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ABSTRACT 

The report-area is underlain large ly by the more than 25 , OOO-foot-thick 

succession of Triassic and Lower Jurassic volcanic and sedimentary rocks of the 

Vancouver Group. The base of the group is not exposed . The Vancouver Group is 

subdivided into the Karmutsen Subgroup below and the Bonanza Subgroup above ·with 

the Quatsino Limestone included in the latter. 

The broad Karnian (i.e. Karmutsen and early Quatsino time) marine 

basin, which exi;ended well to the west and east of the report-area, was transformed 

into a r elatively narrow, north-trending depositional trough in the early Noria n and 

then fr agmented by source areas (?islands) in the late Norian . The resulting complex 

facies pattern of elastic and calcareou~ sediments (Thinly bedded me mber, Arenaceous 

member , Sutton limestone} was terminated by the latest Triassic (?early Rhaetian) orog;enic 

phase which flexed the Triassic rocks and faulted them judging by the concurrent outburst 

of volcanism. The crests of at least two north-trending anticlines (i.e . P ort Alice -

Coal Harbour and Southwestern tectonic lands) became source areas supplying 

pyroclastics, lavas and coarse volcanic elastics to the intervening Neroutsos and 

West Coast residual marine troughs. 

The la ast Triassic orogenic phase and the accompanying volcanism did 

not affect the northeastern side of Vancouver Island, the Queen Charlotte Strait, and 

the Queen Charlotte Ishmdswhere the deposition of marine arg illites and limestones 

(upper parts of Parson Buy and Quatsino formations) continued into the Jurassic . 

This resulted in the subcli\'ision of the Insular Tectonic Belt into two zones. The 

southwestern tectonically and volcanically active zone included all of the r eport-

area and the a<ljacenL 11aris of uuri.lnvesteru \'aacuuve 1· Island . The tectonically and 



volcanical1y quiescent zone comprised areas to the southeast, east, northeast, and 

north of the report-area. This depos itional-structural pattern persisted to the 

end of Early Jurassic time. 

Some 10,000 to 20,000 feet of mainly andes itic volcanics and sediments of 

the Volcanic di vision of the Bonanza Subgroup were deposited during the l a test Triassic 

and Early Jurassic in the report-area and adjac~nt parts of the tectonically and 

volcanically active zone . The Volcanic division is subdivided , in ascending order as 

follows: Hecate Cove Formation (new), Lowe r Jurassic volcanic unit, Cherty limestone 

unit, Grey volcanic unit, Matthews Island Formation (new), Uppermost Sinemuri an 

volcanic unit , Uppermost Sinernurian argillite unit, . ?Dark grey volcanic unit, and 

?Pliensbachian-Toarcian greywacke Wlit. Only 2,000 to 3,500 feet of argillites and 

limestones (Harbledown and Maude formations) were simultaneously deposit ed in the 

quiescent zone which obviously was sediment-s tarved . The s edimentary interbeds of 

the Volcanic division appear to be the tongues of the Harbledown and Mau de formati ons 

of the quiescent zone. 

The Early Jurassic depositional-structural pattern was annihilated by 

the Middle Jurassic orogeny and accompanying batholithic Coast Intrusions. The 

Vancouver Group of the report - area was flexed into an open, north-trending and 

west-dipping homocline apparently comprising the western limb of the anticlinorium 

of Vancom'er Island. This basically simple Mid-Jurassic tectonic pattern was stroni,.l v 

complicated locally by the influence of largely syntectonic Coast Intrusions . The 

Mid-Jurassic orogeny transformed all of the Insular Tectonic Be lt into a tectonic l;'ih' 

and caused the "migration11 of volcanism (Yakoun volcani cs) from th e Early Jurassi c 

active zone into the Early Jurassic quiescent zone. 



The Coast Intrusions of the report-area are small to large dykes, plugs, 

and rarely small stocks characterized by fine to coarse porphyritic, amygdaloidal. or 

felsitic textures. These dioritic to gabbroic plutons appear to be e>."tremely shallow to 

hypabyssal apophyscs and cupolas of larger hypocrystalline intrusive boclies still 

hidden at depth. These hidden intrusives are believed to be intimately connected \\·ith 

or to represent a direct continuation of the principal Coast Intrusion bcxlies of the 

Coast Mountains. 

The stratigraphical-paleontological data indicate the occurrence of only 

one, geologically brief (?Bathonian) major epoch of the Mesozoic Coast Intrusions in 

the report-area and elsewhere on the Vancouver Island . This contradicts the now 

fashionable hypothesis of a more or less continuous igneous activity in the Western 

Cordillera. 

No Late Jurassic or Berriasian to mid-Vaianginian rocks wore found in 

the report-area. This part of Vancouver Island apparently remained above sea level 

and was undergoing erosion throughout this time interval following a regional uplift of 

the Insular Tectonic Bolt in the \Vake of the Mid-Jurassic Orogeny. 

The Vancouver Group and the Coast Intrusions are overlapped unconform::ibly 

by more than 10, OOO feet of Cretaceous strata. These exclusively sedimentary, partly 

marine rocks apparently covered originally most or all of the report-area but were 

removed by the post-Cretaceous erosion, except for a few outliers preserved within 

downfaulted blocks or synclinal structures. 

An unnamed late Valanginian to late Barr emian group, equivalent to the 

Longarm Formation of Queen Charlotte Islands and the Cretaceous part of Relay 

Mo1mhin Group of the Ty:rnghton Trough, forms the basal part of the Cretaceous 



sequence. This 3, OOO-foot to 3, 500-foot thickness of rocks is subdivided into 

(ascending order): Buchia crassicollis greywacke, Hauterivian siltstone unit, Upper 

Valanginian to ?Hauterivian greywacke-conglomerate unit, Inoceramus colonicus 

calcarenites, Barremian fine-grained greywacke unit, and Barremian variegated 

elastic unit. These Neocomian rocks were deposited in a relatively shallow marine 

embayment confined between the Brooks Peninsula Landmass in the southeast and the 

Northeast Coast Landmass in the northeast. The pulsating late Valanginian to late 

Barremian transgression gradually advanced eastward and s outheastward over the 

worn down northwestern part of the Mid-Jurassic tectonic land. The transgression 

culminated in the late Barremian when all of the report-area was flooded and the 

flanking source areas essentially peneplaned. 

The Neocomian rocks are overlain, apparently conformably, by a 

succession of predominantly coarse-grained, almost exclusively nonmarine elastics, 

as much as ?8, OOO feet thick, na:ncd the Coal Harbour Group (new). These Aptian 

to Albian rocks . are subdivided into a Coarse arenite unit below, ?800 to ? 5, 390 f eet 

thick, and the overlying Blumberg Formation (new), at least 3, OOO feet thi_ck. 

The nonmarine Coal Harbour Group is equivalent to the Jackass Mountain 

Group of the Tyaughton Trough. It registers the occurrence of the interregional 

Aptian (?late Aptian) orogeny which strongly uplifted the previously peneplaned Mid­

Jurassic tectonic land and represents piedmont deposits laid down in an embayment-

like subsiding basin on its northwestern side. The bulk of coarse elastics was apparently 

supplied by the strongly elevated Brooks Peninsula Landmass to the southeast of the 

report-area. Some coarse elastics were, however, derived from the less elevated 



tectonic land occupying the northeastern side of Vancouver Island . Unlike the 

Tyaughton Trough, the report-area apparently was not flooded by the Albian sea. 

At least 680 feet of C e nomanian and Turonian marine shale with 

minor amounts of coarser elastics occur loca lly in the r eport- area. This Upper 

shale unit is a small erosional remnant of the southeastward onlap of the late 

Haida Sea of Queen Charlotte Islands onto the subsiding northwestern part of the 

Aptian-Albian tectonic land of Vancouver Island . The areal exte nt of this early 

Upper Cretaceous transgression is uncertain. 

The Nanaimo Group is represented by a unique , small outlier ?unconformably 

overlapping the Barremian rocks on the eastern side of Neroutsos Inlet. Its arkosic 

sandstones, more than 280 feet thick (top faulted) , are equivalent only to the late 

Campanian Cedar District Formation of the Nanaimo-C omox area . The Neroutsos 

outlier re presents the central part of the northern embayment of the late Nanaimo Sea . 

This sea advanced from the northwest or ?west, did not extend southward beyond the 

line defined by Suquash River , head of Neroutsos Inlet, and Kwakiutl Point. Its eastern 

limit was presumably situated somewhere beneath the Queen Charlotte Strait. 

A fe v small to medium-size dyke- and plug-like plutons invade the 

Cretaceous rocks of the report-area. Because of their post-Nanaimo (i . e . post­

Campanian) age and the locali zation along the planes of the presu mably early Tertiary 

faults, these plutons are tentatively correlated with the Sooke Intrusions of 

southeastern Vancouver Island and assigned an early Oligocene age . 

The mineralogical composition of the ?Sooke Intrusions ranges from 

granitic to gnbbroic. The sm.."1.11 size of the plutons, the prevalence of fine to coarse 

porphyritic, amygdaioidai, and feis1t1c te:;...'ture, and the abundance of mctasornatically 

altered Cretaceous sediments (therma l ha los) in their vicinity indicate the ir being 



e.Ktremely shallow to hypabyssal apophyses and cupolas of larger plutons still 

hidden at depth. 

No outcrops of Tertiary sedimentary rocks were seen in the report­

area. The allegedly ? l ate Tertiary volcanics outcropping on the northern shore 

of Holberg Inlet appear to be a strongly indurated and silicified facics of the 

Volcanic division of the Bonanza Subgroup. 

Several principal faults trending northwest or west-northwest and 

delineating four or ?five structurally discontinuous large to medium fault blocks dominate 

the p.-esent day structure of the report-area. A multitude of close ly spaced major and 

minor faults striking in several directions dissect all of the principal fault blocks. 

Normal and ? strike-slip faults predominate whereas high angle thrust faults are rare. 

With one exception, all observed faults transect indiscriminately all Mesozoic rocks, 

including those of the Nanaimo Group. However, they do not seem to disrupt the 

presumably early Oligocene ?Sooke Intrusions. The age of these faults is more likely 

early Tertiary than latest Cretaceous. However, they may be younger since all 

major faults on the west coast of Vancouver Island are known to transect the Tertiary 

(Oligoce ne and early Miocene) strata. 

The predomin, nt fault block tectonic style of the report-area and other 

parts of the Insular Tectonic Belt is caused by a somewhat peculiar basement control. 

The ubiquitous presence of a. thick and rigid "shield" of Karmutscn volcanics must 

have preYented the development of tight to overturned folds by Late Triassic and 

Early Jurassic time. Before the end of l\Iiddle Jurassic time this "volcanic basement., 

was further strengthened by the invasion of numerous small and large Coast Intrusi ons 

and the ~cromp~nying inrforation nr m~tri morphism nf the sediments nnd volcnn.ics nf 

the Vancouver Group. Tr..:? resulting ''mngmatic basement" determined the subsequent teclL nic 



style of the report- area and other parts of the Insular Tectonic Belt by yie lding to the 

stresses of all post-Middle Jurassic tectonic moveme nts by large and small scR.le 

faulting only. The relati\"ely thin post-1\'Iiddle ,Juras s ic sediments were protected 

to a large extent from compressive stresses and could not be even moderately 

folded, except in the proxirn.itr of major or principal faults . This predominant 

block fault tectonic style seems to be out of place in an otherwise typical geosynclin a l 

. (= orthogeosynclinal or eugeosynclinal) r egion. However, other examples of a similar 

tectonic style are becoming known elsewhere in the Circumpacific Orogenic Belt. 



MESOZOIC A1 D ?TERTIARY ROCKS OF QUATS I NO SOUND, 
VA.~COUVER ISLAND, BRITISH COLUMB IA 

INTRODUCTION AND ACKNO\VLEDGt!ENTS 

This report is based on the r esults of a de t a iled survey of Meso zoi c and 

?Tertiary rocks of parts of riuatsino Sound which t ook p l a ce durin g parts o f the 

1953 and 1954 seasons ru10 also includes r esults obtaine d f rom work dur in g a 

s upplementary survey of some parts of the are a in 1968 and 1969. 

The work , largely confined t o th e gene rally we ll-exp os ed s horeline , \\'as 

carried on by means o f a locally char t ered 40-foot boat and dinghy . A p anel truck 

was used to survey sections along logging roads at th e headwaters of Lippy Creek , 

east of Neroutsos Inlet , and the channels of s ome large r streams were traversed 

on foot. Attempts to survey inland parts of the area a t a distance from major 

s tream channels and logging roads were f ound t o be un rewardi n g b e cause of 

l uxuriant vegetation which covers a ll of t he lowl ands and most of the steeper 

s lopes above the high tide ~ark. 

The parts of the shoreline occupied by fo ssi liferous s edimentary rocks 

were studied in much greater detai l than t hose occup ied by vo lcanic or intrusive 

rocks . Previous geological reconnaissan ce work of Dawso n (1 887), De lmage (1921), 

and Gunning (1930) , including some unpublished reconn aissance geol ogical maps 

by Delmage, was utilized for general orientation and as a gui de to the major 

sedimentary outliers of the area. The geologi c al mappin g o f these early explorers, 

and the re cen t mapping of Jeffery (1962) , Nor t hcote (1969 ) and Mu ll e r (1 967, 1969, 

.t-lanuscript received: July, 1971 

Approved for publication : May, 1972 



- 2 -

1970) is, for the most pari, too generalized to be used to fill in Lhe gaps between 

those parts of the area mapped by the writer on the scale of one-half inch to one 

mile, or a still larger scale. Geological maps and profiles accompanying this 

report were compiled primarily to elucidate the stratigraphic, paleontological, 

paleogeographical and structural conclusions and thus facilitate their use by 

mapping and economic geologists. 

The field work was greatly facilitated by the assistance and co-operation 

of the residents of the area. Thanks are due to Messrs. Nor man Van Dine and 

Albert P . Schmidt for able assistance in the field during the 1953 season, to 

Mr. D . D. Mcintyre during the 1954 season, to Mr. R . A. Farley during the 

1968 season, and to Mr. B. D. Stewart during the 1969 season . 

Triassic invertebrate fossils and, except where otherwise indicated, 

Jurassic invertebrate fossils listed in this report were identified and dated by 

E.T . Tozer and H. Frebold, respectively, of the Geological Survey of Canada . 

All Cretaceous invertebrate fossils listed were identified and dated by the writer. 

W. S. Hopkins, also of tile Geological Survey of Canada, identified an important 

collection of spores and pollen from the Blumberg Formation. 

STRATIGRAPHY 

VA. TCOUVER GROUP 

The investigated part of Quatsino Sound is under la in mainl v by a very thick 

succession of Triassic and Lower .Jurassit; volcanic, pyroclastic, ~nd sedimentary 

rocks. These rocks, which are older than the Coast Intrusions, ha\'C been referred 

to as the Vancouver Group {originally proposed us Vancouver Series by Dawson, 1887). 
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Time - rock units 
Group and Lithol ogy :rnd 

Slage Hcgional Zone Formation thickness 

Unknown and probably absent 

Lower Granite porphyry, di er ite 

Oligoccne? ? Sooke Intrusions 
porphyry, and gabbro. minor 
rhyolite, dacite, andcsite, or yow1gcr? 
and diabase 

Intrusive contact with Cretace ous strata 

Unknown anJ probably absent 

Unknown and probably absent 

Early Baculites cf. chicoensis Nanaimo Group Arkoses and arkosic 
upper Plerotri0·onia (Cedar District sandstones; 280' + 
Camp:rnian e\ .:insana eq ui valcnt) I -

Unknown and probably absent by non-deposition 

(a major period of orogeny
1

) 

Cenomanian Upper shale unit Siltstone, shale and Si me 
and (= Uppe r shale of fine-grained greywacke; 
?yotlllger Dawson, 1887) minor limestone; 680' 

--
Pebble to boulder c on·.dc":h :lt ': 

Blumberg some grit and coarse to fi:~('-

Albian > Formation grained subgreywacke: mino.· ..-
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):.... 
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::s 
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0 
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and coal; ?800' to ? S , 390'+ 
I 

1As interpreted b.) th~ write1-, an 1'oroge11ic phase" Ot' "orogeny" impli 'S a de monstrable or 
prob:iblc occurrence of foldin~ of the rocks occurr inr.; beneath lhc unconformity in addition 
to their uplift and erosion. Batholithic intrusions of p;ranitic rocks may or ma\· not accmnpanv 
nn "orogcny''. 
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".l -? 
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Uppermost 
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Island 
Formation 

(new) 
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limestone ; 150' + 
Various waterlain P'"l ocJas­
tics and amygc.laloic;~1 < !J'' 
phyritic lava flows; 300' to 
fi nnr+ 

Black to dark gre)', inustly 
tuffaceous and/or a renacP< it •.• 
argillites; son1e wate rlain 
vo lcanic tuff and brcccia; 
some tuffaceous, fine to 
coarse grained gre~".vac kc; 
minor mostly impure lin-i.e­

stone; l, 300'+ 
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Group and 
Formation 

Grey 
volcanic 
unit 

Lithology and 
thickness 

Dull- to bluish grey, 
amygdaloida l, porphyritic 
or fclsitic, intermediate 
lavas and similarly coloured 
volcanic breccias and tuffs; 
2,000 1+ 

-?- -?--->-- -?--?- -?-- -- -

Cherty 
limestone 
unit 

Thinly bedded to laminated 
cherty limestone and black 
to dark grey chert; minor 
interbeds of various 
calcarenites, limy grcywackc 
and grit, and waterl::tin 
calcareous pyroclastics ; 
350'+ 

t-- -?-----!?- _,___?_ -?- - ?-- -- --

Basal 
Jurassic 
volcanic 
unit 

- --?-- ·--

Predominantly r ed to 
m::iroon in1 erme<li:i1 e io 

? acidic, commonly porphyrit' · 
unsorted and poorly to 
non-stratified volcanic 
breccia and tuff; considcr al P 

similarly coloured, 
amygdaloidal to porphyritic . 
acidic? to basic? lavas; 
5,000 - ?7,000' 
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Stage 

?Rhaetian 

1----? 

Upper 
Norian 

Regional Zone 

Upper subzonc 
of Suessi Zone 

Group and 
Formation 

Hee ate 
Cove 
Formation 
(new) 

Lithology and 
thickness 

Green-grey to li;ht grt:.), 
coarse to very co:irse, 
watcrlain volc 'lnic brccciri 
with calcareous, Qrgill:w ·c L' 

and tuffaccous matrix; s i . 

poorly rounded volcanic 
conglomerate; finer grai wd. 
waterlain volcQnic breech 
and waterlain volcanic lc •• f: 
predominantly limcswne. 
sedimentary brccci:i ancl/ oe 
conglomerate at the b:i.sc: 
some porphyritic ln.vns ~l'1r1 

massive crystal tuffs 
(especially near the top): 
?500 - 2,500'± 

l\foc;tly (f'xrrpt in resicln:il ?Rh20tian dcposition:il 
troughs: sec Fig. 5) an unconformity and hiatus of 
variable magnitude (early Rhaetian orogeny) 
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Time-rock units 

U pp 'r 
Norian 

Middle 
Norian 

Regional Zone 

Lower subzone 
of Suessi Zone 

Columbianus 
Zone 

Rutherfordi 
Zone 

- ?--?---_-1 

l\Iagnus 
Zone 

f--------+---?--?----< 

Lo 'er 
Norian 

Upper 
Karn inn 
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older 

Dawsoni 
Zone 

Kerri 
Zone 

Macrolobus 
Zone 

Wellcri 
Zone 

Dillcri 
Zone 
and(?) older 
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Group and 
Formation 

Lithology and 
thickness 

West East Black, mostly more or k'3 · 

tufface ous and/ or 
arenaceous argillite; 
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Bedded / 
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.8 I 
UJ. ...... I 
.~ 
'"d 

c- I .s 
g I 
s 
;a I 0 

U) v 
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Formation 

A mygdaloidal 
flows unit 
(upper part only?) 

I 

minor impure limestone; 
300'+ (or? more west 
of Neroutsos Inlet) 

Massive to indistinctlv 
bedded, cryptocrystalline 
often cherty limcsto1:e 

I 
(predommantiy m the 
lower unit); thinly to 
medium bedded, often 
chcrty limestone (pre ­
dominantly in the upr (•r 
part of unit); minor chert, 
pyroclastic and calcareous 
argillite interbeds ; 
600' - 2, 500' + 

Dark green to dark bluish 
grey, basic, mostly 
amygdaloidal and well 
banded lavas; minor w:1terl .... 111 

I 
pyroclastics and minor 
limestone; ±3,000 ': base 
not exposed 



- 3 -

The sedimentary rocks, which occur at several levels within the Vancouver 

Group, are especially prominent at about its middle part, where they predominate 

almost to the exclusion of the lavas and pyroclastic rocks . Several other le ss 

prominent sedimentary zones occur in the upper part of the Group. All sedimentary 

zones of the Vancouver Group are relatively thin when compared with the thickncsses 

of t.ne adjacent volcanic to pyroclastic rock units and tend to form relatively narrow 

belts within much larger areas occupied by the latter types . These sedimentary 

belts appear, however, to be rather extensive in their -areal distribution and to 

retain their str?tigraphic position throughout, except where missing as a result of 

faults or where obliterated by bodies of Coast Intrusions . 

The fundamental importance of the sedimentary zones for the subdivision 

of f'1c Vancouver Group and mapping of its structure was recognized by Dawson 

(1837, p. 9B, etc.). Dolmage (1919, p. 32A), in the course of his investigations of 

Quatsino Sound, used a thick limestone formation as a horizon marker and named 

it the Quatsino Limestone. However, Gunning (1930, pp. 102A-104A; 1931, 1932, 

pp. 23A-25A; 1933, 33AII-35AII) was the first to propose a generalized but workable scheme 

of subdivision of the rocks of the Group. At the onset of his work, Gunning (1930, 

p. 103A) insisted that: 11Bcfore the structure of the Vancouver Group can be 

worked out the scdjments will have to be mapped carefully and their succession 

established". Later, Gunning (1932, p. 23A) proposed a subdivision of the rocks 

of the Vancouver Group of the Nimpkish map-area into the Karmutsen volcanics below, 

Qualsino Form~l..ion in the middle, and the Bonanza Group above . This threefold 

diYision wr..s found to be fully valid by Hoadley (1953) for Zeballos map-area, and by 

Je!etzky (1950, 195-!rr, 195-lb, H)?Oh. nnrl 1mpuhlishecl) for the west coast of Vancouver 
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Island between Brooks PeninsL1la and Clayoquot Sound and was found also to be 

valid for the im·estigated part of Quatsino Sound. Accordingly, they are used with 

minor adjustments in the body of this report as well as on the geological maps and 

profiles accompanying it. 

The term \"ancoover Group in the sense of Dawson (1887) and subsequent 

workers lost its practical usefulness as a map unit after the recognition of the 

regional validity of its threefold subdivision as proposed by Gunning (1932) . The 

restriction of the Vancouver Group to one of Gunning's (1932) subdivisions appears 

to be: impractical. At the same time, the term is valuable for the designation of all 

intensely faulted and sheared, more or less altered or metamorphosed, pre­

batholitic Mesozoic rocks of Vancouver Island. Therefore, it was decided to 

retain the Vancouver Group and to treat Karmutsen and Bonanza Groups as its 

subgroups. Where used in the text, the term Vancouver Group is meant to embrace 

all three divisions of Gunning (1932), to the exclusion of all Paleozoic rocks 

tentatively included in the Vancouver Group in its original definition (Dawson, 188 7, 

p. lO B) . 

Karmutsen Subgroup 

The Karmutsen volcanics are accorded a subgroup status as Sur dam 's 

(1968, pp. 17-18 , Fjgs. 3- 5) work in Buttle Lake area has de monsh·ated the 

feasibility of their subdivision into several informally named lithological units of 

formational rank. Surdam's (1968) subdivisions of the Karmutse n Subgroup appear 

to be valid for the investigated pa.rt of Quatsino Sound . 
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Amygclaloidal Flows Unit 

Distributi.on and stratigraphy. The oldest rocks exposed in the report area 

are dark bluish grey to d:irk green, mainly amygdaloidal or porphyritic basic lavas 

of the Karmutsen Subgroup. These lavas appear to be lithologically similar and 

stratigraphically equivalent to the Amygdaloidal Flows unit of Surdam (1968, p . 18, 

Fig . 5) and are accordingly correlated with this informal unit. The basic lavas are 

confined to a small area around the confluence of Holberg Inlet, Rupert Inlet and 

Quatsino Narrows where as much as 3, OOO feet of lavas, l ocally with minor inter-

beds 0f basic pyroclastic rocks and tuffaceous sediments (see below) are 

exposed . Their base is nowhere exposed and is believed to be faulted in all 

sections studied . The top is invariably faulted, except possibly in one section on 

the eastern shore of Quatsino Narrows where the massive limestone of the lower 

II.!.t::muet o[ Ll1e QuaLsiuu Fun11at.iou st::ems to uv81'He, COi1fonnably and gradationally, J.1 .......... 
l,..l lV 

bluish green, fine-grained (?}lavas of the Karmutscn Subgroup. It is possible, however, 

that these rocks at this locality comprise a 5- to 6-foot thick intrusive sill . The 

nature of the poorly exposed contacts with adjacent beds of the Quatsino Formation 

and Karmutsen Subgroup remains uncertain . 

The lithology and observed thickness of Karmutsen rocks suggest that only 

the upper part of the Arn.ygdaloidal Flows unit of Surdam ( 1968, p . 18, Fig. 5) is 

exposed within the report area. 

Studied sections of the Karmutsen Subgroup are characterized by the extreme 

lithological monotony of their commonly well-banded lavas, and an almost complete 

absence of pillow struetures. No sedimentary or pyroclastic interbeds were found in 

most sections in\·cstignlcd but two isolated sections at the mouth of Marble River are 
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characterized by a more variable lithology. The section on the west bank exposes 

250 to 300 feet o f very dark green to almost black, abundantly and coarsely porphyritic 

lavas interbedded with some similarly coloured amygdaloidal lavas and dark brown to 

dark brown-gre y pyroclastic rocks . Both contacts are covered. The adjacent, 

apparently unde rlying section on the east bank, exposes 120 to 150 feet of well-

banded, dark E{l'een to almost black porphyritic and amygdaloidal lavas. At the 

visible base, and especially at the visible top of the section, these lavas are interbedded 

with dark brovm to almost black pyroclastic? rocks (volcanic tuff s?). They grade 

stratigraphically upward imperceptibly into a 20- to 25-foot thick sedimentary unit 

consisting of black to dark grey, tuffaceous, concretionary shale interbedded with 

similarly colol.Ired coarse grit and impure, partly gritty limestone and waterlain 

volcanic rocks {spilitic lavas or (?)volcanic tuffs]. 

These peculiar rock units appear to represent one of several, partly 

sedimentary, m arine interbeds within the upper part of the Karmutsen Subgroup, 

such as were observed locally well below its top at Ououkinsh Inlet and elsewhere 

on the west coa st of Vancouver Island by the writer (Jeletzky, unpublished), and 

by Surdam (1968, p. 18, Fig. 5) in Buttle Lake map-area. 

Age and correlation. No fossils were found in the Karmutsen Subgroup of 

Quatsino Sound . The subgroup is dated, however, as early Late Triassic (Karnian) 

and (?}older Triassic because of its apparently gradational contact with the overlying 

Karnian Quatsino Limestone and because of the writer's discovery of ammonites of 

the Dilleri Zone in its topmost beds in the Kyuquot area, west coast of Vancouver 

Island (GSC loe . 24033; see Tozer, 196 7, p. 8 2). 
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Bonanza Subgroup 

The Karmutscn Sub!?:roup is overlain by a thick and lithologically divcrsliied 

sequence of "·olcanic and sedimentary rocks customarily referred to as the Quatsino 

Formation and the Bonanza Group as in adjacent areas of Vancouver Island (e . g . 

Gunning, 1930, 1932, 1933; Hoadley, 1953; Jeletzky, 1950, 1954a, 1954b, 1969 , 

1970a, 1970b; i\lullcr, 1967, 196!:>, 1970; Muller and Carson, 1969). 

The name "Bonanza Group", as originally defined by Gunning (1932, p . 23A), 

was applied to all volcanic and sedimentary rocks of the Nimpkish map-area that 

are older than the Coast Intrusions and younger than the Quatsino Formation . It was 

realized that this group consisted of a lower, predominantly Sedimentary division 

and an upper, predominanlly Volcanic division, but the evidence then available was 

not considered to be sufficient for formal naming of these divisions . Gunning (1932, 

p. 23A) stated, however, that: !!if lhi::> group lie later subdivided, U1e tenil Donanza 

should be retained for that diYision lying directly above the Qnatsino Formation". 

Subsequent workers, including the writer, have fow1d the di visions of the 

Bonanza Group proposed by Gunning (1932} to be valid at least throughout the north­

western part of Vancouver Island including the surveyed parts of Quatsino Sound. 

However, none of these workers has elected to name them formally or to restrict 

tile term "Bonanza Group"' in accordance with Gunning's (1932, p. 23A} suggestions. 

In principle, the writer favours treating both divisions of the Bonanza 

Subgroup as independent subgroups of rocks and restricting i.hc "Bonanza Subgroup" 

to the Sedimentary division only. It is commonly difficult, however, to map their 

subordinate \'Olcanic and sedimentary rock units on lithology alone because of the 

rarity or absence of reliable lithological horizon markers, e::...-trcme lateral lithologic~l 
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variability of most units ·within short distances, and the common reappearance of 

the same lithok-g ical types at different levels. In practice, one must rely, for the 

most part, on direct or indirect use of index fossils for mapping these units 

(Jeletzky, 19Gla, pp. 3-4; Jeletzky and Tipper, 1968, pp . 5- 6) and the units 

commonly are li thostratig-r:iphic units in name only,. The final decision on the 

subject is deferred, therefore, pending the completion of other reports on the 

Mesozoic and Tertiary rocks of northweslern Vancouver Island. The informal 

terms "Sedimentary" and "Volcanic11 divisions of the Bonanza Subgroup are used 

accordingly in this report and on the a:::companying maps and geological profiles . 

Wherever practicable, the fossiliferous sedimentary subunits of each division have 

been mapped separately and named informally or, in some cases, formally (e.g. 

Sutton Formation). The Quatsjno Limestone thins drastically northeastward and 

southwestward of the Quatsmo Narrows - Victoria Lake belt and its upper part is 

laterally replaced by fine to coarse elastic rocks of the Sedimentary division of 

the Bonanza Subgroup (Jcletzky, 1954a, p. 1269, 1970b, p. 3, Figs . 1, 2, 5, and 

in the following sections of this report). This circumstance and the presence of 

other prominent limestone lenses (e.g. Sutton Limestone) higher in the Sedimentary 

division necessitates the inclusion of Quatsino Limestone as one of the formations 

of the Sedimentary division of the Bonanza Subgroup . 
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Sedimentary Division 

The outcrops of the Sedimentary division of the Bonanza Subgroup 

including Quatsino Limestone) are confined almost exclusively to that part of 

Quatsino Sound east of Klotchlimmis and Hawisnakwi Creeks . The rocks of the 

division always are considerably faulted and locally contorted because of the 

incompetence of its argilli e units. The Sedimentary di vision (including the 

Quatsino Limestone) appears to be subdivisib le into the same rock units as its 

equivalents on the west coast of Vancouver Island (Jeletzky, 1950, pp . 7-12; 1954a, 

p. 1269; 1970b, pp. 3-5 , Figs. 1, 2; McLearn , 1953, p . 1210). However, most units 

of this subdivision become t:nrecognizable on the eastern side of Vancouver Island 

and the islands of Queen Charlotte Strait (Jeletzky, 1970b, pp . 3-4, Figs. 1, 2) 

~here a different formational nomenclature must be used for its equivalents (e.g. 

Parson Bay Formation; see F.ig. 5). Three different facies of the Sedimentary 

division were recognized in the investigated part of Quatsino Sound (see Table of 

Formations). The eastern facies is characterized by an extremely thick develop-

ment of Quatsino Limestone, a thick development of greywacke in the overlying elas tic 

units, the apparently complete absence of the Sutton Limestone and the presence 

of an unconformity between the Sedimentary and Volcanic di visions. The int er-

mediate facies is character:..zed by a decrease of grey\vacke and aJ1 increase of 

argillite and limestone in the elastic units, appearance of the Sutton Limestone 

in the uppermost part of the di vision and the apparent disappearance of the uncon­

formity between the Sedimentary and Volcanic divisions. Judging by its only exposure­

area in Koprino Harbour, the western facies is li thologically identical wl th the 

eastern facies. No exposures of Quatsino Limestone are known in the intermediate 

and western sections but its thickness is believeJ to be greatly reduced in this 

part of the area bec3use of its well-established regional thinning toward the south­

west (Jeletzky, 1954a, p. 12 u9; 1970b, pp. 3-4 , Figs. 1, 2). 
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Quatsino Formation 

Distribution and stratigraphy. The Quatsino Formation outcrops extensively 

in the same part of the area as the underlying Karmutsen Subgroup . Also, it 

outcrops extensively inside Varney Bay, on lower l\Iarble River, throughout 

Quatsino Narrows, and along the northeastern shore of Neroutsos Inlet. The 

unexplored eastern half of Drake Island possibly is built of Quatsino Limestone 

in part at least. 

Delmage (191!) , p. 32B), the author of the formational name Quatsino 

Limestone, defines it as follows: 

The limestone occurs chiefly in one large bed, which outcrops 
continuously along· the cast shore of the Southeast arm, through 
the narrows, and as far west as Marble creek_ in Rupert arm . 
It also appears 011 the west sho:r;e of the Southeast arm, and on 
the West arm. It has been mapped separately and named 
provisionally the Quatsino Limestone. Above and below it, 
interbedded 'Vith rhe thin flows and b~ds of tuff, :::n·e numorous 
thin beds of similar limestone, in places slightly argillaceous . 
The limestone contains all the copper deposits of the district, 
which are invariably situated at the contact of the intrusive 
diorites and related rocks . 

Delmage did not designate any type section, nor has this been done by 

any later worker to the best of the writer's knowledge . After investigating most 

of the Quatsino Limestone sections between Neroutsos lnlet (Southeast arm) 

and the eastern part of Ru}:XJrt Inlet, the writer declines to selecL any of them 

as the type section of the formation. All of these sections are incomplete with 

neither base nor the top of the formation exposed, repeated by faulting , more or 

less sheared and irregularly folded. It seems best to postpone the se lection until 

the discovery of a more satisfactory section within the general type-area designated 

by Dolmage (1919, p. 32B). 
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Lower member. The formation appears to be divisible, based on lithology, 

into the informal Lower and ppcr members . The Lower member is at least 1, 300 

feet thick. It consists predominantly of massive to indistinctly bedded (Pl. I; Pl. II, 

Fig. B), light grey, rose-grey or med ium grey, cryptocrystalline (except where 

transformed into marble in the proximity of large r bodies of Coa st Intrusions), pure 

to cherty limestone, weathering whitish grey to dirty white . Upper Karnia n (Welleri 

Zone) ammonites (Discotropitcs, Hoplotropites and Juvavites s-. lato were found at 

one place in beds believed to represent the topmost part of the member some 1, 500 

feet s:mth of Stewart Point, Holberg Inlet (GSC l oc. 24335) . The unde rlying , invariably 

unfossiliferous beds of the member probably represent the l ower part of the Weller i 

Zone since diagnostic ammonites of the Diller i Zone have not been found so low in 

the Qnatsino Formation. These have been found only in the topmost beds of the 

underlying Karmutsen Subgroup of the Kyuquot area, west coast of Vancouver Island 

(Tozer, 1967, p. 82) and in its intraformational limestone member (Tozer, 1967, 

p. 82; Jeletzky, 1970b, p. '?). 

About 1, 300 feet of the Lower member are exposed in the best available, 

apparently almost continuous section of the Quatsino Forn1ation measured along the 

southwestern shore of Rupert Inlet just northeast of Kenny Point (Fig . 1). However, 

the base of the member is missing in this section due to faulting and it is not 

possible to estimate the thickness of its missing basal part. The predominantly 

massiye to thickly and indistinctly bedded, rose -grey to light gr ey , cryplocrystalline 

limestones of the Lmver member commonly contain numerous inclusions of dark grey 

to brown-grey chert at many levels. Several intercalated beds (up to 30 fee t thick) 

of thin to thick and distinctly hcck1c~d. dark e; r ey io brown-r;rey limestone interrupt 

the monotony of the Lo\vcr member in this section . 
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Other sections oft.he Lower member exposed on the shores of Quatsino 

Narrows (Pl. II, Fig. A), Varney Bay, Kokwina Cove, on the northeastern side 

of Hecate Cove, on Lakken Point, and a.long the northe astern shore of Neroutsos 

Inlet are entirely similar lithologically to that of Kenny Point . Some of these 

sections seem to be more than 1, 300 feet thick . However, they are invariably 

too intensely faulted and crumpled to admit even a rough estimate of the thicknesse s 

in 'olved. Contacts with the Upper member are invariably faulted in these sections. 

Upper member . The Upper member is at least 1, 200 feet thick . It consists 

predominantly of medium to thinly and distinctly bedded, medium grey ~o brown-

grey or dark grey to black, in places more or less argillaceous limestones 

(especially near the top). Limestones of the Upper member are commonly cherty 

and include numerous inclusions, thin interbeds , layers and lamellae of brown-gr ey, 

dark grey or black chert. The unit is sparsely fossiliferous throughout and locally 

includes lenses and thick beds of coquina, coralline and stromatoporoid limestone. 

Its top is invariably faulted. 

In the best available section just northeast of Kenny Point (Fig . 1), the Lower 

member is conformably and gradatioru1lly overlain by some 250 feet of 6-inch t o 2-foot 

thick and well-bedded, dark grey to blackish grey, locally argillaceous limestones 

referred to the lower part of the Upper member. These lime stones include abundant 

nodules, irregularly shaped lenses and la minae of black to dark grey chert. Near 

the base (GSC loc. 23259} it bas yielded the basal Norian (Kerri Zone) Halobia alaskana 

Smith, Dictyoconites sp. indet. and indeterminate arcestid ammonites. The late 
' 

Karnian Hoplolropitcs fauna of GSC loc. 24335 was found apparently in beds equivalent 
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to the uppermost rnrt of the Lower member of the Kenny Point section (Fig . 1) 

that are lithologically transitional to the Upper member and only 100 to 150 feet 

siraiigraphically below the m:qobi::i alask:ina bed of GSC locality 23259 . 

The thinly bedded limestone unit of the Upper member is gradationally and 

conformably oyerlain by a unit, at least 850 feet thick , of medium to thickly and 

distinctly bedded (well-defined beds 2 to 5 feet thick), pinkish grey or white , 

brownish grey weathering limestone rich in irregular nooules, lenses and layer s 

of dark grey to brownish grey chert . Numerous interbeds of dark grey, often 

argil~aceous limestone, as in the underlying unit, occur at several levels, but 

are more common near the visible top of the unit. Several thick interbeds of 

coralline and stromatoporoid limestone, as much as 10 feet thick, and several 

2- to 5-foot thick beds of ccquina-like limestone occur in the upper part of the 

unit. This upper part of the Upper member is, furthermore, moderately to 

abundantly fossiliferous throughout. The middle part of the unit has yielded the 

basal Norian l\1ojsisovicsites kerri fauna (GSC locs. 23266, 23269). The upper 

part did not yield any short-ranging fossils but is believed to be early Norian to 

early middle Norian (older than the Columbianus Zone) in age because of the 

presence of specifically indeterminate Halobia (GSC loc. 23270) and the apparent· 

total absence of I\Ionotis (Tozer, 1967, p. 38). 

The top of the unit is covered and appears to be faulted against the Karmutsen 

lavas at the point about 1, OOO feet east of tho tip of Kenny Point (Fig . 1). Rocks of 

the Upper member are flexed into several open folds, locally are faulted considerably 

and may be repeated. The estimated miniinum thickness of 850 feet is based on 



- 14 -

measurements of the unifor mly tilted, continuously exposed and rarely to 

moderately faulted westernmost part of the section (Fig . 1) where GSC localities 

23269, 23270 and 23257 are situated . 

Poor, severely faulted and badly contorted outcrops of dark grey, well­

bedded limestones, apparently referable to the Upper member were observed 

south of Stewart Point in the proximity of GSC locality 2-±335 . 

Medium- to thin- and well-bedded, dark grey to grey, whitish grey 

weathered, mostly fossiliferous (GSC locs. 24326, 24328) limestones outcropping 

for so:ne 250 feet across the strike around the sharp rocky point immediately 

north of the mouth of Marble River are tentatively referred to the Upper m.e mber 

in spite of the apparent absence of well- preserved, diagnostic fossils. Their top 

and base are covered and are believed to be faulted against the Lower member of 

the Quatsino Limestone and Karmutsen lavas, respectively . 

Age a nd correl ation. As pointed out by Jeletzky (1954a, p . 1269), the Quatsino 

Limestone of Quatsino Sound, at least 2, 500 feet thick, represents a considerably 

longer time interval than the Quatsino Limestone of the west coast of Vancouver 

Island (i . e . between Brooks Peninsula and Esperanza Inlet), which is normally 

only 100 to 550 feet thick . It definitely includes the Kerri Zone and probably includes 

the Dawsoni , Magnus and Rutherfordi Zones. The Quatsino Limestone of the west 

coast has, in contrast , yielded only late Karnian ammonites of the Welleri Zone 

(see Tozer, 19G7, p. 82; Jeletzky, 1970b, pp. 2-3) . The occurrence of Mojsisovicsitc s 

kerri and H:ilobia al::tsk:ma in the overlying· argillites of the Bonanza Subgroup in 

Nimpkish map-area and that of Halobia alaskana in the basal part of the Thinly Bedded 

member on Union Island (see Tuzer, 19G7, p. 81) effectively rule out the presence of 
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any younger faunas in the Quatsino Limestone of the west coast of Vancouver Island. 

The Quatsino-I3onanza cont:ict is, therefore, markedly diachronic in the northeast­

southwcst direction. Most or all of the more than 1, 2 00-foot thick Upper member of 

the Quatsino Formation of the report-area appears to be laterally replaced by the 

lower pa1 t of the Thinly Bedded member of the Bonanza Subgroup described by 

Jeletzky (1950, p . 8, Fig. 1; compare this report Fig. 5) somewhere between the 

eastern shore of Varney Bay and Ououkinsh Inlet. 

The Quatsino-Thinly Bedded member contact appears to be similarly 

diachronic eastward of the investigated part of Quatsino Sound. Like that of the 

Thinly bedded member of the west coast of Vancouver Island, the calcareous, black 

argillite of the Parson Bay Formation of Harbledown Island area comprises all of 

the Norian stage including tile Kerri Zone. This is indicated clearly by the occurrence 

of IJalobia alaskana Smith in the lowermost e.·posed beds (Crickmay, 1928, pp . 5·1, 59; 

Tozer, 19G7, p. 81). The concealed (or faulted out?) Quatsino Formation of Parson 

Bay area (Crickmay, 1928, p. 59) can only include, therefore, the late Karnian 

Wellcri and Dilleri Zones. 

The lateral rephcement of most or all of the Upper member of Quatsino 

Formation of Quatsino Sound by the argillitcs of Parson Bay Formation in the 

cast, and by those of the Thinly Bedded member of the Sedimentary division in the 

west, indicates a gradual narrowin~ of the extremely broad late Karnian depositional 

trough of northern Vancou 'er Island during the early and middle Norian. This 

gradual narrowing of the essentially elastic-free central part of the trough (Figs. 2, 5) 

app.:ircntly reflects some uplifts along its western and eastern margins, which were 

sup1Jlyin~ the ~r:idu~ll~y incre~sing; 3.m0unts of fine clnst1c material to the t::=lrly nnrl 
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middle Norian trough. The apparently complete absence of arenaceous or psammitic 

material in the Parson Bay Formation, its absence or scarcity in the Thinly Bedded 

member, and the exclusively open sea character of the fauna of these formations 

indicate that they were deposited far from shore. The eastern shore of the early 

to mid-Norian depositional trough probably was situated well within the present 

day Coast R~lngc wherca£ its western shore probably was situated beneath the 

Pacific Ocean some distance t.o the west. of the present day west coast of Vancouver 

Island (Jeletzky, 1970b, pp. 4-5; this report , Fig. 2). 

In contrast, there is no evidence favouring the diachronic nature of the 

Quatsino-Karmutsen contact either within the surveyed area or between Quatsino 

Sound and the west coast of Vancouver Island. The discovery of ammonites of the 

Dilleri Zone in the "Interlava Sediments'' in the Campbell River area (Givens and 

Susuki, 196l1; see Tozer, 1967, p. 82) suggests that the contact is more 01· less 

isochronous in terms of ammonite zones between Union Island and the east coast 

of Vancouver Island and elsewhere within the Insular tectonic belt as already 

suggested by Sutherland-Brown (1966, p. 84) and Jcletzky (1970b, p. 2, Fig. 1). 

Thinlv Bedded member 

At least ::JOO feet of black to dark grey, commonly thinly bedded to laminated 

but locally thick-bedded to massive and indistinctly bedded, tuffaceous and calcareous 

argillites overlie Urn upper member of the Quatsino Formation at the headwaters of 

Lippy Creek. The lower contact of the Thinly Bedded member appears to be 

gradational and numerous intercalated beds of thin- to medium- and well-bedded, 

black to dark grey, impure limestone occur in the lower part of the unit . In some 
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sections (see Sec . 1, of the AppendLx) a large number of such limestone beds 

persist to the very top of the unit. Sever a l interbeds of greywacke and calcareous 

grit were noted locally in the upper par t of the Thinly Bedded member. 

At least 200 feet of the lithologically similar argillite outcrops between 

the massive limestone of the Lower member of the Quatsino Formation and the 

greenish grey to maroon, watcrlain pyroclastics and lavas of the Hecate Cove 

Formation immediately northwest of Ohlsen Point at the west end of Quatsino 

Narrows. Contacts with adjacent units appear to be faulted and the argillite 

itself is more or less contorted throughout and often is completely crushed . No 

fossils were found in this argillite unit which is tentative ly correlated with the 

Thinly Bedded member rather than with the argillite beds of the Arenaceous 

member of the Lippy Creek sections . 

Other outcrops of lithoiogicaily similar argiilite occur on the northeastern 

shore of Neroutsos Inlet north of Atkinson Cove . These outcrops were not studied 

in any detail and are referred to the Thinly Bedded member on their lithology a lone . 

The Thinly Bedded member grades upward into ihe greywacke s of the 

Arenaceous member (see Sec. 1 of the Appendix) . 

No outcrops of the Thinly Bedded member have been seen in ihe investigated 

parts of Rupert and Holberg Inlets either because of the lack of outcrops or because 

it is missing due to faulting in all sections of the Sedimentary division studied in 

this part of the area. 
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No outcrops of the Thinly Bedded member were observed anywhere to the 

west of its '\tkinson Cove exposures. However, the member is bel ieved to persist 

throu~hout the western part of Quatsino Sound and to thicken gradually southwestward 

at the expense of the Upper member of the Quats ino Formation until it r eappears in 

Klaskino Sound (see p. 27 and Fig. 5) . It is assumed, accordingly, that the Thinly 

Bedded member has plunged deep enough benealh sea level throughout this interval 

to prevent its reappearance even on the relatively upthrown sides of the largest faults. 

Poorly preseryed fossils found in the uppermost 10 feet of the Thinly Bedded 

member (sec Sec. 1) suggest a late Norian age for this part of the unit 2.t least. 

Because of the probable presence of the early middle Norian fossils in the upper 

part of the Upper member of the Quatsino Formation in the same general area, the 

older, so far unfossiliferous beds of the Thinly Bedded member probably are not older than 

the Columbianus Zone of late middle Norian age (see Table of Formations) in any of its 

exposed sections . The Thinly Bedded member of Quatsino Sound, therefore , can be 

correlated only with the upper part of the Sedimentary division of the Bonanza Subgroup 

described b) Jeletzky (1950, p. 8; 1970b, pp. 3-4 , Fig . 1) in the Esperanza-Kyuquot 

area and elsewhere on the west coast of Vancouver Island (cf . pp. 19-20) . 

Arenaceous member 

The Thinly Bedded member is conformably and probably gradationally 

overlain by at least 400 feet of predominantly arenaceous rocks in all sections 

studied at the headwaters of Lippy Creek on the northeastern side of Neroutsos 

Inlet. 'TI1is Arenaceous member of the Sedimentary division consists of dark grey 

to dark green, predominantly fine-grained, in places tufface ous, greywacke intcrbedclccl 

with lesser dark grey to dark brown or blacl , mainly arenaceous and tuffaceous 

argillite. l\linor amounts of interl)l'ddcd fine- to coarse -grained, well-bedded, 
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water lain volcanic tuff, grit and fine pebble conglomerate occur in some sections . 

