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of folds. First generation folds strike north and are refolded
about an east-striking syncline. These folds may be related
to intrusion of fine grained dioritic rocks of the KPS in the
Crescent Point area (not shown).

Cretaceous strata strike northwest, dip moderately
(40-70°) to the northwest, and young to the northeast. Rarely
observed beds in Tertiary volcanic rocks strike southwest and
dip 45-50°.

Foliation

Penetrative planar mineral fabrics appear to be more
prevalent in the Darwin Sound area than in adjacent areas
(Thompson and Lewis, 1990; Lewis, 1991b; Taite, 1991b).
Most notable are strongly foliated to mylonitic rocks within
Darwin Sound and along the east side of Richardson Island.
These rocks display evidence of differential displacement
and are discussed further below (see shear zones).

Mafic volcanic rocks east of Darwin Sound possess a
moderately-developed, penetrative foliation which strikes
east and dips steeply (60-85¢°) south (Fig. 3). A strongly- to
intensely-developed, northwest-striking schistosity
overprints the east-striking foliation in northern Beresford
Inlet. Mineral lineations are rarely observed on these fabrics.

Diorite and quartz diorite on southern Lyell Island exhibit
a moderately-developed foliation, and locally, gneissosity.
Foliations are generally north- and northwest-striking, and
dip moderately to steeply to the northeast and southwest (Fig.
3). Gneissosity attitudes in southwest Lyell Isiand appear to
define a discrete intrusion (Fig. 3). Plutonic rocks exposed
on central and northwest Lyell Island and southern
Richardson Island are generally massive.

Shear zones

Ductile deformation zones with strongly- to
intensely-developed, planar fabric, a conspicuous mineral
lineation, and centimetre-scale kink folds transect Triassic
and Jurassic supracrustal and plutonic rocks (Fig. 5).
Locally, millimetre-scale rodding may paralle]l the mineral
lineation. Determination of kinematics is generally based on
asymmetries of composite S/C or C/C’ fabrics (Simpson and
Schmidt, 1983) in planes subparallel to the observed mineral
lineation. In plutonic rocks, relict phenocrysts may show
asymmetries that reflect the sense of displacement.
Preliminary observations are reported below.

Attitudes of shear fabrics vary (Fig. 3), although three
dominant attitudes are observed. 1) East-striking deformation
zones dip shallowly to moderately (20-55°) to the south,
possess strongly developed mineral lineations which plunge
moderately (20-45°) to the southeast, and display kinematic
evidence of oblique-reverse displacement (i.e., north side
down and to the east). 2) North-northwest-striking
deformation zones generally dip moderately (30-66°) to the
east and west, and possess mineral lineations that plunge
moderately (15-50°) to the southeast and southwest,
respectively. These zones generally display reverse
displacement, but locally show evidence of normal
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movement (i.e., Lyell Bay area). 3) Northwest-striking,
steeply dipping (75-89°) shear zones possess shallowly
plunging (2-15°) mineral lineations and display dextral,
transcurrent shear.

Faults

Although minor faults are pervasive, few large faults are
recognized. Brittle structures are observed between Gil Islet
and the west shore of Darwin Sound (Fig. 3) where
west-facing volcanic rocks are juxtaposed against east-facing
sedimentary rocks of the Peril Formation. Strongly fractured
and veined outcrops of Tertiary volcanic rocks occur on
Tangil Peninsula north of Richardson Island, and on
southeast Tanu Island.

Stratigraphic discontinuities and repeated stratigraphic
sequences revealed by map patterns (Fig. 2) imply the
presence of faults at several localities (i.e., between Tanu and
Kunga islands; through Klunkwoi Bay?).

DISCUSSION AND CONCLUSIONS

New interpretations of the geology of the Darwin Sound area
resulting from this work are as follows. 1) Considerably
more plutonic rocks are recognized. These form an elongate,
northwest-trending belt through western Lyell Island. Fabric
development (foliation and gneissosity) in diorite and quartz
diorite on southwest Lyell Island suggests these rocks may
be part of the SCPS. Massive diorite, quartz diorite,
leucodiorite, quartz monzodiorite, and granodiorite on
northwest Lyell Island and southern Richardson Island may
be part of the BIPS. 2) Panels of Kunga Group strata occur
on Richardson Island, Shuttle Island, the Topping Islands,
and western Lyell Island; areas previously mapped as
Karmutsen Formation. 3) Thermally altered siliciclastic
rocks of the Sandilands Formation are recognized on eastern
Tanu Island, rather than Yakoun Group strata. 4) Clastic
sedimentary rocks disconformably (unconformably?) overlie -
upper Kunga Group strata near Crescent Point. Fossils from
this sedimentary succession should more precisely constrain
the depositional age; however, sedimentary clasts bearing
Bajocian ammonites and plagioclase-phyric volcanic clasts
(probable Yakoun Group) in the lower part of this
sedimentary succession suggest that these rocks postdate the
Yakoun Group, and may be temporally equivalent to late
Middle Jurassic (late Bathonian to early Callovian) Moresby
Group strata (Cameron and Tipper, 1985; Poulton et al.,
1991) or younger Jurassic strata recently identified (Haggart,
1992).

