M i d -  
d le  Miocene.  Several taxa w i t h  Paleogene ranges occur, bu t  the 

r a n g c  o f  w n c  of  these species i i l w  estencls in to the ,Miocenc. Wi th -  
i n  this e c t i o n .  m ~ j o r  bios~ratigl;lpliic event.; take place near I I 0 0  ancl 
l 4 4 0  m. hut the age 01' these event\ has yct to  be t l iscovcrcd. 
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Source rock potential of Mesozoic and Tertiary strata 
of the Queen Charlotte Islands, British Columbia 
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Abstract 

The sour-ce rock potenticll of strata iii the Queer1 Churlotte I.slrrrtls ~ ~ c i s  deternziried usirz~ Rock-E~ul pyro1ysi.r. Meuii total 
orguttic c.arhoti (TOC) c.onter1t.s are ,q~nn~all~y lorv to rnoderatc (0.1 -3.6 %) and some or;tarric.-rich into-\,cils occ111. tlrrouglr- 
out the succe.s.siott. Horizorrs with hi,qh TOC ~~u1ue.s occur in the Peril For.nration (up to 10.3 Q) and in tlze Whiteaves For-- 
nlution (up to 11.2 V ) .  Gerre~~uIly, Mesozoic. cnrcl Tertiot? .st~~crtu (.otrtcritt Type 111 or*<qcrnic niurtc.r c,.u.cpt for the Krrrigo Grorrp 
and t k ~  Gho.st Creek For.rrlution whic.11 c.ontuitr oil colcl gels-psoiicJ T ~ p c  I1 and sig/t(fificmlt urirorwts o f  oil-prone Type I 
organic. inatto.. 

Lute1.(11 var-iutions in TOC cind thc qrrulity qforgonic. inatto. (Q0M)fr)r Mesozoic stl.titn 011  Moreshy Islurrd ci1.c p~.inru~.ily 
rrlated to the Ic\~el oj'or.gurtic maturntioir. High Ileatf lo~~ n.s.soc~irrtrd with plrrtoni.stn has r~.srtltc~d in g~nc~r.all~l poor h>~cit.o- 
crir.hon source potential fir .stt.utu on Mol.cshy Island. Eyui\,ulo~t str.atez on Giuhant 1slantl arc geiret.ully imnzutut.e to mci- 
t u r ~  urzd huve juir to good Irydrc~c~urhorz sor1r.c~ poteniiol. 

Source potential of Cr.etuceou.s und Tertiary strntu on Gruham Island is c~ontrolled pr-irnarilv I?,. the levc4 c!for;ycinic. melt- 
urutiorz arid to a lesser ederzt b y  depo.sitiortu1 putterris. Crctac.eolrs strc~ta fiotrr Mor-eshy I.slurrd u1.e getiercll!). olvernlcitrrr-e 
utid huve poor- sour-(v potenticil whereas cqlrivalent str-atu from Gr.ahat?t Islarld at-c, imnmtru-c, to overtrzutrr/.e cind hurc~.fuir 
to moderate gas sorrrce potential. The Huiclu old Horrncifirmations generally contain /er-restrially deriwd Tvpe I l l  or,qurric 
matter with poor to fair SUS source potential. Thc Skidegute Fornrutiotr ltus er nrinure of Types 11 ~zrid 111 or;qanic triutter 
und ltus fuir ,gas cqener.utii~c poretrtial. The Haiclu For.ti~crtiorr c.orrtiritrs orily terrestrially deri\-c,cl Type 111 or;qeatit. rnutter 11~irer-e- 
as tlzc Skidc~trtc For.mntioti c.ontains l ~ s s  Type 111 orgcinir mcrtter nrrd mow Type II organic- titotter. The Ter.tiar.y Skonun 
Fot-nmrion contuins uhundtm~, ~enerally immtrture coal artcl lignite with sonre gas wur.ce potentiul. Mature resinire ho1.i- 
zons conttrining hydr~ogen-rich ot.,qanii. rtrutter. hu\jc fuir- to ,good oil ciitcl gas sour.c,c potenticll. Silt.storrc uitd shtilc Jirc.ics qf 
the Skot~utr Fot.nlc~tiotr corlt~iii ntodei.ut~ tinlo~ort.~ c?f' Tvpe I1 O I . ~ U I I ~ ( .  i n ~ t t e ~ .  and hn\sc gootl hydr.oc~a~.horr sour.ccl poiortiul. 

Le potentiel en rocltes mires dos couches clans Ics ilcs de /a Reine-C'har.lotte a &L; dPter.ntini par py~.olyse Rock-Eval. Lcs 
tetzeurs moyennes en curborze or;yutrique total sorzt erz gc;rtc;ral de.fuih1e.s U trioyolrles (0,I U 3,6 %.) et cet.tui/is i11te1~1~uIIe.~ 
riches en nwtibvs or;quriiqtres son/ prP.wits daris toute In .ruc.ce.r.sion. Des horizorls b \-nle~rr en c.urborie or<qaiiique total 
6levPe sr trolr\,etit duns /a firmatiorz de Peril (jlrsqu'a 10.3 %) et darts la fornmtion de Whitea1.e~ (jusq~r'a 11.2 %). En 
~Pnkr-u1, les couches m6sozoi'ques et tertiaires c.ontiennent des mutiPres or;quniqu~s de t.vpe 111 U l'exception du Rroupe de 
Kuriga et de lu for-niatiotz cle Ghost Creek qui contieiznerit des n1citiPrc.s orgarziquc.~ de type I1 propices U /er formutiorr de 
p~;t~-o/e et de gaz et des qrrcintit6.r imporraritc.~ de niati?r-es ol;qnnicllre.s dtj type' l propices a /a fornration dc phrole. 

LES \~rrititiotzs la t6r~~~le~  en cur.hoize or~airiyue totul et /a q~ruliti; dcs nrutihv.~ or;quniy~rc>s des corrches nlPsozoi2irre.s daris 
I'ile Moresby son/ p~~itrc~ipuIetrrcwt 1ide.s urr I I ~ V C ~ I I I  tic matr.rr.crtioir oi.ganiclue. Lc fl1r.r [her-miqrre hie\+ associfi arr pl~rtotri.sme 
est U 1'01.iginc~ du potertticl gc;rrh.alement jbiI7Ie dc tr.ou\.er. des ~.och~.s trtPr.e.s el'hytb-oca/~bur~s tkan.s Ies c,or,iche.s de I'ilc Mo1.e~- 
by. Les L.OU(.~CS triasiques et jutn.s.siques 6qui\~ulenies dc I'Tle Gr~uktim \!arieizt cn ~Pne'r-ul de norr trre~t~r/.e~ (i ntutur.es et prke17- 
tent utr pot~ntiel en r.ochcs trlPr.es d'hydrocur-hurts de nloyetz U horr. 

Le potetltiel en I-aches mPres des couches o.L;taries et tr7r.tiui/.cs de I'ile Graham dipentl prin(~ipu1enrerrt du rzi\qeau ck t?7Ut- 

urution orguniqlce et. clutzs urre nzoiridre nresrrre, cles ,gionr&tr.ies d'acc~lr~nultitiotr. Lcs c~ouches C I ~ ~ ~ I L I C P ~ S  de I'ile Mor.e.sbv 
sotzr etz ,qPnPral hypermutures et pr.c:seritent uri faihle potentiel en r.oclres rnPr.es taridis quc les cortches L;c1lrivalerttes de I' TIe 
Graham rarient de non matures U hypernzatures et prhentcnt rin potctztiel en I-oches mPr-es de pu.s.sclhlc U rno?.cn. Les for- 
mations de Haidu et cle Honrta contietrnent g6tzPrulemerzt dcls muti2se.s o~'~qariique.s de type 111 d'origitzc ter.rc8stre dotit le 
potetitiel en roches mires de gciz est cle fuihle U pu.ssuhle. Lu forntatioii de Skidegcitc, coritipnt rm nie'langc de matikr-es or- 
ganiqlies des types I1 et 111 et prc:sente lrn poterrtiel de&)rnzatiorz de ,qnz pa.ssuhle. La for-mation d'Haida ?re contient que 
des rnati2re.s organiques de type Ill d'origine ter-restre tunclis que /U ji~matioti de Skidegute coritient nioins de nr~rti21-es or-- 
garziq~res de type 111 yuc In pt.cwri?rc. et dur,ui~tage de ntciti6rc.s O I ; ~ N I I ~ ~ I I C S  de type If. Lu fofbmwtion de Skonrrtr renfernze 
du charborr et du lignite girzc;raletricnt non nrcrtrrr.es cn ahorrclar.rce et susceptib1c.s de cnnstitlrer des roc,he.s m6rc.s de gaz. 
Le potentiel en sorhes mires de gaz et de pitrole est de pn.ssnhle U hon pour Ics hot-i-oits de r.Psinite.s ntcltur.e conte~tartt dcs 
matiPres ot~aniques riches er1 hycli.ogPne. Le fuciPs de siltstone et de sc,ki.ste tirgile~~x de lu fornrutiorr ilc Skonuit corrtirni 
des quar~titis n~odisc:e.s dc nuiti?r.e.s o~;qcrtiiyrrcs de typc I1 ct so11 pote~ltiel ot rot~hes nlPrcs cl'h~dt~occz~~hrr~~es est hen. 
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:N'I'IkOI)UCTIOY 
The Queen Charlotte Islands contain a thick sedimentmy sequence 

which includes potcntii~l source and rcscr\~oir strata. The presence of 
nLlmcrous oil sccps, oil sIi;~Ics, ancl carborlaceous black shales suggest 
that hydroc~~rbons have bccn generated in the past and ma), havc ac- 
C U I I I U I ; I ~ C ~ I  in co1ii1i1crci~I quantities (Ct~mcron ancl Tipper. 1985: 
Cameron. 1087: I3ustin and Macaulcy. 1088: Snouldon et al.. 1988). 
To date. the lateral and vertic:ll variations in s o ~ ~ r c e  rock quillity for 
hilcso~oic anrl Tertiar? strata in the Quccn Charlotte Islands have not 
bccn documcntcd. In this htutly we cxaminc the source rock potc11- 
tial of scdi~nent~wy btratn on the Quccn C'harlotte I ~ l i t n d ~ .  Macttulcy 
(1983) and Hustin and hilacaulcy (1988) have prcviously tlocunlcnt- 
cd the DOh4 and \ourcc roch cluality for Lower .luri~ssic oil shales li)und 
in central Graham Island and Skidegatc Inlet, and S~iowdon et al. (1088) 
have pcrfonncd preliminary orga~nic geochcmical analysis on oil 
sccps from Tertiary strata. The present study is ;I cornp;tnion to Vcl- 
lutini and Rustin (1991) and expands on the initial work of Bustin ancl 
Macaulcy (1988) to includc thc entire stratigraphic sequence (Nieso- 
zoic to Tertiary) for the entirc Quccn Charlotte Islands region. 

Microscopic and geochemical analysis of organic mattcr arc an 
imponant part of petroleum exploration in assessing the hytlrocarbon 
source potcntial of sedimentary strata. Cicochcmical data horn Kock- 
Eval pyrolysis (Espitalie ct al.. 1977) can he used to establish the quan- 
tity. type. and thcr~nal maturity of organic matter in sctlitnentary 
rocks (Tissot and Weltc. 1983). Combinetl wit11 organic hcics and thcr- 
~na l  maturity data. Rock-Eval analysis can be used to identify the lat- 
eral and vcltical extent of potential bourcc strata. 

METHODS 

Sample preparaticn 
One thousand four hundred and sixty outcrop and uiell samplcs 

were analy~ed by Rock-Eval pyrolysis (Espitalie et al., 1977; I'etcrs, 
1986) and organic petrographic techniques (Bustin cl al.. 1983). 
Whole rock samples were cruslietl with ring and ccntrifug;~I grintlcrs 
to about -60 nicxh particle sire. Coal and lignite samplcs uicre 

G T a b l e o c h e m i c a l  parameters used in this ' study 1 
Parameters describing level of thermal ma:wationl 
Maturation PI ~ m a x '  Ro 

Sll(S1 tS2) (-c) ("1 
Top of oil window 0.1 430-435 0.5 
Bottom of oil window 0.4 465 1.35 

Parameters describing source rock generative potential1 
TOC S1 S2 

Quantity (weight %) (mg HCIgm C,,,) (mg HCIgm C,,,) 
Poor 0.0-0.5 0.0-0.5 0.0-2.5 
Fair 0.5-1 .O 0.5-1 .O 2.5-5.0 
Good 1.0-2.0 1 .O-2.0 5.0-10.0 
Very good 2 t 2 t 1 O t  

1 Parameters describing type of hydrocarbon generated1 I 
Type 
Gas 
Gas and oil 
Oil 

HI 
(mg HClgm ~ 2 1 ~ 3 ~  

0-150 0-3 

' Peters (1986) 
Maturat~on parameter may depend on type of organic matter 
Assumes a D O M  equivalent to R,=0.6% 

crushccl and sieved to between 50 and 200 mesh particle sizc to clim- 
inate ultra-l'inc pa~liclcs \vhich :~tlvcrscly cffcct pyrolysis results. 
The crushctl whole sock samplcs wcre split for both Rock-Eval p))- 
rolysis (SO- 100 mg) and vitrinitc rcllcctancc analyses. Coal and lig- 
tlitc salnplcs wcighing from 5-30 Ing wcre layered in crushcd. pure 
tIu;lrtL prior to Rock-E\,al pyrolyhis to prc\icnt carbon caking o f  tlie 
Kock-Eval pyrolysi\ instrument. 

Measured narameters 

Kock-Eval pyrolysis provides several nic:lsurclncnts to charac- 
tcriLe potential jourcc rocks (Tablc l ). The S l peak (mg HC/g rock) 
represents hydrocarbons distilled born the \vIiole rock (2  minutes at 
300°C). The S2 pcak (mg HC/p rock) repmsents hytlr(xarbons pyrolyzcd 
from kerogen at temperatures of 300-600°C (Espitalic et al.. 1977). 
'I'he S3 peak is a measure of the volatilizcd carbon dioxitle between 
tcmpcrnturcs of 300°C and 390°C (mg HC/g rock). The total organ- 
ic carbon contcnt (TOC) is determined by oxidizing the residual or- 
ganic matter in air at 600- C and summed witli S I .  S2. and S3 peaks 
(Espitalic et al., 1977). Outcrop samplcs arc commonly deplctetl in 
S I and S 3  values as a rcsult oToxitlation of  the organic mattcr. Sini- 
ilarly. oxidation from erosional events near unconl'orn~itics can result 
in S I and S2 tlepletion. 

The tcmpcraturc of maximum S2 hydrocarbon gcncration (T,,,,,) 
rcllccts the dcgrcc of organic ~naturation (Espitalie et ;II.. 1977). The 
oil birth line occurs at a T,,,',, value I)etwccn 430-43S°C for Types 11 
and 111 organic matter. 'The oil death line occurs at a 'TIlli,, vi~luc of450°C 
li)r Type I1 org;lnic matter and at 465°C' for Type I11  organic matter 
(Espitalic et al., 1977). Type l organic matter has T,,,;,, values rang- 
ing Rom 460-470 <: and generally shows ;I poor correlation between 
organic maturity and T ,,,;,, (Link. 1988). 

Calculated :)ararne!rrs 

Parameters calculated born tlic Rock-Eval data can be used to 
determine the nature and quality of potential source I\)cks (Tablc I ). 

Tlic production intlcx (PI), dcfinctl as 11ic ratio S l/(Sl+S2). is ;I mca- 
sure of thermal maturity. PI valucs bctwccn 0. I and 0.4 define the oil 
\vintlou~ (Peters. 1986). With increasing hydrocarbon generation, PI 
v;tlucs increase to 1.0, marking the exhaustion of rhc hydrocarbon gcn- 
erativc potential of the source kerogen. Anomalously high PI values 
indicate hydrocarbon accun~ulation and anomalously low P1 values 
indicate hydrocarbon tlcplction (Espitalie et al.. 1985: Peters. 1986). 
The hydrogen intlcx (HI). dcfinctl as S21TOC. and the oxygen index 
(01). defined ;is S3/TOC, arc used to classify organic rnatter using a 
hydrogen indcx/oxygen index (HI/OI) diagram as dcscribcd by Es- 
pitalic et al. (1977). HI values >h00 mg HC/g C,,., suggests oil- 
prone Type 1 oryanic matter. HI values between 300 a 2 6 0 0  mg HC/g 
Cora suggests oil ancl gas prone Type 11 organic matter, and HI val- 
ues <300 rng HC/g C,,,., suggests gas prone Typc 111 organic matter. 
assurning a DOM cquiv;llcnt to 0.6 %Ro (Espitalie et al.. 1977). 

The quality o f  organic matter (QOM).  dcfirlcd as the ratio 
(S I+S?)/TOC, is usetl to determine the type o f  organic matter and to 
measure thennal maturity. QOM values vary witli the degree of tllcr- 
rnal nx~turation, tlie type of organic matter, and migration cffccts of 
hydrocarbons (Espitalic et al.. 1985). High QOM ratios suggest im- 
mature to mature hydrogen-rich organic matter. V:lriations in QOM 
values which cannot be attributed to diffcrcnces in the level of thcr- 
rnal maturity are considered to be the result of hydrocarbon migra- 
tion. 

Source rock data fro111 Kock-Eval pyrolysi5 are summari~cd in 
Tablc I of Vcllutini and Bustin (1991) k)r interval hori/.ons (group, 
formation. or infonnal member) rather than k ~ r  individual samples. 



Rock-Eval data are also presented for some fo~mations as TOC his- 
tograms (Figs. la-lq), hydrogen index versus T,,, diagrams (Figs. 
2a-2n), hydrogen index versus oxygen index diagrams (Figs. 3a-3r), 
and Rock-Eval logs for the onshore Tertiary wells (Figs. 4-9). Lat- 
eral variations in TOC (Figs. 10-22) and QOM (Figs. 23-35) are 
plotted by group, fomiation, or member. T,, versus vitrinite reflectance 
diagrams are in Appendix B of Vellutini (1988). 

Source rocks are strata which are capable of generating migrat- 
able hydrocarbons. The hydrocarbon generative potential is primar- 
ily controlled by the volume, richness, and thermal maturity of the or- 
ganic matter within the strata (Dow, 1977; Espitalie et al., 1977; 
Conford, 1984; Tissot and Welte, 1984; Espitalie et al., 1985). The 
level of organic maturity was determined in this study from vitrinite 
reflectance (Vellutini and Bustin, 1991) and Rock-Eval pyrolysis 
(T,,,, and PI). Interpretation of lateral trends in organic maturation 
and source rock potential of Mesozoic and Tertiary strata on the 
Queen Charlotte Islands is difficult due to limited lateral continuity 
of stratigraphic units and limited outcrop distribution. Hence, the in- 
terpretations presented in the following sections are preliminary. 

Organic maturation 
High heat flow associated with volcanism and plutonism is an 

important control on source rock quality in the Queen Charlotte Is- 
lands. Surface maturation trends with respect to hydrocarbon gener- 
ation are shown in Figure 40 of Vellutini and Bustin (1991). Meso- 
zoic strata on Moresby Island south of Cumshewa Inlet are overmature 
and the DOM increases proximal to Jurassic-Cretaceous plutonic 
suites. The regional level of organic maturation of Triassic and Cret- 
aceous strata on northwest Graham Island ranges from immature to 
mature with local, anomalous overmature strata. Jurassic and Cret- 
aceous strata on central Graham Island are marginally mature to ma- 
ture, whereas in the Skidegate arid Cumshewa Inlet areas the strata 
are mature to overmature. 

DISCUSSION 
The following section documents the hydrocarbon source potential 

for selected Mesozoic and Tertiary strata, largely based on the data 
Table 1 of Vellutini and Bustin (1991); T,,, values are not reported 
for samples with S2 values lower than the 0.2 mg HCIgm COrg con- 
sidered necessary for accurate T,,, determination (Peters, 1986). In 
very overmature samples, the HI and 0 1  values are too low to ascer- 
tain the type of original organic matter. 

KUNGA GROUP 

Sadler Limestone 
Low QOM (<0.08 mg HCIgm C,,,), low HI (<g mg H C / p  C,,,), 

low PI (~0 .08)  and high maturation (2.35-5.28 %Rorand) values in- 
dicate that the massive carbonates of the Sadler Limestone on Mores- 
by Island have poor oil source potential but are possibly gas source 
rocks. Some residual organic carbon (<I. I % TOC), and low P1 val- 
ues (c0.08) from southern Moresby Island suggest hydrogen deple- 
tion and that the strata may have been source rocks and previously gen- 
erated hydrocarbons. High maturation values preclude the determination 
of the initial type of organic matter (Fig. 3r). 

Peril Formation 
High DOM (2.37-8.31 %RoranCl), and low QOM (<0.05 mg 

HCIgm COrg), PI (0.03-0.07), and HI (<l6 mg HCIgm C,,& values for 
the interbedded shale and calcarenite of this unit on Moresby Island 
indicate that the strata are presently poor oil source rocks. Low PI, high 
DOM, low HI, and variable TOC (<2.56%) values suggest hydrocarbon 
depletion and indicate that hydrocarbons may have been previously 

generated. Moderate amounts of residual carbon ( ~ 2 . 5 6 %  TOC) and 
low HI values suggest some gas generation potential. 

Mature to overmature strata (0.51-3.19 %Ro,;,,,~; 440-587OC 
T,,;,,) from northwest Graham Island are good oil and gas source rocks 
as is evident from high TOC (2.17-3.6%), QOM (<4.19 mg HC/gm 
C,,,), moderate to high HI (192-385 mg HC/gm C,,rg), and moderate 
PI (0.08-0.33) values. Solid bitumen observed in hand specimen ac- 
counts for the anomalously high TOC values, and indicates that the 
strata have previously generated liquid hydrocarbons. Low to mod- 
erate PI values in some areas suggest depletion and possible migra- 
tion of hydrocarbons. 

The HI101 diagram for the Peril Formation (Fig. 3q) shows two 
populations of organic matter: Types I and I1 with high HI and low 
01 values with very good oil and gas generative potential from north- 
west Graham Island; and ovelmature Type 111 with very low HI and 
high 01 values resulting in fair gas but no oil generative potential at 
Moresby Island. 

Sandilands Formation 
The DOM for the shale and argillite of the Sandilands Forma- 

tion exposed on Moresby Island is too high (3.78-4.00 %Rorand) to 
consider the strata as oil source rocks. Low QOM (<0.05 mg HC/gm 
C,,,,), low HI (<2 mg HC/gm COrg) and high maturation values indi- 
cate hydrocarbon depletion, suggesting that hydrocarbons may have 
been previously generated. High PI values ( ~ 0 . 5 9 )  at Kunga Island 
suggst that hydrocarbons have possibly migrated into overmature stra- 
ta. Moderate amounts of residual TOC (0.5 1- 1.56%) and low HI 
values suggest some potential for gas generation. 

Mature Type 1 and Type I1 organic matter of the Sandilands For- 
mation in central Graham Island has good oil and gas source poten- 
tial, shown by high TOC ( 1.25-9.6%), QOM ( 1.94-4.26 mg HCIgni 
C,,,), and moderate to high HI (159-372 mg HC/m C,,,) values. Mod- 
erate PI values (0.14-0.42) and free hydrocarbons (S1<1.64 mg 
HC/gm Corg) suggest some conversion of kerogen to petroleum. 

Marginally immature strata on northwest Graham Island at Ken- 
necott Point are good oil and gas source rocks with high TOC (2.66%), 
QOM (4.66 nig HC/gm C,,), and HI (437 mg HC/gm C,,) values. 
Low PI (0.06) and vitrinite reflectance (0.45 %Ro,,,,~) values suggest 
a low degree of kerogen conversion to petroleum. The Sandilands For- 
mation at depth is probably more mature and may have generated sub- 
stantial amounts of petroleum. 

MAUDE GROUP 

Ghost Creek Formation 
Marginally mature (0.55 %Rorand) strata of the Ghost Creek For- 

mation on central Graham Island and locally in Skidegate Inlet have 
good oil and gas source potential, as indicated by moderate TOC ( 1.66- 
1.73%). high QOM (3.19-3.73 mg HC/gm C,,& and moderate HI 
(218.0-349 mg HC/gm C,,) values. A low P1 (0.07) suggests a low 
degree of kerogen conversion to petroleum. 

Marginally overmature to overmature strata ( 1.32- 1 .S 1 %Ro,,,~) 
in Skidegate Inlet (Maude Islaid) and Rennell Sound are currently poor 
oil source rocks, as suggested by low QOM (0.14-0.66 mg H C / p  C,,,) 
and H1 (9-38 mg HCIgm C,,). Moderate PI (0.48) values from Ren- 
nell Sound suggest that the strata are overmature. 

Rennell Junction Formation 
Mature to overmature (0.52-1 .S %Ro,,,~) sandstone, siltstone, 

and shale from Cumshewa Inlet and Skidegate Inlet are generally poor 
source rocks (TOC< 1.96%; QOM=0.33 mg HC/gm C,,; and HI< 93 
mg HC/gm C,,,) values. Type 111 organic matter (Figs. 2k,n) suggests 
that the strata are possible gas source rocks. 
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Marginally mature strata in central (ir:tham Island have fair gas 
source potential as indicated by low TOC (0.7 l %). high QOM (2.14 
mg HC/gm C',,,,). and low H1 (178 Ing HC/gm C,,rg) values. 

Fanniii Formation 
Gcncrally overmature (0.85- 1 .S 1 %,Uu,.;,,,,,) tufl'ilceous siltstone 

in central (iraham Isl;l~ld iund Skidegntc Illlet arc poor source rocks 
as indicated by low TOC (<0.382), QOM (<0.53 mg HClg~n C,,,,), 
ancl HT (<42 mg HC/gm C,,,.:1) values. Tlic HI101 diagram (Fig. 3m) 
suggesls that the Fannin Formation contains tcrrcstrially dcrivcd 
Typc 111 organic matter. 

Whiteaves Formation 
Low TOC (<0.59%). QOM ( 4 . 7 3  rng HC/gm C,,IF) and H1 ( 4 0  

mg HC/gm C,,,.,) valucs suggcst a poor petroleum source potcritial for 
marginally mature to overmature strata (0.43- 1 .S %Ko,,,,,,) on central 
Graham Island and Skidegate Inlet. Strata in Cumshewa Inlet have 
some gas sourcc potential (TOC=I .X%.: QOM=0.73 Ing HC/gm C,,,.g; 
PI=(). 13: H I 4 4  mg HC/gln C',,,.,). Very high TOC valucs ( l  0.28'2 ) 

reflect organic rich (Type 111) horizons in ccntl-al Graharn Island. 

Phantom Creek Formatior. 
Limited data suggests that the marginally irn~naturc (0.46 

%Uor~,,l,l) fine glxincd sandstones and shalcs of the Phantom Creek 
Formation arc poor to fair oil and gas source rocks (TOC=O.SSL%.: 
QOM=3.9 mg HC/gm C,,,,: PI=0.16; and HI=322 mg HC/gm Cclrg). 
Low PI values suggest partial conversion ol' kerogen to petroleurn. 

YAKOUN G R O W  

(haham Island Formation 

Marginally r~lature to overmature (0.48- l .S % Ro~.~,, ,~) slialc and 
siltstone in central Gntham Island have low TOC (0.88-0.96% ). mod- 
erately high QOM (1.17-1.94 mg HC/gm C,,,,), and ~notlcrately hipli 
HI ( 4 8 5  mg HC/gm C,,,g) vnlucs. suggesting fair oil and gas source 
potcntial. 

Strata in the Skidegate Inlet area arc poor source rocks 
(TOC=0.34'% ; QOM=0.26 mg HC/gm C,,,). 

Richardson Bay Formation 
Thc Ricliardson Bay Fornation consists predominantly ol'vol- 

cnnic strata with somc sedimentary f;icies of limited lateral extent. The 
sedimentary strata contain motlerate amounts (I .  13%. TOC) of Type 
I11 organic matter (HI=45 Ing HC/gm C,,,.,). Mature strata ( 1  . l 3  
%RO,,,,,~) in Skidegatc Inlet have gas generative potential as suggested 
by modcrate TOC (l .  13%1), low QOM (0.63 mg HC/gm c,,,) and low 
HI (45 mg HC/gm Core) values. 

MORESRY GROUP 
Maturc (1.10 %Ro,j,,ld) coarse clastic rocks of the Robber Point 

Formation in Skidegate Inlet generally have insufficient amounts of 
organic carbon (0.784 TOC), low QOM (0.63 mg HC/gm C,,$), and 
low HI (44 mg HC/gm C,,rg) values to be considered hydrocilrbon source 
rocks. 

Mature, massive volcanic sandstone (1.08 %Ro,,,,,) of the New- 
cornbe Formation arc exposetl in Skidegate Inlet. These strata gen- 
cr:tlly do not have a sufficient TOC (0.5 1%) to generate significant 
amounts of hydrocarbons, Low QOM (0.34 Ing HC/gni C,,,,) and HI 
(30 mg HC/gm C,,,,) values suggest poor oil and gas potential. 

Mature (1.04 %Ro,,,,,) siltstone of the Alliford Formation ex- 
posed in Skidegatc Inlet have fair gas sourcc potential, shown by mod- 
erate TOC ( l .  I %), moderate QOM ( 1  .OI tng HC/gm C,,g), and low 
H1 (80 lng HC/gm C,,.$) and PI (0.2) values. 

EONGARM FORMATIOK 
Low TOC (0.2hch). QOM (0.03 rng HC/gm C,,rg). HI (S mg 

HC/gln C,,,&, P1 (0.03). and high maturation (3.18 %Ro,.;,,,~) values 
suggest poor oil and gas s o u ~ e  potcntial on Moresby Islaritl. Data arc 
not available for Graham Island. 

QUEEN CHARLOTTE G3OZIP 

Baida Formatioi~ 
I~nrna~urc to ovcl.lnature (0.36- 1 .S 1 %IRo,,,,,~) carbonaceous 

sandstone of the ha id;^ Formation. rich in terrestrial organic matter 
(0.68-2.49% TOC), havc fair gas source potcntial on Grahiun Island 
(QOM <O.67 mg HC/gm C,,,,; HI 4 . 5  mg HC/gm C,,,: and PI<0.27). 
Generally ovclnlature (4.04 %,RO~,,, ,~) strata on Morcsby lslimd havc 
poor oil or gas gerierativc potential (TOC=O. 13%; QOM=0.02 mg 
HC/gm C,,,,: and H1=0 mg HC/gm C,,rF) but nlay have previously gen- 
erated gas bekm or during plutonism in Tertiary time (Vellutini and 
Bust in, 199 1 ). 

Skidegate IJormation 
Generally low TOC (<0.739) and QOM (<0.95 mg HC/gm 

C,,,,) valucs suggest that immature to ovemiature (0.4-2.94 %Ro,:,,,,,) 
Typc I11 (HI <79 mg HC/gni C,,,.g) organic matter of the Skidegate For- 
mation has poor to f'air gas gcncrative potential on Graham Island. Low 
PI values (<0.16) for rnaturc strata suggcst partial kcrogen conversion 
to petroleum. 

Honna liormation 
Conglomcratc, s;~ndstonc, and shale facics of the Honna Formation 

on nortliwcst Graham Island contain mature Typc 111 organic matter 
and havc poor liytlrocirbon source potential due to low TOC (<0.43%). 
Low QOM (0.7 Ing HC/grn C,,.g), HI (<60 rng HCIgni C,,rg). and PI 
(0.09) values suggest no oil source potcntial. but possible gits source 
potential. 

SKONUN FORMA'I'ION 
Siltstone and shalc of the Skonun Fo~~iiation exposed on ccntral 

Gr;rham Island contain Typc I1 organic lnatter and have good oil and 
gas generative potential (TOC=2.472; QOM=2.64 mg HC/gm C,,,,; 
H1=210 mg HC/gm C,,,,; and PI=0.3). Petrographic :tnalysis of coal 
and lignite samples h m  six onshore wells penetrating the Skontrn For- 
mation indicittes that the organic matter is predominantly Type 111 and 
is co~nposcd of vitrinite. Some coals (Type 111 organic matter) respond 
differently to Rock-Eval pyrolysis than dispersctl Type IJI organic mar- 
ter and have H I  values which plot between Types I1 and 111 organic 
matter (Peters. 1986). The liquid hydroc~trbun generative potcntial cal- 
cullrted frorn HI data, therefore, can be overestimated for coals (Pe- 
ters, 1986). Generally immature (0.27-0.48 %Ror,,ld) Skvnun Formation 
coals have low to moderate QOM values (0.7-2.2 mg HC/gm C,,,,) 
tmtl hence arc fair sourcc rocks. Generally low HI values (64-179 mg 
HC/gm C,,:) for ninrginally mature to mature strata su_~;. 'otst that 
generated hydrocarbons would consist predominantly ol' gas and 
some oil. Hydrogen rich rcsinitc (HI>500 rng HC/gm C,,,) was ob- 
served petrographically which suggests some horizons with good 
oil source potcntial. Coals at west Graham Islilnd (Port Louis well) 
are mature ( l  .05 %Ror :,,, l); however, low QOM (0.87 mg H C / p  C,,), 
HI (79 lng HC/gm C,,,.& and PI (0.07) values suggest poor hyrlrocarbon 
S O L I ~ C C  potential. 

Fowler et al. ( 1988) and L.K. Snowdon (pers. comm., 1989) have 
correlated bitumens from oil seeps associated with Masset volcanic 
rocks with Jurassic, Cretaceous, and Tertiary source strata predom- 
inantly from Graham Island. Biturnens from Otxd and Tinn bays (nortli- 
west Graha1-n Island) and frorn Tar Island (east Moresby Island) con- 
tain 1 Xa(H)oleanane correlated with Tertiary. Type 111 organic matter 



derived from terrestrial highcr plant material. Bitumens associated with 
fractures in Masset volcanics near Lawn Hill on the east coast of Gra- 
ham Island have also been correlated with Tertiary source strata. Bi- 
tumen samples from the King Creek area in central Graham Island ap- 
pear to be derived from Lower Jurassic source rocks. Bitumens from 
Cretaceous strata have not yet been systematically studied. 

FACTORS AFFECTING LATERAL VARIATIONS IN 
SOURCE ROCK QUALITY 

Source rock quality is controlled primarily by the quality, quan- 
tity. and DOM of the organic matter. In the Queen Charlotte Islands. 
the dominant control on the lateral variation in source rock quality for 
Triassic and Jurassic strata is the DOM of the organic matter, where- 
as depositional environments are the primary control for Cretaceous 
and Tertiary strata. 

Upper Triassic and Lower Jurassic source strata may have been 
deposited in Hecate Strait and Dixon Entrance but have not yet been 
confirmed. Even if the strata were deposited, increased burial depths 
have probably resulted in the levels of organic maturation exceeding 
the oil window. Any hydrocarbons that were generated may have mi- 
grated into less mature strata and preserved. 

High levels of organic maturation due to high heat flow associ- 
ated with the San Christoval (SCPS), Bumaby Island (BIPS), and Car- 
penter Bay (CBPS) plutonic suites have resulted in hydrocarbon de- 
pletion of the organic matter in the Sadler Limestone of the Kunga 
Group. Figure 22 illustrates increasing TOC from west to east on south 
Moresby Island, suggesting that the SCPS was the dominant thermal 
event. Figure 35 shows very low QOM values with no apparent 
trend. 

TOC values for the Peril Formation of the Kunga Group increase 
from east to west (Fig. 2 1) suggesting that pluton emplacement of the 
BIPS and CBPS were the dominant thermal events on south Mores- 
by Island. TOC values measured on the east side of the BIPS increases 
from west to east on central Moresby Island, suggesting that the plu- 
ton emplacement of the BIPS was also the dominant thermal event 
on central Moresby Island. TOC and QOM (Fig. 34) values on north- 
west Moresby Island increase to the southeast, suggesting offshore high 
heat flow possibly associated with the Langara Island pluton. 

The Sandilands Formation on Moresby Island is overmature and 
has low TOC (Fig. 20) and QOM (Fig. 33) values with no apparent 
lateral trend (reflecting limited data). High TOC and QOM values in 
central Graham Island suggest that the strata are very good source rocks. 
The strata near Rennell Sound are ovennature and have significant- 
ly reduced TOC and QOM values as a result of high heat flow asso- 
ciated with plutonic activity south of Rennell Sound. 

The Ghost Creek Formation has high TOC (Fig. 19) and QOM 
(Fig. 32) values indicating very good source potential. High heat 
flow associated with plutonism near Rennell Sound has increased the 
level of organic maturation and decreased the hydrocarbon genera- 
tive potential of the strata, as suggested by increasing QOM values 
from north to south and increasing TOC values from south to north. 

The Ghost Creek Formation is not exposed south of Cumshewa 
Inlet or north of Rennell Sound on central Graham Island. The Sandi- 
lands and Longarm formations, which are stratigraphically below and 
above the Ghost Creek Formation, are exposed on southern Mores- 
by Island and northwest Graham Island, suggesting that deposition 
of the Ghost Creek Formation (and possibly the entire Maude Group) 
was restricted to central Graham Island and northern Moresby Island. 
If such is the case, the limited areal extent of Ghost Creek Formation 
source rocks suggests a limited potential for hydrocarbon generation 
and accumulation. 

TOC (Fig. 16) and QOM (Fig. 29) values for the Whiteaves For- 
mation tend to increase from southwest to northeast in response to high 
heat flow from plutonism near Rennell Sound. There is insufficient 
TOC and QOM data to determine trends for the Fnnnin and Phantom 
Creek fo~mations (see Figures in Vellutini, 1988). 

Higher TOC (Fig. 14) and QOM (Fig. 27) values were obtained 
from Skidegate Inlet and central Graham lsland respectively for the 
Yakoun and Moresby groups. However, the paucity of data pre- 
cludes determination of TOC and QOM trends. TOC values for the 
Longarm Formation on Moresby Island (Fig. 13) increase from east 
to west. However, there is no apparent trend in QOM (Fig. 26). The 
paucity of data, however. precludes accurate interpretation. 

The Haida Formation increases in TOC from east to west (Fig. 
12). suggesting decreased amounts of transported terrestrial organic 
matter basinward from the western edge of Haida deposition. QOM 
values from northwest Graham Island (Fig. 25) incrcase southwards 
away from plutonic rocks on Langara Island. TOC values are gener- 
ally lower and HI values are generally higher for the Skidegate For- 
mation relative to the Haida Formation (Fig. 11). TOC and HI val- 
ues increase from west to east for the Skidegate Formation, suggesting 
that there was decreased input of terrestrial organic matter and pos- 
sibly increased input of marine organic matter in a basinward direc- 
tion. Higher HI values (Figs. 2c and 3c) occur in the Skidegate For- 
mation than in the Haida Formation (Figs. 2d, 3d), suggesting an 
increased marine component in Skidegate Formation organic matter. 
QOM values (Fig. 24) increase with increasing distance from plutons 
on Langara Island and Rennell Sound. 

TOC (Fig. 10) and QOM (Fig. 23) values are low for the Honna 
Formation and the paucity of data precludes the determination of TOC 
or QOM trends. There are too few data to ascertain lateral trends in 
TOC and QOM for the Skonun Formation. 

SUMMARY AND CONCLUSIONS 
For the most part, Cretaceous and Tertiary strata in the Queen 

Charlotte Islands contain gas-prone Type I11 organic matter with 
varying degrees of hydrocarbon source potential. The source rock qual- 
ity is related primarily to the depositional patterns and the level of or- 
ganic maturity. Triassic and Jurassic strata (where mature) general- 
ly contain a mixture of Type L1 and Type Ul organic matter with varying 
degrees of hydrocarbon source potential related to the level of organic 
maturation. The Kunga Group and Ghost Creek Formation on cen- 
tral and northwest Moresby Island contain abundant oil and gas 
prone Type II and significant amounts of oil prone Type I organic mat- 
ter. These units have very good petroleum generative potential. 

Triassic strata from Moresby Island presently have poor oil 
source potential due to high levels of organic maturation (2.35-8.3 1 
%Ro,,,~) but may have sourced substantial hydrocarbons in the past. 
High PI values for overmature strata at Kunga Island suggest hydro- 
carbon migration into overmature strata. Moderate amounts of resid- 
ual TOC (<2.56%) suggest some gas generative potential remains. The 
level of organic maturity increases, and TOC decreases from west to 
east proximal to the BIPS as a result of high heat tlow during pluton 
emplacement. 

Mature to overmature Triassic strata from central and northwest 
Graham Island have very good oil and gas source potential. Moder- 
ate PI values (0.14-0.42) and free hydrocarbons suggest partial con- 
version of kerogen to petroleum. The hydrocarbon source potential 
diminishes from east to west with decreasing distance to plutons 
near Rennell Sound. 

Jurassic strata from Gnham Island and north Moresby Island gen- 
erally have poor to fair gas generative potential and poor oil source 



potential. The marginally mature (0.55 %Romd) Ghost Creek Formation 
is a notable exception and has very good oil and gas source potential, 
shown by moderate TOC (<l .73%), high QOM (<3.73 mg HC/gm 
CO%), moderately high HI values (c349 mg HC/gm Corg). Low PI (0.07) 
values, however, suggest minimal kerogen conversion to petroleum. 

Cretaceous strata of the Longarm, Haida, and Honna formations 
on Moresby Island have poor hydrocarbon source potential because 
of high levels of organic maturity (4.04 %Rorand). Depositional pat- 
terns are an important factor controlling the source potential for Cret- 
aceous strata. The Haida Formation on Graham Island contain Type 
111 dispersed organic matter and has poor to fair gas source potential 
but no oil generative potential. The Skidegate Formation contains a 
greater component of marine Type 11 organic matter than the Haida 
Formation and has poor to fair gas potential. The Honna Formation 
on Graham Island has poor hydrocarbon source potential, reflecting 
low TOC. 

Type I1 organic matter from siltstone and shale horizons in Sko- 
nun strata have good oil and gas generative potential (TOC=2.47%; 
QOM=2.64 mg HC/gm CO,@; HI=2 10 mg HC/gm Corg; and PI=0.2). 
Coals from the Skonun Formation generally have poor hydrocarbon 
source potential due to low levels of organic maturity (0.27-0.48 
%Rorand)  LOW to moderate HI (64- 179 mg HC/gm CO,€) values for 
marginally mature to mature coals suggest some gas source potential 
and oil generative potential. Mature coals at the Port Louis well are 
poor hydrocarbon sources due to low QOM values. Resinites observed 
petrographically and associated high HI values suggest some coal hori- 
zons have fair to good oil and gas source potential. 
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Abstract 

The level of ot;panic matrrrution, source rock potential. and the thernlal histoy of Mesozoic. mid Tertiay strata 
in the Queen Ckat.lotte Islands halve been determined with sitrinite reflectance (%Ro,,,,ll), Rod-El.01 pvrolysis, 
arid numeric~al modelling (modified Arrhenius nzodel). The degree o$or;panic matrrration (DOM) saries fionl im- 
mature to olPerniature and increasesfiom north to south. The prima,:v control on the DOM is high heatflo~v as- 
sociated with plutonism on Mat-eshv Island. Upper Triassic-Lower .Irrrussic Kirnga Group .strata are imn~ature 
to o\~ernlature (0.45-1.75 %Ro,,,,(l) on northwest and tuntral Graham Island, arid are ~\~et.nmtw.e (2.40-5.80 %Ro,.,,~) 
on Mo~.e.sl~y Island south of C ~ m i s h e ~ ~ a  Inlet. Local. ano~nalorrsly high n~atrn.atiori ~,al~res (rangin,? up to 3.20 %Rol~,l(l 
on Grahani Island and 8.31 %Ro,o,,d on Mot.eshy Island) occur aa'jac.ent igneous iritrusi\~es. Lower Jrrr.ussie~ Mnrrde, 
Yakorrn. and Moreshy Grorrp strata (iticluclin~ L o ~ v r  Jurussic sorrrce rocks) are mar.gi~ial!,, mature to o\'ermo- 
trrre with niaturation increasirig fioni central Grahani Island (0.43 %Ro,,,,(l) to north Moreshy Island (1.58 
%Ro,,,,,~). The DOM qf Cretaceorrs strata (Lon~arnl, Hnida, Skidegate, and Honna formations) incr.easesf,.on~ 
tiot.th~~e.st Grahant Island (0.33-1.91 %Ro,,,,d), to south Graham Island (1.53-2.43 %Ro,,,,,i), to south Mo~.esh.v 
Island (2.31-4.78 %Ro,,,,(l). Tertiary strutcl are restricted to Graliam Island arid are gene~.ally in1n~ntur.e e.u.el>t 
.for. the n1atrtr.e S M ~ C ~ S S ~ O I I  011 ~~este1.11 G~.aham Island (Port Louis  ell) and northeast Gralram Island (h~iscll stru- 
ta at the TOM' Hill M ' E / / ) .  

Calc.rilated thic.knesses of e/.oded strata on Mrest Gruhom Island range jiom 1040 n1 ut F/.ederic.k 1.slond to 735 nl 
at Kennecott Point. Thicsknesses of eroded strata are sin~ilur for Jrr~.ussic sections in central Graham lslund clt Ren- 
1it~11 Junclion ( 1  725 111) and no~.th Mo1.esh.v 1~1trnil at Curn~he\t'tr Inlet (1985 ni). In(.~.eas~d t l ~ i ~ ~ k n c s s ~ s  o f  cv.odc,d 
.str~uttr on north Mo/.c'shy Islurid trt 0 1 i ~ ~ r 1 . d  Poinf (1500 nr). t.c,luti~~ to north\t.e.st GI.N/I(IIII Islantl trt norih Lautl- 

Point (745 m) ,  srr,qp1sts dij]e~.c~ntitrl irplifi Jiw C'~.cttrc.rorrs stratu ur ~ i o r t h ~ ~ s t  G~.~/ i (r~i i  Islntitl. T/~ic~knc~s.ses of' 
t~ode(1 st~.ut(~,fi)r th(1 Tcv.titr~;\~ .Skoti~rti Fot.n~trtiotl ~~rtr,grtj~on~ .375 nl on cl(r.st Grtrlruti~ l.sIu11~1 (TI~JII 1 4 ~ 1 1 )  to 168.7 
t~ 011 lt,cJ.st G~whun~ ~.sltrnt/ (Port Lorris ~t,cll). 

Tinle-tet~~po~trt~~i,e nrotlelling (tr.s.sunling r:c.ons~crt~t gcothc~.rnctl ~yr~trt1ierit.s) r.c~yrrir.c>.s high prrlcogrotllo~tnal ~r.crt.lic~nts 
(45-9OuCIkt~l),fir up to I80 nrillio~r ~etr/..v tlrr/.itr,y the I ! / I~c I .  TI.~USS~(.-~'~I.I~~II.J. Vo~.iohle ,qeothet.nrrrl g~~utlic~n/ nlocl- 
clli~l,g (rrsiilg [ I  30°C!knr hac~k,q~~orrrirl ,~co/het~nrerl g~.crelit~nt) /)i~,tlic~ts c~lc~.crtc~el ~gc~othr~r.nrtrl g1~trt1icnt.s r.rr~rgilrg,f,.onr 
83-I5OvClknr drrring Y(1korrn (hatrttre~i 183 crnd I78 Mtr) and Mtrssc~t (he t~~c~or  35 crtrd 10 MO) ~.oIe~ni.(.n~. 

T/.itr.ssie, .st~.utrr (71 t.'~.cd~/.ici Island 111.e pr.c,ciic,ted to  ha^,^ oite/.cd ~rntl c,.\-irrrl the, oil rc,i~rdo~v tlrr~-in!: 1110 Enrly n11c.l 
Lnte Miocotc 1.cs/7cc~tivc~/y ~ .h i le  .st~.nttr ut Keirnrc~ott Point ento.cti rhc oil ~c-irr(fott. rlctr-in,q thc EnrIj~ Mioc.erre anti 
arc still in thtl oil ~ ~ i n t l o u ~ .  J I I I . ~ s s ~ ( .  .st~.(rtn at Hrtincll Jrrnction and Crrnlshe,t.cl lnlct ento.c?cl thc oil ~ ' i n c l o ~ '  thrr- 
ing thc Ryjoc,ian trncl wnlcrin \virliin thr oil uincln~.. Cretaceorrs strata on north and so~rth Mot.c.shy Island enrerrd 
the oil ~ ~ i n t l o ~ v  dlrring thc Enl-lj Mioc.enc aricl u1.r c~urr.entlv ~ ' i th in  the oil   tin dolt.. The Skonuri Formation is Sen- 
c>1.01!\' imn~trt1r1.e c\.c.e/)t fin. stratcr at Itv.rt Grahanl Island (Port L201ri.s well) ant1 /rot-theast Grulranr Islund (TOM' Hill 
~ ' ~ 1 1 )  rt<hic.h ente~.cd rhe oil \~.indort. in the Lnte Mioc.enr. 

Rhumb 

Le niveclir de nrutururiorr oyqclnicl~re et I'u'~.olrrtior~ tlreriniq~rr des c~nuc~lre.~ n16.sozoiilrre.s er ~rrticiir~s dcitw les i1c.s 
de, /U Reine-Cliurlottc~ c1 L;IP Cl(:t~rnli~r(; C I I  ~rlilis~int les mr'rlroclc,.~ dc, r6j7ec.1~11ice de ICI ~'itl.i~ritc (%Ko,.o,,,l) c/ la mocl- 
6Ii.s~itiori rrtrmkiqrte (nrodde Arrh~nirr.~ nrod1ji6). Le clegr.6 dc nmtro.crtion or,q~lniq~r~ 1.uri~' di' ~ron riicitrrw U hy~~~ln~e~trrw 
et urrgnieritc~ tlrr nord 19els /c SLILI. Le p~-ine.ipal facte~rr ir1J7rrarrr srrr Ie (1e~1.c; c/? nratro-ation ot.,qaniyrre cst Ie,flrr.\ thc.1.- 
nliqlre c;/e\$ cr.s.soc~ic; uu plutonisme c1un.s / ' f / c ,  Moreshy. Lcs corrc.he.s hr ~rorrpe de Krtrr,qn drr TI-ic~s .srrpr'ri~~~~. a11 

' Dcpartll~cnt of (ieological Sciences. C!nivcrsity of British Columhin, 6330 Storc5 Ro:al. V;!~lcouvcr. B.C. VtiT ?U4 
Prcscnt Addrcss: Tcx;ao (.an;ld;l Rc\ourccs. Drayton Vallcy. Albcna. T01'. OM0 
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JIII . (I .T.C~~IIIP irfl~.icrrr. .sent d~ noli 11ltrtrr1.c,s ti Iry/~ernrtrtro-cs (0.45 ri 1.7-5 (% Ro,,,,,,l) c1crn.s /a nor(/-orr~st pt 1. c~c~rrtt.e 
tle I'ile Grahnrn ct .so11t I~ \~pr r t~~ t~ t r~ t~ t '~  (2,10 ci 5,80 r/r Ko,.,,,,,,) dons I'ilc Moresl)y t r r r  srrtl tic I'irrlet Crrnahe\t,u. 
Des valerrt-.S cle nrntrrmtiorr nnort~rtrl~~nre~~t PIe1.Be.s (trllunt ,jlr.sc/rr'b 3.20 Ho,.u,,~l chns I'ilc GI-(rho111 et jrrsc/~c'ci 8.31 
C/C RomIrl (Inns I'ilc rMorcs1)y) on/ c;tP ob.sc,rix;e.s pc//- c~tlrc11~oit.s tl(itis / P S  t.oc.lrcc. itrt~rrsi\-c.s iiyrrke.s acljarentes. Le.s rorre.h- 
es clcs gt.orrpc,.s de MNIILIP. ~ l e  Yakorm et dc Moreshy hl .Irr~~miyrrc itflriprrr (inr11rcr11t les I-orhes nr@t.c,.s potc~~iliellt~.~) 
otrt rrnc nrotrrritP crllutrt tlt~,fuihlc U tr@s c;lei.Pc, la rnuturation arcgtncJt~tcrrit (111 ccJnt~-cJ dc I' fle Grcrlrtrni (0,43 Ko,.,,,,,) 
.jrrsc/ir'cnt norzl(1c I'ilc Mot.cs1)~ (1.58 (8 Ro,,,,,,). Le t1cgt.i ck, nrntrrt.ution t k * s  c.orrr.hes cr~e'toc~kcs (fr)r.tnatior~ clc~ Lon- 
8ar-m, Htridn. Skidcgatc et Hotrna) crrr,qtncri~r c111 nord-ouest di. I'ilc (iraham (0..13 ci 1.9 l %' Ro,.,,,,d) ( IU srrtl dc I'ilc 
G't.uhatii (1.53 ti 2,4.3 %: Ho,.,,,,,) ct nu sutl dc I '  Ele Motv . s l~  ( 2 3 1  ti 4.78 '2 Ro,.,,,,,). Lcs c.oicc.hc.s tet~ticrit~c.s sc linr- 
itrrzt ti I'ilr (;~.u/itrnr F /  .sent et! gPtrPt~t/l no11 n~utrr/.cs ti I'c.\.c~c~/~tioti tle Itr .srrc~t~c.ssio~i n1utul.c yui sc t ~ . o u \ ~ ~  t1ut1.s I'oirc~st 
dc I'ilc C~.crhutn (111rit.s Port Loiris) P I  Ic tro~.rl-cst (/c I' ilr G~~ulrt~tr~ (c.orrc.11~ cl0 btrsc, r r ~ i  prrits Toll. Hill). 

Duns I'orrc~.st dc I'ilc C;~vilrtrtn. I'c;l)tri.s.scut~ tlrs c~oriclic~s 61.otIic,.s \,ut.ic di' l040 111 d(in.s I'ilr Fr~clricA U 735 m ci 
lcr poitrtc, Ke~inecott. L'kptii.s.sc~rrr t1.s c~orrclres Pt-ocl&c,.s sont scnrhltrbles rluns Ics co~rpes jurassiqrrcs hr c.c,trt~.e (1. 
I'ilc G~.crlrcinr U R ~ t r n ~ l l  Jrrnrtion (1 725 tn) et d(1n.s Ir riot-d (/c /'ill, Mores1)y U l ' in l~ t  C U I I I S ~ ~ M Y I  (198.5 nr). U t ~ e  
ctrr,ynrerltation de I ' ( ; I ) ~ I ~ S S C I I I .  (Ie~s coirt.hes L;l.odP~s dulls le norcl de I'ile Morvsh?: ci lr  poirrte 01r~~u1.d (1500 111). 

/>or I-uppol-t nrr nord-ouest dc l'ilo Grcrlrmn dtrrrs Ir nord de ILI poit~t(' Larrtle~. (745 m). i~~dit/iro lrn surrlZi~etno~t 
d~ffe'rerrtirl des corrckcs crhtac.&ps cluns le no/-cl-ouc,st L/(, I'ilc Grcrhcmr. L' Ppoisscur dc.s coirc.lrrs t;t.otle'c.s do lu,fi,/.- 
n1ntion (/c, Skonun clrr Terticri~.e 1.crrie tlu 37-5 tn c1tln.s I'est de I'ile Gl~crkan~ (prrits Tlell) ci 168.5 111 dtrris /'orrest dc 
l'ik Grnhum (prrirs Port Loui.~). 

U I I P  niod6listrtiotr t c ~ ~ ~ p ~ - t o ~ ~ ~ p P t . t r t ~ c r e  (c11 .srrppo.~trnt tles ,yt~trtiient.s ~Cothei~nriqrrt,~ c,oi7sto1its) ric;c.cssit~ dcs gr.atli- 
ctrt.s ~ ~ t ~ I ~ o , ~ k ~ t I i e ~ ~ t ~ i i ~ ~ ~ r e . s  c~lc~\~P,s (4.7 ( j  90 OC'lkni) pc,ntlnnr rrirc, pc;riotlu olltmt jrt.sqrr'ti 180 niilliotis d'n17tie'cs clrr- 
t.nnt le TtYtrs .r~cpc;~~iorrt~ c111 Tci~tiuit~t~. La modPlisntio11 tlc g t .~ t l i r~~ts  gPotlret.miqu~.s 1~1.inhlc.s (oi s~rpl~ostrnt rrn gtn- 
dietit g~;oth~rrnit/~rc d e j i ~ t ~ d  do .30 "Clkrrr) ltrisse supposcr dtls gt .~di~ti ts  ~~other~nr i (~ues  P/c\@s vnr.iatrt d~ 83 U I50 
"C/kr17 c / ~ r ~ . t r ~ i t  IC ~ ~ o I ~ ~ t ~ ~ r i . s t n ~ ~  dc Ytrkoiili (]R.? O 178 MO) ct dr Mtrss~t (35 ti 10 Mu). 

Les coriches triu.siyrri~.s ( / P  I'ile Ft.ctt11-it4 urr~-uic,nr c,nt~-c; dctns 10 ferrttrc d17 pe't1.01~ et er1 seruient sosties clurcrt~t le 
dkl>ut et lu.fir? dir Mioc.hric. r.v.sl>ec.ti1~etnc~nt tat1di.s qrrc les c.ouclrc~s ci /U pointe Kcnncc.ott .sc~~-uicrit entric~s dons La 
ji?trttrc, dc ~Ctrole clrr~atit Ie MiocPne p~.c;c.oc.e et y seruient t~rljOu~:s. Les c~ortclres,~urnssique.s U Renncll Junt.tiori 
et U I'inlet Cirnrsll~~~cr sent entr6es t1un.s /U fmttre de pe'trole clurun~ /c Buiocien et sont denretrrkc.~. Lcs c~oucli- 
r s  u-6tac.ke.s duns le nord ct Ie srrd dc~ I'ile Mol-esby sent entr6o.s duns 1uJenPt1.e de phrole dur.arrt le Miot.c'nr in- 
Jr'~.icrn- c! y so111 actuellcrrrnrt. Lo,forrntrtiorr de Skorirtr~ t8st gk114r.ulen1crrt t1or1 nzatrrt.c, ci l'c,,~cc,ptio~i dc~s c~orrc~llcs 
sit116r.s dotis I'orrest de I'ili~ G't~c~lrtmr (prrits Porl Lorris) et t1citr.s Ic notvl-est (/c, I'ilc G~.trhut~r ( ~ ~ ~ r i t s  Toll' Hill) qiri 
sont c~rit~.c;c.s d~17.s InfitrPtt~e de pc:rt.ole arc Mioci.nc srrpc;rierr~.. 

INTRODUCTION 
The hydrocarbon generative potential of sedimentary strata tie- 

pends upon the type and abundance of organic matter and the Iher- 
mill history of the strata (Dow. 1977). The type of organic matter can 
be determined from geochemical and petrographic analysis (Tissot and 
Welte, 1984). Organic maturation indices (such as vitrinite rc- 
tlcctllnce), can be usctl to infer the time-temperatu~r: history of the stra- 
ta. Maturation data can bc used in colijunction with numerical mod- 
els to predict the timing of hytlrocarbon generation, the type of 
hydrocarbons. the temperatures correspontling to hydrocarbon gen- 
eration, the fractional conversion of kerogen to liquid hydrocarbons. 
and other parameters (Tissot ancl Espitalie, 1975). 

In this study, the degree of organic maturation (DOM) of Meso- 
zoic and Tertiary strata from the Queen Charlotte Islands is quanti- 
fied with organic petrology (vitrinite reflectance) in order to document 
vertical (stra~igraphic) and area1 trends in organic maturation. The Inat- 
uration data arc   no del led to establish areas of potential petroleum gen- 
eration, the timing o f  hydrocarbon generation, and to predict the Ie 
cation of the oil windoiv in time and space. 

METHODS 
About 1700 sarnplcs wcre collected in order to establish later- 

al ant1 vertical (stratigraphic) variations in organic maturation. One 
hundred thirty-three carbonaccous strata and lignite samples were col- 
lected from well cuttings and well core in the Tertiary Skonun For- 
mation from the following six onshore exploration wclls: Richfield 
cl al. Cape Ball a-41-1: Richficld Mic Mac Homestead Gold Creek 
#I : Richfield Mic Mac Homestead Nadu Rivcl; Kichfield Mic Mac 
Homestead Tlcll #I; Richficltl Mic Mac Homestead Tow Hill #I: and 
Union Port Louis c-28- I .  In addition, outcrop samples were collect- 
ed from the Skonun Formation on Graharn Island. liLgite samples from 
Skonun Point and Miller Creek. and carbonaceous siltstone liom 
Log Creek. 

One hundrcd and eighty-eight lignitc and carbonaccous shale out- 
crop samplcs were collected from the Crctaccous Longarm, Haida. 
Skidcgiite, and Honna formations. The majority of Crctaccous sam- 
ples wcre collected from Ciraham Isluncl and a few from Moresby Is- 
land. Two hundred and li~rty-one liniestorie, argillite, and carbonaceous 
sandstone outcrop samples wcrc collected from the Triassic Kunpa 



Group. The majority of Triassic samples were collected from Mores- 
by Island ancl fewer from Graham and Frederick islands. 

Additional samples. together with stratigraphic data. were kind- 
ly provided by B.E.B Cameron. M.J. Orchard. and C.J. Hickson of 
the Geological Survey of Canada and by J.A.S. Fogarassy of the Uni- 
versity of British Columbia. Location maps for outcrop and well 
samples are given in the appendices to Vellutini (1988). 

The degree of organic maturation (DOM) was (letermined using 
the vitrinitc reflectance techniques outlined in England and Bustin 
(1986). Samples containing visible coal or lignite were crushed and 
analyzed as whole rock saiiplcs. Samples containing low concentrations 
of organic matter were crushed (-80 mesh) and dernineralizetl with 
hydrochloric and hydrofluoric acids. The samples werc mounted in 
transoptic and heated to IOVC for 5 minutes fomiing an optically tnins- 
parent pellet. The pellets were stored in argon or nitrogen gas to pre- 
vent oxidation of the organic matter prior to analysis. 

The mean random vitrinite reflectance (%Ro,;,,,,,) in oil (n= 1 .S 18 
at 546 nm) was measured with the polarizer out using a L e i t ~  (M.P.V. 
11) microscope. The mean random vitrinite reflectance was mea- 
sured rather than the mean maximum vitrinite reflectance (chRo,,,,,) 
in order to save time and to enable measurement of smaller particles 
(Dnvis. 1978: England and Bustin. 1986). Wherever possible, 50 
vitrinite reflectance measurements were made on each sample. 

RESULTS 
Lateral maturation trends (Figs. 1- 15) and vcrlical maturation prtr 

files (Figs. 16-20) were determined frorn vitrinite reflectance meii- 
surements of samples collected frorn all regions of the Queen Char- 
lone Islands (Tables 1 - 1 1). The regional DOM increses markedly from 
Graham Island to south Moresby Island. Regional elevated matura- 
tion levels on Moresby and adjacent islands arc in part a result of in- 
creased heat flow associated with igneous activity (pluton emplace- 
ment) in the Middle-Late Jurassic and Oligocene (R.G. Anderson, pers. 
comm., 1988; Anderson, 1988; Souther. 1988). Local. anomalously 
high maturation values which result from high heat flow near igneous 
intrusions or possibly from hydrothermal activity near faults have. in 
many areas, obscured regional maturation trends. Due to poor outcrop 
exposure. large scale intrusion by plutonic complexes. and limited lat- 
eral continuity of sedimentary units, interpretation of lateral matura- 
tion trends is difficult and in some places impossible. The isomatu- 
rity maps presented here will thus ultimately require modification as 
new data is acquired. 

Most of the organic matter found within the strata is either Type 
I1 orType I11 (Vellutini and Bustin. 199 1); therefore. the oil window 
has been defined as between 0.50 %IR~, , , ,~  and 1.35 %RO,:,,,~ for this 
study (Dow, 1977). Strata with maturation values less than 0.50 
%Ro,,,,~ are considered to be immature, and strata with maturation 
values greater than 1.35 ';7cRorand are considered to be overmature with 
respect to hydrocarbon generation and prese~vation. 