The member is overlain disconformably and apparently discordantly by the volcanic - .... 
conglomerates or waterlain volcanic breccia of the Hecate Cove Formation. 

AU measured sections of the Arenaceous member are incomplete, distur:"°be.d 

by faulting, and locally contorted. The estimate of the thickness of the Arenaceous 

member and its tentatfre subdivision proposed below are based on a somewhat 

arbitrary combination of several incomplete sections. The best of these sections 

are 1, 5, 6 and 7 described in the Appendix. 

The Arenaceous member of the Lippy Creek area is subdivided :entatively 

into a lower unit, about 250 feet thick, consisting mainly of greywacke and an 

upper unit, about 150 feet thick, which apparently includes more than 50 per cent 

of arenaceous and tu:ffaceous argillite . Judging by the isolated outcrops of the 

member studied at Stewart Pomt and in Koprmo Harbour, this subdivision may be 

valid throughout the investigated part of Quatsino Sound . 

The greywacke unit comprises beds 8 to 15 of section 1. Only 127 feet of 

this unit are exposed in this section. However, the basal part of the section is not 

exposed, nor are the upper beds \'l1ich arc believed to be at least 125 feet thick 

judging by some other incomplete and only cursorily studied sections of the unit. 

The greywacke unit of the Arenaceous member is r epresented predominantly 

(more than 75% of the thickness) by dull grey to dull green, predominantly fine -

grained, commonly more or less tuffaceous greywacke with some inte rbeds and 

lenses of medium- to coarse-grained greywacke and grit . Furthermore, this unit 

includes some intercalated beds of dark grey mudstone, similarly coloured argilli te 

and laminated cherty shale. lnLcrb.,,cls aud lenses of cal.care ous coquinoicl grit anri 

light grey cryptocrystalline limestone were obser cd in place only in one exceptional 

section of the tmit described below. 
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About 200 feet of intensely contorted dark grey, fine- to coarse-grained 

commonly tuffaceous greywacke with some interbeds and lenses of calcareous 

coquinoid grit, light grey cryptocrysialline limestone and blackish grey , and 

calcareous argillite outcrops between the Cretaceous coarse arenite unit and the 

lower member of the Quatsino Formation in the interval 350 to 700 yards southwest 

of Stewart Point in Holberg Inlet (see geol. map 1). This unit did not yield any 

diagnostic fossils and both of its cont..1-cts appear to be faults . However, it is 

correlated tentatively with the greywacke unit of the Arenaceous member at the 

headwaters of Lippy Creek because of the lithological similarity . This section of 

the Arenaceous member contains some littoral rock types which were seen only in 

the consedimentary slump breccias (see Sec. 1, Units 4, 14) of the Arenaceous and 

Argillite units of the Lippy Creek sections. Therefore, and because it i s situated 

~aBL uf tlit Llpµy· Creek sections, tlie StC"'v'\rart Point occticn of the _t\renHce0us member 

is interpreted tentatively as its extreme . littoral facies, situated next to the northeastcrn 

source area 'vhich provided elastic debris to the marine h·ough on the eastern side 

of which the sediments of the Arenaceous member have been deposited (Fig. 3) . 

TI1e argillite unit of the Arenaceous member comprises beds 3 to 5 of section 1. 

Only 54 feet of this unit are actually exposed in this section . However, at least 80 feet 

of this unit are exposed in section 7 (see Appendix) and the covered interval between 

beds 5 and 8 of section J is believed to conceal at least 90 to 100 feet of the argillite 

unit. The coarser grab1ed interbeds of the argillite unit include some lavender 

coloured, well-bedded and obviously waterlain volcanic tuff in addition to rock ty pes 

identical with those occurring in the underlying Greywacke unit. This waterlain 

volcanic tuff is lithologically similar to that characteristic of the more fine-grained 
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facies of the overlying Hecate Cove Formation in Julian Cove (see p. 43) and on 

the west coast of Vancouver Island (Jeletzky, 1950, pp. 12-13) . Some limestone 

pods and inteTbcds were noted in the Koprino Harbour section (see Unit 7, Sec. 5) 

of the argillite unit. 

The ratio of argillite and coarser elastics varie s greatly from one section 

of the argillite unit to another. However, the argillite comprises more than GO per 

cent of the exposed thickness in all its sections studied. A geographically isolated 

outcrop, about 70 feet thick and 900 feet long, consisting of apparently overturned, 

greatly shear ed to almost milonitized, predominantly argillaceous sediments closely 

r esembling those of the argillite beds of the Arenaceous member, occupies the 

front (i .e. the eastern) side of the nameless point between Spence r and Robson 

Coves in Koprino Harbour (see Unit 7 of Sec . 5 for details). These sediments have 

are correlated tentatively with the argil1ite unit of the Arenaceous member because 

of the close lithological similarity and the assoc iation with limestone breccias , 

amygdaloidal lavas and volcanic breccias referable to the Hecate Cove Formation 

(see Sec. 5) . This outcrop of the Arenaceous member is extremely important 

paleogeographically (see section on the ln.te Norian paleogeography) because of its 

geographic position a considerable distance to the west of the Lippy Creek-Stewart 

Point outcrop-area of the unit. 

Age and correlation. The Lippy Creek sections of the Arenaceous member 

commonly contain abundant Monotis snJinaria (Schlothcim), M . cf. salinaria (Schlotheim), 

M. cf. ochotica. var. dcnsistriata (Te ller) and Heterastridium sp. indet . (see Sees . 1, 
11! 

6, 7) indicating a l~Je ori:ln (Sucss i Zone) age for the member (Tozer, 1967, pp. :v3- J.l). 
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The fauna of the Arenaceous niember of Quatsino Sound is unlike that occurring in 

the Arenaceous member of the west coast of Vancouver Is land (Tozer, 1967, pp. 79-80) 

which appears to lack completely all of the above -mentioned forms . Only Monotis 

forms belonging to, or comparable with Monotis subcircularis (Gabb) were found in 

the numerous late Norian sections studied within th.e Esper a nza-Ououkinsh segment of 

the \Vest coast ~.nd they are restricted to the upper part of the Thinly Bedded member. 

No J\'Ionotis forms were found either in the Arenaceous member or in the Sutton 

Limestone (= Limestone member of Jeletzky, 1959, pp . 9-10) in any of these s ections . 

The lithology and fauna of the ~ate Norian sections of Klaskino Inlet studied 

together with J.E. Muller in 1968 are, in contrast, very similar to those of the late 

Norian sections at the headw::iters of Lippy Creek . The upper beds of the typically 

developed Thinly Bedded member of Klaskino Inlet sections contain Monotis subcircularis 

(Gabb) (e.g. GSC locs. 82939 and 82941) . This member grades upward into the 

Aret1aceous member which, at that locality, is 250 feet thick, commonly gritty and 

tuffaceous, and locally conglomeratic, and in which Monotis salinar ia (Schlothcim) and 

Monotis cf. ochotica var. densistriata (Teller) were found by J.E . Muller (personal 

communication of E.T. Tozer, of April 10, 1970). 'll1e Arenaceous membe r is djsconformal)l' 

and apparently discordantly overlain by pyroclastic rocks of the Hecate Cover Formation 

which seems to overstep the Arenaceous and Thinly Bedded members . The Sutton 

Limestone is absent in all sections of easte rn Quatsino Sound and Klaskino Inlet 

studied by the \\Titcr in 1968 . 

The local variations of stratigraphic ranges of Monotis species complicate the 

more exact dating and correlation of the Arenaceous member of eastern Quatsino Sound . 

The cibnnd:int presence of M0110tis R:ilina ri~ (Schloth Aim ) and apparent absence of 1Ionotis 
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subcircularis (Gabb) in this member suggest, according to Silberling (in Silberling and Tozer. 

1968 p. 33).that it is largely or entirely younger than the Lower Suessi Zone 

(i.e . l\.lonotis snbcircul::tris subzonc) and represents at least the basal part of the 

Upper Suessi Zone . Therefore, and because of the similar stratigraphic position 

of all units concerned, ihe Arenaceous member of eastern Quatsino Sound is 

believed to be correlative v:ilh part or all of the Arenaceous member of the Sedimentary 

division of the Esperanza-Ououkinsh segment of the west coast (Je letzky, 1950, pp. 9-11) 

and the equivalents of the Upper Limestone member of the Sutton Formation of the Buchholz 

Channel sections (see below) are believed to be absent in the Lippy Creek sections 

(see Sees. 1, 6, 7). The same is believed to be true of the Klaskino Inlet 

sections (Fig . 5). 

Sntlon Formation (Limestone) 

Distribution and stratigraphy . The rocks of the Sutton Formation were 

studkcl in detail only on the southern shore of Buchholz Channel between the eastern 

side of Smith Cove and the western side of Julian Cove, and on the northeastern side 

of Banter Point. However, the formation also outcrops on the southwestern shore of 

Neroutsos Inlet northeast of the Yreka .Mine pier and on the southwestern part of 

Drake Island. 

The Sutton Formation was not observed on the northcastcrn side of Neroulsos 

Inlet between Evenson Poiat and Jewrn Landing. Nor was it observed in any of the 

sections studied farther northcast at the headwaters of Lippy Creek. The absence 

of Sulton Formation in '"hese areas appears to be due to the late ral replacement of lhc 

LO\vcr Limestone mernbcr by the Arenaceous member of the Sedimentary divisjon 

and the non-deposition of the Upper Limestone member there because of the effects 

of the early Rhaetian orogcnic phase (sec below) . 
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Sutton F ormation i s believed to be absent throughout the western part of 

Ouatsino Sound because of its lateral repla cement by the Arenaceous member in 

this direction . Howeve r, the apparenl l y gradat ional nature of the contacl between 

the Hecate C ove Formation and the ar g illite unit of the Arenaceous member in its 

Koprino Harbour section xsee Units 6, 7 , of Se c. 5) suggests that the Arenaceous 

member of w e stern Ouatsino Sound continues to include equivalents of the Upper 

Lin1estone member of the Sutton Formation, at least that far southwest . The 

hiatus between the Arenaceous rne mber and the Hecate Cove Formation is 

believed to be r estricted to yet more westerly parts of Ouatsino Sound, 

On the southe rn shore of Buchholz Channel, the Sutton Formation out -

crops on the relative ly u pthrown sides of severa l northwest-trending fault blocks 

(see Figure 17) . All sections studied are intense lv f,q111t-i:>r1 ,....,-,,.,,.,,.-,1or1 " "m--./ ------- , ----···r---- , ...... ~··· 

manly contorted, and invai-iably invated by dykes and small plu g -like bodies of 

the Coast Intrusions. 

Section 2 of the Appendix is the best known section of Sutton Formalion 

in Ouatsino Sound. It r epresents the relatively clastic-fi-ee facie s of Sutton 

Forrnation which also outcrops along the western shore of Julian Cove and in 

places along its eastern shore . 

East o f section 2., the equivalent but litholo gically more varieg ated , 

apparently more shallow ~·vater beds of the Sutton Formation are exposed on the 

rocky seashore between U.1e western side of Smith Cov e and the eastern s ide of 

Julian Cove . Those intensely disturbed sections exhibit the following general 

sequence of beds in descending ord e r: 

/ 
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1. Upper Limestone member. A unit, about 150 feet th ick, consisting 

predominantly of relatively pure, grey, thin- to medium- and well-bedded limestone. 

The unit cont.'lins subordinate lenses and intcrbeds of light grey to dirty white , 

massive cryptocrystalline limestone, coralline and stromatoporoid limestone , 

various arenaceous rocks, and argillite lithologically similar to those of unit 2 

of section 2. This unit, locally containing abundant fossils, has yielded 

Paracochloceras sp. indet. in an outcrop (GSC loc . 24333) situated at the eastern 

entrance to Julian Cove. Elsewhere it has yielded only some non-diagnostic marine 

fossils . Like the equivalent unit 2 of section 2, this upper unit of the Sutton Formation 

appears to be conformably (?paraconformably) overlain by the basal beds of the 

Hecate Cove For1nation of he Volcanic division (see Sec . 3, Unit 6) . 

2. Lower Limestone member . This unit, which gradationally underlies the 

Upper Limestone member, is 150 to 200 feet thick, and con::;i::;Lt> of ulack., often 

limy to very limy, thin-bedded tuffaceous and/or arenaceous argillite somewhat 

cyclically alternating with almost equal amounts of calcarenitic to cryptocrystalline, 

some\1,hat arenaceous or tuffaceous limestone and lesser amounts or brownish grey, 

very limy sandstone and grit locally grading into arenaceous and gritty calcarenite. 

Some intercalated beds of conscdirnentary limestone breccia occur locally. All 

rocks form more or less lenticular beds, lenses and inclusions. The limestones 

are normally lithologically similar to those of the Lower and Upper members of 

Quatsino Formation but they also include numerous lenses and intcrbeds of dark 

grey limes Lone replete with angular inclusions of chcrty, black limestone. Poorly 

preserved fossils, including corals and stromatoporoicls, are common at sever8.l 

levels but no diagnostic forms were found. The base of the unit is covered or cut 

off by faults in all sections studied. 
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Age and correlation . The presence of Paracochloceras sp. indet. in the 

Upper Limestone member (GSC loc. 24333) indicates an Upper Suessi age (Tozer, 

- 1967, pp. 38-41) at least for the upper part of the Sutton Formation of Quatsino 

Sound. 

Because of tl1e gradational contact of the Lower Limestone member with the 

Upper Limestone member and its assumed superposition on the western continuation 

of the Thinly Bedded member (~Table of Formations, Fig . 5), an Upper Suessi 

age is proposed for the former. 

The presence of Paracochloceras sp. indet . in the Upper Limestone member 

and the presence of an apparently Late Triassic fauna (i.e. ?Rhaetian) in the topmost 

beds of the overlying Hecate Cove F ormation (see pp. 50-51) suggest the absence of 

any post high upper Norian rocks in the Sutton Limestone of Quatsino Sound. 

The correlation of i.he Sutton Formation with the Quatsino Formation (e.g. 

Bostock, Mulligan and Douglas in Stock.'.vell et al . , 1957, p. 302, Table XIX) is 

untenable as already pointed out by McLearn (1953), Tozer (1954, 19G7) and 

Jeletzky (J954a, 1970b and in this report), except where the two appear to merge 

into a single, very thkk limestone unit (e.g. in Buttle Lake area and in Queen 

Charlotte Islands; see Jeletzky, 1970b, pp . 5, 9) . The apparently complete absence 

of the Quatsino Formation beneath the Sutton Formation in the Duncan-Sooke area 

of Vancou\'cr Island must be due either to faulting (Tozer, 1967, pp . 78-79) or 

possibly to the lateral replacement of Quatsino Limestone by the Karmutsen volcanics 

(= F ranklin Creek volcanics of Fyles, 1955, p. 19) . 
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Because of the presence of Pa-racochloceras sp. indet., the Upper Limestone 

member of the Sutton Formation of eastern Quatsino Sound is correlative with the 

type Sutton Formation of Cowichan Lake (Tozer, 19G7, pp. 78-79) in part at least . 

Furthermore, the two units are similar lithol ogically and in stratigraphic position. 

These circumstances and the apparent continuity of these high upper Norian limestones 

throughout Vancouver Island justifies the extens ion of the name Sutton Formation 

to the Quatsino Sow1d sections. 

The Sutton Formation of eastern Quatsino Sound contains elements of the 

abunc ant late late Norian (Upper Suessi Zone) fauna occurring in the Arenaceous 

and Limestone (= Sutton Formation) members of the Sedimentary division of the 

Esperanza-Ououkinsh segment of the west coast of Vancouver Island (Jeletzky, 1D50, 

pp . 8-9; Tozer, 19G7, p. 80). Therefore, the Arenaceous and Limestone members 

of that area taken together are correlative with the Sutton Formation uf easLer11 

Quatsino Sound. 

The disconformable, and apparently regionally unconformable nature of the 

contact between the Arenaceous member of eastern Quatsino Sound and Klaskino 

Inlet and the largely nonmarine facies of the overlying IIecate Cove Formation 

(see p. 28) suggest the non-deposition (or less likely a subsequent erosion) of the 

Upper Limestone member of the Sutton Formation in these two areas. This 

conclusion is supported by the apparently conformable to ? paraconformable nature 

of the contact between the Upper Limestone member of the Sutton Formation and 

the prevailingly marine fa.cies of the o\·erlying Hecate Cove Formation in all 

sections where the Sutton Formation is present. Furthermore, it agrees well 

with the following lateral facics changes obser.:cd in the Sutton Formation of 



- 28 -

Quatsino Sound. In the sections situated between the western side of Smith Cove 

and the east rn side of Julian Cove, its Lower Limestone member is a considerably 

more arenaceous and argillaceous deposit than the equivalent unit 3 of its section 2 

situated farther west. This eastern (or Smith Cove) facies of the Lower Limestone 

member is more lithologically similar to the Arenaceous member than is its 

western facies represented by the unit 3 of section 2. This facies contains a much 

greater ratio of black, exh·emely calcareous argillites than the Arenaceous member 

and many interbeds of various limestones which are absent in the latter unit while 

being at the same time a more argillaceous and arenaceous unit than the equivalent 

unit 3 of the Banter Point section (see Sec . 2 of the Appendix). 

The eastern facies of the Sutton Formation appears to be transitional 

between the neritic to littoral, almost exclusively elastic facies of the Arenaceous 

member and the largely elastic-free, offshore (or western) fat;ie~ oi Lhe foi'n-1atioi1 

outcropping on Banter Point and the western side of Julian Cove. Both facies of 

the Lower Limestone member are considered to be shallow water deposits because 

of the abundance of colonial corals and strornatoporoids and the local presence of 

coquina layers built of thick-shelled pc lecypods. 

Similar lateral facies changes occur also in the Upper Limestone member 

of the Sutton Formation. In the sections situated between the western side of Smith 

Cove and the eastern entrance to Julian Cove, this unit (sec Sec. 3, Unit G and earlier 

in this section) is considerably more argillaceous, arenaceous and calcarenitic than 

the thickly and indistinctly bedded to massive, more or less elastic-free and often 

cherty limestones of the equivalent unit 2 of the Banter Point section (sec Sec. 2 of 

the Appendi.x). The eastern and western facics of U1c Upper Limestone member arc 

beUeved to be younger th:tn any parts of the Arenaceous member of the Lippy Creel· and 

Klaskino Inlet areas. 
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Though a n offshore deposit, the relatively pure limestone of the western 

(or Banter Po int) facies of the Upper Limestone member is a relatively shallow 

water deposit because of the presence of colonial corals and stromatoporoids . 

The corals include numerous delicate (not-rolled) fragments of branching forms 

while stromatoporoicls locally form crust- to bud-like colonie s oriented along 

the bedding planes . These fossils were therefor e buried either in close proximity 

of their habitat (corals) or in their living position (stromatoporoids). 

Late Norian Paleogeography 

As recognized by Jeletzky (1970b, p. 5), the presence of extensive areas 

of the late late Norian (Upper Suessi Zone) arenaceous sediments to the east 

(i.e . at the headwaters of Lippy Creek and at Stewart Point) and to the west 

(i.e. in Koprh10 Harbour and Klaskino Inlet) of that part of Quatsino Sound occupied 

by the late late Norian limestones is one of the clearest indications of the ensuing 

tectonic fragmentation of the previously continuous , elastic-free central zone of 

fue early to middle Norian depositional trough of the Insular Te ctonic Belt . This 

facies pattern indicates the emergence of sizable late Norian tectonic lands within 

t11e investigated part of Quatsino Sound which provided argillaceous, arenaceous, 

and some coarser elastics to the marginal parts of the intervening, residual 

marine troughs . The inferred paleogeographical pattern (Fig. 3) contrasts with 

the earlier pattern which characterized the same area during the times of deposition 

of the Qu:itsino Formation and the lower pa.rt of the Thinly Bedded member (Fig . 2) . 
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The complex facies pattern which emerged at the onset of Suessi Time in 

Quatsino Sound and adj'lccnt parts of northwestern Vancouver Is land (Je letzky, 1970b, 

p. 5) was apparently limited to this part of the Insular Tectonic Be lt and did not 

extend into its southeastern (Buttle Lake area) and northwestern (Queen Charlotte 

Islands) parts . 

The scarcity of outcrops of the Thinly Bedded member within the investigated 

part of Quatsino Sound precludes a detailed description of facies and paleogeographic 

pattern of the early late Norian (i.e. Lower Sucssi or Monotis subc ircularis } time . 

The previously mentioned lithological diversity of the upper part of the Thinly Bedded 

member within and beyond the investigated part of Quatsino Sound and the clearly 

recognizable, southwestern direction of paleos lope (see p . 32} in the outcrops of the 

Thinly Bedded member of Klaskino Sound suggest the existence of a facies pattern 

similar to that of the late late Norian time (Fig . 3). The write r (see also J eletzky, 

1970b, p . 5) believes, accordingly, that a t least the nuclei of the l ate late Norian 

tectonic lands and residual marine troughs discussed below arose in early late 

Norian time and that their locations coincided mainly with those of the late late 

Norian and latest Triassic (Rhaetian ?) tectonic lands . 

The late late Nori::ln (i. o . Upper Suessi time) facies pattern indicates the 

existence of at least two northwest- trending tectonic lands within the investigated 

parts of Quatsino Sound. The first, or Coal Harbour-Alice Lake tectonic land, 

apparently occupied the eastern shore of Holberg Inlet in the vicinity of Coal 

Harbour and extended southeastwards the r efrom at least to the eastern side of 

Alice Lake (Fig. 3) . The apparent prevalence of dark grey, impure limestones 

of Sucssi Zone in the nuttle L::.kc :1.rea (Jeletzky, 1970b, p. 5) Sl1gge sts the 
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termination of this tectonic land somewhere in the vicinity of Woss Lake (Fig. 3). 

The data available is, however, too scarce and too localized for any definitive 

conclusion on this subject. 

The prevalence of dark grey, impure limestones of the Suessi Zone in 

Queen Charlotte Islands (Jeletzky, 1970b, p. 5) suggests the termination of the 

Coal Harbour-Alice Lake tectonic land either somewhere within the northwestern 

part of Vancouver Island or beneath the waters of Queen Charlotte Sound. There 

is, however, no evidence available at present for any closer estimate of the extent 

of th~s tectonic island to the northwest of the Coal Harbour area and no attempt 

was made to delimit its northwestern part in Figure 3. 

The latest Triassic orogenic phase (§ee p . 52) and the concurrent volcanic 

outburst did not affect the eastern side of Vancouver Island as the Late Norian 

argiilites or impure lime::;wne:s ~tJ!µE:ai- to grade imperceptibly into the lithclo;ic::i.lly 

similar low Lower Jurassic sediments throughout the tectonically and volcanically 

quiescent zone of the Insular Tectonic Belt (Jeletzky, 1970b, p . 9 , Figs. 1, 2; this 

report Figs . 5, 6}. This indicates that the Coal Harbour- Alice Lake tectonic isla nd 

was only a narrow, presumably cordillera-like welt which probably did not extend 

northcastwards beyond the line: Quatse Lake-Waukwass Creek - southern end of 

Bonanza Lake (Fig. 3) . However, the Sedimentary division of this area was not 

studied in any de tail by the writer and it is impossible to define the northeastern 

margin of the Coal Harbour-Alice Lake tectonic land with any degree of precision 

until some outcrops of the arenaceous to ps:immitic facies of the Upper Suessi Zone 

are found to the east of Holberg and Rupert Inlets. 
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.. 
The residual late late Norian marine trough flanking the Coal Harbour-

Alice Lake tectonic la nd from the south\Yest is named herein the Neroutsos Trough 

(Fig. 3) . In the Quatsino Sound area, the northeastern margin and the northeastcrn 

flank of Neroutsos Trough are fairly well defined by the previously discussed lateral 

facies changes of the Arenaceous member and Sutton Limestone . This trough 

apparently opened up into the southeastern (i . e. Buttle Lake area) and north western 

(i.e . Queen Charlotte Islands) parts of the Insular Tec tonic Belt that were characterized 

by the predominantly calcareous facies of Suessi Zone (see p. 30 under the discussion 

of the Coal Harbour-Alice Lake tectonic land). 

No outcrops of the high upper Norian (i.e . Upper Suessi Zone) rocks are 

known anywhere between Banter Point and Koprino Harbour where its arenaceous 

facies, apparently representing the southwestern flank of Neroutsos Trough , reappear s 

at the southern tip of an upthrown fault block (see Figure 18) . Therefore, the eas ::-e r n 

(or Smith Cove) and western (or Banter Point) facies of Sutton Limestone are assumed 

to reappear in a reversed order within the interval between Banter Point and Koprin o 

Harbour devoid of Sutton outcrops. Then the eastern facies is believed to be 

replaced by the Arenaceous member east of Koprino Harbour (Fig . 3) . 

The Kopril10 Harbour section (~~Unit 7 of Sec . 5) of the Arenaceous member 

includes numerous pcx:ls , lenses and interbeds of impure limestone and seems to 

grade upward into the watcrlain pyroclastics and marine sedimentary rocks of the 

second facies of the Hecate Cove Formation. Therefore, it appears to be lithologica lly 

transitiona l io the marginal (i.e. eastern) facies of the Sutton Limestone. This 

suggests, in turn, that the calcareous facies of the Upper Sucss i Zone of Ncroutsos 

Trough m:iy h::tve extended southwes tward almost to Koprino Harbour. 
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No outcrops of the high upper Norian (i.e. Upper Suessi Zone) rocks are 

known a nywhere between Koprino Harbour and Klaskino Inlet. A southwestern 

direction of paleoslope is indicated, however, by the direction of slump folds in 

the limestone breccias, argillites, and grcywacke in the studied outcrops of 

Sedimentary division of Klaskino Sound and by the persistent southweshvard thinning 

and/ or disappearance of coarser elastic inter beds observed in the Thinly Bedded 

member of the same sections. A late late Norian tectonic land - the Southwestern 

Tec tonic Land - must, therefore, have been situated in the interval between Kopr ino 

Harbour and the Klaskino Sound . This nor th we st-trending tectonic land apparently 

flanked the residual Neroutsos Trough from the southwest and extended along the 

west coast of Vancouver Island at least in the interval between Esperanza and Klaskino 

Inlets (Jeletzh""Y, 1970b, pp. 7-8). The existence of this Southwestern Tectonic Land 

southeast of Brooks Peninsula (F ig . 3) is indicated by the restriction of outcrops of 

Sutton Limestone to the outer coast and offshore islands (Jeletzky, 1970b, pp. 7-8) . 

The equivalent high upper 2forian elastic rocks are conversely concentrated farther 

inland (e .g . in the inner rnrts of Malksope and Ououkinsh Inlets and in Klaskino 

Inlet) throughout the surveyed parts of the Esperanza-Klaskino segment of the west 

coast . 

Because of the app:irent lack of outcrops of the uppe r Norian rocks between 

Koprino Harbour and Klaskiuo Inlet, very little is known about the width and 

orographic character of the here discussed Southwestern Tectonic Land . Nor 

was it possible to cull any pertinent informa tion from the scarce lite rature 

concerned with iubnd parts of Vancouver Island flanking this section of Quatsino 

c ~ .... ,;i 
uvuuu .. 
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The partly calcareous lithology of the Arenaceous member in Koprino Harbour 

and its npparently gradntional contact with the overlying Hecatc Cove Formation 

suggest that the northe:i.stern shore of the Southwestern Tectonic Land was situated 

at least a few miles farther west . It seems likely that it may have approximated the 

line Galato Creek-Nordstrom Cove-1\labott Island - a point west of O'Connell Lake -

headwaters of Klaskish Uher and the entrance to Kashutl Inlet (Fig . 3) . Nothing is 

known about the CA"i:cnsjon of the northeastern shoreline of this tectonic land farther 

to the southe1st and north vest. 

The late late Norian residual marine trough flanking the Southw0stern 

Tectonic Land from the southwest is herewith designated the West Coast Trough . 

This trough occupied the outer parts of the west coast of Vancouver Island and the 

offshore islanrls in the interval between the Esperanza and Klaskino Inlets. The 

Sutton Formation is prominent in this zone in the interval between Esperanza Inlet 

and the southern side of Brooks Peninsula (Jeletzk-y, 1950, pp . 9-11; 1970b, pp. 7-8; 

and unpublished). However, the Sutton Formation is completely absent in all 

Klaskino Inlet sections studied (i.e. replaced laterally by the Arenaceous me mbcr), 

therefore it js believed to occur beneath the sea off the entrance to the inlet . 

Furthermore, the Sutton Formation becomes more arenaceous and argillaceous 

northeastwards until it js ~eplaced laterally by the prevailingly arenaceous, 

commonly tuffaceous and partly nonm:irinc Tocks of the Arenaceous member near 

the heads of l\Ialksope and Ououkinsh Inlets. Because of these shoreward facies 

changes , the northcastern margin of the West Coast Trough apparently was 
._ ..,,. 

situated in the proximity of the line: Cape Parkins - Gooding Cove - Sicward Hill -

'head of Klaskino Inlet - Hisnit IsJets ·n_ Ouonki.nsh Inlet - head of .falksopc Inlcl, 

Hohoae Point in Kyu~.uot Sound and Queens Cove in Esperanza Inlet. 
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Southeast of the Esperanza Inlet, the West Coast Trough is believed to 

extend at least to the Cowichr n Lake area . It seems likely that the trough disappears 

completely beneath the Pacific Ocean off Cape Parkins and Lippy Point northwest of 

the entrance to Quatsino Sound. 

Like the Coal Harbour-Alice Lake Tectonic Land, the Southwestern Tectonic 

Land apparently was a n;ore or less continuous but narrow, cordillera-like welt 

(Fig. 3). The central part of the West Coast Trough apparently is concealed every­

where beneath the Pacific Ocean off the west coast. 

Volcanic Division 

Throughout the investigated part of Quatsino Sound, the Sedimentary 

division of the Bonanza Subgroup is overlain unconformably to apparently conformably 

(? paraconformabl ') by a very thick succession of andesitic, dacitic and ?rhyolitic, 

mainly lavender- to maroon-coloured lavas and pyroclastic rocks. These volcan ics 

correspond to t..he Volcanic division of the Bonanza Group as defined by Gunning 

(1932 , p. 23A) and subsequent workers. Volcanic tuffs and breccias predominate in 

most sections studied, but felsitic , prophyritic and amygdaloidal lavas may be 

prominent, and even predomin:-int locally. The relat ively brightly coloured pyroclastic 

rocks and lavas of the Volcanic division are normally easily distinguishable from 

the monotonous, dark lavas of the Karmutsen Subgroup . However, fairly thick 

units of ?basic, dark bluish grey to dark green, amygdaloidal lavas lithologically 

indistinguishable from those of the Karmutsen Subgroup may occur locally in the 

division. These lavas are especially common in its basal part . 
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No complete sections of the Volcanic division of the Bonanza Group 

were observerl 'ln:rwherc in Le surveyed part of Qua tsino Sound. Structural 

complexity of most of the partial sections studied and the lithological monotony of 

the volcanic and pyroclastic rocks of the unit have, furthermore, made it difficult 

either to work out a composite section or to estim~te closely its total thickness . 

The previously proposed tentative estimate s of the total thickness of the Volcanic 

division (e . g. Jeletzky, 195-±a, p. 1270; 1970b, p. 19, Fig. 2) range between 

10, OOO and 20, OOO feet and cannot be refined reliably without an additional detailed 

paleontological-stratigraphic study of the area. 

The 8, 500-foot:...tllick section of the Volcanic division measured by Muller 

(1970, p. 47) along the Pacific coast of Vancouver Island north of Quatsino Sound 

is almost cer tainly incomplete in the upper part since it is overlapped unconformably 

by the Lower Cretaceous rocks (pers. corn. of J.E. Muller, 1969). 

The Volcanic division outcrops e:xi:ensively on the shores of Quatsino Sound 

between the western entran.ce to Quatsino Narrows and the mouth of Forward Inlet. 

It is even more widespread jnside of Forward and Browning Inlets. East of Quatsino 

Narrows, the Volcanic dfrision outcrops extensively on the northern shore of Holberg 

Inl0t between Apple Bay and Coal IIarbotu-, in the upper course of Nuknimish Creek, 

in the northeastern corner of Rupert Inlet, and in the mouth of Wa ukwass Creek in 

its southeastern corner . 

In that part of the report-area situated west of Quatsino village, the 

predominantly andesitic to dacitic, grey- , lavender- or maroon-coloured 

pyrocln.stic rocks and lavas of the d ivision are interbedded with throe or (?)more 

units of fossiliferous, marine sediments each se veral hundred feet to more than 



- 31 -

1 , 300 feet thick. In this part· of lhe area . furthermor e , the pyroclastic rock s of 

the division are,. in places , markedly waterlain and may g rade lo cally to tuff-

aceous sediments. 

In spite of the well established northeastward thinning out of volcanic 

units of the Volcanic division and their lateral replacement by the fine elastic s 

of the Harbledo >;:n Formation (Jeletzky, l 970b,· pp . 17-19, Figs . 1, 2; this paper 

Fig. 5) no sedimentary inter beds were observed in its outer ops east of Ouats ino 

Narrows . This appears to be due to the almost complete or ? compl ete abs ence 

of the younger part of the division to which these sedirn.entary interbeds are 

confined . So far only the Hecale Cove Formation and the Basal Juras sic 

volcanic unit have been observed in this relatively tectonica lly po sitive part of 

the report-area. 

The writer has attempted to map separately each of the volcanic and sedi­

mentary units oi the Volcanic division discussed in the following sections of this 

report (~Figures 17-18). This task , however, was difficult because of far­

reaching l ithological similarity of the volcanic units of the division and their obscu'· c 

(faulted or covered contacts) structural and stratig raphi c r e lation ships with the 

adjacent biochronologically datable sedimentary units . Consequently, some of the 

mapped outcrops of the Volcanic division had to be l eft unassigned beyond then 

placement in this division and the specific assignments of some othe r outcrops mu st 

be considered as tentative only. 

Hecate Cov · Formation 

The basal unit of the Volcanic division was ori ginally desi gnated the Upper 

Triassic or Jurassic pyrodastic and tuffaceous un it (Jeletzky, 1 950, p. 12) and 

later l"("named informally the Waterlain brcccia unit (Jcletzky, 1969 , p. 126; l 97 0 b, 

pp. 5-8, Fig. 1) because of Lhe characteristically watcr l a in nature of its principal 

pyroclastic rock types . This na1ne is replaced here by a formal formationaJ nanw, 
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the Hecate Cove Formation, which is derived from Hecate Cove on the northe rn 

shore of the main Quatsino Channel immediately east of Quatsino Village . The 

desig·nated type section is that occurring on the northweste rn side of Hecate Cove 

between Jesdal Islet and the sharp nameless point opposite Kitten Islet where the 

best known sect.ion of the formation is exposed. This section (see Sec. 4 of the 

Appendix) locally contains abundant marine fossils of a probable Late Triassic age 

and leaves little doubt as to its sequential relationships with the overlying basal 

Jurassic volcanic unit. The base of the Hecate Cove Formation is covered a nd 

probably faulted -at its type section but is well exposed in section 2. The latter 

section, which accordingly can serve as a parastratotype of the Hecate Cove 

Formation, shows its stratigraphic re!ationship with and its direct superposition 

on the Sutton Formation of the Sedimentary division . 

The Hecate Cove Formation is best characterized by the predominantly 

layered and sorted, more or less distinctly rounded, waterlain character of its 

pyroclastic fragments and by the argillaceous and calcareous nature of the commonly 

dark to bluish gTey matrbc Another characteristic feature is the presence of 

greater or lesser numbers of interbeds of various (mostly psammitic), commonly 

marine elastics and limes ones either in the basal part of the unit or throughout its 

thickness. The limestones commonly are represented by consedimentary slump 

breccias; otherwise their fragments form part of the mixed sedimentary- volcanic 

breccias . The colours of ihe lavas are mainly gree n-grey to blue-green. They 

tend to lack the pink to orange plagioclase phenocrysts characteristic of the 

overlying Basal Jurassic volcanic division, except :it some places in the upper 

part of the formation. Similar sombcr (grey, green or blue) colour::; are chan.cterisitc 
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of the volcanic and mixed sedimentary volcanic breccias . The distinctly and 

thinly bedded, waterlain \'O canic tuffs of the formation tend, in contrast, to be 

coloured buff, orange or lavender. The extreme lithological diversity of the 

Hecate Cove Formation is another characteristic feature. 

Some of the above-mentioned distinctive lithological features may be 

absent in the individual sections of the Hecate Cove Formation . However , eve n 

its most extreme, predominantly or ?entirely non marine facies (see Sees . 1 , G, 7) 

is usually sufficiently distinctive lithologically to be recognized without reference 

to th3 stratigraphic relationships with the adjacent sedimentary units. The Hecate 

Cove Formation is the most distinctive unit of the Volcanic division of the Bonanza 

Subgroup and is a valuable lithological horizon marker in the investigated part of 

Quatsino Sound. Also, it is distinctive lithologically and stratigraphic ally valuable 

in other parts of the tecton-cally and volcanically active zone ot the lnsular Tectonic 

Belt (Jeletzky, 1970b, pp. 5-9 , Figs. 1, 2) . 

Muller (1970, p. 451 proposed to include the 11\Vaterlain breccia" (i.e. the 

Hecate Cove Formation of this report) with the Bonanza sediments and to treat these 

two units as a "volcanic-clrtstic-carbonate melange deposited in a time of local 

volcanic quiescence 11
• This interpretation is incompatible with the results of the 

writer'sfieldandofficework(Jeletzky, 1954a, 1954b, 1969, 1970a, 1970b, pp . 8-9) 

and is not followed in this report . The predominantly volcanic Hecate Cove 

Formation is sharply and commonly unconformably delimited from the units of 

the Sedimentary division in all sections studied by the writer (see below) and overlies 

them throughout the tectonically and volcanically active zone . Because of the 

stratigraphic position, stn1ctural relationships, characteristic lithology, and 

the inferred younger (?Rhadian) age, the formation forms part of the Volcanic 

division . Only insignificantinterbcds of well-bedded, waterlain volcanic tuffs and 



- 40 -

breccias, unrelated to he Hecate Cove Formation, have been observed l ocally in 

the Thinly Bedded and Arenaceous members of the underlying Sedimentary division . 

The latest Karnian to Nor ian (i.e . Quatsino-sedimentary Bonanza) period 

of quiescence appears to be a regional phenomenon within the Insular Tectonic Belt 

(Jeletzky, 1970b, pp. 3-5, Figs. 1, 2; and in the i;receding pages of this report) 

and there docs not seem to be any justification for treating the almost exclusively 

sedimentary rocks of that time as a "volcanic-elastic - carbonate melange" or to 

amalgamate them with regionally deposited, younger s yntectonic Hecate Cove volcanics. 

Distribution and stratigraphy. The known exposures of the Hecate Cove are 

confined almost entirel_T to the eastern part of Quatsino Sound. In this part of the 

report area, the formation was observed on the northern side of the main channel of 

Quatsino Sound between Jesdal Islet and the inner basin of Hecate Cove, on the 

southern shore of Buc..:hilolz. Channel between Pender Point and the western side of 

Julian Cove, on Banter Point, around a nameless point immediately west of Ohlsen 

Point on the eastern side of Hecatc Cove, on the eastern shore of Holberg Inlet 

between Coal Harbour 2nd Apple Bay, and at the headwaters of Lippy Creek on the 

eastern side of Neroutsos Inlet. Except for one resh·icted area of exposm·e in the 

northwestcrn corner of Koprino Harbour, the Hecate Cove Form.ation is not known 

to outcrop :in:>~·.nere between Kultus Cove and Klaskino Inlet. 

Outside of the report-area, the Hecatc Cove Formation is widespread on 

the west coast of V:inco ver Island, on Cowichan Lake (unpublished personal 

observations) and between the Esperanza and Klaskino Inlets (Jeletzky, 1950, 

pp. 12-13; 19#0b, pp. 5-9) . The Hccatc Cove Formation is essentially a 

syntcctonic product of the latest Triassic (Rhactian ?) orogenic phase . Consequently, 
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it is restricted to the tectonically and volcanically active z one pr oduced within 

the Insular Tectonic Belt by these mo ements and is completel y unknown on the 

east side of Vancouver Island and in Queen Charlotte Islands because of the latera l 

replacement of its waterlain pyroclastics and coarse to fine e lastics by impure 

limestones and calcareous argillites of the upper Ouatsino and? upper Pa r son Bay 

Formations (Jeletzky" 1970b , pp . 5 - 9 , Figs. 1 , 2 ; this report Fig . 5 ) . 

The lithology and thickness of the Hecate Cove Formation is even more 

variable than that of the tmderlying sedimentary rocks of the Upper Suessi Z one. 

In some sections, herein designated as the first facies of the formation, its l ower 

beds are represented by a complex interfingering of marine limestone brecc ia, watcrlain 

mixed sedimenta r y-volcanic breccia, various intermediate ( ?andesiti c) volcanics 

including pillow lava and pillow breccia, various (volcanic, mL'{ed sedimentary-

v~olcanio, predominantly li1ncstonc} conglorncratcs ccnnposcd of poor l~,r rounded pebbles, 

well-bedded, \Yaterlain volcanic tuffs, and var ious elastic and calcareous sedimentary 

rocks lithologically similar to those of the Upper Suessi Zone . Water lain volcanic 

breccia and tuff, and locally ?andesitic lavas, predominate over the other r ock 

types in the m iddle and upper part of the sections of this facies. 

The first facies of the Hecate Cove Formation is exemplified by the sections 

measured on the southern side of Buchholz Channel of Quatsino Sou~1d between 

Pender Point and the western side of Julian Cove, and on Banter Point (Sec . 2). 

In this part of the area, the basal part of the Hecate Cove Formation is exposed 

in several sections. It is re presented either by a 15- to 20-foot- thick bed of fine 

to coarse limestone breccia, \vhich also includes some dispersed , mor e or less 

rounded limestone pebbles (as on the west side of Smith Cove; see be l ow) or by a 
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150-foot-thick unit of rusty to tawny coloured, coarse volcanic breccia with 

fragments and pods of grey limestone or calcareous, waterlain volcanic tuff 

(see Sees. 2, 3). 

On the western side of Smith Cove, where the basal part of the formation 

consists of limestone breccia, its matrLx is very calcareous but locally rich in 

tuff- and breccia-size fragments and imperfectly rounded pebbles of volcanic rocks 

similar to those occurring in the overlying beds of the unit. The amount of volcanic 

fragments and pebbles increases upward in the limestone breccia bed . This results 

in its gradual transformation into an overlying limy and argillaceous conglomerate 

composed of imperfectly rounded volcanic pebbles to boulders . This volcanic 

conglomerate, as much as 25 feet thick, in turn grades upward into, or is locally 

replaced laterally by green-grey to light grey, coarse to very coarse, waterlain 

volcanic breccia with an abundant dark grey to greenish grey, calcareous, argillaccous 

and tuffaceous m3.trLx. Judging by its complete absence in adjacent sections, the 

basal limestone breccia interfingers with and becomes replaced by the above­

described volcanic conglomerate and coarse, waterlain volcanic breccia westward 

(Sec. 3) and ?eastward. 

The next younger beds of the formation outcropping on the northeastern shore 

of Smith Cove consist of simil:ir conglomerate and volcanic breccia including some 

inter beds of finer grained watcrl:lin volcanic breccia and volcanic tuff, as well as 

those of dark green porphyritic lava with rust- to pink-coloured phenocrysts of ? sodic 

plagioclase. The breccia fragments and pebbles mainly are of the above-mentioned lava 

or of the lithologically similar crystal tuff. The estimated thickness of these watcrlain 

py-rocl~.stic rocl~s and la\~n.s outcropping en the ncrthcaste·rn shore of Smith Cove is 
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between 900 and 1, OOO feet. Near the head of the cove, these rocks are overlain, 

apparently conformably , by some 150 feet (top is concealed) of dark gree n, porphyritic 

lavas with phenocrysts of rust to pink ? sodic plag ioclase and some similarly coloured 

crystal tuffs rich in phcnocrysts of the same feldspar. These rocks may represent 

the basal paTt of the Basal Jurassic volcanic unit of. the division (cf. Unit 1 of Sec . 4). 

The adjacent, apparently continuous section 3 (see Appendix) represents a 

lithologically different facies of the lower part of Hecate Cove Formation in which the 

watcrlain Yolcanic breccia predominates throughout . 

Numerous exposures of considJrably faulted basal beds of the Hecate Cove 

Formation occur about one-half mile southwest of section 3 in the southwestern 

corner of Julian Cove. fo these exposures, the coarse to medium, water lain, 

volcanic and limestone breccias include some interbcds of thinly bedded and well-

sorted conglomerates . They contam, furthermore , irregularly i11Le1·tedded in about 

equal amo,rn ts, fine-grained, distinctly and mainly thin-bedded, often crossbedded, 

more or less calcareous volcanic tuffs grading into tuffaccous greywacke . These 

waterlain rocks are coloured iuscan-rcd to dark grey and are similar lithologically 

to the fine-grained varieties of the Upper Triassic or Jurassic pyroclastic and 

tuffaceous rock units that are widespread on the west coast of Vancouver Island 

(Jeletzky, 1950, pp. 12-15; and unpublished). The dips of forest beds seem t o 

indicate a northwestcrn or western source area for the better rounded, well-bedded 

varieties of these rocks. 

Outcrops of the lo\\er part of the Hecate Cove Formation occurring on the 

northcastern side of I3'lnter Point do not seem to differ materially from equivalent 

bPnfl ontcropping between Pender Point and the eastern side of Julian Cove. The 

same beds exposed at the lip of Banter Point (sC'e Unit 1 of Sec . 2) are similar to 

equivalent beds of section 3. 
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The southwestern side of Banter Point is built of well-bedded , fi ne volcanic 

brcceia interbedded with the mainly fine - grained, distinctly and mostly th inly 

bedded , commonly calcareous volcanic tuffs locally grading into tuffaceous gre:rr'\vacke. 

These watcrlain pyroclastics are maroon lo dark lavender in colour . The r ocks 

strike at 3-15 ° and dip wcst\vards at 60 ° but are not much disturbed otherwise . This 

finer grained phase of the Hecate Cove Formation is believed to overlie unit 1 of 

sect ion 2. The top of these waterlain breccias and tuffs is covered and probably 

cut off by a major northwest-trending fault in the southeasteru corner of Kultus Cove. 

The fa c ie s of Hecate Cove Formation exposed in the western corner 

of Julian Cove and on the southwestern side of Banter Point is transitional 

between that of the sections farther east and that of the type section of the formation . 

The section of the Hecate Cove Formation exposed west of Ohl sen Point appears 

This section consists largely of greenish grey to maroon, partly waterlain volcanic 

tuffs and fine to coarse volcanic breccias interbedded with some tuffaceous gr its 

and coarse, volcanic conglomer a tes with imperfectly rounded pebbles . Numer ous 

interl>ods of similarly coloured mediui,1- to coarse-grained porphyritic lavas occur 

in this section of the Hecate Cove Formation. Some of the lavas contain abundant 

reddish grey to orange phcnocrysts of ? sodic plagioclasc . The stratigraphically 

lower beds of the unit exposed near the westeTn end of Indian village are much 

better rounded and sorted, and more regularly and distinctly bedded; they are, in 

part , rich in inclusions and lenses of calcareous waterlain pyrocln.stic rocks and 

tuffaceous elastics . The base of this section, about GOO feet thick, of the midd le 

part of the unit was not re3.ched and its lop is faulled . 
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The second facies of the Hecate Cove Formation is characterized by a 

marked decrease in the amount of the coarse waterlain breccias and volcanic 

conglomerates and a corresponding increase in the number and thickness of 

interbeds of fossiliferous marine greywacke , grit, impure limestone and 

calcareous argillitc as compared with its Buchholz; Channel facies . The sediments 

are mainly tuffaceous. 111e second facies also contains numerous inter beds of 

fine-grained, waterlain volcanic tuff. The tuffaceous elastics, tuffaceous limestones, 

and finer grained waterlain pyroclastics occur at interval s throughout the thickness 

of the second facies of the Hecate Co· 1e Formation . This r elatively fine- grained 

and predominantly marine facies is best exemplified by the type section of the 

Hecate Cove Formation (see Sec. 4 of the AppendLx) . 