Structurally, the map area is transected by shear zones that
juxtapose and repeat Triassic-Lower Jurassic strata. A major
zone of ductile deformation through Darwin Sound consists
of low-angle, reverse shear zones, although normal and
transcurrent structures are observed locally. This zone may
be part of the Louscoone Inlet fault system (Sutherland
Brown, 1968; Lewis, 1991a, b, c) although structures
throughout Darwin Sound appear to reflect mainly earlier,
oblique-slip movement, rather than later dextral, transcurrent
movement as reported by Lewis (1991c¢). High strain fabrics
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Abstract

Detailed mapping and paleontological studies of Jurassic and Cretaceous rocks of the Queen Charlotte
Islands have identified several new stratigraphic levels and provided details of the Cretaceous history of
the region. New macrofossil finds indicate that Upper Jurassic rocks of Callovian?/Oxfordian and
Oxfordian/Kimmeridgian age are locally present. These are coarse clastic lithologies, spatially associated
with intermediate volcanics. The new finds indicate that the Late Jurassic hiatus in the Queen Charlotte
Islands is substantially shorter andjor less widespread than previously interpreted. A section spanning the
Jurassic/Cretaceous boundary appears to be present in the northwestern part of the islands.

New mapping and revised paleontological age dating of Cretaceous rocks indicate that there is no
evidence for post-Hauterivian block faulting in the islands.

Résumé

La cartographie détaillée et les études paléontologiques des roches jurassiques et crétacées des iles de
la Reine-Charlotte ont permis de reconnaitre plusieurs nouveaux étages stratigraphiques et nous ont fourni
des détails sur I’ évolution de la région au Crétacé. Les découvertes de nouveaux macrofossiles indiquent
que localement, existent des roches du Jurassique supérieur, datées du Callovien ?/Oxfordien et de
I’ Oxfordien/Kimméridgien. Ces roches ont une lithologie clastique grossiére, et sont spatialement associées
a des roches volcaniques intermédiaires. Les nouvelles découvertes indiquent que dans les tles de la
Reine-Charlotte, le hiatus du Jurassique supérieur est beaucoup plus bref ou moins étendu, ou les deux a
la fois, qu’ on ne I estimait auparavant. Une coupe stratigraphique englobant la limite entre le Jurassique
et le Crétacé semble exister dans la portion nord-ouest des iles.

Les nouveaux travaux de cartographie et la révision des datations paléontologiques des roches crétacées
n’indiquent pas dans les iles de la Reine-Charlotte la formation post-hauterivienne de blocs faillés.
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INTRODUCTION

Detailed geological mapping and stratigraphic study in the
Jurassic and Cretaceous outcrop belt of the central and
northem parts of the Queen Charlotte Islands (103B, F, G)
have been carried out for several seasons (Fig. 1). This
mapping has been undertaken to provide a firm stratigraphic
basis for latest Jurassic and Cretaceous biostratigraphic
studies and to help infer the geological history of the islands
during this part of the later Mesozoic.

Several new discoveries have resulted from this work over
the past two field seasons. Of great importance is the
recognition that further Upper Jurassic stratigraphic intervals
are present in the islands than previously assumed (Fig. 2).
As well, a detailed analysis of Cretaceous stratigraphic
sequences has provided new details of the Cretaceous
geological history of the islands.

NEW STRATIGRAPHIC HORIZONS

Recent macrofossil collections have established the presence
of several new stratigraphic intervals in the archipelago.

Oxfordian strata
Skidegate Channel

Exposures of rocks in the Skidegate Channel area have
recently provided several macrofossil collections indicating
the presence of Oxfordian strata. The collections come from
outcrops within the strongly deformed northwest-southeast
trending zone transecting the central part of the archipelago
(Thompson et al., 1991) and consequently, stratigraphic
sections and continuity are mostly lacking. Enclosing
lithologies consist of coarse clastics, rich in volcanic detritus,
and the outcrops are geographically associated with extensive
exposures of volcanic rocks, typically of intermediate
composition.

Fossils collected from sandstones and siltstones exposed
at GSC loc.C-187412 include several examples of the
ammonite Cardioceras (Scarburgiceras) and probably
represent the Cordatum Zone, or uppermost zone of the
European Lower Oxfordian (H.W. Tipper, pers. comm.,
1991; Frebold and Tipper, 1975). An additional, poorly
located collection from this general area includes a large
ammonite tentatively referred to the genus Procerites, also
suggesting the possibility of lower Oxfordian to upper
Callovian strata (H.W. Tipper, pers. comm., 1991).

