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Evolution and Hydrocarbon potential of the
Queen Charlotte Basin,
British Columbia

INTRODUCTION

The Queen Charlotte Basin is one of Canada’s hydrocarbon explo-
ration frontiers. In 1987, the Geological Survey of Canada began a
multidisciplinary basin analysis project for the basin under the aus-
pices of the Frontier Geoscience Program (FGP). The purpose of this
Frontier Geoscience Program is to provide policy makers and the Cana-
dian public with the best possible assessment of hydrocarbon poten-
tial in the Basin. The FGP mandate specifies four primary areas of sci-
entific investigation: 1) deep crustal structure; 2) internal basin
geology, 3) source rock potential and thermal evolution, and 4) haz-
ards to development. A team of 49 scientists was assembled from the
Geological Survey of Canada, the University of British Columbia, the
University of Ottawa, and the private sector. Disciplines brought to
the program include: biostratigraphy, sedimentology, seabed mapping,
potential field mapping, seismic reflection and refraction surveying,
geological mapping, volcanology, thermal and geochemical analysis,
and isotopic dating. Preliminary reports of many of the studies have
been published by the Geological Survey of Canada in its annual pub-
lication Current Research for the past three years. The 31 papers in
the present volume range from final products to interim reports; cer-
tain investigations are still in progress. Nonetheless this volume and
the accompanying maps provide a significant contribution to our
understanding of the evolution and hydrocarbon potential of the of Queen
Charlotte Basin.

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

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

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

INTRODUCTION

Le bassin de la Reine-Charlotte est I’une des régions pionniéres au
Canada ou I’on effectue des travaux d’exploration des hydrocarbu-
res. En 1987, la Commission géologique du Canada a entrepris un pro-
jet d"analyse pluridisciplinaire du bassin sous les auspices du Programme
géoscientifique des régions pionniéres (PGP). Ce programme a pour
objectif de fournir aux décideurs et au grand public canadien la
meilleure évaluation possible du potentiel en hydrocarbures de ce bassin.
Il est précisé dans le mandat du PGP quatre principaux domaines d’anal-
yse scientifique : 1) la structure profonde de la crotite; 2) la géologie
interne du bassin, 3) le potentiel et I’évolution thermique de la roche
mére et 4) les obstacles a la mise en valeur. Une équipe de 49 scien-
tifiques de la Commission géologique du Canada, de I'Université de
la Colombie-Britannique, de I'Université d’Ottawa et du secteur
privé a été formée. Les disciplines dont bénéficie le programme sont
les suivantes : la biostratigraphie, la sédimentologie, la cartographie
du fond océanique, la cartographie du champ potentiel, la sismique
réflexion et la sismique réfraction, la cartographie géologique, la
volcanologie, I’analyse de données thermiques et géochimiques et la
datation isotopique. Les rapports préliminaires de plusieurs de ces études
ont été publiés par la Commission géologique dans ses publications
annuelles sur les Recherches en cours au cours des trois derniéres an-
nées. Les 31 documents contenus dans le présent volume sont des rap-
ports finaux ou provisoires; de nombreuses études ne sont pas encore
terminées. Toutefots, le présent volume et les cartes jointes con-
stituent une contribution importante a la reconstitution de I’évolution
du bassin de la Reine-Charlotte et 4 la détermination de son poten-
tiel en hydrocarbures.

Le bassin de la Reine-Charlotte comprend toutes les unités
stratigraphiques depuis le Jurassique moyen jusqu’a plus récent. Au
cours du Tertiaire, du Crétacé et du Jurassique moyen, les iles de la
Reine-Charlotte faisaient probablement partie d’un plus grand bassin
qui s’étendait a I’ouest de la marge continentale actuelle. Aujourd’hui,
le bassin se limite au détroit d’Hécate, au détroit de la Reine-Char-
lotte et a I’entrée Dixon.

Si le bassin contient des quantités commerciales de pétrole, on
devrait également en trouver dans les régions au large du détroit d’Hé-
cate et du détroit de la Reine-Charlotte. Cependant, comme les don-
nées de sismique réflexion recueillies au large des c6tes indiquant
les liens stratigraphiques et structuraux au-dessous de la couverture
de roches clastiques et volcaniques tertiaires sont insuftisantes, le seul
moyeil d’inférer les liens extracOtiers pré-tertiaires est d’analyser la
géologie littorale. Heureusement, cela ne s'applique pas aux roches
tertiaires : les liens structuraux et stratigraphiques complexes qui ex-
istent entre les roches volcaniques et sédimentaires cartographiées
sur le littoral sont bien représentés sur les profils de séismique réflex-
ion recueillis au large. En ajoutant les données sur le champ poten-
tiel, I’écoulement thermique et la sismique réfraction, on obtient une
base de données de plus en plus compléte pour I’interprétation de la
géologie tertiaire. La présence d’indices de pétrole sur les iles de la
Reine-Charlotte laisse supposer qu’il est géologiquement possible que
des hydrocarbures s’y soient accumulés. La distribution sur terre et
les caractéristiques des schistes argileux riches en matiere organique
et thermiquement mature du Jurassique inférieur n’ont pas été déter-



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

An indefinite moratorium on hydrocarbon exploration along
Canada’s west coast was imposed by the Federal Government in
1972; its purpose is to prevent crude oil tankers from travelling
through Dixon Entrance, Hecate Strait and Queen Charlotte Sound
en route from the Trans-Alaska pipeline terminal in Valdez, Alaska.
Subsequently, a federal Order-in-Council indefinitely relieved existing
offshore exploration permit holders of their obligations to conduct ex-
ploratory drilling in these waters and prohibited any further drilling.
In 1981, the Province of British Columbia reinforced the moratori-
um by declaring these waters to be part of an Inland Marine Zone. The
moratorium on exploration remains indefinite pending an agreement
between the Federal and British Columbia governments on terms and
conditions for the resumption of hydrocarbon exploration. Contributions
of the Queen Charlotte Islands Frontier Geoscience Program repre-
sent a scientific framework essential to policy formulation and to ne-
gotiations between different levels of government.

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

minées en détail; on a établi trés récemment un lien géochimique entre
les hydrocarbures et ses roches meres potentielles et les taches de pét-
role observées dans les couches tertiaires forées au large des cotes.
Ces découvertes indiquent qu’il doit exister au large des roches
meres du Jurassique inférieur et que des hydrocarbures matures ont
migré vers la succession tertiaire plus récente. Sur terre, les grés cré-
tacés présentant un certain potentiel de roches réservoirs reposent di-
rectement par endroits sur des couches meres. Selon Ihistoire struc-
turale et stratigraphique reconstituée i ce jour, les couches tertiaires
pourraient également reposer directement sur des roches méres.

Méme si ce programme est axé sur Ja détermination du poten-
tiel en hydrocarbures du bassin, il est nécessaire de connaitre les
dangers naturels qui pourraient contrecarrer I’exploration ou la mise
en valeur de ces ressources. Traditionnellement, ’évaluation des
dangers consistaient a réaliser des essais techniques sur des carottes
de sédiments combinés a des levés sismiques monocanaux a haute ré-
solution et a cartographier le fond océanique — méthodes congues pour
déterminer la stabilité relative du fond océanique et les forces
physiques qui pourraient le perturber. Or, dautres questions envi-
ronnementales ont émergé. Il s’agit des craintes exprimées par 1’in-
dustrie de la péche et par d’autres Canadiens qui croient que les
techniques d’exploration, comme les levés sismiques multicanaux met-
tant en oeuvre de grands dispositifs de canons a air, auront des réper-
cussions négatives sur la vie marine, en particulier sur les stocks de
poissons. Pour analyser cette question, des ressources ont été affec-
tées a une étude de base sur la densité et la distribution des planctons
et des larves de poisson dans les détroits de la Reine-Charlotte et d"Hé-
cate. A Ja premiére étape de la préparation d’une évaluation des
répercussions sur I’environnement, il est crucial de connaitre la diversité
et la quantité des organismes marins. Nous remercions donc le min-
istere fédéral de Péches et Océans pour leurs conseils et leur partic-
ipation spontanée.

En 1972, un moratoire indéfini sur 1’exploration des hydro-
carbures le long de la cote Ouest du Canada a été imposé par le gou-
vernement fédéral; il visait & empécher les pétroliers en provenance
du terminal du pipeline trans-alaskien a Valdez (Alaska) de travers-
er I’entrée Dixon et les détroits d’Hécate et de la Reine-Charlotte. Par
la suite. un ordre en conseil du gouvernement fédéral a relevé, pour
une période indéfinie, les détenteurs de permis d’exploration ex-
tracdtiere de leurs obligations de réaliser des forages d’exploration dans
ces eaux et a interdit tout forage supplémentaire. En 1981, 1a province
de la Colombie-Britannique a remis en vigueur le moratoire en
déclarant que ces eaux faisaient partie d’une zone marine intérieure.
Le moratoire sur I'exploration est maintenu jusqu’a ce qu’un accord
intervienne entre le gouvernement fédéral et celui de la Colombie-
Britannique sur les modalités de la reprise de I’exploration des hy-
drocarbures. Les contributions faites par le Programme géoscien-
tifique des régions pionni¢res dans les fles de la Reine-Charlotie
représentent un cadre scientifique essentiel & la formulation de poli-
tiques et a la tenue de négociations entre les différents niveaux de gou-
vernement.

D.J. Tempelman-Kluit,
Directeur, Division de la géologie de la Cordillerie,
Commission géologique du Canada



Late Triassic through early Tertiary evolution
of the Queen Charlotte Basin, British Columbia,
with a perspective on hydrocarbon potential

R.L Thompsonl, J.W. Haggart1 and P.D. Lewis’

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

Abstract

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

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

A distinct change in sedimentation style is reflected in the composition and facies of the overlying stratigraphic suc-
cession, the second tectonostratigraphic package present in the Queen Charlotte Islands. The sedimentary strata of
this package are composed dominantly of coarse clastics rather than carbonates. The thickness, facies, and distri-
bution of many of these strata appear to have been controlled by Late Jurassic, Cretaceous, and early Tertiary syn-
depositional block faulting. This package includes the Yakoun and Moresby groups (Middle Jurassic), the Longarm
Formation and Queen Charlotte Group (uppermost Jurassic? to Upper Cretaceous), and Tertiary rocks. Although
strata of similar age to the second package are found on Vancouver Island and in the southern Coast Mountains, con-
tinuity of map units between the Queen Charlotte Islands and these regions can not be demonstrated.

A second episode of folding and thrust faulting occurred in the Late Cretaceous andlor early Tertiary. Newly rec-
ognized nonmarine clastic rocks of Eocene and/or Oligocene age (unnamed) constrain the age of this deformation.
Widespread volcanism (Masset Formation) postdates this second shortening event, accompanied by deposition of a
thick succession of marine and nonmarine Miocene and Pliocene sedimentary rocks (Skonun Formation).

Parts of the Kunga and Maude groups have good source-rock potential. Possible reservoir rocks include the basal
transgressive phase of the Cretaceous succession (Longarm and Haida formations) and Tertiary sandstones (Sko-
nun Formation). Juxtaposition of reservoir rocks over source strata has been documented on-land; a similar rela-
tionship is likely for local regions offshore.

Résumé

Les iles de la Reine-Charlotte sont composées de deux successions tectonostratigraphiques : 1) des roches volcaniques,
des calcaires et des roches silicoclastiques du Trias supérieur et du Jurassique inférieur de la formation de Karmutsen
et des groupe de Kunga et de Maude respectivement; et 2) des roches volcaniques, du grés, du schiste argileux et du
conglomérat du Jurassique moyen, du Crétacé et du Tertiaire faisant partie des groupes de Yakoun et de Moreshy
(Jurassique moyen), de la formation de Longarm (Crétacé inférieur), du groupe de Queen Charlotte (Crétacé), des
formations de Masset et de Skonun (Tertiaire) et de plusieurs unités cartographiques non désignées.

La succession tectonostratigraphique la plus ancienne s’ est accumulée sur le fragment continental de la Wrangel-
lia. L activité volcanique mafique du Trias supérieur a été suivie d une subsidence synchrone lente accompagnée d’ un
dépot de roches carbonatées et clastiques de plate-forme. Selon les données fossiles et paléomagnétiques recueillies,
la Wrangellia se trouvait a des latitudes plus basses pendant le Trias et le début du Jurassique. Le déplacement vers
le nord, accompagné d’ une segmentation et d' une accrétion éventuelle de la Wrangellia a la marge continentale du
Canada et de I’ Alaska, a eu lieu entre le Jurassique moyen et le Crétacé supérieur.

Cordilleran Division, Geological Survey of Canada, 100 West Pender Street. Vancouver, B.C. V6B IR8
Department of Geological Sciences, University of British Columbia, 6339 Stores Road, Vancouver, B.C. V6T 2B4



Un plissement et un chevauchement a direction nord-est a accompagné la déformation et le plutonisme du Jurassique
moyen dans les iles de la Reine-Charlotte. Aprés le Jurassique moyen, il y a eu un changement de style de sédimen-
tation mis en évidence par la composition et le faciés de I assemblage tectono-stratigraphique le plus récent. Les zones
d'origine étaient proximales et les bassins étaient de taille relativement petite. Méme si les caractéristiques de ces
roches sont typiques de couches d’ age semblable dans I'ile de Vancouver et dans le sud de la chaine Cétiére, il n’a
pas été possible d’établir une corrélation des unités cartographiques entre ces régions. Durant le Jurassique
supérieur et le Crétacé, un morcélement par failles synsédimentaire a eu des répercussions sur I’ épaisseur, le faciés
et la distribution des unités au sein de séquences de grés-schiste argileux transgressives. Ce style de sédimentation
s’ est poursuivi jusqu’ au Tertiaire. Des roches clastiques marines et non marines (non désignées) récemment découvertes
de I'Eocéne et de I Oligocéne se sont accumulées a la méme époque par débordement de roches pyroclastiques et
de coulées mafiques (non désignées). Un deuxiéme épisode de plissements et de chevauchements a direction nord-
est a eu lieu pendant la fin de I’ Oligoceéne et/ou au début du Miocéne. La réactivation de I’ activité volcanique (for-
mation de Masset) a été accompagnée de la sédimentation de dépots épais de roches clastiques mioceénes et pliocénes
(formation de Skonun).

Des parties des groupes de Kunga et de Maude offrent de bonnes possibilités de contenir des roches meéres. Les roches
réservoirs possibles sont notamment les formations de Longarm et de Honna et les grés tertiaires. La juxtaposition
de roches réservoirs au-dessus de roches méres a été reconnue sur terre; les mémes liens pourraient exister au large.
Pour identifier les cibles crétacées au large des cétes, il faudra acquérir des données de sismique réflexion de meilleure
résolution dans les roches sous-jacentes aux roches clastiques et volcaniques tertiaires.

Le bassin de la Reine-Charlotte posséde plusieurs caractéristiques géologiques semblables a celles de I'inlet Cook
(Alaska) : 1) ils ont tous les deux évolués dans des milieux d’ avant-arc, 2) des suintements de pétrole brut ont été
observés, 3) ils sont surtout composés (aprés le Jurassique inférieur) de gres feldspatholitique, 4) ils sont caractérisés
par une histoire tectonique complexe qui s’ est traduite par la juxtaposition de couches réservoirs au-dessus de couch-
es meres, 5) la maturation et la migration des hydrocarbures n’a pas eu lieu avant le Tertiaire et 6) ils ont subi au

Tertiaire inférieur une déformation qui a pu créer des piéges d’ hydrocarbures.

INTRODUCTION

Cumulative production from the Cook Inlet Basin, southern
Alaska (Fig. 1), to December 31, 1984 is 1.5 billion barrels of oil; re-
coverable reserves exceed 1.1 billion barrels. The largest gas ficld has
estimated recoverable reserves of 235 billion cubic metres of dry gas.
Undiscovered reserves are estimated at 0.3-1.4 billion barrels of oil
and 17-76 billion cubic metres of gas.

Fifteen hundred kilometres southeast of Cook Inlet, the Queen
Charlotte Basin on Canada’s west coast (Fig. 1) has never produced
oil or gas and, to date, has no proven hydrocarbon reserves. It does,
however, have a stratigraphic and tectonic history comparable in
several respects to that for Cook Inlet. Does this suggest it has the po-
tential to equal Cook Inlet as a hydrocarbon producer? In an attempt
to address this question, this paper describes the Late Triassic through
early Tertiary geologic history of the Queen Charlotic Basin and
how it may relate to hydrocarbon potential.