Lateral variation in organic maturity 

The following section outlines the outcrop exposure and matw 
ration values for selected stratigraphic horizons. Local, high maturation 
levels which deviate from regional trends are considered anoma- 
lous. These anomalous maturation values often overprint regional trends. 
In the following section, local anomalous maturation values are tlif- 
ferentiated from regional trends. 

KUNGA GROUP 
In samples collected from Kunga Group lithologies on Mores- 

by Island, vitrinite reflectances werc measured from organic matter 
which was morphologically and texturally indistinguishable from 

vitrinite. The organic matter (lid not have definitive form and com- 
monly occurs as a groundmass. Inter~ial texture varied from horno- 
geneous to mosaic. The Kunga Group is interpreted to be an ofiliore 
carbonate platforni deposit with some clastic input suggesting that the 
organic matter is of marine origin (hydrogen rich) and rnay not be vit- 
rinite. I t  is. therefore. possible that the organic matter is either vitri- 
nite, bituminite, or both. 

Sadler 1,imestone 

The oldest scdirnentary unit in the Queen Charlotte Islantls is the 
Late Carnian Sadlcr Limestone (Desrochers and Orchard. 1991: the 
grcy limestone rnernbcr of Camcron and Tipper. 1985) ofthe Kunga 
Group. This unit. cornposed of grcy limestone, is best exposed on east- 
em ancl southem Moresby Island where the strata arc overmature (Fig. 
I )  with regional maturation values ranging from 2.91 %Ro,,,,~ ;it 
Huston Inlet (central Moresby Island) to 5.80 %IRo,,,,~ at Breaker Bay 
(eastern Moresby Island). At Carpenter Bay, maturation values reach 
7.96 %Ro,,,,l adjacent to the Carpenter Bay Plutonic Suite (southeastern 
Moresby Island). 

Peril Formation 

The Late Carnian to Late Norian Peril Formation (Desrochers 
anti Orchard, 1901) of the Kunga Group crops out predominantly on 
central and eastern Morcsby Island and is overmature (2.40-5.80 
%JR~,. , , ,~).  The strata are also exposed locally on northwest Graham 
Island and in Skidegatc Inlet where they are mature to ovemiature. 
The regional DOM increases ti.om west to east on Moresby Island (Fig. 
2) with maturation values ranging from 2.40 %Ro,;,,,, 31 Huston Inlet 
(central Moresby Island) to 5.80 %Ro,;,,,~ at Howay Island (eastern 
Moresby Island). Local, ;momalously high maturation values reach 
8.3 l ' ~ R o  ,;,,,, at Carpenter Bay. 

Peril Formation strata are marginally maturc to overmature on 
northwestern Graham Island with maturation values ranging from 0.5 1 
%Ro,,,, at Kennecott Point to l .S9 %Ro,;,,,d at Lauder Point. Local, 
anomalously high maturation values reach 3.20 %Ro,;,,,~ at Sialun Bay 
in northwest Graham Island. 

Sandilands Formation 

Regional maturation values for the Sinemurian Sandilands For- 
mation (which is exposetl primarily on Moresby Island and locally on 
Graham Island) increase frorn north to south (Figs. 3 and 6). Values 
range horn 0.45 %Ro,,,,,,, at Kennecott Point (northwestern Graham 
Island) to 3.78 %Ror:llld at Kunga Island (central Moresby Island). Lo- 
cally, values reach 4.73 '+Ro,.,n,l on Moresby Island. Maturation val- 
ues for central Graham Island and northern Moresby Island range frorn 
0.48  OR^,,,,,^ in ccnt~xl Graham Island to l .75 %RO,;,,,~ at Cumshe- 
\va Inlet (northern Moresby Island). 

MAUDE GROUP 
The regional level of organic maturation for the Maude Group 

is shown in Figure 4. Stratigraphic nomenclature is that of Camcron 
and Tipper ( 1985). 

The Lower Pliensbachian Ghost Creek Formation crops out 
from central Groham Island to northern Moresby Island where the re- 
gional DOM increases from north to south and varies from mature to 
ovcrmature. Organic maturation values range from 0.50 %Ro,;,,,, on 
central Graham Island to 1 .53 %Ror,,,,l at Cumshewn Inlet (Figs. 5 and 
6). Vitrinite reflectance measurements taken proximal to dykes and 
sills reach 1.3 1 ( ~ R o ~ ; , , , ~  on the central Graharn Island to 1.7 1 % Ro,;,,,~ 
at Curnshewa Inlct. Similar values were reported by Bustin and 
Macauley ( 1988). 

The mature to marginally overmature Lower Pliensbachian 
Rennell Jurlction Formation is exposed locally on central Graham Is- 
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Table 1 : O r g a n i c  m a t u r a t i o n  a n d  R o c k - E v a l  d a t a  f o r  S a d l e r  L i m e s t o n e  Table 2: O r g a n i c  m a t u r a t i o n  a n d  R o c k - E v a l  d a t a  fo r  Per i l  F o r m a t i o n  

S1 S2 PI OOM HI 01 Section name %Ro,,,, Tmax TOC 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0 

0. 

1 .l 
3. 

0.18 
1. 

0.06 
6. 

0 28 
4. 

0.24 
4. 

0.06 
1. 

0.06 
1 .  

0.10 
5. 

0. 
3. 

S1 S2 PI OOM HI 01 Sect~on name %Ro,,,,, Tmax TOC 

OF section B1 
Mean 4.56 ' 
N 28. 0. 0. 

OF section BJ 
Mean 4.09 
N 10. 0. 0. 

OF section CB 
Mean 8.31 ' 
N 1. 0. 0. 

OF section CRE 
Mean 4.59 . 
N 1. 0. 0. 

OF sect~on DP 

OF section BB 
Mean 5.8 * 
N 3. 0 

OF section BI 
Mean 
N 0. 0 

OF section BJ 
Mean 2.35 ' 
N 1. 0 

OF section BR 
Mean 2.72 
N 4. 0 

OF section CB 
Mean 8. 
N 2 0 

Mean 
N OF section CRE 

Mean 4.59 * 
N 1. 0. OF sect~on EPO 

Mean 
N OF section HP 

Mean 2.61 + 
N 1. 0. OF section FUN 

Mean 
N 

OF section HU 
Mean 2.91 
N 8. 0. 

OF section GB 
Mean 
N 

OF section JED 
Mean 6.56 
N 3. 0 

OF section H0 
Mean 
N 

OF section KT 
Mean 4.39 . 
N 10. 0. 

OF section HP 
Mean 
N 

OF section TB 
Mean 4.38 * 
N 4. 0. 

OF section TIT 
Mean 5 2 8  ' 
N 1. 0. 

OF section HUX 
Mean 
N 

Section 1 
Mean 
N 0. 0. 

OF section JED 
Mean 
N 

Section 3 
Mean 
N 0. 0. 

OF section KT 
Mean 
N 

Section 6 
Mean . . 
N 0. 0. OF section KU 

Mean 
N Section 7 

Mean 
N 0. 0. OF sect~on LUX 

Mean 
N Section 8 

Mean 
N 0. 0 OF section NPO 

Mean 
N Section 9 

Mean 
N 0. 0. 

OF sect~on PO0 
Mean 3.53 * 
N 5. 0. 0. 

Section 10 
Mean 
N 0. 0. 

OF section RH 
Mean 5.6 ' 
N 2. 0. 0. 

Spot sample 
Mean 
N 0. 0. 

OF section RI 
Mean 4.37 
N 6. 0. 0. 

TF Spot sample 
Mean 2.95 . 
N 3 0 

OF sect~on ROSS 
Mean 4.87 
N 2. 0. 0. 

TOC=tolal organlc carbon; PI=production index; QOM=quality of organic matter; HI=hy- 
drogen ~ndex; Ol=oxygen index. N=number of samples. Values represent means calcu- 
lated across each outcrop secl~on. 



Table 2 (cont'd): Organic maturation a n d  Rock-Eval da ta  for Peril Formation 

Section name %Ro,,.,q Tmax TOC S1 S2 PI 0 0 M  HI 01 

OF section SC 
Mean 4.35 . 
N 5 . 0 . 0 .  0 . 0 . 0 . 0 . 0 . 0  

OF section SHU 
Mean 2.4 ' 
N 6 . 0 . 0 .  0 . 0 . 0 . 0 . 0 . 0  

OF section SI 
Mean 4.1 ' 
N 4. 0. 0. 0. 0 0 0 0 0 

OF sectlon SK 
Mean 3.78 ' 
N 3. 0. 0. 0. 0 0 0 0. 0 

OF sectlon SKU 
Mean 4.58 ' 
N 13. 0. 0. 0. 0 0 0 0 0 

OF sectlon SPO 
Mean 3.89 
N 1 . 0 . 0 .  0 . 0 . 0 . 0 . 0 . 0  

OF section TB 
Mean 2.37 
N 1 . 0 . 0 .  0 . 0 . 0 . 0 . 0 . 0  

OF section VP 
Mean 3.85 ' 
N 1 . 0 . 0 .  0 . 0 . 0 . 0 . 0 . 0 .  

Sect~on 1 
Mean * 0.82 0 0. 0. 0.01 0. 32. 
N 0 . 0 . 8 .  8 . 8 . 8 . 8 . 8 . 8 .  

Sect~on 2 
Mean * 0 9  0 001 0 0 0 231 
N 0 . 0 5 5 5 5 5 5 5  

Sect~on 4 
Mean 3.64 ' 2.21 0. 0.05 0.03 0.05 16. 13 

Section 7 
Mean 0 . 4 1 0 .  0. 0. 0. 0. 3. 
N 0 . 0 . 3 .  3 . 3 . 3 . 3 . 3 . 3 .  

Section 8 
Mean 0.25 0. 0. 0. 0.02 0. 50. 
N 0 . 0 . 5 .  5 . 5 . 5 . 5 . 5 . 5 .  

Section 9 
Mean ' 0.22 0. 0. 0. 0.01 1. 9. 
N 0 . 0 . 9 .  9 9 . 9 . 9 . 9 . 9 .  

Sect1011 10 
Mean 4.29 1.16 0 0 01 0.07 0.01 1. 24. 
N 14. 0. 15. 15 15 15 15. 15. 15. 

Sect~on 11 
Mean 5.11 " 2.56 0.07 0.01 0.87 0.03 0. :l  

Section 13 
Mean 3.19587. 2.9 0.04 0.08 0.33 0.04 2. 24. 
N 16. 1. 18. 18. 18. 18. 18. IS. 18. 

Section 14 
Mean 1.59 ' 
N 2 . 0 . 0 .  0 . 0 . 0 . 0 . 0 . 0 .  

Section 15 
Mean 1.47 467. 2.69 0.64 0.83 0.44 0.55 30. 47. 
N 2 . 1 . 1 .  1 1 . 1 . 1 . 1 . 1 .  

Table 2 (cont'd): Organic maturation a n d  Rock-Eval data for Peril Formation 

Section name %Ro.,,., Tmax TOC S1 S2 PI QOM HI 01 

Section 19 
Mean 1.18 444. 2.17 0.57 4.69 0.12 2.19 192. 14. 
N 16. 18. 18. 18. 18. 18. 17. 18. 18. 

Spot sample 
Mean 4.04 * 1.06 0. 0.01 0.04 0.02 0. 25. 
N 30. 0. 38. 38. 38. 38. 38. 38. 38. 

TOC=total organic carbon; PI=production index; QOM=quality of organic matter; Hl=hy- 
drogen index; Ol=oxygen index. N=number of samples. Vah~es represent means calulat- 
ed across each outcrop sect~on. 

- 

Table 3: O r g a n i c  rna tura t lon  a n d  R o c k - E v a l  d a t a  fo r  S a n d i l a n d s  F o r -  
m a t i o n  

Section name %Ro,,,,, TMAX TOC S1 S2 PI QOM HI 01 

Section 5 
Mean 0 51 0 01 0.03 0.06 0.03 2. 49. 
N 0 . 0 . 4 .  4 . 4 . 4 . 4 . 4 . 4 .  

Section 11 
Mean 3.78 1.53 0.04 0.03 0.59 0.05 2. 9. 
N 18. 0. 21. 21. 21. 21. 21. 21. 21. 

Section 12 
Mean 0.45436. 2.66 0.77 12.9 0.06 4.66437. 10. 
N 18. 10. 10. 10. 10. 10. 10. 10. 10. 

S ~ o t  samole 
Mean 4. 0.59 0. 0. 0. 0.01 0. 7. 
N 5 . 0 . 8 .  8 . 8 . 8 . 8 . 8 . 8 .  

Central Graham Island, B-quarry 
Mean 0.40443. 3.14 1.64 13.85 0.14 4.26372. 36 
N 17. 17. 17. 17. 17. 17. 17. 17. 17. 

Central Graham Island, 0 - q u a y  
Mean 066447 1.32 0.67 3.83 0.16 2.73229. 525. 
N 4 4 . 5  5 . 5 . 4 . 5 . 5 . 5 .  

Central Graham Island. Branch road 57 
Mean 0.65 437. 1.25 0.47 3.43 0.16 3.32 264. 42. 
N 6 . 6 . 6 .  6 . 6 . 6 . 6 . 6 . 6 .  

Central Graham Island, Main road 
Mean 0.60445. 2.08 1.02 4.9 0.15 1.94159. 68. 
N 4 . 4 . 5 .  5 . 5 . 5 . 5 . 5 . 5 .  

Central Graham Island. Well 1-178 
Mean 0.60 437. 1.75 1.12 3.86 0.25 2.75 210. 48. 
N 32. 32. 33. 33. 33. 33. 33. 33. 33. 

Central Graham Island. Well 1-179 
Mean 0.88 447. 9.6 0.50 4.12 0.31 2.71 242. 73. 
N 40. 37 40. 40. 40. 38. 39. 39. 39. 

Central Graham Island, Well 1-278 
Mean 0.65447. 1.91 0.99 4.60 0.23 2.56205 57 
N 47. 47. 47. 47. 47. 47. 47 47. 47. 

Maude Island 
Mean 1.35 465. 1.47 0.24 0.52 0.42 0.44 27. 34. 
N 8 . 8 . 9 .  9 . 9 . 9 . 9  9 . 9 .  

Renriell Sound 
mean 1.57 479. 1.47 0.15 0.3 0.40 0.32 17. 18. 
N 32. 32. 33. 33. 33. 33. 33. 33. 33 

Shields Bay 
Mean 1.27 0.57 0.06 0.0 
1 .O 0.09 0.0 4. 
N 7. 0. 7. 7. 7. 
7. 7. 7. 7. 

TOC=total organic carbon; PI=production index; QOM=quality of organic matter; HI=hy- 
drogen index: Ol=oxygen index. N=number of samples. Values represent means calulat- 
ed across each outcrop sect~on. 



Table 4: O r g a n i c  m a t u r a t i o n  and R o c k - E v a l  d a t a  f o r  M a u d e  G r o u p  

Section name %Ro,,,,, TMAX TOC S1 S2 PI QOM HI 01 

Ghost Creek Formation 
BC section 10 
Mean 0.55 448. 
N 3. 4. 

BC sect~on 4 
Mean 1.32 486. 
N 1. 1. 

BC section 7 
Mean 1.51 470. 
N 2. 2. 

BC section 8 
Mean 1.5 480. 
N 4. 4. 

BC section CAA-86-2 
Mean 0.88 454. 
N 6. 4. 

Central Graham Island. A-Quarry 
Mean 0.50 438. 
N 1. 1. 

Maude Island 
Mean 1.38 442. 1.90 0.55 4.66 0.10 2.43 209. 
N 5 . 5 . 5 .  5 . 5 . 5 . 5 . 5 .  

Central Graham Island. Well 1-179 
Mean 0.88 444. 1.73 0.36 6 64 0.07 3.73 349. 
N 36. 36. 36. 36. 36. 33. 34. 34. 

Whiteaves Bay 
Mean 1.35 448. 1 6  0.46 0.60 0.49 0.62 32. 
N 6 . 6 . 6 .  6 . 6  6 . 6 . 6 .  

Rennel Junction Formation 
BC section 10 
Mean 0.52445. 0.71 0.25 1.27 0.16 2.14 178. 
N 1 . 1 . 1 .  1 . 1 . 1 . 1 . 1 .  

BC section 4 
Mean 1.17 467. 0 58 0.05 0.16 0.12 0.33 28. 
N 2 . 1 . 2 .  2 . 2  2 . 2 . 2 .  

BC section 7 
Mean 1.5 488. 1.57 0.27 0.35 0.44 0.39 22. 
N 1. 1. 1. 1. 1 1. 1 1. 

BC sect~on 8 
Mean 1.45 471. 1.96 0.4 0.59 0.41 0.51 30. 
N 1 . 1 . 1 .  1 . 1 . 1 . 1 . 1 .  

BC section CAA-86-2 
Mean 0.88 458. 1.07 0.05 0 3 0.14 0.84 93. 78. 
N 3 . 4 . 4 .  4 . 4 . 4 . 4 . 4 . 4 .  

Fannin Formalion 
BC sect~on 4 
Mean 1.31 ' 0.18 0.01 0.01 0.25 0.13 8. 74. 
N 2 . 0 . 2 .  2 . 2 . 2 . 2 . 2 . 2 .  
BC section 7 
Mean 1.45 ' 0.23 0.02 0.05 0.22 0.31 25. 27. 
N 3 . 0 . 3 .  3 . 3  3 . 3 . 3 . 3 .  

BC section B 
Mean 1.47 ' 0.26 0.03 0.09 0.24 0.53 42. 88. 
N 3 . 0 . 3 . 3 . 3 . 3 . 3 . 3 . 3 .  

BC sect~on 8 
Mean 1.51 ' 0.28 0.02 0.08 0.2 0.34 28. 136. 
N 5 . 0 . 5 .  5 . 5 . 5 . 5 . 5 . 5 .  

BC section CAA-86-2 
Mean 0.85 
N 2 . 0 . 0 .  0 . 0 . 0 . 0 . 0 . 0 .  

T a b l e  4 (cont'd): Organic maturat ion a n d  Rock-Eval  da ta  for  M a u d e  G r o u p  

Section name %Ro,,,, TMAX TOC S1 S2 PI OOM HI 01 

North Moresby 
Mean 1.42' ' 

N 1. ' 

Whiteaves Formalion 
BC section 10 
Mean 0.64 448. 0.18 0.01 0.10 0.03 0.62 60. 51. 
N 5 . 1 . 5 .  5 5 . 5 . 5 . 5 . 5 .  

BC section 11 
Mean 0.43 440 0.33 0.01 0.18 0.07 0.62 57. 6. 
N 5 . 1 . 5 .  5 . 5 . 5 . 5 . 5 . 5 .  

BC section 14 
Mean 0.78 + 0.26 0.01 0.11 0.11 0 4 7  42. 10. 
N 4. 0 4. 4 4. 4. 4. 4. 4 

BC section 15 
Mean 0.63 440. 0.59 0.04 0.36 0.11 0.65 58. 5. 
N 5 . 4 . 5 .  5 5 . 5 . 5  5 . 5 .  

BC section 4 
Mean 1.26 ' 0.23 0.0 0.01 0.17 0.07 5. 125. 
N 3 . 0 . 3 .  3 . 3 . 3 . 3 . 3 . 3 .  

BC section 5 
Mean 1.5 ' 0.34 0.01 0.05 0.26 0.18 14. 88. 
N 4 . 0 . 3 .  3 . 3 . 3 . 3 . 3 . 3 .  

BC section 6 
Mean 1.49 ' 0.27 0.0 0.02 0.13 0 08 7. 54. 
N 3 . 0 . 4 .  4 4 . 4 . 4 . 4 . 4 .  

BC section 7 
Mean 1.42 ' 0.32 0.02 0.08 0.2 0 32 25. 18 
N 3 . 0 . 3 .  3 . 3 . 3 . 3 . 3 . 3  

BC section CAA-86-2 
Mean 0.82 464. 1.80 0.16 1.13 0.13 0.73 64. 16. 
N 2 . 2 . 2 .  2 . 2 . 2 . 2  2 . 2  

North Moresby 
Mean 1.51' ' 

N 1. ' 

Phantom Creek Formation 
BC sectiori 12 
Mean 0.46 440. 0.55 0.38 1.85 0.16 3.9 322. 10. 
N 4 . 4 . 4 .  4 . 4 . 4 . 4 . 4 . 4 .  

TOC=total organic carbon. PI=production index; QOM=quality of organic matter; Hl=hy- 
drogen index. Ol=oxygen index N=number of samples. Values represent means calulat- 
ed across each oulcrop section. 

T a b l e  5: O r g a n i c  m a t u r a t i o n  and R o c k - E v a l  d a t a  f o r  Y a k o u n  G r o u p  

Sectcon name %Ro.,.., TMAX TOC S1 S2 PI QOM HI 01 

Graham Island Formation 
BC section 10 
Mean 0.48 446. 0.96 0.08 1.57 0.06 1.17 111. 86. 
N 8 . 5 . 8 .  8 . 8 . 8 . 8 . 8 . 8 .  

BC section 14 
Mean 0.77 443. 0.88 0.14 2.22 0.23 1.94 127. 14. 
N 6 . 4 . 7 .  7 . 7 . 7 . 7 . 7 . 7 .  

BC section 6 
Mean 1.5 ' 0.34 0.01 0.08 0.08 0 26 24. 43. 
N 3 . 0  3. 3 . 3 . 3 . 3 . 3 . 3 .  

Richardson Bay Formation 
BC section 16 
Mean 1.13396. 1.13 0.20 0.52 0.28 063 45. 11. 
N 6 . 6 . 6 .  6 6 . 6 . 6 . 6 . 6 .  

TOC=total organic carbon: PI=production index; QOM=quality of organic matter: HI=hy- 
drogen index; Ol=oxygen index. N=number of samples. Values represent means calulat- 
ed across each outcrop sect~on. 



Table 6: O r g a n i c  m a t u r a t i o n  and R o c k - E v a l  d a t a  f o r  M o r e s b y  G r o u p  

Section name %Ro,,., Tmax TOC S1 S2 PI QOM HI 01 

T a b l e  9: Organ ic  maturat ion and Rock-Eva l  d a t a  for  Sk idegate  Format ion 

Section name %Ro.,.,+ TMAX TOC S1 S2 PI OOM HI 01 

Robber Point Formation Section 20 
Mean 1.91 497. 
N 14. 1. 

BC section 16 
Mean 1.10 468. 0.78 0.14 0.35 0.29 0.63 44. 15. 
N 1 . 1 . 1 .  1 . 1 . 1 . 1 . 1 . 1 .  

BC section CM-86-3 
Mean 0.96 433. 
N 35. 11. 

Newcombe Formation 
BC sectlon 17 
Mean 1.08 ' 0.51 0.02 0.15 0.12 0.34 30. 14. 
N 3 . 0 . 3 .  3 . 3 . 3 . 3 . 3 . 3 .  BC sect~on CAA-86-4 

Mean 
N 0. 0. Alliford Formation 

BC section 16 
Mean 1.04 320. 1.10 0.22 0.89 0.20 1.01 80. 13. 
N 3 . 3 . 3 .  3 . 3 . 3 . 3 . 3 . 3 .  

BC section CAA-86-6 
Mean 0.4 439. 
N 23. 25. 

TOC=total organic carbon; PI=production index; QOM=quality of organic matter; HI=hy- 
drogen index; Ol=oxygen index. N=number of samples. Values represent means calulat- 
ed across each outcrop section. 

BC section CAA-86-T-3 
Mean 1.09 464. 
N 7. 2. 

BC section CM-86-T-4 
Mean 0.47 437. 
N 8. 2. 

T a b l e  7: Organ ic  maturat ion and Rock-Eva l  d a t a  fo r  L o n g a r m  Format ion  

Sect~on name %KO,,., TMAX TOC S1 S2 PI ClOM HI 01 
BC spot sample 
Mean 
N 

Section 16 
Mean 
N 

North Moresby 
Mean 2.07' * 

N 5. 
Section 21 
Mean 
N TOC=total organic carbon; PI=production index; QOM=quality of organic matter; HI=hy- 

drogen index; Ol=oxygen index. N=number of samples Values represent means calulat- 
ed across each outcrop section. Section 22 

Mean 
N 

Spot sample 
Mean 
N 

Table 8: O r g a n i c  m a t u r a t i o n  and R o c k - E v a l  d a t a  f o r  Haida F o r m a t i o n  

Section name %Ro.,., TMAX TOC S1 S2 PI QOM HI 01 

BC section CAA-86-1 
Mean 0.98701. 0.68 0.05 0.36 0.1 0.56 49. 5. 
N 26. 17. 26. 26. 26. 26. 26. 26. 26. 

TOC=total organic carbon; PI=production index; QOM-quality of organic matter; HI=hy- 
drogen index; Ol=oxygen index. N=number of samples. Values represent means calulat- 
ed across each outcrop section. 

BC section CM-86-5 
Mean 0.36 439. 0.73 0 01 0.48 0.02 0.67 65. 29. 
N 10. 10. 11. 11. 11. 11. 11. 11. 11. T a b l e  10: O r g a n i c  m a t u r a t i o n  a n d  R o c k - E v a l  d a t a  f o r  H o n n a  F o r m a -  

t i o n  
Section 14 
Mean 
N 

Section 15 
Mean 
N 

Section 17 
Mean 
N 

Section 18 
Mean 
N 

Spot sample 
Mean 
N 

Section name %Ro,,,~ TMAX TOC S1 S2 PI QOM HI 01 

Section 22 
Mean 1.14436. 0.43 0.03 0.24 0.09 0 7  60. 125. 
N 16. 7. 12. 12. 12. 12. 12. 12. 12. 

Spot sample 
Mean 0 . 0 8 0 .  0. 0. 0. 0 . 8 7 .  
N 0 . 0 . 1 .  1 . 1 . 1 . 1 . 1 . 1 .  

North Moresby 
Mean 0.80" ' 
N 4. - . . 
TOC=total organic carbon; PI=product~on index; QOM=quality of organic matter; HI=hy- 
drogen index; Ol=oxygen Index. N-number of samples. Values represent means calulat- 
ed across each outcrop sectlon. 

North Moresby 
Mean 1.13' . . 
N 2. . I f . .  

TOC=total organic carbon; PI=production index; QOM=quality of organic matter; HI=hy- 
drogen index; Ol=oxygen index. N=number of samples. Values represent means calulat- 
ed across each outcrop section. 



Table 11 : Organic maturation and Rock-Eval data for Skonun Forrna- 
tion 

Section name %Ro,,.,, TMAX TOC S1 S2 PI QOM HI 01 

Cape Ball Well 
Mean 0.32 403. 
N 22. 16. 

Gold Creek Well 
Mean 0.27 418. 
N 7. 4. 

Log Creek 
Mean 0.39 420. 
N 1. 1. 

M ~ l l e r  Creek 
Rilean 0.19 ' 
N 1. 0. 

Nadu R ~ v e r  Well 
Mean 0.29 400. 
N 10. 4. 

Port L O U I S  Well 
Mean 1.05 486. 
N 24. 13. 

Tlell Well 
Mean 0.27 417. 22.88 7.27 39.12 0.15 1.91 161. 74. 
N 17. 14. 15. 15. 15. 15. 15. 15. 15. 

Tow Hill Well 
Mean 0.48430. 36.18 7.17 31.76 0.17 1.19 93. 28. 
N 45. 36. 40. 40. 40. 40. 40. 40. 39. 

TOC=total organic carbon; PI=production index: QOM=quality of organic matter; HI=hy- 
drogen index; Ol=oxygen index. N=number of samples. Values represent means calulat- 
ed across each outcrop secticn. 

land. Skidegate Inlet. and northern Moresby Island. Tlie regional 
level of organic maturation (Fig. 7) ranges from 0.52 ' Z R O ~ , ~ , ~ ~  011 cen- 
tral Ciraham lsland to 1 .SO ';/rRo,.,,l,l on M;~ude Idand (Skidcgate 
Inlet). Local, anomalously high, maturation valucs reach 2.12 %Ro,;,,,~ 

Maturation valucs for the Upper Plicnsbachian-Low Toar- 
cian Fannin Formation (Fig. 8 )  rangc f'rom 0.85 %.Ro,.,,l,l at Cumshc- 
wa Inlct to 1 .S8 ';/ORO,,,,,~ on Maude Island (Skidegate Inlet). 

The regional DOM for the Middle Toorcii~rl Whiteaves Forma- 
[ion incre;tscs from west to ~ ; I S I  with tni~tur:~tion values ranging from 
0.43 lhRor,l,,l on ccntri~l Grnhnm Island to 1 .S 1 %.Roll,,, o n  Skidegate 
Inlet (Fig. 9). 

Strata of the Upper Toarcian Phantom Creek Formation outcrop 
locally. Only one organic maturation value (0.46 %.RO~,,,,~) was ob- 
tained for the unit in central Graham Isl;~nd. 

YAMOUN GROUP 
The Lower Bajocian Cilaha~n lsland Fomiation (nomenclature 

of Camcron and Tipper. 1985) is marginally mature to mature (Fig. 
1 0 )  in central Ciraham lsland (0.48 Ci/oKorand) and overmature in the 
Skidegate Inlet area ( l  .S0 '%.RO,~,,,~). The Lower Bajocian Kichardson 
Bay Formation is exposed locally in Skidegate Inlet where the stra- 
ta are mature (1.13 QRo ,,,,, ,). 

MORESBV GROUP 
In Skidegate Inlet, the limited maturation dotit available indicates 

that the Uppcr Bathonian Robbcr Point ( l .  l0 %:Ro,,,,,,). the Uppcr Batho- 
nian-Lower Callovi,an Ncwcomk (1 .OX %Ror,,,l). and the Lower Callo- 
vian Alliford formations ( l  .04 %Ro,,,,,) are mature (Fig. 10). 

LONGARM FORMii'I'I<)TS 
The I'pper Vnlunginian-Lower Rarremian Longann Fomiation 

crops out on Moresby Island and parts of Graham Island. The Lon- 
gami Formation is overmature on northern Moresby Island (Fig. I 1 ) 
with maturation values ranging from 1.53-2.43 %Ro,,,,,. The strata 
on eastern Morcsby 1sl:und are ovcmlature with regional maturation 
increasing from wcst (2.3 1 'A  Ro,,,,,~ at Huston Inlet) to east (4.86 
'4 Ko,,l,,d on Murchison Island). 

QUEEN CHARLO'ITE GROUP 

Laida Formation 

The Albi:i~i Haitla Forni:~tion is esposctl loc:llly from north- 
west Ciraham Islarid to central Morehby Island. The regional DOM 
varies From immaturc to overmnturc kuitl increases I'rom north to 
south. Mat~~rntion valucs rangc from 0.33 % R O , ; , ~ ~ ~  in Rcrcsfor~l H11)1 
(northwest Graham Island). 1.29 % Ro,,,~,, in Shidcpntc Inlet. 2.08 
% KO,.,~,,,~ in C:~~~llshewn Inlet, to 4.1 8 '/~lio,~lll,l in central Morcsby Ts- 
land (Fig. 12). Local, anomalously high vitrinite reflectance values 
(up to 1.72 '/~Ko,.;,,,,~) occur on northwest Graham Islantl. 

Miiidegate Formation 

Thc C'enomanian-Turonian Skiclcgate Fomiation crops out in the 
Skidegatc and Cumshcwa Inlct areas, northwest Graham Island. and 
Langan~ Islilnd. Thc unit (Fig. 13) is immature to mature on northwest 
Graham lsland (0.40 and mature to ovemlalurc in Skidegate 
Inlet (2.2 1 %;Ro,,,l,l). Regional organic maturation increases fro111 cast 
to west on northwcsl Graliilm Island with anorn;llously high valucs 
near Lllngara Island. A slight increase in thc DOM lion1 west to east 
occurs in both Skidcgatc and Curnshcwa inlets. Local. anomalously 
high vit~initc reflectance values rcach 2.55 r/rRor,,,(, in the Skidcgiitc 
and Cumshcwa Inlct areas. 

Wonna Pormatior, 
The Conii~cian Honna Formation is cxposcd loci111y betwecn 

central Ciraham lsland and Langara Island. Maturation valucs for 
northwest Graham ( 1.14 %,Ro,,,,,) and northern Morcsby (0.60- 1.0 1 
%)Koln,,) Islands indicate that the strata are generally mature (Fig. 14). 
On northwest Cilnham Island. vitrinite rellectance values were mca- 
\used on samples tiiken l'rom in situ coal stringers wherever possible. 
I f  no coil1 stringers wcre found. measurements wcre taken on  shale or 
sandstone samples which included dispersed organic matter. Matunl- 
tion values from coal particles averagd less than 0.60 %RO,,,,~ wherc- 
as maturation values from samples with dispersed oganic matter at or 
near the same locality ranged liom 0.56- 1.43 %Ro,,,,,~. The high mat- 
uration values associated with dispersed organic mattcr may be the re- 
sult of  reworking of more mature organic matter in older strata. 

SKONIJN FOWIWA'ITION 
Tlie Mioccne-Plioce~ic Skonun Formation is exposed locally on 

eastern Graham lsland and underlies most of Graha~n Island and 
Hecatc Strait. The DOM for the Skonun For~nation is generally i n -  
mature with thc exception of the mature succession in the Port Louia 
wcll (west central Glaham lslantl) and the basal strata in the Tow Hill 
Well (northeast Graham Island). Regional organic maturation values 
for the basal strata of the Skonun Formation increase from cast to west 
with vitrinite reflectancc valucs ranging from 0.31 '%Ro,;,,l,l at Cape 
Ball to l .33 '%,KO ,;,,,, at Port Louis (Fig. 15). 

Maturation gradients 

Maturation gradients determined from outcrop a id  well sections 
arc important for calculating the thickness of eroded strata, the thick- 
ness of strata within the oil window, and for estimating the pale@ 
geothennal gradient. In this study, the vertical variation in DOM 



was detcnnined from a total ol' 12 vitrinitc rcflectancc/dcpth plots dc- 
rivctl from G onshore petroleum explo~.i~rio~l \\,ells and 6 ~neasurcd out- 
crop sections (Fig. 20). Nunicso~~s other outcrop sections were mca- 
surctl but  ere not long cllough to obtain accurate maturation yr21dients. 
Thc ~naturation data best fit a log (vitsinite reflectance) linear depth 
relationship and the maturation gradients wcrc tierived with a first order 
regression nlgorith~ii. 

Maturation gradicnts for the Skonun Form:~tion ranpc from 
0.18-0.25 log ( l %  Ro,.,l,ld)/k~n on eastern Grahiim 1sl:ind and 0.30 log 
('2 Ko,.,l,l,l)/k~i~ on wcstcni Cilxliam Island (Figs. 2Oa-t). 

Haida Formation maturation gradients (Figs. 20g-11) range l'ro~n 
0.45 log (%Ko,.il,l,,)/km at Onward Point (Skidegate Inlet) to 0.73 log 
(%Ro,.~lll,l)/k~n at Laudcr Point (northwest Graham Island). 

Maturation gradients f'or the Maude Group (Figs. 20ij)  vary fro117 
0.28 log (%:Ro,.:,,ld)/k~n at Rcnnell Junction (central Graham Island) 
to 0.35 log ('%Ko,,,,,,,)/km at Cumshcwa Inlet (northern Moresby 1s- 
land). 

Two maturation gra~dicnts wcrc derived for the Kunga Group on 
northwest (iraham Island; 0.78 log (%.Ro,,,,,)/km at Fredcrick Island 
and 0.65 log (%Ro,.;l,ld)/km at nearby Kcnnecott Point (Figs. 20k-I). 

Table 12: Calculated depths to the top and base of the oil window and 
thickness of eroded strata 

minimum maxi~iium calculated depth calculated 
vitrinile vitrifiile lo the top and base thickness of 

Well name reflectance reflectance of the 011 windoer eroded section 
(location) I (%rO,,,d (m) (m) 

Tertiary strata 
Skonun Formation (exploration wells) 

Cape Ball 0.18 0.42 2283-4685 615 
Gold Creek 0.22 0.36 2010-4104 530 
Nadu River 0.24 0.33 1622-391 7 1160 
Port Louis 0.81 1.38 0053.1486 1685 
Tlell 0.18 0.34 2291 -4491 375 
Tow Hill 0.28 0.72 1125-2864 985 

N .  Lauder  Point 0.53 1.05 '-563 745 
Orivrard Point 0.7 1 . l  ' ' -624 1500 

Curnshewa Inlet 0.82 0.91 "-554 1985 
Rennell Junction 0.44 0.57 178-1 747 1725 

Frederick Island 0.97 1.51 "-183 1040 
Kennecott Point 0.36 0.70 69-733 735 

Depths to the top and base of the oil windo\?! are extrapolated assuming that the 011 
window is betvreen 0.50 %Ro,,,, and 1.35 %Ro,,,,,. Thickness of eroded strata as- 
sumes a zero maturation level of 0.15 %Ro,,,,,. 

Thickness of eroded strata 
The thickness of eroded strata can be calculated by extrapolat- 

ing the measured maturation gradient to the zero maturation level of 
0.15 %Ro,:,lld assuming a constant paleogeothcrmal gradient (Bustin, 
1986: Englaund and Bustin. 1986). If the paleogeothennal gradient is 
not constant. the pretlictcd thickness of eroded strata can be unrcli- 
able. In the study area, high heat flow associated with Mcsozoic or 
Tertiary volcanism (Sutherland Brown, 1968; Camcron and Tipper, 
1985) is thought to have raised the paleogeothcrmal gradients for 5- 
25 million years in the Middle-Late Jurassic or Tertiary (discusscd 
below) resulting in elevated maturation gradients. Hence, the erosional 
thickness values niay be undcrcstimnted for strata which were affected 
by high heat f l o ~ l .  The calculated values, therefore, reprcscnt a min- 
i~iium estimate. 

Thc cnlculatcd thickness of erodcd strata ihr the Skonun Formation 
rarigcs from 375 ni at the Tlell well to 1685 m at the Port Louis well 
(Table 12). The amount oFerodetl strati1 i~icrcascs towards the north. 

except at the Nadu River well ( 1  160 m) wliicli lies proximal to a struc- 
tural high in the underlying Massct hsriialion (Sutherland Brown, 1968). 
hu~gestinp tlii~t the area was dif'fcre~itially uplificd following depo- 
sition of the Skonun Formi~tion. 

Predicted thickncss ol'eroded strata (Table 12) for Crctaccous 
outcrop sections incrcase fro111 north Lauder Point (745 m) to Onward 
I'oint ( 1500 111). The predicted thickness of eroded swata increases from 
lienncll Junction (1725 m)  to Cumshewa Inlet (I9S5 m) for Jul-assic 
outcrop sections. Predicted vailues for Tria~ssic outcrop sections range 
from 735 In at Kennccott Point to 1040 111 at Frcdcrich Island. 

Depth to the oii wintiow 

The stratigraphic depth to the top of the oil window (Table 12) 
was calculated by extrapolation of the maturation gradicnt to 0.50 
'LRo,,,,,,. correspontling to tlic onset of oil generation for Types 11 and 
I11 organic matter (Dow. 1977). Similarly. the stratigraphic depth to 
the base of the oil window was established by extrapolation of the mat- 
uration gradient to 1.35 %.Ro,;,,,,,. corresponding to the base of the oil 
window for Types 11 and 111 organic matter. 

Depth to the oil window values cannot be calculated for areas 
l i o~n  which measurcd tni~tu~ation gradicnts were not obtained. Because 
of local thcrtnal effects associated with volcanism or plutonism. the 
maturation gradients arc too variable to be confidently cxtl-apolatcd 
to adjacent areas. 

Calculntcd depths to the top of the oil window for thc Skonun 
Formation strata in the 6 onshore uiclls on Graham lsland generally 
incrcasc from nortli to south and range from a minimum of 53 In on 
west Cirnharn Island (Port Louis well) to a maxi~num of2291 m on 
cast Gn~lialn Isl:~nd (Tlcll ~ lc l l ) .  Si~nilarly, the cnlculatcd depths to the 
base ot'the oil window incrcasc from west (1486 m at the Port Louis 
well) to east (4685 m at the Cape Bill1 well) tiraham lsland (Table 12). 
Thickricss of strata within the oil window ranges from 1433 m on wcxt 
Ciraham Island (Port Louis well) to 2402 m on east Graham Islaid (Cape 
Ball well). 

Exposcd Cretaceous strata at nostli Laudcr Point and Onward Point 
are within the oil window. The calculatcci stratigraphic depth to the 
base of the oil window ranges from 563 m at north Lauder Point to 
624 m at Onward Point (Table 12). Thickness of strata within the oil 
window r;lnges from 563 m at north Laudcr Point to 624 m at Onward 
Point. 

Exposed Jurassic strata at Cumshewa Inlet arc within the oil win- 
dow ancl the calculated stratigraphic depth to the base of the oil win- 
dow is 554 m. The calculatecl stratigraphic depths to the top and 
base of the oil window arc 178 m and 1747 m rcspectivcly at Ren- 
nell Junction (Table 12). Thickness of strata within the oil window 
ranges hom 554 m at Cumshewa Inlet to 1569 m at Kennell Junction. 

The calculated stratigraphic depth to the top and h;~sc ol'tlic oil 
window ti)r exposed Triassic strata at Kennccott Point range from 69- 
733 m.  Strata a ~ t  Frcdcrick lsland are within the oil window and the 
calculated stratigraphic depth to the base of the oil window is 183 m. 
Thiclinesses of strata within the oil window range fro111 183 m at Frcd- 
erick Island to 664 m at Kcnnecott Point. 

'THERMAL MODEL1,ING 
Numerous researchers have demonstrated that the DOM de- 

pends upon the thermal history of the strata (Karweil, 1955; Lopatin. 
197 l ; Bostick, 1973; Waplcs. 1980). Numerical models have been de- 
veloped by pctroleurn and coal geologists to help predict organic mat- 
uration based vn knowletlge of the thermal history, or converselp. to 
intcl-prct the thermal history where the levels of organic maturation 
arc known. Most models (including the model used in this study) are 



bascd on some form of the Arrhenius eiluation as described by Kar- 
weil (1955) and Tissot and Espitalic (1975): 

K = AC'-"/RT' 

where E=;rctivation energ)): T=obsolute tclnpelature: A=frcqircncy fac- 
tor: K=rcaction constant; irnd R=univcrsal gas constant. 

We use a modilietl Arrhenius model to predict paleogeothermal 
gradients. fractional kerogen conversion to hydrocarbons, and timing 
of hydrocarbon generation for 6 onshore wells and 6 measured out- 
crop xctions i n  the study area. To esti~niitc paleogcothermal glxdi- 
ents. the measured maturation gradients were nlodelled using an in- 
tegral form of the Arrhenius equation. The model iteratively solves 
for maturation gsadients assuming a variable burial history ancl 
peothennal gradient. The model compares the calculated and measured 
maturation gradients: therefore. the gradient is modelled rather than 
:I single point and is independent ofthe absolute level ofthc~mal ma- 
turity. The Tertiary succession. except h r  the Post Louis well section. 
was modelled in such a manner. 

Attempts to model n1;tturation gradients rather tIi;~n singlc points 
for the Post Louis well section and all Mest~zoic outcrop sections were 
unsuccessful. This may reflect non-constant paleogeothcnnal gradi- 
ents throughout the depositional historics of the strata, poor age con- 
straints on the strata, or nonlincarities in sedimentation rates. Thcrc- 
fore, the base of each well or outcrop section was modelled (singlc 
point modelling) with va~ying input geothermal gradients until the pre- 
dicted DOM was similar to the measured level of organic maturation. 

In this study, the Arrhcnius model uses a constant activation en- 
ergy (E=2 18 kJ/mol) and frequency lactor l~=5.45'"] based on av- 
erage values for Type I1 and Type 111 organic matter within the mat- 
uration ranges measuretl in this study (Wood, 1988). Thermal 
conductivity and surface temperature (5°C) are held constant and com- 
pacted rock thickness are assumed. Variations in the~mal conductiv- 
ity with depth and changes in rnck thickness resulting tiom compaction 
are not treated here. because they are beyond the precision of the ge- 
ology constraints. 

BURIAL HISTORIES 
The burial histories outlined below form the basis for the mat- 

uration rnodels presented later. Ages are based on Palmer's ( 1983) time 
scale. Burial histories were reconstructed for the base of the modellet1 
stratigraphic horizon using data acquired from published and un- 
published sources. Maximum burial depth is estimated as the sum of 
the present thickness and the predicted eroded thickness of strata. Due 
to the paucity of data constraining the ages and thicknesses of strata 
and the timing of tectonic elements, the burial histories presented here 
are, at best, a lirst approximation. Accordingly, consel-\iative estimates 
based upon the available geologic data have been used to quantify pa- 
rameters used in modelling. Because of the relative insensitivity of 
the Arrhenius model to time for all temperature ranges. the timing of 
uplift has little effect on the DOM. Therefore, the timing of erosion- 
al events does not require a great deal of accuracy for the models to 
yield useful results. 

Tertiary burial histories 
Burial histories for Skonun Forniation strata in the six onshorc 

well sections are highly similar (Figs. 21-24). The age of the Tertiary 
Skonun Fomlation is poorly known and was thought lo be Late 
Miocene to Early Pliocene by Martin and Rouse ( 1966) and Sutherland 

Skonun Fom~ation strata within llows of the Masset Fonnation. For 
this study. the Skonun Formation is assumed to havc been deposit- 
ed between 18 and 2 Ma, followcd by uplift from 1.6 Mu to the pre- 
sent. Maxi~nunl burial dcpths are presirmed to have becn attained at 
2 Ma and range from 1025 m ;rt the Tlell well to 3150 m at the Por~ 
Louis well. 

Cretaceous burial histories 
At north Lauder Point (Fig. 27a) and Onward Point (Fig. 28a), 

Cretaccous strata were deposited beginning with the Albian Haida For- 
mation (1 13-97.5 Ma). It is presumed that the Cenomanian-Turoni- 
an Skidegatc Formation (!)7.5-88.5 Ma) and the Coniacian Honna For- 
mation (88.5-87.5 Mir) were dcpositcd following Haida Forniatioll 
deposition i n  order to account for the calculated thickness of'eroded 
strata values at north Lauder Point (745 m) and at Onward Point (IS00 
m). A period of erosion removing the Skidegate and Honna forma- 
tions occurred between 87.5 Ma (Coniacian) and 45 Ma (estimated 
initial deposition of the subaerial eruptetl Masset Fonnation) (Cameron 
and Tipper, 1985: Cameron and Hamilton, 1988; Hickson, 1988). 

Thcre arc insufficient data to conclude if the Masset Formation 
was depositctl at north Lauder Point or Onward Point. However, 
even if the Masset Formation was deposited in these areas, i t  is un- 
likely that the bu~ial tlepth of thc Skonun Fonnation exceeded the max- 
imum depth or burial altained in the Cretaceous. Thus the Masset For- 
mation would havc little effect on the modelled DOM except near dykes 
or sills. The Skonun Fomlation is assumed to have never been deposited 
in these areas because both north Lauder Point and Onward Point are 
west of the presumed depositional ctlge of the Skonun Formation. 

Jurassic burial histories 
At Cumshewa Inlet (Fig. 29a) tmd Rcnnell Junction (Fig. 303). 

strata of the Maudc Group were deposited from Early Plicnsbachian 
to Aalcnian ( l  98- 1 83 Ma) time ;rnd hnvc a total estimated thickness 
of300 m (Cameron and Tipper, 1985).  minor episodes of erosion or 
non-deposition in the Maudc Group were documented by Cameron 
iuld Tipper (1985). Following Maude deposition, setliments of the Lower 
Bajocian Yakoun Group (Greham Island and Richardson Bay for- 
mzrtions) were deposited at the Rcnncll Junction section. Pa~zly con- 
temporaneous volcanic rocks of the Yakoun Group were erupted at 
Cumshewa Inlet (Cameron and Tipper, 1985). 

To account for the predicted thickness of eroded strata at Rcn- 
nell Junction ( 1  725 m) and Cumshe\va Inlet ( 1985 m). the Upper Batho- 
nian to Lower Callovian Moresby Group (Robber Point, Ncwcombe. 
and Alliford formations) are assumed to have becn deposited following 
Yakoun deposition and then uplifted and eroded during Late Juras- 
sic and Early Cretaceous time. The Longarm Formation (Upper 
Valanginion-Lower Barsemian) is inferred to have been deposited and 
partly or co~nplctely croded before the Albian (1 13 Ma). The Cret- 
aceous Haida, Skidcgate. and Honna formations appear to have becn 
deposited during Albian to Coniacian time ( l 13-87.5 Ma), followed 
by uplift and erosion until the initiation of Massct volcanism (45 Ma). 

There is no evitlence for deposition of the Masset Formation or 
the Skonun Formation at Rennell Junction or Cumshewa Inlet. Even 
if Massct Fo~mation or Skonun Formation strata were once present 
there, the burial depths of Lower Jurassic setliments are assumed to 
be lehs than the maximum burial dcpths previously attained. thereby 
having little effect on maturation levels. 

Brown (1968), although Cameron and Hamilton (1988) considered l'riassic burial histories 
the Skonun Formation to be as old as Early Miocenc ( l 8  Ma). At Frederick Island (Fig. 3 l a) ancl Kennccott Point (Fig. 32a). 

On Graham Island, deposition of the Skonun Formation followed the Kunga Group was buried until the Early Pliensbachian time. 

the culmination of Masset volcanism between 20 and 25 Mu (Hickson. There is no evidence for post-Sinemurian Jurassic deposition north 
1988). There are, however, intercalations of sediments similar to of Rennell Sound on westem Graham Island (H.W. Tipper, pen. comm., 



1988): therefore, a period of non-deposition or uplift is assumcd dur- 
ing Early Pliensbachian to Early Callovian time (Maude, Yakoun, and 
Moresby groups). The Longarm Formation was deposited during 
the Late Valanginian-Early Barremian, followed by uplift and partial 
erosion as is evident from exposures of the Longarm Formation 
north of Frederick Island (H.W. Tipper, pus ,  comln.. 19x8). Cretaceous 
Haida. Skidegate, and Honna formations are exposed north o f  Fred- 
erick Island and are assumed to have been deposited in thc F r e d e ~  
ick Island-Kennecott Point area. 

Deposition of the Masset Formation is thought to have bccn in- 
sufficient to bury the Triassic strata enough to excccd maximum 
burial depths attained during the Cretaceous. The Skonun Formation 
is assumed to never have been deposited in the area: both Frederick 
Island and Kennecott Point are west of the inferred depositional edge 
of the Skonun Formation. 

MATURATION HISTORIES 
Maturation histories derived from the Arrhenius numerical 

method incorporate the burial histories rcviewcd nbovc for the mod- 
elled sections. Measured maturation gradicnts arc compared with 
calculated paleogeothelnial gradients in Figures 2 Id-23d and 25d-26d. 
The base of the oldest modelled stratigraphic horizon is shown for each 
section. The kactional kerogen conversion to petroleum relative to depth 
and time is shown for some well or outcrop sections in Figures 24- 
3 1. 

The Queen Charlotte Islands have an island arc tectonic setting; 
therefore it is likely that heat flow (and paleogeothermal gradients) 
were influenced by volc;~nism and subduction. Furthennore, heat 
flow most likely varied laterally between adjacent areas and with time 
(Watanabe et al., 1977; Cameron and Tipper, 1985). The following 
section discusses two possible themial regimes for Mesozoic antl Tcr- 
tiruy strata: constant and variable paleogeothennal gradients (heat flow). 
In order to account for the measured level of organic maturation 
(Figs. 2 1-32). the models predict paleogeothennal gradients in excess 
of 40°C/lun. Gcologic evidence, however, suggests that heat flow (and 
paleogeothermal gradients) increased during volcanic and plutonic 
episodes in the Middle-Late Jurassic and b n e - M i o c e n e .  In this study. 
models which allow for variable geothermal gntdicnts are used to in- 
corporate the assumed high heat flow during volcanic episodes. The 
modelled geothermal gradients were increased (up to lSO°C/km) 
above the ambient background geotherlnal gradient (assumed to be 
30°C/km) for short intervals of time consistent with gcological evi- 
dence (assumed to be between 183- 178 Ma for Yakoun \iolcanisni, 
and between 35-10 Ma for Masset volcanism). The background 
geothermal gradients were chosen to be similar to average pnlco- 
geothemal gradients (30°C/km) from various sedimentay basins around 
the world. Paleogeothermal gradients for Tertiary strata are consid- 
ered to be the least elfected by high heat flow associated with volcanism 
because the Skonun Formation was depositetl after the cessation of 
Yakoun and Masset volcanism. However, if Mesozoic background pa- 
leogeothermal gradients were higher than the modelled 30°C/km 
geothermal gradients, little effect in the levels of organic maturation 
are predicted in that the maximum temperatures. attained during vol- 
canic episodes when heat flow was substantially elevated above 
background levels. have the most pronounced effect on maturation 
(Figs. 33-38). The predicted paleogeothermal gradients were derived 
from geothermal gradients which were modelled to attain thc mea- 
sured DOM. 

Tertiary paleogeothermal gradients 
Paleogeothennal gradients predicted by the Arrhenius model (as- 

suming a constant thermal regime) range iioln 37"C/k1n (Cape Ball 
well) to SO°C/km (Nadu River and Tlell wells) and average 4S°C/km. 

Cretaceous paleogeothermal gradients 
Predictcd paleogeothermal gradients for Cretaceous strata (as- 

suming a constant thermal regime) range from 7O0C/ktn at Onward 
Point to X8'C/km to north Lauder Point. 

Variable thermal regimc modelling with 3OUC/km background 
paleogeotherrnal gradients predicts peak paleogcothcrmal gradients 
up to 1 30°C/km during the culmination of Masset volcanism (between 
35 Ma and 10 Ma) li)r Cretaceous strata at both 011wrud a ~ d  nollh Laud- 
er Points. Significant lateral variation in heat flow during Massct tilnc 
between northwest antl southeast Grahaln Island is not predicted by 
the Arrhcnius model. 

Jurassic paleogeothermal gradients 
Predicted paleogeothermal gradients for a constant thermal 

regime for Jurassic strata range horn 45"C/km at Rcnncll Junction to 
55"C/km at Cumshcwa Inlct. 

Predicted peak paleogcothermal gradients (assuming a variable 
thermal regime with 30°C/km background palcogeothcrmal gradients) 
reach 83OC/km at Rellliell Junction and 97'C/km at Cumshewa Inlct 
during the cuhnination ol'Yakoun volcanism between 183 Ma and 178 
Mn. The increased paleogcothcrmal gradicnts in Cunishewa Inlct 
suggest that the Jurassic strata there were more proximal to a source 
of high heat flow than at Rcnncll Junction. 

Triassic paleogeothermal gradients 
Although Frederick Island and Kennecott Point are proximally 

located. higher paleogeothennal gradients are predicted at Frcderick 
Island (90°C/km) than at Kcnnccott Point (6S°C/km), assuming a con- 
stant thermal regime. 

Peak paleogeothcrmal gradicnts (assuming a variablc thermal 
regime with 30°C/km background paleogeothermal gradients) reach 
100"C/km at Kennecott Point and 1 SO°C/km at Frederick Islantl dur- 
ing the culmination of Massct volcanism 35 Ma and 10 Ma. A high- 
cr geothermal gradient predicted for Frederick Island (relative to 
Kennecott Point) is probably due to increased heat flow from Mas- 
set feeder dykes/sills located closer to Frcderick Island than to Ken- 
nccott Point. 

INTERPRETATION OF AREAL 
MATURATION TRENDS 

The paleogcothermal gradients predicted for the Tertiary Sko- 
nun Formation ;Ire within the ranges for gcothcnnal gradients (IS- 
64OC/km) reported from back arc basins elsewhere (Watanabe et al., 
1977; and Blackwell et al., 1982). Present clay heat flow values for 
the wcst coast of Nor-th America average 60-80 rnw/m2 (Chapman 
and Rybach, 1985). Recent h e y  flow measurements from Moresby 
Island average 50-60 mW/m- (geothermal gradicnts of approxi- 
mately 1 8-2O0C/km; T.J. Lewis, pers. comm., 19881, suggesting that 
onshore heat flow has decreased since deposition of the Skonun For- 
mation. 

If constant paleogeothemal gradients are assumed for Mesozoic 
strata in the Queen Charlotte Islands. geothemal gradients ranging 
from 45-90°C/km are required for up to I80 Ma from the Upper Tri- 
assic to Middle Eoccne (which was predominantly volcanically qui- 
escent). In particular. the Arrhenius model predicts palcogeothcrmal 
gradicnts of 9U0C/kni for Triassic strata at Fsedcrick Island for 180 
Ma between the Norian and the Middle Eocene. However, there is no 
evidence of igneous activity to generate the predicted high heat flow 
near Frederick Island until Tertiiity time. Similarly. unusually high 
paleogeothermal gradients are required during periods of volcanic qui- 
escence to produce the maturation levels measured from Jurassic 
antl Cretaceous strata. Similar results are achieveti with constant pa- 
leogeothem~al gradicnts for other Triassic strata. Thus a variable 
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thermal regime with moderate background geothermal gradients and 
high peak geothermal gradients more reasonably describes Mesozoic 
maturation than does a constant thermal regime. If the heat flow was 
higher during volcanic episodes than assumed in the models used here, 
less time would be required to achieve the same measured DOM. 

The DOM of Lowcr Jurassic Maude and Yakoun group strata 
increases from Renncll Junction to Cumshcwa Inlet. Although buri- 
al depths are similar at both localities, variable thermal regime rnod- 
elling predicts higher peak heat flow during Early Bajocian time at 
Cumshcwa Inlet (97"C/km) than at Renncll Junction (83OC/km). 
The higher paleogeothermal gradient at Culnshcw;~ Inlet is n~osl  
likely the result of elevated heat flow from Yakoun Group volcanism 
or from coeval plutonisln on Moresby Island. Furthennore, at Rcn- 
nell Junction. Yakoun Group sediments (Graham Island and Richardson 
Bay formations) were deposited rather than Yakoun andesites 
(Carneron and Tipper. 1985) suggesting that diminished volcanic 
activity near Rcnnell Junction may account for the lower heat flow 
predicted in central Graham Island. 

Jurassic strata younger than the Sinernurian Sandilantls Forrna- 
tion were probably not deposited in the Frederick Island-Kennecott 
Point area, therefore, Yakoun volcanism was most likely not signif- 
icant to the thermal maturation of Kunga strata. Heat flow associat- 
ed with Masset feeder dykes and sills near Frederick Island and Ken- 
necott Point were the most likely cause of the elevated paleogeothermal 
gradients predicted by maturation modelling. A higher geothermal gra- 
dient predicted for Frederick Island (relative to Kennecott Point) is 
probably due to increased heat flow from Masset feeder dykes/sills 
more proximally located to Frederick Island. 

TIMING OF HYDROCARBON GENERATION 
The timing of hydrocarbon generation was estimated from nu- 

nlerical modelling (Table 13) using the vitrinite reflectance/time di- 
agrams and assuming an oil window between 0.50 and 1.35 %Ro,,,,, 
(Vellutini and Bustin. 1991). Figures 24.33-35, and 37 illustrate the 
degree of converted kerogen to petroleum with respect to depth and 
time for each section plotted with respect to time and depth. Diagrams 
Tor immature strata which have not generated significant amounts of 
hydrocarbons arc not shown. 

The Tertiary Skonun Fonnation is everywhere immature with re- 
spect to oil generation except at west (Port Louis wcll) and northeast 
Graliam Island (basal strata of the Tow Hill well). Strata from west Gra- 
hem Island (Port Louis well) are predicted to havc entered the oil win- 
dow in the Late Miocene (7.6 Ma) and arc currently in the oil window 
(Table 13). The models predicts that strata from northeast Graharn Is- 
land (basal strata of the To\v Hill well) entered the oil window in the 
Late Miocene (5.1 Ma) and never exited the oil window. The gener- 
ation of hydrocarbons at west and northeast Graham Island (Port 
Louis and Tow Hill wells) is probably the result of higher paleo- 
geothermal gradients and deeper burial than adjacent strata. Strata from 
west Grqham Island (Port Louis well) are intercalated with Masset vol- 
c a n i c ~  and may be of limited lateral extent, suggesting that the area 
has questionable potential to generate exploitable amounts of liquid 
hydrocarbons. Oil staining occurs in a thin interval of strata at north- 
east Graham Island in the Tow Hill well, suggesting hydrocarbons may 
havc been generated from Tertiary Skonun Formation. 

Cretaceous strata at north Lauder Point and Onward Point are 
presently within the oil window. The Arrhenius model predicts that 
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Figure 38: Kunga Group strata at  Kennecott Point (variable geothermal gradient model with 30°Clkm average gradient). Maturation history 
(relative to time and depth) for the basal strata using a modified Arrhenius model (lOO°Clkm peak geothermal gradient). 
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Table 13: Predicted paleogeothermal gradients and times of entering, 
leaving the oil window 

Constant geothermal gradient model 
Gradient ( Clkm) Time ( M a )  of enter l~ip .  

Tertiary strata leav~ng 011 u~ndoa 
Skonun format~on (exploration wells) 

Cape Ball 37 - . 
Gold Creek 50 - . 
Nadu River 48 -. 

Port Louis' 45 7.~: 
Tlell 50 . . 
Tow Hill 45 5.i; 

Mesozoic structures. Skonun sourcetl hydrocarbons may also be 
pooled in str;~tigraphic or growth lhult traps onshore or in Hecate Strait. 

Variable p;~leogeothcmial gnltlient ~notlclling suggests that C'rct- 
aceous strata on Ciraliarn Island and Triassic strata on northwest C k -  
ham Islnnd gcncratctl hydrocarbons flom the Early Miocenc to the pre- 
sent and uc rc  available for migration to potential Jurassic and 
Cretaceous-Tertiary struct~~ral traps. Jurassic sourced hydrocarbons 
from central Graha~n Island and northern Morcsby lsland were gen- 
elated from the Bajocian to the present ancl were available fi)r riiigration 
to potential Jurnssic ancl Crctaccous-Tertiary aged structurel traps. 

Cretaceous strata 
Haida Formation (outcrop) 

North Lauder Point. 88 
Onward Point' 70 

Jurassic strata 
Maude and Yakoun groups (outcrop) 

Cumsheaa Inlet' 55 
Rennell Junction' 45 

Triassic strata 
Kunga Group (outcrop) 

Frederick Island' 90 
Kennecott Point' 65 

Variable geothermal gradient model (30'Cntm background 
paleogeothermal gradient) 

Predicted peak geothermal Time (Ma) of entering. 
Cretaceous strata gradient ( .C/km)  leaving oil 1:!1ndoo 
Haida Formation (outcrop) 

North Lauder Point' 130 18.- 
Onward Point- 130 18.- 

Jurasslc Strata 
Maude  and Yakoun  groups (outcrop) 

Cu~nshewa Inlet' 97 
Rennell Junction' 83 

Triassic strata 
K u ~ Q ~  Group (outcrop) 

Frederick Island' 150 20.10 
Kennecott Point' 100 13.- 

Single point rnodelling 

strata at north Lauder Point and Onward Point entcred the oil window 
during the Early Mioccnc ( l 8  Ma). 

Lower Jurassic strata at Cunishcwn lnlct and Renncll Junction 
arc maturc with respect to hydrocarbon generation and are present- 
ly within the oil window. The strata entered the oil window during 
the Early Bajocian time (1 78 Ma). 

Tsiassic strata frorn Frederick lsland cntcrecl ,and cxitctl the oil \\!in- 
dow during the Luly and Late Mioccnc (20 Ma and I0 Ma respectively). 
The strata at Kennecott Point are mature and are presently within thc 
oil window. Lower predicted paleogcothermal gradients suggest that 
the strata entcred thc oil window during Midtllc Mioccnc time ( l 3  Ma). 