Both these collections represent a somewhat younger
faunal horizon than previously identified in this part of the
Jurassic section of the Queen Charlotte Islands. They
postdate slightly the youngest faunas recovered to date from
the Moresby Group, Late Bathonian to Early Callovian
(Cameron and Tipper, 1985; Poulton et al., 1991). Earlier
workers have postulated a major unconformity at the top of
the Moresby Group, essentially spanning later Callovian to
Tithonian time (Cameron and Tipper, 1985; Pouiton et al.,
1991). Although it is uncertain whether the Oxfordian strata
represent a separate cycle of sedimentation from the Moresby
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Group, their lithologies are similar to those found in the
group, and they might thus reflect still younger horizons of
this poorly-known sequence. Further stratigraphic studies
are necessary to determine the degree of conformity of the
Oxfordian strata with the older, Moresby Group package.

Recent mapping in the Skidegate Channel area has
determined that many rocks previously considered part of the
Cretaceous outcrop belt in this area are more likely Jurassic
in age. These include volcanic assemblages of intermediate
composition and very immature, volcanically derived
sedimentary strata. Additional fossil collecting is required to
determine the relative extent of Yakoun Group (Bajocian),
Moresby Group, and younger Jurassic strata in this area.

White Point

Strata exposed south of White Point, on the northwest coast
of Graham Island (Fig. 1), have produced new macrofossil
collections which indicate the presence of Late Jurassic
rocks. At GSC loc.C-185036 the author collected bivalves
referable to Buchia concentrica (sensu lato), of Late
Oxfordian to Early Kimmeridgian age (Frebold, 1964), from
conglomeratic strata near the base of the section described by
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Figure 1. Location map.






Haggart (1989) and Gamba (1991). A likely late Tithonian
age for nearby exposures of conglomeratic strata was
previously determined by Jeletzky (1984), based on analysis
of submitted fossil collections (see Cameron and Tipper,
1985, p. 42); the presence and age of the Tithonian beds have
subsequently been confirmed by the author.

The new collections were made at several tens of metres
above the base of a thick sedimentary succession which
overlies approximately 55 m of volcanic strata of
intermediate composition. The author described these
volcanic rocks previously (Haggart, 1991) and suggested that
they might be correlative with the Middle Jurassic Yakoun
Group. However, the degree of unconformity between the
volcanic rocks and the overlying sedimentary strata appears
to be small and the revised age interpretation for the
sedimentary succession raises the possibility that the volcanic
package is significantly younger than the Yakoun Group, or
of possible Oxfordian-Kimmeridgian age. The presence of a
Late Jurassic volcanic/sedimentary package in the Queen
Charlotte Islands augments the similarity of the later
Mesozoic succession in this region with that of sequences in
southeastern Alaska.

Strata overlying the beds with Buchia concentrica in the
section south of White Point are poorly macrofossiliferous
but consist of a thick sequence of additional conglomerate,
succeeded by mudstone (Haggart, 1989). The section
appears to be continuous and conformable, although it is cut
by several large faults. No volcanic strata are present in this
section. Overlying these rocks, again with apparent
conformity, are sandstones and siltstones of Late Valanginian
to Barremian age which are typical of the Cretaceous
Longarm Formation and are correlated with that unit
(Haggart, 1989).

The entire succession in the White Point area thus appears
to represent a continuous section spanning the
Jurassic-Cretaceous boundary. Given that early Late
Jurassic-age strata are preserved at the base of this section,
apparently conformable beneath Early Cretaceous strata, the
length of time inferred for the Late Jurassic unconformity in
the Queen Charlotte Islands (Poulton et al., 1991) should be
reduced considerably. Indeed, given the new finds of
Callovian-Oxfordian rocks described above, the Upper
Jurassic section of the islands may prove to be rather
complete, if poorly represented. Deposition of these Upper
Jurassic sediments was apparently contemporaneous with
Middle and Late Jurassic pluton emplacement (172-158 Ma:
Anderson and Reichenbach, 1991) and this may account, in
part, for their restricted distribution.

Jurassic? and/or Cretaceous? strata

Exposures of a succession of mudstone, siltstone, fine
sandstone, and shale, locally of significant thickness
(=150-180 m), were identified in the southern part of the
islands in 1990-91. Although sparsely represented, these
rocks are widespread over a large part of the eastern side of
the archipelago, including Atli Inlet on Lyell Island, Crescent
Point, and the northwestern and western part of Burnaby
Island. The unit also appears to underlie sections typical of
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the Cretaceous Longarm Formation at several localities.
Turbiditic facies are developed in the unit at Crescent Point
(see Sanborn-Barrie, 1992) and Ramsay Island (see Gamba,
1991). Locally, as at Lyell Island, the mudstones are spatially
associated with Yakoun Group volcanic and sedimentary
strata (see Souther, 1992), and they contain possible Bajocian
bivalves as well. It is thus possible that they are part of the
Yakoun Group succession, or of slightly younger age,
perhaps equivalents of the Moresby Group or the younger
Late Jurassic deposits described above. Paleontological
investigations in progress should more precisely determine
the age of this unit.