In Cook Inlet, oil fields occur near the basin margin, where
Tertiary reservoir rocks unconformably overlie Middle Jurassic
source strata. Exploration is based on a two-part geological model (Ma-
goon and Claypool, 1981): 1) burial and maturation of Jurassic source
rocks during the Cretaceous and early Tertiary was followed by up-
dip migration of hydrocarbons into conglomerate and sandstone
reservoirs of Oligocene age; 2) hydrocarbons were remobilized dur-
ing Pliocene and Pleistocene deformation, filling new traps created
in faulted anticlines and upturned stratigraphic pinchouts. The model
is constrained by detailed geological mapping around the basin mar-
gins; interpretation of thousands of kilometres of industry seismic re-
flection data; and stratigraphic, biostratigraphic, and geochemical
examination of more than 1200 exploration wells.

The Queen Charlotte Basin, in contrast, is an exploration fron-
tier. Between 1958 and 1961 Richfield Oil Corporation drilled 6

wildcat wells on northeastern Graham Island and Shell Oil drilled 8
more wells offshore between 1967 and 1969 (Fig. 2; Shouldice,
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Figure 1: Terrane map of the western part of the Cordillera showing
the locations of Queen Charlotte Basin, British Columbia, and Cook
Inlet Basin, Alaska.



1971). Marine seismic reflection coverage is sparse and of poor qual-
ity. In 1972 the Federal Government imposed an indefinite morato-
rium on offshore hydrocarbon exploration (West Coust Offshore Ex-
ploration Environmental Assessment Panel, 1986).

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

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

Comparisons at a more regional scale are also encouraging.
Like Cook Inlet, the Queen Charlotte Basin evolved in intra-arc and
forearc settings, beginning (probably) in the Middle Jurassic when ter-
rane accretion was accompanied by subduction of oceanic crust and
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inception of the Coast Plutonic Complex magmatic arc (van der
Heyden, 1989).

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

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

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

Fortunately, there is sufficient onshore exposure in the Queen
Charlotte Islands to assemble a geologic history from Late Triassic
until early Tertiary time (Figs. 3 and 4). Analysis and interpretation
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of on-land geology provide analogues and constraints that can assist
in the interpretation of structures, stritigraphic relations, and levels
of maturation in the offshore part of the basin — especially for Cret-
aceous and older strata. This is critical because if commercial quan-
tities of hydrocarbons exist in the Queen Charlotte Basin, they are like-
ly to be found in the offshore, beneath Hecate Strait, Dixon Entrance,
and Queen Charlotte Sound.

Many of the ideas expressed in this paper evolved from new ge-
ological mapping (Fig. 5; Thompson, 1990; Thompson and Lewis,
1990a,b; P. Lewis et al., 1990) and stratigraphic studies undertaken
during the 1987-1989 field seasons. This paper is best read with the

maps at hand. Thompson did the bulk of the regional mapping (scale
1:50 000); Lewis prepared detailed maps (scale 1:25 000) and carried
out structural analyses of Long Inlet, Rennell Sound, and southeast-
ern Louise Island (Lewis and Ross, 1988, 1989, 1991); Haggart pro-
vided stratigraphic analysis as well as biostratigraphic control on
Cretaceous strata (Haggart, 1991). Our data support four main con-
clusions:

1) Regional folding and faulting occurred in Middle Jurassic time.

2)  Block faulting influenced Mesozoic and Tertiary sedimentary pat-
terns.



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

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

REGIONAL TECTONIC SETTING

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

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

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

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

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

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

A DEFINITION OF THE
QUEEN CHARLOTTE BASIN

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

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

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

In practice, the boundaries of the Queen Charlotte Basin are lit-
tle changed from those used by carlier workers except for the addi-
tion of the Queen Charlotte Islands. The new basin boundaries are:
the Queen Charlotte Fault on the west; the northern margin of Dixon
Entrance on the north; the eastern margin of Hecate Strait and Queen
Charlotte Sound on the east; and the southern margin of Queen Char-
lotte Sound on the south (Figs. 1 and 2).

A SYNOPSIS OF QUEEN CHARLOTTE
BASIN GEOLOGIC HISTORY

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



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

Wrangell Terrane succession

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

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

The remainder ot the Lower Jurassic succession, called the
Maude Group, is dominated by well-bedded, fine-grained detrital rocks
(Ghost Creek, Fannin, Whiteaves, and Phantom Creek formations).
The succession is internally conformable, up to 175 m thick, and con-
sistent with a stable-shelf depositional environment (Cameron and
Tipper, 1985). The presence of time-stratigraphic correlatives on north-
ern Vancouver Island (Quatsino Formation; Jeletzky, 1976; Desrochers,
1989) suggests that the Upper Triassic-Lower Jurassic shelf was of
regional extent.

Queen Charlotte Basin succession

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

Little Upper Jurassic strata has been identified in the Queen Char-
lotte Islands (Fig. 3). Cooling dates (Fig. 4) reported from the Burn-
aby Island and San Christoval plutonic suites (Anderson, 1988;
Anderson and Greig, 1989; Anderson and Reichenbach, 1989, 1991)
suggest that the islands experienced extensive uplift and erosion dur-
ing this time. By the Early Cretaceous, uplift was sufficient to expose
some of the plutons on southern Moresby Island, which are overlain
nonconformably by a granitic-rich transgressive lag of the Longarm
Formation (Yorath and Chase, 1981; Anderson and Greig, 1989;
Haggart and Gamba, 1990; Haggart, 1991). Because the nonconfor-
mity has not been observed on the northern part of Moresby Island
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or on Graham Island, we speculate uplift was greater in the southern
islands.

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

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

Volcanic activity was dormant throughout most of Cretaceous
time in the islands region. A succession of subaqueous volcanic de-
bris flows, volcanic breccias, and subaerial volcanic flows locally over-
lying the Upper Cretaceous Honna Formation in Skidegate Inlet rep-
resents the first definite evidence of volcanism since Middle Jurassic
time (Haggart et al., 1989).

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

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

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

Volcanism and sedimentation continued through the Neogene with
great volumes of Masset Formation basalt and rhyolite accumulating
on northern and western Graham Island; the volcanic rocks are in-
tercalated with, and overlain by, marine and nonmarine detrital sed-
iments belonging to the Skonun Formation (Hickson, 1988, 1989, 1991;
Higgs, 1991: Haggart et al., 1990).



X,

Figure 6: (a) Angular unconformity separating Yakoun Group volcanic breccias (above) from Sandilands Formation siltstone (below); (b) upright
beds of Sandilands Formation having erosional relief exceeding 0.5 m; (c) infillings of Yakoun Formation clasts showing no clast rotation or in-
terclast shear, and no slip along the unconformity; (d) undeformed interclasts in Yakoun volcanic breccia immediately overlying unconformity.
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MIDDLE JURASSIC DEFORMATION

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

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

On the north shore of Cumshewa Inlet, 2 km west of Dawson
Cove (Fig. 5; Thompson and Lewis, 1990a), a sharp angular uncon-
formity separating the Yakoun Group and the Sandilands Formation
is exposed (Fig. 6a). Bedding in the Sandilands Formation dips 70°
southwest, whereas the overlying breccias of the Yakoun Group dip
30° to the northeast. The unconformity has been stripped clean of any
Kunga (and Maude) Group detritus, leaving more than one metre of
erosional relief (Fig. 6a). Interpretation of this unconformity as a de-
tachment surface can be ruled out for four reasons: 1) it abruptly and
irregularly truncates steeply dipping fold limbs in the Sandilands
Formation (Fig. 6b); 2) it has substantial erosional relief; 3) there is
no evidence of deformation or slip along the unconformity (Fig. 6¢);
and 4) the infill of volcanic breccia clasts shows no evidence of in-
terclast deformation or preferred clast orientation (Fig. 6d). The
structural disharmony evident across the unconformity must have re-
sulted from deformation prior to deposition of the Yakoun Group, as
seen in the complex geometry of faulted chevron folds present just
beneath the unconformity (Fig. 7). The stratigraphic relationships at
this locality place close time limits on the onset of folding — late in
the Early Jurassic or early in the Middle Jurassic.

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

In central Graham Island, Indrelid et al. (1991) mapped north-
west-trending contractional faults which emplace Lower Jurassic
strata (Sandilands Formation) over Yakoun Group strata. They spec-
ulate that these faults were active prior to Cretaceous deposition in
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the area. If so, Middle Jurassic shortening extended into, and possi-
bly through, the time of Yakoun Group deposition.

Further evidence for Middle Jurassic deformation comes from
Clapp Basin in Shields Bay (at the head of Rennell Sound; Fig. 5) where
Anderson and Reichenbach (1991) have mapped a 168 + 2 Ma plu-
ton crosscutting southwest-vergent folds involving the Pliensbachi-
an Sandilands Formation; this restricts deformation to post-Pliens-
bachian/pre-Callovian time, consistent with other constraints on the
timing of deformation discussed above.

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

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

s

Figure 7: Faulted chevron folds in the Lower Jurassic Sandilands
Formation.



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

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

a) N

1283 Points

918 Points

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

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

257 Points

LEGEND

Contour Method: Schmidt (1925)
Counting Area: 0.010

Contour Interval: 1% Points per 1% Area
Maximum Contour: a)6, b)5, c)7

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

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

UPPER JURASSIC AND YOUNGER BLOCK
FAULTING AND SEDIMENTATION RESPONSE

Most of Late Jurassic time is represented as a distinct hiatus in
the stratigraphic record ot the Queen Charlotte Islands. Following the
accumulation of Moresby Group strata in the Late Bathonian and Early
Catlovian no further marine sedimentation occurred in the islands re-
gion until the Tithonian (latest Jurassic) when basal strata of the
Cretaceous succession were deposited in the northern islands (Haggart,
1989). K-Ar dates from the San Christoval and Burnaby Islands plu-
tonic suites (Anderson and Reichenbach, 1991) show that Late Juras-
sic time 1n the islands was one of uplift (Fig. 4). By Early Cret-
aceous time, at least one pluton in Poole Inlet on Burnaby Island had
been unroofed (Anderson and Greig, 1989). Early Cretaceous (Hau-
terivian/Barremian) marine strata unconformably overlie Late Juras-
sic plutonic rocks there, evidence that the plutons were emplaced and
exhumed by Early Cretaceous time in the southern islands.

Pre-Cretaceous block fauiting

Block faulting accompanied the uplift of Late Jurassic plutons.
Exposures in Cumshewa Inlet and Skidegate Inlet readily display this
important concept.

Cumshewa Inlet

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

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

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

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

Thus, two distinct stratigraphic successions characterize differ-
cnt arcas of Cumshewa Inlet. On the cast and south sides of the inlet,
Yakoun strata are present in great thickness, but in the block between
these areas Yakoun Group rocks are absent or very thin. Therefore,
a second, more westerly fault, the Dawson Cove Fault (Fig. 5,
Thompson, 1990; Thompson and Lewis, 1990a,b), is required. Move-
ment along the central block's bounding faults must have elevated the
block after it received its blanket of Yakoun Group strata to allow for
the subsequent removal of Yakoun rocks prior to deposition of the Cret-
accous succession.

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

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



Skidegate Inlet

Another locality showing evidence
of pre-Cretaceous block faulting is in the
Skidegate Inlet region (Fig. 5: Thompson,
1990; Thompson and Lewis, 1990b).
On the inlet’s south shore, near Alli-
ford Bay, the Macmillan Creek and
Saachs Creek faults define a narrow
block exhibiting a thick Yakoun Group
succession overlying strata of the Maude
Group. Overlying the Yakoun Group
is a thin veneer ot Cretaceous strata.
East of the Saachs Creek Fault, Cret-
aceous rocks overlie a thick succession
of Yakoun and Moresby groups (Fig.
10a-¢).

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

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

Cretaceous sedimentation

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

Cretaceous transgression
Cretaceous strata in the Queen
Charlotte Islands are readily divided
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Figure 10: Cross-sections, south slope of Skidegate Inlet (see Fig. 5 for location). (a) Present geo-
logical relationships; (b) during the Tertiary after deposition of the Honna Formation; (c} during the
Late Cretaceous just before deposition of the Honna Formation; (d) during the Early Cretaceous just
after deposition of the Longarm Formation; and (e) during the Late Jurassic after deposition of the
Moresby Group.
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into conglomerate and sandstone of shallow-marine origin (inner
shelf environments), deeper water shale (outer shelf and slope settings),
and turbiditic sandstone and shale and conglomerate which accumulated
in sediment distribution networks and submarine fan settings (Haggart,
1991). Most of the Cretaceous succession reflects shelf deposition in
a relatively stable tectonic setting.

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

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

Plots of the position of the shoreline at successive time intervals
show that the direction of Cretaceous transgression was generally east-
ward (Haggart, 1991). The earliest record of this transgression in the
northern part of the islands is latest Jurassic (Tithonian) while in the
southern islands region the oldest strata yet identified are of Hau-
terivian/Barremian age.

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

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

Late Jurassic structural controls

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

Such a pattern is displayed in the western Skidegate Inlet area.
On the north side of the peninsula forming the southeast corner of Sandi-
lands Island (Fig. 5; Thompson and Lewis, 1990b) a thin succession
of Haida Formation sandstone unconformably overlies Upper Trias-
sic Peril Formation. A short distance to the north (presumably rep-
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resenting a thin section of Haida strata) a thick accumulation of
Honna Formation conglomerates crop out. The conglomerates can be
traced to the south and west where they are apparently in unconformable
relationship with the Upper Triassic Sadler Limestone.

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

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

Based on the model of eastward-directed transgression, Haggart
(1991) suggested that Cretaceous deposits older than Middle Albian
will not be found east of the region of the fault. Cretaceous rocks of
very shallow marine character are found essentially onlapping the Yak-
oun Group in the immediate vicinity of the fault. It thus appears
likely that Cretaceous deposition east of the fault, if it occurred, was
nonmarine. The block east of the Copper Creek Fault appears to
have acted as a topographic high limiting further Cretaceous depo-
sition to the northeast.

Cretaceous block faulting

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

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

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

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



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

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

Map relationships in Cumshewa Inlet show that the Honna For-
mation there locally overlies pre-Yakoun and even Triassic rocks. On
the inlet’s north shore, 0.5 km north of Duval Rock, the Honna For-
mation conglomerates unconformably overlie steeply dipping Mono-
tis-bearing beds of the Peril Formation (Fig. 11). On the south side
of the inlet, 2 km west of Kitson Point, the Honna Formation over-
lies strata of the Sandilands Formation unconformably.

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

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

Tertiary block faulting

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

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

Figure 11: Unconformity between vertically-dipping Monotis-bearing Peril Formation limestone and Honna Formation conglomerate.
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LATE CRETACEOUS/ZEARLY TERTIARY
FOLDING AND THRJSTING

Until the 1989 tield scason, the time ol folding and thrusting of
Cretaceous rocks was loosely constrained as Late Cretaccous or Pa-
leocene. In now appears that there were four distinet episodes of de-
formation within this time period (Lewis, 1990): 1) northeast-di-
rected shortening, in Late Cretaceous to carly Tertiary time; 2)
extensional block faulting. postdating the above shortening but pre-
dating deposition of Eocene/Oligocene sediments; 3) northeast-directed
shortening, in Oligocenc time; and 4) post-Oligocenc block taulting,
possibly synchronous with extensional structures which cut Nco-
gene strata in Hecate Strait. This sequence of structural events is based
on contact relationships exposed cast of Long Inlet adjacent to Mount
Seymour (Fig. 5; Lewis, 1990).

Folds and thrust faults affecting strata as young as Palcogene can
be traced from Louise Island across northern Moresby Island into cen-
tral and western Graham Island. Deformation is most intense in a 5-
10 km-wide belt extending from Louise Island to Long Inlet and from
there to Rennell Sound. Farther east, on northern Moresby Island, the
region is broadly folded. Thrust faults verge northeast on Louisc Is-
land, and southwest on northern Moresby Island, between Mosquito
Lake and Skidegate Narrows, and on southern Graham Island. In some
instances, thrust faults are spatially associated with tight folds. For ex-
ample, at Kitson Point in Cumshewa Inlet, Longarm Formation beds
are thrust northeast over steeply dipping to overturned Honna Formation
strata (Fig. 12a).

In earlier publications (Thompson, 1988; Thompson and Thorkel-
son, 1989) we referred to the belt of most intense folding and fault-
ing as the Rennell Sound Fold Belt. We have abandoned this usage
as misleading because it suggests Tertiary deformation is restricted
to that narrow zone. Results from Sewell Inlet (Taite, 1990) and
central Graham Island (Hesthammer et al., 1989; Indrelid et al.,
1991; P. Lewis et al., 1990) show that Tertiary deformation was also
important in areas distant from the belt.