HYDROCARBON GENERATION RELATIVE TO 
TECTONIC ELEMENTS 

Major structural deformation in the Queen Charlotte Islands 
occurred primarily in two broad episodes: syn- and post-Yakoun 
volcanis~n in the Middlc and Late Jurassic: and bctwcen deposition 
of tlic Honna and the Masset formations in the Late Cretaceous and 
Early Tertiary. Hydrocarbons generated from thc Skonun Formation 
postdatc the formation of Mesozoic structures. Given favourable 
basin geometry and migration paths, Tertiary oil may be trapped in 

DISCUSSION 
Organic maturation of strata on the Queen Charlotte Islands is 

primarily controlled by high hcat flow adjacent plutons and dykc/sill 
swanns on Morcsby Island and by 'nortnal' subsidence on tiraham 
Island. In particular, Mesozoic strata on Moresby Islnnd are ovcrlliaturc 
as a result of pluton crnplnccment (luring the Middle-Late Jurassic and 
possibly the Oligocenc. wherexs strata on Grahani Island which have 
not bccn affected by plutonism are immature to matusc (Fig. 39). 

The Queen Charlotte Islands havc hacl an island arc tectonic set- 
ting since Sinemurian time (Sutherland Brown. 1968: Carncron and 
Tipper. 1985). During the evolution of volcanic arcs. average heat flow 
(and gcotlicrmal gradient) can vary significantly from helow ovcragc 
up to four times average hcat flow, dcpcndinp upon thc proxin~ity to 
thc subduction 'onc (Hasabc cl al., 1970; Watannbe et al.. 1977: 
Blackwell et al.. 1982). I t  is therel'ore likely that the Queen Charlotte 
Islands have experienced substantial fluctuations in heat flow and thus 
geotherrnal gradient in the Mesozoic and Tertiary. Lateral variations 
in the DOM of various strata on the Queen Charlotte Isla~itls attest to 
thc variable heat flow associatctl with arc volcanism arid plutonisni. 
Thc Triashic Kunga Group strata on Morcsby Islantl have bcc~i ~ ~ 1 3 -  
.jccted to high hcat flow are evident froni DOM values up to 5.80 
V.RO,,,,,~. The Sinernurian Sandilands Formation and the Albian 
Haida Forn1;ltion hcst illustrate the norlh-south regional variations in 
organic maturity where the DOM increases substantially from north 
(0.45 %Ro ,,,,, ,,) to south (4.73 %Ro ,,,, d). 

All strata south of Cumshewa Inlct arc overmature as a rcsult of 
high hcat flow :~ssociatcd with pluton cmplacemcnt on Moresby Is- 
land during Jurassic ancl Tc~liary times. 'The heat flow was not uni- 
form across Moresby Island. In particular. The DOM for the Sadlcr 
and Peril fortnations of the Kunga Group increases from west to east 
with decreasing distance from the Late Jurassic Burnaby Island plu- 
tonic suite (BIPS; ages rangc frorn 168-158 MR. Andesson and 
Rcichenbach. 109 I ), suggesting tliat the emplaccment of the BlPS was 
the domin~uit thc~-tnal event on Morcsby Island. Hydrotliemial activity 
associated with the BlPS has rcsultcd in sericite and cndoskarn alteration 
(with ahsociatctl ~nineralization) and higher levels of organic matu- 
ration occur proximal to the Burnaby Island Plutonic Suite than to the 
adjacent San Christoval Plutonic Suitc (SCPS). The highest levcls of 
organic maturation. however. are obscsved in Carpenter Bay near 
dykelsill swamis associated with the Carpenter Bay Plutonic Suite 
(CBPS). The CBPS is Ewene in age (Anderson and licichcnbach, 1991 ) 
and possibly related to Masset volcanis~n. Although the lateral extent 
of the CBPS is limitetl. olganic maturation resulting h.om Tertiary plu- 
tonism and related igneous intrusivcs appears to overprint earlier 
maturation evcnts associated with Middle-Late Jurassic plutonism. More 
detailed sample collection and analysis is required to determine if high 
hcat flow coeval with Masset volcanism is a contributing factor to the 
regional organic matusation of Moresby Island and Hecate Strait. 

Mesozoic strata in the Cumshewa Inlet and Skidegatc lnlct area\ 
are [nature to ovennaturc with Jurassic arid Cretaceous strata general- 
ly having similar DOM values. The high DOM values may havc rcsulted 
from hydrothermal activity related to hcst flow from distant Jurassic- 
Tertiary plutonism on Moresby Island or Renncll Sound-Shields Bay. 
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Most of the strata studied from the Maude, Yakoun, and Mores- 
by groups on central Graham Island are mature with some local 
marginally immature strata. Included in this area are the potential source 
rocks of the Sandilands and Ghost Creek formations (Vellutini and 
Bustin, 1991). The lowest measured maturation gradients and mod- 
elled paleogeothermal gradients from the Queen Charlotte Islands occur 
in central Graham Island. There, where maturation tends to increase 
from east to west (opposite that of Moresby Island), suggesting that 
thermal effects from Jurassic and Tertiary volcanism on Moresby Is- 
land were not pronounced in central Graham Island. Instead, heat flow 
associated with plutonism near Rennell Sound and Shields Bay may 
have been the dominant thermal event affecting organic maturation 
in central Graham Island. Deposition of Yakoun and Moresby Group 
sediments and the lack of equivalent volcanic strata in central Gra- 
ham Island suggests that Jurassic volcanism may never have been ex- 
tensive in the area (Cameron and Tipper, 1985). The source poten- 
tial for central Graham Island is uncertain in that the thermal regime 
in this area and the lateral extent of the source rocks are poorly 
known due to the limited outcrop distribution. 

Organic maturation in northwest Graham Island ranges from 
immature to overmature with most of the strata ranging from marginal- 
ly mature to mature. Overmature strata are most likely the result of high 
heat flow from plutonic activity on Langara Island. High heat flow from 
Masset igneous intrusives near Frederick Island has resulted in the local 
overmaturation of potential Triassic source strata of the Kunga Group. 

main component of maturation is thought to have occurred during Ter- 
tiary time.-on central Graham Island and Moresby Island, the main time 
of maturation of the Sandilands Formation is considered to have been 
generally syn- or post-tectonic (Late Jurassic-Cretaceous). Sandilands 
Formation strata are marginally mature (0.48 O/ORordnd) on central 
Graham Island and overmature in Skidegate Inlet. All Kunga Group 
strata on Moresby Island are overmature as a result of high heat flow 
associated with Middle-Late Jurassic olutonism. The DOM increas- 
es from west to east with increasing proximity to the Bumaby Island 
Plutonic Suite. The DOM near Carpenter Bay increases to 8.31 
%Ro,,,, as a result of Oligocene plutonism which has overprinted mat- 
uration events associated with Middle-Late Jurassic plutonism. 

Jurassic strata (Maude, Yakoun, and Moresby groups) from cen- 
tral Graham Island are marginally mature to mature. The DOM increases 
from east to west with decreasing distance from plutonic complexes near 
Reme11 Sound and Shields Bay. The level of organic maturation increase 
from central Graham Island (0.43 %Row,,*) to northern Moresby Island 
(1.58 %Romnd). The major component of the maturation is considered 
to be generally syn- or post-tectonic (Late Jurassic-Cretaceous). 

The DOM of Cretaceous strata on Moresby Island increases from 
north (1.53-2.43 %Ro,,,,) to central (2.3 1-4.78 %Rordnd) Moresby Is- 
land. Maturation values for Cretaceous strata on Graham Island in- 
crease from 0.33 %Ro,,, in the northwest to 2.2 1 %Rorand in Skide- 
gate Inlet. The major component of the maturation is thought to be 
cretaceous and Tertiary. 

SUMMARY AND CONCLUSIONS Tertiary strata are generally immature with the exception of the 
mature succession on west Graham Island (Port Louis well) and 

Upper Triassic to Si~emurian Kunga Group strata on northeast Graham Island (basal strata of the Tow Hill well). Re- 
Graham Island are generally marginally mature (0.45 %Ro,,ll,d). The gional organic maturation values for the basal strata of the Skonun For- 



mation increase fl-0111 east (0.3 1 '9; RV. at Ca l~e  Ball) to west ( 1.33 (:ameron. B.E.U. and 'iippcr, :LW. 
,'..,., 

c~,~~,. , , , ,~ at port yle ,llaljor of lnatlllatiOn is 1985: JIIS~I-]c \ l r ; ~ l i ~ c ~ ] ) l ~ y  i)f 1I1c Qlrcc~i ('II;IS~OIIC I\I;II~CI~. I h i ~ i s h  ('UIIII~II)I;I: (;CO- 
1opic:lI s l r ~ \ c )  O~'(';II~;IL~~I, l3ullclin 305, 40 11. 

sidcrcd to havc occurretl during late Tc11i;u.y time. 
('~;I~III~II, ;).S. and l<yl~;rcl~, l.. 

The thickness ol'erotled xtral;\ has becn calculated I'rom matula- 1985: Ilc:11 l l<~t \  ;~~rn~i i :~I ic\  :III~ Ilrcir intcq~rel;~tin~r: JOIIITI;~~ ol 'Gco~ly~~;~~r i ics.  \ .  3. p. 
tion g~xdicnts (assuming 0.15 % Ror~l,,,l as zero maturation Ievcl ant1 con- 3-37, 

stant maturation gladients). The calculated thickness of eroded strata :):I, is. A. -. . . . . . . 
for the Tertiary Skonun Formation ranges I'rom 37.5 m a l  casr Grnliam 1078: T l ~ r  rcl'lccrn~~cs 01'co;1l: 111 i \ ~ ~ ~ ~ l ) r i c : ~ l  Mc~ho<l\ IOI ('o;II ;III~ ~ O ~ I I  I~:~rr~i~lcs.  c'. 
lslarid ('rlcll well) to 1685 m at west (iraham Isli~nd (Por~ Louis ~ i e l l ) .  I<:~sr (CCI.). Lo~i(Iori, ,IC~(ICIIIIC ~'scm, I. p. 27-2s. 

Twice as much strata has been erodctl horn Onwartl Point ( 1500 m) :)csrr)chers, .<.. ;~od ()rctrartj. .Li.J. 

as li-om ~lorlh Lauder Point. Similar amounts of strata have becn rcrnoved 1991: Sln~tipclphic rcvisi(~n\ ;tnd e;~rhon;lte beclimcntology of Ihe KUIIY;I ( i rot~p 

from Jurltssic sections at Curnshewa Inlet (1985 m)  and Rcnnell Junc- 
tion (1725 m). 1040 m of strata hiivc becn eroded from Fredcrick Is- 
land and 735 m of stlxta have bccn crodccl from Kennccott Poinl. 

Time-tempc~xture modelling suggests that the measured ~nntu- 
ration gradients would require conslant paleogeothennal gratlicnts rang- 
ing from 45-90'C/kn1 (Arrhcnius model) tor up to 180 million years. 
Variable geothcr~n;il gratlicnt modelling (assuming a hackground 
palcogcothermal g.adicnt of 30°C/km). on the other ha~id. prcdicts high 
heat flo~\i wilh peak gcotherrnal gsadicnts ranging from 83'C/krn on 
central Graliaun Island to 150'C/kni on Frederick 1sl;uid during Yak- 
oun ( 183- 178 Ma) ancl Masset volcanism (35- 10 Ma). Higher peak 
temperatures than those predicted ill  nodc cl ling require shorter heat- 
ing times to attain the measured level ot'organic maturation. 

Variable gcorhcrm;~l time-rcrnperaturc modclling suggests Ilia1 

England. 'T.D..!. and Uustin. I<.\:. 
1986: TIICI.III.II ITI.II~II.~~I~~II 01' IIIC \VC'\ICIII C;~l~ildl.ln \C(~IIIICIII;I~~ hi1\111 \~)IIIII 01' IIIC 

l<cii Deer I<rv~,r; 1 )  A I l ~ c r r ~  P~;IIII\: BIIIIL~I~II (01 C;II~;I~~:III l ' c l r o l c ~ ~ n ~  Cic~logy, 
v. 34, 11. 7 l 00. 

!I;ts;~l)e. K., Is'ujii. N., and 1I.veda. S. 

1970: 'I'hcrrn;~l prnccs\e> ~lndcr i\l;lncl ;~rc.;: 'I'cc~onoplry\ic\. b. 10. p. 33.5-355 

il ickson. ('..I. 
I9SX: S1111elt1re ;III~ \ lsc~ l igc~p l~y  0 1  111c >1~1s>eI I:~II~;II~UII. (JII~CII Cl1ar1011e I\I;III~I\, 

Rs11i\l1 (:u11111ihi:1: ~ I I  ('LII~~III I < c ~ ~ ~ ~ I s ~ I I .  P;I~I E. Gc<~logic;~l Si;~\e! 01 C';III;I~;I. 
P;rpcr 8s-I I:. p. 260-274. 

Tertiary stnit;~ in the Port Louis and Tow Hill \\;ells entered the oil win- Kar"eil.J. 
1955: 'l'hr n ~ c l ; ~ l n u s p h i s ~ ~ ~  of co;rl\ from [he \l;~ndpoi~il o f  p l~y \ ic ;~ l  ~IICIIII\II~: dow during the Late Mioccne and arc still within the oil window. Ter- Zei l \c l i~ i f l  clcs ( i ~ ~ ~ ~ l o g i s c l i c ~ ~  ~ c ~ c l I ~ c l ~ ; ~ f l ,  107. 11. 132- 139. 

tiary strata on eastern Graham Island arc in~maturc ancl ncvcr cnterctl 
I.I~~:I~~II, :.'.V. 

the oil window as n result ol'sliallow burial de l~ t t~s  relative to west- 1 ~ 7 ~ :  ~ ~ ~ ~ l l l , l c l ~ , l , l ~ e ~ l ~ l ~ ~  ce,llll clcr 1111 c;l, ~~lelorsillL,~~lli~c~llitlll~ l i,.ilAhadelllii . . 
em Grnhnm Island. Crelaceous stl-at;~ on northwest Graharn Island ancl K;III~ L:SSI<. scriy;~ Gc~~logic l~c~k:ry;~.  3. 11. 05- 1116. 

Skitlegate Inlet entered the oil wintlow duri~ig the Early Mioccne atid Martin, ~I.A. and KOUSC, (;.E. 
arc still within the oil window. Julxssic strata on  central Gnliam Js- 1966: P;I~~IIUIO~~ or 1.i11c ' l 'cr~i ;~~! ~ c d ~ r ~ ~ c r ~ l s  ~SOIII IIIC Q I I~~ I I  ( 'h ;~ r lo~~c 14;1nci>, 

land and north Morcsby Isla~id cntcrcd the oil window durinp Raio- I3siljsh ( 'n lut~i l>~i~:  ( ' i l~~ i ld i i i l~  JOIISII;I~ 01'U111any. v. 44. p. 171-208. 
- - 

cian time and are still within thc oil window ns a result oL'shallow buri- 
al depths. Triassic stlnta at Frederick Island entered llic oil window 
during tlie Early Miocene and exited during thc Late Mioccnc whcre- 
as strata at Kcnnccott Point cntcrctl the oil window later during thc 
ivlidtlle Miocenc antl arc still within thc oil windoui, rellecting loivcr 
p;ilcogcotherrnal gradients. 
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Abstract 

Conodont collectionsfrom the Triassic Kunga Group in the Queen Charlotte Islands have been used to compile a 
conodont colour alteration index (CAI) map. This shows areas of high paleotemperature that can be used to deter- 
mine hydrocarbon maturation levels. CAI values were determined by comparison with a set of standard conodont 
indices assernbled from taxonomically related Kunga Group collections that have a conlplete range of CAI values 
from about I through 8. 

Three regions can be differentiated based on CAI distribution patterns in the Kunga Group. On southern Moresby 
Island, CAI values form north-trending belts that generally increase eastward and parallel an eastern axis of large- 
ly Jurassic plutonism In this region, the strata are generally overmature with respect to hydrocarbons, except for 
westernmost outcrops that may lie within the range of gas production. In the Louise and northern Moresby Island 
region, CAI values are generally lower than on southern Moresby, trend west-northwest-east-northeast and tend to 
decrease northeastward to include values within the hydrocarbon window. On northwest Graham Island, the CAI 
values are generally lower than elsewhere, and are marginally mature to mature in terms of hydrocarbons. 

Observed CAI variability in the Kttnga Group of Moresby and southenz Graham islands appears to be primarily re- 
lated to plutonism and associated hydrothermal activity, which we interpret as a major mode of heat transfer. In pnr- 
ticular, 'background' CAI is locally elevated adjacent to faults or stratigraphic contacts that appear to have acted 
m conduits. Burial depth probably controlled colour alteration values in parts of northwestern Graham Island; minor 
variations may result from Tertiary igneous activity and lithological dgfferences. 

On a utilise' des collections de conodontes du groupe de Kunga du Trias dans les iles de la Reine-Charlotte pour com- 
piler une carte de l'indice d'alte'ration des couleurs qui indique les niveaux de maturation des hydrocarbures et les 
zones de pale'oternpe'rature e'leve'e. Les valeurs de cet indice ont e'te' d6termine'espar comparaison avec une se'rie d'in- 
dices de conodontes standards compile's a partir de collections du groupe de Kunga lie'es sur le plan de la taxonomic 
et qui correspondent 6 une gamme complPte de l'indice, allant d'environ de I a 8. 

Les configurations de distribution de l'indice d'alte'ration des couleurs permettent de distinguer trois re'gions dans 
le groupe de Kunga. Dans le sud de l'ile Moresby, les valeurs de l'indice fonnent des zones ci direction nord-sudpar- 
all&les a un are oriental de plutonisme en grade partie jurassique et dont la valeur augmente en ge'ne'ral d'ouest 
en est. Duns cette re'gion, les couches sont ge'ne'ralement hypermatures relativement aux hydrocarbures, a l'excep- 
tion des afleurements dJextr2me ouest qui reposent apparemment dans une zone ga;e'z$re. Dans la re'gion de l'ile 
Louise et du nord de l'& Moresby, les valeurs de l'indice sont en ge'ne'ral infe'rieures ri celles du sud de l'ile Mores- 
by, elles sont oriente'es dans la direction WNW-ESE et elles ont tendance a diminuer vers le nord-est de facon & in- 
clure des valeurs comprises &m la fengtre ci hydrocarbures. Dam le nord-ouest de l'fle Graham, les valeurs de l'in- 
dice sont en ge'ne'ral infe'rieures 2 celles des autres re'gions et les roches y sont de peu matures h matures. 

La variabilite' de l'indice d'alte'ration des couleurs observe'e duns le groupe de Kungddans l'ile Moresby et dans Le 
sud de l'fle Graham semble gtre principalement like au plutonisme et a des phe'nodnes associe's, en particulier a 
une activite' hydrothermale, que les auteurs consid2rent &re un ve'hicule important de transfert thermique. En par- 
ticulier, l'indice d'alte'ration des couleurs "de fond" est parfois e'leve'e pr2s de failles ou de corttacts stratigraphiques 
qui semblent avoirjoue' le r6le de conduits. La profondeur d'enfouissement a probablement eu un effet sur les valeurs 
d'alte'ration des couleurs duns certaines parties du nord-ouest de l'ile Graham; les variations secondaires peuvent 
2tre attribuables Li une activite' igne'e tertiaire et a des d~ye'rences de lithologie. 

I Cordilleran Division, Geological Survey of Canada, 100 West Pender Street. Vancouver, B.C. V6B 1R8 
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INTRODUCTION der Pluijm (1986) and Bumett (1988). The main conclusions that have 

Conodont elements are tooth-l~ke structures that represent the only elnerged fro111 work to date are: 

preserved hard parts of an extinct marine organism. They are com- 1 ,  Colour alteration is irreversible. 
posed of lamellae of calcium phosphate interlayered with small 
amounts of organic material. The chemical composition of the organic 
matter of conodonts changes as a function of temperature and time, 
producing visible colour changes that have been calibrated (colour 
alteration index (CAI)). The CA1 scale starts at 1, which implies no 
significant post-depositional heating, and ranges through 8. Elevat- 
ed CA1 results primarily from burial metamorphism, contact meta- 
morphism, or hydrothennal alteration. 

Conodont CA1 values allow rapld assessment of local and regional 
thermal patterns, including delineation of the hydrocarbon windo~v 
(Fig. l), areas of anomalously high paleotemperature, and areas of hy- 
drothermal alteration. 

Figure 1: The relationship between conodont CAI, temperature, and 
hydrocarbon generation. Based on Epstein et al. (1977), Rejebian et 
al. (1987), and (for hydrocarbons) Legall et al. (1981). Given temperatures 
were derived from an Ahrrenius plot and represent time intervals of 1 
m.y. to 500 m.y. for CA1 of 1-5, and a minimum of 1000 years for CA1 
of 5-8. Kunga Group heating is no older than Early Jurassic. thus min- 
imum temperatures would be somewhat higher than those given. 

. 

A total of 995 samples were collected from outcrops of the 
Kunga Group throughout the Queen Charlotte Islands, both for bio- 
stratigraphic research (Orchard, 1991) and for CA1 map compilation 
(Fig. 2). A parallel study also resulted in the revision of Kunga Group 
stratigraphy (Desrochers and Orchard, 1991), which consists of three 
formations: the Sadler Limestone at the base, the Peril Formation, and 
the Sandilands Formation. 

P!REVIOUS WORK ON CONODONT CA1 
Epstein et al. (1977) performed experimental work and compiled 

field data from the Appalachian Basin to anive at a series of conclusions 
that have formed the basis for subsequent work on conodont CAI. These 
findings have been supplemented by the study of Rejebian et al. 
(1987), who looked at regimes of low to medium-grade metamorphc 
rocks and determined that the uniformity or variability of CA1 val- 
ues within a sample, as well as the texture of the conodonts, provide 
clues to the temperature and type of metamorphic environment. Sup- 
porting observations have also been made by Wardlaw and Hanis 
(1984). Aldridge (1986), Nowlan and Barnes (1986), Raven and Van 

2. Colour alteration is time and temperature dependent. 

Hydrocarbon generation 

! 
under-mature - 

early dry gas, wet gas, oil 
------- ----- 

heavy to light oil, wet gas -- - -- -- 
dry gas 

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

barren 

CA1 

1.0 

1.5 

2.0 

3.0 

4.0 

3. Under anhydrous conditions, colour alteration is independent of 
confining pressure. 

Temp. OC 

- 50 

50 - 90 

60 - 140 

110 - 200 

190 - 300 

300 - 480 

4. Eight distinct levels of colour alteration can be visually distin- 
guished: pale yellow (CAI = I) through brown (CA1 = 3) through 
black (CA1 = 5) through grey (CA1 = 6) to white (CA1 = 7) and 
ultimately to crystal clear (CA1 = 8). Other colours may result 
from weathering, leaching, and staining. 

7.0 

8.0 

5. During regional metamorphism, CA1 progresses from 1-5 as the 
organic matter is decomposed by a carbon-fixing process. Beyond 
a CAI of 5,  the colour results from the loss of organic matter. 

480 - 720 

600 - 

6.0 5.0 l 360 - 550 

6. An Ahrrenius plot of experimental data suggests that, given an 
exposure time of greater than 1 my., colour change begins at about 
50°C and continues to 550°C+. 

6.5 

7. Experimental studies with water and water-methane mixtures at 
0.5-1 kbar have produced affects on conodonts most similar to 
those found in hydrothermally altered rocks. Under these ex- 
perimental conditions it was found that: a) the carbon fixation 
process is retarded, and b) loss of organic matter begins pre- 
maturely, around CA1 values of 2 or 3, in the colour alteration 
process. This effect results in higher fixed carbon values of 4- 
5 being bypassed. 

440 - 610 

8. Conodonts from hydrothermally altered rocks are very cor- 
roded and may have disparate CA1 values (of 1 or 2 indices) with- 
in a given sample and commonly within a single specimen; a 
surficial grey patina is typical of such elements. CAI values rang- 
ing from 6-8 from hydrothemal environments may result from 
competing geochemical reactions rather than a purely thermal 
affect and are therefore not reliable indicators of temperature. 

9. Conodonts from regionally metamorphosed rocks are typically 
corroded, deformed, and fractured, but the CA1 values are gen- 
erally uniform within the sample and locally between samples. 

10. Conodonts from contact metamorphic rocks are better preserved 
than those from regionally metamorphosed collections, gener- 
ally survive higher thermal regimes, and.have a broader range 
in C M  values, both locally between samples and even within a 
sample. 

11. Recrystallized textures on the surface and within conodonts 
may be correlated with high CA1 values. 

METHODOLOGY OF CA1 ASSESSMENT 
In this work, we compiled a reference set of conodonts from the 

broad spectrum of CAI values present in the 375 conodont collections 
from the Kunga Group. This standard consists entirely of gondolel- 
loid taxa and has the advantage of being composed of conodont ele- 
ments of similar age and morphology that are also biologically related. 
Comparisons between such elements is far easier, and probably more 
reliable, than attempting to compare taxonomically and morpholog- 
ically dissimilar forms. 

During initial development of the CA1 standard, conodont colour 
comparisons were tested using various magnifications and different 
methods of illumination (basal transmitted light, circular fluorescent 
incident light, fibre optic incident light). Finally, a fibre optic light source 
and a magnification of between 40-50 X was found to be most effective 
and was used for all measurements. All collections were assessed on 
a white card background. 
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Figure 2: Conodont colour alteration index map of the Queen Charlotte Islands. Shaded areas represent Kunga Group outcrop. 
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Whenever possible, comparisons were made between specimens 
of similar size. Larger specimens usually appeared darker than small- 
er ones due to their greater thickness and organic content. Also, some 
specimens commonly showed more intense colour towards their cen- 
tre due possibly to impregnation of iron oxides or organic matter in their 
basal cavity. To overcome these colour variations, CA1 values were 
determined near the margins of elements. Generally, in collections with 
relatively low CA1 (1-3) values, the best resolution was obtained 
using specimens of moderate size because small specimens showed 
such a dilute colour that they were difficult to evaluate. 

However, small specimens are sometimes useful in distin- 
guishing CA1 values which are marginally >5 or <5. This has been 
explained by the action of the different processes involved (Burnett, 
1988). That is, up to a CAI value of 5, when colour change is the re- 
sult of a carbon-fixing process, small specimens retain brown coloura- 
tion whereas larger ones, perhaps due to their relatively higher organic 
material, may appear black. Above a CAI of 5, when colour change 
is the result of oxidation and volatilization of oxides, smaller speci- 
mens may precede larger ones in reaching higher CA1 levels due to 
the lesser amount of organic matter to be volatized, and their higher 
surface area to volume ratio. 

The Kunga Group conodont CA1 reference slide was compiled 
by selecting specimens showing discernible increments of colour 
change from pale yellow through brown, black, grey, white, and 
crystal clear. In total, 1 1 CAI categories were differentiated, each one 
containing a variety of different sized specimens in order to display 
the relationship between colour and size. The index slide was first com- 
pared with a standard CA1 set of Palaeozoic indices provided by 
A.G. Hanis: assigned values corresponded well to independent de- 
terminations on a duplicate Triassic set assessed subsequently by A.G. 
Hanis and J.E. Repetski of the U.S. Geological Survey (pers. cornrn., 
1989). The CA1 values in the Triassic standard range from CA1 of 
(1.0?) 1.5 through 8.0. 

A CAI range was assigned in those cases where collections 
were small and had uncertain CAI values, or where CA1 varied with- 
in individual collections. 

CONODONT TEXTURE 
During this study, textural differences between conodonts of dif- 

ferent CAI values were also examined in a preliminary way. Figure 
3 illustrates representative surface textures of conodonts with differ- 
ent CAI values. Elements with CAI c3 generally have little or no tex- 
tural alteration (Fig. 3A), whem5 those with CAI >5 usually have p r e  
nounced alteration. Altered textures sometimes arose from 
recrystallization (Figs. 3C,F), but in several cases corrosion of the el- 
ements had occurred (Figs. 3D,E), possibly as a result of contact with 
hydrothermal fluids. Of particular interest is the textural change o b  
served in collections having CAI values as low as 2.5 from the vicin- 
ity of the Sadler-Peril formational boundary (see below). Conodonts 
from these levels show polygonal patterns developed on their blades 
(Fig. 3B). Similar polygonal patterns were illusRated by Burnett 
(1988) who suggested that they may have arisen as a result of pres- 
sure solution by the surrounding sediment. 

DISCUSSION: CONTROLS ON CA1 
Figure 2 shows the gross distn'bution of minimum CA1 values 

throughout the Upper Triassic Kunga Group of the Queen Charlotte 
Islands. Several regional patterns emerge, the most conspicuous of which 
is the north-trending, eastward increasing pattern of CA1 values on 
south Moresby Island, and the low values in northern Graham Island. 
Significant CA1 variations within the Kunga Group also occur on a 
scale not indicated on Figure 2. As presented in the Appendix, the var- 

ious factors effecting CA1 include: proximity to plutons, dykes and 
sills; proximity to faults and to stratigraphic contacts; rock type; and 
maximum depth of burial, or overburden. Although these factors 
may not be readily separated, each is considered separately below. 

Plutonic suites 
Three plutonic suites have been differentiated in the Queen 

Charlotte Islands by Anderson (1988) and Anderson and Greig 
(1989): the Upper Jurassic San Christoval plutonic suite (SCPS), the 
Upper Jurassic Burnaby Island plutonic suite (BLPS), and the Tertiary 
Kano plutonic suite (KPS). 'The thermal and hydrothermal effects of 
these plutons are not easily separated in areas where more than one 
occurs, but their influence is thought to be fundamental in establish- 
ing conodont CA1 patterns. 

In the preliminary CA1 map of the Queen Charlotte Islands 
(Orchard, 1988), it was noted that a general trend in eastwardly in- 
creasing CA1 values could be demonstrated in southern Moresby Is- 
land. In this region, CA1 values increase eastward from 3.5-7.0. Al- 
though collection sites having the same CA1 values vary in their 
distance from exposed plutons, it is probable that the subsurface ge- 
ometry of the plutons is more significant and controls the CA1 pat- 
tern. This pattern, as well as the general preservation and CAI vari- 
ability of the conodonts, is suggestive of pluton-related thermal 
metamorphism and not burial metamorphism. 

The distribution of plutons shown by Anderson and Greig (1989, 
Fig. 2) suggests that both the BIPS and to a lesser extent the SCPS 
and KPS may have influenced the CA1 pattern on southern Mores- 
by Island. Characteristics of the plutonic suites led Anderson and Greig 
( 1989) to conclude that some plutons were associated with the sig- 
nificant hydrothermal activity that affected the country rocks. The con- 
clusions of these authors are supported by several widely scattered con- 
odont collections in which elements are corroded, irregularly altered 
and 'bleached'. 

In the central Queen Charlotte Islands, the distribution of plu- 
tons does not impose an obvious CA1 pattern. CAI values in this re- 
gion are generally lower than on southern Moresby Island, yet locally 
there are significant highs (e.g. Sandilands Island, Desmaricove 
Point) that possibly result from high heat flow related to plutonism. 

Presumably, the combined thermal effects of the SCPS and the 
KPS are seen in the Shields Bay area. Although the KPS is g e e  
graphically closer to the site of conodont collections, the thermal ef- 
fects may not have been as great (see below). It is also notable that 
whereas CA1 values are generally quite high in this area, a few rela- 
tively low values persist, suggesting irregular heat flow patterns. 

The isolated effects of the SCPS may be most obvious in Lux- 
ana Bay on southern Kunghit Island, where the highest CAI value from 
the Queen Charlotte Islands is recorded. This site apparently lies 
closer to the SCPS than any other, and conodont recrystallization (Fig. 
3F) is the most intense. Conodonts from Crescent Inlet may also show 
the effects of the SCPS. Collections from this inlet show very high 
but irregular CAI values, characteristics of hydrothermal activity. Al- 
though hydrothermal alteration zones were found to be less commonly 
associated with the SCPS than with the BIPS, they are documented 
to the west at Tasu (Anderson and Greig, 1989). 

Small plutons representative of the KPS are the only mapped plu- 
tons on northwestern Graham Island. Their thermal effects may be re- 
flected in the change from a background CAI of 1.5 at Kennecon Point 
and Frederick Island, which are about 13 km from an exposed plu- 
ton, to a CAI of 2 at Sadler Point, which is within 4 km of an exposed 
pluton. Although this difference might be due to other factors, slight 
CA1 and textural anomalies within the Sadler Point section may re- 
flect thermal effects related to the KPS. A single sill that occm at Sadler 



Point is also presumably genetically related to the KPS, but as dis- 
cussed below, its emplacement seemingly had a negligible impact on 
conodont CA1 in the host rocks. The apparently high crustal level of 
emplacement of the KPS may explain its relatively weak effect on ther- 
mal maturation levels of the Kunga Group. 

Dykes and sills 
The distribution and composition of dykes has been studied by 

Souther (1989) and Souther and Jessop (l99 l), who conclude that most 
of the dykes are Tertiary in age, and related to Masset volcanism. Sim- 
ilarly, Anderson and Greig (1989) related these dykes to the Tertiary 

Kano Plutonic Suite. Older dykes also occur and are important in all 
suites except the SCPS (Anderson and Greig, 1989), although there 
is "no consistent petrographic criteria ... to discriminate between 
dykes of different ages" (Souther, 1989, p. 118). 

The heat from the emplacement of Tertiary dyke swarms was 
thought by Souther (1989) to have been significant in the thermal his- 
tory of southeastern Moresby Island, which is characterized by north 
trending swarms apparently related to Tertiary extension. A chemi- 
cally different suite of dykes occurs in northern Moresby and south- 
em Graham islands, where east- to northeast-trending swarms pre- 
dominate (Souther, 1989). The domain boundary between the two groups 

Figure 3: Textural variability in Late Triassic conodonts from the Kunga Group. All photos are lateral views of free blades, X 709; the scale bar 
is 5 0 ~ m  long. Sample numbers shown in parentheses. A. CA1 = 2.0, Frederick Island (FI-21) - unaltered texture showing original striations. B. 
CA1 = 2.5, Sadler Point (SP-3) -polygonal crystalline overgrowth or ?corrosion. C. CA1 = 4.5-5.0, Huxley lsland (HUX-B9) - initial apatite recrystallization 
accompanied by development of small voids. D. CA1 = 5.5, Carpenter Bay (CB-2) -widespread surface corrosion accompanying 'bleached' ap- 
pearance of element. E. CA1 = 6.0-6.5, Carpenter Bay (CB-3) -deep corrosion of surface, formation of large voids. F. CA1 = 8, Luxana Bay - 
strongly recrystallized element with alignment of apatite crystals. Specimen B from transitional beds between Sadler and Peril formations, all oth- 
ers from Peril Formation. 



of dykes is taken as an east-west line immediately to the south of Louise 
Island. It is noteworthy that both the trend of the dykes, and the p@ 
sition of the domain boundary between them also approximates that 
of the CA1 trends. However, the elevated CA1 values of Triassic 
conodonts may have been set during an episode of Jurassic pluton- 
ism, and later Tertiary dykes may not have exceeded temperatures in- 
duced by Jurassic plutonism. The contact effect of dykes and sills on 
maturation of Kunga Group strata is often difficult to evaluate because 
such intrusions are most common in areas that have moderately high 
CA1 values (>4.0), supposedly because of their close proximity to chiefly 
Jurassic plutons. Where CA1 anomalies are observed, they appear to 
be more directly associated with fracture zones that may have acted 
as conduits for hydrothermal fluids rather than with dykes and sills, 
although the two may be associated. 

To understand more about direct contact effects of dykes and sills 
it is necessary to examine their influence in a section where background 
CAI levels are low. An example of a sill within a relatively low ther- 
mal regime at Sadler Point is described below. A conodont collection 
from 0.8 m above the 2 m thick sill shows no increase in CA1 above 
the background CAI of 2. This example is important because it shows 
that this sill, and presumably others genetically related to it (Kano Plu- 
tonic Suite?), did not remain hot enough to raise CA1 values in ad- 
jacent strata. 

Whereas the dykes and sills cutting the Kunga Group may rep- 
resent more than one intrusive episode and varying temperatures of 
emplacement, many examples of conodont collections made adjacent 
to sills and dykes, mentioned in the descriptive section below (see A p  
pendix), do not show contact thermal effects. For example, conodont 
CA1 in the Huston Inlet area (section SHU) shows no elevation 
above the background CA1 of 3.5 within 0.5 m of a 3.5 m dyke, or 
on Kunghit Island (section KT-A) where a background CA1 of 4.5 is 
not exceeded in a collection from 2 m above a 26 m thick sill. In fact, 
the greatest observed density of dykes adjacent to a conodont collection 
is at South Cove in Carpenter Bay, where the CA1 is 5.0; this value 
is less than several other localities where fewer dykes occur, but 
which lie closer to plutons. 

The I<unga Group is extensively faulted in all outcrop areas. Two 
phases of folding, of early Mesozoic and late Mesozoic to early Ter- 
tiary age, were recognized by Thompson and Thorkelson (1989) in 
central Queen Charlotte Islands. Similarly, Hesthammer et al. (1989) 
recognized two major fault sets affecting central Graham Island. 
Lewis and Ross (1989) placed the timing of one deformational event 
as slightly postdating deposition of the Kunga Group based on work 
on northwestern Graharn Island. 

In many sections of Kunga Group strata, CA1 values are slight- 
ly elevated near faults, particularly along ma,jor fault contacts with 
younger Mesozoic or Tertiary units. There are several such examples: 
the northern margin of the Sadler Point section (SP), on southeastern 
Sandilands Island, east of Desmaricove Point, the southern end of 
Kunghit Island section (KT-A), the northern margin of Huxley Island 
section (HUX-B), and parts of northern Burnaby Island (BI). In these 
examples, which generally have a background CA1 value of <4.5, the 
CA1 is elevated by 0.5 to as much as 2.0 CA1 indices. The strongest 
anomalies occur in the Skidegate Inlet and Channel area, where CA1 
values on Sandilands Island and at Desmaricove Point are highly vari- 
able. Conodont biostratigraphy shows that many stratigraphic levels 
of the Kunga Group are present at these localities, which indicates con- 
siderable structural dislocation. 

Anderson and Greig (1989) emphasized the importance of hy- 
drothermal fluids in plutonism on the Queen Charlotte Islands, par- 

ticularly in association with the BIPS. They recognized fracture-al- 
teration zones that "likely reflect hydro-fracture of the granite and ex- 
pulsion of hydrothermal fluids..". Apparently, faults that cut the 
Kunga Group sometimes acted a5 conduits for heat, and in places, flu- 
ids. Ponodont biostratigraphy and CA1 values provide strong evidence 
for both faulting and hydrothermal activity o r  Sandilands Island. 

Stratigraphic coniacts 
The Kunga Group is bounded by, and contains a total of four for- 

mational contacts. The basal contact with the Karmutsen Formation 
is rarely exposed and no conodont collections were recovered adja- 
cent to ii, whereas the upper contact with the Maude Group lies 
within the Jurassic. beyond the age range of conodonts. Lithological 
contrasts across the Peril-Sandilands contact are not strong and no CA1 
variation was noted. However, the Sadler-Peril contact does provide 
a relatively strong lithological contrast and it was noted that, where 
background CA1 is sufficiently low, anomalies may occur adjacent 
to it. The best example is at Sadler Point where conodont CA1 is slight- 
ly elevated and the conodonts are texturally altered (Fig. 3B) only along 
the boundary interval. 

These anomalies may be due to exceptional diagenetic effects 
(Desrochers and Orchard, 199 I), or to thermal fluids moving pref- 
erentially along the Sadler-Peril contact. Bedding plane faulting or de- 
tachment at this contact observed in many outcrops increases the like- 
lihood for the boundary to act as a conduit. 

Variations in CA1 have been noted where host rock lithologies 
differ. Mayr et al. (1978) found that anomalously high values (up to 
one index) occurred in sample3 of black shale compared with interbedded 
carbonate on Bjorne Peninsula, Ellesmere Island, and similarly, 
Legall et al. (198 l) rcported conodonts from coeval carbonate and shale 
sequences in southern Ontario with a variation of up to 0.5 index, par- 
ticularly in areas of low CA1 where collections from shale samples 
were consistently darker. In contrast, Seiful-Mulyukov and Akhmetshi- 
na (1983) did not find any significant colour differences between con- 
odonts extracted from carbonate deposits and from contemporaneous 
terrigenous rocks in the sub-salt deposits of the Caspian Basin. 

In those examples where CA1 values apparently vary with lithol- 
ogy, Nowlan and Barnes (1987) suggested that the colour differ- 
ences relate to differing oxidizing and reducing environments. They 
reason that in reducing environments, pyrite or hydrocarbons may im- 
pregnate the conodont element resulting in a higher apparent CAI. In 
the Queen Charlotte Islands, we suspect that such impregnation has 
affected some conodonts from Frederick Island, where a few collec- 
tions from relatively dark, siliceous or pyritiferous strata, range up to 
a CA1 of 2.0 compared to a background value of 1.5. 

Stratigraphic overburden 
The role of overburden in the development of CA1 patterns is a 

function of the geothermal gradient wittun the sedimentary basin. Ac- 
cording to Klemme (1975). a geothermal gradient of 20-2S°C/km is 
normal for cratonic basins, whereas gradients may range as high as 
73"C/km on overriding continental margins. Generally, most work on 
CAI has been done in areas where a cratonic geotherrnal gradient has 
been assumed (Epstein et al., 1977; Legall et al., 1981). In contrast, 
the Queen Charlotte Islands have been tectonically active since at least 
the Jurassic, therefore a persistent high gradient is probable. 

Examples of how CA1 varies with burial depth are given by a 
number of authors, but none are within tectonically active areas. E p  
stein et al. (1977) found that CAI changed 1 unit in approximately 1200 
m of burial depth in the Ordovician of the Appalachian Basin; Peny 
et al. (1983) measured a CA1 of 1 in the Big Snowy Formation of south- 



west Montana in spite of its burial depth of more than 2 km; Seiful- 
Mulyukov and Akhmetshina (1983) recorded a CA1 no greater than 
2 to a depth of 3.3 km in the Caspian Basin. 

The extent to which the CA1 of Kunga Group collections is af- 
fected by later Mesozoic overburden rather than proximity to ig- 
neous bodies is unclear. Current revisions to the stratigraphy of the 
later Mesozoic and Tertiary suggest that strong contrasts in overburden 
thickness are likely, and this would be complimented by an unknown 
amount of structural thickening. Cumulative estimates for post-Kunga 
Group stratigraphic thickness are uncertain, but current literature 
suggests 2-3 km. Hence, CAI values of 1.5-2.0 in northwest Graham 
Island could reasonably be explained on the basis of overburden 
alone assuming a moderately high geothermal gradient (Fig. 1). 

The burial history of southern Moresby Island may or may not 
be comparable to the rest of the study area. Uniform burial through- 
out the islands, although improbable, would imply that CA1 values 
in excess of -2 result from high thermal gradients related to pluton- 
ism. Although such effects are clearly seen in the CA1 patterns on south- 
em Moresby Island, it cannot be discounted that this area was also more 
deeply buried. 

CONCLUSIONS 
From the above, it is clear that no single factor is responsible for 

the relatively variable CA1 patterns (Fig. 2) in the Queen Charlotte 
Islands. However, we conclude that plutonism and associated hy- 
drothermal activity, has been of paramount importance in controlling 
maturation levels throughout most of the islands. 

Consistent with the findings of Anderson and Greig (1989), we 
see evidence that plutonism, particularly the Jurassic Bumaby Island 
Plutonic Suite (BIPS), was associated with hydrothermal activity. In 
sections of the Kunga Group, CA1 is commonly elevated near dis- 
continuities (e.g. faults and stratigraphic contacts) that may have acted 
as conduits for hydrothermal fluids. In addition, the colour and textural 
alteration in several conodont collections close to BIPS outcrops sug- 
gest a hydrothermal environment. Our findings parallel the those of 
Raven and Van der PIuijm (1986) who studied CAI distribution in the 
Cantabrian Mountains of northern Spain. They found that the cha1.- 
acteristics of low-grade metamorphism and its spatial relationships to 
major faults suggested fluids were the main source of regional heat- 
ing, and that fluid transport was focused along structural features. 

Tertiary plutonistn may have been less important than Jurassic 
plutonism in establishing CAT patterns in Triassic rocks. This infer- 
ence is drawn from northwest Graham Island where isolated Tertiary 
intrusive rocks have had a comparatively minor affect on CA1 values 
which are lower than elsewhere on the Queen Charlotte Islands. Ter- 
tia~y plutonism may have been stronger in the south, but not, appar- 
ently, stronger than Jurassic plutonic influences. 

In the Queen Charlotte Islands, three regions may be differen- 
tiated based on CAI characteristics. i'he first, as noted by Orchard ( 1  988), 
is in southern Moresby Island where CAI generally increases eastward 
towards the centre of largely Jurassic plutonism. CA1 values gener- 
ally fall into linear belts that parallel the plutonic regime from Bum- 
aby Island in the north to Kunghit Island in the south, and reflect the 
diminishing influence of the regime westward (Fig. 2). The I<unga Group 
is generally overmature in this area, although the lowest values, in the 
west around Huston Inlet, are within the range of gas production. 

A second region encompasses Louise and northern Moresby is- 
lands where CA1 data, although more sporadic, shows 'background' 
CA1 trends aligned west-northwest. CA1 values generally decreae north- 
eastward to a level within the hydrocarbon window. Significantly, as 
in the first region to the south, CA1 trends parallel both the structural 
gain and the trend of Tertiary dykes. The 'background' CA1 is Iw 

cally elevated close to plutons and in areas where extensive faults per- 
haps acted as pathways for heat from plutons. 

The third region is northwest Graham Island where CA1 values 
are generally lower than on Moresby Island and show none of the strong- 
ly elevated values found in the other two regions. The Kennecott Point- 
Frederick Island area is marginally mature(?) to mature in terms of 
hydrocarbons (as found by Vellutini, 1988), and CAI values could re- 
sult from burial alone. Slight local anomalies reflect possible diage- 
netic, lithology related variations and, further north at Sadler Point, 
the probable influence of emanations from the Kano Plutonic Suite. 
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APPENDIX: CA1 DISTRIBUTION IN THE 
KUNGA GROUP 

Details of conodont CAI dishbution in the Kunga Group are given 
below under five arbitrarily chosen group headings that also provide 
the basis for the CA1 map (Fig. 2). Data for this descriptive section 
and the CAI map were compiled using the following criteria. In a strati- 
graphic section or geographic locality (Fig. 4) where CAI varied, the 
minimum CA1 value has been used; this value is regarded as the 'back- 

ground' CAI, and higher values are thought to result from local in- 
fluences (as discussed above). In some extensive outcrops where 
CA1 values changed systematically, more than one symbol has been 
plotted on Figure 2. 

Additional stratigraphic and geographic data are in the Kunga 
Group database (Weston et al., 1991; Orchard et al., 1990), and per- 
tinent fauna1 and biochronological data are described in Orchard 
(1991). Reference is also made to three plutonic suites described by 
Anderson (1988) and Anderson and Greig (1989): the San Christe 
val plutonic suite (SCPS), the Burnaby Island Plutonic Suite (BIPS), 
and the Kano plutonic suite (KPS). Distances from these plutons are 
derived from Sutherland Brown ( l  968). 

Group 1: CA1 1.5-2.5 

Kennecott Point (Fig. 4s) 

This locality is a reference section for the Sandilands Formation 
and its contact with the underlying Peril Formation (Desrochers and 
Orchard, 1991). Two conodont collections from the upper member 
of the Peril Formation, and fifteen collections from the Sandilands For- 
mations were tentatively assessed as CA1 1 .S, or in a few cases with- 
in a range of CA1 1.5-2.0. CA1 values were mostly determined from 
relatively srnall conodonts that are weakly coloured and therefore sim- 
ilar to small specimens with CA1 < I S ,  or immature in terms of hy- 
drocarbons. No significant variation in CA1 was found in the Trias- 
sic part of the section, which has a total thickness of about 160 m. The 
nearest exposed pluton is the KPS, 13 km to the northeast. 

Frederick Island (Fig.  4s) 

The east shore of this island, the type locality for the Peril For- 
mation (Desrochers and Orchard, 1991), consists of several fault-bound- 
ed sections that lie about 13 km southwest of the nearest exposed plu- 
ton of the KPS. The most northerly outcrop of the Peril Formation on 
the island is Early Norian in age and lies between volcanics of the Kar- 
mutsen Formation to the north and a fault-bounded section of older 
Peril Formation strata on the south. The latter consists of a Camian 
to Norian boundary section of lower nodule member (Desrochers and 
Orchard, 1991), which in turn is juxtaposed against a third fault 
block of Lower Norian middle member. Eighteen out of nineteen col- 
lections from these beds were indexed as CA1 1.5. 

A section further south has a different strike and consists of thin- 
ner bedded, darker, and more siliceous strata, some of which is fold- 
ed. Six collections from large (up to 1 m) rnicrite nodules within about 
45 m of section have a slightly elevated CA1 1.5-2.0. The age of these 
collections is late Early Norian, consistent with the general southward 
younging on Frederick Island. 

Still further south beyond another fault, seven collections from 
Middle Norian beds have CA1 values of 1 . S .  The southernmost sec- 
tion, consisting chiefly of the upper member of the Peril Formation 
(Upper Norian), yielded nine collections with CA1 values of 1.5 and 
one collection, from a black slaty carbonate containing pyritized 
pelecypods, with a CA1 of 2. 

Sadler Point (Fig. 4T) 

Collections from the type section of the Sadler Limestone and 
immediately overlying parts of the Peril Formation fall into three CA1 
groups: four samples from the lower 30 m of the massive grey lime- 
stone have CA1 values of 1.5-2.5; five samples from the upper 10 m 
of Sadler Limestone and overlying basal beds of the Peril Formation 
have CA1 values of 2.0-2.5; and samples from 3-50 m above the base 
of the Peril Formation have CA1 values of 2. The collections fmm the 
upper Sadler Limestone are texturally altered (Fig. 3B) whereas 
those within the Peril Formation at 3 m above the contact are not. 
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A total of fifteen collections from the lower 50 m of the Peril For- 
mation were assigned a CA1 of 2, including a sample collected 1 m 
above a 2 m sill that cuts the section 14 m above the base; this col- 
lection shows no elevation of CA1 above background levels. 

From 50-78 m above the base of the Peril in this section, beds 
become thicker towards the fault contact with the Haida Formation 
as mapped by Sutherland Brown (1968). Four samples from these beds 
have a CA1 of 2.5. The KPS crops out 4 km to the east. 

Sandirclnds Island (Fig. 4 0 )  
The relatively accessible southeast side of Sandilands Island is 

one of the most extensively sampled outcrops in the Queen Charlotte 
Islands. Thirty conodont collections from this locality show marked 
variation from CA1 of 1.5-2.0 through 4.0; one other from the south 
side of Skidegate Channel nearby has a CA1 of 1.5. A few of these 
collections also have a 'bleached' appearance with a grey and white 
patina rather than a uniform brown colouration, probably due to hy- 
drothermal alteration. The conodont collections, which were mostly 
collected as spot samples because of the lack of continuous sections, 
vary considerably with age. Upper Carnian, Lower Norian and Upper 
Norian strata occur within a short distance and the entire Kunga 
Group appears to be structurally telescoped. 

Group 2: CA1 >2.5-3.5 

Huston Point-Huston Inlet-Bush Rock (Fig. 4 0 )  
A 65 m section (HP) north and west of Huston Point spans the 

upper Sadler through lower Peril formations. A single 2 m sill occurs 
near the base of the exposure. Five conodont collections from this sec- 
tion have CA1 values of 3.5. 

Further south, on the west side of Huston Inlet (section HU), about 
160 m of Sadler Limestone is cut by many dykes, the widest of 
which is about 2 m. CA1 values in five collections from these beds 
have CA1 values of 3.5 or 3.5-4.0 and show no measurable increase 
to within 0.5 m of the widest dyke. 

The southemmost section (SHU) on Huston Inlet is in Upper Car- 
nian and Lower Norian Peril Formation. About 80 m of tightly fold- 
ed section is cut by three dykes up to about 3.5 m wide. Eight collections 
from within 0.5 m of the widest dyke to as far as 20 m away, have a 
consistent CA1 value of 3.5. Towards the north end of the outcrop, 
two additional collections that bracket an 8 m folded interval were as- 
signed a range of CAI values from 3.5-4.0. 

All of the above sections are 3.5-5.8 km west of an outcrop of 
the BIPS. Three collections from the area of Bush Rock, approximately 
2.5 km east, have a similar range of CA1 from 3.0-4.0. 

Newcornbe Inlet (Fig. 4K) 
One isolated sample collected from the Sadler Limestone on a 

logging road east of the inlet, has a broad CA1 range of 2.0-3.0. This 
contrasts with a second collection a short distance to the south that 
contains conodonts of CAI 4.5, and similar additional collections on 
the east shore of the inlet that lie closer to SCPS (see Group 4). 

Louise Island-Cumshewa Inlet-Mosquito Lake (Figs. 4L, M, N )  

Kunga Group strata exposed on the east coast of Louise Island 
are commonly intensely folded and faulted. Nonetheless, five collections 
from these strata, including one from a carbonate lens within the Kar- 
mutsen Formation, have values of CA1 3.0-3.5. 

CAI values assigned to six widely separated spot collections from 
the north side of Louise Island, from the shores of Cumshewa Inlet, 
and inland to Mosquito Lake are generally 3.0-3.5. However, two col- 
lections have specimens with values as high as 4. One of these col- 
lections, from Beattie Anchorage, lies within 1 km of an outcrop of 
BIPS. 

Skidegate Inlet (Fig. 4 0 )  
Isolated collections from the south side of Skidegate Inlet due 

east of Sandilands Island have CA1 values of 2.5-3.0. Although it is 
possible that this CA1 is locally elevated from a background similar 
to that further west, a higher CA1 symbol is used in Figure 2. 

Desmaricove Point (Fig. 4P) 
On the southwest side of this point, a conodont collection from 

the Sadler Limestone has a CAI of 3. Beyond the point to the east, where 
the Peril Formation is exposed in a series of fault slices, four collec- 
tions have CAI values of 3.5.4.0, and 5.0, indicating significant lo- 
calized heating. The BIPS is exposed about 1.9 km to the east. 

Group 3: CA1 >3.5-<4.5 

Kunghit Island (Fig. 4B) 
Two sections were sampled on the west coast of Kunghit Island; 

both are about 3.8 km southwest of a KPS outcrop. The most contir~uous 
section begins at Hornby Point and extends southward, updip through 
about 158 m of Sadler Limestone and about 70 m of the lower mem- 
ber of the Peril Formation. Four sparse conodont collections with CAI 
values of 4.5 were recovered from the Sadler Limestone. Collections 
from 2 m above and 25 m below a 26 m thick sill showed no appre- 
ciable variation. Fourteen collections recovered from the overlying 
Peril Formation have a slightly lower CA1 of 4.0, with a few reach- 
ing 4.5. Two 3 m sills that cut the Peril Formation have no appreciable 
thermal affect on CA1 values to within 1 m of the sill. Three collec- 
tions from the top of the section lie within 3 m of a 0.5 m sill lying 
within a fault zone and have a CA1 of 4.5, or 4.5-5.0. 

Further south, section KT-B is less continuous than the former, 
and only four collections contained conodonts. These conodonts are 
characterized by a 'washed-out' grey colour and, in some speci- 
mens, an irregular 'frosting' suggesting hydrothermal activity. The 
CAI was variously determined as 4.0 or 6.0, but several specimens 
were indexed as 4.5. 

Rose Inlet and Rose Harbour (Fig. 4B) 
A single small collection from the west side of Rose Inlet was 

assigned a CA1 of 4.0-4.5. Three larger collections from a 36 m sec- 
tion in the upper Peril Formation on the east side of the inlet (RI), and 
an isolated sample a short distance to the southeast near Rose Har- 
bour have a CA1 of 4.5. These localities are about 3.8-5.1 km west 
of KPS outcrops. 

Jedway Point (Fig. 4E) 
Three conodont collections were recovered from the Peril For- 

mation at this locality, where about 40 m of the underlying Sadler Lime- 
stone are also exposed; a 6 m sill occurs at their faulted(?) contact. 
One collection about 5 m above this contact is texturally altered and 
has a range of CA1 4.0-4.5, whereas two others at 9 m and 13 m were 
assigned a CA1 of 4.0. The nearest exposed pluton is the SCPS, 
about 0.5 km to the south. 

Bumaby Island, north (Fig. 4G) 
The north coast of Burnaby Island, east of Section Cove, con- 

tains one of the most complete successions of the Kunga Group, in- 
cluding each of its formations, dated as Late Carnian, Early, Middle, 
and Late Norian, and Early Jurassic. The section is not continuous, 
however, but is composed of relatively undisturbed sections bound- 
ed by faults that contain strata out of sequence. 

CA1 values consistently range within 4.0-5.0. At the west end, 
two collections from the Sadler Limestone have conodonts of CA1 4.5. 
These beds are overlain by Upper Carnian beds of the Peril Forma- 
tion in which four faunas are assigned a CA1 of 4.0 and five others a 
CA1 of 4.0-4.5. To the east, the section is strongly disturbed and two 



collections from juxtaposed Middle Norian strata have a CA1 of 4.5- 
5.0. 

The next section to the east exposes Lower Norian strata. In this 
section, CA1 generally increases eastward, so that ten collections of 
CA1 4.0-4.5 are followed by three with CA1 4.5, or 4.5-5.0, and then 
by six with CAI 5.0. Further eastward five Middle Norian collections 
have a CA1 of 4.5-5.0 or 5.0. Beyond these beds, a prominent dyke 
parallels the coastline and cuts perpendicularly through the beds. 
Ten samples collected from these Middle Norian beds, all from with- 
in a few metres of the dyke, have a CA1 of 4.0-4.5.4.5, or 4.5-5.0; 
the dyke had no apparent thermal effect on CA1 values. 

The youngest beds of the Kunga Group crop out beyond the dyke 
to the east, where six collections were assigned a broad range of CA1 
4.0-5.0. A CA1 group 5 symbol is used in Figure 2 to denote a gen- 
eral eastward increase, towards the nearest exposed BIPS, about 1.7 
km further east. 

Huxley Ishnd (Fig. 4 G )  
Most of the samples collected around this island produced con- 

odonts. Three sections were sampled systematically. Section HUX- 
A on the southeast part of the island yielded four collections from the 
lower Peril Formation with a CA1 of 4.0. Further north, section 
HUX-B spanned a key interval across the Carnian-Norian boundary 
and yielded a total of nine collections. The southernmost of these col- 
lections is within a fault zone and has a CA1 of 4.5. Upsection, to the 
north, CA1 values increase slightly from 4.0 through a range of 4.0- 
4.5 to 4.5. This slight increase coincides with a change to bedded rather 
than nodular carbonates, but also reflects the increasing proximity of 
a fault. 

A total of five samples were collected on northern Huxley Island 
from the middle and upper members of the Peril Formation and over- 
lying Sandilands Formation. Each of these collections were assigned 
a CA1 of 4.5.01-4.5-5.0. A single collection from the west side of the 
island has the same CA1 range. 

The nearest exposed pluton is the BIPS. which lies 4-6 km to the 
southeast, although it may extend closer beneath the intervening 
channel. 

Breaker Bay (Fig. 4 L )  
Two collections from the southeastern side of Louise Island 

are assigned a CA1 of 4.5, markedly higher than collections from fur- 
ther north on the Island. The nearest exposed pluton, the KPS, is 2.3 
km to the west. 

Newcombe halet (Fig. 4K)  
Two isolated samples in disturbed Peril Foimation strata on the 

east side of the inlet, 6.8 km north of SCPS outcrop at Tasu, have a 
CAI of 4.5-5.0. 

Shields Bcey-Shields Island (Fig. 4 0 )  

Five collections from the strongly faulted strata of Shields Island 
and adjoining islands at the head of Rennell Sound have a CA1 of 4.5, 
or in one case 4.0-4.5. These localities are about 2.4 km north of ex- 
posed KPS. Ninc collections from the upper Peril and lower Sandi- 
lands formations on the north side of Shields Bay, are mostly CAI 4.5- 
5.0, although one collection ranged as low as CA1 4.0. Group 4 
symbols are used in Figure 2 to reflect the pervasive increase in 
CAI, particularly in the latter section, which is about 3.3 km south of 
an outcrop of the SC?S. 

Treat Bay (Fig. 4 A )  
P-bout 50 m of section crops out in Treat 3ay, but much of i t  is 

covered at high water. Apart from numerous sills and dykes that cut 

the section, conodont biostratigraphy demonstrates that Early Nori- 
an Peril Formation is faulted against Sadler Limestone and much of 
the lower member of the Peril is cut out. Two collections from the Peril 
Formation have a CA1 of 5.0-5.5, and one from its base has a CA1 of 
5.5-6.0. The SCPS crops out 4.4 km to the south. 

South Cove (Carpenter Bay) (Fig. 4 C )  

A single sample of micrite from a fault bounded block sur- 
rounded by numerous dykes ( l2  were counted within a 15-20 m in- 
terval) contained conodonts of CA1 5.0. The BIPS is exposed 4 km 
to the east. 

Swan Bay (Fig. 4 F )  
Four collections from along the coast east of Swan Bay on the 

south coast of Burnaby Island all have a CA1 of 5.0-5.5. The BIPS 
crops out between 2-2.5 km to the northeast. 

Blue Jay Cove (Fig. 4 F )  
This is the site of the JIB iron-ore deposit (Sutherland Brown, 

1968) that formed close to where a pluton cuts the Kunga Group car- 
bonates. CAI values are relatively high in this area and are never less 
than 5.0. Of ten collections with CA1 values of 5.0-6.0, several fall 
individually into the higher CAI group 5, as shown in Figure 2. One 
collection from a micrite nodule surrounded by altered, white-weath- 
ering ("bleached") grainstone, has irregular mottled alteration; prob- 
ably indicating hydrothermal effects. This collection apparently lies 
within the aureole of the BIPS that crops out 0.5 km to the north. 

Poole Inlet (Fig. 4F)  
Five collections from isolated outcrops or short disrupted sec- 

tions surrounding Poole Inlet were assigned CA1 values of 4.5 or 5.0. 
The lowest values are at the southwest end of the inlet and higher val- 
ues occur to the northeast towards section HO-A. The BIPS crops out 
1.7 km to the east of these outcrops. 

Section (30-A) is one of the more extensive outcrops of Lower 
to Middle Norian Peril Formation. The most striking aspect of the 143 
m section is the 'hornfelsed' beach outcrop with distinctive green and 
brown banding. This part of the outcrop, which lacks any obvious in- 
trusive rock, produced conodonts that have CA1 values of 5.0-5.5, 
compared with CA1 5.0 for seven collections from lower scrata. The high- 
est collection, also with a CAI of 5.5, was from near a conspicuous fault 
on the northeastern margin that introduces a small sliver of Sadler Lime- 
stone. The northeaqtward increa$e in CAI values is portrayed by a group 
5 symbol in Figure 2. The BIPS crops out t km to the north. 

Atfcj2ilc~ Iskzd (Fig, 4C) 

A single srmple from the upper Peril Formation was assigned 
a CA1 of 5.0, slightly higher than is typical of nearby i-Iuxley Island. 

!:-yell Jsland (Fig.  4 H )  
Thm samples, with a CA1 of 4.5-5.0, or 5.0, were collected at wide- 

ly separated sites. Both the RIPS and the KPS crop out on the island, 
at about 2.5 and 2.0 km, respectively, from the nearest collection site. 

.'<unga 2;'rz.d (Fig. 41) 
Several sections occur on the southeast side oFKunga Island, where 

Xunga Group strata become progressively younger northward. The 
oldest section (SICU-A) of Peril Formation is in the southernmost bay 
and consists of about 74 m of almost vertical Upper Carnian and Lower 
PJorian strata that young seaward. Eleven collections from this sec- 
tion were assigned a CAI of 5.0 or a range of 4.5-5.0. and three oth- 
ers from the basal nodular beds a CA1 of 4.5. P. 5 m thick sill in the 
lower half of the section has no appreciable affect on the CA: levels. 
Other sections north of S W - A  are predominantly Sandiland5 Formation, 
and only two small conodont collections with a CA1 of 4.5-5.0 were 
recovered. 



On the north side of the island, only the upper member of the Peril 
Formation and overlying strata are well exposed. One sample from 
the westernmost beach outcrop of the Peril Formation produced a col- 
lection with CA1 of 5.0, and eight more collections from the strong- 
ly faulted main outcrop produced the same CA1 values as the south 
coast (4.5-5.0). The north and south sides of Kunga Island are equidis- 
tant from the KPS, which crops out less than 4 km away. 