NEW CRETACEOUS SECTIONS

New sections of Cretaceous strata were identified and studied
in 1990-91. The westernmost occurrence of Longarm
Formation deposits in the central islands was identified by
float occurrences at Tana Point, north of Skidegate Channel
on the west coast of Graham Island. This exposure had
previously been noted by Sutherland Brown (1968: Fig. 11)
but not described. The exposures rest above steep cliffs of
likely Yakoun volcanic and sedimentary strata and
lithologies present in the float blocks at the base of the scarp
include shallow water sandstone with buchiid bivalves, a
facies previously identified at several localities in the islands
(Haggart, 1989, 1991; Gamba, 1991).

Additional exposures of likely Cretaceous rocks were
studied briefly in the alpine regions at the head of Lagins
Creek, west of Mount Stapleton on southern Graham Island.
These strata were originally correlated with the Cretaceous
Longarm Formation by Sutherland Brown (1968). The
principal exposures consist of interbedded argillite and fine
sandstone, locally showing turbiditic features, and are
extensively intruded by Tertiary Kano Pluton rocks, as well
as dykes of intermediate composition. Lithologically, the
argillites and sandstones appear similar to the turbiditic facies
of the shale member of the Haida Formation (sensu Haggart
etal., 1989, 1991). Unfortunately, no macrofossils have been
recovered from these beds.

CRETACEOUS BLOCK FAULTING

New detailed mapping, revised paleontological age
assessments, and a re-examination of the evidence for
Cretaceous block faulting presented in several earlier
publications (e.g., Thompson et al., 1991; Lewis et al., 1991)
has established that there is little likelihood of block faulting
in the islands region during post-IHauterivian Cretaceous
time.

The evidence for block-faulting of this age presented by
earlier workers included: 1) the observation that coarse
clastics of the Honna Formation, typically interstratified
within the Cretaceous succession, locally rest unconformably
on older units of Triassic-Cretaceous age; 2) the presence of
geographically juxtaposed stratal blocks showing different
Cretaceous ages.



A detailed analysis of the factors mitigating against a block
faulting interpretation is in preparation. In brief these include:

1) Little, if any, sedimentological evidence indicative of
syndepositional block faulting is seen. Adjacent to inferred
zones of active block-faulting one would expect to find
chaotic and highly diverse lithological assemblages, where
cannibalized debris from the elevated block was rapidly
deposited on the downdropped one. Instead, these areas are
characterized by widespread, laterally continuous belts of
shallow marine Cretaceous strata (see Haggart, 1991) which
cross the inferred fault traces.

2) Detailed study of the stratigraphic succession of the
Honna and Haida formations on northeastern Moresby Istand
has shown that the lower part of the Honna Formation in this
area is locally interstratified with very shallow water deposits
of the Haida Formation. The Honna Formation in this region
is thus a shallow water deposit and does indeed locally rest
on older, Triassic and Jurassic rock units. The observed
unconformities are best explained, however, as resulting from
the initiation of Cretaceous shallow-marine sedimentation at
these locales, rather than by the removal of older Cretaceous
strata during Cretaceous time. Haggart (1991) previously
suggested that such a relationship might be invoked to explain
local sub-Honna unconformities. The shallow-water
interpretation for the Honna Formation in the northeastern
Moresby Island area complements the sedimentological
model of Gamba (1991) for a relatively shallow-water, shelf
origin for part of the Honna Formation exposed at the type
section some 18 km to westward.

Other areas where the Honna Formation was earlier inferred
to rest on older Cretaceous units, such as in Skidegate Channel
where it has been mapped resting on the Longarm Formation,
are now known to include more complete Cretaceous sequences
than previously thought, or represent juxtapositions of
Cretaceous and older strata along previously unnoted faults.

3) Revised paleontological age assessments indicate that
some geographically-adjacent localities showing Cretaceous
strata of quite different inferred ages are actually less
diachronous than previously considered. Thus, local uplift of
blocks containing older Cretaceous stratigraphies is not required
to explain the observed distribution of rock ages. This
reassessment underscores the importance of continued
biostratigraphic studies in analysis of Cordilleran stratigraphy.
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Abstract

The Queen Charlotte Group is divisible into five lithofacies assemblages: sandy shelf, muddy ramp,
sandy submarine fan, conglomeratic submarine fan, and muddy shelf. Each assemblage is characterized
by a suite of facies deposited in shallow shelf to submarine fan environments. From Albian to Early
Turonian time the sandy shelf, muddy ramp, and sandy submarine fan assemblages were deposited along
the eastern margin of a westwards deepening forearc basin. At least three episodes of relative sea-level
[fluctuation, recorded by sharp-based transgressive cyclic successions preserved in the deposits of the sandy
shelf assemblage, affected deposition basinwide during the Albian. During Middle to Late Turonian time,
shelf conditions were abruptly terminated by the westward progradation of conglomeratic submarine fans.
This event was likely a response to subduction-related tectonic activity which led to the unroofing of the
magmatic-arc situated to the east, dramatically accelerating subsidence rates in the forearc basin.

