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Update on the Frontier Geoscience 
Program, Queen Charlotte Islands, 

British Columbia 

R.I. Thompson 
Cordilleran and Pacific Geoscience 

Division, Vancouver 

Thompson. R. I . ,  Update on the Frontier Geoscience 
Program, Queen Charlotte Islands, British Columbia; fi 
Current Research, Part H ,  Geological Survey of Canada, 
Paper 89-IH, p. 1-2, 1989 

The Queen Charlotte Frontier Geoscience Program 
(QCFGP) is on time and on budget. Our primary objective 
is to produce a compilation of results in 1989. The report 
will contain an extensive and current database, com- 
plimented by summary interpretations. 

Significant progress continues on all fronts. The reflection 
and refraction experiments were completed successfully; 
data processing is in progress and we look forward to initial 
interpretations of deep basin structure as well as a better 
understanding of the geometry and extent of structures in 
Cretaceous and Tertiary strata. Our understanding of onland 
geology continues to expand ; we have a better appreciation 
of the styles and timing of deformation, and we are begin- 
ning to understand how structures influenced stratigraphic 
evolution. Heatflow measurements, dyke and pluton 
studies, vitrinite reflectance measurements, and conodont 
colour alteration measurements, provide a comprehensive 
database for the evaluation of thermal history ; reassessment 
of vitrinite reflectance values on cuttings from offshore 
wells is about to commence. In places, basal beds of the Cre- 
taceous Haida Formation are a good potential reservoir; 
efforts are now focused on relating this to structural and 
stratigraphic features and projecting them offshore. 
Onshore exposures of the Tertiary Skonun Formation have 
been examined in detail and new sedimentological interpre- 
tations presented. Hazards to development, such as shallow 
gas, recent faulting, and unstable slopes, are being evalu- 
ated on a regional basis using shallow seismic techniques in 
combination with sidescan sonar surveys; geotechnical 
properties of seafloor sediments are being measured to fur- 
ther assess slope stability in the event of an earthquake. 

The program has evoked interest from many Queen 
Charlotte Islands residents ; concern has been expressed by 
the Haida, the Islands Protection Society, the Earth Life 

Mis h jour du Programme 
gbscientifique des regions 

pionnii!res, iles de la 
Reine-Charlotte, 

Colombie-Britannique 

R.I. Thompson 
Division gbscientifique de la Cordillkre 

et du Pacifique, Vancouver 

Thompson R. I., Mis li jour du Programme gkoscientifique 
des rkgions pionnitres, iles de la Reine-Charlotte, 
Colombie-Britannique; d s  Recherche en cours, partie H ,  
Commission gc!ologique du Canada, ~ t u d e  89-IH, p. 1-2,  
1989. 

Le Programme gkoscientifique de la rCgion pionnikre de 
la Reine-Charlotte se dtroule dans le respect de 1'CchCancier 
et du budget. L'objectif premier est de produire une compi- 
lation des rksultats en avril 1989. Le rapport comprendra 
une base Ctendue de donnCes B jour complCtCe par des inter- 
prttations sommaires. 

Des progrbs importants sont accomplis sur tous les 
fronts. Les experiences de &flexion et de rCfraction ont it6 
complCtQs avec succks; le traitement des donnkes est en 
cours et permettra des interprktations initiales de la structure 
des bassins profonds tout en assurant une meilleure connais- 
sance de la g6omCtrie et de 1'Ctendue des structures des cou- 
ches du CrCtacC et du Tertiaire. La connaissance de la 
gCologie continentale progresse ; les styles et la chronologie 
de la dCformation sont mieux saisis et l'on commence B com- 
prendre comment les structures ont influence 1'Cvolution 
stratigraphique. Les mesures du flux de chaleur, les Ctudes 
de dykes et de plutons, les mesures de la rCflectance de la 
vitrinite et de I'altCration de la couleur des conodontes cons- 
tituent une base Ctendue de donnCes pour l'tvaluation des 
antecedents thermiques; une rCCvaluation des valeurs de 
rCflectance de la vitrinite dans les dCblais de forage de puits 
au large des c8tes est sur le point de dCbuter. Par endroits 
les couches de base de la formation crCtacCe d'Haida consti- 
tuent de bons rCservoirs poeentiels; les efforts sont mainte- 
nant centres sur la mise en relation de ces connaissances 
avec les entitCs structurales et stratigraphiques et le prolon- 
gement de ces dernibres en direction du large. Les affleure- 
ments sur le rivage de la formation tertiaire de Skonun ont 
CtC examinks de manibre detaillee et de nouvelles interprkta- 
tions ~Cdimentologiques ont CtC prbenties. Les dangers 
pour la mise en valeur, comme la prCsence de gaz B faible 
profondeur, la formation rkcente de failles et des pentes ins- 
tables, sont CvaluCs sur une base regionale par des mkthodes 



Canada Foundation, and local fishermen over potential 
harm that might come from offshore seismic reflection 
studies. We are sensitive to these concerns and funded a 
regional survey of planktonic species as the first step toward 
establishing a reliable database showing the density and type 
of lifeforms in the upper part of the water column. We are 
grateful to the Department of Fisheries and Oceans for man- 
aging this study. Concern for the environment continues to 
be part of the Frontier Geoscience Program mandate ; to that 
end we monitor seismic activity on a continuing basis to bet- 
ter assess what effect earthquakes might have on seabed 
stability. 

sismiques B faible profondeur combinCes B des levCs au 
sonar B balayage latCral; les propriCtCs gCochimiques des 
sCdiments du fond marin sont mesurCes afin de mieux Cva- 
luer la stabilitk des pentes e'n cas de sCisme. 

Le programme a suscitC un intCrCt chez un grand nombre 
des rCsidents des iles de la Reine-Charlotte; les Indiens 
Haida, la M Islands Protection Society )), la c< Earth Life 
Canada Foundation,, et des pecheurs locaux ont exprim6 
leur inquiCtude quant aux effets nuisibles des Ctudes de sis- 
mique rCflexion en haute mer. Nous sommes sensibilisks B 
ces prCoccupations et nous avons financC un relevC rtgional 
des espbces planctoniques B titre de premibre Ctape de 1'Cta- 
blissement d'une base de donntes fiables montrant la densit6 
et la diversit6 des formes de vie dans la partie supCrieure 
de la colonne d'eau. Nous exprimons nos remerciements au 
ministbre de PCches et OcCans pour la gestion de cette Ctude. 
Un intCrCt pour l'environnement reste intCgrC au Pro- 
gramme des rCgions pionnibres ; B cette fin 1'activitC sismi- 
que est surveillCe de manibre continue pour mieux Cvaluer 
l'effet que pourraient avoir des sCismes sur la stabilitC du 
fond marin. 



Seismic reflection and refraction experiment in the Queen 
Charlotte Basin, British Columbia1 

K.M.M. Rohr, G. Spence, I. Asudeha, R. Ellis3, and R. Clowes3 
Cordilleran and Pacific Geoscience Division, Sidney, B. C . 

Rohr, K.M.M.,  Spence, G., Asudeh, I., Ellis, R., and Clowes, R., Seismic reflection and refraction 
experiment in the Queen Charlotte Basin, British Columbia; & Current Research, Part H, Geological 
Survey of Canada, Paper 89-IH, p. 3-5, 1989. 

Abstract 

Eleven hundred kilometres of seismic reflection and refraction data were collected from eight lines 
in the Queen Charlotte Basin. Data were recorded for 14 seconds at a sample rate of 4 ms; shot spacing 
of 45 m resulted in 40-fold data. Over 90 000 seismograms were recorded by seismometers placed on 
the Queen Charlotte Islands and the mainland; arrivals were detected at distances as much as 120 km. 
Processing and interpretation of the data are in progress. 

Des donnkes de sismique rkflexion ont ktt? recueillies le long de neuf lignes sur mille cent kilomttres 
duns le bassin de la Reine-Charlotte. Les donne'es E'taient enregistrkes pendant 14 secondes d un taux 
d'kchantillonnage de 4 ms; les tirs ktaient espacks de 45 m et ontproduit des donnkes suivant une couver- 
ture de 40 plis. Plus de 90 000 sismogrammes ont kt& enregistrks par des sismomttres placb duns les 
iles Reine-Charlotte; les premitres ondes ont t?tk captE'es 2 une distance aussi kloignke que 120 km. Le 
traitement et l'interprktation des donnkes sont en cours. 

' Contribution to Frontier Geoscience Program 
Lithosphere and Canadian Shield Division, Ottawa 
Department of Geophysics and Astronomy, University of British Columbia, Vancouver, B.C. V6T 1W.5 



As part of the Frontier Geoscience Program in the Queen 
Charlotte Basin a seismic experiment was undertaken in July 
1988 (Fig. 1). It was a reconnaissance survey designed to 
map the structural style of the sedimentary basin, to identify 
major crustal structures, and to use these features to 
interpret the tectonic history of the region. 

The Queen Charlotte Basin was explored in the early 
1970s and eight wells were drilled offshore. Up to 5000 m 
of sediments were drilled; basement is not always easily 
observed in the old seismic data. Sediments are 5 Ma old 
and younger in Hecate Strait which was thought by Yorath 
and Hyndman (1983) to have formed by plate flexure caused 
by oblique strike-slip faulting. In Queen Charlotte Sound 
sediments as old as 15 Ma were drilled ; according to Yorath 
and Hyndman (1983) these may have been deposited during 
rifting as the Anahim hot spot passed by. Our seismic lines 
were placed over the old wellsites to allow correlation of 
reflectors with drilled units. Line 7 was extended north to 
cross a prominent magnetic anomaly and line 3 was placed 
over a large gravity anomaly on the continental shelf. Line 9 
was shot for free while the ship was in transit and should 
elucidate structure of the active spreading centre offshore. 

Figure 1. Location of seismic lines in Queen Charlotte 
Basin. 

Seismic reflection data were collected to delineate struc- 
ture ; refraction data were collected simultaneously to meas- 
ure seismic velocities and structure. These data combined 
with other studies in the region will provide insight into the 
architecture and history of the basin. The purpose of this 
paper is to describe the field operations and give a brief 
description of the data-set and the status of data analysis. 

Eleven hundred kilometres of seismic reflection data 
were collected in two and a half weeks. Geophysical 
Services Inc. of Calgary (GSI) was the contractor; we used 
their Canadian vessel, the Edward 0. Vetter. Navigation 
with Loran C was shaky to start with; but improved once 
a new receiver was obtained. Transit satellites and GPS 
were used whenever possible for more accurate positions. 
Tidal currents created noise on hydrophones near the boat 
and made the streamer feather, i.e. travel at an angle to the 
vessel. Slowing the boat down to 3.5 or 4.0 knots reduced 
noise, which can be further dealt with during processing. 

The specifications for shooting were designed to image 
the deep crustal structure as well as the upper sedimentary 
units. We used a tuned 6400 cubic inch array of 64 airguns 
which were towed at a depth of 12 m in an 80m-wide config- 
uration. The streamer was 3600 m long and consisted of 
240 digital groups, each 15 m long. Ten birds or levellers 
with compasses were placed along the streamer; they kept 
the streamer within a metre of its desired depth of 12 m. 
Data were recorded for 14 s at a sample rate of 4 ms; shot 
spacing of 45 m resulted in 40-fold data. 

Data processing is underway at GSI in Calgary. Shot- 
points have been f-k filtered to attenuate water-born noise; 
brute stacks have been made for all lines. Signature and 
spiking deconvolution have been applied to compress the 
source wavelet and attenuate water multiples ; velocity ana- 
lyses are underway. The brute stacks show good arrivals 
from the sedimentary section, basement, the lower crust, 
and Moho. 

Refractions and wide-angle reflections from the airgun 
shots were recorded on land seismographs distributed 
around Hecate Strait and Queen Charlotte Sound (Fig. 1). 
The  Lithoprobe digital seismographs provided by 
Geophysics Division, Ottawa were deployed at eleven sites, 
and FM analog systems from the University of British 
Columbia recorded arrivals at 9 sites. Each airgun line was 
recorded at one digital and one analog site off the landward 
ends of the line and at nearby offline or broadside sites. The 
shot trigger system on board the Vetter was tied into a GOES 
satellite receiver clock so that absolute shot times could be 
determined. Up to 10% of the shot times were not recorded 
due to equipment problems; the missing times will be inter- 
polated based on an alignment of refracted arrivals. 

Fifty-one digital seismographs were available for the 
project. They recorded 1 Hz geophones at 120 samples per 
second storing 1 Mbyte or 1.2 hours of data in their solid 
state memory. Instruments recorded 40 second windows 
separated by 40 second gaps; this effectively doubled the 
elapsed time covered. As a special experiment, line 6 at its 
western end was recorded continuously. Arrivals out to 
30 km were also recorded using radio telemetered 
sonobuoys at two sites: the northern end of line 2 and the 



western end of line 6. The signal was received on board the 
ship and was recorded digitally. Delays in starting the work 
crippled the OBS portion of the experiment which finally 
died when 7 of 8 instruments failed to return to the surface. 

Processing of the refraction data entails digitization of 
the data recorded on the UBC instruments, determination of 
missing shot times and translation of digital data to SEGY 
format. Once digital data are available, band pass filtering 
and binning the data can be done. Replays of some of the 
data show that arrivals as far as 200 km away were recorded 
by the seismographs. 

To summarize, we successfully completed a major 
seismic experiment in the Queen Charlotte Basin. Eleven 
hundred kilometres of multi-channel seismic reflection data 
were collected while seismometers on land recorded all lines 
for a total of over 90 000 seismograms. Our first glimpses 
of the data are encouraging ; interpretation and integration 
with other data sets in the region are underway. 

REFERENCE 

Yorath, C.J. and Hyndman, R.D. 
1983: Subsidence and thermal history of Queen Charlotte Basin; Cana- 

dian Journal of Earth Sciences, v. 20, p. 135-159. 





Regional mapping update, central Queen Charlotte 
Islands, British Columbia1 

R.I. Thompson and D. Thorkelson2 
Cordilleran and Pacific Geoscience Division, Vancouver 

Thompson, R.I. and Thorkelson, D.,  Regional mapping update, central Queen Charlotte Islands, 
British Columbia; Current Research, Part H, Geological Survey of Canada, Paper 89-IH, p. 7-11, 
1989. 

Abstract 

Two fold episodes have been identified. The first occurred prior to, or during, the start of Middle 
Jurassic Yakoun volcanism; the second occurred in Lute Cretaceous or early Tertiary, afer  deposition 
of Upper Cretaceous Honna conglomerate. Block faults were active from Middle Jurassic until late 
Tertiary. 

Neither the Rennell Sound fold belt nor the northern strands of the Louscoone Inlet Fault were zones 
of significant, right-lateral, strike-slip displacement during Tertiary time. 

The southwestern side of the Rennell Sound fold belt contains slices of Triassic Karmutsen volcanics 
imbricated with limestone and siltstone of the Kunga Group (Upper Triassic and Lower Jurassic). The 
belt crosses Louise and Moresby islands and does not support a simple, west-side-up, flexural model 
for Tertiary evolution of Hecate Strait. 

The eastern side of the Rennell Sound fold belt parallels an older block fault. The largest and tightest 
Late Cretaceous and/or Tertiary folds were, in part; controlled by pre-existing block faults. 

Deux dpisodes de plissement ont kt6 identifib. Le premier s 'est de'roulk avant, ou pendant, le ddbut 
du volcanisme ayant produit la formation de Yakoun au Jurassique moyen; le deuxigme est survenu pen- 
dant la fin du Crdtace' ou le ddbut du Tertiaire, apr2s le ddpdt du conglome'rat de la formation d'Honna 
au Crdtact supe'rieur. Des blocs faillts e'taient act@ du Jurassique moyen jusqu'a la fin du Tertiaire. 

Ni la zone orogtnique de la baie Rennel, ni les extrdmitds septentrionales de la faille du bras Luscoone 
n'dtaient des zones de difcrochement late'ral dextre important pendant le Tertiaire. 

Le cbte'sud-ouest de la zone de plissement de la baie Rennel renferme des lames de roches volcaniques 
triassiques du groupe de Karmutsen imbrique'es de calcaires et d'aleurolites du groupe de Kunga (Trias 
supdrieur et Jurassique infLrieur). Lu zone traverse les iles Moresby et Louise et ne corrobore pas un 
modile de plissement simple avec le cbte' ouest dirigd vers le haut pour l'e'volution du de'troit d'Hdcate 
au Tertiaire. 

Le cBtC oriental de la zone de plissement de la baie de Rennel est paralltle a un bloc faille'plus ancien. 
Les plus grands et les plus serre's des plis de la fin du Crttace' et du Tertiaire, ou des deux e'poques, 
e'taient en partie contr6lks par des blocs faille's prbexistants. 

' Contribution to Frontier Geoscience Program 
Department of Earth Sciences, Carleton University and Ottawa-Carleton Geoscience Centre, Ottawa, Ontario, KIS 5B6 



INTRODUCTION 

Detailed geological mapping was extended southward, 
beyond the limits of 1987 work (Thompson, 1988) to 
include the Cumshewa Inlet area, northern and western 
Louise Island, and the area near Lagoon and Sewell inlets 
(Fig. 1,2). Compilation of results from 1987 and 1988 field 
seasons is nearing completion; maps will be published at 
1 :50 000 scale together with cross-section interpretations, 
and derivatives such as structure contour and isopach maps. 

This program was begun for three reasons: 1) to apply 
the excellent biostratigraphic data base that continues to be 
refined ; 2) to construct detailed geometrical interpretations 
and assess whether, in similar geological circumstances, 
stratigraphic and or structural hydrocarbon traps could be 
expected in the offshore, beneath Hecate Strait; and 3) to 
test and jmprove (or replace) existing interpretations of 
Queen Charlotte geological history. We have covered a 
small area despite six months of field work. But the new, 
more constrained map patterns are contributing to geologi- 
cal interpretations significantly different from those previ- 
ously published (e.g. Yorath and Chase, 1981 ; Yorath and 
Hyndman, 1983; Yorath, 1988). 

Figure 1. Location map showing extent of new mapping 
(within dashed line) on northern Moresby Island. 

The mapping program combines two approaches: 
Thompson is responsible for continuity and regional cover- 
age; Lewis (Ph.D. Candidate, University of British 
Columbia) has focused on the geometry and kinematics of 
structural development through detailed mapping and analy- 
sis of key areas (Lewis and Ross, 1988,1989). The mapping 
program expanded in 1988 when J. Hesthammer and 
J.  Indrelid (M.Sc. candidates, University of British 
Columbia) began detailed mapping and structural analysis 
of central Graham Island (Hesthammer and Indrelid, 1989). 

Higgs (1988) published a summary of the tectonic setting 
and structure of the Queen Charlotte Islands without incor- 
porating any of the data or interpretations this program has 
to offer (published and unpublished material were available 
at the time of writing). We think our results are significant, 
and refer readers to other papers in this volume as well as 
Lewis and Ross (1988) and Thompson (1988). 

LACK OF EVIDENCE FOR TERTIARY 
STRIKE-SLIP : NORTHERN MORESBY ISLAND 

We offer four conclusions regarding the Rennell Sound and 
Louscoone Inlet faults (Sutherland Brown, 1968; Yorath 
and Hyndman, 1983): 1) The Reme11 Sound fault system 
is a fold and fault belt along which there was little or no 
right-lateral strike-slip displacement during Tertiary or 
earlier time; 2) there is no evidence for significant right- 
lateral strike-slip along either northern strand of the Lous- 
coone Inlet Fault; 3) the Louscoone Inlet Fault is not the 
offset, southern extension of the Sandspit Fault; and there- 
fore 4) structural linkage during the Late Oligocene and 
Miocene between the Rennell Sound fold belt, Louscoone 
Inlet Fault and extending crust beneath Queen Charlotte 
Sound, is not substantiated on land. 

The model for Tertiary opening of Queen Charlotte 
Sound, put forward by Yorath and Hyndman (1983), Yorath 
(1988) and recently embraced by Higgs (1988), requires 
significant (greater than 50 krn) right-lateral strike-slip 
displacement along the Louscoone Inlet Fault, followed by 
right-lateral displacement along the Rennell Sound Fault. 
Fieldwork in 1987 showed that stratigraphic contacts 
between Cretaceous map units (Longarm Formation and 
Honna Formation) could be traced, uninterrupted, across 
each strand of the Rennell Sound Fault as mapped by Suther- 
land Brown (1968) - Tertiary strike-slip displacement was 
not supported (Fig. 2). The Rennell Sound Fault was 
renamed the Rennell Sound fold belt (Thompson, 1988) in 
recognition of the steep bed dips and tight folds that occur 
along this trend. Fieldwork on northern Louise Island dur- 
ing 1988 demonstrated that the Rennell Sound fold belt can 
be traced without interruption to the eastern shore of Louise 
Island (Fig. 2). This negates the possibility of significant 
strike-slip along either northern strand of the Louscoone 
Inlet Fault during the Tertiary. Anderson (1988, p. 12) 
working farther south, suggested that mineral fabrics 
attributed to the Louscoone Inlet fault '...appear to be 
closely associated with external and interphase internal 
intrusive contacts and is interpreted as synintrusive rather 

' than as syntectonic as suggested by Sutherland Brown 
(1968).' (see also Anderson and Greig, 1989). 
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Figure 2. Sketch map of Northern Moresby Island showing the extent of the Rennell Sound fold belt, 
the location of major block faults, and the trace of the base of the Honna Formation (detailed explanation 
in text). 

AGES AND STYLES OF DEFORMATION by upward projection of individual siltstone beds. Internal 

We recognize two episodes of compression-related folding 
and faulting. The first occurred before or during the initial 
stages of Middle Jurassic volcanism (Yakoun Formation; 
see also Lewis and Ross, 1989); the second took place 
sometime after the deposition of Upper Cretaceous con- 
glomerate (Honna Formation). From the Middle Jurassic 
until the Late Cretaceous, the region was disrupted by steep 
dipping (extension?) faults (Fig. 2) that were active more 
than once. 

Middle Jurassic folding - 
On the north shore of Cumshewa Inlet, about 1 krn west of 
Dawson Cove, there is a profound angular unconformity 
between the Yakoun Formation (Middle Jurassic) and the 
Lower Jurassic Sandilands Formation of the Kunga Group. 
Beds of Sandilands siltstone dip 70" southwest, whereas 
breccias of the Yakoun Formation dip 30" northeast. The 
unconformity has more than a metre of local relief, formed 

dkfo;mation is restricted to the Sandilands Formation; 
isoclinal and chevron folds abound. Disharmonic folding 
across the unconforrnity is ruled out by field relations. This 
locality is crucial because it places close limits on the time 
of folding - late in Early Jurassic or early in Middle Juras- 
sic time. The unconformity is exposed at other localities 
along both the northern and southern shores of Cumshewa 
Inlet, and on the south slope of Skidegate Inlet, between 
Transit Island and South Bay. At all localities the unconfor- 
mity separates the Kunga Group (Upper Triassic through 
Lower Jurassic) from either the Longarm Formation 
(Lower Cretaceous), the Haida Formation (mid- 
Cretaceous) or the Honna Formation (Upper Cretaceous). 
On the south slope of Maude Island, Jakobs (1989) has 
shown that Yakoun volcanics overlie the Maude Group 
(Whiteaves Formation) unconformably, but poor exposure 
precludes a detailed assessment of angular relationships. We 
assume, for now, that Maude Group deposition was com- 
pleted prior to folding; if correct, this further restricts the 
time of folding to Early Bajocian time. 



Minor fold axes in the Kunga Group have a consistent 
west-northwest to east-southeast trend ; axial plunge ranges 
from 0-90". Bedding attitudes are consistently steeper than 
those in overlying Yakoun and younger strata, and Kunga 
beds are more intensely folded and faulted at the mesoscopic 
scale. The contrast is especially apparent along the north 
shore of Cumshewa Inlet, east of Dawson cove, and along 
the south slope of Skidegate Inlet, east of South Bay ; at both 
localities, Yakoun and younger map units are gently folded, 
whereas the Kunga Group contains complex fo1.d and fault 
structures. 

Lewis and Ross (1989) give evidence for Triassic-Early 
Jurassic deformation based on an analysis of cleavage and 
grain rotation within the axial planes of folds; their analysis 
suggests that the Kunga Group was not deeply buried at the 
time of deformation. We surmise that little heat was 
involved, and that the cycle of deformation, uplift and 
erosion prior to Yakoun volcanism did not destroy the 
potential of the Kunga Group as a hydrocarbon source. 

Late Cretaceous and/or early Tertiary folding 

The entire stratigraphic succession was folded after deposi- 
tion of the Honna Formation. Deformation was most intense 
to the west, along the Rennell Sound fold belt (Fig. 2). 
Here, beds belonging to the Yakoun Group and Longarm 
and Honna formations are steep-dipping to overturned. 
Slices of Yakoun volcanics are imbricated with the Karmut- 
sen Formation and Kunga Group. The eastern limit of steep 
dips (i.e, eastern limit of the Rennell Sound fold belt) is 
abrupt; beyond it, are more open fold forms illustrated by 
Lewis and Ross (1988). Is there an explanation for the 
abrupt eastern limit to steep dipping beds in the Rennell 
Sound fold belt? We speculate that a pre-existing block fault 
helped localize deformation. 

Higgs (1988, in press) interpreted the Honna Formation 
as a foreland basin deposit, derived from a thrust sheet sup- 
ported by an ancestral Sandspit thrust fault. We see no struc- 
tural evidence to support the notion that northern Moresby 
Island was part of a Late Cretaceous thrust and fold belt. 
If anything, deformation proceeded from southwest to 
northeast judging by the greater amount and complexity of 
shortening within the Rennell Sound fold belt. 

Late Jurassic through Tertiary block faulting 

In a general sense, the geology of northeastern Moresby 
Island can be described in terms of three northwest-trending 
stratigraphic belts: Yakoun on the east, Haida in the centre 
and Longarm with and without Yakoun on the west (Fig. 2). 
Each stratigraphic belt is separated from the other by a 
steep, pre-Honna Formation fault; yet each belt overlies, 
unconformably, the same substrate : Kunga Group strata. 
The middle block has no Middle Jurassic Yakoun or Lower 
Cretaceous Longarm stratigraphy, the western block is 
missing the mid-Cretaceous Haida Formation, and the east- 
ern block has a thick Middle Jurassic Yakoun succession but 
no Lower Cretaceous Longarm strata and very little of the 
mid-Cretaceous Haida succession. The Honna Formation 
overlaps all three blocks. We have yet to make a detailed 

analysis, but it is hard to escape two conclusions : 1) the 
faults separating each block were active more than once; 
and 2) these faults control the distribution of stratigraphy. 
We are now trying to determine if and how these structures 
influenced the distribution and composition of sedimentary 
facies and thicknesses during sedimentation. For example, 
Fogarassy and Barnes (1989) noted that basal Haida sand- 
stones are more mature and contain greater primary porosity 
adjacent to the eastern margin of the Rennell Sound fold 
belt; this also coincides with the boundary between western 
and central blocks (Fig. 2). 

The boundary between western and central blocks can 
be traced from eastern Louise Island toward Long Inlet. In 
their discussion of stratigraphic relations around Long Inlet, 
Haggart et al. (1989) noted the lack of Haida Formation 
strata overlying the Longarm Formation; continuation of 
the block fault beneath Long Inlet would help explain the 
distribution of Haida strata on the east and Longarm strata 
on the west. 

The eastern boundary of the Rennell Sound fold belt 
coincides with the projected trace of the block fault 
described above (Fig. 2). We suggest the block-fault bound- 
ary not only influenced the distribution of Upper Jurassic 
and Cretaceous strata, but served to localize strain during 
Late Cretaceous and or early Tertiary compression. 

Block faulting did not end in the Late Cretaceous. The 
Honna Formation is cut by steep, northwest-trending faults 
south of Kwuna Point and near the head of Saachs Creek; 
Maude Island is also cut by a post-Haida fault having the 
same orientation. Each fault displaces the eastern side 
down, and each parallels the Sandspit Fault. 

QUESTIONS ABOUT LATE TERTIARY CRUSTAL 
FLEXURE 

Evolution of the Queen Charlotte Basin has been interpreted 
in terms of simple crustal flexure (Yorath and Hyndman, 
1983). In their model, upward deflection of the plate margin 
(i.e. western Queen Charlotte Islands) caused downward 
deflection of the plate interior (i.e. Hecate Strait). But sim- 
ple flexure does not account for the remarkably uniform ele- 
vation of exposed Karmutsen and Kunga rocks within the 
Rennell sound fold belt as it crosses-northern Moresby 
Island (Fig. 2); it fails to explain why the pre-Yakoun 
unconformity, exposed near present-day sea level along 
Cumshewa Inlet, does not dip toward the east; and strati- 
graphic units on land do not have a preferred eastward dip. 
We know that block faulting was active during Late Juras- 
sic, Early Cretaceous, Late Cretaceous and probably Palec- 
gene times. Is it possible that faults like the Sandspit, 
responsible for subsidence of Hecate Strait, are Neogene 
manifestations of block faulting that has occurred, intermit- 
tently, since the Late Jurassic? 

CONCLUSIONS 

The Rennell Sound fold belt can be mapped, without inter- 
ruption, from Skidegate Channel on western Moresby 
Island to the eastern side of Louise Island. The western side 



of the belt contains imbricated slices of Karmutsen volcanics 
and Kunga limestones; the eastern side consists of steep- 
dipping Cretaceous strata, mainly Honna conglomerate or 
Haida sandstone and shale. Presumably, this-structural belt 
extends offshore and may be visible on seismic reflection 
records. 

East of the Rennell Sound fold belt, Middle Jurassic 
through Upper Cretaceous strata are gently folded and cut 
by steep dipping block faults. Kunga Group rocks, on the 
other hand, may be tightly folded and faulted everywhere. 
A profound angular unconformity separating folded Kunga 
Group (and Maude Group?) from younger strata demon- 
strates there were two periods of folding: one prior to Mid- 
dle Jurassic Yakoun volcanism, and the other after 
deposition of the Upper Cretaceous Honna Formation. 

Block faulting was intermittent, starting in the Late 
Jurassic and persisting into the Neogene; at least two faults 
control the distribution of Upper Jurassic and Cretaceous 
strata, suggesting they may also have influenced the thick- 
ness and distribution of sedimentary facies. 

Significant Tertiary strike-slip faulting is not present on 
northern Moresby Island. 
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Abstract 

Bedded limestones and calcareous siltstones of the Kunga Group (Late Triassic) at Sialun Bay on 
northwestern Graham Island are cut by numerous gently-dipping thrust faults with associated folds. These 
structures record a north-verging compressional event. Penetrative cleavages parallel to axial planes 
of folds formed by mechanism of pressure solution and grain rotation facilitated by loss of cohesion 
between grains. These mechanisms are consistent with deformation in poorly lithijed rocks under 
elevated pore jluid pressures, placing the timing of deformation at slightly post-deposition, or Late 
Triassic-Early Jurassic. 

Des calcaires et des siltstones calcaires strati$tfs du groupe de Kunga (Trias suptfrieur), se trouvant 
dans la baie Sialum dans la partie nord-ouest de l'ile Graham sont traversks par de nombreuses failles 
chevauchantes a faible pendage, auxquelles sont associcfes des plis. Ces structures rtfvtlent une compres- 
sion se dirigeant vers le nord. Des clivages pdntftrants, paralltles aux plans axiaux des plis, ont &ti? formb 
par une dissolution par pression et une rotation des grains facilittfe par une perte de cohtfsions entre 
les grains. Ces mtfcanismes sont compatibles avec la dkformation de roches ma1 consolidtfes sous des 
pressions interstitielles klevkes, et permettent de situer dans le temps cette dkformation lkg&rement aprts 
la stfdimentation ou au Trias supbieur-Jurassique infkrieur. 

' Contribution to Frontier Geoscience Program 
Department of Geological Sciences, University of British Columbia, Vancouver, B.C. V6T 2B4 



INTRODUCTION has been completed of a 0.5 km2 area containing these fea- 

Until recently, most deformation of Mesozoic strata in the 
Queen Charlotte Islands was thought to be the result of 
wrench faulting along major transcurrent fault systems 
(Sutherland Brown, 1968; Young, 1981). Regional models 
for the evolution of the Queen Charlotte Basin have been 
based on this assertion (Yorath and Chase, 1981). Regional 
and detailed geological mapping during the 1987 field sea- 
son by Frontier Geoscience Program scientists revealed that 
much of the deformation present is attributable to several 
episodes of northeast-directed compression, and evidence 
for major wrench fault systems through the central Queen 
Charlotte Islands is lacking (Thompson, 1988; Lewis and 
Ross, 1988). It is believed that this deformation followed 
a period of continuous sedimentation spanning Late Triassic 
(Norian) through Middle Jurassic (Aalenian) time, and was 
likely synchronous with Middle Jurassic (Bajocian) vol- 
canism. 

A primary goal of the 1988 field season was to constrain 
the timing of compressional deformation to provide a frame- 
work on which to base models for basin evolution. To this 
end, both regional and detailed mapping was completed at 
various locations throughout the Queen Charlotte Islands. 
One area examined, on northern Graham Island (Fig. I), 
has allowed the timing of the earliest compression to be 
determined, and is the subject of this paper. At this location, 
on the southern shore of Sialun Bay, Kunga Group rocks of 
Norian age are cut by thrust faults with associated drag 
folds. Detailed studies of structural fabrics preserved as 
axial planar cleavages in these drag folds show that the 
cleavages formed at low temperature-pressure conditions in 
unlithified or poorly lithified sediments. A 1 500 scale map 

Lauder Point 

Figure 1 . Regional map showing area of detailed mapping 
at southern Sialun Bay. 

tures (Fig. 2) to document the style and geometry of 
mesoscopic structural features. Samples of the axial planar 
cleavage were collected for laboratory investigations of the 
processes leading to cleavage formation. 

MAP DESCRIPTION 

Lithologies exposed in the map area (Fig 2) comprise lami- 
nated to medium-bedded micritic limestones and calcareous 
siltstones of the unnamed black bedded limestone member 
of the Kunga Group. Subordinate fine grained, hornblende- 
plagioclase porphyry dykes are of limited areal extent and 
cut the thrust faults. The micritic limestones are rich in both 
disseminated and particulate organic material, which in 
southern Sialun Bay consists of mature to overmature kero- 
gens (Vellutini, 1988). Abundant radiolaria are preserved 
as isolated calcite spherules. In silty lithologies, plagioclase 
crystals and volcanic fragments denote a large volcanic 
component. Layering within the sedimentary rocks is later- 
ally continuous, and individual beds can be traced with little 
variation in thickness across much of the map area. The age 
of the sediments is constrained by the occurrence of the Late 
Norian bivalve Monotis subcircularis. This fauna is found 
in the southeasternmost exposures in the map area, and the 
remainder of the map area lies stratigraphically and struc- 
turally above the Monotis interval. Elsewhere in the Queen 
Charlotte Islands, the Kunga Group black bedded limestone 
ranges in age from Late Carnian to Late Norian (Carter et 
al., 1989). 

Mesoscopic structures 

Bedding throughout the map area dips gently or moderately 
southwest. A total structural thickness perpendicular to bed- 
ding of about 100 m is exposed ; the total stratigraphic thick- 
ness represented is considerably less due to repetition of 
strata across faults and folds. The dominant structural fea- 
tures comprise faults that are subparallel to bedding and are 
continuous across the map area. These are marked by thin, 
recessive layers of fault gouge which are indistinguishable 
from fine clay layers where parallel to bedding, but are 
readily recognizable where they ramp across bedding. The 
faults dip gently southwest, and are regularly spaced 5-10 
m apart. In one location, recognition of distinct bedding 
sequences within three consecutive fault bound packages 
documents a tripling of structural thickness across these 
faults. Duplex structures commonly occur where faults 
ramp across layering (Fig. 3). Tight to very tight folds are 
limited to strata immediately above and below fault sur- 
faces. These folds commonly contain an axial planar cleav- 
age which cuts across layering and is parallel to 
compositional layering outside the folded area. 

Orientation data for faults, folds and cleavage are sum- 
marized in Figure 4. Fold axes lie within the overall fault 
plane orientation, and trend approximately east-west. The 
fold axes are roughly parallel to intersections between fault 
ramps and flats. This orientation, together with the spatial 
association of folds and fault surfaces, suggests the folds 
formed as fault drag features. The sense of asymmetry of 
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Figure 2. Map of southern Sialun Bay. Structures are dominated by early gently to moderately dipping 
thrust faults, cut by later steeply dipping faults. 

Figure 3. Duplex structures between adjacent bedding- parallel slip surfaces. 
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Figure 4.  Stereographic projection of field data from map Figure 6 .  Photomicrograph of Monotis shell fragments 
in Figure 2. aligned along cleavage plane. Cleavage in organic-rich 

micrite (right) is defined by alignment of platy mineral grains 
and calcified radiolaria spherules, silty plagioclase bearing 
lithology (left) lacks cleavage. 

Figure 5. Asymmetric drag fold in strata immediately overlying fault surface. 
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folds and the geometry of duplexes and fault ramps docu- 
ment an overall north-directed transport direction along the 
major bedding parallel faults (Fig. 5). 

The early faults subparallel to bedding are cut and offset 
by two sets of steeply dipping faults striking 055-065" and 
1 15-125". Movement on these surfaces has been determined 
from offset planar markers, drag folds, and slickensides. 
Faults striking 055-065" commonly display metres of sinis- 
tral offset, while those striking 1 15-125" have metres to tens 
of metres of dextral offset. 

Microscopic structures 

Samples of the axial planar cleavage were collected from 
several fold locations to evaluate the processes leading to 
cleavage formation. Optical examination of thin sections 
shows that the cleavages are defined by a preferred orienta- 
tion of elongate grains, leading to a penetrative fissility. In 
micritic limestones, subrounded calcite grains representing 
calcified radiolaria outline elliptical shapes with long axes 
in the cleavage plane. Isolated particles of organic material 
commonly have highly elongate forms aligned in the cleav- 
age plane. Plagioclase crystals in silty layers have only a 
weak preferred orientation, and show no evidence of grain 
breakage or internal strain. Despite this lack of intra- 
crystalline deformation, thin silty layers may be completely 
disaggregated, and occur as isolated concentrations in the 
dominant micritic matrix. 

In lithologies containing abundant Monotis valves, a 
strong cleavage is present along which shell fragments are 
aligned (Fig. 6). Although compositional layering may be 
at high angles to this cleavage, the shells have been folded 
or broken and rotated into the cleavage plane. A rough esti- 
mate of the amount of shortening across fold hinges within 
a given thin section may be obtained by unfolding individual 
shells (assuming simple rotation into the present configura- 
tion); values obtained by this method indicate up to 70% 
shortening. Large shells are often concentrated in, layers 
bounding horizons of differing composition in the host rock. 
In one such example, a micritic layer with elongate calcite 
spherules is juxtaposed across a folded shell against a silty 
layer containing abundant plagioclase crystals. Although the 
silty layer experienced similar amounts of shortening as the 
cleaved micritic layer and the folded shell, no internal 
penetrative fabrics are present in the silty layer. 

DISCUSSION 

Mesoscopic structures exposed at southern Sialun Bay 
record a north-verging compressional event. The amount of 
shortening attributable to this deformation is uncertain; 
however, the abundance of thrust faults and other compres- 
sional structures, together with the observed repetitions of 
stratigraphy suggest it was considerable. Although isolated 
outcrops commonly lack evidence that clearly identifies 
structures to be the product of tectonic rather than sedimen- 
tary (slump) processes, the thickness of the deformed 
sedimentary layers, the lateral continuity of thrust faults and 
thrust sheets, and the absence of erosional scours, local 

unconformities, and drapes all suggest tectonic deforma- 
tion. Kunga Group sedimentary rocks elsewhere on north- 
ern Graham Island lack the abundance of compressional 
features found at southern Sialun Bay, but detachment sur- 
faces subparallel to bedding surfaces are ubiquitous in all 
occurrences of the Kunga bedded limestone member. We 
have also seen these types of detachments associated with 
isoclinal folding in Kunga Group bedded limestones to the 
south at Rennell Sound, and on Sandilands Island in 
Skidegate Inlet. 

Microfabrics in deformed rocks constrain the timing of 
compressional deformation to be before the sediments were 
completely dewatered and lithified. The processes operative 
during deformation varied according to the lithology of the 
deforming layer. Silty layers deformed dominantly by grain 
boundary sliding and disaggregation of matrix between hard 
plagioclase grains, leading to the preservation of unstrained 
and unfractured grains. Monotis shell fragments were 
broken and reoriented into the plane of flattening, a process 
which could only occur if the surrounding matrix lacked 
cohesion. In micritic limestones, elongate calcite grains 
(calcified radiolaria) have likely attained their present 
geometry through pressure solution. This combination of 
disaggregation, grain boundary sliding, and pressure solu- 
tion, and the lack of small scale fracture is compatible with 
low temperature deformation of sediments under unlithified 
conditions at elevated pore pressures (Knipe, 1986; 
Groshong, 1988). If the deformation had occurred in lithi- 
fied sediments, brittle structures would have resulted in silty 
layers, and the rotation of large shell segments into the 
cleavage plane would have been prohibited by the cohesive- 
ness of the enclosing sediments. Thus, the compressional 
event described here must have occurred shortly after depo- 
sition of Kunga sediments in Late Triassic or Early Jurassic 
time. The structures and microfabrics described~were not 
seen in rocks of the overlying Sandilands Formation, sug- 
gesting that either deformation had ceased by the onset of 
Sandilands sedimentation, or that the differing lithologies 
present in rocks of the Sandilands Formation precluded 
development of such structures. Shales and siltstones of the 
Sandilands Formation may have provided a low- 
permeability cap, allowing pore pressures to build and 
inhibiting lithification in the underlying sediments. Bajocian 
age deformation associated with the intrusion of Yakoun 
Group feeder dykes is characterized by steeply dipping brit- 
tle shear zones and is distinct from the deformation 
described above. 

The lack of any unconformities in post-Kunga Group 
rocks until the Upper Aalenian indicates that compressional 
deformation is not likely of regional extent, and is probably 
related to the closing and shallowing of the depositional 
basin. In this case, the structures observed may be the near- 
surface manifestations of east-west trending contractional 
faults in the underlying basement. These early contractional 
faults would have been reactivated during later deformation 
and could control the geometry of later structures and 
depositional sub-basins. Regional mapping has documented 
the importance of east-west trending faults in other areas 
(Lewis and Ross, in prep.). 
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Abstract 

Mesozoic rocks of central Graham Island are composed of a basal limestone unit conformably overlain 
by interbedded shales, silts and sandstones with ages rangingfrom Late Triassic (Norian) to Early Juras- 
sic (Toarcian). Unconformably overlying these are Middle Jurassic (Bajocian) volcanic and volcanic 
derived sedimentary rocks. Major open to tight buckle-type folds in the area plunge gently northwest. 
Two major fault sets have been recognized. One set trends northwest and contains both normal faults 
and thrust faults. Field relationships suggest that the normal fault set is the younger. A second, minor, 
fault set trends northeast and may be related to strike-slip faulting. 

Les roches mdsozoi'ques de la partie centrale de l'ile Graham sont constituc?es d'un calcaire de base 
recouvert en discordance par des schistes argileux, des silts et des gr&s interstrati'ds, dont l'dge varie 
du Trias supdrieur (Norien) au Jurassique infdrieur (Toarcien). Ces roches sont recouvertes en discor- 
dance par des roches volcaniques et des roches sddimentaires d'origine volcanique du Jurassique moyen 
(Bajocien). Des plis ouverts c i  serrks, formds parjlambement duns cette rdgion plongent ldg2rement vers 
le nord-ouest. On a reconnu deux rdseaux importants de failles. Le premier, de direction nord-ouest, 
renferme des failles normales et des failles chevauchantes. Des relations dtablies sur le terrain indiquent 
que le rkseau de failles normales est le plus jeune. Le second rdseau, de moindre importance, a une 
direction nord-est et peut &tre associd d des ddcrochements horizontaux. 
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INTRODUCTION 

Sutherland Brown's (1968) geological map of the Queen 
Charlotte Islands indicated several areas of complex struc- 
tural geology. Yorath and Chase (1981) presented a tectonic 
model of the Queen Charlotte Islands and the surrounding 
area based on Sutherland Brown's structural interpretations. 
Additional mapping includes that by Cameron and Tipper 
(1985), who published a geological map of the area north 
of Yakoun Lake, Graham Island, and by geologists cur- 
rently involved in detailed studies (e.g. Thompson, 1988; 
Lewis and Ross, 1988). 

Seven weeks were spent during the 1988 field season 
completing a geological map of an area in central Graham 
Island area (Fig. 1 and 2). This report includes a brief sum- 
mary of preliminary results and a discussion of some con- 
clusion drawn from the regional map patterns. 

STRATIGRAPHY 

Strata in the area comprise volcanic and sedimentary rocks 
of mainly late Triassic to Middle Jurassic age. Cretaceous 
strata outcrop in the northwestern limits of the area. 

Figure 1. Location of area mapped on central Graham 
Island during the 1988 field season. 

The oldest rocks recorded from the area belong to the 
black limestone member of the Kunga Group. This lime- 
stone is overlain by the Sandilands Formation of the Kunga 
Group which consists of thinly bedded fine sandstone, silt- 
stone, shale and tuff. 

Overlying the Sandilands Formation is the Maude 
Group, consisting of five formations (Cameron and Tipper, 
1985). These are, in ascending order: 1) The Ghost Creek 
Formation, a dark grey shale and silty shale; 2) the Rennell 
Junction Formation, essentially composed of fine grained 
sandstone with interbedded siltstone, shale, and common 
limestone beds and concretions; 3) the Fannin Formation, 
consisting of mainly calcareous sandstone ; 4) the Whiteaves 
Formation, a green-grey shale; and 5) the Phantom Creek 
Formation, a greenish fine to coarse grained sandstone. 
These formations range from Pliensbachian to Aalenian in 
age. 