Group 5: CA1 >5.5 

Luxana Bay (Fig. 4A) 

A single conodont was recovered from a sample taken about 5 
m above the exposed base of a strongly disturbed, heavily silicified 
section containing numerous sills and dykes. The conodont is coarse- 
ly recrystallized and has a CA1 of 8.0 (Fig. 3F). The SCPS crops out 
2 km to the south across the channel. 

Carpenter Bay (Fig. 4C) 

Three collections were recovered from a small outcrop on the 
northwest shore where the contact between the Sadler and Peril for- 

mations is exposed. As at Blue Jay Cove, relatively fresh micrite nod- 
ules are interlayered with strongly altered, white-weathering grain- 
stone and silicified argillite. Late Carnian conodonts from the nod- 
ules have CAI values of 5.5-7.0, and exhibit variable textural alteration 
(Fig. 3D,E). Several sills and dykes cut these rocks, although they are 
less abundant than across the bay at South Cove, where CA1 values 
are lower. The BIPS crops out 1.6 km to the northwest. 

Deluge Point (Fig. 4E)  
A single collection with a uniform CM of 6.0 was recovered from 

a 20 cm bed of micrite, 3 m from a dyke. The BIPS crops out 3.1 km 
to the southeast and southwest. 

Crescent Inlet (Fig. 45) 
Three samples from a small section on the north side of the inlet 

have CA1 values that are apparently significantly higher than most oth- 
ers in northern Moresby Island. Each is assigned a CA1 of 5.5-7.0. Two 
of these samples have conodonts with irregular colouration and frost- 
ing, a probable hydrothermal affect. The nearest mapped pluton 
crops out 3.2 km to the southeast. 



Dyke swarms in the Queen Charlotte Islands, British 
Columbia, and implications for hydrocarbon exploration 

9.6. ~ombher' and A.M. Jessop 2 

Souther, J.G. and Jessop, A.M., Dyke swarms in the Queen Charlotte Islands, British Columbia, and implications for hydrocar- 
bon exploration; in Evolution and Hydrocarbon Potential of the Queen Charlotte Basin, British Columbia, Geological Survey of 
Canada, Paper 90- 10, p. 465-487, 199 1. 

Tertiary dyke swarms in the Queen Charlotte Islarzds display systematic regional variations in ot-ientation and 
chemical composition. They are believed to be cogenetic with the Masset volcanics arld intrusions of the Kano plu- 
tonic suite. D.ykes in the southern Moresby archipelago are relatively calcic plagiocla.se-hornbletzde phyric andesite 
whereas those in northern Moresby and southern Graham islancls are relatively alkaline and include a h i~her  pro- 
portion of basalt. 

The dyke swarms originated from central volccmo-plutonic comple.res and propagated outward in directions normal 
to the axis of least compressive stress. Extension due to dyke intrusion rangesfrr,~ nearly 100% in proximal parts 
uf .swamu to an average of3 or 4% over the entire length ( f a  swarm. 

Enhanced heatflow associated with Tetliary mugntutisrn and heuting by local intrusion of dykes can account for high 
values of vitrinite reflectance observed in sur$ace rocks of the Kunga Group. 

De.r essainzs de dykes tertiaires datzs les iles de la Reine-Charlotte prt!.venterzt des variations re'gionales systimatiques 
en ce qui concenre leur orieiztation et le~ir composition chirnique. On les croit de mgrne origine que les roches vol- 
caniques et les intrusions de Masset de Ia suite plutonique de Kano. Duns le sctd de l 'archipel Moresbv, les dykes 
sont composks dd'andL:site potphyrique a plagioclase-honzblende relativettient culcique tandis que dans le nord de 
l'ile More.sby et duns le sud de l'ile Graham, ifs sont relativement ulealins et contiennent une p1li.s grancle porpor- 
tion de basulte. 

Les essairns de dykes proviennent de comple.res volcano-plutoniques centraux qui se soizt propagb vers I'exttrieur. 
petpendiculairement 15 l'axe de la moindre contrainte de compression. La distension cazcsie par l'intr~~siorz des dykes 
varie de pr6s de 100 %, duns les parties proximles cks es.saims, Li 3 ou 4 % en moyenne sur de la longueltr totale 
d'un essaitn. 

L'ame'lioration dupux- tizennique associe' au mugmatisme tertiaire et au rlchauflement par l 'intrusion locale de dykes 
peut &re h l'origine des valeurs 6lev6e.s de la rkflectance de la vitrinite ob.servt%r sur les roches supetjicielles du groicpe 
de Kunga. 

' Cordilleran Division, Geological Survey of Canada. 100 West Pender Street, Vancouver, B.C. V6B 1R8 
Institute of Sedimentary and Petroleum Geology, 3303 - 33rd Street. Calgary, Alberta T2L 2A7 



INTRODUCTION 
A study of dyke distribution in the Queen Charlotte Islands was 

begun in 1987 as part of a two-year FGP program to assess the 
petroleum potential of Queen Charlotte Basin. The rationale for in- 
corporating a study of dykes in this program was based on assump 
tions that Tertiary dyke swarms are a manifestation of extension as- 
sociated with basin evolution, and that igneous heat introduced by the 
dykes would effect the thermal maturation of hydrocarbons. 

Prior to the present study no systematic work had been done on 
dykes in the Queen Charlotte Islands. Data collected in 1987 were sum- 
marized by Souther and Bakker (1988) and preliminary accounts of 
the 1987 and 1988 field work were reported by Souther ( 1988,1989). 
This report presents a synthesis of the dyke data. It includes a discussion 
of possible relationships between the dykes and coeval plutonic and 
volcanic rocks (Anderson and Reichenbach, 199 1 ; Hickson, 199 l), 
and an interpretation of the tectonic implications and thermal impact 
of dyke emplacement. 

FIELD WORK 
Field work by J.G. Souther was confined to shoreline traverses 

using an inflatable boat for transportation. With fcw exceptions land- 
ings were made on all dykes visible from the water. Most dykcs 
were sampled, and measurements of their thickness, orientation, and 
contact relationships were made on shore. Where wave-cut benches 

Figure 1: Index map showing the extent of shoreline examined for dykes 
during this study. 

were encountered the shoreline was traversed on foot. During the sum- 
mers of 1987 and 1988 some 800 km of shoreline were traversed and 
structural data were collected on about 2000 dykes (Figs. 1 and 2). 
Nearly continuous cxposure along much of the shoreline ensured that 
few dykes were missed along the traverse routes. The distribution of 
dykes shown on Figure 2 (in pocket) is thus a good representation of 
actual dykedistribution in that part of the Queen Charlotte Islands where 
traverses were run (Fig. 1). Thick overburden and forest preclude the 
collection of similar data from the interior of the islands, however, the 
excellent shoreline exposure and convoluted coastline provide a good 
sample of dyke distribution. 

Summary and Overview 
Tertiary dykes cut the Masset and all older formations exposed 

in the Queen Charlotte Islands. Individual dykes vary from less than 
1, up to 20 m in thickness and composite dykes may be as much as 
iOO m across. Most are ve~lical or stecply dipping, suggesting that lit- 
tle post-emplacement deformation has occurred and that the dykes are 
predominantly of Tertiary age. Those that cut sedimentary and vol- 
canic formations are more resistant to erosion than the intiuded rock 
and commonly form promontories and headlands. Dykes within the 
plutonic and metamorphic terranes either exhibit no differential ero- 
sion or form recessive moats within the more resistant country rock. 
Many dykes have prominent transverse columnar jointing whereay oth- 
ers have conspicuous colour banding parallel to their contacts. In gen- 
eral the contrast between country rock and dykes allows easy recog- 
nition even from a distance. 

Dykes on southern Graham Island and throughout the southern 
Moresby archpelago (Fig. 2, in pocket) are concentrated in broad re- 
gional swarms with different orientations and bulk compositions. 
Some swarms appear to overlap whereas others are separated by rel- 
atively dyke-free areas. Each swarm is from 10-20 km across and up 
to 40 km long. Dyke orientations vary from swarm to swarm and show 
varying amounts of internal scatter but each swarm has a dominant 
trend that is well defined between 000" and 095" and individual 
dykes are predominantly subvertical. Dykes in the study area are grouped 
into seven major swarms referred to informally as the Rennell Sound, 
Selwyn Inlet, Tasu Sound, Lyell Island, Bigsby Inlet, Bumaby Island, 
and Carpenter Bay dyke swarms. 

iocally the dyke swarms coalesce into sheeted complexes as- 
sociated with Tertiary epizonal plutons and zones of hydrothermal al- 
teration. Central igneous complexes of this type are well exposed near 
the centre of the Carpenter Bay, Lyell Island, and Selwyn Inlet 
swarms. Tertiary plutons of the Kano plutonic suite are also proxi- 
mal to extensions of the Rennell Sound and Bigsby Inlet swarms, and 
the Tasu Inlet swarm is associated with small Tertiary stocks and lac- 
coliths. 

Few dykes were observed along Skidegate Channel and adjacent 
islands or along Cumshewa and Long inlets. This suggests that a large 
part of northern Moresby and southern Graham islands, encompass- 
ing much of the Rennell Sound fold belt (Thompson and Thorkelson, 
1989), is relatively dyke-free. Dykes are also rare in the western part 
of Moresby Island south of the Bigsby Inlet swarm. This area, underlain 
mainly by Karmutsen volcanics and 170 Ma plutonic rocks of the San 
Christoval plutonic suite, is relatively free of Tertiary intrusions or struc- 
tures and comprises the south Moresby stable block (Souther, 1988). 

Renoell Sound swarm 
A total of 112 dykes were sampled in the Rennell Sound area. 

They define a northeasterly trending swarm at least 12 km across which 
is well exposed along both sides of Rennell Sound west of Richardson 



Head. A few dykes and sills that cut Kunga sediments in Shields Bay 
are peripheral to the eastern margin of the main swarm and large ir- 
regular dykes cutting Masset volcanics in Tartu Inlet are sparsely dis- 
tributed along the western margin. The Rennell Sound swarm projects 
northeasterly toward the Sheila Lake pluton and southwesterly along 
the western margin of Kano Inlet pluton. 

Dykes in the Rennell Sound swarm comprise 55% andesite, 
26% basalt, 9% dacite, and 10% rhyolite. Contacts with the country 
rock are commonly sharp and lack any sign of hydrothermal alteration. 
An exception is the western part of Shields Bay where ankeritic 
veining and intense zeolitization have altered the margins or cores of 
several large basaltic dykes along the eastern margin of the main swarm. 
Elsewhere the Tertiary dykes postdate deformation and alteration of 
the intruded rocks. Many dykes cut pervasively fractured and veined 
plutonic rock of the San Christoval plutonic suite but are themselves 
unaltered. 

The cumulative thickness of dykes in the Rennell Sound swarm 
indicates extension of about 1%. 

Tasu Sound swarm 
North-northeasterly trending dykes of the Tasu Sound swarm are 

exposed over a width of at least 14 km. Their cumulative thickness 
of 605 m, based on 17 1 measurements, indicates an extension due to 
dyke emplacement of 4.3%. The dykes comprise 57% basalt, 28% an- 
desite, and 15% rhyolite. They appear to have been emplaced during 
at least two episodes of intrusion and, where crosscutting relationships 
were observed, basalt is the younger phase. 

Evidence of an early stage of dyking is seen in the Lomgon Bay 
area where Kunga sediments are cut by irregular feldspar-phyric an- 
desite dykes having marginal quartz-calcite veins associated with hy- 
drothermal alteration. Commonly the older dykes are deformed and 
fractured. A few show offsets of a few metres to a few tens of me- 
tres along northwesterly trending faults. Both dextral and sinistral off- 
sets were seen. The andesite dykes are cut by a set of younger basalt 
dykes with straight, sharp, unaltered contacts and aphanitic selvages. 

The Tasu Sound swarm is not associated with any known Ter- 
tiary pluton. However, small subvolcanic intrusions of Masset diabase 
outcrop along the east side of Wilson Bay and a small intrusive dome 
of Masset rhyolite is exposed at the head of Newcornbe Inlet. These 
subvolcanic bodies are thought to be coeval and comagmatic with the 
dyke swarm and both may be related to a larger magmatic centre hid- 
den beneath the large area of Masset volcanics east of Tasu Inlet. 

Bigsby Inlet swarm 
Bigsby Inlet contains the only concentration of dykes exposed 

along the eastern coast of southern Moresby Island between Crescent 
Inlet in the north and Skincuttle Inlet in the south. The 78 dykes mea- 
sured in Bigsby Inlet swarm have two distinct trends: a strong norther- 
ly trending set parallel to the Lyell Island swarm and a weaker north- 
westerly trending set parallel to the Tasu Inlet swarm. Crosscutting 
relationships, observed at only two locations, indicate that the north- 
westerly trend is younger. 

The northeasterly trending dyke set can be projected south from 
Bigsby Inlet to the Tertiary Pocket Inlet pluton where mutually cross- 
cutting relationships between basalt dykes and late phases of the 
pluton have been observed (R.G. Anderson, pers. comm., 1989). 
The dykes in Bigsby Inlet are probably distal phases of an igneous com- 
plex centred in the Pocket Inlet area. 

Dark green, brown-weathering andesite with prominent marginal 
flow banding and widely spaced blocky jointing comprises 78% of 
the Bigsby Inlet dykes. Most are aphyric but some contain sparse, 2- 
3 mm feldspar phenocrysts. Aphyric, black-weathering columnar 

basalt forms most of the remaining 22% of Bigsby Inlet dykes. Where 
composite dykes include both lithologies, the basalt is younger and 
commonly exhibits quenched selvages against the andesite. Minor cal- 
cite veining is present in and adjacent to some dykes but most con- 
tacts are sharp and free of hydrothermal alteration. Total extension rep- 
resented by emplacement of the Bigsby Inlet swarm is about 2%. 

Selwyn Inlet swarm 
The Selwyn Inlet swarm is relatively narrow (about 7 km), ex- 

tending from Sewell Inlet south to Talunkwan Island. Its easterly trend 
contrasts with the northerly or northeasterly trend of all the swarms 
farther south on Moresby Island. Most of the 304 dykes measured are 
aphyric andesite but the swarm is IithologicdJy diverse. Individual dykes 
range in composition from basalt to rhyolite, and some large composite 
dykes have multiple phases of markedly contrasting composition. Lo- 
cally the composite dykes merge into sheeted complexes up to 50 m 
thick and comprise up to 12 distinct intrusive phases. Where cross- 
cutting relationships were observed, an older set of northwesterly trend- 
ing andesite dykes is cut by easterly trending basalt dykes. 

The Selwyn Inlet swarm is spatially related to Tertiary pluton- 
ic rock which outcrops on southern Louise and Talunkwan islands. 
Dykes are much less abundant in the plutons than in the adjacent coun- 
try rock, suggesting that the main episode of dyke intrusion preced- 
ed emplacement of the plutons. The western margin of the pluton on 
Louise Island includes large areas of fine grained monzodiorite with 
prominent east-trending joints parallel to zones of dark grey, feldspar- 
phyric andesite. Contacts between the monzodiorite and andesite are 
gradational and are believed to be the selvages of individual dykes in 
a sheeted complex formed during the initial stages of pluton em- 
placement. Dykes cutting the pluton are predominantly basalt. 

Hydrothermal alteration is localized around the margins of the 
plutons, where the dykes are commonly bounded by and locally cut 
by quartz-carbonate veins. In contrast, dykes farther from the plutons 
have sharp contacts and display little or no evidence of veining or hy- 
drothermal alteration. For example dykes on Talunkwan Island cut 
extensive stockworks of quartz-calcite veins within the Masset vol- 
canic~ and are themselves cut by similar veins. This suggests that the 
volcanic pile on Talunkwan Island was proximal to an eruptive cen- 
tre and may be underlain by subvolcanic plutons large enough to have 
driven a major hydrothermal system. In addition many of the 
Talunkwan dykes are fractured and locally displaced several metres 
along minor faults. Both dextral and sinistral offsets were observed. 
The Masset pile was clearly undergoing local deformation and hy- 
drothermal alteration during the period of dyke emplacement. 

The cumulative thickness of dykes in the Selwyn Inlet swarm 
indicates extension of more than 10% -the greatest regional exten- 
sion associated with any of the measured dyke swarms. 

Eye11 Island swarm 

Dykes exposed on Lyell Island vary widely in composition and 
orientation and are probably related to two separate swarms. North- 
easterly trending dykes on the eastern part of the island are coexten- 
sive with the Bigsby Inlet swarm whereas northerly trending dykes 
are spatially associated with a large igneous complex on eastern 
Lyell Island. Elsewhere the Lyell Island dykes have a relatively ran- 
dom distribution. 

The 309 dykes measured in the Lyell Island swarm comprise 62% 
andesite, 30% basalt, and 8% combined andesite and dacite. The an- 
desite is predominantly fine-grained and aphyric but porphyritic va- 
rieties containing small phenocrysts of hornblende andlor plagio- 
clase are also common. Many of the andesite dykes cutting the 
Masset pile have been fractured, deformed, veined and locally seg- 



mented into discontinuous remnants. Those cutting pre-Masset for- 
mations are less deformed. They are commonly either massive or have 
crude columnar jointing and cryptic marginal flow banding. A few 
andesite dykes proximal to the Lyell Island igneous complex have promi- 
nent white mottling and marginal banding typical of the "Arichika type" 
zeolitic alteration (see Bumaby Island swarm). Basaltic dykes are com- 
monly fine-grained, aphyric, and have well developed transverse 
columns and sharp unaltered contacts. Where crosscutting relation- 
ships were seen the basaltic dykes are the youngest. Most rhyolite and 
dacite dykes in the Lyell Island swarm are associated with zones of 
hydrothermal and pyritic alteration. 

The Lyell Island igneous complex (Fig. 3) is exposed on east- 
em Lyell and adjacent parts of Faraday and Murchison islands. It com- 
prises northerly trending andesite dykes and sheeted dyke swarms as- 
sociated with a multiphase pluton of aphyric to moderately feldspar- 
andlor hornblende-phyric andesite. The andesite is associated with and 
may be comagmatic with senate monzodiorite (Anderson and Greig, 
1989). The intrusive complex is flanked by and appears to cut prox- 
imal breccias and flows of Masset volcanics. The intrusive andesite 
cuts Mesozoic shale, probably belonging to the Sandilands formation, 
and pendants of similar shale occur locally within the intrusive body. 

The amount of extension associated with the Lyell Island dyke 
swarm varies from nearly 100% in proximal parts of the igneous com- 
plex to an average of 3% in distal parts of the swarm. 

Burnaby Island swarm 
The 194 dykes assigned to the Burnaby Island swarm were 

measured on Burnaby, Huxley and adjacent parts of Moresby is- 
lands and on the many small islands in Skincuttle Inlet. The swarm 
overlaps the northern end of the Carpenter Bay swarm but the latter 
has a more northerly trend and a smaller percentage of basaltic dykes. 

Two distinct types of andesite dykes comprise 70% of the Burn- 
aby Island swarm. The most abundant dykes are massive to crudely 
columnar, greenish brown-weathering bodies with sharp linear con- 
tacts (Fig. 4). They commonly contain small sparse phenocrysts of pla- 
gioclase andor hornblende, which are oriented to give the dykes a cryp 
tic layering parallel to their contacts. Andesite dykes of the second type, 
referred to informally as the "Arichika type" (Fig. 5), are less abun- 
dant but widely distributed within the Burnaby Island swarm. They 
comprise medium- to coarse-grained, aphyric, pyroxene andesite 
dykes which are commonly from 2- 15 m thick. A characteristic fea- 
ture of these dykes is their intense zeolite alteration which is mani- 
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Figure 3: Sketch map showing the approximate extent of the Lyell Island igneous complex and adjacent dykes. 



Figure 4: Fine grained andesite dyke cutting Kunga limestone, Balkus Islands. 

Figure 5: Layered andesite dyke of the "Arichika" type, Copper Islands. 



fest as prominent white layers and mottling along zones parallel with 
the contacts. Many of the dykes which cut the Cretaceous Longarm 
Formation are of the Arichika type. 

Basalt, which comprises 24% of the Burnaby island swarm, 
forms massive to columnar dykes with sharp, linear contacts. They 
commonly form the youngest dyke set. As in the other swarms rhy- 
olite and dacite form a srnall percentage of the total dykes (7%). !n 
the Burnaby Island swarm some felsic dykes contain hornblende 
andor biotite and have a holocrystalline aplitic texture similar to that 
of fine-grained phases in the Kano plutonic suite. Most of the light- 
coloured dykes are associated with zones of pyritic alteration. 

Many of the aurnaby !sland dykes cut well bedded Kunga sed- 
iment~. Although discrete subvertical dykes predominate they are lo- 
cally associated with shallow-dipping sills and intrusive stockworks. 
,Wedge-shaped leading edges of dykes were observed at several 
places within the Icunga sediments where dykes a rnebe or more across 
taper to a few centimetres in a distance of ten to twenty metres. An- 
desite at the thin edge of the wcdge is conunonly filled with small an- 
gular clasts of the intruded sediment and a fracture zone extends for 
several tens of metres beyond the end of the dyke. The fracture zone 
comprises a loose aggregate of wall-rock clasts, open spaces, and quartz- 
carbonate veins suggesting that fluid pressure, probably resulting 
from superheated steam, played an active role in dyke propagation. 

Dykes in the Burnaby 'sland swarm have a greater variety of suuc- 
tures than those in any of the other swarm:.. h e y  vary from uniform 
tabular bodies with sharp contacts and well-developed columns 
through dykes and sills that have undergone varying degrees of fold- 
ing and faulting to those that have been intensely and pervasively frac- 
tured and veined. Although no exposures of Tertiary plutons are 
known near the Burnaby Island dyke swarm, the presence of large 
holocrystalline felsic dykes suggests the presence of a large igneous 
centre. Intrusion of the dykes into a zone of progressive fracturing and 
local extension of 3-5% related to the emplacement of an underlying 
pluton could account for the observed diversity of deformation and 
intense hydrothermal activity that characterize the swarm. 

Carpenter Bay s w s x  
The Carpenter Bay dyke swarm extends north-northwesterly from 

Luxana Bay on Kunghit Island through southwestern Moresby Island 
to Skincuttle Inlet, where it merges with the 3umaby Island swarm. 
The 693 dykes measured within the Carpenter Bay swmn form en- 
echelon sets with a more northerly trend than the swarm as a whole. 
These north-trending sets die out to the south against a relatively dyke- 
free terrane, the south Moresby stable block, that extends southeast 
from the San Christoval Xange through southwestern Moresby and 
Kunghit islands. The Carpenter Bay dyke swarm may be genetical- 
ly related to the Tertiary Carpenter 3ay pluton, which is exposed near 
the centre of the swarm on southeastem Moresby Island. 

Andesite dykes, which form 87% of the Carpenter 3ay swarm, 
include both aphyric and porphyritic varieties. Smaller dykes (less than 
2 m) are mostly aphyric whereas the larger andesite dykes com- 
monly contain 1-3 mm phenocrysts of plagioclase and/or hornblende. 
Some very large dy kes ( l  0 or more metres thick) comprise crowded 
hornblende-feldspar porphyries in which phenocrysts form more 
than 50% of the rock. Less abundant but also widely distributed 
through the central part of the swarm are fine-grained seriate mon- 
zodiorite dykes, which are indistinguishable from, and probably co- 
magmatic with, fine grained phases of the Carpenter Bay pluton. 
Sasalt dykes comprise only 6% of the Carpenter Bay swarm. They 
have a random spatial distribution but are commonly the youngest dykes. 
Light coloured, highly fractured, aphanitic dykes (rhyolite andor 

dacite) form a sparse set of large dykes on the east side of Kunghit 
Island where they are associated with zones of pyritic alteration. 

!n the central part of the Carpenter Bay swarm, adjacent to the 
Carpenter Bay pluton, composite dykes several tens of metres thick 
are abundant and locally fonn sheeted complexes more than a k i l e  
metre across. Such complexes are well exposed for some 4 km along 
the southeastern shore of Carpenter Bay, north of the Carpenter Bay 
pluton. There, intensely deformed Kunga sediments have been intruded 
by a complex of closely spaced andesite dykes. The percentage of dykes 
varies from about 50% to more than 80% in large areas where near- 
ly continuous igneous rock contains only a few discontinuous screens 
of Kunga sediments. The sheeted complexes have prominent verti- 
cal jointing and indistinct internal phase contacts, both of which are 
coplanar with north-trending vertical dykes elsewhere in the swarm. 
Dykes are much less abundant within the Carpenter Bay pluton than 
in the surrounding country rock, suggesting that early dykes were in- 
truded by late phases of the pluton. :-iowever, the pluton is cut by both 
andesite and basalt dykes and locally, as at Benjamin Point, individ- 
ual andesite dykes can be traced across the contact between Kunga 
sediments and seriate monzodiorite of the Carpenter Bay pluton. 

'The amount of hydrothermal alteration associated with the Car- 
penter s a y  swarm is extremely variable. Many dykes in the Carpen- 
ter Bay-Benjamin Point area are deformed, fractured, and veined 
along with the enclosing sediments. Dykes farther south along Stew- 
art Channel and on Kunghit Island commonly have sharp contacts and 
lack hydrothermal veins. 

AGE OF DYKE iNTAUSIGN 
hiost of the dykes documented in this study are believed to 

have been emplaced episodically during a long period of Tertiary mag- 
matism. Most of the pre-Masset m k s  in the study area have been mod- 
erately to intensely deformed whereas deformation of the dykes cut- 
ting them is relatively slight and commonly restricted to minor offsets 
on local faults. Also the dykes are predominantly vertical or subver- 
tical, suggesting that post-emplacement tilting has been minimal. 

Fxlier speculation that many of the dykes may be related to Juras- 
sic, Yakoun volcanism (Souther, 1988) is inconsistent with the near 
vertical attitudes and lateral continuity of the vast majority of dykes. 
The localized and relatively slight deformation of dykes is in marked 
contrast to the complexly folded and faulted Jurassic strata which they 
cut. Moreover, the lithologies and trends of dykes which cut the 
Cretaceous Longarm and Tertiary Masset formations are indistin- 
guishable from the lithologies and trends of dykes cutting older stra- 
ta. The apparent scarcity of dykes related to Yakoun volcanism is prob 
ably in part due to more intense fracturing which has made them less 
conspicuous than the highly resistant Tertiary dykes. However, the 
paucity of Yakoun dykes may also reflect a fundamental difference 
in the tectonic environment associated with Tertiary and Jurassic 
volcanism. 'The Tertiary dykes were clearly emplaced when a strong- 
ly anisotropic stress field favoured extension and lateral propagation 
of dyke swarms. Such conditions Inay not have prevailed during the 
Jurassic. The Yakoun volcanics may have erupted from central vents 
without the accompanying injection of extensive dyke systems. 

The foregoing observations suggest that most of the dykes doc- 
umented in this study were emplaced during the long period of Mas- 
set volcanism, between Middle Eocene and Early Miocene time (50- 
20 Ma). They are probably at least partly comagmatic with Masset 
volcanic rocks (Hickson, 1991) and with plutonic rocks of the Kano 
plutonic suite (Anderson and Reichenbach, 1991; Anderson and 
Greig, 1989). It seems likely that the principal dyke swarms and 
some of the Kano plutons are subvolcanic manifestations of Masset 
volcanic piles which have been partly or wholly removed by erosion. 



Table 1. K-Ar data for dykes on southern Moresby Island 

Field no. Lab. no. Locality Material K W/O Rad 4 0 ~ r  OhAtmos Ar Age + 2o 
+ l& C C I ~  X 1 o - ~  

+ loO/o 

SE042387 4065 lkeda Point Hornblende 0.241 + .55 3.894 k 5.7 71 .O 41.1 k4.6 Ma 

SE041387 4064 Koya Bay Hornblende 0.217 k .78 4.669 k2.9 41.0 54.53 + 3.2 Ma 

K-Ar age determinations by J.C. Roddick, Geological Survey of Canada, Ottawa. 

K-Ar dates of 43.7 Ma (Anderson and Reichenbach, 1991), 54.5 
Ma, and 41.1 Ma (Table 1) from dykes on southern Moresby Island 
compare to a mean age of 23 Ma for Masset volcanic rocks on Gra- 
ham Island (Hickson, 1988). This agrees with a northerly decrease in 
the age of Kano plutonic rocks and suggests a northward migration 
of Tertiary magmatic activity with time. On the other hand, recogni- 
tion of an older volcanic suite under the Masset of Graham Island 
(Hickson, 1988) may indicate that Eocene or earlier magmatism 
began along the length of the volcanic belt but persisted longer in the 
north. Thus remnants of volcanic and subvolcanic rocks coeval with 
those exposed on southern Moresby Island may be buried beneath the 
younger Masset volcanoes of Graham Island. 

In most swarms an early generation of andesite dykes is cut by 
Kano plutons and synplutonic dykes and these in turn are cut by a still 
younger generation of mainly basaltic dykes (Fig. 6). The mutually 
crosscutting relationships between dykes and Kano plutonic rock 
and the multiple quenched selvages observed in many composite 
dykes are probably the result of progressive intrusion and extension 
during a single but prolonged Tertiary magmatic episode. 

PETROGRAPHY 
Samples of 81 dykes, representing the full range of visually 

different rocks, were examined petrographically (Souther and Bakker, 
1988). Mineral compositions were determined by flat-stage optical rneth- 
ods and percentages by visual estimate (Table 2). Lithological names 
in Table 2 are based on the proportions of quartz, alkali feldspar, and 
plagioclase, using the classification scheme of Streckeisen (1967). 

Based on textures and alteration the samples are further subdi- 
vided into the five classes described below. 

Class 1 

This relatively small group of leucocratic, feldspar phyric rocks 
includes rhyolite, dacite, trachyte and andesite. Feldspar phenocrysts 
are commonly hiatal and moderately to strongly altered but rocks of 
this type contain relatively little secondary calcite, chlorite or leucoxene. 

Class 2 
This large group of pyroxene-poor andesite, basalt and dacite is 

characterized by rocks containing less that 15% pyroxene and total 
modal mafic minerals M (M = cpx + ch + bi + op) of 10%-30%. Hi- 
atal microphenocrysts of zoned plagioclase (labradorite-oligoclase), 
augite, pigeonite, and rare amphibole are moderately altered. The ground- 
mass of plagioclase laths contains abundant calcite and chlorite. Au- 
toclastic texture, characterized by randomly oriented broken crystals, 
is common. 

Class 3 
Pyroxene-rich andesite and basalt in this class commonly con- 

tain 10-25% pyroxene and M = 2550%. The rocks are either aphyric 
or contain sparse microphenocrysts of strongly zoned plagioclase (an- 
desine-oligoclase in the andesites, labradorite-oligoclase in the basalts) 

Figure 6: Idealized sketch showing the progression of intrusive events 
based on crosscuttina relationships: a. intrusion of precursor andesite 
dykes; b. intrusion oii<ano pluto" and synplutonicporphyry dykes; c. 
intrusion of post-plutonic basalt dykes. 
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and augite in a groundmass of plagioclase laths, chlorite, biotite, swarms include dykes that span the complete spectrum of petro- 
opaques and leucoxene. graphic and chemical types. 

Class 4 

Doleritic basalt of this type contains 25-45% pyroxene. The 
rock is aphyric or contains sparse plagioclase phenocrysts. Textures 
are ophitic or subophitic and coarser than basalts in the previous 
classes. Alteration is slight but some chlorite and biotite are present 
in most specimens. 

Class 5 

Gabbroic basalt of this type is confined to very thick dykes 
(>l0 m). The mineralogy of these rocks is similar to doleritic basalts 
of the previous class but they are coarser grained and the texture is 
hypidiomorphic-granular rather than ophitic. They are commonly 
aphyric and unaltered. 

The degree of alteration appears to be closely linked to the 
proximity of central igneous complexes where hydrothermal activi- 
ty was most intense. Saussuritization and other alteration is more in- 
tense in rocks of intermediate composition (andesite and basaltic an- 
desite) than in either the rhyolites or more mafic basalts suggesting 
that magma composition was also a factor in controlling alteration. 

The petrographic work revealed a broad spectrum of composi- 
tions, ranging from rhyolite to basalt, but failed to establish any min- 
eralogical or textural criteria that are unique to dykes from different 
swarms or of different ages. However, the 81 petrographically stud- 
ied samples provided a reference suite for visual comparison and clas- 
sification of the entire collection. 

CHEMISTRY 
The petrographic data reveal only slight differences in the lithol- Forty-seven dyke samples were analyzed for major and trace el- 

ogy of dykes from the seven geographic areas studied. Except for T a u  ements. The results (Table 3) confirm the wide range of compositions 
Sound, where only basalt and andesite dykes were found, each of the indicated by petrography. Silica values range from 48.4-76.6%. All 
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Burnaby I. - Carpenter 
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I & . andesite I 
/ 0 I I I I I 

Daci te 

SiO, (normalized, W t0l0) 
Figure 7: Alkali-silica diagram for the 47 analyzed dyke samples listed in Table 3. Dashed line is the boundary between the alkaline and subal- 
kaline fields of lrvine and Baragar (1971); solid field lines are from LeBas et al. (1986). 



but three of the analyzed samples are quartz normative and only one, 
a trachyte porphyry, is nepheline normative. The latter is an anoma- 
lous, K-feldspar-rich rock from a dyke near the centre of the Burna- 
by Island swarm. 

The chemical data do not plot along any single trend or within 
any well defined field. On the alkali-silica diagram (Fig. 7) most of 
the data plot in the subalkaline field and range in composition from 
basalt to rhyolite. However, the data set includes eight rocks that range 
in composition from trachybasalt to trachyte on the classification 
scheme of LeBas et al. (1986). On the h i n e  and Baragar (1971) Ab'- 
An-Or diagram (Fig. 8) most of the dyke data plot in the field of the 
sodic series but eight of the analyses are well within the field of the 
potassic series. The AFM plot displays a similar degree of scatter. Al- 
though most of the data define a calc-alkaline trend analogous to that 
of the Cascades a significant number of points lie along a path of ex- 
treme iron enrichment characteristic of tholeiitic (MORB) fraction- 
ation trends. 

The average composition of samples from the northern group of 
dyke swarms (Rennell Sound, Selwyn Inlet and isolated dykes in the 
Skidegate Channel area) is significantly more alkaline and lower in 
iron than the mean composition of samples from the Carpenter Bay, 
Burnaby Island, Lyell Island, and Tasu Sound swarms farther south 
(Fig. 8). 

Silica variation diagrams for both major and minor elements (Fig. 
9) indicate a complete range of intermediate compositions between 

the basaltic and rhyolitic end members. Much of the scatter in the data 
may be due to mixed parentage of the suite which appears to be the 
product of both calc-alkaline and tholeiitic magmatism. However, the 
fairly linear decrease in Fe203, MgO, and CaO (not shown) and the 
rapid decrease in Ti02 with increasing silica are typical of calc-alkaline 
suites which may be the product of combined fractionation and as- 
similation. The rate of increase of Na20 (Fig. 9), A1203, and Sr ap- 
pears to decline after about 56% silica suggesting that separation of 
alkali feldspar may have influenced the late stages of fractionation. 

TECTONIC SETTLNG 
Between 40 and 20 Ma ago, when Tertiary magmatism was most 

intense on Queen Charlotte Islands, western North America was 
bounded by and converging with the Farallon Plate Nddihough, 1982) 
(Fig. 10). The Pemberton Volcanic Belt which extends west-north- 
westerly from the Chilliwack Batholith in southern British Columbia 
across the Coast Mountains to Queen Charlotte Islands is believed to 
be the remnant of a magmatic arc related to this convergence (Souther 
and Yorath, in press). The trace of the arc is defined by a linear zone 
of widely spaced epizonal plutons and deeply dissected volcanic 
piles of which the Masset and related subvolcanic rocks are the most 
northerly manifestation. 

The above model implies that the Farallon-Pacific triple junc- 
tion with North America lay north of the Queen Charlotte Islands through 
most of Masset time. Subsequent migration of the Farallon-Pacific ridge 
south to its present position off northern Vancouver Island and a shift 

Burnaby Island - Carpenter 
Bay areas 

+ Lyell Island - Bipsby Inlet 
areas 

A Tasu Sound area 

0 Selwyn Inlet area 

0 Skldepate Channel area 
(domain 3, Pip. 12) 

A Rcnnell Sound area 

Figure 8: Ab'-An-Or and AFM diagrams showing the chemical affinity and variation for the 47 analyzed dyke samples listed in Table 3. Dashed 
lines are the boundaries between sodic and potassic series on the Ab'-An-Or plot, and between tholeiitic and calc-alkaline suites on the AFM di- 
agram (from l ~ i n e  and Baragar, 1971). 
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Figure 9: Selected silica variation diagrams showing major and minor element trends for the 47 analyzed dyke samples iisted in Table 3. Squares 
are 1988 data, circles are 1989 data. For a discussion of analytical precision see Hickson (1990). 
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Figure 10: Possible plate configurations during mid- to late-Tertiary time in the Queen Charlotte segment of western North America: (a) devel- 
opment of a calc-alkaline igneous front (Masset volcanism and Kano plutonism) and back-arc extension (Queen Charlotte Basin) associated with 
northwesterly subduction of Farallon crust, (b) eastward jump in a portion of the Farallon-Pacific spreading axis resulting in a shift from calc-al- 
kaline to tholeiitic igneous activity and ultimately to extinction of Masset volcanism and rifting in the back-arc region, (c) continued extension of 
Queen Charlotte Basin related to spreading along the Farallon-Pacific ridge, (d) southward migration of the Farallon-Pacific ridge to its present 
position and a shift in the transcurrent boundary with North America from inboard to outboard of the present Queen Charlotte Islands. (A- Amer- 
ica plate, F - Farallon plate, K - Kula plate, P - Pacific plate). 
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to transcurrent motion between the northern Pacific and North Arner- 
ican plates would thus explain the cessation of Masset arc volcanism 
in the Late Miocene. A further implication of this model is the pos- 
sibility that Tertiary magmatism and tectonics in the Queen Charlotte 
Islands or Hecate Strait region may have been influenced by proximity 
to the Farallon-Pacific spreading axis during its migration south- 
ward along the trench (Fig. 10). Hamilton (1989) has noted that the 
Masset volcanism spans the transition period from North America - 
Farallon to North America - Pacific plate interaction. He interprets 
the Tertiary succession on Queen Charlotte Islands to be a rift as- 
semblage which includes rocks with both calc-alkaline and MORB 
chemical characteristics. 

The chemical data from both lavas (Hickson, 1991) and dykes 
suggest a complex igneous environment which, although dominated 
by calc-alkaline magmatism, was also the source of small volumes 
of alkaline and tholeiitic magma. The calc-alkaline affiliation is con- 
sistent with an arc environment associated with eastward subduction 
of Farallon crust but the presence of alkaline rocks and the tholeiitic 
trend exhibited by some of the Queen Charlotte dykes suggests that 
their chemistry may also have been influenced by rifting and prox- 
imity to a spreading ridge. The association of alkaline magma with 
a marginal, calc-alkaline arc has been documented in southwestern 
Mexico (Allan, 1986; Allan et al., in press) where small alkaline vol- 
canoes near the axis of the Mexican Volcanic Belt are associated with 

rift zones developed on the continental margin above eastward s u b  
ducting crust of the Rivera Plate. The present close proximity of the 
Mexican Volcanic Belt to the intersection of the East Pacific Rise with 
the Mid-America trench may be analogous to the Tertiary tectonic set- 
ting in Queen Charlotte Islands. Close proximity of the Farallon-Pa- 
cific ridge to the Masset volcanic arc may have influenced both the 
chemistry of the magma and the stress fields which controlled dyke 
emplacement. 

Alternatively the more alkaline dykes may reflect differences in 
the chemistry of source regions in adjacent crustal blocks. Such a re- 
lationship is suggested by the greater alkalinity and more easterly trend 
of the northern dyke swarms as compared with those farther south. 
The boundary zone as defined by dyke orientation and chemistry cor- 
responds approximately with the southern margin of the Rennell 
Sound fold belt (Thompson, 1988) which may be a manifestation of 
movement on a zone of long-lived deep crustal structures. 

STRUCTURAL SETTING 
The chemical aftiliation, age and distribution of dykes in the Queen 

Charlotte Islands suggest that they are genetically related, on the 
one hand, to Masset volcanic rocks and, on the other, to Tertiary epi- 
zonal plutons of the Kano plutonic suite. The Renneli Sound, Selwyn 
Inlet, Bigsby Inlet, Lyell Island, and Carpenter Bay dyke swarms are 
closely associated with central volcano-plutonic complexes that have 

Figure 11: Schematic sketch showing the inferred relationship of dyke swarms to Tertiary plutons and Masset volcanic centres. 
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been partially unroofed. The Burnaby Island dyke swarm is associ- 
ated with alteration and fracturing which suggest extension and hy- 
drothermal activity in the roof zone of an unexposed pluton. iqo plu- 
tonic association is known for the Tasu Inlet swarm, but the dykes project 
into a large area of adjacent Masset volcanics which may conceal a 
central igneous complex. 

The calc-alkaline chemistry of the dykes and associated volcano- 
plutonic suites is typical of arc niagmatisrn. Moreover. the spacing of 
known and inferred volcano-plutonic complexes in the Queen Char- 
lotte Islands (30-50 km) is analogous to that of central volcanoes along 
the Cascade and other continental margin volcanic arcs (Williams and 
McBimey, 1979). By analogy with other such arcs it is reasonable to 
assume that Masset volcanism was confined to a relatively narrow. 
elongated belt which may never have extended significantly beyond 
the present outcrop distribution. 

Where dyke propagation has been recorded in real time as in Ice- 
land (Sigurdsson, 1987), the magma has been shown to flow lateral- 
ly from central magma columns into fractures developed normal to 
the direction of least conlpressive stress. At Krafla the average dyke 
height is 2.8 km and the horizontal length 10-30 km. Several aspects 
of the Queen Charlotte dyke swarms indicate a similar relationship 
to central igneous complexes represented by the Rano plutons (Fig. 
11). There are for example, relatively few Tertiary dykes in the Tri- 
assic Karmutsen Formation and in the Cretaceous Longarm Forma- 
tion. This suggests that dykes injected laterally through younger stra- 
ta may have bottomed out due to high lithostatic pressure in the 
deeply buried iC;urnutsen volcanics. The relatively few dykes that cut 
the Longarm Formation include a high proportion of zeolitized, band- 
ed dykes of the "Arichika type". The multiple quenched selvages char- 
acteristic of these dykes indicate rapid quenching, probably due to 
groundwater which restricted their propagation. Although there are 
many exceptions, the overall distribution patterns suggest that dykes 
were preferentially injected into a zone of intermediate depth where 
post-Karmutsen pre-Longarm stratigraphy predominated. 

The generation of Tertiary magma and its rise into central igneous 
complexes in the Queen Charlotte Islands was controlled largely by 
deep lithospheric and mantle processes that may not be reflected in 
the surficial geology. Conversely the dykes record the trends of ex- 
tensional stresses operating in the upper crust along the western mar- 
gin of Queen Charlotte Basin during late Tertiary time. Tensional stress- 
es induced by thermal doming over plutons in the central igneous 
complexes are probably responsible for much of the observed scat- 
ter in the orientation of dykes proximal to the Idyell Island and Burn- 
aby Island igneous centres. Yowever, most of the Queen Charlotte dyke 
swarms have a strong linear trend that reflects the regional stress field 
at the time of their emplacement. 

Variations in trend among the different swarms suggest the 
presence of several strucwd domains bounded by major faults or "weak 
zones" in the lithosphere. Such zones may have functioned as bound- 
aries between deep crustal blocks with different stress patterns, thus 
controlling dyke orientations, but leaving little structural record in the 
surface geology. One such bounday, refend to informally as the "me- 
dian domain boundary", appears to lie between the eastern and west- 
em belts of Kano plutons (Fig. 12). The Rennell Sound, Tasu Sound 
and Bigsby Inlet swarms, which are associated with plutons of the west- 
em belt, have generally northeasterly trends as do most of the dykes 
scattered throughout the "south Moresby stable block". The area 
embracing these swarms (domain 1, Fig. 12) appears to have been a 
coherent unit with a uniform northwest to southeast extensional stress 
field during the period of dyke emplacement. A stress field with 
such an orientation could result from northeasterly directed compression 
related to plate convergence (Fig. 12). 

East of the "median domain boundary" the Selwyn Inlet, Lyell 
Island, Burnaby Island, and Carpenter Bay dyke swarms are associ- 
ated with the eastern belt of the Kano plutonic suite. The area en- 
compassing these dykes and plutons (domain 2, Fig. 12) appears to 
have been influenced by at least three stress regimes. The dominant 
northerly trend of dykes in the Carpenter Bay, Burnaby Island, and 
Lyell Island swarms reflects a regional stress regime of east-west ex- 
tension. The en-echelon arrangement of these dykes and their disap 
pearance southward against the "median domain boundary" suggest 
that they are controlled by gash fractures developed in response to dex- 
tral shear between domains 1 and 2. A second stress regime, related 
to local doming over central igneous complexes, niay have been su- 
perimposed on the regional northerly trend and probably caused 
much of the observed scatter in dyke orientations associated with the 
Burnaby Island and LyeU Island swarms. A third stress regime is record- 
ed by easterly trending dykes in the Selwyn Inlet swarm. The orien- 
tation of these dykes implies incipient north-south separation and dyke 
intrusion in an extensional zone between domain 2 and domain 3 (Fig. 
12). 

Domain 3 encompasses a large relatively dyke-free area of 
northern Moresby and southern Graham islands. Although the west- 
ern part of this area was not baversed, only a few widely scattered dykes 
were observed along well-exposed transects through Skidegate, 
Cumshewa and adjacent channels. Domain 3 includes the RenneU Sound 
fold belt (rhompson and Thorkelson, l989), which extends in a 
west-northwesterly direction across the islands without any apparent 
offset on transcurrent faults. Thus the "median domain boundary" prob- 
ably does not extend north of Selwyn Inlet and any strike slip move- 
ment along it could be accommodated by north-south extension and 
the development of a pull-apart structure defined by the Selwyn Inlet 
dyke swarm. 

i3A5IN EVOLUTION 
The relationship between Tertia~y magmatism and the evolution 

of Queen Charlotte Basin is a matter of speculation. If the Masset vol- 
can ic~  and related subvolcanic intrusions are the remnants of a Ter- 
tiary volcanic arc then calc-alkaline magmatism and associated crustal 
thickening was probably confined to a relatively narrow zone. Queen 
Charlotte Basin, which lies behind the arc, can be interpreted either 
as a contemporary back-arc basin or as a rift basin that postdates Mas- 
set volcanism. 

If the back-arc model is used then, by analogy to other arclback- 
arc pairs (Sclater, 1972) calc-alkaline magmatism along the axis of 
the Masset arc should have been accompanied by the eruption of more 
alkaline magma behind the arc (Fig. 10a). The attendant high heat flow 
in a relatively broad back-arc region could have resulted in crustal thin- 
ning followed by thermal subsidence and the formation of Queen Char- 
lotte Easin. 

Alternatively the opening of Queen Charlotte Basin nlay have 
been initiated by an eastward jump in the Farallon-Pacific spreading 
ridge, analogous to the model proposed by Luhr et al. (1985) for south- 
western Mexico (Fig. lob). As in the previous model thc Masset vol- 
canic arc is attributed to eastward subduction oPFarallon crust beneath 
western North America. Consumption of the Farallon Plate was ac- 
companied by southward migration of the Farallon-Pacific ridge to 
a position near the northern end of the Masset arc at which time the 
spreading axis may have jumped eastward and initiated rifiing behind 
the arc (Fig. lob). This shift in the position of the triple junction would 
account for the cessation of Masset volcanism and provide a mech- 
anism for opening of Queen Charlotte Basin over the repositioned 
spreading axis (Fig. 10c). Continued subduction of the Farallon Plate, 
accompanied by volcanism on the adjacent mainland, culminated in 
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Figure 12: Sketch map showing the inferred relationship of dyke swarms to the Farallon and North American plates and to stress fields associ- 
ated with small crustal domains in the Queen Charlotte Islands during mid-Tertiary time. 



migration of the triple junction south to its present position off north- 
em Vancouver Island (Fig. 10d). 

Although the timing is poorly constrained the rift model is con- 
sistent with broad interpretations of Tertiary plate geometry (Riddi- 
hough, 1982) and with the chemical diversity of Tertiary dykes noted 
in this study. Moreover, if the opening of Queen Charlotte Basin was 
related to a spreading axis then basaltic dykes, injected along the axis 
of the ridge, could account for the volume of dense crustal rocks in- 
dicated by gravity profiles across Hecate Strait (Sweeney and Seemann, 
1991). Such a model, rather than one involving the juxtaposition of 
allochthonous terranes, would also account for the presence of Kar- 
mutsen strata on both sides of Hecate Strait (Woodsworth, 1988). 

THERMAL HISTORY 

Maturity levels in the Kunga Formation 

The temperature, and hence the degree of organic maturity, of 
sediments on an undisturbed continental margin is controlled large- 
ly by a combination of the heat flow and depth of burial. In tectoni- 
cally active areas, such as the Cordillera, the effects of enhanced heat 
flow associated with volcanic and plutonic processes may have an over- 
riding effect on organic maturation. On Queen Charlotte Islands, 
heat flow was probably greatly enhanced during Jurassic Yakoun vol- 
canism, and during Tertiary magmatism associated with Kasset vol- 
canism, Kano plutonism, and the widespread intrusion of dykes. 
Thus organic maturity in potential source rocks of the Kunga Group 
may have been substantially controlled by enhanced heat flow and hy- 
drothermal activity associated with magmatism. 

Organic material near a dyke is effectively destroyed, but some 
volatile components may be driven off in the rapid water-flow that 
follows intrusion (Delaney, 1982; Carrigan, 1986). The immediate and 
extreme thermal effects of dyke intrusion are limited to one or two 
units: of the dyke thickness and are complete within a few hundred years 
after the event, but the cumulative heat input from dykes may linger 
much longer. Thus the intrusion of a swarm of dykes causes signif- 
icant increases in both the general level and variability of organic mat- 
uration. 

Vellutini (1988) reported that vitrinite reflectance values (Ro,,,,) 
from surface samples of the Kunga Group in southern Queen Char- 
lotte Islands range from 3-8, with most values in the range 4-5. This 
is in close agreement with maturation values of 3-8 based on conodont 
colour alteration indices (Orchard, 1988). 

From the vitrinite reflectance data Vellutini (1988) produced a 
maturation map of the Queen Charlotte Islands which shows a gen- 
eral southerly increase in maturation. He attributes the high southern 
values to heating during periods of Jurassic and Tertiary igneous ac- 
tivity. The present study supports Vellutini's conclusions and uses his 
reflectance data to assess the thermal impact of dyke intrusion. In order 
to relate these high values of reflectance to burial history and dyke 
intrusion the following simple models were examined. In all models 
time-temperature index as defined by Lopatin (1971) and improved 
by McKenzie (1981) was calculated, followed by conversion to vit- 
rinite reflectance using a fo~mula by D.N. Skibo (pers. comm.) that 
expresses the correspondence table given by Waples (1980). 

Assuming a host rock temperature of 1 W°C, an emplacement tem- 
perature for the dykes of 1 10°C, and similar volumemc heat capacities 
for both the host rock and the dykes, then each 1% of dyke by vol- 
ume will produce a temperature increase of 10 K provided that the heat 
is spread evenly over the volume concerned. Dyke swarms on the Queen 
Charlotte Islands (Fig. 2, in pocket) show regional extension ranging 
from 1 - 10%. yielding average temperature increases of 10- 100 K. 

In addition to local magmatic heat introduced by the intrusion 
of dykes and plutons, the generally enhanced heat flow in a volcanic 
arc is probably at least 120 mw/m2, double the world average. Al- 
though the local and regional effects of enhanced heat flow are not 
entirely independent thcy have been tentatively separated in the mod- 
els. 

The maximum depth of burial of these rocks is unknown. In order 
to estimate the normal, non-volcanic, conditions two simple background 
models were considered (Fig. 13). Model 1 assumes a long period at 
the maximum temperature reached, preceded by rapid subsidence and 
followed by rapid re-emergence. Model 2 assumes slow subsidence 
followed immediately by slow emergence, so that the maximum 
temperature is not maintained. In both models the absolute times of 
events are not important. However, the magnitude and duration of max- 
imum temperature and the total duration and linearity of the periods 
of increase and decrease are critical to the calculation. 

The age of the Kunga sediments is about 210 Ma. In Model 1 
it is assumed that the sediments remained at a constant depth and tem- 
perature for 170 Ma, and spent the remaining 40 million years in sub- 
sidence and re-emergence. A plot of the calculated vitrinite re- 
flectance against maximum temperature (Fig. 13) indicates that 
maximum temperatures of 178 and 193OC respectively are required 
to provide reflectance values of 4 and S. These temperatures imply 
a depth of about 6 km in a normal heat-flow environment of 60 
mW/Jlrn2, 3 km in a heat flow of 120 mWlm2, or any equivalent com- 
bination. In contmt, to reach the oil window of 0.65-1.25 requires tem- 
perature of 70-lW°C, implying a depth of 2.5-3.5 Itm with a heat flow 
of 60 mwlm2, or correspondingly shallower depths with higher heat 
flow. Present heat flow of 46-56 mw/m2 (Lewis et al., 1989) requires 
a depth of 3-4 km to reach the oil window and a depth of 6-6.5 km 
to attain the reflectance values observed by Vellutini ( 1  988). 

Model 2, in which the Kunga strata are buried at a unifoml rate 
to maximum depth and temperature followed quickly by emergence, 
requires higher temperatures to produce the observed reflectance 
values (Fig. 13). Temperatures of 95- 134'C are required for the oil 
window and of 2 13-230°C for the observed vitrinite reflectance val- 
ues. These values suggest depths of 7-8 km for a normal heat flow or 
4.5-5 km for a high heat flow. 
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Figure 13: Vitrinite reflectance Ro, calculated from models 1 and 2, 
plotted against maximum temperature V,,. The lower shaded zone shows 
reflectance values of the oil window, and the upper shaded zone 
shows values commonly observed in Kunga Group rocks now at the 
surface. The inset shows the time-temperature curves used in the mod- 
els. 



Both models 1 and 2 require unreasonably great rates of subsi- 
dence, depths of burial, or high levels of heat flow to produce the ob- 
served values of vitrinite reflectance in rocks now at the surface. This 
suggests that the observed Ro values were influenced by other pro- 
cesses in addition to simple burial. 

Magmatic and hydrothermal activity in a magmatic arc may severe- 
ly distort regional heat flow from the deep crust. Although the effect 
is difficult to estimate, the timing and distribution of Tertiary dykes 
and plutons in the Queen Charlotte Islands provide a rough guide to 
their effect on the local thermal regime during Tertiary time. Model 
3 (Fig. 14), a variation of model 1, assumes a regional temperature 
increase in a zone associated with the Masset volcanic arc and p r e  
vides for local temperature variations within the arc depending on the 
volume of intruded material. 

Model 3 (Fig. 14) adds to the background temperature Vb an in- 
crease V, due to enhanced heat flow associated with the onset of 
Masset volcanism, followed by a period of uniform high temperature 
and a final decrease to zero as the rocks emerge at the surface. As be- 
fore, the absolute times of increase and decrease are not important, pro- 
vided that changes are linear with time. The amount of excess t e m p e m  
needed to increase vitrinite reflectance to the observed values is with- 
in the range estimated for a volcanic arc with moderately enhanced heat 
flow. For example, from a base temperature of 100"C, an increase of 
a further 100 K increases reflectance values from about 1 to about 4. 

In order to assess the direct impact of dyke emplacement on mat- 
uration the temperature increase due to Masset volcanism (V,, Fig. 
14) was separated into two components: V, the regional temperature 
increase across the arc, and V,, the local increase due to dyke intru- 
sion. The Ro values predicted by this model are thus a function of three 
distinct temperature increments: 1. the baseline temperature Vb; 2. a 
temperature increment due to regional enhanced heat flow V,; 3. a tem- 
perature increment due to dyke emplacement V,,. 

The baseline temperature V,, can be estimated from reflectance 
values from rocks farthest removed from the axis of the arc. Vellu- 
tini (1988) reported four values of vitrinite reflectance, with an av- 
erage Ro of 1.1 8, from the Sandilands Formation of the Kunga Group 
on northwestern Graham Island. This is considerably lower than val- 
ues observed on Moresby Island, and may indicate burial without mag- 

matic heating. The constant temperature V,, from Model 1 required 
to produce this level of reflectance is about 100°C. 

The temperature increment V, due to enhanced regional heat flow 
within the arc can be estimated from the lower end of the range of re- 
flectance values associated with the dyke swarms. To produce a re- 
flectance of 3. one of the lower values obse~ved in the southern 
Queen Charlotte Islands, would require an additional temperature in- 
crement V, of 80 K during Masset time. 

A further temperature increase Vd. required to produce the high- 
er reflectance levels observed, may have been produced locally by dykes. 
The assumption that 1% extension by dykes gives a 10 K tempera- 
ture rise was used to plot reflectance values against dyke extension 
(Fig. 15). The final reflectance is substantially controlled by the 
maximum temperature reached, provided it lasted for a few million 
years. Thus the reflectance in rocks affected by volcanic heating is rel- 
atively insensitive to the baseline temperature before the onset of Mas- 
set volcanism. 

To test this model the extension due to dykes was determined 
for each traversed 2-km grid segment in the Carpenter Bay dyke 
swarm (Fig. 16). Corresponding Ro values were read from the plot 
of reflectance versus percent extension (Fig. 15). The results are 
consistent with observed Ro values reported by Vellutini (1988) for 
rocks in the Carpenter Bay area. 

High observed values of vitrinite reflectance in the southem Queen 
Charlotte Islands thus appear to result from excess heating by a com- 
bination of volcanic and intrusive events superimposed on the nor- 
mal heating and cooling cycle accompanying subsidence and erosion. 
Without the excess heat, the rocks now observed at the surface would 
probably have achieved reflectance values in or around the oil win- 
dow. 

Sediments within Queen Charlotte Basin 
Rocks within Queen Charlotte Basin have not undergone the same 

thermal history as those closer to the Masset volcanic arc. Whether 
the basin is interpreted as a back-arc basin or a rift basin related to a 
spreading axis the Tertiary heat flow was probably higher than average. 
Sclater (1972) reviewed the thermal state of the various basins with- 
in which heat flow had been measured, and divided the marginal basins 
of the western Pacific Ocean into "active basins", all of which have 
high heat flow, and "inactive basins", most of which have heat flow 
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Figure 14: Vitrinite reflectance, calculated from Model 3, similar to Model 
1, but with elevated temperature in the time of Masset volcanism. Shad- 
ed zones and axes are a s  in Figure 13. 

Figure 15: Vitrinite reflectance plotted a s  a function of the extension 
due to dyke intrusion. The curve is based on a burial temperature Vb 
of 100°C and an additional temperature increment during Masset vol- 
canism V, of 80 K. Further increase of temperature V,, due to dykes 
produces the reflectance values indicated by the curve. 
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Figure 16: Map of the Carpenter Bay dyke swarm showing the measured extension and calculated Ro value for each 2-km grid segment con- 
taining dyke data. Ro values are from the plot of vitrinite reflectance vs. dyke extension (Fig. 15) where Ro is calculated using (Vb + V,) = 180'. 
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above the world average of 65 m x ~ m ' .  I4e also related present heat 
flow to the depth of water in the basin, isostatically col~ected for sed- 
iment loading. The influence of magmatism on Queen Charlotte 
Basin ceased when subduction stopped in middle Miocene time in re- 
sponse to southward migration of the Farallon-iiacific ridge. If the basin 
had high heat flow before this time it would have cooled towards an 
equilibrium value following cessation of subduction. The gravity 
model of Sweeney and Seemann (1991) indicates a maximum depth 
of sediments of about 7 km, and because water depth is about 200 m, 
we may calculate the isostatidly comted  basin depth of 2.8 km. Using 
the data oP Sclater ( 1972) for marginal basins of the western Pacific 
Ocean, Queen Charlotte Basin should have a present day heat flow 
of between 100 and 120 mw/m2. Although heat flow approaching these 
levels has been observed in Queen Charlotte Sound south of the pre- 
sent triple point, wells in Hecate Strait yield estirnates of heat flow 
from 50-78 mw/m2 (Yorath and ;-yndman, 1983). Such estimates are 
consistent with probe measurements i n  the basin which indicate that 
heat flow in the basin is between 65 and 80 mw/m2 (Lewis et al., 1989). 
The 12 rMa since Middle Miocene time is approximately the thermal 
time constant of a crust of thickness of 20 km, so it is possible that 
the heat flow in the basin could have declined by a factor of SO%, if 
indeed it were ever as high as the Sclater curves indicate. 

Yorath and Kyndman (1983) have shown that vitrinite re- 
flectance in samples from wells in Queen Charlotte Sound are con- 
sistent with heat flow higher in the past than at present, but that con- 
trast between past and present heat flow decreases northward to zero 
in decate Strait. Vellutini (1988) reported vitrinite reflectances up to 
and within the oil window on samples from wells on Graham Island, 
and he concludes that Skonun strata have good oil and gas potential. 
However, the relevance of observations on Graham island to condi- 
tions in the central part of the Basin has not been established. 

Sediments of the Skonun Group that underlie Queen Charlotte 
Basin are Early Miocene-Pliocene in age. The oldest Skonun strata 
were thus exposed to high heat flow conditions for no more than the 
first half of their life. If we assume that the sedimentation rate has been 
uniform for 24 My, that heat flow was 120 rnw/m2 for the first 12 My 
and declined linearly to 60 rnw/m2 at present, and that thermal con- 
ductivity is uniformly 2 W/mK, the vitrinite reflectance of the low- 
est sediments is calculated to be 3.8, well above the oil window, which 
is in the range 3-5 km. If we assume a constant heat flow of 60 
mw/m2 the vitrinite reflectance at the base of the Skonun is reduced 
to 2.5, and the oil window is in the range 4.5-5.5 km. The constant 
heat flow must be reduced to an unreasonably low value of below 40 
mw/m2 to result in totally immature sediments. We may thus con- 
clude that there is a zone within the Skonun sediments of the Basin 
where organic maturity is within the oil window. 

CONCLUSIONS 
Most of the steeply dipping to vertical dykes reported in this study 

were emplaced between Middle Eocene and Middle Miocene time. 
They are believed to be comagmatic with the Masset volcanics and 
epizonal plutons of the Kano plutonic suite. Together, these Tertiary 
igneous rocks comprise the eroded remnants of a volcanic arc relat- 
ed to northeasterly subduetion of Farallon crust beneath the western 
North American Plate. 

Igneous complexes of the Kano plutonic suite are believed to be 
the subvolcanic root zones of central Masset volcanoes. Dyke swarms, 
fed by magma columns beneath the volcanoes, were propagated hor- 
izontally in a zone of intermediate crustal depth and in a direction nor- 
mal to the least compressive stress. Dyke swarms in the Queen Char- 
lotte Islands preserve a record of the extensional stmses that were active 
during dyke emplacement in the Tertiary. Regional variations in 

swarm density and orientation result from the interaction of major plate 
convergence with small crustal domains, bounded by zones of weak- 
ness, which underlie the arc. 

The high maturation values indicated by Conodont Colour Index 
values (Orchard, 1988; Orchard and Forster, 1991) and vitrinite re- 
flectance CJellutini, 1988) are based on samples collected in close prox- 
imity to major dyke swarms and in some cases close to major plutons. 
The results of this study support the conclusions of Vellutini (1988) 
that heat from the introduction of magma into high crustal levels rather 
deep burial is largely responsible for the high maturation levels o b  
served along the western edge of Queen Charlotte Basin. It is unlikely 
that the width of the idasset igneous arc extended much beyond the 
present outcrop exposed on Queen Charlotte Islands. 