The type section of Hecate Cove Formation is about 1, 899 feet thick . It is 

considerabiy thicker than any other sect100 of the formation studied, in spite of 

the fact that its basal beds, corresponding t o units 1-3, 5 of section 3, to unit 1 of 

section 2, and to units 4-6 of section 5, are believed to be concealed beneath the 

visible base of bed 13. Another 150 feet of the formation may be concealed in the 

covered interYal above its visible top. If this interpretation is correct, the total 

thickness of the second facies of the Hecate Cove Formation would be in order 

of 2, 500 feet. 

The only section (sec Sec. 5 of the Appendix) of the He e ate Cove Formation 

obserycd in the western part of Quatsino Sotmd represents its second facie s . This 

intensely sheared and often contorted section exposes only the basal ? 450 feet of 

the formation \\:hich is largely or ?entirely absent in the type section . 
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The third facics of t 1c IIecatc Co \ e Formati on is chara ctc ri zccl by the 

scarcity or corn pletc abscnrc of the l imcstonc brccc)a and inter lx~ds of marine 

sccl imcntary rocks. Furthennorc, iL includes numerous intcr bcds of basic por phyri tic 

lavas (moslly au;hitC porph~TY) and their conQ;lorncrates . In the studied Sl' cl ions of this 

facies ~Sees . 1, G, 7), he prednminanLly co'.lrsc and poorly sorted, mixed 

scclimcnlary-volcanic or p\J.rcly volcanic b:cccc ias , lavas , and volcanic c onglomerates 

overlie disconformably to regionally unconformably the dee ply e r oded s urface of 

- the Sedimentary division of the B01wn;;a Subgr oup . ln the r eport-area , the uncl c rlying 

Seclim0ntary division is rcp::cscnted exclus ively by 1.he P.1·e naceous member (see 

Sees . 1, 6, 7). In the west coast sec.;tfons , hmrnver , this facies of the I_Iocate Cove 

F ormation app:i.rcntly o\·crlics unconf ornrnbly the Arcn::tceous ancl Thinly B2cldcd 

members . The thild facics of the Hecate Cove F ormation tends to be considerably 

in Qnat sino Sonnd does not exceed 500 feet and , locally, may be less . 

The apparent complete absence of marine E:hells in the third fac ics of the 

Becatc Coye ForrnaUon and the almost comp1ele absence of the cal car eous and 

arg illaceous mat1·ix in the pyrocl:lstics C1nc1 ps;cmmitcs suggests that th e facics is 

predominantly or ?exch1si\cly of nonma1 ine orig in . 111e absence of any pillow 

lavas or pillow brccchts in all studied sccUons in Onais ino Sounc1 supports this 

con cl us ion . 

The prominent ?augite porphyry unit of sect ion G appc r1.r S t o be only a local 

fe n. Lure of the third facics f the HL!catc Co\·cr Forma tion . Similar basic lavas have 

bee n seen at the base of the formation in the sccti0n of the third facies meas ured by 

J. F.. 1\Iu lle r al the hcaclwa -· cs of Yo,;Lo0k Creek , c::ist of Vic to1·ia Lake and visited 

by t h~ \\Titer in 19G~. llow 'VCr, such h \·as arc absent at tbe srtrne ] C\'Cl in section I 

s ilua t"'d in close proximit.y lo f.0Cti.o:w 1 ancl G. 
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What appcnrs to be Cl not"ller outcrop-a1·ca of the ti1ircl facies of Hecate B:i.y 

J?ormatio:1 occL1pfos the northern shore of Holberg Inlet between the western entrance 

to Coa.1 Ifarbour and the ca~;icrn side of App1c Bny . Orr lslf!L app~trently is built of 

these intenscl · :::.lkred Yok:-tnk rvcks \d1ich ~tppear to be, for the most part, fine to 

coarse volc:.lnic brcccia, buff to rust coloured , strongly jointed ancl locally sheared; 

the snrfaec is hoiwycomb2d ancl the rn.atri"'-: app0ars to be calcareous . The volcanic 

brcccia is interbcdc.lccl with some Ught grey (?discoloured) porphyritic ? l ava ri ch in" 
/'\. 

rcdangL1lar to lalh·-like phenocrysts of whitish grey to buff fe ldspar . No definite 

attitucfo was oLscrvcd . A rocl:;y islet in a shallm.v embayment of the shoreline at the 

point al.tout 2 m:ilcs west of Coal Harbour 's wharf exposes the following section of 

th ese rocks: 

1. Diab:tse-like volcanic rock (?tuff), dark grey to ~.lrnost black, ho.rd, 

re sistant, massive-looking ; contains some dark reel, coar se fragments; northern 

contact covered on north side of the islet; southern contact poorly exposed but 

appears to be abrupt.; visible np to 60 feet. 

2. Fine volcanic breccia, purple, m:i.ssive- looking, southern contact 

concealed beneath the water; visiulc np to -10 feet . The rocks strike about east-

west and dip about vertically . It was not possible to infer the direction of the top 

ancl the b::ts~ of this section . 

These volcanic rocks of the Hecate Cove Formation extend inland only 

from 300 to GOO feet before they arc cut off by Holberg Fault ~.-2. Figure 17) . 
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Origin and environmental significHnce of some peculiar rock types . The 

IIecate Cove Formation includes a number of very peculiar lithological types which 

arc eiU1er rare or absent in other units of the Vancouver Group . The foremost of 

these rocks are the almost unique marine limestone breccia embedded in the 

argillaceous and/ or limy, tuffaceous matrix and the marine , volcanic breccia 

embedded in a similar matrix (Jeletzky, 1950, pp . 12-13) . The latter breccia 

was subsequently renamed the !TAgglomerate" Limestone by Hoadley (1953, p . 24, 

Pl. IIA, B; Pl. III) . All transitions exist between these two breccia types and 

either of them rnay grade imperceptibly into sedimentary, volcanic or mixed 

conglomerates . 

The writer agrees with J.E. Muller's suggestion (pers . corn. in July, 1968) 

that much of the limestone breccia occurring in basal beds of Hecate Cove Formation 

and elsewhere was caused by the areaily restricted consedimeata·cy slumping of 

limestone interbeds commonly occurring in the first and second facies of the Hecate 

Cove Formation. The fragmentation and downslope sliding of the alrn.ost unconsolidated 

to feebly consolidated sediments was accompanied by an extensive penetration of 

calcareous or argillaceous ooze between the fragments. 

The common presence of more or less row1ded sedimentary and volcanic 

fragments and pebbles in some of the limestone breccias may reflect more widespread 

slumping which also i1wolved the littoral and beach parts of the basin where the coarse 

elastic sediments have been deposited. Some other limestone breccias must have 

been reworked in situ by waves and currents after the formation and partial hardening 

of their fragments . This is indicated by a high percentage of distinctly waterworn 

but neverthPl~ss angulaT limestone clasts occurring in them, and by the la teral gracl:'Hion 

of tl1csc "reworked" limestone breccias and limestone conglomerates to completely 

nngular slump breccias . 
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The marine volcanic breccias (= "Agglomerate" Limestone) of the Hecate 

Cove Formation have been interpreted (Hoadley, 1953, p. 24, Pl. IIA, B; Pl. Ill) 

to be the result of burial of airborne pyroclastic products (cjcctamenta of volcanic 

explosions) in the limy mud or marl accumulating on the adjacent parts of sea 

floor at that time. This explanation appears to be entirely satisfactory to the writer, 

where pure types of such marine \'olcanic breccias are concerned . However, the 

common gradation of such marine volcanic breccias to mixed sedimentary-volcanic 

breccias (including typical limestone breccias) apparently necassitates a concurrence 

of strong volcanic explosions with the more or less extensive slumping of calcareous 

or argillaceous sediments on adjacent parts of sea floor where the volcanic 

ejectamenta were falling. 

The commonly observed lateral or vertical intergradation of waterlain 

pyrociastics with volcanic or mhetl ::;euimeuLai·) -volcanic conglomerates appears 

to be the result of the intermixing of volcanic ejectamenta with the typical piedmont 

elastic facies which formed at the base of adjacent ?Rhaetian (i.e. Hecate Cove time) 

mountain ranges under nonmarine or littoral conditions. The widespread occurrence 

of these peculiar breccias in the Hocate Cove Formation and their almost complete 

absence in the underlying and overlying units of ihe Vancouver Group was effected 

by the latest Triassic (?Illiaetian) orogenic phase (Joletzky, 1970b, p. 8). These 

tectonic movements produced a strongly diversified relief characterized by the 

existence of appnently shallow, residual marine troughs in close proximity to 

rapidly rising tectonic highlands. This relief, in concurrence with a strong outburst 

of latest Triassic (?Rhactian) explosive volcanism created a favourable environment for 
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the formation of marine pyroclastic breccias . The rapid and extensive vertical 

movements within the re port-area and the tremors accompanying the late Triassic 

( ?Rhaetian) tectonic movements must have been affecting slTongly the residua l 

marine troughs fa which the bulk of the Hccate Cove sediments were being deposited and 

were causing the widesp.·ead slumping of these sed.ime nts wherever the sea bottom 

had sufficient slope. 

Age and correlation. An abundant but indifferently preserved probably 

Upper Triassic marine fatma was found in 1968 in the uppermost bed of the type 

section of the J-Iecatc Cove Formatio1~ (Jeletzky, 1969 , p . 126 and bed 3, Sec. 4) . 

Muller and Rahmani (1970, p. 17) found Plicatula? sp . and indeterminate 

pectenids about 500 feet bclmv the top of the formation (GSC loc. 84008) in a section 

on the southwestern part of Drake Isl and (Lat. 50 °30 '40"; Long . 127°39'14 "). This 

section was not studied by the writer . A questionable la.Le Nodai1 age ·was assigned 

to this Plicatula? fawia. Indeterminate marine fos sils occur locally in other 

sections of the first and second facies of the Hecate Cove Formation. 

The combjned evidence of the superposition of the Hecate Cove Formation 

on the late upper Norian {Upper Suessi Zone) Sutton Formation and the Arenaceous 

member (Jelctzky, 1970b, pp. 8-9 and earlier in this report) and the occurrence of 

the prob~bly Upner Triassic and questionably late Norian marine fal.lnas in the 

upper to uppermost beds of the second facies of the formation indicates that it is 

latest Triassic, either tile latest Norian and/ or Rhactian. The lower part of 

fir st and second facics of the Hecate Cove Formation may well be late Late Norian 

in age because of the appar .ntl_· conformable and possibly gradalional relalions hjp 

of these facies with the und1;.;rlying Upper Limestone member of the Sutton Formation . 
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It does not seem likely, however, that the bulk of the type section (at least 1, 899 

fe e t thick) of the Hecatc Coye Formation would represent only the upper part of the 

Upper Suessi Zone . The entire formation, therefore, is pl aced tentative ly in the 

Rhaetian stage . 

The disconformable and probably regionally unconformable r e lationship 

of the third, largely or entirely nonmarine facies of the Hecate Cove Formation with 

the underlying high upper Korian Arenaceous member proba bly r ules out the latest 

Norian age of this particular facics (Jeletzky, 1970b, pp . 8-9 ). 

The inferred Rhaetian age of the Hecate Cove Formation agrees well with 

its occurrence stratigraphically far below the oldest dated low Lower Jurass ic 

(early Sinemurian) rocks. The formation is apparently conformably overlain by the 

Basal Jurassic volcanic unit which is from 5, OOO to ? 7, OOO feet thick. This 

unfossiliferous unit appears to be overlain by the ?Hettangian Che rty Limestone 

and Grey Volcan ic w1its which arc, in turn, overlain by the Sinemurian Matthews 

Island Formation . The presence of these three thick units between the Hecate 

Cove Formation and the early Sincmurian basal beds of the Matthews Island 

Formation suggests the possibility that the Basal Jurassic volcanic unit may 

be a lso, in part at least, of latest Triassic (Hhaetian) age. This possibility is 

ignor ed for the time being, however, and the Triassic-Jurassic boundary is 

tentatively placed at the base of the Basal Jurassic volcanic unit for the sake of 

convenience in description and mapping. 
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Latest Triassic ( ?Rhaetian) orogenic phase and the 
resulting facies and paleo:;eographic pnttern 

Throughout the in .. :cstigated part of Quatsino Sow1d and in Klaskino Inlet, 

the litholo;;ically variegated but mainly coarse to very coarse, syntectonic rocks 

of the Hecate Cove Formation overlie the arenaceous and argillaceous or calcareous 

marine rocks of the Upper Sucssi Zone. The same is true of the entire extent of 

the tectonically and volcanically active zone of the Insular Tectonic Belt (Jeletzky, 

1970b, pp. 5-7, Figs. 1-2). 

This drastic change of the sedimentary regime indicates the occurrence 

of geologically abrupt and strong up1ifts within the Quatsino Sound area following 

the deposition of the Sutton Formation and the Arenaceous member . Because of the 

pr3dominantly volcanic liL11ology of the Hecate Cove Formation, these uplifts must 

have been accompanied by a strong outburst of mixed explosive-effusive volcanic 

activity. These tectonic events formed part of the latest Triassic (Early Hhaetian or 

? late st Norin.n) orogenic phase which '\vas felt throughout the tectonically active 

zone of the Insular Tectonic Belt (Jelctzky, 1970b, pp. 5-9, Figs. 1, 2) . 

In spite of the intensity of the latest Triassic orogenic phase which is reflected 

in the predominantly coarse to very coarse, poorly sorted piedmont lithology and 

synorogenic nature of iJ c IIecate Cove Formation, this phase apparently did not 

change drastically the paleogeographic facies pattern charact~ristics of the partly 

flysch-like pre-orogenic rocks of the Upper Suessi Zone (Figs . 3, 4). 
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The Coal Harbour-Alice Lake tectonic land evidently continued to exist 

in a much more elevated, ·olcanically activated, and apparently somewhat 

enlarged state. The south·~estern side of this land is roughly defined by the 

previously discussed zone of outcrops of the relatively thin (?500 feet or less), 

nonmarinc third facies of i.he Hecate Cove Formation extending at least from 

Apple Bay on the northern shore of Holberg Inlet to the headwaters of Yogtook 

Creek east of Victoria Lake (Fig . 4). 

For reasons stated by Jcletzky (1970b , pp. 5-7, Figs . 1, 2) and recapitulated 

in th~ section of this report dealing with the late late N orian paleogeography of 

Quatsino Sound area, the latest Triassic ( ?Rhaetian) Coal Harbour - Alice Lake 

tectonic land could hardly have extended northeastward, northward, northwestward 

and southeastward much beyond the suggested margins of its late late N orian 

predecessor (compare Figs. 3 and 4). The volcanically and tectonically quiescent 

zone of the latest Triassic ( '?Rhaetian) time had apparently about the same extent 

as the late late Norian quiescent zone (Jcletzky, 1970b, pp. 5-7, Figs. 1, 2). 

'I11e northwest-trending Neroutsos Trough also continued to exist. Its eastern 

and western limits are believed to be roughly defined by the extent of those sections 

(i.e. between Smith Cove and Kopr:ino Harbour) in which the contact between the 

variegated but mainly coarse elastics of the Hocate Cove Formation and the underlying 

. neritic Sutton limestone or the calcareous facies of the Arenaceous member (in Koprino 

Harbour) is either not accompanied by an obvious erosional disconformity or i s 

clearly transitional. The Hccate Cove Formation of Neroutsos Trough, furthermore, 

is represented by the partly or entirely marine first or second facies. 
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BecaLtse of the presence of an isolated outcrop of the second facies of 

the Hecate Cove Formation in Koprj no Harbour (see Sec. 5), the Quatsino Sound 

part of the latest Triassic Neroutsos Trough may have extended about as far 

west as did its late late Norian predecessor (Figs. 3 and 4). As in the eastern 

part of the trough, a drastic but apparently gradational change of facies occurred 

at the base of the Hecate Cove Formation. 

No outcrops of the Hecate Cove Formation are known between Koprin o 

Harbour and Klaskino Inlet and the outcrops of the formation studied in Klaskino 

Inlet belong to the first, partly marine facies. However, the formatiori overlies 

disconformably the eroded surface of an unusually coarse-grained, partly 

conglomeratic and tuffaceous facies of the Arenaceous member . Equivalents of 

the Sutton Formation appear to be absent by non-deposition as on the southwestern 

side of the Coal Harbour-Alice Lake tectonic land. Furthermore, the formation 

seems to lap onto the deeply eroded surface of the upper part (i.e. Lower Sucssi 

Zone) of the Thinly Bedded member in one other, intensely disturbed (contact 

complicated by faulting) section . 

As recognized by Jeletzky (197 0b, pp. 7-8, Fig. 1), the Klaskino Inlet 

outcrops of the Hecate Cove Formation formed part of a residual trough djfferent 

from ihe Neroutsos Trough . This West Coast Trough was the successor to the 

previously descrjbcd late late Norian West Coast Trough. The existence of a 

northwest-trcnding tectonic land which separated the lates t Triassic West Coast 

Trough from the conte~porary Neroutsos Trough is indicated first of all by the 

northeastward facies change s of the Hecate Cove Formation in the Esperanza-

Ououkinsh falets seg-mcnt of the ·v•;est con.st described by Jclctzky (1970b, pp. 5-9, 



- 55 -

Figs. 1, 2). It is indicated also by the clearly recognizable south west- or 

west-directed palcoslope in the studied Klaskino Inlet sections of the Thinly 

Bedded and Arenaceous members of the Sedimentary Division . Like the Coal 

Harbour-Alice Lake latest Triassic tectonic land, this Southwestern Tectonic Land 

must have been a much moTe elevated, volcanically activated version of its late 

late Norian predecessor. However, there is no reason to think that the Quatsino 

Sound segment of this latest Triassic land was appreciably wider than its late 

late Norian counterpart. Judging by the facies of the Hecate Cove Formation in 

the K0prino Harbour section <see Sec. 5), the northeastern margin of this land 

must have been situated at least a few miles farther to the west. The Hecate 

Cove Formation of Klaskino Inlet is like\vise represented by the r elatively fine­

grained and mostly marine second facies. This suggests that the southwestern 

boundary of the Southwestern Tectonic Land was sil.uatcd at least a few miles 

farther to the east. 

The paleogeographic data suggcsl that the latest Triassic uplifts in the 

Quatsino Sonnd and Klaskino Inlet areas were largely or entirely restricted to the 

Coal Harbour-Alice Lake tectonic land on the northeastern side of the residual 

Neroutsos Trough and to the Southwestern Tectonic Land separating this trough 

from the West Coast Trou~h. If this was so, most or all of the coarse to very 

coarse, synorogenic elastics of the Hccate Cove Formation must have been 

derived from these two fast rising, presmn:ibly cordillera-like tectonic lands. 

These sediments spread basinwards for a considerable distance, rapidly filling 

the two residual, presnmn.bly subsiding rnarjne troughs . 
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The a pparent r estr iction of the generally coarser, less sedimentary 

and less marine fir s t facies of the Hccate Cove Formation to the southern side 

of Quatsino Sound (sec pp . 4: L 4-l) and the apparent restriction of the second 

fac ies to the northern side of the Sound may well be paleogeographically significant. 

It may reflect a gradn:il northwestward retreat of the largely marine facies of 

the formation within !:he . ·r>routsos Trough. Unfortunately, the data now available are 

too sparse for a def:i.nitiYc solution of this problem. 

Sandy to conglomeratic elastic rocks and water lain volcanic breccias occur 

abundantly in all outcrop- areas of the Hecate Cove Formation known within the 

Neroutsos Trough . This seems to contradict the tentative conclusion that the 

width of the latest Triassic ( ?Rhaetian) Neroutsos Trough was closely comparable 

to that of the preceding late late Norian trough. In view of the absence of any known 

some presently unrccogn1zable additional tectonic lands may have existed in this 

region and served as additional source areas of coarse synorogenic elastics and 

'v::ttcrl::lin volcanic brecchs . The presence of these elastics and volcanic breccias 

in the inner parts of i reroutsos Trough may be explained, however, by the strongly 

pulsati. <:; character of the latest TTiassic tectonic mon~ments which resulted in 

t''mporary uplifts of considerable parts of the trough and corresponding inward 

shifts of 1be co~irse elastic and volcanic breccia facies . This hypothesis, which is 

prefer red b' the writer, als o accounts for the widespread occurrence of the 

largely c onscclimcntary limestone breccias throughout the width of Ncroutsos Trough. 

·niese limeslone breccias ancl re lated coarse elastic types of the Hecate Cove 

Forrnnt.ion mucit h:we hccn connected inti mate ly with the latest 1'riassic tectonic 

pulses and tremors wl1 ich nccompanicd them (see pp . 52-55 ) . 
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The effects of the lates t Triassic orogenic move ments were felt strongly 

across the \\hole width of the .. ·croutsos Trough. This is indicated by lhe ubiquitous , 

abrupl or at any rate rapid upward replacement of the shallow wate r limestones or 

argillites by lhe limestone breccias, marine volcanic brecc ias, various other 

pyroclaslics and conglomerates. 

TeetqQ.icdJy and volcanically quiescent z one of the lates t Trbss ic ---
rl11c latest Triassic orogcnic phase and the concurrent volcanic outburst 

apparently did not affect the ea.stern side of Vancouver Island and Queen Char lotte 

Islands (F igs . 5 , G) . The late Triassic rocks of this northcastern paTt of the 

Insular Tectoaic Belt appear to be r epresented either by black, commonly tuHnceons 

argiJlite oithe upper Parson Day Formation (Crickmay, 19 28 , pp. 56, 59) or by 

black carbonaceous -limestone of ihc upper Quatdnu Fo t n-1atlon \'.•ith inte1·be c1 s of 

tuffaccous argillite (Suthcrbml- Brown, 19GG, p. 98 , Figs. 6-11; 1968, pp . 57, 58; 

Surchm et al., 19G1, p. 22G; Surdam, 1968 , p. 20, :Fig . 6). 

The late Upper Trbssic sediments appear to grade imperceptibly into early 

Lower Jurassic (Sincmurian) black argillitcs or limy argillites and very fine grained 

volcanic tuffs in all better known parts of the northcastern zone of the Insubr 

Tectonic Dclt (Suthcrland-l3ro·vn, 19GG, p. 98 , Figs. G-11; Surdam, 19GS, p. 20, Fig . G}. 

Crickmay (1928, pp . 5G, 59) infen·ed a disconformity and a hiatus embracing 

m ost or all of the Rhaelian and ITcttang ian stages bei\voen the Parson Bay and 

Harblcclo\m F ormations. This conclusion appears to be untenable, however, since 

it is Lased solely on the 3bscnce of faunas concerned within an apparently continu ous 

sequence of b-.:ds scp::lratin~~ the fossilifcl'o us t pper rorian calcareous arg illit cs from th, 

fossiliferous silicc <1us SlnP11 1HP ia11 • P, il 1ifu;;. 



- 57a -

The evidence available. indicates lhal during hl ... !st Triassic time (lnle t-

upper Norian and Rh aetian} t h e tectonically and volcanically quiescent zone became 
/ . 

restric ted to the Queen Charlott.~ I.sbnds :1nd. n10sl or all of the caslcrn side of 

Vanc ouver Island and Queen Charlotte Strait. (at lcasl as far southcasl as the Dnttlc 

Lake map-area) of the Insular Tectonic Delt (Figs . 5, 6). The limilcd distr ibution of 

the latest Triassic orog;enic phase and the accompanyi ng oulbL1rst of volcanic acLivity 

resulted in subdivision of the Insubr Tectonic Delt into an aclive zone and a quiescent. 

zone. The active zone included all of the report-area and apparently all adjacent arec:.s 

of north western Vancouver Island. The quiescent zone is represented by the sections 

of easternmost Vancouver Island adjacent to the rcpoTt-arca, the islands in Quee n 

Charlotte Strait, and Queen Charlotte Isbncls. 

I . 

Basal Jurassic volcanic unit 

overlain by a thick succession of litholo2;ically distjnctiYc (see p . 58) pyrocb.stic 

rocks and lavas which appear to be dcYoid of any sizable interbccls of sedimentary 

rocks except in its topmost beds. This unit \Vas tentatively· placed in the basal 

Jurassic (Hettangia n) and des ignated the Basal Jurassic volcanic unit. 

Dis tribution. In the straligTaphic section and on the geological r.1:li1S 

accompa nyjng this report, the writcT has attempted to indicate the princip'.11 outcrop-

areas of the Basal Jurassic volcanic unit on the bas i s of its distinctive li thology , 

known or assumed stratigr~phi c rcl:t.tionships with a cljciccnt sedimentary units , nnd 

infeTred structural r e la tionships. Because of the corn manly slender nature of the 

evidence available and the structural complexity of most p:i.rls of the mapped a r ea , 

considerable thickncsscs o the youn~cr volcanic uni ts of the Volc anic division coulcl 

conce ivably have been lump:!d t.02;cther with the Bas:-tl Jurass ic \·olcanic unil in 

some of the outcrop-areas lisled bclo\•; . ·. 



1\o outcrops of the Basal Jurassic volcanic unit have lx~en obsen-.~d we st 

of Koskimo Islets and northeastern shore of Ahwhich2.olto Inlet . They appear to 

b3 <,-,,e rlain by the younger units of the Volc2.nic division in this direction ::i.nd to be 

sitw1t2d well below sea level even along the anticlinal axes and on the relati vc:ly 

upthl'O\\-n limbs of ~ajor faults throughout this part of the report-area. 

St ratio-raphv. The 10\ver part of the Basal JLtrassic volcanic unit is composed ___ .::.::i.::..=.c_ 

predoninantly of maroon; brick-red, tm\ny- and laven9er-coloLtred intermediate 

(aodesitic ?) fo more rarely acidic (daciti~ to ?rhyolitic) pyroclastics and lavas . 

The more acidic phases of the unit-contain abundant phenocrysts of pink to 0range 

feldspar (Jeletzky, 1950, pp. 16-19; 1969, p. 2G; 1970b, p. 10). This feldsp2.r is 

a scdic plagioclase (J.E. :rviuHer, pers. corn., 1968) . The l avas are normally less 

common than the pyroclastic rocks but may comprise as much as 50 per cent of the 

unit's thickness in some sections . The red lavas are mainly amygdaloidal b 1.tt fine 

to co::~rse po1·phyritic varieties may be common locally. In some sections , red to 

ms.ro on, ar.iygd2.loidal lavas may be r eplaced partly or even entirely by dark green, 

bla.c:zi3h green or dark blue amygdaloidal or porphyritic ?basic lavas in.distinguishable 

frotn. thc::e of the K::i..rmutsen Subgroup . The red pyroclast!c rocks also may be r eplaced 

l c,cally by gree nish grey, light grey or dark grey pyroclastic rocks (e.g., between 

Klotchlim;nis_ and Kewquodie Creeks on L'ie southern shore of Quatsino Sound). 

Pyroclastic rocks are characteristically unsorted t o poorly sorted. As a 

rule, they la ck the well-defined bedding of the underlying Hecate Cove Formation . 

The argillaceous and calcareous matrLx, as well as interb8cls, appear to be absent. 

It is inferred from this that the pyroclastics of the lower part of the Basal Jurassic 

·;c ~c anic nnit \Vere deposited p:cedomir.antl:-y- nbove sea level arid were not subjected 

to pr 0loriged water 3ction . The charactcris~ic2.lly purple to red l:lv.:i.s appc::i.r to 

la ck pill\..)';: structures ::rnd sediment;:;.ry, waterlain interbeds . The se foatu r es 

P. ' n n it a f-:.irly r c li:i.ble r e C·'.)2," nitio:i. of r'.1c ~ l ·::.. ··'-":c' r pa rt of fo e un it b ~t ::; ecl C'n li tholn;y 
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Volcanic breccias predominate among the pyroclastic rocks. They are 

commonly coarse to very coarse. More or less r ounded (volc anic bombs) fra~ments 

are most common in coarse breccias and are composed m ainly of crystal tu£f 

rich i.11 phenocrysts of pink to orange sodic plagioclase . 

Section 8 (see AppeodLx), exposed along the \~'ater front of Quatsino vill:ige, 

is the best section of the lower part of Basal Jurassic volcanic tmit seen by the \VTit2r . 

About 600 feet of pyroclastic rocks and lavas lithologically identical with 

those of section 8 outcrop on the northern shore of Rupert Inlet behind Narrow Isl :::i.nd . 

These rocks are assumed to extend eas1:ward to the \Vestern side of a stoc~,:- like 

granitic intrusion in the northeastern corner of the inlet . Similar rocks reappear, 

commonly more or les s metam.Jrphosed and strongly sheared on Red Island and on 

the northern shore of the inlet northeas t from Red Island . An isolated, small 

exposul~e-of maroon to speckled (red, blue and green), coarse, virtualiy unsorted, 

mass ive volcanic breccia and similarly coloured, amygdaloid:J.1 to massive lavas 

occur wirhin the t:;dal flat area in southeastern corner of Ruptert Inlet and foe 

completely c overed southern shore of Rupert Inlet is believed to be underlain by 

the Basal Jurassic volcanic uni~ for about 3 miles westward therefrom to the 

inf2rred posit ion of the .trace o Holberg F~ult (g~ Figure 17). All these exposures 

a r e referred to the lower part of the Basal Ju:r:issic volcanic unit. 

A thin and considerably disturbed section of the Basal Jurassic volcanic 

L'Jlit observed on the main Gibson Read at the headwaters of Lippy Creek (s8e Units 7 , 

8, of Sec . 29 , and Pl. V, Fig. B) is noteworthy because of foe acidic , apparently 

rhyolitic composition of its topnost bed. Except for t!:le deep, spheroicl:.tl we:J.therin~ 

seen n!1der-ne:lth. t:ie :ipparently disco!"Jorrr.~8te co!"'.!::lct '.Vith the B:irr cmto..n v::irieg-1.tcrl 

elast ic unit, bed 7 would have een rcf;:J.nlcJ as a sill of Early ?Tertiary i ntrusive 

rocks similar to unit 3 of section 3f>. 
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The apparently west-dipping?, blackish green to blackish grey, massive , 

<.c~1h:initic to fine-gr2ined, ?basic lavas outcr op at the point some 1, 400 y:irds 

west of the :nouth of Klotchlimmis Creek and for some 350 yards farther westward 

along the southern shore of Quatsino Sound. This unit is followed (overlain.?) by 

greec-grey, fine t o medium, unsorted volcanic bre(:!cia with inter beds of similarly 

coloured volcanic tuff and ?basaltic lavas (see Units 9, 10 of Sec . 23) . These 

pyToclastic rocl--"...s outcrop for 200 yards along the shore and be come tawny to reddish 

g!"ey in the westernmost part of their outcrop where they are capped unconformably 

by the Upper Valanginian and ?Hauterivian greywacke-conglomerate unit. This 

volcanic unit is correlated tentatively with the lower part of the Basal Jurassic 

volcanic unit exposed in section 8 . 

The extremely monotonous, dull grey to reddish grey or maroon, massive, 

porphyritic la\·as rich in phenocr ysts of meat- red, sodic plagioc lase occupy all of 

the northea8tern s hore of Ahwhichaolto Inlet and appear to extend northwestward into 

ths headwaters of Denad River. Their attitude and thickne ss are unknown and both 

con~acts are covered. These lavas are similar lithologically to the porph:yTitic Liva s 

occurring in the lower part of the Basal Jurassic volcanic unit of the Volcanic division. 

Tuersfo:r-e , and because of thefr apparent superposition on the typical wa.ter la in 

¥oicanics and limestone breccfas of the Hecate Cove Formation outcropping on the 

shores of Spencer and Robson Coves (see Sec . 5), these b .vas are te ntatively c orrelated 

with the lower part of the Basal Jurassic volcanic unit exposed in its Quatsino village 

section ( ~ea Sec . 8) . The top of these l:ivas appears ·to be c ut off by the l\Iahatb Faulc 

Zonl) beneath the waters of Ahwhichaolto Inlet. 
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That part of lhe shoreline west of Brockton Island, about 1 mile l ong, was 

not traversed for lhe most part. This interval is believed to r epresent a relative ly 

upthrown fault blocl· of the \Veshvard dipping lower part of the Basa l Jurass ic volcanic 

unit because the lavender to maroon, coarse to very coarse, almost unsorted, massive, 

extremely porphyritic volcanic breccia apparently striking N40 ° -50 ° E and dipping 

steeply to the west outcrops for a few hundred feet at its western end. This volcanic 

breccia is identical with th~t commonly occurring in section 8 . It appears to be 

faulted against the relatively downthrown sediments of the Matthews Island Formation 

(see Sec. 16). On the major, nameless point, situated about one- ha lf mile east of 

the eastern end of the outcrops of Matthews Island Formation, this breccia is 

W1derlain by at least several hundred feet of medium- to coarse - grained, purple-

green speckled volcanic tuffs locally containing abundant lath- like phenocrysts of 

pink to rust-coloured sodic pl::tgioclase. These tuffs are mostly massive but mciude 

some inter beds of thinly b.::-ddcd tuff striking about 315 ° and dipping about 50 ° west. 

A unit of westerly dipping tawny, dull red , or speckled (red, blue and gr een), 

coarse to fine volcanic breccia, about 2, OOO feet thick, with interbeds of similar ly 

coloured volcanic tuff, outcrops on the west side of the Kewquodie Creek Cretaceous 

outlier . These pyroclastic rocks are o 'er lain conformably by several hundred feet 

of la\·ender to speckled blue and red, coarse to fine amygdaloidal lavas flexed into 

several, minor, open folds. These lavas extend to the mouth of Cleagh Creek \v-hcre 

their top is believed to be cut off by a major northwest-trending fault . Because of 

their prevalent attitude and the inferred structural relationships with the previous ly 

described section of the lower part of the nasal Jurassic volcanic unit exposed on 

lhe eastoni side of the K:?wquodie Creek Cretaceous outliP.r, the base of these volcanic 

rocks is believed to be al least l, OOO feet stratigraphically above the top of the 

Qualsino village sc'ction (sec~ Unit 2 of Sec . 8) of the w1it. 
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The lithology of the upper part of the Basal Jurass ic volcanic unit exposed 

behveen Kewquodie and Clcagh creeks is similar to that of the volcanic rocks 

outcropping on the souU1crn shore of Quatsino Sound opposite the l~ngest Koskirno 

Is et (see l.Inits 3-6 of Sec. 0) and on the easternmost tip of the latte r (see Units 20, 

21 of Sec . 10). From this it is concluded that the lower part of the volcanic unit 

conformablj undeTlying the Hcttangian? cherty li mestone unit in the above s ections 

is equivalent to the volcanic rocks of the Ke,vquodie Creek-Cleagh Creek section 

and represents the uppermost part of the Basal Jurassic ·volcanic unit. The uppermost 

beds of the Basal Jurassic volcanic unit of these sections (i . e. beds 2 and 3 of Sec. 9 

. 
and beds 17-19 of Sec. 10) are believed to be only slightly younger tha n the youngest 

' 
beds exposed in the Kewquoc1ie Creek-Cleagh Creek section. They are probably 

either concealed or faulted out in the valley of Cleagh Creek . 

Sectioa 9, described in the Appendi.-x, is the thickest and be st exposed section 

of the uppermost part of the Basal Jurassic volcanic Lmit . Judg ing by this section 

(see Unit 2 of Sec. 9) and by the litholog ically simHar but thinner section exposed on 

the eastern tip of the lar:gcst Koskimo Islet (see Units 17-19 of Sec . 10), the uppermost 

part of the Basal Jurassic volcanic unit consists predominantly of grey to d2..rk grey, 

?basic, somewhat amygdaloidal lavas resembling those of the basal part of the un it 

and those of younger units of the Volcanic division . The less common pyroclastic 

rocks are mostly waterlain, well bedded , and intercalated with a consider able nnmber 

of limestone beds. These pyroclastics are somewhat similar l ithologically to those 

?f the Hecate Cove Formation or to those of the older parts of the Basal Jurassic 

volcanic unit. The uppr most part of the Basal Jurass ic volcanic unit discussed here 

would, therefore, be d ifficult or impossible to r ecognize whenever it i s not in contact 

with the adjacent, lithol oµ;ically more distinctive units, such :is the units -! to G of section :) 

or those of the lowc1· pans of the Basal Juras s ic volcar\ic unit or the distinctive scllinwnts 

of lhe IIcllangi:in? chcrtv limestone unit. 
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Small exposures of light grey to speckled purple, more or les s strongly 

altered volcank breccia ~11d dark grey to maroon, mainly porph:yTitic lava occur 

in beds of t\vo tributaries of Nul·nimish Creek at the point about 1, OOO feet upstream 

from its first fork (see Unit 7 of Sec. 30). These very strongly sheared and jointed 

yolcanic rocks are lithologically similar to those of the upper part of the Basal 

Jurassic volcanic unit such as are exposed on the southern shore of Quatsino SoLmd 

between Kewquodie and Cleagh Creeks. 

Estimated thickness. Accurate measurement of the Basal Jurassic volcanic 

unit is not possible. A minimum thickness of between 4, OOO and 5, OOO feet is 

estimated by combining the section bet\veen Kewquodic and Cleagh Creeks with that at 

Quatsino village . However, the writer believes that about 1, OOO feet of strata are 

present, though not exposed, bct\veen the two sections and that another few hundred 

feet should be added for the topmost beds of sections 9 and 10 . Thus, a figure of 

between 5, OOO and 7, OOO feet is estimated for the unit in the central part of Quatsino 

Sow1d. No estimates of thickness of the unit are possible for any other parts of the 

Quatsino Som1d area but there arc some indications that it thins considerably tov.rard 

the cast. 

Age and corrclatio:i. For reasons stated by Jclctzky (1970b, p . 11, Fig. 1) 

and recapitulated in the section of this report dealing with the age and correlation 

of the Hecate Cove Formation, the Basal Jurassic volcanic unit was ienta.tivcly 

placed in the basal Jurassic and provisionally dated as ?Hettangian . 
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Cherty lirncstone unit 

Distribution and stratigraphy . A unit of dark grey to black, thinly bedded to 

laminated, cherty limestone with numerous laminae, thin layers, inclusions and 

lenses of black to dark grey chert and minor interbeds of calcarenites , calcareous 

elastics and calcareous pyroclastics was observed only in one small outcrop in the 

middle of the southwcstcrn shore of Ahwhichaolto Inlet, on the eastern end of the 

largest Koskimo Islet (see Sec. 10), and on the mainland opposite the latter section 

(see Sees. 9 and 11). All known sections of this limestone unit, including the 

immediately overlying and underlying volcanic rocks, are separated from the 

biochronologically dated sedimentary units of the Volcanic division by major faults. 

For reasons explained in the previous section of this report, the Cherty 

limestone unit appears to overlie conformably and gradationally the Basal Jurassic 

..... ~clcan.ic u.'lit of the division. The Chcrty liniP.stone unit appen:rs to be older than 

the Grey volcanic unit and the overlying sediments of Matthews Island Formation because 

of its inferred conformable and gradational superposition on the Basal Jurassic volcanic 

unit which is known to o\rerlio conformably the latest Triassic Hecate Cove Formation . 

Furthermore, all known sections of the Cherty limestone unit are situated downdip 

from those of the Grey volcanic unit and the volcanic rocks overlying the Cherly 

limestone unit arc similar to those of the Grey volcanic w1it. Because of these 

stratigraphic relationships and as it has no lithological similarities with the other 

sedimentary untts of the Volcanic division, the Chcrty limestone unit cannot be 

correlated with any of them. Therefore, it is inferred to be a separate sedimentary 

. 
unit \l:ithin lhc Volcanic di\'ision of the Bonanza Subgroup . 
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The best known section of the Cherty limestone unit is the lower part of 

section 10 described in the Appendix. Another strongly disturbed section (see Sec . 11 

of the Appendix) nearby supplements section 10. This section exposes a sequence 

of waierlain pyroclastics, tuffaceous limestones , and amygdaloidal lavas which 

appears to be transitional bct\\·een the Cherty limestone unit and Grey volcanic unit. 

This sequence is believed to fill out part or all of the faulted out interval behvcen 

units ·1 and 6 of section 10 . 

Section J 1 suggests the intergradation of the Cherty limestone unit with 

overlying pyroclastics and lavas lithologically similar and apparently r~ferable to 

the lower part of the Grey volcanic unit. Like the sequence of waterlain pyroclastics 

and tuffaceous sediments connecting the Cherty limestone unit with the underlying 

Basal Jurassic volcanic unit, these transitional beds resemble some of the rock 

iypes of the Hecate Cove Formation. They may be uonfu~eu wiLh Lhe l aLLer formaLiun 

in small sections which do not expose contacts with adjacent lithologically more 

distinctive units of the Volcanic division. However, the apparently complete 

absence of limestone breccfa and marine volcanic breccia with limestone ma trb:: in 

these transitional beds seems to provide a reliable distinguishing feature . 

Small exposures of C:\.i:remely contorted, cherty limestones occur in the middle 

part of the southwestern shore of Ahwhichaolto Inlet. These limestones are lithologically 

identical with those of beds 11 io 13 of the Koskimo Islets section 10 . Neither top nor 

bottom of the Cherty limestone unit was observed in this section . However, the 

limestones dip underneath the thick succession of predominantly grey lavas and 

pyroclastic rocks s im ilar lithologically to those conformably overlying ihe Cherly 

limestone w1it in the Koskimo Islet sections . 
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Thickness. The minimum measured thickness of the Cherty limestone unit is 

350 feet as measured in section 10. The complete thickness is probably greater but 

could neither be determined nor estimated because of the intense faulting and/ or 

contortion of the unit in any other section known to date. 

Age and correlation. In spite of its apparently marine origin, the Cherty 

limestone unit did not yield any diagnostic fossils. It was tentatively placed in the 

Hettangian (Jeletzky, 1954a, p. 1269; 1970b, p. 11) because of its inferred 

stratigraphic position between the uppermost Triassic ( ?Rhaetian) Hecate Cove 

Formation and the early to late Sinemurian Matthews Island argillites. 

Grey volcanic unit 

Distribution. As far as is known, the outcrops of Grey volcanic unit are 

confined to the we stern part of Quatsino Sound southwest of the trace of the Mahatta 

Fault Zone. In this part of the area, the unit underlies most or all of the southern 

shore of Quatsino Sound between the point opposite the eastern side of the largest 

Koskimo Islet a nd the area around the mouth of Mahatta River (Pl. IV, Fig. B) and 

all of Koskimo Islets with the exception of the easternmost part of the largest islet. 

On the northern side of Quatsino Sound, the unit underlies the southwestern shore 

of Spencer Cove and extends for an unknown distance westwards towards Nordstrom 

Cove. To the north west of Spencer Cove, the unit occupies the down thrown south western 

side of Mahatta Fault to the northwestern end of Ahwhichaolto Inlet and extends for 

an unknown distance farther northwest. The unit outcrops locally on the western shore 

of Forward Inlet between Greenwocxl Point and Kains Peninsula (see ,Figure 18) . 

·. 



- 67 -

Stratigraphy. The basal beds of the Grey volcanic unit were observed only 

in section 11 on the southern shore of Quatsino Sound opposite Koski mo Islets where 

they are at least 335 feet thick. Their lithology and environmental interpretation 

have been described previously in connection with the discussion of the contact 

relationships of the Cherty limestone unit. In this .section and in section 10, these 

transitional beds appear to be overlain conformably (contacts are covered or 

faulted) by 350 to 830 feet of characteristically grey to dull purple or reddish grey 

pyroclastics interbedded with dull to bluish grey, massive and amygdaloidal lavas. 

Several hundred (at least 600) :eet of dull grey, bluish grey or dull lavender, 

massive volcanic rocks (lavas?) closely comparable and apparently correlative 

with those of the upper part of Koskimo Islets section outcrop on the southwestern 

shore of Spencer Cove and along the southwestern shore of Ahwhichaolto Inlet. At 

one point on the shore of the inlet they overlie the Cherty limestone unit but the 

contact between the two units is covered. On the southwestern side of Spencer Cove 

and in Ahwhichaolto Inlet, these lavas (?) are interbedded with some dull to bluish 

grey, maroon. or speckled blue and purple volcanic breccia, similarly coloured 

volcanic tuff, and grey to lavender-grey amygdaloidal lavas. No water lain, well­

bedded pyroclastic rocks or tuffaceous, sedimentary interbeds are known to occur · 

in these rocks. 

The predominantly lavender, maroon or red, amygdaloidal to porphyritic 

lavas with interbeds of lavender to dull green, partly well-bedded, waterlain 

pyrocl~stic rocks and similarly coloured volcanic conglomerates (Pl. IV, Fig. B) 

are exposed in the banks of Mahatta Creek for some 500 yards upstream from its 

mouth (i . e . to the first waterfall). Neither top nor bottom of these rocks is 

exposed but the y s eem to be referable to the lower part of the Grey volcanic unit. 

:::i 
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The top of these rocks was not observed but, because of the prevalent 

attitude and localiza ion (see Figures 17, 18), they are believed to grade upwards 

into similarly coloured lavas and associated pyroclastics that conform.ably under -

lie the :Matthews Island Formation on the easte rn part of Matthews Island and 

farther north on the western shore of Forward Inlet. They consist of as m uch as 

1 ,000 fe et of predominantly light g rey to bluisli g rey, mostly distinctly banded amyg ­

daloidal lavas , coTP..monly with pronounced pillow-like structures. A large number 

of intercalated beds of similarly coloured, coarsely porphyritic lavas and those of 

similarly coloured, coarse volcanic breccia (?pillow breccia), which is compo s ed 

mainly of the above-mentioned amygdaloidal lavas, occur in this part of the unit . 

The base was nowhe re observed. The contact w ith the ov erlying ar gillites of 

Matthews Island Formation is definitely gradational in some sections (se e S ec . 12 

of the Appendi.x). H owever, in some other sections, such as that measured on the 

eastern side of Matthews Island (~Units 3, 4 of Sec. 17), this contact appears to 

be somewhat more abrupt, although still conformable. 

The proposed informal name - Grey volcanic unit - refle cts the unit's 

characteristic light g rey colour. This unit appe ars t o be distinguishable litho ­

logically from all other volcanic units of the Volcanic division described in this 

report because of ihe predominance of light grey to bluish grey, amy gdaloidal, 

felsitic, and porphyritic lavas and volcanic breccias, the rarity of brightly col­

oured pyroclastic r ocks and the common occurrence of pillow-structures in lavas 

of the upper part. 
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Thickness . . The combination of the two thickest sections of the Grey volcanic 

unit, which represent respectively its lower (Sec. 11) and upper (Sec. 12) parts with 

no apparent overlap, indicates that the unit is at least 2, OOO feet thick. The total 

thickness may well be greater, but there are no means to infer, let alone to estimate, 

the order of the magnitude of this thickness. 

Age and correlation. No fossils were found in the Grey volcanic unit. However, 

the unit underlies conformably and probably gradationally the reliably dated lower but 
;---· ·--- ...... 

not basal Sinemurian Arnioceras kwakiutlanus zone (Jeletzky, 1970b, p. 12, Fig. 1; 
j 

; -
this report p. 77, Fig. 5), and overlies apparently conformably and gradationally 

(see Sec. 11) the probable Hettangian Cherty limestone unit. It could, therefore, be 

either of the upper Hettangian? or of ttie basal Sinemurian (i.e. Arietite s bucklandi 

I I · ,..,, , ._ 

zone; Frebold, 1951, pp. 13-14; Arkell, 1956, p. 37) age. The former a~~- i~ ... -----y./ ~ S \/ 

. -- \l 
proposed tentatively in this report for the Grey volcanic unit as , / determinable 

ammonites of Arnioceras fauna were not found in the basal 100 feet of the overlying 

Matthews Island Formation (see Unit 2, Sec. 7). 

Matthews Island Formation 

A unit, between 755 and 1, 300 feet-thick, of predominantly argillaceous rocks 

separating the Grey volcanic unit or its lavender to maroon-coloured equivalents (as in 

Kyuquot Sound; Jeletzky, 1970b, p. 12) from the uppermost Sinerourian volcanic unit is 

widespread in the western part of Quatsino Sound and also outcrops in Kyuquot Sound. 

This unit was informally named Sinemurian argillites by Jeletzky (1970b, p. 12, Fig. 1) 

but is now formally named the Matthews Island Formation after Matthews Island situated 

at the junction of Forward and Browning Inlets where the best known sections are 
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situated. The relatively little disturbed and fossiliferous sections 14 and 17 

combined are herewith designated as the type-section of the Matthews Island 

Formation. The middle part of the formation, assumed to be about 290 feet thick, 

is not exposed in any of these sections and its upper contact in section 14 may 

possibly be complicated by faulting. However, the.chances of finding a better 

type-section seem to be remote indeed as all known sections of the formation 

are invariably faulted, more or less contorted and invaded by numerous dykes and 

sills of the Coast Intrusions. 