From northeastern Louise Island to near Skidegate Narrows, Late
Cretaceous and/or Tertiary folds are coaxial with Middle Jurassic folds;
at Skidegate Narrows they diverge, the older structures bending west-
northwest and the younger ones continuing northwest to Rennell
Sound (Fig. 5; Thompson and Lewis, 1990b; P. Lewis et al., 1990).
We speculate that the divergence was controlled by a zone of base-
ment weakness coincident with the Dawson Cove Fault. Because the
Dawson Cove Fault postdates Middle Jurassic deformation, it would
have had no effect on those structures.

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

The trend of Late Cretaceous and/or early Tertiary contraction-
al structures is consistently north-northwest on both Graham Island
and northeastern Moresby Island (Fig. 5; Hesthammer et al., 1989;
Indrelid et al., 1991; P. Lewis et al., 1990). However, in the Sewell
Inlet area west of Louise Island, trends are east-west and north-south
(Fig. 5; Thompson and Lewis, 1990a; Thompson and Thorkelson, 1989;
Taite, 1990). On the south side of Sewell Inlet, north of Trotter Bay,
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two pre-Tertiary thrust faults are interpreted to cause south to north
repetition of the Honna and Skidegate formations. We do not know
how or if this pattern relates to northwest-trending structures. Taite
(1990) was not able to map these thrusts farther to the west. Strati-
graphic repetition of conglomerate units within the Honna Formation
is an alternative interpretation requiring further investigation.

BASIN EVOLUTION: STYLES AND CONSTRAINTS
Mesozoic istory

Basin evolution underwent a profound change in the Middle Juras-
sic with the onset of regional deformation. Upper Triassic and Lower
Jurassic Wrangell Terrane strata were deposited on a stable, slowly
subsiding shelf that extended well beyond the areal limits of the
Qucen Charlotte Basin. Near continuous deposition is reflected in the
remarkable time-stratigraphic completeness of the Upper Triassic
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Figure 12: Cross-sections showing structural relationships at Kitson
Point (see Fig. 5 for location). (a) Present; (b) during the Late Cret-
aceous or early Tertiary; and (c) during the Late Cretaceous just after
deposition of the Honna Formation.



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

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

Paleogene history

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

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

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

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

Columbia (Tempelman-Kluit and Parkinson, 1986; Parrish et al.,
1988) and the eastern Coast Plutonic Complex (van der Heyden,
1989; Friedman and Armstrong, 1988). This is also the time when plate
interactions at the continental margin changed from convergent to tran-
scurrent regimes (Stock and Molnar, 1988; Engebretson et al., 1985;
Hyndman and Hamilton, 1991).

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

Constraints on basin evolution

Our interpretation of basin evolution in the Queen Charlotte re-
gion differs from that of Yorath and Chase (1981) and Yorath and Hyn-
dman (1983) in several important ways. First, we do not view the Sand-
spit-Rennell Sound faults as the boundary separating the Wrangell and
Alexander terranes. Second, we do not interpret Cretaceous and Ter-
tiary stratigraphy in terms of a three-part suture, post-suture and rift
succession. Third, we find no support for the notion that Queen Char-
lotte Sound formed separate of, and much earlier than, Hecate Strait.
And fourth, our data do not support crustal flexure as the mechanism
controlling formation of Hecate Strait.

There are three reasons for suggesting there is no Late Jurassic-
Early Cretaceous suture between the Wrangell and Alexander terranes
along the Rennell Sound-Sandspit fault systems: 1) Wrangell Terrane
rocks are present on the eastern side of Hecate Strait on Bonilla Is-
land (Woodsworth, 1988); 2) sedimentological and structural evidence
is lacking (Haggart, 1991); and 3) a pluton of late Paleozoic age in
southeastern Alaska crosscuts both the Wrangell and Alexander ter-
ranes (MacKevett et al., 1986; Gardner et al., 1988), evidence that the
terranes had been amalgamated by Late Paleozoic time.

Yorath and Chase (1981) interpreted the Longarm Formation as
a suture assemblage. But within the proposed suture zone on the
Queen Charlotte Islands, Longarm strata onlap toward the northeast
across a basement topography locally controlled by syndepositional
block faulting. The Longarm is not restricted to a narrow “graben-like
trough” as previously interpreted (Sutherland Brown, 1968; Yorath
and Chase, 1981), and the postulated belt of deep water turbiditic fa-
cies extending from Cumshewa Inlet northwestward through Long Inlet
(Yorath and Chase, 1981) is, in reality, shallow water in nature
(Haggart, 1989, 1991). A suture assemblage would presumably con-
tain elements of both the Wrangell and Alexander terranes. We have
recognized clasts from the Kunga, Maude, and Yakoun groups, and
granitics derived from Middle Jurassic plutons, but nothing to sug-
gest that the Alexander Terrane was a source (this fact was also
noted by Yorath and Chase, 1981). Other elements one might expect
along a suture, such as a regressive succession characterized by a fly-
sch to molasse sequence produced from rapid basin infilling, a tec-
tonic melange, remnants of oceanic crust, high pressure metamorphic
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assemblages, and folds and thrusts of Late Jurassic or Early Cretaccous
age, are lacking. Potential field data do not image a crustal suture
(Lyatsky, 1991; Sweeney and Seemann, 1991), and new seismic re-
flection data have failed, as yet, to show definite evidence for one (Rohr
and Dietrich, 1991).

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

The Harlequin well, drilled near the centre of Queen Charlotte
Sound (Fig. 2), is the only offshore well in which Tertiary strata of
Early Miocene age have been confirmed; the remainder of the wells
intersect Late Miocene and younger strata (Patterson, 1988a,b;
Shouldice, 1971). On the strength of this fact, and the assumption that
no Tertiary sediments older than Late Miocene were known from the
Queen Charlotte Islands or Hecate Strait, Yorath and Hyndman
(1983) proposed that Queen Charlotte Sound formed earlier than
Hecate Strait, through crustal attenuation during the Late Oligocene
and Early Miocene (22-17 Ma). This was followed by thermal sub-
sidence during the Miocene (17-9 Ma), when the basin filled with sed-
iment. The amount of crustal attenuation — over 300%, or approxi-
mately 70 km in a north-south direction — was based on cstimates
of right lateral strike-slip offset on the Louscoone Inlet Fault system.

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

We also find it difficult to accept the suggestion that the Sand-
spit Fault is the offset continuation of the Louscoone Inlet Fault.
This interpretation is based on the notion that the so-called Rennell
Sound Fault system is a right-lateral strike-slip fault system, linked
to crustal rifting in southern Hecate Strait during the Middle Miocene
(Sutherland Brown, 1968; Yorath and Chase, 1981; Yorath and Hyn-
dman, 1983). The Honna Formation conglomerate overlaps all pos-
tulated strands of the fault system (Thompson, 1990; Thompson and
Lewis, 1990b), and kinematic indicators on faults in Rennell Sound
suggest down-dip displacement, rather than strike-slip (Lewis and Ross,
1991). The main strand of the Rennell Sound system proposed by
Sutherland Brown (1968) is the Dawson Cove Fault, which we in-
terpreted above as a Late Jurassic and Cretaceous block fault. There
is no evidence in the area of Cumshewa Inlet, Skidegate Narrows, Long
Inlet, or Rennell Sound to suggest that strike-slip faulting was an im-
portant deformation mechanism during the Late Tertiary or earlier.
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Higgs (1989, 1990b, pers. comm.) suggested that horizontal
slickensides scen on brittle fractures in the Cumshewa Inlet area are
evidence supporting strike-slip. We raisc several objections to his in-
terpretation of this field observation. First, slickenside lineations re-
late to only the latest offset along a fracture, and tell nothing of the
cumulative offsct along that surface. Second, mesoscopic faulting with
subhorizontal slip directions is not limited to areas adjacent to regional
strike-slip faults. The orientation and slip direction of mesoscopic faults
is related primarily to the local orientations of the principal stress di-
rections and rock anisotropies. Steeply-dipping fractures with sub-
horizontal slip would be expected where the maximum and minimum
principal stress directions are horizontal, and the intermediate prin-
cipal stress direction is vertical — a condition common to both regional
strike-slip fault zones and compressional regimes. Indeed, meso-
scopic fractures with subhorizontal offset are well-documented fea-
tures in the Rocky Mountain Fold and Thrust Belt where strike-slip
faulting is essentially absent (Price, 1967; Bielenstein, 1969).

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

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

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

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

HYDROCARBON POTENTIAL

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

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

Distribution of source rocks

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

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

On-land mapping has demonstrated, for instance, that local
crustal blocks were stripped of their Kunga Group and Maude Group
stratigraphies prior to deposition of potential reservoir strata. As
well, basal Longarm Formation strata on Burnaby Island contain
cobbles and boulders derived in situ or from nearby unroofed Mid-
dle Jurassic plutons; higher in the Longarm section, clasts of Yakoun
Group volcanic rocks are abundant. This implies that significant up-
lift occurred during the Late Jurassic, exposing both the plutons and
Yakoun Group volcanic rocks to erosion. Additionally, local paleocurrent
data (Yorath and Chase, 1981; Yagishita, 1985a,b; Higgs, 1988;
Gamba et al., 1990) indicate an eastern source for Cretaceous sedi-
ment, suggesting that parts of Hecate Strait may have been uplifted
and eroded.
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Clast compositions in the Upper Cretaceous Honna Formation
provide additional evidence for uplift and erosion in the east. It is prob-
able that some of the granitic clasts in the Honna Formation were erod-
ed from the Coast Plutonic Complex or Alexander Terrane of south-
east Alaska (G.J. Woodsworth, pers. comm., 1990). However, large
angular clasts of Kunga Group limestone indicate a proximal source
for some components of the Honna conglomerate. We suggest that
some Upper Triassic and Lower Jurassic source strata were likely erod-
ed from offshore regions due to episodic Late Jurassic through Ter-
tiary block faulting.

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

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

Thermal history

The thermal history of Queen Charlotte Basins rocks is dis-
cussed by several authors in this volume (Vellutini and Bustin, 1991;
T. Lewis et al., 1991; Anderson and Reichenbach, 1991; Souther and
Jessop, 1991). Yorath and Hyndman (1983) used vitrinite reflectance
data from the offshore wells as the basis for a model in which high
heat flow was generated by rifting prior to 17 Ma, followed by cool-
ing associated with the underthrusting of oceanic lithosphere. New vit-
rinite reflectance determinations are in progress (M. Bustin, pers. comm.,
1990) and interpretations are pending.

Reservoir rocks

Cretaceous strata are dominantly feldspatholithic sandstones
and, as such, do not exhibit good reservoir characteristics from a pet-
rographic standpoint. Fogarassy and Barnes (1988, 1989, 1991) and
Fogarassy (1989) showed that shallow-water sandstones adjacent to
the trend of the Dawson Cove Fault are most mature, contain the great-
est primary pore space, and represent the best reservoir facies among
the Cretaceous strata. This suggests that the upside of any block
fault margin, where sediment reworking is likely, may produce facies
with good primary reservoir characteristics. This is especially true if
the block was stripped of strata down to the Kunga and Maude source
rocks. Identification of such fault blocks in the subsurface oftshore
remains a problem. Until better geophysical constraints are provid-
ed for details of pre-Tertiary offshore geology. there is little hope of
estimating the extent to which Cretaceous sandstones have reservoir
potential.

The distribution and geometry of Tertiary strata beneath Hecate
Strait and Queen Charlotte Sound has been discussed extensively by
other workers, including Shouldice (1971), Rohr and Dietrich (1991),
and Higgs (1990, 1991).

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

Cenozoic strata that extends from the Matanuska Valley at the head

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

(Fig. 14). To the northwest is the Alaska-Aleutian Range Batholith,
and the Bruin Bay and Castle Mountain faults; on the southeast is the
Border Ranges Fault and several accreted terranes (Fig. 15). Hydro-
carbon production is from six oil fields and three gas fields in upper
Cook Inlet (Fig. 15). A generalized time-stratigraphic chart for Cook
Inlet is presented in Figure 16 along with a companion chart for the
Queen Charlotte Islands. Our discussion of Cook Inlet geology and
the hydrocarbon exploration model used there is taken from Magoon
and Egbert (1986) and Magoon and Claypool (1981).

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

Mesozoic strata in Cook Inlet are principally marine and more
than [0 750 m thick, whereas Cenozoic strata are continental in na-
ture and exceed 7000 m in thickness. Sandstone is the dominant rock
type and was derived from two main sources: the magmatic arc and
recycled intrabasinal strata.

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

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

From Early Jurassic to Early Cretaceous time, the Aleutian
Range-Talkeetna Mountain magmatic arc was active; it produced pri-
mary volcanic flows and volcaniclastics in Cook Inlet Basin, as well
as sand, silt, and gravel, all rich in feldspar and lithic fragments.
Some of these rocks, the Middle Jurassic Tuxedni Group and Chinit-
na Formation (Fig. 16), are moderately rich in organic carbon (0.5-
1.5%; Magoon and Claypool, 1979, 1981) and are the hydrocarbon
source rocks for Cook Inlet.

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

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

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

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

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

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

SUMMARY

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

From Middle Jurassic until early Tertiary time, the Queen Char-
lotte Basin was in an arc, and later, a forearc, setting, adjacent to the
Coast Plutonic Complex magmatic arc. Late Jurassic uplift and ero-
sion accompanied by block faulting, was followed by the deposition
of two transgressive clastic sequences during the Cretaceous. Depo-
sition was largely continuous throughout Cretaceous time. Thicknesses
and facies vary on a local scale, reflecting continued minor adjustment
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along faults that had been active during the Late Jurassic. The uppermost
Jurassic-Lower Cretaceous Longarm Formation is not viewed as a su-
ture assemblage between Wrangell and Alexander terranes. Rather,
itis interpreted as the basal part of an essentially continuous Cretaceous
succession that also includes the Haida and Skidegate formations.
The recent discovery of on-land nonmarine and marine detrital
rocks of Eocene and Oligocene age is evidence that at least parts of
the Queen Charlotte Basin were receiving sediment early in the Ter-
tiary. The onset of Eocene and Oligocene deposition appears to co-
incide with two events of regional importance occurring at this time:
crustal extension in south-central British Columbia and along parts
(and perhaps all) of the eastern margin of the Coast Plutonic Com-
plex (Parrish et al., 1988; Tempelman-Kluit and Parkinson, 1986; van
der Heyden, 1989; Friedman and Armstrong, 1988), and a significant
change in plate dynamics along the Queen Charlotte Basin margin,
from convergent to transcurrent motion (Engebretson et al., 1985; Stock
and Molnar, 1988; Yorath and Hyndman, 1983; Hyndman and Hamil-
ton, 1991). We believe that Tertiary evolution of the Queen Charlotte
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Figure 16: Comparative stratigraphic columns for the Queen Charlotte Basin and the Cook Inlet COST No. 1 well. Data for the COST No. 1 well
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Basin was likely tied to crustal attenuation which affected large parts
of the Canadian Cordillera.

It is premature to propose a hydrocarbon exploration model for
the Queen Charlotte Basin; however, similarities with the explo-
ration model for Cook Inlet do exist. Like Cook Inlet, hydrocarbon
maturation within much of the Queen Charlotte Basin occurred as a
consequence of burial beneath thick sedimentary and volcanic deposits
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of Tertiary age. Similarly, the migration of oil into stratigraphic traps
might have occurred in those areas where source rocks are overlain
unconformably by Lower Cretaceous transgressive sandstones or
Tertiary sandstones. Finally, as for Cook Inlet, Pliocene deformation
in the Queen Charlotte Basin may have resulted in remobilization of
oil and gas into anticlinal traps.
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Figure 17: Diagrammatic cross-sections of upper Cook Inlet Basin (modified from Magoon and Claypool 1981, Figs. 19 and 20). (a) Regional
cross-section; (b) detailed interpretation of the west flank of upper Cook Inlet showing the relationship between Middle Jurassic oil source beds
and Tertiary reservoir rocks within faulted anticlines; (c) diagrammatic cross-section showing unconformable relationships prior to Pliocene fold-

ing and faulting.
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Abstract

Regional and detailed structural studies on the central and northern Queen Charlotte Islands delineate four episodes
of deformation spanning Mesozoic and Cenozoic time: 1) Middle Jurassic shortening, 2) Late Jurassic through mid-
Cretaceous block faulting, 3) Late Cretaceous/Early Tertiary contractional folding and faulting, and 4) Neogene ex-
tensional block faulting. During all deformation, structural styles reflect mechanical rock properties, which vary with
structural level. In deepest crustal rocks, strain is accommodated along steeply dipping faults and shear zones dur-
ing both extension and contraction. In overlying well-bedded rocks, shortening is manifested in open to tight folds
and shallowly dipping detachment surfaces, and extension occurs along steeply dipping normal faults. At highest struc-
tural levels, in thick homogeneous sedimentary and volcanic strata, dominant structures are broad map-scale folds
or steeply-dipping fault surfaces. Northwest-trending structural features are common to all deformation events, and
regional strain analyses record northwest elongation directions. Kinematic analyses of fault fabrics indicate that dom-
inant movement directions along steeply-dipping fault surfaces are east-side-up, or southwest directed. No evidence
is seen for large transverse offsets along major faults through the Queen Charlotte Islands. Throughout deformation,
strains were accommodated by a combination of brittle and ductile processes, facilitated by elevated pore fluid pres-
sures and fluid circulation.