Unconformably overlying the Maude Group is the Mid- 
dle Jurassic (Bajocian) Yakoun Group. The unit consists 
mainly of volcaniclastic sedimentary rocks but also contains 
some volcanic flows. The sediments range in grain size from 
shale to pebbly conglomerate. 

Field identification of these different units is often 
difficult, but fossil collections have aided in identification. 

Figure 2. Location of cross-sections through the central 
Graham Island. Area mapped during the 1988 field season 
is marked by dashed lines. A-B and C-D are locations of 
cross-sections shown on Figure 3. 



STRUCTURES Two sets of megascopic folds are present in the map 
area. One set has fold axes plunging gently northwest. A 

  he major large-scale structures in the area are second minor fold set, almost perpendicular to the first, 
trending faults. These faults are poorly exposed and minor trends northwest-southeast. Intensity of folding varies 
faults exposed in roadcuts and quarries show little offset. within different rock units. The Sandilands Formation com- 
  ow ever, the regional map patterns require several faults monly contains rnesoscopic open to tight buckle folds. In 
with large A set has a contrast the overlying Maude and Yakoun groups are gently 
trend and are not as continuous as the first set. folded, and the folds have a larger wavelength than in the 
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Sandilands Formation. Such folds within the Yakoun Group 
are often recognizable only on map scale. Cleavage is gener- 
ally poorly developed through all units from the Sandilands 
Formation up to the Yakoun Group. 

The contact between the Yakoun Group and the underly- 
ing strata is rarely exposed. However, at one locality an 
unconformity between the Yakoun Group and the San- 
dilands Formation was seen, and at another outcrop an 
angular unconformity between the Yakoun Group and the 
underlying Phantom Creek Formation (upper part of the 
Maude Group) is exposed (shown diagramatically on Fig. 
3). This unconformity appears to be folded. 

DISCUSSION 

The Triassic and Jurassic strata in the central Graham Island 
area have undergone several phases of deformation. Both 
normal and reverse fault offsets were seen on the outcrop 
scale, but most offsets have a displacement of less than a 
few metres. 

One steeply dipping fault observed in outcrop juxtaposes 
the Yakoun Group and the Sandilands Formation in the 
southeastern area of the map. 

Two structural sections with an approximate northeast 
trend were drawn through the area (Fig. 3 and 4). 
Mesoscopic structures suggest that both thrust reverse fault- 
ing and normal faulting have been active in the area, and 
the normal faults appear to be younger. Fold styles shown 
in the cross-sections supports the suggestion of thrusting in 
the area. 

Structures mapped in the central Graham Island fit well 
with those observed by Thompson (1988) and Lewis and 
Ross (1988) further south in the area along Skidegate Inlet. 

CONCLUSIONS 

Much fieldwork remains before the structural history of the 
central Graham Island region can be outlined more defini- 
tively. Further mapping of the faults observed during the 
1988 season will help to establish a model for the structural 
evolution and tectonic history of the area. 
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Abstract 

Ammonoids, conodonts, and radiolarians occur together in the Upper Carnian and Norian parts of 
the Kunga Group on Queen Charlotte Islands. The faunas provide a unique opportunity to establish a 
three-way integrated zonation for much of the Late Triassic. This complements what has previously been 
accomplished in northeast British Columbia using the ammonoid standard and associated conodonts of 
the Pardonnet Formation. T%e latter zonation, established in a mid-paleolatitude area, is applicable to 
the Kunga Group (Wrangell) sequences for the most part, but low paleolatitude aspects of some faunas 
is suggested. New conodont zonation for the Upper Carnian, and new radiolarian zonation for much 
of the studied interval is expected. New and existing fossil zonation will provide a fundamental key in 
sedimentological, stratigraphic and structural studies of the Upper Triassic both on the Queen Charlotte 
Islands and elsewhere. 

Des ammonoi'de's, des conodontes et des radiolaires se retrouvent ensemble dans les parties du Car- 
nien supkrieur et du Norien du groupe de Kunga dans les iles de la Reine-Charlotte. Ces faunes offrent 
une occasion unique d'e'tablir une zonation intkgre'e a trois niveaux pour une bonne partie de l a j n  du 
Trias. Cela compl2te les travaux dc'jd accomplis pour le nord de la Colombie-Britannique d l'aide de 
l'ammonoi'dd type et des conodontes associb de la formation de Pardonet. La derni2re zonation, ktablie 
dans une rggion de pale'olatitude moyenne, est en mjeure  partie applicable aux sdquences du groupe 
de Kunga (terrane de Wrangell), m i s  pour certaines faunes des aspects d des faibles paldolatitudes sont 
suggkrds. Une nouvelle zonation bade  sur les conodontes pour le Carnien supdrieur et une nouvelle 
zonation basde ssu les radiolaires pour une bonne partie de 1 'intervalle dtudid sont attendues. Les zona- 
tions fossiles nouvelles et existantes constitueront une cle' fondamentale pour les ktudes sddimentologi- 
ques, stratigraphiques et structurales du Trias supe'rieur dans les i'les de la Reine-Charlotte et ailleurs. 
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INTRODUCTION 

In the Queen Charlotte Islands, intensive biostratigraphic 
investigations of the Triassic part of the Kunga Group by 
the Geological Survey of Canada began in 1987 (Orchard, 
1988a). Most of the principal Triassic outcrops delineated 
by Sutherland Brown (1968) (Fig. 1) have now been visited. 
and sampled systematically by the authors and by other col- 
laborators, particularly A. Desrochers (University of 
Ottawa) who is undertaking sedimentological studies (Des- 
rochers, 1988). A further related project involves conodont 
geothermometry (Orchard, 1988b). 

The purpose of the biostratigraphic study is to correlate 
in detail the Triassic strata in the Queen Charlotte Islands, 
using ammonoids, bivalves, conodonts and radiolarians. 
These results will provide a framework for sedimentary 
analysis and for environmental and tectonic interpretations 
of the Kunga Group. In addition, the common occurrence 
of the three principal fossil groups furnishes us with the 
potential to develop an integrated zonation (Fig. 2) for the 
interval that promises to have great application in Triassic 
studies in many different areas. 

The original description of the Kunga Formation 
(Sutherland Brown, 1968) included the lower grey lime- 
stone member, the middle black limestone member and the 
upper black argillite member. In 1985, Cameron and Tipper 
elevated the Kunga Formation to group level and redefined 
the upper member as the Sandilands Formation. Macrofos- 
sil determinations have previously established that the grey 

limestone member is Upper Carnian and the black limestone 
member is Upper Carnian (Welleri Zone) to Upper Norian 
(Cordilleranus Zone). The age of the Sandilands Formation 
was in question for many years primarily because the basal 
beds (i.e. those lying above Monotis but below the first 
appearance of Sinemurian arietitid ammonites) were 
thought to be unfossiliferous (Sutherland Brown, 1968). 
Extensive ammonite and radiolarian collections from Ken- 
necott Point made by H. W.  Tipper and E.S. Carter in 1987 
show that the Sandilands Formation is also Upper Norian. 

BIOSTRATIGRAPHY 

Grey Limestone 

Evidence of fauna in the "grey limestone" or lower mem- 
ber of the Kunga Group is often most conspicuous as 
differentially weathered, silicified burrows and other 
bioturbation. Body fossils are much less common but 
include ammonoids, bivalves, echinoderms, and brachio- 
pods; "algal" oncolites are locally common (Desrochers, 
1988). Corals were reported by Sutherland Brown (1968), 
but none were noted during the present investigation. 
Microfauna includes acid-insoluble conodonts, ichthyoliths, 
and silicified holothurian sclerites. No radiolarians have 
been found in the grey limestone. 
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Figure 1. Map of the Queen Charlotte Islands showing key Figure 2. Triassic fauna from the Kunga Group. Position 
localities cited in the text. of recovered fossil collections shown against the ammonoid 

and conodont zonation of the Upper Triassic. 



Zone. The oldest collection, from within the grey limestone 
at Huston Inlet (Fig. 1, GSC loc. no. C-157006), includes 
Sandlingites sp. and new genera, whereas at the top of the 
grey limestone, or base of the black limestone, locally abun- 
dant arcestids occur on bedding surfaces, best displayed at 
Sadler Point. Tropites dilleri Smith occurs with arcestids in 
this stratigraphic position at Breaker Bay (GSC loc. no. 
C-157157). 

Conodonts occur sporadically throughout the grey lime- 
stone. Two faunas are represented. One consists of a possi- 
ble seximembrate apparatus of tiny elements, best 
developed at Huston Inlet. The Pa element of this assem- 
blage is a segminate form that resembles the form genera 
Cornudina and Misikella, but its affinity is not yet resolved. 
The fauna has a restricted occurrence within the grey lime- 
stone, and it may represent a particular environmental 
niche. Rare elements of Paragondolella ex gr,  poly- 
gnathiformis also occur with the segrninate element assem- 
blage, but most collections from the grey limestone consist 
entirely of this platform complex. This is true of collections 
made from the arcestid bed at the contact between the lower 
and middle members of the Kunga Group. This contact 
represents the drowning of the carbonate platform and is 
accompanied by faunal extinction. New fauna occurs above 
the junction of the two units. 

Black Limestone 

Coquinas of the thin shelled "pelagic" bivalves Halobia 
and Monotis characterize the middle member of the Kunga 
Group. In the lower part of the unit, dark carbonate mud- 
stones locally contain large concretionary nodules that have 
yielded significant faunas of ammonoids, conodonts, and 
radiolarians (Fig. 2). This particular lithofacies extends 
through the Upper Carnian Welleri and Macrolobatus 
ammonoid zones, but above the Carnian-Norian boundary, 
the nodules, and their fossil fauna, become infrequent. The 
middle part of the black limestone is dominated by thin bed- 
ded grainstones (calcarenites) with less frequent lime mud- 
stones and occasional intraformational conglomerates 
(Desrochers, 1988). Bivalve (mostly Halobia) coquinas 
occur throughout, but other macrofauna are  rare. 
Conodonts indicate that much of the Lower and Middle 
Norian is represented in these beds. In the upper part of the 
black limestone, Monotis appears in great profusion and 
marks the onset of Upper Norian sedimentation. 

Upper Carnian 

Key sections for the Upper Carnian part of the black lime- 
stone occur on Kunghit, Burnaby, and Huxley islands, and 
at Sadler Point (Fig. 1). Also important are sections at Jed- 
way Bay and Bluejay Cove. At each of these localities direct 
associations of ammonoids, conodonts and radiolarian 
occur and thereby provide a basis for an integrated zonation 
for the interval. The ammonoid standard (Tozer, 1967) has 
been employed in recognising several Welleri and Macro- 
lobatus Zone levels based on species of Anatropites, Dis- 
cotropites, Hoplotropites, Thisbites, Tropiceltites, and 
juvavitids amongst others. 

Conodonts occur throughout the Upper Carnian sections 
and show gradual change beginning with the development 
of distinct though subdued anterior platform nodes in ele- 
ments recovered a little above the base of the black lime- 
stone. One lineage of this 'paragondolellid-metapolygnat- 
hids' plexus underwent a progressive increase in platform 
ornamentation in terms of both posterior migration and 
sharpening of the nodes. Sharp-noded 'epigondolellids' first 
appear within the higher part of the Welleri Zone. These are 
herein regarded as a separate development from the Norian 
genus Epigondolella (in which they have generally been 
submerged, often as "E. abneptis (Huckriede)") and 
several new species as well as a new genus are recognized. 
A conservative 'paragondolellid' lineage, embracing ele- 
ments with varying degrees of subdued anterior nodes, sub- 
sequently gave rise to both Metapolygnathus communisti 
Hayashi and Epigondolella primitia Mosher within the 
Upper Carnian Macrolobatus Zone. The conodont faunas 
allow recognition of several conodont zones within the 
Upper Carnian, shown in a preliminary way on Figure 2: 
both the nodosa and primitia zones can be subdivided. Iso- 
lated ammonoid-conodont occurrences in northeast British 
Columbia and Yukon Territory can be correlated with this 
zonation, and the general utility of the scheme shows 
promise. 

Preliminary studies of the well preserved radiolarians 
indicate that an excellent radiolarian succession is present 
in Upper Carnian strata. The radiolarian fauna is extremely 
diverse, contains many short-ranging taxa, and promises 
excellent zonation for this interval. Upper Carnian faunas 
are characterized by abundant and highly diverse Kah- 
lerosphaera, Sarla and Capnuchosphaera. In the lower part 
of the sequence Bulbocyrtium reticulaturn Kozur and Mos- 
tler, Capnuchosphaera theloides De Wever, Pentac- 
tinocarpus acanthicus Dumitrica, Praeheliostauras aff. 
levis Kozur and Mostler, Spongostylus tortilis Kozur and 
Mostler, S. carnicus Kozur and Mostler, and Actinomid 
Group "A" (in De Wever et al., 1979) are common along 
with numerous species of Haeckelicyrtium, Poulpus, Trias- 
socampe, Xenorum, Xiphotheca and Praeheliostauras. 
Capnodoce is rare. In the upper part of the sequence Cap- 
nodoce becomes more common and diverse. Bulbocyrtium 
disertus (Blome), Capnuchosphaera theloides De Wever, 
C. triassica De Wever, C. aff. lea De Wever, Capnodoce 
aff. anapetes De Wever, C. sarisa De Wever, C. aff. 
prirnaria Pessagno and Paleosaturnalis dotti (Blome) have 
been observed; other paleosaturnalids are common. 

Lower Noriun 

Lower Norian ammonoids are unknown in the Kunga 
Group, but some halobiids, notably Perihalobia, are 
thought to be of this age. Conodonts indicative of each of 
the three Lower Norian conodont zones recognized in north- 
east British Columbia (Orchard, 1983) are recorded on 
Queen Charlotte Islands. The (Upper) primitia Zone, which 
marks the base of the Norian and is recognized by the 
appearance of Neogondolella navicula Huckriede, occurs 
above rich Carnian faunas on Huxley Island and on southern 
Kunga Island, as well as elsewhere as isolated occurrences. 



PLATE 1 
Figure 1. Bulbocyrtium aff. B. reticulatum Kozur and Mostler. GSC 85936, x220. GSC Loc. No. 
C-157294, Burnaby Island (sample 87lBI-4C). Black Limestone, Welleri Zone. 

Figure 2. Cornudina? sp. GSC 81241, x200. GSC Loc. No. C-157008, Huston lnlet (sample HU-5). Grey 
Limestone, Upper Carnian. 

Figure 3. 'Metapolygnathus'nodosa (Hayashi). GSC 81242, x80. GSC Loc. No. C-157380, Kunghit Is., 
west (sample KT-A25). Black Limestone, Upper Carnian. 

Figure 4. 'Paragondolella' polygnathiformis (Budurov & Stefanov). GSC 81243, x80. GSC Loc. No. 
C-150102, Burnaby Is., north (sample 871Bl-2). Grey Limestone, Upper Carnian. 

Figure 5. Spongostylus carnicus Kozur and Mostler. GSC 85937, x175. GSC Loc. No. C-157294, Bur- 
naby ls., north (sample 87161-4C). Black Limestone, Welleri Zone. 

Figure 6. "Epigondolella" n. sp. G. GSC 81244, x80. GSC Loc. No. C-157037, Huston lnlet (sample 
SHU-2). Black Limestone, Upper Carnian. 

Figure 7. Metapolygnathus communisti Hayashi. GSC 81 245, x80. GSC Loc. No. (2-157275, Kunga Is., 
south (sample 871ASKU-10). Black Limestone, Upper Carnian. 

Figure 8. Podocapsa? sp. 1. GSC 85927, x220. GSC Loc. No. C-140489, Kennecott Point (sample 
KPA-17). Sandilands Fm., Upper Norian. 

Figure 9. Xipha sp. GSC 85939, x275. GSC Loc. No. C-140407, Sandilands Is. (sample EC-1). Black 
Limestone. Lower Norian. 

Figure 10. Capnodoce fragilis Blome. GSC 85938, x175. GSC Loc. No. C-140407, Sandilands Is. (sam- 
ple EC-1). Black limestone, Lower Norian. 

Figure 11. Neogondolella hallstattensis (Mosher). GSC 81 246, x120. GSC Loc. No. C-157110, Poole 
Inlet, east (sample EPO-1). Black Limestone, Lower Norian. 

Figure 12. Epigondolella triangularis (Budurov). GSC 81247, x80. GSC Loc. No. C-157325, Burnaby 
Is., north (sample 61-13). Black Limestone, Lower Norian. 

Figure 13. Epigondolella bidentata Mosher. GSC 81248, x100. GSC Loc. No. C-157344, Rose lnlet 
(sample RI-A6). Black Limestone, Monotis beds. 

Figure 14. Mesosaturnalis sp. 1. GSC 85940, x220. GSC Loc. No. C-164674, Kunga Is., south (sample 
SKU-SP-1). Sandilands Fm., Upper Norian. 

Figure 15. Epigondolella postera (Kozur & Mostler). GSC 81249, x90. GSC Loc. No. C-150131, Burnaby 
Is., north (sample 86/61-25). Black Limestone, Middle Norian. 

Figure 16. Epigondolellaprimitia Mosher. GSC 81250, x80. GSC Loc. No. C-157121, Huxley Is. (sample 
HUX-B9). Black Limestone, Carnian - Norian boundary. 





Epigondolella abneptis subsp. A Orchard and E. a. subsp. 
B Orchard, indicative of the higher Lower Norian, are 
known from Burnaby Island, Poole Inlet opposite Howay 
Island, and elsewhere. Although E. abneptis subsp. B 
Orchard has been referred to E. spatulata (Hayashi) by 
some authors, a more appropriate name is E, triangularis 
(Budurov). The status of E. abneptis (Huckriede) itself is 
in doubt due to poor preservation of the holotype, and the 
mixed nature of the original collections from Austria. E. 
spatulata (Hayashi), here regarded as a 'Tethyan' or low 
latitude species, is known neither in the Kunga Group, nor 
in cratonal northeast British Columbia. On the other hand, 
a second Lower Norian Tethyan species, Neogondolella 
hallstattensis (Mosher), does occur on the south side of 
Poole Inlet and demonstrates a provincial faunal influence 
that is seen nowhere in cratonal western Canada sections. 

Well preserved and diverse Lower Norian radiolarians 
are known chiefly from Frederick Island, Sandilands Island, 
Crescent Inlet and Burnaby Island where strata are well 
dated by associated conodonts. Future studies of these radi- 
olarians should help refine and more closely date existing 
Triassic radiolarian zonation for western North America 
(Blome, 1984). Species of Capnuchosphaera, Sarla, Kah- 
lerosphaera and Capnodoce dominate the assemblages. 
Commonly occurring species include Capnodoce fragilis, 
C. malaca and Justium novum described by Blome (1983, 
1984) from east-central Oregon; Capnuchosphaera 
theloides, C. triassica, Icrioma tectrancistrum, Syrin- 
gocapsa batodes and Actinomid Group "A" described by 
De Wever (in De Wever et al., 1979) from Greece, Sicily 
and Turkey ; and Capnodoce reusti, Capnuchosphaera 
deweveri and Kahlerosphaera norica described by Kozur 
and Mostler (1979, 1981) from Austria and Hungary. Other 
genera making up the bulk of these assemblages include 
Paleosaturnalis, Xenorum, Orbiculiforma, Paronaella, Tri- 
assocrucella and many undescribed nassellarians. 

Middle Norian 

A single occurrence of the Middle Norian ammonoid 
Himavatites is known from the north side of Poole Inlet 
(GSC loc. no. C-157099), an occurrence referred to the 
Columbianus Zone. Many other occurrences of this zone 
are implied through comparison with Pardonet Formation 
ammonoid - conodont associations established in northeast 
British Columbia by two of us (Tozer, Orchard). Conodonts 
of the Epigondolella n. sp. C Orchard and E. postera (Kozur 
& Mostler) zones (Columbianus Zone equivalents) occur on 
Burnaby Island, north Poole Inlet opposite Howay Island, 
Huxley Island, and elsewhere. Notably absent are convinc- 
ing representatives of the E. multidentata Mosher (Ruther- 
fordi Zone equivalent) and E. n. sp. D Orchard (latest 
Columbianus Zone) faunas that occur in cratonal and 
epicratonal sequences in Western Canada. These conodont 
zones may be examples of North American, mid-latitudinal 
provincial faunas. Their absence from the Wrangellian sec- 
tions of the Kunga Group may arise from the same bio- 
geographical factors that resulted in the presence of the 
Lower Norian N. hallstattensis (Mosher). 

Middle Norian radiolarians are rare and not well 
preserved in the Kunga Group; the few assemblages cur- 
rently available are from Burnaby Island. Considering the 
high diversity of Radiolaria in the Upper Carnian, Lower 
and Upper Norian, their absence in the Middle Norian is 
almost certainly due to lack of preservation rather than 
reduced diversity. Limestone nodules are absent in this 
interval and the calcarenites have not yielded many faunas. 
Of those recovered, Capnodoce (especially Capnodoce 
fiagilis Blome), Cantalum, Paleosaturnalis and Pseudo- 
heliodiscus are the most common. Paleosaturnalis artus 
Kozur and Mostler and P. tenuispinosus Kozur and Mostler 
have been recognized along with forms similar to Pseudo- 
heliodiscus jnchi Pessagno (Pessagno et al., 1979). Rare 
specimens of Mesosaturnalis and Livarella? first appear in 
these assemblages as do a number of subpyramidally-shaped 
spumellarians with four arms and/or spines. 

Upper Norian 

Monotis is ubiquitous high in the middle part of the Kunga 
Group. The genus appears in great profusion in what is 
generally equated with the Cordilleranus ammonoid zone 
and, by definition, its equally sudden demise marks the base 
of the Sandilands Formation, or upper unit of the Kunga 
Group. Two species of Monotis, M. salinaria Bronn and M. 
subcircularis Gabb, are recorded, although they always 
occur in different beds. These species together constitute a 
biogeographically significant association indicative of low 
paleolatitude (Silberling, 1985, fauna B). Ammonoids are 
known in association with Monotis but they are generally 
flattened. Other fossils include the spherical hydrozoan 
Heterastridium, which occurs scattered amongst the 
monotids on some bedding surfaces : the best examples can 
be seen at Kennecott Point. 

Conodonts from the Monotis beds are known from 
several localities and in all cases are referable to Epigon- 
dolella bidentata Mosher, which in some instances is 
associated with Neogondolella steinbergensis (Mosher) and 
ramiform elements. An outstanding problem with the 
Epigondolella bidentata populations concerns the need to 
delimit the variability within each Upper Norian faunule in 
order to refine the present long range attributed to the spe- 
cies. 

Very few well preserved radiolarian assemblages have 
been collected from the Monotis beds during this study, 
although earlier Pessagno and Blome (1980) and Blome 
(1984) described species of Betraccium, Cantalum, Fer- 
resium, Laxtorum, Pantanellium, and Pseudoheliodiscus 
from Kunga Island and established the Betraccium deweveri 
Sabzone for the interval. 

Sandilands Formation 

This unit, formerly called the black argillite member of the 
Kunga Group, consists predominantly of dark siliceous silt- 
stone and argillite. Ammonoids occur mainly in the upper 
part and are Hettangian and Sinemurian (Early Jurassic) in 
age. Late Triassic ammonoids indicating the Crickrnayi 



Zone are also known from Kennecott Point, namely 
Choristoceras cf. C. rhaeticum (Guembel). Other occur- 
rences of post-Monotis Triassic ammonoids are rare and 
generally indeterminate; no Amoenum Zone indicators 
have yet been found. 

Conodonts of the Epigondolella bidentata Mosher group 
are known from post-Monotis strata on Kunga Island and at 
Kennecott Point. Unpublished data from British Columbia 
and Nevada shows that Epigondolella ex gr. bidentata 
ranges through the Amoenum Zone and into the basal part 
of the Crickmayi Zone. Consequently only loose age con- 
straints are provided by this taxon as presently conceived; 
differences between conodont faunas from the several 
Upper Norian levels are under review. No representatives 
of the latest Triassic Misikella have been recovered in spite 
of extensive sampling of the youngest Triassic strata. 

Abundant, diverse and well preserved radiolarians from 
the lower part of the Sandilands Formation have been found 
at Kennecott Point, Louise Island, and Kunga Island. The 
potential for zoning the uppermost Triassic and identifying 
the Triassic/Jurassic boundary beds is excellent. Three 
preliminary radiolarian assemblages are recognized for 
Upper Norian strata lying above the Monotis beds (Carter, 
1988 ; in press). Assemblage 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 Crickmayi 
Zone. The uppermost Norian fauna, much of which is new, 
is dominated by species of Betraccium, Pantanellium, Fer- 
resium, Sarla, Canoptum, Podocapsa ?, Tlieocorys ?, 
Haeckelicyrtiurn, Squinabolella and several new genera. 
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APPENDIX 

Locality register 

Information is provided here for illustrated material. 

GSC Loc. C-140407. Station SP-1, Sandilands Island, 
(86CAA(EC)-LSTI); 53"10116", 132O07' 19". Kunga 
Group, black limestone member. 

GSC Loc. C-140489. Kennecott Point, Section A, (87CNA- 
KP-A17) ; 53"54'48", 133 "09' 18". Kunga Group, 
Sandilands formation; 68 m above base of section, 
micrite nodule (100 x 15 cm), sample occurs 4.5 m 
below Choristoceras cf. C. rhaeticum Gumbel. 

GSC Loc. C-157008. Huston Inlet, (870F-HU-5) ; 
52'15'54.1", 131'18' 12.7". Kunga Group, grey lime- 
stone member; at 54. m. 

GSC Loc. C-150102. Burnaby Island, N side, E of Section 
Cove, (870F-BI-2) ; 52'25 ' , 131 " 18 ' . Kunga Group, 
grey limestone member; 10 m massive recrystallized 
grey micrite heavily veined with calcite, scattered 
recrystallized fossils - sparry outlines preserved, pen- 
tagonal crinoid columnals, brachiopods and snails, scat- 
tered siliceous nodules. 

GSC Loc. C-150131. Burnaby Island, N side, E of Section 
Cove, (860F-BI-25) ; 52 "25 ' , 13 1 " 18 ' . Kunga Group, 
black limestone member; grey micrite interbedded with 
calcarenites. 

GSC Loc. 157037. S Huston Inlet, SW of Pigeon Island, 
(870F-SHU-2); 52'17'1.4", 131'17'23.0''. Kunga 
Group, black limestone member; at 12 m, 0.5 m x 
10 cm nodule. 

GSC Loc. C-157110. E. Poole Inlet, (870F-EPO-1) ; 
52'22'0.5", 131 '17'36.3". Kunga Group, black lime- 
stone member; micrite lense (10 cm) bracketed by 
squashed ammonoids and Halobia. 

GSC Loc. C-157 12 1. Huxley Island, (870F-HUX-B9) ; 
52'26'18.4", 131'21'34.3''. Kunga Group; at 3 m, 
10 x 70 cm nodule. 

GSC Loc. C-157275. Kunga Island, S side, (870F-SKU- 
A10); 52"45'18.3", 131'33'58.7''. Kunga Group, 
black limestone member. 

GSC Loc. C-157294. Burnaby Island, Section Cove, 
(870F-BI-4C); 52"25'53.9", 131°19'50.8". Kunga 
Group, black limestone member; 22 m above exposed 
base of section. Dark lime mudstone concretion 
(100 cm x 30 cm). Welleri Zone ammonoids. 

GSC Loc. C-157325. Burnaby Island, (870F-BI-13) ; 
52'25"58.9", 131°19'42.6". Kunga Group, black 
limestone member ; nodule. 

GSC Loc. C-157344. Rose Inlet, SE end, (870F-RI-A6); 
52"9'59.2", 131'7'5.7''. Kunga Group, black lime- 
stone member; at 34 m above datum, Monotis beds. 

GSC Loc. C-157380. W Kunghit Island, (870F-KT-A25) ; 
52'8'52.4", 131°7'9.1". Kunga Group, black lime- 
stone member; 10 cm lenticle at 218 m. 

GSC Loc. C-164674. Kunga Island, S side, (87CNA-SKU- 
SPI); 52'45'37", 131 "33'37". Kunga Group, San- 
dilands formation; isolated locality at head of small 
beach just E of Section D, micrite nodule (20 cm x 
5 cm). 
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Abstract 

An exposure of Sandilands Formation at Kennecott Point, Queen Charlotte Islands of latest Triassic 
to mid-Early Sinemurian age spans the Triassic-Jurassic boundary. Early results suggest the presence 
of Lower, Middle, and Upper Hettangian ammonites. Other macrofossils, as well as microfossils, offer 
much new information on the Jurassic distribution of many faunal groups. 

Un afleurement de la formation de Sandilands, duns la pointe Kennecott, des iles de la Reine- 
Charlotte, dont l'cige varie du sommet du Trias au milieu du Sinkmurien infkrieur, couvre la limite entre 
le Trias et le Jurassique. Les premiers re'sultats indiquent qu'il existe des ammonites de llHettangien 
infkrieur, moyen et supkrieur. D'autres rnacrofossiles, ainsi que des microfossiles, offrent beaucoup de 
nouveaux renseignements sur la re'partition jurassique d'un grand nombre de groupes fauniques. 

' Contribution to Frontier Geoscience Program 
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Figure 1. Restored and simplified section of part ofbandilands Formation at Kennecott Point, 
northwestern Graham Island. 



One and one-half months were spent in the field studying 
a section of Hettangian and lowest Sinemurian strata 
exposed at Kennecott Point on the northwest coast of Gra- 
ham Island, Queen Charlotte Islands. The section is highly 
fossiliferous and possibly all Hettangian time and the earlier 
half of Early Sinemurian time are represented by macrofos- 
sils and microfossils. The exposure is an intertidal wave-cut 
bench with very little overburden. 

The section is correlated with the Sandilands Formation 
of the Kunga Group (Cameron and Tipper, 1985) which was 
originally believed to be of Sinernurian age. The sequence 
of the formation at Kennecott Point begins with fairly limy 
beds in the Triassic (Upper Norian) above the Monotis- 
bearing beds (Cordilleranus zone) and generally coarsens 
upward to the top of the exposed section in the mid-Lower 
Sinemurian. So far as can be determined it is an uninter- 
rupted sedimentary sequence. 

The formation is composed of interbedded sandstone, 
siltstone, shale, concretionary limy siltstone, a few thin limy 
beds (5-10 cm thick), and thin beds of green to grey soft 
tuff. No conglomerate or grit-sized sand was noted. Gener- 
ally the strata are thinly bedded (a few millimetres to five 
or six centimetres) but some beds of sandstone may be one 
or two metres thick. Ripple marks and crossbedding are 
present but are not common. Trace fossils are abundant. The 
section is intensely faulted but generally dips gently east- 
ward. 

The ammonite faunas present strongly suggest that there 
was a continuous depositional event across the Triassic- 
Jurassic boundary. The coarse sandstone at the boundary 
(Fig. 1) does not seem to be unique in the total section, but 
is only one of several sand intervals that punctuate an other- 
wise fine grained clastic sequence that is replete with a wide 
variety of fossils. The youngest ammonites in this section 
are about mid-Early Sinemurian in age, but elsewhere in the 
Queen Charlotte Islands, the formation is as young as Late 
Sinemurian, possibly in places latest Sinemurian. The 
genera identified here (Fig. 1) are preliminary determina- 
tions at best but those that are not queried are offered with 
some confidence. A comparison with Hettangian faunas of 
Nevada (Guex, 1980; D.G. Taylor, pers. comm., 1988) 
suggests that Lower, Middle, and Upper Hettangian strata 
are present at Kennecott Point. Many genera collected are 
not listed here as they have not been identified with any 
degree of confidence. 

The Sinemurian beds have yielded an abundance of 
arietitids which although sparse at the 120 m level (Fig. I), 
increase in numbers upward and are dominant in the upper 
20 m ;  the first appearance of Arnioceras sp. is within 10 
m of the top of the section. The Badouxia species are com- 
mon and dominant in the lower beds of the Sinemurian. In 
most beds the ammonites are to some extent compressed so 
that specific identifications will be difficult. 

In addition to ammonites, a wide variety of macrofossils 
were collected from this interesting section. Bone fragments 
of probably seven different icthyosaurs were found, six are 
Jurassic, one is Triassic. Most of the bones are ribs but some 
vertebrae and two skulls are among the material collected. 
Remains of several small fish were found, mainly in 
Sinemurian beds, and fish scales and separated bones are 
relatively common throughout the section. Two or three 
crustacea (crayfish?) were collected. A few leaves were 
found on bedding surfaces in the higher Sinemurian beds. 
Nautiloids, coleoids, bivalves, and brachiopods are com- 
mon occurrences but never abundant. The diversity of 
faunas is unusual compared with the Sandilands Formation 
elsewhere in Queen Charlotte Islands. 

E.S. Carter sampled many limy nodules and limy beds 
for the recovery of radiolarians and these were correlated 
with the ammonite faunas. The section was measured jointly 
and the whole study has been a collaborative exercise. Early 
returns from processing these samples suggest that radiolar- 
ians may be recovered in many samples, hopefully to give 
greater control in the barren zones (Fig. 1) and to prove the 
continuity of the depositional sequence. 

If the section at Kennecott Point is as complete for latest 
Triassic to earliest Jurassic time as present information sug- 
gests, a very important source of information exists. It 
would be the first complete Hettangian section in Canada 
and the first section to span the Triassic-Jurassic boundary. 
If such is the case, much new information on various faunal 
groups should become available. Further fieldwork is 
planned. 
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Abstract 

The Toarcian stratigraphic succession in the Queen Charlotte Islands appears to be complete with 
a possible minor hiatus between the Whiteaves and Phantom Creek formations. iShe Lower Toarcian 
appears to be represented by Tiltoniceras propinquum, Dactylioceras kanense, and Taffertia. The Middle 
Toarcian represents the bulk of the sequence and contains a fairly diverse fauna including Phymatoceras, 
Haugia, and Peronoceras. Upper Toarcian genera identijed include Hammatoceras, Sphaerocoeloceras, 
and a form tentatively identified as Esericeras. The fauna is very diverse andpromises to yield a detailed 
ammonite zonation which will be of great use to microfossil workers. 

La succession stratigraphique du Toarcien duns les iles de la Reine-Charlotte, semble 2tre complgte, 
avec une lacune mineure possible entre la formation de Whiteaves et celle de Phantom Creek. Le Toarcien 
infkrieur semble 2tre reprksente' par Tiltoniceras propinquum, Dactylioceras kanense et Taffertia. Le 
Toarcien moyen reprksente l'ensemble de la skquence et renferme une faune relativement diverse, dont 
Phymatoceras, Haugia et Peronoceras. Les genres du Toarcien supkrieur ident$ks comprennent Hamma- 
toceras, Sphaerocoeloceras et une forme qu 'on a essay6 d'identifier ii Esericeras. La faune est tr&s varike 
et promet de fournir une zonation d'ammonites d6taillLe qui servira beaucoup aux micropalLontologistes. 
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INTRODUCTION STRATIGRAPHY 

The Toarcian is the uppermost stage of the Lower Jurassic 
and is poorly understood in North America, primarily 
because of the lack of complete stratigraphic sections. The 
Toarcian in the Queen Charlotte Islands, however, contains 
a relatively complete stratigraphic sequence with a diverse 
and well preserved fauna. The primary goal of this study 
is a detailed ammonite zonation based on the Queen 
Charlotte Islands sequence because the sequence is poten- 
tially the type Toarcian for all of North America. This zona- 
tion would allow the correlation of the Queen Charlotte 
basin with Toarcian basins elsewhere and would also serve 
as a scale against which the radiolarian zonation could be 
compared (Carter et al., 1988). 

The Toarcian in the Queen Charlotte Islands is 
represented by the Fannin, the Whiteaves and the Phantom 
Creek formations in the upper part of the Maude Group. 
These three formations are exposed primarily in central 
Graham Island along the Yakoun River and its tributaries, 
in the Skidegate Inlet area at Whiteaves Bay and on Maude 
Island. Several limited outcrops are also present in the 
Shields Bay and Rennell Sound areas, in the Marie Lake 
area, at Skedans Point on Louise Island, and possibly at Atli 
Inlet on Lye11 Island (Fig. 1). 

Figure 1. Toarcian localities on the Queen Charlotte 
Islands. 
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The Fannin Formation is a heterogeneous unit ranging in 
age from Late Pliensbachian to Early Toarcian. Outcrops in 
central Graham Island are in fault contact with the overlying 
Whiteaves Formation, with the Lower Toarcian missing 
(Cameron and Tipper, 1985). The lowest Toarcian is pres- 
ent at Whiteaves Bay in Skidegate Inlet where it consists 
primarily of calcareous sandstone and tuffaceous shale with 
rare sandy limestone interbeds and lenses (Cameron and 
Tipper, 1985). The strata there are indurated and poorly fos- 
siliferous but a number of taxa were collected, including 
Dactylioceras, Taffertia and Tiltoniceras propinquum, an 
association indicative of the Early Toarcian. The boundary 
between the Pliensbachian and Toarcian is difficult to deter- 
mine because of the low fossil content. Below the Dac- 
tylioceras beds and above the last Pliensbachian ammonites, 
is an interval of about 25 m containing only Tiltoniceras, 
a genus that spans the boundary in North America (Smith 
et al., 1988). Further collections may succeed in delimiting 
the boundary with greater precision. 

5 Whi te~ves  Boy 
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The Whiteaves Formation is a recessive, grey-green, 
silty shale with thin sandstone interbeds, tuffaceous layers 
and limestone concretions and interbeds. The formation out- 
crops on central Graham Island, Maude Island, Whiteaves 
Bay and at Skedans Point on Louise Island. It appears to be 
in fault contact with the underlying Fannin Formation and 
thus the uppermost part of the Lower Toarcian is probably 
absent in most places. The outcrop at Whiteaves Bay, how- 
ever, contains a poorly exposed, unfossiliferous sequence 
lying above the Fannin Formation, and below a section of 
the Whiteaves Formation containing basal Middle Toarcian 
ammonites. This sequence is approximately 15 m thick and 
may represent the uppermost part of the Lower Toarcian, 
but the poor exposure and possibility of faulting make it 
difficult to determine. The outcrop is a beach exposure and 
changes from year to year, allowing the possibility that a 
more complete collection may be made in the future. 

The Phantom Creek Formation is a greenish, glauco- 
nitic, fine to coarse grained sandstone with minor shaly 
interbeds and limestone concretions. These concretions are 
richly fossiliferous and can reach one metre in diameter. Its 
age spans the Late Toarcian and the Early Aalenian (Came- 
ron and Tipper, 1985). The unit is present in central Graham 
Island and in the Shields Bay and Rennell Sound areas. An 
exposure on Maude Island (Section 4 of Cameron and Tip- 
per, 1985), initially assigned to the Phantom Creek Forma- 
tion, is separated from the Whiteaves Formation by a 
paleosol. The exposure is now tentatively thought to be 
Bajocian in age and part of the Yakoun Group based on 
lithology and an ammonite specimen (a sonninid). The 
thickest section (15 m) of Phantom Creek sediments is found 
along the Yakoun River (Section 11 of Cameron and Tipper, 
1985) and the formation thins progressively to the south. 
The section at Road 59 in central Graham Island (Section 
13 of Cameron and Tipper, 1985) has a thickness of only 
6 m. On Maude Island, the Phantom Creek Formation is 
absent and the presence of the paleosol is evidence of a hia- 
tus. The Creek 57 section in central Graham Island (Section 
14 of Cameron and Tipper, 1985) has a very fossiliferous 
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zone at the Whiteaves-Phantom Creek boundary and con- 
tains 'rotted' ammonites. The ammonite moulds in the sand- 
stone contain casts composed of a brown, friable, clayey 
sediment similar to the paleosol on Maude Island. 
Ammonites in this zone include Hammatoceras and 
Sphaerocoeloceras, suggesting the presence of the Euro- 
pean Levesquei Zone and the absence of the Thouarsense 
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Figure 2. Generalized stratigraphic column for the Toar- 
cian of the Queen Charlotte Islands. 

Figure 3. Some Toarcian genera identified from the 
Queen Charlotte Islands. 
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Zone (Fig. 3). This is further evidence for a hiatus between 
the Whiteaves and Phantom Creek formations. The main 
section on the Yakoun River (Section 11 of Cameron and 
Tipper, 1985) does not appear to have a hiatus, but the first 
5 m above the contact are covered by trees and soil and may 
represent a fault trace. The preliminary and tentative assign- 
ment to Esericeras of the very large (up to 45 cm across) 
involute ammonites (H. Frebold, unpub. data; Cameron 
and Tipper, 1985) may be false, due to their association with 
Hammatoceras and Sphaerocoeloceras. In Europe, 
Esericeras is found below these two genera and it is proba- 
ble that the large ammonites found in the Charlottes may be 
the macroconches (female dimorphs) of another genus, pos- 
sibly Hammatoceras. A specimen collected from Creek 57 
has the inner whorls of Hammatoceras and the involute, 
smooth outer whorls of the typical 'Esericeras', supporting 
this idea. 
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The summer of 1987 was spent primarily measuring and 
collecting the Yakoun River sections, the section on Creek 
57 and the section on Road 59. A collection was made from 
the Rennell Hill locality. During the summer of 1988, col- 
lections were made at Whiteaves Bay and at the Marie Lake 
Quarry. The Maude Island sections were examined but are 
poorly exposed and yield very few ammonites. New locali- 
ties were found at Shields Bay, Marie Lake and Skedans 
Point on Louise Island. The Marie Lake Quarry exposes the 
upper part of the Whiteaves Formation and part of the Phan- 
tom Creek Formation. Isolated collections were made from 
the concretions of the Whiteaves Formation, however, the 
Phantom Creek Formation yielded little. At Shields Bay, 
shoreline exposures of metamorphosed Phantom Creek 
sediments were identified by the presence of dicoelitid 
belemnites which are typical of the Middle and Upper Toar- 
cian. Some poorly preserved ammonites were collected at 
isolated outcrops. The Skedans Point outcrop was not 
visited by the author but examined by a mapping team. The 
section contains Fannin, Whiteaves and possibly Phantom 
Creek sediments. A possible Toarcian locality may be pres- 
ent at Atli Inlet on Lye11 Island. Sutherland Brown (1968) 
collected some ammonites which could be Toarcian or Cre- 
taceous, but he felt the beds belonged to the Maude Group. 
The ammonites resemble Phymatoceras and if they do 
indeed belong to this genus would indicate the presence of 
the Whiteaves Formation. 
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Abstract 

Strata of the Lower Cretaceous Longarm Formation outcrop over a wide region of the Queen 
Charlotte Islands. Lithofacies analysis and mollusc paleoecology of three study areas suggest that the 
Longarm represents an accumulation of principally shallow- water, shelf depth (< 200 m) deposits. irhe 
age of the formation in the contiguous outcrop belt in the central part of the archipelago is Hauterivian 
to possibly Aptian, as indicated by mollusks. In the northern part of the islands isolated exposures are 
of latest Jurassic to Hauterivian age. 

Des couches de la formation de Longarm du Crktace' infkrieur afleurent dans une rkgion e'tendue 
des fles de la Reine-Charlotte. L'analyse du 1ithofaciEs et la pale'oe'cologie des mollusques de trois re'gions 
d'e'tude suggErent que la formation de Longarm constitue une accumulation de se'diments principalement 
mis en place en eau peu profonde (200 m) sur le plateau continental. Comme l'indiquent les mollusques, 
dans la zone afleurante contigui! de la partie centrale de l'archipel, la formation date de lJHauterivien 
et peut-&tre de 12Aptien. Duns la partie septentrionale des fles, des afleurements isolks datent de la toute 
derni2re partie du Jurassique B 1'Hauterivien. 



INTRODUCTION 

The Longarm Formation was proposed by Sutherland 
Brown (1968) for the succession of Valanginian to Barre- 
mian strata which is exposed at many localities in the Queen 
Charlotte Islands. Long Inlet, formerly the Long Arm of 
Skidegate Inlet, was selected by Sutherland Brown as the 
type area for the formation, although a specific type section 
was not designated. He suggested that shallow marine, 
shoreline facies as well as deeper marine, trough deposits 
were represented in the formation. Subsequent workers 
have utilized the limited data presented by Sutherland 
Brown as a basis for expanded tectono-stratigraphic 
interpretations of the Early Cretaceous geological history of 
the Queen Charlotte Islands and adjacent areas (Yorath and 
Chase, 1981 ; Yorath and Hyndman, 1983). 

Recent field studies have shown that some of the previ- 
ous paleoenvironmental interpretations for the Longarm 
Formation should be reassessed. In view of the strong 
interest in the Cretaceous and Tertiary strata of the Hecate 
Strait region as possible petroleum reservoirs, a detailed 
Longarm stratigraphy is of prime importance. 

In 1988, the author initiated a field program to study the 
stratigraphy and lateral extent of the Longarm Formation in 
the Queen Charlotte Islands. The focus is on the description 
of lithological units and a concurrent analysis of the mollus- 
can paleontology. To date, molluscs, especially ammonites 
and inoceramid bivalves, have provided the most detailed Figure 1. Principal study areas in the Queen Charlotte 
and practical biochronologica! dating tool for the study of Islands- 
Mesozoic strata in the QuP,;~ Charlotte Islands. This report 
presents details of the I~thostratigraphic succession of the The evidence presented below, however, indicates that 
Longarm Formation as well as preliminary interpretations these beds are older than any known Longarm strata in the 
of the molluscan biochronology. region. 