Historical remarks. Some of the exposures of the predominantly argillaceous, 

sedimentary rocks referred to the Matthews Island Formation in this report originally 

were discovered by Dawson (1887, p. 83B). However, they were erroneously dated 

as of Triassic age for reasons discussed below. 

Distribution. The outcrops of Matthews Island Formation appear to be 

restricted to the western part of Quatsino Sound west of Lind Islet. Unlike the 

underlying Cherty limestone and Grey volcanic units, the outcrops of Matthews Island 

Formation occur to the southwest as well as to the northeast of the trace of Mahatta 

Fault. Within the general outcrop-area of the formation, its outcrops are most 

widespread on both shores of Forward Inlet including Matthews Island (= Robson Island 

of Dawson, 1887, p. 83B) and on both shores of Browning Inlet. It is almost equally 

widespread on both shores of Winter Harbour between Greenwood Point and the mouth 

of Galato Creek . Throughout this part of the area, the Matthews Island Formation is 

flexed in a number of open, medium-size , northwest-trending and plunging folds 

(see -Figure 18). Commonly, these folds are intensely faulted and invaded by sills, 

dykes and larger irregular bodies of Coast fatrusions. 
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On the southern shore of Quatsino Sound, east of Mahatta logging camp, 

the formation outcrops almost continuously for about 1/2 mile east of an unnamed 

rocky point opposite the eastern end of Salmon Island and also in the bed of Monkey 

Creek between about 3/ 4 and 7 I of a mile above its mouth. 

An apparently isolated, intensely disturbed but generally anticlinally folded 

outcrop-area of the Matthews Island Formation was first discovered by J.E. Muller 

in 1968 on the west side of Nordstrom Cove; this was subsequently studied by the 

writer. 

Other exposures of the Matthews Island Formation may occur in the unexplored 

parts of the northern and southern shores of Quatsino Sound between Montgomery 

Point and Nordstrom Cove and between Cliffe Point and Koskimo Inlet. The writer 

was shown a moderately well preserved specimen of an arietitid ammonite by 

Mr. H. Eldridge of Quatsino village which was said to have been collected near the 

mouth of Mahatta Creek. However, when traversing Mahatta Creek, no sedimentary 

rocks were found at this locality for about 500 yards upstream from its mouth. 

The volcanic rocks occupying this interval were discussed above in connection with 

the des_cription of the Grey volcanic unit. 

Stratigraphy and facies. The Matthews Island Formation was provisionally 

subdivided by Jeletzky (1970b, p. 12) into: "a Lower argillite member at least 500 feet 

thick; an Intermediate waterlain tuff member 100 to 150 feet thick; and an Upper argillite 

member 120 to at least 700 feet thick". This subdivision appears to be valid for 

all sections of the Matthews Island Formation studied in Forward Inlet, Browning 

Inlet and Winter Harbour but not for the easternmost known section 16 im mediately 

east of ~.'lahatta loggii"1g camp. The recentljt studied v·ertical distribution of diagnostic 
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ammonites in this section (see Units 6 and 11 of Sec. 16) suggests that the Intermediate 

waterlain tuff member of the more westerly sections (see Sec. 13, 14) is lithologically 

unrecognizable in this section as it is replaced laterally by partly tuffaceous or 

arenaceous argillites of unit 9. The stratigraphically lowest, largely pyroclastic 

units of section 16 (i.e. Units 13 to 21 inclusive) were found to be lithologically 

distinctive enough to be treated as the fourth member of the formation - the ?Basal 

variegated member. 

In Forward Inlet, Browning Inlet and Winter Harbour, the Matthews Island 

Formation appears to be subdivisible into the following 3 members, in ascending 

order, as follows: 

1 . Lower argillite m~mber consisting of at least 500 feet of dark grey, 

black, brown-grey, or maroon, thinly to thickly bedded to laminated, pure to 

arenaceous and/or tuffaceous argillite. The argillite is interbedded with variable, 

but minor amounts of thin beds, layers and lamellae of grey to brown or 

maroon, fine- to medium-grained greywacke, pure to arenaceous, grey limestone 

and pebble conglomerate. 

2.. Intermediate waterlain tuff member (abbreviated to Waterlain tuff member 

in the following text) consisting of between 50 and 150 feet of greenish to brownish 

grey, distinctly bedded, waterlain volcanic tuffs , with intercalated beds of other 

rock types. The latter include green to brown-grey, mostly fine to medium, 

waterlain volcanic breccia; similarly coloured, fine- to coarse-grained greywacke and 

grit; dark grey, brown, or maroon, arenaceous to tuffaceous argillite; and locally 

grey to lavender amygdaloidal lava. 
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3. Upper argillite member consisting of 86 to 120 feet of argillite similar 

to that of the Lower argillite member. In the westernmost knmvn section (see below), 

the argillite may be interbedded with, and partly to almost wholly replaced by 

various elastic rocks including some pebble conglomerate and grit, tuffaceous and 

pure limestone, various sedimentary breccias, and various water lain pyroclastic rocks. 

Both the lithology and thickness of these three members of the Matthews 

Island Formation change drastically eastwards from Winter Harbour-Forward Inlet 

area. 

The a:tgillites of the Upper argillit e member become less arenaceous and 

tufface ous in more easterly sections of the formation. Furthermore, they appear to 

lose all of the conglomeratic and waterlain volcanic breccia interbeds and most of 

---the water lain volcanic tuff inter beds in this direction (see Unit 4 of Sec. 15 and 

Un its 3-7 inclusive of Sec. 16). 

/ 

I 
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These facies changes indicate the lateral eastward replacement of the . 

Upp €.i"1..,,.rnv::. ~ v' 
greater part of the coarse elastics and coarse waterlain pyroclastics of the Uppermost 

si:. ,.~rf1t.\:~ ' 1~· 
Sinemurian volcanic unit by the Upper argillite member. This conclusion finds . 

I •
1
, .' ... , .. ,1 , ., r'\ .. ,-r:-V- ,: \ ..... '-" too 1 z . • w 

further support inihe marked eastward decrease in total thickness of the Uppermost 
$ (.n.t_ Hh.'-:-.:. .~ ·l. 1-W J 
Sinemurian ,·v;lcanic unit discussed in the next s~ction. 

Outcrops of the Upper argillite member of the Matthews Island Formation, 

which appear to be equivalent and lithologically similar to those exposed in Section 16, 

were observed in the bed of Monkey Creek about 3/ 4 of a mile above its mouth. 

Echioceras (Melanhippites) harbledov:nensis Crickmay of late Sinemurian age was 

found on the south shore of Quatsino Sound 900 yards up Monkey Creek (GSC loc. 24303). 

Unless the succession of the Upper argillite member is repeated by faulting, 

which is possible, the eastern facies of this member is more than 1, OOO feet thick 

in section 16. At any rate, the member is more than 500 feet thick in this section in 

contrast to the much smaller (86 - 120 feet) thickness of its western facies (see Sees. 13, 14). 

The Waterlain tuff member appears to be restricted to the western part of the 

area comprising Forward Inlet, Browning Inlet and Winter Harbour. In this part of the 

area, the member was obse rved to thicken considerably in some sections, especially 

those occurring on the western shore of F.orward inlet and iri Winter Harbour, as 

compared with its thickness in section 14. In these faulted and contorted sections 

this member appears to replace laterally parts of the shales of the Lower and Upper 

shale members. The latter may become restricted locally to units 30 to 70 fee! thick 

alternating with units 50 to 100 feet thick composed of very thick-bedded or ma'ssive, · 

green-grey to dull grey or brown, arenaceous to tuffaceous argillites, similarly 

coloured, fine- to coarse-grained greywacke and water lain volcanic tuff. Some beds 
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\ 
,. ,., ·I - .. \ · ~ t ... ~ 

..; - i '· - - 'p '·-· ,--'::_~ 
of crystal tuff rich in phenocrysts of red so.die. plagioc.lase, and of variously coloured - --
amygdaloidal lavas may occur locally in these interbeds. The proposed subdivision 

of the western facies of Matthews Island Formation into three members may not be 

applicable in these abnormal sections, all of which are either too faulted and 

contorted or too poorly exposed to be definitively compared with the better sections 

of Matthews Island formation measured in the same general area. 

The Lower argillite member does not show any drastic facies changes 

comparable to those of the younger members anywhere in Forward Inlet and Winter 

Harbour areas compared with its typical development in the type section of the 

formation. Units 14 to 17 of section 14 are representative of the upper part of the 

member. 

The basal beds of the Lower argillite member and its contact with the 

Grey volcanic unit are well exposed on the northwestern shore of Forward Inlet 

in section 12 (see Units 1, 2) and on Matthews Island in section 17 (see Appendix). 

In the eastern part of the outcrop-area of the Matthews Island Formation, 

the Lower argillite member is exposed only in section 16. Although somewhat 

faulted, locally metamorphosed and invaded by a plug-like body of the Coast Intrusions, 

much of the thickness of this member (see Unit 11, Sec. 16) appears to be preserved 

there between the lithologically unrecognizable argillaceous facies of the Waterlain 

tuff member above and the ?Basal variegated member below. Judging by its 

preserved part, the Lower argillite member may be at least 820 feet thick in the 

eastern sections as against its apparent thickness of 640 feet in the western sections. 

Furthermore, it seems to lack conglomeratic interbeds such as are known to q:cur 

in its western facies (se e Unit 1 of Sec. 17) or, for that matter, any arenaceous 

interbeds common in this facies. 



- 76 -

The presence of a relatively lliick (at lcn.st 378 feet) unit of water l ain volcanics 

and various elastics of the so far unique ?Basal ,·ariegated member stratigraphically 

below the offshore facics of the Lower arglllHe member (see Units 13 to 21 inclusive 

of Sec. 16) is puzzling . The presence of generically fodeterminate arietiticl ammonites 

(GSC loc. 2-1313) indk:l~es a general Sinemur ia n age for this unit and prohibits its 

exclu s ion fr om the l\IaW1ews Island Formation . 111e ? Basal variegated member is 

tentatively assumed to be a local, predominantly pyToclastic phase of the basal beds 

of the Lower argillite member related to an arcally restricted short-lived volcanic 

vent on the bottom of the Sincmur ian basin of Qua tsino Sound . 

The presence of numerous intercalated beds of pure or arenaceous to tuffa ceous 

limestone in some faulted and contorted or very poorly exposed sections of the Matthews 

Island Formation suggests l ocal and short-lived paucity of elastic sediments within 
..... 
~ 

the Sinemnrian bas in of Quatsino Sound . 

· . Facies anc'l. source area . The above discussed east-west facies changes 

of the Mat thews Island Formation indicate that the shoreline of the Sin e mu i- i an 

(i.e. Mat thews Island time) basin was situated to the west of 

the report-area and that the eastern part of the outcrop-area of Matthews Island 

Formation (i.e . between Nordstrom Cove and Mahatta logging c a mp) r e pre sented 

its offshore part. This problem will be discussed in greater de tail in the section 

dealing with lhc Lower Jurass ic depositiona l enYironments and paleogeography of 

the Quatsino Sound area. 
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Thickness. No complete sections of the Matthews Island Formation were 

seen. However, the western facies of the formation appears to be about 755 feet thick 

in its type section (i.e. Sees. 14 and 17 combined) provided that no major faults occur 

in the covered interval between sections 14 and 17. 

The eastern facies of the formati on is at least 1, 300 feet thick if one assumes 

that the Upper and Lower argillite members of section 16 are repeated by faulting. 

If this is not the case, the Matthews Island Formation would be at least 1, 850 feet 

thick in this section. Either of these estimates may be close to the total thickness 

of the eastern facies of the formation if the writer's interpretation of the ?Basal 

variegated member of section 16 is correct. 

Age and correlation. The formati on was for a long time believed t o be 

Triassic in age because the poorly preserved ammonites, collected from its type 

section by Dav.;son (188 7, p. 83B), \Vc:re describe d as Celtites(?) vancouvererrsis by 

Whiteaves (.!!!.Dawson, 1887, pp. llOB-lllB). These ammonites were later redetermined 

to be low Lower Jurassic arietitids closely allied to the early Sinemurian genus 

Arniotites (Crickmay, 1928, p. 60; Frebold, 1959, pp. 5-6). All the better preserved 

of the ammonites collected by the writer in the Lower argillite member of the formation 

have been determined recently by Dr. Hans Frebold (unpublished intradepartmental 

fossil reports, 1968 and pers . corn., 1969) as Arniotites kwakiutlanus Crickmay, 

Arniotites sp. indet ., Arnioceras sensu lato sp. indet., or Arnioceras? sp. indet. 

(see bed 15 of Sec. 14; Unit 11 of Sec. 16; and Unit 2 of Sec. 17). The Arniotites 

(or Arnioceras) fauna is diagnostic of the late early Sinemurian Arniocere:1.s semicostatum 

zone of International Standard (Frebold, 1951, pp. 13-14; Arkell, 1956, p. 37). The 

basal Sincmurian Arictites bucklandi zone is not represented by fossils in Quatsino 

0 
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Sound area • . However, there is room for it in the so far unfossiliferous basal 100 

feet of the Lowe r argillite member and in the ? Basal variegated member which is 

at least 37 8 feet thick. The latte r . unit is fossiliferous but it has yielde<;l only Weyl a 

sp. and indeterminat e arietitid ammonites (see Unit 15 of S ec . 16). 

All the better preserved of the ammonites collected by J.E. Muller and the 

writer from the Upper argillite member have been determined rece ntly by Dr. Han s 

Frebold as Echioceras (Melanhippites) harbledownensis Crickmay and? Echioceras 

sp. indet. (see Unit 6 of Sec. 16; Unit 4 of Sec. 15; and GSC loc. 24303, 3/4 of a 

mile up Monkey Creek). According to Frebold, the Echioceras (Melanhippites) 

harbledownensi s -fauna corresponds to the uppermost Sinemurian Echioc e ras 

raricostatum zone of International Standa rd (compare Arkell, 1956, p. 37). 

J.E. Muller's fossil collec}ions from the outcrops of Matthews Island 

Formation situated outside of this report-area (GSC loc. 82892; identification by 

Dr. Hans Frebold in an unpublished intradepartmental fossil report, 1969) also 

contain the intervening Asteroceras aff. A. obtusum fauna which so far has not b een 

found in Ouatsino Sound area . 

The presence of Echioceras (Melanhippites) harbledownens i s and Crucilobicera 

spp. fauna in the overlying Uppermost Sinemurian argillite unit (~ in the next two 

sections) indicates that the Upper Ar gillite member of Matthews Island Formati on 

includes only the lowe r part of the Uppe rmost Sinemurian Echioceras raricostatum 

zone (abbrev iated to Raricostatum Zone in the following sections). The Matth ews 

Island Formation, therefor e , spans most o f th e Sinemurian stage (Fig. 5; Table 

of Formations). 

The so far invariable restriction of the Arniotite s kwakiutlanus fauna t o the 

Lower argillite member and of the Echioc eras (M e ianhippit e s) harbl e d owneusi.s 

-. 
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fauna to the Upper argillite member has facilitated greatly the interpretation of 

incomplete, extremely faulted and/or contorted, and lithologically aberrant sec­

tions of the Matthews Island Formation. It has, in particular, made it possible 

to infer the approximate stratigraphic position of the equivalent of the Waterlain 

tuff member in section 16 (~ Units 6, 9 and 11) and to rule out the lithologically 

more plausible interpretation of its ? Basal variegated member as an unusually 

thick equivalent of the Waterlain tuff member. 

The Matthews Island Formation is the only unit of the Volcanic division that 

yields fairly numerous, readily identifiable, diagnostic fossils in practically every 

outcrop in the report-area. The common occurrence of generically indeterminate 

arietitid ammonites represents the best distinguishing feature of this unit in the field 

since its argillite members are commonly lithologically indistinguishable from some 

phases of the Thinly Bedded and Arenaceous members of the Sedimentary division 

of the Bonanza Subgroup. Similarly the waterlain pyroclastic rocks, sedimentary 

(especially limestone breccia) and mixed waterlain breccias of the Waterlain tuff 

and ? Basal variegated members may be lithologically indistinguishable from the 

equivalent rocks of the Hecate Cove Formation of the Volcanic division. 

Southeast of Quatsino Sound in the Buttle Lake map-a'rea, the formation is 

correlative with that part of an unnamed, 750-foot-thick unit of grey, tuffaceous 

argillite occurring between the Ouatsino limestones and the presumably middle 

Jurassic (Yakoun equivalents) volcanics and containing Sinemurian ammonites (Surdam 

et al.,. 1963; Sutherland-Brown, 1966, p. 98, Figs. 6-ll;and Surdam, 1968, p. 20, 

Fig. 6). 
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East of Quatsino Sound, the Matthews Island Formation is correlative with the 

fossiliferous beds of the (at least 1,600 feet thick) Harbledown Formation of Parson 

Bay area (Crickmay, 1928, pp. 56-57, 59). The Harbledown Formation yielded the 

same late early Sinemurian and latest Sinemurian ammonite faunas as the Matthews 

Island Formation of Ouatsino Sound (Frebold and Tipper, 1970, p. 4). 

Northwest of Ouatsino S ound, Arietites peds are correlative with the early 

Sinemurian part of the H arbledown Formation (formerly upper member of Kunga 

Formation;~ Jeletzky, l 970b, p. 2, Footnote) of Oueen Charlotte Islands. The 

Harbledown Formation of Queen Charlotte Islands also has yielded A .rniotites and 

Echioceras (Melanhippites) faunas (Sutherland-Brown, 1966, pp. 84, 98, Figs. 6-11; 

1968, p. 61; Frebold and Tipper, 1970, p. 4). 

Uppermost Sinemurian v olcanic unit 

A predominantly volcanic, unfossiliferous unit occurring between the Matthews 

Island Formation and the Uppermost Sinemurian argillite unit was tentatively named 

the Basal Pliensbachian volcanic unit by Jeletzky (l 970b, p. 13, Fig. 1) because of its 

inferred post-late ·sinemurian a ge. This working hypothesis was, however, dis-

credited by the more recent disc overy of definitively identifed latest Sinemurian 

ammonites in the early Pliensbachian argillite unit (which see for further details). 

Distribution . L ike the underlying Matthews Island Formation, the Uppermost 

Sinemurian volcanic unit is widespread along the shores of Winter Harbour and 

along those of Forward and Brow ning Inlets (see Sees. 13 and 14). It also out­

crops on the we stern side of N ordstrom Cove (see Units 1, 2 of Sec. 15 ), on the 

southern shore of Ouats ino Sound east of Mahatta logging camp (see Units 1, 2 of 

Sees. 16 and 18) and in the bed o f Monkey Creek in the interval 500 to 800 yards 

above it s mouth. 
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Stratigraphy and facies. The unit consists of green-grey to grey, 

mainly waterlain pyroclastics (mostly coarse to medium volcanic breccia); 

grey, green or speckled lavender, amygdaloidal to porphyritic lava flows of 

intermediate composition; coarse volcanic conglomerates and grits and some 

limestone breccia. The lavas of this unit commonly show well-developed pillow 

structure and many volcanic breccias appear to be pillow breccias. 

The conglomerates and breccias comprising the basal beds of the 

Uppermost Sinemurian volcanic unit locally contain an abundance of locally 

derivl-d argillite and limestone pebbles and boulders. However, all observed 

contact s with the underlying Matthews Island Formation and overlying 

Uppermost Sinemurian argillite unit appear to be conformable and grada­

tional. These pebbles are therefore believed to have been derived from a 

latest Sine murian source-area (a volcanic land) situated closely to the west 

of the r eport-area (see below). 
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The somewhat scanty data available s~gest that the Uppermost Sinemurian 

volcanic unit may be subdivided into the following lithological members traceable 

throughout the western part of Quatsino Sound. 

, Lower water lain pyroclastic member consisting of 100 (in the east) to 

I 
at least 400 (in the west) feet of various water lain py,roclastics. Light to dull . 'grey 

I 

or green-grey pillow breccias are prominent in most sections. Other prominent 

types are similarly coloured, coarse to fine, normally distinctly bedded, 

waterlain volcanic to mixed volcanic-sedimentary breccias, the fragments of which 

are somewhat rounded. These breccif..s are interbedded with variable amounts of 

volcanic pebble conglomerates (pebbles poorly rounded), fine- to coarse-grained, 

water lain volcanic tuffs, tuffaceous greywackes and grits. Peculiar sedimentary 

breccias consisting largely (with greater or lesser admixtures of shale and greywacke 

fragment s) or entirely of limestone fragments, apparently derived from the erosion 

of underlying units of the Bonanza Subgroup, occur locally in the basal part of the 

member. The lower contact seems to be conformable and gradational throughout the 

investigated part of Quatsino Sound. 

_,.. Interme diate amygdaloidal lava member consisting of at least 200 to 

300 feet of purple, red, blue, green (mostly speckled) or grey, rarely to abundantly 

amygdaloida l, ?andesitic lavas, which are commonly well banded and exhibit well-

developed pillow-like structures. Some interbeds of similarly coloured porphyritic 

lavas and rare, thin interbeds of volcanic breccia and tuff occur locally. No 

sedimentary interbeds were seen in any of the surveyed sections of the member. 

The lower contact is conformable and the upper contact is invariably faulted. 

0 
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Upper waterlain pyroclastic member cons isting of at least 106 feet of dark to 

light g rey~ mostly fine, well-bedded and waterlain volcanic , and mixed volcanic­

sedimentary breccia. Some inte rbeds of similarly coloured fine- to course-grained, 

waterlain volcanic tuff and tuffaceous g reywacke occur locally. Both contacts appear 

to be conformable in the few known sections of this member . 

Most of the studied sections of the Uppermo.st Sinemurian volcanic unit expose 

only its basal few hundred fe et. Of these, sections 13, 14 and 15 are the most valuable 

as they expose the normal unfaulted and apparently conformable lower contacts of this un:t 

S ections 16 and 18 of the Uppermost Sinemurian volcanic unit are strongly sheared 

and disturbed but are most important Lecause they expose the normal unfaulted contacts 

of the unit w ith both the underlying Matthews Island Formation and the overlying 

Uppermost Sinemurian argillites. The lower part of the Uppermost Sinemurain volcanic 

unit(~ Units 1-2 of Sec. 16) adjoins from the e ast the covered interval 6 of section 18. 

It is represented by 200 feet of amygdaloidal lavas (Unit 1) underlain conformably by abou t 

100 feet of waterlain pyroclastic rocks (Unit 2) grading downward into the Upper argillite 

member of Matthews Island Formation. All these rocks have about the same attitud e 

as unit 5 of section 18 (strike Nl0° -20° E, dip 45° -50° W) and dip under it. There is, 

therefore, no reason to assume major structural complications and the disappearanc e 

of considerable thicknesses of beds by faulting between the upp e r and lower parts of 

Uppermost Sinemurian volcanic unit exposed in the se two sections occurring east of 

Monkey Creek. 

The only other representative section of the Uppermost Sinemurian volcanic unit 

known to the writer is section 14 on the northwestern side of Matthews Island in Forwa rC: 

Inlet which exposes the equivalents of the amygdaloidal lavas and lower waterlain pyr o-

cl~stic rocks of ~"ct!.onz 16 and 18. Th 0 top of the section is cut off b~,r a major fault. 

Both of the exposed units differ from their equivalent s farther east in being considerably 

0 
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thicker. The breccia fragments and psammitic clasts of the lower waterlain pyro­

clastic unit of section 14 are, furthermore, invariably much coarser than those in 

its Monkey Creek equivalent. The volcanic breccias are mostly represented by coarse 

to very coarse pillow breccias. The same appears to be true of the other sections 

of this unit observed in the Forward and Browning Inlets. 

The upper waterlain pyroclastic units of section 18 is not exposed on Matthews 

Island. However, it appears to be present locally in some shorter, exceedingly 

contorted sections of the Uppermost Sinemurian volcanic unit elsewhere in Forward 

Inlet and to consist of coarser waterlain pyroclastics than farther east. 

Since it is at least 600 feet thick on the Matthews Island (see Units 1-7 of 

Sec. 14) and only about 400 feet thick in the sections 16 and 18 east of Mahata logging 

camp, the Uppermost Sinemurian volcanic unit thins out markedly eastward between 

Forward Inlet and Koprino Harbour. Furthermore, the eastern facies of the unit 

contains a considerably greater ratio of waterlain pyroclastics and sedimentary 

elastics and is characterized by generally smaller and better rounded clasts. These 

eastward facies changes suggest that the Uppermost Sinemurian volcanic unit pinches 

out completely somewhere between Koprino Harbour and Rupert Inlet and is replaced 

laterally by predominantly argillaceous sediments of the Matthews Island Formation 

and Uppermost Sinemurian ar gillite unit (Fig. 5 ). 

The somewhat scanty data about the westward thickening and coarsening of the 

waterlain pyroclastic rocks and sedimentary elastics of the Uppermost Sinemurian 

volcanic unit suggest that, like the rocks of the Matthews Island Formation, the 

rocks of this unit were derived from a western source area (Fig. 5). The lithology 

of the rocks and the apparently conformable and gradational contact between the 

1'v1atthevv·s Island Formation and the Uppermost Sinemurian volcanic unit within the 
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report-area su ggests t hat t h e u plift, which must have occurred at the time of the 

end of d e position of t h e M atthews Island Formation did not end the marine regime 

within the inve s tigate d p a rt of Ouat sino Sound. It is suggested accordingly that the 

source ar ea (a volcanica lly acti v e t ectonic highland or a volcanic archipelago;~ 

Jele t zky, l 970 b , p . 2 2) e s tablishe d by this uplift was a northwest-southwest trending 

welt situ a ted immedia te l y wes t of the area noV{ occupied by the Forward and 

Browning Inlet s. The coar s e volcanic and elastic fragments derived from this 

rapidly r ising t e c toni c l a nd began to pour into that rapidly shallowing part of 

Ouatsino Sound at the e nd o f Sinemurian time. 

Age and corre l a tion.. No fossils were found in the Uppermost Sinemurian 

volcanic unit. How ever, it s Lower waterlain pyroclastic member overlies grada­

tionally the Upp e r Ar gillite member of the Matthews Island Formation containing 

the early late S inemurian E chioc e ras (Melanhippites) harbledowne nsis fauna devoid 

of Crucilobiceras. The U p per w aterlain pyroclastic member of the unit is con­

formably and app a rently gradat ionally overlain by the Latest Sinemurian (Upper 

Raricostatum Zone) argillite unit characterized by the association of !· (!'.!_.) 

harbledownensis and Crucilobiceras spp. The volcanic unit concerned can there-

fore only repre s ent t h e middle part of the Raricostatum Zone (~Fig. 5 and in 

the next section). 

The waterl ain volcanic bre ccias (including pillow breccias) and tuffs of the 

Lower and Upp e r w ate rla in pyroclastic members of the Uppermost Sinemurian 

volcanic unit ar e sim ilar litholo gically to those of the Hecate Cove Formation. 

F urth e rmo r e , the b a sal par t of t h e Lower waterlain pyroclastic member of the 

unit loc a lly conta ins sedimentary or mixed sedimentary-volcanic breccias, limestone 
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breccias, and volcanic conglomerates with poorly rounded pebbles lithologically indi­

stinguishable from those of the Hecate Cove Formation. 

The waterlain pyroclastics and the associated elastic rocks of the Uppermost 

Sinemurian volcanic unit apparently differ from those of the Hecate Cove Formation 

only in the somewhat lighter c olour of their grey to green-grey phases. From pyro­

clastic rocks of the Basal J urassic volcanic unit they differ in the same lithological 

features as the pyroclastic rocks of the Hecate Cove Formation. 

The predominantly amygdaloidal lavas of the Intermediate member appear to 

be the same as those of the Basal Jurassic volcanic unit. However, they are distin­

guishable from the amygdaloidal lavas of Hecate Cove Formation and the amygdaloidal 

lavas of the Grey volcanic unit because of the prevalence of lavender, red, maroon and 

blue colour phases. Consequently, the Uppermost Sinemurian volcanic unit can be recog­

nized with certainty only in those sections where its stratigraphic relationships with 

adjacent sedimentary units of the division are either obvious or at least decipherable. 

Uppermost Sinemurian argillite unit 

On the southern shore of Ouatsino Sound opposite Koprino Harbour (i. e. on both 

sides of Mahatta logging camp), the Uppermost Sinemurian volcanic unit is locally 

overlain, apparently conformably, by a unit of dark grey argillite interbedded with 

some arenaceou·s limes tone. greywacke, a~d calcareous gr-it. This unit was named 

Lower Pliensbachian argillites by Jeletzky (1970b, p. 13) because of a discovery of 

poorly preserved ammonite s which according to Dr. Hans Frebold could be either of 

a late Sinemurian or of an early Pliensbachian age. At that time the writer choose 

to assign these argillites to the early Pliensbachian because of their occurrence in 

the same section with but stratigraphically well above the topmost beds of Matthews 

Island Formation containing the Echioceras (Melanhippites) harbledownensis fauna 
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-
represe nting the latest Sine~urian Raricostatum Zone. Later, however, 

t h e se " Early Pliensbachian" argi llites have yielded definitively identified 

diagnostic ammonite s r e presenting the upper part of the Raricostatum Zone 

of the int ernat ional standard. Because of this discovery these argillites 

are he r e r e name d t h e Uppe rmost Sinemurian argillite unit. 

·_, 
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IL. :;- ~11110:'1 ...... St rc(OV\-lru:.~n ) 
Distribution. The UppermostSinemuri~~argillite unit is exposed only in 

scattered, greatly. _disturbed and locally contorted outcrops on the shore 300 yards 

northwest of; the mou·th of Monkey Creek, east of its mouth at the base and at the 

front of a nameless major rocky point 1/3 of a mile east of Mahatta logging camp, 

and in the bed of Monkey Creek in the interval between 1/2 and 3/5 of a mile above its 

mouth. Small outcrops of lithologically similar, unfossiliferous argillites observed 

at the head of Browning Inlet just northeast of the mouth o~ Kwatleo Creek are placed 

in this unit only tentatively. 

Stratigraphy. The thickest observed section of the unit outcrops in the intertidal 

zone about 300 yards west of the mouth of Monkey Creek. It consists of strongly sheared 

and locally contorted brownish grey to blackish grey or black, mostly pure, indistinctly 

bedded to massive argillites resembling the more thickly bedded argillite types of the 

Matthews Island Formation. These argillites are inter bedded with relatively rare beds, 

as much as 1 foot thick, of dull grey, calcareous grit, similarly coloured, fine- to 

medium-grained greywacke, and bluish grey, arenaceous limestone. Neither the top 

nor the base of the unit is exposed in this section and the visible thickness of exposed 

rocks does not exceed 120 feet. 
I l 1,, - c· .... , "' ,, ,. , '--·- ~::_r 1~ <-1.:r'Yl . O> •. c:>' ' ~i..:.., (\. \.A.. ""- '-~::'.._.} 

The basal 27 feet (and possibly as much as 42 feet) of the Uppermost Sinemurian 

argillite unit are exposed in section 18 on the eastern side of Monkey Creek. In this 

section, the unit appears to overlie conformably the Upper waterlain pyroclastic member 
,Ll.>.) \>,~Tl"o s-f:: , t.,r.f m .u ,"> C\)'\, 

of the Uppermost Sinemurian volcanic unit although the contact is not exposed. 
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Except in the vicinity of Monkey Creek on the southern shore of Quatsino Sound, 
I ltpi:;.Ot .,..,, s"C". b L~l'n"-"lA.~) ,.,. 

rocks lithologically similar to the Uppermost Sinemurian argillites were 

observed only at the head of Browning .Inlet just northeast of the mouth of Kwatleo 

Creek. There, about 150 feet of grey to light grey, thin- to medium-bedded, 

fissile, soft (except in the proximity of intrusive roc'k) shales striking Nl0°-20 °W 

and dipping 8 0 ° to 8 5 ° east (overturned?) are unc onformably overlapped by the 

upper Valanginian Buchia crassicollis greywacke which conceals their stratigraphical 

base. The stratigraphical top of these shales is cut off by an irregularly shaped, 

large body of light to whitish grey, rusty-weathering, felsitic intrusive rock belonging 

to the hypabyssal phase of Coast Intrusions. 

These unfossiliferous shales contain intercalated beds (6 inches to 1 1/2 feet 

thick) of similarly coloured laminated cherty limestone and dull to light green, hard, 

cherty, fine-gra ined, water lain volcanic tuff. 

The shales concerned are somewhat similar lithologically to some of the lighte r 
I J ... "'-' 0 "':'L.)'-r, """'-' - $ ..... r"L" 'n"'\ u..:-t...l .. (, r~ 
'"'11 - ----

coloured phases of the Uppermost Sinemurian argillite unit and do not resembl e 

the rocks of any other sedimentary unit of the Volcanic division known to the writer. 

They are, ·therefore , correlated tentatively with the former unit (see Figure 18). 

However, because of their obscure stratigraphic relationships and unfossiliferous 

nature, the shales concerned could possibly belong elsewhere (e.g., to represent a 

peculiar phase of the Cherty limestone unit) or even represent an entirely different, 

perhaps Toarcian, sedimentary unit of the Volcanic division. 
0 '."' > if ._y,1 ~- '· ~Ll\.(..1 "•'. ~~l'-~ / 

The top part of the Uppermost Sinemurian argillite unit and its contact w ith 

the younger high Lower Jurassic rocks of the Bonanza Subgroup were not observed in 

any of the studied sections . 1i1e unit i::; at least 150 feet thick and the rather arbitrary 

combination of its several partial sections suggests that it may be up to 500 feet thick. 
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Age and correlation. A poorly preserved ammonite, possibly belonging 

to the family Eoderoceratidae Spath and the genus ? Microderoceras or 

? Crucilobice ras, was found 115 feet above the visible base of the section 

measured 300 yards to the northwest of the ·mouth of Monkey Creek (GSC loc. 

24311). The presence of this ammonite sugges~s a late Sinemurian or early 

Pliensbachian age for the Uppermost Sinemurian argillite unit. Entolium 

balteanum Crickmay and an indeterminate fragmentary imprint of an ammonite 

(GSC locs. 24304 and 24308) were found a few feet stratigraphically lower in 

the section. The discovery of these fossils prompted a tentative assignment 

of the Uppermost Sinemurian argillite unit to th.e early Pliensbachian stage 

in a preliminary report (Jeletzky, 1970b, p. 13, Fig. l}. 

Subsequent collecting in the here discussed argillites by J.E. Muller 

(in 1971) yielded the following more diagnostic fossils: 

1. Field No. 71-47A (GSC loc. 88621) in Roadcut at old log-dump, Mahatta 

River. Lat. 49° 27 145"; Long. 127° 48 100 11
• Aug. 30, 1971. According to Dr. 

Hans Frebold this collection contains: "Echioceras (Melanhippites ) harbledowne nsis 

(Crickmay), Crucilobiceras spp. indet. One specimen with one outer row of 

spines, but only on last whorl, the other specimen (impression of part of whorl) 

has an inner and an outer row of spines (as for instance in~· crucil obatum) . 

The unsatisfactory preservation of the two specimens does not warrant ide ntifi­

cation of species. Age: Early Jurassic. Late Sinemurian. Upper part of 

Raricostatum Zone". 

2. Field No. 71-47B (GSC loc. 88620). Beach outcrop slightly west of 

Mahatta Camp. Near hydrographic beachmark. Lat. 49° 27'30"N; Long. 127 ° 40 14 5" W. 
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According to D r . Hans Frebold this collection contains: "Ammonoids 

Crucilobiceras sp. indet. Pelecypods Entolium balteanum Crickmay. A ge : 

Early Jurassic. Late Sinemurian. Upper part of Raricostatum Zone." 

The GSC loc. 88620 of J . E . Muller was collected from the same top­

most beds of the unit which yielded the previously discuss ed GSC localitie s 24311, 

24304 and 24308. The locality 88621 represents beds intermediate in strati­

graphic position between the former beds and the basal b e ds of the unit exposed 

in Section 18. 

The Uppermost Sinemurian argillite unit is correlated tentatively with 

lithologically identical dark grey, mar ine argillites outcropping on Catala 

Island and in the bed of Tatchu Creek in the K yuoquot-Esperan za area, west 

coast of Vancouver Island (Jeletzky, 1970b, p. 13). These ar g illites, several 

hundred f P.et thi ck, form a unit in the dark grey , interme diate volcanic rocks 

of the Volcanic division. No diagnostic fossils have been found in these ar g il­

lites but their occurrence in close proximity t o and appa rently stratigraphically 

below the Plien.sbachian-Toarcian greywacke unit equiv<;tlent to the Maude 

Formation of Queen Charlotte Islands (Jeletzky, l 954 b, p. 13) supports th e ir 

suggested lithologic correlation with the Uppermost Sinemurian argillite unit of 

Quatsino Sound. 

The Harbledown. Formation. of the tectonically and volcanically 

quies cent zone of th Insular Tectonic Belt includes fossiliferous 

Sinemurian beds apparently e quivalent to the Uppermos t Sinemurian argilli te 

unit of Ouatsino Sound. 

«o 
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? Dark Grey Volcanic Unit 

Distribution and stratigraphy. An isolated section (see Sec. 19 

of the Appendix) of dark grey porphyritic to extremely amygdaloidal, 

? andesitic lavas outcrops at the head of Browning Inlet (~ Fig. 18). 

These lithologically distinctive lavas were tentatively correlated with the 

Dark grey volcanic unit of the Kyuquot-Esperanza area of the west coast 

by Jeletzky {l 970b, p. 14) because of a far-reaching lithological simi­

larity and the inferred stratigraphic relationships with other units of the 

Volcanic division. These lavas outcrop in a downfaulted block on the 

southwes tern side of extensive outcrops of the Matthews Island Formation 

which seems to dip under them. On the other hand, these lavas appear 

to overlie outcrops of ? Uppermost Sinemurian argillite unit on the north-

western side of the lagoon. 

Age and correlation, In the Esperanza-Kyuquot area, the Dark 

grey v olcanic unit gra?-es upward into the reliably dated Pliensbachian­

Toarcian greywacke unit and appears to overlie conformably and grada­

tionally the argillites apparently equivalent to the Uppermost Sinemurian 

argillite unit (J eletzky, l 970b. p. 14). The Dark grey volcanic unit 

represents. therefore, some part of the early Pliensbachian stage. 

The same age is suggested tentatively for its appa..rent equivalents exposed 

in Browning Inlet (Fig. 5 ) • 

. · ' 
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?Pliensbachian-Toarcian Greywacke Unit 

Distribution and stratigraphy. At least 1, OOO feet of moderately hard to 

soft, dark to light bluish-grey, fine to very fine pebble conglomerate, coarse-

grained greywacke and coarse grit outcrop on the west side of the lagoon at the 

head of Browning Inlet in the bed of Kwatleo Creek between the points 300 and 
- ~ I ~ I u 

850 yards above its mouth (see Fig. 18). This unit contains variable but 

normally minor amounts of similarly coloured, mostly well-bedded and sorted, 

definitely waterlain volcanic tuffs and breccia. Some of these volcanic rocks could 

be clas3ified almost as well as poorly rounded and sorted sedimentary elastics. 

All elastic rocks seen appear to be composed of sedimentary and volcanic particles 

and clasts and lack completely any grains and pebbles of intrusive origin. 

The uppermost 150 - 200 feet of the unit are composed mainly of bluish 

grey to light biue, extremely weii and thinly bedded, fine to coarse tuffaceous 

greywacke, grit and very fine pebble conglomerate with dispersed larger (1/2 - to 

2-inch) pebbles. In the lowermost 300 to 350 feet of the unit, the water lain pyroclastic 

rocks comprise 50 to 60 per cent and the intercalated tuffaceous elastic rocks consist 

almost exclusively of fine to very fine pebble conglomerate and coarse grit with 

tuffaceous matrix. 

The rocks strike N40°-50 °E and dip 35 °-40 °W. Their basal beds are 

faulted against the upper Valanginian Buchia crassicollis greywackes and in the west 

their top is concealed beneath the Pleistocene gravels. 
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Age and correlation. No fossils were found but the rocks are similar 

lithologically to those of the Pliensbachian-Toarcian greywacke unit of the Kyuquot-

Esperanza area of the west coast of Vancouver Island (Jeletzky, 1954a, p. 1269; 1954b, 

p. 13; 1970b, pp. 14-16). Furthermore, they occur within a downfaulted block to 

the west of the possibly overturned shale outcrops tentatively assigned to the Lower 

Pliensbachian argillite unit. The apparent complete absence of granitic grains and 

clasts and the presence of pyroclastics in this unit suggests that they form part of 

the Volcanic division of the Bonanza Subgroup. The upper Valinginian Buchia 

crassicollis grey\¥acke that outcrops in the vicinity is lithologically diss1milar to the 

sedimentary.-clastic to pyroclastic unit discussed here and the two appear to be in 

fault contact. Because of the above considerations, the sedimentary elastic-

pyrocla stic unit is correlated tentatively with the Pliensbachian-Toarcian greywacke 

unit of the Kyuquot-Esperanza area and assigned a general Pliensbachian to Toarcian 

age (Fig . 5). 

Lower Jurassic Tectonic and Depositional 
Pattern of Insular Tectonic Belt 

The tectonic and depositional pattern produced by the latest Triassic 

orogenic phase (see previous sections of this report) apparently persisted essentially 

unchanged during Early Jurassic time since all Lower Jurassic units of the Volcanic 

division discussed appear to be restricted to the latest Triassic tectonically and 

volcanically active zone of the Insular Tectonic Belt (Fig. 5) . 

. -' 
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Depositional Area of the Lower Jurassic Part of Volcanic Division 

As pointed out by Jeletzky (1970b , p. 10), the Lower Jurassic part of the 

Volcanic divis ion is well developed a nd was deposited everywhere in the northwestern 

part of Vancouver Island wes t of longitude 126 ° west. East of this meridian outcrops 

are few (on Cowichan Lake, Fyles, 1955, p. 23; in Sproat Lake area, Muller and 

Carson, 1969, p . 16 ; in Kennedy Lake area , East\vood, 1968, pp. 26, 27) but those 

known a ppear to be readily assignable t o the individual sedimentary or volcanic units of 

the division recognized on the nor thwe s tern part of Vancouver Island on the basis of 

their stratigraphic position and lithol Of:,y . Thus, it is assumed that the Lower Jurassic 

part of the Volcanic division was originally deposited in the same, or at least basically 

similar facie s over most or a ll of the western half of southeastern Vancouver Island 

but was e ither s ubsequently eroded or has been sufficiently metamorphosed to be now 

unrecognizable in most areas. 

Sedimentary Sequence of the Lower Jurassic Tectonically 
a nd Volcanically Quie s cent Zone 

As in lates t Triassic time, the periodic Lower Jurassic volcanic outbursts 

recorded by the v olcanic units of the Volcanic division of the Bonanza Subgroup (Figs. 5, 6) 

apparently did not affect the eastern side of Vancouve r Island, the islands of Queen 

Charlotte Strait , a nd Queen Charlotte Isl ands. The Lower Jurassic rocks of this 

nor theastern part of the Insular Tectonic Be lt a ppear to be represe nted either 

exclusive ly or almost exclusively by m ore or less tuffaceous argillites and impure 

limestone s interbedded with varying a m ounts of fine-grained (argillite- like) waterlain 

volcanic t uffs (Crickmay, 1928; Dawson, 1887, pp. 72B-74B; Surdam et al. , 1964, p. 226; 

Surdam , 1968, p. 20, Fig _ 6; Sutherland- Brown, 1966, 1968 ; J e let zky, 1970b, pp. 16 - 21, 

Figs . 1 , 2; Muller , 1970, p. 47). 
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Tuffaceous a rgillites of Buttle Lake Area 

Lower Jurassic limy, tuffaceous argillites ("limy tuffs" of Surdam, 1968, 

p. 20) , conformably overlying Norian limestones of the Quatsino Formation at Iron 

River east of Buttle Lake, contain Sinemurian fossils 200 feet above their base 

(Surdam, 1968, p. 20, Fig. 6). Because of an extremely fine grain size, apparent 

absence of any erosional intervals, and stratigraphic-lithologic similarity with the 

more fossiliferous Harbledown (i.e. Black argillite member of the Kunga Formation; 

,, ... -{ A see Jeletzky, 1970b, p. 2, footnote 1) and Maude Formation of Queen Charlotte 
>~ 
Islands (Frebold, 1967, p. 1148; Sutherland-Brown, 1968; Frebold and Tipper, 1970, 

p. 4), these Tuffaceous argillites of the Iron River area are believed also to include 

Rhaetian. Hettangian, Pliensbachian, and Toarcian sediments. The total thickness of 

the tuffaceous argillites does not exceed 750 feet (Surdam, 1968, p. 20, Fig. 6). 

Harbledown Formation of Queen Charlotte Strait 

The exposed thickness of black, noncalcareous argillite of the Harbledown 

Formation does not exceed 1, 600 feet in its type section (Crickmay, 1928, p. 59). 

The top is cut off by granitic Coast Intrusions (Crickmay, 1928, p. 52) and the 

contact with the underlying calcareous argillites of the Parson Bay Formation appears 

to be gradational. 

According to Dr. Hans Frebold (unpublished fossil reports and personal 

communication , 1968), the type Harbledown Formation contains the same Sinemurian 

ammonite faunas as the Matthews Island Formation of Quatsino Sound. 
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Because of a probable gradational contact with calcareous argillites of 

Parson Bay Formation , which extends upward at least into the Lower Suessi Zone 

(Crickmay, 1928, pp. 55, 56; Tozer , 1967, pp. 39, 71, 81), the unfossiliferous 

argillites underlying the Sinemurian beds of the Harbledown Formation are believed 

to repre se nt the la te late Norian, Rhaetian, and Hettangian stages. 

The uppermost 560 feet of the type Harbledown Formation did not yield 

any diagnostic fossils (Crickmay, 1928, p. 59) and so cannot be dated. The presence 

of Acanthopleuroceras cf. sutherlandbrowni Frebold in the Harbledown argillites of 

Balaklava Island (-see below) suggests, however, that the uppermost part of the type 

Harbledown Formation may include some lower Pliensbachian beds correlative with 

the Ma ude Formation of Queen Char latte Islands. 

According to Dawson (1887, pp. 72B-74B), the Hope-Galiano (now Nigei) 

Island group on the south side of Queen Charlotte Strait is unde rlain mostly by dark 

flaggy argillites and quartzites invaded by extensive Coast Intrusions. Volcanic 

rocks refe rable to the Volcanic division of the Bonanza Subgroup seem to be scarce 

or absent throughout this group of islands. This conclusion, originally reached by 

Jeletzky (MS, 1968 and 1970b, p. 17), was subseque ntly confirmed by Muller's 

(1970, p. 47) mapping of these islands. 

Ammonites comparable with lower Sinemurian Arniotites vancouverensis 

(Whiteaves ) have been r ecorded from these argillites near Port Alexander on Nigei 

Island (Dawson , 1887, p. 73B) and lower Pliensbachian Acanthopleuroceras cf. ~. 

sutherla ndbrowni Frebold ha s been identified by Dr. Hans Frebold (unpublished 
_, 

intrade partmental fossil report, 1968) in fossil collections recently obtained by 

J. E ~ ~ .. f uller from simil~ n.rgillitcs on Balalclava Is land. 
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The Lower Jurassic argillites and quartzites of the Hope-Nigei Island 

group appear to represent the marginal southwestern part of the tectonically and 

volcanically quiescent zone of the Insular Tectonic Belt and are referred tentatively 

to the Harbledown Formation rather than to the Matthews Island Formation of the 

Volcanic division of the Bonanza Subgroup (Fig. 6) . . No information is available 

about their relationships with underlying and overlying rock units but they are believed 

to be essentially similar to those of the type Harbledown Formation and its equivalents 

on Queen Charlotte Islands (see Fig. 5: Crickmay, 1928; Sutherland-Brown, 1968). 

Harbledown and Maude Formations of Queen Charlotte Islands 

The Harbledown Formation (=Black argillite member of Kunga Formation of 

Sutherland-Brown, 1968; see Jeletzky, 1970b, p. 2, footnote 1), as much as 1, 900 feet 

thick, grades downward into the black carbonaceous limestone member of the Quatsino 

Formation and is conformably overlain by shales, argillites and lithic sandstones of 

the Maude Formation (Sutherland-Brown, 1968, p. 39). It contains Arniotites (lower 

Sinemurian) and Echioceras (Melanhippites) harbledownensis Crickmay (upper Sinemurian) 

faunas (Sutherland-Brown, 1968, p. 61; Frebold and Tipper, 1970, p. 4). Because of 

its stratigraphic position and conformable relationships with adjacent rock units this 

"flaggy black argillite member extends presumably from the Suessi Zone through to 

nearly the end of the Sinemurian, although no definite Rhaetian nor Hettangian are 

recognized" (Sutherland-Brown, 1968, p. 61). 