Résumé

Des érudes structurales, régionales et détaillées, sur le centre et le nord des iles de la Reine-Charlotte ont permis de
délimiter quatre épisodes de déformation couvrant le Mésozoique et le Cénozoigue : 1) un raccourcissement au Juras-
sique moyen, 2) un morcellement par failles du Jurassique supérieur jusqu’ au Crétacé moyen, 3) la formation de plis
et de failles par contraction au Crétacé supérieur et au Tertiaire inférieur, et 4) un morcellement par failles de dis-
tension au Néogéne. Durant toute la déformation, les styles structuraux reflétent les propriétés mécaniques des roches
lesquels varient selon le niveau structural. Dans les roches de la croiite inférieure, la déformation alongé des failles
a pendage abrupt et des zones de cisaillement durant la distension et la contraction. Dans les roches bien stratifiées
sus-jacentes, le raccourcissement se manifeste dans des plis ouverts a serrés et dans des surfaces de détachement a
pendage peu profond, et la distension s’ observe le long de failles normales a pendage abrupt. Aux niveaux structuraux
les plus élevés dans les épaisses couches sédimentaires et volcaniques homogénes, les principales structures sont des
plis d’ échelle cartographique ou des surfaces de faille a pendage abrupt. Les formes structurales a direction nord-
ouest sont fréquentes dans tous les événements de déformation, et des analyses de la déformation régionale indiquent
des directions d allongement nord-ouest. Des analyses cinématiques de la fabrique des failles révélent que les di-
rections de déplacement dominantes le long des surfaces de faille a pendage abrupt sont I est, indiqué par le coté
relevé, ou le sud-ouest. Il n’ existe aucun indice de décalages transversaux importants le long des failles principales
dans les iles de la Reine-Charlotte. Les déformations, tout au long de leur processus, ont été accompagnées de phénoménes
cassants et ductiles, facilités par des pressions de fluide interstitiel élevées et par une circulation de fluides.

Department of Geological Sciences, University of British Columbia, 6339 Stores Road, Vancouver, B.C. V6T 2B4
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INTRODUCTION

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

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

Previous Structural Work

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

Drawing heavily on the existing geologic map and limited new
geophysical data, Yorath and Chase (1981) and Yorath and Hyndman
(1983) expanded Sutherland Brown’s interpretations and proposed tec-
tonic models for the evolution of the Queen Charlotte Basin. Their
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models require significant right-lateral offset along the Rennell Sound
and Sandspit Fault systems, and they interpreted the Louscoone Fault
as the offset southern extension of the Sandspit Fault. In addition, they
suggested that the Alexander/Wrangell terrane boundary coincides with
the Sandspit Fault and the offshore extension of the RSFZ.

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

Outline of present study

Detailed structural mapping was completed on the northern and
central Queen Charlotte Islands during the 1987 and 1988 field sea-
sons. Four areas were examined; from north to south these are north-
west Graham Island, Rennell Sound, Long Inlet/Kagan Bay, and
southeast Louise Island (Fig. 1; Figs. 4, 6, 9, 10, in pocket). These lo-
cations provide exposures of a variety of structural and stratigraph-
ic levels in the Mesozoic and Cenozoic section. All represent well-
exposed, structurally complex areas which are identified on existing
maps as being critical to evaluating the structural history of the region.
The Rennell Sound and Long Inlet/Kagan Bay areas both span the Ren-
nell Sound Fault Zone of Sutherland Brown (1968), and the Louise
Island area is located where the Louscoone Inlet Fault Zone and
Rennell Sound Fault Zone join. The northwest Graham Island expo-
sures were examined to assess the regional continuity of structures and
to provide further constraints to the overall structural history.
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Figure 1: Locations of areas mapped in this study, and approximate
traces of major structural features described by Sutherland Brown (1968).



Figure 2: Position of the Queen Charlotte Basin with respect to the
five major tectonic belts of the Canadian Cordillera and approximate
boundary between rocks of Wrangellia and Alexander terrane affini-
ty, as proposed by van der Heyden (1989).

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

Geologic framework

The Queen Charlotte Islands region lies within the Insular Belt
of the Canadian Cordillera on the westernmost edge of the North Amer-
ican continental plate (Fig. 2). The Queen Charlotte Basin is defined
as the Neogene basin occupying the depression bounded by the Coast
Mountains on the east and by the uplifted ranges of the Queen Char-
lotte Islands to the west. The basin is superimposed on older Meso-
zoic sedimentary basins, and much of it lies under Hecate Strait and
the Queen Charlotte Sound. Most strata exposed on the Queen Char-
lotte Islands are Mesozoic and Paleogene, and form the basement to
the Queen Charlotte Basin. Exposures of Neogene rocks are limited
to volcanic strata covering much of Graham Island and possibly
areas to the south, and small outcrops of Pliocene sedimentary rocks.
Mesozoic strata in the Queen Charlotte Islands comprise Upper Tri-
assic and Lower Jurassic rocks of the Wrangell Terrane (Jones et al.,
1977), and overlying Jurassic and Cretaceous sedimentary and vol-
canic strata. The Wrangellia Terrane at the latitude of the Queen
Charlotte Islands is bounded to the west by the Queen Charlotte
Fault, the major transform fault forming the boundary between Pa-
cific and North American plates. Wrangellian strata may extend to the
east of the islands under Hecate Strait, and Triassic volcanic rocks cor-
related with Wrangellia have been identified east of Hecate Strait on
Bonilla Island (Roddick, 1970; Woodsworth, 1988). The Wrangell Ter-
rane is juxtaposed against the Alexander Terrane to the east. Radio-
metric data indicate that the Alexander Terrane and Wrangellia have
been amalgamated since at least Middle Pennsylvanian time (Gard-
ner et al., 1988). van der Heyden (1989) suggests, on the basis of field
mapping and geochronologic studies in the Coast Mountains, that both

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

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

Stratigraphy

Strata of the Queen Charlotte Islands can be viewed simplisti-
cally as defining three distinct tectonostratigraphic sequences. Each
sequence is bounded by unconformities, may contain internal un-
conformities, and is subdivided into several map units (Fig. 3). In as-
cending order, these sequences are: 1) an Upper Triassic to lower Mid-
dle Jurassic succession comprising Wrangellian strata, 2) Middle
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Figure 3: Simplified stratigraphic column showing ages of major litho-
logic units in the Queen Charlotte Islands.
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Jurassic and Cretaceous volcanic, volcaniclastic, and siliciclastic
units, the distribution and facies of which are largely structurally con-
trolled, and 3) Tertiary volcanic and sedimentary rocks. Intrusions re-
lated to two periods of plutonism are exposed throughout the is-
lands. For detailed stratigraphic descriptions, the reader is referred to
Cameron and Tipper (1985), Desrochers (1988), Fogarassy (1989),
Haggart (1986, 1987, 1989, 1991), Haggart and Higgs (1989), Higgs
(1989), and Hickson (1989, 1991).
Triassic to lower Middle Jurassic

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

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

Middle Jurassic and Cretaceous

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

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

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

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

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

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

Intrusive rocks

Anderson and Greig (1989) assign most intrusive rocks in the
Queen Charlotte Islands to either a Tertiary (Oligocene) plutonic
suite or one of two Late Jurassic plutonic suites. These suites all rep-
resent calc-alkaline, I-type plutonism and define northwest-trending
magmatic belts. Intrusive rocks are volumetrically most abundant in
the southern portion of the islands.

STRUCTURAL GEOLOGY

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

Map descriptions

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

Northwest Graham Island map area

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

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



(Fig. 4a, in pocket). Mapping was aided by a 1:660 scale aerial pho-
tograph of the outcrop, prepared as a base for biostratigraphic stud-
ies in the area.

Bedding at Kennecott Point strikes approximately east-west,
and dips moderately to the south. Dominant structural features com-
prise two nearly orthogonal sets of subvertical faults, striking 030-040°
and 130-140°. The northeast-trending faults consistently cut and off-
set northwest-trending faults. Fault surfaces for both sets are either
discrete surfaces or narrow (<2 m) brittle shear zones. Northeast-trend-
ing faults span the width of exposed outcrop, whereas northwest-trend-
ing faults can be traced with certainty for only tens of metres. Offset
amount and direction were determined through examination of slick-
ensides, fault-drag folds, and offsets of marker beds. Both sets of faults
record subhorizontal, left-lateral offset. The older, northwest-trend-
ing faults commonly have metres to tens of metres of offset, where-
as younger, northeast-trending faults have separations greater than their
exposed strike length, at least 200 m.

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

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

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

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

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

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

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

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

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

Steeply-dipping faults striking 055-065° and 115-125° offset folds
and southwest-dipping faults. Both sets of steeply-dipping faults
have subhorizontal slickensides. Drag folds and offset of stratigraphic
markers document several metres of left-lateral offset along northeast-
trending faults, and uncertain amounts of right-lateral offset along north-
west-trending faults.

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

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

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

liations in adjacent massive limestones.

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

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

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

Discrete fault surfaces commonly are accompanied by pervasive
foliations in adjacent rocks. These foliations are best developed in mas-
sive rocks of the Sadler Limestone and are limited to rocks within 5-
15 m of the fault surface. Recrystallized calcite veins cut across the
foliation at small to moderate angles. Many are tightly to isoclinally
folded, with axial planes parallel to the foliation and fold axes par-
allel to the mineral lineation.

In addition to those folds occurring within fault zones and clear-
ly related to faulting, recumbent isoclines occur rarely within bedded
limestones and silistones of the Peril Formation (Fig. 8). These folds
are typified by northwest-trending axes and layer thickening in hinges,
and the amount of regional structural thickening they represent is un-
certain. The relationship between these folds and the faults described
above is unclear, but they probably represent an earlier phase of de-
formation.
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Long Inlet/Kagan Bay map area

Regional mapping was completed at 1:25 000 scale for the
Long Inlet and Kagan Bay map areas, extending as far south as
Skidegate Channel (Fig. 9, in pocket). Reconnaissance mapping of
shoreline exposures as far east as Sandspit and as far west as Chaatl
Island was conducted. Within the Long Inlet/Kagan Bay map area stra-
ta of Middle Jurassic to Paleogene age are represented. A discussion
of the structure and stratigraphy of the area at the south end of Long
Inlet alone is included in Haggart et al. (1989).

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

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



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

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

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

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

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

Southeast Louise Island map area

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

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

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

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

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

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

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

Discussion

The map studies described above, when combined with the re-
gional mapping described by Thompson et al. (1991), delineate four
episodes of deformation which affected the Queen Charlotte region
in Mesozoic and Cenozoic time. From earliest to most recent, these
are: a) Middle Jurassic shortening, b) Late Jurassic to mid-Cret-
aceous block faulting, ¢) Late Cretaceous or Early Tertiary folding,
and d) Neogene block faulting. An additional Tertiary shortening event
is inferred from structures in Paleogene strata north of Long Inlet and
is discussed by Lewis (1990). The regional significance of this event
is uncertain, and it is not addressed here. Northwest-trending struc-
tures are common to all episodes of deformation. As a result individual
structures observed in the field, especially in older rocks, are difficult
to ascribe to specific episodes of deformation. Multiple offset histo-
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ries are likely for many faults, and folds formed during early defor-
mation may have been subsequently modified. The geometry of each
of these episodes and the geologic evidence which constrains the tim-
ing of deformation are summarized below.
Middle Jurassic shortening
Earliest structures recognized in the Queen Charlotte Islands com-
prise northwest-trending folds and contractional faults in Triassic-Mid-
dle Jurassic strata. Several lines of evidence constrain the onset of com-
pression to Aalenian time:
- The Late Triassic (Carnian) to Middle Jurassic (Aalenian) sed-
imentary section represents a continuous succession unbroken
by internal unconformities (Tipper, 1989).

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

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

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

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

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

Middle Jurassic/Cretaceous block faulting

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

Late Cretaceous/Early Tertiary folding

A northwest-trending belt of tightly folded Cretaceous strata has
been mapped through Long Inlet (Lewis and Ross, 1988) and south-
west across northern Moresby Island to Louise Island (Thompson and
Thorkelson, 1989). Volcanic strata which conformably overlie Honna
Formation conglomerates in Long Inlet are involved in this folding
(Haggart et al., 1989). However, Miocene (Masset Formation) vol-
canic rocks throughout Graham Island are generally flat-lying
(Hickson, 1989), and gently-dipping Eocene/Oligocene sedimenta-
ry strata unconformably overlie the upturned edge of steeply dipping
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Honna strata both north and south of Long Inlet (Lewis, 1990). These
field relations restrict the timing of folding of Upper Cretaceous stra-
ta to Late Cretaceous and/or Early Tertiary.

Tertiary Block Faulting

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

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

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

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



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

Strain analysis

Introduction

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

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

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

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

Results and discussion

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

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

Figure 12: Example of deformed ammonite print used to character-
ize regional bedding-plane finite strain.
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Figure 13: Map showing variation in bedding-plane finite strain with
geographic position and stratigraphic level, as determined from deformed
ammonites and belemnites. At all locations studied, northwest elon-
gation directions are observed, with highest strain values occurring in
massive or thickly bedded Ghost Creek Formation siltstones.
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Magnitudes of strain ratios (1+e,/1+e3) measured range from 1.0
(unstrained) to 1.51. The strain ratios can be directly correlated with
lithologic characteristics: lower strain values were obtained from
strongly bedded rocks with well defined mechanical stratification (Sandi-
lands Formation), while uniform, massive siltstones and sandstones
(Phantom Creek and Ghost Creek formations) contained more high-
ly strained fossils.

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

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

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

Structural fabrics

Introduction

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

Mesoscopic description

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

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

Figure 14: Bedding (Sy) at small angles to cleavage (S;) in Skidegate
Formation siltstone at Kagan Bay, Graham Island.
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Figure 15: Pencil lineation structures in Skidegate Formation silt-
stone from East Skidegate Narrows. Lineation directions are consis-
tently parallel to regional fold axial trends.

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



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

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

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

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

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

Microscopic description

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

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

Figure 17: Well-developed foliation in Karmutsen Formation on Chaatl
Island. Compositional layering is inclined to foliation at small angles
and is offset along foliation.

Figure 18: Photomicrograph of asymmetric composite fabrics in Kar-
mutsen Formation schist along margins of mylonite zone, Chaatl Is-
land. S, is grain elongation foliation, S, is secondary shear surface,
recording north-side-up shear. These two fabrics intersect in a sub-
horizontal mesoscopic lineation.
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Figure 19: Photomicrograph of strongly twinned elongate calcite
grains defining foliation in basal Kunga Group limestone adjacent to
fault surface. Note brittle pull-apart of more competent siliceous layer
(pointed to by arrow) and fibrous calcite infilling fractures.

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

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

The bedded limestone of the Peril Formation contains well-de-
veloped microscopic fabrics associated with axial planar foliations at
Fleurieu Point on northwest Graham Island (Lewis and Ross, 1989).
At this location, the limestone is an extremely fine-grained, organic-
rich micrite, with abundant calcified radiolaria and scattered, fine-grained
andesine feldspar crystals. Bedding is defined by bands of unaltered,
fine-grained, euhedral andesine which are closely packed with little
intergranular matrix. In cores of mesoscopic folds, these feldspar
layers are bent about small-scale buckle folds parasitic to the larger
structures. On the outer hinges of these buckles, veins filled with feldspar
grains and small amounts of matrix are injected into the adjacent mi-
critic layers, and are parallel to the axial planes of the buckles. A pen-
etrative foliation commonly occurs within the micritic layers paral-
lel to told axial planes. This foliation is defined by a preferred
orientation of elongate calcified radiolaria and particulate organic mat-
ter. At one location, shell fragments of the bivalve Monotis subcir-
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cularis outline the foliation. In samples collected near hinge zones of
mesoscopic folds, where bedding is at high angles to cleavage, large
shell segments are broken and folded into accordion-like forms, with
enveloping surfaces parallel to bedding (Fig. 21).