Résumé

Le groupe de Queen Charlotte peut se diviser en cing assemblages de lithofaciés : plate-forme sableuse,
rampe boueuse, cOne sous-marin sableux, céne sous-marin conglomératique et plate-forme boueuse.
Chaque assemblage est caractérisé par une suite de faciés déposés dans des milieux allant de plate-forme
peu profonde & cone sous-marin. De I'Albien au Turonien inférieur, les assemblages de plate-forme
sableuse, de rampe boueuse et de cone sous-marin sableux ont été déposés le long de la marge orientale
d’un bassin d’ avant-arc s’ approfondissant vers I ouest. Au moins trois épisodes de fluctuation du niveau
de la mer relatif, attestés par des successions cycliques transgressives, & base bien définies, conservées
dans les dépots de I’ assemblage de la plate-forme sableuse, ont affecté la sédimentation dans tout le bassin
durant I’ Albien. Entre le Turonien moyen et supérieur, les conditions de plate-forme ont été abruptement
interrompues par la progradation vers I’ ouest des cones sous-marins conglomératiques. Cet événement a
probablement été causé par une activité tectonique de subduction qui est a I’ origine du décapage de I'arc
magmatique situé al’ est, accélérant considérablement les vitesses de subsidence dans le bassin d’ avant-arc.

I Contribution to Frontier Geoscience Program
2 Department of Geology, McMaster University, Hamilton, Ontario L8S 4M1
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CRETACEOUS LITHOSTRATIGRAPHY

The Queen Charlotte Group is composed of marine sediments
deposited in shallow shelf to basinal environments along the
western margin of a forearc basin during Albian to
Maastrichtian time. Each environment is represented by a an
assemblage of facies. These assemblages include the sandy
shelf, muddy ramp, sandy submarine fan, conglomeratic
submarine fan, and muddy shelf assemblages.

Previous sedimentological studies of the Queen Charlotte
Group have tended to concentrate upon specific formations
rather than the group as a whole. Yagishita (1985) focused
primarily upon the provenance of the Haida and Honna
formations rather than on their sedimentology. Although
Yagishita (1985) identified five facies within these two
formations, the facies are so inadequately described as to
preclude a reliable sedimentological interpretation. Higgs
(1990) recognized three lithofacies within the Honna
Formation, which, with the addition of three new facies, are
incorporated and described in this paper.

Haggart et al. (1991) provided the most comprehensive
lithostratigraphic scheme for the group, dividing it into three
broad lithological units (Table 1). This concept forms the
basis of the lithostratigraphic framework outlined in this

paper.
This paper divides the Queen Charlotte Group into five
facies assemblages, provides detailed facies descriptions of

these assemblages, and presents a regional facies
interpretation.

SANDY SHELF ASSEMBLAGE (SSA)

Basal cross-stratified facies

This facies consists of grouped cosets of trough
cross-stratified medium-grained to granular pebbly arkose
and feldspathic arenite. Interbedded units of swaley

cross-stratified medium- to coarse-grained pebbly sandstone
up to 4.5 m thick also occur. The facies is best developed in
Skidegate Inlet, reaching a thickness of 8 m, and to the east
of McClellan Island in Cumshewa Inlet where it is 18.8 m
thick. Rare oyster fragments have been found. Common
trace fossils include Ophiomorpha, Macronichnus and
Skolithos.

Sandy and gravelly storm deposit facies

The remainder of the assemblage is divisible into cyclic
successions, each composed of two facies: a lower, sharp
based sequence of sandy and gravelly storm deposits and a
gradationally overlying upper sequence of massive,
bioturbated sandstone (Fig. 1).

The lower storm deposit facies is composed of
amalgamated units of swaley cross-stratified (SCS) and
hummocky cross-stratified (HCS) fine- to medium-grained
lithic arenite and arkose. At Onward Point, swaley
cross-stratified sandstone is interbedded with broadly
lenticular units of polymictic pebble conglomerate up to
60 cm thick. The conglomerates are composed primarily of
rounded Yakoun Group andesitic clasts with lesser argillite
and plutonic clasts. Thick-shelled articulated and
disarticulated trigoniid bivalves are common in this facies.
Common trace fossils include Ophiomorpha, Thalassinoides,
and Skolithos. This facies reaches a thickness of 12 m in
Skidegate Inlet.