Because of the similar stratigraphic position and lithologic identity with 

I 

the type Harbledown Formation, the Harbledown equivalent of Queen Charlotte Islands 

is believed to have been continuous with the latter. The complete absence or rarity 

of arenaceous to psammitic material in the Harbledown Formation and lower part 

of the Maude Formation a nd the almost exclusively open sea character of the fauna 
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(ammonites, aulacocerids and Posidonia-like pelecypcxls) strongly suggest their 
>"~...,.,.·-

origin as being offshore" deposits. 
\ ' 

The Maude Formation, comprising as much as 600 feet of interbedded grey 

shale, blocky dark grey argillite, light grey calcareous shale, and greenish grey 

lithic sandstone is thought to be unconformably overlain by pyroclastics of the Yakoun 

Formation (Sutherland-Brown, 1968, pp. 39, 61-66). 

The faunas of the Maude Formation have been revised recently by Dr. Hans 

Frebold (Frebold, 1967; Frebold and Tipper, 1970; Sutherland-Brown, 1968, p. 64). 

Frebold recognized three faunas: the lowest, 150 feet above the base, has Tropidoceras 

and Acanthopleuroceras and is of early Pliensbachian age; the middle fauna, with 

Fanninoceras, is also early Pliensbachian; and the upper assemblage, 'Yhich occurs 

\\Ti.thin 50 feet of the top of the formation (Sutherland-Brown, 1968, p. 65) is the 

Toarcian fauna with Harpoceras and Dactylioceras originally described by F. H. McLearn. 

The only comparable fauna known elsewhere in the tectonically and volcanically 

quiescent zone of the Insular Tectonic Belt is the early Pliensbachian fauna with 

Acanthopleuroceras cf. sutherlandbrowni Frebold from the Harbledown argillites on 

Balaklava Island. It is not known whether the apparent absence of younger Maude 

faunas within this zone outside of Queen Charlotte Islands is due to the erosional or 

igneous destruction of the corresponding rocks, collection failure, or lateral facies 

changes. 

Relationships of Sedimentary Lower Jurassic Sequences to the 
Volcanic Division of Bonanza Subgroup 

_, 

The lithology of the exclusively or prevailingly sedimentary Lower Jurassic 

rvc~s cf the quiescent zone described above contrasts strongly with that of the previously 

discussed, predominal1'tly volcanic and much thicker rocks of the Volcanic division of 

I o! - ; 
I I 
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Bonanza Subgroup (Figs. 5, 6). Their diagnostic faunas are, however, identical 

with those occurring in the sedimentary interbeds of the Volcanic division. This 

indicates the essential contemporaneity of these two lithologically dissimilar rock 

sequences, and to their being but different Lower Jurassic facies deposited side by 

side within the Insular Tectonic Belt. 

The entirely or prevailingly sedimentary sequences of the northeastern side 

of Vancouver Island, the islands of Queen Charlotte Strait, and Queen Charlotte Islands 

formed part of a continuous (at least from Queen Charlotte Islands to Buttle Lake map­

area) tectonically and volcanically quie3cent zone which existed in this part of the 

Insular Tectonic Belt from the end of the late Karnian and (?)earlier Karmutsen 

volcanic outburst until Toarcian time. This quiescent zone apparently was not affected 

to any extent _by the recurrent outbreaks of volcanic activity, the latest Trias sic 

orogenic phase, and the Sinemurian and early Pliensbachian uplifts (Figs. 5, 6). 

The only obvious influence of these volcanic outbreaks within the early Jurassic 

quiescent zone of the Insular Tectonic Belt is the greater or lesser admixture of 

fine (argillite-like), airborne volcanic tuffs in its marine sediments. This is remarkable, 

considering that the volcanic-rich type area of the Bonanza Subgroup in Nimpkish Lake 

map-area is situated only 15 to 16 miles south of the exclusively sedimentary and 

essentially contemporary type sections of the Parson Bay and Harbledown formations. 

The writer prefers to disregard for the time being the admittedly possible but as yet 

unsubstantiated tectonic juxtaposition of these sections by a major strike-slip fault 

concealed beneath Johnstone Strait. He assumes, therefore, that this close proximity 

of Lower Jurassic volcanic and sedimentary facies is a natural phenomenon and that 

neither pyroclastic fragments (except for the previously mentioned very fine volcanic dust) 

nor lava flows of the Volcanic division were spreading for more than a few miles away 

from their sources. 
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Scarcity of Sediment in Tectonically and 
Volcanically Quiescent Zone 

The tectonically and volcanically quiescent zone of the Insular Tectonic 

Belt (Fig. 6) accumulated only between 2, OOO and 3, 500 feet of predominantly fine-

grained elastic and calcareous sediments during its rather prolonged existence 

(from late upper Karnian to Toarcian inclusive). This thin sedimentary column 

contrasts with the many thousands of feet (at least 10, OOO to 20, OOO feet) of 

predominantly volcanic rocks that accumulated during the same time in the adjacent 

tectonically and volcanically active zone of the belt (Figs. 5, 6). The quiescent zone 

was thus relatively "sediment starved" in spite of its occurrence inside the extremely 

mobile Early Mesozoic orogenic belt of western British Columbia. 

The "sediment-starved" character of the quiescent zone of the Insular 

Tectonic Belt apparently indicates: 

1. The absence of any nearby large source areas to the east (i.e. within the 

western part of the present Coast Mountains) throughout late Triassic and early 

Jurassic time. 

2. Apparent absence of any larger, strongly elevated nearby source areas 

to the west (i.e. near northeastern boundary of the tectonically and volcanically 

active zone of the Insular Tectonic Belt) throughout late Triassic and early Jurassic 

time; and 

3. That the lava flows and most of the pyroclastic fragments of the Volcanic 

division of the Bonanza Subgroup apparently spread only a few miles (see in previous 

section) beyond the easternmost vents and fissures of the active zone. 



- 99 -

Thus, it would appear that a low relief characterizing the eastern part 

of the Early Jurassic active belt hindered any extensive spread of lava flows 

into the quiescent zone. 

For reasons indicated by Jeletzky (1970b, pp. 11-16, Figs. 1, 2 and in .. .. 
the previous sections of this report) the Cherty limestone unit, Matthews Island Format\on, 

. l).r.> "<> :_r, :.. : ,. _C, • r1 C ;f·".A '- I.'" J V 
Uppermost Sinemurian argillite unit, and Pliensbachian-Toarcian greywacke 

unit of the Volcanic division appear to be but sedimentary tongues of the Harbledown 

and Maude Formations (Figs. 5, 6). These tongues appear to expand gradually (in 

their time spans but not in thicknesses; compare Fig. 5) eastward, northeastward, 

and northwestward at the expense of the intervening volcanic units of the Volcanic 

division until they merge into a much th:µmer continuous sedimentary sequence 

(Harbledown and Maude Formations) somewhere near the eastern, northeastern and 

northern coasts of Vancouver Island. 

Volcanic Cycles of the Volcanic Division 

The stratigraphic sequence of predominantly volcanic rocks of the Volcanic 

division reveals the cyclical character of the uppermost Triassic and Lower Jurassic 

volcanism in all better known areas of the tectonically and volcanically active zone. 

The more or less widespread occurrence of four volcanic units separated 

from each other by equally widespread sedimentary units suggests the occurrence 

of at least four regionally valid (i.e. within the tectonically and volcanically active 

zone of the belt) volcanic cycles in the Volcanic division of the Bonanza Subgroup. 

Each of these cycles begins with accumulation of considerable thicknesses of 

subaerially and/ or subaqueously deposited lavas and pyroclastics and ends with 

deposition of fine elastic (mainly arg illites) and/ or calcareous (mainly impure 

limestone), predominantly or entirely marine sediments. The suggested sequence 

of these cycles is: 
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1. Hecate Cove Formation - Basal Jurassic volcanic unit - Cherty 

limestone unit. 

2. Grey volcanic unit - Sinemurian. Matthews Island Formation. 

3
- \Uppe L•YIOSt~S.- v1\ .. .C.. c;_~.,4,/J.l'l. li . U1>.tt:1<-\.nu, ;·,.:,t s~.'\.il Mt ws~un~ . \ . 
. Uppermos inemur1an vo can1c uni - ppermos inemur1an ./ 

argillite unit; and 

4. Dark grey volcanic unit - Pliensbachian-Toarcian greywacke unit. 

Judged by the thicknesses of ext:uded volcanic rocks, these four volcanic 

episodes of the Volcanic division were of unequal energy. The first (i.e. the 

apparently Rhaetia?-Hettangian) volcanic episode must have been by far the strongest. 

The second (i.e. the ?Hettangian or Grey volcanic unit event) must have been 

considerably more intense than the later two events which apparently resulted in 

accumulation of no more than a few hundred feet of lavas and/or pyroclastics each. 

This suggests that a gradually declining trend was superimposed on the generally 

cyclical character of the Lower Jurassic volcanic activity within the tectonically 

and volcanically active zone of the Insular Tectonic Belt. The Bonanza outburst 

of volcanism a ppears , therefore, to have been connected with the latest Triassic 

orogenic phase, reached its peak soon after its end (i.e. during the time of 

deposition of the Basal Jurassic volcanic unit), and was on the decline during the 

late Hettangian to~? Pliensbachian and ? Toarcian time. ' 

Lower Jurassic De positional Environments and Tectonic Movements 
of Tectonically and Volcanically Active Zone 

Basal Jurassic Environme nts 

As pointed out by Jele tzky (1970b, pp. 10, 11, 21), the facies of the Basal 

Jurassic volcanic unit a ppar ently r e mained e sse nt ially the same throughout most 

(or all?) of the tectonically and volca nically active zone of the Insular Tectonic Belt. 
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The constituents of its pyroclastic rocks appear to be largely or completely angular 

and unsorted throughout the investigated parts of the zone. To the best of the writer's 

knowledge , marine interbeds and pillow structures are unknown except near the unit's 

top, suggesting a largely or entirely subaerial deposition. These data, together 

with the ensuing, widespread transgression of the Cherty limestone sea (see below), 

suggest that the volcanics of the Basal Jurassic volcanic unit were deposited on a 

relatively flat lowland which subsided as fast as, or faster than, the volcanic piles 

were accumulating. If so, the strongly diversified relief created within the active 

zone by the latest .Triassic (early Rhaetian or ?latest Norian) orogenic phase (see Jeletzky, 

1970b, pp. 8, 9 and in previous sections of this report) must have been essentially 

bevelled prior to the deposition of the ?<:arly Hettangian Basal Jurassic volcanic unit. 

This inference finds additional support in the "sediment starved" nature of the adjacent 

tectonically and volcanically quiescent zone. 

The predominantly fine-grained, calcareous rocks of the ?Hettangian Cherty 

limestone unit in all its known sections suggest that the sea that covered the active 

zone at this time transgressed over a relatively flat lowland and that any adjacent 

western and southern source areas of that time were of low relief. 

Pillow lavas and pillow breccias abound in most studied sections of the 

Grey volcanic unit in Quats ino Sound being particularly prominent in its westernmost 

outcrops in Forward Inlet. This, and the apparently complete absence of erosionally 

reworked, more or less rounded and sorted pyroclastics, suggests a largely or 

entirely subaqueous mode of de position for rocks of the Grey volcanic unit. 
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.---------- ----·--------------- /~ 2 
Sinemurian ' Environments and Tectonis Movements 

The predominantly fine-grained (argillaceous to calcareous) strata of the 

Sinemurian Matthews Island Formation in most of its known outcrops indicate that 

most of the active zone was subjected to essentially the same depositional environment 

as prevailed during the time of deposition of the Cherty limestone unit. Some coarse 

elastics (including limestone breccia and conglomerate) appear, however, in the 

westernmost studied sections of Matthews Island Formation in Forward and Browning 

Inlets. The intervening Waterlain tuff member of the Sinemurian argillites appears, 

furthermore, to J:;hicken westward in Quatsino Sound. In contrast, the lTpper argillite 

and Lower argillite members of this unit become thinner westward, the former member 

becoming replaced laterally largely by the poorly rounded conglomerates and coarse to fine 

( /ipp e.ll·m . ., <.1' S1~n~·-~ : ' •t..t'tJ.>!.. ..J 
volcanic breccias of the lower part of the Uppe rmost Sinemurian volcanic unit 

in the westernmost sections studied. This suggests the occurrence of an uplift 

(or uplifts?) during Sinemurian time and the resulting emergence of a sizable, 

sufficiently elevated and volcanically active western Sinemurian source area in 

close proximity to the present west coast of northern Vancouver Island. The exact 

location and extent of this source area are uncertain but it seems likely that is was 

situated just off tl1e west coast and extended at least from Cape Scott to Esperanza Inlet. 
I - ' .. 1"" \ \ .. c :·· .. 

The Sinemurian western source area apparently remained active in latest 

.J S •\.Lt :. ~ .~ · " .... ) 

Sinemurian time judged by the considerable amounts of poorly sorted coarse elastics 

and somewhat rounded waterlain pyroclastics deposited in the Quatsino Sound area during the 
\ l,o.., P.'t.Y"t'\OS~ S •-1'\l, ~ 'LLG..r.L \ 

time of deposition of the Uppermost Sinemurian volcanic unit. The latter 
._. 

area itself probably remained a lowland or a shallow sea. A largely subaqueous 

mode of deposition for the poorly sorted coarse elastics and more or less reworked 
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pyroclastics of the Uppermost Sinemurian volcanic unit is suggested by their 

intercalation with considerable amounts of pillow lavas and pillow breccias in 

several sections, 

The latest Sinemurian depositional environment may have extended along 

the west coast of Vancouver Island at least as far south as Esperanza Inlet, 

In the western part of Quatsino Sound, coarse elastics and waterlain pyro-

elastics of the Uppermost Sinemurian volcanic unit grade upward into the Upper-

most Sinemurian argillite unit, The same seems to be true, furthermore, of 

the Kyuquot-Esperanza area, The resumption of deposition of fine-grained sedi-

ments in the western part of northern Vancouver Island suggests a bevelling of 

·most or all of the Sinemurian western source area and the temporary cessation of 

the volcanism within it. 

Plicnsbachian-Toarcian Environments and early Pliensbachian Uplift 

Too little is known about the areal extent and the lithology of the Dark 

grey volcanic unit to attempt an environmental- structural evaluation of this 

"moment" of ? early Plie'nsbachian time. 

The predominantly coarse elastic rocks of the lower part of the Pliensbachian-

Toarcian greywacke unit contrast strongly with the predominantly argillaceous strata 

of earlier sedimentary units of the Volcanic division, including the Uppermost 

Sinemurian argillites, The deposition of these coarse elastics near the southwestern 

margin of the tectonically and volcanically active zone of the Insular Tectonic Belt in 

the Kyuquot-Esperanza area and probably in the western part of Quatsino Sound, and the 

apparent presence of a major erosional interval underneath the Pliensbachian-Toarcian 

. gre ywacke unit in the Sproat Lake area(Fig. 6),suggest the occurrence of an earlv(but nol 

· the earl iest)Pliensbacr.ian up.lift in these parts of the zone at least. The coarse, nears ho 
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to nonmarine sedime nts of the Pliensbachian-Toarcian greywacke unit apparently 

passed laterally eastward, northward and northwestward into argillites and limestones 

of the Maude and Harbledown Formations (Fig. 5) but the latter rocks are, so far, 

unknown outside of the Lower Jurassic quiescent zone. 

The facies relationships of the Lower Jurassic rocks of the active zone 

suggest that, like the coarse elastics and erosionally reworked volcanics of .-::, ~•C.. \ <>-\ ~ ~ t 
--------------·- ,,_ ... --~---·-·-·-··-. 

the latest Sinemurian time, the coarse elastics of the Pliensbachian-

Toarcian greywacke unit were derived from a western source area (a tectonic land) 

that probably repre sented a northwest- trending, narrow cordillera which was 

situated immediately seaward of the present west coast of Vancouver Island and 

extended at least from Cape Scott to Barkley Sound. 

The apparent absence of folding or faulting attributable to Sinemurian and 

early Pliensbachian tectonic movements suggests their non..,-orogenic nature. 

Furthermore, no angular discordances were observed either within the Matthews 

('if n I 
Island Formation or at the base of the Pliensbachian-Toarcian greywacke unit. J ! / 

/ 
)~ 

•" \ 

MIDDLE JURASSIC INTRUSIONS 

Coast Intrusions 

A considerable number of the intrusive bodies of the report-area, varying 

widely in their size, texture and mineralogical composition, are united under the 

heading of "Coast Intrusions" as they appear to be of the same, or at least approximately 

the same (i.e . general Middle Jurassic) geological age. The term "Island Intrusions" 

used by Eastwood (1965, p. 126) and adopted by Muller and Carson (1969, p. 17) for 

the Coast Intrusions of Vancouver Island is not accepted in this report. In the writer's 

opinion, this ter m is rather unfortunate in obscuring the long-recognized (Dawson, 



- 105 -

1887, p. llB) intimate connection existing between the Coast Intrusions of Vancouver 

Island and those of the adjacent parts of the Coast Mountains on the mainland of western 

~ British Columbia. The dykes, sills and larger plug- to boss-size bodies of north-

western Vancouver Island are interpreted as very shallow to hypabyssal apophyses and 

cupolas of larger intrusive bodies still hidden at depth and either intimately connected 

with or representing a direct continuation of the principal intrusive bodies of Coast 

Intrusions of the Coast Mountains. This relationship is suggested by the structurally 

depressed nature of the northwestern part of Vancouver Island in particular and of 

Vancouver Island in general as compared to the Coast Mountains of the mainland of 

western British Columbia (see below for details). The retention of true isotopic ages 

(i.e. those confirmed by biochronology) by the Middle Jurassic intrusive bodies of 
..; p. ,. .. ' • " ( . ...... ~ .. ~ , .. ~~ 

northwestern Vancouver Islan~and the prevalence of the reset Cretaceous isotopic ages 

in the closely related intrusions of the Coast Mountains proper may well have been 

caused by the deep-seated nature of the latter. 

This report is concerned primarily with the stratigraphic and structural relation-

ships of Coast Intrusions of Quatsino Sound and with their relative (i.e. paleont.ological) 

age. Relatively little attention is paid to the radioactive ages of Coast Intrusions as 

the writer is extremely sceptical about the validity of generally assumed degree of 

precision, and even about the general reliability of all now existing methods of radio-

active age determination of igneous and sedimentary rocks within ancient orogenic belts 

at least. 

The microscopic petrography of the Coast Intrusions is beyond the scope of this 

report and the tentative petrographic assignment attempted below of some of the intrusives 

is based solely on the macroscopical and hand lens study of their specimens. 
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Previous Investigations 

Dawson (1887) apparently did not recognize the presence of any granitoid 

Coast Intrusion bodies within Quatsino Sound as he neither mentioned their presence 

in the text of the report nor showed them on the attached geological maps. The 

mention of an intrusive rock cutting the Lower Cretaceous sediments in Koprino 

Harbour (Dawson, 1887, p. 88B) refers not to the Coast Intrusions but to the 

presumably Tertiary ?Sooke Intrusions. 

Dolmage (1919, pp. 32B-33B) was the first to recognize the rare presence 

of granitoid Coast Intrusions in Quatsir.o Sound and to differentiate them from the 

post-Cretaceous diabase dykes. He mentions specifically a true granite body occurring 

at the west end of Rupert Inlet, a large quartz diorite mass occurring at the head of 

Ingersoll River and near the Yreka Copper mine, and a true diorite body at Old 

Sport mine. Gunning (1930, pp. 106A-108A) confirmed Dolmage 's observations and 

discovered a few additional bodies of granitoid Coast Intrusions mainly outside of the 

investigated part of Quatsino Sound. 

Distribution and Composition 

The _ paucity of Coast Intrusions in the investigated part of Quatsino Sound 

(Dolmage, 1919, p. 32B) is striking when compared with their abundance in other 

investigated parts of the west coast of Vancouver Island (Jeletzky, 1950, 1954b, and 

unpublished) and Zeballos-Nimpkish map-area (Hoadley, 1953). Most of the Quatsino 

Sound intrusives are, furthermore, sills, dykes, and irregularly shaped minor bodies, 

the thickness of which fluctuates from a few inches to about 100 feet. It is, therefore, 

impossible either to show all of these minor Coast Intrusions on the attached geological 

maps and profiles or to discuss all of them in the text of this report. The rather 
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rare , larger bodies of Coast Intrusions a.ce, likewise, considerably smaller than 

the larger Coas t Intrusions of the west coast of Vancouver Island and of the Zeballos-

Nimpkish map-a rea. They are all piug- or boss-like, or irregularly shaped bodies, 

the observed maximum width of which (i.e. along the shoreline) does not exceed 11/3 miles. 

In most cases , the maximum observed width of the larger Coast Intrusions of the report-

area fluctua tes between 100 feet and 1/2 mile. There are some indications that 

larger bodie s of Coast Intrusions may be concealed in dense forests covering the tops 

of the mountains farther inland. However, it is not expected that any of these bodies 

would be compara ble in size with the large stock- to batholith-like Coast Intrusions of 

the west coa st of Vancouver Island and Zeballos-Nimpkish map-area. 

Only the following nine newly discovered larger intrusive bodies are 

mentioned specifically: 

/ 

1 . . An intrusion, about 1, OOO feet wide, occurs at the southern base of 

Greenwood Point on the western shore of Forward Inlet (see -Fig.5 ..lB_)..._. This body 

. /\ 
is largely compos ed of fine- to medium-grained, rose-grey to orange ?dacite porphyry 

containing a bundant phenocrysts of orange to meat-red ? sodic feldspar. The ground mass 

is felsitic. The marginal parts of the body are composed of similarly coloured felsitic 

rock. 

2. A gabbroic intrusion, about 800 feet wide, occurs on the southeastern 

shore of Winter Harbour (see Unit 9 of Sec. 21 for further details). 

3. An intrusive body, about 3/4 of a mile wide, occurs on the southwestern 

shore of North Harbour iJ?- Forward Inlet. Near its margins and along the shore, this 
_, 

body is composed mainly of light grey, rusty-weathering, sheared and metamorphosed 

felsit ic, somewh at porphyritic or coarsely amygdn.loidal rock, which is probably dacilic 

in c omposition. Howe\;~r, in the central part of the body the rock becomes coarsely 
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prophyritic. This ?dacite exhibits excellent intrusive contacts with the surrounding rocks 
L()..p ;:.~0$~ ~ ~~mv-~ J J 

of the Matthews Island Formation and Uppermost Sinemurian volcanic unit and 

locally contains abundant x.enoliths and large inclusions of these rock units. The 

intrusive body appears to iden rapidly inland and probably occupies most or all of 
r; . , 8 

Flat Top Mountain (see Fig . 18). 

4. An intrusive body, about 700 feet wide, occupies the tidal platform at the 

head of Browning Inlet north of the mouth of Kwatleo Creek. This body consists of 

whitish grey, reddish brown weathering, felsitic to porphyritic, probably dacitic 

hypabyssal rock which is considerably sheared and cut by quartz and calcite veinlets 

and stringers. The intrusive rock invades sediments of the Vancouver Group correlated 
\f)_,pp"-'l,n 1 o ~f SZn em£~:u .. ·~--.,_) V 

tentatively with the Uppermost Sinemurian argillite unit. The latter are 

intensely baked, sheared, contorted, and locally "granitized" in the proximity of 

the well-developed intrusi -e contact. The intrusive rock locally contains numerous 

large inclusions and xenolitbs of the shale near the same contact. 

-
The adjacent upper Valanginian Buchia crassicollis greywacke_..does not exhibit 

any thermal effects of this :intrus ive body and is not in any way disturbed in its proximity. 

Therefore, the greywacke is believed to be younger than the intrusive, even though 

both units were not seen in contact. Dawson (1887, p. 83B) observed the unconformable 

overlap of this intrus ive body by the Buchia crassicollis greywacke but referred it to 

the Vancouver Group (see p. 123). 

5. An irregularly shaped intrusive body, at least 1, OOO feet long and 150 to 

200 feet wide, occupies the northern side of a pronounced rocky point opposite the 

mouth of Kwatleo Creek and about 2/5 of a mile east of it, closing the lagoon of 

Browning Inlet from the southeast. This intrusive body consists of finely porphyritic, 
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massive, fresh ?dioritic rock which is dull grey to greenish grey near the western 

limit of its outcrop and light grey to whitish grey and essentially similar to that of 

intrusive body (3) farther east along the shore. The eastern margin of this body was 

not reached. 

6. An intrusive body, about 250 to 300 feet wide, occupies the tidal platform 

on the eastern shore of Forward Inlet at the southern base of Hazard Point. This 

body consists of light grey, more or less porphyritic, probably dacitic hypabyssal 

rock similar to that of most other adjacent intrusions. This relatively small intrusive 

body appears to widen rapidly inland and could well be only the tip of a major intrusive 

body concealed in the forest above high tide boundary. 

7. A dioritic to ?gabbroic intrusive body, as much as 800 feet wide, 

occupies the southern shore of Quatsino Sound at a point about 3/5 of a mile east of 

Salmon Island (see Unit 12 of Sec. 16 for details). 

8. An apparently intrusive body, possibly up to 700 feet wide, is poorly and 

locally exposed in the bed. of Monkey Creek in the interval 450 to ? 700 yards above its 

mouth. The light to bluish grey, massive-looking, felsitic to feebly porphyritic rock of 
I n.~ ~~t S i...V\e.'Mu --~~~-) , ; 

this body is probably a dacite invading the Latest Sinemurian and/or earlier V 
{ CJvt,q ~ / f :-fc-_.., _) . -~~~~ l_~'L _.., 

Sinemurian argillites. However, its apparently intrusive contacts with the latter rocks 

are very poorly exposed, which makes the true nature of this ? dacitic body uncertain. 
• ':) • ... - <-} , ' . .,. .. .-. • _..,; S •'\ ~ y...._ ~I ~) ' ~ , 

9. A number of intrusive, dyke-like, irregularly shaped bodies up to 
I ) 

350 feet thick, invade and distort the rocks of the Sutton Formation and those of the 

Hecate Cove Formation on the southern shore of Quatsino Sound inside Julian Cove 

r . 11 
and between Julian and Smith Coves (see Fig. 1 7). The largest intrusive bodies 

of this swarm are dark grey, dark green, greenish grey or whitish grey coloured, 

medium to coarsely porphyritic (with white to light green feldspar phenocrysts), and 

apparently are dioritic to ?gabbroic in composition. 
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The medium to small intrusive bodies of this swarm may exhibit the same 

colour phases as the largest intrusives or be black, maroon, or rose-grey. Their 

texture varies from felsitic to fine or coarsely amygdaloidal or fine to coarsely 

porphyritic. All three types of texture may commonly occur in one and the same 

intrusive body, the felsitic and amygdaloidal textures being usually restricted to its 

marginal parts and the porphyritic texture being almost invariably restricted to its 

central parts. Judging by the hand specimens, the composition of the small to 

intermediate intrusive bodies of the swarm varies from dacitic to basaltic (diabase). 

Quartz was not observed in any of them. 

The intermediate to basic composition and the predominantly felsitic, 

amygdaloidal, or finely to coarsely porphyritic texture of the Coast Intrusives of the 

western and northwestern parts of Quatsino Sound suggests their being largely or 

even exclusively shallow-seated to hypabyssal apophyses and cupolas of the larger, 

possibly batholitic Coast Intrusions which are still concealed at depth in this part of 

Vancouver Island. This suggests a close parallelism between the regional changes 

in the relief and the geomorphology of different parts of Vancouver Island, which was 

noted by Haycock (1906, p. 78A), and the amount of their structural uplift during the 

late Mesozoic (i.e . post Middle Jurassic) and Cenozoic times. It would seem that 

the marked but gradual decrease in height of the mountains in Quatsino Sound as 

compared with the more southerly parts of Vancouver Island reflects the considerably 

lesser uplift of the axes of major tectonic structures of the former area as compared 

with the more southerly areas. 

There was no opportunity to study the large intrusive body occurring at the 

head of Rupert Inlet. The outlines and lithology of this body shown on the attached 

Figure 17 were taken from the geological maps of Gunning (1930) and Northcote (1969). 
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Gunning (1930, p. 106A) states that this intrusive body is: "a true granite, pinkish 

brown to grey in colour, and consists almost entirely of quartz, orthoclase, and a 

small amount of albite oligoclase. The rock is extensively carbonated and slightly 

chloritizedn. The WTiter also was unable to study other bodies of Coast Intrusions 

mapped by Dolmage (1919, p. 37B) and Gunning (1930, pp. 106A-107A) occurring 

east of Holberg Inlet, and inside of Neroutsos Inlet. According to Gunning's (1930, 

pp. 106A-107A) descriptions, all these Coast Intrusions have a true granitic, granodioritic 

or quartz dioritic composition. This is in contrast with the quartz dioritic, dioritic, 

or gabbroic composition of the intrusive bodies discovered in the more westerly and 

northwesterly parts of Quatsino Sound. This consistent petrographic distinction of the 

Coast Intrusions within the report-area could be due to the fact that the intrusive 

bodies mapped by the writer represent extremely shallow to hypabyssal phases of Coast 

Intrusions which are still preserved in the relatively depressed, western and 

northwestern parts of Quatsino Sound but which have been completely eroded in its 

more strongly uplifted eastern and southeastern parts. However, it is possible also 

that the more acidic plutons of the eastern part of Quatsino Sound belong not to the 

Coast Intrusions but to the ?Sooke Intrusions to which they seem to be lithologically 

similar. 

Age and correlation. In the past, the Coast Intrusions of Vancouver Island 

have been variously assigned a general Jurassic age (Dolmage, 1919, p. 32B), a 

que stionable Late Jurassic age (Gunning, 1930, pp. 99A, 106A; Bancroft, 1937, pp. 4, 8); 

a Late Jurassic or Early Cretaceous age (Gunning, 1932, p. 23A); a Late Jurassic or 

Cretaceous age (Jeletzky, 1950, pp. 36-38); a Late Jurassic and/ or Early Cretaceous 

age (Hoadley. 1953, pp. 9, 37); a Middle Jurassic age (Jeletzky, 1954a, p. 66; 1954b, p. 14); 
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an Early Cretaceous age (Beveridge and Folinsbee, 1956); a Bajocian or Middle 

Jurassic to general pre-Nanai mo (Late Cretaceous) age (Sutherland-Brown, 1966, p. 85); 

and a Jurassic-Cretaceous age (Surdam, 1968, p. 21). 

The biochronological evidence favouring the Late Jurassic to Early Cretaceous 

(or later) age of the Vancouver Island Coast Intrusions is unreliable because it is 

indirect and inferential. One of the principal arguments appears to be the old 

observation of Mackenzie (1916, pp. 53-54) that on Graham Island, Queen Charlotte 

Islands, the granitic intrusions invade the fossiliferous, reliably dated latest Middle 

Jurassic (Callovi~n) sediments of the Upper Yakoun Formation and are unconformably 

overlapped by the fossiliferous, equally reliably dated late Early Cretaceous (Albian) 

sediments of the Haida Formation. 

The occurrence of granodioritic pebbles of the Coast Intrusions in the Lower 

Cretaceous conglomerates of Quatsino Sound noted by Dolmage (1919, p. 33B) and 

Gunning (1930, p. 108A) did not contradict Mackenzie's (1916) data, as these 

conglomerates were not more precisely dated at that time. In itself this observation 

is still roughly compatible with Mackenzie's (1916) data, since the conglomerates 

concerned were recently found to overlie the mid-Neocomian (Barremian) fossiliferous 

rocks and to contain late Early Cretaceous (Albian) pollen and spores (Jeletzky, 1954a, 

p. 1269 and in this report). However, the writer has found granitic, dioritic and gabbroic 

pebbles of the Coast Intrusions type in basal beds of the Lower Cretaceous sequence in 

several parts of Quatsino Sound. He has, furthermore, observed these early Lower 

Cretaceous rocks (upper _yalanginian; Buchia crassicollis zone) to overlap unconformably 

at least one gabbroic body of Coast Intrusions on the east side of Winter Harbour opposite 

the mouth oi Galato Creek (see units 8, 9 of Sec. 21 in the Appendix) and one ?dacitic · 
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body at the head of Browning Inlet (seep. 123). This leaves very little room for the 

Coast Intrusions in the Early Cretaceous since they could be only of a basal Early 

Cretaceous (Berriasian to mid-Valanginian) age. Even this dating is next to 

impossible, considering the great length of biochronologically measurable time necessary 

to unroof the Coast Intrusions after their injection and uplift above sea level. 

The Coast Intrusions of Quatsino Sound are, thus, definitely pre-upper 

Valanginian and almost certainly pre-Early Cretaceous in age. The Coast Intrusions 

are definitely post-Sinemurian in age, as they invade the reliably dated Matthews 

S ' j ,,........--, 
\ ;.t.,tt ,_! -tR J1 ~~ ~ Q/i trJ 0 S~ Vf\..C. 'rl'H.AJ"'i.lA W ~ V 

Island Formation and the Uppermost Sinemurian argillite unit. ·..__ .. ~ 

It is impossible to date the Coast Intrusions of Quatsino Sound any closer 

since Upper Jurassic and basal Cretaceous rQCks are unknown there. However, it is 

possible to date them much closer using the biochronological evidence available on 

the northwestern part of the west coast of Vancouver Island. 

In the Esperanza-Kyuquot area on the west coast of Vancouver Island, the 

writer (Jeletzky, unpublished) has found rare dioritic to granodioritic pebbles of the 

Coast Intrusion type in the r e liably dated, fossiliferous, basal Cretaceous (Berriasian to 

mid-Valanginian) conglomerates of One Tree Formation on Grassy Island. This evidence 

alone narrows the room left for the Coast Intrusions in the basal Lower Cretaceous time 

to practically nothing. Considering the duration of biochronologically measurable 

geological time needed for the uplift of the Coast Intrusions and their subsequent 

unroofing , this evidence is considered to be sufficient to rule out their Cretaceous 

age in this area and, by inference, in the Quatsino Sound area. 
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Jeletzky (1954b, pp. 13-14) has found, furthermore, that in the Kyuquot­

Esperanza area, Coast Intrusions of the same type as those of Quatsino Sound invade 

the reliably dated , fossiliferous Pliensbachian-Toarcian greywacke unit (Jeletzky, 1970b, 

p . 15) but were nowhere observed to invade the widespread, fossiliferous, latest Middle 

Jurassic (Callovian) strata. In the same area, pebbles of acidic intrusive rocks 

closely resembling those of the Coast Intrusions have been found in the conglomerate 

beds of the Callovian rocks at Tatchu Point and in McLean Cove. A Middle Jurassic 

age is, therefore, indicated for the Coast Intrusions of the Kyuquot-Esperanza area, 

and the same age.can be accepted as most probable for the Coast Intrusions of Quatsino 

Sound. 

Another reason for the Cretaceous dating of Coast Intrusions of Vancouver 

Island appears to be the recent energetic advocation of this point of view by Beveridge 

and Folinsbee (1956, p. 20). These workers have emphatically rejected the Middle 

Jurassic age of the Vancouver Island Coast Intrusions proposed by Jeletzky (1954a, 

p. 1269) as being inconsistent with the radioactive ages obtained for the allegedly 

contemporary granitic intrusions in some other areas of British Columbia. The 

biochronological data presented above are, however, quite sufficient to invalidate 

Beverdige and Follinsbee's (1956, p. 20) conclusions. They are, furthermore, 

contradicted by the early Middle Jurassic (Bajocian) radioactive ages of about 167 m. y. 

obtained more recently on a body of Coast Intrusions situated on the west coast of 

Vancouver Island in the proximity of Kennedy Lake (Sutherland-Brown, 1966, pp. 85, 

97, Figs. 6-10). 
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Like Carson (1968, p. 19), the writer was uriable to obtain any evidence 

favouring the occurrence of more than one, geologically brief, major epoch of 

Mesozoic Coast Intrusions within the investigated part of Quatsino Sound. All 

conglomeratic beds of the Bonanza Subgroup observed in the area appear to be 

completely devoid of any coarse-grained, equigranular intrusive pebbles. This 

suggests that only extrusive igneous activity occurred within the area prior to the 

end of deposition of the Vancouver Group. Nor are there _any definite indications of 

the post-Middle Jurassic Mesozoic intrusions within the investigated part of Quatsino 

Sound, as it will.be pointed out in the section devoted to the ?Sooke Intrusions. The 

above conclusion appears to be valid for all other areas of Vancouver Island studied by 

the writer (Jeletzky, unpublished), and agrees well with the results of earlier workers 

such as Dawson (1887), Clapp (1912), Dolmage (1919, 19·21), Gunning (1930, 1931, 

1932, 1933), Bancroft (1937) and Hoadley (1953). Thus, the Mesozoic intrusive 

history of Vancouver Island obviously does not conform to the generalized scheme 

recently promulgated by Sutherland-Brown (1966, p: 83) for the whole of the Insular 

Tectonic Belt of western British Columbia. Nor does it give any support to the hypothesis 

of more or less continuous intrusive activity favoured by many recent workers 

I . • - \ 
(e.g. Sutherland-Brown, 1966, p. 83; Roddick, 1965). 

1 « 
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RESULTS OF MIDDLE JURASSIC OROGENY 

In Queen Charlotte Islands, the Pliensbachian-Toarcian argillites and 

limestones of the Maude Formation are overlain by the Bajocian pyroclastics and, to 

a lesser extent, by arena'ceous to psammitic elastics of the lower Yakoun Formation 

CtP~'- '.: · t~J...., ) 
(Sutherland-Brown, 1968, pp. 61, 68; Jeletzky, 1970b, Fig. 2). Although apparently -

conformable locally, the contact between the Maude and Yakoun Formations is regionally 

unconformable in the writer's opinion because the latter laps onto the older formations 

(Sutherland-Brown, 1968, p. 68). 
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In the Buttle Lake map-area, the Lower Jurassic tuffaceous argillites, which 

on lithologic and stratigraphic grounds are assumed to include beds equivalent to the 

Maude Formation, are overlain by at least 2, OOO feet of andesitic lava flows and 

pyroclastics (Surdam, 1968, p. 20, Fig. 6;Jeletzky, 1970b, Fig. 2). This volcanic 

unit was correlated with the Volcanic division of the Bonanza Subgroup by Surdam 

(1968 , p. 20). In the writer's opinion, however, the lithology and stratigraphic 

relationships of this unit suggest its equivalence with the Yakoun Formation of Queen 

Charlotte Islands. 

In the ATherni map-area, about 1, OOO feet of light coloured lava, tuff, and 

breccia of intermediate (latitic to andesitic) composition was recently discovered by 

J.E. Muller (Muller and Carson, 1969, p. 17). This unit also is believed to be 

correlative with the Yakoun Formation of Queen Charlotte Islands rather than with 

any part of the Volcanic division because it overlies sedimentary rocks apparently 

equivalent to the Pliensbachian-Toarcian greywacke unit of Kyuquot-Esperanza area. 

Muller and Carson (1969, p. 16) have tentatively referred this unit to the Volcanic 

division of the Bonanza Subgroup but have suggested that: "the volcanic rocks of 

Sproat Lake are younger than those occurring on the west coast". 

Middle Jurassic volcanic and sedimentary rocks are unknown in the northwestern 

part of Vancouver Island (Jeletzky, 1954a, p. 1269) where nearly all known outcrop-

areas of the Volcanic division are concentrated. The only known outcrop-area of 

Yakoun volcanics within the Lower Jurassic tectonically and volcanically active zone 

of the Insular Tectonic Belt is that of the Alberni map-area, well outside this part of -· 
Vancouver Island. 
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In the best known parts of the Early Jurassic quiescent zone, namely the !.) 

. \ o!_t_<},O"> .'}, -' 
Buttle Lake area and the Queen Charlotte Islands, deposition of the presumably off shore ' 

v. (see pp. 95-96) predominantly argillaceous elastics and limy oozes of the Harbledown 

and Maude Formations was abruptly terminated in or shortly after the Toarcian. This 

regime was replaced abruptly by one of volcanism, as testified by the appearance of 

the Yakoun Formation. 

Most of the Middle Jurassic Yakoun volcanics and subordinate volcanic elastics 

within the Insular Tectonic Belt appear to be nonmarine deposits. Even in the Queen 

Charlotte Islands where the volcanics of the Yakoun Formation are largely marine and 

contain Bajocian and Callovian ammonite faunas, the rocks commonly include coal beds 

and fossil wood (Sutherland-Brown, 196~, pp. 68, 69). This suggests that the Insular 

Tectonic Belt was largely transformed into a tectonic land by the Middle Jurassic 

orogeny. Judging by the apparently complete absence of Middle Jurassic rocks in the 

northwestern part of Vancouver Island (Jeletzky, 1954a, p. 1269; 1970b, pp. 23-25), 

this part of the belt underwent the greatest uplift and was a source area throughout 

Bajocian and Bathonian time. It would appear that volcanic activity either became 

greatly we.akened or ceased in the Early Juras sic active zone at essentially the 

same time as it was initiated in the zone that was quiescent in the Early Jurassic. 

The volcanism, therefore, migrated east and northwest at the onset of Middle Jurassic 

orogeny. 

It seems likely that most or all of the Lower Jurassic quiescent zone of the 

Insular Tectonic Belt was tectonically and volcanically activated by the Middle Jurassic 

orogeny which began early in Bajocian time, judging by the Middle Bajocian fossils 

collected low in the Yakowi Formation of Queen Char lotte Islands (l'v1cLearn, 1949; 

Sutherland-Brown, 1968, p. 76). 
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The tectonic land formed by the Middle Jurassic orogeny within the Insular 

Tectonic Belt apparently occupied the place of the present Georgia and Queen Charlotte 

Straits and extended northwestward at least as far as Queen Charlotte Islands where 

the Yakoun Formation is composed largely of marine waterlain pyroclastics and 

tuffaceous elastics. Southward, this tectonic land extended at least into the Sproat 

Lake area and eastward almost to the Tatlayoko Lake and Harrison Lake areas 

(Jeletzky, 1965b, p. 72; Tipper, 1969, p. 85). It may haye extended southwestward 

beyond the present day west coasts of Vancouver Island and Queen Charlotte Islands. 

So far as is known, only the early to mid-Callovian seas began to encroJ.ch upon 

the marginal parts of this tectonic land (Jeletzky, 1950, pp. 19-32; McLearn, 1949; 

Sutherland-Brown, 1968, p. 76; Tipper, 1969, p. 85). The Callovian and Late Jurassic 

marine troughs, however, had an entirely different configuration, surrounding rather 

than penetrating the Middle Jurassic tectonic land (Jeletzky and Tipper, 1968, pp. 74-77, 

Fig. 7). These residual Late Jurassic marine troughs formed part of the late Mesozoic 

phase of geological history of the Insular Belt which will be discussed in the following 

parts of ~his report . 

. The data now available about the Middle Jurassic history of the Insular Tectonic 

Belt suggests that the Middle Jurassic orogeny and the accompanying batholithic Coast 

Intrusions (Jeletzky, 1954a, p. 1269; 1970b, pp. 23-25 and above in the Coast Intrusions 

chapter of this report) have annihilated the previously described Lower Jurassic 

tectonic pattern produced there by the latest Triassic orogenic phase (Fig. 6). The 

Middle Jurassic orogeny represents, t_herefore, the veritable turning point in the 
·_, 

geological history of the Insular Tectonic Belt in general and of the Quatsino Sound 

area in partjcular . 
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LATE JURASSIC AND BASAL CRETACEOUS TIME 

No traces of the Upper Jurassic and basal Cretaceous (Berriasian to mid-· 

Valanginian) sedimentary or volcanic rocks, such as occur in the Kyuquot-Esperanza 

area on the west coast of Vancouver Island (Jeletzky, 1950; 1954a, p. 1269) and in 

Queen Charlotte Islands (Mackenzie, 1916; McLearn, 1949; Sutherland-Brown, 1966, 

1968), have been observed either within the investigated part of Quatsino Sound or 

anywhere else on northwestern part of Vancouver Island north of Brooks Peninsula. 

Therefore, it is concluded tentatively that this part of Vancouver Island remained well 

above sea level throughout the late Jurassic and earliest Cretaceous folbwing strong 

regional uplift of the Insular Tectonic Belt caused by the Middle Jurassic orogeny 

-

and the penecontemporaneous invasion of the Coast Intrusions (Jeletzky, .l-f1.70b, pp. 23-25 

and in the previous sections of this report). This tectonic highland apparently remained 

high and was undergoing intensive erosion until the early Early Cretaceous (late 

Valanginian) time and provided fine- and coarse-grained elastic debris to the late 

Jurassic and earliest Cretaceous marine depositional troughs situated just to the west 

and northwest of it (Jeletzky, 1965b, p. 72; 1970b, pp. 23-25; Sutherland-Brown, 

1966, 1968; Jeletzky and Tipper, 1968). 

LOWER CRETACEOUS STRATA 

The rocks of the Vancouver Group and those of the Coast Intrusions locally 

are overlapped unconformably by a thick succession of Lower Cretaceous strata. These 

exclusively sedimentary, partly marine rocks are thought to have covered originally most 

or all of the investigated part of Quatsino Sound. However, this Lower Cretaceous 

cover was largely destroyed by subsequent erosion and only several outliers were 

preser ed within the post-Lower Cretaceous downfaulted blocks (grabens) or synclinal 

structures. 
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The Lower Cretaceous rocks of Quatsino Sound were investigated in some 

detail by Dawson (1887, pp. 83B-99B) because of the reported occurrence of coal 

measures in some of their outliers. The results of this pioneer work were of a great 

value to the writer because Dawson located all of the Lower Cretaceous outliers now 

known to occur within the investigated part of Quats~o Sound and accurately mapped most 

of them. The generalized description of the stratigraphical succession and lithology 

of these rocks provided by Dawson (1887) is, for the most part, remarkably accurate. 

The westernmost of the Lower Cretaceous outliers occurs at the head of 

Browning Inlet. This small outlier oc~upies the middle part of the western shore of the 

inlet around the mouth of Kwatleo Creek and extends up this stream for about 600 feet 

/ ; ," " ' 0 j (see Fig. 18). 

The second, much larger Lower Cretaceous outlier occupies both shores of 

the northern part of Winter Harbour between the mouth of Galato Creek and the 

northwestern end of Ahwhichaolto Inlet, and extends for an unknown distance inland. 

The existence of a strip of Lower Cretaceous rocks connecting the Forward Inlet 

and Koprino Harbour outliers on the northeastern side of Ahwhichaolto Inlet postulated 

by Dawson (1887, p. 85B and geological map) appears to be improbable on structural 

grounds and, • therefore, is not shown on the attached geological map until such time 

as the area concerned is studied. 

The third, small outlier of Lower Cretaceous rocks occupies the tidal 

flat at the southwestern end of Ahwhichaolto Inlet, · most or all of the broad flat-

bottomed valley connecting the latter with the head of Spencer Cove, and the eastern 

shore of the latter. It appears to be only a series of intensely distorted to mylonitized 
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tectonic slices between the individual splays of a major strike slip fault (the 

Mahatta Fault zone) . . 

The fourth, very large Lower Cretaceous outlier occurs on the shores 

of Koprino Harbour between the eastern side of Robson Cove and Prideaux Point 

and the northern shore of Quatsino Sound between Prideaux Point and the point 

about 1, 300 feet northeast of the mouth of Aweisha Creek near the western end 

of Quatsino village. The Koprino Harbour outlier apparently underlies most or 

all of the bottom of Quatsino Sound in this interval as the Lower Cretaceous outcrops 

on Salmon Island just north of the mouth of Monkey Creek almost certair:ly are 

part of its southern margin. Furthermore, the same appears to be true of the 

large outlier occupying the southern shore of Quatsino Sound between the point 

about one mile west of the mouth of Klotchlimmis Creek and that about 1/2 mile 

east of the mouth of Cleagh Creek and extending inland for an unknown but probably 

considerable distance . 