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

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

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

Discussion

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

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

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



Figure 20: Photomicrograph of foliated limestone containing deformed fecal pellets used in centre-to-centre strain analysis: a) thin section cut
in down-dip orientation, parallel to mesoscopic lineation, b) section cut perpendicular to lineation and foliation.
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by simple-shear of sediment layers during later regional buckle fold-
ing. The down-dip striations commonly marking cleavage surfaces and
minor offsets of bedding across cleavage may be related to shear move-
ments along fracture surfaces during this folding or compaction.

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

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

Mylonitic foliations. Mylonitic zones in the Karmutsen Formation
have well developed asymmetric fabrics which in some cases record
similar senses of offset (northeast-side-up) to the fault fabrics observed
in the Kunga Group limestone. The mylonitic zones are probably a
deeper-level manifestation of discrete fault surfaces or brittle fault zones
in the Kunga Group, and reflect a transition to distributed strains over

Figure 21: Photomicrograph of cleavage (S;) in micritic fossiliferous
limestone defined by preferred orientation of elongate calcified radio-
laria and parallel arrangement of broken Monotis subcircularis shell frag-
ments. The approximate orientation of bedding is shown by the line S,.
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a wider area. Again, the offset direction recorded by mylonitic fab-
rics cannot be related conclusively to specific episodes of deforma-
tion.

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

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

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

! 5.
B
. | s

S1 Ffaéfure Z

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



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

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

Rocks at several stratigraphic levels show evidence of fabric de-
velopment by grain-boundary sliding and intergranular flow at ele-
vated pore-fluid pressures. The most notable features of this type are
those observed in Monotis Subcircularis-bearing Peril Formation
limestone at Fleurieu Point. Shell fragments in these rocks are bro-
ken and rotated into cleavage planes, a process which could occur only
if the surrounding matrix lacked internal cohesion. In these rocks, elon-
gate calcite grains (calcified radiolaria?) have attained their present
shapes through pressure solution. This combination of disaggregation,
grain boundary sliding, and pressure solution is compatible with low
temperature deformation of partially-consolidated sediments under el-
evated pore pressures (Knipe, 1986b; Groshong, 1988), and sug-
gests that deformation occurred soon after deposition of the sediments.

SUMMARY AND IMPLICATIONS FOR
HYDROCARBON RESOURCE POTENTIAL

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1. Structural controls on distribution of source and reservoir
strata:

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

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

3. Structures observed in reflection seismic data

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

4.  Structural hydrocarbon traps

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

Bedding plane finite strain was analyzed at 18 locations using
deformed prints of ammonites, and at one location using elongated
belemnite moulds. Strains were determined from ammonite prints using
the method of Blake (1878) (see also Ramsay and Huber, 1983). Most
Jurassic ammonites define a logarithmic spiral when undeformed.
Blake’s method allows the distortion of a this spiral to be deter-
mined using three successive radial measurements at increments of
90°. A logarithmic spiral is described by the equation:

r= ken cot(a)

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

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

= ke?
I, = ken
l‘3 — ken cot(a)

and
12
ry=(r +1p)"

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

R=r o)y

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

Using the strain ratios obtained with the above method, percent
shortening vatues were calculated assuming 1) constant volume de-
formation, and 2) volume reduction, where ¢3 = (). The values obtained
provide limits for actual shortening values.

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

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

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

APPENDIX 2: STRAIN ANALYSIS FOR
PELLOIDAL LIMESTONES

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

Table 1: Results of Strain Analysis of Deformed Fossils

Latitude Longitude Map Unit N
53°18'40” 132°26'00” Phantom Ck. 2
53°21°20” 132°25'52” Yakoun Gp. 2
53°21'13" 132°26'05" Yakoun Gp. 6
53°10°20” 132°05'16” Sandilands 14
53°11'50” 132°03'28” Ghost Ck. 7
53°11'16” 132°01'25” Ghost Ck. 15
53°21'52” 132°13'19” Sandilands 9
53°22'11" 132°15'28” Ghost Ck. 14
53°23'00” 132°16'18” Ghost Ck. 2
53°22'20" 132°13'30” Ghost Ck. 1
53°24'50” 132°18'05” Ghost Ck. 2
52°53'39” 131°39'27” Sandilands 2
52°53'27" 131°39'30” Sandilands 2
52°26'00” 132°19'18” Ghost Ck. 9
N = number of samples

! Calculated assuming constant volume, plane strain.

2 Calculated assuming volume reduction with e, = 6, = 0.

Elongation Strain Percent Percent
Direction Ratio Shortening’ Shortening?
123° 1.41 18.7 29.1
115° 1.19 9.1 16.0
090° 1.35 15.6 26.0
128° 1.16 7.7 13.8
136° 1.34 15.4 254
119° 1.32 14.9 24.2
165° 1.08 3.9 74
155° 1.08 39 74
102° 1.46 20.8 315
139° 1.27 12.7 213
100° 1.08 3.9 7.4
123° 1.16 7.7 13.8
185° 1.10 49 9.1
98.5° 1.08 3.9 74
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curate. The centre-to-centre method provides a graphical solution based
on a difference in nearest-neighbour spacing with direction in the de-
formed aggregate. The accuracy of Fry’s method is independent of
the original shape of the objects and the competency contrast between
markers and matrix, and is directly related to the degree of anticlus-
tering and number of objects used (Crespi, 1986). Two perpendicu-
lar sections of the same sample were analyzed. One section was ori-
ented perpendicular to foliation and parallel to mineral lineation, the
other was oriented perpendicular to foliation and lineation, Centres
of 224 fecal pellets were digitized in the lineation-parallel section, and
381 were digitized in the lineation-perpendicular section to produce
the graphical solutions in Figure 24. Finite strain ratios of 6.1:1 par-
allel to lineation and 3.3:1 perpendicular to lineation were measured.

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



50

el

Y Kennecott Pt.

Rennell Sound
Y -

)

Ghost Creek

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




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

J. Indrelidl, J. Hesthammerl, and J.V. Ross!

Indrelid, J., Hesthammer, J., and Ross, J.V., Structural geology and stratigraphy of Mesozoic rocks of central Graham Island, Queen
Charlotte Islands, British Columbia; in Evolution and Hydrocarbon Potential of the Queen Charlotte Basin, British Columbia,
Geological Survey of Canada, Paper 90- 10, p. 51-58, 1991.

Abstract

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

Résumé

Les roches mésozoiques du centre de I'tle Graham sont composées d'une unité calcaire basale sur laquelle reposent
en discordance des schistes argileux, des silts et des grés interstratifiés dont I Gge varie du Trias supérieur (Norien)
au Jurassique moyen (Aalénien). Sur ces derniers reposent en discordance des roches volcaniques et des roches sédi-
mentaires d origine volcanique du Jurassique moyen (Bajocien). Les roches crétacées sont représentées par des af-
Sfleurements de grés et de conglomérats. Les principaux plis sont subhorizontaux, de serrés a ouverts, a direction nord-
ouest. Les principales failles normales et chevauchantes sont orientées vers le nord-ouest. Les failles secondaires sont
orientées vers le nord-est et pourraient étre liées a un rejet horizontal.

i Department of Geological Sciences, University of British Columbia, 6339 Stores Road, Vancouver, B.C. V6T 2B4
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INTRODUCTION

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

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

3

1327 130

= o4

3

Graham
Island

Central Graham Island
Map Area

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

STRATIGRAPHY

Figure 2 shows the stratigraphy found on the Queen Charlotte
Islands according to Cameron and Hamilton (1988). Rocks exposed
in the map area consist mainly of Upper Triassic to Middle Jurassic
volcanic and sedimentary strata. Middle to Upper Cretaceous sedi-
mentary rocks occur in the northwestern portion of the mapped area.

The oldest rocks observed in the area belong to the Peril Formation
of the Kunga Group, a deep water pelagic fallout (Desrochers, 1988).
Outcrops of this unit are characterized by an abundance of the bivalve
Monotis subcircularis. This fauna is known to occur in the upper part
of the unit and constrains the age to Late Norian (Carter et al., 1989).
The limestone is overlain by the Sandilands Formation of the Kunga
Group, which is an uninterrupted sedimentary sequence from Upper
Norian to Sinemurian age (Tipper, 1989). The most common litholo-
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gies of the formation are interbedded 2-12 cm thick black-grey
siliceous sandstone and argillite, thin laminations of black siltstone,
shale, and grey siliceous tuff. Rare sandstone beds with thicknesses
of more than a metre have been observed in a few outcrops but are
not abundant. Load structures and coarsening upward grading are com-
mon sedimentary structures. Synsedimentary folds are also present.

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

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

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

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

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

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

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

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

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

STRUCTURES

Figure 3 shows a structural map of the area north of Yakoun Lake,
central Graham Island. Major structures in the Triassic and Jurassic
rocks in this area are northwest trending faults and folds. Folds
plunge gently northwest and southeast. A second fault set strikes north-
east, and minor folds with different trends are recorded. Consistent
north-striking bedding with moderate eastward dip was observed in
the Cretaceous Honna Formation. The underlying Longarm Forma-
tion has a more northwesterly strike, similar to the older units.

Faults

Few regional large scale faults are observed in the area, due to
lack of exposures. Interpretation of the regional map patlern requires
the presence of several large scale faults with offsets of several hun-
dreds of metres.

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

Folds

Regional scale

For the description of the regional fold pattern it is useful to di-
vide the studied area into two domains separated by the large fault strik-
ing northeast just north of structural section A-A’, the northern area
being domain 1.

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

In domain 2 there are no continuous northwest trending folds, and
the bedding generally dips towards the northeast. Some more locally
developed folds are parallel with those folds recorded in domain 1, oth-
ers differ notably from this orientation. Folds with northeast trending
axes are recorded in the Lower Jurassic Kunga and Maude Group. In
the southernmost area, folds in the Yakoun Group trend west-northwest.

Outcrop scale

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



Figure 5: Gently folded Rennell Junction Formation.

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

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

DISCUSSION

Intense folding in the Sandilands Formation and the somewhat
weaker folding in the Maude Group probably resulted from the first
compressional event in the area. The Sandilands Formation deforms
by layer parallel flexural slip into concentric and chevron folds. This
fold style is caused by high viscosity contrast across the layering in
the unit. The fairly uniform thicknesses of both competent and less
competent layers in the Sandilands Formation gave rise to the chevron
folds. The space problem created in the core of the buckle folds due
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to compression is accommodated by thrust faulting (Fig. 6). & de-
tachment surface in the underlying Kunga limestones probably pro-
vided a decollement accommodating the major buckle folds in the Sandi-
lands Formation. Figure 7 shows two structural sections drawn
through the area. The angular unconformity at the base of the much
less deformed Yakoun Group restricts the timing of a compression-
al deformation of the Kunga and Maude groups to early Bajocian, pos-
sibly continuing into the early period of deposition of the Yakoun Group
(Thompson, 1988). Northeast and west-northwest trending struc-
tures might have developed as a result of a differential stress regime
under the main deformational event, or they may represent other pe-
riods in the tectonic history of the area.

Both normal and reverse relative displacement on faults are ob-
served in outcrops, indicating a complex tectonic history with both
extensional and compressional periods. Compressional faults in the
Triassic and Jurassic rocks are commonly contraction faults related
to folding. Fold styles, shown in the two structural sections with an

alignment of large scale folds and thrust faults, support the theory of

northeast-southwest oriented compression with development of thrust
faults. The thrust faults are probably listric in origin and have their
detachment within the Kunga Group. This explains the very few ex-
posures of the limestone units in the central Graham Island. The

northeast-southwest striking faults can be interpreted as strike-slip faults
on the lateral edges of thrust sheets. The thrusting has affected the Mid-
dle Jurassic Yakoun Group and is related to a later compressional event
than the initial folding of the Upper Triassic and Lower Jurassic
rock units. This later compression can be related to a Late Cret-
accous to Tertiary event (Thompson, 1988).

Just north of Yakoun Lake a northwest striking, steeply dipping
normal fault juxtaposcs the Sandilands Formation and the Yakoun
Group. This is onc of the few large scale faults observed in the field,
and it is compatible with the theory of an extensional event in the tec-
tonic history. This extensional period postdates the mid-Jurassic
compression (Thompson, [988). The parallelism of the normal faults
with the thrust faults might have been caused by reactivation of ear-
lier structures.

The uniform eastward dip of the Cretaceous Honna Formation
suggests post depositional tilting. This tilting may be related to the Late
Cretaceous and/or early Tertiary compression suggested by Thompson
(1988).

Note added in proof: Recent field work by the authors and oth-
ers has resulted in revision to several of the ideas in this paper. For
an updated discussion, sce the papers in “Current Research, Part F”,
Geological Survey of Canada, Paper 90-IF.

Figure 6: Folding in the Sandilands Formation accommodated by a thrust fault (marked by a black line)
running in to the core of the fold. Offset across the fault decreases towards the core of the fold.
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U-Pb and K-Ar framework for Middle to Late
Jurassic (172-=158 Ma) and Tertiary (46—27 Ma) plutons in Queen
Charlotte Islands, British Columbia
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Abstract

We present 46 new U-Pb isotopic determinations for zircon and eight new K-Ar hornblende and muscovite dates for
plutons in Queen Charlotte Islands. Two eastward younging suites of Middle to Late Jurassic (172-2158 Ma) plu-
tons include: San Christoval plutonic suite (SCPS: 172-171 Ma); and Burnaby Island plutonic suite (BIPS; 168-2158
Ma). Northward younging of the Tertiary Kano plutonic suite (KPS; 46-27 Ma), identified in previous work, resolves
into 3 distinct episodes recording passage of a northwesterly accelerating magmatic front.

Two of the three segments of the linear, northwest-trending SCPS plutonic welt are coeval: 171 £ 6 Ma (U-Pb; all
errors 26) for the Woodruff Bay segment and 172 + 5 Ma and 172 + 3 Ma (U-Pb) for the San Christoval Range seg-
ment. The Rennell-Kano-Van inlets segment of SCPS is no younger than 164 +4/-2 Ma (U-Pb date for BIPS apoph-
ysis within SCPS). Mineral foliation developed during waning stages of mainly Early Jurassic contraction charac-
terizes SCPS. The deformation involved the Upper Triassic Karmutsen Formation and Upper Triassic and Lower Jurassic
Kunga Group host rocks but had ceased by at least 168 + 4 Ma (U-Pb date for a pluton that crosscuts folded Sine-
murian strata).

The younger (168-2158 Maj Burnaby Island plutonic suite comprises discrete plutons scattered along the east
coasts of Moresby and Graham islands and small intrusions within SCPS. Bajocian Yakoun Formation volcanic rocks
are the youngest country rock; Lower Cretaceous (Hauterivian age) Longarm Formation sedimentary rocks non-
conformably overlie BIPS. Zircon from the youngest, leucocratic trondhjemite phase, is at least 158 £ 4 Ma old and
contains inherited Pb of at least Pennsylvanian age (309 +14/-13 Ma upper concordia intercept). This is the first in-
dication of pre-Triassic basement in the Queen Charlotte Islands.

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

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

Résumé

Quatorze-six nouvelles datations selon la méthode U-Pb sur zircons et huit selon la méthode K-Ar sur hornblende
et muscovite de plutons dans les tles de la Reine-Charlotte ont permis de définir : un rajeunissement vers [’ est des suites plu-
toniques du Jurassique moyen a tardif (158-172 Ma), soit la suite plutonique San Christoval (171-172 Ma) et la suite plu-
tonique de I'fle Burnaby (158-168 Ma) et un rajeunissement vers le nord de la suite plutonique Kano du Terti-
aire (Eocéne et Oligocéne; 27-46 Ma).

Les trois segments de la suitc plutonique de Burnaby (du sud vers le nord : segment de Woodruff, du chainon
San Christoval et des inlets Rennell-Kano-Van) longeant la cote ouest de I'ile Moresby et la cote sud-ouest de I'Tle
Graham recoupent des roches du Trias supérieur et du Jurassique inférieur. Neuf fractions sur zircons de trois

' Cordilleran Division, Geological Survey of Canada, 100 West Pender Street, Vancouver, B.C. V6B IR8
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échantillons de la suite San Christoval donnent des dges de 172 + 10 Ma (toutes les erreurs correspondent a deux
Jois I écart-type) pour le segment de Woodruff et 172 +5 Ma et 171 + 12 Ma pour le segment du chainon San Chris-
toval. Le segment des inlets Rennell-Kano-Van de la suite San Christoval ne dépasse pas 164 +4/-2 Ma (4ge U-Pb
pour Iapophyse de la suite Burnaby dans celle de San Christoval).