QUEEN CHARLOTTE 
ISLANDS 

BRITISH COLLlMBlA 

0 50 km 

LITHOSTRATIGRAPHY 
All these outcrops are exposed mainly in the intertidal 

region, and are commonly faulted. Two predominant fault 

Exposures of the Longarm Formation were studied at three were noted, one trending 300"- and the second, 

principal locations in the Queen Charlotte Islands (Fig. 1). approximately perpendicular to the first, trending about 

These included 1) exposures on the northwest coast of Gra- 045". Bedding is generally oriented with a southwesterly or 

ham Island; 2) the section at Long Inlet; and 3) extensive west-southwesterly dip varying between 30" and 65". 

outcrops at Cumshewa Inlet. The base and top of the Longarm Formation were not 

In addition, other localities were visited where the Long- seen in any section. No occurrences of mid-Cretaceous 

arm Formation was thought to occur, or had recently been Haida Formation, or older Mesozoic Kunga Group rocks, 

noted (i.e., Thompson, 1988). which outcrop extensively to the north and south of the 
White Point region, were noted in association with the Lon- 

White Point Exposures 

., , 

garm Formation exposures. Pyroclastics of the Tertiary 
Masset Formation overlie most of the area, and Longarm 
exposures were noted locally in fault contact with a distinc- 

Longarm Formation strata were mapped by tive and well indurated, undated volcanic breccia considered 
Brown Fig. 5, as On the northwestern to be of probable pre-Masset age (C. Hickson, pers. comm., 

of Graham Island, from 2 .  south of White 1988). It is at present unknown if these volcanic rocks occur 
Point. These exposures will be referred to collectively as the within the Longarm succession ; they were not observed 
White Point exposures (Fig. 2 ) .  Three distinct outcrop areas interfingering with Longarm beds in any of the sections 
occur in this region. The first and largest is the most north- studied at White Point and elsewhere in the islands. 
erly of Sutherland Brown's mapped outcrops, the extensive 
tidal flat exposure located 1.1 km south of white Point; the Three major lithofacies were noted in the White Point 
second is the most southerly exposure mapped by Suther- exposures : conglomerate ; sandstone with shell debris ; and 
land Brown, 1.9 to 2.1 km south of White Point; the last interbedded fine sandstone, shale and concretionary shale. 
includes the offshore island just west of the northern, tidal Stratigraphic position suggests that the oldest strata in the 
flat exposure. This last outcrop is provisionally correlated region consist of a thick succession of cobble conglomerate. 
with the Longarm Formation on the basis of its lithology. These beds occur extensively along the beach at the north- 
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Figure 2. A. Sketch map of Longarm Formation exposures in the vicinity of White Point, northern Gra- 
ham Island; B. Measured sections of Longarm Formation a s  exposed in the White Point area. 

ern, tidal flat, exposure. The conglomerate weathers dark tinuous lenses containing well rounded pebbles, a few 
greenish grey to greenish brown and is very well indurated. cobbles, and broken shell debris occur at some levels, typi- 
The clasts are framework-supported, moderately well cally in the stratigraphically lower exposures of this facies 
sorted, well rounded to subrounded cobbles, mostly ranging (Fig. 3B). 
from 3 to 8 cm in diameter, with an observed maximum of 
10 cm. The cobbles consist of approximately 90 per cent 
volcanics, 10 per cent granitic rocks, and minor argillite, 
chert, and calcareous shale. The matrix of the conglomerate 
consists of fine to coarse grained sand, rich in lithic grains. 
Occasional lenses of sandstone are noted within the con- 
glomerate; these lenses are up to 25 cm thick and 5 to 10 
m in lateral extent. Sixty metres of this conglomerate was 
noted in outcrop. Some of the lowest beds are locally in fault 
contact with the pre-Masset volcanic breccia noted above. 

Disarticulated molluscs and shell accumulations are 
common in this facies, and are locally very abundant. Some 
individual shells occur in life position in the sandstone but 
most are found in the thick, laterally extensive shell beds 
characteristic of the facies. The shell beds also contain well 
rounded pebbles. In some accumulations, shells are oriented 
randomly, in others individual valves are concave up 
(Fig. 3C). The most common taxonomic elements noted 
include Buchia, Inoceramus, Arctica, Cucullaea, Colum- 
bitrigonia, and belemnites. Locally, thick accumulations of 

Conglomerate also occurs higher in the northern section. ~nocerarnus prisms occur 
It is separated from the lower conglomerate just described 
by a 46 m (approximate) thickness of sandstone, shale, and The third lithofacies noted in the White Point exposures 

concretionary shale. The thickness of the upper conglomer- consists of interbedded fine sandstone, shale, and concre- 
tionary shale. This facies tends to weather recessively ate unit is at least 82 m;  its top extends beneath the sea. This 
except for the concretionary shale horizons, which are much 

conglomerate is compositionally similar to the lower one 
more resistant. The shales are dark bluish grey to black, and 

except that it common greyish buff the concretionary shale horizons are buff. The sand- 
shale clasts, generally very angular and occasionally of 
great size - some blocks reach 0.75 m in length. These stone of this lithofacies is compositionally similar to that 

blocks are presumably derived from the underlying unit of occurring in the fine sandstone lithofacies described earlier, 

shale and sandstone. No fossils were noted in either of the but lacks pebbles and shell debris. No molluscs were noted 

conglomerate units. in these beds. 

The second major lithofacies observed in the White The southern White Point exposure is characterized 

Point exposures consists of well indurated and compact, fine principally by the second lithofacies described above; at the 
northern exposure, all three lithofacies occur in the section. 

grained sandstone with weathered greenish grey Conglomerate the base of that succession and 
(Fig. 3A). This lithofacies occurs in all sections studied. is overlain by interfingered accumulations of both of the Typically, these rocks are moderately well sorted, fine to 
medium grained lithic arenite, locally gritty. The sandstone other two facies as well as the upper conglomerate described 

is generally massive but shows some planar laminae; previously. In Section A (Fig. 2) the upper conglomerate 

locally, accumulations of dark mineral grains define these comprises more than 82 m of strata, but in the adjoining Sec- 
tion B the conglomerate is much thinner, occurring as a laminae. A few thin, laterally discontinuous, platy shale 
series of thin pebble beds within fine grained sandstone. horizons also occur. Petrified wood and, locally, coal seams 

were noted. At some sites, the sandstone has a highly Evidently the ,upper conglomerate horizon represents a 

petroliferous odour when it is broken. Laterally discon- channel deposit, which thins laterally into the adjacent sand- 
stone. 
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Figure 3. Fine grained sandstone lithofacies of the Lon- 
garm Formation in the White Point region. A. Massive to pla- 
nar laminated sandstone exposed in the intertidal zone 
(GSC photo 204705-1); B. Closeup view of sandstone bed 
showing horizon of matrix- supported pebblelcobble con- 
glomerate, indicated by arrows (GSC photo 204705-G); C. 
lnoceramus shell debris beds in fine grained sandstone; 
shells appear in cross- section a s  white outlines (GSC photo 
204705-H). 

The entire sequence is considered to reflect relatively 
shallow-water deposition. The horizons of abundant shell 
debris, typically robust valves occurring in laterally con- 
tinuous accumulations, suggest deposition as lag deposits on 
the sea bottom. The presence of common belemnites, and 

Buchia, trigoniids, and other thick shelled bivalves also 
indicates a shallow-water interpretation for the succession. 
The presence of large sized angular clasts of intrabasinal 
composition in the upper conglomerate suggests that deposi- 
tion occurred close to the source terrane. 

Additional exposures of conglomerate and minor sand- 
stone and shale occur on the offshore island west of the 
northern exposure. At the lowest tide, this outcrop is almost 
continuous with the tidal flat exposure. Rocks on this island 
were previously mapped as questionable Honna Formation 
on the basis of lithology. They are herein provisionally con- 
sidered as possible Longarm Formation strata for several 
reasons. Firstly, they contain numerous horizons of shell 
hash - small fragments to whole shells of oysters, other 
bivalves, and brachiopods embedded in a fine to medium 
grained sandstone matrix. To date no described exposures 
of the Honna Formation conglomerate have contained any 
shell debris horizons. Secondly, they have a generally 
greenish colouration, in contrast to the Honna Formation 
conglomerate, which typically weathers to reds, browns, 
and black. Thirdly, these conglomerates are commonly dis- 
persed through the sandstone rather than forming discrete, 
all-conglomerate beds as in the Honna Formation. Finally, 
the conglomerates contain belemnites which are not known 
from post-Longarm rocks in the Queen Charlotte Islands. 
Based on the fauna and sedimentary structures, these island 
conglomerates are also considered to be of shallow-water 
origin. The presence of common calcareous shale clasts 
within the conglomerate suggests a lithological similarity 
with the upper Graham Island conglomerate unit described 
above. 

The age relationships of the various White Point 
exposures are not fully understood. Jeletzky (in Sutherland 
Brown, 1968) reported Buchia crassicollis (Keyserling), of 
late Valanginian age, from the most southern of the out- 
crops. Bivalves collected in 1988 from the northern outcrop 
have been tentatively assigned to Inoceramus cf. paraket- 
zovi Efimova, suggestive of a Hauterivian age. Fossils col- 
lected earlier from the offshore island conglomerate include 
a poorly preserved buchiid fauna identified by Jeletzky 
(1984, p. 184) as late Late Jurassic in age. Thus, although 
the strata occurring on the offshore island are lithologically 
similar to the onshore exposures of the Longarm Formation, 
they appear to be significantly older. They may be equiva- 
lent to the unfossiliferous conglomerates in the lower part 
of the onshore sections. Alternatively, it is possible that they 
reflect a separate cycle of deposition, independent of the 
Longarm Formation sequence. 

Long Inlet exposures 

Longarm Formation strata are almost continuously exposed 
along the southwest shore of Long Inlet, at the northwestern 
end of Skidegate Inlet (Fig. 4). The strata occur as a steeply 
northeastward-dipping, locally overturned succession, 
which has been folded parallel to the regional trend of the 
Rennell Sound Fold Belt of Thompson (1988) (Lewis and 
Ross, 1988; Haggart et al.,  1989). 

The upper and lower limits of the formation in Long Inlet 
have not been seen. The contact with the younger Haida 
Formation is obscured beneath the waters of the inlet. In 



Top laulted 

fine ss 

minor sh 

. . - - -. . - . 
53' 12' 

Berry Islands 
. . . - - . . . . 

1 ss 1 1 fine 4 
i,__ Base nor seen Base not seen 

Section A Section D 132'17, 

Figure 4. Sketch map of Longarm exposures in Long lnlet 
showing localities of measured sections. 

Skidegate Channel, approximately 7 km southwest of Long 
Inlet, Longarm Formation strata outcrop in close proximity 
to Lower Jurassic Sandilands Formation and Middle Juras- 
sic Yakoun Group strata (Lewis and Ross, 1988). 

The distinctive cobble conglomerates characteristic of 
the lower part of the Longarm Formation sections in the 
White Point area are noticeably absent at Long Inlet. The 
extent of basal strata missing at Long Inlet is unknown, 
although the distinctive granule conglomerate described by 
Sutherland Brown (1986, p. 79; see below), which occurs 
in the lower part of the section in the inlet, is also known 
from near the base of the Longarm section at Cumshewa 
Inlet (see below), 30 krn to the southeast. 

The Longarm lithotypes present at Long Inlet are less 
varied than those seen near White Point. Good exposures 
are noted on the Berry Islands and also along most of the 
shoreline northwest from those islands, especially at Young 
Point (Section C) and the peninsula just to the south (Sec- 
tions A, B). The strata preserved along the west shore of 
the inlet represent a single fining-upward sequence of sand- 
stone, conglomeratic sandstone, siltstone, and shale. 

The lowest rocks observed in this section outcrop at the 
base of Section A and consist of massive or planar lami- 
nated, possibly low-angle cross-stratified, medium grained, 
dark grey-green or greenish black sandstone. These rocks 
are strongly indurated and weather into platy fragments or 
blocks. No fossils were noted in these lowest beds. 

Overlying these basal beds is a sequence (21 m thick) 
of interbedded sandstone and granule conglomerate 
(Fig. 5). These are the conglomerates described in detail by 
Sutherland Brown (1968). The  maximum clast size 

Figure 5. lnterbedded granule conglomerate and sand- 
stone beds of Longarm Formation, Long lnlet (GSC photo 
20471 3-L). 

observed in these conglomerates was 1.5 cm. The con- 
glomerate occurs in relatively thin (5-90 cm) units, but one 
horizon 2 .6  m in thickness was noted; typically, the con- 
glomerate beds are much more extensive laterally. At Long 
Inlet these granule conglomerates were not noted in associa- 
tion with any other conglomerates or with distinctly larger 
clast sizes. 

The lowest fossiliferous horizons in Section A occur in 
strata overlying the granule conglomerates, a series of mas- 
sive or planar laminated light green to greenish black, 
medium grained sandstones. This rock type also constitutes 
the exposures on the Berry Islands. The sandstones include 
some thin (< 1 cm), laterally discontinuous black shales 
developed as depositional laminae, and several thin 
(5-10 cm), very dense, iron rich, fine grained sandstones. 
Fossil molluscs are preserved primarily as internal moulds, 
although fresh exposures may show some original shell. 
Fossils usually occur singly in the matrix, without any pre- 
ferred orientation, but some shell lag accumulations several 
centimetres in thickness and two to three metres in lateral 
extent were noted. 

Fossils, especially inoceramid valves, are abundant in 
the fine to medium grained silty sandstone and siltstone, 
which are the predominant lithotypes along the shore north- 
west of Young Point and on the point itself. These rocks also 
occur at the mouth of Indian Cabin Creek. Black shale 
sequences are much more common within these rocks as 



well, reaching 0.65 m in thickness. The inoceramid valves, 
some of which reach 0.3 m in length, are oriented parallel 
to bedding, with equal numbers of valves facing up or down. 
Also in these rocks, the fossils occur principally as internal 
moulds with some original shell being retained. 

Sandy shale is the predominant lithotype in outcrops near 
the mouth of Lagins Creek. In sections where the shales are 
cleaner, calcite-cemented horizons occur, commonly form- 
ing laterally discontinuous concretionary zones (Fig. 6). 
Locally, the shale contains thin (< 10 cm) graded turbidite 
sandstone, which includes subangular and poorly sorted 
coarse grit and, locally, basal pebbles up to 2 cm in 
diameter. No fossils were noted in any of these shale 
exposures. 

Although the Longarm Formation is extensively 
intruded by felsic to mafic igneous dykes and sills at Long 
Inlet, no evidence of interbedded volcanic rocks was seen. 

The total thickness of Longarm Formation strata at Long 
Inlet is undeterminable. Nearly 200 m of overturned beds 
are exposed on the peninsula adjacent to Young Point and 
these strata are essentially repeated along strike for some 
distance to the northwest. This section is ultimately suc- 
ceeded, however, by the shales that outcrop near Lagins 
Creek and which form much of the outcrop in the valley to 
the west (P. Lewis, pers. comm., 1988). An estimate of the 
additional thickness of these shales is 250 m. 

The Longarm Formation section at Long Inlet is a con- 
tinuous, fining-upward succession considered to represent 
a single depositional sequence. Sutherland Brown (1968) 
reported Simbirskites? from Long Inlet, suggestive of a 
Hauterivian age. Although the precise locality for this speci- 
men is not known, it probably came from either the Berry 
Islands exposures or the section southwest of Young Point. 
Inoceramus cf, paraketzovi Efimova was collected from the 
Berry Islands in 1988, giving support to a Hauterivian date 
for these localities. The occurrence of Lytoceras cf, batesi 
(Trask) in sandstone south of Young Point (upper Section 
A) suggests a Barremian age for this portion of the section. 
It is possible that younger horizons are represented in the 
overlying siltstone and shale. Thus, an age range of Hau- 
terivian to Barremian or younger is indicated for the forma- 
tion at Long Inlet. 

Cumshewa Inlet Exposures 

Longarm Formation strata are extensively exposed along 
the north shore of Cumshewa Inlet (Fig. 7), in general dip- 
ping gently to steeply northward. The formation unconfor- 
mably overlies strata of the Lower Jurassic Sandilands 
Formation approximately 2.2 km east of the docks at Aero 
(Fig. 8A). The degree of angularity between the Longarm 
and Sandilands formations at this locality is slight, although 
elsewhere on the inlet it can be much greater (R. Thompson, 
pers. comm., 1988). 

Lower strata of the Longarm Formation consist of well 
sorted, medium to coarse grained, planar laminated sand- 
stone, locally pebble-rich and containing layers of pebble 
and cobble conglomerate. Good exposures of this facies can 
be found at the above- mentioned unconformity locality, as 
well as on the point 0.25 krn farther east (Fig. 7, Section B). 
Conglomerate clasts are generally subrounded to subangu- 
lar, ranging from 0.5 to 1.5 cm in diameter, but a few small 
cobbles 5 cm in diameter were noted. Conglomerate tends 
to occur as lenses within the sandstone, laterally quite exten- 
sive, but generally no more than 1 to 20 cm in thickness. 
Some are much smaller, and even isolated stringers of 
individual pebbles were noted locally. The conglomerate is 
predominantly matrix-supported and generally gradational 
with the surrounding sandstone matrix; however, grading 
of clasts within conglomerate lenses was noted at several 

Figure 6. Calcareous shale concretion horizon in upper sites. Single inoceramid valves are sometimes found within 
shale succession of Longarm Formation, Long lnlet (GSC the conglomerate lenses. 
photo 204705-N). 
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Figure 7. Sketch map of Long- 
arm exposures in Cumshewa 
lnlet showing location of mea- 
sured sections. 



Figure 8. A. Unconformable contact (arrow) of basal, 
coarse grained sandstone and conglomerate lithofacies of 
Longarm Formation with underlying strata of the Lower 
Jurassic Sandilands Formation, Cumshewa lnlet (GSC 
photo 204705-0) ; B. Low-angle planar cross-stratification in 
medium to fine grained sandstone of the Longarm Forma- 
tion, Cumshewa lnlet (GSC photo 204705-E). 

Two horizons of spectacular accumulations of inocer- 
amid valves are seen on the point described above. Valves 
in these accumulations are up to 25 cm in length, and com- 
monly articulated. Single valves tend to be oriented sub- 
parallel to the bedding, with equal numbers facing up or 
down. The valves are commonly preserved as moulds where 
weathered, but include the prismatic layer where freshly 
exposed. Only the large, robust inoceramids and trigoniid 
bivalves were noted in the sandstone and conglomerate, 
usually in lag accumulations. These basal Longarm strata 
are thus considered to reflect shallow water deposition. 

A float occurrence of granule conglomerate of the type 
seen at Long Inlet was noted on the beach just east of Aero, 
suggesting the presence of this distinctive unit in the hill 
above. This locality is considered to be very near the base 
of the formation. 

Outcrops farther east (Fig. 7, Section A), appear to rep- 
resent somewhat deeper water deposits. These strata are 
characterized by thick successions of massive or  planar 

laminated to low-angle planar cross-stratified, fine to 
medium grained, feldspathic silty sandstone, greenish black 
to buff in colour (Fig. 8B). Some thin shale horizons occur 
within these strata. Conglomerate horizons are lacking in 
these beds, although shale pebbles are commonly seen. The 
rocks are extensively burrowed and fossil molluscs, mostly 
ammonites and bivalves, are very common. Ammonites are 
usually found singly, lying parallel to bedding. Plant debris 
and wood, even whole logs, were commonly noted in these 
strata and adjacent rocks are typically weathered orange to 
buff. A section of this facies, 116 m in thickness, was mea- 
sured at this locality ; faulting may duplicate or cut out some 
of the section. 

Shale sequences were not noted in the Longarm Forma- 
tion outcroDs studied at Cumshewa Inlet in 1988. but R. 
Thompson (pers. comm., 1988) suggests that an accumula- 
tion of Longarm shales may be present just north of 
Moresby Camp in the western part of the inlet. 

The fauna and sedimentary structures of the Longarm 
Formation exposures studied at Cumshewa Inlet indicate 
shallow-marine deposition. Fossil collections have only 
been studied cursorily but preliminary analysis suggests that 
Inoceramus paraketzovi Efimova, I, colonicus Anderson, 
Quoiecchia aliciae Crickmay, and Columbitrigonia sp, are 
present in the basal part of the succession. This assemblage 
suggests a Hauterivian to lower Barremian age (Jeletzky, 
1970). Higher beds include Shasticrioceras. Lytoceras sp. 
cf. batesi (Trask) and Lytoceras (Gabbioceras)? sp., sug- 
gesting the presence of higher Barremian and possibly lower 
Aptian beds (see Anderson, 1938). 

Other localities 

Longarm Formation strata are exposed on the mountainside 
south of Alliford Bay, Skidegate Inlet. A thin section out- 
crops above shales of the upper Yakoun Group containing 
Stephanoceras (H. Tipper identification, 1988). Exposures 
are only seen in a quarry just below the level of the adjacent 
Honna Formation outcrops although Honna does not actu- 
ally cap the hill above the quarry. 

Strata exposed in the quarry include fine to medium 
grained greenish grey feldspathic sandstone with pebble and 
cobble lenses. The sandstone contains faint, low- angle pla- 
nar cross-stratification and shell debris is occasionally con- 
centrated along these stratification laminae. Conglomerate 
horizons are thin, generally between 5 to 12 cm in thickness, 
with well rounded clasts ranging from small pebbles to small 
cobbles (maximum 4 cm). Fossils are sometimes noted in 
the conglomerate horizons but most typically occur as shell 
lags on bedding or scour surfaces. Most fossils are leached 
moulds and some black carbonaceous material (possible 
periostracum?) was noted. Fossils collected at the quarry 
include common Quoiecchia aliciae Crickmay and Colum- 
bitrigonia cf. jackassensis Poulton, suggesting a Hauteriv- 
ian to Barremian age. The abundance and diversity of the 
molluscan fauna and the presence of trigoniids suggest 
shallow water deposition. 



DISCUSSION CONCLUSIONS 

Preliminary lithostratigraphic analysis of the Longarm For- 
mation in three different regions of the Queen Charlotte 
Islands has shown that at these localities the formation 
represents a single depositional cycle. Strata studied at these 
localities consists of a basal sequence of coarse elastics, 
which fines upsection. Sedimentary structures and the 
included mollusc fauna indicate that these basal depositional 
sequences represent shallow water environments. 

Shallow water depths were previously inferred by 
Sutherland Brown (1968) for Longarm Formation strata 
exposed in the southern part of the archipelago, but rocks 
on the central and northern islands were considered to be 
of somewhat deeper water origin. The diverse and abundant 
fauna suggests that the bulk of the Longarm Formation at 
Cumshewa and Long inlets accumulated at shelf depths 
( < 200 m). Unfossiliferous shale and turbidite sandstone in 
the upper part of the formation at Long Inlet may reflect a 
continuation of the deepening trend during deposition in that 
area. The same trend may exist in Cumshewa Inlet. 

Haggart et al. (1989) have suggested that the deeper- 
water shale noted at the top of the Longarm Formation sec- 
tion at Long Inlet might perhaps be gradational into the 
overlying sequence of turbidite sandstone and shale of the 
Skidegate member of the Haida Formation, of Cenomanian 
and younger age. In this model, deposition of the upper 
Longarm shale may span the Barremian, and parts of the 
Aptian and Albian as well. Thus, deposition in the deeper 
basinal areas of Long Inlet may have been continuous, while 
shoreline regions to the east experienced transgressive1 
regressive o~cillations resulting in local unconformities. 

Sutherland Brown (1968) suggested that Longarm For- 
mation deposition occurred during a time of volcanic quies- 
cence. Although volcanics may be associated with the 
formation in northern Graham Island, no definitive evidence 
of extensive volcanic rock accumulations was noted. 

Sutherland Brown (1968) also suggested that as much as 
1200 m of Longarm Formation exists in the Long Inlet area. 
However, this figure seems too high. A section of the for-. 
mation approximately 200 m in. thickness was measured 
near Young Point and includes all the Long Inlet faunal 
horizons noted to date. Assuming that the thickness of the 
overlying shale is approximately equal (250 m), the total 
estimated thickness (450 m) is somewhat less than half of 
Sutherland Brown's value. Perhaps Sutherland Brown con- 
sidered that the extensive areas devoid of outcrop along the 
shore of the inlet southeast of Indian Cabin Creek represent 
covered Longarm Formation. 

Although fossil dating of the various Longarm sections 
is still preliminary it appears that deposition of the preserved 
section in Long and Cumshewa inlets occurred during a sin- 
gle depositional cycle spanning the Hauterivian and Barre- 
mian, and possibly part of the Aptian as well. The sequence 
on northern Graham Island, however, suggests that Lon- 
garm Formation deposition in that region commenced in the 
Valanginian or possibly earlier. 

1. Longarm Formation strata are widely exposed on the 
Queen Charlotte Islands. 

2. Sedimentary structures and mollusc faunas in these 
rocks indicate that the Longarm Formation was 
deposited principally in shallow-marine ( < 200 m) 
environments. 

3. Lithological successions at three study areas reflect a 
single depositional cycle. Although the basal beds of the 
formation a r e  not always seen,  fining-upward 
sequences are always noted. 

4. Deposition in two of the studied sections appears to 
have occurred during the Hauterivian and Barremian 
and possibly Aptian as well. Exposures on northern 
Graham Island indicate an earlier age for the onset of 
deposition in that area, during the Valanginian or 
earlier. 
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Abstract 

Petrographic examination of newly collected sandstone samples of the middle Cretaceous Haida For- 
mation of the Queen Charlotte Islands, indicates hydrocarbon reservoir development. Increasing minera- 
logical and textural maturity, primarily quartz framework grain content and sorting, may be related to 
the Rennell Sound fold belt. Regionally, visual porosity increases in a southerly direction, with values 
exceeding I5 % observed at the head of Cumshewa Inlet. Improved reservoir characteristics and the 
blanket nature of the Haida sandstones combine to create a strong hydrocarbon objective in Hecate Strait. 

L'examen pktrographique d'6chantillonsfrai'chement prklevks de la formation de Haida du Cr4tacC 
moyen des iles de la Reine-Charlotte indique la formation de rkservoirs d'hydrocarbures. La maturilk 
minkralogique et texturale croissante, surtout la granu,lomktrie des grains de quartz du squelette, peut 
&tre associ6e cl la zone deplissement de Rennell Sound. A l'kchelle rkgionale, la porosite' visible augmente 
dans la direction sud, et des valeurs de'passant 15 % ont 6tk observ4es dans le fond de ['inlet Cumshewa. 
De meilleures caracte'ristiques de rkservoir, ajoutkes cl la couverture que constituent les gr2s de Haida, 
font du dktroit dlHkcate une cible de recherche d'hydrocarbures importance. 
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INTRODUCTION 

Newly collected sandstone samples from the basal member 
of the middle Cretaceous Haida Formation (Fig. 3) reveal 
a southerly increase in mineralogical and textural maturity. 
Increased quartz framework grain content and correspond- 
ing decrease of lithic and feldspathic components are cou- 
pled with increased porosity, providing the only unit yet 
discovered within the Cretaceous sequence of the Queen 
Charlotte Islands that has the potential to be a petroleum 
reservoir rock. This southerly increase in porosity was ini- 
tially documented by Fogarassy and Barnes (1988a), and 
has been confirmed by petrographic and scanning electron 
microscope studies and fieldwork during the 1988 field sea- 
son. Thus, the Haida-Formation must be considered a strong 
secondary objective after the Tertiary Skonun Formation 
(Fogarassy and Barnes, 1988b) (Fig. 4). 

PETROGRAPHY 

The Haida Formation, deposited during a major middle Cre- 
taceous marine transgression (Yagashita, 1985), is divided 
into three regionally mappable lithofacies (Fig. 3). The for- 

mation grades from fluvial and/or estuarine granule con- 
glomerates and medium- to very coarse-grained arkosic 
sandstones of the basal Haida lithofacies to fine grained, 
argillaceous marine sandstones of the lower Haida sand- 
stone lithofacies, and interbedded sandstones, siltstones and 
mudstones of the upper Haida lithofacies. Sutherland Brown 
(1968) briefly described the basal deposits of the Haida as 
'. . .exceptional in being relatively mature.. .' (p. 87) and 
Yagashita (1985) documented visual porosity in the lower 
part of the formation on the north shore of Cumshewa Inlet. 
Petrographic study of the basal Haida lithofacies reveals a 
distinctive suite of framework and cementing minerals. 

Framework grains 

Framework grains of the basal Haida lithofacies consist 
mainly of polycrystalline and monocrystalline quartz. Poly- 
crystalline grains display ribbon textures and are best 
described as mylonites (Fig. 5A). These grains are generally 
monomineralic ; similar quartz also occurs with plagioclase 
and potassium feldspar as plutonic rock fragments. Mylo- 
nitic quartz grains show an unusually high degree of sorting, 
rounding and sphericity; such textural maturity strongly 

Figure 1. Middle to Upper Cretaceous outcrops and major 
physiographic features, Queen Charlotte Islands (adapted 
from Sutherland Brown, 1968). 

Figure 2. lsopach map of the Queen Charlotte Group and 
location of the Rennell Sound fold belt (adapted from 
Thompson, 1988). 



cies in Skidegate and Cumshewa inlets involves the precipi- 
tation of carbonate cements, their subsequent dissolution 
and still later aluminosilicate framework grain dissolution. 

QUATERNARY UNCONSOLIDATED 

suggests recycling from Lower Cretaceous or Jurassic 
sedimentary strata. Thin sections of Jurassic plutonic rocks 
of Lye11 Island, collected by R.G. Anderson, show mylonite 
textures similar to those observed in the basal Haida lithofa- 
cies. 

PLIOCENE u- - 

----- 
0 MIOCENE - - - - -  

Feldspars are generally less mature texturally than 
quartz, and occasionally display myrmekitic and micro- 
graphic intergrowths (Fig. 5B). Contrary to a recent petro- 
graphic study (Yagashita, 1985), orthoclase is relatively 
abundant, comprising 5-30% of framework grains. 
Orthoclase is an important component in the development 
of secondary porosity in the Basal Haida lithofacies (as well 
as in the rest of the Queen Charlotte Group). It commonly 
displays selective dissolution along cleavage planes (Fig. 
5C). Plagioclase, although more abundant than orthoclase, 
is not as pervasively leached. 

OLIGOCENE-._-- 

---- 

EOCENE ---M- 

Quartz, plagioclase and orthoclase comprise about 
60-95 % of framework grains in the basal Haida lithofacies. 
Lithic rock fragments are variable in composition and abun- 
dance. Rounded shale and argillite fragments, derived from 
the Kunga and Maude groups, account for the majority of 
lithic fragments. Trachytic volcanic rock fragments, der- 
ived from the Yakoun Group, occur in greater abundance 
in northerly sections. Varying amounts of organic matter, 
primarily carbonized plant material, may contribute to 
secondary porosity development observed in calcite 
cemented zones (Fogarassy and Barnes, 1988a). Detrital 
phyllosilicates, mainly biotite and muscovite, account for 
less than three percent of total framework grains. Biotite is 
generally partly chloritized and exhibits bending and warp- 
ing of individual flakes caused by compaction. Muscovite 
is more abundant in southern exposures and generally corre- 
lates with increased quartz content. 

CAMPANIAN 

CENOMANIAN 

HAlDA I 

I I SHALLOW ( BATHYAL I 
Cements and diagenetic history 

Cement type is restricted to patchy, occasionally poikilitic, 
calcite and ferroan calcite and minor amounts of iron-rich 
chlorite. The diagenetic history of the basal Haida lithofa- 
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Figure 4. Stratigraphic column for the Queen Charlotte 
Islands (after Cameron and Hamilton, 1988). 
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Figure 3. Queen Charlotte Group lithofacies chart 
(adapted from Yagashita, 1985, and Haggart, 1986). 
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Calcite cements 

Basal Haida sediments in the Beresford Bay - Langara 
Island region are characterized by early cements. Complex 
cement zoning involving calcite and ferroan calcite indicates 
a variable diagenetic environment. Ferroan calcite is the 
most abundant carbonate cement observed. Framework 
grains often appear to "float" in calcareous beds and con- 
cretions, indicating early diagenesis. Growth of fibrous car- 
bonate cements creates exfoliation textures (Fig. 6A), 
fracturing and separating framework grains. These dis- 
placive textures, typical of the Beresford Bay - Langara 
Island region, indicate an initial cementation episode under 
vadose conditions (Buczynski and Chafetz, 1987). 

Well developed calcite and ferroan calcite microstalac- 
titic (or gravity) cement also indicates formation in the 
vadose zone (Fig. 6B). Iron-free calcite commonly rims 
framework grains and predates ferroan calcite cementation. 
Outcrops to the south, in Skidegate and Cumshewa inlets, 

Figure 6. Cement petrographic features of 
the basal Haida lithofacies: 
A) Exfoliation texture. Note puzzle-like 

arrangement of displaced fragments; 
PPL, width of thin section photomicro- 
graph = 3.5 mm. 

B) Calcite stalactite cement, a strong vadose 
zone indicator, is forming on a radiolarian 
bearing argillite rock fragment and dis- 
plays six separate cementation episodes 
beginning with iron-free calcite and 
progressing to iron-rich calcite; PPL, 
width of photomicrograph = 3.5 mm. 

exhibit less pervasive carbonate cementation with non- 
ferroan calcite dominating the carbonate assemblage. 
Vadose zone textural indicators are absent but may have not 
been preserved. Large compositional variations of inter- 
granular calcite cements are observed in Cumshewa Inlet. 
The north shore of the inlet has very pure calcite cements 
whereas the south shore contains iron-rich, sparry calcite 
cements. 

Stable carbon and oxygen isotope values from basal 
Haida cements show rapid changes, particularly in the 
Cumshewa Inlet region. Carbon isotope ratios on the north 
shore of Cumshewa Inlet are lighter than those on the south 
shore; similar but more subdued trends are seen in oxygen 
isotope ratios. More stable isotope data are being obtained 
to enable interpretation of the large isotope data variations 
observed in Cumshewa Inlet with respect to the diagenetic 
history of the Haida Formation. 



Chlorite 

Chlorite is the most abundant phyllosilicate in the basal 
Haida lithofacies. It is observed in numerous thin sections 
and is recognized by its distinctive green hue and pore-lining 
and pore-filling habit. Characteristic basal reflections (001), 
(002), (003) and (004) are present in all X-ray diffracto- 
grams. Ripidolite, an iron-rich member of the chlorite 
group, is the dominant species. (002) and (004) reflections 
are strong, whereas (OOl), (003) and (005) peaks are cor- 
respondingly weak. Relative intensity ratios of even versus 
odd basal reflections indicate iron-rich chlorites. Presence 
of iron-rich chlorite was also confirmed with the 
S.E.M.1E.D.S. 

Diagenetic history 

Chlorites of the Basal Haida lithofacies are entirely 
diagenetic. Textural observations indicate chlorite forma- 
tion occurred at an early stage of diagenesis, but after 
microstalactitic and concretionary calcite and ferroan calcite 
cementation. Diagenesis of aluminosilicates involves partial 
and complete leaching of framework grains. Textures 
indicating fabric selective dissolution are abundant, particu- 
larly in the Cumshewa Inlet region. Orthoclase, plagioclase 
and volcanic rock fragments were leached most heavily in 
strata with little carbonate cement. In the Beresford Bay - 
Langara Island region secondary porosity formed in feld- 
spars is often filled with a second generation of ferroan cal- 
cite cement. Angular pores, corroded and embayed 
framework grains and enlarged pore throats in the basal 
Haida lithofacies indicate the former presence of interstitial 
carbonates. 

Diagenetic history of the basal Haida sediments in the 
Beresford Bay - Langara Island region is more complex 
than southerly exposures ; this is probably due to a more het- 
erogeneous framework grain composition with a strong vol- 
canic provenance. 

CONCLUSION : PETROLEUM 
RESERVOIR POTENTIAL 

The basal Haida lithofacies is a thin potential petroleum 
reservoir rock in the Queen Charlotte basin; reservoir 
characteristics improve in a southerly direction, with the 
best visual porosity occurring in outcrops bordering Hecate 

Strait and Cumshewa Inlet. Southerly increases in minera- 
logical and textural maturity may be related to the Rennell 
Sound fold belt ; the continuation of the fold belt into the off- 
shore enhances the hydrocarbon prospects of the Haida For- 
mation. However, porosity is restricted to the thin basal 
Haida lithofacies, thus the formation must be considered a 
secondary target at best. 
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Abstract 

The "Hippa beds, " known from a single outcrop on Hippa Island, comprise up to 200 m of conglomer- 
ate, sandstone and mudstone of uncertain age. These deposits lie unconformably beneath Tertiary Masset 
Formation volcanics. The existence of the Hippa beds demonstrates that rocks with petroleum-reservoir 
potential may occur, at no great depth, beneath the extensive Masset outcrop of adjacent Graham Island. 

Three facies were recognized. Facies I consists of mudstone with 10-20 cm thick sandstone interbeds, 
interpreted as offshore lacustrine deposits. Facies 2 and 3 consist, respectively, of conglomerate with 
crude horizontal stratification, and trough cross-stratified coarse sandstone; these are interpreted as 
braided-stream deposits. Paleoflow was toward the southwest. 

It is suggested that the Hippa beds are Tertiary or Late Cretaceous. The presence of conglomerate 
implies nearby synsedimentary uplift; this tectonic episode may be the same one responsible for the con- 
glomeratic Honna Formation (Coniacian) of the Queen Charlotte Islands. 

Les .. couches de Hippa B, qu 'on trouve dans un seul afleurement dans l'ile Hippa, renferment jusqu 'a 
200 m de conglome'rats, de g r b  et de mudstone, dont l'cige est incertain. Ces se'diments sont recouverts 
en discordance par des roches volcaniques de la formation tertiaire de Masset. L'existence des couches 
de Hippa est la preuve que des roches-re'servoirs be'trole) pourraient &tre pre'sentes, B des faiblesprofon- 
deurs, au-dessous de l'afleurement e'tendu de Masset dans l'ile Graham voisine. 

On a reconnu trois facits. Le facits 1 est constitue' de mudstones renfermant des intercalations de 
grks de I 0  20 cm d'e'paisseur, qui seraient des de'pbts lacustres si tub au large. Les faciks 2 et 3 sont 
respectivement constitue's de conglome'rats dont la stratification horizontale est ma1 de'finie, et de grts 
grossiers de de'pression a stratification oblique; ces facib consisteraient en des de'pbts de cours d'eau 
anustornose's. Le pale'oe'coulement se faisait vers le sud-ouest. 

On pense que les couches de Hippa seraient du Tertiaire ou du Cre'tace' supe'rieur, en raison des 
relations observe'es sur le terrain et de leur composition clastique. La pre'sence de conglome'rats indique 
qu'il y a eu soultvement synse'dimentaire B proximite'; cette phase tectonique serait la mCme que celle 
qui a donne' naissance h la formation conglome'ratique de Honna (Coniacien) des iles de la Reine- 
Charlotte. 



INTRODUCTION 

Exposed on the south shore of Hippa Island, off the west 
coast of Graham Island (Fig. I), are several tens of metres 
of conglomerate, sandstone and mudstone. These deposits, 
on which nothing has been published, were informally 
named the "Hippa Beds" in a brief description by McWhae 
(1986), who acknowledged an earlier (1971) confidential 
oil-company report on these rocks by J.W. Murray. In 
reference to the same deposits, the well history report of the 
Port Louis borehole (Fig. 1) mentions "Several hundred 
feet of pebbly sandstones and conglomerates . . . exposed in 
the vicinity of south-eastern Hippa Island" (Union Oil Com- 
pany of Canada Limited, 1971). The Hippa beds were 
apparently unknown to Sutherland Brown (1968), whose 
map shows only Masset Formation volcanics and Juras- 
sic(?) plutonic rocks on Hippa Island. 

It is important to study and date the Hippa beds because 
(1) they will help to elucidate the tectono-sedimentary his- 
tory of the Queen Charlotte Islands, thereby giving insights 
into the hydrocarbon potential of the region (Thompson, 
1988), and (2) they constitute a potential reservoir unit. 

The author visited Hippa lsland by helicopter on 1 July, 
1988, and spent several hours examining the Hippa beds. 

NATUREOFTHEOUTCROP 

The Hippa beds are exposed in a wave-cut platform and 
intervening sea stacks for about 1 krn along the south shore 
of Hippa Island (Fig. 1). The easternmost sea stack, at UTM 
grid reference PQ 354322, is flat-topped and amenable to 
landing by helicopter, Progress on foot along the shore is 
difficult because the stacks are steep-sided and because the 
platform is strewn with drifted logs and with boulders fallen 
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from the steep cliffs of Masset volcanics backing the beach. 
Access is easiest at low tide. A surge channel which crosses 
the foreshore at 349322 is impassable at mid-tide. 

The Hippa beds are also exposed on an islet at 361315, 
about 1 km southeast of Hippa Island (Fig. 1 ; McWhae, 
1986). A fly-past of this islet by helicopter revealed several 
metres of gently dipping sandstone, showing large-scale 
trough cross bedding. About 700 m to the west, at 353315, 
a seaweed-covered rock exposed at low tide consists of 
Hippa beds according to McWhae (1986). 

STRUCTURE AND THICKNESS 

The outcrop of the Hippa beds is dissected by faults. Struc- 
tural dip is uniform within any one sea stack but can differ 
widely from one stack to the next. Dips range from 10-50". 
No folds were seen. 

The structural complexity and a lack of marker beds 
means that strata can seldom be correlated from one sea 
stack to the next; consequently the total thickness of the 
Hippa beds is uncertain. The taller stacks expose up to 30 m 
of strata ; hence the Hippa beds are at least 30 m thick. The 
total exposed thickness is estimated at 50-200 m. 

RELATIONSHIP TO THE MASSET FORMATION 

The shore exposures of the Hippa beds lie at the foot of steep 
cliffs composed of Masset Formation volcanics. The vol- 
c a n i c ~  at the cliff-base are rhyolite, dipping northwards at 
30-50". The rhyolite locally shows millimetre-scale flow 
banding. 

The Masset Formation overlies the Hippa beds with 
angular unconformity (Fig. 2), in contrast to the "generally 
faulted" relationship inferred by McWhae (1986). The 

Figure 1. Map showing the outcrop of the 
Hippa beds. The outcrop essentially coincides 
with the foreshore, between high- and low-water 
marks. Not shown are numerous sea  stacks on 
the foreshore, some of which are permanently 
emergent. 

LEGEND 

1 Hlppa Beds --- Stratlgraphlc contact (unconformlty) 

HWM High Water Mark ...-- Fault (assumed) + Port LOUIS 
LWM Low Water Mark 9 Bedd~ng A t t~ tude  Borehole 



Figure 2. Angular unconformity between the Hippa beds and the Masset Forma- 
tion. In this cliff-base exposure, pebbly sandstone of the Hippa beds (behind ham- 
mer, largely obscured by fallen boulders) is overlain by rhyolite of the Masset 
Formation. A crude stratification is visible in the rhyolite; the stratification runs from 
bottom right to top left, parallel to the (apparently planar) unconformity surface. 
Stratification in the underlying sandstone, revealed by pebble stringers, is clearly 
discordant. The contact shows no evidence of faulting, such a s  brecciation, slicken- 
sides or gouge. 

unconformity is visible at several localities along the fore- paleosols, roots, desiccation cracks). The apparent lack of 
shore, generally within 5 m of the cliff-base; elsewhere the fossils may indicate nonmarine (fresh or brackish) condi- 
contact is obscured by logs and boulders. A 5 m thick mafic tions. The sandstone beds may represent flood deposits sup- 
dyke, possibly a Masset feeder, cuts the Hippa beds in the plied to a lake floor or interdistributary bay by underflow. 
foreshore immediately west of the sea stack at 354322. 

FACIES Facies 2: Conglomerate with sandstone lenses 

A section 19 m thick was measured in the easternmost sea Facies 2 consists of pebble to small-cobble conglomerate 
stack (Figs. 3,  4). Thicker sections, up to 30 m, occur in containing lenticular sandstone beds up to 50 cm thick and 
other stacks, but these sections are inaccessible without 5 m long. The sandstone lenses comprise 10-30 % of the 
ropes. Three facies are recognized in the Hippa beds; all rock, and define a crude horizontal stratification (Figs. 3,  
occur in the measured section. 4). The conglomerate is clast-supported, with a medium- to 

coarse-sand matrix. Clasts are well rounded, with moderate 

Facies 1 : Interbedded mudstone and sandstone 

Facies 1 is confined to the measured section (Fig. 3, interval 
0-8 m), where it consists of silty mudstone with interbeds 
of fine grained sandstone. The sandstone beds, which com- 
prise about 50 % of the interval, are mostly 10-20 cm thick, 
except in the top 2 m where they are thicker (20-30 cm). 
The sandstone beds are massive, lack obvious grading, and 
have diffuse upper and lower boundaries; these features 
may reflect extensive burrowing, although no discrete bur- 
row forms were observed during a brief inspection. No 
body fossils were seen. 

A subaqueous depositional environment is inferred, 
based on the lack of evidence for emergence (e.g. coals, 

to high sphericity ; imbrication was noted locally. Two clast- 
counts, of 30 pebbles each, yielded an average composition 
of 80 % volcanics (including tuffs), 12 % quartz, 6 % grani- 
toids and 1 % granule-conglomerate. The conspicuous white 
quartz pebbles (Fig. 4) are finely crystalline and may repre- 
sent vein quartz; they are possibly derived from veined plu- 
tons, similar to the heavily veined (C.J. Hickson, pers. 
comm., 1988) pluton exposed nearby on the east coast of 
Hippa Island (Sutherland Brown, 1968). A piece of drifted 
fossil wood, 30 cm long and 10 cm in diameter, was found 
embedded in conglomerate at the measured-section locality. 

The sandstone lenses are medium- to coarse-grained. 
Internally they are either massive or parallel-laminated, or 
else they comprise a single set of cross-laminae. 



Facies 2 was deposited by high-energy currents, as indi- 
cated by the coarse grain size. The currents are unlikely to 
have been sediment gravity flows because Facies 2 lacks the 
sharp-based, variably graded beds characteristic of such 
flows (e.g. Lowe, 1982). 

Facies 3 : Cross-stratified sandstone 

Facies 3 consists of medium- to coarse-grained sandstone 
and pebbly sandstone showing trough cross-stratification 
(Fig. 3 ,  4), tabular cross-stratification, and horizontal 
stratification. Individual troughs are up to 2 m thick and 5 m 
across. Tabular cross-sets range from 20 cm to 2 m thick. 
Facies 3 contains ellipsoidal calcareous concretions ranging 
from 5 cm to 1 m across (Fig. 4). 