The fifth, and the last investigated Lower Cretaceous outlier occupies 

1he northern shore of Rupert Inlet for about 2 1/4 miles north of a nameless, deeply 

incised cove behind Narrow Island. Thence, it continues north behind Hankin Point 

to the southern base of Stewart Point and across Coal Harbour to the western side of 

Apple Bay. Its southern boundary throughout this interval is a major strike slip fault -

the Holberg Fault. Northward the rocks of the Coal Harbour outlier wedge out within 

1 2 mile s northwa rd of the fault forming its western boundary (Dawson, 1887, p. 91B, Fig. 2) 

I , 17 J or are limited by other major faults (as for example in Rupert Inlet; see Fig. l 7 

and profile). 
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Longarm Formation Equivalents 

\ l ' 
\ . ,. 
' 

The late Valanginian to late Barremian sedimentary rocks discussed 

below are equivalent to the Lower Cretaceous part of the Relay Mountain Group 

of the Tyaughton Trough (Jeletzky and Tipper, 1968, p. 81, Fig. 8) and the Longarm 

Formation recently discovered by Sutherland-Brown on Queen Charlotte Islands 

(see Jeletzky and Tipper, 1968, p. 83, Fig. 8; Sutherland-Brown, 1968, pp. 76-81). 

The Longarm Formation was deposited in the same structural trough as the upper 

Valanginian to upper Barremian sedimentary rocks of Quatsino Sound and the 

two units were probably contiguous. The name Longarm Formation cannot, however, 

be applied to the contemporary rocks of the Quatsino Sound because of their rather 

different lithology. The upper Valanginian to upper Barremian rocks of Quatsino 

Sound are, furthermore, subdivisible into several mappable units of formational 

rank. They should accordingly have group status. The formal naming of the Longarm 

equivalents as a whole and that of their component mappable units was postponed in 

the hope of finding better sections of the units concerned which would be more 

suitable as their type sections. Therefore, all mappable component units of Longarm 

Formation equivalents have been named informally in this report. The descriptive 

informal names applied to them are of the same type as those used by Jeletzky and 

Tipper (1968, p. 12) for the component units of the Relay Mountain Group in the 

Taseko Lakes map-area. 

{ .; / 1 ,._ t ' ,, 

Buchia crassicollis greywacke 

Distribution and stratigraphy. In Forward and Browning Inlets, the basal 

beds of the Lower Cretaceous sequence are considered to be represented by the 500-foot-

thick unit of green-gr E:}y to dark grey, somewhat calcareous, fine- to medium-grained 
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greywacke with minor intercalated beds, lenses and rows of concretions of similarly 

coloured, exceedingly calcareous greywacke or arenaceous (bioclastic) limestone. 

A bed of coarse-grained, pebbly grit, locally grading into fine to very fine, well­

rounded pebble conglomerate, only a few feet thick, forms the base of this greywacke 

unit. This basal bed unconformably overlaps both the Vancouver Group and the 

Coast Intrusions (see .above: p. 108). 

Upward this Buchia crassicollis greywacke grades into unfossiliferous, 

dark grey arenaceous siltstones and similarly coloured fine to very fine, clayey 

greywacke which form the base of the Hauterivian siltstone unit. Section 20 is 

representative of the upper part of the unit while its lower part is well exposed in 

section 21 (see Appendix). 

It is reasonable to conclude that the basal 50 feet of unit 8 of section 20 

correspond to somt! (?upper) part of unit Z of section 21. This lithological correlation 

suggests that the complete thickness of the Buchia crassicollis greywacke is in the 

order of 500 feet. 

The sections, at least 80 feet thick, of Buchia crassicollis greywacke 

occurring immediately north of the mouth of Kwatleo Creek near the head of Browning 

Inlet are lithologically identical with the rocks of units 4 to 8 inclusive of section 21. 

The equivalence of the beds concerned is proven by their stratigraphic position in the 

basal part of the Buchia crassicollis greywacke. This was established by Dawson 

(1887, p. 83B) who observed the Browning Inlet section to: "rest on reddish-weathering 

bard felspaihic rocks of ~e Vancouver series, of which they include rounded pebbles". 

The writer was unable to confirm this observation as the base of the Buchia crassicollis 
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greywacke unit concerned was covered everywhere by beach deposits during his 

visit. However, the interval between its base and the visible stratigraphic base 

of adjacent ? uppermost Sinemurian argillites locally does not exceed 20 feet. 

Only pebbly grit and conglomerate of the basal units 6 to 8 of the Forward Inlet 

section could, therefore, be concealed within this covered interval. 

So far as known, the Buchia crassicollis greywacke outcrops encountered 

in the bed of Kwatleo Creek represent the same basal part of the unit as its exposures 

north of Kwatleo Creek. The top and base of these .exposures are covered and 

almost certainly faulted. 

Aucella piochii , recorded by Dawson (1887, p. 83B) from the Browning 

Inlet section of Buchia crassicollis greywacke, belongs actually ~o Buchia crassicollis 

(Keyser ling, 1846) s. str. and its variants. This was confirmed by additional 

collections made by the writer {GSC loc. 24345) and by the re-examination of the 

original specimens collected by Dawson (1887, p. 83B) at this locality. 

The only other known exposure of Buchia crassicollis greywacke occurs on 

the northeastern shore of the narrows connecting Winter Harbour with Ahwhichaolto 

Inlet near the entrance to the latter. A succession, about 150 feet thick, of strongly 

sheared, hardened, and rose-orange-coloured (metasomatically altered?) Buchia 

crassicollis greywackes striking north to Nl0° E and dipping at 30° to 35° west is 

exposed there. Both contacts of these rocks are covered and almost certainly 

faulted. The beds locally contain abundant Buchia crassicollis and its variants 

(GSC loc. 24277) and presumably comprise the middle or upper calcareous part 

of the unit. 
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Age and correlation. The Buchia crassicollis greywacke is more or less 

fossiliferous throughout (including its basal gritty to conglomeratic bed). This 

marine, neritic to littoral fauna is dominated by Buchia crassicollis (Keyserling, 1846) 

and its variants described and figured by Jeletzky (1965a, pp. 49-55, Pl. XX, Figs. 1, 

9, 11, 12). In the middle part of the unit, 1?. crassicollis commonly occurs in great 

numbers and, locally , beds and lenses, from 1 to 5 feet thick, may be composed 

almost entirely of this fossil. Other rare to very rare fossils present include the 

following: Homolsomites guatsinoensis (Whiteaves) and closely allied Homolsomites 

forms described and figured by Jeletzky (1965a, pp. 38-39, 52-54; Pl. XX, Figs. 3-4, 14), 

indeterminate lytoceratid ammonites, Acroteuthis (Acroteuthis) sp. indet., Inoceramus 

sp. indet. and various other pelecypods. Homolsomites guatsinoensis and allies 

have been found only in the middle part of the unit. However, Buchia crassicollis and 

its variants range throughout all strata and permit an easy recognition. The unit is, 

therefore, named Buchia crassicollis greywacke. 

As already pointed out (Jeletzky, 1965a, pp. 64-65, Fig. 4), all the Buchia 

crassicollis greywacke of Quats ino Sound is of late Valanginian age. The apparently 

complete absence of older Cretaceous rocks, which are so well developed on the west 

coast of Vancouver Island in the Kyuquot-Esperanza area (Jeletzky, .1950, pp. 38-44, 

geol. map; 1965a, pp. 64-65, Fig . 4), is probably due to their non-deposition in the 

investigated parts of Quatsino Sound. This reflects the extreme marginal position of 

the area concerned on the eastern flank of the Insular (=Vancouver Island-Queen 

Charlotte Islands) Lower Cretaceous Trough (Jeletzky, 1965a; Sutherland-Brown, 

1966, p. 84, Fig . 6-6; Jeletzky and Tipper, 1968, p. 81, Fig. 8). 
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Facies and Paleogeography. The localities where Buchia crassicollis was 

found by Dawson (1887, p. lllB; under the name of Aucella piochii Gabb) and 

J.E. Muller (unpublished fossil identifications of the writer; GSC locs. 82857, 82861, 
,_ 

82869, 82884) suggest that the late Valanginian rocks are restricted to the 

west coast of Vancouver Island between Cape Scott a,nd Lawn Point. No outcrops of 

Buchia crassicollis greywacke were observed east of Forward Inlet and the southwestern 

entrance to Ahwhichaolto Inlet and no Valanginian or Hauterivian rocks were found in 

the Cretaceous sections studied by the writer (Jeletzky, 1969, pp. 129-130) in the 

vicinity of Christensen Point on the no:--thern side of Vancouver Island where the 

Barremian rocks overlap the eroded surface of the Thinly Bedded member of the 

Sedimentary division. Finally, Buchia crassicollis greywacke appears to pass laterally 

into the lower part of the apparently largely nonmarine upper Valanginian and ?Hauterivian 

greywacke-conglomerate unit somewhere between Forward Inlet and Salmon Island 

(see below and Fig. 7). It is concluded, accordingly, that the late Valanginian 

transgression did not penetrate eastwards beyond the line defined approximately by 

Fisherman Bay-headwaters of Macjack River-Ahwhichaolto Inlet-Salmon Island. 

Buchia crassicollis gre)T\vacke, and for that matter any Cretaceous rocks / 

appear to be completely absent and probably were not deposited anywhere between 

Kwakiutl Point and Esperanza-Kyuquot area. This circumstance and the apparently 

complete absence of late Valanginian rocks in the Esperanza-Kyuquot area (Jeletzky, 

1965a, pp. 64-66, Fig. 4) suggests that the late Valanginian embayment of Cape 

Scott-Quatsino Sound area resulted from an eastward and/ or southeastward onlap of 

the late Valanginian sea onto a worn down Middle Jurassic tectonic land (Jeletzky, 
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l 9 7 O b, pp. 2 3 - 2 5) and was situated updip of its Callovian to mid-Valanginian 

deposition-area. The alternative hypothesis of a total subsequent (i.e. prior to the 

late Valanginian transgression) destruction of the Callovian to mid-Valanginian marine 

rocks within the western part of Quatsino Sound is discounted as improbable. This 

late Valanginian sea probably did not penetrate sout~eastward much beyond Keith 

River in Brooks Bay (Fig. 7). As far as it is possible to judge, the area of Brooks 

Peninsula remained well above sea level in the late Valanginian time and limited the 

Cape Scott-Quatsino Sound embayment from the southeast. If the mid-Callovian to 

mid-Valanginian Esperanza-Kyuquot embayment continued to exist in the late 

Valanginian (i.e. Buchia crassicollis) time, it would have been separated from the 

contemporary Cape Scott-Quatsino Sound embayment by an extensive landmass 

centered in the positive fault block of Brooks Peninsula. The recent suggestion of 

a northeastern oniap of the early Cretaceous sea of Quatsin.o Sound (Muller, 1970b, 

p. 47) is therefore unacceptable to the writer. 

I 

.-- I 

Hauterivian siltstone unit 

Distribution a nd stratigraphy. The Buchia crassicollis greywacke in the 

northeastern part of Winter Harbour is overlain conformably by at least 1, 260 feet 

of bluish grey to dark grey, brownish to blackish grey weathering, massive-looking 

siltstone containing varying amounts of sand and locally (especially in basal 100 feet) 

grading into similarl coloured, fine- to very fine-grained, very clayey greywacke. 

This unit, named herewith the Hauterivian siltstone unit, contains numerous 

concretions 6 inches to 4 feet long and as much as 3 feet thick. The concretions are 

loaf-like to rounded, locally fossiliferous, and consist of bluish grey to dark grey, 
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dirty yellow to light brown weathering, slightly calcareous siltstone; fine-grained, 

very calcareous greywacke; or impure limestone. They are common throughout the 

thickness of the unit and are normally arranged in rows. A few, 1- to 4-foot-thick, 

persistent beds of similarly coloured impure limestone occur in the middle part of 

the unit. 

The upper contact of the Hauterivian siltstone unit was not observed and 

apparently is a fault in all sections studied. The minimum. value of the unit's thickness, 

given above, was obtained by a somewhat arbitrary combination of several intensely 

faulted and locally contorted partial sections. It must, therefore, be con3idered a 

rough estimate only. 

Except for the basal 100 feet, the siltstones of the Hauterivian siltstone unit 

are fossiliferous at a number of levels: The exclusively marine fauna consists 

predominantly of ammonites. The relatively rare pelecypods and gastropods tend to 

be small and thin shelled indicating that the siltstones of the unit were deposited in 

relatively deep water, well offshore and beyond the reach of most winnowing agents. 

The only known section of the basal part of the Hauterivian siltstone unit and 

its contact with the underlying Buchia crassicollis greywacke adjoins the upper part of 

Buchia crassicollis greywacke in section 20 (see Appendix). 

Section 22 is the only known representative section of the unit. It is nearly 

complete (lacks the basal beds) but is structurally complex. 

Poor, isolated exposures of totally sheared and badly contorted dark grey, 

fine-grained greywacke a_nd similarly c_oloured arenaceous siltstone, lithologically 
_, 

identical with the basal beds of the Hauterivian siltstone unit, occur around the top of 

a nameless point situated immediately southeast of the mouth of Galato Creek. These 

unfossiliferous rocks Lre thought to be tectonic slices of basal beds· of the unit within a 

major northeast-trending fault zone. 
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1he only other known section of the Hauterivian siltstone unit occurs on 

the northeastern shore of the narrows connecting Winter Harbour with Ahwhichaolto 

Inlet near the entrance to the latter (see Fig. 18). This section exposes some 

400 feet of sheared and locally contorted, almost certainly overturned, dark grey, 

notably rusty-weathering, arenaceous siltstones with some loaf-like concretions 

of similarly coloured, yellow-weathering impure limestone. These tmfossi liferous 

siltstones apparently correspond to some part of t.mit 5 of section 22 of. the 
...... 

Hauterivian siltstone unit. On the northeast side, this slic~ · -0f the Hauterivian 

siltstone unit is faulted against the volcanic rocks of the Grey volcanic tmit of 

the Volcanic division of Bonanza Subgroup, whereas on the southeastern side it is 

faulted against the metasomatically altered Buchia crassicollis greywacke. 

Age and correlation. The lighter coloured and coarser greywackes of Buchia 

crassicollis greywacke unit grade imperceptibly into the dark to blackish grey, 

arenaceous siltstone of the Hauterivian siltstone unit in the only section where 

their contact is exposed (see Units 1, 2 of Sec. 20). Therefore, the lower boundary 

of the Hauterivian siltstone unit is drawn at the top of Buchia crassicollis zone 

i.e. at the level of a sudden disappearance of Buchia crassicollis (Keyserling) 

and other representatives of the genus Buchia (= Aucella). However, this regional 

zonal boundary may be situated somewhat beneath the Valanginian-Hauterivian boundary 

as defined by interregional ammonite zones. This was originally suggested by 

Jeletzky (196Sa, p. SS, Fig. 4) and his suggestion is supported by the more recent 

discovery of Valanginites n. sp. ex aff.~. nucleus (Roemer) in the Taseko Lakes 

map area (Jeletzky and Tipper, 1968, p. 203, Addendum) in beds apparently equivalent 

to the basal 100 feet of the Hauterivian siltstone t.mit. In Western and Arctic 

North America the biochronological boundary between the Valanginian and Hauterivian 

stages of the international standard probably coincides with the first appearance 

of Homolsomites oregonensis (Anderson) rather than with the disappearance of Buchia 

crassicollis (Keyserling) and other representatives of the genus Buchia. 
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Lower Hauterivian index fossils, Homolsomites oregonensis (Anderson) and 

H. aff. oregonensis (Anderson) range through an approximately 590-foot thick successioTu 

of beds which are believed to overlie immediately (or almost inunediately?) the 
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nonfossiliferous basa,l 100 feet of the Hauterivian siltstone unit. This part of the unit 

represents the Homolsomites oregonensis zone of Taseko Lakes and Mount Waddington 

map-areas (Jeletzky, 1967, p. 65; 1968, p. 105; Jeletzky and Tipper, 1968). The 

immediately following unfossiliferous interval of the unit, about 310 feet thick,could 

correspond to part or all of the following Hauterivian zones: 1. Homolsomites 

oregonensis zone; 2. Homolsomites packardi zone, the validity of which for the western 

part of the Canadian Cordillera was confirmed by the still unpublished results of the 

recent field work of the writer in Taseko Lakes and Mount Waddington map-areas; and 

3. Speetoniceras-Simbirskites (Hollisites) zone. 

The late Hauterivian Simbirskites (Simbirskites) broadi Anderson occurs first 

about 21 feet above the visible base of the 260-foot- thick upper part of the Hauterivian . . 
siltstone unit. This late Hauterivian fauna ranges up a further 220 feet and the uppermost 

20 feet of this unit did not yield any diagnostic fossils but are assumed to form part 

of the zone. 

A considerable thickness of beds appears to be missing due to faulting between 

the unfossiliferous interval, about 310 feet thick, of the Hauterivian siltstone unit and 

the Simbirskites (Simbirskites) broadi-bearing beds. This could explain the total absence 

of fossils attributable to the middle Hauterivian Speetoniceras-Simbirskites (Hollisites) 

zone which should normally occur between the Homolsomites packardi and Simbirskites 

(Simbirskites) broadi zones (e.g., in Taseko Lakes and Mount Waddington map-areas; 

Jeletzky, 1967, p. 65; 1968, p. 105; Jeletzky and Tipper, 1968). 

The Simbirskites (Simbirskites) broadi- and§.. @.) lecontei-bearing beds of 

the Hauterivian siltstone unit are of a general late Hauterivian age. The possibly 

accidental absence or Craspedodiscus (- Hertleinites) in the VvTitcr's collections 
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precludes the more exact correlation of these beds. Judging by Imlay's (1960, 

pp. 178-180) comments, Simbirskites (Simbirskites) broadi is not restricted to 

the zone of Hertleinites aguila ( '°"' the uppermost Hauterivian Craspedodiscus cf. 

discofalcatus-Simbirskites (Simbirskites) cf. broadi zone of the Taseko Lakes map­

area; Jeletzh.-y and Tipper , 1968) but ranges into the next older, still late Hauterivian 

Hamlin-Broad zone of Anderson (1938, pp. 47, 48) . In Taseko Lakes map-area, the 

beds immediately underlying the Craspedodiscus cf. discofalcatus-Simbirskites 

(Simbirskites) cf. broadi zone and presumably equivalent to the Hamlin-Broad zone 

are unfossiliferous. The Simbirskites (Simbirskites) broadi- and§.. (§_.) lecontei­

bearing beds of the Hauterivian siltstone unit may, therefore, correspond either to 

this unfossiliferous interval and to the H.amlin-Broad zone of northern California or to 

the Craspedodiscus cf. discofalcatus-Simbirskites (Simbirskites) cf. broadi zone 

(= Hertleinites aguila zone). 

The probable total absence of Inoceramus colonicus Anderson in the Hauterivian 

siltstone unit is a peculiar phenomenon (see below pp. 138-139) as this species abounds 

in all other known sections of the middle to late Hauterivian rocks of the Canadian 

western Cordillera regardless of their facies. 

Facies and paleogeography. The offshore lithology and fauna of the Hauterivian 

siltstone unit reflects considerable deepening of the Lower Cretaceous sea that occupied 

Browning and Forward Inlets area at the end of Valanginian time. However, the deeper 

Hauterivian sea apparently did not extend any farther east than the much shallower 

late Valanginian sea (cf. Figs. 7 and 8). The absence of outcrops of the H auterivian 

siltstone unit east of Browning and Forward Inlets and east of the southwestern entrance 

to Ahwhichaolto Inlet does not seem to be attributable to its sub::;equent erosion. For 
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reasons given below, it appears much more probable that the Hauterivian siltstones 

pass laterally into the upper part of the largely nonmarine upper V alanginian and? 

Hauterivian greywacke unit somewhere between the Forward Inlet and Salmon Islets. 

It is possible also, although admittedly less probable, that no Hauterivian rocks of 

any kind were deposited in the eastern part of Quatsino Sound area because of its 

strong uplift at the end of Valanginian time . 

Hauterivian rocks are completely unknown either · in that segment of the 

west coast situated between Quatsino Sound and Cape Scott or within the Christensen 

Point Cretaceous outlier (Jeletzky, 1969; 1970a) on the northern side of Vancouver 

Island. It is suggested tentatively that, in this part of the west coast, the Hauterivian 

sea did not penetrate any farther than did the late Valanginian sea (Fig. 8) . 

Hauterivian rocks are unknown south of Forward Inlet and Salmon Island. 

Therefore, there is no reason to assume that the Cape Scott-Quatsino Sound embayment 

entended any farther southeastward in Hauterivian time than it did in late Valanginian 

(cf. Figs. 7 and 8). The Hauterivian Brooks Peninsula landmass may have been more 

extensive than its late Valanginian predecessor if the probable absence of the Hauterivian 

rocks in the Esperenza-Kyuquot low Lower Cretaceous outcrop-area (Jeletzky, 1950; 

1954a; ,1965a) reflects their non-deposition rather than subsequent erosion there. 

; / 
L 

~ 

I' 

Upper Valangian and Hauterivian greywacke conglomerate ~it 

Distribution and stratigraphy. As discussed previously, the fossiliferous, 

entirely marine Buchia crassicollis greywacke and Hauterivian siltstone units were not 

observed cast of Forward and Browning Inlets. In this part of the investigated area, 

the basal beds of the Lower Cretaceous sequence are represented by a relatively thin 
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unit of coarser elastic rocks. This lithologically variable unit, at least 330 feet thick, 

consists largely or entirely of unfossiliferous, mostly coarse- to medium-grained, 

gritty greywackes and poorly rounded pebble to boulder conglomerates. This unit 

appears to be a predominantly nonmarine facies of the Buchia crassicollis greywacke 

and Hauterivian siltstone units combined because of the similar stratigraphic position 

and the observed interfingering of the lower part of the unit with marine upper Valanginian 

rocks in its westernmost (i.e. Salmon Islets; see Sees. 25, 26) sections. It is named 

accordingly the Upper Valanginian and? Hauterivian greyw·acke-conglomerate unit. 

In spite "of the scarcity of well-exposed, representative sections, the Upper 

Valanginian and? Hauterivian greywacke-conglomerate unit seems to show rather 

regular and meaningful facies changes in the east-west direction. 

The easternmost known sections of the Upper Valanginian and? Hauterivian 

greywacke-conglomerate unit occur on the northern shore of Quatsino Sound east of 

the mouth of Aweisha Creek (see Unit 1 of Sec. 8) and on the southern shore of the 

Sound, 1 mile west of the mouth of Klotchlimmis Creek. The latter, more representative 

section is described in the Appendix (see Sec. 23). 

The topmost bed of section 23 is separated from the visible base of the 

Barremian fine-grained greywacke unit only by a covered interval, about 200 yards 

wide, which is possibly underlain, in part at least, by the Inoceramus colonicus 

calcarenites. It is concluded accordingly that most of the thickness of the conglomeratic 

facies of the Upper Valanginian and? Hauterivian greywacke-conglomerate unit is 

exposed in this section. _, 
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West of the Aweisha and Klotchlimmis Creek sections, the rocks of the 

Upper Valanginian and? Hauterivian unit are largely composed of coarse- to 

medium-grained, gritty and pebbly greywacke with only minor interbeds of grit 

and pebble conglomerate (see Sec. 24 in the Appendix). Furthermore, numerous interbeds 

of the presumably marine black to grey siltstone and shale appear in the basal parts 

of these sections . 

Although thin, section 24 illustrates well the gradual replacement of pebble 

conglomerates and grits of the Upper Valanginian and? Hauterivian greywacke-

conglomerate unit by finer grained rocks away from its inferred easterl' and? southeastern 

source area. This westward change of facies of the unit is even better illustrated by 

other much more extensive sections (see Sees. 25 and 26 of the Appendix) occurring 

about 3 miles farther west on Salmon Islets. 

Section 25 (see Appendix) is important in being the only one containing well-

preserved and diagnostic fossils of Buchia crassicollis zone. Another quite similar 

section of the Upper Valanginian and? Hauterivian greywacke-conglomerate unit 

(see Units 12 to 17 of Sec. 26) was measured on the same islet at the point about 600 feet 

west of the base of section 25. 

The basal part of the Upper Valanginian and? Hauterivian greywacke-conglomerate 

unit is not exposed on Salmon Islets. It seems possible, however, that the black-grey 

siltstone forming the visible base of section 25 corresponds to the shale unit (1) of 

section 24 occurring about 3 miles farther east. This somewhat arbitrary combination 

of sections would suggest a total thickness of only 315 feet for the western facies of the 

Upper Valanginian and? Hauterivian greywacke-conglomerate unit. 



- 135 -

Age and correlation. As the name Upper Valanginian and? Hauterivian greywacke­

c onglomerate indicates, it is by no means certain that this unit includes any Hauterivian 

beds . So far only upper Valanginian fossils have been found in the unit and the contact 

of the unit with the overlying, presumably early Barremian Inoceramus colonicus 

calcarenites is erosionally disconformable, and possibly regionally unconformable, 

in the Salmon Islets sections. The known thickness of the Upper Valanginian and? 

Hauterivian greywacke-conglomerate unit is small as compared with the combined 

minimum thickness of the Buchia crassicollis greywacke and Hauterivian siltstone 

units, in spite of the fact that one would expect a shoreward (i.e. eastward) thickening 

of the units concerned. These relationships could be interpreted as suggestive of an 

erosional removal of the time equivalents of the Hauterivian siltstone unit in the 

Salmon Islets sections prior to the deposition of the.!_. colonicus calcarenites. The 

probable restriction of the upper Valanginian marine interbeds to the lower part of the 

Salmon Islets' sections is, however, against this interpretation. The upper, 

unfossiliferous beds of the Upper Valanginian and? Hauterivian unit, which are 

about 120 feet thick in the Salmon Islets' sections, are therefore assumed tentatively 

to be of general Hauterivian age. 

Finally, it is possible that the upper Valanginian and Hauterivian rocks 

pinch out completely just east of the longitude of Salmon Islets and that the conglomeratic 

facies of the Upper Valanginian and? Hauterivian unit outcropping between Cleagh 

Creek and the mouth of Neroutsos Inlet represents the basal conglomerates of the 

Barremian fine greywack~ unit. However, this possibility is considered improbable 
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because of the lithological similarity of the shale member (bed 2) occurring in the 

Cleagh Creek section 24 to the Buchia crassicollis-bearmg shales and siltstones of the 

Salmon Islets' sections. 

Facies and paleogeography. The lithology of the Upper Valanginian and? 

Hauterivian greywacke-conglomerate unit indicates that these beds were deposited 

mainly on the beaches fringing from the east and southeast the upper Valanginian and? 

Hauterivian seas of Quatsino Sound (see Figs. 7 and 8). However, they could have 

been partly (especially the eastern facies) deposited by fast moving streams draining 

the tectonic highland which is thought to have been situated to the east and southeast of 

the investigated part of Quatsino Sound (Jeletzky, 1965b, p. 72; Sutherland-Brown, 1966, 

p. 84, Fig. 6-6; Jeletzky and Tipper, 1968, p. 82, Fig. 8) and transported into the 

upper Valanginian and? Hauterivian seas. 

This paleogeographical interpretation of the Aweisha and Klotchlimmis Creek 

sections (see Sees . 8 and 23) of the Upper Valanginian and? Hauterivian greywacke­

conglomerate unit agree s well with the apparent absence of equivalent rocks farther east. 

The basal beds of Cretaceous outcrops of the Coal Harbour outlier were not 

studied but Dawson's work (1887, pp. 90B-99B) suggests that equivalents of the Upper 

Valanginian and? Hauterivian greywacke-conglomerate unit were not deposited in this easternmost 

part of Quatsino Sound. Data supporting this are as follows: (1) no basal conglomeratic 

units lithologically similar to those of Aweisha Creek and Klotchlimmis Creek sections 

of this unit occur in any of the sections and borehole logs cited by Dawson (1887, 

pp. 90B-99B); (2) the presumably Barremian Quoiecchlaaliciae fauna discussed later in 

in this report occurs close ly above the base of the Lower Cretaceous sequence in the 

Nookneemish Creek section (see beiow) and eisewhere in the vicinity of Appie Bay 
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(Dawson, 1887, p. 94; J.E. Muller's unpublished collections; GSC locs. 24292, 24293); 

(3) the presumably Aptian coal-bearing beds and the immediately overlying Aptian to 

Albian conglomerate unit occur much closer to the base of the Lower Cretaceous 

sequence in the Coal Harbour outlier than in the more westerly areas · of Quatsino 

Sound; (4) the Barremian Acroteuthis cf. pseud opander i (Sintsov) has been found in 

the basal beds of the sections of Barremian variegated elastic unit measured at the 

headwaters of Lippy Creek east of Neroutsos Inlet (see Unit 2 of Sec. 29); and (5) the 

sections measured on the eastern side of Christensen Point Cretaceous outlier (Jeletzky, 

1969, pp. 129, 130) appear to lack any !ffe-Barremian rocks. 

Accordingly, it is suggested that the area of Rupert Inlet and that of the 

adjacent southern part of Holberg Inlet (at least as far north as Apple Bay) represented 

a tectonic highland throughout the late Valanginian and most or all of Hauterivian time. 

Tnis inferred tectonic highiand apparently was the source area for the rocks of the 

Aweisha and Klotchlimmis Creek sections of the predominantly conglomeratic eastern 

facies of the Upper Valanginian and? Hauterivian greywacke-conglomerate unit. This highland 

likely became peneplaned only toward the end of the early Barremian. Soon thereafter 

it was flooded by the late Barremian transgression which apparently covered the whole 

northwestern end of Vancouver Island. 

Inoceramus colonicus calcarenites Le L• 

In Lower Cretaceous sections studied on Salmon Islets, the Upper Valanginian 

and? Hauterivian greywacke-conglomerate unit is overlain disconformably and possibly 

regionally unconformably by a unit, at least 208 feet thick, of bioclastic limestones with 

numerous interbeds of limy to very limy elastic rocks. 
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The fauna of the Inocerarnus colonicus calcarenites consists almost solely 

of the name fossil which occurs throughout the thickness of the unit, commonly occurs 

in great numbers, and may be, locally, the dominant constituent of beds, lenses and 

pods, 1 foot to 5 feet thick, in any type of its rocks, not excluding the sedimentary 

breccia. Inoceramus colonicus is unknown in the underlying and overlying Lower 

Cretaceous rocks of Quatsino Sound. The calcarenitic unit discussed here was named, 

therefore, the Inoceramus colonicus calcarenites. 

Distribution and stratigraphy. Inoceramus colonicus calcarenites are 

considerably more widespread than any of the previously described, older Lower 

Cretaceous marine units of Quatsino Sound. On the northern shore of Quatsino Sound ,' 

these beds extend eastward at lea~t to Koprino Harbour where a small outcrop (fault 

slice) occurs on the eastern shore of Spencer Cove. On the southern shore of 

Quatsino Sound, L colonicus calcarenite s extend eastward at least to Salmon Islets 

and may extend still farther east to the eastern side of the Kewquodie Creek Cretaceous 

outlier. 

Inocerarnus colonicus calcarenites are fine to coarse grained, medium to 

dark grey, invariably arenaceous and arg illaceous, and commonly more or less gritty 

and pebbly. These limestones in places grade laterally into and contain considerable 

pods , lenses and beds of Inoceramus coquina composed mainly of complete and well­

preserved shells of L colonicus Anderson. Numerous inter beds of dull grey, dark 

grey or almost black, limy to very limy shale and sandstone, as well as some 

intercalated beds of limy pebble conglomerate and sedimentary breccia are scattered 

throughout the succession of Inoceramus colonic us calcarenites. 
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The bulk of the information now available on the lithology, thickness and 

fauna of the Inoceramus colonicus calcarenites was obtained from their Salmon 

Islets sections. None of these sections exposes the complete succession of the unit 

but the combination of sections 25 and 26 (see AppendLx) permits a reasonably close 

estimate of the total thickness and provides data regarding its lithology and 

contact relationships. 

Because of the lithological monotony and pronouncedly lenticular nature 

of all observed beds of the Inoceramus colon icus c alcarenite unit, it was not possible 

to recognize the individual beds described in s ection 27 in the adjacent section 26. 

However, it seems like ly that at least the units 6 to 11 inclusive of the latter section 

do not occur in section 27 and that the total thickne ss of Inoceramus colonicus 

calcarenite s on Sal mon Islets is either close to or exceeds 225 feet. 

Present information indicates that the poorly exposed and structurally 

complex outcrops of Inoceramus colonicus c alcarenifos occurring in Winter Harbour 

(see Unit 1 of Sec. 22) do not differ in their lithology from the Salmon Islets sections 

of the unit. The ·winter Harbour outcrops a re interesting, however, because they 

-
indicate th~t the apparently neritic Inoceramus colonicus calcarenite s overlap both 

the nonmarine to littoral Upper Valanginian and ? Hauterivian greywacke-conglomerate 

unit and the offshore Hauterivian siltstone unit. 

The only other known section of Inoceramus colonicus calcarenites occurs on 

the eastern shore of Spencer Cove in Koprino Harbour. This se ction consists of 50 to 

60 feet of drab grey to greenish grey, m ore or less arenaceous limestone commonly 

containing abundant small and large fragments of Inoceramus resembling.!__. colonicLtS 

Anders.on (none collected}. An almost complete guard of Acroteuthis (Bore ioteuthis) 

aff . impressa (Gabb) was collected at about the middle of the unit (GSC loc. 24300). 

Some interbeds of mottied green to motlled grey, fine- to medium-grained greywacke 
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occur in the middle part of limestone member, which is underlain (seemingly conformably) 

by 2 to 3 feet ov very limy, brownish grey, fine-grained sandstone (calcarenite?). The 

base of this sandstone is concealed below the water level. The upper contact is a fault 

contact. Inoceramus colonicus calcarenites are mainly jointed and sheared and locally 

completely crushed and contorted. Their general strike varies from north 30 ° west to 

north-south and dips vary from more or less vertical to 25 ° east. 

Age and correlation. As already mentioned by Popenoe et al. (1960), Imlay 

(1960), Jeletzky (1970c, p. 221), Jeletzky and Tipper (1968, p. 9, Table I), .L colonicus 

ranges through most or all of the Hauterivian stage as well as through part or ? all of the 

Barremian stage .(Shasticrioceras poniente zone). Therefore, and because of a 

considerable local variation of its strati&raphic ranges in western British Columbia, 

the species does not permit a close dating of Inoceramus colonicus calcarenites of 

Quatsino Sound. These calcarenites cannot, however, be any older than the latest 

Hauterivian Craspedodiscus cf. discofalcatus and Simbirskites cf. (Simbirskites) broadi 

zone of Taseko Lakes map-area (Jeletzky and Tipper, 1968) or the approximat;ely 

contemporary Hertleinites aguila zone of northern California (Imlay, 1960, pp. 180-181) 

as: 

1. In Winter Harbour the Inoceramus colonicus calcarenites appear to overlie 

late Hauterivian siltstone containing Simbirskites (Simbirskites) broadi (see Units 1 and 

3 of Sec. 22) which cannot be older than the early late Hauterivian and may be as late 

as the uppermost Hauterivian Craspedodiscus cf. discofalcatus and Simbirskites 

(Simbirskites) cf. broadi zone. 

2. The latest Hauterivian to early Barremian index fossil Shasticrioceras cf. 

poniente Anderson was found 145 to 147 feet stratigraphically below the top of Inoceramus 

colonic us calcarenites in their Salmon Islets sections (see Unit 7 of Sec. 27). The genus 
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Shasticrioceras is not known to range below the uppermost Hauterivian Hertleinites 

aguila zone in California and Oregon (Imlay, 1960, pp. 180-181) and the same appears to 

be true of the Western Canadian Cordillera (Jeletzky, 1968, pp. 103-104). The genus 

Shasticrioceras in general and its .§_. poniente-like forms in particular ore, furthermore, 

rare to very rare in the uppermost Hauterivian beds while much more common in the 

succeeding, early to ?late Barremian Shasticrioceras poniente zone of California, 

Oregon and Canadian Western Cordillera (Imlay, 1960, pp. 180, 198; Jeletzky, 

unpublished). This circumstance definitely favours the early Barremian age of at 

least the upper 150 feet of the Inoceramus colonic us calcarenites of Quatsino Sound. 

The probable middle to late Barremian age of the basal beds of the overlying Barremian 

fine-grained greywacke unit is compatible with this suggestion. The Inoceramus colonicus . 
beds of Quatsino Sound are dated accord:lngly as of the early Barremian ?and/or latest Hauterivian 

age. 

Facies and paleogeography. The calcarenitic lithology, the invariable, commonly 

large admixture of psammitic and psephytic fragments, and the expressly shallow water 

character of the marine fauna of the unit indicate the neritic nature of Inoceramus colonicus 

limestones. The same is true probably of the limy to very limy, fossiliferous sandstones 

and shales intercalated with these limestones. Because of the relatively extensive area 

of deposition of the Inoceramus colonic us calcarenites (Fig. 9) and their lateral 

replacement by the littoral, brackish water, and nonma.rine elastics of the lower part 

of the Barremian variegated elastic unit in Holberg and Rupert Inlets and east of Neroutsos 

Inlet (see below and in the next two sections), it is thought that these calcarenites were not 

deposited in close proximity to the lower tidal boundary or on the intertidal platforms. 

It is L.·1fcrrcd accordingly thn.t most or all cf the extensi\'e Quatsi..'10 Sound emba~yment of 



- 142 -

early Barremian ? and/ or latest Hauterivian sea was shallow to very shallow (mostly 

a few fathoms only?). Inoceramus colonicus calcarenites must have been deposited 

in strongly agitated and well aerated, shallow waters of the central part of this 

embayment. The local interfingering of these calcarenites with more or less limy 

and arenaceous to pebbly shales, gritty to pebbly sandstones and obviously submarine, 

sedimentary breccia (e.g . Unit 6 of Sec. 26) suggests the presence of a more or less 

strongly diversified bottom relief and of at least some loq1l source areas (?islands) 

within the central parts of this embayment. The sedimentary breccia and arenaceous 

to pebbly shales; in particular, appear to be the result of local slumpin~ of only 

partly consolidated sediments deposited on relatively steep submarine slopes. 

The known and assumed extent of the Inoceramus colonicus calcarenites and 

their nearshore to nonmarine equivalents (i.e. the lower part of the Barremian 

variegated elastic unit) reflects a considerable eastward and(?) southeastward transgression 

of the shallow to very shallow early Barremian ?and/or latest Hauterivian sea within 

the investigated part of Quatsino Sound. This sea flooded considerable areas on the 

north.eastern flank of the Valanginian and Hauterivian tectonic land (compare Figs. 7 and 

8 with Fig. 9) along the northern coast of Vancouver Island, in Holberg-Rupert Inlets and 

east of Neroutsos Inlet. 

The predominantly coarse elastic character of and the paucity or absence of 

carbonaceous rocks in the lower part of the Barremian variegated elastic unit within 

the Christensen Point Cretaceous outlier and in the outcrops on the eastern side of 

Neroutsos Inlet suggest the existence of a reasonably high landmass close to the northeast, 
~ . 

east and southeast of these two areas. The predominantly finer, in part carbonaceous 

to :::oaly lithology of the lower part of the Barremian variegated elastic unit on the 
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northern side of Holberg Inlet suggests that; (1) either the intervening part of the 

flanking landmass was relatively low or, (2) more likely an extensive eastward-

protruding estuarine to lagoonal enclave of the early Barremian ?and/ or latest 

Hauterivian sea existed between the two flanking headlands in Holberg Inlet area 

(Fig. 9). The continuing existence of an extensive Brooks Peninsula landmass is 

inferred because of the previously discussed probable late Valanginian-Hauterivian 

orographic conditions which probably continued into Barremian time. The complete 

absence of post-middle Valanginian Cretaceous marine rocks anywhere on the west 

coast of Vancouver Island southeast of Quatsino Sound area is particular~y suggestive 

of the continuous existence of this landmass. 

The erosionally disconformable, and possibly regionally unconformable 

character of the lower contact of the Inoceramus colonicus calcarenites observed in 

their Salmon Islets sections suggests that the early Barremian ? and/ or latest 

Hauterivian transgression was preceded by tectonic movements of some kind. 

Bar.remian fine-grained greywacke unit 

A poorly exposed unit, at least a few hundred feet thick, of fine- to very 

fine-grained greywacke with numerous interbeds of sandy siltstone underlies all of 

the shoreline within the Kewqucxlie Creek Cretaceous outlier and forms a few scattered 

outcrops in the Salmon Islets and in Spencer Cove on northwestern side of Koprino 

Harbour. This unit is named herewith the Barremian fine-grained greywacke unit. 

Stratigraphy. The Barremian fine-grained greywacke unit consists 

predominantly of dark grey to green-grey or bluish grey, massive to indistinctly 

bedded, almost exclusively fine- to very fine-grained and more or less silty greywacke. 

This greywacke, which weathers spheroidally and conchoidally, commonly grades 



- 144 -

laterally into similarly coloured, more or less sandy, massive to slabby siltstone. 

Locally, the unit may include numerous inter beds of this siltstone and, in parts of 

the unit, numerous concretions, pods, lenses and interbeds, 6 inches to several 

feet thick, of lighter grey coloured, brownish grey to brown-weathering, calcareous 

greywacke are common. The rocks of the Barremian fine-grained greywacke unit 

are characterized by an extreme lithological monotony and by a complete absence of 

any horizon markers. All its rock types appear to be of marine origin. 

The upper contact of the Barremian fine-grained greywacke unit is not 

exposed in any of th.e studied sections and appears to be faulted at all localities. The 

contact with the underlying Inoceramus colonicus calcarenites is very abrupt but 

uneven wherever it was seen (e.g. Unit~ 2, 3, of Sec. 27). A bed of fine to medium 

pebble conglomerate or coarse- to medium-grained, gritty and pebbly greywacke, 

1/2 to 1 1/2 feet thick, forms the base of the Barremian fine-grained greywacke unit 

so that its lower contact is at least erosionally disconf ormable and possibly regionally 

unconformable in the Salmon Islets sections. This contact was not observed in any 

other studied section of the Barremian fine-grained greywacke. 

All observed sections of the Barremian fine-grained greywacke unit are 

thin, poorly exposed and incomplete. The rocks of the unit have few distinctive 

lithological characteristics which would facilitate their reliable differentiation from 

the lithologically similar but mainly more finely grained rock types of the Hauterivian 

siltstone unit or of the generally more coarse-grained rock types of the Barremian 

variegated elastic unit, Diagnostic :fossils are therefore critical for the recognition 

of the Barremian fine-grained greywacke unit and the sequential arrangement of its 

short and incomplete individual sections. 
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The basal beds .of the Barremian fine-grained greywacke are satisfactorily 

exposed in units 1 and 2 of section 27 on the largest Salmon Islet and what are 

considered to be the next younger beds of the lower part of the unit are exposed in 

section 28 nearby. 

Poor and intermittent outcrops of dull grey.to bluish grey, or dark grey, 

almost exclusively fine- to very fine -grained, somewhat clayey and commonly shale­

like, slabby, conchoidally to spheroidally weathering greywacke of the Barremian 

fine-grained greywacke unit occur on the southern shore of Quatsino Sound on a broad 

tidal shelf east of Kewquodie Creek. Ellipsoidal to round concretions, 6 to 10 inches in 

diameter , of limy, unfossiliferous greywacke are common in the middle part of the 

unit. The base and top of the unit are covered and almost certainly faulted. These 

beds contain fragments of Eulytoceras aff. phestum (GSC loc. 23279) and lack Heteroceras 

(Heteroceras) cf. heliceroides; they are accordingly placed in the lower part of the 

unit. They correspond mainly to the greywackes exposed in section 28 but may include 

younger beds not exposed in this section. 

The gre)".vackes outcropping around the mouth of Kewquodie Creek and in its 

bed are somewhat different lithologically from the greywackes comprising the basal 

part of the Barremian fine-grained greywacke unit on the eastern side of Kewquodie 

Creek outlier and in the previously described Salmon Islets sections. They overlie 

these greywackes conformably and contain a different, younger ammonite fauna 

(GSC locs. 23274, 23276, 23278, 23280 and 23282) characterized by a common occurrence 

of Heteroceras (Heteroceras) cf. heliceroides (Karsten), ?Hemihoplites sp. indet. and 

Eulytoceras n. sp. aff. inequalicostatum (d' Orbigny). These rocks are the youngest 

beds of the Barremian fine-grained greywacke unit seen by the writer. 
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The Kewquodie Creek outcrops of the Barremian fine-grained greywacke 

unit extend for about 1 mile across its predominant strike of north 30 ° to 40 ° west. 

The dips fluctuate between 5 ° and 25 ° west. Barring the possible repetition of beds by 

faulting, some 1, 300 feet of Barremian fine-grained greywacke unit should be 

represented within this Lower Cretaceous outlier. This inferred thickness is 

believed to include most of the sections, as much as 100 feet thick, of its basal part 

exposed on Salmon Islets. 

Some 35 to 40 feet of dark to brownish grey, sandy siltstone outcropping 

.C. r i1 
at the tip of the eastern shore of Spencer Cove in Koprino Harbour (see Fig. 1 7) 

did not yield any fossils. These rocks are correlated tentatively with the Barremian 

fine-grained greywacke unit because of their stratigraphic position and distinctive 

lithology. These sandy siltstones include numerous pods and lenses of fine- to 

coarse-grained, dark grey greywacke, grit, and fine pebble conglomerate in their 

basal 10 to 15 feet. They appear to overlie the Inoceramus colonicus calcarenites 

but the contact is obscure because of faulting and contortion of the beds concerned. 

The top of these basal beds of the Barremian fine-grained greywacke unit is cut off 

by a major fault. 

,Age and correlation. The fauna of the Barremian fine-grained greywacke unit in-

eludes diagnostic elements such as:Partschiceras infundibulum (d'Orbigny), Eulytoceras 
(. 

aff. phestum (Matheron), ~- n. sp. aff. inequalicostatum (d'Orbigny), and Heteroceras 

(Heteroceras) cf. heliceroides (Karsten) which indicate its Barremian and partly or 

entirely mid to late Barremian age in terms of the international standard. The occurrence 

of g_.(!!.:) cf. heliceroides clearly indicates the late Barremian age of the fauna and that 

of A. aff. argonautarum could even be interpreted as suggestive of an Aptian age. The tim 
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range of Argonauticeras is , however, but poorly known and its evidence is, 

therefore, discounted . Other taxa in the fauna include Partschiceras infundibulum 

(d 'Orbigny) s. str., Hypophylloceras cf. onoense Stanton, some other indeterminate 

ph Uoceratids, Eulytoceras ex gr. subfimbriatum (d'Orbigny), ?Hemihoplites sp. 

indet. , Acroteuthis (Boreioteuthis) ex aff. impressa (Gabb), Inoceramus aff. 

quatsinoensis Whiteaves, Pleuromya vancouverensis Whiteaves, indeterminate 

pectenids, several other generically indeterminate pelecypods, "Pterocera" sp. 

indet. and several other generically indeterminate gastropods. 

At least .two Barremian faunas are represented in the Barremian fine-grained 

greywacke unit. Eulytoceras aff. phestum (Matheron) and Argonauticeras aff. 

argonautarum Anderson were found only in the lower part of the unit presumably not 

higher than 150 feet stratigraphically above its base. Heteroceras (Heteroceras) cf. 

heliceroides (Karsten), ?Hemihoplites sp. indet., ?Shasticrioceras ex gr. poniente 

Anderson and ?Eulytoceras n. sp. aff. inequalicostatum (d'Orbigny) were found, 

in contrast, only in other outcrops of the unit centered around Kewquodie Creek, 

apparently its youngest exposed part, and lacking completely~ . aff. phestum and Argonautkeras 

aff. argonautarum. Partschiceras infundibulum (d 'Orbigny) s. str. occurs throughout 

the exposed parts of the unit. These two ammonite faunas correspond to two well-defined 

Barremian faunas occurring in the Jackass Mountain Group of Manning Park area in the 

Northern Cascade Mountains of British Columbia (Jeletzky, 1970c, pp. 216, 217, Fig. 1). 

The lower of these Manning Park area faunas contains Eulytoceras ex aff. phestum 

(Matheron) apparently COl).Specific with .E;. aff. phestum of the Barremian fine-grained 

greywacke unit. The upper fauna of Manning Park area contains well-preserved Hemihoplitcs 

n. sp. aff. !! . soulieri (Matheron) possibly conspecific with the less satisfactorily preserved 

.. 
?Hemihoplites sp. indet. of the Barremian fine-grained greywacke unit. 
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The presence of Heteroceras (Heteroceras) cf. heliceroides (Karsten) in 

the upper fauna of the Barremian fine-grained greywacke unit is most important in 

permitting its confident correlation with the Heteroceras zone of the late Barremian 

substage of the international standard (Busnardo, 1965, p. 165, Table II). It confirms, 

furthermore, the previously somewhat doubtful (because of the presence of Eotetragonites 

ex gr. wintunius) late Barremian dating of the Hemihoplites n. sp. aff. soulieri fauna 

of the Manning Park area proposed by Jeletzky (1970c, pp_. 216, 217, Fig. 1). 