La suite plutonique de I'ile Burnaby du Jurassique moyen et supérieur est composée de plutons distincts, disséminés
le long de la céte est des tles Moresby et Graham, et de petites intrusions dans la suite San Christoval. Les roches
encaissantes les plus récentes recoupées par la suite sont les roches volcaniques de la formation de Yakoun du Ba-
Jocien. Les roches sédimentaires de la formation de Longarm du Crétacé inférieur reposent en discordance sur la
suite Barnaby. Le zircon d’ un échantillon de la suite Barnaby recueilli prés de la discordance a donné un age iso-
topique de 165 = 4 Ma. Les intrusions de la suite Barnaby dans celle de San Christoval comportent Iintrusion de
monzonite quartzique du détroit de Rennell datée a 164 +4/-2 Ma et la trondhjémite de I’ inlet Beresford (typique d’ une
phase leucocratique de la suite Barnaby dont la datation de I’ intrusion selon la méthode U-Pb sur zircons donne 158
+ 4 Ma. La systématique uranium-plomb de la trondhjémite indique la présence de Pb héritée du Pennsylvanien ou
d’age antérieur (309 +14/-13 Ma, intercept supérieur du diagramme de Concordia), ce qui correspond a la premiére
indication de la présence d’un socle pré-triasique dans les iles de la Reine-Charlotte. Une datation U-Pb a 168 £ 2
Ma d’ une intrusion porphyrique a hornblende-plagioclase prés du bassin Clapp dans la baie Shields traversant des
plis a vergence sud dans la formation de Sandilands du Pliensbachien limite I’ dge de la déformation a une période
située entre le Pliensbachien et le Callovien.

Les datations K-Ar des suites plutoniques du Jurassique moyen a tardif varient de 145 a 192 Ma. La datation au Juras-
sique moyen par la méthode K-Ar concorde avec les estimations obtenues par la méthode U-Pb et indique un
soulévement et un refroidissement rapides contemporains des deux suites. La datation des plutons et des débris plu-
toniques de la formation de Long Arm au Jurassique tardif est jusqu’a 25 millions d’ années plus récente que leur
datation U-Pb. Cela pourrait refléter une remise en place par la formation de vastes filons au Jurassique supérieur-
Crétacé inférieur, filons qui caractérisent la suite Barnaby et que I’ on trouve dans la suite San Christoval. Ces filons
ont donné naissance a des gisements skarniféres de fer-cuivre et sont en partie a I’ origine de I’ hyper maturation des
roches méres du groupe de Kunga.

Les plutons de la suite plutonique Kano du Tertiaire recoupent toutes les unités plus anciennes. Dix datations U-Pb
de 32 fractions délimitent trois épisodes plutoniques diachrones distincts vers le nord de périodicité décroissante :
un groupe méridional de plutons éocénes en partie bimodaux liés a une distension (39-46 Ma); un groupe médian
d’intrusions de I’ Oligocéne inférieur (32-36 Ma), et un groupe septentrional de massifs de I’ Oligocéne supérieur de
méme étendue (et vraisemblablement contemporains) que les roches volcaniques voisines de la formation de Mas-
set du Mioceéne inférieur. En ce qui concerne tous les plutons de la suite Kano, les datations K-Ar sur hornblende et
biotite concordent avec celles établies selon la méthode U-Pb. Une datation K-Ar (43,7 £ 1,1 Ma) sur hornblende
de I'Eocéne d’un membre de dvkes d’ andésite porphyritique de I essaim de dykes de la baie Carpenter a direction
nord est conforme a la datation U-Pb des plutons de la baie Carpenter qui renferment une partie de I’ essaim. Le plu-
tonisme bimodal éocéne contemporain et la formation de dykes indiquent un important épisode de distension pen-
dant I'Eocéne supérieur pouvant annoncer I ouverture du bassin de la Reine-Charlotte.

INTRODUCTION

Granitic rocks underlie about one-tenth of the area of Queen Char-
lotte Islands and span about 140 million years of its more than 230
million year evolution. Thermal overmaturation of potential hydro-
carbon source rocks of the Kunga Group is cospatial with some plu-
tons on southeastern Moresby Island (Orchard, 1988; Vellutini, 1988;
Orchard and Forster, 1991). Distribution, nature, age, thermal regime
and tectonic setting of granitic plutons are important in understand-
ing their genesis and ultimately in assessment of prospective ground
for hydrocarbon plays in the Queen Charlotte Basin.

A program of U-Pb and K-Ar dating sought to enhance knowl-
edge of the timing and extent of different plutonic suites gained from
a complementary mapping program (Anderson, 1988a; Anderson
and Greig, 1989) and to assess the influence of plutonism on the ther-
mal maturation of potential hydrocarbon source rocks. The Middle
Jurassic (172-171 Ma) San Christoval plutonic suite (SCPS) out-
crops on the western margin of the islands. The younger (168-2158
Ma) Burnaby Island plutonic suite (BIPS), which outcrops mainly along
the eastern margin of the islands, intrudes SCPS. Small BIPS intru-
sions within SCPS provide a minimum age for SCPS. Tertiary plu-
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tons of the Kano plutonic suite (KPS) occur as two northwest-trend-
ing belts along the archipelago’s margins. They represent three dis-
crete, geographically restricted, Eocene (46-39 Ma), Early Oligocene
(36-32 Ma), and Late Oligocene (28-27 Ma) plutonic episodes mark-
ing passage of a northwardly-accelerating magmatic front.

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



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

GEOLOGICAL SETTING AND PLUTONIC STYLES

Middle Jurassic and Tertiary plutons on Queen Charlotte Islands
account for 1000 km? of the land area and about 140 million years of
geological history. Each plutonic episode produced granitoid rocks
distinguished by distribution, geophysical signature, composition,
mineralogy, intrusive and geological relations, fabric, and age.

Middle to Late Jurassic (172-2158 Ma) plutons consist of the San
Christoval plutonic suite (SCPS), which occurs on the west coasts of
Queen Charlotte Islands (Fig. 1), and the Burnaby Island plutonic suite
(BIPS), distributed along the islands’ east coasts (Fig. 2). BIPS also
occurs as small intrusions within SCPS. SCPS outcrops in three seg-
ments: southernmost Woodruff Bay segment; medial San Christoval
Range segment; and northernmost Rennell-Kano-Van inlets segment
along southwestern Graham Island. The suite comprises homogeneous,
medium grained, foliated diorite and quartz diorite that contain com-
mon 10-30 cm long mafic inclusions but few dykes. The mineral and
inclusion fabric led Sutherland Brown (1968) to classify the suite as
“syntectonic.” The tabric occurs within 1-2 km of the eastern mar-
gin of SCPS and parallels the trend of the contact with Upper Trias-
sic Karmutsen Formation in the Woodruff and San Christoval Range
segments. In the northern segment, foliation is widespread but un-
common and everywhere north- or northwest-trending. Hornblende
is distinctly prismatic; biotite is rare, texturally late, and commonly
chloritized. Upper Triassic and Lower Jurassic Kunga Group strata
are the youngest strata intruded by SCPS (Sutherland Brown, 1968).

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

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

Late Eocene to Oligocene (46-27 Ma) Kano plutonic suite (KPS)
comprises two northwest-trending, subparallel belts of (quartz) mon-
zodiorite and lesser diorite and granite stocks along the west coast of
Graham Island and west and east coasts of Moresby Island. The
suite includes: a southemn group of Eocene plutons (Carpenter Bay and
Lyell Island complexes); a medial group of Early Oligocene plutons
(Sedgwick Bay, Atli-Dog Island, Talunkwan-Porter Head, Sewell, south-
ern Louise Island, northwest Louise Island, Sandspit, Deena River,
and Kano plutons); and a northern group of Late Oligocene plutons
(Sheila Lake, Pivot Mountain, Sialun Creek and Langara Island plu-
tons). Finer grain size, unfoliated and homogeneous character of in-
dividual plutons, small size (commonly <20 kmz), orthopyroxene, com-

mon miarolitic cavities, seriate texture and intrusive relations distin-
guish KPS from Middle Jurassic plutons. Tertiary, felsic volcanic rocks
(probable pre-Miocene Masset Formation) are the youngest strata in-
truded by KPS. The oldest (southern) plutons within KPS are bimodal
or contain coeval, consistently north-trending, intraplutonic por-
phyritic dykes and stocks. The porphyritic intrusions may have been
feeders for Eocene volicanism. These features suggest an extension-
al tectonic regime during Eocene plutonism (Anderson and Reichenbach,
1989). K-Ar dates from the western plutons decrease from south to
north (Young, 1981).

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

GEOCHRONOMETRY

Previous work

Wanless et al. (1968, 1970, 1972), Yorath and Chase (1981) and
Young (1981) contributed to the existing K-Ar isotopic age database
(Table 3). They showed that “syntectonic” and some “post-tectonic”
plutons were coeval and Late Jurassic (159-145 Ma), as were horn-
blende-bearing quartz diorite (BIPS-equivalent?) clasts common in
Cretaceous coarse clastic sedimentary rocks (Yorath and Chase. [981).

K-Ar dates for the western belt of known Tertiary “post-tectonic™
plutons (Pocket Inlet, Kano. and Langara plutons) decrease from
south (39-40 Ma) to north (about 24 Ma; Young, 1981; Table 3). Whole
rock and alkali-feldspar K-Ar dates are younger than coexisting
hornblende-biotite mineral pairs (e.g. 26 and 31 Ma for Pocket Inlet
pluton alkali-feldspar and whole rock compared with 38 and 40 Ma
for hornblende and biotite). Some are difficult to interpret (e.g. <5 Ma
whole rock date for Pivot Mountain).

Sampling and analytical methods

Samples were collected in 1987 and 1988 for zircon U-Pb dat-
ing from the Jurassic and Tertiary plutonic suites (Figures 1-3 and Ta-
bles 1-3). New K-Ar dates for hornblende were determined from only
the freshest, representative samples of central SCPS, central BIPS, and
two Carpenter Bay hornblende-phyric andesite dykes (Table 2) be-
cause alteration of the rocks is so common (pervasive within BIPS).
Petrographic criteria for sample selection for hornblende and muscovite
K-Ar dating included minimal alteration and, for hornblende, mini-
mal clinopyroxene cores. Thus, samples dated by U-Pb were not
suitable for K-Ar dating, but in some cases, K-Ar dates are available
for nearby samples for comparison.

Zircon was dated by U-Pb methods using analytical procedures
summarized by Parrish et al. (1987). Zircons selected for analysis were
the clearest and devoid of visible inclusions or features resembling in-
herited zircon cores. Abrasion of most zircon fractions decreased the
effect of alteration and recent Pb loss (e.g. Krogh, 1982). Pb and U blanks
during the course of this study were 7-20 pg and 1-5 pg respectively.
Analytical techniques for K-Ar dating follow Roddick and Souther
(1987). All dates are consistent with decay constants of Steiger and Jager
(1977) and uncertainties are at 2 standard deviations (26).

Tertiary and most of the Jurassic samples yielded at least one con-
cordant fraction (asterisks highlight fractions in Table 1 used in the
age calculation). Age estimates for the Jurassic samples (Table 3 and

Figs. 4 and 5) derive from 207Pb/206Pb dates (and uncertainties de-
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Figure 1: Distribution of K-Ar and U-Pb geochronometry for Middle Jurassic San Christoval plutonic suite (SCPS). New dates presented in this
report are in italics.
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termined from the 207Pb/zn(’Pb experimental errors) for the most con-

cordant fraction with the smallest analytical errors. Discordance in Juras-
sic zircons is assumed to result from Pb loss.

Zircon from Tertiary plutons was characteristically devoid of vis-
ible cores and produced excellent U-Pb analyses. Most samples
yielded concordant Pb/U dates (Fig. 3 and 6; Table 1). Slight discordance
is mainly attributable to the common Pb correction. The internal
agreement of dates from the concordant fractions from a particular plu-
ton and concordance with available K-Ar data (e.g. Langara, Kano
and Pocket Inlet plutons; Table 3) suggests that further work would
not change the results appreciably. Tertiary U-Pb dates and uncertainties
were calculated from the mean 2"°Pb/***U and 297pb/*U dates and
standard deviations of concordant data for 2 (or more) fractions with
the least analytical error (Table 3 and Fig. 3).

Large errors in 27pp/Ay ratio (and relatively large errors in
Pb/* U ratio) relate to fractions containing a predominance of in-
clusion-rich zircons or to fractions containing few zircons, analyses
having large common Pb blank values, and/or low radiogenic Pb
amounts. We omitted some of these data in making the final age es-
timates. Quoted uncertainties reflect full error propagation (Rod-
dick, 1987). The geological context of the samples and Palmer’s
(1983) time-scale provide the framework for discussion of the dates
below.

206

U-Pb results

Jurassic plutons

U-Pb data for three SCPS and four BIPS samples indicate main-
ly Middle Jurassic dates (Figs. 1, 2, 4, and 5; Tables 1 and 3). Mid-
dle Jurassic 207Pb/2 b dates for the most concordant zircon fractions
from SCPS samples (Fig. 4) are nearly identical and include: 172 £
5 Ma (Haswell Bay part of the San Christoval Range segment); 172
* 3 Ma (Pocket Inlet area of the San Christoval Range segment); and
171 £ 6 Ma (Woodruff Bay segment). The Rennell-Kano-Van inlets
segment of SCPS is no younger than 164 +4/-2 Ma based on the U-
Pb date for a BIPS apophysis crosscutting SCPS).

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

The hornblende-plagioclase pogphyry sample from Clapp Basin,
Shields Bay area, yielded a 207Pb/2 ®Pb date of 168 + 4 Ma from a
nearly concordant fraction with the smallest Pb/U errors (Table 1; Fig.
5). The Jurassic date was a surprise because the porphyry was expected
to be coeval with texturally similar and nearby Tertiary Masset For-
mation volcanic rocks and an Early Oligocene quartz monzodiorite
of the Kano pluton (see sample AT-87-80-1, Table 3). These geological
relations led Sutherland Brown (1968) to include the porphyry as the
porphyritic facies of the Cretaceous-Tertiary central Kano pluton. How-
ever, the lack of visible cores and little evidence for inherited lead in
the U-Pb data support a late Middle Jurassic date. The Shields Bay
pluton crosscuts southerly-vergent chevron folds developed in the Lower
Jurassic Sandilands Formation (Fig. 8b). The intrusion’s age and ge-
ological relations constrain deformation to post-Sinemurian and pre-
168 Ma.

Fine grained quartz monzonite, thought to be a Tertiary KPS fel-
sic phase, intruded SCPS along the southem shore of Rennell Sound.
The U-Pb data for a sample of it suggest Pb loss occurred in the four
discordant fractions and a late Middle Jurassic *’Pb/"®Pb date of 164
+4/-2 derives from concordia intercept (Fig. 5¢). Again, there is
nothing to support a Tertiary date for an intrusion that texturally re-
sembles KPS.

Perhaps the most interesting of the BIPS samples yielding dis-
cordant U-Pb data for zircon is ATG-88-299-1 from a moderately de-
formed leucocratic biotite trondhjemite. The trondhjemite is part of
the leucocratic phase of BIPS that includes muscovite-bearing, per-
aluminous variants (see also K-Ar sample AT-87-124-4). The phase
crosscuts intensely foliated SCPS diorite of the Beresford complex
at Beresford Inlet. The U-Pb data for the sample’s 3 fractions define
a chord with a lower concordia intercept of 2158 £ 4 Ma and an upper
intercept date of 309 +14/-13 (Fig. 5; Table 3). The lower intercept
is a minimum date for the trondhjemite phase. The discordance sug-
gests inheritance of older radiogenic Pb by the Jurassic zircon, although
the zircons contain no visible cores. The upper concordia intercept date
is the first indication of an older, pre-Late Triassic, basement for the
Queen Charlotte Islands and is a minimum age (Pennsylvanian).
About 4 km southwest of the trondhjemite locality, near Darwin
Point, undated felsic volcanic rocks occur structurally if not strati-
graphically below Upper Triassic Karmutsen Formation basalt
(Woodsworth, 1988). These may represent part of the inferred Pale-
ozoic basement.

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

Tertiary plutons

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

Previously determined K-Ar homblende and biotite dates (Young,
1981) agree closely with U-Pb dates for nearby samples of Langara
Island pluton (K-Ar: 23.7 £ 2.8 Ma, U-Pb: 26.8 + 0.4 Ma), Kano plu-
ton (K-Ar: 31 £ 3 Ma; U-Pb: 32.2 £ 0.7 Ma), and Pocket Inlet plu-
ton (K-Ar: 38-40 £ 2 Ma; U-Pb: 38.9 £ 0.1 Ma; Table 3). The rapid,
post-emplacement uplift and cooling of the plutons indicated by the
geochronometry and the fine- to medium-grain size, seriate texture
and miarolitic cavities characteristic of the suite (Anderson and
Greig, 1989) all suggest high-level intrusion.
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Figure 4: Concordia plots for U-Pb data from samples of San Christoval
plutonic suite (SCPS) collected from: a) San Christoval Range seg-
ment (Haswell Bay transect); b) San Christoval Range (Pocket Inlet
area); and c) Woodruff Bay. Numbers {e.g. —149+105) refer to zircon
size fractions listed in Table 1 and abbreviations are: abr = abraded;
clr = clear; equ = equant; frag = fragments; and pris or pri = prisms.
Dates from Table 3.