Facies 3 was deposited from traction by high-energy cur- 
rents. The cross-stratification was formed by migration of 
large dunes and sandwaves. 

PALEOCURRENTS 

At the measured-section locality, trough cross-sets are visi- 
ble in plan view (Fig. 4), thereby facilitating paleocurrent 
determination. The downcurrent axes of four separate 
troughs were measured, giving azimuths of 220, 240, 250 
and 280" ; the mean azimuth is 250°, indicating paleoflow 
toward the west-southwest. Correction for tilt is unneces- 
sary because structural dip is low. Casual observation of 
conglomerate imbrication at the same locality likewise sug- 
gests paleoflow toward tF.: southwest quadrant. Similarly, 
aerial observation of trough cross-sets on the islet southeast 
of Hippa Island indicates southwestward paleoflow. 

FACIES ASSOCIATIONS AND DEPOSITIONAL 
ENVIRONMENT 

Environmental interpretation is more reliable when facies 
are analyzed communally, by considering facies associa- 
tions and sequences (e.g. Reading, 1986). In the Hippa 
beds, it is not possible to erect facies associations because 
only three facies are known; these may or may not comprise 
a single facies association, which may or may not alternate 
with other, unexposed, facies associations. Identification of 
facies sequences is hindered by the fact that the longest con- 
tinuous section in the Hippa beds is only about 30 m ;  
detailed examination of the succession could conceivably 
reveal metre-scale sequences, but none was recognized in 
the present study. 

Despite these difficulties, the three facies, taken com- 
munally, allow some tentative conclusions to be drawn. All 
three facies lack fossils and indications of emergence, point- 
ing to a nonmarine, subaqueous depositional environment. 
Fluvial-channel deposition seems likely for facies 2 and 3, 
based on the coarse grain-size, crossbedding, and absence 
of features typical of sediment-gravity-flow deposits. The 
coarse grain-size suggests a braided, rather than meander- 
ing, river channel; this is supported by the strong resem- 
blance between Facies 2 and "Facies Gm" of Miall (1977), 
which is typical of modern gravelly braided streams. 

A lacustrine or interdistributary-bay setting was sug- 
gested above for Facies 1. In view of the association with 
braided-stream deposits, the lacustrine interpretation is the 
more likely. (Interdistributary bays, a component of classi- 
cal deltas, are more likely to be associated with meandering 
streams.) 

In the measured section, offshore-lacustrine sediments 
(Facies 1) are sharply overlain by fluvial-channel deposits 
(facies 2 and 3). Intervening lakeshore deposits, predictable 
from Walther's principle (e.g. Walker, 1984), are missing ; 
they may have been removed by scouring associated with 
channel migration or incision. Facies 2 and 3 constitute a 
fining-upward sequence. This sequence may have formed 
either by channel migration, or by aggradation of the chan- 
nel above the surrounding area, causing a progressive loss 
in stream competency due to the reduction of slope (Miall, 
1977). 

FACIES 3 
Trough x-bedded sst 

FACIES 2 
Cong with lenses 

of med sst 

FACIES 1 
Mudst with f sst 
inter beds; 
bed boundaries diffuse 

Covered 
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Figure 3. Graphic sedirnentological log of a section mea- 
sured in the s e a  stack at UTM grid reference 354322. 



Figure 4. View of the measured-section locality, looking southwest. Conglomerate 
with discontinuous sandstone lenses (Facies 2) grades up into sandstone with large- 
scale trough cross-stratification (Facies 3). Note the conspicuous white (quartz) peb- 
bles in Facies 2. Note also the scattered concretions (dark) in Facies 3, visible on 
the vertical face in the foreground. 

AGE The Hiupa beds are uossibly coeval with the Honna For- 
mation of ~oniacian a& ( ~ a k a r t ,  1986), which is widely 

The age of the Hippa beds is problematical. In terms of exposed in the central Queen Charlotte Islands region 
facies, the Hippa beds have no obvious affinity with any of (Sutherland Brown, 1968). Both units are conglomeratic, 
the established formations of the Queen Charlotte Islands and may reflect the same episode of syndepositional tee- 
(Sutherland Brown, 1968). The lack of fossils and interca- tonism, 
lated volcanics precludes direct dating. 

The Hippa beds underlie Masset Formation volcanics IMPLICATIONS FOR HYDROCARBON 
and are therefore either pre- or intra-Masset in age; the EXPLORATION 
former is considered more likely, in view of the angular 
unconformity, which implies a substantial tectonic h e r -  The Hippa beds are important to hydrocarbon exploration 
lude. Because the Masset Formation is Tertiary (Sutherland because they demonstrate that potential reservoir rocks 
Brown, 1968; Hickson, 1988), the Hippa beds must be Ter- could underlie much of the extensive volcanic (Masset) out- 
tiary or older. A late Cretaceous age is favoured by Union crop of western Graham Island (see Sutherland Brown, 
Oil Company of Canada Limited (1971), but their reasoning 1968, his Fig. 5), and that such rocks could be within easy 
is unclear. reach of the drill. Both uossibilities were further demon- 

The base of the Hippa beds is not exposed, thus the lower 
age limit is difficult to constrain. If the quartz pebbles in the 
Hippa beds are derived from veined Jurassic(?) plutons, as 
suggested earlier, then the Hippa beds may be Jurassic or 
younger; this assumes that the veins are coeval with the plu- 
tons. Also pertinent to the age of the Hippa beds is the dis- 
covery, during the present study, of a single pebble of 
speckled, black-and-white granule conglomerate in a Hippa 
conglomerate unit. This distinctive granule conglomerate is 
characteristic of the Longarm Formation (Sutherland 
Brown, 1968), suggesting that the Hippa beds are post- 
Longarm. Since the Longarm is early Cretaceous 
(Valanginian-Barremian; Sutherland Brown, 1968), the 
Hippa beds are probably late Cretaceous or Tertiary. 

strated by the Port Louis hell, which drilled through 887 m 
of Masset volcanics into 577 m of nonmarine sandstone, 
shale and coal ; the well bottomed in volcanics assigned to 
the Yakoun Formation (Middle Jurassic) by Union Oil 
Company of Canada Limited (1971). The Hippa beds and 
the Port Louis sediments could be coeval; it is interesting 
to note that both are situated on the axis of a regional north- 
south anticline mapped by Sutherland Brown (1968). 

The Hippa beds have poor reservoir properties : porosity 
and permeability are low, probably due to occlusion of 
pores by the decomposition products of feldspars and vol- 
canic grains. Beyond the known outcrop, however, there 
could be areas of better reservoir quality due to early migra- 
tion of hydrocarbons, development of secondary porosity, 
or scarcity of volcanic rocks in the local source terrane. 
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Abstract 

Molluscsfrom marine shales apparently overlying the Honna Formation in the area of Skidegate Inlet, 
Queen Charlotte Islands, British Columbia, indicate a Late Santonian age. The species of ammonites 
and inoceramids present are previously known from the Santonian of Vancouver Island and northern 
California (Elongatum Zone). These shales are thus the youngest Cretaceous marine sedimentary strata 
yet recognized in the Queen Charlotte Islands and indicate that marine deposition continued in this region 
at least until the Late Santonian. 

Des mollusques recueillis dans des argiles littes marines recouvrant apparemment la formation 
d'Honna dans la rtgion de 1 'inlet Skidegate des fles de la Reine-Charlotte (Colombie-Britannique), indi- 
quent qu 'elles appartiennent d la fin du Santonien. Les ammonites et les inoct?ramidt!s prksents ont d@ 
ktt reliks au Santonien sur l'fle de Vancouver et en Californie septentrionale (zone d 'Eubostrychoceras 
elongaturn). Ces schistes argileux sont donc les plus jeunes couches de skdiments marins du Crttacd 
identij2es jusqu'd maintenant dans les fles de la Reine-Charlotte et indiquent que le dtp8t en milieu 
marin plus profond s'est poursuivi dans cette rkgion au moins jusqu'a la fin du Santonien. 

' Cordilleran and Pacific Geoscience Division, Sidney, B.C. 



INTRODUCTION 

Molluscan faunas are relatively uncommon in the Upper 
Cretaceous of the Queen Charlotte Islands and, when pres- 
ent, are generally poorly preserved. Previous studies of 
molluscan fossils from the Upper Cretaceous of the Queen 
Charlotte Group have shown the existence of Cenomanian 
through Coniacian and possibly Santonian strata (Suther- 
land Brown, 1968; McLearn, 1972; Riccardi, 1981). Hag- 
gart (1986) summarized the molluscan collections made 
until 1985 and proposed a sequence of Upper Cretaceous 
ammonite and inoceramid bivalve faunal zones considered 
useful in local and international correlation. 

In 1987, Higgs made several megafossil collections from 
the Skidegate Inlet area of the Queen Charlotte Islands, 
which suggested that a previously unrecognized Upper Cre- 
taceous molluscan fauna might be present. The localities 
were revisited in 1988 by both authors and additional collec- 
tions were made, resulting in an increase in the number of 
known species. The new fauna represents the latter part of 
the Santonian stage and is directly correlative with assem- 
blages on Vancouver Island and in northern California. 

LOCALITIES 

The fossil localities are situated on the eastern slope of 
Slatechuck Mountain, several kilometres north of Skidegate 
Inlet (Fig. 1) .  The outcrops are found at approximately the 
400 m, 200 m, and 175 m contour levels on Slatechuck 
Mountain and represent the topographically highest 
exposures of Upper Cretaceous rocks in the Skidegate Inlet 
region. 

The outcrops are composed of light to dark grey brittle 
shales, well bioturbated and containing abundant spheroidal 
to ellipsoidal calcareous concretions up to 30 cm in 
diameter. At other nearby localities, the shales are intruded 
by medium to coarse grained sandstone dykes, presumably 
injected upward from the underlying Honna Formation, 
which contains thick sandstones of similar grain size 
(Sutherland Brown, 1968). This relationship supports the 
new paleontological evidence that the Slatechuck Mountain 
shales are younger than the Honna. 

Most fossils are preserved in calcareous concretions, 
and others usually exhibit a greater degree of calcareous 
cementation than the surrounding matrix, suggesting 
incipient concretion development. In general, the fossils 
appear to be oriented randomly throughout the concretions, 
although a few concretions contain discrete horizons of shell 
debris. The valves of some bivalves are still articulated, 
indicating little or no post- mortem transport. Pyritization 
of the shales is noted adjacent to some of the fossils. 

The total thickness of shales in this area of Slatechuck 
Mountain is undeterminable due to the isolated nature of the 
outcrop. The localities visited are separated by nearly 200 
m of topographic relief and as the structural dip seldom 
exceeds 30°, a significant thickness of strata could be 
inferred. Given the extensive faulting in areas adjacent to 
Slatechuck Mountain, however (Sutherland Brown, 1968, 
Fig. 5), the interpretation of stratigraphic continuity 
between the outcrops is not justified. At least 30 m of shale 
were noted in outcrop adjacent to GSC locality C-166818 
(= C-101712). 
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Figure 1. Map of Slatechuck Mountain area (NTS 103 Fl8 )  showing fossil localities. 



The topographically lowest locality, GSC locality 
, C-166819 (=C-101707), is situated in a quarry on the north 

side of the principal logging road servicing the eastern flank 
of Slatechuck Mountain. The following molluscs were col- 
lected or identified from this locality: 

Hauericeras (Gardeniceras) gardeni (Baily , 1855) 

Tetragonites cf. popetensis Yabe, 1903 

Tetragonites? sp. 

Neocrioceras cf. spinigerum (Jimbo, 1894) 

Neophylloceras? sp. (juv.) 

Hyphantoceras? sp. 

Baculites sp. (juv.) 

Gaudryceras striatum (Jimbo, 1894) 

Inoceramus (juv.) cf. naumanni Yokoyama, 1890 

I. cf. japonicus Nagao and Matsumoto, 1939 (not col- 
lected) 

Inoceramus sp. 

Propeamussium sp. 

Glycymeris? sp. 

Dentalium? sp. (juv.) 

indeterminate juvenile bivalves and gastropods. 

At GSC locality C-101708, a roadcut beside a spur lead- 
ing north from the main logging road, the following bivalve 
was collected : 

Inoceramus (Sphenoceramus) cf. orientalis Sokolov, 
1914 S.S. 

At the third and topographically highest locality, GSC 
locality C-166818 (= C-101712), a quarry, the following 
species were collected : 

Polyptychoceras vancouverense (Whiteaves, 1879) 

Gaudryceras striatum (Jimbo, 1894) 

Eupachydiscus haradai (Jimbo, 1 894) 

Mesopuzosia sp . 
Baculites sp. 

Inoceramus cf. naumanni 

Inoceramus sp. 

Propeamussium sp. 

Acila (Truncacila) sp . 
Pholadomya subelongata Meek, 1857 

Nanonavis cumshewaensis (Whiteaves, 1900) 

wood with Teredolites borings. 

The more important of these taxa are illustrated in 
Plate 1. 

DISCUSSION 

Biostratigraphy 

The molluscan assemblages are very similar in composi- 
tion to Santonian faunas in the lower part of the Nanaimo 
Group of Vancouver Island (Jeletzky, in Muller and- 
Jeletzky, 1970; Haggart, in press) as well as the Chico and 
Redding formations of California (Matsumoto, 1959 ; Hag- 
g a r t ,  1 9 8 4 a ,  b ) .  T h e  a m m o n i t e s  H a u e r i c e r a s  
(Gardeniceras) gardeni, Gaudryceras striatum, Polypty- 
choceras vancouverense, and Eupachydiscus haradai are 
indicative of the Upper Santonian Elongatum faunal zone of 
the Nanaimo Group and all, excluding H. ( G . )  gardeni, are 
found at the same level in northern California, accompanied 
by H. ( G . )  angustum instead. 

Two of the inoceramid species represented in the collec- 
tions are based on poorly preserved fragments, but appear 
to be closely similar to Inoceramus naumanni and I. 
(Sphenoceramus) orientalis, also occurring in the Elonga- 
tum Zone of Vancouver Island and northern California 
(Haggart, 1984a). No inoceramid material in any of the lots 
from the Queen Charlotte Islands is comparable to the spe- 
cies group of I .  (Sphenoceramus) schmidti Michael, of latest 
Santonian to earliest Campanian age in both southern British 
Columbia and northern California (Haggart, 1984a). 

It is uncertain whether more than one faunal horizon is 
represented among the three collections from Slatechuck 
Mountain. Inoceramus (S.) orientalis occurs in both the 
Upper Santonian Elongatum and Schrnidti zones of Vancou- 
ver Island, although it is less common in the lower part of 
the Elongatum Zone (Jeletzky, in Muller and Jeletzky, 
1970). Eupachydiscus haradai is characteristic of the upper 
part of the Elongatum Zone of Vancouver Island and occurs 
together with Polyptychoceras vancouverense in Skidegate 
Inlet at GSC locality C-166818. Ward (1978) has suggested 
that P. vancouverense is restricted in the Nanaimo Group 
to beds older than those containing E. haradai, although he 
noted that the distribution of P. vancouverense appears to 
be controlled by ecological factors. As the range of E. 
haradai is well established in the Nanaimo Group, the 
occurrence of P. vancouverense in the Queen Charlotte 
Islands suggests that it may locally range up into the zone 
of E. haradai in western British Columbia and this is consis- 
tent with data (Haggart, unpublished) from California. 
Thus, the fossils from GSC locality C-166818 appear to be 
most closely related to those of the upper part of the Elonga- 
tum Zone of Vancouver Island and northern California, of 
Late Santonian age. 

The collection from GSC locality C-166819 contains 
two heteromorph ammonite genera, Neocrioceras and 
Hyphantoceras, which have not previously been recognized 
in western Canada. Hyphantoceras is commonly found in 
strata ranging from Turonian to Santonian in the Pacific 
region, while Neocrioceras is typical of Santonian and Cam- 
panian deposits in many areas of the globe. Neocrioceras 
spinigerum is known from the Santonian of Japan (Mat- 
sumoto et al., 1986) and California (Haggart, unpublished). 





PLATE 1 

Figure 1 .  Hauericeras (Gardeniceras) gardeni (Baily, 
1855) 
GSC no. 94708 (GSC loc. C-166819). Lateral view of body 
chamber with partial mould of earlier whorls, x0.9 (GSC 
photo 204695-C). 

Figure 2. Gaudryceras striatum (Jimbo, 1894) 
GSC no. 94709 (GSC loc. C-166818). Lateral view, x l  (GSC 
photo 204695-E). 

Figure 3. Polyptychoceras vancouverense (Whiteaves, 
1879) 
G S C ' ~ ~ .  9471 0 (GSC loc. C-166818). Lateral view; most of 
the earlier shaft (leftmost) is preserved intact but the later 
shaft and elbow are moulds, x l  (GSC photo 205695-F). 

Figure 4A, B. Neocrioceras cf. spinigerum (J imbo, 1 894) 
GSC no. 9471 1 (GSC loc. C-101707). A, Ventral view, x l  
(GSC photo 204674-E); 6, Lateral view, x l  (GSC photo 
204695-J). 

Figures 5, 6. lnoceramus (Sphenoceramus) cf. orientalis 
Sokolov, 1914 S.S. 
5. GSC no. 94712 (GSC loc. C-101708). Latex peel taken 
from mould, x l  (GSC photo 204695-4). 
6. GSC no. 94713 (GSC loc. C-101708), x l  (GSC photo 
204695-6). Figures 5 and 6 both show the marginally devel- 
oped oblique folds (arrows) characteristic of the orientalis 
group. 

Figures 7A, B, 8. Eupachydiscus haradai (Jimbo, 1894) 
7A, 6. GSC no. 94714 (GSC loc. C-166818). A, Lateral view 
showing damaged and repaired shell in umbilical region of 
later part of whorl, x i  (GSC photo 204695); B, Ventral view, 
x l  (GSC photo 204695-A). 
8. GSC no. 94715 (GSC loc. C-166818). Lateral view, x0.6 
(GSC photo 204695-8). Nodes do not occur on the central 
part of the flank. 

Occurrences of both Hyphantoceras and Neocrioceras 
spinigerum in northern California are in the lower to mid- 
Santonian (Haggart, 1984b). It is thus possible that GSC 
locality C-166819 represents a slightly older horizon than 
GSC locality C-1668 18, which contains E. haradai. 

The new Late Santonian mollusc fauna from the Queen 
Charlotte Islands is not known from the mainland of British 
Columbia. Late Santonian to Early Campanian ammonites 
and inoceramids occur in the Matanuska Valley region of 
southern Alaska (Jones, 1963) but these faunas, character- 
ized by I. (Sphenoceramus) schmidti and other taxa, are 
slightly younger than those of the Queen Charlotte Islands. 

Paleoecology 

California (Haggart, 1984b) and occur rarely, it at all, in 
equivalent deeper marine deposits of the Great Valley 
sequence. The occurrence of accumulations of randomly 
oriented fossils within concretions in the Slatechuck Moun- 
tain shales suggests post-mortem aggregation by currents. 
The undamaged nature of the shells and the presence of 
articulated specimens among the bivalves suggest minimal 
transportation, implying that the shell accumulations repre- 
sent in situ winnowed, lag deposits. The muddy nature of the 
sediments and the lack of sandy interbeds suggest an outer 
shelf setting. 

Stratigraphic implications 

Strata of the Queen Charlotte Group have been considered 
to range in age from Albian to Coniacian or possibly Santo- 
nian (Sutherland Brown, 1968; Haggart, 1986), and the 
Slatechuck Mountain fossil assemblages indicate the pres- 
ence of younger Cretaceous strata. Prior to 1988, the youn- 
gest Cretaceous marine fossils known from the archipelago 
came from sandstones of the Honna Formation occurring at 
shoreline level in  Kagan Bay, Skidegate Inlet (Riccardi, 
1981 ; Haggart, 1986), and the Honna was thus considered 
to be the youngest lithological unit of the Queen Charlotte 
Group succession. 

It is now evident that additional marine shales overlie the 
Honna Formation in Skidegate Inlet. These shales may rep- 
resent the culmination of the fining upward trend noted in 
the Honna (Sutherland Brown, 1968). Haggart (1986) 
reported distinct shale successions in the upper part of the 
Honna Formation in Cumshewa Inlet, and recent field 
studies on the northern coast of Graham Island have shown 
the existence of thick shale accumulations in the uppermost 
Honna Formation there as well (Haggart, work in progress). 

The upper age limit of the Slatechuck Mountain shale 
succession is presently unknown. Shouldice (1973) and 
Young (1981) reported nonmarine sedimentary strata of 
latest Cretaceous - Paleocene age from an exploration bore- 
hole in Hecate Strait, approximately 100 krn southeast of the 
Skidegate Inlet area. The occurrence of Upper Santonian 
deposits in Skidegate Inlet indicates that Late Cretaceous 
deposition in the basin was temporally and geographically 
less restricted than previously considered. It is thus possible 
that additional Late Cretaceous horizons may be identified 
in the Queen Charlotte Islands region, culminating in a non- 
marine phase in the latest Cretaceous or early Tertiary. 
Some support for the existence of nonmarine deposits of this 
age in the archipelago is given by the occurrence of coals 
and shales in the southwestern Skidegate Inlet area, appar- 
ently overlying the Honna Formation (Haggart et al., 1989). 

The diverse molluscan assemblages present at the 
Slatechuck Mountain localities indicate that the depositional 
environment of these strata was of shelf depth. Ammonites, 
especially heteromorphs, as well as most inoceramids are 
generally quite sparse in slope settings, submarine fans, and 
deep-basin regimes. Most of the taxa present in the collec- 
tions are known from shallow-shelf deposits of northern 



SUMMARY 

1. Molluscan fossils from a thick (> 30 m) succession of 
shale indicate the presence of Upper Santonian strata in 
the Queen Charlotte Islands. 

2. The ammonite and inoceramid species present in the 
collections are also known from Santonian strata of 
Vancouver Island and northern California. The fauna is 
not known from the mainland of British Columbia or 
southeastern Alaska. 

3. The diversity of molluscan taxa indicates that the shales 
accumulated at shelf depths. 

4. The Santonian shales are the youngest marine Creta- 
ceous strata yet identified in the Queen Charlotte Islands 
and suggest that deposition in this region may have con- 
tinued throughout the latter part of the Late Cretaceous. 
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Abstract 

f ie  Cretaceous stratigraphic succession at Long Inlet, Queen Charlotte Islands, is particularly well 
exposed. The oldest rocks belong to the marine Lower Cretaceous (Hauterivian to Barremian) Longarm 
Formation, which is succeeded by the marine Upper Cretaceous Haida (Cenomanian to lower Turonian) 
and Honna (Coniacian to Santonian ?) formations. Honna strata reflect rapid progradation of elastic 
depositional systems into the Long Inlet region and are conformably succeeded by a thick sequence of 
subaqueous volcanic debris flows, volcanic breccias, and subaerial volcanic flows. Structures within the 
Cretaceous section are dominated by northwest-trending megascopic folds, which are cut by two sets 
of faults exhibiting only minor offsets. 

La succession stratigraphique du Crktace' est particulihrement bien mise li nu B l'inlet Long dans les 
iles de la Reine-Charlotte. Les roches les plus anciennes appartiennent a la formation marine de Longarm 
du Crktack infkrieur (Hauterivien au Barrkmien) et les formations marines dlHaida (Cknomanien au 
dkbut du Turonien) et d'Honna (Coniacien au Santonien ?) du Crktacksupkrieur leur succkdent. Les cou- 
ches de la formation dJHonna reflhtent la propagation rapide des systkmes de skdiments clastiques dans 
la rkgion de l'inlet Long et une ipaisse skquence de couldes de dkbris volcaniques subaquatiques de 
brhches volcaniques et de coulkes volcaniques subakriennes leur succtde. A l'intkrieur de la section crk- 
tacke, les structures sont dominkes par des plis mkgascopiques de direction nord-ouest qui sont recoupks 
par deux ensembles de failles ne prksentant que des dkplacements mineurs. 

' Department of Geological Sciences, University of British Columbia, Vancouver, B.C. V6T 2B4 
' Cordilleran and Pacific Geoscience Division, Vancouver, B.C. 



INTRODUCTION 

The Cretaceous stratigraphic succession at Long Inlet, 
Queen Charlotte Islands (Fig. I), was extensively studied 
during the summer of 1988. Details of its biochronological 
succession, depositional environments, and subsequent 
structural history were obtained. New stratigraphic sec- 
tions, which include many of the Cretaceous sedimentary 
rock units known in the Queen Charlotte Islands, were stud- 
ied and a volcanic unit, of Late Cretaceous age, was noted 
in outcrop. These Cretaceous strata are deformed about 
megascopic northwest-trending folds, which may represent 
a northwest extension of the Rennell Sound Fold Belt of 
Thompson (1988). An understanding of the Cretaceous 
stratigraphic succession and structure is important in recon- 
structing the geological history of the Queen Charlotte 
Is!ands region, and is vital to any hydrocarbon assessment 
program. 

Valanginian to Barremian age which occur at many locali- 
ties in the Queen Charlotte Islands, but are especially well 
represented in the area of Long Inlet (formerly the Long 
Arm of Skidegate Inlet). 

In the study area, Longarm Formation strata outcrop 
along the western shore of Long Inlet (Fig. 2). The 
exposures comprise a succession of northeast-dipping con- 
glomerate, sandstone, siltstone, and shale. At several locali- 
ties, felsic and mafic intrusions form sills or crosscut the 
strata at very low angles. 

The base and uppermost parts of the formation have not 
yet been identified in the Long Inlet area. A distinctive gran- 
ule conglomerate is found in the stratigraphically lower 
exposures along the inlet. This granule conglomerate is 
lithologically similar to those found at Cumshewa Inlet, 30 
km to the southeast, where the Longarm Formation uncon- 
formablv overlies the Lower Jurassic Sandilands Forma- 
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tion, an; possibly the Middle Jurassic Yakoun Group. No 
STRATIGRAPHY Jurassic beds are known in the Long Inlet area; however, 

on the shores of western Skidegate Channel (Fig. I), both 
Longarm Formation the Sandilands Formation and the Yakoun Group are found 
The oldest rocks recognized in the Long Inlet area are those (Sutherland Brown, 1968, Fig. 5 ; Lewis and Ross, 1988, 
of the Lower Cretaceous Longarm Formation. This name Fig. 2). 
was introduced by Sutherland Brown (1968) for strata of It is now recognized that the Longarm Formation strata 

exposed in Long Inlet constitute a continuous fining-upward 
sequence that probably represents a single transgressive 
event (Haggart, 1989) of Hauterivian to at least Barremian 
age. The total thickness of Longarm Formation strata in the 
western Long Inlet area is unknown. One of us (J.H.) mea- 
sured 193 m of section adjacent to Young Point. This section 
includes all the Lower Cretaceous fossil faunas recognized 
in the Long Inlet area. Shales which outcrop farther to the 
northwest, near the mouth of Lagins Creek, are not 
represented at Young Point. An additional 250 m of strata 
are estimated to overlie the section near Young Point. 

Queen Charlotte Group 

In previous interpretations of the stratigraphy of the Queen 
charlotte Group, three major lithological units have been 
recognized : the Haida, Honna, and Skidegate formations. 
Sutherland Brown (1968) subdivided the Haida Formation 
into a lower or Sandstone member (primarily Albian in age), 
and an upper or Shale member (Cenomanian to early Turo- 
nian in age). The type locality and adjacent outcrops of the 
Skidegate Formation have been correlated with the Shale 
member of the Haida Formation using megafossils (Hag- 
gart, 1986; 1987; this report) and microfossils (Cameron 
and Hamilton, 1988, p. 223). Skidegate beds represent 
deeper water equivalents of the Haida Sandstone and Shale 
members. 

Figure 1 

Cameron and Hamilton (1988) proposed a revised 
Queen Charlotte Group nomenclature in which the term 
Haida Formation is limited to Sutherland Brown's Sand- 
stone member and both the Haida Shale member and the 
Skidegate Formation are included in a greatly expanded 
Skidegate Formation. At its type locality, however, the 

Location map showing areas discussed in text. Skidegate Formation consists of a succession of turbidite 



Figure 2. Geological sketch map of the Long Inlet area, Queen Charlotte Islands. 

sandstone and shale that is lithologically distinct (greater 
sandstone component) from the Haida Shale member; this- 
distinction can be traced into Long Inlet. Moreover, our 
studies of the Queen Charlotte Group elsewhere in the 
islands (northwest coast of Graham Island; Cumshewa 
Inlet ; Moresby Island) have shown that outcrops composed 
of the typical Skidegate lithology are relatively rare com- 
pared with those that can be assigned to the Shale member 
lithology. The Skidegate-type rocks are volumetrically of 
only minor importance in the archipelago. Thus we use the 
term Skidegate member as a separate, mappable unit of the 
Haida Formation, of equivalent age to the Shale member. 

Haida Formation - Skidegate member 

The Skidegate member outcrops extensively along the 
shoreline on the west and east sides of Mount Seymour, on 
Scalus Island and the more northerly of the Sandstone 
Islands, and on the south shore of Long Inlet from the west 
side of Saltspring Bay eastward to near Christie Bay 
(Fig. 2). The base of the unit has not been observed in the 
inlet. Sandstone and shale along the shoreline northwest of 
Josette Point were previously mapped as Honna Formation 
by Sutherland Brown (1968, Fig. 5). Individual outcrops 
generally exhibit several tens of metres of faulted and, typi- 
cally, steeply dipping strata, separated by extensive covered 
intervals. We interpret the covered intervals as probably 

indicative of more shale-rich sections or fault zones, both 
of which weather preferentially. In general, the outcrops 
exhibit a west-northwest structural trend, essentially 
paralleling that of the older, Longarm Formation strata. 

The Skidegate member is spectacularly displayed at 
several localities in the inlet (Fig. 3). Outcrops are 
predominantly thinly bedded turbidite sandstone and shale. 
In general the proportion of sandstone to shale is about 4 : 1, 
but at some localities the shale is equally represented. North 
of Anchor Cover, shale with small, 'potato-like', calcareous 
concretions occurs. This facies is considered transitional to 
the more shale- rich facies of the Shale member. 

The ammonites Turrilites cf. costatus Lamarck and Des- 
moceras (Pseudouhligella) cf. poronaicum Yabe, as well as 
the bivalve Mytiloides labiatus (Schlotheim), were collected 
from the member at various localities (GSC localities 
C-166836, C-166841, C-166844, C-166845, C-166847) 
and indicate a Cenomanian to early Turonian age. The total 
thickness of the unit in Long Inlet is indeterminable, but 
along the coast northwest of Josette Point at least 50 m of 
Cenomanian or younger strata are exposed, succeeded by 
Honna Formation sandstone. 

The Skidegate member is intruded by mafic (probably 
andesitic) dykes and sills of varying thickness. Locally, 
these intrusions are quite extensive. 



Figure 3. Steeply dipping, thinly bedded turbidite sand- 
stone and shale of the Skidegate member of the Haida For- 
mation exposed on an island 0.5 km south-southwest of 
Anthracite Point, Long Inlet (GSC photo 204713-N). 

Honna Formation 

The Honna Formation in the Long Inlet area comprises two 
distinct rock types. The lowermost consists of a thick 
sequence of medium to coarse grained grit and pebble- rich 
feldspathic sandstone with minor shale interbeds. These 
strata outcrop extensively on several islands in the southern 
portion of the inlet, and along the west flank of Mount Sey- 
mour, where at least 125 m of the sandstone (Fig. 4A, B) 
conformably overlie the shale and sandstone of the 
Skidegate member of the Haida Formation. Several sections 
of this sandstone lithofacies are exposed on the small islands 
south and west of Gust Island. A variety of sedimentary 
structures, including graded bedding in the sandstonelshale 
packages, flame structures, shale rip-up clasts, and ripple 
laminae horizons all suggest turbidite deposition for these 
strata. 

The second distinctive lithofacies of the Honna Forma- 
tion consists of cobble conglomerate, typical of the forma- 
tion elsewhere in the Queen Charlotte Islands. This 
conglomerate was noted at numerous localities around the 
eastern margins of Long Inlet, especially in the vicinity of 
Christie Bay, north of Random Point, and on the many 
islands in western Kagan Bay. These conglomerates vary lit- 
tle from the description given by Sutherland Brown (1968) 
for the conglomerates occurring at the formation's type sec- 
tion at Lina Narrows. 

Figure 4. Lower, massive sandstone lithofacies of the 
Honna Formation, northeast shore of Long Inlet. A. Outcrop 
on west flank of Mount Seymour showing thick bedded 
nature of strata; note thin shale interbeds (GSC photo 
204705-L). B. Closeup of individual sandstone bed showing 
pebble stringers (top) and grading of shale pebbles (bottom) 
in coarse grained feldspathic sandstone matrix (GSC photo 
204705-M). 



Figure 5. A-C: Basal portion of volcanic unit overlying the Honna Formation, Gust Island, Long Inlet. 
A. Irregular upper surface of mafic debris flow, overlain by coarse grained sandstone and conglomerate 
(GSC photo 204705-K). B. Closeup of flow breccia incorporating and overlain by coarse grained clastic 
(arrows); note numerous large plagioclase phenocrysts at lower right of photo; stratigraphic top is toward 
top of photo (GSC photo 204705-J). C. Conglomeratic sandstone overlying volcanic debris flows; the sec- 
tion is overturned and tops are to the right (GSC photo 204713-C). D. Scoriaceous deposit from central 
portion of Cretaceous volcanic unit (GSC photo 204713-D). 

Honna Formation conglomerates are not known from the Cretaceous volcanics 
slopes of Slatechuck ~ o u n t a i n ,  north of Kagan Bay (R. 
Higgs, pers. comm., 1988). Along the north shore of the 
bay the conglomerates are limited to a single isolated block 
southwest of Slatechuck Creek. Honna conglomerates form- 
ing the north-trending ridge on the east side of Gosset Bay 
terminate abruptly east of Mount Seymour. This termination 
may be a fault contact. 

Intrusive dykes commonly noted crosscutting the older 
shale and sandstone of the Haida Formation are rare in out- 
crops of the Honna Formation. 

Although no fossil control was obtained for the Honna 
Formation in Long Inlet, nearby exposures in Skidegate 
Inlet are of Coniacian to Santonian age (Riccardi, 1981; 
Haggart, 1986). Honna strata are always noted overlying 
Skidegate member shale and sandstone of Cenomanian to 
early Turonian age in Long Inlet and the same relationship 
occurs at most localities in Skidegate Inlet and other areas 
of the Queen Charlotte Islands (Haggart, 1986; in prep.). 
It is not known whether this relationship reflects a regional 
hiatus. 

A sequence of mafic volcanic debris flows, scoria, and mas- 
sive flows conformably overlies and interfingers with the 
Honna succession in Long Inlet. The best exposures of this 
volcanic succession are found in the vicinity of Josette 
Point, on the southwest side of Gust Island, and along the 
southwest shoreline of Saltspring Bay. The volcanics were 
previously mapped as a faulted exposure of the Masset For- 
mation by ~utherland Brown (1968), but their conformable 
and interbedded contact with Honna Formation strata, and 
their presently overturned configuration make this interpre- 
tation unlikely. 

The volcanic unit varies in thickness laterally. The 
greatest thickness observed is at Josette Point where approx- 
imately 700 to 800 m of the unit are exposed. An interbed- 
ded basal contact with the underlying Honna Formation is 
preserved on Gust Island and west of Saltspring Bay. The 
upper contact is not exposed. 



Many of the volcanic rocks throughout this sequence are 
characterized by a content of 1 to 5 per cent euhedral 
plagioclase phenocrysts up to 5 mm in length. Pyroxene also 
occurs as a phenocryst phase and euhedral crystals up to 3 
mm in length were noted in one flow. The matrix is perva- 
sively altered and greenish to purplish in hand specimen. 

The earliest indication of volcanism in the region is 
marked by subaqueous volcanic debris flows in the upper 
part of the Honna Formation. On Gust Island they are partic- 
ularly well displayed in a continuous section. The lower, 
115 m thick succession of sandstone and conglomeratic 
sandstone in this section is correlated with the Honna For- 
mation on the basis of 1) lithological similarity to con- 
glomerate and sandstone on-strike to the northwest and also 
the east - beds which conformably overlie early Turonian 
shale and sanstone; 2) the deeper water aspect of the beds 
as indicated by the abundance of sedimentary structures 
characteristic of turbidite deposition and the absence of any 
molluscan fossils; and 3) the presence of well rounded 
granitic cobbles within the cong!omerates. 

The first volcanic debris flows noted in the Gust Island 
section occur as a series, 5 to 15 m in thickness, within the 
uppermost part of the Honna Formation. These flows are 
poorly sorted, show no sedimentary structures, and are 
composed predominantly of porphyritic clasts (Fig. 5A). In 
the oldest flows, unlithified sands and silts of the underlying 
Honna Formation sequence are incorporated between 
blocks within the unit (Fig. 5B). This basal debris flow is 
succeeded by a 10 m thick section of medium to thick bed- 
ded sandstone and conglomerate (Fig. 5C), which in turn 
is overlain by the remainder of the volcanic succession. At 
all other localities studied the volcanic unit lacks the basal 
sandstone and conglomerate layer. 

Overlying the basal volcanic debris flow and sedimen- 
tary rock succession on Gust Island is a thick section of 
scoria (Fig. 5D), flow breccias, and massive flows. The 
scoriaceous nature, and lack of sediments and quench fea- 
tures, indicate that the massive flows were deposited 
subaerially. The individual lithotypes occur in units of vary- 
ing thickness with irregular contacts and little lateral con- 
tinuity. At some localities, however, distinct flow units with 
intraflow breccias and amygdaloidal margins can be 
delineated and their contacts are parallel to bedding in the 
underlying Honna Formation. 

Along the west shore of Gosset Bay, but absent at other 
localities, a less altered section of massive subaerial lava 
flows forms the uppermost exposures. These rocks can be 
distinguished from the underlying flows by the lack of abun- 
dant plagioclase phenocrysts and presence of small (1 mm) 
pyroxene phenocrysts set in an aphanitic dark grey ground- 
mass. Within this section 10 to 20 m of massive flows are 
succeeded by a short interval of volanic breccia. This vol- 
canic breccia is secondary in origin and can be distinguished 
from the underlying breccia because it contains both 
sedimentary and volcanic clasts. 

Volcanic rocks have not previously been noted in out- 
crops of the Cretaceous Queen Charlotte Group. Prior to 
this study, volcanic rocks of the Queen Charlotte Islands 
were assigned to either the Tertiary Masset, Jurassic Yak- 
oun, or Triassic Karmutsen formations, or minor flows 

within the Lower Cretaceous Longarm Formation. The vol- 
canic rocks of the Long Inlet area cannot be correlated with 
any of the previously described units because of their con- 
formable and interbedded relationship with the underlying 
sedimentary rocks of the Honna Formation. 

Uppermost Cretaceous(?) sedimentary rocks 

Coal occurs as float at approximately the 150 m elevation 
on the southeast flank of Mount Seymour, in the drainage 
basin of Mud Bay Creek. Coal deposits in Mud Bay Creek 
were exploited in the last century and several shafts were 
sunk, collectively referred to as the 'Cowgitz' workings, but 
the mines closed shortly thereafter. Although the actual 
workings were not located in 1988, coal float samples col- 
lected from the vicinity were commonly associated with 
shale lithotypes suggesting the coals occur in a shale succes- 
sion. The literature on the coals (see Clapp, 1914) notes the 
occurrence of shales in the mine workings. 

The precise stratigraphic position of these coals is uncer- 
tain, but Sutherland Brown (1968, p. 177, Fig. 5) suggested 
that they might be of either Jurassic or Cretaceous age. We 
suggest here that the coals might represent a new cycle of 
Upper Cretaceous sedimentation ; if so, they may be approx- 
imately coeval with nonmarine sedimentary strata of latest 
Cretaceous-Paleocene age recognized in the subsurface of 
Hecate Strait (Shouldice, 1973 ; Young, 1981, p. 81, Fig. 
17). In support of this interpretation, Haggart and Higgs 
(1989) have identified a new, upper Santonian ammonite 
assemblage from the Sludegate Inlet area. The fossils occur 
in a marine shale succession high on the flank of Slatechuck 
Mountain, several kilometres northeast of Mount Seymour. 
Thus, there is a possibility that additional Upper Cretaceous 
deposits exist in this region. 

STRUCTURE 

The Long Inlet area is characterized by consistent northwest 
trends of both structures and regional bedding. Earliest 
megascopic structures comprise northwest-trending, 
upright and locally overturned folds. A major anticline of 
this type lies parallel to and just west of the western shore 
of Long Inlet; most of the strata referred to in this report 
lie on the steeply dipping to overturned east-facing limb of 
this structure (Fig. 2). Folds of similar age, but lesser ampli- 
tude, occur in the eastern portion of the study area (Kagan 
Bay). 

Two sets of steeply dipping 'map-scale' faults cut these 
early folds. The first set includes all faults striking north- 
westward ; these are found at several localities in Long Inlet 
and were originally mapped by Sutherland Brown (1968) as 
components of his Rennell Sound Fault Zone. Despite the 
fact that they bound different stratigraphic units, these faults 
have only minor dip-slip offsets in Long Inlet, and are not 
observed in Skidegate Channel, only 5 km to the south 
(Lewis and Ross, 1988). The second and younger set of 
faults strikes from 055 to 070" through Long Inlet into 
Kagan Bay. These faults are inferred, on the basis of offset 
stratigraphic contacts and structures, to accommodate only 
minor left-lateral offsets. 



Minor structures related to the megascopic structures are 
most common in shales. Low-angle thrust faults and drag 
folds are associated with the megascopic folds and probably 
developed as space-accommodating features. Strong pencil 
lineations occur parallel to fold axes, and locally developed 
cleavages are oriented parallel to axial planes; both are 
believed to be related to the early folding event. Internal 
deformation in coarser clastic and volcanic lithotypes is 
limited to steeply dipping fracture surfaces with minor off- 
sets, and cannot be related to specific megascopic struc- 
tures. 

DISCUSSION 

Long Inlet is an important locality for understanding the 
, depositional and geological history of the Cretaceous suc- 

cession in the Queen Charlotte Islands. The stratigraphy, as 
seen here, constrains interpretations of subsequent deforma- 
tional events. 

The contact of the Haida Formation with the underlying 
Longarm Formation was not observed in Long Inlet and the 
lower or Sandstone member of the Haida Formation is 
absent. Elsewhere in the Queen Charlotte Islands, the basal 
transgressive phase of the Haida is of earliest Albian age 
(McLearn, 1972; Sutherland Brown, 1968). As the youn- 
gest known Longarm Formation beds in Long Inlet are 
marine shales of Barremian and, possibly, Aptian age, they 
may be transitional to the shales and turbidite deposits of the 
Skidegate member. Thus, deposition in the deeper parts of 
the basin (i.e., the Long Inlet area) may have been continu- 
ous during the Aptian, although fossil evidence for this is 
lacking. 

The distinctive feldspathic sandstone lithology present in 
the basal portion of the Honna Formation in Long Inlet has 
not previously been noted. Sedimentary structures in these 
rocks are indicative of turbidite deposition in a submarine 
fan setting, probably on the upper fan adjacent to the fan 
channel. Locally, the Honna sandstones thicken and thin 
laterally, even pinching out, consistent with an upper fan 
interpretation. This model supports the interpretation of the 
Skidegate member as a deep-marine distal turbidite succes- 
sion and indicates fan progradation into the region of Long 
Inlet after the early Turonian. Several workers (Yagishita, 
1985 ; Higgs, in press) have postulated an eastern source for 
the Honna Formation. Subaerial volcanic rocks conforma- 
bly overlying the Honna Formation indicate that fan progra- 
dation resulted in rapid shallowing of the basin during 
Honna time. 

Cretaceous volcanism in the Queen Charlotte Islands 
region has previously been inferred from K-Ar dates for 
samples from offshore wells in Hecate Strait. Young (1981) 
suggested that dates of 72 Ma and 84 Ma for volcanic rocks 
from the Sockeye B-10 well may represent an early phase 
of Masset volcanism and that the 1 18 Ma and 165 Ma dates 
from the Sockeye E-66 well represent mid-Jurassic Yakoun 
volcanics. 

Cameron and Hamilton (1988) inferred that the volcanic 
rocks dated at 11 8 Ma represent a previously unrecognized 
volcanic event of Barremian-Aptian age. A volcanic con- 
glomerate facies on Lyell Island has also been noted by them 

(ibid.) and was used as corroborative evidence for this 
event, although the dating of those rocks is presently uncer- 
tain. Likewise, they considered that the volcanic rocks dated 
as 72 Ma and 84 Ma represent yet another event (op. cit.). 

Hickson (1988; 1989) has noted, however, that the Mas- 
set Formation is more restricted in age and distribution than 
previously thought. Thus, Young's (1981) interpretation 
that volcanic rocks dated at 72 to 84 Ma in the B-10 well 
are an early stage of Masset development appears untenable. 
Moreover, the K-Ar dates from the offshore wells are of 
minimum reliability, because of alteration and possible con- 
tamination (Young, 1981). The discovery of outcrops of 
Cretaceous volcanic rocks in Long Inlet is thus the first defi- 
nite evidence of a Late Cretaceous volcanic event in the 
Queen Charlotte Islands region. Thin sections of sidewall 
cores from the volcanic intervals intersected by the offshore 
wells have been prepared and are currently undergoing 
detailed study to attempt lithological correlation with sec- 
tions of known age (Hickson, in prep.). 

SUMMARY AND CONCLUSIONS 

1. The Queen Charlotte Islands Cretaceous stratigraphic 
succession, with the exception of the Haida Sandstone 
member, is particularly well represented in the Long 
Inlet area of western Skidegate Inlet. 