The basal beds of Barremian fine-grained greywacke and the equivalent 

older Barremian fauna of Manning Park area can be tentatively placed in the middle 

part of the Barremian stage on grounds stated by Jeletzky (1970c, p. 216). 

The Heteroceras (Heteroceras) cf. heliceroides fauna is present in the 

Longarm Formation of Queen Charlotte Islands because a further study of Heteroceras in broad 
f . 

sense) sp . previously identified by the writer from this formation (Sutherland-Brown, 1968, p. 82) 

l 
indicates its being conspecific with Heteroceras (Heteroceras) cf. heliceroides (Karsten) 

of the Barremian fine-grained greywacke unit. 

Barremian variegated elastic unit 

The basal part of the Cretaceous sequence occurs on the eastern side of 

Neroutsos Inlet, on the northern shore of Coal Harbour, farther west on the northern 

shore of Holberg Inlet, and on the northern side of Vancouver Island on both sides of 

Christensen Point. At these localities it consists of a unit, 14 o feet to 

more than 1, OOO feet thick, of poorly exposed, variegated marine to nonmarine 

elastic st-ra.ta locally containing some thin seams of inferior coal. These rocks were 

named informally "Barremian variegated elastic unit" (Jeletzky, 1969, p. 127) 

because of their age and their extremely variable, elastic lithology. 
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The lithology and facies of these elastic beds are unlike those of the marine 

Barremian rocks (i.e . Barremian fine-grained greywackc unit and Inoccramus colonicus 

calcarenites) outcropping in more westerly parts of Quatsino Sound. However, the 

·fossil content of these rocks suggests that their lower part is equivalent to the 

Inoceramus colonicus calcarenites and that their upper part is correlative with the 

next younger Barre mian fine-grained greywacke unit. 

Stratigraphy. Perhaps the most distinctive feature of the Barremian variegated 

elastic unit is the great variability of its rock types and their facies . The marine 

elastic :: r ange from dark to dull grey, orange- to rusty-weathering, more or less arenaceous 

siltstone with small and large, rounded limy concretions, through dull grey to green-

grey, fine- to coarse-grained, often gritty and pebbly greywacke and arkoses to 

similarly coloured, fine to coarse pebble and boulder . conglomerates . The nonmarine 

elastics include carbonaceous io coaiy slitstones, greywactrns, arlrnses and conglomerates 

devoid of marine fossils but commonly rich in carbonized wood fragments and plant 

remains . The ratios of different elastic types and those of marine and non marine facies 

vary considerably within short distances across and along the strike . However, the 

ratio of marine facies appears to be the greatest in the southeasternmost known outcrops 

at the headwaters of Lippy Creek on the northeastern side of Neroutsos Inlet (Jeletzky, 

1969, pp . 127, 128) and in the northwesternrnost outcrops near the western end of 

Holber g Inlet. The nonmarine facies and the bulk of coaly rocks including one or more 

thin (3 inches to 8 inches) sea.ms of impure coal seem to be concentrated between these 

two outcrop- areas on the northern shore of Holberg Inlet (Dawson, 1887, pp . 90B-99B, 

Fig. 2) . 
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The westernmost outcrops in Holberg Inlet appear to be transitional in 

their lithology and prevalence of marine facies to the almost entirely marine and 

non-carbonaceous facies of Barremian variegated elastic unit that is characteristic 

of the · Christensen Point Cretaceous outlier on the northern side of Vancouver Island 

(Jeletzky, 1969, pp. 131, 132; 1970a, p. 211). The Barremian variegated elastic 

unit of Christensen Point outlier is, in turn, transitional to the Barremian fine-grained 

greywacke unit in the more or less calcareous composition and predominantly fine to 

medium grain size of its greywackes. 

Throughout its outcrop-area, the Barremian variegated elastic unit can be 

subdivided into "hvo members: 1. Basal coarse elastic member comprising the basal 
I 

part of the unit and; 2. Siltstone-greywacke member comprising its thicker upper part. 

TheBasal coarse elastic member consists predominantly of pebble to boulder 

conglomerate and grit ;vith greater or lesser numbers of intcrbeds and pods of coarse-

to medium-grained, commonly distinctly cross bedded greywacke and, locally, with 

intercalated beds of coaly greywacke and some coal. Interbeds of waterlain mixed 

sedimentary-volcanic breccia or? very coarse water lain volcanic tuff appear to be 

present in one section of the member. The rocks of the Basal coarse elastic member 

seldom contain marine fossils and appear to be largely piedmont or beach deposits. 

The Basal coarse elastic member is about 100 feet thick in the best known section 

(i.e. Sec. 29) of the unit. However, it seems to be considerably thinner locally 

(e.g. in borehole C; Dawson, 1887, p. 98B) and may be absent altogether in some 

poorly exposed sections in Coal Harbo.ur and Apple Bay. 



/ 
/ 

•' 

- 151 -

The Siltstone-greywacke member consists mainly of interfingering marine 

and nonmarine siltstones and sandstones. The sandstones may be either greywackes 

or arkoses but do not seem to include any quartzose types. More or less calcareous 

and concretionary marine to brackish water siltstones and sandstones are common 

to prevalent in the S iltstone-greywacke member. However, locally it includes 

considerable amounts of norunarine, carbonaceous to coaly, plant- and wood-bearing 

siltstone and sandstone. Some pods, layers, and thin, 3- to 8-inch lenticular beds of 

impure coal may be present also. Small amounts of interbedded coarse-grained 

gritty greywacke, fine to coarse grit and fine pebble conglomerate were noted locally. 

These coarse elastics seem to be restricted to the topmost part of the unit transitional 

with the overlying coarse arenite unit thfl Coal Harbour-Apple Bay area. In some 

other sections, notably within the Christensen Point outlier on the northern side of 

Vancouver Island, the member consists predominantly of light grey to green-grey, 

more or less calcareous, marine fine- to medium-grained greywacke with minor 

interbeds of black arenaceous siltstone in the upper part (Jeletzky, 1969, pp. 129, 

130; 1970a, p. 211). 

The Siltstone-greywacke member does not seem to exceed 200 feet in any 

section but one. In some of the sections (see Unit 2 of Sec.29) its thickness appears tc 

be reduced by pre-Nanaimo erosion. Other studied sections (e.g. Sec. 30) are poorly 

exposed and probably faulted. The log of the borehole C drilled in the vicinity of Coal 

Harbour (Dawson, 1887, pp. 97B-98B) tends, however, to support these estimates of 

the thickness of the Siltstone-greywacke member. This borehole apparently penetrated 

the complete thickness of the S iltstone-greywacke member. 
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The only known exception is the section of the Christensen Point Cretaceous 

outlier where the marine greywacke facies of the Siltstone-greywacke member was 

estimated to be at least 900 feet thick with the top destroyed by the ?Sooke Intrusion 

(Jeletzky, 1970a, p. 211). This anomalous section is, however, almost unfossiliferous 

in its upper 300 feet and may include some post-Barremian marine equivalents of the 

Coal Harbour Group. 

The Barremian variegated elastic unit overlies e~osionally, disconformably 

and probably regionally unconformably the rocks of the Vancouver Group in all sections 

where the contact is known. Nowhere does it seem to be underlain by any older Lower 

Cretaceous rocks. The upper contact with the coal-bearing facies of the coarse arenite 

unit seems to be conformable and gradational in the few sections where it was seen 

and in boreholes (e.g. borehole C; Dawson, 1887, pp. 97B-98B). 

The best measured section of Barremian variegated elastic unit is section 29 

on the northern side of Lippy Cree1c This section is extremely important because of 

the presence of presumably Barremian Acroteuthis-like belemnites in the basal beds of 

the Barremian variegated elastic unit (see Unit 8). A diagnostic Barremian (presumably 

middle to late Barremian; see Jeletzky, 1964, pp. 60, 64, PI. XVI, Figs. 2A-2E, 

3A-3B, Pl. XVIIT, Figs. 2A-2C) Acroteuthis (Acroteuthis) cf. pseudopanderi (Sintsov) was, 

furthermore , found at approximately the same level in an adjacent section of this unit 

(Jeletzky, 1969, p. 128). 

The poorly exposed section 30 (see Appendix) measured in the banks of 

Nuknimish Creek represents the Quoiecchia aliciae-bearing facies of the unit. 
_, 
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Dawson (1887, p. 94B) recognized that the Quoiecchia aliciae-bearing rocks 

-
of Nuknimish Creek section occurred "not far above the lowest of the Cretaceous beds" 

of the Coal Harbour outlier. The invariably low dips of these rocks and the width of 

the covered interval separating them from those of the Basal Jurassic volcanic unit 

suggest that these presumably upper Barremian rocks occur only some 300 feet 

stratigraphically above the base of the Lower Cretaceous sequence. This suggestion 

finds some support in the inferred low stratigraphic position of the apparently equivalent 

shell-bearing "slate" in the log of borehole C recorded by Dawson (1887, p. 97B, Fig. 2). 

This borehole was drilled in the vicinity of Coal Harbour village about 3/4 of a mile 

northward from deep boring near "The Settlement" (A). The shell-bearing "slates" 

occur in the interval between 203 feet 10 inches and 215 feet 3 inches above the bottom 

of the borehole concerned. Unfortunately, this hole did not reach the base of the Lower 

Cretaceous sequence. 

The thin section 31 in the proximity of section 30 is stratigraphically important. 

Judging by the east-west sh·ike and northerly dip of its beds, section 31 represents 

some part of the covered interval between the base of Quoiecchia-bearing beds and the 

outcrops of the Basal Jurassic volcanic unit of section 30. It may be close to the base 

of the siltstone-greywacke member. 

Age and correlation. The Basal coarse elastic member of the Barremian 

variegated elastic unit is lithologically similar to the eastern facies of the Upper 

Valanginian and? Hauterivian greywacke-conglomerate unit and would be correlated 

with the latter unit except.for its Barremian fossil content. The Siltstone-greywacke 

member is commonly very similar lithologically to the overlying coal-bearing facies 

of the Coarse arenite unit and can be distinguished from the latter only because of its 

Barremian marine fauua. 
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Diagnostic Barremian fossils, including such belemnites as Acroteuthis 

(Acroteuthis) cf. pseudopanderi (Sintsov) (GSC lac. 55100) and Acroteuthis (Boreioteuthis) 

ex gr. impressa (Gabb) (see Unit 2 of Sec. 29) have been found in the lower part of the 

Barremian variegated elastic unit, including the lower part of its basal coarse elastic 

member. Elsewhere the lower part of the unit, including the upper beds of the basal 

coarse elastic member (Jeletzky, 1969, p. 130, and unpublished), has yielded 

Inoceramus colonicus Anderson which in Quatsino Sound a~ea at least was found 

only in the lower Barremian ?and/ or uppermost Hauterivian Inoceramus colonic us 

calcarenites (see. pp. 139-140). These biochronological data indicate an early 

Barremian ?and/or latest Hauterivian age for the lower part of the Barremian 

variegated elastic unit and their being a marginal, partly nonmarine (mainly beach, 

alluvial and lagoonal) facies of the Inoceramus colonicus calcarenites (see Table of 

Formations and Fig. 9). There is no reason to think that the basal, so far 

unfossiliferous beds of the basal coarse elastic member are older than the rest 

because these beds grade upwards into the fossiliferous part of the member. 

Quoiecchia aliciae Crickmay, Aucellina? sp. indet. and other non-diagnostic 

marine to brackish water pelecypods, including bank-like accumulations of Ostrea 

(s. lato) sp. indet. ·have been found in the younger beds of the Barremian variegated 

elastic unit which comprise exclusively its Siltstone-greywacke member (see Sees. 30, 31). 

In itself, this fauna is hardly diagnostic of the Barremian stage as g. ex gr. aliciae is 

known to range down into the Hauterivian rocks elsewhere in western British Columbia. 

Ho ever, it provides the upper age limit for the Barremian variegated elastic unit 

since the genus Quoiecchia is unknown in the post-Barremian rocks of western British 

Columbia ~nd prohi:ibly does not reach the upper boundary of this stage (Jeletzky, 1970c, 
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p. 218). The close stratigraphical association of g. aliciae with ? Aucellina sp. indet. 

in section 30, of the Siltstone-greywacke member is, therefore, the only paleontological 

indication of the mid- to late Barremian age (Jeletzky, 1958, pp. 13-14; 1964, pp. 64-68, 

Pls. XVIII, XX , XXII, corr. chart) as the genus Aucellina is not known to range down 

into the lower Barremian or Hauterivian. However, on the northern side of Vancouver 

Island in the Christensen Point Cretaceous outlier g. aliciae is associated with Acroteuthis 

(Boreioteuthis) aff. impressa (Gabb) (GSC loc. 83925) con;Specific with that occurring in 

the Barremian fine-grained greywacke unit of western Quatsino Sound. Similar.!).. @.) 

ex gr. impressa Y'ere found also in unit 2 of section 29. Irr combination -;vith the 

stratigraphic position (i.e. above the Barremian Basal coarse elastic member and 

Siltstone-greywacke member) and its previously discuss~d facies relationships, these 

scanty paleontological data are deemed to be sufficient to correlate it tentatively with 

the Barremian fine-grained greywacke unit, in part at least. 

The lower part of the Siltstone-greywacke member may correspond to the 

Inoceramus colonicus calcarenites as_!_. colonicus ranges almost to the top of the member 

in the Christensen Point section. It is associated with g. aliciae and.!).. @.) aff. impressa 

in a bed of calcareous greywacke 150 feet stratigraphically below the visible top of the 

unit (GSC loc. 83925). Furthermore, Inoceramus colonicus-bearing greywacke and 

arenaceous limestone appear to replace laterally the Quoiecchia aliciae-bearing 

greywacke of sections 30 and 31 toward the northwest in some hastily studied sections 

within Holberg Inlet (e.g. in sections represented by fossil localities GSC locs. 82863 

and 82867 collected by J.E. Muller; unpublished inh·adepartmental fossil report, 1968). 

It is, therefore, impossible even to suggest the division line between the equivalents of 

the Inoceramus colonicus calcarenites and Barremian fine-grained greywacke unit. within 

the Siltstone-greywacke ·member. 
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Middle to late 
:; r 

Barre~en facies and naleogeography 

The greywacke and siltstone of the Barremian 

fine-grained greywacke unit are locally moderately to abundantly fossiliferous. The 

fossils occur in rows of small pods, lenses or thin, lenticular interbeds within the 

otherwise rarely fossiliferous to unfossiliferous rock. The bulk of the fossils 

consists of extremely crowded small to very small, immature (often spat only) thin 

shelled pelecypods. Only a few medium to large, presumably adult pelecypods occur 

in these fossii clusters. No thick-shelled, obviously inner neritic to littoral pelecypods 

have been observed in any part of the unit. Other rarer fossils include free moving 

benthonic forms such as gastropods and purely nectonic animals such as ammonites 

and belemnites. The ammonite fauna is, furthermore, completely dominated by 

such open sea forms as lytoceratids, phylloceratids and heteromorphs. Therefore, 

it seems likely that the failure of most sessile benthonic forms (pelecypods) of the 

biocoenose to reach maturity was caused by unusually rapid sedimentation and by an 

almost complete absence of hard, more or less elevated substratum in this facies of 

the Barremian sea of Quatsino Sound. The sediments of the BarTemian fine-grained 

greywacke unit must have been deposited in relatively deep and quiet water, 

well offshore, and beyond the reach of most winnowing agencies. 

This offshore lithology and fauna of the principal outcrops of the Barremian 

fine-grained greywacke unit r eflects a considerable deepening of the central part of 

Lower Cretaceous embayment of Quatsino Sound after the end of deposition of the 

Inoceramus colonicus calcarenites (?outer neritic environment). 
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The apparent absence of the Barremian fine-grained greywacke unit in the 

eastern part of Quatsino Sound is caused by its lateral replacement by various fine-

to coarse-grained marine to nonmarine elastics of the equivalent upper part of the 

Barremian variegated elastic unit (Fig. 10). This conclusion agrees with the 

previously discussed offshore character of the Barremian fine-grained greywacke 

unit. 

The upper part of the Barremian variegated elastic unit is characterized 

by a generally finer grain size and by the presence of a greater ratio of marine rocks 

as compared witli the lower part of the unit. This appears to be true of its sections 

at the headwaters of Lippy Creek, east of Neroutsos Inlet (see Jeletzky, 1969, pp. 127, 

128, Units 5-7; Units 2-4 of Sec. 29 in this report), of that in the Christensen Point 

Cretaceous outlier on the northern shore of Vancouver Island (Jeletzky, 1969, pp. 129, 

130), and of those on the northern shore of Holberg Inlet (see Units 1-5 of Sec. 30). 

This suggests that along the northeastern, eastern and southeastern margins of the 

Quatsino Sound Cretaceous embayment, the middle to late Barremian transgression 

;. 

was more extensive than all previous Lower Cretaceous transgressions, including 

that of the early Barremian ?and/or latest Hauterivian time (cf. Figs. 9 and 10). 

The wide extent of the middle to late Barremian sea in the Quatsino Sound 

Cretaceous embayment and the predominantly fine-grained, in places carbonaceous to 

coal-bearing character of its marginal facies suggest an extensive peneplanation of 

the northeastern part of the tectonic highland which flanked the etnbayment to the 

northeast, east and sout1!,east from late Valaginian to early Barremian time (Fig. 10). 

The middle to late Barremian transgression was not a simple culmination 

of the preceding, presumably early Barremian transgression of the Inoceramus colonicus 

.. 
time. This is shown clearly by the previously discussed erosionally disconformable 
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character of the lower contact of the Barremian fine-grained greywacke unit; this 

erosional interval indicates that, like the early Barremian ?and/ or latest Hauterivian 

transgression, the middle to late Barremian transgression was preceded by an uplift, 

which was accompanied by an interruption of sedimentation and some erosion of the 

older rocks. It is not yet certain how much of the investigated part of the Quatsino 

Sound was raised above sea level. Nor is it possible to decide to what, if any, 

extent these erosionally disconformable relationships are attributable to submarine 

erosion supplemented by an influx of coarse elastic particles from the landmass 

situated somewhe:re to the east of Holberg and Rupert Inlets. 

The progressive expansion of the late Valanginian to late Barremian seas 

in the Quatsino Sound embayment was a pulsating transgression interrupted at intervals 

by several shortlived uplifts until the onset of the Aptian orogeny discussed below. 

The facies pattern of the Barremian rocks within the Quatsino Sound area 

(Figs. 9, 10) indicates that, like all older Lower Cretaceous transgressions, the 

middle to late Barremian transgression advanced eastward and southeastward. The 

northeastern Barremian onlap of the sea proposed by Muller (1970, p. 47) is unfounded 

in the writer's opinion. 

The apparently complete absence of cephalopods and local abundance of 

oysters in the Quoiecchia aliciae fauna of the Coal Harbour Cretaceous outlier suggests 

the somewhat lowered salinity of the possibly lagoonal or estuarine part of the Barremian 

sea situated in the easternmost parts of Quatsino Sound. The presence of belemnites 

in the approximately contemporary rocks on the northern shore of Vancouver Island 
~ 

and at the headwaters of Lippy Creek east of Neroutsos Inlet suggest a more or less 

normal salinit~,r of the Barremi:J.n sea i.~ these t\vo flanl{ing areas. .I.A.A. ma.j or \vest-flo\ving 

river probably emptied :into the mid- to late Barremian sea in the proximity of Coal Harbour. 
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Coal Harbour Group 

I 

·'· 

Throughout the investigated part of Quatsino Sound, the upper Valanginian 

to upper Barremian sedimentary rocks (Longarm Formation equivalents) are overlain, 

apparently conformably, by a thick succession of predominantly conglomeratic to 

coarsely arenaceous, almost exclusively nonmarine rocks. Jeletzky (19Glb, p. 543) 

and Jeletzky and Tipper (1968, pp. 88, 89) recognized the general facies , stratigraphical 

and structural equivalence of these rocks to those of the Jackass Mountain Group of 

the Tyaughton Trough. As interpreted by Jeletzky and Tipper (1968, pp. 88, 89), 

these nonmarine .rocks of Quatsino Sound area record the occurrence of ~he same 

Aptian tectonic movements as the Jackass Mountain Group and represent piedmont 

deposits formed along the southwestern base of the tectonic highland that separated 

the Insular T1·ough (this name is substituted for the much longer, unwieldy name 

Vancouver Island-Queen Charlotte Islands Trough proposed by Jeletzky and Tipper, 

1968, p. 75) from Tyaughton Trough during the Oxfordian to Aptian interval (Jeletzky 

and Tipper, 1968, Figs. 7-9). 

The recent discovery of a marine Cenomanian fauna in the basal beds of 

"Upper Shale" unit overlying the post-Barremian nonmarine rocks in Quatsino Sound 

(Jeletzky , 1970a, pp. 210-211) and the presence of Albian pollen and spores in their 

upper conglomeratic unit (i.e. Blumberg Formation) indicates that these rocks span 
/, 

most or all of Aptian and Albian time. In contrast to the Tyaughton Trough, 

the sea apparently did not re-invade the northern part of Vancouver Island until 

Cenomanian time. 
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The Aptian-Albian nonmarine elastic rocks of Quatsino Sound must be 

treated as a group because they are subdivisible into at least two mappable units 

of formational rank. The name Jackass Mountain Group is not applicable as the 

Aptian-Albian coarse elastics of Quatsino Sound have been deposited in a different 

depositional trough. The latter rocks are, therefore, named herewith the Coal 

Harbour Groun. The name is derived from Coal Harbour in Holberg Inlet where 

the rocks of the Coal Harbour Group are widespread, most typically developed, and 

represented by both formations occurring in superposition. During the last quarter 

of the 19th centuty, the rocks of the Coal Harbour Group were extensiveiy trenched 

and drilled in the vicinity of Coal Harbour because of their coal-bearing character. 

The summary of these early prospecting activities given by Dawson (1887, pp. 90B-99B) 

provides invaluable information about the lithology and thickness of the group within 

the Coal Harbour Cretaceous outlier; such information is not available for any of the 

other outcrop areas of these strata. 

Coarse arenite unit 

The lower part of Aptian-Albian nonmarine rocks consists of a thick mappable 

unit of predominantly coarse- to medium-grained, locally gritty and pebbly arenaceous 

rocks. Because of the lack of a suitable type section exposing both contacts of the unit 

and some uncertainty concerning the stratigraphic position and age of its non-carbonaceous 

facies, the unit is tentatively named infor mally the "Coarse arenite unit". 

Distribution. The rocks of the Coarse arenite unit are much more widespread 

than those of the underlying Barremian fine-grained greywacke unit and its equivalents 
I S· 1 / ( V, (see Figs. 17 and 18 and in the stratigraphic section). 
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Stratigraphy. Most of the observed sections of the Coarse arenite unit are 

poorly exposed and discontinuous. Many of them are thin and expose only the upper­

most part of the unit and its contact with the much more resistant, cliff-forming 

Blumberg Formation. 

The coarse- to medium-grained , locally gritty and pebbly arenaceous rocks of 

the Coarse arenite unit are commonly somewhat more mature than those of the 

underlying Lower Cretaceous sedimentary units. Locally; they are composed largely 

of light coloured subgreywacke with some interbeds of subquartzose or subfeldspathic 

sandstone . . Elsewhere they are darker and mainly carbonaceous greywacke. 

The coarse- to medium-grained arenites appear to form from 70 to 80 per 

cent of the unit's thickness, with the darker, fine-grained, more or less silty greywacke, 

dark grey, arenaceous siltstone and shale, grit, and pebble conglomerate accounting 

for the rest. Minor intercalated beds, lenses and pods of impure limestone and coal 

occur locally but are estimated to comprise less than 2 per cent of the total thickness 

of the unit. 

The Coarse arenite unit is estimated to be from ?800 to at least 5,390 feet 

thick. The lower contact of the unit is concealed and apparently faulted in all sections 

studie d by the writer. However, the description of the borehole C provided by Dawson 

(1887, p. 97B) suggests that the basal, coaly sandstone of the unit overlies conformably 

the shell-bearing "slate" (i.e. shale) referable to the Quoiecchia aliciae-bearing facies 

of the Barremian variegated elastic unit. 
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The upper contact of the Coarse arenite unit is invariably sharp, uneven 

and erosionally disconformable (see Pl. IX, Fig. A). The basal conglomerate beds 

of the Blumberg Formation fill deep depressions in the upper surface of the unit 

and contain an abundance of subgreywacke, siltstone and limestone pebbles and 

particles obviously derived through the erosion of the latter. No angular discordance 

was observed at this contact but it may well be regionally unconformable, since the 

basal conglomerate beds of the Blumberg Formation appe3! to overlie lithologically 

different beds of the Coarse arenite unit in different parts of the area studied. 

In spite of the scarcity of sufficiently well exposed, extensive sections 

of the Coarse arenite unit, it seems to show rather regular and meaningful facies 

changes in the east-west direction. At present, it is possible to distinguish the 

following two distinctive lithofacies of the unit: 

1. A very thick non-carbonaceous facies apparently confined to the western 

part of Quatsino Sound (i.e. to the Winter Harbour area but possibly reappearing on 

the northern shore of the main channel of Quatsino Sound west of Quatsino village); and 

2. A much thinner, coal-bearing facies mainly restricted to the remaining 

eastern part of Quatsino Sound but present locally in its western part (i.e. in 

Ahwhichaolto Inlet and in Spencer Cove). 

The shores of the inner (northeastern) basin of Winter Harbour, those of 

Wedel Island, and those of sever'al adjacent nameless islets offer numerous but 

discontinuous and poorly exposed outcrops of the non-carbonaceous facies of the 

r., I~ 
Coarse arenite unit (see Fig. 18) • 

. -' 
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Sections 32 and 33 (see Appendix) are the two best exposed and thickest 

available. These sections of the non-carbonaceous facies, which are incomplete, 

structurally complex and locally severely faulted, occur on the northern shore of 

the inner basin of Winter Harbour between its head and the mouth of Galato Creek. 

So far as it is possible to tell, there is no repetition of beds in these two 

sections which together form the reference section of the non-carbonaceous facies 

of the Coarse arenite tmit. Because of poor exposures, structural complexity of 

these sections, and the presence of nwnerous partly to wholly covered intervals 

within them, all measurements are approximate only. 

Section . 32 is of the upper part of this facies and expose~ its contact 

with Bl uni>erg Formation, whereas section 33 exposes the older, middle and ?lower 

parts of the non-carbonaceous facies. Judging by their different lithology, these 

two sections do not overlap. 

The reference section of the non-carbonaceous facies of the Coarse arenite 

llllit (i.e. Sees. 32 and 33 combined) exposes the total measured thickness of about 

3,970 feet. When the presumably tmfaulted but covered intervals within the section 33 

(about 1, 420 feet of strata) are added, a total thickness of about 5, 390 feet is 

inferred for the westernmost known section of the Coarse arenite unit. The complete 

thickness of the tmit should be still greater since its basal part is neither 

represented in these sections nor was observed elsewhere in Winter Harbour. 

The exposed measured thickness of about 3,075 feet in section 33 includes 

approximately 2,210 feet, or some 71 per cent, of coarse- to mediwn-grained, partly 

gritty and pebbly sandstone. The remainder consists of about 685 feet, or some 

24 per cent, of fine-grained, mostly silty sandstone and about 129 feet, or some 

4 per cent, of various s_~dy siltstones and shales. Limestone, fine pebble conglomerat~, 

and grit comprise the remaining 1 per cent of the exposed thickness of the unit. 
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These ratio_s of fine-grained sandstones, siltstones and shales are almost 

certainly underestimations because the presumably unfaulted covered intervals within 

the reference section seem to be underlain predominantly by these softer rock types. 

The predominantly coarse-grained and commonly gritty arenites of the 

Winter Harbour sections of the Coarse arenite unit are typical of its non-carbonaceous 

facies. They are mainly light grey, light green-grey, buff- or rust-coloured and 

somewhat more mature than either those of its coal-bearing facies or those of other 

Lower Cretaceous formations of Quatsino Sound. These medium- to coarse-grained 

arenites are subgreywackes rather than true greywackes and include numerous interbeds 

of subquartzose and subfeldspathic sandstones. They are commonly more or less 

calcareous and, in some places, contain rows of concretions and lenses of impure 

limestone. 

The finer grained arenites of the non-carbonaceous facies are generally 

darker (grey to dark grey) and more greywacke-like. These fine-grained arenites 

as well as the dark grey to brown, arenaceous siltstones and shales commonly contain 

rows of concretions or interbeds of impure grey limestone. Only a few beds, 1 foot 

to 2 feet thick, of pebbly grit and fine pebble conglomerate have been seen in the 

non-carbonaceous facies of the Coarse arenite unit. Carbonaceous or coaly rocks and 

coal are characteristically absent and even plant remains are rare in the non­

carbonaceous facies. 

In the remaining larger part of Quatsino Sound extending from the head of 

Ahwhichaolto Inlet (Dawson, 1887, p. 84B) to Apple Bay, Coal Harbour, and the 

northern shore of Rupert Inlet, the non-carbonaceous facies of the Coarse arenite 

unit is replaced laterally (except for Sec. 34) by an attenuated (only 800 to 900 feet 
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thick if one accepts the estimate of total thickness of the Lower Cretaceous rocks 

within Coal Harbour outlier of only 1, 300 to 1, 500 feet as suggested by Dawson, 188 7, 

p. 91B) succession of predominantly carbonaceous to coaly elastics containing a 

variable amount of thin and lenticular, apparently non-commercial coal seams 

(Dawson, 1887, pp. 92B-94B). 

The most common rock type of the coal-bearing facies is dark grey to brown­

grey, coarse- to medium-grained, often gritty and pebbly greywacke. Unlike the light 

coloured subgreywackes of Winter Harbour area, these greywackes are commonly 

carbo::iaceous to coaly and contain numerous intercalated beds and members of dark 

grey to black, fine-grained, silty greywackes and similarly coloured, sandy siltstones. 

Lesser interbeds and members of pure shale, limestone, grit and pebble conglomerate 

occur in the coal-bearing facies of the Coarse arenite unit. Grit and pebble conglomerate 

interbeds appear to increase markedly in numbers eastward within the coal-bearing 

facies of the unit as illustrated by the Lind Islet section (see Sec. 35), the section at 

Stewart Point in Coal Harbour (see p. 186), and the borehole logs described by Dawson 

(1887, pp. 92B-99B) within the Coal Harbour outlier. 

The coal-bearing facies of the Coarse arenite w1it should probably be treated 

as an independent formation because of its distinctive lithology and geographic 

localization. However, it does not seem advisable to map these poorly understood, 

coal-bearing elastic rocks separately and to na me them formally at present. None 

of the sections of the coal-bearing facies studied by the writer is sufficiently well 

exposed and extensive to serve adequately as its type section. These coal-bearing 

arenites are, therefore, provisionally mapped together with the non-carbonaceous facies 

of the Coarse arenite unit pending a more detailed study of their lithology, stratigraphy, 

and especially of the areal distribution. 
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The westernmost known outcrops of the coal-bearing facies of the 

Coarse arenite unit occur at the head of Ahwhichaolto Inlet. According to 

Dawson (1887, p. 84B), these intensely disturbed and small exEosures con-

sist of partly carbonaceous shale interbedded with impure and good coal in 

beds from 1 foot to 3 feet thick. The writer did not succeed in finding these 

important outcrops. 

Small, poor outcrops of dark grey, carbonaceous greywacke and silt-

stone occur locally on the slopes of a narrow, logged off valley connecting the 

head of Ahwhichaolto Inlet with Spencer Cove in Koprino Harbour. These strongly 

disturbed exposures appear to represent a number of tectonic slices within the 

Ahwhichaolto fault zone; they were not studied in any detail. 

Extensive outcrops of the Coarse arenite unit composed of sheared and 

contorted, dark green., coarse-grained greywacke interbedded with some brownish 

grey, gritty limestone and similarly coloured calcareous shale occur in the 
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dark grey to black, carbonaceous to coaly shales with interbeds, 2 mm to 1 foot 

thick, of brownish grey, grey to dark grey, coarse-grained greywacke and grit 

and with pods and lenses of impure (clayey) limestone. All rocks strike 

northerly to northwesterly with irregularly alternating steep easterly and 

westerly dips. No estimate of thickness was possible and these rocks appear 

to occur as several fault slices within the Mahatta Fault Zone. 

The exposures of the uppermost beds of the Coarse arenite unit occur­

ring on the tidal shelf of the eastern shore of Robson Cove underneath 20- to 

25-foot high bluffs of the Blumberg Formation duplicate the more easterly parts 

of Lind Islet exposures (see Sec. 35 and Pl. IX, Fig. A) in every detail including 

the disconformable character of the contact. 
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Section 35 of the uppermost part of the Coarse arenite unit and the basal 

part of the Blumberg Formation is important in exposing the erosionally disconformable 

contact of these units (Pl. IX, Fig. A). This section is separated from basal beds 

of the type section of Blumberg Formation (see Sec. 36) by a covered interval, 

35 to 40 yards wide, possibly containing a fault. The upper part of unit 1 of section 35 

apparently corresponds to unit 19 of the type section of the Blumberg Formation. 

The Coarse arenite unit appears to be either almost completely faulted out 

or mostly covered on the eastern side of Koprino Harbour and farther east to the 

mouth of Awe is ha_ Creek. The only possible exception is the extremely disturbed 

and thin (see Sec. 34) greywacke-siltstone section occupying the westernmost part 

of the above interval. This section is tentatively referred to the non-carbonaceous 

facies of the Coarse arenite unit as it lacks carbonaceous and coal-bearing rocks but 

it could possibly be some part of the Barremian variegated elastic unit. 

The thin section 35a measured on the eastern side of Apple Bay probably 

is low in the succession of coal-bearing facies of the Coarse arenite unit because of 

its proximity to the underlying Quoiecchia aliciae-bearing facies of the Barremian 

variegated elastics (see Sec. 31). The contact between these two units is concealed 

everywhere in this part of the area. 

Extensive exposures of brownish grey, coarse-grained, gritty sandstones 

grading into grit and containing pods and interbeds of coarse grit and pebble conglomerate 

outcrop on the tidal shelf of Coal Harbour for at least 400 yards south of the tip of 

Stewart Point. Their northern limit was not reached and in the south they are cut off 

by the Holberg fault (Fig. 16). Outcrops are poor and intermittent and the rocks are 

faulted and flexed into several drag folds. It was 1mpossible, therefore, either to 
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work out the succession of beds or to give an estimate of their thickness. These 

coarse-grained sandstones and subordinate coarser elastics are tentatively referred 

to the upper part of the coal-bearing facies of the Coarse arenite unit. They may 

include, however, some undifferentiated beds of the Blumberg Formation. 

In Rupert Inlet a section, some 37 feet thick, (see Units 13-18 of Sec. 37) 

of light to dark grey, fine- to medium-grained, mainly carbonaceous to coaly greywacke 

interbedded with an almost equal amount of dark to brownish grey, mostly arenaceous and 

coaly siltstone and shale outcrops on the southeastern shore of a nameless cove behind 

Narrow Island. 

There was no opportunity to visit any other sections of the Coarse arenite 

unit within the Coal Harbour Lower Cretaceous outlier. The reader is referred to 

Dawson's (1887, pp. 90B-99B, Fig. 2) memoir for this information and to the logs 

of boreholes drilled through the coal-bearing facies of the Coarse arenite unit in 1he 

vicinity of Winter Harbour. 

Age and correlation. The plants identified so far from the coal-bearing 

beds of the Coarse arenite unit appear to be non-diagnostic (Dawson, 1887, pp. 94B-95B). 

The unit did not yield any marine fossils, except for a few indeterminate 

shells found in one bed in unit 33 of section 33 in Wintfff Harbour. The Coarse 

arenite unit appears, therefore, to be entirely nonmarine, with the exception of its 

westernmost known outcrops, which contain at least some marine beds. The age of 

the Coarse arenite unit can be determined only indirectly using its stratigraphic 

relationships with adjacent pale ontologically datable Cretaceous units. 
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Information from borehole logs (Dawson, 188 7, p. 97B) indicates that the 

basal beds of the coal-bearing facies of the Coarse arenite unit conformably and 

gradationally overlie the Quoiecchia aliciae-bearing beds of the Barremian variegated 

elastic unit within the Coal Harbour Cretaceous outlier. The same stratigraphic 

relationships are assumed to exist betwee n the Barr.emian fine-grained greywacke 

unit and the overlying non-carbonace ous facies of the Coarse arenite unit in the more 

westerly parts of Quatsino Sound. This hypothesis remains unconfirmed, however, 

as all these contacts are invariably concealed and apparently faulted. Therefore, 

the Coarse arenite unit is probably only slightly younger than the upper Barremian 

stage of the international standard and can be correlated tentatively with the 

Aptian stage. 

The upper age limit of the Coarse arenite unit is provided by the recent 

discovery of probably (possibly middle) Albian spores and pollen in the lower third 

of the overlying Blumberg Formation (see Unit 5 of Sec. 37). Because of the erosionally 

disconformable and proba bly regionally unconformable structural relationships between 

the Coarse arenite unit and the Blumberg Formation, it seems logical to place all of 

the latter into the Albian stage and to draw the Albian-Aptian boundary at the disconformity 

beneath it. The Coarse arenite unit probably represents most or all of the Aptian stage 

of the international standa rd but does not seem to include any Albian rocks. 

The Aptian dating of the Coarse arenite unit is based on stratigraphical and 

structural relationships observed in the eastern part of Quatsino Sound in rocks of the 

coal-bearing facies of the unit. It is, however, applicable to the non-carbonaceous 

facies of the unit in the "\ e stern part of Quatsino Sound because of the erosionally 

disconformublc and prcb:!bly regionally unconformable superposition of the Blumberg 

Formation on the non-carbonaceous facies of the unit in sections 32 and 35. 
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The lower contact of the Coarse arenite unit was recorded only in the coal-
•• -. i .,.-

bearing facies of one Coal Harbour borehole. However, it does not seem likely 

that the coal-bearing rocks exposed at the head of Ahwhichaolto Inlet (Dawson, 188 7, 

p. 84B) and within the Coal Harbour outlier (Dawson, 1887, pp. 92B-94B, Fig. 2) 

represent the lower part of the Coarse arenite unit, which is either covered or 

faulted out in the non-carbonaceous facies of the Winter Harbour sections. According 

to Dawson (1887, pp. 92B-93B) the highest coal-bearing ?-One of the formation 

occurring within the Coal Harbour outlier is situated only 200 to 300 feet stratigraphically 

below the base. of the massive conglomerate unit evidently representing the basal part 

of the Blumberg Formation. Furthermore~ units 13-18 of. section 37 on the northern 

shore of Rupert Inlet, which represent the topmost beds of the coaly facies of the 

Coarse arenite unit, are exceedingly carbonaceous to coaly almost throughout and 

contain a few thin beds of very low grade coal. This contrasts markedly with the 

non-carbonaceous to only slightly carbonaceous character of the uppermost beds of 

the Coarse arenite unit in the studied sections at Lind Cove, Koprino Harbour and 

Winter Harbour. These coal-bearing sandstones and shales of the eastern part of 

Quat sino Sound appear, therefore, to be essentially time-equivalent to the non-

carbonaceous or only slightly carbonaceous sandstones and siltstones of Winter Harbour 

sections of the Coarse arenite unit. 

The stratigraphic conclusions presented above may not be applicable to 

section 33 of the Coarse arenite i.init exposed on the northwestern shore of Winter 

Harbour since its stratigraphic relationships with any of the adjacent, reliably dated 

Lower Cretaceous formations are unknown (faulted contacts). The placement of 

section 33 into the Coarse arenite unit is based solely on its overall lithological 

similarity with the adjacent section 32, the stratigraphic position of which is known. 
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Facies and paleogeography. The previously discussed lithology and geographical 

localization of the Coarse arenite unit suggest that its rocks have been deposited on the 

relatively less elevated, possibly more or less peneplaned part of the rejuvenated 

Aptian tectonic land. This less elevated area must have been relatively wide in the 

east-west direction, as it occupied most or all of the present day Quatsino Sound. It 

was apparently confined between the more strongly elevated part of the tectonic land in 

the east and the early Aptian sea in the west (Fig. 11). Judging from the known and 

assumed extent of the Coarse arenite unit, the western limit of the more strongly 

elevated part of tectonic land, which served as its source area, was situated along 

the east coast of Vancouver Island. The eastern shore of the early Aptian sea should 

have been situated just west of the prese.nt day Forward Inlet area and the sea had 

apparently penetrated into the latter area at times. 

The coal-bearing facies of the Coarse arenite unit was probably deposited 

entirely within the less elevated part of the early Aptian tectonic land at some distance 

from the sea coast. The predominant rock types of the coal-bearing facies, such as 

coarse- to medium-grained, partly carbonaceous to coaly greywackes, alternate 

cyclically with subordinate rock types which include coal-bearing, fine-grained 

greywackes, siltstone and shale. This suggests that the rapid, westward flowing 

streams, which deposited the above mentioned coarser elastics, became more sluggish 

at certain times. This cyclical recurrence of finer grained, coal-bearing elastics 

in all known sections and boreholes of the coal-bearing facies suggests the alternation 

of low intensity uplifts with more short-lived and rare periods of tectonic quiescence or 

subsidence. The coal-bearing character of finer grained elastics, their irregular 

lateral alternation, and the local occurrence of presumably fresh water limestones in 
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\ shales, suggest that considerable areas of the less elevated part of the Aptian tectonic 

land became transformed into densely wooded lowlands dotted by swamps and freshwater 

lakes during each of the above - mentioned, short-lived periods of tectonic quiescence 

or subsidence. 

The coarse- to medium-grained, often gritty subgreywackes and subquartzose 

to subfeldspathic sandstones predominant in the non-carbonaceous facies of the Coarse 

arenite unit apr)ear to have been deposited in a different environment. These somewhat 

more mature, better sorted, in IRrt calcareous arenites probably were deposited on sea 

beaches fringing the eastern shore of the early Aptian sea. The localization of these 

arenites to the west of the coal-bearing facies (Fig. 11), the almost complete absence 

of well-preserved plant remains , and the so far unique find of marine shells in them 

agree well with this hypothesis. 

The subordinate fine-grained greywackes, sandy siltstones and shales interfingering 

with coarser elastic rock types in all known sections of the non-carbonaceous facies have 

probably been deposited either .within the more protected parts of the shoreline or 

within estuaries, tidal lagoons or salt marshes just behind the beaches. The apparent 

absence of cyclical alternation of coarse and fine elastics in the non-carbonaceous facies 

of the Coarse arenite unit makes it uncertain whether or not the deposition of the latter 

has been confined to the above-mentioned short period of tectonic quiescence or subsidence. 

The complete absence of outcrops of the Coarse arenite unit on the southern 

shore of Quatsino Sound appears to be the r esult of their subsequent (pre-Nanaimo) 

erosion. It is unknown how far they originally extended in this direction, but it is 

suggested tentatively that the northwestern margin of the rejuvenated Aptian Brooks 

Peninsula landmass was situated only a fcv: miles to the south of Quatsino Sound (Fig. 11). 
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Blumberg Formation 

A mappable Albian conglomerate unit, at least 3, OOO feet thick, caps the 

Coarse arenite unit throughout the investigated part of Quatsino Sound. This 

conglomerate unit is herewith named the Blumberg Formation from Blumberg Creek 

cascading down the bluffy northern shore of Quatsino Sound at a point about 3 miles 

east of Prideaux Point. The high bluffs extending westward from the mouth of 

Blumberg Creek to the nameless point opposite Lind Islet and for about 1 1/2 miles 

east from its mouth offer the best known, essentially continuous section of the Blumberg 

Formation. This section (described as Sec. 36 in the Appendix) is selected herewith 

as the type section of the formation. 

Stratigraphy and distribution. :i'he Blumberg Formation consists almost 

exclusively of dark grey, green-grey or rust-coloured, generally poorly sorted and 

rounded coarse to fine pebble and boulder conglomerates. The conglomerates form 

from 75 to 90 per cent of the unit's thickness. The remainder of its thickness consists 

of fine to coarse, commonly pebbly grits and coarse- to medium-grained, commonly 

gritty and pebbly, green-grey to rust-coloured greywacke. The matrix between 

pebbles also consists of these finer elastics. Fine-grained greywacke, siltstone and 
' 

shale are exceptionally rare. These finer elastics may be carbonaceous to coaly in 

the easternmost part of Quatsino Sound (apparently only within Coal Harbour outlier) 

and one coal-bearing zone was observed in the Rupert Inlet section 37 of the formation. 

Elsewhere no carbonaceous to coaly interbeds have been noted in the formation. 

Clasts consisting of various volcanic rocks of the Vancouver Group and 

granitoid to gabbroic intrusive rocks evidently derived from Coast Intrusions are 

common to predominant in most of the studied sections of Blumberg Formation. 
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Clasts consisting of yarious sedimentary rocks are, however, common locally. 

Although they include some rock types peculiar to the Vancouver Group, the 

sedimentary clasts mainly are lithologically identical with those of the underlying 

Coarse arenite unit and were apparently derived through the erosion of the latter; 

such clasts are especially common, and locally predominant in the basal beds of 

the Blumberg Formation. 

The common to prevalent occurrence of the Coast Intrusion clasts in 

conglOmerates of the Blumberg Formation is the most distinctive lithological feature 

of the formation and contrasts sharply with their paucity in all older Cretaceous 

conglomerate units of Quatsino Sound. 

This distinctive lithology, resis.tant cliff-forming character, and persistence 

across the investigated part of Quatsino Sound (i.e. in the east-west direction) make 

the Blumberg Formation the best known horizon marker within the Lower Cretaceous 

sequence of this area. 

The character of the lower contact of the Blumberg Formation and its tectonic 

implications have been discussed in connection with the Coal Harbour Group and the 

Coarse arenite unit. 

The upper contact of the Blumberg Formation was not observed. It is covered 

and presumably faulted in the only known outcrop which exposes the presumably 

uppermost beds of the Blumberg Formation and the overlying basal part of the next 

younger Upper shale unit (see below). 

It is not known whether the thickness of the Blumberg Formation changes materially 

in the east-west direction because of a complete absence of reliable horizon markers within 

the formation and the i.iJ.completeness of all its known sections. Because it is thick throughout 

its known outcrop-area, it is assumed to be comparably thick everywhere. 



- 175 -

The lithology of the Blumberg Formation is remarkably uniform throughout 

the investigated part of Quatsino Sound. The only lateral facies change noted consists 

of the presence of inter beds of carbonaceous to coaly siltstone and shale, and of a 

thin coal-bearing zone in the easternmost section of the formation (see Sec. 37). This 

contrasts with the completely non-carbonaceous character of all more westerly sections 

of the formation. 

The rocks of the Blumberg Formation are just as widespread as those of the 

underlying Coarse arenite unit. In the extreme western part of Quatsino Sound, an 

isolated outcrop-area (a fault block) of Blumberg Formation occurs at the northwestern 

end of Ahwhichaolto Inlet. This outcrop exposes some 700 to 800 feet of characteristic 

pebble to boulder conglomerates. Both contacts are covered and almost certainly 

faulted. 

Another adjacent outcrop-area of the Blumberg Formation is shown by the upper 

part of section 32. It may extend for several miles northwestward of the head of Winter 

Harbour as outcrops of conglomerates have been recorded to occur a short distance up 

Denad Creek (= Zenaad River) by Dawson (1887, p. 84B). However, the writer did not 

traverse the headwaters of Denad Creek. No outcrops of the Blumberg Formation were 

recorded by Dawson (1887, pp. 78B-81B) to occur on the west coast of Vancouver Island 

between Cape Scott and the mouth of Quatsino Sound, possibly because of the erosion 

of all but the basal beds of the Lower Cretaceous sequence in this part of the area. 

No exposures of the Blumberg Formation have been seen anywhere between 

the head of Winter Harbour and the Schloss Island in Koprino Harbour. However, rocks 

of the formation reappear northeast of the Mahatta Fault Zone and occupy the shores of 

Koprino Harbour between the northeastern shore of Robson Cove and Prideaux Point. 
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All smaller islets occurring withL11 Koprino Harbour are underlain by rocks 

of t he Blumber g Formation and no outcrops of the Upper shale unit have been found 

on a ny of them. The writer disagrees with Dawson's (1887, pp. 88B) conclusion that: 

"grey, finely fissile, rather hard and very regularly bedded shales" outcropping on 

the largest of the Linthlop Islets within East Cove overlie conformably the conglomerates 

of the Blumberg Formation. A closer study of these exposures has shown that this 

unit, 120 t o 130 feet, of metamorphosed to "granitized" shales and fine-grained 

sand stones dips under a 100- to 110-foot unit of pebble conglomerate of the usual 

Blum berg Forma~ion type. This conglomerate occupies the axial part of the syncline 

exposed on L inthlop Islet. The shales concerned represent, therefore, one of the fine 

elastic interbeds locally occurring in the Blumberg Formation. 