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

Sample G.S.C. No. Locality K Rad. “OAr % atmos. Age (+20' Ma)
Number or (Lab (wt. %) ((107) cerg “Opr (Hb = hornblende)
Number) STP) (Mu = muscovite)

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

AT-87-7-3 GSC 89-207 Benjamin 0.511 8.783 34.0 437 £1.1 (Hb)
(3980) Point®

AT-87-19-1 GSC 90-24 Benjamin 0.157 14.94 49.0 230 +13 (Hb)
(3976) Point*

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

AT-87-124-4 GSC 90-27 Beresford 8.37 517.7 3.8 153 +3 (Mu)
(3982) Infet®
BERESFORD COMPLEX, BIPS INTERMEDIATE PHASE
AT-87-122-1 GSC 89-182 Bischof 0.262 17.44 22.0 164 +3 (Hb)
(3977) Islands®
BERESFORD COMPLEX, BIPS MAFIC PHASE (HORNBLENDE DIORITE)
AT-87-124-6 GSC 90-25 Beresford 0.521 33.37 24.0 158 £4 (Hb)
(3978) Inlet’
BURNABY ISLAND PLUTON, INTERMEDIATE PHASE
AT-87-83-1 GSC 90-26 Burnaby 0.353 20.56 20.0 144 £5 (Hb)
(3981) Island®

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

AT-87-105-1 GSC 90-28 Haswell 0.636 50.2 8.8 192 +5 (Hb)
(3983) Bay®

AT-87-115-1 GSC 89-19° Sac Bay'° 0.521 35.23 38.0 166 + 3 (Hb)
(3979)

1. o =standard deviation.

2. revised from Anderson and Reichenbach (1989) and Anderson (in Hunt and Roddick, 1990).
3. hornblende-plagioclase andesite porphyry dyke; UTM (zone 9) 5786550 N, 363100 E; 52°12'51" N, 131°00'14” W (NTS 103 B/3); peninsula south of
Carpenter Bay, north of Benjamin Point, 2 km south of Langtry island at sea level.

4. hornblende (clinopyroxene)-plagioclase andesite porphyry dyke; UTM (zone 9) 5787050 N, 363200 E; 52°09'36” N, 131°00°00” W (NTS 103 B/3);
peninsula south of Carpenter Bay, 1 km north of Benjamin Point, 1.5 km south of Langtry Island, at sea level. Clinopyroxene accounts for less than 10
percent of hornblende grains but in some grains makes up one-third to one-half of grain.

5. muscovite trondhjemite; UTM (zone 9) 5830125 N, 326850 E; 52°35'44" N, 131°33'23” W (NTS 103 B/12E); southwestern tip of Lyell Island between
Beresford and Sedgwick bays, 0.75 km west of Sedgwick Point at sea level.

6. biotite-hornblende quartz monzodiorite; UTM (zone 9) 5828400 N, 325925 E; 52°34'47" N, 131°34'09” W (NTS 103 B/12E); western coast of north-
ernmost island of Bischof Islands, 1 km east of Richardson Point, 2.6 km southwest of Sedgwick Point, at sea level.

7. hornblende diorite; UTM (zone 9) 5830125 N, 326850 E; 52°35'44" N, 131°33'23” W (NTS 103 B/12E); southwestern tip of Lyell Island between
Beresford and Sedgwick bays, 0.75 km west of Sedgwick Point, at sea level.

8. biotite-hornblende quartz diorite; UTM (zone 9) 5813000 N, 344200 E; 52°26'49” N, 131°17°33” W (NTS 103 B/6); north shore of Burnaby Island, 0.5
km southwest of Saw Reef, 1.5 km east-northeast of southeastern tip of Alder Island, at sea level.

9. biotite-hornblende quartz diorite; UTM (zone 9) 5821650 N, 323050 E; 52°31°05” N, 131°36'29” W (NTS 103 B/12E); in small cove off Haswell Bay,
3.25 km southwest of Hoskins Point, 2.75 km south-southeast of De La Beche Island, at sea level.

10. biotite-hornblende diorite; UTM (zone 9) 5823375 N, 318650 E; 52°31'56” N, 131°40'25” W (NTS 103 B/12E); 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.
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Figure 5: Concordia plots for U-Pb data from samples of Burnaby Island plutonic suite (BIPS) collected from discrete BIPS intrusions at: a) Burnaby

Island (Poole Point); and from BIPS intrusions within SCPS at: b) Shields Bay (Clapp Basin); c) Rennell Sound; and d) Beresford Inlet.

Abbreviations as for Figure 4 and dates from Table 3.
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Table 3. Compilation of U-Pb and K-Ar geochronometry for Middle to Late Jurassic and Tertiary plutons, Queen Charlotte Islands.

Pluton/Locale
(lithology?)

CARPENTER BAY
DYKE (hornblende-
plagioclase
porphyry andesite)

CARPENTER BAY
DYKE (hornblende-
plagioclase
porphyry andesite)

LANGARA ISLAND
(Bi-Hb quartz
monzodiorite)

PIVOT MOUNTAIN
(clinopyroxene-
orthopyroxene
diorite)

SHEILA LAKE
(clinopyroxene-
orthopyroxene
diorite)

KANO INLET
{Dawson Inlet)
(Bi-Hb quartz
monzodiorite)

NORTHWEST LOUISE
ISLAND (Bi quartz
monzonite)

SOUTHERN LOUISE
ISLAND (younger,
Bi quartz

monzonite phase)

SOUTHERN LOUISE
ISLAND (older,

Hb monzodiorite
phase)

SEDGWICK BAY
(Bi monzogranite)

G.S.C. No.

GSC 89-20

GSC 90-24

GSC 67-16
GSC 67-17

GSC 70-2

Sample Number

U-Pb Date (Zircon)
(£ 20, in Ma)

K-Ar Date'
+20,in

Ma (mineralz)

TERTIARY GEOCHRONOMETRY

CARPENTER BAY DYKES

AT-87-7-3

AT-87-19-1

43711
(Hb)

230 +13
(Hb)

KANO PLUTONIC SUITE (KPS)

CH-87-56-6

(S-50-66

CH-87-56-10

SD-257-63

CH-87-30-09

AT-87-80-1

65 AB-21

65-AB-19

ATG-88-333-1

ATG-88-260-1

ATG-88-263-1

AT-88-288-1

268x0.4

279204

27.0+0.3

322103

34.3+06

33.8+06

33.8+04

357103

237+28
(Hb)

<5 (WR)

26 6 (Hb)
30 +2 (Bi)

31 £3 (Bi)

Reference® and Comments

a and e; north-trending dykes
crosscut 46.2 0.5 Ma Car-
penter Bay plutons (see below)

this report; north-trending

dykes crosscut 46.2 £0.5 Ma
Carpenter Bay plutons (see

below) and Lower Jurassic Sandilands
Formation; date unreliable because of
clinopyroxene cores in hornblende.

a (average U-Pb date and 2c
error for best 2 fractions)

b; Pan American

Petroleum Corp. (unpublished data noted
in Steen, 1967); McPherson Point, north
west shore of Langara Island, 54°15.02" N,
132°58.83' W

a (average U-Pb date and 2¢
error for best 2 fractions)

b; Shell Canada Resources, Ltd.
(unpublished data); 4 km southeast of
Beresford Bay, southwest Graham Island,
54°00.63' N, 133°00.57' W

a (average U-Pb date and 26
error for best 2 fractions)

a and this repart (average U-Pb
date and 2 error for best 2
fractions)

c; southern head of Shields Bay,
southwest Graham Island, 53°17' N,
132°26' W

d; head of Dawson inlet, southwest
Graham Island, 53°13' N, 132°29' W

this report (average U-Pb date
and 2c error for best 2
fractions)

this report (average U-Pb date
and 2 error for best 2
fractions)

this report (average LI-Pb date
and 2¢ error for best 2
fractions)

this report (average U-Pb date
and 2 error for best 2 fractions)
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Table 3. Compilation of U-Pb and K-Ar geochronometry for Middle to Late Jurassic and Tertiary plutons, Queen Charlotte Islands. (cont'd)

Pluton/Locale
(lithology?)

ATLI INLET

POCKET INLET
(Bi granite)

POINT LANGFCRD
(CARPENTER BAY
pluton)

(Bi-Hb quartz
monzodiorite

SCPS(?),
RENNELL-KANO-
VAN INLET
SEGMENT

(Bi quartz
diorite)

KPS (?)
(Bi quartz
diorite)

HIPPA ISLAND
(Hb quartz
diorite)

CHINUKUNDL
(Hb quartz
diorite)

G.S.C. No.

GSC 67-18
GSC 67-19

GSC 70-3

Sample Number

SD-265-63

ATG-88-415-2

SD-262-63

SD-263-63

65-AB 10

AT-87-27-3

U-Pb Date (Zircon)
(£ 20, in Ma)

38.9+0.1

46.2+0.2

K-Ar Date'
+20,in
Ma (mineralz)

25+4
(WR)

MISCELLANEOUS TERTIARY DATES

GS 31-66

SD-261-63

336+4.8
(WR)

33 +4 (Bi)

CRETACEOUS GEOCHRONOMETRY

GS 33-66

122012
(Hb)

JURASSIC GEOCHRONOMETRY

BURNABY ISLAND PLUTONIC SUITE (BIPS)

DISCRETE BIPS INTRUSIONS

65-AB-22

159+10
(Hb)

Reference® and Comments

b; single date considered

minimum date and of unknown reliability
by Young (1981); Shell Canada Resources,
Ltd. (unpublished data); southeastern
shore of Richardson Inlet, southeast of
Dog Island, 52°43.67' N, 131°35.95' W

this report (average U-Pb date

and 2 o error for best 2 fractions)

b; date considered unreliable

by Young (1981); Shell Canada Resources,
Ltd. (unpublished data); western margin of
Pocket Inlet batholith, south shore, head of
Pocket Inlet, 52°36.35' N, 131°54.43' W

b; date considered minimum age

by Young (1981); Shell Canada Resources,
Ltd. (unpublished data); western margin of
Packet Inlet batholith, north shore, head of
Pocket Inlet, 52°36.91° N, 131°52.08' W

c; central Pocket Inlet
batholith, south shore of Barry inlet,
52°34' N, 131°48' W

this report (average U-Pb date

and 2o error for best 3

fractions

north-trending dykes dated at

43.7 £ 1.1 Ma (see above) crosscut
Carpenter Bay plutons.

b; date considered unreliable

by Young (1981); Pan American
Petroleum Corp. (unpublished
data noted in Steen, 1967);
south shore, mouth of Van Inlet,
53°14.87' N, 132°37.0' W

b; Shell Canada Resources, Ltd.
(unpublished data); near contact

with Masset Formation, 4 km southeast of
Mount De La Touche, west coast Moresby
Island, 52°40.53' N, 131°59.70' W

b; single, unconfirmed date

considered minimum date by Young
(1981); Pan American Petroleum Corp.
(unpublished data noted in Steen, 1967);
northwest tip Hippa Island, 53°32.17" N,
132°57.17° W

d; considered a minimum date by

Young (1981) and of uncertain
interpretation by J.E. Reesor (i7 Wanless et
al., 1972, p. 7) because of alteration state
of sample and uncertain geological rela-
tions; Chinukundl Creek, 53°19' N, 131°58' W
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Table 3. Compilation of U-Pb and K-Ar geochronometry for Middle to Late Jurassic and Tertiary plutons, Queen Charlotte islands. (cont'd)

Pluton/Locale
(lithology?)

CUMSHEWA HEAD
(Hb-Bi quartz
date monzonite

BURNABY ISLAND
(Bi-Hb quartz
monzodiorite)

BURNABY [SLAND
(POOLE POINT)
(Bi-Hb quartz
monzodiorite)

(Hb-Bi
granodiorite)

SHIELDS BAY
(Hb-plagioclase
porphyry)

RENNELL SOUND
(fine grained

Hb quartz
monzonite)

BERESFORD INLET
(Mu-Bi trondh-
jemite)

(hornblende
diorite)

BISCHOF
ISLANDS

(Bi-Hb quartz
monzodiorite)

G.S.C. No.

GSC 90-26

GSC 66-14

GSC 90-27

GSC 90-25

GSC 89-18

K-Ar Date'
+ 20, in
Ma (mineralz)

Sample Number  U-Pb Date (Zircon)

(20, in Ma)

AT-87-61-2 Middle to Late Jurassic

(148 to >168? Ma)
AT-87-83-1 144 +5 (Hb)
ATG-88-291-4 168 +4/-1
65-AB4 145 +37

(Hb)
BIPS INTRUSIONS IN SCPS

AT-88-345-1 168 +4
ATG-88-362-2 164 +4/-2
ATG-88-299-1 158 +4

(309 +14/-13)
AT-87-124-4 153 £3 (Mu)
AT-87-124-6 158 +4 (Hb)
AT-87-122-1 164 +3 (Hb)

Reference® and Comments

this report (one discordant

fraction indicates 2%6pb/2%8y

of 148.3 Ma; 27pb/>y date of 149.5 Ma
and 2Pb/2%py date of 167.9 + 4.3 Ma;
see Table 1)

this report

this report (Pb-Pb date and 26
error for most concordant
fraction); cf. K-Ar date below

f; considered a minimum date by
Young (1981); cf. U-Pb date above; Poole
Point, Burnahy Island, 52°22' N, 131°15' W

this report (Pb-Pb date and

2c for most concordant

fraction); porphyry intrusion crosscuts
east-verging chevron folds in Lower
Jurassic Sandilands Formation of Kunga
Group

this report (upper concordia

intercept date and 2 error

determined for 4 discordant

fractions); intrusion crosscuts Renneil-
Kano-Van inlets segment of SCPS

this report (3 discordant

fractions which show evidence

for inherited Pb); younger date (and 2¢
error) interpreted as minimum date for

emplacement of massive to moderately
foliated BIPS leucocratic phase into well
foliated SCPS Beresford complex diorite

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

this report; hornblende diorite

is part of BIPS mafic phase which is mas-
sive and likely intruded intensely foliated
agmatite of Beresford complex (SCPS?);
massive Hb diorite intruded by muscovite
trondhjemite (sample AT-87-124-4
(above)) of BIPS leucocratic phase; cf. K-
Ar date with leucocratic phase U-Pb and K-
Ar dates above

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

Pluton/Locale G.S.C. No. Sample Number ~ U-Pb Date (Zircon)  K-Ar Date' Reference’ and Comments
(lithology?) (£ 20, in Ma) +20,in
Ma (mineralz)

SAN CHRISTOVAL PLUTONIC SUITE (SCPS)

RENNELL- GSC 70-1 65-AB-20 147 + 8 (Hb) d; single date considered
KANO-VAN reliable minimum date estimate
INLETS by Young (1981); southeast tip
SEGMENT of Cadman Island in Kano Inlet,
(gneissic Hb Graham Island, 53°17.5' N,
granodiorite) 132°38.5' W

SAN CHRISTOVAL GSC 67-20 65-AB 9 145 £ 14(Hb) ¢; single date considered

RANGE SEGMENT reliable minimum date estimate
(Darwin Sound) by Young (1981); eastern Darwin
(foliated Bi-Hb Sound, 3.2 km (2 miles) south
quartz diorite) of Bigsby Inlet, 52°34'30” N, 131°40' W
SAN CHRISTOVAL AT-87-111-1 172 +5 this report (Pb-Pb date and 2
RANGE SEGMENT o error for most concordant
(Haswell Bay fraction); cf. K-Ar date below
transect)

(Bi-Hb monzodiorite)

(Bi-Hb GSC 89-19 AT-87-115-1 166 = 3 (Hb) a and e; K-Ar date for older

diorite) mafic phase of SCPS; cf. with U-Pb date
above and K-Ar date for AT-87-105-1
below

(Bi-Hb quartz GSC 90-28 AT-87-105-1 192 +5 (Hb) this report; cf. U-Pb date above

diorite from similar lithology and with K-Ar date
above for earlier intruded phase;
date uninterpretable

SAN CHRISTOVAL ATG-88-413-1 1723 this report (Pb-Pb date and 2

RANGE SEGMENT o error for most concordant

(Packet Inlet) fraction)

(Bi-Hb quartz

diorite)

WOODRUFF BAY AT-87-12-1 1716 this report (Pb-Pb date and 2

SEGMENT o error for most concordant

(Bi-Hb quartz fraction)

diorite)

1. Dates consistent with decay constants of Steiger and Jager (1977); old determinations (Young, 1981) recalculated by R.L. Armstrong (U.8.C.
Geochronology File, unpublished data)

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

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

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

CARPENTER BAY (KPS)

AT-87-27-3

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

0.0525

46.2 *
0.2 Ma

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

49+105 pris-cir
1
0.0475

207Pb/ 235U

-149+105 equ-clr
-105+74 pris-equ

Two of the three new K-Ar dates for hornblende and one K-Ar
muscovite date from BIPS phases compare closely with U-Pb deter-
minations (Tables 2 and 3). Hornblende from intermediate phase
rocks on Bischof Islands gave a 164 £ 3 Ma date that is concordant

0.010

with the U-Pb date (168 +4/-1 Ma) for intermediate phase rocks far-
ther south at Poole Point on Burnaby Island. Intermediate phase
rocks on the north shore of Burnaby Island yielded an anomalously
Qd young Late Jurassic K-Ar hornblende date of 144 = 5 Ma that com-
pares closely with a less precise, previous K-Ar determination for hom-
blende from Poole Point (Wanless et al., 1968; Table 3). The simi-
Jarity between the oldest hornblende K-Ar dates for SCPS and BIPS

0.0425

0.006

AT6G-88-415-2
POCKET IMLET (KPS)

0.045

(166 = 3 Ma and 164 3 Ma, respectively) and concordance with re-
spective U-Pb dates suggest contemporaneity of rapid post-em-
placement uplift and cooling for the two suites.