Evolution of Queen Charlotte Basin may be controlled by high 
heat flow and crustal extension in a back-arc region followed by 
thermal subsidence and sediment accumulation in the late Tertiary. 
Rifting associated with southward migration and active spreading of 
the Farallon-Pacific Ridge may also have contributed to the opening 
of Queen Charlotte Basin. By analogy to other marginal basins heat 
flow was probably high and, combined with rapid burial, may have 
contributed to accelerated maturation rates. 

High observed values of vitrinite reflectance in surface rocks of 
the Kunga formation (Vellutini, 1988) may be accounted for by en- 
hanced regional heat flow and local magmatic heating associated with 
Masset arc volcanism during the Tertiary. A simple model of thermal 
hstory, incorporating a general rise in temperature within the volcanic 
arc and local temperature variations proportional to the volume of dy kes, 
predicts ~naturation levels that are in reasonable agreement with the 
observed values. This implies that overmaturation along the west side 
of Queen Charlotte Basin may be the result of anomalously high tem- 
peratures associated with the Masset volcanic arc. Farther exst, in Queen 
Charlotte Basin, where volcanic arc heating was minor but extensional 
heating may have occurred, there should be a zone within the 7 km 
thickness of Skonun sediment where hydrocarbon maturity is with- 
in the oil window. 
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Abstract 

The average heatflux in Queen Charlotte Basin, British Columbia, and its margitu, the Queen Charlotte Islands to 
the west and the Coast Plutonic Complex on the mainland to the e a t ,  is 70 mW m-'. The heat flux, which does not 
vary significatttly within the basin nor its margins, is consistent with .simple models of basin formation by extension 
occurring 25-40 Ma, but requires at least 30% extension. Since the heat generation o f  well cuttings and crystalline 

3 rocks from the margins is low, 0.9 pWm- or less, present crustal temperatures are high, reaching 450°C 14 km be- 
neath the margins and 13 km beneath the basin. Predicted temperatures within the basin (e.g., 135OC at 4 km depth) 
ctre similar to bottonz hole temperatures in the deepest  well.^. The high crustal temperatures limit crustal strength and 
restrict seistnic activity to the cooler, upper 16 km, consistent with sparse seismic data. 

The heat flux wu.s mea.~ured using a marine probe as well as cored boreholes on land atui hydrocarbon exploration 
wells on land and offshore. Large changes in bottom water temperatures (BWTs) cause the heat flux to vary within 
the upper few metres of sediments. To overcome these effects, an I1 m long marine heat-flow probe was used and 
BWT  recorder.^ were deployed behveen three cruises. BWT variations frnm I to 5 K were observed at water depths 
frorn 450 to 50 m, respectively. Warner tenlperatures occurred in the winter time, and at the deepest depth in Mores- 
by Trough sudden negative changes cane in winter and spring time. At some locations temperatures of the upper sed- 
iment~ were buffered by water flow in a rather continuous Pleistocene sand layer. The measured heat flux beneath 
this layer appeared to be an equilibrium value. At other locations the temperature perturbation propagating into the 
seditnents was much less than that expected for a conductive regime with an applied upper boundary temperature. 
This may indicate n complex boundary layer phenomenon. 

Thirty cored boreholes drilled ntostly for tnineral exploration at 6 d~ferent sites on the basin margins gave the most 
reliable heat flux results, 70.5 + 5.3 m W m-2. Bottom hole temperatures from fourteen hydrocarbon wells combined 
with estimated fonnation thermal conductivities yielded less reliable results, averaging 69.2 k 10.6 m W m-2. Based 
on observations during rneasuremetzt and the fact that the measured thermal conductivities of well cuttings were itr- 
consistent with the rninercilogy, it is assumed that air was entrapped with the fines during preparation of thermal con- 
ductivity samples. 

Leflflux thermique moyen dans le bassin de la Reine-Charlotte (C.-B.) et en bordure, soit duns les iles de la Reine- 
Charlotte d l'ouest et dons le complexe plutonique Cdtier sur le continent h l'est, est de 7 0 m ~  LefEux thermique 
qui ne varie pas beaucoup au sein du bassin ni en bordure, est conforme a celui des mod2les simples deformation 
des bassins par distension entre 25 et 40 Ma, nzais il rtkcessite une extension d'au ntoins 30 %. Comme le de'gage- 
ment de chaleur par les de'blais de puirs et les roches cristallines des marges est faible (0.9 YW m.3 ou moins), les 
ternpiratures crustales actuelles sont e'leve'es, atteignant 450 "C d 14 km au-dessous des limites et d 13 km au-dessous 
dzt bassin. Les ternpkrat~tres prkvues au sein du bassin (par ex. 135 "C h 4 km de profondeur) se rapprochent des tem- 
pkratures de fond de trou duns les puits les plus profonds. L.es hautes tentpiratures crustales limitent la rksis- 
tame de la crolite et restreignent l'activite' sismique aux roches plusfioides des 16 km supkrieurs, corgfom'ment aux don- 
nkes sismiques e'par.ses recueillies. 

Le flux thermique a e'tk mesurk en utilisant une sonde marine ainsi q14e des trous de sonde sur terre et des puits d'ex- 
ploration des hydrocarbures fore's sur terre et au large. D'importants changements dans les temphrature.~ de l'eau 
de fond a fait varier 1efl1i.x thermique duns 1e.r quelq~tes mttres supe'rieurs de sidirnents. Pour contrer ces effets, on 
a utilise' une sonde de flux thermique marine de 11 m de longueur, et des enregistreurs de la tempe'rature de l'eau 
de fond ont ite' disposis entre trois navires. On a obsen~e'des variations de I a 5 K de la tempe'rature de l'eau de fond 
aux profondeurs marines de 450 et 50 m, respectivement. Les tempe'ratures les plus deve'es ont e'te' enregistrkes au cours 
de l'hiver, et a la plus grande profondeur darts lu dkpression Moresby, des changements tze'gatifs soudains se sont pro- 
duits en hiver et au printemps. A certains endroits, h tempe'rature des se'diments supe'rieurs a it6 re'duite par un e'coule- 
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ment d'eau dans une couche de sable plkistockne pludt continue. Lejlux thermique mesure' au-dessous de cette couche 
sernblait correspondre b une valeur d'kquilibre. A d'autres endroits, la perturbation a2 la tempe'rature qui s'est propagke 
dans les se'diments a ktk beaucoup moins importante que pre'vue pour un re'gime conducteur don? la tempe'rature lim- 
ite supkrieure a ktk appliquke, indiquant peut-Ctre un phknomkne de couche limite complexe. 

Les trente sondages carottks, forks pour la plupart 2 desfins d'exploration minkrale, c? six dzfkrents sites dans les 
bords du bassin, ont donnk les valeurs deJlux thermique les plus fiables (70,5 k 5,3 m~ mS2). Les ternpe'ratures de 
fond de trou enregistrkes dans 14puitspktroliers combinkes aux conductivitks thermiques deformation estime'es ont 

2 donnkdes rksultats moinsfiables, soit 69,2 + 10,6 m W m- en moyenne. En se fondant sur les observations faites du- 
rant les rnesures et sur le fait que les conductivitks thermiques des dkblais n 'e'taient pas cohkrentes avec fa mine'ralo- 
gie, on prksume que de l'air est restkpikgk dans lesfines au cours de la prkparation des kchantillons b analyser rel- 
ativement b la conductivitk thermique. 

INTRODUCTION 
The objectives of this study were to obtain the present heat flux 

distribution within Queen Charlotte Basin in order to compare the ther- 
mal state of the basin and underlying crust with that predicted by var- 
ious tectonic models, and to detect regions of upward fluid flow 
within the basin which are prospective regions for hydrocarbon de- 
posits. Thermal conductivity and heat generation data were also re- 
quired from both the basin sediments and surrounding crystalline crust 
to improve modelling of the present and past thermal structure. Three 
different types of heat flow data were analyzed: those from offshore 
and onshore wells, those from onshore boreholes cored for mineral 
exploration, and those from marine probe measurements in soft sur- 
ficial sediments of the basin. Data were acquired over a period of three 
years (Lewis et al., 1988a, 1989), including three cruises. 

Formation temperatures within a basin are determined at any time 
by the thermal properties of the basin sediments, the heat flux from 
beneath the basin, the hydrologic regime within the basin, magmat- 
ic intrusions and metamorphic and diagenetic reactions, as well as the 
history of sedimentation, burial and erosion. Queen Charlotte basin 
formed on an active margin, so most of these processes and proper- 
ties are directly governed by the tectonic history. Former plate mo- 
tions and interactions, as recorded by seafloor magnetic anomalies (Rid- 
dihough, 1982, 1984), indicate that the Farallon plate and its successor, 
the Juan de Fuca plate, andlor the Kula and Pacific plates (Engebretson, 
1989), had been converging with the western margin of the North Amer- 
ican plate from 150 Ma to at least between 55 and 45 Ma when the 
Pacific and Kula plates were fused together. The position of the Van- 
couver (Juan de Fuca-Pacific-American plate) triple junction is poor- 
ly constrained by models because of the ambiguity of whether a 
ridge or a transform faulf was in contact with the North American mar- 
gin. The Vancouver triple junction however was near its present po- 
sition off northern Vancouver Island by 10 Ma. Subduction was tak- 
ing place beneath all of the Coast Plutonic Complex north of this junction 
until at least 45 Ma. At some later time a strike-slip boundary between 
the Pacific and North American plates was established to the north. 
More recently oblique convergence commenced along the Queen 
Charlotte margin. Engebretson (1989) reports that four models all in- 
dicate 40 km of convergence between the Pacific and North Ameri- 
can plates across the Queen Charlotte Fault in the last 5 Ma. 

Three processes could enhance the heat flow in the Queen Char- 
lotte region relative to the 35 mW m-2 of the presently converging Van- 
couver Island: 1) warming of crust cooled by earlier subduction, 2) 
passage of a hot spot associated with the Anahim Volcanic Belt, and 
3) crustal extension associated with basin formation. After subduc- 
tion of oceanic crust ceases, the continental crust above cold, subducted 
materials heats and expands, resulting in regional metamorphism 

and magrnatism accompanied by uplift and erosion. The heat flux should 
increase, then eventually decay to normal continental values. 

The transcordilleran Anahim Volcanic Belt (Fig. 1) is a zone of 
alkaline and peralkaline magmatism that has propagated 200 km 
eastward from Denny Island during the past 14 Ma (Souther, 1986). 
One hypothesis (Bevier et al., 1979) suggested that the cause of this 
belt is the westward movement of the North American plate relative 
to a hot spot in the mantle, and that the Bowie-Kodiak Searnount chain 
may be a former trace of this hotspot under the Pacific plate. 

Another possible origin of this volcanic belt is that the forma- 
tion of a pull-apart basin inboard of the large strike-slip Queen Char- 

Figure 1: A site location map which also shows the trend of the 
Anahirn Volcanic Belt (AVB) and the measured heat flux in rnW m-*. 
Single, average heat fluxes are given for the two Sockeye wells and 
for the two Masset Inlet sites. 



lotte Fault is producing an eastward propagating fault or zone of ex- 
tension, the locus of the Anahim belt. Yorath and Hyndman (1983) 
suggested that Queen Charlotte Basin formed during an initial rifting 
event, which was followed by oblique subduction from 5 Ma up to 
the present. Higgs (1988) suggested that the basin is a pull-apart 
basin, forming inboard of a major strike-slip fault, the Queen Char- 
lotte Fault. Much evidence (Anderson and Greig, 1989; Anderson and 
Reichenbach, 1989; Higgs, 1989; Hamilton, 1989; and Souther, 
1989) supports an extensional regime in the Eocene and later when 
the basin was forming. Anderson and Reichenbach (1989) divided south 
to north time-transgressive plutonism on the western margin into 
three intervals: 40-44.32 and 27-28 Ma. The relative motion of the 
Pacific and American plates along the Queen Charlotte margin from 
42- 10 Ma was approximately parallel to each other (Stock and Mol- 
nar, 1988), with extension of 2 cm per year likely from 40-20 Ma. 

Yorath and Hyndman (1983) calculated the paleo-heat flux and 
subsidence for eight hydrocarbon exploration wells in the basin using 
vitrinite reflectance measurements on cutting samples, and estimates 
of the formation thermal conductivities. They found the present day 
heat flux, determined using bottom hole temperatures (BHTs), to be 
much lower than the maximum values which occurred earlier. They 
hypothesized that the present, lower heat flux in the southern basin 
was the consequence of oblique underthrusting of oceanic litho- 
sphere during the last 7 Ma. At the shelf edge and further offshore, 
the present, high heat flux is related to the nearby position of the Juan 
de Fuca spreading centre (Hyndman et al., 1982). The large variability 
in these high heat fluxes is caused by hydrothermal circulation in prox- 
imity to bedrock outcrop, as well as the variability in the thickness 
and accumulation history of the sediment ponds in which the mea- 
surements were made. 

The heat flux in many basins is systematically redistributed by 
gravity driven fluid flows. Tothe (1980) proposed that distribution of 
oil and gas is governed by systematic, regional flow of fluids. Stud- 
ies (e.g. Majorowicz and Jessop, 198 1 ; Andrews-Speed et al., 1984) 
have shown that systematic, basin-wide fluid migration has occurred, 
and that it has changed directions over geological times in response 
to changing topography. In some cases, present patterns of fluid mi- 
gration explain the location of oil and gas pools in relation to their sources 
(e.g. Hitchon, 1984; Jones et al., 1986; Garvin, 1989). In general, fluid 
upflows producing high heat flow coincide with locations of hydro- 
carbon accumulations (e.g. McGee et al., 1989). Swift et al. (1988; 
pers. comm., M.G. Swift, 1988) found this to be true on the Exmouth 
Plateau off northwest Australia, using marine heat flow measurements. 

This paper describes the heat flux measurements made using ma- 
rine probes, using 14 hydrocarbon exploration wells and using 30 on- 
shore mineral exploration boreholes and geothermal assessment bore- 
holes at 6 sites. The estimated and measured thermal conductivities 
and the measured heat generation from samples representing both the 
basin sediments and crystalline rocks are summarized. The heat flux 
is compared and related to the history of past magmatic events and 
the extensional formation of the basin. 

MARINE PROBE HEAT n o w  MEASUREMENTS 
A combination of repeated heat flux measurements to depths up 

to 11 m over a period of nearly 2 years and recorded BWT histories 
between measurements (Lewis et al., 1988a) was used to obtain the 
equilibrium heat flux. Oceanic heat flow measurements are made with 
short, typically 3-m long heat flow probes. The stability of bottom water 
temperatures (BWTs) at oceanic depths provides a constant temper- 
ature boundary condition for the conduction of heat upwards through 
the bottom sediments. However, the BWT at depths of less than 800 
m on this shelf is known to vary (Hyndman et al., 1982; Lewis, 

1983). Such temperature variations propagate downward into the 
sediments, as dispersive waves, disturbing the equilibrium tempera- 
ture gradient. Longer marine probes can penetrate into very soft sed- 
iment~ to depths where yearly disturbances are significantly dimin- 
ished. Areas having soft, recent sediments were selected using surficial 
sediment maps (Luternauer and Murray, 1983), and during cruises, 
the softest sediments were identified using a 3.5 kHz profiling sys- 
tem. Water depths ranged from 50-450 m. Although this method has 
potentially less accuracy than the other methods used for this study 
due to the varying BWT, a substantial effort was made in order to ob- 
tain a better distribution of the measured heat flux in Queen Charlotte 
Sound. 

The 1 I-m long probes used to obtain greater sediment penetration 
(Fig. 2) had strength members made of 6.4 cm diameter steel drill 
rod having a mass of 300 kg. Even the softest ponds of sediment on 
the shelf proved more difficult to penetrate than soft sediments in coastal 
fjords, and on many deployments the probes only reached a depth 
of 7 m. Temperature sensors were spaced at 1 m intervals in the GSC 
probes, and at 0.5 m intervals over the bottom 7 m of the Memori- 
al University of Newfoundland probe. Sets of data (sediment tem- 
peratures) at individual sites were acquired on three cruises, but 
poor weather during the first and third cruises made holding station 
with the ship very difficult. On these two cruises irreparable mechanical 
damage was sustained by five 1 l-m probes, usually on pull-out at water 
depths between 150 and 450 m. No permanent damage was sustained 
by any probe on the other cruise to the same sites. 

Figure 2: An 1 l-m Lister marine heat-flow probe, alongside the ship's rail. 
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Table 1: Bottom Water Temperature Data Loggers 

Site Coordinates Water Average Recording 
North South Deplh Temp. Interval 

m "C year:day 

Milbanke Sd. 52°11.60' 128O43.76' 245 6.4 86:241-87:015 
6.9 87:246-88:134 

MoresbyTr. 52O10.38' 130°14.27' 452 5.2 86:243-87:245 
5.2 87:246-88:136 

Carnaaiio 2 52O43.61' 129O57.80' 255 5.6 87:248-88:138 
Masset In. 53O40.82' 132O34.05' 53 10.0" 87:250-88:143 

*Offscale a small part of the recording interval. 

Between the three cruises which took place in September of 1986, 
September of 1987, and May of 1988, data loggers recording BWTs were 
left moored on the bottom at some sites (Table 1). For seven deployments, 
there were six recoveries. The frame attached to the floats from the recorder 
lost near Goose Island Trough was eventually salvaged, suggesting that 
it had either worked loose or been stripped off by a fisherman's net. Fig- 
ures 3-6 show the large changes in BWT at 4 sites having water depths 
from 50-450 m. BWT variations are not correlated behveen sites, and the 
rapid temperahlre changes indicate rapid movement of deep water mass- 
es. None of the BWT changes appeared correlated in time with atmo- 
spheric pressure fronts nor high wind speeds measured at Cape St. 
James, on the southern most tip of Moresby Island. 

The higher frequency changes seen in the BWT records are at- 
tenuated by approximately 3 m depth. Changes with periods of a year 
or more propagate much deeper, as illustrated in Figure 7 for a step and 
a sinusoidal BWT variation. It is very desirable to make measurements 
below a depth of 7 m where the effects of annual changes become small. 

The expected temperature disturbance as a function of depth was 
calculated for each site, using a series of steps and ramps to approx- 
imate the mcasured BWT. For a period of up to three years before the 
recording commenced, BWTs were assumed to be the same as the first 
year's recorded BWT, except for Masset Inlet. There the 5 K BWT 
change was approximated by an annual sinusoidal change. In all 
cases except Masset Inlet, the temperature changes for these calcu- 
lated variations below 7 m depth were very small: less than 6 mK, and 
in terms of the gradient, less than 2 mWm in comparison to an ex- 
pected gradient of approximately 80 mWm. The equilibrium gradi- 
ent can be obtained by correcting more shallow temperatures, but in 
practice, this is very difficult to do. The depth of the temperature mea- 
surements with respect to the sediment-water interface cannot be 
determined well, and the gradational nature of this interface is an ad- 
ditional problem. Therefore, the most reliable determinations of the 
gradient are from sediment depths greater than 7 m. At one site near 
Juan Perez Sound no deep data were obtained and an equilibrium heat 
flux could not be calculated. 

At some sites (Figs. 8-10), temperatures in the top 4 m of sedi- 
ments did not change in response to BWT variations as much as ex- 
pected for a conductive regime. For example, near Milbanke Sound 
the recorded change in BWT (Fig. 4) should have penetrated to a greater 
depth than observed (Fig. 9). Some process near the sediment-water 
interface may be diminishing andlor delaying the propagation of the 
BWT disturbance downwards. 

The measured, non-linear temperature gradients at Moresby 
Trough south site closely resembled those expected from the record- 
ed BWT history over two years (Fig. 1 1, Table 2). The heat flux was 
calculated from the temperature gradient best fitting the observed tem- 
peratures, because the probes only penetrated 6 or 7 m into these rel- 
atively hard sediments. The high measured heat flux (146 mW m-*) 
is probably due to refraction of heat caused by much more compact- 
ed sediments rising to near the surface, as seen on 3.5 kHz records. 
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Figure 3: Measured BWTs (bottom water temperatures): Moresby Trough. The arrow indicates the time of the second cruise when the logger 
was recovered and redeployed. 
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Figure 5: Measured BWTs (bottom water temperatures): near 
Caamafio Sound. 
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Figure 4: Measured BWTs (bottom water temperatures): near Milbanke Sound. 
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Figure 6: Measured BWTs (bottom water temperatures): Masset 
Inlet. 
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Figure 7:  BWT (bottom water temperature) perturbations propagat- 
ing into the sediments due to a) a l-K step change at the previous times 
marked, and b) a l-K amplitude annual sinusoidal variation. The dot- 
dash line is the maximum limit variation at any time. The resulting dis- 
turbance to the temperature gradient is also given for a). 
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Figure 8: Average sediment temperatures relative to the BVVT at the Mil- 
banke Sound site. The depth is measured with respect to the top sensor 

RELATIVE TEMPERATURE ( K )  
Thermal 

Conductlvitv 

87-10 Stations 
+ 24 
X 25 

88-3 Stations 
38 
4 2 

Figure 9: Measured sediment temperatures relative to BWT and con- 
ductivities at Caamaiio Sound North site for 1987 and 1988 stations. 
The depth is measured with respect to the top sensor. The gradients 
of the lines approximating the temperatures is given in mWm. Tem- 
peratures for station 42 are offset 4 . 2 5  K, and for stations 38 and 43, 
4 . 5  K to avoid crowding of the data points. 
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Figure 10: Data from Caamaiio Sound South site, as in Figure 9. Sta- 
tion 33 temperatures are offset by -0.25 K. 

Table 2: Heat Flux in Queen Charlotte Area from Marine 
Probe Measurements and Average Parameters 

Sile Coordinates Water Depth Temp Thermal Heal 
Norlh Soulh Depth Interval Gradient Cond. Flux 

m m mum W I ~  K m~ m-' 

Moresby S' 52"ll' 130°15' 442-485 6.0-7.5 140 1.05 146 
Caamaiio s2 52"44' 129"58' 255 6.5-10.5 92 1.12 102 
Caamaiio N~ 52O50' 12g059' 255 8.5-10.5 101 1.08 112 
Masset E 53O41' 132O30' 53 8.0-11.0 78 0.83 65 
Masset W 53O41' 132O34' 53 8.0-1 1.0 92 0.79 73 
Goose l3 51°27' 128O26' 180-185 6.0-1 0.0 67 1 . l6  78 
~i lbanke~ 52'1 1' 128O45' 225 7.0-1 1.0 103 0.95 98 

' Temperature gradient from fitting with observed BWTs; linear temper- 
ature gradients inconsistent with recorded BWTs; Heat flux and param- 
eters below sandy layer. 
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Figure 11: Average sediment temperatures relative to B W  at the Mores- 
by Trough south site for all three cruises. Probe penetrations are ad- 
justed to give the best agreement. The dotted line is the gradient fit- 
ted after correcting for BWT disturbances. 
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Figure 12: Conductivities and measured sediment temperatures rel- 
ative to BWT at Masset lnlet West site for 1987. For station 48 the top 
sensor is assumed to be at 0 m depth and for station 47 at 1 m depth. 

For this reason, this value is not considered to represent the basin heat 
flux. In  Masset Inlet the probes appeared to "super" penetrate into very 
soupy sediments, although the reduced disturbance could be due to 
some surface process as already mentioned. The observed part of the 
shallow, non-linear gradient resembles the calculated one if the BWT 
variation, recorded for only 9 months, i s  approximated by an annu- 
al sinusoidal variation, and i f  the tops of the probes are up to 2 m deep 
into the sediments (Figs. 12 and 13). The inferred correction for the 
bottom 4 sensors is negligible, and these temperatures were used with- 
out correction to calculate the equilibrium heat flux. 
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Figure 13: Data for Masset lnlet East site, as in Figure 12. 
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Figure 14: a) Sediment temperatures relative to BWT at Goose Island 
Trough in 1988. Absolute temperatures are given for the bottom sen- 
sors. The temperature offsets are due to different reference temper- 
atures at different depths in the water column. b) The average abso- 
lute sediment temperatures of 2-4 deployments at each of two sites 
for each cruise. Locations are within 4 km of each other in Goose Is- 
land Trough, and show the thermal effects of a sandy layer. 



At the Goose Island Trough sites there was a large change in tem- 
perature gradient between 3 and 4 m below the water-sediment sur- 
face. This is probably associated with layer B2 identified by Luter- 
nauer et al. (1989) as a sandy mud deposited just after deglaciation 
of Queen Charlotte Sound, between 12 900 and 10 200 aBP when sea 
level was lower than at present. At concsponding depths a strong seis- 
mic reflector was observed on the 3.5 kHz records. This unit, 0.5 m 
thick near our Goose Island site (Conway and Luternauer, 1985), ap- 
pears to be quite continuous. In the 3 m above the sandy layer the heat 
flux is 5-6 times greater than that below it. The measured sediment 
temperatures for three stations at each of the two sites were in good 
agreement, especially in the upper 4 m (Fig. 14). 

The temperature at the approximate depth of the sandy layer was 
between 6.79 and 6.83OC in 1986, between 7.06 and 7.0I0C in 1987, 
and at 6.8g°C in 1988, while the corresponding BWTs were 5.89OC, 
599°C. and 6.39"C. Unfortunately the BWT recorder at this site was 
lost, but the variation in BWT between cruises is expected to exceed 
1 .S K. The temperatures of the sediments above the sandy layer (Fig. 
14) appear to be unaffected by any disturbance due to BWT variation. 

At the Mitchell Trough site the deep data were not consistent with 
conduction through homogeneous sediments (Fig. IS), and therefore 
no equilibrium heat flux could be calculated. There were seismic re- 
flectors at 4 and 8 m depth. 

In situ thermal conductivities were measured by the Lister-type 
probes (Hyndman et al., 1979) only on the second cruise, due to tech- 
nical difficulties. The average conductivity measured at a particular 
site was used for the other two cruises if the measured conductivities 
were nearly constant with depth, if the temperature gradient was 
nearly constant, and if the sediments seen by the 3.5 kHz sounding 
systems were similar. Most data met these criteria. 

HEAT FLUX FROM BASIN WELLS 
Yorath and Hyndman (1983) originally calculated the heat flux 

in the eight offshore wells. Chapman (D.S. Chapman, pas. comm., 
1987) pointed out that two small, offsetting corrections should be added 
to the original calculations: one for the effect of formation tempera- 
ture on grain conductivity and another for depths measured from the 
Kelly bushing instead of the sea floor. In addition, formation thermal 
conductivities were calculated using porosities of sidewall cores and 
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Figure 15: Conductivities and sediment temperatures relative to BWT 
at five Mitchell Trough stations in 1987 and 1988. The probe penetrations 
are adjusted for stations 21 and 22 to obtain the best agreement with 
other temperatures. 
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a high value for the grain thermal conductivity (4.0 Wlm K) ob- 
tained from the mineralogy of samples of Skonun F o d o n  outcropping 
on Graham Island. The grain conductivity based on the mineralogy 
of the sidewall cores was lower. From these wildcat wells there were 
numerous, well distributed sidewall cores that were originally used 
to determine the lithology. Although the main source rocks sur- 
rounding the basin are granodiorites and quartz diorites with less than 
average quartz content, a quartz content of at least 30% occurs in these 
predominantly sandstone sediments, as expected in such a basin (R. 
Higgs, pers. comm., 1989). Therefore a grain conductivity of 3.4-4.0 
Wlrn K is expected, dependent on the matrix mineral(s). 

l 
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The thermal conductivities of cunings from these wells were mea- 
sured using a cell technique (Sass et al., 1971). These results are re- 
ported only briefly here because they do not appear to represent the 
formation conductivities, as indicated below. The average grain con- 
ductivity of 297 samples of cuttings from all of the individual wells, 
2.03 Wlrn K, (Table 3) is significantly lower than the value of 4.0 Wlrn 
K used by Yorath and Hyndman (1983), and the 3.4 Wlrn K expect- 
ed for sandstones with 35% quartz content and a low conductivity ma- 
trix. The same cuttings from four of the eight wells measured again 
in another lab had an average grain conductivity within 0.5% of the 
first determinations. Omitting fourteen samples containing some coal 
with an average grain conductivity of 0.64 f 0.21 Wlm K produces 
an average grain conductivity of 2.1 0 Wlm K, still a very low value. 
The distribution of measured conductivity values (Fig. 16) exhibits 
a wide variation (1 .O-3.3 Wlm K), with slight differences between the 
wells. With the coaly samples omitted, Tyee and the Sockeye wells 
have an average conductivity of 2.28-2.30 Wlm K, South Coho, 
Auklet and Osprey have an average conductivity between 2.02 and 
2.04 Wlm K, and Harlequin and Murrelet have average conductivi- 
ties of 1.88 and 1.82 Wlm K. 

Conductivity results from a pulsed needle probe, an absolute 
method (T.J. Lewis, H. Villinger, and E.E. Davis, unpublished), were 
limited to a few samples because of the small amounts of cumngs avail- 
able and difficulties forming the saturated samples. Even though a wet- 
ting agent was used, most of the finer grained cuttings dropped under 
vacuum into the water floated on top. The pulsed needle probe grain 
conductivities of the measured samples were on average 25% high- 
er than the cell method values, the samples having an average ther- 
mal conductivity of 2.90 Wlm K. Results measured on a coarser 
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Figure 16: A histogram showing the variation of measured grain ther- 
mal conductivity from well cuttings. 



'Table 3: Thermal Conductivity of Offshore Well Cuttings and Heat Flux from Wells 

Well 

Osprey 
Harlequin 
Auklet 
Murrelet 
Sockeye B10 
Sockeye E66 
Tyee 
S. Coho 
Tow Hill 
Gold Cr. 
Nadu R. 
Tlell 
Cape Ball 
Port Louis 

Grain r~leasured brain Sidewall Foimatien Heat  orm mat ion'   eat' 
Density Thermal Cond. Porosity Thermai Cond. Flux Thermal Cond. Flux 
~ICC WIM ii: WII~ K t n ~  m-' W I ~  K m~ m-* 

l 1 '~alculated using a grain conductivity of 3.6 Wlrn K, 
' ~ n  estimate, or only measured in one interval. 

l 
P -. 

grained sand (a rare occurrence in thc Tyee well at 1720 m depth) by 
each method and by different labs agree fortuitously well compared 
to the 15% accuracy of the methods: PGC, operator 1: 3.34 W/m K 
(average of 2 measurements), PGC, operator 2: 3.01 Wlm K (aver- 
age of 3 mea?urements), different lab: 3.33 W/m K, pulsed needle probe, 
3.33 W/m K. 

The conductivity samples are lithic-quartz wackes. Quartz con- 
tent of the few samples examined averaged 2530%. from fine sand 
to silt (J.V. Barrie, pers. comm., 1989). Porosity of these dirty sand- 
stones is good, permeability is poor. The thermal conductivity of such 
sediments should reflect primarily the quartz content (e.g. Della Ve- 
dova and Von Herzen, 1987), but the measured conductivities were 
inconsistent with the samples' mineralogies. 

Measured grain thermal conductivities could be lower than the 
actual formations because coal was over-represented in the cuttings, 
and because of drilling mud contamination. However, preparation of 
most water saturated samples was complicated by the large propor- 
tion of very fine grains, indirectly causing low conductivity values. 
The fines trapped a very small volume of air which was dispersed 
throughout the sample. Della Vedova and Von Herzen noted in- 
complete removal of air bubbles during the saturation process low- 
ered the matrix conductivity of fine grained materials despite wash- 
ing in a 1 mm sieve. This is consistent with both the higher needle probe 
results from the coarser samples and the wide variation in the cell re- 
sults from individual wells, with maximum conductivities approaching 
the expected values (Fig. 16). For these reasons thermal conductivi- 
ty values are estimated for the Queen Charlotte basin, as was done by 
Yorath and Hyndman (1983), but using a somewhat lower grain 
conductivity of 3.6 W/m K, (equivalent to a 35% quartz content) and 
2.5 Wlm K for other minerals. For the onshore wells, the same grain 
thennal conductivities were assumed and a porosity of 0.28 was 
used. The sediments penetrated are in general sandstones similar to 
the offshore wells (Sutherland Brown, 1968). 

The only temperature data from the wells, bottom hole temper- 
atures (BHTs), were combined with average BWTs or average land 
temperatures for onshore wells to determine temperature gradients. For 

each well the "best" calculated temperature gradient coming from the 
BHTs (see Yorath and Hyndman, 1983) was increased by 20% to com- 
pensate for downhole cooling by circulation and for the short time in- 
terval (mostly 2-7 H) between stopping circulation and logging the tem- 
perature. Since most of the wells were drilled very quickly, this 
correction is probably an overestimate. Heat flow results from wells 
are assigr~ed error limits of 20% to account for the uncertainties associated 
with BHTs and formation thermal conductivities. 

All but one of the heat tluxes from the wells (Fig. 1, Table 3) are 
within 20% of 70 mW m-*, the average value being 69.2 f 10.6 mW 
m^? The higher offshore heat fluxes come from the wells with high- 
er temperature gradients, and the two highest values from the Sock- 
eye wells are situated on thick sedimentary structures. 

HEAT FLUX FROM THE BASIN MARGINS 
Heat flux was measured in 30 mineral exploration boreholes and 

two geothermal resource evaluation boreholes at six sites on land (Table 
4). Except for the Cinola site, these holes penetrate volcanic and 
plutonic rocks having very low porosities. Figures 17-2 1 present all 
temperature logs, as a function of thermal depth, and thermal con- 
ductivities. Only one of these sites with a single borehole (356- 
Anyox) appeared to have a completely conductive gradient. The fol- 
lowing is a brief explanation of the interpretation necessary to arrive 
at the quoted heat flux for each site (see also Lewis et al., 1989). 

Denny Island, 3 15: The heat flux measured in two boreholes 3.3 
km apart differs by 23%. The shallower hole, -l, is drilled into a quartz 
feldspar porphyry-porphyry breccia which has a higher heat genera- 
tion and a higher thermal conductivity than the leucocratic miarolitic 
granite which -2 penetrates. A locally high heat flux would be caused 
in -1 by refraction of heat towards the smaller body and localized high- 
er heat generation. The 74 mW m-2 from the deeper hole, -2, best rep- 
resents the site. 

Anyox, 356: The presence of finely disseminated mineralization 
in some of the core accounts for the large range in measured thermal 
conductivity, from 2.25 to 7.08 W m-' K-' (see Fig. 17), and there can 
be no doubt that refraction is caused by dipping, mineralized zones. 
A topographic correction was applied to this site on top of a ridge, giv- 



I Table 4: Cored Borehole Locations and Thermal Measurements I 
Site Location Collar Measured 

Elevation Interval 
lat.(N) long.(W) (m) (m) n 

Thermal 
Conductivity 

(WlmK) S.D. 

Heat Flux 
(mw/m2) 

~ o r r . ~  S.D. accepted obs. 

315 -1 Denny Island 52O08.1' 128"02.9' 40 50-194 13 
-2 52O08.8' 128O05.7' 40 90-381 24 

1 356 Anyox 55O28.4' 129O49.0' 655 80-292 22 

357 -1 Banks lsland 
-2 
4 
4 
-7 
-8 
-9 

-1 0 
-1 2 
-1 3 
-1 4 

Cinola 53O31.8' 
53O31.7' 
53O31.8' 
53O31.7' 
53'31.8' 
53O31.7' 
53"31 .g' 
53O31.6' 
53'31.2' 
53O31 .0' 
53O31.6' 

377 -1 Lyell Island 52O43.2' 131°42.9' 118 110-184 10 1 -2 52O43.2' 131'42.8' 135 50-11 1 7 

382 -1 Porcher Island 54"01.4' 130°35.3' 110 273-360 26 
-2 54'01.4' 130'35.3' 109 70-115 6 
-3 54'01.4' 130°35.3' 117 50-140 8 
-4 54'01.4' 130°35.2' 114 100-150 9 
-5 54O01.8' 130°35.3' 46 130-206 17 

I a 
corrected for topography, no thermal conductivities measured, C no heat flux calculations made. 

ing an average heat flux of 75.5 mW m-' for the interval between 80 
and 292 m depth. 

Banks Island, 357: The s d i e n t s  at this site which were intruded 
by quartz diorite are dark, micaceous calcite-rich argillites and mar- 
bles with uartz. Heat flux values from 1 1  logged holes vary from 5 1 - S 88 mW m . Water flow is the cause of the non-linear temperature logs 
in the three shallow holes having the largest variations in heat flux, 
consistent with the local geology which includes permeable fractures 
and limestone. Excluding these three results, the average heat flux is 
73.9 mW m-2. Five of the individual results are within 3 mW m-2 of 

the average, including the heat flux from the deepest hole. This area 
may be subject to changes in surface temperature due to past changes 
in sea level because all collar elevations are between 10 and 33 m ASL. 

Cinola, 368: The Cinola gold deposit, located on a topograph- 
ic high, is in a clastic sequence consisting of a lower shale unit 
(Haida Formation) and an overlying sequence of pebble conglomer- 
ate and coarse grained sandstone (Skonun Formation). The adjacent 
Specogna fault separates the deposit from a low-lying region under- 
lain by Haida Formation shale and silicified shale to the northwest. 
The thermal data suggest water flow down the topographic gradient 
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Figure 17: Relative temperature vs thermal resistance (Bullard plots) 
and thermal conductivity a s  a function of depth for Denny Island 
(315), and Anyox (356). The most shallow absolute temperature for 
each hole is given. 
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to the northwest. Concave down temperature logs and relatively high 
surface intercept temperatures for two shallow boreholes located in 
the valley (-25 and -26) indicate an upward component of water 
flow (Fig. 19). Water flow is significantly influencing the tempera- 
ture logs of two boreholes located just above a cliff where the adit is 
located (-23 and -27). Temperatures from 7 other holes further back 
from the cliff are not obviously affected, and much less likely to be 
affected by water flow. The average heat flux, 61.6 + 10.8 mW m-2, 
is considered to be a minimum owing to the possible downward 
flow of water within the region. Varying amounts of silicjfication of 
the host rock account for the large variation in thermal conductivities. 

Lyell Island, 377: Exploration holes were drilled through small 
rhyolitic zones adjacent to the Beresford Fault which separates the Kar- 
mutsen and Masset formations on Lyell Island. Heat fluxes measured 
in two closely spaced boreholes located on a steep hillside are 20% 
different. One had a very high surface intercept temperature, 8.0°C, 
indicating the probable influence of water flow. The other result, 70.2 
mW m-2 after topographic correction, is accepted. 

Porcher Island, 382: The results from the two deepest holes 
drilled into a diorite are averaged to obtain the accepted heat flux. After 
correction for topography, the temperature gradients are very simi- 
lar. The 16% difference in heat flux between these two holes, main- 
ly due to the difference between average thermal conductivities, sug- 
gests refractive effects. 

The results from the six sites described above are the most re- 
liable heat flux data for the basin (Fig. 1). The measured results are 
accurate to 5%, and probably represent the equilibrium crustal heat 
flux at the sites well, with the possible exception of Cinola. The 
lower heat flux at Cinola is consistent with a small downward com- 
ponent of water flow. A previously published low heat flux from a 
series of boreholes collared on a steep hillside at Tasu underlain by 
limestone (Hyndman et al., 1982). is less reliable. 

1 CONDUCTIVITY (Wlm K )  
1 5 0 1  3 5 1  3 5 1  3 5  3 5 1  3 5 1  3 5 1  3 5 1  
L 1.. : L  J L  

. .  
.. 

357-4 100- . . . 357-7 357-8 

Figure 18: Plots a s  in Figure 17 for Banks Island (357). 



Figure 19: Relative temperature vs thermal resistance (Bullard plots) and thermal conductivity as a function of depth for Cinola (368). 
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Figure 20: Plots as in Figure 19 for Lyell Island (377). 
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Figure 21: Plots as in Figure 19 for Porcher Island (382). 
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Table 5: Average Heat Generation 

Series SiteISuite n A S.D. 
w/m3 w/m3 

Western Margin 
200148 Sandspit 4 0.42 0.01 
200149 Central Kano Pluton 4 0.64 0.02 
200149 Shields Bay, pluton on North side 4 1.64 0.90 
200149 Dykes north of Central Kano pluton 3 0.17 0.04 
200149 Dykes along Phantom Creek 2 1.68 0.62 
2001 50 Langara Island 9 1.03 0.26 
200150 Pivot Mountain 8 0.29 0.05 
30U149 San Christoval 1 0.48 . 
300149 Burnaby Island 4 0.67 0.41 
3001 49 Carpenter Bay 2 1.22 1.29 

coeval dykes 4 0.66 0.51 
200144 Haida sandstone, surficial samples 2 0.84 0.03 
3001 36* Masset volcanics 29 0.33 0.23 
2001 54 Hot Springs Island altered samples 3 0.34 0.17 
200158 Nahwitti Batholith, N. Van. IS. 10 0.77 0.30 
200158 Hope-Nigei Is. Intrusive, 

N. Van. Is. 4 0.51 0.10 

Offshore Wells 
3001 04* Tyee: 21 5-560 m 3 0.42 0.04 

720-21 90 m 13 0.80 0.12 
2240-3305 m 17 1.15 0.13 
3363-3421 m 2 0.66 0.26 

3001 15' Harlequin: 400-31 60 m 12 1.00 0.13 
below 3200 m 1 0.31 0.00 

Eastern MarginGranitic andlor Highly Metamorphosed Rocks 
315-1 Denny Island, quartz feldspar p'phy 13 2.75 0.86 
315-2 Denny Island, granite 23 1.91 0.49 
2001 07* Late Tertiary quartz feldspar p'phy 

opposite King Island 2 3.33 0.17 
200107* CretaceousRertiary quartz monzonite 

east of King Island 7 0.54 0.04 
300037* King Island syenite, Miocene 12 1.18 0.46 
200031 * King lsland syenite, Miocene 0.94 
300037* Coast Plutonic Complex SW of King lsland 4 2.00 0.38 
200031 * Coast Plutonic Complex of SW King lsland 5 0.98 0.37 
200031 * Coast Plutonic Complex in Dean Channel 5 0.99 0.23 
200031 Douglas Channel 8 0.52 0.16 
200031 * Whale Channel 5 0.60 0.22 
300037* South Bentinck Arm 7 1.19 0.40 
300037* Douglas Channel 28 0.91 0.57 
357* Banks Island, quartz rnonzonite 2 0.81 0.00 
382 Porcher island, granodiorite 24 0.83 0.22 
3001 52 Ecstall Pluton 12 0.55 0.19 
3001 52 Quotoon Pluton 2 0.68 0.03 
300152 Kasiks Pluton 4 0.51 0.19 
300152 Early Teritary Ponder and others 10 1.84 0.76 
300037* Portland Inlet 15 0.97 0.56 
200031 * Portland Inlet, near Truro Island 5 0.84 0.28 
300037* Pirate pluton, Portland Inlet 3 4.04 0.16 
300037* southern Observatory Inlet 8 1.05 0.70 
300037* northern Observatory Inlet 13 1.70 1.10 
200031 * Alice Arm and nearby Observatory lnlet 12 2.75 1.37 

10 2.53 1.80 300037* southern Hastings Arm 
300037' northern Hastings Arm 13 1.95 0.51 
300037* lower Portland Canal 11 2.25 1.00 
300037* upper Portland Canal 19 1.65 0.31 
2001 45 Early Tertiary qt monzo. near Stewart 14 2.61 1.45 
200146 Triassic-Jurassic grnodir. N. of Hyder 6 1.58 0.17 

*Individual values published by Lewis and Bentkowski (1988). 

HEAT GENERATION AND HOT SPRlNGS 
The heat generation of sediments within a deep basin 

can influence basin temperatures by 10-20 K (e.g., Keen 
and Lewis, 1982). Since Queen Charlotte Basin is shallow 
(approximately 4 km maximum depth), its influence on basin 
temperatures is less important, but it has a large effect on 
deeper temperatures beneath and adjacent to the ba5in. Ex- 
tensive measurements of the heat generation from basin 
sediments as well as from magmatic rocks exposed on basin 
margins (Fig. 22) are summarized in Table 5. Passive 
gamma-ray spectrometry was used as originally described 
by Lewis (1974), with the change to a constant sample mass 
allowing the assumption of constant self-absorption. 

Heat generation measured on cuttings from the 
Harlequin and Tyee offshore wells averages 0.97 C L ~ m - ?  
All heat generation values assume a standard density of 
2.67 g/cm3, which must be modified significantly for sed- 
iment~ to the actual density, a function of compaction 
and burial history. The radioactive heat generation of 
basin sediments is expected to be low because the sediments 
were derived from sources having exceptionally low heat 
production. 

Representative samples from the major magmatic 
suites on the Queen Charlotte Islands as well as the Mas- 
set volcanics generally have very low heat generation, sim- 
ilar to values from northem Vancouver Island. The high- 
est values, 1.64-1.68 pW m--, ? are from a Tertiary pluton 
sampled near Shields Bay. Such young plutons form a small 
portion of the total crust. 

Heat generation in plutonic rocks of the Coast Plu- 
tonic Complex on the east side of the basin is also very low. 
It is lowest near the mid-latitudes where the highest meta- 
morphic grade rocks have been exhumed. Exceptions to 
the low values are small, young bodies such as Pirate, King 
Island, and Denny Island plutons, but they represent an in- 
significant portion of the exposed granitoid rocks of the 
Coast Plutonic Complex. Teniary plutons occurring along 
the eastern edge of the Coast Plutonic Complex (e.g., 
Ponder pluton) represent a slightly larger volume. A larg- 
er region of the Coast Plutonic Complex near Alice Arm 
and Portland Canal has an average heat production of 2.2 
pW m-! Heat production in the remainder of the north- 
ern Coast Plutonic Complex averages 0.9 yW m-3, just 
slightly higher than the 0.8 kW m-3 average of the south- 
em Coast Plutonic Complex (Lewis, 1976; Lewis and 
Bentkowski, 1988). 

A hot spring located on Hot Springs Island, 20 km 
southeast of the Lyell Island site, produces an estimated 
150 I/min of clear, odourless water at a maximum tem- 
perature of 80°C. The source of the hot water could be ei- 
ther relatively deep circulation or a local heat source. The 
maximum elevation of approximately 50 m on this small 
island limits the available hydraulic head unless the source 
of the water is on a different, distant island. The simple S i 4  
and Na-K-Ca geothermometers indicate equilibrium tem- 
peratures of 145 and 169"C, respectively (Souther, 1976). 
Oxygen 18/16 and deuteriumkydrogen isotopic ratios 
are consistent with meteoric water and indicate no apparent 
shift due to thermal rock-water exchange. Therefore, this 
water is probably coming from deep circulation down to 
depths of 5 km, and is not coming from dehydration of sub  
ducted oceanic crust beneath the basin. 



Figure 22: Distribution of heat generation samples and average values in pW/m3 



DISCUSSION 
The cause of the large uncertainty in the marine probe results was 

the effect of BWT variations. A correlation of large, sudden de- 
creases in BWTs with strong winds, possibly causing upwelling of 
colder oceanic water onto the shelf, was not observed. The four 
BWT recorder stations were widely scattered in location and depth, 
and coincidental changes were not found. The water is warmer in the 
winter time, suggesting that the colder water may be coming from con- 
tinental run-off. In order to have quick changes in temperature, large 
volumes of water must move, suggesting strong currents. Mega-rip 
ples at 130 m depths (Fig. 23) and sand waves at 400 m depths prw 
vide further evidence of such currents. 

Preferential water flow along a more permeable layer is consistent 
with many basin models. Since the variation of permeability along for- 
mations is much less than the variation between formations, water tends 

to flow along the formations across basins. This enhances the heat flow 
towards the edge of the basins where formations are thinning if flu- 
ids are flowing outwards. This explanation is proposed for the rela- 
tively higher heat flux observed around the edges of many basins (Re- 
iter and Jessop, 1985; Moir and Whiddon, 1989). 

Material was deposited in Queen Charlotte basin at the end of 
the last glacial period, forming banks with a sandy layer on top. At 
present, fluids may be preferentially flowing along the sandy layer, 
and even escaping where an overlying, less permeable, more recent 
layer is thinnest. Such water flows would control the temperature of 
the aquifer and the conductive heat flux above it. Locally, water 
flow along the sandy layer could vary over periods of a few years, de- 
pendent on whether or not processes of slumping and erosion had sealed 
it off at the nearest outcrops a few kilometres distant. The expected 
temperature perturbations propagating downward by conduction 

Figure 23: A 3.5 kHz seismic profile showing shallow gas in soft bottom sediments cut by erosion channels, bedrock outcrop and mega ripples 
near the right end. The profile was obtained in water depths of 110-160 m near Juan Perez Sound. Grid squares represent 75 m (vertical) by 
1850 (horizontal), giving a vertical exaggeration of 20. The right half of the profile is on the top; the left half on the bottom. 



from the sediment-water interface are not as large as expected for many 
sites, and totally absent in the shallow sediments above the sandy layer 
at the Goose Island Trough sites. Maybe small, upward water flows 
leaking from a sandy layer or layers are affecting temperatures at other 
sites as well. 

The lack of response in this uppermost layer to seasonal varia- 
tions in BWT (Fig. 14), may indicate that sufficient water is flowing 
upwards through the layer, to overcome the normal conductive 
regime. If a steady water flow through an isotropic, homogeneous layer 
is assumed (Bredehoeft and Papadopulos, 1965). the upper four tem- 

7 perature observations indicate an upward fluid velocity of 10- mls. 
However, the upper sensor is more likely to be in water or in an atyp- 
ical surface sediment, and the temperature gradient in the rest of the 
uppermost layer is more likely to be linear. Small variations in the tem- 
perature gradient immediately below the sandy layer may be caused 
by temperature changes in the water flowing along the layer, and in- 
dicate a conductive regime beneath this layer. Since the temperature 
of water flowing along such a sandy layer is less subject to changes 
in BWT, the measured heat flux beneath the sandy layer at these sites 
is probably representative of the equilibrium basin heat flux. Conversely, 
measurements within the surface layer, even if corrected for advec- 
tive flow, may not reflect the equilibrium basin heat flux. 

At other sites where the shallow temperatures are not as perturbed 
as expected, either there are small upward fluid fluxes, or some 
boundary layer or surface process may be acting as a filter. The 
upper sensor's temperature decay after the heat pulse at many sites 
in shallow, soft sediments is abnormally long. In all probes this is only 
observed for the upper sensor. 

The few thermal conductivity measurements associated with the 
marine probe sites limit the accuracy of the measured heat flux to 10%. 
Although sites at which there are abnormal variations of heat flux with 
depth were discarded, yet still 4 of the 7 accepted values (Table 2) are 
exceptionally high compared to other data (Fig. 1). The Moresby south 
site is probably affected by refraction. The high heat flux at the other 
three sites (Milbanke, Caamaiio South and Caamaiio North), may in- 
dicate small, undetected upward fluid fluxes. 

Heat fluxes determined in hydrocarbon exploration wells have 
an accuracy of only 20%, yet all but one of the values are within 20% 
of 70 mw1m2. Estimates of the thermal conductivities had to be used 
instead of the results of measurements on cuttings. The grain thermal 
conductivity should be between 3.3 and 4.0 Wlm K, giving a medi- 
an heat flux between 68 and 78 mw1m2. The two wells drilled on a 
structure, Sockeye B-10 and E-66, have the highest heat flux. It is im- 
possible to detect water flow, one of the possible causes of heat flux 
variations, without more and better temperature data from the indi- 
vidual wells. 

Heat flux from the cored boreholes is most accurately mea- 
sured, and with the possible exception of the Cinola heat flux, appears 
to represent the regional heat flux to an accuracy of 5%. Water flow 
at the Cinola site may systematically lower the measured values 
slightly, as already discussed. The less accurately determined heat flux- 
es from wells, and to a lesser extent the marine probes, are general- 
ly consistent with these values (Fig. 24). The measured heat flux with- 
in Queen Charlotte Basin shows no clear systematic regional pattern, 
(Fig. 1) if the marine measurements which may be affected by sur- 
ficial processes are omitted. Although the heat flux at two of the Queen 
Charlotte Sound wells is higher than the regional mean, it is within 
the range of uncertainty. The entire basin can be described as having 
a heat flux of 70 f 6 mW m-2. 

Although an increase in heat flux to the north of the basin would 
be consistent with the northward progression of plutonism, it is not 

clearly seen. Nor is an enhanced heat flux caused by the supposed 
Anahim hotspot trace. Smaller hot spot traces are not marked by wide, 
long-lived paths because of the smaller material flux in the mantle (N. 
Sleep, pers. comm., 1989), and might not be noticed in this basin be- 
cause of the high background heat flux. 

The lithosphere beneath Queen Charlotte basin and its margins 
appears to have undergone subduction until approximately 42 Ma when 
subduction ceased. The cool crust and underthrust oceanic litho- 
sphere was reheated then, resulting in uplift and erosion. The Queen 
Charlotte Basin probably formed subsequently by extension in a 
dominantly strike-slip environment. The initial extension associated 
with the formation of the basin would have thinned the crust, producing 
higher cmstal temperatures and magmatism. Simple models of extension 
or dyke intrusion (McKenzie, 1978; Royden et al., 1980), predict the 
present heat flux 20-40 Ma after basin formation (Fig. 25) if average 
basin extensions are greater than 30%. Such models are also consis- 
tent with the much higher heat flux earlier in the basin history implied 
by vitrinite reflectance data (e.g., Yorath and Hyndman, 1983). 
Marginal basins formed by different processes without extension 
cannot easily generate the present high heat flux nor the inferred, high- 
er paleo-heat tlux (Yorath and Hyndman, 1983; Vellutini and Bustin, 
1988). Large amounts of basin-wide erosion are not likely to have oc- 
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Figure 24: Histogram of heat flux values with the most reliable results 
from cored boreholes shown by solid bars, and marine probe results 
by shaded bars. 
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Figure 25: Heat flux a s  a function of time since basin formation by sim- 
ple models of extension and dyke emplacement; the present heat flux 
is shown near 25 Ma 



c u d .  The oblique subduction of young, oceanic lithosphere beneath 
the Queen Charlotte Islands since 4 or 5 Ma (Yorath and Hyndman, 
1983; Engebretson, 1989), may be the cause of a low heat flux on the 
western side of the basin, affecting the Tasu and Cinola sites, as 
well as the southwest part of the basin (Fig. 1). Although measure- 
ment accuracy at these locations is not high enough to support such 
a conclusion, it is consistent with it. The heat flux measured offshore 
(Hyndman et al., 1982) clearly decreases towards the west coast of 
Moresby Island. 

The high heat flux within the basin is much more significant when 
combined with low heat generation: it indicates a very high heat 
flux into the lower crust and high crustal temperatures. The 450°C 
isotherm is estimated to be at a depth of 13 km where there are thick 
sediments, and 14 km under the margins, assumi'ng a constant heat 
flow with time. This is consistent with the maximum depth of earth- 
quakes within the basin being less than 20 km (BCrubC et al., 1989; 
G.C. Rogers, pers. comm., 1989). This is quite different from central 
and southern Vancouver Island and the western Coast Plutonic Com- 
plex to the south (Lewis et al., 1988b), where the crust is cool and thick. 
Heat flux here averages approximately 40 mW m-2. The northern part 
of Vancouver Island above the Explorer plate may represent the 
transition state, with relatively subdued topography, lower average el- 
evation and above normal heat flux. 

The crystalline crust exposed on the margins of Queen Charlotte 
basin and lying beneath it as well, has an average heat generation of 
less than 0.9 pW m", very low compared to most other Cenozoic crust, 
but comparable to the crust of Vancouver Island to the southwest. The 
heat flux in the lower crust and the crustal temperatures beneath 
Queen Charlotte Basin are the same as those under many basins hav- 
ing a higher surficial heat flux. If the heat generation in the crust be- 
neath and bordering Queen Charlotte basin were a more typical 
value, such as 2 pW m-3, then the observed heat flux would be 12 
mw/m2 greater, and crustal temperatures would be higher, e.g., 30 K 
more at the base of a 5 km section of sediments. Possibly the crys- 
talline basement beneath the northern part of the basin does have a 
higher heat generation, similar to parts of the nearby Coast Plutonic 
Complex, increasing the heat flux by 10 mw/m2. 

SUMMARY 
A concerted effort was made to define the thermal regime of the 

Queen Charlotte Basin using data from marine probes, from off- 
shore and onshore hydrocarbon exploration wells, and from cored min- 
eral exploration boreholes on land. However, measuring the equilib- 
rium heat flux within most offshore basins is very difficult, whether 
using wells or marine probe measurements. Estimation of the ther- 
mal conductivity of drill cuttings from wells proved particularly dif- 
ficult, and it was concluded that the laboratory measurements were 
unreliable. It is hard to saturate fine-grained cuttings with water 
without leaving some air trapped in them, and our measured results 
were inconsistent with the quartz content of the cuttings. Estimated 
values based on the porosity and the quartz and other mineral content 
were used to calculate the heat flux. The inherent inaccuracy of 
BHTs (bottom hole temperatures) also limits the accuracy of the 
heat flow determinations in wells. The final values from the wells have 
an estimated uncertainty of 20%. 

The maximum water depth of Queen Charlotte Basin is 450 m, 
much less than the depth (800 m for this region) at which BWTs are 
found to be constant in time. Records of past BWTs, in situ thermal 
conductivity measurements, and temperature gradients measured by 
long probes in soft sediments at depths greater than 7 m were suffi- 
cient to determine the heat flux. The heat flux within the soft sediments 
was found to be influenced by water flow within a widespread, Pleis- 

tocene sandy layer. Data from probe penetrations of this layer showed 
the heat flux above the layer could be much higher than that below 
it. High heat flux measured above this layer at locations where it was 
not penetrated might be caused by water flow. Heat fluxes below the 
layer appeared to be equilibrium values. 

The recorded BWT variations show that large volumes of bot- 
tom water move quite quickly, over times of a day or two. The 3.5 
kHz sounding profiles revealed sand waves at a depth of 400 m and 
mega ripples at depths greater than 100 m, additional proof of large 
bottom currents. The large changes in BWT cannot be obviously cor- 
related with times of high winds nor low atmospheric pressures. The 
bottom waters were warmer in the winter than the summer, indicat- 
ing that a possible source of the cooler water is cold run-off water in 
the winter and spring seasons. 

The present average heat flux in the Queen Charlotte basin, 70 
mW m-2, is best determined by boreholes in crystalline rocks on the 
margins of the basin. Less reliable data from basin wells and some 
of the marine heat flow probe support this value. The heat generation 
in the crustal rocks beneath and in the basin, represented by rocks from 
the margin and the offshore wells, is low. Therefore, present t emperam 
in the crystalline rock beneath the basin are high: about 450°C at 14 
km. High crustai temperatures limit the maximum depth of earthquakes 
beneath the basin to less than 20 km. 

The heat flux, 70 mW m-2, is consistent with simple extension- 
a1 models of basin formation starting between 20 and 40 Ma. How- 
ever, the amount of extension required is large. Formation of this basin 
was complex, starting from a margin recovering from the effects of 
subduction. At present oblique subduction andor uplift and erosion 
may be occurring along the western margin. 
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Abstract 

The principal shelf areas of the Queen Charlotte Basin are Dixon Entrance, Hecate Strait atzd Queen Charlotte Sound. 
The four most extensive geological units overlying bedrock in these areas are: I )  glacial till, deposited primarily in 
the troughs between banks and considered to be late Wisconsinan in age, 2) glaciomarine mud, deposited in the troughs 
as ice retreated from the she& 3) Queen Charlotte sands and gravels, deposited as si4blittoral sand in the south and 
as outwash in the north during sea level low stands and suhsequerztly reworked during transgressions, and 4)  Queen 
Charlotte muds, deposited within the troughs during the late Wisconsinan and Holocene. 

The last major sea levelfluctuation to affect the shelfwas characterized by a relative drop in sea level of 100-105 m 
soon afler deglaciation (15 000-13 000 yrs B.P.) which persisted until 10 500 yrs ago. This was followed by a rapid, 
possibly step-like, transgres.sion for about 1500 years afier which time the sea was near its present level. 

The presen I-day shelf is both storm and tide dominated. Sedimentary hedforms are found ubiquitously above 100 m 
and locally to 350 m water depth. Sediment erosion and trunsport, as well as .shallow marine gas, may be potential 
hazards to engineering structures on the seabed associated with hydrocarbon development in the area. 

Les principales zones de plate-j?orme du hassin de lu Reine-Charlotte sont l'entre'e Dixorz, le de'troit dlHPcate et le 
de'troit de la Reine-Charlotte. Dons ces zones, les quatre unitb gPologiques les plus e'teruiue.s reposant sur le sock 
sont : I )  un till glaciaire, de'posi principalement dans les dipressions entre les bancs et date's au Wisconsinien supe'rieur, 
2)  une boue glacio-murine, dkposke dam les &pressions fom'es par le retrait d'un glacier de la plafe-jom, 3) les sables et 
graviers de la Reine-Charlotte, dPpos6s sous forme de .sable itIfrulittoru1 datzs le sud et de skdimentsfluvio-gbciaires 
dans le nord pendant urze piriode oli le niveau de lu rner 6tuit has et remanie's par la suite durant des trarzsgressiotz.~ 
et 4 )  les boues de la Reine-Charlotte, ciPpos6e.y dons les dipressions au cours du Wi.sconsinien .supkrieur et 1'Holocd.ne. 

La dernikre,fluctuation inzportante du niveau de la mer ayarzt touch6 lu plute-fonne a e'tk caracte'rise'e par une chute rel- 
ative du niveau de la mer de 100 a 105 m, peu de temps aprks la dkglaciation (15 000-13 000 ans B.P.) qui a per- 
siste'jusqu '& 10 500 ans. Cette pkriode caract6ris6e par un bus niveau lie la mer a e'te' suivie d'une transgression rapi- 
de par e'tapes qui a dure' environ 1500 ans durant laquelle le niveau de la mer s'est re'tabli au niveau actuel. 

La plate-fomze actuelle subit les effets des tempttes et des markes. L.es formes skdimentaires sous-marines sont om- 
nipre'.sentes au-dessus de 100 m, rnais plus rares jusqu'& 350 m de profondeur. L'Prosion et le transport des se'dirnent.~ 
ainsi que la pre'sence de gaz a faible profondeur peuvent constituer des dangers pour les ouvrages installe's sur le fond 
marin pour la mise en valeur des hydrocarbures dans la rkgion. 

' Pacific Geoscience Centre, Geological Survey of Canada, P.O. 6000. Sidney, B.C. V8L 4B2 
Cordilleran Division, Geological Survcy of Canada, 100 West Pender Street. Vancouver. B.C. V6B IR8 ' Geomariec Services. 1067 Clarke Road, Brentwood Bay. B.C. VOS IAO 



INTRODUCTION 
Systematic geologic surveys of the continental shelf off British 

Columbia have been carried out since 1981. The purpose of this 
component of the Queen Charlotte Basin sub-program has been to com- 
pile and interpret this data to produce a series of maps (Barrie et al., 
1990a, b, c; Luternauer et al., 1990a, b) displaying sediment distri- 
bution, distribution of geological units, surficial features and poten- 
tial gwhazards and the sources from which the data were derived. The 

maps will help guide both potential industrial development of the re- 
gion and management of the environment. 

A regional high resolution seismic survey program has been con- 
ducted over the region with an average line spacing of 9 km (Cunie 
et al., 1983; Luternauer and Murray, 1983; Barrie and Bornhold, 
1989; Luternauer et al., 1989a). These data include deep-towed high 
resolution boomer data, 5-40 cubic inch (82-656 cm3) air gun seis- 
mic and 50 and 100 kHz sidescan sonar coverage. In addition some 

Figure 1: Index of geographic areas, northwestern British Columbia. Numbered rectangles indicate location of Geological Suwey of Canada open 
file maps displaying sea bed geology and geohazards of the continental shelf. 



48 piston cores and 64 vibrocores collected during this program offer 
lithologic control for the upper seismostratigraphic sequences. 