2. 450 m of Longarm strata occur in Long Inlet, represent- 
ing one depositional cycle of Hauterivian to at least 
Barremian age. 

3. The base of the Cenomanian to early Turonian 
Skidegate member of the Haida Formation has not been 
seen in the Long Inlet area. It is possible that a deposi- 
tional contact between the Haida Formation and the 
underlying Longarm Formation occurs in the central 
part of the inlet. 

4. Two distinct lithofacies occur within the Upper Creta- 
ceous Honna Formation: a thick lower succession of 
massive feldspathic sandstone and an upper unit of cob- 
ble conglomerate typical of the Honna Formation else- 
where in the Queen Charlotte Islands. A composite 
thickness in Long Inlet probably exceeds 150 m. 

5.  A thick succession of mafic volcanic debris flows, 
scoria, and flow breccias conformably overlies and is 
interbedded with the Honna Formation in Long Inlet. 
This unit may have correlatives elsewhere in the Queen 
Charlotte Islands and in the subsurface of Hecate Strait. 

6. Structures in the Cretaceous rocks are dominated by 
northwest-trending megascopic folds, which are cut by 
two sets of faults showing only minor offsets. 
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Abstract 

The Masset Formation is a Late Oligocene to Late Miocene calc-alkaline suite of volcanic rocks that 
underlies much of Graham Island. Rock compositions range from basalt to rhyolite; the principal 
phenocryst phase is feldspar. Thick rhyolite flows, coring hills inland of the west coast, may represent 
vent areas from which volcanic products and sediments were shed east and west. Evidence of steep north- 
trending faults was found, but otherwise there is little indication of structural complexity within the forma- 
tion. Attitudes of layered rocks represent primary slopes of constructional volcanic landforms. 

Older volcanic rocks were found intercalated within the Honna and Haida formations. These volcanic 
rocks contain hornblende phenoctysts which are not found in the Masset Formation. 

La formation de Masset, une se'rie calco-alcaline de roches volcaniques dont 1'6ge s 'e'tend de 1'Oligo- 
cane supe'rieur au Micoane supe'rieur, constitue la majeurpartie des terrains de l'ile Graham. La compo- 
sition des roches varie des basaltes aux rhyolites; la principale phase de phe'nocristal est le feldspath. 
Des coule'es kpaisses de rhyolite, constituant le noyau des collines dans l'intei-ieur des terres de la c6te 
ouest, seraient des cheminkes d'kruption desquelles des produits volcaniques et des skdiments se seraient 
ddversks a l'est et c i  l'ouest. L'existence de failles abruptes, de directon nord, a ktkprouvt!e, mais en 
dehors de ce phknomine tectonique, la formation prbente peu d'indications d'une complexite' struc- 
turale. Les attitudes des roches strati'kes correspondent aux pentes primaires de formes volcaniques 
de construction. 

On a trouve' des roches volcaniques plus anciennes intercalkes au sein des formations de Honna et 
de Haida. Ces roches renferment des phe'nocristaux de hornblende qu 'on ne trouve pas dans la formation 
de Masset. 

' Contribution to Frontier Geoscience Program 



INTRODUCTION It is hoped that some estimate of the duration, extent and 
type of volcanism, and the relative proportions of mafic to 

Mapping of the Masset Formation on eastern and central felsic magmas can be obtained. 
Graham Island (Hickson, 1988) was extended to the west 
coast during the'1988 field season (Fig. 1). This project, to The Masset Formation, named by Mackenzie (1916), 
resolve the internal structure and stratigraphy of the Masset was studied in detail by Sutherland Brown (1968). He recog- 
Formation involves mapping, isotopic dating and petrology, nized the wide variation in composition of the volcanic rocks 
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Figure 1. Location map showing study area. 



(from basalt to rhyolite) and proposed Paleocene to Miocene 
age for thesuccession. Young (1981) suggested a Late Cre- 
taceous to Pliocene age for the Masset volcanism. Work by 
Hamilton (1985) and Cameron and Hamilton (1988) deter- 
mined a more restricted, Early Eocene to Late Miocene, age 
for the volcanism. Hickson (1988), based on a compilation 
of K-Ar dates, pointed out that Masset volcanism occurs 
from Late Oligocene to Late Miocene with the bulk of the 
activity occurring in the Early Miocene (20-25 Ma). Palyno- 
logical evidence, from samples collected during the 1987 
field season, is not definitive but supports the more res- 
tricted age range (Table 1). During the 1988 field season, 
older volcanic rocks were found to be lithologically distinct 
from the Masset rocks studied and probably represent sepa- 
rate magmatic episodes (see also Haggart et al., 1989). 

The Late Oligocene to Late Miocene Masset Formation 
on Graham Island consists of intercalated basalt to rhyolite 
flows and pyroclastics. Interflow sediments are minimal and 
there is little evidence of weathering between eruptive 
events. Felsic pyroclastic rocks predominate, although 
rhyolite flow units are locally abundant. Mafic rocks form 
multiple units in which individual flows range in thickness 
from 2-30 m and are associated with thin (a few tens of cen- 
timetres or less) interflow breccias. Diamictons in both the 
felsic and mafic sections have limited lateral extent and 
probably represent channelized debris flows. 

Sutherland Brown (1968) described the Masset Forma- 
tion as consisting of alkalic basalts and sodic rhyolites. 
According to petrochemical work by Hamilton (1985) and 
Dostal and Hamilton (1988), the rocks are described as 
ranging in composition from T-MORB to metaluminous 
rhyolite. Dostal and Hamilton (1988) suggested that most 
compositions reflect pronounced fractional crystallization 
and some degree of magma mixing. 

The 1988 field season concentrated on a coastal strip 
extending from White Point to Rennell Sound (Fig. I), and 
the region around Juskatla Mountain and Cinola was studied 
in greater detail. Mapping at 1 :50 000 scale is based on foot 
traverses with vehicle, boat and helicopter support. 

STRATIGRAPHY AND PETROLOGY OF THE 
MASSET FORMATION 

The stratigraphy of central and eastern Graham Island 
(Hickson, 1988) generally applies to the western area. The 
principal difference between west coast exposures and those 
to the east is the prevalence of sedimentary units intercalated 
with the volcanic flows and pyroclastics. These sedimentary 
units range from coarse conglomerates to fine grained sand 
and siltstones and commonly contain silicified and car- 
bonized wood debris. Several localities expose layers, up to 
30 cm thick, of flattened logs within the volcanic- 
sedimentary sequence. 

Mafic flows along the west coast may have lower silica 
values than those found to the east, indicated by cumulate 
(mantle-derived?) nodules found in some flows. Near Tian 
Head, plagioclase nodules (up to 8 cm) and megacrysts (up 
to 3 cm) were found. Pyroxene nodules (Fig. 2) and 
megacrysts occur in flows and breccias exposed along the 
coast between White and Kennecott points. 

Table 1. Palynological report on 
Masset Formation samples 

Sample Lat. Long. Probable age 

CH 87-61-01 c 53'43' 11 " 132'36'38" Eocene-Pliocene 

CH 87-61-01a 53O43' 11 " 132O36'38" L. Miocene-E. 
Pliocene 

CH 87-23-1 1e 53O33' 18" 132O22'29" L. Miocene-E. 
Pliocene 

CH 87-25-15c 53O33'20" 132O22'22" Eocene-Pliocene 

CH 87-27-1 1 b 53O34' 50" 132O23'37" undeterminable 

CH 87-28-09e 53O32' 30" 132'26'44" pre-Quaternary 

CH 87-33-02a 53O35' 02" 132O44' 18" undeterminable 

CH 87-33-02b 53O35' 02" 132O44' 18" pre-Quaternary 

CH 87-02-18a 53O38' 19" 132°21'31 " undeterminable 

CH 87-02-18c 53O38' 19" 132°21'31" undeterminable 

Identifications by J.M. White (pers. comrn., 1988) 

Except for these megacrysts and nodules, flows of the 
Masset Formation contain phenocrysts which are 3 mm or 
less in size and are limited in variety. Despite their calc- 
alkaline chemical signature (Fig. 3), the flows are not typi- 
cal of calc-alkaline flows which generally contain varied, 
large (0.5-1 cm) phenocrysts. In the Masset Formation, 
feldspar is the only phenocryst phase that is consistently 
present ; quartz, pyroxene and magnetite are rare. Pyroxene 
phenocrysts, found in a small percentage of rocks classified 
in the field as both felsic and mafic, are characteristic of 
rocks whose silica content straddles the andesite-dacite 
compositional boundary (Fig. 3). 

For field mapping, the Masset Formation was divided 
into seven units based upon the phenocryst assemblage and 
estimates of the whole rock chemistry. Felsic rocks, all of 
which have an aphanitic groundmass, are subdivided into 
three units: 1) aphyric, 2) feldspar phyric, and 3) quartz- 
feldspar phyric. The mafic rocks are: 4) aphyric and apha- 
nitic, and 5) aphanitic with plagioclase phenocrysts. 
Sedimentary units were subdivided into: 6) reworked pri- 
mary volcanic rock, and 7) primary volcanic deposits 
emplaced by sedimentary processes. 

The succession from Tian Head to Beavis Point perhaps 
best illustrates both the mixed mafic and felsic nature of the 
Masset Formation and the sedimentary units intercalated 
with the volcanic units (Fig. 4). The section includes 
nodule-bearing mafic flows, debris flows, felsic pyroclas- 
tics and flows, as well as coarse- to fine grained, well- 
bedded sandstones. 

Layering along the west coast dips from 10-30" to the 
west but flattens eastward where thick rhyolite flows pre- 
dominate. These flows (possibly domes) are up to 200 m 
thick and underlie a range of hills just inland of the coast. 
East of this line of hills, flows dip consistently east to north- 
east. 



Figure 2. Pyroxene nodule in a block-lapilli 
breccia north of Kennecott point. 

Figure 3. Tree stump protruding through 

1 
eroded surface of pyroclastic airfall deposit at 

,. l White Point. 

The continuity of some units' is better seen along the VOLCANIC ROCKS OLDER THAN THE MASSET 
coast than inland. A felsic pyroclastic unit exposed along FORMATION 
1.5 km of wave-cut terrace at White Point can be traced for 
a farther 5 km along the beach south of Kennecott Point. 
Lithologically similar breccia material outcrops as a thick 
(150 m) flow at the base of the hills 3 km inland from the 
coast. This pyroclastic unit rests unconformably on con- 
glomerates of the Longarm Formation (H.W. Tipper, pers. 
comm., 1988). At the base of the pyroclastic unit is a 1 m 
thick airfall layer composed of pumiceous clasts up to 2 cm 
across and lithic fragments reaching 1 cm. Carbonized and 
silicified tree stumps up to 1.5 m in diameter (Fig. 5) are 
present in the airfall deposit which has been scoured and 
overlain by a 30 m thick pyroclastic flow. 

Sutherland Brown (1968) indicated outcrops of Masset For- 
mation north of White Point. These outcrops were examined 
in 1988. All are lithologically unlike Masset rocks seen to 
the south. At Fleurieu Point and Sialun Bay dykes and sills 
contain hornblende phenocrysts, whereas Newcombe Hill is 
a high level plutonic body. Subaerial flows seen in this 
region may also be older than the Masset Formation because 
on Lucy Island (between Langara and Graham islands) a 
feldspar-biotite-phyric flow is overlain by finely laminated 
siltstone of the Honna Formation. This volcanic rock litho- 
logically resembles that at Cape Knox where a 45.7 f 3 Ma 
K-Ar date (Young, 1981 ; recalculated with new constant) 
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Figure 4. Stratigraphic section along the 
coastline between Tian Head and Beavis Point 
(Fig. 1). 
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Figure 5. Total alkali versus silica for the 
Masset Formation. Fields are from LeBas et 
al. (1986). m 
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was obtained from a rhyolite ash flow tuff. On Langara been the vent area which shed eruptive products and sedi- 
Island feldspar-phyric mafic and felsic flows are interbed- ments to the east and west (Fig. 6), thus eastward tilting is 
ded with the Haida Formation. Anderson and Greig (1989) not necessary to explain dip directions. Wave-cut terraces 
noted that these volcanics are cut by the Langara Island plu- suggested to be the result of uplift along the west coast 
ton which gave a U-Pb date of 27 Ma (Anderson and (Sutherland Brown, 1968) are not unique to that locale and 
Reichenbach, 1989). cannot be used as evidence of tilting. 

Farther south, in the vicinity of Rennell Sound, vol- 
c a n i c ~  previously mapped as Masset (Sutherland Brown, 
1968) were found to be hornblende-biotite-quartz phyric- 
rocks which are not in stratigraphic continuity with Masset 
rocks, suggesting they may represent an older phase of vol- 
canism. Nearby,. a biotite-feldspar porphyritic intrusive 
body (64 f 3 Ma K-Ar date ; Mathews, 1964 ; recalculated 
with new constants) was obtained from rocks on Bald Moun- 
tain. Immediately north is a southeasterly-trending ridge 

Basalt 

Near Juskatla Mountain, steep north trending normal 
faults with an east-side-down sense of motion are exposed 
and inferred from outcrop pattern and orientation. Three 
closely spaced en echelon faults indicate cumulate displace- 
ment of 10 m. Some units have been tilted to vertical, fur- 
ther suggesting a steep fault(s). Masset Sound, parallel to 
this trend, probably contains a major fault because Masset 
volcanic rocks are exposed only on the west side and are 
not present at the surface on the east. 

capped by a pebble-cobble conglomerate unit lithologically 
related to the Upper Cretaceous Honna Formation. This A postglacial landslide deposit, 2 km long, on the north- 

conglomerate contains plutonic clasts resembling the Bald west side of Juskatla Mountain parallels the trace of a steep 

Mountain intrusion and volcanic clasts resembling the rocks north trending fault. The headwall is at 490 m and debris 

seen closer to Rennell Sound. In the vicinity of Long Inlet was carried to the base of Towustasin Hill at 200 m eleva- 

mafic (probably andesitic) flows interfinger with con- tion. 

Basaltic 

glomerates of the Honna  orm mat ion and a; described by On Graham Island, intrusions appear to be spatially 
Haggart et al., (1989). associated with extrusive Masset rocks. The plutons give 

I Dacite 
Andesite \ 

In the area near Cinola, distinctive quartz-eye porphyry U-Pb dates of 26-28 Ma (Anderson and Reichenbach, 1989) 

dykes cut rocks of the Yakoun and Haida formations. contemporaneous with early phases of Masset volcanism. 

Detailed mapping has revealed a quartz-phyric flow within Both the northern and southern boundaries of the Masset 

fine grained shales of the shale member of the Haida Forma- Formation follow trends which roughly parallel the trend of 

tion (J. Deighton, pers. comm., 1988). Isolated exposures major topographic features (Naden Harbour, Ian Lake, and 

of hornblende-phyric rocks were found in an area mapped Juskatla Inlet) and dykes near Rennell Sound (Souther, 
1988). At present, it is not known whether (or how) the rela- 

as by Brown (1968)' south tionships relate to the structural history of Graham Island. of the proposed mine site (M.A. Hepp, pers. comm., 1988). 

andesite I \ 

I 
I 

STRUCTURE IN THE MASSET FORMATION DISCUSSION 

The regional dip of the volcanic units reflects primary slopes 
The anticline shown by Sutherland Brown (1968) parallel rather than significant eastward tilting. Preliminary to the west coast of the island is here interpreted as a con- paleomagnetic results (Wynne and Hamilton, 1989) how- 
structional feature. Stratigraphic thickness and facies transi- ever, suggest tilting but indicate no consistent orientation. 
tions indicates that a topographic high paralleled the 
present-day coastline slighilyinland.  his high could have 



Paleotopogrsphlc 
high 

Figure 6. Hypothetical section along 8-B' (Fig. 1) from the west coast of Graham Island to east of Masset 
Inlet. Two-times vertical exaggeration. 

Volcanic rocks have not previously been noted in out- 
crops of the Albian and younger Cretaceous Queen 
Charlotte Group, although volcanics have been intersected 
in drillholes (Young, 1981). Previously, volcanic rocks 
were assigned to either the Masset Formation, Yakoun 
Group or Karmutsen Formation, but the occurrences near 
Langara Island, Cinola and Long Inlet cannot be correlated 
with any of the above units. Volcanic rocks with ages in the 
time span that is post-Yakoun Group and pre-Masset For- 
mation (as used in this paper) should be considered 
separately, either as distinct formations or as members 
within existing formations. 
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Abstract 

A 1147.9 m cored section of the Masset Formation contains two distinctive lithological successions and 
from top to bottom) reversed, mixed and normal polarity packages. f ie  magnetostratigraphy of this 
borehole could serve as a powerhl correlation tool for exploration drilling in the Masset Formation 
beneath northern Graham Island and Dixon Entrance. The mean inclination of the undeformed part of 
the core is 69 f 3 " (standard error) which is not signiJicantly different from the inclination of the cratonic 
reference paleopole for the Early Miocene. Therefore, there has been no appreciable north-south move- 
ment of the Queen Charlotte Islands relative to North America since the deposition of the Masset Forma- 
tion. 

Une section de carotte de I147,9 m de la formation de Masset renferme deux successions lithologiques 
distinctes et (de haut en bas) des ensembles de polaritd inverske, mixte et normale. La magndtostratigra- 
phie de ce sondage pourrait servir d'outil important pour la corrklation de forages d'exploration dans 
la formation de Masset, situke en-dessous de la partie nord de l'fle Graham et de lJentr&e Dixon. L'incli- 
naison moyenne de la partie non dejcormke de la carotte est de 69" f 3" (erreur-type), ce qui differe 
tris peu de 1 'inclinaison du paldopble de rqkrence cratonique pour le Miochne infkrieur. Par conskquent, 
il n 'y a pas eu de mouvement nord sud notable des iles de la Reine-Charlotte par rapport b llAmkrique 
du Nord depuis la mise en place de la formation de Masset. 



INTRODUCTION 

In 1984 Bow Valley Industries diamond drilled a borehole 
(BVI Naden b-A27-J/103-F-15) in the first meander bend 
of Davidson Creek upstream from Naden Harbour, on the 
north end of Graham Island (53.94"N, 132.70°E, Fig. 1). 
Their objective was to drill through the Tertiary Masset For- 
mation into the underlying Cretaceous Queen Charlotte 
Group. The hole was collared in unconsolidated overburden 
and continuously cored from 25.6 m to its bottom at 
1147.9 m, in volcanics of the Masset Formation. 

In this paper we describe the sequence of magnetic 
reversals in the core, and assess their potential as a correla- 
tion tool within the Masset Formation, and we compare the 
mean inclination of the core to that of the cratonic reference 
field. 

The core was described and subsampled on site in 
November 1984 at the close of drilling by one of us (TSH). 
Representative samples of the freshest material were col- 
lected from each of the more than 200 lava flows, pyroclas- 
tic units, sedimentary interbeds and paleosol horizons which 
comprise the Masset Formation (Fig. 2a). The stratigraphic 
description and rock types are from Hamilton (in prep.) and 
Dostal and Hamilton (1988). Subsamples for paleomag- 
netism came from dense flow interiors and were marked 
with an arrow in the up direction. The physical units and 
lithological breaks-were accurately described by the wellsite 
geologist J. Paterson (1984), but the interpretation of 
individual flows or eruptive units is inconsistent and the 
rock nomenclature and descriptions of physical volcanology 
is not according to standard volcanological practice. 

STRATIGRAPHIC SUMMARY 

Tertiary magmatic activity assigned to the Masset Forma- 
tion spans 41 to l l Ma in three pulses, with diachronous 
stratigraphy that youngs to the north (Cameron and Hamil- 
ton, 1988). The stratigraphy of the BVI Naden hole is from 
the youngest (Early Miocene) pulse of volcanism, because 
samples from 61.9 m and 1123.0 m (Fig. 2a) yielded whole 
rock K-Ar ages of 23.0 and 23.6 + 0.8 Ma respectively. 

The Masset Formation in the hole comprises volcanic 
flows and pyroclastics with minor intervals of thin interflow 
epiclastic sediments and rare tuff beds. There are two litho- 
logic packages. The upper, above 646 m, is dominated by 
basalt flows. The lower is a mixture of andesitic to dacitic 
flows, agglomerates and epiclastic sediments. Dacites 
become more abundant towards the bottom of the hole 
(Fig. 2a). 

Above 646 m, the core is almost entirely basaltic with 
a repetitive succession of thin aphyric flows. The flows have 
variably developed oxidized flow-base agglomerates, oxi- 
dized flow-tops and rare, thin, interflow clay layers. At least 
six faults (indicated by slickensides, gouge or breccia, 
change of lithology, and missing flow tops or bases) were 
noted between the surface and 367.3 m (Fig. 2a). The 
inclined flow textures and geopetal structures (amygdules, 
pipe vesicles, vugs, veins) in this faulted part of the succes- 
sion indicate that flows are tilted by up to 30". Dips of slick- 
ensides and fault gouge range from subvertical to 40" ; with 

lineations indicating both strike-slip and dip-slip motion. 
Below 367.3 m flow contacts, bedding planes and geopetal 
structures show that the beds are essentially horizontal. 

Below 421.5 m but within the upper basaltic unit of the 
core, seven thin sedimentary horizons (including a few 
paleosols) mark local unconformities and hiatuses in volcan- 
ism. Flows in this part of the section generally have reddish, 
oxidized tops and bases, indicating hot, auto-oxidation dur- 
ing extrusion. Clay layers and thin epiclastic sands are 
greenish. A thin, graded bed of basaltic gravel to sand near 
486.0 m indicates subaqueous deposition. A pastel ash 
horizon near 609.6 m suggests that the upper section, 
although dominated by basalt, is distal to more explosive, 
felsic volcanism. The base of the upper basaltic part of the 
core near 646.0 m is marked by a permeable unconformity ; 
pronounced water flow was reported at this depth during 
drilling. 

Below 643 m, the core is highly variable in composition. 
It is dominated by thick, porphyritic andesite flows from 
which most of the paleomagnetic samples were obtained. 
Subordinate felsic and mafic flows and epiclastic sediments 
(conglomerate, tuffaceous sand, lahar) are present in 
roughly equal amounts. The thickest sedimentary interbeds 
are between 703.0 and 83 1.0 m ; these mark hiatuses in vol- 
canism. Two basalt flows near 884.0 and 1028.7 m indicate 
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Figure 1. General distribution of Masset Formation and 
location of the Bow Valley Naden Harbour borehole (BVN), 
Queen Charlotte Islands. 
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reversed (negative) inclinations (to the left). 



great compositional variation and the potential for pro- 
nounced facies changes in rocks that may be lateral equiva- 
lents to this lower unit. The polymictic nature of the lahars 
and the occurrence of weathered flow tops suggest sporadic 
and discontinuous volcanism. Below 1063.7 m, pink and 
grey dacite flows are dominant. Many of these lower flows 
are incompetent, fractured, and too altered for paleomag- 
netic analysis. 

PALEOMAGNETIC METHODS 

In the laboratory, cores 2.2 cm in diameter were drilled par- 
allel to the long axis of the larger diameter, primary cores. 
The up direction was transferred to the subsampled cores. 
These were cut into two or more specimens, 2.2 cm long. 
The direction (declination and inclination) of magnetization 
of specimens from one individual core can be compared 
whereas only the inclination of specimens from different 
subsamples is comparable. 

The natural remanent magnetization (NRM) of each 
specimen was measured. Five pilot specimens, at intervals 
of from 106-198 m down the drill hole, were demagnetized 
incrementally using an alternating magnetic field (AF). All 
five samples have single-component magnetizations 
(Fig. 3) exhibiting linear decay to the origin in fields from 
10- 100 mT. The remaining specimens were demagnetized 
at 40 mT with most retaining about 50% of their NRM 
intensity. The NRM and 40 mT results are listed in the 
Appendix. 

POLARITY 

The polarity changes five times over the depth of the core 
(Fig. 2b). The core down to 413.0 m has negative inclina- 
tion (reversed polarity), and the core below 647.1 m shows 
positive inclination (normal polarity). These two intervals 
comprise 75 % of the hole. Between the reversed upper part 
and the normal lower part the polarities are mixed, with two 
normal and two reversed horizons. 

The earth's field has changed polarity (from normal to 
reverse or reverse to normal) 34 times over the 10 Ma time 
span of the Early Miocene (Harland et al., 1982). The five 
polarity swings in the middle part of the core may thus rep- 
resent about 1.5 Ma of time. This estimate falls within the 
error bounds of the K-Ar whole-rock ages (23.0 and 
23.6 + 0.8 Ma). 

It is not possible to uniquely correlate individual polarity 
changes with the global time scale. However, the polarity 
sequence reversed/mixed/normaI may provide a useful 
regional correlation tool when used in conjunction with 
lithostratigraphy . 

MEAN INCLINATIONS 

The arithmetic mean inclinations from the core are summa- 
rized in Table 1. The mean inclinations referred to in the 
following discussion and illustrated in Figure 2b are those 
of the cleaned (40 mT) directions and the errors are standard 
errors. The expected inclination for Early Miocene rocks 
deposited at this location is 70 + 1" (calculated using the 
20 Ma cratonic reference paleopole of 88"N, 121 "E, 
a63 -2 ; Irving and Irving, 1982). In a reconnaissance study 
of surface samples from the Masset Formation, Hicken and 
Irving (1977) reported a mean inclination of 78", a95=6,  
a63  =4. 

The mean inclination of all the data, irrespective of sign, 
is shallow (6 1 f 2", Table 1). This may reflect incomplete 
cleaning. However, the linearity of the orthogonal decay 
plots indicates single-component magnetization and argue 
against the presence of any normal overprint. 

The upper, deformed part of the hole, corresponding 
roughly to the first reversed interval (Fig. 2b), has very 
shallow inclinations (-46 5 3"). As discussed above, this 
interval contains paleohorizontal indicators inclined up to 
30" and is cut by many faults. 

Figure 3. Detailed AF demagnetization of specimen from 
358.7 m. Squares denote downward (reversed) directions in 
the southeast quadrant of a Schmidt stereographic projec- 
tion. 

The mean paleomagnetic inclination (irrespective of 
sign) of the undeformed portion of the hole (below the base 
of the upper reversed interval at 413.0 m) is 67 f 1".  A 
mean inclination of 69 f 3" is obtained by converting incli- 
nations to colatitudes prior to averaging (Cox and Gordon, 
1984). The mean thus obtained is not significantly different 
from the expected cratonic inclination of 70 & 1 " but is shal- 
lower than the 78 f 3" observed by Hicken and Irving 
(1977). At the time of their study the age of the Masset For- 
mation was thought to be Paleocene and they concluded that 
the Queen Charlotte Islands had undergone a clockwise 



Table 1. Mean Inclinations 

By polarity interval, from the top: 

( N  RM) (40 mT) 
Interval - N I - sd - N I - sd - se 

Reversed 18 -42 13 20 -46 12 3 
Normal 5 71 3 4 70 3 1 
Reversed 6 -51 10 6 -65 7 3 
IVormal 8 67 17 8 63 20 7 
Reversed 5 - 67 9 6 -69 6 3 
Normal 32 71 9 32 68 10 2 

For the entire hole: 
(NRM) (40 MT) 

Interval - N I - sd - N I - sd - se 

N&R 76 60 18 77 61 16 2 
Reversed 29 -48 15 33 -53 16 3 
Normal 47 68 16 43 67 12 2 
> 1355' N&R 56 68 12 56 67 11 1 
> 1355' N&R 69 3 

Expected 70 1 
Hicken and Irving 78 3* 

N is the number of specimens or specimen pairs; I is the arithmetic mean inclination in degrees below - 
the horizontal; sd is the standard deviation of the mean; se is the standard error of the mean 
(sdlfl) ;  * mzks oc63 errors (the radius of the circle of confidence around the mean direction, 
P=.37). sd, se, and a 6 3  are given in degrees. C&G inclination was calculated using an analysis - 
of inclinat%n%ly, as described by Cox and Gordon (1984). The expected inclinatian was calculated 
using the 20 lMa paleopole for cratonic lVorth America (Irving and Irving, 1982). The last line gives 
the mean inclination of the Masset Formation from the reconnaissance study of Hicken and Irving 
(1 977). 

rotation of 25' .  Their results, when compared with the cra- 
tonic Neogene paleopole show no significant rotation but, 
because of the steepness of the inclination, do show a 
paleolatitude offset of 14" to the south. Hicken and Irving's 
steep mean inclination was not duplicated in this study, 
presumably due to more complete averaging obtained from 
this long borehole section. 

SUMMARY 

The five changes in polarity suggest that roughly 1.5 Ma of 
the Masset depositional history is represented by this hole. 
This estimate is generally consistent with the available K-Ar 
dates. The three polarity packages (reversed, mixed and 
normal) may constitute a useful regional correlation tool for 
Masset Formation stratigraphy on northern Graham Island 
and beneath Dixon Entrance. The sequence of polarity 
changes is discernable even without AF cleaning, thus 
future magnetostratigraphic studies of this interval could use 
raw NRM values. 

The mean inclination of the core (69 k 3") below 
413.0 m is not significantly different from the expected 
inclination (70 1 O) for the Queen Charlottes in the Mio- 
cene. Therefore, since the deposition of the Masset Forma- 
tion, the Queen Charlotte Islands have not moved 
appreciably relative to the craton. 

her enthusiasm regarding this project. Thanks are also 
owing to Ted Irving for his thoughtful guidance throughout 
the study. 
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APPENDIX 
Paleomagnetic inclinations from appendix volcanics of 

the Bow Valley Naden Harbour well 

Sample NRM 40 mT 
Number I M 863 I 863 

141.0 -46. ,585E-2 1 - 48 1 
246.0 -30. ,599E-3 1 - 40 1 
361.0 -25 ,518E-3 1 -30 1 
441.0 -27 ,976E-3 3 -32 4 
471.0 -45 .185E-2 4 -48 2 
539.0 -60 .653E-2 1 -62 1 
623.5 16 .426E-3 9 -49 3 
746.0 9 .854E-3 6 -30 2 
830.0 .415E-3 -51 6 
854.0 -43 .226E-2 1 -46 2 
896.0 -38 .354E-3 7 -49 1 
929.0 -41 .511E-2 1 
953.0 -46 .557E-2 4 -49 3 
979.0 -43 .883E-2 1 -49 8 

1020.5 -31 .286E-3 6 -36 3 
1095.5 -36 .139E-2 2 -38 3 
1142.5 -30 .906E-3 5 - 44 1 
1177.0 -45 .422E-2 3 - 49 8 
1217.5 -42 .565E-3 - -48 - 
1242.0 -42 .712E-3 - -47 - 
1334.0 -83 .398E-3 4 - 84 4 
1383.0 68 ,807E-3 2 69 2 
1409.0 69 .108E-2 2 69 4 
1448.0 72 ,104E-4 2 66 4 
1477.0 72 .999E-3 8 74 5 
1500.0 76 .230E-5 1 -8 - 
1519.0 -54 .637E-3 5 - 63 6 
1542.0 -68 .148E-2 - -65 - 
1573.0 -56 .208E-3 1 -71 2 
1582.0 -42 ,458E-3 5 
1600.0 -48 .541E-4 - -74 - 
1632.0 .303E-3 - 63 4 
1651.0 -43 ,317E-3 8 - 54 7 
1743.0 80 .116E-2 - 78 - 
1765.0 84 .833E-3 3 85 3 
1796.0 70 ,822E-3 1 49 6 
1811.0 5 1 .588E-3 4 42 5 
1827.0 48 .829E-3 - 48 - 
1882.0 4 1 .638E-3 2 '  39 3 
1935.0 82 .116E-2 2 84 6 

Sample numbers correspond to depths in feet below the 

Sample NRM 40 mT 
Number I M 863 1 863 

1976.0 76 .195E-2 - 79 - 
1995.0 -55 .123E-2 - - 63 5 
2005.0 -65 .180E-2 3 - 72 7 
2048.0 .652E-2 - 66 3 
2057.0 -75 .152E-2 7 - 73 4 
2070.0 -65 .168E-3 - -63 - 
2087.0 -77 .340E-3 3 78 3 
2166.0 82 .355E-2 1 62 4 
2201 .O 78 .488E-2 1 75 2 
2295.0 72 .437E-2 - 66 - 
2340.0 59 .428E-2 3 52 6 
2386.0 79 .294E-2 1 83 2 
2458.0 79 .614E-2 1 72 2 .  
2505.0 67 .418E-2 1 65 6 
2526.0 60 .480E-2 1 61 5 
2595.0 76 .372E-2 2 67 7 
2645.0 84 .218E-2 3 76 1 
2724.0 76 .208E-2 - 71 - 
2740.0 83 .306E-3 0 84 7 
2754.0 77 .180E-2 3 68 4 
2786.0 79 ,221E-2 1 78 4 
2881 .O 73 .645E-3 - 78 - 
2895.0 77 .103E-2 2 78 3 
301 1 .O 76 .653E-2 - 74 - 
3041 .O 59 .393E-2 - 53 - 
3086.0 68 .765E-3 6 66 4 
3110.0 58 ,532E-1 2 54 2 
3144.0 73 . .468E-2 - 69 - 
3284.0 78 .880E-2 3 79 2 
3298.0 59 .160E-2 - 51 - 
3345.0 64 .121E-2 - 59 - 
3377.0 73 .433E-2 - 70 - 
3404.0 61 .263E-2 - 72 - 
3422.0 53 .743E-2 8 
3528.0 53 .277E-2 - 45 - 
3544.0 67 ,472E-2 - 63 - 
3613.0 84 .103E-2 - 70 - 
3640.0 74 .142E-2 - 75 - 
3666.0 79 .I 87E-2 - 81 - 
3747.0 .907E-3 61 2 

mean direction was greater than 10 (6 of the NRM specimen 
Kelly Bushing (KB) as indicated on the core boxes. The KB pairs, and 3 of the 40 mT specimen pairs) have not been 
elevation was 17.7 m above sea level. Results from compan- included in this analysis and are shown as blanks. Where 
ion specimens (cut from the same standard-sized cores) only one specimen was taken from a flow, 863 is shown as 
were averaged together as were the inclinations from multi- -. Specimen pairs which give a polarity different from core 
ple pairs from a single flow; only the mean inclination (I) immediately above or below have been discarded, because 
and magnetization (M) is reported. (I) denotes the arithmetic there was no independent means of verifying the reliability 
mean inclination in degrees below the horizontal. M is the of these single-flow indicators of excursions or reversals. 
mean magnetization in ampereslm. 863 is the angular radius Of the 91 specimen pairs measured these comprised 11 pairs 
in degrees of a circle about the mean containing 63 % of the or 12 % of the paleomagnetic subsample. 
observations. Companion specimens where the 863 of the 
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Abstract 

Oil-company boreholes in the Queen Charlotte Basin reveal a Miocene-Pliocene succession (Skonun 
Formation) up to 5 km thick, containing abundant sand bodies with reservoir potential. However, the 
depositional environment of the Skonun Formation, hence the geometry of the sand bodies, is poorly 
understood, partly because exposures and core are minimal. 

Three exposures are described. The facies include coal beds and rooted rnudstones;.these are inter- 
preted as delta-plain deposits, suggesting that some of the subsurface sand bodies could be distributary 
channels and delta-front sands. Similarly, tidal-shelfsandstones are present at outcrop, suggesting that 
linear tidal sand ridges could occur at depth. 

Iceberg dropstones occur in probable Upper Miocene strata at one locality, despite faunal evidence 
that the climate was temperate. This is thought to indicate that the northern Coast Mountains of British 
Columbia were suflciently high in Late Miocene time to produce glaciers capable of reaching the sea. 

Des trous de sonde, effectuks par des sociktks pktrolitres dans le bassin de la Reine-Charlotte, rkv.2- 
lent la prksence d'une succession @rmation de Skonun) du Miocdne-Plioctne, atteignant une kpaisseur 
de 5 km, qui renferme d'abondantes masses sableuses 6 potentiel de r&servoir. Toutefois, on comprend 
ma1 le milieu de sddimentation de la formation de Skonun et done la gkomhrie des masses sableuses, 
en partie d cause de la faible abondance des afleurements et des carottes. 

Trois afleurements sont dkcrits. Les faci.2~ renferment des couches de charbon et des pklites enraci- 
nkes; ces derni2res seraient constitukes de sddiments de plaine deltai'que, phknomtne qui laisse supposer 
que certaines masses sableuses de subsurface pourraient Ctre des sables de bras de delta et de front de 
delta. De facon similaire, les gr2s de la partie tidale de la plate-forme continentale sont prksents dans 
les afleurements et leur prdsence semble indiquer que des crstes sableuses deplage, linkaires, pourraient 
se rencontrer en profondeur. 

En un endroit, on trouve des blocs glaciaires dkposks par des icebergs dans des couches qui datent 
probablement du Micokne supdrieur, malgrd que 1 'dtude de la faune indique qu 'un climat tempdrkpr6va- 
lait; on estime que cela indiquerait que la partie nord de la chaine c6tikre de la Colombie-Britannique 
dtait suflsamment haute au Miockne supkrieur pour produire des glaciers capables d'atteindre la mer. 

' Contribution to Frontier Geoscience Program 



INTRODUCTION cannot be correlated from one hole to another (Shouldice, 

The Skonun Formation consists of marine and nonmarine 
sandstone, mudstone, conglomerate and coal of Tertiary age 
(Sutherland Brown, 1968). These sediments crop out in 
northeastern Graham Island, Hecate Strait and Queen 
Charlotte Sound (Fig. I), beneath a veneer of Quaternary 
deposits. The Skonun Formation is generally thought to 
overlie the volcanic Masset Formation (e.g. Sutherland 
Brown, 1968); in detail, however, the upper Masset and 
lower Skonun probably interdigitate (Cameron and Hamil- 
ton, 1988). 

Access to the Skonun Formation is limited to a few small 
exposures, some drill core at the Cinola gold property 
(Champigny and Sinclair, 1982), and fourteen oil- 
exploration boreholes drilled onshore and offshore in the 
1950s and 1960s (Fig. 1). None of the boreholes encoun- 
tered hydrocarbon accumulations. Core- and outcrop sec- 
t ions a r e  se ldom longer  than 15 m ,  hampering 
environmental interpretation. 

The Skonun Formation includes Miocene and Pliocene 
strata, based on foraminifera, palynomorphs and molluscs 
(Sutherland Brown, 1968; Shouldice, 1971 ; Addicott, 
1978; Champigny et al., 1981). However, much of the suc- 
cession is nonmarine and poorly dated, and could include 
pre-Miocene sediments. 

The Skonun Formation will be of great importance in 
any future hydrocarbon exploration program in the Queen 
Charlotte Islands region because it includes abundant sand- 
stone with high porosity (Shouldice, 1971), and because it 
has the highest mineralogical maturity of all the formations 
exposed on the islands (Sutherland Brown, 1968). How- 
ever, little is known about the depositional environment of 
the Skonun Formation. A thorough understanding of 
depositional environment is essential for predicting the sub- 
surface distributi0.n and geometry of (potential reservoir) 
sandstone bodies. 

The Skonun Formation occupies a sedimentary basin up Any depositional model for the Skonun Formation will 
to 5 krn deep known as the Queen Charlotte Basin (Fig. 1 ; necessary lack refinement because of the shortage of 
Shouldice, 1971). The boreholes reveal an alternation of exposure and core. Hence it is important to extract the maxi- 
sand- and shale-dominated'intervals ranging from tens to mum amount of information from the available exposures. 
hundreds of metres thick (Shouldice, 1971). Wireline logs Figure 1 shows all of the Skonun Formation exposures 

lsopachs of the 
Skonun Fm. (m) 

0 Exploratory boreholes - Exposure of Skonun Fm. 

Figure 1. Location map of the 
Queen Charlotte Islands region, 
showing Skonun Formation 
isopachs and exposure. Iso- 
pachs, from Shouldice (1973), 
are  based on borehole and 
geophysical data .  The three 
exposures visited in the present 
study a re  shown by arrows. 
Exploratory boreholes: 1 Tow 
Hill; 2 Masset; 3 Nadu River; 
4 Gold Creek; 5 Tlell; 6 Cape 
Ball; 7 South Coho; 8 Tyee; 
9 Sockeye B-10; 10 Sockeye 
E-66; 11 Murrelet; 12 Auklet; 13 
Harlequin ; 14 Osprey; 15 Queen 
Charlotte; 16 Port Louis; 17 Tian 
Bay; 18 Naden. Cinola gold prop- 
erty is marked by an "xu. 



mapped by Sutherland Brown (1968). Three of these 
exposures were visited by the author during the summer of 
1988 and are described below. 

PREVIOUS INTERPRETATIONS 

Previous sedimentological interpretations of the Skonun 
Formation are very generalized. Based on borehole data, 
Shouldice (1971) reported a regional facies change, from 
predominantly marine sediments with foraminifera beneath 
Queen Charlotte Sound, passing northwards into mainly 
nonmarine deposits with coal beds under Hecate Srait and 
Graham Island. In detail, however, the northern, onshore 
boreholes include probable marine intervals (coal-free and 
shelly) up to 100 m thick (Sutherland Brown, 1968). 

According to Sutherland Brown (1968), the Skonun For- 
mation of Graham Island was deposited under alternating 
marine and nonmarine conditions: "The marine environ- 
ment is all shallow water, near shore, and the nonmarine 
is all near sea-level and may include swamp, lagoon, lacus- 
trine, and delta" (Sutherland Brown, 1968, p. 125). Martin 
and Rouse (1966) visited most of the onshore exposures 
(Fig. 1) and concluded that deposition took place around 
"an oscillating shoreline which at intervals flooded coastal 
swamps or marshes." 

The nonmarine intervals of the Skonun Formation were 
interpreted as entirely lacustrine by Higgs (1988), based 
upon a perceived lack of evidence for emergence. 

Conglomerates at the Cinola gold property on Graham 
Island were interpreted as braided-stream deposits by 
Champigny and Sinclair (1982). 

COLLISION POINT 

Low cliffs at Collison Point (Fig. 1) expose 11 m of poorly 
indurated horizontal strata dominated by medium sandstone 
(Fig. 2A). These strata were tentatively dated as Late Mio- 
cene to Early Pliocene by Martin and Rouse (1966), based 
on palynomorphs. A Late Miocene age seems likely, 
because bivalves of this age occur in sub-horizontal beds, 
also near sea level, on Kumdis Island 7 km to the northeast 
(Addicatt, 1978). Bivalves recovered at Collison Point by 
the author and by Dr. James White during the present study 
may confirm the age of these strata. 

Description 

The sandstone is tabular cross-stratified, in sets ranging 
from 20 to 150 cm thick. Each set is variably reworked by 
large burrows (Fig. 3). The burrows are Ophiomorpha (a 
branching burrow system dominated by vertical shafts, 
horizontal tunnels, or a mixture of these and inclined parts; 
Frey et a]., 1978). At Collison Point, shafts and tunnels 
alike are 0.5 to 4 cm in diameter, with a reinforced lining 
of sandy mud 0.5 to 1 cm thick. The muddy lining of 
Ophiomorpha is formed by the organism pressing mm-size 
pellets, composed of sand grains floating in a mud matrix, 
against the burrow sides, producing the knobby outer wall 
characteristic of this ichnogenus (Frey et al., 1978). Knobby 
walls were not detected at Collison Point, however, proba- 
bly because the burrows do not weather out from their host. 

In the interval from 0 to 6.1 m (Fig. 2A), vertical burrow 
elements predominate (Fig. 3). The burrows are mutually 
evasive. No branching was observed, but this may simply 
reflect the two-dimensional nature of the exposure. The bur- 
rows descend from the top of each cross-set to a depth of 
up to 1 m. The foresets in the upper part of each set are com- 
pletely obscured by closely-spaced burrows (Fig. 3). Bur- 
row density diminishes downward in each set due to 'fallout' 
of the shallower burrows ; in this way, burrowed sand passes 
downward into asymptotic foresets (Fig. 2A). Foresets 
invariably dip northward; the exact dip direction is uncer- 
tain due to the lack of three-dimensional exposure. The bur- 
rows have a mud-free sand fill ; this is structureless in most 
cases, probably introduced by free-fall after burrow aban- 
donment. In other cases the burrow fill shows meniscoid 
laminae, suggesting active backstuffing by the organism 
(Fig. 3). 

Above 6.1 m, horizontal burrow elements predominate. 
Cross-sets are burrowed throughout, and set boundaries are 
difficult to discern. All that remains of the original cross- 
stratification are small patches of vague foreset laminae 

A1 COLLISON POINT 81 YAKAN POINT C l  MILLER CREEK 
I I I 

LEGEND 
@$j Pebble-cobble 

conglomerate irregular patches lmm x cml of med sst 

Planar foresets I Tabular 
11 1j Sparse burrows f Ophlomorphal 

Tangentlal loresets 
cross-stralln ) Intense burrowing rophlomorphal 

 rough cross-stratfn Sub-horiz cylindrlcal borrows 

silt-streaked mud n Horizon of dlrarticulated bivalve shells 

Massive with randomly orlenfed 0 Scattered mudstone intraclasts (cm size1 a carbona'ceous needles a Massive, with dish structure 
o Scattered granules 8 pebbles - Pyrlllc Concretions 

Roots - Scattered wood lragments 
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Figure 2. Measured sections in the Skonun Formation. 
UTM grid references: Collison Point PQ 829629; Yakan 
Point UK 146952; Miller Creek U K  032122. 



(e.g. Fig. 2A, 7.4 m). Few of the horizontal burrow have 
any fill ; consequently they have been flattened by compac- 
tion. The lack of fill means that in this interval the ratio of 
muddy linings to mud-free sediment is considerably higher 
than in the lower interval. Due to the higher proportion of 
mud, the upper beds are darker (grey versus khaki) and less 
friable than the lower beds. The proportion of muddy 
burrow-linings in one zone (7.8-8.7 m) is so high that the 
lithology is essentially sandy mudstone. 