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

44

38.9 + 0.1 Ma

1
0.040

—— -105+74 pris
207 235
Pb/ "U

Z +105 euh

38

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

® . . . . .
leucocratic phase suggest a short interval for intrusion, uplift and cool-

0.008

0.035

ing of the trondhjemite and supports geological evidence that it is the
o latest intruded phase of BIPS.

Tertiary dykes

ngoa The latest Middle Eocene hornblende date for one of the Carpen-
ter Bay porphyritic dykes (43.7 £ 1.1 Ma; Table 2) is slightly younger
than but compares closely with the U-Pb date for the Carpenter Bay plu-
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Figure 7: Compilation of Jurassic and Tertiary geochronometry from Table 3 and the time scale of Palmer (1983). Inset diagram for Tertiary geochronom-
etry permits comparison of histogram of Tertiary K-Ar dates for Masset Formation volcanics and Kano plutonic suite.
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Figure 8: Geological relations involving Middle to Late Jurassic plu-
tons or phases of Burnaby Island plutonic suite: a) View west-north-
west to nonconformity at Rebecca Point between intensely veined Mid-
dle Jurassic BIPS monzodiorite and massive, rarely-veined Lower
Cretaceous Longarm Formation (sta. AT-278). A sample (ATG-88-291-
4) collected from fresher monzodiorite from Poole Point nearby yield-
ed a 168 +4/-1 Ma date (U-Pb, zircon). Hornblende from Jurassic (like-
ly BIPS) granitic debris within Lower Cretaceous Longarm Formation
on Burnaby Island yielded dates of 148 + 5 Ma and 152 Ma = 5 Ma
(Yorath and Chase, 1981). b) Plagioclase porphyry variety of BIPS at
Clapp Basin, Shields Bay crosscuts southerly-vergent folds involving
Lower Jurassic Sandilands Formation (sta. AT-342). A sample of the
plagioclase porphyry nearby was dated at 168 + 4 Ma (U-Pb, zircon).

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

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

DISCUSSION

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

Jurassic plutonism

Distribution, recurrence and terrane interactions

The geochronometry corroborates division of Middle and Late
Jurassic plutons into two northwest-trending suites, an older, Middle
Jurassic (172-171 Ma) San Christoval plutonic suite (SCPS) on the
west (Fig. 1) and a younger, Middle to Late Jurassic (168-2158 Ma)
Burnaby Island plutonic suite (BIPS) on the east (Fig. 2; e.g. Anderson
and Greig, 1989). U-Pb and K-Ar dates from both suites overlap with-
in 20 uncertainty. However, SCPS yielded older dates than the dis-
crete plutons and satellitic intrusions of BIPS.

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

Mapping and U-Pb geochronometry of Jurassic to Tertiary in-
trusions across the northwest trend of the Insular and Coast belts be-
tween 52-54°N shows eastward younging and geochemical evolution
of magmatism (Anderson and Greig, 1989; van der Heyden, 1989; and
this report). Five Jura-Cretaceous suites are recognized: Middle
Jurassic SCPS (172-171 Ma) and Middle to Late Jurassic BIPS (168-
>158 Ma) in Queen Charlotte Islands; and Late Jurassic Banks Island
belt (160-155 Ma), Early Cretaceous McCauley Island belt (131-
123 Ma), and mid-Cretaceous Ecstall belt (110-94 Ma) on the main-
land (van der Heyden, 1989). Our new data support van der Heyden'’s
hypothesis that subduction-related Middle to Late Jurassic plutonism
records the monotonic eastward advance of the Mesozoic magmatic
front across the Wrangellia-Alexander terrane boundary (east of
Bonilla Island; Woodsworth, 1988).

West to east modal and geochemical changes across trend are
also consistent with proposed east-dipping subduction: felsic (even
peraluminous) compositions become more abundant to the east. Mid-
dle Jurassic SCPS on western Queen Charlotte Islands includes minor
mafic rocks (Hunter-Kindakun and Beresford diorite complexes)
and extensive rocks of intermediate composition. Middle to Late
Jurassic BIPS farther east is more variable. The greater compositional
range is dominated by intermediate compositions but includes sub-
ordinate mafic and felsic phases. For example, the leucocratic, locally
peraluminous, Late Jurassic trondhjemite phase of BIPS is important
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but local in Queen Charlotte Islands. Farther east, Late Jurassic
Banks Island belt comprises abundant and extensive monazite-, gar-
net-, muscovite-, and biotite-bearing felsic rocks and minor mafic phas-
es (van der Heyden, 1989). At this latitude the advance and evolution
of Middle to Late Jurassic magmatic tront across Wrangellia and Alexan-
der Terrane is consistent with magmatism above an east-dipping
subduction zone west of SCPS.

Early Jurassic contraction and late synkinematic intrusions

The Middle Jurassic (168 £ 4 Ma) date tor hornblende-plagio-
clase porphyry at Shields Bay that crosscuts southerly-vergent folds
in Sandilands Formation rocks (Fig. 8a) constrains timing for the tec-
tonic regime within which Middle and Late Jurassic plutonism de-
veloped. Stratigraphic and structural studies by Thompson and
Thorkelson (1989), Thompson et al. (1991) and Lewis and Ross
(1989, 1991) indicate late Early Jurassic to early Middle Jurassic north-
south- to northeast-southwest-directed contraction. The south-vergent
folds intruded by the porphyry phase are geometrically similar to fold
styles described by Lewis and Ross (1989). The intrusive relations and
geochronometry constrain the timing of deformation to post-Sinemurian,
pre-168 Ma (198-168 Ma) and support the more restrictive regional
stratigraphic constraints (post-Sinemurian to pre-Bajocian, ca. 193-
183 Ma; Thompson et al., 1991).

Mineral and mafic xenolith foliation in Middle Jurassic (172-171
Ma) SCPS plutons led Sutherland Brown to term them “‘syn-kinematic.”
Intensely foliated rocks restricted to the suite’s eastern margin and fo-
liation trends commonly concordant with the northwest elongation of
SCPS suggest external tectonic control. However, in the southern seg-
ments of SCPS, foliation is most intense along and oriented parallel
to plutonic margins (Anderson, 1988a; Anderson and Greig, 1989).
This suggests that much of the fabric formed during emplacement and
was not superimposed. In the northern segment of SCPS (Rennell-Kano-
Van injets area), subvertical mineral foliation is widespread but not
pervasive and is consistently north-trending. It is unlikely that the fo-
liation solely resulted from flattening associated with a radially ex-
panding diapir. Foliation in Middle Jurassic SCPS may record the wan-
ing stages of a mainly Early to Middle Jurassic contractional event
that was most pronounced, extensively developed and best preserved
in the Upper Triassic and Lower Jurassic strata in the Cumshewa Inlet
and Skidegate Inlet areas (Thompson et al., 1991; Lewis and Ross,
1991). The younger, Middle to Late Jurassic BIPS, intruded at about
the same crustal level, contains few ductile fabrics but abundant brit-
tle faults and veins.

Timing of possible overmaturation of Kunga Group rocks

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

The other four Late Jurassic K-Ar dates (147-145 Ma) likely record
a later thermal event. Dates from earlier studies (Wanless et al.,
1968, 1970) dominate the data set and have correspondingly larger
20 errors than more recent determinations. However, the dates are
widespread and highly discordant to U-Pb dates for SCPS and BIPS
intrusions (e.g. Burnaby Island samples AT-87-83-1 (K-Ar: 144 £5)
and ATG-88-291-4 (U-Pb: 168 +4/-1 Ma)). Similar hormblende dates
characterize Jurassic (BIPS-equivalent?) granitic clasts within Lower
Cretaceous Longarm Formation conglomerate in Burnaby Island
(148 £ 5 Ma and 152 Ma % 5 Ma; Yorath and Chase, 1981).

The younger dates likely record when advective circulation of
hydrothermal fluids reset the K-Ar systems in brittly fractured and veined
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BIPS and SCPS. A latest Jurassic age for fracture and vein formation
is consistent with field relations that indicate a Late Jurassic to Early
Cretaceous age for the veins (Anderson and Greig, 1989). The veins
may be cogenetic with cospatial Cu-Fe skam deposits (Anderson, 1988b)
and the Late Jurassic age provides an indirect estimate for the age of
the skarn deposits.

High conodont colour alteration indices (C.A.1.) and vitrinite re-
flectance values in Kunga Group rocks are characteristic of southeastern
Moresby Island (Orchard, 1988; Orchard and Forster, 1991; Vellu-
tini, 1988) and cospatial with BIPS. Narrow (0.5 km or less) contact
metamorphic aurcoles and concordant U-Pb and K-Ar dates, suggestive
of high level emplacement accompanied by rapid uplift and cooling,
rule out widespread and protracted conductive heating of Kunga
Group host. Advective transter of heat by hydrothermal solutions that
produced the skarn deposits may be a more effective mechanism for
heating potential hydrocarbon source rocks and for local resetting of
K-Ar systematics. If so, overmaturation of Kunga Group potential source
rocks occurred before deposition of Cretaceous potential reservoir beds.

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

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

Tertiary plutonism

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

Tertiary Queen Charlotte Islands plutonism and plate motions

The more precise U-Pb dates permit greater resolution in track-
ing the progress of the Tertiary magmatic front first identified by Young
(1981). The more extensive sampling of plutons within KPS resolves
the plutonism into three groups (Figs. 3 and 7): a southern group of
Eocene plutons (46-39 Ma); a medial group of Early Oligocene (36-
32 Ma) intrusions; and a northern group of Late Oligocene (28-27 Ma)
bodies. The transition between southern belt plutons (Fig. 3) and
medial belt plutons includes part of the west-northwest-trending
boundary between compositionally and structurally distinct Group |
and Group 2 Tertiary dykes (Souther and Bakker, 1988; Souther, 1989).
Medial group plutons extend only as far northwest as southwestern
Graham Island coincident with the southwestern edge of the Miocene
Masset volcanic field. The northern group occurs farther north where
it is co-extensive (and nearly coeval) with the Lower Miocene Mas-
set Formation volcanic rocks.

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



of the magmatic front in three discrete episodes is apparent in a lon-
gitudinal time-space profile (Fig. 9). Sharp discontinuities mark the
transitions between relatively slow advance of the Eocene front
(about 1 cm/yr for two samples), the faster advance of Early Oligocene
plutonism (2.6 cm/yr for four samples) and the widespread but near-
ly contemporaneous Late Oligocene plutonism. This south to north
progression is a marked change from the monotonic west to east mi-
gration of the Mesozoic and early Tertiary magmatic front attributable
to a simple Andean model of eastward-dipping subduction (van der
Heyden, 1989).

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

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

Medial group (32-36 Ma) KPS plutonism occurred as relative
plate motions began to stabilize. From 35-5 Ma, relative plate motion
data suggests that the Pacific plate’s velocity relative to North Amer-
ica was 50 km/Ma at N30W azimuth (Engebretson, 1989). Signifi-
cant acceleration of the Early Oligocene KPS magmatic front com-
pared with the Eocene front, at half the velocity of predicted relative
plate motions, resulted. The change from more orthogonal to main-
ly oblique convergence of the Pacific plate around 35 Ma (Engebretson,
1989; Stock and Molnar, 1988) is preserved in the trace of medial group
KPS plutonism.

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

FEocene and Oligocene plutonism and relation to Tertiary volcanism

If the dykes studied by Souther (1988, 1989), Souther and
Bakker (1988), Souther and Jessop (1991) were feeders to eroded Ter-
tiary volcanoes and coeval with their host plutons, the northerly
time-transgressive Eocene to Oligocene plutonism may provide the
best age estimate for the duration of the volcanism. For example, on
Graham Island, the northern KPS is co-extensive with (and only
slightly older than) the greatest areal extent of Miocene Masset For-
mation volcanic rocks (Fig. 7; Anderson and Reichenbach, 1989;

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

The distribution of Tertiary volcanic centres in time and space
may be more complicated than that for the plutons. For example, sus-
pected Eocene (but possibly Upper Cretaceous?) pre-Masset Formation
volcanic flows (e.g. at Cape Knox, K-Ar date 45.7 £ 3 Ma; Young,
1981; Hickson, 1989) are not cospatial with known Eocene plutons.
Inception of Tertiury Queen Charlotte Basin

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

That broadened definition led to a two-fold Tertiary basin sub-
division and proposed evolution: an Eocene rift phase (Yorath and Chase,
1981) shown in Masset Formation volcanic rocks by rift-type geo-
chemical affinities (Hamilton, 1985, [989; Dostal and Hamilton,
1988); and the cyclic, coarsening-upward clastic basin filt repre-
scnted by sedimentary rocks of the Miocene-Pliocene Skonun For-
mation.

Eocene tectonics in Queen Charlotte Islands are dominated by
extensional features manifest in: 46-39 Ma plutonism (Anderson and
Greig, 1989, Anderson et al., 1989a); circa 44 Ma north-trending dyk-
ing around Carpenter Bay and southeastern Lyell Istand (Souther, 1988,
1989: Souther and Bakker, 1988; Anderson and Reichenbach, 1989;
Souther and Jessop, 1991); and post-Cretaceous, pre-Eocene or
—Oligocene, northwest-trending, down-to-the-northeast normal fault-
ing at Long Inlet on Graham Island (Lewis, 1990). On Moresby Is-
land, the western limit of Carpenter Bay-Lyell Island dykes and the
southeastern extent of the medial belt of Early Oligocene plutons (Fig.
3) may define the western limit of Eocene extension and the edge of
a developing western margin for part of the Tertiary Queen Charlotte
Basin.

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

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

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

SUMMARY

Widespread granite plutons that characterize the east and west
coasts of the Queen Charlotte Islands intruded sequentially in Mid-
dle to Late Jurassic and again in mid-Tertiary times.

Middle Jurassic (172-171 Ma) San Christoval plutonic suite
(SCPS) plutons, intruded as a northwest-trending linear belt in a wan-
ing contractional regime, were followed by intrusion of discrete plu-
tons of the Burnaby Island plutonic suite (BIPS) to the east 168-2158
Ma ago. The oldest hornblende K-Ar dates for SCPS and BIPS cor-
respond closely to nearby zircon U-Pb dates and confirm a contem-
poraneous and rapid uplift and cooling for both suites. Contraction, which
produced the characteristic fabric of SCPS, ceased by at least 168 Ma
(the date for a post-kinematic pluton) and did not involve Bajocian stra-
ta (Thompson et al., 1991). The youngest zircons for BIPS (=158 Ma),
from a peraluminous trondhjemite, indicate involvement of Paleozoic
(>309 Ma) basement in generation of the last granitic phase within BIPS.

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

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

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

Extension-related Eocene (46-39 Ma) plutonism in southeastern
Moresby Island involved intermediate and felsic plutons and cospa-
tial, slightly younger (44 Ma) uniformly north-trending dykes (Souther,
1988, 1989; Souther and Bakker, 1988; Souther and Jessop, 1991) and
bimodal (predominantly felsic), Pocket Inlet pluton on the west.

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

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