REGIONAL SETTING 
Dixon Entrance, Hecate Strait and Queen Charlotte Sound (Fig. 

l)  combine to form a continuous physiographic province known as 
the Hecate Depression (Holland, 1964). This depression separates the 
Coast Mountains of the mainland from the Insular Mountains of the 
Queen Charlotte Islands and Vancouver Island. The sedimentary 
basin found within the Hecate Depression from Vancouver Island to 
Dixon Entrance constitutes the Queen Charlotte Basin. 

Dixon Entrance, to the north, is an elongated east-west strait 
that separates the Queen Charlotte Islands and the islands of southern 
Alaska. Hecate Strait is a shallow, asymmetric channel lying between 
the Queen Charlotte Islands and the British Columbia mainland. In the 
northeastern portion of the strait a large trough opens to the south and 
another, smaller trough to the north, forming a broad, shallow (<40 m) 
shelf to the northwest and a 30-50 m deep bank in west-central Hecate 
Strait. At the northwestern boundary are the eroding, low cliffs of north- 
em Graham Island which supply sediment to a large accreting spit (Rose 
Spit) at the northeasterly tip of the island at the junction with Dixon 
Entrance (Clague and Bomhold, 1980). Queen Charlotte Sound, to the 
south, consists of three broad banks as shallow as 30 m separated by 
intervening troughs, as deep as 500 m, extending to the shelf edge. 

SEA LEVEL HISTORY 
Late Wisconsinan glacial-postglacial relative sea level history is 

complex and varied sharply both across the shelf and from north to south. 
Upon deglaciation (12,000-10,500 yrs ago) the mainland coast was 
submerged; sea levels were up to 200 m higher relative to land than at 
present (Clague et al., 1982a). However, on eastern Vancouver Island 
there may have been only 175 m of submergence (Howes, 1983). Re- 
gression followed along the coast, with relative sea level 9000-6000 yrs 
ago falling just below the present level. 

A paleosol, with in situ rooted plant remains, was found in a core 
collected from the flank of a drowned river valley at a water depth of 
95 m in southern Queen Charlotte Sound. The material yielded a ra- 
diocarbon age of 10,500 years B.P. (Luternauer et al., 1989b). Fluvial 
sediments associated with the paleosol are sharply overlain by lagoon- 
al or shallow pond sediments on which are deposited shallow-marine 
sediments. Relative sea level, therefore, was at least 95 m lower 10,500 
yrs ago and much of the shelf was subaerially exposed. A wave-cut ter- 
race adjacent to the in situ paleosol, lying between 100 and 105 m water 
depth, represents the late Wisconsinan-early Holocene shoreface. 

A similar 100 m lowering of sea level also is suspected for Hecate 
Strait, based on the presence of drainage channels, wave-cut terraces, 
and both shore-oblique and shore-parallel sand ridges (Barrie and Bom- 
hold, 1989). Terraces occur at depths of 100- 105,40-45,30-35 and 20- 
25 m. Another wave-cut terrace extends along central Hecate Strait and 
changes in depth from 110 m in the north to 160 m in the south. This 
feature may be associated with earlier Quaternary sea level changes. 

Migration and collapse of a crustal forebulge is considered to be 
the cause of the dramatic Late Quaternary sea level history (Lutemauer 
et al., 1989b). The continental shelf was isostatically depressed when 
the area was deglaciated 13,000- 15,000 yrs B.P.. High relative sea lev- 
els are recorded in the area of northeastern Vancouver Island between 
about 12,000 and 13,000 years B.P. (Howes, 1983). It appears that rel- 
ative sea level fell soon after deglaciation (due to isostatic rebound). 
Isostatic uplift in the mainland fiords was accompanied by crustal sub- 
sidence of the shelf to the west due to lateral movement of material 
in the asthenosphere. Sometime prior to 10,500 years B.P. rebound 

was virtually complete and shorelines were controlled to a large ex- 
tent by low eustatic sea levels (Luternauer et al., 1989b). 

The progressively shallower wave-cut terraces, particularly in west- 
ern Hecate Strait, suggest that the transgression was both rapid and 
occul~ed in a stepped fashion. Dates from the Queen Charlotte Islands 
and the mainland coast near Prince Rupert (Clague et al., 1982a,b; 
Clague, 1985) indicate that the sea was near its present level in 
Hecate Strait about 9500-9000 years ago. Transgression of the pre- 
sent coast of the northern Queen Charlotte Islands occurred between 
8500-7500 yrs B.P. (Clague et al., 1982a) resulting in sea levels 15 
m above the present level. Sea level rise, therefore, would have oc- 
curred at a minimum rate of 7-10 cmlyear over the northern British 
Columbia continental shelf. The wave-cut terraces suggest that there 
may have been periods of little or no relative sea level change sepa- 
rated by intervals of rapid, relative sea level rise during the early 
Holocene. If so, short term rates of sea level rise may have been much 
higher than the average of 7 c d y e a r  for the entire 1500 yr period. 

OCEANOGRAPHIC SETTING 
Erosion and sediment transport are significant agents of sediment 

redeposition on the present-day westem Canadian shelf to depths greater 
than 100 m (Lutemauer, 1986; Barrie and Bornhold, 1989). The pat- 
tern of maximum bottom currents is characterized by a prevailing north- 
ward current along the eastern and northern side of Hecate Strait, and 
a southward flow along the southwest portion of the Strait into Queen 
Charlotte Sound (Crawford et al., 1988; Crawford and Thomson, 
1991). In Dixon Entrance an eddy, termed the Rose Spit Eddy, rotates 
counter-clockwise throughout the entire eastern end of Dixon Enh-ance 
(Crawford and Greisman, 1987; Crawford and Thomson, 199 1). 
Mean wave direction also shows alignment with the shelf, the main 
direction being from the southwest and less frequently from the 
northwest (Thomson, 198 1). 

Combined wave and current velocities are capable of trans- 
porting fine sand at least 10% of the time at 100 m water depth for 
the northern shelf areas (Barrie et al., 1988) assuming a critical 
threshold velocity of 0.25 mls for a 0.125 mm sediment size and an 
average tidal current velocity of 0.18 d s .  Northward moving currents 
in northern Hecate Strait, however, have bottom velocities exceed- 
ing 0.6 mls, with velocities above 0.2 d s  occurring up to 44% of the 
rime (Barrie and Bornhold, 1989) suggesting estimates for critical thresh- 
old presented by Banie et al. (1988) are conservative. 

SURFICIAL GEOLOGY 
Four surficial geological units overlying bedrock have been de- 

fined for the northern continental shelf of western Canada based on 
acoustic geophysical records, surfical expression as recorded by 
sidescan sonar, grain-size distribution of sea floor sediments and the 
character of sediment in cores taken within each unit. 

Bedrock 
Queen Charlotte Basin is bounded on the east by Coast Moun- 

tain crystalline rocks that extend a short distance offshore. The Coast 
Mountain Range consists of Mesozoic and Cenozoic granites as well 
as Paleozoic and Mesozoic metamorphic, volcanic and sedimentary 
rocks. The Insular Belt is characterized by sedimentary and volcanic 
rocks of Mesozoic and Tertiary age (Sutherland Brown, 1968). Two 
Tertiary formations are found within the intervening basin (Queen Char- 
lotte Basin) that underlies the shelf. They are the Skonun Formation 
and the Masset Formation. 

Skonun Formation 
The Skonun Formation is a Miocene-Pliocene siliciclastic suc- 

cession up to 5 km thick that underlies most of the northwestern Cana- 



dim continental shelf and northern Graham Island, Queen Charlotte 
Islands (Sutherland Brown, 1%8; Shouldice, 1973; Higgs. 1989). Where 
the Quaternary sediments that unconformably overlie the Tertiary are 
thin, the dipping Tertiary strata are acoustically well dcfined. Folds 
are commonly observed in these upper strata. 

The surface of the Tertiary is irregular reflecting the presence of 
relict channels. Overlying sediment tends to mask the rough morpholoby 
producing a flat, smooth seafloor. 

The Masset For-mation is a late Oligocene to late Miocene calc- 
alkaline suite of volcanic rocks that underlies much of the northern 
Queen Charlotte Islands (Hickson, 1989). To the east it is con- 
formably overlain by, or interfingers with, the Skonuri Formation 
(Cameron and Hamilton, 1988; Sutherland Brown, 1968). The Mas- 
set Formation is exposed at the seafloor in southwestern Hecatc 
Strait and in 9ixon Entrance. 

m. - 
1 rLr (Fraser Glacia!:ion) 

An acoustically uniform, non-stratified unit with a strong sur- 
face reflector is interpreted to be a glacial till. The till averages be- 
tween 8 and 45 n~ in thickness. When exposed at the surface. the till 
has a characteristic hummocky expression with a surface veneer of 
poorly sorted gravel, silts and sands. In water deeper than 100 m the 
surface of the till is often scoured and pitted, presunrably from the ac- 
tion of grounding ice or icebergs calved during glacial retreat. 

Till is found primarily in troughs, with vety little evident on bank 
tops where i t  was either not deposited or was eroded during periods 
of sea level change at the end of the late Wisconsinan (Banie and Born- 
hold, 1989; Lutemauer et al., 1989a). In the interbank troughs of Gueen 
Charlotte Sound t i l l  is up to 45 m thick and there is good evidence 
for more than one ice advance depositing multiple tills in several areas. 
These till bodies become more abundant at the trough margins. 

A radiocarbon agc of 14,160 years B.P. was obtained on a shell 
in a glaciomarine unit overlying a till in Hecate Strait. The till con- 
sists of a massive, sandy mud with abundant clay clasts, derived, pos- 
sibly, from the underlying Tertiary mudstone. 

GLaciomari~e Mud 

In water depths generally greater than 200 m, thick (60 m) se- 
quences occur that are acoustically semi-transparent with weak reflectors 
and occasional point reflectors. These unconformably overlie till 
and Tertiary sediments. Lithologically, the sediments consist of 
roughly equal proportions of sand, silt and clay, with minor matrix 
supported gravel, often angular and striated. The gravels, which give 
rise to the point reflectors seen in the seismic profiles, are considered 
to be ice rafted. The top of the glaciomarine mud unit was deposited 
between 13,600 and 12,900 yrs B.P. during final deglaciation of the 
shclf (Lutemauer et al., 1989a). 

Qaeen Chariot?e Sands and Gravels 

Lower Satlds atzd Gruvels 

Acoustically stratified sediments are found on the edge ot'the banks 
in Queen Charlotte Sound between approximately 100 and 160 m water 
depth. The sediments are very fine to fine-grained siliciclastic sands 
with inclined parallel laminations occurring at low to moderate an- 
gles, often as beds of 5-7 cm thick. The laminations are highlighted 
by the concentration of heavy minerals on bedding plane surfaces ap- 
proximately every 1 cm. Radiocarbon dates from this unit all suggest 
a minimum age of deposition of 10,400 years B.P. Deposition appears 
to have been rapid considering the consistency of radiocarbon dates 
(10,430-10,760 yrs B.P.) at three different levels within the unit. 

In north-central Hecate Strait, between the apex of the north and 
south troughs, and in southern Dixon Entrance, poorly sorted outwash 
sediments of similar age are found. High resolution seismic records 
show a complex pattern of cut and fill depositional style. 

Upper Sands ctrul Gruvels 

Holocene sands and gravels varying from a few centimetres 
hick to greater than 50 m thick overlie most units, in water depths 
less than 160 m. 3elow 100 m the sands are generally less than i m 
thick, consisting of light brown sands rich in heavy minerals includ- 
ing glauconite and granule size lithics which comprise 20% of the sed- 
iment. koteinaceous or calcareous worm tubes are commonly found 
in the upper portions of the unit. 

Above 100 m water depth the unit consists of palimpsest sedi- 
ments, derived from the Skonun Formation, glacial tills and, in north- 
eastern Hecate Strait, coastal erosion. The sands are formed into 
sedimentary bedforms with intervening areas of lag gravels. An ex- 
ception to this distribution is found at the eastern side of Moresby Trough 
where active sand waves are apparent to 350 m water depth. 

Zxtensive areas of shallow gas have been identified acoustical- 
ly within the unit represented on the seismic records as acoustic 
voids, enhanced reflections and plumcs, similar to near-surface oc- 
currences on the Alaska shelf (Nelson et al., 1978; Hampton et al., 1979). 

Q u e e ~  Clarl~?^:e Muds 

Within the troughs of the region semi-transparent sediments, with 
parallel reflectors, to transparent sediments overlie glacion~arine 
muds or glacial till. Lithologically the muds are composed of silt and 
clay in variable amounts. Sand content can range from 5.40%. The 
lower mud unit contains graded beds and gravelly sandy mud inter- 
vals which Lutemauer et al. (1989a) athibuted to sediment gravity flows 
and low sea level intervals of winnowing, respectively. Radiocarbon 
dating suggests this unit was deposited between 13,000 and 10,000 
yrs B.P. (Lutemauer et al., 1989a). These muds are interpreted to be 
a deep water facies of the lower Queen Charlotte sand and gravel unit 
in Queen Charlotte Sound. 

Upper Mud 

The upper muds are weakly reflective to transparent seismical- 
ly, and confined to troughs and isolated depressions; they form a drape 
over other units below approximately 160 m. Maximum thickness- 
es occur in the northernmost trough in Queen Charlotte Sound where 
up to 40 m have been deposited. The muds are commonly charged with 
biogenic gas, and in southern Queen Charlotte Sound, pockmarks are 
found. Lithologically the unit is composed of approximately equal pro- 
portions of silt and clay, and minor sand. Radiocarbon dates ob- 
tained on this unit indicate deposition at variable rates since 9700 yrs 
B.?. (Lutemauer et al., 1989a). Their spatial geometry suggests that 
the mud is deposited as a prograding lobe into bathymetric depres- 
sions (Luternauer and Conway, 1987). 

Sponge Bioherrns 

Large areas of the seabed between 150 and 250 m water depth 
are discontinuously blanketed by bioherms dominated by species of 
Hexatinellid sponges (Conway et al., 1991). The bioherms are up to 
10 m thick and form complexes several kilometres in width. The sed- 
iment incorporated into the bioherms by a trapping and baffling 
mechanism is similar in texture to the proximal upper mud sediments 
found in the inner troughs, a silty clay or clayey silt. Radiocarbon dat- 
ing indicates that the mounds in some areas have been growing at a 
rate of about I mmlyr during the late Holocene (Conway et al., 
1991). 



POSTGLACIAL DEVl.i:hOPMENT 
Several cycles of sea-level change and glaciation occurred dur- 

ing the Quaternary period on the coast of western Canada. Hecate 
Strait, for example, has been exposed to subaerial conditions down to 
as deep as the present 180 m isobath at least once during the late Ter- 
tiary to early Quaternary (Barrie and Bornhold, 1989). 'That glacial ice 
covered most of the shelf sometime during the Wisconsinan is indicated 
by the occurrence of seabed glacial features (Luternauer and Murray, 
1983; Barrie and Bornhold. 1989; Luternauer et al., 1989a). Whether 
a late Wisconsinan ice advance extended offshore, covering the entire 
shelf area is not known. A t i l l  that could represent the limit of the late 
Wisconsinan ice advance is found in the principal troughs of the region. 

Upon deglaciation (15,000-13,000 yrs B.P.), ice retreating up 
the troughs towards the British Columbia mainland could have become 
a floating ice shelf, depositing the glaciomarine muds. Large icebergs 
that calved from the retreating ice margin scoured the seabed within the 
troughs. 

At the end of the late Wisconsinan period. relative sea level fell 
appioximately 100 m below present levels on the central shelf. At this 
time thick laminated sand deposits were deposited in the nearshore 
zone off the exposed banks of Queen Charlotte Sound. In northern 
Hecate Strait outwash sands were deposited at the head of the troughs 
and a similar outwash plain was being deposited off the northem Queen 
Charlotte Islands. Fines derived from the outwash plain and mid-shelf 
banks, where transported offshore and deposited in the deep troughs. 

Shottly after 10,500 yrs B.P., transgression of the central and outer 
shelf commenced, promoting deposition of the transgressive sands and 
gravels above 100 m water depth. Subsequent Holocene sedimenta- 
tion has been minimal with deposition of mud in the troughs and the 
formation of sponge biohems seaward along the trough axes. Extensive 
reworking of the transgressive sands and gravels and sublittoral 
sands, above 100- 160 m water depth, has continued until the present 
time. 

GEOEOGiCAL E?AZARDS 
Erosion and sediment transport are significant agents of sediment 

redeposition on the present day shelf of western Canada and can be 
regarded as engineering hazards. Not only can large-scale sediment 
transport alter foundation conditions by scouring and bedform load- 
ing, but continued erosion can result in oversteepened slopes, a crit- 
ical factor in submarine slides and debris flows. In many areas of the 
Basin where sediment is in sufficient quantity to be transported and 
redeposited, there is a risk of liquefaction. Wave action or seismic shak- 
ing can cause sediment pore pressure buildup that in extreme cases 
may lead to seabed liquefaction (loss of shear strength) with en- 
hanced grain entrainment by sea-bottom flows or downslope move- 
ment under gravitational stress (i.e. transport). 

The extensive distribution of shallow marine gas in the sediments 
of Queen Charlotte Basin can be both a potential engineering hazard 
and an exploration aid. r3lowouts due to shallow gas have occurred 
at shallow depths (Bourna, 198 1) and near-surface gas-charged sed- 
iment~ associated with larger subsurface accumulations, may also se- 
riously reduce the bearing capacity for seabottom structures. Alter- 
natively, thermogenic gas derived from deeper sources, may provide 
an indication of hydrocarbon source and type with the application of 
a sniffing technique (Nelson et al., 1978). 

CONCLUSEOiYS 
Four surficial geological units overlie bedrock on the northern shelf 

of western Canada They are a: l ) glacial till, found primarily in the troughs 
between banks and considered to be late Wisconsinan in age, 2) 
glaciomarine mud, deposited upon the retreat of glacial ice from the shelf, 

3) Queen Charlotte sands and gravels, deposited, respectively, by a) late 
Wisconsinan sublittoral processes during the low sea level stand in Queen 
Charlotte Sound and by the deposition of glacial outwash in Hecate Sh-ait 
and Dixon Entrance and b) by the reworking of Quaternary sands and 
gravels during transgression, and 4) Queen Charlotte muds, including 
late Wisconsinan and Holocene deposition within the troughs, and 
the formation of sponge bioherms. Early :lolocene deposition was 
strongly influenced by relative sea level which fell soon afier deglacia- 
tion(15,W-13,000 yrs B.P.) by 100-105 m until 10 ,50  years ago. A 
rapid transgression followed in a series of steps until approximately W 3  
yrs B.P., at a rate exceeding 7 cmlyr. 

Following the transgression, the area has remained both tide and 
storm dominated. Significant sediment erosion and transport occurs 
above 100 m water depth and locally to 350 m depth and shallow gas 
is found throughout the suficid sediments of the Queen Charlotte Basin; 
these processes. therefore, represent potential geological engineering 
hazards to seabed development for the region. 
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Abstract 

The sugkce waters of Queen Charlotte Sound and Hecate Strait were surveyed in June, 1988 to establish the abun- 
dance and spatial distribution of larvae and juveniles of comtnercialfinfish, invertebr-ate species and other associ- 
atedplanktonic species. Cancer zoea and megalopae, copepods, euphusiids and sea jellies were most abutuiant, with 
relative abundance varying both .~patially and by time r f d a ~ ~ .  Overall, larvae of cnmmrrcial species were lower in 
abundance than previousl~~ reported off the west coast of Vcincouver Island. 

Les eaux peu prcyondes cle lo rkgiotz des iles de /a Reine-Charlotte et du dktroit d'Hdcatefirent ktudikes en juivi 1988 
afin de dkterminer I'abondance et In distribution spatiale des lan~es et jeunes poissons comtnerciaux, des espbces 
invertkbrkes ainsi que d'autres especes planctoniques. Cancer zoea et megalopae, les cop&podes, euphasiids et gelkes 
de nzer sont particulibrement nombreux. Leur abondance varie de facon spatiale et et1 fonction de l'heure du jour. 
En gknkral, le nombre de lames d'esp2ces comnterciales recenskes duns cette rkgion est plus bus que ce quifit rup- 
por-te' pour la rigion situke a ll'ouest de l'ile de Vancouver. 

' Galatea Research Inc.. P.O. Box 202, Brentwood Bay, B.C. VOS IAO 
Department of Fisheries and Oceans, Biological Sciences Branch, Pacific Biological Station. Nanairno, B.C. V9R 5K6 



INTRODUCTION I 
This report outlines a sampling and data analysis study de- 

UN 
signed to provide baseline information on the abundance and spatial 
distribution of commercial and other macrozooplanktonic species in 
Hecate Strait and Queen Charlotte Sound. The purpose of the study 
was two-fold: 

1. To contribute to the establishment of an environmental database 54N 

for Hecate Strait and Queen Charlotte Sound. This data will be 
used in policy-making and accident prevention with respect to 
proposed oil exploration andlor shipping in this prime fishing area 
in the future. 

2. To assist in extrapolation of predicted effects of seismic sampling 
on larval commercial species and other associated planktonic 
species. This data can be interpreted in the context of other on- 
going studies in Washington on the direct impact of close range 
seismic air explosions on such zooplankton. 

The study was initiated because of the lack of data on the zoo- 
plankton in and around the proposed seismic survey path. The survey 
emphasized the identification of both commercial and non-comrner- 
cial invertebrate and fish larvae. Other macmooplankton collected were 
identified in as much taxonomic detail as possible, based on the resources 
of the project. Salinity, tern-, and pressure profiles were determined 
in the study area to examine the effects of oceanographic character- 
istics on the distribution and abundance of zooplankton. 

METHODS 
50 N 

Field sampling 
L 

135W 

Four field sampling personnel accompanied three crew members 
of a small (65') commercial troller, the Optimist I. Biological surveys 
were conducted along a series of transects which were followed 
about 10 days later by a seismic survey ship chartered by Geologi- 
cal Survey of Canada. The entire plankton survey took ten days (ex- 
cluding travel to and from Hecate Strait), with about 1.5 days lost to 
foul weather, and ran from June 1 l to June 2 1, 1988. Station locations, 
tow numbers, dates and times are summarized in Table 1 and Figures 
l, 2 and 3. 55N 

General Oceanic flowmeters were attached to the insides of all 
nets. When the net was opened, water flowed past the flowrneter ro- 
tating the blades. The total number of revolutions was used to calculate 
the volume of water passing through the net. Plankton samples were - 
collected in their entirety and rinsed into a 10% buffered formalin so- 
lution, labelled, and stored. 

The following sampling gear was deployed from the trawler 
Optimist I. I 
Tucker trawl 

This is an array of 3 nets that can be opened and closed manu- 
ally by messenger, enabling the collection of 2 discrete depth range 
samples per tow. The first net was used as a dummy since one net must 
be open during deployment, unusually to the greatest depth to be sam- ,,, 
pled. Once at this depth the second net was opened and a vertical sam- 
ple was taken in the depth range of interest. The second net was then 
closed and the final net opened until the surface was reached. The net 

2 mouth is l m when towed at 3 knots. This gear was used in daytime 
sampling of the upper 50 m of the water column. Nets 2 and 3 were 
each used to sample half the total depth (i.e., 25 m or so) when water 
depth exceeded 50 m, while at shallow stations (Stations 118-128), 
only 1 depth range was sampled. Depth gauges were attached to the 
two study nets to measure the maximum and minimum depths for each 

1) were selected based on tractability of the weather and relative cov- 

53n depth range. Tucker trawls were towed a horizontal distance of about 50H 

1800 m, with tow durations of about 20 min. Sample locations (Fig. 135W 

$ 7 ,  H e c a t e  S t r a i t  I 
ling 
ts 

134Y 133W 132Y l3lW 130W 128W 120Y 127Y 

Figure l: Neuston net sampling locations, June 1988. 
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Figure 2: Tucker trawl sampling locations, June 1988. 
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numbers per sample required splitting, subsampling, and extrapola- 
tion of counts to the total volume. Sorted specimens were preserved 
in isopropanol for archiving andlor hture use. Quality control was car- 
ried out by recounting about 90% of the processed samples to check 
for omissions and errors. 

Data analyses 
STD data were analyzed to show temperature and salinity struc- 

tures of the water column throughout the sampling area, using p r e  
grams developed by the Ocean Physics Division, Institute of Ocean 
Sciences (R. Thomson, Institute of Ocean Sciences, Sidney, B.C. pers. 
comm.; Thomson and Wilson, 1987). Geostrophic patterns were 
based on a reference depth of 50 m because of the shallowness of Hecate 
Strait. Therefore, only those stations 50 m or greater were therefore 

l G S E l  1 9  KU2A 3 7  SAN3 
2 G S I A  2 0  KUN2 3 8  SA4A 

included in this analysis. 
3 GS3A 2 1  KU3A 39 SAN4 
4 GSE4 2 2  KUNS 4 0  SA5A Planktonic abundance data were standardized to numbers per 10 

square metres of sea surface, based on calculated integrated areas sam- 
7 GSA 2 5  KUNS 4 3  R O ~ A  pled by the nets. For Tucker trawl data, raw abundances were mul- 
B C S i A  2 8  KU8B 4 4  R O S I  
S C S J ~  2 7  S C ~ A  4 5  R02A 

tiplied by a standardization factor from Mason et al. (1984): 
1 0  CS2A 2 8  S C U l  4 8  R 0 5 2  
1 1  CSJB 2 9  S C ~ A  4 7  R03A depth range of tow (m) x 10 
12 CUA 3 0  SCUP 4 8  ROS3 Standardization factor = volume filtered (m3) 

Neuston net raw abundance data were multiplied by the surface area 
1 6  CSJB 3 4  U l A  5 2  BA3A 
1 7  KUIA 35 W 2  5 3  BA4A 

covered by the net based on linear distance covered (flowmeter lin- 
IE K U N ~  38 U 2 A  5 4  BAN4 ear distance X net width). Because of the different collection meth- 

55 BANS ods, day (Tucker trawl) samples were examined separately from 
I L  L I night (newton) samples. Data from all available neuston stations 

136Y 134W IBY 132W 131Y 130M 128U 120W ,,,, were analyzed using a simple clustering algorithm (Bray-Curtis sim- 

Figure 3: STD sampling locations, including the original 55 casts, ilarity measure) and linkage method (unwei~hted pair group 

Station Names (as per Table 1) are given for each number to avoid con- erage linkage) tq show if any general differences in sample groupings 
fusing these numbers with those for plankton sampling (Figs. 1 and 2). could be detected throughout the study area. This simple data anal- 

ysis is statistically non-inferential, providing merely a multivariate, 
graphical, hierarchical ordering of similar population groups. Because 

erage of area. The purpose was to cover the maximum portion of the the lack repetition in this type ofsampling, as wel l  as the rapid 
original transects within the allotted 10 days. potential for major changes in planktonic population structure over 

Neuston net short periods of time (i.e. 10 days), it was felt that more in-depth sta- 
tistical analyses were not justified. 

This is a single net with a square mouth opening of 0.25 m2 (Mason 
and Phillips, 1984). Towed at 4-5 knots, it maintains itself at the sur- The data fromTucker trawls was examined separately in the same 

face at a distance away from, and parallel to, the side of the towing manner as that for neuston nets, with the main purpose being to ex- 

vessel, ~ ~ l l  by is thus reduced, ~h~ neuston net amine the potential differences in depth stratification of different 

was deployed continuously during night hours (Fig. 2), a time when groupS of during the day. 

most plankton of interest (Jamieson and Phillips, 1988; Jamieson et A qualitative comparison was made between patterns of species 
al., 1989) were expected to be at the water surface. It samples to a depth and station groupings, and geostrophic current patterns and temper- 
of about 50 cm. aturelsalinity profiles of the area. 

Applied Microsystems STD-12 

This electronic metering device measures salinity, pressure, and 
temperature with depth. It was used to construct vertical water prop- 
erty profiles from which geostrophic current patterns were deter- 
mined. Data was stored on disk using a Radio Shack TRS-80 com- 
puter. Because of the need to stop the vessel to deploy it, regular STD 
profiles were canied out only during the day (Fig. 3). Generally, a STD 
profile was carried out just prior to each Tucker trawl and between 
Tucker trawl samples. Additional STD profiles were carried out 
whenever possible, based on time constraints and optimum coverage 
of the sample area. 

Sorting and identifications 

Collected samples were sorted into taxonomic groups and counts 
were made on all organisms present. Most invertebrates were only iden- 
tified to family or genus, but Dungeness crab (Cancer magister) 
were of particulai interest and so larvae of this species were specif- 
ically counted. In some groups (such as "Cancer spp. zoea"), large 

RESULTS 

Temperaturelsalinity profiles 
A total of 57 stations were sampled for salinity and temperature. 

Because of sporadic problems with the salinity probe of the STD, Sta- 
tions GSE2 and GSE3 were discarded immediately, and the salinity 
data for another 6-8 stations had to be discarded later during editing. 
Therefore, a total of 47 salinity and 55 temperature profiles were avail- 
able for analysis. 

A temperature profile across the strait (stations 8-16 from Fig. 3) 
indicated that low temperature surface water, possibly originating from 
mainland coastal runoff, was present along the eastern side of the study 
area (Fig. 4). Figures 5 to 8 show temperature profiles at various depths 
along the length of the strait, indicating the spatial occurrence of this 
lower temperature surface water. In shallow (about 20 m depth) sam- 
ple locations, the water column was well mixed (Fig. 9, stations 32 
to 49). Thermoclines were evident in the deeper sample sites in the 
southern and central sections of Hecate Strait and where the shelf 
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Figure 4: Temperature profiles for STD stations 9-16 (see Fig. 3). 
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Figure 5: Temperature contours for depth = 10 m. STD station loca- 
tions are indicated by the crosses. Profiles are extrapolated to a dis- 
tance of 25 km and 50 km, respectively (see ellipse). 
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dropped off steeply between stations 50 and 51 (Fig. 3) at the north- 
eastem tip of Graham Island. These occurred generally at 10-20 m depth. 

Salinity profiles from the STD stations (Figs. 10-13) indicated 
that the low temperature water mentioned above was also lower in salin- 
ity than water coming around the southern tip of Moresby Island from 
the open ocean. This supports the suggestion that the low tempera- 
ture water originated as surface runoff from the mainland coast. 

Zooplankton species distributions 
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The complete taxonomic list of zooplankton identified during the 
project is given in Table 2. Taxa numbers per 10 m2 of sea surface 
and per 10 m3 water volume are given in Tables 3 and 4, respective- 
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Figure 6: Temperature contours at depth = D  m for Hecate Strait, June 
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Figure 7: Temperature contours at depth = 20 m, Hecate Strait, June 
1988. 

ly, in the Appendix. Abundances of most of the 72 taxa identified were 
rarer than 0.1 per 10 m2. 

The most common taxa in the samples were Cancer species zoea 
and megalopae (i.e. stations 27-38,79-86, 102- 105, 139- 160). cope- 
pods (stations 32-51.61-63,73-77, 158-161), euphausiids (Stations 
1 1,12,24,73-77, 106,158-161; often common in samples with many 
copepods), and sea jellies (Leptomedusae: 29,30,49, 121-142). In terms 
of volume occupied by different taxa, the relatively large sea jellies 
tended to occupy most of the sample volume even when abundance 
was relatively low. When crab zoea abundance was high (e.g., stations 
27-38,79-86, 102-105, 139-160), zoea represented up to 95% of the 
total sample volume. Copepods and euphausiids usually made up less 



Figure 8: Temperature contours at depth = 50 m, Hecate Strait, June, 1988. 
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Figure 9: Temperature profiles for the more shallow northerly Hecate 
Strait stations, showing mixing of the water column. 
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Figure 10: Salinity contours for depth = 0 m, Hecate Strait, June 1988. 
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Figure 11: Salinity profile for depth = 10 m, Hecate Strait, June 1988. 

than 10% of the sample volume, as did the remaining taxa identified. 
The most common fish species in  neuston samples was Pacific sand- 
lance (Ammodytes), which were concentrated in  stations 54-89. 

Tucker trawl samples 
A total of 25 Tucker trawl samples were successfully collected 

and identified. Abundances of crab larvae and most of the taxa per 
unit area were generally lower in  Tucker trawl catches (2 nets com- 
bined) than in neuston net catches, while some fish larvae (e.g., rock- 
fish) were more abundant in  Tucker trawl catches than in  neuston net 
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Figure 12: Salinity contours for depth = 20 m, Hecate Strait, June 1988. 
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Figure 13: Salinity contours for depth = 50 m, Hecate Strait, June 1988. 

catches. This may result partially from different vertical die1 migra- 
tion patterns among taxa. No clear depth preferences were evident from 
the data for any taxa. 

In the cluster analysis of Tucker trawl data, taxa with a total abun- 
dance of zero to 0.1 per 10 m2 of sea surface (the total in all the Tuck- 
er trawl net samples taken at that location) and several general cate- 
gories which represented no specific species (e.g., fish eggs, invertebrate 
eggs) were excluded. In total, data from 65 taxa and 25 stations were 
included in the analysis. No apparent differences were evident between 
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Figure 14: Cluster dendrogram of Tucker trawl fauna1 distributions for 
all trawls with two net samples. Station numbers represent tow num- 
bers a s  given in Table 1 .  

the data from nets 2 and 3. Therefore, in subsequent cluster analyses 
the data for these two nets were combined to provide a graphical rep- 
resentation for the entire water column (Fig. 14). The cluster pattern 
of stations showed some delineation of groups with respect to g e e  
graphical location. Stations 120 to 128, plus 149, 99 and 118, were 
clustered together, and these, all located in northern Hecate Strait, were 
characterized by low temperature and moderate salinity. A cluster group 
from central, southern Hecate Strait (48,24,74,73,98) was charac- 
terized by more moderate temperature and low salinity. Both groups 
within the influence of freshwater run-off from the mainland coast. 
Stations from western Queen Charlotte Sound and Hecate Strait (5 1, 
75-77) also clumped together, as did stations from eastern Queen Char- 
lotte Sound ( l  l9 ,2  1-23). These last two groups may be distinct from 
the first two as a result of greater influence by open oceanic (higher 
temperature and salinity) waters. Remaining stations show mixed or 
intermediate effects. 

Neuston net samples 
A total of 136 neuston samples were collected and identified. As 

described above, some taxa were excluded from the clustering algo- 
rithm for these data. The clustering of stations (Q-mode analysis) of 

A neuston samples suggests a somewhat homogeneous distribution of 
taxa amongst stations (Fig. 15). However, the high abundance of some 
taxa in many samples caused considerable differences amongst sam- 
ples. Some form of data transformation might reduce this variation, 
but this is unlikely to improve biological interpretation of the data. Vi- 
sual perusal of results suggests no obvious patterns. The more distinct 
spatial clusters evident in the diurnal Tucker trawl samples suggests 
that non-neustonic organisms may best characterize water masses, per- 
haps because microscale conditions such as wind and waves at the sur- 
face superimpose an additional contagious distribution beyond that 
imposed by broader geographical factors. Tucker trawl samples were 
therefore considered to be more useful than were neuston net samples 
for interpreting community distribution patterns in the study area. 
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Figure 15: Cluster dendrogram for neuston samples from Hecate Strait, June 1988. Station tow numbers are shown in Figure 1 and Table 1. 



DISCUSSION AND CONCLUSIONS 
This study provides background information on the types, abun- 

dances and general distribution of zooplankton in Hecate Strait and 
surrounding area in late June. It is part of the data package required 
for preliminary evaluation as to possible effects of seismic activity on 
commercially exploited species, and provides data for designing fu- 
ture zooplankton studies to monitor movements of different taxa 
seasonally and with currents. As secondary producers, zooplankton 
are important in the pelagic community, and their distribution can sig- 
nificantly affect the spatial distributions of rnidwater and bottom 
fish, and invertebrate populations. 

To summarize results, the data suggests that certain taxa are more 
characteristic of particular geographical conditions andlor water con- 
ditions than others. However, zooplanktonic abundances can change 
greatly over short time periods and distances, and little long term in- 
formation can be derived from one sampling trip. Tucker trawl sarn- 
ples were of greater value for characterizing species assemblages than 
were neuston samples. Cancer species zoea and megalops and sea jel- 
lies were most abundant in lower salinity water, whereas copepods 
and euphausiids were most abundant in more oceanic water. Over- 
all, relatively few larvae of commercially exploited species were 
collected, at least in comparison to continental shelf waters off Van- 
couver Island (Jamieson and Phillips, 1988; Jamieson et al., 1989). 
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Table 1. Hecate Strait Crab Larvae Cruise sampling stations -June 1988 

Date Time Transect Tow # Latitude Longitude Samples STD Flowrneter volume(m3) Tow duration Depth range 
CODE reading (in minutes) (m) 

Net 2 Net 3 

06/11 2215 TRIO1 1 51 "6.8 12E043.3 NN 224.7 10 
2235 TRI 02 2 51'7.5 12E045.0 NN 112.4 5 
2245 TRI 03 3 51'7.5 12E045.0 NN 21 972 236.2 10 
2308 TRI 04 4 51'7.0 128'46.8 NN 2361 1 253.8 10 
2330 TRI 05 5 51'7.0 12E048.9 NN 20491 220.3 10 
2351 TRIO6 6 51'5.3 128'50.3 NN 21459 230.7 10 

06/12 0008 TRI 07 7 51'4.8 12E052.2 NN 34521 371 .l 15 
0034 TRI 08 8 51'1.0 12E054.0 NN 33750 362.8 15 
0100 TRI 09 9 51'2.5 128'55.3 NN 31951 343.4 15 
0125 TRI 10 10 51°2.1 128O58.5 NN 24369 261.9 15 
0149 TRI 11 11 51'0.5 129"O.O NN 25991 279.4 15 
0214 TRI 12 12 50'59.6 129'2.1 NN 24040 258.4 15 
0239 TRI 13 13 50°58.6 129O4.2 NN 27088 291.2 15 
0305 TRI 14 14 50'57.7 129O6.2 NN 23304 250.5 15 
0330 TRI 15 15 50°56.7 12g08.1 NN 24097 259.0 15 
0352 TRI 16 16 50'55.7 129O9.6 NN 27656 297.3 15 
0414 TRI 17 17 50°54.7 129"ll.l NN 29203 31 3.9 15 
0438 TRI 18 18 50'53.7 129O12.4 NN 33232 357.2 15 
0501 TRI 19 19 50°52.7 129'13.7 NN 2061 1 221.5 10 
0521 TRI 20 20 50°51.6 129"14.9 NN 21 560 231.7 10 
0900 GSE 01 21 51'8.3 128'45.0 TT, STD GSEl 4750,11881 533.3.606.2 10 53-25 25-0 
1034 51'1 1.4 128'39.6 STD GSl A 
1140 GSE 02 22 51'14.2 128O33.0 TT, STD GSE2 5917,' 533.3.533.3 10 49-25 25-0 
1348 GSE 03 23 51'12.3 128'42.8 TT, STD GSE3 4304,18459 533.3,941.8 10 60-18 18-0 
1545 51 '1 6.0 129O20.0 STD GS3A 
1640 GSE 04 24 51°19.1 129"E.O lT, STD GSE4 8055.13908 533.3.709.6 10 39-22 22-0 
1805 51'23.5 129'1 .8 STD GS4A 
1923 GSE 05 25 51'26.0 129°10.1 lT, STD GSE5 6194,' 533.3.533.3 10 40-18 18-0 
2040 51'29.9 129'14.2 STD GS5A 
2150 GSE 06 26 51°32.7 129'16.8 NN 21798 234.3 10 
2215 GSE 07 27 51°34.2 129'16.7 NN 16170 173.8 5 



Table 1. Hecate Strait Crab Larvae Cruise sampling stations - June 1988 

Date Time Transect Tow # Latitude Longitude Samples STD Flowmeter volume(m3) Tow duration Depth range 
CODE reading (in minutes) (m) 

Net 2 Net 3 

2229 GSE 08 28 51°35.0 129O20.0 NN 23691 254.7 10 
2250 GSE 09 29 51°35.4 129"22.0 N N 24641 264.9 10 
2322 GSE 10 30 51°36.1 129O25.2 NN 23846 256.3 10 
2346 GSE 11 31 51°36.8 129O27.3 NN 21 890 235.3 10 

06/13 0017 GSE 12 32 51°38.0 129O28.9 NN 1 4433 155.1 5 
0033 GSE 13 33 51°38.9 129O30.6 NN 24659 265.1 10 
0100 GSE 14 34 51°40.4 129O30.6 NN 21 080 226.6 10 
0118 GSE15 35 51°41.2 129"34.1 NN 221 83 238.4 10 
0136 GSE 16 36 51°41.8 129O34.9 NN 23741 255.2 10 
0153 GSE 17 37 51°42.4 129O36.2 NN 24663 265.1 10 
0210 GSE 18 38 51°42.9 129"38.0 NN 38825 41 7.3 15 
0235 GSE 19 39 51°43.0 129"40.5 NN 34117 366.7 15 
0258 GSE 20 40 51°43.3 129O42.8 N N 24092 259.0 10 
0315 GSE 21 41 51°48.8 129O44.0 NN 36291 390.1 15 
0337 GSE 22 42 51°44.9 129O44.9 NN 42701 459.0 15 
0404 GSE 23 43 51°46.4 129O46.0 N N 25896 278.4 10 
0421 GSE 24 44 51°47.6 129'46.7 NN 24043 258.4 10 
0438 GSE 25 45 51°48.6 129O47.4 NN 42537 457.2 15 
0500 GSE 26 46 51°50.0 129O48.2 NN 42112 452.7 15 
0521 GSE27 47 51°51.4 129"49.1 NN 38599 414.9 15 
0602 51 "51.7 129O54.2 STD CS1 A 
0724 CSJ 01 48 51°54.7 129O59.7 lT,STD CSJl 9255,20494 533.3,1045.6 10 49-26 26-0 
0907 51 "57.8 129O54.1 STD CS2A 
1042 CSJ02 49 52O1.9 129O48.3 lT,STD CSJ2 6910,9606 352.5,490.1 7 49-25 25-0 
1155 52O5.1 129O43.0 STD CS3A 
1441 51 "50.9 1 30°3.7 STD CS4A 
1551 CSJ 03 50 51°46.9 130°10.1 lT.STD CSJ5 NS,21414 1092.5 10 45-26 26-0 
1655 51 "43.2 1 30°1 6.3 STD CS5A 
1815 CSJ 04 51 51'39.6 130'21.2 lT,STD CSJ6 5361,11302 533.3,576.6 10 55-25 25-0 
2145 CSJ 05 52 51°23.9 130'43.3 NN 27356 294.0 10 
2207 CSJ 06 53 51°24.8 130°42.3 NN 23358 251 .l 10 
2230 CSJ 07 54 51°25.7 130'42.3 NN 36410 391.4 15 
2302 CSJ 08 55 51°27.3 130°40.0 NN 361 70 388.8 15 
2328 CSJ 09 56 51°28.3 130°38.5 NN 34681 372.8 15 
2355 CSJ 10 57 51'29.2 130'36.9 NN 33907 364.5 15 

06/14 0023 CSJ 11 58 51°30.3 130'35.2 NN 28344 304.7 15 
0055 CSJ 12 59 51°31.8 130°33.0 NN 31 108 334.4 15 
0118 CSJ 13 60 51°32.5 130°31.5 NN 371 30 399.1 15 
0142 CSJ 14 61 51°33.3 130'29.3 NN 37790 406.2 15 
0207 CSJ 15 62 51°34.7 130°27.2 NN 25640 275.6 10 
0224 CSJ 16 63 51'35.8 130'25.9 NN 23750 255.3 10 
0242 CSJ 17 64 51°36.9 130°24.4 NN 251 69 270.5 10 
0258 CSJ 18 65 51°37.7 130'23.3 NN 23460 252.2 10 
0315 CSJ 19 66 51°38.6 130'22.2 NN 24210 260.2 10 
0332 CSJ 20 67 51°39.4 130°21.2 NN 23492 252.5 10 
0348 CSJ 21 68 51°40.3 130°20.2 NN 38058 409.1 15 
0411 CSJ 22 69 51°41.3 130°18.9 NN 38890 418.0 15 
0432 CSJ 23 70 51°42.4 130'17.4 NN 4381 1 470.9 15 
0458 CSJ 24 71 51°43.8 130°15.5 NN 40898 439.6 15 
0525 CSJ 25 72 51°45.2 130°13.1 NN 34461 370.4 13 
0753 51 "58.9 1 30°6.7 STD KUlA 
0903 KUN 01 73 52O1.5 130°12.3 lT,STD KUNl 14707,17121 750.4,873.5 10 49-21 21-0 
1011 52'1.5 130'12.3 STD KU2A 

06/14 1146 KUN 02 74 52'7.7 130'23.7 TT,STD KUN2 13323,12997 679.7,663.1 10 55-26 26-0 
1315 52'1 1 .l 130°30.5 STD KU3A 
1410 KUN 03 75 52'13.8 130'35.6 lT,STD KUN3 12151,12969 619.9,661.7 10 44-21 21-0 
1554 KUN 04 76 52"lO.O 130'39.3 lT,STD KUN4 13574,15996 692.5,816.1 10 47-23 23-0 
1710 52O14.6 130°42.1 STD KU5A 



Table 1. Hecate Strait Crab Larvae Cruise sampling stations -June 1988 

Date Time Transect Tow # Latitude Longitude Samples STD Flowmeter volume(m3) Tow duration Depth range 
CODE reading (in minutes) (m) 

Net 2 Net 3 

1806 KUN 05 77 52O19.2 130'44.3 lT,STD KUN5 13558,24884 691.7,1269.6 10 51-23 23-0 
2150 KUN 06 78 5272.5 130'57.2 NN 25888 278.3 10 
221 5 52'1 3.2 1 30°56.4 STD KU6B 12 
2225 KUN 07 79 52O13.2 130'56.4 NN 30538 328.3 10 
2251 KUN 08 80 52'14.3 130'54.2 NN 22501 241.9 15 
2311 KUN 09 81 52O15.1 130'52.6 NN 37341 401.4 15 
2340 KUN 10 82 52O16.2 130'50.4 NN 36989 397.6 15 

06/15 0010 KUN 11 83 52'17.4 130'47.5 NN 32943 354.1 20 
0038 KUN 12 84 52'18.3 130'45.3 NN 55387 595.4 15 
0108 KUN 13 85 52O20.2 130'44.7 NN 42093 452.5 15 
0132 KUN 14 86 52'21.6 130°45.8 NN 41069 441.4 15 
0153 KUN 15 87 52O22.6 130'47.2 NN 38080 409.3 17 
0214 KUN 16 88 52O23.4 130'48.6 NN 43270 465.1 15 
0237 KUN 17 89 52'23.6 130°50.8 NN 38428 413.1 15 
0257 KUN 18 90 52'23.6 130'52.9 NN 39739 427.2 15 
0317 KUN 19 91 52'23.6 130'54.9 NN 41391 444.9 15 
0337 KUN 20 92 52O23.7 130°57.0 NN 41 972 451.2 15 
0257 KUN 21 93 52O24.1 130°59.0 NN 42531 457.2 15 
0417 KUN 22 94 52O24.9 131°0.4 NN 42347 455.2 15 
0437 KUN 23 95 52'26.2 131°0.5 NN 45750 491.8 5 
0457 KUN 24 96 52O27.6 131°0.1 NN 14733 158.4 5 
0507 KUN 25 97 52O28.4 131°0.0 NN 15568 167.3 
0627 52O23.0 1 30°48.4 STD SCl A 
0810 SCU 01 98 52'27.6 130°51.7 lT, STD SCUl 27445,15180 1400.2,774.5 10 53-25 25-0 
0945 52'32.5 130°54.0 STD SC2A 
1058 SCU 02 99 52'37.9 130°56.2 TT, STD SCU2 10336,10327 527.3,526.9 10 47-21 21-0 
1210 52O42.3 130'59.2 STD SC3A 

i 1305 SCU 03 100 52'46.9 131°1.9 TT, STD SCU3 *,l1052 563.9 10 20-10 10-0 

i 2225 SCU 04 101 52O31.0 13l023.0 N N 22801 245.1 10 
2247 SCU 05 102 52O30.5 131°21.8 NN 22209 238.7 10 
2307 SCU 06 103 52O29.5 131°20.9 NN 24533 263.7 10 
2332 SCU 07 104 52O31.8 131°17.5 NN 27528 295.9 10 
2355 SCU 08 105 52O32.8 131°17.1 NN 37700 405.2 15 

06/16 0023 SCU 09 106 52O34.1 131°15.8 N N 35530 381.9 15 

l 0100 SCU 10 107 52O36.2 131°14.4 NN 38282 41 1.5 15 
0130 SCU 11 108 52O38.0 131°12.9 N N 49900 536.4 15 
0200 SCU 12 109 52O39.9 131°11.2 NN 48817 524.7 20 
0231 SCU 13 110 52'41.9 131°9.7 NN 2801 2 301.1 15 
0254 SCU 14 111 52O43.1 131°8.7 NN 28256 303.7 15 
0317 SCU 15 112 52O44.3 131°7.1 NN 30053 323.0 15 
0339 SCU 16 113 52O45.6 131°5.6 NN 28499 306.3 15 
0401 SCU 17 114 52O46.7 131°4.4 NN 28401 305.3 15 
0423 SCU 18 115 52'47.7 131°3.2 N N 28640 307.8 15 
0445 SCU 19 116 52O48.6 131°1.8 N N 30841 331.5 15 
0508 SCU 20 117 52O49.1 130°59.8 NN 41855 449.9 15 
0652 SAN 01 118 52'52.9 130°53.5 TT, STD SAN1 10627,NS 542.2 10 27 (nla) 
0850 52'52.9 131°4.4 STD SA1 A 

06/17 1055 SAN 02 119 52'57.7 131°6.7 TT, STD SAN2 7765,NS 396.2 10 10 (nla) 
1151 53O1.7 131 '9.6 STD SA2A 
1300 SAN 03 120 53O6.5 131°13.2 TT, STD SAN3 8899,NS 454.0 10 33 (nla) 
1405 53'1 1.5 131°15.7 STD SA4A 
1503 SAN 04 121 53O15.7 131°17.8 TT, STD SAN4 10681,NS 544.9 10 20 (nla) 
1610 53O18.9 131 "20.5 STD SA5A 
1725 SAN 05 122 53O22.4 131°14.0 TT, STD SAN5 7533,NS 384.3 l 0  22 (nla) " 1850 53'25.6 131 "7.2 STD SAGA 
2155 SAN06 123 53'13.3 131°31.3 NN 22070 237.2 10 
2230 SAN 07 124 53O14.8 131°29.5 N N 15698 168.7 15 
2305 SAN 08 125 53O15.5 131°28.4 NN 32035 344.3 20 

- 



Table 1. Hecate Strait Crab Larvae Cruise sampling stations -June 1988 

Date Time Transect Tow # Latitude Longitude Samples STD Flowmeter ~olume(m~) Tow duration Depth range 
CODE reading (in minutes) (m) 

Net 2 Net 3 

06/18 1530 53O30.0 131°18.4 STD ROIA 25 
1628 ROS01 126 53'35.0 131°18.2 lT,STD ROSl 11355,NS 579.3 10 33 (nla) 
1737 53'40.3 131 "17.6 STD R02A 
1830 ROS 02 127 53O44.8 131'16.4 TT,STD ROS2 9684,NS 494.1 10 33 (nla) 
1937 53O49.9 131 "1 6.5 STD R03A 
2040 ROS 03 128 53'54.9 131°14.8 TT,STD ROS3 10760,NS 549.0 10 28 (nla) 
2155 54'0.2 131 '1 4.2 STD R04A 
2230 ROS 04 129 54O1.8 131°14.1 N N 32448 348.8 15 
2255 ROS 05 130 54'3.1 131°14.0 NN 42603 457.9 20 
2326 ROS 06 131 54'5.1 131°13.9 NN 33817 363.5 20 
2351 ROS 07 132 54O6.7 131°13.8 NN 61 800 664.3 30 

06/19 0035 ROS 08 133 54O9.2 131°13.6 NN 69504 747.1 30 
0115 ROS09 134 54O11.5 131'13.7 NN 39766 427.4 30 
0156 ROS10 135 54'11.2 131°16.7 NN 29408 316.1 15 
0220 ROS 11 136 54'11.8 131°18.2 NN 21061 226.4 10 
0239 ROS 12 137 54O12.6 131'19.3 NN 23861 256.5 10 
0259 ROS 13 138 54O13.5 131°20.2 NN 24800 266.6 10 
0318 ROS 14 139 54'14.6 131°21.1 N N 10970 117.9 5 
0330 ROS 15 140 54'15.0 131°22.0 NN 1 1422 122.8 5 
0346 ROS 16 141 54O15.2 131°23.6 N N 10538 113.3 5 
0401 ROS 17 142 54O15.5 131"25.1 N N 11640 125.1 5 
0413 ROS 18 143 54O15.7 131°26.2 NN 13780 148.1 6 ! 
0427 ROS 19 144 54O16.0 131°27.5 NN 13380 143.8 6 
0440 ROS 20 145 54'16.4 131°28.5 NN 12200 131.1 5 
0450 ROS21 146 54'16.8 131°29.5 NN 1 1662 125.4 5 
0503 ROS 22 147 54O17.2 131°30.5 NN 12823 137.8 5 
0514 ROS23 148 54'17.6 131°31.3 NN 23025 247.5 10 
061 8 54O19.5 131 "31.6 STD BA1 A 
0745 54'15.1 131'23.8 STD BA2A 
0850 54O11.3 131°16.9 STD BA3A 
1035 54O2.9 131 "4.9 STD B M A  
1515 BAN 04 149 53O36.0 130°46.6 TT, STD BAN4 10151.13895 517.9,708.9 10 40-9 9-0 
1705 BAN 05 150 53O33.2 1 30°53.6 TT, STD BAN5 1251 5.1 4025 638.5,715.6 10 48-21 21-0 
2215 BAN 06 151 53O6.0 130'46.6 NN 38121 409.8 15 
2237 BAN 07 152 52'59.8 130°43.1 NN 3381 0 363.4 15 
2301 BAN 08 153 53"O.l 130°40.9 NN 361 80 388.9 15 
2325 BAN 09 154 53'1.2 13O039.2 NN 39142 420.7 15 
2350 BAN 10 155 53'2.3 130°37.5 N N 24898 267.6 10 

06/20 0010 BAN 11 156 53'3.1 130'36.1 N N 51780 556.6 20 
0045 BAN 12 157 53O4.5 130°33.7 NN 51288 551.3 20 
01 11 BAN 13 158 53'5.8 130°31.5 NN 33565 360.8 15 
0131 BAN 14 159 53O6.8 130°30.1 N N 32327 347.5 15 
0151 BAN 15 160 53'7.7 130'28.7 N N 3351 1 360.2 15 
0212 BAN 16 161 53'8.7 130°27.2 NN 33727 362.5 15 
0233 BAN 17 162 53O9.7 130'25.9 NN 32530 349.7 15 
0255 BAN 18 163 53°10.8 130'24.4 NN 36680 394.3 15 
0317 BAN 19 164 53'1 1.5 130°22.4 NN 3621 0 389.2 15 
0340 BAN 20 165 53'12.2 130°20.4 NN 47633 512.0 20 
0407 BAN21 166 53O13.4 130°18.1 NN NS 
0430 BAN 22 167 53O14.5 130°17.4 NN 54668 587.6 10 
0448 BAN 23 168 53'15.9 130°16.8 NN 23748 255.3 10 
0505 BAN 24 169 53O17.0 130°15.8 NN 23461 252.2 5 

NN=neuston net; lT=Tucker trawl sample; STD = salinity-temperature profile by depth. Transect names correspond with lines covering 
a 24 hour sampling period from dawn to dawn. TRI=Triangle Island; GSE=Goose Bank; CSJ=Cape St. James; KUN=Kunghit Island; SCU=Scud- 
der Point; SAN=Sandspit; ROS=Rose Point; BAN=Banks Island transects. Flowmeter readings are based on a conversion factor of 0.05102 
for Tucker trawls (T) and neuston nets (NN). For Tucker trawl net tows, the first flowmeter reading and value measurement is for net 3 
and the second is for net 2; net 1 data are not used. For station locations, see Figures 1 and 2. NS=No Sample, *=flowmeter reading dis- 
carded, tow duration and speed used to calculate volume instead. 



Table 2. Hecate Strait Taxonomic List 

Arthropoda 
Reptantia 

Cancridae 
Cancer magister (Dungeness crab) 
Cancer spp. 

Porcellanidae 
Grapsidae 
Majidae 
Pinnotheridae 

Fabia subquadra ta 
Galatheidae 

Natantia 
Pandalidae 

Cirripedia 
Lepas sp. (gooseneck barnacle) 

Curnacea 
Amphipoda 
Copepoda (Calanoida) 
Euphaussiacea (Thysanoessa) 
Mollusca 

Limacina heliciana 
Clinoe limacina 
Euclio sp. 

Cephalopoda 
octopus sp. 
Loligo sp. 

lsopoda 
lnsecta 
Mycidacea 
Ostracoda 
Cnidaria 

Siphonophora 
Leptornedusae 

Velella velella 
Ctenophora 

Pleurobrachia 
Coelenterata 
Annelida 

Polychaeta 
Chaetognathia 

Chordata 
Thaliacea 

Salpidae 
Osteichthyes 

Stenobrachius leucopsaurus (Myctophid) 
Ammodites larvae (Sandlance) 

Scorpaenichthys mannoratus (Cabezon) 
Anoplopoma fimbria (Blackcod) 
Hexogrammos sp. (Greenling) 
Sticiidae (Blenny) 
Sebastes larvae (rockfish) 
Bullhead larvae 
Osrnariidae (smelt) 
Microsfornus pacificus (Dover sole) 
Psettichthys melamostictius (sand sole) 
lsopsetta isolepis (Butter sole) 
Hippoglossoides elasodon (Flathead sole) 
Lyopsetta exilis (Slender sole) 
Pleuronecthys coenosus (C-0 sole) 
Lepidopsetta bilineata (Rock sole) 
Lipariidae 
Agonidae (poacher) 
Ptilichthyidae (Quillfish) 
Brosmophysis marginata (ragfish) 
Gobiidae 
Clupea harengus (Herring) 
Pholidae (Gunnel) 
Onchorhynchus keta (Chum salmon) 
Gaddidae (Codfish) 
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Design of an electronic database for biostratigraphic data 

M.E. weston', G. J. woodsworth2, 
M. J. orchard2, and M. J. ~ o h n s ~  

Weston, M.L., Woodsworth, G.J., Orchard, M.J., and Johns, M.J., Design of an electronic database for biostratigraphic data; in Evo- 
lution and Hydrocarbon Potential of the Queen Charlone Basin, British Columbia, Geological S u n ~ e y  of Canada, Paper 90- 10, p. 
545-554, 199 1 .  

Abstract 

We describe the structure of aJeerible database suitablejbr biostratigraphic data thut uses DOS-based dBase III Plus 
files. This structure is used in u database of all Triussic fossil collectiot~s (pbs  Jurassic radiolarians) from the Kunga 
Group on the Queen Charlotte Islaizds. The database is available on DOS-fori~zatf70ppy disks. 

&S auteurs dicrivet~t le syst2me d'une base de donrtkes souple qui convient pour les donnies biostratigraphiques et 
qui utilise lesfichiers dBase III Plus g6ris par SED. Ce systtme est utilisr' darzs une base de dorzitkes srtr toutes les 
collectio~ls de fossiles (sauf les macrofos.siles du Jurassique) du groupe dr Kunga darzs 1e.r Tle~ de la Reine-Charlotte. 
La base de donnkes est disporziblr sur disques souples en formut SED. 

I Cambridge Arctic Shelf Programme (North America), 2766 Murray Drive. Victoria. B.C. V9A 2.75 
Cordilleran Division, Geological Survey of Canada, 100 Wesl Pender Streel, Vancouver, B.C. V6B I R8 

' Geological Survey of Canada, Pacific Geoscicncc Ccntre. 9860 West Saanich Road, Sidney, B.C. V8L 4B2 



INTRODUCTION is. in practice, limited by the size of your hard disk. Fields are pro- 

This note describes the structure and design of an electronic 
database developed for fossil collections from the Kunga Group on the 
Queen Charlotte Islands. The database itself, giving curatorial, geo- 
graphic, stratigraphic, taxonomic, biochronologic, and bibliographic 
data, is available on DOS-format floppy disks as Orchard et al. (1990). 

The contents of the databaqe are adapted from conodont files com- 
piled and held by Orchard. These files were originally created in a 
records-processing option of a word processing system on the 
Cordilleran Division of the Geological Survey of C2inada's Fortune 
32:16 unix-based computer. The files were expanded to include all 
radiolarian collections and Triassic macrofossils from the Kunga 
Group (Desrochers and Orchard, 1991) under the auspices of the FGP 
Queen Charlotte Basin program 

These files were translated into DOS-based Word Perfect and were 
cleaned up, modified, and reformatted using a series of Word Perfect 
macros. The final dBase I11 Plus files were generated using a trans- 
lation program written by Weston. 

DATABASE DESIGN 
The database was designed for flexibility and expandability. All 

the files in the database are in dBase I I I  Plus format and can be ac- 
cessed through any database program that can read and write dBase 
files. The database uses a hierarchial system of seven files. Each file 
is linked to the others by one or more common fields. Brief descrip 
tions of these files follow; details of the fields in each file are given 
in the Appendix. 

GSCNTS.DBF Contains the numbers and names of the NTS @'a- 
tional Topographic System) 1:250 000 andor 1.50 000 series maps. 
The field SOURCE (NTS map number) is the link to all the other files. 

GSCLOC.DBF Contains detailed geographic data for each lo- 
cality. Fields are provided for latitude and longitude, UTM (Univer- 
sal Transverse Mercator) coordinates, elevation, and a written description 
of the location. The file will accommodate point data, the beginning 
and end of measured sections, and data from a defined area. A memo 
file (GSCLOC.DB'T) allows for additional free-form data to be en- 
tered. The fields SOURCE (NTS map number) and LOCALITY (ar- 
bitrarily assigned, sequentially increasing integers or letters) pro- 
vide links to the files below. 

GSCGEO.DBF Contains detailed geological data for each lo- 
cality. Fields are provided for field and lithological description, strati- 
graphic context, stratigraphic unit (group, formation, member, bed), 
lithofacies, thickness of unit, position within measured sections, 
strike and dip of beds, etc. A memo file (GSCGEO.DBT) allows for 
extra free-form text. The fields SOURCE (NTS map number), LO- 
CALITY, and CAG (arbitrarily assigned, sequentially increasing in- 
tegers or letters provide links to the files below. 

GSCSAM.DBF Each record in this file contains information on 
an individual sample; the file can hold data for many samples from 
each location. Each sample in this file must have a GSC Locality Num- 
ber (unique for each Geological Survey of Canada fossil collection). 
Fields allow for sample collector, sample number and date collect- 
ed, sampling details, description of the sample, and general types of 
fossils present. A memo file (GSCSAM.DBT) allows for extra free- 
form text. Links to the other files are provided by the fields SOURCE, 
LOCALITY, CAG, and GSC-LOC (the GSC Locality Number). 

GSCLAB.DBF This file contains information on the laborato~y 
treatment of samples (weight processed, how processed, weight of 
residue, etc.). Links to the other files are provided by the fields SOURCE, 
LOCALITY, CAG, and GSC-LOC (the GSC Locality Number). 

GSCTAX.DBF This file contains taxonomic data, one record 
for each taxon. The number of taxa that can be described per sample 

vided for fossil group, genus and species, number of specimens, 
specimen reposito~y, identification date, type numbers, and other 
data. Free-form text can be entered into the memo file GSCTAX.DBT. 
The fields SOURCE, LOCALITY, CAG, GSC-LOC. and COL- 
LECT!ON (arbitrarily assigned. sequentially increasing integers or let- 
ters) provide links to the other files. 

GSCINT.DBF This file contains interpretive data for the fos- 
sil collections. Fields include those for system, serieslstage, zone, CA1 
values, internal GSC report numbers and date, and references. The memo 
file GSCINT.DBT allows input of free-fom~ text. The linking fields 
are the same as in GSCTAX.DBF. 