Sparse bivalves occur in a 20 cm horizon near the top 
of the section (Fig. 2A). In addition, wood fragments and 
isolated 'floating' pebbles are scattered through much of the 
Collison Point section. The floating clasts are rounded to 
angular; they include volcanic pebbles and a cobble of schi- 
stose, fine-grained amphibolite 14 cm across. 

Interpretation 

There is no evidence for emergence, suggesting that the 
entire section was deposited underwater. The floating clasts 
are not volcanic bombs, because they include amphibolite 
and some are rounded. The most reasonable explanation is 
that the clasts are iceberg dropstones, implying deposition 
offshore. in a sea or lake. The bivalves and burrows are con- 
sistent with both interpretations. The tabular cross-sets, 
formed by migration of straight-crested megaripples, imply 
a high-energy current. The current was probably of tidal 
rather than meteorological (wind and wave) origin, because 
wave-produced sedimentary structures are absent. Hence 
the inferred environment is a tidal shallow sea floor. The 
lack of evidence for reversing flow suggests either (1) that 
the tidal current was strongly asymmetrical (ebb or flood- 
dominated), perhaps due to an accompanying unidirectional 
(wind-driven?) current, or (2) that the ebb and flood 
current-paths were mutually evasise. The megaripples 
either migrated very slowly or they were widely spaced, 
allowing time for the back (stoss) of one megaripple to be 
densely burrowed before burial under the next (advancing) 

Figure 3. Cliff face, perpendicular to 
bedding, showing dense Ophiomorpha 
burrows in medium sandstone at Collison 
Point (Fig. 2A, 1.9-2.9 m). Vertical shafts 
are dominant. The reinforced burrow- 
lining, consisting of stiff sandy mud, 
stands out clearly. One burrow shows a 
meniscate backfill (upper right). 

megaripple. The transition from mainly vertical burrows in 
the lower part of the section to mainly horizontal burrows 
in the upper part may indicate a decrease in overall current 
energy (Frey et al., 1978). 

The Collison Point section may represent part of a 
larger-scale tidal sand ridge, similar to the modern linear 
sand ridges of the North Sea (Kenyon et al., 1981). 

YAKAN POINT 

Bedrock in a wave-cut platform at Yakan Point (Fig. 1) is 
largely obscured by loose sand and boulders. However, 
small tidal pools expose a few decimetres of massive, sub- 
horizontally bedded mudstone with roots and plant frag- 
ments, including a fallen tree trunk 6 m long and 1 m across. 
In contrast, sea stacks along the west side of Yakan Point 
expose 11 m of well cemented medium sandstone (Fig. 2B), 
dipping 12" southeast. A fault separates the sea stacks from 
the aforementioned mudstone exposures, making their 
stratigraphic relationship uncertain. The sandstone is Late 
Miocene, based on molluscs and an echinoid (Addicott, 
1978). 

Description 

The sandstone is dominated by tabular crossbedding, with 
subordinate trough crossbedding (Fig. 2B). Sets range from 
15-120 cm thick. Foresets are tangential in some cases and 
planar in others. Foresets in the interval below 8.2 m dip 
north; in contrast, foresets in the overlying interval dip 
south (Fig. 4), with a few interspersed north-dipping sets 
forming herringbone cross-stratification. Two coquina beds 
up to 5 cm thick, consisting of convex-up bivalve shells, 
occur in the upper interval. Vertical and horizontal 
Ophiomorpha burrows up to 10 cm in diameter occur 
locally, as well as scattered angular mudstone clasts up to 
3 cm across. 



Interpretation 

The opposed foresets indicate paleocurrent reversals and 
therefore suggest tidal currents. This implies a marine 

' environment, as does the echinoid discovered by Addicott 
(1978). The echinoid, and the lack of evidence for emer- 
gence, suggest a subtidal setting. In the absence of lateral 
accretion surfaces, characteristic of tidal inlets, deposition 
probably took place on a tidal delta or in an offshore, tidal- 
shelf environment. This is consistent with the presence of 
Ophiomorpha, which is probably a crustacean burrow (Frey 
et al., 1978). 

The cross-sets were formed by migrating megaripples, 
with sinuous crestlines in the case of the trough cross-sets. 
The paleoflow reversal evident at 8.2 m indicates a change 
from ebb- to flood-tidal dominance, or vice versa. This 
implies that the ebb and flood currents followed mutually 
evasive paths. 

The coquina beds are interpreted as winnowed lag 
accumulations, comprising shells whose original host sedi- 
ment was eroded by tidal or meteorological currents. The 
host sediment could have been mud, since the shell beds are 
closely associated with mudclasts (Fig. 2B). 

The rooted mudstone exposed elsewhere at Yakan Point 
(see above) is probably an alluvial- or delta-plain overbank 
deposit. Similar facies are better exposed at Miller Creek. 

MILLER CREEK 

Ten metres of sandstone, mudstone and coal (lignite) are 
exposed in the stream-bank at the mouth of Miller Creek on 
the east coast of Graham Island (Figs. 1, 2C). These strata 
dip about 10" to the west. The age of the Miller Creek sec- 
tion is uncertain. Martin and Rouse (1966) tentatively 
assigned a Late Miocene or Early Pliocene age, based on 

palynomorphs. The structural dip and the advanced state of 
lignite compaction lend support to a pre-Pleistocene age. 
Three facies were recognized in the Miller Creek section. 

Facies 1. Interbedded mudstone and coal 

Description 

This facies comprises the bottom 5 m of the section 
(Fig. 2C) and consists of lignite beds up to 20 cm thick alter- 
nating with massive grey mudstone layers. Within the lig- 
nite beds, tree trunks, branches and stumps can be 
recognized. The mudstone layers contain oblique roots 
0.5-5 cm in diameter and at least 30 cm long. The mudstone 
also contains abundant randomly oriented carbonaceous 
needles about 1 mm in diameter and up to I cm long. One 
mudstone layer contains a horizon of disconnected, cm-size 
pyritic concretions. The lignite bed at 4.3 m envelops a 
convex-up lens of massive, rooted, medium sandstone, 5 m 
across and up to 25 cm thick. 

Interpretation 

The coal beds are autochthonous, as shown by the presence 
of roots, suggesting that the depositional environment was 
emergent or near-emergent. The associated mudstone layers 
lack soil profiles, suggesting that they are swamp deposits 
rather than paleosols. In support of this interpretation, Mar- 
tin and Rouse (1966) reported that pollen and spores from 
swamp-dwelling trees occur in the Miller Creek mudstones 
and coal beds. A swamp environment implies a high water 
table and a very low gradient, suggesting an alluvial- or 
delta-plain overbank setting. The pyritic concretions may 
indicate a brackish or marine influence (e.g. Berner, 1983), 
consistent with a delta-plain setting. The lenticular sand- 
stone layer was probably deposited by flood waters breach- 
ing a distributary levee. The massive texture of the 
mudstones may reflect destruction of original lamination by 
root growth. 

Figure 4. Sea stack and adjacent plat- 
form at Yakan Point, showing tabular 
crossbedded sandstone, dipping gently to 
the right and into the picture (southeast). 
A prominent set boundary is visible at 
James White's mid-thigh level (Fig. 28, 
8.2 m). Note that all visible foresets below 
this  level dip to the left (north), whereas all 
foresets above th is  level dip to the right. 
(The opposed dips are especially well dis- 
played at the extreme left-centre of the 
photograph.) 



Facies 2. Cross-stratified sandstone 

Description 

This facies consists of tabular cross-stratified medium sand- 
stone, and constitutes the interval 4.9 to 8.4 m. The base 
is a gently concave-up scour showing 20 cm of relief over 
a lateral distance of a few metres. The scour locally removes 
the uppermost coal bed (Fig. 2C). Five cross-sets are pres- 
ent, ranging from 40-80 cm thick. Foresets are tangential, 
but are insufficiently exposed for paleocurrent determina- 
tion. Set boundaries are planar but not quite parallel, adja- 
cent pairs diverging by up to 20'. In the bottom three sets, 
the cross-laminae grade downward into massive sandstone 
with dish structures. 

A layer of rounded to angular pebbles and cobblks, one 
clast thick, occurs at the base of the Facies 2 interval. The 
clasts, which include volcanics and granitoids, are up to 50 
cm across. Between the clasts, the basal centimetre of the 
Facies 2 interval consists of pyrite-cemented sandstone. 

Floating volcanic and granitoid clasts are scattered 
throughout the sandstone (Fig. 5). The clasts are angular to 
rounded and are up to 30 cm across. Clast concentration 
increases markedly near the top of the sandstone unit, such 
that the sandstone grades upward over a thickness of some 
20 cm into a clast-supported conglomerate layer (Figs. 2C, 
5). The conglomerate layer is 35 cm thick, poorly sorted, 
ungraded and unstratified. 

Figure 5. Sandstone containing dis- 
persed "floating" granules and pebbles, 
interpreted a s  dropstones. The clasts 
become more concentrated upwards. 
Note the subrounded granitoid pebble 
immediately left of the lens cap. Faint fore- 
set laminae are visible in the lower half of 
the photograph, dipping to the right. Miller 
Creek (Fig. 2C, 7.7-8.1 m). Lens cap is 
5.3 cm in diameter. 

channel (e.g. Edwards, 1986). This is unlikely, however, 
because dropstones are rare in subaqueous outwash due to 
high sedimentation rates (Edwards, 1986). Hence the 
depositional environment was probably a tidal sea floor. 

The thickness and geometry of the cross-sets suggests 
that the bedforms responsible were relatively straight- 
crested megaripples. The origin of the massive intervals 
with dish structure is problematical. The pebble-cobble 
layer at the base of the sandstone unit is attributed to win- 
nowing of dropstones formerly dispersed in sand, by strong 
(storm-enhanced?) tidal currents. A similar origin is 
invoked for the conglomerate layer at the top of the sand- 
stone unit. 

Facies 3. Lenticular-bedded mudstone 

Description 

Facies 3 constitutes the top 1.2 m of the Miller Creek section 
and consists of grey mudstone with streaks and ripples of 
siltstone and fine sandstone. The ripples occur as trains of 
disconnected individuals up to 3 mm thick. The ripples are 
asymmetrical and seldom show internal lamination. The 
streaks and ripples recur at irregular vertical intervals of 
1-5 mm. Facies 3 strongly resembles the 'Lenticular bed- 
ding. .. with single flat lenses' of Reineck and Wunderlich 
(1968, their fig. 5). The base of the Facies 3 interval is sharp 
and the top is not exposed. 

Sparse Ophiomorpha burrows up to 1.4 m long descend 
from the top of the Facies 2 interval. Interpretation 

Interpretation 

The floating clasts are interpreted as iceberg dropstones, 
implying that Facies 2 was deposited offshore, in a sea or 
lake. In the absence of wave-formed sedimentary structures, 
Facies 2 is more likely to have been deposited by tidal cur- 
rents than by meteorological currents. An alternative possi- 
bility is that Facies 2 represents subaqueous glacial 
outwash, deposited by meltwater issuing from a subglacial 

The mud was deposited from suspension, whereas the sand 
ripples represent higher-energy tractional episodes. The 
higher-energy currents may have been tidal currents, den- 
sity underflows or wind-driven currents. However, tidal 
currents are the most likely, in view of the association with 
crossbedding of inferred tidal origin (Facies 2). There is no 
evidence for emergence, suggesting a subtidal environment. 
The presence of mud indicates deposition below fair- 
weather wavebase. Hence, like Facies 2, the interpreted 
environment is a tidal sea floor. 



Facies sequence 

The vertical sequence at Miller Creek is transgressive, with 
inferred delta-plain sediments overlain by shallow-marine 
deposits. The lack of any intervening shoreline or delta- 
front sediments suggests either that the transgression was 
very sudden, due to an episode of rapid subsidence or sea- 
level rise, or that the transgression caused erosional 
shoreface retreat (Elliott, 1986), in which case the sharp 
contact between facies 1 and 2 represents a significant ero- 
sion surface. 

Offshore tidal sands of Facies 2 are sharply overlain by 
offshore tidal muds of Facies 3 (Fig. 2C). This suggests a 
sudden diminution of tidal energy. Possible causes include 
(1) sudden deepening of the environment due to accelerated 
subsidence or sea-level rise; (2) a tectonically induced 
change in basin configuration, causing a change in the tidal 
characteristics ; and (3) lateral shifting of the tidal flow path. 

DISCUSSION 

Implications for petroleum exploration 

Tide-dominated offshore facies occur at all three localities. 
Hence, the marine intervals in the subsurface of the Queen 
Charlotte Basin may contain similar facies, including tidal 
sand ridges with reservoir potential. Linear tidal sand ridges 
tens of kilometres long, kilometres wide, and 5-50 m thick 
are well known in modern and ancient subtidal deposits (e.g. 
Johnson and Baldwin, 1986). Stacked coarsening-upward 
sand bodies between 5900 and 6800 feet in the Harlequin 
offshore well could be tidal sand ridges. 

Similarly, the recognition of delta-plain facies, as at 
Miller Creek, suggests that distributary channels may occur 
in the subsurface. Progradational delta-front sands might 
also be present; these would be linear, shore-normal bodies 
if the deltas were tide-dominated, or sheet-like bodies if the 
deltas were wave-influenced (Elliott, 1986). 

Paleoclimatic implications 

The suggested presence of ice-rafted dropstones in the Colli- 
son Point and Miller Creek sections indicates that icebergs 
were calving nearby, presumably along the coast of main- 
land British Columbia, southeasternmost Alaska, or perhaps 
an ancestral Queen Charlotte landmass. If the Collison Point 
section is of Late Miocene age, as speculated above, the 
implication is that glaciers reached the sea hereabouts as 
early as Late Miocene time. Support for such early glacial 
activity is given by the author's observation of dropstones 
at Skonun Point, 15 km west of Yakan Point (Fig. l ) ,  in 
sandstone dated as Late Miocene by Addicott (1978). Fur- 
ther support comes from the presence of dropstones in 
Upper Miocene strata of southeastern Alaska (Plafker and 
Addicott, 1976): these strata belong to the south-derived 
Yakutat allochthonous terrane, and probably lay closer to 
the Queen Charlotte Islands in Late Miocene time (cf. 
Bruns, 1983; Plafker, 1984). Notwithstanding the drop- 
stones, molluscs in the Skonun Formation indicate that the 
Late Miocene climate was temperate and 'probably some- 
what warmer than . . . today' (Addicott, 1978, p. 687). Simi- 
larly, the microflora of 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 not reflect a cold cli- 
mate; this is consistent with the close association of drop- 
stones and coal beds at Miller Creek. Instead, the 
dropstones may reflect a combination of high elevations and 
heavy precipitation in the Coast Mountains of mainland 
British Columbia opposite the Queen Charlotte Islands. In 
Late Miocene time these mountains were higher than at 
present, due to a burst of rapid uplift (Parrish, 1983). 
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Abstract 

Two Late Jurassic (145-160 Ma) and one Tertiary (24-40 Ma) plutonic suites define calc-alkaline, 
I-type plutonism, distinguished by plutonic and structural styles: the Sun Christoval plutonic suite 
(SCPS); the Burnaby Island plutonic suite (BIPS); and Tertiary Kano plutonic suite (KPS). 

SCPS is foliated diorite and quartz diorite with deformed inclusions but few dykes. BlPS is unfoliated 
gabbro, diorite, quartz monzodiorite, quartz monzonite and trondjhemite with fractures and veins. BIPS 
crosscuts Middle Jurassic and older strata and is overlain by Lower Cretaceous Longarm Formation. 
Late Jurassic to Early Cretaceous alteration of the Kunga Group produced copper-iron skarns. 

KPS occurs as two northwest-trending, subparallel belts of northerly time-transgressive (quartz) mon- 
zodiorite and lesser diorite and granite. The oldest plutons in KPS are bimodal or are characterized 
by north-trending, intraplutonic (opx-bearing) porphyritic dykes and stocks and indicate Late Eocene 
extension. 

Deux suites plutoniques de la Jin du Jurassique (145 ci I60 Ma) et 1 'une du Tertiaire (24 ci 40 Ma) 
dkfinissent le plutonisme calco-alcalin de type I qui se distingue par ses styles plutoniques et structuraux : 
la suite plutonique de Sans Christoval, la suite plutonique de Burnaby Island et la suite plutonique ter- 
tiaire de Kano. 

La suite plutonique de Sun Christoval se compose d'inclusions dkformkes, mais de rares dykes, de 
diorite et de diorite quartzique feuilletkes; la suite plutonique de Burnaby Island de gabbro, de diorite, 
de monzodiorite quartzique et de trondjhe'mite non feuillete's, fracturks et veinks, La suite plutonique de 
Burnaby Island recoupe des couches du Jurassique moyen et plus anciennes et est recouverte par la for- 
mation de Longarm du CrktacC infkrieur. L'alte'ration du groupe de Kunga de la jin du Jurassique au 
dkbut du Cre'tace' a produit des skarns avec cuivre et fer. 

La suite plutonique tertiaire de Kano prend la forme de deux zones d brientation nord-ouest subparallt- 
les de monzodiorite et de quantitks moindres de diorite et de granite transgressives (quartz) en fonction 
du temps et en direction du nord. Les plus anciens plutons de la suite plutonique tertiaire de Kano sont 
bimodaux ou caractkrisks par des dykes et des stocks intraplutoniques (renfermant de 1 bpx) porphyriques 
dbrientation nord et indiquent une extension ci la fin de 1'Eoctne. 

' Contribution to Frontier Geoscience Program 
Department of Geological Sciences, University of British Columbia, 6339 Stores Road, Vancouver, B.C. V6T 2B4 



INTRODUCTION 

Granite plutons make up about 1000 km2 or 10 % of the area 
of the Queen Charlotte Islands and the plutonism spans 
about 140 of its 250 million year geological history. Late 
Jurassic (145-166 Ma) and Tertiary (24-44 Ma) plutonism 
occurred at important intervals in the terrane's geological 
evolution and is a significant constraint in evaluation of the 
islands' hydrocarbon potential. 

Moresby and Graham islands and the Burnaby Island plu- 
tonic suite (BIPS) distributed on the islands' east coasts. 
SCPS is characteristically homogeneous diorite and quartz 
diorite, inclusion-rich and foliated (Sutherland Brown's 
(1968) "syntectonic" plutons). BIPS plutons are typically 
heterogeneous (comprising gabbro, diorite, quartz monzodi- 
orite, quartz monzonite and trondhjemite (leucodiorite)), 
unfoliated and pervasively brittly fractured and veined. BIPS 
crosscuts Middle Jurassic and older strata and is nonconfor- 

New field mapping suggests an objective division of mably overlain by Lower Cretaceous Longarm Formation. 
Jurassic and Tertiary plutons into suites (Anderson, 1988a, Hydrothermal alteration of the Kunga Group is coincident 
b, and c ;  Anderson et al., 1988) based on elements of their with intrusion of the suite. 
plutonic style : composition, mineralogy, texture and fabric, 
geophysical signature, mafic inclusion and dyke abundance 
and intrusive and geological relationships. Hornblende K-Ar 
and zircon U-Pb geochronometry is underway to improve 
regional coverage and to date critical intrusive events (e.g. 
Anderson and Reichenbach, 1989). Divergence from an 
earlier tectonic granite classification (Sutherland Brown, 
1968) was reviewed by Anderson (1988a, b, and c) and der- 
ives from : reinterpretation of structural fabric in some plu- 
tons ; isotopic age data (Young, 1981) ; and reinvestigation of 
critical geological relationships. Division of Late Jurassic 
plutons into two groups, the coeval San Christoval (SCPS) 
and Burnaby Island (BIPS) plutonic suites, and inclusion of 
eastern and western Tertiary plutons into the Kano plutonic 
suite (KPS ; Anderson et al., 1988) emphasizes intrasuite 
similarities and intersuite differences (Fig.1). 

Mapping in 1988 refined the distribution and criteria for 
the plutonic suite subdivision and the results may be sumrna- 
rized as follows: 

1. Late Jurassic (145-166 Ma) and Oligocene (24-44 Ma) 
plutonic suites are best distinguished on grain size (KPS 
the finest grained), heterogeneity and degree of alteration 
(BIPS the most heterogeneous and altered), fabric and 
dyke abundance (SCPS the most extensively foliated and 
dyke-poor), and hornblende crystallinity (prismatic 
hornblende is typical of SCPS). 

2. Overmaturation of Kunga Group on southeastern 
Moresby Island (Orchard, 1988) may be caused by: a) 
Late Jurassic to Early Cretaceous circulation of 
hydrothermal fluids associated with BIPS which fostered 
cospatial Fe-Cu skarns (Anderson, 1988~); andlor b) 
Eocene, extension-related, bimodal plutonism, north- 
trending dyking, and minor hydrothermal alteration 
which may herald opening of the Queen Charlotte basin 
around 40-44 Ma (Anderson and Reichenbach, 1989). 

GEOLOGY OF THE COUNTRY ROCKS 

Aspects of the country rock geology relevant to Jurassic and 
Tertiary plutonism were reviewed in Anderson (1988a). The 
emphasis in this review is on the plutonic styles of the San 
Christoval, Burnaby Island and Kano plutonic suites. 

San Christoval plutonic suite (SCPS) 

San Christoval plutonic suite outcrops in three areas (Fig. 1) : 
Woodruff and Luxana bays in the south (32 krn2); San 
Christoval Mountains (390 km2) in its central part; and 
Rennell and Kano inlets (at least 105 km2) to the north. The 
northern and southern areas have been studied in most 
detail; transects along Haswell Bay-de la Beche Inlet and 
along Bigsby Inlet and limited reconnaissance of San 
Christoval Mountains provided information about the central 
portion of the suite. SCPS extends farther east in Kano Inlet 
(at least to Givenchy Anchorage) and probably farther east 
in Van Inlet than was previously thought. 

Although SCPS is lithologically homogeneous, the aer- 
omagnetic signature of its regional total field varies from 
high values in the north and south parts (56 300-57 000 and 
56 200-56 900 gammas) to lower values in the central 
part l(56 000-56 500 gammas ; Geological Survey of 
Canada, 1987b, c, and e). The suite's specific gravity profile 
(Fig. 3 ; median specific gravity of 2.75) is more representa- 
tive of the suite's homogeneity. 

SCPS is the most compositionally monotonous of the 
three suites (Fig. 2). Hornblende monzodiorite, quartz mon- 
zodiorite and minor (quartz) diorite dominate. Hornblende 
is typically prismatic; biotite is scattered throughout the 
suite and is poikiloblastic and preferentially chloritized com- 
pared with hornblende. Magnetite occurs rarely and titanite 
(sphene) is conspicuously absent. 

Two exceptions to the overall homogeneity of SCPS are 
the heterogeneous zones at Kindakun and Hunter points at 
the mouth of Kano Inlet and at Sac Bay in de la Beche Inlet. 
Heterogeneous, foliated hornblende diorite stockworks and 
agmatite at Kano Inlet are developed in fine grained diorite 
or amphibolite (mapped as Jsm by Sutherland Brown 
(1968)). The mafic complex is intruded by massive gabbro 
or diorite, monzodiorite and monzonite phases within the 
complex and is likely intruded by massive, homogeneous 
SCPS along the margins of the intrusive complex. The com- 
position, intrusive relations and fabric in the Hunter- 
Kindakun points complex are closely similar to the Beres- 
ford complex described with BIPS. 

At Sac Bay, an early massive diorite phase (dated by K-Ar 
LATE JURASSIC (145-166 Ma) PLUTONIC SUITES method at 166 f 3 Ma; Anderson and Reichenbach, 1989) 

is intruded by foliated quartz diorite whose foliation trends 
Late Jurassic (145-166 Ma (K-Ar); Anderson and Reichen- deflect into parallelism with the contact. 
bach, 1989) plutons are divided into the San Christoval plu- 
tonic suite (SCPS) which occurs on the west coasts of 
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Figure 1 .  Distribution of Late Jurassic and Ter- 
tiary plutonic suites in Queen Charlotte Islands. 
Names refer to informal pluton names used in 
text (CB = Carpenter Bay). Distribution of Upper 
Triassic-Lower Jurassic Kunga Group, a possible 
source rock for hydrocarbons, is shown on the 
Burnaby island plutonic suite distribution. 
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Minor Lithology 

a Monzogranite 

b Quartz Monzonite 

c Quartz Monzodiorite 
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e Quartz diorite 

f Diorite 

Figure 2. Compositional spectrum among members of Late Jurassic and Tertiary plutonic suites. Streck- 
eisen's (1973) quartzlalkali-feldsparlplagioclase classification is used. 



Compared to other suites, SCPS is inclusion-rich and the 
inclusions are commonly foliated. Fine grained, equigranu- 
lar or hornblende porphyry diorite inclusions 5-15 cm long 
make up 1-2 % (locally up to 50 %) of the rock. Oblate inclu- 
sions, and less commonly, hornblende mineral foliation 
define a subvertical planar fabric which characterizes SCPS 
throughout its breadth. The foliation gave rise to the "syntec- 
tonic" designation for SCPS by Sutherland Brown (1968). 
Although the foliation is a useful mapping criterion to distin- 
guish SCPS, field evidence suggests it is primary, not 
superimposed (Anderson, 1988a). The foliation is best 
developed within 0.5-1 km of intrusive contacts with the Kar- 
mutsen Formation (as in the de la Beche-Haswell, Bigsby, 
and Woodruff Bay transects). Variations in trend mirror the 
orientation of intrusive contact and, locally, as in the 
Rennell-Kano part of SCPS, variations in the strike of the 
overall north-trending foliation are apparently random. The 
variations suggest that the foliation has a primary magmatic 
origin, developed in response to local, intrusion-induced, 
compressional stress rather than to a superimposed, post- 
intrusion deformation. Exceptions are the mylonitic fabrics 
developed in Sutherland Brown's (1968) Jsm unit at Luxana 
Bay (Sutherland Brown, 1968: Anderson, 1988a). 

Brittle fracture and alteration zones, typical of BIPS, are 
rare in the southern and central parts of SCPS but are com- 
mon in Rennell Sound and Kano Inlet. The zones share many 
of the characteristics of BIPS zones (see below) but the veins 
are more variably oriented regionally and less continuous at 
outcrop scale than in BIPS. Sutherland Brown (1968) 
mapped some of these zones as intraplutonic faults. The 
zones are certainly the locus of pervasive, (even penetrative) 
brittle fracture and veining ; however, there is rarely a consis- 
tent fracture or vein orientation throughout a zone. They 
probably represent areas of local hydro-fracture rather than 
important regional faults. 

Upper Triassic Karmutsen Formation hosts SCPS along 
most of its breadth. However, Upper Triassic and Lower 
Jurassic Kunga Formation is the youngest unit intruded and, 
locally, important iron-copper skarns are developed in the 
volcanic rock and limestone at the intrusive contact (e.g. 
Tasu; Sutherland Brown, 1968). Skarns and alteration- 
fracture zones, while abundant in and typical of BIPS, are 
not restricted to that suite. 

Dykes are uncommon in SCPS, particularly in the south- 
ern and central parts. At Rennell Sound and Kano Inlet, 
basalt, andesite and lesser felsic dykes form part of the 
predominantly north-northeast to east-trending Rennell dyke 
swarm (Souther, 1988; Souther and Bakker, 1988). 
Columnar-jointed basalt dykes prominent in SCPS along 
much of Rennell Sound and Kano Inlet are not seen in the 
cospatial Oligocene Kano pluton (dated at 32 Ma; Young, 
1981 ; Anderson and Reichenbach, 1989). 

Potassium-argon isotopic ages for SCPS hornblende vary 
from 146-166 Ma (see Anderson, 1988a and Anderson and 
Reichenbach, 1989 for review). The oldest cooling age, 166 
f 3 Ma, gives the best estimate for intrusion of the suite. 
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Figure 3. Specific gravity of samples from Late Jurassic 
and Tertiary plutonic suites. 



Burnaby Island plutonic suite (BIPS) 

Burnaby plutonic suite is the eastern belt of Late Jurassic 
plutons and includes (Fig. 1) : Chinukundl (23 km2), Sand- 
spit (2 km2), Deena River (6 km2), Cumshewa (I1 km2), 
western Louise Island (58 km2), Sewell Inlet (16 km2), 
Beresford Complex (2 krn2), Burnaby Island (17 krn2), 
Poole Point (2 krn2), Jedway (3 km2), and Collison Bay (3 
km2) plutons. All plutons except Sewell Inlet pluton were 
examined. Deena River and Sandspit plutons have some 
characteristics in common with Kano plutonic suite and 
inclusion in BIPS (Figs. 1 and 2) may not be correct. The 
Beresford complex is closely similar to the Kindakun Point- 
Hunter Point complex included with SCPS ; it is included in 
BIPS because it is cospatial with other plutons in the suite 
and contains trondhjemite phases unique to BIPS. However, 
the deformed mafic complex may define the easternmost 
extent of SCPS much as the Kindakun Point-Hunter Point 
complex seems to define part of the suite's western margin. 

The aeromagnetic signature of BIPS (total field values of 
56 400-56 900 gammas; Geological Survey of Canada, 
1987b, d, and e) is not as distinctive as previously thought. 
Positive aeromagnetic anomalies up to 400 gammas in relief, 
centred over some BIPS plutons (e.g. Chinukundl, Sandspit, 
Cumshewa, Burnaby Island and Poole Point plutons), are 
also underlain by plutons now known to be Tertiary. Specific 
gravity values (Fig. 3) are distinctive of BIPS in median 
value (2.65) and in wider variance than other suites reflect- 
ing the overall heterogeneity of BIPS. 

Compositional heterogeneity of individual plutons and of 
the suite as a whole is a mark of BIPS (Fig. 2). Composite 
plutons may contain two or more phases of: biotite- 
hornblende (quartz) monzodiorite (most common); 
hornblende-biotite quartz monzonite; hornblende quartz 
diorite; (hornblende-) clinopyroxene gabbro or hornblende 
diorite; and chloritized biotite or muscovite trondhjemite or 
leucodiorite (least common). Phases were intruded in mafic 
to felsic order. The rocks are massive (except for Beresford 
complex), equigranular and medium-grained (finer-grained 
than SCPS but coarser grained than KPS). Hornblende is 
subhedral and biotite less altered compared with SCPS. 
Titanite or magnetite rarely are present. Subround mafic 
inclusions are important but scattered throughout the suite 
(1-2 % of the rock), small (5-10 cm across), unoriented and 
usually occur in monzodiorite phases. 

Beresford complex includes Sutherland Brown's (1968) 
Jsm unit along Richardson Point, Beresford Inlet and north- 
western Sedgwick Bay. The complex is defined by heter- 
ogeneous, inclusion-rich, foliated mafic hornblende diorite, 
diorite agmatite and diorite stockworks in foliated amphibo- 
lite. Massive diorite, gabbro, monzodiorite, quartz mon- 
zonite and trondhjemite (leucodiorite) phases intrude the 
foliated mafic rocks. Mafic mineral fabric characterizes: 
subvertical northwest-trending foliation; rare, decimeter- 
scale, coplanar mylonite zones in and near Beresford Inlet; 
and rare subvertical south-plunging lineation. Variably- 
oriented brittle faults overprint the ductile fabric and sepa- 
rate the complex from Karmutsen Formation rocks at one 
locality. Except for scattered mylonitic rocks in Beresford 

Inlet, concordance of the complex's structural grain with 
external contacts and its steeply plunging lineation suggest 
a syn-intrusive origin for the mineral fabric. 

The affinity of the Beresford complex is unclear. The 
foliated parts of the complex resemble SCPS in mineralogy, 
inclusion abundance and structural grain. The later, massive 
phases compare closely with BIPS in compositional spec- 
trum, alteration and unfoliated nature. Occurrence of the 
trondhjemite phase is apparently restricted to the Beresford 
complex and Burnaby Island pluton. 

Burnaby Island plutonic suite was emplaced between the 
Bajocian and Early Cretaceous time. It intrudes Bajocian 
(Yakoun Formation) and older rocks and is nonconformably 
overlain by Lower Cretaceous Longarm Formation. The 
nonconformity is best exposed near Rebecca Point where 
intensely-altered hornblende monzodiorite of the Poole Point 
pluton is overlain by comparatively unaltered, greenish 
brown greywacke and pebble to granule conglomerate of the 
Longarm Formation. At least 3 m of relief is represented by 
the nonconformity. Inoceramus colonicus fauna in Poole 
Inlet (Sutherland Brown's (1968, Figure 78) fossil-map num- 
ber 2) indicate that the strata belong to the Longarm Forma- 
tion. The break is important in establishing a minimum 
stratigraphic age for BIPS and for the intense hydrothermal 
alteration associated with the suite. Circulation of hydrother- 
mal fluids outward into the country rock may be partly 
responsible for high conodont colour alteration indices 
(Orchard, 1988) in nearby Kunga Group limestone. 

Green, aphanitic to plagioclase-, biotite-, hornblende- 
and/or clinopyroxene-phyric felsic, intermediate and mafic 
dykes intrude BIPS. The compositional range, phenocryst 
mineralogy and orientation of the dykes suggest that some, 
if not all, are part of the Tertiary Burnaby Island-Carpenter 
Bay dyke swarm (Souther, 1988 ; Souther and Bakker, 1988 ; 
Anderson and Reichenbach, 1989). Although the dykes are 
apparently unrelated to the plutons and crosscut the perva- 
sive veining, common margin-parallel veins are developed 
in the andesite dykes. One distinctive and important class of 
dyke, a green and black flow-layered pyroxene-rich basalt, 
is best exposed at the classic sub-longarm Formation 
unconformity on Arichika Island. These "Arichika" dykes 
post-date all veining in BIPS. 

Perhaps the most striking feature of the BIPS is the 
closely-spaced, continuous vein sets which crosscut the plu- 
tons. Calcite, chlorite, epidote, quartz, alkali-feldspar and 
gypsum(?), in decreasing abundance, fill the veins. Calcite 
postdates the propylitic assemblage. A pink, potassic(?) 
alteration of the plutons within 2-10 cm of chlorite-epidote 
veins is common. Gabbro or diorite phases on Burnaby and 
Alder islands localize garnet-epidote endoskarn. 

There is considerable scatter in the orientation of 
predominantly subvertical veins. Generally, early north- and 
east-trending veins are crosscut and/or displaced by steep 
northeast- and southeast-trending veins. In the Poole pluton, 
subhorizontal veins of various trends are important. Most of 
the hydrothermal alteration of BIPS pre-dates deposition of 
the Lower Cretaceous Longarm Formation. Crosscutting 
relationships between veins and dykes indicate that most 



veins also predate the dykes ; however, veining occurs along 
dyke margins and there is evidence for reactivation of earlier 
vein directions after dyke emplacement. Discontinuous, 
irregular calcite veins rarely crosscut the Longarm Forma- 
tion. 

Zones of intense veining localize erosion of the granitic 
rocks to wave-cut benches. The zones vary from a few tens 
of meters to a kilometre in width. There are no bounding 
faults to these zones; "horses" of comparatively unveined 
rock grade into more intensely altered equivalents. The 
fracture-alteration zones likely reflect hydro-fracture of the 
granite and expulsion of hydrothermal fluids and signal the 
waning stages of plutonism. BIPS is cospatial with iron- 
copper skarns developed in the Upper Triassic Kunga Group 
limestone (e.g. Jedway, Jib deposits; Sutherland Brown, 
1968). Hydrothermal alteration of the Kunga Group which 
fostered the skarns and which may account for high 
conodont colour alteration indices (Orchard, 1988) was 
coeval and cogenetic with the Late Jurassic BIPS. 

Potassium-argon isotopic ages for BIPS hornblende 
range from 145-164 Ma (Young, 1981; Anderson and 
Reichenbach, 1989). The oldest Callovian to Oxfordian iso- 
topic age (Anderson and Reichenbach, 1989) is consistent 
with the Bajocian to Early Cretaceous stratigraphic age for 
the suite and are indistinguishable from the range of K-Ar 
ages for SCPS. 

TERTIARY KANO PLUTONIC SUITE (KPS) 

Oligocene plutons of the Kano plutonic suite are scattered 
along the west and east coasts of Moresby and Graham 
islands and underlie the northern half of Langara Island (Fig. 
1). Langara (13 km2), Sialun Creek (2 km2), Pivot Moun- 
tain (7 km2), Sheila Lakes (<53 km2), Kano (110 km2), and 
Pocket Inlet (60 km2) plutons are subcircular intrusions 
within the western belt of the suite. Pocket Inlet pluton has 
a flat roof and overall bell-jar shape. Southern Louise (4 
km2), Talunkwan-Tangil (5 km2), Atli (3 km2), Lyell- 
Faraday islands (20 km2), and Carpenter Bay (12 km2) plu- 
tons are irregular to northwest-trending stocks of eastern- 
belt KPS. 

Except for the Carpenter Bay plutons, KPS eastern- and 
western-belt intrusions are associated with high total field 
aeromagnetic values (56 400-57 100 gammas) and steep 
positive anomalies (300-500 gammas relief; Geological Sur- 
vey of Canada, 1987a-g). Specific gravity values for a small 
sampling of the suite have a median value of 2.55. 

The suite is heterogeneous, fine to medium grained, 
equigranular to seriate and massive; miarolitic cavities 
occur in some of the more felsic intrusions. Some plutons 
are typically homogeneous (quartz) diorite (Pivot Mountain 
and Sheila Lake pluton), quartz monzodiorite (Langara 
Island pluton), quartz monzonite (Sialun Creek pluton), 
monzogranite or granite (Atli and southeastern Sedgwick 
Bay plutons; Fig. 2). Many of the eastern belt plutons 
(southern Louise; Talunkwan-Tangil, Lyell-Faraday islands 
and Carpenter Bay plutons) and Pocket Inlet pluton are 
important exceptions because they comprise bimodal 
(mafic-felsic or intermediate-felsic) compositions (Fig. 2). 

Mafic inclusions are absent or unimportant compared to 
xenolith-rich Late Jurassic suites. Fine to medium grained, 
seriate monzodiorite inclusions predominate. 

Mafic mineralogy varies with pluton composition. 
Orthopyroxene and lesser clinopyroxene are important in the 
mafic plutons (e.g. Sheila Lake and Pivot Mountain). Horn- 
blende, with or without biotite, is most abundant in inter- 
mediate compositions (e.g. Sialun Bay, Kano, southern 
Louise, Talunkwan-Tangil, Lyell-Faraday and Carpenter Bay 
plutons). Biotite predominates in monzogranite and granite 
intrusions (Pocket Inlet, Atli and parts of Lyell-Faraday 
islands plutons). 

KPS crosscuts all Mesozoic units in the Queen Charlotte 
Islands (Sutherland Brown, 1968). Cretaceous-Tertiary, pos- 
sibly pre-Masset Formation, intermediate and felsic flow, 
volcaniclastic and pyroclastic rocks are the youngest strata 
intruded by the suite. 

Mafic or intermediate phases are intruded by felsic 
phases in bimodal plutons. North-trending interphase intru- 
sive contacts in the Carpenter Bay and Lyell-Faraday islands 
plutons are coplanar with dykes which characterize the plu- 
tons. Pocket Inlet pluton provides a striking example of intru- 
sive relations in bimodal plutons. Some of the host rock 
fragments caught up in the spectacular agmatites described 
by Sutherland Brown (1968) are equigranular, medium- 
grained gabbro. 

Many of the KPS phases of intermediate composition 
contain porphyritic dyke equivalents. Carpenter Bay and 
Lyell-Faraday islands plutons provide the best example. 
North-trending, aphanitic and plagioclase-, hornblende-, 
biotite-, alkali-feldspar- andlor pyrite-phyric andesite (most 
common), dacite and trachyte (least common) dykes intrude 
and are intruded by equigranular and seriate plutonic phases. 
Hornblende from one hornblende porphyry andesite dyke of 
the Burnaby Island-Carpenter Bay swarm yielded a Middle 
Eocene K-Ar age (Anderson and Reichenbach, 1989). The 
Carpenter Bay and Lyell-Faraday islands plutons and dykes 
represent the barely unroofed roots of Tertiary volcano- 
plutonic complexes. 

Isotopic ages for KPS and associated dykes, described in 
more detail by Anderson and Reichenbach (1989), range 
from 24-44 Ma. Coeval bimodal plutonism (e.g. Pocket Inlet 
pluton) and dyking (e.g. Carpenter Bay and Lyell-Faraday 
islands plutons) indicate an important period of Middle to 
Late Eocene extension which may herald opening of the 
Queen Charlotte basin. 

Zircon fractions from northwestern members of KPS 
yield mostly concordant U-Pb isotopic ages which refine 
earlier K-Ar isotopic chronometry (Young, 1981) and define 
the south to north time-transgressive plutonism as three dis- 
tinct plutonic episodes of decreasing periodicity : 40-44 Ma, 
32 Ma and 2728 Ma. 

GEOCHEMISTRY 

Geochemical compositions for 38 representative samples of 
some of the Mesozoic and Tertiary plutons and dykes are 
summarized in Figure 4. All three plutonic suites share an 
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Figure 4. Geochemical variation amongst 1987 samples of Late Jurassic and Tertiary plutonic suites: 
San Christoval plutonic suite (SCPS), Burnaby Island plutonic suite (BIPS) and Kano plutonic suite (KPS). 
a) total alkali-silica variation (subalkaline-alkaline division after lrvine and Baragar (1971); Na,O is greater 
than K20 for all suites); b) K,O-SiO, variation diagram (divisions after Peccerillo and Taylor, 1976); c) 
AFM ternary (calc-alkaline (C-A)-tholeiitic division after lrvine and Baragar (1971); d) Rb-Ba-Sr and inset 
K20-Na20-CaO ternary diagrams; and e) molar AI,0,1(K20 + Na20 + CaO) (= AICNK) histogram. 
Tertiary dykes and western-belt and eastern-belt KPS plutons are distinguished on the variation diagrams. 
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overall calc-alkaline, cafemic-rich, metaluminous, I-type 
composition. The plutons are of "average" potash composi- 
tion (Peccerillo and Taylor, 1976) and are Na-rich compared 
to K. SCPS samples (except for the silicic sample of Luxana 
Bay leucosome) are compositionally restricted in accord 
with the suite's overall homogeneous composition. BIPS and 
KPS show more variety in geochemical composition as well 
as in outcrop. Mafic phases within BIPS and the Tertiary 
two-pyroxene diorite plutons are characterized by tholeiitic 
affinities in some diagrams. A compositional "gap" in 
geochemical variation within the largely bimodal KPS is 
mimicked by samples of compositionally similar, cospatial 
and coeval dykes. 

SUMMARY 

Late Jurassic and Tertiary plutonism on Queen Charlotte 
Islands account for 976 krn2 of the islands' area and about 
140 million years of geological history. Each episode 
produced plutonic suites distinguished by plutonic and struc- 
tural styles and stratigraphic and isotopic age. Thermal con- 
sequences of plutonism and associated dyking on maturation 
of Kunga Group reservoir rocks on southeastern Moresby 
Island were significant and locally compound where Jurassic 
and Tertiary plutonism overlap. 

Late Jurassic (145-166 Ma (K-Ar)) plutons are divided 
into the San Christoval plutonic suite (SCPS) on the west 
coasts of Moresby and Graham islands and the Burnaby 
Island plutonic suite (BIPS) on the islands' east coast. SCPS 
is homogeneous, medium grained, foliated diorite and 
quartz diorite which contain common oblate mafic inclu- 
sions but few dykes (Sutherland Brown's (1968) "syntec- 
tonic" plutons). BIPS is heterogeneous (gabbro, diorite, 



quartz monzodiorite, quartz monzonite and trondhjemite 
(leucodiorite)), unfoliated and pervasively brittly fractured 
and veined. BIPS crosscuts Middle Jurassic and older strata 
and is nonconformably overlain by Lower Cretaceous Lon- 
garm Formation. Hydrothermal alteration of the Kunga 
Group must have also occurred between Middle Jurassic and 
Early Cretaceous and fostered copper-iron skarns in the host 
and endoskarn in the plutons. 

Late Eocene to Oligocene (24-44 Ma (K-Ar and U-Pb)) 
Kano plutonic suite (KPS) occurs as two northwest-trending, 
sub-parallel belts of (quartz) monzodiorite and lesser diorite 
and granite stocks along parts of the west and east coasts of 
Graham and Moresby islands. Finer grain size, unfoliated 
and homogeneous character, small size, orthopyroxene, and 
miarolitic cavities distinguish KPS from Late Jurassic plu- 
tons. Tertiary, probable pre-Masset Formation, volcanic 
rocks are the youngest strata intruded by KPS. Isotopic ages 
for western belt plutons decrease from south to north. The 
oldest (Eocene) and most southerly KPS plutons are bimodal 
and/or are characterized by north-trending, intraplutonic 
porphyritic dykes and stocks (possible Masset feeders) and 
indicate extensional tectonics around 40-44 Ma. 

Aphanitic and porphyritic dykes are important in all 
suites except the Jurassic San Christoval suite. Some eastern- 
belt plutons (Lyell-Faraday islands and Carpenter Bay plu- 
tons) represent barely unroofed roots of Tertiary volcano- 
plutonic complexes. 

Reconnaissance geochemistry indicates overall calc- 
alkaline, average-K, metaluninous, cafemic-rich, and I-type 
affinities for all plutonic suites. Homogeneous composition 
for SCPS and crudely bimodal, and, in part, tholeiitic 
character for KPS are distinctive and corroborate their 
mineralogy. There is little correlation between composition 
and geographic position among members of the time- 
transgressive, western-belt Kano plutonic suite. 
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plutonism in the Queen Charlotte Islands, British Columbia1 
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Abstract 

K-Ar ages for hornblende from the Sun Cristoval plutonic suite (166 f 3 Ma (2 a)) and fiom the 
Burnaby Island plutonic suite (1 64 f 3 Ma (2 a)) are consistent with the suites' stratigraphic age host- 
Pliensbachian, pre-Early Cretaceous). 

Hornblende from a porphyritic andesite in the Carpenter Bay dyke swarm dated at 43.7 + I .  I Ma 
(2 a). The K-Ar date suggests a minimum age for the Kano plutonic suite and a cooling age for part 
of the Carpenter Bay swarm. Coeval bimodal plutonisrn (e.g. Pocket Inlet pluton) and dyking indicate 
an important period of Lute Eocene extension which may herald opening of the Queen Charlotte basin. 