Massive bioturbated sandstone facies

The storm deposit facies is gradationally overlain by massive,
bioturbated buff to dark green weathering fine-grained poorly
sorted lithic arenite and wacke. This facies forms
monotonous massive intervals up to 544 m thick containing
abundant buff weathering dolomitic concretions. In roadcut
exposures large scale tabular bedding is observed.

Table 1. Comparison of Cretaceous lithostratigraphic schemes
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Lithologic Units
Cretaceous of Ha ga i et al Assemblages of Age' Thickness
Stratigraphy 99 this paper 9
(1991)
Unnamed Shales Deep water shales Muddy shelf Late Sant.onlafn >43.5 m
to Maastrichtian
Conglomeratic Early Coniacian 2
Honna Fm Honna submarine fan to Early Santonian 1600° m
i C ian t
Skidegate Fm Sandy submarine Eer:on_:_ama' N 630° m
Deep water shales fan arly luronian
dd Cenomanian to >428 m
Haida Mudstone Muddy ramp Early Turonian
Haida Sandstone Sandy shelf Albian 1046 m
Shallow water
sandstones ini
L Longarm Fm Longarm Fm Valanglplan to
Aptian

' from Haggart (1991)

¢ from Gamba (1991)

* from Sutherland Brown (1968)
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Figure 1. Schematic stratigraphic sections of the sandy shelf and muddy ramp assemblages exposed at Bearskin Bay,
Skidegate Inlet, and Lauder Point, northwestern Graham lIsland. Bearskin Bay section is approximately 50% covered.
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is best exposed at Dyer Point on northwest Lina Island, where
6.8 m of symmetrically rippled sandstone and interbedded
silty mudstone is abruptly overlain by 7.5 m of swaley
cross-stratified sandstone. This succession is sandwiched
between two sequences composed of the conglomerate
facies, and is described further by Gamba (1991).
Macrofossils are absent. Common trace fossils include
Rhizocorallium, and Paleophycus.

MUDDY SHELF ASSEMBLAGE (MSA)
Shale facies

Deposits of this assemblage conformably overlie
conglomerates of the Honna Formation at Pillar Bay, Langara
Island, and the Slatechuck Mountain area (Haggart and
Higgs, 1989; Haggart, 1991). The facies is composed of
friable, black mudstone containing abundant carbonate
concretions. Haggart and Higgs (1989) noted medium- to
coarse-grained sandstone dykes within a 30 m thick
succession exposed at Slatechuck Mountain. Macrofossils
include in-situ inoceramids and common ammonites.

Interbedded silty mudstone and sandstone facies

A 43.5 m thick sequence of this facies is exposed in Pillar
Bay, northwestern Graham Island. The facies is composed
of interbedded friable black silty mudstone and thin,
lenticular to tabular units of massive bioturbated to rippled
very fine- to fine-grained sandstone. The ratio of mudstone
to sandstone does not exceed 80:20. No well developed
Bouma sequences were observed. Macrofossils include
ammonites and thin-shelled bivalves. Common trace fossils
include Rhizocorallium and Cosmoraphae.

FACIES INTERPRETATION

The basal cross-stratified facies of the sandy shelf assemblage
was deposited in a shallow shoreface environment under
fairweather wave conditions. Based on textural maturity and
the apparent absence of marine macrofossils and trace fossils,
Fogarassy and Barnes (1991) suggested that the facies was
deposited in a braided fluvial environment. Recent finds of
marine macrofossils and marine trace fossils within this facies
negate this interpretation. The textural maturity of the facies
can instead be attributed to prolonged reworking by
fairweather wave processes.

The cyclic successions were deposited in a slightly deeper
shelf environment under storm wave conditions. The sandy
and gravelly storm deposit facies is clearly of storm origin.
Rare patches of hummocky cross-stratified sandstone within
the massive bioturbated sandstone facies also confirm its
storm-related origin. Between storms events, the deposits of
this facies were pervasively reworked by marine organisms,
completely destroying stratification. The absence of
interbedded mudstone is attributed to intense winnowing
during storm events. The cyclicity of the successions,
comprising a sharp based unit of swaley cross-stratified to
hummocky cross-stratified sandstone overlain by a relatively

thicker unit of massive bioturbated sandstone, can be
attributed to relative sea level fluctuations. Each succession
represents a sharp drop in relative sea level followed by slow
transgression. The basal portion of each succession,
composed of the swaley cross-stratified and hummocky
cross-stratified sandstone facies, was deposited in relatively
shallower water under highly energetic storm conditions.
The gradationally overlying massive bioturbated sandstone
succession was deposited as sea level rose. The relatively
lower energy conditions afforded marine organisms an
opportunity to recolonize the substrate, allowing intense
biological reworking of the storm deposits between storm
events. The great thickness of these successions suggests that
the rate of sedimentation closely matched that of subsidence.
At least four such fluctuations in sea level are recorded in the
Queen Charlotte City section whereas three are recorded at
Lauder Point.