KUNGA GROUP BIOSTRATIGRAPHY DATABASE 
The database for the Kunga Group (released on two DOS-for- 

mat floppy disks as Orchard et al., 1990) uses a subset of the fields 
available in the general database (Appendix). The database contains 
comprehensive conodont, radiolai-ian, and Triassic macrofossil data, 
including locations that were sampled for microfossils and found to 
be barren. The full extent of the Triassic Kunga Group paleontolog- 
ical sampling program undertaken by the authors prior to 1989 is in- 
corporated into the database. A total of 995 samples are included. of 
which 375 include conodonts, 309 include generically determinable 
radiolarians, and about 70 include determined macrofossils (about 40 
arnrnonoid collections). In addition, occurrences of foraminiferids (149 
records), ichthyoliths (242 records), spicules (204 records), holothuri- 
ans (43 records), and ostracodes (3 records) are reported. Conodont 
CA1 data is also given (after Orchard and Forster 1991). 

In many samples, several fossil groups co-occur and are sepa- 
rately dated in terms of current ammonoid (Tozer, 1984), conodont 
(Orchard, 1983, 1991), and radiolarian (Carter, 199 l) zonations. The 
integration and calibration of these fossil schemes, presented in a pre- 
liminary fashion by Carter et al. (1989) is therefore an essential ele- 
ment of the database. 

Locations of the samples described in the database are shown on 
a series of twenty outline niaps that show the precise location of sec- 
tions and isolated exposures that were sampled (Figs. l ,  2A-2T). 
The individuals who collected the samples are also shown (in 
KUNG-SAM.DBF); these individuals are credited with providing the 
data on sample location and geological context. 
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APPENDIX: STRUCTURE OF THE .DBF FILES 
The structure of the dBase 111 Plus files that comprise the 

database system are outlined below. Empty files with these structures 
are included in Orchard et al. (1990). A * in front of the field description 
indicates that the field contains data for at least one record in the Kunga 
Group database of Orchard et al. (1990). Column headings are: 
No.: Field number 
Name: Field name 
FT: Field type 

C: character 
N: numeric 
M: memo (.DBT) file (free text) 

Len.: Field length, in characters 
Dec.: Number of decimals (numeric field only; otherwise 

defined as 0) 

FILE: GSCNTS.DBF 
No. Name FT Len. Dec Description 

1 SOURCE C 9 0 'NTS map area (linking field) 
2 PUB-ID C 18 0 Bibliographic linking number 
3 NTS-DESC C 50 0 'Name of map area 
4 NOTE M 10 0 Comments 

FILE: GSCLOC.DBF 
No. Name FT Len. Dec Description 
1 SOURCE C 9 0  
2 LOCALITY C 3 0 
3 SECTION C 3 0 
4 LOC-TYPE C 1 0 
5 AREA-NPE C 1 0 
6 AREA-CH0 C 1 0 
7 GEN-LOC C 50 0 
8 DET-LOC C 240 0 
9 LAT1 C 8 0  
10 LONG1 C 9 0  
11 LAT2 C 8 0  
12 LONG2 C 9 0  
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19 UTM-EAST2 C 6 0 
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" NTS map area (linking field) 
'Location number (linking field) 
Stratigraphic section number 
Location type (e.g. isolated outcrop) 
Area type (point, box or line) 
Accuracy of location (1: best; 3: worst) 
General description of location 

'Detailed description of location 
'Latitude (SW corner if bodline data) 
'Longitude (SW corner if boxlline data) 

Latitude of NE corner for boxlline data 
Longitude of NE corner for boxlline data 
Elevation 
Remarks on location 

'UTM zone (SW corner if boxlline data) 
'UTM easting (SW corner if boxlline data) 
'UTM northing (SW corner if boxlline data) 

UTM zone for NE corner of boxlllne data 
UTM easting for NE corner of bodline data 
UTM north for NE corner of bodline data 

FILE: GSCGEO.DBF 
No. Name FT Len. Dec Description 

1 SOURCE 
2 LOCALITY 
3 CAG 
4 SAMPLE-NO 
5 LITH-DESC 
6 FIELD-DESC 
7 HIGHER 
8 FORMATION 
9 MEMBER 
10 BED 
l 1  STRAT-CTX 
12 LlTHOFAClE 
13 RESISTANCE 
14 THiCKFT 
15 THICKNESS 
16 POSlTFT 

'NTS map area (linking field) 
'Location number (linkingfield) 
'Geology number (linking field) 

Sample number (not paleontology 
Lithology description 
Field description 

*Group or equivalent 
'Formation or equivalent 
'Member or equivalent 

Bed or equivalent 
'Stratigraphic context 

Lithofacies 
Unit resistance 
Unit thickness in feet 
Unit thickness in metres 
Unit oosition in feet 

17 POSITION N 
18 ORDER C 
19 DATUM C 
20 BED-STRIKE C 
21 BED-DIP C 
22 FMCUT C 
23 LC-DESCRIP C 
24 SAMPLE C 
25 THINSEC C 
26 CHEM C 
27 PETROG C 
28 LITH-NOTES M 
29 MACROFAUNA C 
30 MICROFAUNA C 
31 SG C 
32 LAB C 
33 LKEY C 
34 REFERENCES C 
35 PUB-ID C 
36 OTHER-DATE M 
37 INTERP M 

FILE: GSCSAM.DBF 
No. Name FT 

1 SOURCE C 
2 LOCALITY C 
3 CAG C 
4 GSC-LOC C 
5 LEADER C 
6 COLLECTOR C 
7 DATE-COLL C 
8 SAMPLE-NP C 
9 FIELD-OLD C 
10 F-0-STN C 
11 F-0-NPE C 
12 F-0-NO C 
13 FIELD-NEW C 
14 F-N-STN C 
15 F-N-TYPE C 
16 F-N-NO C 
17 NOTEBOOK C 
18 PAGE C 
19 HAND-SPEC C 
20 FURTH-ANAL C 
21 FURTH-DET M 
22 THIN-SECN C 
23 THIN-DET M 
24 THICKFT N 
25 THICKNESS N 
26 POSITFT N 
27 POSITION N 
28 LAB-DESC C 
29 WEIGHT N 
30 REMARKS M 
31 MINERALS C 
32 MACRDFOSSL C 
33 AMMONOID C 
34 PELECYPOD C 
35 CONODONT C 
36 FORAM-BEN C 
37 FORAM-PLNK C 
38 FORAM-AREN C 
39 OSTRACODS C 
40 RADIOLAR C 
41 ICHTHYO C 
42 OTHER-MlCR C 

FILE: GSCLAB.DBF 
No. Name FT 
1 SOURCE C 
2 LOCALIN C 
3 GAG C 
4 GSC-LOC C 
5 RUN C 
6 TREATMENT C 
7 REACTION C 

9 2 
1 0  

25 0 
6 0 
6 0 

10 0 
50 0 

1 0  
1 0  
1 0  
1 0  

10 0 
50 0 
50 0 

5 0 
8 0 
4 0 

100 0 
18 0 
10 0 
10 0 

Len. Dec 

9 0 
3 0 
3 0 

11 0 
25 0 
25 0 
8 0 
1 0  

30 0 
4 0 
4 0 
4 0 

30 0 
4 0 
4 0 
4 0 
2 0 
2 0 
1 0  
1 0  

10 0 
1 0  

10 0 
9 0 
9 2 
9 0 
9 2 

125 0 
7 1 

10 0 
40 0 
50 0 
50 0 
50 0 
50 0 
50 0 
50 0 
50 0 
50 0 
50 0 
70 0 
50 0 

Len. Dec 
9 0 
3 0 
3 0 
9 0 
8 0 

50 0 
30 0 

Unit position in metres 
Order of measurements (e.g. from top) 
Dalum for position 
Strike of unit 
Dip of unit 
Formation cut (not paleo) 
Lower contact description 
Sample taken? (not fossils) 
Thin section made? (not of fossils) 
Chemical analysis done (Y=yes; N=No) 
Pelrography done (Y=yes; N=No) 
Comments 
Macrofauna found in unit 
Microfauna found in unit 
Specific gravity 
Laboratory (not paleo) 
Lab key (not paleo) 
General reference for unit 
Bibliographic linking number 
Other dates (e.g. K-Ar) 
Interpretation (not paleontological) 

Description 

NTS map area (linking field) 
'Location number (linking field) 
'Geology number (linking field) 
'GSC Locality Number (linking field) 

Field party leader 
'Collector 
' Date collected 
'Sample type (3=microfossil) 
Old field number 
Old field station number 
Old type of sample 
Old field sample number 

'Field sample number 
held station number 
New type of sample 
New sample number 
Notebook number 
Page in notebook 
Hand specimen (Y-yes; N=no) 

'Further analyses available (Y=yes; N=no) 
Further analysis details 

"Thin section available (Y=yes; N=No) 
Thin section details 
Thickness of sample in feet 
Thickness of sample in metres 
Position of sample in feet 
Position of sample in metres 

'Description of sample 
'Sample weight 

Remarks 
Minerals found in sample 

'Macrofossils found in sample 
Ammonites found in sample 
Pelecypods found in sample 
Conodonts found in sample 
Calcareous foraminifera found in sample 
Planktonic foraminifera found in sample 
Arenaceous foraminifera found in sample 
Ostracods found in sample 
Radiolarians found in sample 
lchthyoliths found in sample 

'Other mlcrofossils found in Sample 

Description 
'NTS map area (linking field) 
'Location linking number (linking field) 
'Geology linking number (linking field) 
'GSC locality number (linking field) 

Run 
Treatment applied to sample 
Type of reaction 



8 WT-IN 
9 W-COARSE 
10 W-FINE 
11 W-REM 
12 FRACTIONS 
13 LAB-NO 
14 PICK 
15 PICK-TIME 
16 PICK-DATE 
17 PICKERS 
18 REMARKS 

FILE: GSCTAX.DBF 
No. Name FT Len. Dec 

1 SOURCE C 9 0  
2 LOCALITY C 3 0 
3 GAG C 3 0  
4 GSC-LOG C 11 0 
5 COLLECTION C 3 0 
6 RUN C 8 0  
7 REPOSITORY C 20 0 
8 PRELIM-ID C 8 0 
9 IDENT C 5 0  
10 LAST-ID C 8 0  
11 INFORMAL C 40 0 
12 TAXGENUS C 40 0 
13 TAX-SPECIE C 60 0 
14 PUB-ILLUS C 1 0 
15 TYPE-NUMB C 55 0 
16 NO-SPECIM N 4 0 
17 SPAPRX C 1 0 

18 COLOUR C 15 0 
19 FREQUENCY C 6 0 
20 PRESERV C 25 0 
21 ROBUST C 10 0 
22 REMARKS M 10 0 

FILE: GSCINT-DBF 
No. Name FT Len. Dec 

1 SOURCE C 9 0  
2 LOCALITY C 3 0 
3 GAG C 3 0  
4 GSC-LOC C 11 0 
5 COLLECTION C 3 0 
6 AGE-SYS C 60 0 
7 SERIES-STG C 60 0 
8 ZONE C 30 0 
9 ENVIRON C 35 0 
10 CAI-MIN C 3 0  
11 CAI-MAX C 3 0 
12 CAI-APRX C 1 0 
13VlTRlNlTE N 6 3 
14 VIT-DET C 20 0 
15 RESISTANCE C 15 0 
16 DETERMINED C 20 0 
17 DET-DATE C 8 0 
18 RPT-DATE C 8 0 
19 RPT-NUM C 20 0 
20 REFERENCE C 100 0 
21 PUB-ID C 18 0 
22 REMARKS M 10 3 

Weight of sample processed 
Weight of coarse residue 
Weight of fine residue 

'Weight of remainder 
Sample residue fraction 
Lab number 
Pick type 
Time spent picking 
Date of picking 
Sample picked by: 

'Remarks 

Description 

'NTS map area (linking field) 
'Location number (linking field) 
'Geology number (linking field) 
'GSC locality number (linking field) 
'Collection number (linking field) 

Run number 
' Repository of specimens 

Preliminary identification date 
Identified by: 
Last identification date 
' Informal fossil group 
'Genus 
'Species 

Published illustration (Y=yes; N=No) 
Type number(s) 

'Number of specimens 
No. of specimens approximate (Y=yes; 
N=No) 
Specimen colour 
Abundance 
Preservation 
Robustness 
Remarks 

Description 
'NTS map area (linking field) 
'Location number (linking field) 
'Geology linking number (linking field) 
'GSC locality number (linking field) 
'Collection number 
'Age (system) 
' SeriesIStage 
'Zone 

Biofacies 
'Minimum CA1 (conodont alteration index) 
'Maximum CA1 
'CA1 approximate? (Y=yes) 
'Vitrinite reflectance 
Vitrinite reflectance determined by: 
Rock resistance to weathering 
Interpretation determined by: 

"Determination date 
Report date 
GSC repori number 

'References 
Bibliographic linking number 
Remarks 

Figure 2A: Luxana Bay, Treat Bay 

Figure 2B: Houston Stewart Channel, Hornby Point, Rose Inlet, Rose 
Harbour 



Figure 2C: Carpenter Bay, South Cove 

Figure 2D: Bush Rock, Huston Inlet, Huston Point 
Figure 2F: Swan Bay, Bluejay Cove, Poole Inlet, Howay Island 

Figure 2E: lkeda Bay, Deluge Point 
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Figure 2G: Burnaby Island, Huxley Island, Arichika Island 



Figure 2H: Lyell Island 
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Figure 25: Crescent Inlet 

Figure 21: Kunga Island Figure 2K: Newcornbe Inlet, Tasu Sound 
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Figure 2L: Breaker Bay, Vertical Point, Skedans, Louise Island 
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Figure 2N: Gillatt Arm, Mosquito Lake 
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Figure 20: Skidegate Inlet, Sandilands Island 

Figure 2M: Louise Island, Cumshewa Inlet, Gillatt Arm 
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Figure 2R: Yakoun River 

Figure 2Q: Shields Island, Shields Bay 



I METRES \ 

metres 

Figure 2s: Kennecott Point, Frederick Island 

Figure 2T: Sialun Bay, Sadler Point. 



Annotated bibliography of geoscience studies of the Queen 
Charlotte Islands and Queen Charlotte Basin, British Columbia 

Woodsworth, G.J., Annotated bibliography of geoscience studies of the Queen Charlotte Islands and Queen Charlotte Basin, British 
Columbia; it1 Evolution and Hydrocarbon Potential of the Queen Charlotte Basin. British Columbia, Geological Survey of Cana- 
da, Paper 90- 10, p. 555-569, 199 l .  

Abstract 
This paper contains 293 references witit short annotations to the geological und geophj~sical literature of the Queen 
Charlotte Islund.~, Hecate Strait, Queen Charlotte Sound, and ndjacent muinland British Colurnhia and soictiieast- 
ern Alaska. 

Cette ktucic contient 29.3 notices biblio,qruphi~/ue.~ uccompagnkes de courtrs annotations dr documents gkologiques 
et gkophysiques portrirzt sur les ilrs cie 10  Reine-Ci~ut-lotte, 1e.s dktroits d'Hkcnte et de In Reine-Charlotte et les zones 
contirzenta1e.s udjucente.~ de la Colornbie-Britunnique et du .S&-est de I'Alasku. 

INTRODUCTION 
This paper is an annotated introduction to the geological literature 

of the Queen Charlotte Islands and Queen Charlotte Basin from the ear- 
liest studies to the present, excluding those in the present volume. 

The main bibliography covers Queen Charlotte Islands, Hecate 
Strait, Dixon Entrance, and Queen Charlotte Sound. Coverage is 
strongest for the bedrock geology and paleontology of the islands and 
for the surficial geology of Hecate Strait and Queen Charlotte Sound. 
The bibliogrdphy contains most published reports, maps, and open files 
of the Geological Survey of Canada and the British Columbia Min- 
istry of Energy, Mines and Petroleum Resources reports; most papers 
in scientific and technical journals; most theses; and a few published 
abstracts that contain significant data or ideas not available else- 
where. Regional compilations, tectonic syntheses, and general eval- 
uations of hydrocarbon or mineral potential of the Canadian Cordillera 
were included if they had material on the Queen Charlottes not avail- 
able elsewhere. Short notes without significant content (mostly in Cur- 
rent Research for the past three years) were excluded. Soil surveys, 
environmental impact studies, almost all material on climatology 
and archaeology, and unpublished company annual reports and 
prospectuses were omitted. The available aeromagnetic published at 
1 5 0  000 and 1:250 000 scale and topographic maps at 1 :S0 000 are 
shown in Figures 1 and 2. 

The numerous mineral deposits and occurrences on the islands 
are described in the Annual ~ e i r t s  and other publications of the B.C. 
Ministry of Energy, Mines and Petroleum Resources from 1874 to the 
present; in unpublished assessment reports (on file with the B.C. 
Ministry of Energy, Mines and Petroleum Resources); and in the MIN- 
FILE electronic data base available from the Geological Survey 
Branch of the B.C. Ministry of Energy, Mines and Petroleum Resources. 
The present work, however, includes most reports on the Cinola 
gold prospect, on the black sands of Graham Island, and a few papers 
on economic geology that have appeared in widely available scien- 
tific and technical journals. 

No tectonic synthesis of the Queen Charlotte Basin is co~iiplete 
without considering regions that flank the basin on the east, southeast, 
and north. However, a bibliography for these areas (mainland coast 
and islands of B.C., Vancouver Island, and southeast Alaska) would 
be substantially larger than the present compilation for the Queen Char- 
lottes. An appendix lists about S0 references to the western Coast Plu- 

tonic Complex and southeast Alaska to give an entry to the extensive 
literature on the bedrock geology of those regions. 

References preceded by * were not seen. 
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I981: Jurassic biostratigraphy, strat~graphy and related hydrocarbon occurrences of 

Quccn Charlottc Islands. Britlsh Columbia; in Currcnt Research, Part A,  Ge- 
ological Survey of Canada, Paper X I - I A. p. 209-2 12. 

Preliminary repon, superseded by Cameroil and Ttpper (1 985). 

Cameron, B.E.B. and Tipper, tI.W. 
1985: Jur;~saic str:rtiglnphy ot the Queen Ch;rrlotte Islands. Br~tish Columbia: Gco- 

Iogic;rl Survcy of Canada. Bulletin 365.49 p. 
The tint thorough study of Jurassic biostratigraphy on Queen Charlotte lclands since 
McLcarn. based on dctailcd work in Skidegate Inlet and central Graham Island. Give, 
;I complete, formal revision of the stratigraphic nomenclaturc for Jurassic units and in- 
troduces many new stratigraphic tenns, including the Sandilands. Ghost Creek. Remcll 
Juncuon. Fannin. Whiteaves. Phantom Creek formation>. Includes tiss of index atnmonoid~, 
forarninil'cra and other macro-invertebrate fossils which occur through the Lower and 
M~ddle Jur;rssic sequence. 

Carmichael, 21. 
1930: Queen Charlotte Islands: in British Columbia Minister of Mines. Annual Re- 

port 1Y29. p. CSX-C65. 
Descriptions of minefill deposits on Morccby Island and the black vands on northcast- 
em Cirah:rm Island. 

Carmichael, H. 
1930: Black-sand deposits of Gr'abam Island; in Placer-Mining in British Columbia, 

J.D. Galloway (compiler), British Columbia Department of Mines, Bulletin No. 
2. 1930, p. 28-3 l .  

Descriptiorrs o l  deposits and mining operations. 

Carter, 2.S. 
1985: Early and Middle Jurassic rildiolar~an biostraugraphy, Queen Charlotte Is- 

lands. B.C.; M.Sc. thesis. University of British Columbia. Vancouvcr. 291 p. 
The first snrdy of radiolaians from ccntr;tl Gral~anl I~land. northern Moresby Island. and 
Skidcgate Inlet areas. and the first signtficant study of Toarcian radiolariana anywhere. 
Gives systematic paleontology, radiolarian taxonomy, biostratigraphy, distribution pat- 
terns, and paleoen\,lrontncnti~l relationships. 

Carter, E.S. 
1988: Radiolanan a td ie \  in the Queen Chariotte Islands. British Columbia: it1 Cur- 

rent Research, Part E. Geological Survey of Canada. Paper 88- lE, p. 235-238. 
A d~scussion of past, present ;tnd proposed radiolarian studies In the Mesozotc rocks of 
the Queen Charlottes. 

Carter, E.S. 
1990: New biostratigraphic elements for dating Upper Norian str;rta from the Sandi- 

lands Formation, Queen Charlotte Islands, Brltish Columb~n, Canada: Marine 
Microp~leontology, v. 15, p. 313-328. 

New radiolarian faunas confirm that the Sandilands Forrn;~tion contains uppermost 
Triassic and lowermost Jurassic strata. The formation rnay be one of the best places in 
the world for studies of the Triassic-Jurassic boundary. 



Carter, E.S., Cameron, B.E.B., and Smith, P.L. 
1988: Lower and Middle Jurcrssic radiolarian biostratigraphy arid systcrnatic pale- 

ontology, Queen Chiulotte Islands. British Colurnhie: Geological Survey of Cma- 
da. Bulletin 386. 109 p. 

Biostratigraphy and rddiohrian taxonomy of Late Pliensbachian to Eurly Bajocian stra- 
ta on the islands. based largely on Caner (1985). Seven informal radiolarian zones were 
established for this time interval. 

Carter, E.S., Orchard, M.J., and 'l'ozer, E.T. 
1989: lntegratcd ammonoid-conodont-radiolarian b~ostratigraphy. Larc Triassic 

Kunga Group. Queen Charlottc Islands. British Colutnbii~; ill Current Rc- 
search. Part H, Geological Survey of Canada. Paper 89-1 H, p. 23-30. 

Preliminary repon on revised hiostratigraphy and integrated fossil zonation for the 
Upper Carnian to Upper Norian strata on the Queen Charlottes. Includes first account 
of conodonts and first documentation of Lower arid Middle Norian strata on the islands. 

Champigny, N. 
1981: A geological evalu;rtion of the C~nola (Specogna) gold deposit. Queen Char- 

lotte Islands. B.C.; M.A.Sc. thesis. University of British Columbia. Vancou- 
ver. 199 p. 

The f i t  detailed. publicly-available study of this late Teniaty deposit. The mineralization 
resulted from a georhermal system rclated to Masset rhyolites. 

Champigny, N. and Sinclair, A.J. 
1982: The Cinola gold deposit, Queen Charlotte Islands. British Colurtibia: in Geology 

of Canadian Gold Deposits. R.W. Hodder and W. Pelruk (cd.), Canadian In- 
stitute of Mining and Metallurgy, Special Volume 24, p. 243-254. 

Description of this Carlin-type gold deposit on Graham Island. including stratigraphy 
and sedimentology of the Skonun Formation, structure. alteration, and mineralization. 

Champigny, N. and Sinclair, AJ. 
1982: Cinola gold deposit. Queen Charlotte Islands, B.C.-a geochetnical case his- 

tory: br Precious Metals in the Canadian Cordillera, A.A. Lcvinson (ed.). As- 
sociation of Exploration Geochemists. Special Volume 10. p. 12 1 - 137. 

Statistical evaluation of soil and silt multi-element geochemical data from Cinola. 

Champigny, N. and Sinclair, A.J. 
1984: A geostatistic;d study ofthe Cinola gold deposit, Queen Charlone Islands. British 

Columhia; Wesrern Miner, v. 57, no. 2. February, p. 54-59. 
Tests of numeric models for cstimating ore reserves, bascd on drill liole data from Cino- 
la. 

Champigny, N., Henderson, C.M., and G.E. Rouse 
1981: New evidence for the age of the Skonun Formation. Queen Charlotte Islands. 

British Columbia; Canadian Journal of Earth Sciences. v. 18, p. 1900-1903. 
K-Ar, macrofaunal and pdynological data from drill core suggcst a late Early Miocenc 
age for the Skonun at Cinola. Outcrops on nonheastern Graham lsland arc as young as 
early Middle Miocene. 

Chan, E., Dosso, H.W., and Nienaber, W. 
1981: An analogue model study of elecmmagnetic induction in the Queen Charlottc 

lslands region; Journal of Geomagnetism and Gewlectricity, v. 33, p. 587-605. 
Conductive channelling is impon:rnt in Hecate Strait for both E and H source field po- 
larizations. Model results for simulated variations 01'4.40. and 120 minutes show a wide 
rarigc of field values over the Queen Charlotte Islands. 

Chan, E., Dasso, H.W., Law, L.K., Auld, D.R., and Nienaber, W. 
1983: Elecmmagnetic induction in the Queen Charlotte lslands region: analogue model 

and field station results; Journal of Geomagnetism and Geoelectricity, v. 35, 
p. 501-516. 

Electromagnetic response of the Queen Charlotte lslands region is related primarily to 
the distribution of land and seawater. The structure of the lithosphere and upper as- 
thenosphere of the region is more cornplex than predicted by the sirnple model used. 

Chase, R.L. and Tiff~n, D.I.. 
1972: Queen Charlotte fault-zone. British Columbia: 24th International Geological 

Congress. 24th Session, Montreal, Section 8. Marine Geology and Geophysics, 
p. 17-27. 

Review of the knowledge ofthe Queen Charlotte transform, based on seismic profiles 
and bottom samples. 

Chase, R.L., Tifin, D.L., and Murray, J.W. 
1975: The Western Canadian continental margin; i Canada's Continental Margins 

and Offshore Petroleum Exploration. C.J. Yorath, E.R. Parker, and D.J. Glass 
(ed.). Canadian Society of Petroleum Geologists. Memoir 4, p. 701-721. 

A review of knowledge of the western continerttal margin from the Queen Charlotte Is- 
lands to Vancouver lsland and discussion of the tectonic evolution of the Pacific, North 
America, and Juan de Fuca plates. 

Christie, A.B. 
1989: Cinola gold deposit. Queen Charlotte Islands ( 103Fl9E); ill Geological Field- 

work. 1988, British Columbia Ministry of Encrgy. Mines and Petroleum Re- 
sources. Paper 1989-1, p. 423-428. 

Progress repon; gives stratigraphy, alteration. and mincraliration. 

Clague, JJ. 
1983: Glacio-isostatic effects of the Cordilleran Ice Sheet. Brirish Columhia. Canada; 

in Shorelines and Isosca$y. D.E. Snlilh and A.G. Dawson (ed.), Institute of British 
Geographers. Special Publication 16. Academic Press, London. p. 321-343. 

Discussion and documentalion of Pleistocene and Holocene relative sea-level changes 
in western British Columbia, with much on the Queen Charlotte Islands. Documents a 
late Pleistocene to early Holocenc transgression on the Queen Charlotte Islands. 

Clapue, J.;. 
1989: Quatern;i~-)' geology of the Quecn Charlottc Islands; in The Outer Shores: 

bascd on the proceedings of the Queen Charlotte lslands First International Sct- 
entific Syaiposium. University of British Columbia. August 1984. G.G.E. 
Scudder and N. Gessler (ed.). Queen Charlotte lslands Museum Press, p. 65- 
74. 

A review for the advanced lay reader. now somewhat out of date. 

C lag~e ,  JJ. and Bornhold, B.D. 
1980: Morphology and littoral processer of the Pacific Coast of Canada: in The 

Coastline oSCanada. Littoral Processes and Shore Morphology. S.B. McCann 
(ed.). Geological Survey of Canada. Paper 80-10, p. 339-380. 

Summary of British Columbia coastal gomorphology, nearshore sedimentary pro- 
cesses and environments. and the history o l  sea-level fluctuations since the end of the 
last glaciation; previous research is summarized with an extensive bibliography. 

Clague, J., Harper, J.R., Hebda, R.J., and Howes, D.E. 
1982: Late Quatcrnary sea levels arid crustal movements, coastal British Columbt;~; 

Canadian Journal of Eanh Sciences. v. 19. p. 597-618. 
Discusses changes in sea level during Late Quaternary time in terms of disposition and 
history of retreat of the late Wisconsin Cordilleran Ice Sheet and plate interactions at 
British Columbia's continental margin. Much on the Queen Charlotte Islands. 

Clagte, J.J., Mathewes. R.W., and Warner, B.G. 
1982: Late Quatcrn;iry gcology of eastern Graham Island. Queen Charlotte Island, 

British Columbia; Canadian Jounial of Earth Sciences. v. 19. p. 1786- 1795. 
Reconnaissance study of Quaternary geology of eastem Graham Island; maiy radiocarbon 
dates. Lact Wisconsin glaciation of the coasral lowlands of Graham lsland was weak and 
short. A period of low sea levcl during late Pleistocene time was followed by a trans- 
gression that culminared about 7500-8000 years ago, when sea level was about 15 m 
higher relative to land than at present. 

Clapp, C.H. 
1914: A geological reconnaissance on Graham Island. Queen Charlotte group, B.C.; 

Geological Survey of Canada. Summary Report, 1912, p. 12-40. 
Clapp divided the strata into six main units ranging in age from Triassic to Recent. He 
namcd the 'Triassic-Jurassic strata the Vancouver Group. based on similarities with rocks 
on Vancouver 1sl;rnd. He abandoned Dawson's Queen Charlotte lsland Formation 
(Dawson's units C ro E) and proposed instead the Queen Charlotte series for Dawson's 
units A to D. The Queen Charlotte series was divided into thc Image, Haida. Honna and 
Stidegate members. Clapp was the first to clearly show the significance of the uncon- 
formity between Dawson's units C and D and recognized that Middle to Late Jurassic 
plutons cut pans of the Queen Charlotte series. 

Clowes, R.M. 
1984: Acquisition and processing of a cruslal refractton protile across h e  Queen Char- 

lotte Islands and Hecate Strait; Eanh Physics Branch, Open File 84-22. 63 p. 
Preliminary rcsults of a refraction experiment cimied out in August 1983. A full inter- 
preyation of the data was given by Dehler and Clowes (1988). 

Clones, R.M. and <;ens-Lenartowicz, E. 
1985: Upper crustal structure of southern Queen Charlottc Basin from sonohuoy re- 

fraction studies: Canadian Journal of Eanli Sciences. v. 22, p. 1696-1710. 
Interpretations of three reversed and one unreversed seisrnic profiles in southern Queen 
Charlotte Sound. Masset volcanics are widespread. and a low-velocity layer (Mesozoic 
sediments?) underlies the volca~iics in three of the sections. 

Conway, K.W. 
1986: Data repon on the suficial geology of Hecate Strait; Geological Survey of Cana- 

da. Open File 1349. 163 p. 
This repon contains a listing of all surhcial geology data held by the Pacific Geoscience 
Centre for the Hecate Strait region. Maps (at 1 :665 O(X)) show grab sample locations. 
air gun seismic lines. deep tow seismic lines. and sidescan sonar track lines. Text con- 
tains textrtnl analysis and lithologic descriptions of 980 samples and 8 piston cores. 
and description arid evaluation of the seismic and sidescan sonar data. 

Conway, K.W. and Luternauer, J.L. 
1984: Longest core of Quaternary sediments from Queen Charlotte Sound: prelimi- 

nary description and interpretation; in Current Research. P m  A, Geological Sw- 
vey of Canada, Paper 84-IA. p. 647-649. 

Three distinct units were identified in this 8.76 m core, a lower. glaciogeneic deposit, 
a middle. coarse deposit of possible slump origin, and an upper finer-grained unit of prob- 
able postglacial origin. Superseded by Luternauer et al. (1989). 

Conway, K.W. and Luten~auer,  J.L. 
1985: Evidence of ice rafting and tractive transfer cores from Queen Charlotte Sound. 

British Columhia; in Current Research. Part A, Geological Survey of Canada 
Paper 85-IA, p. 703-708. 

Analysis of piston cores suggests that ice rafting was active about 13.6 ka but that any 
ice grounding during the Fnser Glaciation nccurred prior to 15 ka. Debris and grain flows 
occurred during dcglaciation. 

Conway, K.W., Barrie, J.V., and Luternauer, J.L. 
1989: Sponge bioherms on the continental shelf of Canada; ill Current Re- 

search. Pan H. Geological Survey of Canada, Paper 89-1 H, p. 129- 134. 
Large areas of the seabed of Hecate Strait and Queen Charlotte Sound are discontinu- 
ously blanketed by bioherms dominated by sponges. These bioherms trap silly clay on 
the otherwise relict expanses of seafloor arid form some of the most significant Holocene 
deposits on the mid-shelf. 



Figure l: Aeromagnetic maps at 1 :50 000 (small squares, small numbers) and 1 :250 000 (large squares, large numbers) published by the Ge- 
ological Survey of Canada for the Queen Charlotte region. 
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Figure 2: Topographic maps at 1:50 000 available for the Queen Charlotte region. Complete coverage is available for the Coast Mountains in 
the eastern part of the region. 
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* Cruson, M.G., Limbach, F.W., Brooks, H.A., Sanders, K.G., Bain, D., Lacy, S. 
1983: Geology of the Cinola deposit. Queen Charlotte Islands. British Colurnbia; i~c 

Papers Given at the Precious Metals Symposium. Report 36-Nevada Bureau 
of Mines and Geology, p. 27-35. 

Dawson, G.M. 
1880: Report on the Queen Charlotte Islands, 1878; Geological Survey of Canada. 

Report of Progress for 1878-79, p. IB-239B. Contains Map 139, Map of the 
Queen Charlotte Islands (I inch=8 milcs) and Map 14 1, Geological Map of Skidc- 
gate Inlet (l  inch=l nautical mile). 

The first systematic examination of the geology ofthe ~slands, done in two ;ind a half 
months of stormy weather in 1878. Dawson explored the eastern shoreline of most of 
the islands and mapped in detail along Skidegate Inlet. Bad weather and lack of time 
prevented exploration of the west coast. This comprehensive natural history report 
contains geologic. geographic, anthropologic. flora and fauna studics. Dcwson disid- 
ed the strata into four units. His Triassic unit was subdivided into four units, three of 
which are recognizable today as the Karmutsen. Sadler. and Peril formations. The 
"Cretaceous coal-bearing mcks" unconformably above the Triassic strara were subdi- 
vided into five units, from youngest 10 oldest c:~llcd A-E. Probably influenced by 
Whitea\,es' reports on Richardson's fossil collections indicatinr that units C and E arc 
thc same age. Dawson failed to recognize the unconforniity separating his unit C (cor- 
rectly recognized by Dawson as Cretaceous) from unit D (found later to be Jur;issic). 
This failure to separate Jurassic from Cretaceous strata, Dawson's main error of inter- 
prctation. was to persist for the next twenty-five years. Despitc this. Dau,soo's contri- 
butions proved irivaluahlc tor the next eighty years. 

* Dawson, G.M. 
1889: On the earlier Cretaceous rocks of the northwest portion of the Dontinion of 

Canada; American Journal of Science. 3rd Series, v. 38. p. 120-127. 
This paper groups Dawson's (1880) units C. D. and E into the Queen Charlotte Island 
Formation. 

Dawson, J.W. 
1873: Note on the fossil plants from British Columbia. collected by Mr. James 

Kichardson in 1872; Geological Su~vcy of Canada, Report of Progrcss for 1872- 
1873, p. 66-7 1. 

Fossil plants collected by Richardson arc assigned to the Jurassic or Lowcr Cretaccous. 

Dehler, S.A. and Clowes, R.M. 
1988: The Queen Charlotte Islands refraction pmject. Part I. The Quecn Charlotte Fault 

Zone; Canadian Journal of Earth Sciences, v. 25, p. 1857-1870. 
Gives a velocity stmctural modcl with three cmstal segments (oceanic, terdce, and con- 
tinental) separated by an outer, crustally pervasive fault and thc active Queen Charlotte 
Fault, rcspectively. The upper part of the 10- 17 km thick lower tcrrace unit has anonia- 
lously low velocities relative to the adjacent oceanic and continental crustal units. 

Duggan, D.M. and Luternauer, J.L. 
1986: Distribution of surficial sediment and major bed forms, Goose Island Bank, Queen 

Charlotte Sound. cenhal continental shelf off British Columbia; Geological Sw- 
vey of Canada, Open File 1329. 

Map at about 1: 15 000 of sediment and bedform distribution from sonograph records 
for Goose Island Bank. 

Ells, R.W. 
1906: Report on Graham Island, B.C.; Geological Survey of Canada, Annual Repon, 

New Series, v. 16, 1904, Part B, p. 1-46. Contains Map 921, Geological Map 
of Graham Island Coal Fields (1"=80 chains) and Map 922. Geological Map 
of Graham Island (1"=4 miles). Also published as Geological Survey of Cana- 
da Separate Re~ort 940 (1912). 

Ells made the hrst reconnaissance of the west coast of Graham Island and 
completed a traverse of the island fmm Masset Inlet via the Yakoun River to Skidegate 
Inlet. This report added little new to the understanding of the area but did point out that 
some of the igneous rocks in Dawson's Queen Charlotte Island Formation were pre-Cret- 
aceous in age. 

Fogarassy, J.A. 
1989: Stratipphy, diagenesis and pemleum reservoir potential of the Cretaceous Haida, 

Skidegate and Honna formations, Queen Charlotte Islands, British Columbia; 
MSc. thesis, University of British Columbia, Vancouver, 177 p. 

The Haida Formation is a fining-upwards transgressive succession with up to 15% vi- 
sual porosity in the pebbly basal part. The overlying Skidegate and Honna formations 
are poor reservoir prospects. Diagenesis of the units involved carbonate precipitation 
and dissolution. and the growth of Fe-rich chlorite. trioctahedral smectite and mixed- 
layer phyllosilicates. 

Fogarassy, J.A.S. and Barnes, W.C. 
1988: Stratigraphy. diagenesis and petroleum reservoir potential of the mid- to Upper 

Cretaceous Haida and Honna formations of the Queen Charlotte Islands. 
British Columbia; in Current Research. Part E, Geological Survey of Canada, 
Paper 88-IE, p. 265-268. 

First preliminary report, discussing stratigraphy, diagenetic history. and petroleum 
reservoir potential of the Haida and Honna formations. 

Fogarassy, J.A.S. and Barnes, W.C. 
1989: The middle Cretaceous Haida Formation: a potential hydrocarbon reservoir in 

the Queen Charlotte Islands, British Columbia; in Current Research. Pan H, 
Geoloeical Suwev of Canada. Pacer 89-1 H. D. 47-52. - , . . . 

Preliminary report, reservoir characteristics improve in a southerly direction with the 
best visual porosity being found in outcrops bordering Hecate Strait and Cumshewa Inlet 
However, porosity is restricted to the thin basal of the formation. 

liowler, M.G., Snowdon, L.K., Brooks, P.W., and Hamilton, T.S. 
1988: Bio~narker characterization and hydrous pyrolysis of h~tumens from Tertiary 

volcanics, Quecn Charlotte Islands. British Columbia, Canada: Organic Gco- 
chemistry. v. 13,715-725. 

Biomarker characterization of biturnens from Lower Jurassic sediments contain 28,30- 
binorhopane. Tertiary volcanics convain 18 (h)-oleanane. All samples have been vari- 
ably biodegratled. 

Frebold, H. 
1967: Position of the Lowcr Jurassic genus F ~ ~ ~ o t i r u ~ r e r ~ ~ . ~  McLeilrn icnd the age of rhe 

Maude For~iiation on Queen Charlottc Islands; Canadian Journal of Eanh Sci- 
ences. v. 4. p. 1145-1 149. 

Note suggesting that the iMaude Formation includes Lower Pl~ensbachian strata, based 
on fossils collected by Sutherland Brown. 

Frebold, H. 
1970: Pliensbachian ammonoids from British Columbia and southent Yukon: Cana- 

dian Journal of Earth Sciences. v. 7. p. 435-456. 
Systematic descriptions of Pliensbachian ammonoids from western Canada. Includes a 
discussion on age and correlation of specimens from the Maude Fonnation. 

Frebold, H. 
1979: Occurrence of the Upper Bathoniatn ;cmnionirc genus lniskinites in the Queen 

Charlotte Islands, British Columbia; ill Current Rcaearch. P;~rt C. Geological 
Sun~ey of Canada. Paper 79-IC. p. 68-66. 

L)chcriptions and illustrations of Upper Bathonian ammor~itcs from Maude Island. 

Fuller, :.:.A. 
1990: A pmpss  report on the Pleistocene geology of Cape Ball. Gnharn Island, British 

Columbia; in Current Research. Part F. Geological Survey of Canada, Paper 
90- I F, p. 75-82. 

Prelirninauy rcport on a Pleistocenc section containing two diamictons. One is interpreted 
;L< t i l l .  die orhcr :IS stony mud dcposiccd by a lobe of the Cordilleran ice sheet which crossed 
Hecate Strait. 

(;amha, C.A., Indrelid, J., and Taite, S. 
1990: Scdimentology of the Upper Cretaceous Quecn Charlotte Group, with special 

rcfcrcncc to the Honna Forniation. Queeri Charlotte Islands. British Columbia; 
irc Cumnt Research. Part F. Cieological Sunjcy of Canada. Paper 90- IF, p. 67- 
73. 

The Queen Charlotte Group represents a transgressive sequence deposited in a marine 
basin created in Late Jurassic to Early Cretaceous time. Palec~urrent data from chan- 
nelized turbidites of the Honna Formation reflect shifting of channels and their radial 
orientation on the subriiarine fan. not post-depositional block rotation. 

Geological Survey of Canada 
1987: Gravity, British Columbia, coast: nonh, bouger on land. free air offshore; Ge- 

ological Survey of Canada, Open File 1399. 
Map at l :l 000 000. Region includes Queen Charlone Islands, Hecate Strait, Queen Char- 
lotte Sound. and the mainland to the east. Supersedes Stacey et al. (1973). 

Geological Survey of Canada 
1987: Preliminary magnetic anomaly map (residual total field), Prince Rupert. British 

Columbia; Geological Survey of Canada. Map NN-8-9-M. 
Coloured map at 1 :I 000 000 of the Queen Charlone Islands and Basin and adjacent areas. 
A useful and informative compilation. 

Geological Survey of Canada 
1987: Preliminary magnetic anomaly map (residual total field), Vancouver. British 

Columbia; Geological Survey of Canada, Map NM-8-9-M. 
Coloured map at 1:l 000 000 of Queen Charlotte Sound and adjacent areas. A useful 
and informative compilation. 

* Gimbamvsky, P. 
1984: Remote sensing of slope failures on the Queen Charlotte Islands; in Renew- 

able Resources Management, Application of Remote Sensing, American So- 
ciety of Photogrammetry. p. 406-413. 

Green, K.C. 
1986: Petrology of the volcanic rocks of the Kmutsen Formation, lkeda Cove, 

Queen Charlotte Islands, British Columbia; B.Sc. thesis. University of British 
Columbia, Vancouver, 37 p. 

Petrographic descriptions and whole-rock chemical analyses; no trace element analy- 
ses. 

Haggart, J.W. 
1986: Stratigraphic investigations of the Cretaceous Queen Charlotte Group. Queen 

Charlotte Islands. British Columbia; Geological Survey of Canada, Paper 86- 
20, 24 p. 

In Cumshewa Inlet, six lower Albian to lower Tumnian megafossil zones were recog- 
~ 2 . d  in the sandstone and shale members of the Haida Formation. Fossils from the Skide- 
gate Formation in Skidegate Inlet indicate an early Turonian to early Coniacian age, sug- 
gesting that the Skidegate is in part coeval with the Haida. No significant hiatus is present 
between the Honna Formation and the older Haida and Skidegate units. 

Haggart, J.W. 
1987: On the age of the Queen Charlotte Group of British Columbia; Canadian Jour- 

nal of Earth Sciences. v. 24, p. 2470-2476. 
New fossil collections show that both the Skidegate Formation and the upper part of the 
Haida shale member include Tumnian strata and are. at least in part, lateral equivalents. 
Most of the Honna Formation is Coniacian in age and caps the stratigraphic sequence. 



Haggart, i .W.  
1989: Reconnaisaancc lithostratigraphy and bi~~chrotlology of the L.ou.cr Cretaccl~us 

Longarm Folmation, Queen Charlone Islands. Rr~tish Columbia; irr Current Rc- 
hearch. Pan H, Geological Survey of Canada. P:~per 8 9  I H, p. 39-46. 

Preliminary work hugyes[\ that the Longarm I:ur~nation was deposited in sliallow-ma- 
r im envin~nments. l'hc age of the formation in the central palls of the islands is Hau- 
terivian to ?Aptlan. On northern Graham Island the onset of dcposit~on was during the 
Valanginian or  earlier. 

Haggart. .J.\ll. a n d  Gambz,  C.A. 
l :  Stratigraph) and sed~mcntology of the Longarm For~nntloll, southern Qucen 

Charlotte lalands. B~it ish Columbia: i ~ t  Current Research. Part I:, Geolog~cal 
Survey of Canada. Papcr 90- 1 I:, p. 6 1-66, 

Important prel1111inary paper; the Longarrn Formation \I~o\vs an ovcri~ll fining-upward 
trend reflecting a tranagres\ive trend and accurnul;ltion in chelfcnvironrncnrs. 

Haggart, J.W. a n d  Kiggs, R. 
1989: A neu, L.atc Crctaceous mollusc fauna from the Queen Charlotte Island.;. 

British Colurnbi;~: in Current Rese;~rch, I'ort H. Gcolog~cal Sun'ey of Can:&, 
Papcr 89- I H. p. 59-64. 

Molluscs from marine shales apparently ovcrly~ng the Honna Formatic~n near Skidcgatc 
lnlet are Latc Santonian in age. Thebe shales are the youngest Cretaceous marlne scd- 
imerlts yet four~d in the Quecn Charlotte Islands. 

Haggart ,  J.W., Inarelid, J., Mesthanimer, J., Garnba, C.P ., arid White, 3.M. 
1990: A gcologic;ll reconnaiasu~co of thc Mount Srapleton-Ykoun I.;hc region, ccn- 

11-41 Queen Charlottc Islands, British Colurnhia, t r r  Current Rcscarch. Pan F, 
Geological S u ~ v c y  of Canada, Paper 90-IF, p. 29-36. 

Docu~nents a mid-M~ocenc or  younger nonrnar~ne sedimentary and volcan~c unit, cor- 
relative in pan with the Skonun Porrnnti~~n, was not involbcd in post-Early Eoccnc to 
Early Oligocenc deformation in the rcgion. 

Maggart, J.W., I.ewis, ;'.D., a n d  Rickson, C.;. 
!989: Stratigraphy and \tructurc of Crctaccous suata, Long Inlet, Qoccn Churlottc la- 

lands, British Columbia; III Current Rcscarch, Pan I*, Geological Survey of Calls- 
da. Paper 89- I H, p. 65-72. 

In the Long Inlet arcil. Honna s t r m  reflect rapid progr;~datiotl of clastic systems into 
the region. A thick succession of mafic volcanic debris flows, scuria, and flow brccci;~ 
confor~nably ovcrliea and is interbedded w ~ t h  the Honn:~ Formation. 

Haimila, N.E. an(! Procter, II.:$I. 
1982: H y d m x h o n  p)tential of otfshore Bntlch Columbia: Geologic;il Survcy of Cana- 

da. Open File 824. 28 p. 
Review of knowledge of off\hore B.C.. including Quccn Ch:lrlotte Rasir~. L~ t t l e  on h) - 
dnlcilrbon potential. 

i-iail, X L .  
1975: Sexual dimorphiam in Jurassic anllnonltes from the Quecn Charlotte Islands; 

Gcoaciencc Cailada. \'. 2, p. 21-25. 
Discuss~on of d~morphic arnlnonlte pairs from the Yakoun F~~rmation.  

Hall, R.I.. 
1976: Lower Bajocian (Jurassic) amrnono~d faunas of the western Americas; Plr.l>. 

thes~s,  b1cM;lster Univerbity, Hamilton, Ont;~no, 230 p. 
Correlation of arnmo~utc faunas from the lower part of the Y&oun Formauon along Sk~dc- 
sate Inlet with faunas from Al;lska, mainland \t,cstcm Canada and United States, and 
South Amcl-ica. Much of the the\ls 1s dedlcatcd to systernarlc pale(~ntology. Published 
;IS Hall and Wesrcr~~iann (1980). 

Wall, X L .  a n d  Westermarln, G.E.G. 
1989: Lower Bujocinn (Jur;rssic) ccplialopod faunas from westet-n Canada and pro- 

posed us.;ernblape zones for the Lower Bajocian of North AIII~I-ica; Palacon- 
togr;lphica Amertcan:~, v. 9 ,  no. 52, 93 p. 

'The published version of Hall (1976). 

Hamilton, 7. 
1989: Te~tillly cstensio~ial \~olc;u~ism and volcanotcctonic interactions along the Quccn 

Charlottc poni1111 of the western Canadian continental margin; ot Gcologic;ll A\- 
soclation of Canada. Pitcific Section. Northeast Pac~fic-North Atneric;~ Plate In- 
teractlons rlm)ughout Ihc Ccnozoic, Progranune and Abslracts, unp~lginated. 

Abstract; interprets the Masset Fonnation as hasinal volcanic deposits related to exlensii'c 
rifling or  Iran<-tenslon. 

Elamilton, T.S. and  Cameron,  3.E.R. 
1989: Hydrocarbon occurrences on the western margin of h e  fJuee11 Charlotte Basm: 

Bullet~n o f  Canadian Petroleum Geology, v. 37. p. 343-466. 
L ~ s t s  hydrocarbon occurrences on the Queen Charlottc Islands. Principal source beds 
are Uppcr Triass~c to Lower Jurassic Kunga and Maude groups. Potetitial resclvolr h- 
cies occur ~n Cretaceous and Teniary strata. 

Harper ,  J.R. 
1980: Coastal pnxcsscs on Graham Island. Quecn Charlotte Islands, Br~tish Columbia; 

01 Current Research, Part A.Geological Survey of Canada, Papcr 80-1.4. p. 13-18. 
An extensive hrach-ridge plain is actively evolving on northcastcrn Graham Island. An 
extensive dune syatern 1s present and the shore 1s prog~.i~dtng at about 0.4 ~nlyear. The 
sediment source may be a recently uplifted offshore platform. 

Hebda, R.J. a n d  Mathewes, R.W. 
1986: Radiocarbon dates from Anthony Islatld, Quccrl Chi~rlottr Islands, and their ge- 

<)logical and archaeol~~gical s~gnificancc: Canad~an Journ;ll of  Earth Sctencea. 
v. 23, p. 207 1-2076. 

Five radiocarbon dates, obtained durlng a m;ijor archaeological study, ~ n d ~ c a t e  that s w  
level has not cscceded 3 1 . 1  m in the last 12.3 thousilnd years. 

~3es thammer ,  ;. 
1990: Structural interpretation o l  Uppcr Tr~assic  and Jurassic units exposed on ccn- 

trill G!.;~ham Island. Queen Charlotte Islands, British Columbia; irr Current Rc- 
hearch. Part F, Cieolog~cal Sun,cy of  Canada. Paper 90- I F, p. 11 -18. 

N o t e  on Jurilssic strata and stnlctures ~n central Graham Island; a complement to In- 
drelid (1990). 
- .. 
des thammer ,  .l., In:lrelid, .l., and  Xoss, ;.V. 
1989: Prcllminary structural studies of the Mesu~o ic  rocks of central Graham Island. 

Quecn Charlottc Islands. British Columbia: i r ~  Current Research. Part H. Ge- 
ological Survey of Canada, Paper 8 9  I H, p. 10-22. 

Prclimlllary rcpon based on 19x8 field work in a sm;lll area north of Yaknun Lake. DCK- 
ulncnt\ the angul;~r nature of the unconfurmity bctwecn the Maudr: and Yakoun groups. 

2eu.iser, C'.;. 
1989: Nanh Pac~fic  coastal rcfugia- -the (Juccn Charlotte lslarlds in pcrspcctlvc; irt 

The Outer Shores: hl~eed on the pnreed~ngs  of the Queen Charlotte Islands F~rht 
Intcnlational Scientific Sytnpos~um, Ilniverbity of Bntish Columbia, August 
1984, G.G.E. Scuddcr and N. Cics\lcr (ed.). Queen Charlotte I\lands Museum 
Press, p. ') 1 - 106 

Rcv~ews  the ~ e f i ~ g i ; ~  proble~n and concludes that castcm Graham 1sl;lnd had only local 
!cc cover In Wicconsin time and was deglaciated by at least 16 ka. 

Hicken, A. a n d  Irving, E. 
1977: l'cctonic rotatton In wc.;tcrn Canada; Nature. v .  268. p. 219-220. 
Preliminary palcornagnetic studies on the Kam1utsen Formation, Tertiary plutons, and 
Massct Formation suggcst that the Qucen Charlotte Islands have routed at least 25' clock- 
wise .;incc deposition of the Massct volcanics. 

IIickson, C.,. 
1983: Structure and stratigraphy of the M a s w  Fot-tnation. Queen Charlotte Isl;~nds. 

British Colu~nhia; in Current Research, Parr E. Geological Survey of Canada. 
Papcr 88- I E, p. 269-274. 

Prclinunaly rcprxl summ;lnzlng I987 field work. Includcs a sununary of onshore K-Ar 
dating ( T e ~ t i a y )  ofthc klassct. K-Ar dates and lithologies of drill core from Hecate Strait 
(rliought to be pall of the Maasct by other workera) suggests that these rocks should be 
excluded from the Masset. The Masset Forrn:ition probably does not extend any grcat 
distance bcneath Ilec;~te Stn~it .  
. -. 
r ~ c k s o n ,  C.J. 
1989: An update on structure and strat~graphy ol the Masset Formation. Queen Char- 

lone Islands. B n t ~ s h  Columbia: irr Current Rese;trch. Part H, Geological Sur- 
vey of Canada. Papcr 89-IH. p. 7 3 7 9 .  

The Massct Formation on Graham Island is a Latc Oligoccnc to Latc Miocenc calc-al- 
k:lline suite. There is l~r t lc  ind~c;~tron of dcformat~on aside f r o ~ n  steep, north-wending 
faults. Artitudcs of bcdded rocks represent p r i m q ~  alopes of constructional volca~uc laid- 
fol-ms. 

.:iggs, :<. 
?988: Cretaceous and Tcrtiary redi~nentology, Queen Charlotte Islands, British 

Columbia; irt Current Rcsc;~rch, Rlrt E. Geological S u ~ v e y  of Canada, Paper 
88- IE. p. 261.264. 

Brief rcvieit of previous s tud~es of thc Crctaceous and Tcrtiary sediment5 and a list of 
objectives for the cut-rent study. 

[ r i g s ,  ii. 
1963: Sedimentology and tectonic implications of Cretaceous fan-delta conglomer- 

;ices. Quecn Charlotte Isl;~nds; in Sequences. Stratigraphy. Sedimentology: 
Surface and Subsurface, D.P. James and D.A. Leckie (ed.). Canadian Society 
of Petroleum Geologists, Mernoir 15. p. 307-308. 

Extcndcd abstract. suggesting that the Honna Fonnation accumulated in a west\vardly 
mtgrat~ng foreland basin. 
--. -?~ggs, I?. (compiler) 
-C:'' 
. ,U<<: Some aspects of the petroleum geology of the Queen Charlottc Islands; Cana- 

dian Society of Petroleum Geologists, Field Trip Guide to Sequences. Stmtig- 
raptly. Sedimentology: Surface and Suhsurt'acc Technical Meeting, 72 p. 

lrrcludes short, aunmmary contributions on tectonic setting. stratigraphy. Honna Forma- 
tion (R. Higgs); the Masset Fonnation (C.J. tiickson); resc~voir aspects of Cretaceous 
and Teniary strata (J.A.S. Fogarassy and W.C. B:~rnes); Lower Jurassic stratigmphy (G. 
Jakobs. H.W. 'Tipper and P.L. Sm1t11); plutonism (R.G. Andcrson); Triassic stratigraphy 
(E.S. Caner, A. Desrochcrs, M.J. Orchard and F.T. Tozcr): salinientology of the Kunga 
G I O I I ~  (L)csn)chers); organic gcochcrn~stry (R.I.. Snowdon. M.G. Fowler and T.S. 
Hamilton); and CA1 value\ of Triassic atraw. (Orchard). Pages 52-76 give field hip stops, 
all road ;~cces\iblc, for exposures of the Honna and Skonun formattons (H~ggs); the Haida 
F(1rn1;ltion (Higgs and B.D. Bornhold); the Kunga and Maudc groups (Tipper, Smith and 
Jakobs); and the Maser  Formation at Lawn Hill (Hamilton and B.E.B. Cameron). 

:!iggs, R. 
1989: Sedimentological aspects of the Skonun Fol-mation, Queen Charlotte Islands, 

British Columbia: irr Current Research, Pan Ii. Geological Survey o f  Canada, 
Paper 89- I H. p. 87-94. 

Three on-land exposures of the Skonun Formation arc thought to lx dclt;t-plain dep,stts. 
Iceberg dropstones occur in Upper ;\liocene strata at one locality. 

Higgs, X. 
1989: Sedimcntology ~uld i~nplications for l iydn* l ;h~n  exploration of h e  "H~ppa kds". 

Queen Charlotte Islands. British C o l u ~ n b ~ a :  in Curre~it Research, Pan H, Ge- 
ological Survey of Canada. Paper 89-IH. p. 53-58. 

Conglotnerate, sandstone, and rnudstonc of uncenairi age are exposed on Hippa Island 
west of Graham Island. The rocks are thought to be lacustrine and braided-stream dc- 
~)osits; palcoflow n'as tu the southwest. 



Higgs, R. 
1990: Sedimentology and tectonic implications of Cretaceous fan-delta conglomer- 

ates, Queen Charlotte Islands, Canada; Sedimentology, v. 37, p. 83-103. 
Interprets Honna Formation of the Skidegate lnlet region as mass-flow deposits repre- 
senting an uncommon type of fan delta (deep water fan delta). Imbrications indicate an 
eastern source area: coarse clast siu: indicates a pmximal source. possibly uplifted moun- 
tains in the Hecate Strait area. 

Holland, S.S. and Nasmith, H.W. 
1958: Investigation of beach sands; British Columbia Department of Mines. 8 p. 
Good descriptions of black sand deposits on northern and eastern Graham Island, with 
emphasis on their magnetite contents. 

Hopkins, W.S., Jr. 
1975: Palynological study of Shell Anglo Harlequin D-86 well (NTS 102-0). offshore 

British Columbia; Geological Survey of Canada. Open File 268. 
Preliminary report on palynology from the Shell Anglo Harlequin D-86 well, largely 
superseded by Hopkins (1981). 

Hopkins, W.S., Jr. 
1981: Palynology of four offshore British Columbia wells; Geological Survey of Cana 

da, Open File 808,83 p. 
This report provides age determinations and stratigraphic correlations for Shell Anglo 
Osprey, Harlequin. Auklet and Murrelet wells in Hecate Strait and Queen Charlotre Sound. 
Although the age assignments will likely be revised, this report is a very useful contri- 
bution to the Tertiary biostratigraphy of the Queen Charlotte wells. 

Horn, J.R. 
1982: A snapshot of the Queen Charlotte fault zone obtained fmrn P-wave refraction 

data; MSc. thesis. University of British Columbia, Vancouver. 79 p. 
Gives a velocity model based on two protile shot in 1979 southwest of Moresby Island. 

Hutchion, W.W., Berg, H.C., and Okulitch, A.V. (compilers) 
1979: Geology of Skeena River. British Columbia-Alaska; Geological Survey of Cana- 

da. Map 1385A. 
Compilation at 1:l 000 000, with correlation charts. Region includes Queen Charlotte 
Islands and adjacent mainland and southeast Alaska. Out of date now, but still useful 
for general reference. 

Hyndman, R.D. and Ellis, R.M. 
1981: Queen Charlotte fault zone: microearthquakes from a temporary array of land 

stations and ocean bottom seismographs; Canadian Journal of Earth Sciences. 
v. 18, p. 776-788. 

Data show that the Queen Charlotte fault zone is nearly vertical and has a strike-slip com- 
ponent. The paper gives a model involving underthrusting and strike-slip faulting to ac- 
count for the 15" difference between the relative motion of North American and Pacific 
plates predicted from plate tectonic models and the strike of the margin. 

Hyndman, R.D., Lewis, T..J., Wright, J.A., Burgess, M., Chapman, D.S., and Ya- 
rnano, M. 
1982: Queen Charlotte fault zone: heat flow measurements: Canadian Jmmal of Eunh 

Sciences, v. 19, p. 1657- 1669. 
Heat flow measurelncnts across the Queen Charlotte tcrrncc show a continuous transi- 
tion from very high deep-sea values on the wcst to low continental values on the Qucen 
Charlotte Islands. The data are consistent with a model of oblique undcrthrusting of sea 
floor beneath the Queen Charlotte terracc. Heat flow nicasuremcnts from the scluth end 
of the Queen Charlotte fault zone arc consistent with a rift hypothesis. 

Indrelid, J. 
1990: Suatigraphy and structures of Crctaceous units. central Graham Island. Qucen 

Charloue Islands, Brilish Columbia; in Current Research, Part F. Geological 
Survey of Canada. Paper 90- I F. p. 5-10. 

Description of Cretaceous stratigraphy and structures: documents post-late Cretaceous 
compression. A complement to Hesthammer (1990). 

Jakobs, G.K. 
1989: Toarcian (Lower Jurassic) biostratigraphy of the Qucen Charlotte Islands, 

British Columbia; i ~ r  Current Research. Pan H. Geological Survey of Canada, 
Paver 89- I H. P. 35-37. 

Note on field work in 1987 and 1988. ThcTcvarcian stratigraphic succession on the Quccn 
Charlotte Islands appcars to be complete. except for one possible minor hiatus hrtwecn 
the Whiteaves and Phantom Creek formntions. The anllnonite faunas arc very diverse. 

Jakobs, C.K. 
1990: A discussion of the Phantom Creek Formation of the Maude Group. Queen Char- 

lotte Islands, British Columbia: in Current Rcscarch, Part F, Geological Sur- 
vey of Canada. Paper 90- l F. p. 57-60. 

Brief description and reinterpretation of the type section of the Phantom Creek 1:ormation. 

Johnsun, S.H. 
1972: Crustal structure and tectonism in southeastern Alaska and westcrn British 

Colun~bia from seismic refraction, seismic reflection. gravity, magnetic. and 
rnicroearthquake measurements; Ph.D. thesis. Oregon State Univcrsity. COF 
vallis. 129 p. 

Crustal models for a large area that includes Dixon Entrance. See Johnson et al. (1072) 
in the Appendix (below). 

Kilty, K.T. 
1981: Stress fields of the San Andrens and Queen Charlone transform faults: Tcctonc~ 

physics, v .  77. p. 203-212. 
Calculations show that the hypothesis that Alaska acts ass  continental buttress against 
deformation of thc Canadian Cordillera along the Quecn Charlotte transform is incor- 
rect. 

Knlze, S. 
1976: Marine deep seismic sounding off the coast of British Columbia; Ph.D, thesis, 

University of British Columbia. Vancouver. 
Gives models for the upper crust in areas west of Queen Charlotte Islands and Queen 
Charlotte Sound. 

Kun, S., Champigny, N., and Sinelair, AJ. 
1981: Genetic implications of nuid inclusion studies, Cinola gold deposit. Queen Char- 

lotte Islands; in Geological Fieldwork 1980, British Columbia Ministry of En- 
ergy, Mines and Petroleum Resources, Paper 1981-1, p. 197-200. 

Preliminary report; see Shen et al. (1982) for a final version. 

Learning, S. 
1982: Lapidary material on Graham Island. Queen Charlotte Islands group, British 

Columbia; in Current Research, Part A, Geological Survey of Canada. Paper 
82-IA, p. 415-416. 

Note on materials of interest to the rockhound in the Yakoun Haida, Masset and Sko- 
nun formations. 

Leslie, D.R. 
1989: Petmgraphy and sedimentology of an unnamed Upper Cretaceous to Lower Pa- 

leocene sedimentary unit, Queen Charlotte Basin. British Columbia; B.A.Sc. 
thesis, University of British Columbia, Vancouver. 

Petrographic descriptions of some side-wall cores from the Sockeye E-66 and Coho I- 
74 wells. 

Lewis, P.D. 
1990: New timing constraints on Cenozoic deformation in the Queen Charlotte Is- 

lands, British Columbia; in Cumnt Research, Pan F, Geological Survey of Cana- 
da, Paper 90-1 F. p. 23-28. 