Zircons from northwestern members of the Kano Plutonic suite yield mostly concordant U-Pb ages 
which rejne chronometry of south to north time-transgressive plutonism as three distinct episodes: 40-44 
Ma, 32 Ma and 2 7-28 Ma. 

Des datations K-Ar de hornblende de la suite plutonique de Sun Cristoval (I 66 + 3 Ma (20)) et de 
la suite plutonique de (164 k 3 Ma (20)) concordent avec les datations stratigraphiques des suites (post- 
Pliensbachien, ant&-de'but du Cre'tace'). 

Le hornblende d'une ande'site porphyrique du groupe de dykes de Carpenter Bay est dgte de 
43,7 f I , ]  Ma (20). La datation K-AR suggkre un Bge minimum pour la suite plutonique de Kano et 
un dge de refioidissement pour une partie du groupe de Carpenter Bay. Le plutonisme @. ex. pluton 
du bras Pocket) bimodal et la formation de dykes contemporains indiquent une importante p&riode 
d'extension a la fin de 1 '~octne qui peut avoir annonce' l'ouverture du bassin de la Reine-Charlotte. 

Les zircons des membres nord-ouest de la suite plutonique de Kano permettent des datations U-Pb 
principalement concordantes qui afinent la chronom&trie du plutonisme transgressif en fonction du temps 
du nord au sud en trois e'pisodes distincts: 40 44 Ma, 32 Ma et 27 b 28 Ma. 

' Contribution to Frontier Program 
Lithosphere and Canadian Shield Division, Ottawa 
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INTRODUCTION 

Isotopic age is the fundamental criterion for inclusion of dis- 
parate plutons and their plutonic styles in the definition of 
a plutonic suite. In the Queen Charlotte Islands, a regional 
K-Ar isotopic age database has been available for some time 
(Young, 1981). However, the isotopic ages appeared to con- 
flict with the plutonic framework established by Sutherland 
Brown (1968). Jurassic syntectonic plutons were shown to 
be coeval with post-tectonic plutons, formerly thought to be 
Cretaceous-Tertiary (Sutherland Brown, 1968; Young, 
1981). 

A program of regional U-Pb and detailed K-Ar isotopic 
dating is underway to complement new mapping of the gra- 
nitic intrusions on the Queen Charlotte Islands to resolve 
this and other problems (Anderson, 1988a, b, c ;  Anderson 
and Greig, 1989). Initial K-Ar results for hornblende from 
Jurassic and Tertiary intrusions and U-Pb results for zircon 
from plutons on Graham Island are outlined in this paper. 

Earlier and new isotopic ages fit with new data on the 
plutonic style and intrusive relations which define two Late 
Jurassic plutonic suites : the San Christoval (SCPS) and Bur- 
naby Island (BIPS) plutonic suites. The Jurassic data are 
consistent with the stratigraphic age of the two suites (post- 
Pliensbachian, pre-Early Cretaceous) and indicate their 
contemporaneity . 

K-Ar dates and concordant U-Pb isotopic ages refine 
chronometry of south to north time-transgressive Tertiary 
Kano plutonic suite (KPS) plutonism as three distinct plu- 
tonic pulses : 40-44 Ma, 32 Ma and 27-28 Ma. Dyking and 
bimodal plutonism were important in the earliest Tertiary 
plutonic episode and indicate a period of Late Eocene exten- 
sion which may be related to early opening of the Queen 
Charlotte basin. 

Ages for the plutonic suites are important in the evalua- 
tion of the thermal effects of granite intrusion and associated 
hydrothermal circulation in the overmaturation of possible 
reservoir host rocks such as the Upper Triassic Kunga 
Group (Orchard, 1988). 

GEOLOGICAL SETTING 

Late Jurassic and Tertiary plutonism on Queen Charlotte 
Islands account for 1000 km2 of the land area and about 
140 million years of geological history. Each plutonic epi- 
sode produced granitoid rocks with distinctive plutonic and 
structural styles and stratigraphic and isotopic age. 

Late Jurassic plutons are divided into the San Christoval 
plutonic suite (SCPS) on the west coasts of Moresby and 
Graham islands and the Burnaby Island plutonic suite 
(BIPS) on the islands' east coast (Fig. 1). SCPS is 
homogeneous, medium grained, foliated diorite and quartz 
diorite which contain common inclusions but few dykes. 
The foliated nature of mafic inclusions and local mineral 
foliation led to Sutherland Brown's (1968) "syntectonic" 
classification for the suite. Hornblende is distinctly pris- 
matic and biotite is rare, texturally late and commonly chlo- 
ritized. Pliensbachian and Upper Triassic Kunga Group 
rocks are the youngest strata intruded by SCPS. 

BIPS is heterogeneous (gabbro, diorite, quartz monzodi- 
orite, quartz monzonite and trondjhemite (leucodiorite)), 
unfoliated and pervasively brittly fractured and veined. 
Hornblende is subhedral and as abundant as biotite except 
in felsic phases where biotite predominates. The massive 
nature of the plutons suggested a "post-tectonic" affinity to 
Sutherland Brown (1968). 

The BIPS crosscuts Middle Jurassic (Bajocian) and older 
strata and the suite is nonconformably overlain by Lower 
Cretaceous Longarm Formation (Anderson and Greig, 
1989). The nonconformable contact with the Longarm For- 
mation differs from intrusive contacts reported by Suther- 
land Brown (1968, p. 139) for the Burnaby pluton and 
explains the apparent discrepancy between his suggested 
Cretaceous-Tertiary age for these "post-tectonic" plutons 
and Young's (1981) Late Jurassic K-Ar data from the plu- 
ton. Hydrothermal alteration and veining of the plutons, 
most strikingly developed as copper-iron skarns (Anderson, 
1988c), is more intense in the plutons than in the nonconfor- 
mably overlying Longarm Formation. Overmaturation of 
possible pre-Late Jurassic source rocks cospatial with BIPS, 
such as the Kunga Group (Orchard, 1988), must have also 
occurred between Late Jurassic and Early Cretaceous time 
if hydrothermal fluids were the culprit. 

Late Eocene to Oligocene (24-40 Ma) Kano plutonic 
suite (KPS) occurs as two northwest-trending, sub-parallel 
belts of (quartz) monzodiorite and lesser diorite and granite 
stocks along parts of the west and east coasts of Graham and 
Moresby islands. Finer grain size, unfoliated and 
homogeneous character, small size, orthopyroxene, and 
common miarolitic cavities distinguish KPS from Late 
Jurassic plutons. Tertiary, probable pre-Masset Formation, 
volcanic rocks are the youngest strata intruded by KPS. Iso- 
topic ages for western belt plutons decrease from south to 
north. The oldest plutons in KPS are bimodal or are charac- 
terized by north-trending, intraplutonic porphyritic dykes 
and stocks (possible Masset feeders) and indicate exten- 
sional tectonics around 40 Ma. 

Aphanitic and porphyritic dykes are an important part of 
magmatism associated with the plutonic suites (Souther, 
1988; Souther and Bakker, 1988). All suites except the 
Jurassic San Christoval suite, have common (hornblende-) 
plagioclase phyric and aphanitic green andesite dykes. The 
north-trending Carpenter Bay dyke swarm is particularly 
striking in consistency of orientation, extent, and concor- 
dance of dyke geometry with intraphase contacts within 
Carpenter Bay plutons. 

GEOCHRONOMETRY 

Previous work 

Geological Survey of Canada (Wanless et al., 1968, 1970, 
1972) and University of British Columbia (Young, 1981 ; 
Yorath and Chase, 1981) geochronometry laboratories con- 
tributed to the early K-Ar isotopic age database (summa- 
rized in Fig. 1 and in Young, 1981). "Syntectonic" and 
some "post-tectonic" plutons (e.g. SCPS around Kano and 
Haswell inlets and the Chinikundl and Poole Point plutons 
of BIPS) were shown to be coeval and Late Jurassic 
(145-160 Ma age range; all ages consistent with decay cons- 
tants of Steiger and Jager, 1977). Hornblende-bearing 



quartz diorite (SCPS-equivalent?) fragments characterize Analytical techniques for K determinations and Ar anal- 
Cretaceous coarse clastic sedimentary rocks and date within ysis follow Roddick and Souther (1987). Zircon was dated 
the same age range (148-152 Ma on hornblende; Yorath and by U-Pb methods using analytical procedures summarized 
Chase. 1981). bv Parrish et al. (1987). Zircons from all KPS ~ lu tons  are 

clear (rarely inclusion-bearing) and either prismatic or 
The western belt of known Tertiary "post-tectonic" plu- stubby and equant. 

tons (Pocket Inlet, Kano, and Langara plutons) decrease in 
age from south (39-40 Ma) to north (about 2 4 - ~ a ) .  Whole 
rock and alkali-feldspar K-Ar dates were vounger than K-Ar results 

d u 

coexisting hornblende-biotite mineral pairs (e.g. 26 and 31 
Ma dates for Pocket Inlet pluton alkali-feldspar or whole 
rock) or uninterpretable (e.g. < 5 Ma date for Pivot Moun- 
tain). 

Analytical methods and data 

Samples collected in 1987 by Anderson and C.J. Hickson 
are representative of: southern and central SCPS around 
Woodruff Bay and Haswell Bay-de la Beche Inlet; of south- 
ern, central and northern BIPS (Jedway, Burnaby Island, 
Lye11 and Bischof islands and Cumshewa Head plutons); 
and of eastern-belt plutons and cogenetic dykes of KPS 
(Carpenter Bay, Collison Bay and Section Cove) and 
western-belt plutons of KPS (Kano, Sheila Lake, Pivot 
Mountain and Langara Island). Initial K-Ar results for horn- 
blende are available for central SCPS, central BIPS, and a 
north-trending, Carpenter Bay hornblende-phyric andesite 
dyke (Table 1). U-Pb isotopic determinations for zircon 
from Kano, Sheila Lake, Pivot Mountain, and Langara 
Island plutons are reported here (Table 2). 

Nearly identical K-Ar dates for SCPS (166 f 3 Ma) and 
BIPS (164 f 3 Ma) hornblendes are slightly older than 
earlier determinations (145-160 Ma) for the suites and 
emphasize the contemporaneity of the two suites. A latest 
Middle to earliest Late Jurassic (Callovian-Oxfordian) iso- 
topic age for BIPS is consistent with its Bajocian to Early 
Cretaceous stratigraphic age. 

The latest Middle Eocene isotopic age for hornblende 
from the Carpenter Bay porphyritic dyke (43.7 f 1. l Ma) 
is slightly older than but compares closely with K-Ar ages 
from the Pocket Inlet pluton (39-40 f 2 Ma; Young, 1981). 
The northerly trends of the dykes are mimicked by orienta- 
tion of interphase contacts in Carpenter Bay plutons which 
host the dykes. Similar extensional tectonic conditions 
apparently prevailed through pluton emplacement to the 
later dyking. Late Eocene (40-44 Ma) extension in south- 
eastern Queen Charlotte Islands is reflected in bimodal 
plutonism in Pocket Inlet pluton (Anderson and Greig, 
1989) and in widespread dyking (and probable coeval 
plutonism) in and south of Carpenter Bay. 

Table 1. K-Ar data for hornblende from Late Jurassic plutons and a Tertiary dyke 

Rad. 40Ar 
G.S.C. Lab K cclg Age (+2 o Ma1) 

Sample INumber INumber Locality (wt. 010) STP) %Rad. 40Ar (hornblende) 

BURNABY ISLAND-CARPENTER BAY DYKE SWARM 

AT-87-7-3 3980 Benjamin 0.511 8.783 34.0 43.7 k 1.1 
Point2 

BURNABY ISLAND PLUTONIC SUITE (BIPS) I 
AT-87-1 22-1 3977 Bischof 0.262 17.44 22.0 164 + 3 

Islands3 

SAN CHRISTOVAL PLUTONIC SUITE (SCPS) 

AT-87-1 15-1 3979 Sac Bay4 0.521 35.23 38.0 166 + 3 

1. U= standard error. 
2. hornblende-plagioclase andesite dyke; UTM (zone 9) 5786550 N ,  363100 E; 53°12'51 " 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. 
3, biotite-hornblende quartz monzodiorite; UTM (zone 9) 5828400 N ,  325925 E ;  52O34'47" N ,  131°34'09" W (NTS 

103 B112E); western coast of northernmost island of Bischof Islands, 1 km east of Richardson Point, 2.6 km south- 
west of Sedgwick Point at sea level. 

4. biotite-hornblende diorite; UTM (zone 9) 5823375 N,  318650 E;  52031r56" 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. 



U-Pb results Concordant fractions (Fig. 2) indicate two distinct plu- 

Eight of twelve fractions from the northwestern KPS plutons 
are concordant and have acceptably small errors. Discor- 
dance and/or large errors in 207Pb/235U ratio relate to frac- 
tions containing a predominance of inclusion-rich zircon 
fragments or fractions containing few zircons and having 
large common Pb blank values. The internal agreement of 
the concordant fractions from a particular pluton and with 
available K-Ar data (e.g. for Kano and Langara plutons) 
suggests that further work would not change the results 
appreciably. 

Table 2. U-Pb data for zircon in Tertiary plutons in Queen 

, . tonic pulses, 32 Ma and 27-28 Ma (quoted age is mean of 
206Pb/238U and 207Pb/235U ages from the best two fractions 
and errors are 20) : 32.2 f 1.0 Ma (Kano pluton) ; 27.0 f 
0.3 Ma (Sheila Lake pluton); 27.9 -1: 0.4 Ma (Pivot Moun- 
tain pluton); and 26.8 f 0.4 Ma (Langara pluton). U-Pb 
dates are slightly older than available K-Ar dates for the 
same pluton. Distribution of the U-Pb dates confirms the 
south to north time-transgressive pattern defined by the K- 
Ar dates (Fig. 1) and emphasizes three distinct plutonic epi- 
sodes of decreasing periodicity: 40-44 Ma, 32 Ma and 
27-28 Ma. Coeval Langara, Pivot Mountain and Sheila 

Charlotte Islands. 

Mineral Fraction' 
sia, appearance 

WI. 
(mg) 

U 
(ppm) 

KANO PLUTON - SAMPLE AT-87-80-l7 

Pb2 
(pprn) 

-105+74. abr. 
clear, equanl 

-105+74, abr 
incl.. prisms 

+I&, abr. 
ind.. eguant 

0.011 

0.0177 

0.0077 

390.1 

264.7 

501.7 

2wPb 

SHEILA LAKE PLUTON - SAMPLE CH-87-30-09' 

Pb; 
(pg) 

2.0 

1.4 

2.7 

-149+105, abr. 
clear, equant 

-149+105, abr. 
clear, pnsms 

-105+74, abr. 
clear. frags. 

mPb2 
(96) 

% (+ l SEM (%))5 
mu 

)OBPb ( f  l SEM (Wr 

0.0271 

0.0191 

0.0163 

90.9 

97.7 

83.2 

PIVOT MOUNTAIN - SAMPLE CH-87-56-10' 

3 ( f  l SEY (%))= 
mPb 

23.9 

23.4 

24.5 

abr., equant 
lo stubby 

abr., prisms 

12.9 

15.6 

16.1 

762.2 

605.02 

684.2 

%Pb Age (Ma) rn 

0.0459 (1.366) 

0.0454 (1,134) 

0.0436 (2.140) 

3.5 

2.8 

3.1 

0 . W 2  

0 . W  

O.WS1 (0.410) 

O.W50 (0 325) 

0.0051(0.467) 

411.8 

3198 

638 

LANGARA ISLAND PLUTON - SAMPLE CH-87-56.6' 

mPb Age (Ida) 
?q 

32.7 

32.5 

32.5 

0.0321 (1.53) . 

0.0316 (1.3M) 

0.WW (2.417) 

0.0466 (0.439) 

0.0470 (0.563) 

0.0442 (2.699) 

2321.8 

2229.9 

2mpb Age (Ma)= 
2ffiU (f 1 SEM) 

14.6 

11.2 

64.9 

-149+105, abr., 
incl., prisms 

-149+105,abr., 
clear, equant 

-105t74,abr.. 
clear, prisms 

-105+74, abr.. 
clear, equant 

32.1 

31.6 

30.4 

, 26.9 

26.9 

26.8 

12.2 

11.5 

1. Sizes (e.g. - 105 + 74) refer to range of zircon length aspect in 1: clinopyroxene- 
microns. Abbreviations are: abr. = abraded; clear = very few orthopyroxene diorite; UTM (zone 8) 5929875 N, 667550 E; 
inclusions or inclusion-free; equant = stubby, equant grains; 53O29'35" N, 132O28'28" W (NTS 103 F18); from quarry out- 
frags. = crystal fragments; incl. = inclusions present in grains; crop 1 km northwest of north end of Sheila Lake. 0.5 km south- 
prism = euhedral prismatic crystals. southwest of south end of Pam Lake, 2 km southwest of island 

2. radiogenic Pb; corrected for blank and common Pb. in Marie Lake; collected by C. Hickson. 
3. measured ratio, corrected for spike and fractionation. Pivot Mountain pluton, sample CH-87-56-10: clinopyroxene- 
4. total common Pb in analysis corrected for spike and fractiona- orthopyroxene diorite; UTM (zone 8) 5986900 N, 630860 E; 

tion. 54O07'57" N, 133°00' 10" W (NTS 103 K13E-K16E); west flank 
5. corrected for blank Pb and U, common Pb, errors quoted are of Pivot Mountain (1650' elevation), 3.2 km southeast of mouth 

1 standard error of the mean (SEM) in per cent. of Beresford Creek, 5.4 km east-northeast of mouth of Hana- 
6. corrected for blank and common Pb, errors are 1 standard of koot Creek; collected by C. Hickson. 

the mean (SEM) in Ma. Langara Island luton, sample CH-87-56-'6: hornblende-biotite 
7. Sample information: s 3 7 5 0  N. 627250 E; 

Kano pluton, sample AT-87-80-1 : hornblende (c1inopyroxene)- 54°15'28" N, 133O02'48" W (NTS 103 Kl3E-Kl6E); northwest 
biotite quartz monzodiorite; UTM (zone 8) 5898850 N, 668550 corner of Langara Island, near lighthouse, 0.75 km east- 
E; 53O12'51" N, 132°28'30" W (NTS 103 F l l ) ;  northeast side northeast from Langara Point, 4.5 krn north of Rhodes Point; 
of Dawson Inlet, 1 km from north end of inlet, 4 km north- collected by C. Hickson. 
northwest of Meadow Mountain, at sea level. 

0.0125 

0.0185 

0.0538 

0 . W  

341.1 

212.2 

3548 

241.1 

0.0 (t54.71-0.0) 

0 0 (+19.71-00) 

0.0 (f 0.0) 

18.9 

17.3 

17.2 

26.9 

27.2 

25.5 

164.8 

274.1 

1.5 

0.99 

1.5 

1.1 

0.0042 (0.252) 

O.W42 (0 116) 

O.W2 (0.937) 

26.6 (+20.91-21.2) 

51.6 (+26.61-27 1) 

0.0 (t27.91-0.0) 

0.026S (0.511) 

0.0272 (0.615) 

0.0254 (3.242) 

20 4 

11.5 

125.2 

107.8 

342.3 

190.1 

25.5 

24.2 

13.8 

157 

16.4 

15.2 

12.3 

16.0 

11.8 

15.9 

0.0485 (1.546) 

0.0478 (2.494) 

0.0464 (0.393) 

0.0474 (0.723) 

0 W44 (0.327) 

0.0043 (0.135) 

0.0042 (0.410) 

0.0043(0.319) 

O.W2(0137) 

0.0041 (0.192) 

0.0464 (1.427) 

0.0462 (0.294) 

0.0279 (1.575) 

0.M76 (0.366) 

27.1 

27.9 

26.7 

26.7 

0.0281 (1.724) 

0.0286 (2.653) 

0.0266 (0.430) 

0 . ~ 7 1  (0.601) 

28.0 

27.9 

28.1 

28.7 

26.6 

27.1 

121.4 (t71.31-74.5) 

91 1 (+114.11-91.1) 

17.5 (+18.81-17.5) 

67.9 (+34.01-34.8) 

28.0 

27.6 

20.9 (+67.11-20.9) 

6.6 (t14.11-6.6) 





Lake plutons are not only cospatial with the most extensive 
outcropping of Masset Formation volcanic rocks on north- 
western Graham Island, but the plutons' age compares 
closely with the Tertiary volcanic climax as defined by the 
median K-Ar age for the Masset Formation volcanic rocks 
(Fig. 3;  Hickson, 1988). 

SUMMARY 

New K-Ar and U-Pb isotopic ages for members of the Late 
Jurassic San Christoval (SCPS) and Burnaby Island (BIPS) 
plutonic suites and Tertiary Kano plutonic suite (KPS) con- 
firm determinations by earlier workers, refine chronometry 
of south to north time-transgressive plutonism, and indicate 
a Late Eocene period of extension. 

Potassium-argon isotopic ages for hornblende from a 
SCPS sample (166 f 3 Ma (2 a)) and from a BIPS sample 
(164 f 3 Ma (2 a)) are slightly older than the age range of 
earlier K-Ar determinations (145-160 Ma), are consistent 

"MASSET" VOLCANICS K-Ar AGES 
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Figure 3. Histogram of K-Ar and U-Pb isotopic ages for 
Masset Formation volcanic rocks and Tertiary plutons in 
Queen Charlotte Islands. Three plutonic pulses at about 
40-44 Ma, 32 Ma and 27-28 Ma are indicated as well as the 
median age for Masset Formation volcanic rocks (after Hick- 
son, 1988). 
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with stratigraphic age for the suites (post-Bajocian, pre- 
Early Cretaceous) and indicate contemporaneity of the two 
suites. 

Hornblende from a porphyritic andesite dyke member of 
the north-trending Carpenter Bay dyke swarm yielded a K- 
Ar isotopic age of 43.7 I. 1 Ma (2 O). The age suggests 
a minimum age for eastern-belt plutons of KPS which 
appear to be coeval and cogenetic and provides a cooling 
age for at least part of the Carpenter Bay dyke swarm. 
Coeval bimodal plutonism (e.g., Pocket Inlet pluton) and 
dyking indicate an important period of Late Eocene exten- 
sion which may herald opening of the Queen Charlotte basin 
to the east. 

- 
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Zircon fractions from northwestern members of KPS 
yield mostly concordant U-Pb isotopic ages (average ages 
from south to north) : 32.2 f 1 .O Ma (Kano pluton) ; 27.0 * 0.3 Ma (Sheila Lake pluton); 27.9 * 0.4 Ma (Pivot 
Mountain pluton); and 26.8 f 0.4 Ma (Langara pluton). 
The U-Pb isotopic ages are slightly older than or overlap 
earlier K-Ar mineral ages for the plutons and confirm three 
distinct, south to north, time-transgressive plutonic episodes 
of decreasing periodicity : 40-44 Ma, 32 Ma and 27-28 Ma. 

- 
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Gravity meastwements over the Burnaby Island pluton, Queen 
Charlotte Islands, British Columbia1 

J.F. Sweeney and D.A. Seemann 
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Sweeney, J.  F. and Seemann, D. A., Gravity measurements over the Burnaby Island pluton, Queen 
Charlotte Islands, British Columbia; @ Current Research, Part H, Geological Survey of Canada, Paper 
89-IH, p. 113-115, 1989. 

Abstract 

Gravity measurements were taken at 62 stations along the shorelines of Burnaby and nearby islands. 
A local gravity anomaly of about -8 to -11 mGal indicates that the survey area is underlain by a felsic 
pluton with steep sides. f ie pluton is smaller than suggested by the strong magnetic anomaly high mea- 
sured over the pluton. 

Des mesures gravim6triques ont h6 effectukes en 62 stations le long des rivages de l'ile Burnaby 
et des iles avoisinantes. Une anornalie gravimktrique locale d'environ -8  h - I1 mGal indique que la 
zone du lev6 repose sur un pluton felsique h cBtks abrupts. Le pluton est plus petit que ne le suggtre 
la valeur klevke mesurke pour l'anornalie h son emplacement. 

I Contribution to Frontier Geoscience Program 



INTRODUCTION 

In June 1988, as part of the Queen Charlotte Islands, Front- 
ier Geoscience Program, 62 gravity stations were acquired 
at about one kilometre intervals along the shorelines of Bur- 
naby and nearby islands in the southeastern part of the 
archipelago (Fig. 1). The object was to determine if mapped 
granitic rocks in the vicinity produce a measurable gravity 
anomaly and, if so, to use the gravity data to assess the sub- 
surface size and shape of the felsic bodies. 

GRAVITY SURVEY 

Gravity measurements were taken using Lacoste-Romberg 
gravimeter G009. Instrument readings were reduced to 
Bouguer anomalies using the International Gravity Stan- 
dardization Network 1971 and the Geodetic Reference Svs- 

Vertical co-ordinates were derived using a hand-held 
AIR altimeter continuously referenced to sea level. With 
tide tables provided by the Canadian Hydrographic Service, 
tidal corrections were applied to reduce the raw elevations 
to mean sea level. The accuracy of this method is thought 
to be within a few metres. 

Regional terrain effects were removed from Bouguer 
values using the one kilometre digital elevation grid and 
computational routines available from the National Gravity 
Data Centre, Geological Survey of Canada, Ottawa. Local 
terrain effects, within a few kilometres of selected stations, 
have been determined at the Pacific Geoscience Centre 
using elevation data gridded at 125 to 500 m. The local cor- 
rection, not reflected on  the preliminary gravity map (Fig. 
I), is everywhere less than 2 mGal. 

tem 1967. A standard density of 2.67 glcm3 was usedin GRAVITY FIELD 
the Bouguer correction. 

The regional gravity field becomes steadily more positive 
Horizontal coordinates of gravity stations were deter- to he west across H~~~~~ strait and culminates in a linear 

mined from 1 :50 000 NTS maps; the northing and casting high of up to 80 mGal along the western rim of the Queen 
co-ordinates of each station were scaled off with a template. charlotte Islands ( ~ i ~ ,  local gravity anomaly low, 
Locations are estimated to be accurate to within 25 m. defined by the June 1988 survey, is present along the east 

Figure 1. Gravity map of Burnaby Island area; 
Bouguer anomaly on land, Free air anomaly off- 
shore. Gravity station distribution indicated by 
dots. Contour interval 5 mGal with 1 mGal con- 
tours over granitic exposures (shaded). Figure 2 
profile indicated. 



Figure 2. Gravity anomaly profile across Bur- 
naby Island. Shorelines and pluton contact indi- 
cated. Preliminary regional anomaly field over 
the granite is shown. Profile location given on 
Figure 1. 
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side of the Burnaby Island group (Fig. 1, 2). The low lies unrelated to the emplacement of the granite. The magnetic 
over scattered granitic exposures and indicates that the felsic signature may have been created by later structural defor- 
units are part of a large, mostly submarine pluton that is mation that produced extensive fracture and alteration zones 
about 6 km wide, east to west, and about 12 krn long, north within the plutonic suite and nearby host rocks (Anderson, 
to south (Fig. 1). 1988). 

The gravity anomaly associated with the pluton has an 
amplitude of about -8 to -1 1 mGal (Fig. 2) suggesting that 
the body could be 3 or more kilometres thick. The position 
of the maximum gradient of the gravity anomaly relative to 
the pluton surface contacts (Fig. 2) suggests that, where 
exposed, the granite has steep to vertical sides. 

The gravity study also shows the felsic body to be much 
smaller in area than the strong magnetic anomaly high mea- 
sured over the pluton and areas to its south and east (Currie 
and Teskey, 1988). Hence, the magnetic high is probably 
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Abstract 

Dykes in the Queen Charlotte Islands display systematic regional variations in orientation and chemi- 
cal composition. Those in the southern Moresby archipelago are relatively calcic and occur in north- 
trending swarms whereas those in northern Moresby and southern Graham islands have a more easterly 
trend and are relatively alkaline. The zone between these two domains is believed to dejne the trace 
of a boundary between discrete crustal blocks. 

North-trending en echelon dyke swarms in the southern domain cut Cretaceous sediments and are 
probably mostly Tertiary. They are flanked on the southwest by a large dyke-free terrane, the south 
Moresby stable block. The geometric relationship is consistent with extension and dyke emplacement 
related to dextral movement between the south Moresby stable block and the western margin of Queen 
Charlotte Basin. 

Des dykes, dans les iles de la Reine-Charlotte, prdsentent des variations rdgionales systkmatiques 
d'orientation et de composition chimique. Ceux dans le sud de l'archipel Moresby sont relativement cal- 
ciques et se pr6sentent sous forme d'essaims de direction nord, alors que ceux dans le nord de l 'archipel 
et le sud de l'tle Graham sont orient& plus vers l'est et sont relativement alcalins. On pense que la zone 
situke entre ces deux domaines dkjnit la trace d'une limite entre des blocs crustam distincts. 

Des essaims de dykes en Lchelon, de direction nord, situks dans le domaine sud, traversent des st?di- 
ments crgtacds et sont probablement, pour la plupart, d'6ge tertiaire. Au sud-ouest, ces dykes sont flan- 
quds d'un grand terrain exempt de dykes: le bloc stable sud de Moresby. La relation gkomktrique 
concorde avec la distension et l'intrusion des dykes associ6es au mouvement dextre qui existe entre le 
bloc stable sud de Moresby et la bordure ouest du bassin de la Reine-Charlotte. 

' Contribution to Frontier Geoscience Program 



INTRODUCTION A large subvolcanic complex on eastern Lye11 Island 

A study of dy ke 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 study was designed to address two problems that bear 
directly on this objective : 

1. The tectonic implications of dyke swarms and their rela- 
tionship to basin evolution. 

2.  The effect of igneous heat on thermal maturation of 
hydrocarbons. 

A preliminary account of 1987 field results (Souther, 
1988) was followed by publication of petrographic and 
chemical data from the 1987 collections (Souther and Bak- 
ker, 1988). In 1988 two months were spent collecting addi- 
tional field data on dykes along the coastlines of south 
Moresby and adjacent islands. This report gives a brief sum- 
mary of the petrographic and chemical data, some highlights 
of the 1988 fieldwork, and a preliminary interpretation. 

HIGHLIGHTS OF 1988 FIELDWORK 

About 1000 station were occupied along the coastlines of 
south Moresby and adjacent islands. In general the new 
structural data confirm and add statistical weight to the loca- 
tions and trends of dyke swarms sampled during the 1987 
reconnaissance (Souther, 1988 ; Souther and Bakker, 1988). 
However, many dykes in the Carpenter Bay swarm, which 
was previously thought to comprise Jurassic (Yakoun) 
feeders (Souther, 1988), were found to cut Cretaceous 
(Longarm) sediments and are therefore probably Tertiary. 
This is consistent with a date of 43.7 f 1.1 Ma reported 
by Anderson and Reichenbach (1989) on hornblende from 
a Carpenter Bay dyke. 

New data on dyke distribution in the south Moresby 
archipelago define a series of north-trending, en echelon 
swarms, referred to informally as the Carpenter Bay, Skin- 
cuttle, Burnaby Island, and Lyell Island swarms (Fig. 1). 
The dyke swarms do not extend south into south-central 
Moresby Island, a region underlain mostly by Karmutsen 
volcanics and Mesozoic plutons of the San Christoval plu- 
tonic suite (Anderson, 1988). This large dyke-free area, the 
south Moresby stable block, appears to be part of a rela- 
tively competent northwesterly trending terrane which 
bounds the southeastern side of an extensional zone defined 
by the dyke swarms. The geometric relationship suggests 
that east-west extension, expressed by the dykes, may be 
related to dextral movement of the south Moresby stable 
block relative to Queen Charlotte Basin (Fig. 1). At present 
there is no way to estimate how far the dyke swarms extend 
north into Hecate Strait and hence what thermal effect that 
may have had on strata in the offshore part of the basin. 
However, data from both conodont colour alteration 
(Orchard, 1988) and from vitrinite reflectance studies (Vel- 
lutini, 1988) show an easterly increase in the time- 
temperature  index ac ross  the  southern  Moresby  
archipelago. This suggests that igneous heat from the 
emplacement of Tertiary dyke swarms may have had a sig- 
nificant effect on thermal maturation of hydrocarbon- 
bearing rocks east of the south Moresby stable block. 

(Fig. 2) comprises northerly trending andesite dykes and 
sheeted dyke swarms associated with a multiphase pluton of 
aphyric to moderately feldspar- and/or hornblende-phyric 
andesite. The andesite is associated with, and may be 
comagmatic with seriate monzodiorite (Anderson and 
Greig, 1989). The intrusive complex, which is similar in 
lithology, size, and structure to parts of the Carpenter Bay 
swarm, is flanked by and, appears to cut, proximal breccias 
and flows of Masset volcanics. Locally the intrusive ande- 
site cuts and includes pendants of Mesozoic shale (Kunga 
or Sandilands ?). It seems likely that the Lyell Island and 
Carpenter Bay complexes are at least partly coeval, and that 
both are manifestations of east-west Tertiary extension 
associated with early Masset volcanism and high level 
plutonism along the western side of Queen Charlotte Basin. 

PETROGRAPHY AND CHEMISTRY 

Petrographic examination of dyke samples (Souther and 
Bakker, 1988) revealed a broad spectrum of compositions 
ranging from rhyolite to basalt. The majority of dykes 
(50%) are andesitic. Basalt comprises 35% of the dykes 
sampled whereas rhyolite and dacite together form only 
15 %. More than 75 % of the dykes are aphyric and the por- 
phyritic varieties commonly contain only a few percent of 
small plagioclase and/or hornblende phenocrysts. Most thin 
sections examined contain secondary chlorite plus varying 
amounts of calcite, biotite and leucoxene. Despite careful 
study of more than 80 thin sections no consistent petro- 
graphic criteria were found that could be used to dis- 
criminate between dykes of different ages or from different 
swarms. 

Twenty-two chemical analyses of randomly selected 
dyke samples confirm the wide range of compositions indi- 
cated by petrography. Silica values range from 48 to 76% 
and all but two of the analyzed samples are quartz normative 
(Souther and Bakker, 1988). The chemical data fall into two 
groups which plot in overlapping fields on the AFM and Ab- 
An-Or diagrams (Fig. 3). Group 1, which comprises data 
from predominantly north-trending dykes on southern 
Moresby and adjacent islands, is significantly less alkaline 
and higher in Fe than group 2 which includes data from 
predominantly east- to northeast- trending dykes on north- 
ern Moresby, Louise and southern Graham islands. Differ- 
ences between the two chemical regimes may reflect 
differences in the chemistry of source regions in adjacent 

Figure 1. Index map showing the locations and average 
trends of the principal dyke swarms, Kunga Group sedi- 
ments, and the domain boundary between the two chemical 
regimes plotted in Figure 3. 

Figure 2. Sketch map showing the approximate extent of 
the Lyell Island igneous complex. 

Figure 3. AFM and Ab-An-Or plots of 22 analyzed dyke 
samples. Analyses in group 1 are from dykes north of the 
boundary shown in Figure 1 whereas those in group 2 are 
from dykes south of the boundary. 
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crustal blocks. The boundary zone as defined by dyke orien- 
tation and chemistry corresponds approximately with the 
southern margin of the Rennell Sound fold belt (Thompson, 
1988). 

TECTONIC SIGNIFICANCE AND 
THERMAL IMPACT 

Dyke swarms in the Queen Charlotte Islands are believed 
to define zones of crustal weakness which, during Tertiary 
and possibly earlier time, have been the locus of repeated 
episodes of extension and igneous intrusion. The recogni- 
tion of discrete swarms, several having different orienta- 
tions, suggests a complex tectonic environment involving 
the interaction of terranes as small as 50 to 100 km across. 
The south Moresby stable block may be part of one such 
terrane, and the domain boundary south of the Rennell 
Sound fold belt (Fig. 1) is probably the boundary between 
discrete relatively rigid crustal blocks. The geometry of 
north-trending, en echelon dyke swarms in the south 
Moresby archipelago is consistent with a regime of east- 
west extension coupled to dextral transcurrent movement on 
northwesterly-trending faults. 

Although most of the dykes are related to Masset (Ter- 
tiary) volcanism, many are believed to be older. Crosscut- 
ting relationships, and variations in the degree of 
deformation and alteration all point to episodic emplace- 
ment which may include dyke intrusion associated with vol- 
canic rocks as old as the Middle Jurassic Yakoun 
Formation. Some of the fundamental structures that con- 
trolled dyke emplacement may be even older. A crude 
correlation between dyke swarms and the outcrop distribu- 
tion of Upper Triassic and Lower Jurassic sediments (Fig. 
1) suggests that both basin subsidence and later igneous 
activity may be manifestations of crustal weakness and 
extension on long-lived, deep crustal structures. 

The impact of dyke emplacement on the thermal history 
of Queen Charlotte Basin is being investigated (Jessop and 
Souther, in prep.). Until the 1988 data are compiled and fur- 
ther modelling is done, it is possible to give only a subjective 
estimate of the effect of igneous intrusion on the thermal his- 
tory of the basin. However, the empirical evidence from 
both conodont colour alteration index (Orchard, 1988) and 

vitrinite reflectance (Vellutini, 1988) suggests a strong 
correlation between the level of organic maturation and 
proximity to dyke swarms. Clearly any possible source or 
reservoir rocks within the major dyke swarms must have 
been raised to temperatures beyond the oil window. 
Although over-maturation due to conducted or hydrother- 
mally transferred igneous heat may have been confined to 
rocks proximal to dyke swarms and associated plutons, the 
ubiquitous presence of chlorite suggests that dyke intrusion 
was accompanied or followed by regional metamorphism 
that may have affected a much larger area. 
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Abstract 

Preliminary results indicate low heat flux (50 mW m-2) on the western margin of Queen Charlotte 
Basin and higher heat flux (75 m W m-2) on the eastern margin. The lower values on the western margin 
are probably caused by present, oblique subduction. l l e  heat generation is generally low within the 
basin and on its margins. Under the eastern margin, crustal temperatures are higher than those under 
the western margin of the basin. Marine techniques were used to measure the heat flux within the shallow 
sediments beneath Queen Charlotte Sound. However, results may reflect processes such as erosion 
and/or dewatering occurring at present within these sediments. 

Des rdsultats prdliminaires indiquent un faible flux thermique (50 mW m-2) h la marge occidentale 
du bassin de la Reine-Charlotte et un flux plus dlevt (75 mW m-2) a la marge orientale. Les valeurs 
plus faibles marge occidentale sont probablement caus6espar la subduction oblique. Leflux thermique 
est gdndralernent faible b l'intdrieur du bassin comme b ses marges. Sous la marge orientale, les tempdra- 
tures de la croate sont plus dlevdes que celles relevkes sous la marge occidentale du basssin. Des mdtho- 
des marines ont kt6 utiliskes pour mesurer les flux thermiques dans les sddiments peu profonds sous le 
ddtroit de la Reine-Charlotte. Toutefois, les rksultats peuvent refldter des processus comme l'drosion 
ou l'assdchement, ou les deux qui agiraient actuellement dans ces sddiments. 
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INTRODUCTION HEAT FLUX 

Crustal temDeratures within a basin are affected at anv time 
by the thermal properties of the basin sediments; thk heat 
flux from beneath the basin ; the hydrological regime within 
the basin ; magmatic intrusions ; and the history of sedimen- 
tation, burial and erosion. At least three of these are directly 
governed by the tectonic history. Yorath and Hyndman 
(1983) calculated the paleo-heat flux and subsidence for the 
eight offshore wells in Queen Charlotte Sound and Hecate 
Strait using the recorded bottom hole temperatures (BHTs) 
and vitrinite reflection measurements on core samples. They 
suggested that the basin formed during an initial rifting 
event, followed by oblique subduction that continued up to 
the present. The present offshelf heat flux from Hyndman 
et al. (1982) (see Fig. 1) reflects the presence of the nearby 
spreading centre. Saas et al. (1985) have measured heat flux 
at nearby sites in southeastern Alaska. The objective of this 
study is to add to the meager geothermal data base in order 
to improve the modelling of the present and past thermal 
structure of the basin, and to compare the thermal states with 
those predicted by various tectonic models. 

The thermal conductivity and heat production of the 
sediment matrix are being measured on cuttings from wells. 
The present thermal regime is being determined by measur- 
ing heat flux within the basin using wells and marine probe 
measurements and, on the margins of the basin, mineral 
exploration boreholes. The heat generation of the magmatic 
rocks surrounding the basin is also being measured. With 
the measured thermal parameters and the present state of the 
basin, past temperatures will be calculated. The following 
is an incomplete picture, because not all measurements and 
analyses are complete. 

BRITISH 
- 5 4 O  

COLUMBIA 

The heat flux was determined using marine methods in the 
soft sediments beneath Queen Charlotte Sound and meas- 
urements associated with wells w h i ~ h  have penetrated the 
sediments. At present, BHTs are being re-analyzed from the 
eight offshore wells and the thermal conductivity is being 
measured from representative cuttings from all the wells. 
The amount of coal in the sections will lower the thermal 
conductivity values from those used by Yorath and Hynd- 
man (1983). 

The use of marine methods to measure the heat flux on 
this shelf at water d e ~ t h s  of less than 800 m involves the 
removal of the effects of large variations in bottom water 
temperatures (BWTs). To help mitigate these effects, 
heavy, I I-m long probes were used to obtain greater sedi- 
ment penetration, because the effects decrease with depth. 
In general, the softest ponds of sediment on the shelf are 
more difficult to penetrate than those in the coastal inlets, 
and most deployments reached a sediment depth of only 7 
m. Three cruises were made to acquire sets of data at 
individual sites and to recover instruments recording the 
variation of BWT between the cruises. Poor weather during 
the third cruise in May 1988 hampered the acquisition of 
data. Some data were obtained, but the mechanical parts of 
three I 1 -m probes were irreparably damaged. Although the 
analyses are not all complete, the first result, for Moresby 
Trough, is shown in Figure 1. 

The measurement of heat flux from 24 mineral explora- 
tion boreholes and two geothermal resource evaluation 
boreholes at five sites on land is complete, but thermal con- 
ductivity measurements have not yet made for another site 
on Porcher Island (Figs. 2-5). The temperature logs, as a 
function of thermal depth, and the thermal conductivities are 
given. Only one of these sites with a single borehole 
(Anyox) appears to have a purely conductive gradient. 
Descriptions and discussions of methods and the effects of 
water flows in this type of topography are given in Lewis 
et al. (in press). A brief explanation of the interpretation 
necessary to arrive at the given heat flux for each site 
follows. 

Denny Island (site 315): The heat flux from two bore- 
holes differs, and the 74 mW m-2 from the deeper one is 
accepted. The temperatures are more likely to be disturbed 
for the shallower hole, which was drilled into a quartz- 
feldspar porphyry breccia having a higher heat generation 
than the leucocratic miarolitic granite which the deeper hole 
penetrated. 

Anyox (site 356) : The thermal conductivity varies from 
2.25 to 7.08 W m-' K-' (Fig. 2), depending on the presence 
or absence of finely disseminated mineralization; dipping 
mineralized lenses or mineralized zones probably cause 
refraction. A topographic correction was made for this ridge 
site, and the average heat flux from 80 to 292 m depth is 
75.5 mW m-2. 

Figure 1. Site location map showing the measured heat 
flux in mW m-2. 
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Figure 2. Bullard plot of relative temperature vs thermal 
resistance, and thermal conductivity a s  a function of depth 
for Denny Island (series 315) and Anyox (series 356). The 
most shallow absolute temperature for each hole is given. 

Banks Island (site 357): Heat flux values from the 12 
holes logged varies from 51 to 88 mW m-2. Water flows, 
inferred from the non-linear temperature logs in the three 
shallow holes with the largest variations in heat flux, are not 
unexpected because the local geology includes limestone. 
Excluding these three results, the average heat flux mea- 
sured in the other boreholes is 73.9 mW m-2, and five 
of the individual borehole heat flux results are within 
3 mW m-2 of this value. As this is a low area and all collar 
elevations are between 10 and 33 m ASL, this area is subject 
to climatic correction due to relative changes in sea level. 

Cinola (site 368): The Cinola property is located on a 
topographic high, the Specogna fault separating it from low- 
lying Haida Formation shale and silicified shale to the north- 
west. The thermal data indicate water flow from the topo- 
graphic high to the lower levels on the northwest. A 
concave-downward temperature log and the relatively 
higher surface intercept temperatures of two shallow bore- 
holes in the valley (-25 and -26) indicate water flowing with 
an upward component (Fig. 4). The temperature logs of two 
boreholes near the cliff where the adit is located (-23 and 
-27) are dramatically affected by water flow. Other holes 
back from the cliff are less affected by water flow, and the' 
best heat flux for each well is considered to be the average 
heat flux over the longest depth interval. The average value 
from these holes, 46.0 mW m-2, is the best value, although 
it is a minimum value since water is flowing downward 
within the region used. The large variation in thermal con- 
ductivities is attributed to the varying degree of silicification 
of the rock. 

TEMPERATURE ( O C )  

Figure 3. Plots a s  in Figure 2 for Banks Island (series 357) 
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Figure 4. Plots as  in Figure 2 for Cinola (series 368). Conductivities were not measured for holes 368-25 
and -26 so  the Bullard plots are based on the average thermal conductivity for the area. 

Lyell Island (site 377) : The temperature logs from two CONCLUSIONS 
c l o s ~ l y  spaced boreholes located on steep side hills 

Because this geothermal study of the basin is not yet fin- produced differing heat flux One had a very high ished, any conc~usions are preliminary. However the heat surface intercept temperature, 8.0°C, indicating the 
influence of water flow. The other result, after topographic generation within the basin and in the magmatic rocks of the 

correction, is 56 mW m-2. basin margins is definitely low. The pattern of heat flux, as 
revealed by the land measurements on the margins of the 

HEAT GENERATION 

The heat generation of sediments within a basin influences 
the basin temperatures (e.g . Keen and Lewis, 1982). Conse- 
quently, the heat generation of sediments was measured on 
cuttings from two of the offshore wells, Harlequin and 
Tyee. All heat generation values given in Table 1 are calcu- 
lated for a standard density of 2.67 g ~ m - ~ ,  which for the 
sediments must be modified to the time-verging density. 