The presence of wave formed sedimentary structures
within sandstones of the black mudstone and interbedded
sandstone facies and the tempestite facies of the muddy ramp
assemblage, together with bioturbation including
Rhizocorallium, Muensteria and Teichichnus, suggests
deposition at shelf depths (Frey and Pemberton, 1984). The
chaotic facies are interpreted as slump deposits, and their
association with deposits of the tempestite and interbedded
mudstone and sandstone facies suggests that the ramp
possessed an appreciable slope. The silty black mudstone
facies of this assemblage was likely deposited in a relatively
quieter, low energy setting on the ramp. The occurrence of
channelized units of the tempestite facies immediately above
some of the slumped units in the Skidegate Inlet area suggests
that slumps may have been triggered by particularly intense
storm events, by seismic activity, or by a drop in base level.

The well-developed Bouma sequences observed within
the classical, CCC-type, and sandy turbidite facies of the
sandy submarine fan assemblage confirm their turbiditic
origin. The channelized and amalgamated nature of the
sandy turbidite facies is indicative of deposition within
submarine channels while classical turbidites are generally
interpreted as lower to middle fan deposits (Walker, 1990).
The massive silty mudstone facies was probably deposited in
low energy environments adjacent to the fan. The occurrence
of such trace fossils as Rhizocorallium and Muensteria argues
against deep-water basinal deposition and suggests that both
the muddy ramp assemblage and sandy submarine fan
assemblage were deposited at similar paleodepths. A
sequence of tempestites interbedded with classical turbidites
of the submarine fan assemblage in western Kagan Bay
would seem to confirm this.

The conglomerate, massive sandstone facies, and
stratified pebble conglomerate facies of the conglomeratic
submarine fan assemblage compare favourably with
channelized turbidite deposits described by Walker (1990).
The symmetrically rippled and interbedded swaley
cross-stratified facies are interpreted as shallow shelf
deposits, as suggested by Gamba (1991). The thinly-bedded
classical turbidite facies is interpreted as lower to middle
submarine fan deposits. The eastern provenance of the
assemblage has been documented by Yagishita (1985), Higgs
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(1990), Gamba et al. (1990), and Gamba (1991). Yagishita
(1985) interpreted the Honna Formation, represented here by
the conglomeratic submarine fan assemblage, as the deposits
of a canyon-fed submarine fan. Points in favour of a
submarine fan interpretation include: the resedimented
nature of the conglomerates, the occurrence of interbedded
sandy turbidites, and the interfingering of CCC-type turbidite
and conglomerate. The CCC-type turbidite facies were
interpreted as levee-deposits by Gamba et al. (1990) and
Gamba (1991).

In contrast, Higgs (1990) and Gamba (1991) interpreted
the Honna as fan delta deposits. The lack of associated
subaerial and deltaic deposits appears to be incompatible with
this interpretation.

The storm deposits and bioturbation of the tempestite
facies of the muddy shelf assemblage reflect deposition at
relatively shallow shelf depths. The absence of interbedded
slump deposits suggests that deposition occurred upon a
gently inclined shelf rather than upon a ramp. Haggart and
Higgs (1989) suggested that the shale facies was deposited
within a muddy shelf environment.

REGIONAL FACIES INTERPRETATION

Two large-scale depositional systems are observed within the
Queen Charlotte Group. The sandy shelf, muddy ramp, and
sandy submarine fan facies assemblages occupied the eastern
margin of a westwards-deepening basin exhibiting a
northwest-southeast trending strandline (Fig. 7) (Gamba,
1991; Haggart, 1991). Sediment was delivered to the basin
via deltas, as illustrated by the localized nature of the basal
crossbedded facies (deposited proximally to deltaic sources)
and by thickness variations of the sandy shelf assemblage.
The thick sandy shelf succession exposed at the Bearskin Bay
section was probably deposited proximal to a deltaic source,
in contrast to the thinner successions interbedded with
deposits of the muddy ramp assemblage exposed in
Cumshewa Inlet, which were probably deposited in a
relatively more distal setting.

The shallow sandy shelf graded westwards into a deeper
ramp environment. The predominance of storm deposits
within both of these assemblages indicates that paleodepths
did not exceed 200 m. The interfingering of muddy ramp
deposits and sandy submarine fan deposits in western Kagan

Figure 7. Albian to Early Turonian schematic model of the Queen Charlotte Basin (modified after Haggart, 1991: Fig. 7).
FWB — fairweather wave base, HCS — hummocky cross-stratification, TXB — trough crossbedding.
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Bay suggests that a sandy submarine fan was located at the
foot of the ramp in the west. The absence of deep water trace
fossils in all facies of the SSFA suggests that paleodepths did
not greatly exceed that of the ramp. The abundance of slump
deposits within the muddy ramp and sandy submarine fan
assemblages may be attributed to frequent seismic
disturbances along a tectonically active margin, or to slope
instability due to rapid rates of sedimentation.