Preliminary report on the Lower Cretaceous to Paleogene sedimentary rocks and the Upper 
Cretaceous and Paleogene volcanic rocks in the Long lnlet area. Four discrete episodes 
of deformation are: Late Cretaceous to early Tertiary shortening, early Tertiary extensional 
faulting, mid-Tertiary shortening, and late Tertiary to Holocene extensional faulting. 

Lewis, P.D. and Ross, J.V. 
1988: Preliminary investigations of structural styles in Mesozoic strata of the Queen 

Charlotte Islands. British Columbia; in Current Research. Part E, Geological 
Survey of Canada, Paper 88-IE, p. 275-279. 

Preliminary report on detailed structural mapping in the Skidegate ChannelISkidegate 
lnlet area. The major deformation. represented by northwest-mending open to tight buck- 
le folds resulted from southwest-northeast shortening. In the Skidegate Channel area a 
stratigraphic contact can be traced across the previously inferred traces of the Rennell 
Sound Fault. Sutherland Bmwn's Rennell Sound Fault Zone is reinterpreted as an area 
of intense folding. 

Lewis, P.D. and Ross, J.V. 
1989: Evidence for Late Triassic-Early Jurassic deformation in the Queen Charlotte 

Islands, British Columhi;~; in Current Rcscarch, Part H. Geological Survey of 
Canada, Paper 89- I H, p. 13- 18. 

Kunga Group strata on northwcstcrn Graliani Island are cut by thrust faults that record 
a north-verging compressional cvcnt that occurred in Late Triassic to Early Jurassic time. 

Lewis, TJ., Bentkowski, W.H., Bone, M,. MacDonald, R., and Wright, J.A. 
1988: Gcothern~al studies in Queen Charlotte Basin, British Columbia; in Current Re- 

search. P m  E. Geological Survey of Canada. Paper 88-1 E, p. 247-249. 
Brief discussion of past and present heat now studies; no data. 

Lewis, TJ., Bentkowski, W.H., Bone, M., and Wright, J.A. 
1989: Now on the thermal structure of Queen Charlotte Basin. British Columbia; in 

Current Rescarch. Part H, Geological Survcy of Canada. Paper 89- I H, p. 121 - 
125. 

Preliminary results indicate low hcat flux (50 mW m-2) on the western margin of 
Queen Charlotte Basin and higher values (75 mW m-2) on the eastern margin. Heat gen- 
cration is generally low within the basin and on its margins. 

I.uternauer, J.1,. 
1972: Patterns of sedimentation in Quecn Charlortc Sound; Ph.D. thesls. University 

of British Columbia, Vancouver, 203 p. 
Gcomorphology and scdimcrit dispersal in Queen Charlotte Sound. Described scdirrient 
texture. composition arid distribution. Produced a detailed bathymetric map of Queen 
Cl~arlottc Sound. Superseded by Luternauer and Murray (19x3). 

Luternauer, J.L. 
1986: Chmcter and setting of sand and gravel bed forms on the open continental shelf 

off western Canada: irr Shelf Sands and Sandstones. R.J. Knight and J.R. 
McLean,(ed.),Canadian Society of Petroleum Geologists. Memoir 1 I, p.45-55. 

Defines wave and current influences on the generation of rccognized sand and gravel 
bcdForms and identifies major sediment dispersal patterns on the shelf. 

Luternauer, J.L. 
1987: Geohaz;~rds, lithology and shallow se~smostratigraphy of the Moresby 

Tmugh/Middle Bank area Qucen Charlone Sound. British Columbia; Geological 
Survey of Canada, Opcn File 1420. 

Maps of an area in southern Hecate Shait based on high-resolution seismic profiles. 
acoustic reflection data. and core and grab samples. Shows potential geologic hazards to 
dcvclopment. 

I,uternauer, J.L. and Cnnway, K.W. 
1986: Extensive postglacial debtis flow on the central continental shell'ol'f British 

Columbia; Geological Survey of Canada. Open File 1235: 2 sheets. 
Core data and Huntec deep-tow seismic records are used to delineate deposits from a 
submarine slope failure in Queen Charlotte Sound. 



Luternauer, J.L. and Murray, J.W. 
1983: Late Quaternary morphologic development and sedimentation. central British 

Columbia continental hhelf: Geological Su~vcy of Canada. Paper 83-21. B8 p. 
Published version of Luternauer (1972) and the first detail4 study of the morphology 
and sediments of part of the British Columbia continental shelf: contains much data. Queen 
Charlotte Sound is dominated by banks capped with sand and gravel. and troughs 
f l o o ~ d  with gravel. sand. and mud. Most major morphological fenturcs were probably 
sculpted by groonded ice. The ocea~iographic regirllc which prevailed when sea level 
\\>as lower than at present controlled the formation of secondary features. 

Luternauer, J.V., Barrie, J.V., Conway, K.W., and Caltagirone, A. 
1990: Surficial Geology of the Queen Charlotte Basin: Hecate Strait-Queen Charlotte 

Sound; Geological Survcy of Canada, Open File 2195.8 maps at 1 :250 000. 

Luternauer, J.V., Barrie, J.V., Conwny, K.W., and CaJtagirone, A. 
1990: Surficial Geology of the Queen Charlotte Basin: Queen Charlotte Sound; Ge- 

ological Survey of Canada. Open File 2196. 8 maps at 1:250 000. 
Together with the three open files by Barrie, Luternaucr, and Conway, these open filcs 
provide a substantial body of' data for the continen~al shelf of wcslem C;~n;~da. The var- 
ious maps show geuphysical survey track lines; seabed sampling, photography and cur- 
rent mcur stations. suficial sediment grain size data, and suficial features and geohwAuds. 

Luternauer, J.L., Clague. JJ., Conway, K.W., Barrie. J.V., Blaise, B., and 
Mathewes, R.W. 
1989: Late Pleistocene ten.estrial deposits on the continental shelf of western Cana- 

da: evidence for rapid sea-level change at the cnd of the last glaciation; Gwl- 
ogy. v. 17, p. 357-360. 

New evidence indicates that large areas of the B.C. continental shelf. including much 
of Hecate Strait, were subaerially exposed 1 1-12 ka down to the prescnt95-m isobath. 

Luternauer, J.L., Conway, K.W., Clague, JJ.. and Rlaise, B. 
1989: Lnte Quaternary geology 2nd geochronology of' central continental shelf oft' west- 

ern Canada; Marine Geology. v. 89. p. 57-68. 
Piston cores and high-resolution seisnuc profiles from three troughs in Queen Charlotte 
Sound were used to identify five postglacial units. Results confirm that sea level wns 
lower than at present between about 12.9 and 10.2 ka. 

MacKenzie, J.D. 
1914: South-central Graham Island. B.C.: Geological Survey of Canada. Summary 

Repon. 1913. p. 34-54. 
Prelimintuy results of MacKenzie's first summer of field work: superseded by MacKenzic 
(1916). 

MacKenzie, J.D. 
1915: Graham Island. British Columbia: Geological Survey of Canada. Summary Re- 

port. 1914, p. 33-37. 
Shon note on MacKenzie's second summer of field work: superseded by MacKenzie 
(1916). First use of the term Etheline Formation. 

MacKenzie, J.D. 
1916: Geology of Graham Island, British Columbia; Geological Survey of Canada. 

Memoir 88,221 p. Contains Map 176A, Graham Island (l:253 440) and Map 
177A, Southern Portion of Graham Island ( l :  126 720). 

An excellent report, the most comprehensive since Dawson, with a good map at 4 miles 
to the inch of Graham Island. MacKenzie proposed a number of new stratigraphic 
names (Maude, Yakoun, Masset. and Skonun) that are still in use. He divided the Van- 
couver Group on Graham Island into two formations: the Lower Jurassic and possibly 
Triassic Maude Formation and the Middle Jurassic Yakoun Formation. He divided the 
Tertiary rocks of Graham Island into three units: the Eocene Etheline Formation, the 
Pliocene-Miocene Skonun Formation, and the Pliocene Masset Formation. He was the 
first to note that the Tertiary volcanic rocks are of more than one age. 

Mackie, DJ., Clowes, R.M., Dehler, S.A., Ellis, R.M., and Morel-h-I'Hussier, P. 
1989: The Queen Charlotte Islands refraction project. Part U. Swctural model for tran- 

sition from Pacific plate to Nonh American plate; Canadian Journal of Earth 
Sciences. v. 26. p. 1713-1725. 

Gives a velocity model for lithospheric structure beneath Queen Charlotte lslands and 
Hecate Strait. Crust is thin (2 1-27 km) beneath queen Charlotte Islands. The Moho be- 
neath Hecate Strait dips 4' eastward as the crust thickens to 32 km. 

Macauley, G. 
1983: Source rock-oil shale potential of the Jurassic Kunga Formation. Queen Char- 

lotte Islands: Geological Survey of Canada, Open File 921. 
Report on source rock-oil shale potential of the Jurassic Kunga Formation. Contains core 
descriptions, Rock-Eval pymlysis data and XRD data. Contains a map of Skidegate Inlet 
and southern Graham Island showing outcrop and borehole locations with thermal 
maturation levels, and estimates the economic potential for each area. 

Macauley, G., Snowdon, L.R., and Ball, F.D. 
1985: Geochemistly and geological factors governing exploitation of selected Cana- 

dian oil shale deposits; Geological Survey of Canada. Paper 85-1 3.65 p. 
Pages 45-50 treat h e  Kunga Formation. Contains data on mineralogy, organic geochemistry 
and petrology, and kerogen-pyrulyzate-oil characteristics. 

Mandy, J.T. 
1934: Gold-bearing black-sand deposits of Graham Island, Queen Charlotte Islands; 

Canadian Institute of Mining and Metallurgy. Transactions. v. 37, p. 563-572. 
General description and possible methods of recovery. 

Martin, H.A. and Rouse, G.E. 
1966: Palynology of Late Tertiary sediments from the Queen Charlotte Islands, 

British Columbia: Canadian Journal of Botany, v. 44, p. 171-208. plates. 

The first detailed palynological study ofthe Skonun Formation. l h e  asse~nblages sug- 
gest a late Miwene to early Plioccnc age; climatic conditions were hurnid and more tcm- 
perate than at present. Much system:ltic paleontology. 

Mathewes, R.W. 
1989: Paleobotany of the Queen Charlotte Islands: in The Outer Shores: based on the 

proceedings of the Queen Charlone Islands First International Scientific Syni- 
posium, University of British Columbia. August 1984. G.G.E. Scudderand N. 
Gessler (ed.). Queen Charlottc Islands Museum Press, p. 75-90. 

Review anicle, with emphasis on the Tertiary and (particularly) Pleistocenc. 

Mathewes, R.W. and Clague, J.J. 
1982: Smtigraphic relationships and paleoecology of a late-glacial peat bed from the 

Queen Charlotte Islands, British Columbia; Canadian Journal of Eanh Sciences, 
v. 19. p. 1 185-1 195. 

Gives pollen zones and 13 radiocarbon dates from sea cliffs on northern Graham Island, 
with a discussion of the zlacial rcfugium contmvcrsy. 

McConnell, R.G. 
1910: Texada Island and Morcsby 1.iland. B.C.: Gcological Survey ot Canedn. Sum- 

mary Rcpon, 1909. p. 69-83. 
Half the paper describes mineral deposits on Moresby Island. 

McLearn, EH. 
1927: Some Canadian Jurassic faunas; Royal Socicty of Canada. Transactions, 3rd 

Scrics. v .  21. sec. IV, p. 61-73. 
Three pages of this paper are McLearn's first contribution to Jurassic paleontology on 
the Queen Charlotte Islaods. Deals summarily with the Yakoun and Maude groups in 
Skidegate Inlet. 

McI.earn, F.H. 
1929: Contributions to the stratigraphy and palaeontology of Skidegate Inlet. Queen 

Charlotte Islands. B.C.; Geological Survey of Canada, Museurn Bulletin 54. 
p. 1-27. 

Systematic descriptions of ammonites from the Yakoun Group, collected by McLearn 
in 1921. 

McI.earn, F.H. 
1930: Notes on some Canadian Mcsozoic Pdunas: Transactions of the Royal Society 

of Canada, 3rd Series. v. 24, sect. 4. p. 1-7. 
A discussion of the age of the Maude Fol-mation with the assessment that i t  is of Toar- 
cian agc. New species of ammonites are described. 

McLearn, F.H. 
1932: Contributions to thc stratigraphy and palaeontology of Skidegate Inlet, Queen 

Charlotte Islands, B.C. (continued); Royal Society of Canada. Transactions. 3rd 
Series, v. 26, sec. IV, p. 51-80, plates. 

Continues the systematic ammonite descriptions begun in McLearn (1929). 

McLearn. F.H. 
1949: ~"rassic formations of Maude Island and Alliford Bay, Skidegate Inlet, Queen 

Charlotte Islands, British Columbia; Geological Survey of Canada, Bulletin 12, 
19 p. 

A summary of work to 1948 on Jurassic stratigraphic nomenclature and paleontology 
of the Skidegate Inlet area. 

McLearn, F.H. 
1963: Note on Anagaudryceras sacya (Forbes): The Canadian Field-Naturalist, v. 77, 

no. 2, p. 126- 127. 
Note describing the morphology of specimens of this Cretaceous ammonite From the Queen 
Charlotte Islands. 

McLearn, F.H. 
1972: Ammonoids of the Lower Cretaceous sandstone member of the Haida Formation, 

Skidegate Inlet, Queen Charlotte Islands, western British Columbia; Geolog- 
ical Survey of Canada. Bulletin 188.78 p,, plates. 

Descriptions of sections and ammonites collected by McLearn and earlier workers 
from the Haida Formation in Skidegate Inlet. 

McWhae, J.R., Ross, R., and Ross, K. 
1988: Evolution and hydrocarbon potential of Queen Charlotte Basin, Canada; Amer- 

ican Association of Petroleum Geologists, Bulletin. v. 72. p. 222. 
Abstract; treats the Queen Charlotte Basin as a complex Tertiary rift basin with exten- 
sive coeval volcanics. 

Moslow, T.F., Barrie, J.V., and Luternauer, J.L. 
1989: Sedimentary facies of a high-energy tide-dominated continental shelf, western 

Canada: in Modern and Ancient Examples of Clastic Tidal Deposits-A Core 
and Peel Workshop, G.E. Reinson (ed.). Canadian Society of Petroleum Ge- 
ologists. Second International Research Symposium on Clastic Tidal Deposits. 
Calgary, August 22-25. 1989, p. 25-36. 

Six sedimentary facies were identified in vibracores from Holocene deposits on sand 
ridges and medium- to large-scale bedforms on the tide-dominated continental shelf in 
Hecate Strait. 

Moslow, T.F., Luternauer, J.L., and Conway, K.W. 
1989: Neotectonics and sedimentation panem. in Moresby Trough. cenlral continental 

shelf of western Canada; in Current Research. Pm H, Geological Survey of Cana- 
da. Paper 89- I H. p. 135- 140. 

High resolution seismic profiles suggest Quaternary faulting along the northwest mar- 
gin of Moresby Trough. Faulting appears to be syndepositional and possibly listric nor- 
mal. The largest offset seen is 2.5 m. 



Offshore Suweys and Positioning Services Ltd. 
1985: Nearshore sedimentation and recent tectonics. Virago Sound, northern Graham 

Island. Queen Charlotte Islands. British Columbia: Geological Survey of 
Canada, Open File 1157. 

Three maps at 1 :25 000 of Virago Sound: surficial geology, scabed morphology, md 
bathymetry. 

Offshore Surveys and Positioning Services Ltd. 
1986: Bathymetry, surficial sedi~nents and seabcd morphology off northwestern 

Grahaln Island, Queen Charlotte Islands. Bnt~sh Columbia; Geological Survey 
of Canada, Open File 1280. 

Three maps at 1 :50 O(K) of nonhwestcrn Grahani Island: surfic~al geology, seuhed nior- 
phology and bathymet~y. 

PBlfy, J., McFarlane, R.B., Smith, P.L., and Tipper, H.W. 
1990: Potential for ammonite biostratigraphy ofthc Sinemurian pan of the Siaidilands 

Formation, Queen Charlotte Islands. British Columbia; in Current Rescarcli, 
Pan F. Geological Survey of Canada, Paper 90- l F. p. 47-50. 

Preliminary results indicate the presence of a complete Sinemurian smtigraphic section. 

Patterson, R.T. 
1988: Early Miocene IO Quatemluy foraminifera fmm rhree weUs in the x~uthem Queen 

Charlotte Basin; Geological Survey of Canada. Open File 1985. 
Foq-two spccies of benthic and planktic foraminifera wen: recovered fro~ii the Shell 
Anglo Murrelet L-15. Harlequin D-86, and Osprey D-36 wells: includes eavironmen- 
tal and age interpretations and a correlation chan. 

Patterson, R.T. 
1988: Early Miocene to Quaterniuy foraminifera from three wells in the Queen 

Charlotte Basin off the coast of British Columbia; in Sequences. Stratigraphy. 
Sedin~cntology: Surtace and Subsurface. D.P. Jams and D.A. Leckic (ed.). Cruia- 
dian Society of Petroleum Geologists, Mcmoir 15, p. 497. 

Abstract with summary correlation chart, based on Pattcr~on (1985:~). 

Patterson, R.T. 
1989: Neogene foraminiferal biostratigraphy of thc southern Quecn Charlota Basin: 

in Contributions to Canadian Paleontology. Geological Survcy of Canada, 
Bulletin 396, p. 229-265. 

Published version of Patterson (1985a), with correlation charts. plates. 

Pessagno, E.A., Jr. and Blome, C.D. 
1980: Upper Tri~ssic and Jurassic Panlanelliinae from California, Oregon and British 

Columbia: Micropaleontology, v. 26, p. 225-273. 
Includes taxonomic descriptions of Upper Norian radiolarians fhm the "black limestone" 
member (Peril Formation) on Kunga Island. 

Pesagno, E.A., Jr. and Whalen, P.A. 
1982: Lower and Middle Jurassic radiolaria (multicynid Nassellariina) fmm California, 

east-central Oregon and the Queen Charlottc Islands. B.C.: Micropaleontolo- 
gy, v. 28. p. 11 1-169. 

Taxonomic study of Heniuigian and Sinemurian radiolana from the S;mdilands Fonnation 
at Kunga Island. 

Pessagno, E.A., Jr. and Whalen, P.A. 
19% Juraxsic Na~sellariina from North American geologic tenanes: Bulletins of Amer- 

ican Paleontology, v. 91, no. 326.75 p. 
The pan dealing with the Qucen Charlotte Islands treats the taxonomy of the Hettan- 
gian and Sinemurian radiolarians frnm Kunga Island. 

Pessagno, E.A., Jr., Blome, C.D., Carter, E.S., MacLeod, N., Whalen, P.A., and 
Yeh, K.-Y. 
1987: Preliminary radiolarian zonation for the Jurassic of Nonh America; itr Stud- 

ies of Nonh American Jurassic Radiolarin, Pan 2. Cuslunan Foundation for 
Foraminiferal Research, Special Publication no. 23, p. 1-18, 

Pam dealing with the Hettangian. Sinemurian, and Toarcian are based on material from 
the Queen Charlottes. 

Pike, CJ. 
1986: A seismic refraction study of the Hetate sub-bas~n. Brit~sh Columbia; MSc. 

thesis, University of British Columbia. 133 p. 
Preliminary study of upper cmstal velocity structure beneath Hecate Strait. Velocities 
near 6 km/s are reached by 5 km depth and velocities near 6.5 km/s arc interpreted at 
7 km depth. 

Poulton, T.P. 
1981: Stratipphic distribution and taxonomic notes on biv;dvcs of the Bathonitan and 

Callovian (Middle Jurasic) Upper Yakoun Fonnation. Queen Charlonc Islands, 
British Columbia; it1 Current Research. Part B. Geological Survey of Cunada, 
Paper81-IB. p. 63-71. 

Preliminary repon includes biostratigr;~phy and taxono~nic descriptions of Middle 
Jurassic bivalves. Report was prepared as a companion to the biostratigraphic report by 
Tipper and Cameron (1980). 

Riccardi, A.C. 
1981: An Upper Cretaceous ammonite and inoceramids frorn the Honn;~ Fonnation, 

Queen Cbarloue Islands. British Colurnbia: in Current Research. Pall C, Gc- 
ological Survey of Canada, Paper 81-IC. p. 1-8. 

New ammonite and mollusc collections from the lower parr of Ihe Honna Formation and 
the upper part of the Haida Formation suggests the absence of a prolonged hiatus be- 
tween the two units and confirms their partial interlingering. 

Richardson, J. 
1873: Report on the coal-fields of Vancouver and Qucen Charlone Islands: Geolog- 

ical Survey of Canada, Repon of Progress for 1872-1873, p. 32-65. 

The first geological study of the Quecn Charlotte Islands (p. 56-65). Richardson spent 
twelve days on the islands in 1872. mostly evaluating the coal potential in the mines at 
Cowgitz. Howcver. he also made brief examinations of the shoreline along Skidegate 
Inlet and Channel. He divided the "coal bearing rucks of the Queen Charlotte Islands" 
into three sedimcntaly unia which together lie in a north-south trough bounded to the 
west by a "high range of volcanic rocks". He did not suggest an age for the volcanic rocks 
but assigned a Jurassic-Cretaceous age to the coal-bearing rocks. 

Riddihough, R.P. 
1982: Contempor:~ry niove~iietits and tectonics on Canada's west coast: a discussion; 

Tectonophysics, v. 86. p. 3 19-34 1. 
Tidal records and geodetic surveys show consistent patterns of contemporary uplift (2 
mdyear) on the outer coast and subsidence (I -2 mrnlyear) on the Inner coast. The "hinge 
line" runs through Hecate and Cicorgia s1r;lits. 

Rogers, C.C. 
1982: Revised seismicity and revised fi~ult plane solutions for the Queen Charlotte 

Islands region; Earth Physics Branch, Open File 82-23. 57 p. 
A revised seismicity pattern, based on data from 1900 to 1980. Large eanhquakes 
show a strong correlation with the Queen Charlotte Fault scarp and little or 110 seismicity 
on other major fault systems on the islands. The distribution of large earthquakes along 
the Queen Charlotte Fault suggests that two major seismic gaps may be prescnt. There 
have been no confirmed large earthquakes in Hecate Strait or Queen Charlotte Sound. 

Rogen, G.C. 
1987: Seismic gaps along the Queen Charlot~e fault; Earthquake Prediction Re- 

scarch. v. 4. p. I - 1 I. 
Points out that there is a seismic gap at the south end of the Queen Charlotte fault and 
that a previously suggested seismic gap just nonh of the Queen Charlotte Islands was 
~ncluded in the 1940 mpturc. 

Rohr, K. and Dietrich J.R. 
1990: Dccp scisrnic survey of the Qucen Charlotte Bas~n; Gcological Survey of 

Canada, Opcri File 2258.7 sheets. 
Reflection data, both stacked and migrated. for 7 lines In Qucen Charlotte Sound and 
Hccate Suait. 

Rohr, K.hl.hl., Spence, G., Asudeh, I., Ellis, H., and Clowes, R. 
1989: Seismic reflection and refraction experiment in the Queen Chxlone Basin, British 

Columbi:~: in Current Research, Pan H, Gcological Survey of Canada. Paper 
89-1 H, p. 3-5. 

Outlines data collection procedures for the 1 100 km of data obtained from 8 lines in 1988. 

Samson, J. 
1984: An overview of coastal and marine gold placer occurrcnccs in Nova Scotia and 

Bntish Columbia; Departments of Energy, Mines and Resources and Indian and 
Nonhem Affairs, Canadian Oil and Gas Lands Adm~nistralion, Ocean Mining 
Divisior~ Document 1984-3. 

Pngeh 107-134 contain ;in excellent review of what is known about the black-sand beach 
deposits on the Queen Charlottes. 

Sangster, D.F. 
1964: The contact mnetasomatic rnagnaitc deposits of southwestern British Columb~;i; 

Ph.D. thesis. University of British Colun~bia, Vancouver, 266 p. 
Although mainly concerned with Vancouver Island, this thesis contains descriptions and 
interpretations of the main Fe-Cu skarn deposits on the Queen Charlotte Islands. 

Sangster, D.F. 
1969: The contact metasom;~tic magnetite deposits of southwestern British Columbia; 

Geological Survey of Canada, Bulletin 172, 82 p. 
' l l~e  published vcrsion of Sa~igstcr (1969). 

Sawyer, R. (compiler) 
1989: Physiography, Dixon Enuance -Hecate Strait; Geological Survcy of Cnnada. 

Map 1.1989 (1:250000). 

Sawyer, B. (compiler) 
1989: Physiography. Graham Island---D~xon Entrance: Geological Suntcy of Cana- 

da. Map 2-1989 (1:250 W). 

Sawyer, B. (compiler) 
1989: Physiography, Hecate Strait-Queen Charlotte Sound; Gcological Survey of 

Canada. Map 3-1989 (1 250  000). 

Sawyer, B. (compiler) 
1989: Physiography. Moresby Island-Hecate Strait; Geological Survey of Canada, 

Map 4- 1989 ( l  :250 000). 

Sawyer, B. (compiler) 
1989: Physiography. Quecn Charlotte Sound: Geological Survcy of Canada, Map 5- 

1989 (1:250 000). 
'niesc five excelleat rnaps show bathy~nctry and topography for Queen Charlone lslands 
and Basi11, pans of mainland British Columbia, and the Pacific Ocean immediately west 
of Queen Charlotte Islands. Bathymetry is shown with 5 m contours where space allows 
and 50 m elsewhere. Land elevations are shown with 50 m contours. The contours have 
been "illuminated from a westerly direction. 

Seemann, D.A. and Tiffin, D.L. 
1980: Physiography ofDixo11 Entrance and apprwaches, British Columbia and Alas- 

ka; Geological Survey of Canada, Open File 684. 1 map. 
Bathymetric map (l  :250 000) of Dixon Entrance. 



Seemann, D.A., Collins, A., and Sweeney, J.F. 
1988: Gravity measurements on the Quecn Charlotte Islands. British Columbia; in 

Current Research, Part E, Geological Survey of Canada, Paper 88- 1 E, p. 283- 
286. 

Preliminary results of the 1987 field survey on Gtaham Isli~nd, with some data. 

Shen, K., Champigny, N., and Sinclair, A..J. 
1982: Fluid inclusion and sulphur isotope data in relation to gencsis of the Cinola gold 

deposit. Queen Charlotte Islands. B.C.; in Geology of Canadian Gold Deposits. 
R.W. Hoddcr and W. Pemk (ed.). Canadian Institute of Mining and Metallurgy. 
Special Volume 24. p. 255-257. 

Ore fluids have low salinities and low CO, contents, suggesting that the fluids originated 
from pore water in the Skonun Formation. Mineral deposition occurred at about 160 and 
270°C. 

Shouldice, D.H. 
1971: Geology of the western Canadian cootincntal shell; Bulletin of Canadian 

Pekoleum Geology, v. 19, p. 405-436. 
This impol-tant paper discusses Tertiary stratigraphy and basin geometry of the Queen 
Charlone and Tofino basin using geological and geophysical data collected by Shell Cana- 
da during the 1960s. Tertiary volcanism in the Queen Chctrlone basin was follou,ed by 
successive per~(ds of subsidence and sedimentation followed by uplift and erosion. 

Shouldice, D.H. 
1973: \Vestcm Canadian Continental Shelf; in The Fumre Pevoleum Provinces of Cana- 

da - Their Gcology and Potential. R.G. McCrossan (ed.), Canadian Society of 
Petroleum GeologisLs, Memoir l. p. 7-35. 

Essentially the same paper as Shouldice (197 1 ). 

Smith, P.L., Tipper, H.W., and Phlfy, J. 
1990: Lower Jumsic biosmtignphy of the Fannin and Ghost Crcck forn~ations. Kunga 

Island, British Columbia; ill Current Research. Part F, Geological Survey of 
Canada, Paper 90- l F. p. 5 1-54, 

Brief description ofa new smtigraphic section spanning h e  boundary between the Kunga 
and Maude groups. 

Smith, P.L., Tipper, H.W., Taylor, D., and Guex, J. 
1988: An ammonite zot~alion for the Lower Jurassic of Canada and the United States: 

the Pliensbachian; Canadian Journal of Earth Scicnces, v. 25. p. 1503-1523. 
This paper is based on data from thmughout western Norh Amcrica. Slratotypes for three 
of the five proposed ammonite zones in the Pliensbachian are in Fannin Bay on the Quccn 
Charlotte Islands. The paper outlines the biostratigraphy of the Ghost Creek, Rennell 
Junction. and Fannin formations. 

Smith, U.K. 
1965: Glacio-marine forminifera of British Columbia and southeast Alaska; PhD. 

thesis, University of British Columbia, Vancouver, 228 p. 
Includes systematic descriptions of foraminifera from two samples from easlem Gra- 
ham Island. 

Snavely, P.D., Jr., Tif f i ,  D.L., and Tompkins, D.H. 
1980: Seismic reflection profiles acmss the Queen Charlotte Fault Zone, Dixon En- 

trance, Canada-United States; United States Geological Survey. Open File 
80- 1063. 

A profile extending west from near 123"W. 54O40.N; no interpretation. 

* Snavely, P.D., Jr., Wagner, H.C., and Tompkins, D.H. 
1981: Preliminary geologic interpretation of a seismic reflection profie acmss the Queen 

Charlotte Island fault system. Dixon Entrance, Canada-United States; United 
States Geological Survey, Open File 81-299. 

Snowdon, L.R., Fowler, M.G., and Hamilton, T.S. 
1988: Progress report on organic geochemistry. Queen Charlotte Islands, British 

Columbia; in Current Research, Part E, Geological Survey of Canada. Paper 
88-18. p. 251-253. 

Study of the source rock potential of various rock units. Rock-Eval/T'OC analyses by 
Macaulcy (1983) were rerun and new samples were analyzed: some data. 

Souther, J.G. 
1988: Implications for hydrocarbon exploration of dyke emplacement in the Queen 

Charlotte Islands, British Columbia; in Current Research, Part E, Geological 
Survey of Canada, Paper 88-IE, p. 241-245. 

First preliminary report on dyke swarms, discussion regional distribution. age and as- 
sociation, lithology, structural implications, thermal envimnmenL and effects on hydrocarbon 
source rocks. 

Souther, J.G. 
1989: Dyke swarms in the Queen Charlone Idands. British Columbia; in Current Re- 

search. Part H. Geological Survey of Canada. Paper 89- IH, p. 1 17- 120. 
Preliminary report on second summer of field work, describing systematic regional vari- 
ations in orientation and chemical composition. The patterns are consistent with extension 
and dyke emplacement related to dcxtral movements along the western margin of 
Queen Charlotte Basin. 

Souther, J.G. and Bakker, E. 
1988: Petrography and chemistry of dykes in the Queen Charlotte Islands, British 

Columbia; Geological Survey of Canada. Open File 1833, 1 sheet. 
Reconnaissance petrography and chemistry (22 whole-rock analyses) of dykes from six 
swarms. 

Stacey, H.A. 
1975: Structure of the Queen Charlotte Basin; in Canada's Continental Margins and 

Offshore Petroleum Exploration. C.J. Yorath. E.R. Parker, and D.J. Glass 
(ed.). Canadian Society of Petroleum Geologists, Memoir4. p. 723-741. 

A review of the available geophysical data, including that from Shell Canada, with em- 
phasis on gravity data. Suggcsls that Tertiary volcan~cs and sediments that floor the basin 
are underlain by volcanics such as the Karmutsen Formation in the north and sediments 
such as the Nanairno Group in the south. 

Stacey, R.A., Boyd, J.B., Stcphens, L.E., and Burke, W.E.F. 
1973: Gravity measurements in British Columbia. wlth maps 152. 153. 154 and 

155; Earth Physics Branch. Gravity Map Series. 
Map 152 (l:  l 000 000) covcrs the Queen Charlonc Islands, Hccate Strait, Queen Char- 
lotte Sound. and the adjacent niainlaod. Text describes data collection and reduction mcth- 
ods. 

Stacey, R.A. and Stephens, L.E. 
1969: An intclpret;~tion of gravity measurements on the west coast of Canada; Cana- 

dian Joutnal of Earth Sciences. v. 6, p. 463-474. 
Regional grav~ty studies show a positive Bouguer anomaly along the continental mar- 
gin. A negative anomaly along the Coast Mountains is attributed to thickening of the 
crust beneath the mountains. On the eastern side of Qucen Charlotte Islands and in Hecate 
Sfnit an Queen Charlotte Sound the average Bouguer anomaly is roughly mro, with local 
anomalies superimposed on 11 fairly flat gravity field. 

Sutherland Brown, A. 
1966: Tectonic history of the Insular Belt of British Columbia; in Tectonic History 

and Mineral Deposits of thc Weslem Cordillera. Canadian Institute of Mining 
and Metallurgy, Special Volume 8. p. 87-100. 

Summary paper with many figures; leans heavily on the author's work on Queen Char- 
loue Islands. 

Sutherland Brown, A. 
1968: Gcology of the Queen Charlone Islands, British Columbia: British Columbia 

Depanment of Mines and Petmleum Resources. Bulletin 54. 226 p. Contains 
Figure 5, shee~s A. B. and C. Geology of the Qucen Charlone Islands (l: 125 WO). 

This superb report, based on careh1 field work from 1958 to 1965, remains the stan- 
dard reference to the geology of the Queer1 Charlotte Islands. The geological map re- 
mains the only one to give colnpletc coverage of the islands. Sutherland Brown revised 
and refined thc stratigraphy, introduced the stratigraphic terms Kunga and Longami. and 
gave an integrated tectonic history for the area. He recognized a pattern of major. 
northwest-[rending faults: these were active since at least Early Cretaceous time and com- 
bine srrihc-slip and normal, east-side-down motion. There is extensive treatment of the 
glacial history of the islands, and the last third of the volume describes the known min- 
eral and hydrocarbon deposits on the islands. 

Sutherland Brown, A. and Jeffery, W.G. 
1960: Preliminary geological map. southern Queen Charlone Islands; British Columbia 

Department of Mines. 
Preliminary map (at 1:125 000) of the Queen Charlotte Islands south of 53". with 
notes, based on field work in 1958 and 1959. Introduces the term Kunga Formation for 
the Upper Triassic sedimentary sequence. Superseded by Sutherland Brown (1968). 

Sutherland Brown, A. and Nasmith, H. 
1962: The glaciation of the Queen Charlotte Islands; The Canadian Field-Naturalist, 

v. 76, p. 209-219. 
Well-illustrated paper; data indicate that almost the entire land area of the Queen Char- 
lotte Islands was ice-covered during Wisconsin time. 

Sutherland Brown, A., Yorath, CJ., and Tipper, H.W. 
1983: Geology and tectonic history of the Queen Charlotte Islands, Geological Association 

of Canada, Annual Meeting, Victoria, Field Trip Guidebook, Trip 8,21 p. 
Guidebook covering Graham Island and the northern part of Moresby Island. Reviews 
the stratigraphy. structure. and current tectonic models. 

Sutherland Brown, A. and Yorath, CJ. 
1989: Geology and non-renewable resources of the Queen Charlotte Islands; in The 

Outer Shores: based on the proceedings of the Queen Charlotte Islands First 
International Scientific Symposium, University of British Columbia. August 
1984, G.G.E. Scudder and N. Gcssler (ed.), Queen Charlotte Islands Museum 
Press, p. 3-26. 

A review for informed lay readers of the geology of the Queen Charlotte Islands. De- 
spite the 1989 date, the paper is badly out of date. Excellent photographs and diagrams. 

Sweeney, J.F. and Seemann, D.A. 
1989: Gravity measurements over the Burnaby Island pluton, Queen Charlotte Islands, 

British Columbia: in Current Research. Part H. Geological Survey of Canada, 
Paper89-1H.p. 113-115. 

A local gravity anomaly of about -8 to - I  I mGal indicates that the Bumaby Island plu- 
ton has steep sides and is smaller than suggested by the strong magnetic anomaly high 
measured over the pluton. 

Taite, S. 
1990: Observations on structure and slratigraphy of the Sewell Inlet-Tasu Sound area, 

Queen Charlone Islands. British Columbia; in Current Research. Part F, Ge- 
ological Survey of Canada, Paper 90-IF, p. 19-22. 

Preliminary report on stratigraphy and structure in this area. 

Tatham, R.H. and Savlno, J.M. 
1974: Faulting mechanisms for two oceanic earthquake swarms; Journal of Geophysical 

Research, v. 79, p. 2643-2652. 
Uses long-period surface waves from earthquake swarms to infer that motion on the Queen 
Charlotte fault was dominantly strike-slip. 



Thompson, H.I. 
1988: Late Trixssic through Crctauous geulogical evulutic~n. Queen Ch:irlonc Islands, 

Br~tish Columh~a; it1 Current Research, Part E. Geological Survcy of Canada. 
Paper 88-IE, p. 217-219. 

Preliminary report, based 011 1987 field work. Upper Triassic and Lowcr Jurzssic 
Kunga and Maude groups wcrc deformed in midJurassic tin~e. Since then, uplift, ero- 
sion and deposition associated \\#id1 the formation of successor basins was accompanied 
by threc episodes of contri~ction t'aulling. No cvidencc of significi~nt strikc $lip-fault- 
ing was found. 

Thompson, R.I. and Thorkelson, D. 
1989: Regional mapping update, central Quccn Ch;ulottc Isla~lds, British C:olumbia; 

irr Current Research. Part H, Geological Survcy of Canada. Papcr 89-1 H, p.7- 
I I. 

Folding occurred prior to. or during, Middle Jurassic volcanism. and after deposition 
of Upper Cretaceous Honna conglomerate. Block faults were active from Middlc Juras- 
sic to late Teniary. Ncither the Rennell Sound fold belt nor the nonhem strands of the 
Louscoone Inlet Fault were zones of significant strike-slip faulting during Tertiary 
time. 

Timn, D.L. and Currir, R.G. 
1975: Magnetic anomaly with respect to lGRF 1966.0. Quccn Charlottc Sound, 

British Columhia; Geological Suncy of Canxda. Operi File 393. 
Map at 1 :SW 000. 

TifTin, D.L. and Seemann, D.A. 
1975: Bathymctry map of thc continental margin of western Canada; Gcologia~l Sur- 

vey of Canada. Open File 301. 

Timms, C.E. 
1989: The origin and tectonic setting ot Tow Hill. Quecri Charlotte Islands: BSc. the- 

sis. McMaster University. Hamilton. Ontario. 78 D. 
Field and petrographic descriptions of Tow Hill, and 10 wholc-rock chemical analyscs 
for major. trace, and rare earth elcrnents. 'Ilic f11)ur or sill formed in a rift cn\'irr~n~nent. 

Tipper, 1I.W. 
1989: Lowcr Jurassic (Hcttangian ;ind Sinenlurian) hiostratigraphy, Qucen Char- 

lotte Islands. British Columhia: it1 Currcnt Rcscarch, Part H. Geological Sur- 
vey of Canada. Paper 89- I H. p. 3 1-33. 

An expsurc of Siuldil;ulds Fomiation at Kemlecott Point spans the Triassic-Junssic bound- 
ary. Lower, Middlc, and Upper Hettangian ammonites appear to he present. 

Tipper, H.W. and Cameron, B.E.B. 
1980: Slratigraphy and paleontology of the Upper Yakoun Formation (Jurassic) in Al- 

liford Bay Syncline. Qucen Charlotte Islands. British Columbia: bi Current Rc- 
search. Part C, Geological Survey of Canada. Papcr 80-IC, p. 37-44. 

Mainly bioswdtigraphy of the sedimentary pan of thc Yakoun, with short sections on 
structure and regional correlations. 

Tipper, H.W. and Carler, E.S. 
1990: Evidence for defining the Triassic-Jurassic boundary at Kennecott Point, 

Queen Charlottc Islands. British Columbia; in Current Research, Part F, Ge- 
ological Survey of Canada. Paper 90-IF, p. 37-41. 

A minor disturbance within sediments of the Sandilands Formation probably represents 
the Triassic-Jurassic boundary. 

Vellutini, D. 
1988: Organic maturation and source rock potential of Mesozoic and Tertiary stra- 

ta, Queen Charlotte Islands, British Columbia; MSc. thesis. University of 
British Columbia. Vancouver. 262 p. 

A vitrinite reflectance and Rock-Eval study of Mesozoic and Tertiary strata, contain- 
ing much useful data. The level of organic maturation (%Rorand) decreases from 2.40- 
5.80 for Upper Triassic and Lower Junssic strata on Moresby Island to 0.15-2.43 for 
Cretaceous and Tertiary strata on Graham Island. Mean total organic carbon contents 
are generally low (0.06%) to moderately high (3.6%) and are locally higher in the black 
limestone member of the Kunga Group and in the Sandilands and Ghost Creek forma- 
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Vellutini, D. and Bustin, R.M. 
1988: Preliminary results on organic maturation of the Tertiary Skonun Formation. 

Queen Charlotte Islands, British Columbia; in Current Research, Pan E, Ge- 
ological Survey of Canada, Paper 88-IE, p. 255-258. 

Preliminary results of vitrinite reflectance studies. The Skonun is generally immature, 
except in the Port Louis well and lower pans of Tow Hill well. 

Warner, B. 
1984: Late Quaternary paleoecology of eastern Graham Island. Queen Charlotte Is- 

lands, British Columbia. Canada; Ph.D. thesis, Simon Fraser University, Bum- 
aby, 186 p. 

Late Wisconsinan glaciation by local ice on the Queen Charlotte Islands was weak, glaciers 
on eastern Graham Island were receding by 16 ka. Ice-free conditions before 16 ka and 
the possible existence of a subaerial platform in adjacent Hecate Strait support but do 
not prove the presence of a biotic refugium during late Wisconsinan time. 

Warner, B.G., Clague, JJ., and Mathewes, R.W. 
1986: Geology and paleoecology of a mid-Wisconsin peat from the Queen Charlotte 

Islands, British Columbia, Canada; Quaternary Research, v. 21, p. 337-350. 
Radiocarbon dates from a peat bed in east-central Graham Island indicate that it was de- 
posited during the mid-Wisconsin nonglacial interval. This is the first documented 
mid-Wisconsin organic deposit in northern coastal B.C. 

Warner, B., Mathewes, %?V., and Clague. JJ. 
1982: Icc-fm conditions on b c  Queer1 Charlottc Isl:mds, British Colurnhia, at the height 

of late Wisconsin glac~:~tion; Science. v. 21 8. p. 675-677. 
New radiocarbon datcs and plant macrofossils establish that parts of the islands were 
icc-frec during and suhscqucnt to the late Wisconsin glacial maxiinurn on the Pacific 
CV'BSI. 

Wetmiiler, 3-1. 
1971: An ui~rrhquakc swan11 (In thc Queen Charlottc I\lands Racturc Znnc; Bulletin 

of thc Seismological Society of America, v. 61. p. 1489-1505. 
Analysis of an canhquakc swarm that c~ccurred during August 1967 shows that the cpi- 
centrcs arc associatcd with the Explorer Trench and thc Queen Charlottc Islands Frnc- 
ture Zonc. 

Whalea, P.A. 
1985: Lower Jur~ssic radiolarian bic~mtigraphy of the Kunga Formation. Queen Char- 

lottc Islands. and the San Hipolito Formation, Baja California Sur: Ph.D. thc- 
sis. University of Texas at Dallas. 453 p. 

Uescrihes rad~ol:~rian faunas recovered th)m the black argillite member of the Kunga 
Group (Sand~lands Formation) and proposes a detailed Hcttangian to Slncmurian radi- 
olarian  ona at ion. 

White, J.M. 
1320: Evidence of Palcogcnc sedi~ncntatior~ on Grahan~ Island. Qucen Charlotte Is- 

lands, West roast. Canada; Canadian Journ:iI of Eanh Sciences. v. 27, p. 533- 
538. 

Unnamed sedilnents from Skidcgatc lnlct and in the Union Port Louis \\,ell arc proba- 
bly Early Eoccne to Eiuly Oligocene. 

\ifhiteaves, :.F. 
1876: On \o~ne invertehr;~tcs frnrn thc c~~nl-hearing rocks of thc Queen Charlottc Is- 

lands, collcctcd hy Mr. James Richardson in 1872: Geological Survey of 
Canada, Mesozoic Fossils, v. I ,  Part I, p. 1-92, plates. 

This is thc first section of Whiteaves' five-part treatise on Mcsozoic fossils. three pans 
of which deal with the Queen Charlotte Islands. In this paper. he reported on Rich;udson's 
fossil collecti~~ns from thc Quecri Charlotte Islands. Although Whiteaves rcalizcd that 
some of the fossils had Jurassic ailinitie.;, he failed to recognize the mixed nature of 
Richardson's fauna1 collections. 

* Whiteaves, J.F. 
1883: On the Lowcr Cretaceous rocks of' British Columhia: Proceedings and Trans- 

actions of the Roy;~l Society ol'Canada. v. I, sec. [V, p. 81-86. 3 figures. 
Contains descriptions of Lower Cretaceous fossils from various areas of British 
Columhia. and discusses hut does not dcscrihc fossils fro~n thc Quccn Charlone Islands. 
Whitc;ivcs defincd the middle Cxtaceous Queen Chwlone Group as co~nprislng thc come 
co~iglornerdtcs. lower shulcs ;md sandstones, a ~ l ~ ~ ~ n c r a t e s ,  and lower sandstones of Ddw- 
son (1880). 

Whiteaves, J.F. 
1884: On the fossils of the coal-bearing deposits of the Queen Charlone Islands col- 

lected by Dr. G.M. Dawson in 1878; Geological Survey of Canada, Mcsozoic 
Fossils, v. 1, Part 3, p. 191-262, plates. 

Descriptions and illustrations of Dawson's fossil collections. The repon further enforced 
the idea that the "coal-bearing" rocks were a conformable sequence of Cretaceous age. 
"By far the largest number of fossils collected by Dr. Dawson. however, consisting of 
upwards of one thousand specimens, are from the Newer Mesozoic strata of Skidegate 
and Cumshewa inlets, which can now be shown to be Cretaceous rather than of Juras- 
sic age." (p. 192). 

Whiteaves, J.F. 
1893: Descriptions of two new species of ammonites from the Cretaceous rocks of 

the Queen Charlotte Islands: Canadian Record of Science, v. 5, no. 8. p. 441- 
446. 

Descriptions of two specimens from Skidegate Inlet. 

Whiteaves, J.F. 
1900: On some additional or imperfectly understood fossils fmm the Cretaceous rocks 

of the Queen Charlotte Islands. with a revised list of the species from these rocks, 
Geological Survey of Canada. Mesozoic Fossils. v. I. Part 4. p. 263-307. 
plates. 

Descriptions and illustrations of fossils collected from Skidegate and Cumshewa inlets 
by the anthropologist C.F. Newcombe. Whiteaves stuck to his conviction that the fos- 
sils were Cretaceous in age. He also revised his identifications of Richardson's and Daw- 
son's collections from possibly Jurassic forms to Cretaceous on the basis of the better 
material supplied by Newcombe. 

Wiese, W. 
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northern Queen Charlone Sound; BSc. thesis. University of British Columbia, 
Vancouver. 78 p. 

Grain-size analysis of some bottom samples collected by J.L. Lutemauer for his Ph.D. 
thesis. 

Wynne, PJ. and Hamilton, T.S. 
1989: Polarity and inclination of magnetization of the Masset Formation from a 

deep drill hole on Graham Island, Queen Charlotte Islands. British Columbia; 
if1 Cur~ent Research, Part H, Geological Survey of Canada, Paper 89-IH, p. 81- 
86. 

The Bow Valley-Naden Harbour drillhole contains (from bottom to top) reversed, 
mixed, and normal polarity packages. The mean inclination of the undeformed pans of 
the section is not significantly different from the inclination of the cratonic reference 
paleopole for the Early Miocene. 
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Columbia: lithofacies. p l c~ ru l~en t  and pcmgnphic analyses of sedimcnb: Ph.D. 
thesis, University of Toronto. Ontario. 

Detailed scdimentological study of the Haida and Honna formations. The Haida con- 
sists ol'a lower sandy membcr (nearsliorc deposits) and an upper shaly member (basin 
plain. submarine fan deposits). The Honna consists of submarine fan conglomerates. Pa- 
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fnrm;~tions In the Quccn Charlotte Islands, Brili5h Columbia, Cnnada; Sedi- 
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The published version of Yagishita's thesis. Hor~na and Haida sandstones show cchr- 
acteristics of mature are provenance. The Honna sandstones are more feldspathic and 
less quartrose than the Haida and contain a greater proportion of volcanic nxk fragments. 

Yorath, C.;. 
1988: Petroleum geology of'rhc C:iu~:~di;~n Pacific continental margin; it1 Geology and 

Resource Potcnt~;~l of the Continental Margin of Western North A~iicr~ca ilnd 
adj;scnt Oceiui Basins - Bc;~ufon Sea to Baja Cdiforniir. D.W. Scholl, A.  Gr,int~ 
and J.G. Veddcr (ed.). Circum-Pacific Council for Encrg)' and Minenl Resources 
Eanh Science Scries, v. 6, p. 233-304. 

Thorough rev~cw of the models for evolution of the margin that were the convention- 
al wisdom prior to thc beginning of the present Frontier Gcosciencc Pn)grm, based Iarg- 
ly on Yorath and Chase (198 I) and Yorath and Hyndman (1983). Includes a discussion 
of hydrocarbon potential. 

Yorath, C.J. and Cameron, B.E.B. 
1982: Oil off &e west coast:': Depanment of Energy. Mines and Resources. GEOS, 

Depanment ot Encrpy, Mincs iind Rcsources, Ottaw;~, v. I I ,  no. 2, p. 13-15. 
Non-technic;~l discussion of oil potential of Queen Charlotte Basin. 

Yorath, C.J. and Chase, X.L. 
1981: Tectonic hlatoly ofthe Queen Charlotte Iqlandn and :~cI,jnccnt areas - a nlodel: 

Canad~an Journal (if Earth Scicnccs. v. 1 R, p. 17 17- 1739. 
An influential paper in which the suture between Wr;mgllia and the AlcxandcrTerane 
is interpreted to follow thc Sandspit and Rennell Sound faults and thcir cxtcnsiun 
southeast intu Hecate Smit. Suturing is represented by Latc Jurassic plutons('?) and Early 
Cretaceous clastic rocks. Middle to late Tertiary rifting in Quecn Charlotte Sound oc- 
curred above a niantlc plume, resulting in strike-slip nio\remcnt and subsidence in 
Queen Charlotte Sound. 

Yorath, C.J. and Hyod~r~an, R.D. 
1983: Suhsidcnce and therrnal lhislory of Quccn Charlotte Baain; C;~nodian J(~or;i;il 

of Eal-th Scienccs. v. 20, p. 135- 151). 
An influential paper that g~ves n model in which Queen Charlotte Basir~ resulted frurn 
rwo distinct mechanisms. First, a period ol'broad reglonal uplift, rifling. and crust:~l cs- 
tension ending  bout 17 Ma ago created e significant thermal anomaly and a restricted 
deep basin as a result of crustal thinning and thennal cooling. Second. oblique undcr- 
thrusting along the continental margin began about 6 Ma ago resulting in flexural up- 
lifi of the western part of the Queen Charlotte Islands and companion subsidence in Hecate 
Strait and Quecn Charlotte Sound. 

Yorath, C.J., Woodsworth, G.J., Xiddihoogh, N.?., Currie, R.C., Hyndman, 
R.D., Rogers, GC.,  Seemann, D.A., and Collins, A.W. 
1935: Continent-Ocean Trnnsect B I: Intermontarn: Bclt (Skecna Mountains) ro In- 

sular Belt (Queen Charlotte Islands): Geological Saciety of America, Ccntcn- 
riiiil Continent/Oce;~n Transect 8. 

Poster format :~t l :l  000 000 sc;lle. Conipil;~tion and interpl.etation of tlie data currcnt- 
ly available on the Quecn Clvarlotte Islands. lncludes maps (geologic, magnctic. grav- 
ity, srismicity. bathymctric and heat llow) and profiles (gravity and geology). Text con- 
tains tectonic model. 

Young, G.A. and Uglow, W.L. 
1926: The iron ores of Canada, Volume I: British Colu~nbia and Yukon: Geologi- 

cal Sulvey of Canada, Economic Geology Sel-ier, no. 3. 253 p. 
Pages 27.5 1 descr~bes the magnetite deposits on thc Quecn Charlotte Islands. 

Young, I.F. 
1981: Stmcture ofthe western margin of the Queen Charlone Basin. British Colunibi;~: 

M.Sc. thesis. University of British Columbia, Vancouver. 380 p. 
Synthesis based on high-resolution scis~nic and magnetic profiling, sca bottom samples. 
gravity surveys, K-Ar dating, and unpublished data. Interprets tlie Meso~oic and Ceno- 
zoic history of the region in terms of a wrench-fdolt model. Contains a useful listing of 
all K-Ar dates from the Queen Charlotte Islands and Hecate Strait. 

Young. I.F. and Cha.se. ::.L. 
1977: Marine geological-gcopliysical study: southwcstcrn Hcc;~tc Strait, British 

Columh~:~; in Rcpo1.1 of Activities. P;rt A, Gcoloxical Survcy of Canada. 
Paper 77- I A. p. 3 15-3 1 R. 

Preli~t~inary result5 and interpretitlions of continuoos scism~c retlection profiles, bathy - 
metric and magnetic data. Supcrscded hy Young (198 I ). 

Young, 1.F.and Chase, R.L.. 
1977: Gravity and seismic reflection profiles ovrr the Sandspit fault. Queen Charlotte 

Islands (l03GII E): it1 Geological Fieldwork, 1976, British Columbia Ministry 
of Mines and Pemleum Resources. p. 59-64. 

Data suggest up to 1500 m of east-side-d0w.n displacement on the Sandspit fault. Su- 
perseded by Young (1981). 

Zavorai, D.%., Campanella, R.(;., and I.uternauer, J.L. 
1989: Geotechnical properties of sediments on the cenmal continental shelf of wcst- 

em Canada: br Current Resc:uch. Pan H, Geological Survey of Canada, Papcr 
89-IH, p. 141-148. 

Studies of piston core sa~nples from Queen Charlotte Sound indicate that niost slopes 
it% statically stable. However, some ofthe sedinicnt has a low plasticity index, indici~ting 
p)ssiblc buxcptibility to liqucfaclion. klaiy suhm:mne slopeh rnay Ilicrcfon: be dynamically 
u~isti~blc. 
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Canadian Journal of Earth Sciences, v .  16. p. 387-399. 

Reconnaissance Rh-Sr and I:-Pb dating of'plutons in the west-central part ofthe Coast 
ivlni~ntains. 
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ogy and Gcothcrmal Rcsci~rch. v. 26. p. 75-97. 

M:i,jor and rritcc element chemistry. K-.4rdatcs, Sr and 0 isotopic analyses for these Late 
Mioccne-Plitrene volcanics along the trace ol'the subducred Juan de Fuca-Explorer plate 
edge. 
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of Canada, Memoir 372, 122 p. Contains Map\ 1327A and 1328A. Geology. 
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Rcconnaissance mauuinr ol this area cast and southeast of Hectlte Strait. . .  - 
Berg, ELi:., Elliott, ILi.., and Koch, 3.D. 
1988: Gcologic niap of the Ketchikan nnd Prince Rupert quadrangles, sourheastern 

Alaska; United States Geological Suwcy. Map I-1807. 
Map (1:250 000) and pamphlet giving bedrock geology of this region northeast of 
Dixon Entrance. Good refcrcncc list. 

Iserg, H.C.,Jones, XI,., and Richter, D.H. 
1972: Ciravina-Nut~otin hclt: tectonic significance of an upper Meso~oic sedi~ncn- 
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Geulogic;~l Sume). Professional Papcr 800-D, p. DILD24. 

An imponant papel-; intcq)rets lhis Jura-Cretaceous sequence as an arc-rclated, overlap 
asscmhlagc. 

Bevier, M.I.., Armstrong, R.I.., and Souther, J.G. 
1979: Mioccne peralkulinc volcanism in wcst-central British Columbia-. -its tempo- 

ral and plate-tectonic setting; Geology. v. 7, p. 389-392. 
Miwene to Quaternary volcanism in the Anahini Volcanic Bclt may be reluted to a man- 
tle hot spot. 

iiornhnld, B.D. and Yora:ii, D.;. 
1984: Surticid geology of the continenl;~l shell; northwestern Vi~ncouvcr Island: 

Marine Geology. v. 57, p. 89- 1 12. 
Based largely on bottom hamples and seismic profile\; treats the area northwest of north- 
ern Vancouver Island. 

Brew, D.A. and Ford, A.R. 
1978: Megalincament in southcastcrn Alnska marks southwest edge of Coast Rang  

hatholithic complex: Canadian Joum;~l of Eanh Sciences. v. IS, p. 1763-1772. 
Description of this important longitudinal tectonic featurc that scpantes the western and 
central pans of the Coast Plutonic Complex. 

Brew, D.A. and Knrl, S.M. 
19811: A rcexamination of the contacts and other fcatures of the Gravina Belt, south- 

castern Alaska: it! Gcologic studies in Alaska by the U.S. Geological Survey 
during 1987. J.P. Gallow:~y and T.D. Hamilton. (ed.), United States Geologi- 
cal Survey, Circular 1016, p. 143-146. 

Questions tlie concept of the Gravina-Nutn)tin Belt as an overlap assemblage. 

Bmw, D.A. and Morrell, R.P. 
:983: Intrusive rocks and plutonic belts of southeastern Alaska. U.S.A.: in Circutn- 

Pacific Plutonic Terranes, J.A. Roddick (ed.). Geological Society of America. 
Memoir 159. n. 171-193. . . 

Rcview of plutonic history of soi~theast Alaska. 

Brew, D.A., Ovenshine, A.T., Karl, S.M., and Hunt, S.J. 
1984: Reliniinary recnmaiss;mce geologic tiii~p of the Petersburg and parts of the Port 

Alexander and Sumdurn 1 :250 MM quadrangles, southeastern Alaska; United 
States Geological Survey, Open-File Rcport 84-405. 

Rcconnaissance bedrock mapping and regionit1 correlations. with a good reference list. 

Butler, it.$., (;ehrels, G.E., McClelland, W.C., May, S.H., and Klepacki, D. 
1989: Discordant paleonragnetic poles froni the Canadian Coast Plutonic Complex: 

regional tilt rather than large-scale displacement: Geology. v. 17. p. 69 1-604. 
Argues for some 30' of northeast-side-up tilting rather than large-xalc tnnscurrent dis- 
placement to explain the data of Irving et al. (198.5) and Symons ( 1  977a. 1977b). 



Ckrhotte. S.M., Dixon, J.M., Farrar. E., Davis, E.E., andRiddihough, R.P. 
1989: Geological and geophysical characteristics of the Turn Wilson Seamounts: im- 
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plorer triple junction; Canadian Journal of Earth Sciences. v. 26. p. 2365-2384. 
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to other offshore work. 

Coles, R.L. and Currie, R.G. 
1977: Magnetic anomalies and rock rnagnetizations in thc southern Coast Moun~ains, 

British Columbia: possible relation to subduction; Canadian Journal of Eanh 
Sciences, v .  14. p. 1753-1770. 

Description and interpretation of a large-scale. positive magnetic anomaly in the west- 
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Crawford, M.L. and Hollister, L.S. 
1982: Contrast of metamorphic and structural histories across the Work Channel lin- 

eament, Coast Plutonic Complex. British Columbia; Journal of Geophysical Rc- 
search, v. 87. p. 3849-3860. 

Important study contrasting the core and western belts of the Coast Plutonic Complex 
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Crawford, M.L., Hollister, I,.S., and Woodsworth, G.J. 
1987: C~ustal defamation and regional memorphism across a t e m e  bounday. Coast 

Plutonic Complex. British Columbia; Tectonics, v. 6, p. 343-361. 
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Douglas, BJ. 
1986: Defonnational history of an outlier of merasedimentary rocks, Coast Pluton- 

ic Complex, British Columbia. Canada; Canadian Journal of Earth Sciences. 
v. 23, p. 8 13-826. 

Metamorphic and structural history of an area northeast of Princc Rupert. 

Eberlein, G.D. and Churkin, M,, Jr. 
1970: Paleozoic stratignphy in the northwest coastal area of Princc of Wales Island. 

southeastern Alaska; United States Geological Survey, Bulletin 1284. 67 p. 
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Hutchison, W.W. 
1982 Geology of the Prince Rupert-Skecna tnap area; Geological Survey of Cana- 

da. Memoir 394. 1 16 p. Contains Map 1472A. Geology, Prince Rupen-Skeena 
(1 :250 000). 

Reconnaissance bedrock mapping of the coast and islands east of Dixon Entrance; 
mucli excellent descriptive material. 

Irving, E., Woodsworth, G.J., Wynne, PJ., and Morrison, A. 
1985: Paleoniagnetic evidence for displacement from the south of the Coast Plulon- 

ic Complex, British Columbia: Canadian Journal of Eanh Sciences. v. 22, p. 
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New data froni southwest B.C. and reinte~pretation of Sy~nons' data. 

Johnson, S.H., Couch, R.W., Gemperle, M., and Banks, E.R. 
1972: Seismic refraction measurements in southeast Alaska and western Bntish 

Columbia: Canadian Journal of Earth Sciences, v. 9. p. 1756-1765. 
Seismic refraction studies suggest that the crust is 30 km thick along the mainland coast 
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Jones, D.L., Silherling, NJ., and Hillhouse, J. 
1977: Wrangellia-a displaced (erane in northwestcm North America; Canadia~i Jour- 

nal of Eanh Sciences. v. 14, p. 2565-2577. 
Oftcn-quoted paper defining Wrangellia: includes Queen Charlotte Islands. See Gard- 
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A transect along the highway cast of Prince Rupen; the only study of its kind in the Coast 
Plutonic Complex. 

Muller, J.E. 
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Canadian Journal of Earth Scienccs, v. 14. p. 2062-2085. 
Tectonic internretation of the Insular Belt. w~th emohasis on Vancouver Island. 

Ettlinger, A.D. and Ray, G.E. Muller, J.E., Northcotc, K.E., and Carlisle, D. 
1989: Precious nlelal enriched skarns in British Columbia: an overview and gcolog- 1974: Geology and mineral deposits of Alert-Cape Scott map-area. Vancouver Island. 
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Geological Survey Branch, Paper 1989-3. 128 p. Map 2-1974, Geology of Alert Bay-Cape Scott map-area (1:250 000). 

Brief descriptions of the deposits on Banks Island; notes on deposits on Queen Char- bedrock mapping of this area at north end of Vancouver Island. 
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Gardner, M.C., Bergman, S.C., Cushing, G.W., MacKevett, E.M., Jr., Plafker, 
Nelson, J. 

C., Camphell, R.B., Dodds, C.J., McClelland, W.C., and Mueller, P.A. 1979: The westcrn margin ol' the Coast Plutonic Complex on Hardwicke and West 

1988: Pennsylvanian pluton stitching of Wrangellia and the Alexander Terrane. 
Thurlow islands. British Columbia; Canadian Journal of Eanh Scienccs, v. 16, 

Wrangell Mountains. Alaska: Geology, v. 16. p. 967-971. 
p. 1166-1175. 

Shows that Wrangellia and the Alexander l'errane wcre contiguous during the Middle Nature of the bounda~y between the lnsular and Coast belts. east of Vancouver Island. 
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Gareau, S.A. 1972: Separation and history of the Chatham Suait fault. southeast Alaska. North Amer- 

1989: Me~amorphism. deformation and geochmnology of the Ecstall-Quaal rivers area, ica; 24th International Geological Congress. 24th Session. Montreal. Section 

Coast Plutonic Complex. British Columbia; in Current Research. Part E. Ge- 3, Tectonics. p. 245-254. 

ological Survey of Canada, Paper 89- 1 E, p. 155- 162. Summary of motion on this important strike-slip fault in southeast Alaska. 
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