Representative samples from the major magmatic suites 
on the Queen Charlotte Islands including the Masset vol- 
can ic~  were measured and the heat generation is generally 
low. The heat generation on the east side of the basin on the 
youngest rocks is quite low and additional data from the 
older Coast Plutonic Complex (Lewis and Bentkowski, 
1988) are very low. The sediments within the basin, derived 
from these sources, should also be low. 

basin is low on the west side, increasing to average or 
slightly above average heat flux on the eastern side. The low 
values on the western side may be caused by oblique subduc- 
tion, the limited extent of the low zone compared to that 
above the subducting Juan de Fuca Plate in southern B.C., 
reflecting the relatively young age and warmth of the 
oceanic crust being subducted. 

The low heat generation of the Coast Plutonic Complex 
on the eastern margin and the present average heat flux of 
75 mW m-2 produces high crustal temperatures at present 
under this region. 

The one high heat flux of 110 mW m-2 from the shallow 
basin sediments may be caused by local processes, such as 
erosion and/or dewatering. Sand waves exist at depths close 
by Moresby Trough, and the sudden changes in BWT 
recorded require bottom currents. 



TEMPERATURE (OC) Table 1. Average heat generation 
- 

J 2 
CONDUCTIVITY (WlmK) 

100 3 2 3 
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Series1 Name n A S.D. 
Site pW/m3 pW/m3 

Queen Charlotte Islands 
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Abstract 

High-resolution seismic profiling, sidescan sonar, sampling and remote oceanographic vehicle sur- 
veys were performed in selected areas on a four-week cruise that spanned the entire shelf of western 
Canada. Forty-three vibrocores, six Benthos piston cores, ten wide-diameter piston cores for geotechni- 
cal analyses, and one dredge haul were obtained. Seven camera stations were occupied. As a result of 
the cruise we have defined the extent of the Tertiary basin in Dixon Entrance, identijed probable gas 
vents in Queen Charlotte Sound, mapped previously unrecognized sponge bioherrns, confirmed the pres- 
ence of drowned barrier island sand ridges in Hecate Strait, identijed evidence of Quaternary faulting 
in northern Queen Charlotte Sound, and established the possible susceptibility of some sediments in the 
sound to liquefaction. 

Duns des rkgions sklectionnkes, au cours d'une croisikre de quatre semaines couvrant toute la plate- 
forme continentale de 1 'ouest du Canada, on a rkalisk 1 'ktablissement de profils sismiques de haute rksolu- 
tion, des lev& par sonar a balayage latdral, des kchantillonnages, et des levds par submersibles tklkcom- 
mandks. On a recueilli 43 carottes par vibroforage, six carottes du benthos par carottier B piston, dix 
carottes de grand diarnttre, destinkes B des analyses gkotechniques, par carottier &piston et un kchantil- 
Lon par dragage. On a occupk sept stations &quipkes de cam&ras. Les donnkes recueillies grece ci cette 
croisihre ont permis aux auteurs de dkfinir l'ktendue du bassin tertiaire dans 1 'entrde Dixon, dJident$er 
dans le dktroit de la Reine-Charlotte des structures susceptibles d 'Ctre des dvents de gaz, de cartographier 
des biohermes ddijt!s par des spongiaires et jusque-la non ident$ds, de confirmer la prksence de crCtes 
de sable appurtenant a des i'les-barrihres submergkes duns le dktroit d'H&cate, d'ident$er les indices 
deformation de failles au Quaternaire dans le nord du dktroit de la Reine-Charlotte, et d'dablir lepoten- 
tie1 thixotrope de certains sddiments du dkzroit. 

' Contribution to Frontier Geoscience Program 
' Centre for Cold Ocean Resources Engineering (C-CORE) and Department of Earth Sciences, Memorial University of 
Newfoundland, St. John's, Newfoundland A I B  3x5 
' Geomartec Services, 1067 Clarke Road, Brentwood Bay, B.C. VOS 1AO 



INTRODUCTION 

During research cruise END 88B on CFAV ENDEAVOUR 
from 27 June to 22 July, 1988, investigations were per- 
formed in all major areas of the continental shelf of western 
Canada (Fig. 1). Primary objectives of the cruise were to 
continue sampling and surveying the shelf to identify poten- 
tial geohazards to exploration and development. These 
operations are funded by the Office of Energy Research and 
Development and Frontier Geoscience Program. 

ACTIVITIES AND ACCOMPLISHMENTS 

Vancouver Island shelf 

A 100 kHz E.G.&G. model 260 sidescan sonar system, 
Huntec ('70) Ltd. Deep-Tow seismic (DTS) profiler, and 
Fisheries and Oceans Canada Remote Operated Vehicle 
(ROV) manufactured by International Submarine Engineer- 
ing Research Ltd. were used to investigate a suspected 
Quaternary fault off the southern part of Vancouver Island. 
The high resolution data collected 011 this cruise indicate that 
these features probably are scarps formed by erosion of Ter- 
tiary bedrock. 

Dixon Entrance 

An initial regional high resolution geophysical survey utiliz- 
ing sidescan sonar, Huntec DTS profiling and 7.6 cubic cm 
airgun seismic served to define the surficial geology of the 
area. Two Benthos piston cores and 2 vibrocores were col- 
lected. Results indicate that several hundred metres of 
Quaternary sediments have accumulated over Tertiary bed- 
rock. Over most of the area the sea bed is heavily blanketed 
by gravels and coarse sand. 

Hecate Strait 

A survey which simultaneously collected sidescan sonar, 
Huntec DTS profiles, and 7.6 cubic cm airgun seismic data 
was completed. One large-diameter (9.9 cm I.D.) piston 
core, four standard diameter Benthos piston cores and 30 
vibrocores were collected and .1 camera station occupied. 
Drowned barrier islands have been identified and will con- 
tribute to our knowledge of the sea level history of the shelf 
(Barrie and Bornhold, in press ; Luternauer et al., in press). 
The first lithologic control is now available for the extensive 
network of seismic profiles previously collected on this part 
of the shelf (Barrie, 1988). In the course of sampling for 
investigations of sediment dispersal patterns and rates, sedi- 
ments with high concentrations of heavy minerals were dis- 
covered. These are being assayed for Ti and Zr. Anomalous 
features recognized in acoustic records of the sea floor, col- 
lected during this and previous cruises to Hecate Strait and 
Queen Charlotte Sound, were found to be extensive fields 
of sponge bioherms (Conway et al., 1989). Trials of the 
Fisheries and Oceans Canada ROV proved it to be an effec- 
tive tool for investigating debris flows and geological con- 
tacts on the shelf floor to a water depth of 130 m. 

Queen Charlotte Sound 

A high resolution geophysical survey using sidescan sonar, 
Huntec DTS seismic profiling and 7.6 cubic cm airgun was 
made. Nine large-diameter piston cores, and I I vibrocores 
128 

Figure 1. Research cruise END 888 tracklines. 

were collected and 6 camera stations were occupied. Evi- 
dence of an extensive wave cut, gravel-mantled terrace 
about 100 m below sea level on the north side of a bank at 
the centre of the sound corroborates evidence from the 
southern part of the sound (Luternauer et al., in press) 
indicating that sea level fell to at least that level during the 
late Quaternary. Preliminary analyses of the slope and sedi- 
ment stability in the sound using seven of the collected cores 
(Zavoral et al., 1989) suggests that some sediments are sus- 
ceptible to liquefaction. High resolution seismic profiles 
collected during this cruise and previously acquired records 
suggest that syndepositional faulting has occurred during the 
late Quaternary in the northern part of the sound (Moslow 
et a]., 1989). Probable gas vents have been identified in two 
areas in the sound. Samples were collected for gas analysis 
from one of the sites. 
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Abstract 

Large areas (> 700 km2) of the seabed on the continental shelfof western Canada are discontinu- 
ously blanketed by bioherms dominated by species of Hexactinellid sponges, including Chonelasma calyx 
and Aphrocallistes vastus. The bioherms are up to 10 m thick and form complexes several kilometres 
in width, between 150-250 m water depth. These bioherms trap Holocene silty clay on otherwise relict 
expanses of seafloor and form some of the most signi$cant Holocene deposits on the mid-shelf: 

De vastes e'tendues (> 700 km2) du fond rnarin sur la plate-forme continentale de l'ouest du Canada 
sont recouvertes en discontinuite' par des biohermes dominkes'par des espdces d'kponges Hexactinellides, 
en particulier Chonelasma calyx et Aphrocallistes vastus. Les biohermes atteignent parfois I 0  m dJt+pais- 
seur et forment des complexes de plusieurs kilomdtres de large, ci une profondeur d'eau comprise entre 
150 et 250 m. Ces biohermes pidgent des argiles silteuses de l'holocdne sur des &endues du fond rnarin 
par ailleurs rLsiduelles, et forment quelques-uns des de'pbts holoc2nes les plus importants de la partie 
me'diane de la plate-forme continentale. 
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INTRODUCTION glaciomarine or till surfaces. Sidescan sonar images reveal 

The physiography of the central British Columbia continen- 
tal shelf, comprising Queen Charlotte Sound and southern 
Hecate Strait, is dominated by troughs floored by clayey 
silts and fine sands, and banks capped by sands and gravels 
(Luternauer and Murray, 1983 ; Barrie, 1988). Queen 
Charlotte Sound is crossed by three troughs, the most north- 
erly of which extends into Queen Charlotte Sound from 
Hecate Strait (Fig. 1). An extensive piston coring and radi- 
ocarbon dating program has shown that the sediments floor- 
ing Mitchell's Trough1 and Goose Island Trough1 are 
largely Late Wisconsinan in age, the Holocene section being 
thin or absent (Conway and Luternauer, 1985). Much of 
southwestern Moresby Trough1 is floored by Holocene 
muds (Luternauer and Conway, 1986). Shallow subsurface 
sample data from the Hecate Strait part of Moresby Trough 
are unavailable at present. 

During research cruise PAR86 several acoustically 
anomalous seabed features were seen on high-resolution 
seismic and sidescan sonar profiles collected in Goose 
Island Trough (Fig. 1). Amorphous-appearing, mound or 
ridge-like structures cover areas of the stratified, acousti- 
cally dense trough floor. A re-examination of geophysical 
data collected previously suggested a widespread distribu- 
tion of this type of feature. Cruises undertaken in support 
of the Frontier Geoscience Program (END87A; END88B) 
obtained cores, photographs and additional geophysical data 
in areas where the mound-like structures occur. These new 
data have allowed the identification of these anomalies as 
well as recognition of their distribution and environmental 
significance. 

METHODS 

High resolution geophysical surveying was done in the study 
area using 100 kHz E.G.&G. model 260 sidescan sonar sys- 
tem and a Huntec ('70) Ltd. Deep-Tow seismic profiler dur- 
ing cruise END88B in July, 1988. Cores were taken using 
a Benthos piston corer in August, 1987 on cruise END87A. 
Seabed photography was accomplished using an UMEL 
underwater camera system during cruise END88B in July, 
1988. Distribution of mound structures was determined by 
examination of Klein sidescan sonographs, Atlantic Geos- 
cience Centre sidescan sonographs and Huntec DTS profiles 
previously collected during cruises HUD81, VEC84B, 
END84B and PAR86. 

RESULTS 

On Huntec DTS profiles the features appear as somewhat 
amorphous ridges or mounds 1-10 m thick (based on a sound 
velocity of 1500 mlsec.). They have an irregular surface and 
show no recognizable internal structure (Fig. 2). The base 
of the mounds commonly appear to lie in depressions, in 
some cases interpreted to be relict iceberg furrows. Seismic 
data indicate that the features are generally underlain by 

the mounds to be of various sizes and shapes. TL smaller 
mounds are roughly circular in plan view and appear to 
coalesce to form larger, irregular shaped bodies (Fig. 2). 
Isolated mounds range from < 10 to >600 m in diameter 
whereas the larger mound complexes may be many 
kilometres across. Sonographs also indicate that the mound 
surfaces are variable in reflectivity, with some portions of 
mounds appearing 'brighter' than adjoining areas. This 
gives the features a somewhat crinkled appearance. 

Seabed photographs taken on a mound in Hecate Strait 
show that mound surfaces range from being densely 
colonized with siliceous sponges to sediment covered, bar- 
ren patches which are devoid of sponges (Fig. 3). Even on 
mound surfaces which display abundant, apparently healthy 
sponges, sediment-clotted portions of sponges are visible. 
Fish and crabs are also evident in several photographs 
(Fig. 3). 

Piston core END87A-151, collected on the flank of a 
mound complex in Goose Island Trough, sampled a 3.1 m 
sequence of olive silty clay with abundant siliceous sponge 
fragments and fine sponge debris overlying 0.3 m of lami- 
nated dark grey sandy silt (Fig. 4). The trigger core, which 
more commonly retains the uppermost sequence of sedi- 
ments than does the main piston core from the same site, 
recovered a 0.15 m interval of living sponge overlying olive 
silty clay with abundant sponge debris. Species of Hexac- 
tinellid sponges present were Chonelasma calyx and 
Aphrocallistes vastus (W. Austen, pers. comm., 1988). 
Sand fractions (63 microns to 2 mm) of subsamples of the 
olive silty clay contained little clastic material, being com- 
posed primarily of agglomerated mud clasts, sponge frag- 
ments and spicules, and foraminifera. 

DISCUSSION 

The Hexactinellid sponges colonizing the surfaces of the 
mounds appear to become clotted with mud particles. Core 
data indicate a succession of sponges form the basic struc- 
ture of the mounds and that these mounds are actively 
accreting sediment on their surfaces today. These observa- 
tions suggest that the mounds develop as siliceous sponges 
trap fine suspended detritus. The mounds and mound com- 
plexes are thus thought to be bioherms because they are con- 
structed as a result of the filter-feeding mode of life of the 
sponges. This is supported by the absence of any recent fine 
sediment away from the mound sites and also by the marked 
isolation of individual mounds. 

The variability in the reflectivity of mound surfaces 
noted on sidescan sonar records may be due to areas of 
upright, unsedimented sponges being more reflective then 
adjacent areas of sediment-covered mound. This variability 
may also be due to elevation differences across the bioherm 
surface. 

' The geographic names Mitchell's Trough and Goose Island Trough are informal and have not been approved by the 
Advisory Commitlee on Underseas Feature Names. 



Figure 1. Western Canadian continental shelf study area; A: location of seismic and sidescan profiles 
shown in Figure 2; 6 :  location of seabed photographs shown in Figure 3 ;  C:  location of core END87A-151. 





Figure 3. Surface of Hecate Strait sponge mound (165 m water depth). (a): Abundant siliceous sponges 
with sediment-clotted sponges at centre; (b): school of fish among sponges; (c): isolated sponges on 
less densely colonized mound surface; (d): completely sediment-clotted area of sponge mound. Compass 
vane is 30 cm long. 

PISTON CORE PILOT CORE (Trigger) Although no radiocarbon dates are available from cores 
from the bioherms, some seabed morphological features, 
regional stratigraphic relationships and properties of the 

0 0 0  mound matrix sediment itself allow some inferences about 
the age of these structures. The bioherms rest on iceberg 

Q ~ Q  furrowed surfaces in several areas. These furrows are 
thought to be of Late Wisconsinan age (Luternauer and 

Q @ Murray, 1983). Sediments underlying mounds are similar 

Q 
to Late Wisconsinan glaciomarine and transgressive sandy 

E mud sequences previously cored and radiocarbon dated 
(Luternauer et al., unpub, data). The matrix sediment of the 
bioherms is an olive, silty clay resembling in colour and tex- 

0 LEGEND ture Holocene deposits sampled and dated elsewhere on the 
shelf (Luternauer et al., unpub. data). 

Living siliceous sponge 
m The fact that the bioherms are concentrated in the three 

Massive olive silty clay with 
major troughs which cross the continental shelf suggests that 

abundant aibeous sponge fine sediment is delivered to the bioherm sites by bottom 
............... ............... skeletal fragments currents. The sediment incorporated into the bioherms is the ............... . . . . . . . . . . . . . .  ........... . . . . . . . . . . . . . . .  ............... pfJ only Holocene sediment present in much of Mitchell's and 

5 Laminated dark grey sandy silt 

Figure 4. Lithology of core END87A-151. 
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Abstract 

Analysis of high resolution seismic profiles from the central British Columbia continental shelfpro- 
vides substantial evidence for Quaternary faulting along the northwestern margin of Moresby Trough. 
A divergence of reflectors, thickening of seismic units, and concavity of reflectors suggestive of drag 
are seen along the downthrown side of normal faults in the study area. Faulting appears to be syndeposi- 
tional. Possibly, some of the faults are listric normal. Fault traces commonly terminate below the seabed. 
Deformation of Quaternary sediments due to faulting is non-brittle in nature, and maximum oflset of 
reflectors thus far seen is 2.5 m. 

It is suggested that the Quaternary faulting observed is a product of movement along antecedent listric 
normal faults that have been reactivated by glacial loading and isostatic rebound. The potential hazards 
posed by faulting to seafloor development of any kind are serious and numerous. 

L 'analyse des profils sismiques de haute rtsolution, ttablie pour la partie centrale de la plate-forme 
continentale de la Colombie-Britannique, prouve de f a ~ o n  substantielle qu 'il y a eu formation de failles 
au Quaternaire sur la marge nord-ouest de la fosse de Moresby. On observe duns la rkgion ttudike, 
en suivant le compartiment affaisst des failles normales, une divergence des miroirs, un e'paississement 
des unitks sismiques, et une concavite' des miroirs qui semble indiquer un ttirement. I1 semble que la 
formation des failles ait t t t  contemporaine de la se'dimentation. I1 est possible que quelques-unes des 
failles soient listriques normales. Les traces des failles se terminent gknkralement au-dessous du fond 
marin. La d$ormation des se'diments quaternaires causte par les failles est de type non fragile, et jusqu 'a 
prbent, le rejet maximum observt des couches-miroirs est de 2,5 m. 

On propose que les failles quaternaires observkes rksultent de mouvements le long de failles listriques 
normales formtes antei-ieurement, qui ont e'tt rtactivkes par la surcharge des glaciers et le redressement 
isostatique du terrain. Les dangers potentiels que reprtsente la formation de failles pour une mise en 
valeur quelconque du fond marin sont s6rieu.x et nombreux. 

- - ' Contribution to Frontier Geoscience Program 
Department of Geology, University of Alberta, Edmonton, Alberta T6G 2E3 

' Geomartec Services, 1067 Clarke Road, Brentwood Bay, B.C. VOS 1AO 



INTRODUCTION fans along the eastern margin of Moresby Trough (Luter- 
nauer and Conway, 1986) .-such features- were recognized 

Previous investigations suggested that M o r e s b ~  Trough is by them as potential constraints to hydrocarbon 
One the few, and perhaps physiographic and development in Queen Charlotte Sound. Active faulting 
ments of the central British Columbia continental shelf that on almost any scale, poses a serious threat to industry-based 
can be attributed to a tectonic-structural origin (Yorath and or infrastructure at all levels of involvement. 
Chase, 1981). Although this is a seismically active area, 
sub-bottom evidence of large scale normal -faulting from 
seismic vrofiles is inconclusive (Luternauer and Murrav, METHODS " .  
1983). However, Deep-Tow high resolution seismic pro- 
files collected during 1984 and 1988 from Moresby Trough, About 320 line-km of Deep-Tow high resolution seismic 

and analyzed for this investigation, show evidence of nor- profiles across the Moresby Trough are available for the 

mal, syndepositional faulting within the upper Quaternary purposes of this investigation. These data were collected 

section. This report examines in detail some of the initial during research cruises aboard the C.S. S. HUDSON in 1984 

observations and evidence of neotectonics within the and C. F. A. V. ENDEAVOUR in the summer of 1988. Profile 

Quaternary sediments of Moresby Trough. In addition, the lines were run parallel and oblique to the axis of the trough 

possible causes and mechanisms of this structural activity- at a 6 km spacing. A Huntec Deep-Tow system (H.D.T.S.) 
was employed in the acquisition of high resolution seismic tectonism are discussed. 
profiles. Profile lines were run at a cruising speed of 4.0 

This investigation will add to the present understanding knots. Navigation systems employed included Loran C and 
of the Quaternary evolution of Queen Charlotte Sound in Global Positioning System (G.P.S.). - - 
general,- and ~ 6 r e s b ~  Trough in particular. Additional 
objectives include : 1) a determination of the cyclicity, Hand drawn tracings of representative seismic profiles 

variability and distribution of Quaternary faults within the were made to highlight individual reflectors. This technique 

Moresby area ; 2) identification of those areas that show evi- was employed to critically analyze individual reflectors 

dence of recent (Holocene) syndepositional faulting; and 3) and/or seismic units for bed displacement, offset, drag or 

a determination of the im~ac t s  on sedimentation patterns and changes in thickness (see Fig. 3a and b for an example). 

seafloor instability in ~ b r e s b ~  Trough from the observed 
neotectonism. PRELIMINARY RESULTS 

GEOLOGICAL SETTING 

Moresby Trough is one of four large-scale, linear, bathy- 
metric depressions that dissect Queen Charlotte Sound 
(Fig. 1). These troughs average about 20 km in width within 
the 200 m bathymetric contour, and vary from some 50-100 
km in length, cutting obliquely across the entire width of the 
central British Columbia continental shelf (Fig. 1). Broad 
shallow banks capped by sand and gravel separate the 
troughs from one another. It is these features that form the 
principal physiographic elements of Queen Charlotte 
Sound. With the exception of Moresby, the origin of the 
troughs has been attributed solely to scour by grounded ice 
during Quaternary glaciations (Luternauer and Murray, 
1983). Alternatively, a tectonic-structural origin has been 
proposed for Moresby Trough by Yorath and Chase (1981). 
These authors attribute the trend and positioning of the 
trough to "listric crustal-pervasive normal faults" that ter- 
minate against the suture zone of two allochthonous terranes 
underlying the Queen Charlotte Sound area. An air gun seis- 
mic profile line across outer Moresby Trough (line F-F' in 
Luternauer and Murray, 1983) was cited by Yorath and 
Chase (1981) as evidence of the normal faulting along the 
trough margin (Fig. 2). Thus, evidence of large-scale fault- 
ing in Queen Charlotte Sound may exist. However, it is 
interesting to note that, although the sound is adjacent to one 
of the most seismically active areas in Canada (Milne et al., 
1978), no earthquakes of magnitude 5 or greater have 
occurred within the sound during the period 1899-1977 
(Rogers, 1982). 

Faulting of Quaternary sediments is apparent in Moresby 
Trough. Evidence for the syndepositional nature of the 
faulting includes a thickening of the sedimentary section 
between individual reflectors along the downthrown side of 
the fault trace(s) (Fig. 3a, 3b and 4) and drag on individual 
beds, as observed by the concavity of certain reflectors 
where they abut the downthrown side of a normal-fault trace 
(Fig. 4). 

Quaternary faulting is best observed along the western 
flank of a depositional lobe that parallels the longitudinal 
axis of Moresby Trough. The seismic profiles shown in 
Figures 3a,b and 4 are found in this locality. Their relative 
positions are shown on the air gun record in Figure 2. 

The deformation of individual reflectors, and the subtle 
thickening of sedimentary sections observed in seismic pro- 
files, suggest that the Quaternary normal faulting is non- 
brittle. Thus far, the maximum offset observed between 
reflectors is about 2.5 m (Fig. 3a, b). Two normal faults 
are shown in Figure 3a, b with only a minor offset of 
individual reflectors. The  westward divergence of 
individual reflectors between the two fault traces is evidence 
of the thickening of Quaternary sedimentary units as a func- 
tion of syndepositional fault movement. While this normal 
faulting was active during the later Quaternary it was appar- 
ently not active during the late Holocene everywhere in 
Moresby Trough. This is shown by the lateral continuity of 
reflectors above the normal fault traces shown in the profile 
in Figures 3a and b. 

Recent work on a more localized and detailed level has 
identified shallow biogenic gas and steep (10-15") sediment 



Figure 1. Bathymetric and physiographic map of the central British Columbia continental shelf showing 
location of Moresby Trough along the northwestern margin of Queen Charlotte Sound (from Luternauer 
and Murray, 1983). 



Figure 2. Air gun seismic profile across the outer Moresby Trough showing relative location of high reso- 
lution seismic profiles in Figures 3a, b and 4. From profile F-F' of Luternauer and Murray (1983). 



ESE Figure 3a. (facing page bottom) Huntec D.T.S. high reso- 
lution seismic profile in about 400 m water depth along the 
northwestern margin of Moresby Trough. Profile line is 
oriented oblique to the trough axis. Note convergence and 
divergence of reflectors between normal fault traces. 

Figure 3b. (left) Hand drawn tracing of seismic reflectors 
from profile shown in Figure 3a. See text for interpretation. 

Figure 4. (below) Huntec D.T.S. high resolution seismic 
profile in about 400 m water depth along the northwestern 
margin of Moresby Trough. Note thickening to west of upper 
seismic units and divergence and concavity of reflectors 
along downthrown block of normal fault. Profile is perpendic- 
ular to the trough axis. 

ESE 



There is no evidence of any offset between reflectors in 
the Quaternary section of the seismic profile in Figure 4. 
There is an appreciable thickening of the section, however, 
from east to west along the downthrown side of the fault 
trace. The amount of drag along this downthrown side of 
the fault increases with depth, suggesting that this fault is 
listric normal. The uppermost set of reflectors in this seis- 
mic profile represents the latest Quaternary sedimentary 
section which thickens approximately 4 m in an westerly 
direction along the downthrown margin of the fault trace. 
This unit thickens from 19 to 23 m over a distance of about 
0.65 km. Note also the divergence of individual reflectors 
within this unit to the west, proximal to the observed fault. 
This trend is best seen within the uppermost part of the sub- 
bottom, labelled as 'A' and 'B', where the sedimentary sec- 
tion thickens from 4.5 to 6.5 m over a distance of some 0.3 
krn. If these depositional trends were a product of sedimen- 
tary processes alone (ie, suspension or traction deposition) 
then the bathymetric high, rather than the low, should be 
associated with the thickest accumulation of sediment. Such 
is not the case. 

DISCUSSION AND CONCLUSIONS 

Normal faulting, and possibly listric normal faulting, is 
observed within the Quaternary sediments of Moresby 
Trough. In all cases examined, the faulting is non-brittle and 
syndepositional. There is evidence of faulting either: a) 
throughout the Quaternary section including the Holocene, 
or b) within the upper Quaternary section but not the Holo- 
cene. 

It is possible that the faulting can be attributed to the 
reactivation of antecedent normal faults that were reacti- 
vated by glacial loading and isostatic rebound of the shelf 
during the Pleistocene. Future correlations of Huntec Deep- 
Tow seismic profiles with air gun records across the 
Moresby Trough may be able to address this problem. If this 
hypothesis is correct, then there is likely a certain periodic- 
ity or cyclicity to the observed normal faulting that is linked 
to glacial episodes during the late Tertiary and Quaternary. 
In addition, it is likely that not all parts of the Moresby 
Trough area have achieved equilibrium with regards to 
isostatic loading or rebound, and are still actively experienc- 
ing normal faulting. 
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Abstract 

Seven piston cores collected from Queen Charlotte Sound on the continental shelf of western Canada 
were examined for the following geotechnical properties : peak and remoulded undrained shear strength, 
sensitivity, water content, bulk density, and Atterberg limits. Sediment characteristics, despite high sensi- 
tivity and liquidity index values, indicate that most slopes are statically stable due to low slope angles 
and suficient peak undrained shear strengths. However, some of the sediment sampled has a low plastic- 
ity index, indicating possible susceptibility to liquefaction. Many s~ibmarine slopes may therefore be 
dynamically unstable. We recommend cone penetration testing of the cohesionless sediments in Mitchell's 
Trough which are not amenable to piston coring but may be highly unstable. 

On a examine' sept carottes provenant du de'troit de la Reine-Charlotte, recueillies par carottier ci 
piston sur la plate-forme continentale de 1 'ouest du Canada, auxjns  de de'terminer les propride's ge'otech- 
niques suivantes: valeurs de pointe et de  remoulage de la re'sistance au cisaillement dans des conditions 
non draine'es, sensibilitt, teneur en eau, densite' apparente et limites d'Atterberg. Les caracte'ristiques 
du se'diment, malgr.4 des valeurs deve'es de la sensibilite' et de l'indice de liquidite', indiquent que la p h -  
part des pentes sont statistiquernent stables, car elles ont un gradient faible et une rksistance de pointe 
au cisaillement dans des conditions non draine'es qui est sufisante. Cependant, quelques-uns des se'di- 
ments &chantillone's ont un faible indice de plusticite', signe d'une susceptibilite'possible a la liqu$action. 
I1 est donc possible que de nombreuses pentes sous-marines soient dynamiquement instables. 

On recommande d'eflectuer quelques essais de pe'ne'trabilite' au cbne sur les skdiments sans cohe'sion 
de la fosse de Mitchell, qui ne se prgtent pas au forage a l'aide d'un carottier a piston mais peuvent 
@tre tr2s instables. - 

' Contribution to Office of Energy Research and Development Program. 
Department of Civil Engineering, University of British Columbia, Vancouver, B.C. V6T 1W5 



INTRODUCTION have been subsequently modified and reworked, respec- 

Queen Charlotte Sound (Fig. 1)  is adjacent to one of the 
most seismically active areas in the world (Milne et al., 
1978). Although the sediment distribution on the seafloor 
is well known (Luternauer and Murray, 1983) no systematic 
assessment has been made of the stability of the seafloor 
with respect to static or dynamic conditions. 

The objective of this report, is to give the preliminary 
results of laboratory testing of core samples collected in 
1988 in the sound to establish some basic geotechnical 
properties of these sediments and present a preliminary 
analysis. Future reports will present a more rigorous assess- 
ment of the stability of the seafloor. 

GEOLOGICAL SETTING 

The physiography of Queen Charlotte Sound consists 
primarily of banks capped with gravel and sand and troughs 
floored with gravel, sand and mud (Luternauer and Murray, 
1983). Glacial processes have largely determined both the 
morphology and sediment distribution in the sound. These 

- .  
tively, by a higher energy oceanic regime which existed at 
a time of lowered sea levels (Luternauer et al., in press). 
The present sedimentation within Queen Charlotte Sound 
consists of olive-green organic muds which are accumulat- 
ing primarily in the troughs, away from the shelf break. 

FIELD AND ANALYTICAL METHODS 

Piston cores were obtained at seven sites from the C.F.A.V. 
ENDEAVOUR (cruise END88B) from June 11-23, 1988 
(Table 1, Fig. 1). Sample locations were chosen to empha- 
size : 
1. sites having loose or soft sediments which could be 

prone to slope instability and could be penetrated read- 
ily by the piston corer (slopes with coarse sediment 
(sand and diamict) could not be sampled adequately 
with available corers). 

2, sites where sampled units can be traced laterally for 
some distance using seismic profiles and thus permit 
tentative extrapolation of defined geotechnical proper- 
ties from sampled areas to other sites. 

Figure 1. Location of piston core sites in Queen Charlotte Sound. 
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Table 1. Location of piston core sites 

CORE LOCATION LATITUDE LONGITUDE 

END88B-039 Moresby Trough 52018.8gfN 130°16.47'W 
END88B-040 Moresby Trough 52013.801N 130°08.85'W 
END88B-041 Moresby Trough 52°10.03'N 130°16.29'W 
END88B-044 Mitchell's Trough 51 O50.32'N 1 29035.101W 
END88B-050 Mitchell's Trough 51°58.79'N 12g031 .49'W 
END88B-057 Goose Is. Trough 51°33.42'N 128O22.34'W 
END88B-058 Goose Is. Trough 51°30.58'N 128O28.96'W 

Samples were obtained with a gravity piston corer in 
3.05 m liner sections of 9.9 cm I.D. which were subse- 
quently cut into 1 m sections. Shipboard operations were 
limited to torvane measurements on core ends as well as the 
collection of water content and gas samples from the cutting 
shoe. The 1 m core sections were then capped, waxed, and 
refrigerated. The cores were later placed in foam lined core 
boxes for transportation to the University of British Colum- 
bia where they were stored in a high humidity environment 
until testing. A selection of round subsamples in 20 cm 
lengths were taken from the END88B cores where no visible 
evidence of disturbance was seen. These short core lengths 
were waxed and stored in sea water for possible future con- 
solidation and triaxial testing. 

All core sections not retained as subsamples for future 
testing were subsequently split and laboratory vane shear 
measurements of peak and residual undrained shear 
strengths were taken every 10 cm where appropriate. A 
manually operated Farnell vane shear device was used with 
a 12.7 x 12.7 mm vane, at a rotation rate of 24"Iminute. 
Peak shear strengths were determined by inserting the vane 
into the split core and rotating it at constant rate until a maxi- 
mum spring deflection was surpassed. Next, the vane was 
rotated through several full rotations in order to remould the 
sediment and the test was repeated to determine the residual 
shear strength. No significant difference was observed 
between residual shear strengths of hand-remoulded and 
vane-remoulded sediment. Sensitivities were calculated as 
the ratio of peak to residual vane shear strength. 

Water content samples were obtained every 10 cm 
between vane measurements. All water contents are based 
on per cent dry weight but were not corrected for salt con- 
tent because pore water chemistry analyses were not avail- 
able at time of writing. Atterberg limits (ASTM Standards 
D423 and D424) were determined on samples taken at inter- 
vals sufficient to characterize each distinct unit. Sea water 
was used in Atterberg limit determinations in order to 
approximate the pore water chemistry of the sediments. 

Grain size analyses were not done at this preliminary 
stage of the study as the main concern was to determine 
water contents and shear strengths before cores were signifi- 
cantly altered. However, the core sections have been saved 
in order to allow for grain size analyses in the future. Bulk 
densities were the final measurements made. 

RESULTS 

Three piston cores were recovered from Moresby Trough. 
The first core, END88B-039, was obtained on a terrace to 
the west of the trough axis. The entire 7.6 m core length 
consisted of an olive-green organic clay-silt (Fig. 2). Water 
contents decreased uniformly from over 90% at the top of 

the core to about 55 % at a depth of 4.0 m. The correspond- 
ing peak vane shear strengths over this depth range 
increased gradually downcore. Below 4 m, the water con- 
tents increased while the peak shear strengths decreased 
somewhat with depth. The residual shear strengths varied 
in roughly the same fashion as the peak shear strengths, 
resulting in a sensitivity profile which is relatively constant 
with an average sensitivity of about 7. Plastic limits (P.L.) 
showed a consistent value of 30% although variation of liq- 
uid limits (L.L.) results in plasticity index (P.I.) values 
ranging from 28-41 % . In all cases, the natural water content 
was equal to or greater than the L.L. of the sediment. Bulk 
densities ranged from 1.50 to 1.71 glcc. 

The second Moresby Trough core, END88B-040, was 
obtained on the eastern trough slope. The core consisted of 
a 0.6 m thick olive-green clayey silt which overlies a grey 
silt extending to the bottom of the 4.6 m long core (Fig. 3). 
A 0.3 m thick grey silt is shown on Figure 3 at the top of 
the core but its actual existence is not certain as this short 
section may have been mis-identified on retrieval. The 
water content of the grey silt was quite low and uniform with 
depth with an average of about 27 % . The olive-green clayey 
silt had an average water content of 37%. Peak shear 
strengths appeared quite variable in core END88B-040 but 
nevertheless generally increased slightly with depth. The 
residual shear strengths, on the other hand, increased uni- 
formly with depth. Sensitivity, on the average, remains con- 
stant with depth with a value of 9. Atterberg limits could 
not be determined for this core because the plasticity of the 
grey silt was very low to non-existent. The bulk density of 
the grey silt near the bottom of the core was 2.00 glcc. 

The third Moresby Trough core, END88B-041, was 
obtained from the recent sediments at the centre of the 
trough. The core is comprised entirely of an organic olive- 
green clay-silt with a bulk density of 1.5 glcc (Fig. 4). On 
recovery of the core, closely spaced gas cracks were visible 
below 4.0 m. Water content decreased uniformly from 
about 120% at the top of the core to 74% at the bottom. The 
peak shear strengths were fairly constant from 0-2 m where 
they were generally less than 7 kPa. Below this, peak shear 
strength increased irregularly with depth, as did the residual 
strength profile. As a result, below 2.0 m sensitivity was 
relatively constant with a value of about 5.  Above 2.0 m, 
the very low residual strengths shown by the sediment yield 
high sensitivities which are quite variable. The limited 
accuracy to which the laboratory vane can measure such low 
residual strengths contributed to the large variability. Water 
contents are close to the L.L. values with P.1, values rang- 
ing from 34-46%. 

Two cores were recovered from Mitchell's Trough'. 
The first core, END88B-044 showed a uniformly increasing 
peak shear strength profile with depth (Fig. 5). although the 
values are somewhat variable from the layered sediment 
below 2.0 m. Water contents exhibited significant variation 
with depth and no consistent variation is evident except at 
2.0 m where there was a sharp increase in water content and 
perhaps below 4.0 m where water contents increased. The 
zone of higher water contents between 2.0 and 4.0 m cor- 
responds to the section where there are more silt-sand 

' The geographic names Mitchell's Trough and Goose Island Trough 
are informal and have not been approved by the Advisory Committee 
on Undersea Feature Names. 
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Figure 2. Summary of properties, core END88B-039. 
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Figure 4. Summary of properties, core END88B-041 
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CORE DEPTH SHEAR STRENGTH (kglcmi2) 
(m) SHIP LAB 

ELlD88B-039 2.80 0.28 0.11 
3.80 0.14 0.20 
4.76 0.18 
5.76 0.28 0.11 

END88B-040 3.68 0.20 0.13 

END88B-041 2.00 0.10 0.04 
5.04 0.23 0.21 

EIVD88B-044 1 .OO 0.13 0.06 
1.80 0.18 0.13 
2.20 0.13 
2.77 0.16 0.14 
3.77 0.26 0.25 
4.77 0.29 0.20 

END888-057 2.00 0.09 0.02 
2.86 0.16 0.15 
3.99 0.08 
4.99 0.24 0.24 

END88B-058 2.27 0.07 0.06 
3.37 0.20 0.09 
4.21 0.15 0.14 
5.28 0.25 0.15 
6.28 0.20 0.09 

Goose Is. Trough 51'30.58' N 128'28.96' W 

Filename : end058.dat Test Date: Aug 2 8  1988 

Table 2. Torvane shear strengths of core section ends contact. Water contents steadily decreased from the top of 
the core to a depth of 2.2 m where water content dropped 
sharply at the upper contact of the grey silt clay. For the 
remaining depth of core, the water contents were roughly 
constant. The water contents above 2.2 m were significantly 
greater than the L.L. determined for the sediment. The 
P.L., L.L., and P.I. values for the grey silt-clay are much 
lower than those for the overlying organic silt-clay and 
decreased with depth. Also, the bulk density of the organic 
silt-clay is only 1.34 glcc while that of the grey silt-clay is 
approximately 1.9 glcc. The peak undrained shear strengths 
increase uniformly to a depth of 3.3 m where they sharply 
decrease. Disturbed 'flow-in' sediment below 3.2 m in the 
core is the cause of the lower shear strengths. The shapes 
of the peak and residual strength profiles are quite similar, 
resulting in a sensitivity profile which, although somewhat 
variable, remains essentially constant with depth. 

U.B.C. I n  S i t u  Test ing 

The first of two cores recovered from Goose Island 
Trough, END88B-057,  consisted of an organic olive-green 
clay which graded to a greenish-grey clay towards the bot- 
tom of the core (Fig. 7). Peak shear strength values increase 
downcore but are more variable below 3.2 m. Remoulded 
strengths are very low and increase only slightly with depth 
resulting in fairly high, though variable, sensitivities. The 
water contents below 0.5 m remained constant with depth 
except at 2.4 m where a 3 0 %  drop in the water content was 
evident. Water contents were well above the L.L. values 

layers. Here again, the very low values of residual strength obtained for the sediment which has a P.I. of 17%. Mea- 

above 2.0 m result in high and variable sensitivities. Below sured bulk densities fall between 1.6 and 1.7 glcc. 

2.0 m sensitivity was lgss variable, lower, and is roughly The second Goose Island Trough core, END88B-058,  
constant with depth. Atterberg limits at the bottom of the consisted of an olive-green organic silt-clay overlying vari- 
core gave a P.L. of 23% and a P.I.  of 27%. Bulk densities ous grey silt-clay units (Fig. 8). The peak shear strengths 
of 1.7 glcc were determined at three depths. increased downcore but were variable. This may largely - - -  

The second Mitchell's Trough core, END88B-050,  con- reflect lenses and layers of sand and silt within the sediment. 

sisted of 2.2 m of organic silt-clay which overlies a thin Low residual shear strength values throughout most of the 

sandy gravel (Fig. 6). A grey silt-clay which extended to core result in fairly high but variable sensitivities except in 

the bottom of the core underlay the sandy gravel at a sharp the grey silty-sandy clay at the bottom of the core which 



exhibited the highest residual shear strengths. Water con- 
tents were highest in the organic silt-clay at the top of the 
core and decreased slightly with depth in the underlying 
sediment. The water contents were well above the L.L. 
values determined for the sediment. Bulk densities are 
essentially constant downcore with measured values ranging 
from 1.68 to 1.83 gtcc. 

DISCUSSION 

Although a site-specific analysis of sediment stability has 
not been done at this stage of the study, some general infer- 
ences can be drawn from the geotechnical results obtained. 

Firstly, liquidity index values (representing water con- 
tents normalized relative to plasticity) are generally close to 
or greater than one, suggesting the possibility of highly sen- 
sitive sediment. This indication is confirmed on examination 
of the calculated sensitivity profiles for the core sites. Sensi- 
tivities generally fall in the range 5-30 corresponding to a 
Rosenqvist sensitivity classification (h Mitchell and 
Houston, 1969) of the order of very sensitive to medium 
quick clays. 

Highly sensitive clays may be of particular concern with 
respect to slope stability, because many of the slope failures 
which developed during the 1964 Anchorage, Alaska, earth- 
quake involved failures through clay of high sensitivity. 
Furthermore, stress-strain relationships are related to sensi- 
tivity in that sensitive clays generally exhibit low values of 
strain at failure (i.e., sensitive clays tend to be brittle and 
can lead to progressive faiiures). 

However, slope angles are no greater than only several 
degrees for all core sites. When this is taken into consider- 
ation along with the peak shear strength values obtained it 
is apparent that slopes probably are statically stable. 

Furthermore, the peak shear strengths are likely 
underestimated in light of core disturbance effects. A rough 
indication of the degree of such handling and transportation 
disturbance effects can be drawn from comparisons of tor- 
vane measurements taken on core ends immediately after 
sampling and those taken in the laboratory at a later date. 
Such a comparison (Table 2) indicates an average peak shear 
strength reduction of 30%. This reduction is in addition to 
any shear strength reduction as a result of the sampling oper- 
ation. ~ h u s ,  the in situ peak shear strengths may be signifi- 
cantly higher than those portrayed in the shear strength 
profiles of Figures 2 to 8. As a result, even the relatively 
high sensitivities calculated for each profile tend to underes- 
timate the actual sensitivity values. 

With respect to fine grained sediment, clay or silt with 
low plasticity index has been found to be just as vulnerable 
to liquefaction as are loose clean sands (Ishihara et al., 
1980). This is particularly relevant to core END88B-040 
which was recovered from the slope of Mitchell's Trough 
and consists almost entirely of a low plasticity silt. Indeed, 
attempts to quantify the plasticity of this sediment by means 
of P.I. determinations proved to be unsuccessful for such 
a low plasticity material. In addition, at least some of the 
sediment from Mitchell's Trough and Goose Island Trough 
is classified as a low plasticity sediment according to the 
Unified Soil Classification System. Of course, further test- 
ing would be required in order to quantify the dynamic 
behaviour of these sediments. 

CONCLUSIONS AND RECOMMENDATIONS 
FOR FURTHER STUDY 

Most slopes are likely statically stable due to low slope 
angles and sufficient peak undrained shear strengths. ~ u r -  
ther, at least some of the sediment in all troughs sampled 
has a low plasticity index, suggesting possible liquefaction 
susceptibility to dynamic wave or earthquake loading. 

The results from this preliminary study form a basis for 
further investigations of sediment instability in Queen 
Charlotte Sound. In order to characterize the sediments 
already sampled, grain size determinations as well as con- 
solidation testing to determine stress history and compressi- 
bility are required. In addition, static triaxial tests are 
reauired for the silt to determine Mohr-Coulomb effective 
strength parameters where site specific slope stability analy- 
sis is desired. Cyclic triaxial testing will be necessary for 
the analysis of dynamic stability under cyclic earthquake or 
wave loading. Selected subsamples from the recovered 
cores have been retained and stored in order that such testing 
mentioned above may be performed in the future. 

It is also important to integrate and extend the geotechni- 
cal results with seismic interpretations and geological evi- 
dence in order to obtain a better understanding of the 
geotechnical sediment characteristics within Queen 
Charlotte Sound. 

Lastly, locations along the relatively steep slopes of 
Mitchell's Trough where obvious evidence of slope instabil- 
ity exists (Luternauer and Conway, 1986) were not geotech- 
nically sampled. These slopes are draped with sands which 
were considered to be unsuitable for piston coring. Unfor- 
tunately, these slopes are also of greatest interest in terms 
of stability analysis as a result of the failures along these 
slopes. Future emphasis should be put on obtaining geotech- 
nical information in this critical area. An in situ testing pro- 
gram with at least cone penetration testing, while quite 
costly, is necessary to assess the stability of these sandy 
slopes since sampling is inappropriate in cohesionless sedi- 
ments. 
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