The broad geographical distribution of the three
assemblages suggests that deposition did not occur within a
series of small, fault-controlled basins, as suggested by Lewis
et al. (1991). Instead, changes in relative sea level, which
affected deposition basinwide (ie. the cyclic successions of
the sandy shelf assemblage), are likely attributed to
subduction-related tectonism affecting the Coast Plutonic
Complex.

Sandy shelf and muddy ramp deposition was abruptly
terminated by the onset of conglomeratic submarine fan
deposition in Early Coniacian time (Haggart, 1991). A hiatus
spanning approximately 2 Ma separates the deposits of the
Cenomanian to Early Turonian sandy submarine fan
assemblage and Early Coniacian to Early Santonian
conglomeraic submarine fan assemblage. The similarities
however between facies of the sandy and conglomerate
submarine fan assemblages, their interfingering relationship
and the petrological similarities exhibited by sandstones of
both assemblages (documented by Fogarassy and Barnes,
1991), suggests that the transition within deeper parts of the
basin was more gradational than on the shelf.

The Honna Formation forms a narrow northwest trending
belt in the Lina Narrows/central Graham Island area. This
belt may represent an exhumed paleocanyon, an
interpretation supported by several observations. First,
paleocurrents measured from pebble imbrication in this area
exhibit a strong northerly directed paleoflow which parallels
the trend of the belt (Gamba et al., 1990; Higgs, 1990).
Second, an exposure of the shallow water symmetrically
rippled and interbedded swaley cross-stratified facies occurs
at the southeastern (canyon-head) termination of this belt on
northwestern Lina Island (Gamba, 1991). Third,
conglomerates of the Honna Formation are absent to the west
of this belt, where the Skidegate Formation apparently grades
upwards into Santonian shales in the Slatechuck Mountain
area (J.W. Haggart, pers. comm., 1991).

The average sedimentation rate of the conglomerate
submarine fan assemblage is approximately 1.066 mm/a, a
figure which greatly exceeds the approximately 0.092 mm/a
rate of the sandy shelf and muddy ramp assemblages. This
suggests relatively rapid rates of basin subsidence coupled
with rapid uplift and unroofing of the Coast Plutonic Complex
to the east during deposition of the conglomeratic submarine
fan assemblage.

From Early Santonian to Maastrichtian time muddy shelf
conditions prevailed within the basin (Haggart, 1991). This
likely marks an end to the tectonism responsible for
deposition of the conglomeratic submarine fan assemblage.
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Submissions to the Discussion section of Current Research are welcome from both the staff of the
Geological Survey of Canada and from the public. Discussions are limited to 6 double-spaced typewritten
pages (about 1500 words) and are subject to review by the Chief Scientific Editor. Discussions are restricted
to the scientific content of Geological Survey reports. General discussions concerning sector or government
policy will not be accepted. All manuscripts must be computer word-processed on an IBM compatible
system and must be submitted with a diskette using WordPerfect 5.0 or 5.1. Illustrations will be accepted
only if, in the opinion of the editor, they are considered essential. In any case no redrafting will be
undertaken and reproducible copy must accompany the original submissions. Discussion is limited to
recent reports (not more than 2 years old) and may be in either English or French. Every effort is made to
include both Discussion and Reply in the same issue. Current Research is published in January and July.
Submissions should be sent to the Chief Scientific Editor, Geological Survey of Canada, 601 Booth Street,
Ottawa, Canada, K1A 0ES8.
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comprendre au plus six pages dactylographiées a double interligne (environ 1500 mots), texte qui peut faire
I’objet d’un réexamen par le rédacteur scientifique en chef. Les discussions doivent se limiter au contenu
scientifique des rapports de la Commission géologique. Les discussions générales sur le Secteur ou les
politiques gouvernementales ne seront pas acceptées. Le texte doit étre soumis a un traitement de texte
informatisé par un systtme IBM compatible et enregistré sur disquette WordPerfect 5.0 ou 5.1. Les
illustrations ne seront acceptées que dans la mesure ol selon 1’opinion du rédacteur, elles seront considérées
comme essentielles. Aucune retouche ne sera faite au texte et dans tous les cas, une copie qui puisse étre
reproduite doit accompagner le texte original. Les discussions en frangais ou en anglais doivent se limiter
aux rapports récents (au plus de 2 ans). On s’efforcera de faire coincider les articles destinés aux rubriques
discussions et réponses dans le méme numéro. La publication Recherches en cours parait en janvier et en
juillet. Les articles doivent étre envoyés au rédacteur en chef scientifique, Commission géologique du
Canada, 601, rue Booth, Ottawa, Canada, K1A OES.
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