As s tressed by Dawson (1887, p. 87B), the excellent and extensive exposures 

of the Biumberg Formation within Koprino Harbour are always structurally complex. 

Strong faul ting of the monotonous pebble to boulder conglomerates of the formation and 

the ir flexing into several open, northwesterly trending folds prevented the writer from 

either establish ing the succession of exposed beds or estimating their thickness. 

Ho iever, comparison of the Koprino Harbour sections with less complicated sections of 

the Blumberg Formation outcropping between Prideaux Point and the head of Shapland 

Cove (see Sec . 36) suggests that only the lower part of the formation, corresponding to 

units 12 to 19 of its type se ction, outcrops within Koprino Harbour. The overlying 

middle and upper parts of the Blumberg Formation probably are exposed farther northeast 

in the bed of Koprino River (= Ten-o-suh River of Dawson, 1887, p. 87B), only the 

lower course of which was traversed by the writer. 
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Between Prideaux Point and the nameless small point about 185 yards east 

of Lind Islet, the northern shore of Quatsino Sound is underlain by typical conglomerates 

of the lower part of the Blumberg Formation (Pl. IX, Fig. A). These conglomerates 

dip north to northwest at 15 to 25 degrees and are not nearly as intensely faulted as 

the equivalent beds inside Koprino Harbour. Closer to Prideaux Point the rocks strike 

about east-west. However, the strike changes gradually toward north-northeast closer 

to Lind Islet. This results in the appearance of older and older beds of the Blumberg 

Formation in this direction until its base appears above sea level at the point about 

185 yards west of Lind Islet (see Sec. 35). It is estimated that only the basal 1, OOO 

to 1, 100 feet of the Blumberg Formation are exposed in the cliffs along the shore 

between Prideaux Point and Lind Islet. 

Farther east, the approximately 3, 000-foot thick type section (see Sec. 36 of 

the Appendix) of the Blumberg Formation does not seem to be repeated by faulting or 

folding. Together with the basal beds of the Blumberg Formation exposed immediately 

west of Lind Islet in section 35, the type section appears to comprise the bulk of the 

. conglomeratic part of the formation. 

The interval , about 180 yards wide, separating the visible top of section 36 

from the predominantly arenaceous basal beds of the Upper shale unit, which outcrop 

farther east and occupy the shoreline for the next half a mile or so, almost certainly 

harbours a major north- or northeast-trending fault. 

The intensely faulted and sheared and locally contorted, mainly steeply 

dipping conglomerates of the Blumberg Formation reappear on the eastern limb of the 

previously mentioned north-trending syncline. There, they outcrop almost uninterruptedly 

on the northern shore of Quatsino Sound from Ildstead Islets to the secondary point about 
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3/4 of a mile west of the mouth of Aweisha Creek. As far as is known, the 

conglomerates of these exposures are lithologically identical to those of the type 

section of the formation. Both contacts are covered and almost certainly faulted. 

Strong faulting of the extremely monotonous pebble to boulder conglomerates of 

these exposures, as well as their supplementary folding and the presence of several 

major covered intervals, have made it impossible either to work out the succession 

of exposed beds or estimate their thickness. 

No exposures of the Blumberg Formation were observed between those occurring 

on the eastern side of the Koprino Harbour outlier and those described by Dawson 

(1887, pp. 85B, 92B, Fig. 2) on the western side of Coal Harbour and farther north 

iri. the central part of the Coal Harbour outlier. None of these sections of the Blumberg 

Formation was visited and the reader is referred to Dawson 's (1887) descriptions of them. 

Section 37 (see Appendix), exposed on the northern shore of Rupert Inlet west 

of Narrow Island, appears to expose the lower third of the Blumberg Formation. This 

fossiliferous section is the most representative section of the formation known in the 

eastern part of the report-area. 

Dawson (188 7, p. 93B) erroneously concluded that section 37 is near the 

base of the Cretaceous rocks; he states: 11At the eastern extremity of the field (coal 

field is meant; writer's remark), about three miles northeastward from Hankin Point, 

on the shore, a considerable thickness of conglomerates occur in what here must be 

the lowest part of the series. These were not see n elsewhere in the same position and 

this occurrence is somewhat anomalous". 
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The characteristic lithology of the Blumberg conglomerates of this Rupert 

Inlet section and their erosionally disconformable contact with the underlying typically 

developed uppermost beds of the coal-bearing facies of the Coarse arenite unit indicate 

instead the presence of a major north-northwest trending fault within the completely 

covered interval separating the basal exposed beds of this unit from the adjacent exposures of the 

I ;"' 7 V Basal Jurassic volcanic unit (see Fig. 17). The covered upper contact of this 

\_,' 

section probably is faulted also. Otherwise, it would be hard to understand the apparent 

absence of exposures of the Blumberg Formation on the eastern shore of Coal Harbour 

at Stewart Point and their reappearance on its western shore immediately north of the 
r::. ; I 

Winter Harbour fault (Dawson, 1887, pp. 92B, 93B, Fig. 2 and Fig. " 17). 

Age and correlation. As has been discussed in connection with the age of 

the Coarse arenite unit, all of the Blumberg conglomerates appear to be Albian in age. 

This conclusion is based in part on the following dating by W .S. Hopkins Jr of the 

palynomorph collection GSC-C-4309. This collection was made by the writer from 

unit 5 of section 37 near the top of the lower one-third of the formation. 

Hopkins states: 

Most of the palynomorphs identified from this sample would be 
characteristic of either the Jurassic or the Cretaceous. Furthermore, 
most of the forms are ferns with minor representation from the Lycopods, 
seed ferns, and Coniferales. A poorly preserved and questionable 
tricolpate grain, indicative of the Dicotyledoneae was also encountered. 

Although most of the palynomorphs could be either Jurassic or 
Cretaceous, several indicate a Cretaceous age, especially Cicatricosisporite s. 
Furthermore, the doubtful presence of dicotyledons would suggest we were 
dealing with Lower or Middle Cretaceous rocks. However, there are two 
spores, both present in considerable numbers, which suggest a more 
definitive age. 
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The first is Cicatricosisporites perforatus which has been 
found to have a range restricted to Aptian to Turonian in Alberta 
and Siberic:.. The second is Appcndicisporites perplexus which is, 
so far as I know, restricted to the Middle Albian of Alberta. The 
age restrictions indicated by these two spores would refine the 
age as already sugges ted by the other elements of the florule. 

As a result, on the basis of this florule, I would venture 
the opinion that these rocks are Albian, and probably lower to 
middle Albian. 

This conclusion is supported by the recent discovery of a marine Cenomanian 

(probably early Cenomanian ! ) fauna in the basal, mainly arenaceous beds of the overlying 

"Upper shale unit" (Jeletzky, 1970a, pp. 210, 211) which is discussed below. 

Because of the erosionally dis0onf ormable and possibly regionally unconformable 

character of the lower contact, it is assumed that the basal beds of the Blumberg 

Formation are approximately contemporary throughout the investigated part of 

Quatsino Sound, and that the formation does not become replaced laterally by the 

arenaceous rocks of the Coarse arenite unit toward the west. 

No traces of Blumberg conglomerates were observed between the Upper shale unit and 

/ the underlying Barremian variegated elastic rocks within the Christensen Point Cretaceo1 
v 

outlier (Jeletzky, 1970a, p. 211). It is somewhat difficult to assume the wholesale de: 

truction of such a prominent formation either through faulting or through assimilation 

by ?Sooke Intrusions, so it is inferred that the Blumberg conglomerates pinch out 

completely somewhere between the head of Holberg Inlet and the adjacent segment of 

the northern shore of Vancouver Island. It is not yet possible to say which, if any, 

of the exposed Cretaceous units of the Christensen Point outlier is equivalent to the 

Blumberg Formation o.f Qua tsino Sound. r 
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On Queen Charlotte Islands, equivalents of the Blumberg Formation are 

represented by marine sandstones of the Sandstone member of the Haida Formation 

(Sutherland-Brown, 1968, pp. 83-93, Fig. 12). This early Haida sea apparently did 

not reach the Quatsino Sound area. 

Facies and paleogeography. The deposition of a thick blanket of pebble to 

boulder conglomerate (Blumberg Formation) over all the investigated part of Quatsino 

Sound registers the occurrence of the principal tectonic phase of the interregional 

Aptian (apparently late Aptian) orogeny (Jeletzky and Tipper, 1968, pp. 88-89). This 

tectonic phase must have caused significant uplift (i.e. in comparison with the earlier 

level characteristic of the time of deposition of the Coarse arenite unit) of the northeastern 

flank of the Aptian tectonic land situated north of Holberg and Rupert Inlets and of its 

southeastern flank inferred to exist just south of Quatsino Sound. 

\ 
\ 

I 

I 
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Coaly elastic strata and interbeds of coal appear to be restricted to the 

Rupert Inlet-Coal Harbour sections of the Blumberg Formation (e.g. Sec. 37). 

Th.is restriction of low energy, palustrine sediments and the considerably greater 

east-west width (over 20 miles) of the outcrop-area of the Blumberg Formation as 

compared with its known north-south extent suggests· that the bulk of the clasts was 

derived from the more elevate d (in comparison with the northeastern flank) southeastern 

flank of the tectonic land. This source area apparently represented the northeastern 

margin of Brooks Peninsula landmass (Fig. 12). It must have been situated only a few 

miles south of Quatsino Sound since the pebbles and boulders of the Blumberg Formation 

could hardly travel any farther from their source area . This conclusion agrees well 

with the apparently complete absence of outcrops of the formation on the southern side 

of Quatsino Sound, a fact that is more reasonably ascribed to non-deposition than to 

subsequent erosion of this extremely resistant unit. 

The strongly uplifted southeastern flank of the Albian tectonic land of the 

Quatsino Sound area must have been a rapidly rising, mountainous area to provide 

tbe bulk of Blumberg Formation conglomerates. 

The late Aptian tectonic phase must have caused a widespread westward 

and/or northwestward retreat of the early Albian ?and latest Aptian sea, since even 

the westernmost h.11own sections of the Blumberg Formation (e.g. those at the head of 

Winter Harbour and at the northwestern end of Ahwhichaolto Inlet) consist of typical 

piedmont deposits and do not include any rock types or fossils suggestive of the 

proximity of the sea shore. However, it seems likely that the depositional area of 

tbe Blumberg Formation proper was not appreciably uplifted during the principal 

tectonic phase. L"lstcad, it must have been subsiding graduall~,r since the thickness of 
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the conglomeratic deposits within it increased. Its surface must have maintained the 

same level in relation to the adjacent northeastern and southeastern source areas 

throughout the t ime of depo sition. Otherwise, it would be hard to understand how this 

depositional area could hav e accumulated upward of 3, OOO feet of Blumberg conglomerates 

in Albian time. All of the investigated part of Quatsino Sound is interpreted, therefore, 

as a regular piedmont depositional Albian trough. The surface of this depositional 

trough apparently represen ted a triangular-shaped alluvial plain confined between 

rapidly rising mountain ranges to the northeast, southeast and south (Fig. 13). This plain 

must have been seasonally overwhelmed by torrential floods depositing enormous 

volumes of psephitic debris derived through rapid erosion of these mountain ranges. 

The inferred paleogeograpbical relationships are illustrated by figure 12 and the block 

diagram of figure 13. The Albian (Le. Blumberg time) subsiding depositional trough 

apparently spread eastward as compared with that of the Aptian time (i.e. time of 

deposition of the Coarse arenite unit}. The strong contrast of thicknesses characteristic 

of the non-carbonaceous and coal-bearing facies of the Coarse arenite unit (Fig. 11) is, 

indeed, no longer apparent during the time of deposition of the Blumberg Formation 

(Figs. 12, 13). 

• 1· . -. . 
,' 

UPPER CRETACEOUS STRATA 

Upper shale unit 

The a"'Cial part of a shallow, faulted, north-south trending and pronouncedly 

southward plunging synclllie occupies the northern shore of Quatsino Sound between 

the point about 300 yards west of Ildstead Islets and that about 1, 200 yards west of the 

mouth of Bish Creek. Th.e core of this syncline contains a poorly exposed, recessive, 
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predominantly shale-siltstone unit which is definitely younger than the 

Blumberg Formation on structural grounds and because of the recent discovery 

of a Cenomanian (i.e. earliest Upper Cretaceous) marine fauna in its basal beds 

(Jeletzky, 1970a, pp. 210, 211). The informal name "Upper Shales" was used for 

this mappable unit by Jeletzky and Tipper (1968, p. 73) following the example 

of Dawson (1887, p. 88B). The lack of a suitable type section prevented the 

writer from naming this unit and the informal name - Upper shale unit - is 

perpetuated in this report. 

Distri bution and stratigraphy. The only other outcrop-area of the 

Upper shale unit within the investigated part of Quatsino Sound, is a small, 

strongly disturbed outcrop of lithologically identical shale (see unit 14 of 

section 32 in Appendix) in Winter Harbour. The previously made claims of 

the occurrence of the Upper shale unit in Koprino Harbour (Dawson, 1887, p. 88B) 

have been found to be erroneous as was pointed out in the section dealing with 

the Blumberg Formation (seep. 175). 

Outside of the area proper, the Upper shale unit outcrops extensively 

on the northern coast of Vancouver Island in the central part of Christensen 

Point Cretaceous outlier (Jeletzky, 1969, pp. 130, 131; 1970a, pp. 211-212). 

There are reason s to think that this outcrop-area of the Upper shale unit 

extends southeas tward to the headwaters of Strandby River and possibly to the 

vicinity of Holberg village. 

Greywacke member. What appears to be the oldest part of the Upper 

shale unit outcrops on the tidal flats of the northern shore of Quatsino Sound 

between the exposed top of the type section of the Blumberg Formation and the 

point about 600 feet west of the mouth of Bish Creek. These predominantly 

arenaceous rocks are named herewith the Greywacke member of the Upper shale 

unit and interpreted as the initial phase of the basal Upper Cretaceous trans­

gression of the Quatsino Sound area. 
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The Greywacke member appears to be stratigraphically transitional 

between the uppermost exposed beds of the Blumberg Formation (see Unit 

1 of Sec. 36) and the lowermost beds of the Shale-siltstone member of 

the Upper shale unit exposed in the bed of Bish Creek. However, both 

contacts are covered and almost certainly faulted and the placement 

of these rocks into the basal part of the Upper shale unit depends on 

the inferred Albian age of the adjacent beds of the Blumberg Formation 

and the. presence of the. Cenomanian fauna in the greywacke member (see 

B~d 2, Sec. 38). 

Th..e youngest exposed beds of the Greywacke member of the Upper 

shale unit outcrop about 60Q feet west of the mouth of Bish Creek. 

They appear to dip under the basal exposed beds of the Shale-siltstone 

member but a major north- trending fault is assumed to be present within 

the completely covered interval of the shoreline separating the visible 

top of this unit from the Shale-siltstone member of the Upper shale 

unit exposed in the bed of Bish Creek. The covered interval is about 

150 yards wide. Immediately west of this covered interval, the 

Greywacke member consists predominantly of grey to green-grey, 

medium - to fine-grained, resistant, in places clayey greywacke, 

which is locally carbonaceous to coaly and contains much bark and fossil 

wood. The greywacke is interbedded with varying but locally large 

amounts of brownish grey, conchoidally to spheroidally weathering, 

considerably arenaceous 7 soft shale and siltstone. These shales and 

siltstones form beds 1/2 to 1 1/2 feet thick. Locally, however, the beds 

may be as much as 15 fee t thick. They ~esemble closely the shale 
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and siltstone of the overlying Shale-siltstone member. The Greywacke member includes 

several thin (up to 4 feet?) interbeds of peculiar, fine to medium pebble conglomerate, 

which consists predominantly of 1/4- to 2-inch pebbles of grey shaly limestone and 

hard grey shale . 

The thin but extremely important section 38 (see Pl. X, Fig. A) of the 

uppermost beds of the Greywacke member was measured 600 feet west of the mouth 

of Bish Creek. Farther west, the Greywacke member outcrops intermittently for 

about 1/2 mile along the shore before disappearing beneath beach deposits (see p. 177 

and dis0ussion of Unit 1 of Sec. 36). Throughout this interval, they are flexed in a 

number of minor, often canoe-shaped, mostly open, northerly to northwesterly trending 

folds and are faulted and contorted at most places. It was, therefore, impossible to 

work out the rock succession within the member or to determine its thickness. It 

appears likely, however, that the same 200- to 250-foot succession of beds is repeated 

several times by folding and/ or faulting throughout this interval. This estimate agrees 

with the estimated minimum thickness of the member on the northern shore of 

Vancouver Island (Jeletzky, 1970a, p. 211) . 

The Greywacke member does not seem to outcrop on the eastern limb of 

the syncline and probably is missing there due to a fault or faults occurring in the 

covered interval, about 300 yards wide, separating the westernmost outcrops of the 

Blumberg Formation from the easternmost outcrops of the Shale-siltstone member west 

of Ildstead Islets. 

Shale-siltstone member. These strata are believed to overlie the Greywacke 

member. Throughout its outcrop-area between the point about 300 yards west of Ildstead 

Islets and the bed of Bish Creek, the Shale-siltstone member of the Upper shale unit is 

·. 
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represented by dark grey, fissile, soft shales and siltstones which characteristically 

weather conchoidally to spheroidally. Thick loaf-like concretions, 4 to 5 inches thick, 

as well as pods, lenses, and intercalated lenticular beds, 3 to 12 inches thick, of 

similarly coloured, hard, calcareous shale or cryptocrystalline clayey limestone occur 

commonly in the unit. At several levels, siltstone and shale are interbedded with 

numerous 3- to 12-inch thick interbeds and lenses, and rows of concretions, 1 to 3 feet 

long and 2 to 6 inches thick, of brown to dark rust coloured, ferruginous, commonly 

quartzose, fine- to medium-grained sandstone. 

Outcrops of the Shale-siltstone member are poor within the above-mentioned 

1 3/4 miles of the shoreline. Both contacts are covered and the top of the unit is not 

reached. 

On the eastern limb of the syncline, intermittent outcrops of the Shale-
! -

siltstone member extend for about 1 mile across its predominant strike of north 10 to 

20 degrees west between its covered and evidently faulted eastern contact and the axis 

of the syncline. Within this interval, the unit dips between 5 and 10 degrees west, 

and the rocks are but little disturbed otherwise. At least 480 feet of the Shale-siltstone 

member should, therefore, be present within this interval. 

A change in the attitude of the normally westerly dipping strata of the Shale-

siltstone member takes place in the bed of Hawisnakwi Creek and around its mouth. 

There the strike becomes irregular and the dips become steeper. This fact, and the 

appearance of disturbed rocks of the Blumberg Formation, with steep easterly dips, 

just east of the mouth of Hawisnakwi Creek indicate that the two units are separated 

by a major, northerly trending fault. 
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On the west limb of the syncline, the last outcrops of the 

Shale-siltstone member occur in the bed of Bish Creek about 300 yards 

upstream from its mouth. The completely covered interval of the shore, 

about 200 yards wide, occurring west of the mouth of Bish Creek must con­

tain a major fault since extensive outcrops of the lithologically different, 

intensely disturbed rocks of the Greywacke member occur on its western side. 

Only the lower part of the Shale-siltstone member of the Upper 

shale unit seems to be exposed in the previously described syncline on the 

northern shore of Quatsino Sound since sections of the member, 1,000 to 

l,500 feet or more, outcrop on both sides of Christensen Point on the northern 

shore of Vancouver Island (Jeletzky, 1969, p. 130; 1970a, p. 211). 

A small outcrop-area of extremely strongly disturbed mostly pure 

shales, light grey to ash grey when fresh, lavender tinged when weathered 

occupies a large wooded point at the western end (on the north bank) of a 

nameless channel connecting Winter Harbour with Ahwhichaolto Inlet (see Fig. 18 

and unit 14 of section 32 in the Appendix for further details). These shales 

did not yield any fossils with the exception of an indeterminate Inoceramus­

like shell and some Inocerarnus prisms and so cannot be dated bio.chronologically. 

They are, however, lithologically identical with the fossiliferous shales of 

the Cenomanian ?and Turonian part of the Upper shale member exposed west of 

Christensen Point and are tentatively assigned t0 this member. The presence 

of indeterminate Inoceramus fra~ments in the Winter Har.hour outcrop-area gives 

some support to this correlation. 
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Age and correlation. The diagnostic ammonites of the marine fauna found in the 

uppermost exposed beds of the Greywacke member (see Unit 2 of Sec. 38) belong to the 

widespread North Pacific De smoceras (Pseudouhligella) japonicum _fauna. This fauna 

is of Cenomanian age according to Matsumoto (1959, p. 81) and is usually considered 

to be confined to the lower part of the Cenomanian stage (Jones, 1967, p. 4; 

Terekhova, 1969, pp. 163-196; Jeletzky, 1969). In western Canada, Q_. (R_.) japonicum 

fauna was known previously only from the Cenomanian part of the Shale member of the 

Haida Formation in Queen Charlotte Islands (Sutherland-Brown, 1968, pp. 88, 90, 92). 

At least the upper part of the Greywacke member of Quatsino Sound Cretaceous outlier 

appears, therefore, to be a nearshore equivalent of the Shale member of the Haida 

Formation and ?the Shale-siltstone member of the Christensen Point outcrop-area. In 

the latter area the Greywacke member may be equivalent to part or ?all of the so far 

unfossiliferous basal 450 feet of the Shale-siltstone member. 



- 189 -

In Quatsino Sound, the rocks of the overlying Shale-siltstone member are 

almost unfossiliferous, except for fossil wood and fragmentary, poorly preserved 

plant remains which occur locally. The predominantly marine origin of the member 

is, however, indicated by the common occurrence of limestone concretions, lenses 
:r=: 

and interbeds, and by the rare occµrrence of small .marine pelecypocls and other indeterminate 

marine fossils. One locality (GSC loc. 24276) on the tidal platform about 300 yards west 

of Ildstead Islets {Pl. XI, Fig. A) has yielded Astarte? sp. indet. and an indeterminate 

irregular echinoid resembling Toxaster. These fossils are not diagnostic. 

The Christensen Point sections of the Shale-siltstone member are more 

fossiliferous, probably because of their much larger outcrop-area. Puzosia (Pu'Zosia) 

aff. dilleri Anderson, Tetragonites? sp. indet., indeterminate desmoceratid ammonite 

and Inoceramus aff. _!. incelebratus Pergament found in the interval 450 to 1, OOO feet 

above the member's base on the western limb of the syncline (Jeletzky, 1969, p. 131) 

are now believed to indicate a late Cenomanian or Turonian age. This conclusion is 

confirmed by the more recent discovery (Jeletzky, 1970a, p. 211) of Tetragonites ex 

. \ aff. I. jacksonense Anderson (GSC locs. 83927, 83926) and ? Eucalvcoceras ex aff . 

shastense Reagan (GSC loc. 83229) in the same interval on the eastern limb of the 

Christensen Point Cretaceous syncline. This fauna is most likely of late Cenomanian 

age even though its earliest Turonian age cannot yet be ruled out. 

The topmost exposed (top of the Upper shale unit \vas not seen in any of its 

sections) 100 feet of the Shale-siltstone member were seen only on the eastern limb of 

Christensen point Cretaceous syncline where they contain specifically indeterminate, 

concentrically ribbed Inoceramus shells and fragments (Jeletzky, 1970a, p. 211). Because 
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of their stratigraphic position about SOO feet above the beds with presumably 

late Cenomanian ammonites, these Inoceramus-bearing siltstones are probably 

Turonian in age and equivalent to the uppermost beds of the Haida Formation 

containing Inoceramus labiatus? Schlotheim (Sutherland-Brown, 1968, pp. 88, 92). 

Facies and paleogeography.The Quatsino Sound and Christensen Point outcrops 

of the Upper shale unit represent small erosional remnants of yet another 

Cretaceous marine transgression which apparently followed immediately the 

previously described strong Aptian-Albian uplift of the Quatsino Sound area. 

The areal extent of this early Cenomanian to early Turonian transgression is 

tmknown. The almost exclusively shaly to silty lithology of known exposures of 

the Upper shale unit suggests, however, that most or all of the investigated 

part of Quatsino Sound was flooded by the Cenomanian-Turonian sea. 

The early Cenomanian Greywacke member of Quatsino Sound is a more shallow 

water marine deposit (beach to intertidal) than the equivalent beds of the 

Shale member of Queen Oiarlotte Islands and the presumably equivalent basal 

part of the Shale-siltstone member of Oiristensen Point. This suggests the 

southeastward onlap of the early Cenomanian sea onto the subsiding northwestern 

part of the Albian landmass of Vancouver Island. No paleogeographic map has 

been drawn for the Cenomanian time because of the extreme scarcity of data 

available. 

Nanaimo Group 

Cedar District equivalents 

No outcrops of Upper Cretaceous sedimentary rocks were known anywhere in 

Quatsino Sotmd tm.til the recent discovery of a downfaulted block (a half graben) 

of marine fossiliferous Nanaimo Group greywacke at the headwaters of Lippy Creek 

1970a, p. 210) and the results obtained are presented below. 

Th . . ;.;~ 1s Nana1mo .--.:.r\/ 

-- - 1\., 
pp . 12 7 - !~ ~ ; I 

\ "--' 
1._,,./ 

on the eastern side of Neroutsos Inlet (Jeffery, 1962, geol. map). 

outlier was studied in greater detail by the writer (Jeletzky, 1969, 

·. 
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Location and stratigraphy. The half graben is about 2 1/3 miles long, inclined 

to the southwest, and occurs high on the northeastern slope of a nameless 2, 500-foot high 

,,. i 7 
ridge situated betwee n Alice Lake and the adjacent part of Neroutsos Inlet (see Fig. 17) . 

V Within this half graben, the Nanaimo arenites strike northerly to northwesterly and dip 

westerly at low to moderate angles. On the eastern side of the outlier, the Nanaimo 

rocks appear to be in normal contact with the underlying Barremian variegated elastic 

unit (see Sec. 29) but the contact is covered in all sections. studied. Considering the 

great time interval (Aptian to early Campanian inclusive) separating the two rock units 

concerned, the contact must be at least erosionally disconformable. The occurrence of 

Aptian orogeny after the deposition of the Barremian variegated elastic unit suggests that 

this contact is regionally unconformable as well. It may well be that unit 5 of section 39 

represents the upper part of the basal conglomerate of the Nanaimo Group in this outlier. 

The western boundary of the Neroutsos Inlet outlier is a major fault which 
' ;:: f 7 

brings the Nanaimo Group arenites against the Quatsino limestone (see Fig. 17). 

About 280 feet of dull brown, whitish grey or buff, mostly orange to dark 

brown weathering, fine- to rarely coarse-grained, locally gritty arenites, mainly 

arkoses or ?arkosic sandstone s, outcrop in the longest and best exposed section of · 

the Nanaimo Group within the Neroutsos Inlet outlier (see Units 1, 2 and 4-7 of Sec. 39). 

Some interbeds of richly fossiliferous arkose, greywacke, grit and ferruginous, fine-

grained pebble conglomerate were observed near the visible base of the unit (see Unit 5 of 

Sec. 39). No shale or siltstone interbeds were seen. 

Judging by the apparently complete absence of plant remains and carbonaceous 

to coaly interbeds, and the presence of rare marine shells irregularily scattered throughout 

the exposed thickness of the unit, most or all of the exposed part of the Nanaimo Group 
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consists of marine rocks. Except for the basal 40 to 50 feet of exposed strata, the 

arenites of the unit are massive to indistinctly bedded, fine to very fine grained with, 

in places , crossbedding and ripple-marks. Therefore, the arenites of the middle to 

upper part of the unit do not seem to be littoral types; it seems more probable that 

they were deposited in the deeper neritic zone, where there was little turbulence of 

waves and current. 

I Age and correlation. The presence of Baculites cf. chicoensis Gabb in unit 6 

of seCtion 29 near the visible base of the Nanaimo sequence suggests that the Upper 

Cretaceous sea flqoded the Neroutsos Inlet area only in early Cedar District time 

(early late Campanian). The precise age of the middle and upper parts of the 

exposed sequence is obscure. However, the writer is inclined to believe that the 

Nanaimo sea had left the Neroutsos area of_Quatsino Sound at the same time as it 

did the Suquash area on the east coast of Vancouver Island; i.e. before the end of 

Metaplacenticeras cf. pacificum time (Jeletzky, 1970a, p. 213). 

Facies and paleogeography. As pointed out by Jeletzky (1969, pp. 130, 

132-133; 1970a, pp. 210, 212-214), the isolated outliers of the Nanaimo arenites 

equivalent. to the Cedar District Formation of the Nanaimo and Comox Basins occur 

on Hope Island, in Queen Charlotte Strait and in Suquash Basin on the northern coast 

of Vancouver Island. These small and widely scattered outliers of the Nanaimo Group 

on the northern part of Vancouver Island appear to be small erosional remnants of a . 
widespread late Nanaimo transgression which covered most or all of the area in 

early late Campanian (Fig. 14). 
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Except for their basal, distinctly littoral beds, the arenites of the Neroutsos 

Inlet outlier appear to be a deeper water marine deposit (deeper part of neritic zone) 

than the much coarser grained, littoral to nonmarine arenites of Hope Island outlier 

and :Suquash Basin. The latter outliers apparently were situated in the proximity of 

the eastern shoreline of the late Nanaimo (i.e. of the Cedar District time) sea whereas 

the Neroutsos Inlet outlier represents the offshore part of the same basin. 

The writer (Jeletzky, 1970a, pp. 212-214) observed that marine interbeds 

decrease and then disappear southeastwards in the littoral to nonmarine Cedar District 

equivalents of the Suquash Basin until the unit becomes entirely nonmar:ne in the 

vicinity of Suquash River and in the upper course of Keogh River. This fact and the 

prevalence of northwest-dipping foreset beds in the Nanaimo rocks of Suquash Basin 

suggest that the sea advanced from 1he northwest or ?west and did not penetrate beyond 

Suqnash River and the upper course of Keogh River, at least on the east coast of 

Vanc ouver Island (Fig. 14). 

The above data, the apparently complete absence of the outliers of Nanaimo 

rock s south of Quatsino Sound and the inferred continuous presence of the elevated 

Brooks Peninsula land mass in this direction, suggest that the late Nanaimo sea did 

not penetrate southward beyond the line defined by the Suquash mine, head of Neroutsos 

Inlet, and Kwakiutl Point. 

The position of the eastern shoreline of the Quatsino Sound embayment of 

the l ate Nanaimo sea is somewhat uncertain because of an apparent lack of Nanaimo 

outcrops east of the line: eastern side of Hope Island - Port Hardy - Port McNeill. 

However, the facies changes described above within these areas and the inferred 

northwestern and/ or western origin of the early Cedar District transgression suggest 
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that the late Nanaimo sea did not penetrate much beyond its presently known easternmost 

and southeasternmost outcrops even beneath Queen Charlotte Strait. The eastern and 

southeastern shorelines of this embayment of the late Nanaimo sea shown in Figure 14 

actually may ha e been placed too far east and southeast. 

The ab ove data supports Sutherland-Brown's (1966, Figs. 6-7) idea about 

the continuous pre sence of a wi.de isthmus separating the Quatsino Sound-Susquash 

Basin embaymen t of the late Nanaimo (i.e. Cedar District time) sea from its southeastern 

(Oyster River-Texada Island) e mbayment. The writer's interpretation of the Quatsino 

Sound-Suquash Ba sin embayme nt of the late Nanaimo sea (Fig. 14) differs only from 

that proposed by Sutherland-Brown (1966, Figs. 6-7) in assuming its westward extention 

beyond the west coast of Vancouver Island. 

?EARLY TERTIARY INTRUSIONS 

?Sooke Intrusions 

' : . '-

A number of small- to medium-size bodies of intrusive rock varying widely 

in their size, texture, and m ineralogical composition were found to invade the Lower 

Cretaceous sedim entary rocks and the high Upper Cretaceous Nanaimo Group in the 

investigated par t of Quatsino Sound. As now known, they include medium- to coarse-

grained leucocratic granite por phyry, diorite porphyry, holocrystalline gabbro and 

various finer grained dyke rock s ranging from ?rhyolite through ?dacite to diabase. 

These intrusive rocks are tentatively grouped in this report under the heading of 

"?Sooke Intrusions" as they are lithologically and stratigraphically-structurally similar 

to the Lower Olig ocene intrusions of the Sooke and Buttle Lake map-areas (Gunning, 

1931, p. 64A). 



- 195 -

As with the Coast Intrusions, this report is concerned primarily with the 

stratigraph ical and structural relationships of the ?Sooke Intrusions of Quatsino Sound. 

The microscopic petrography of these rocks is beyond its scope and the tentative 

petrographic assignment of some of the intrusive rocks is based soleiy on the macroscopic 

study of their hand specimens. 

Previous Investigations. Dawson (1887, p. 84B) observed that the Lower 

Cretaceous sedimentary rocks of Quatsino Sound locally occur in contact with the 

intrusive rocks but he did not give any details. These observations were confirmed by 

Dolmage (1919, pp. 32B, 33B) who was apparently the first to clearly separate these 

post-Cretaceous intrusive rocks from the Jurassic Coast Intrusions. According to 

Dolmage (1919, p. 33B): "The only igneous rocks later than the Cretaceous are a few 

diabase dykes found cutting the sandstone in two places. These dykes are small in 

size and very few in number, but some of the numerous dykes of a similar composition 

found cutting the Vancouver formations where there is no Cretaceous exposed possibly 

belong to this periocl of intrusion". Gunning (1930, p. 107 A) came to essentially the 

same conclusions as Dolmage (1919) in stressing the occurrence in the area of the pre­

Coast Intrusion of diabase dykes lithologically indistinguishable from the post-Cretaceous 

ones; he states: '1Also it should not be forgotten that diabase dykes, similar to those 

that occur cutting the rocks of the Vancouver group, have been found to intrude
1 

the 

Lower Cretaceous rocks on Quatsino Sound. Although some of the diabases of the 

Vancouver Group may belong to this period of intrusion, all of them do not, for on Nimpkish 

Lake a medium-grained, greenish grey diabase is altered by garnet, epidote, and other 

contact metamorphic minerals and consequently antedated the mineralization which is 

related to the Coast Ra..--igc i.."ltrusiv·cs 11
• 

1 
Dolmage, V: Geol. Surv. Can. , Sum. Rept. 1918, pt. B, p. 33. 
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Geographical Distribution and Composition. Most of the observed ?Sooke 

Intrusions of Quatsino Sound are dykes and sills not exceeding 10 feet in thickness. 

The rare plug-like to irregularly shaped bodies are somewhat larger but their maximum 

observed thickness along the shoreline does not exceed 150 feet. There are indications 

that some of these larger ?Sooke Intrusions widen inland and actually may be considerably 

larger than their observed parts. However, it is not expected that any possible inland 

extensions of these bodies would exceed a few hundred yards in diameter. 

The easternmost group of ?Sooke Intrusions occurs on the northern shore of 

Quatsino Sound proper in the interval 1, OOO to 1, 450 yards west of the mouth of Aweisha 

Creek. This group consists of three small dykes and one dyke-like body at least 100 feet 

thick. The three small diabase to ?dacite dykes cutting the westerly dipping sedimentary 

rocks are described in connection with the description of the surrounding rocks of the 

Coarse arenite unit in section 34 (see Appendix). 

The out crop of the larger intrusive body which occurs in the middle of a 

completely covered stretch of the shoreline, about 350 yards wide, is about 100 feet 

wide (along the shoreline). It is followed by extensive outcrops of conglomerates of 

the Blumberg Formation that strike N20°W and dip 15°E. This intrusive body is, 

therefore, believed to occur either near or directly within a major northerly-trending 

fault zone and to be fault controlled. It consists of light brownish green to dull green­

grey, extremely weathered ?diorite porphyry locally containing abundant large, well­

developed phenocrysts both of a dark mineral and almost completely decomposed 

?sodic feldspar. The fine-grained groundmass is composed largely of feldspar. 

The size of this ?dioritic body is unknown, but it could possibly underlie part of the 

350-yard 'vidc, bcach-co\'ered inter\ral. 
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The second group of the ?Sooke Intrusives occurs on the northern shore of 

Quatsino Sound proper at the point about 1 mile west of the mouth of Bish Creek. It 

consists of three closely spaced, wedge-like bodies, 12 to 105 feet wide (along the 

shoreiine), of me dium- to coarse-grained, leucocratic granite porphyry (for further 

details see the de scription of nits 7-10 of Sec. 36), This granite porphyry is beige 

to whitish grey or light pinkish grey when fresh and weathers light brown; it includes 

some 20 to 25 per cent of visible quartz crystals. Numerous phenocrysts consist 

predominantly of rust- to orange-coloured potash feldspar ( ?orthoclase) and water 

transparent potash feldspar (? sanidine i and only very rarely of a dark mineral. 

All three wedge-like granite bodies narrow rapidly southward and the two smaller 

ones appear to pinch out completely within the tidal shelf in this direction. All 

three granitic bodies widen gradually northward (i.e. inland). There seems little 

doubt that they m erge in this direction and are only the protuberances of a single 

much larger granitic intrusive body. This intrusive body apparently occupies the 

densely forested upper slopes of the coast in this area. The attached Figure 17 

and Profile reflect this interpretation. However, no time was available to check 

the validity of this hypothesis. 

The granite protuberances are separated from each other by thin layers of 

bright rust- to maroon-coloured, metasomatically altered and partly "granitized" pebble 

to boulder conglomerate and are completely surrounded by a zone, at least 30 feet 

wide, of similarly altered conglomerate forming a well-defined thermal halo. Near 

the contacts with thermally altered Blumberg conglomerate, the granite contains large 

and small xenoliths of the latter. 
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Areas of thermally altered conglomerates of the Blumberg Formation are 

widespread in the Koprino Harbour outlier. TI1ey will be described in some detail 

because of the potential economic importance and inferred proximity to shallowly buried 

?Sooke Intrusions. A zone of bright rust- to verrnillion-coloured, metasomatically 

altered Blumberg conglomerate, at least 350 feet wide (along the shore) occupies the 

northern shore of Quatsino Sound immediately east of Lind Islet. This zone occupies 

both the tidal platform and the steep bluffs above it to a height of at least 120 feet above 

sea level (see Unit 17a of Sec. 36). A few small (less than 1 foot thick) patches of 

slightly "granitized" conglomerate and numerous calcitic veins occur within this zone 

but no significant intrusive bodies have been observed. This zone of metasomatically 

altered conglomerate apparently represents a thermal halo of a sizable ?Sooke 

Intrusive body concealed just beneath the surface within this part of the coast. 

Another zone, 120 to 130 feet wide (along the shore), of similarly coloured, thermally 

affected rocks of the B 1 umber g Formation occupies the tip and the southwestern 

side of a nameless rounded point next southwest toward Lind Islet. 

The third zone, about 750 feet wide (along the shore), of similarly coloured, 

thermally affected Blumberg conglomerates occurs approximately 650 to 900 yards 

west of Lind Islet. It extends from the water's edge right to the top of a slope of the 

shoreline 60 to 90 feet high. This thermal halo is separated from the fourth zone, 

about 800 feet wide, of similarly coloured, thermally affected Blumberg conglomerate 

by about 450 feet of the unaltered grey to greenish grey coloured pebble conglomerate. 

For the next 400 yards along the shore only a few small (up to 60 feet wide) patches of 

rust- to maroon-coloured , metasornatically altered pebble conglomerate occur within 

its p-reaominantly unaltered grey variety. Then, about 100 yards east of a deep, 
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lagoon-like embayment of the shoreline obviously representing a strong northeasterly 

trending fault zone, the conglomerate again turns intensely red and is cut by a number 

of hydrothermal calcite veinlets. This metasomatically affected rock extends for the 

next 300 yards along the shore on both sides of the above-mentioned embayment. 

About 500 yards farther westward, a broadly rounded embayment of the 

northern shore of Quatsino Sound, about 450 feet wide and situated about 350 yards 

southeast of the tip of Prideaux Point, is occupied by yet another zone of metasomatically 

altered Blumberg conglomerate. 

The last of these metasomatically altered zones, before reaching the eastern 

side of Koprino Harbour begins about 150 yards east of the base of Prideaux Point 

and continues across its entire width. Some unaltered, dark grey conglomerates occur 

within this zone. 

No intrusive rocks or metasomatically altered Lower Cretaceous sediments 

have been observed on the east side of Koprino Harbour between the northern base of 

Prideaux Point and the head of East Cove. 

The third group of ?Sooke intrusions occur on Lintlop Islet in the northeastern 

part of Koprino Harbour. This group consists of three irregularly shaped minor jntrusions. 

Judging by the strong metasomatic alteration and local "granitization" of the adjacent 

elastics of the Blumberg Formation, these intrusions may be simply cupolas or 

protuberances of a single larger intrusion underlying most or all of the islet. 

The southern tip of Lintlop Islet is occupied by an irregularly shaped 

intrusive body , about 75 feet long (in east-west direction) and 45 feet wide, consisting 

of an aphanitic to slightly porphyritic, dark grey, probably andesitic dyke rock. The 

intrusive rock disappe:lrs beneath the water on three sides but on the northern side it 
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invades indurated and metasomatically altered finer elastics of the Blumberg Formation. 

The latter are considerably altered metasomatically and possibly "granitized" within a 

zone, 18 to 35 feet wide, adjacent to the intrusive contact and then become progressively 

less strongly metasomatically altered ("bleached") and indurated within. the next interval 

which is 150 feet wide . A covered interval, 15 to 25·feet wide, occurs next followed 

by the reappearance of ?andesitic intrusive rock on the western side of the islet. This 

rock extends for at least 150 feet farther northward forming a somewhat irregularly 

rounded, plug-like body. The maximum visible width of this body (in its middle part) 

is 160 to 170 feet but it may be considerably wider since its eastern contact is concealed 

in the forested central part of the islet and its western contact is concealed beneath 

the sea. Northward this intrusive body rapidly tapers into a protuberance, 10 to 

15 feet wide, which disappears beneath the sea. Like the first ?andesitic intrusive, 

this body invades metasomatically altered sediments of the Blumberg Formation. 

The third intrusive body, 320 to 340 feet long (in north-south direction) and 

20 to 130 feet wide, occupies the northwestern tip of Lintlop Islet. It is separated from 

the northern end of the second intrusive bcxly by a partly covered :interval, 150 feet wide 

(in north-south direction). Numerous patches of altered Blumberg Formation elastic 

rocks outcrop within this interval. These sediments are intensely altered and partly 

metasomatically replaced by the intrusive rock (i.e. "granitized") within a zone 30 to 

40 feet wide, adjacent to the southern part of the intrusive body. Farther north, the 

contact between the intrusive and the surrounding sediments is invariably concealed. 

The western and northern contacts of the body are everywhere concealed beneath the sea. 
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. The southernmost part of the third intrusive body, 120 to 130 feet long 

and. 20 to 80 feet wide, is composed of the same ? andesitic dyke rock as the other 

two bodies. Farther north, this marginal intrusive facies is rapidly replaced 

laterally by dark to blackish grey, medium- to coarse-grained, mainly equigranular 

gabbro, which rock type constitutes the remaining northern part of the body which 

is 200 to 214 feet long and up to 135 feet wide. The contact of both intrusive facies 

appears to be gradational. The gabbro is considerab_ly contaminated by xenoliths of 

the surrounding Blumberg Conglomerate and locally contains numerous calcite 

amygdules. The apparently complete absence of the ?andesitic marginal intrusive 

facies at the western and northern margins of gabbro exposures suggests that this 

intrusive body extends for some distance beneath the sea in this direction. This 

assumption is supported by the fact that Diggs Islet, situated about 550 yards west 

of Lintlop Islet in the mouth of Koprino River, is under lain mainly by maroon, 

metasomatically altered Blumberg elastic rocks. Furthermore, the same is true 

of medium- to coarse-grained pebbly sandstones of the Blumberg Formation outcropping 

about 500 to GOO yards east of Lintlop Islet around the head of East Cove. 

?Sooke Intrusives have not been observed anywhere else within Koprino 

Harbour. However , a zone about 300 yards wide (along the shore), of maroon, 

metasomatically altered Blumberg elastic strata occurs in the northwestern corner 

of Robson Cove. Another zone, 50 to 60 yards wide, of reddish orange to maroon, 

metasomatically altered (including a few calcitic veins) occurs at the northern entrance to 

Robson Cove on the south western flank of a shallow syncline, the axis of which is 

situated behind Dockyard ISlet. A third zone of such metasomatically altered Blumberg 

elastics occupies all of the eastern side of Schloss Island. All these zones are believed 
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to be thermal haloes of one or more shallowly seated ?Sooke Intrusions, which 

have invaded the :surfaces of several large, northerly to northwesterly trending faults 

auxiliary to the Mahatta Fault Zone. 

The fonrth and the last known occurrence of ?Sooke Intrusions consists 

of a single sill-like body of ?rhyolite, more than 10 feet thick, which invades the 

Nanaimo Group in the Neroutsos Inlet outlier (see Unit 3 of Sec. 39). This small 

intrusive body is rather important for the purposes of dating and correlation of 

?Sooke Intrusions. 

Structural relations and mode of emplacement. Most of the known bodies of 

?Sooke Intrusives invade intensely faulted and locally drag-folded Lower Cretaceous 

rocks within the basin-like part of the Koprino Harbour outlier. The same is true of 

all the above desc ribed areas of metasomatically altered Lower Cretaceous rocks 

believed to represent thermal haloes of shallowly seated ?Sooke Intrusives. 

All of these intrusive bodies and thermal haloes occur within or adjacent 

to defined or inferred major fault zones. Most of the observed dykes seem to follow 

well-defined fault surfaces. 

No tightly compressed and overturned folds or pronounced shearing and 

crushing of the surrounding sedimentary rocks attributable to the forcible injection 

of ?Sooke Intrusions were observed. It is concluded from this that the ? Sooke 

Intrusions are younger than the major post-Lower Cretaceous (?Tertiary) faults of 

Quatsino Sound, a nd that these :intrusions have invaded the zones of weakness caused 

by the faulting under the conditions of regional tension. 
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The extremely variable acidic to basic composition and the felsitic, 

amygdaloidal , or finely to coarsely porphyritic (in larger intrusive bodies only) 

texture of most known ?Sooke Intrusions of Quatsino Sound (except for the gabbro .. _ _ ;,r . 

bcxly of Lintlop Islet) suggests that they are exclusively shallow-seated to hypabyssal 

apophyses and cupolas of the larger, possibly batholithic Tertiary granitoid intrusions 

which are still concealed at depth in this structurally depressed part of Vancouver 

Island (cf. under Coast Intrusions, p. 110). 

This hypothesis finds additional support in the widespread occurrence of 

prev iously descr~bed small to large areas of rust- to orange-coloured, Pletasomatically 

altered Lower Cretaceous sediments within the Koprino Cretaceous outlier. These 

areas of altered sediments are lithologically identical with the thermal haloes of rust-

to orange-coloured, metasomatically 3::1tered to regularly "granitized" sedimentary 

roC;ks surrounding the larger g1·anite-porphyry intrusions observed in the type section 

of the Blumberg Formation east of the mouth of Blumberg Creek. It is believed 

accordingly that most or all of the above-mentioned areas of metasomatically altered 

Lower Cretaceous sediments represent thermal haloes of granitic ?Sooke Intrusions 

which lie just beneath the S11I'face in these areas of Koprino outlier but are not yet 

unroofed at any point of the available outcrop-areas. 

The alternative hypothesis, that most or all of these areas of metasomatically 

alte red Lower Cretaceous sediments have resulted only from the penetration of 

hydrothermal solutions from depth along the shattered rock zones, appears to be 

improbable because of the close association of several of these areas of metasomatically 

altered sediments with the known ?Sooke Intrusions and their lithological identity with 

the thermal haloes surrounding these. 
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Age and correlation . . Because of the extreme rarity of late Upper Cretaceous 

sedimentary rocks within the investigated part of Quatsino Sound, most of the above 

?Sooke Intrusions can be directly dated only as of post-Cenomanian age. However, in 

Buttle Lake map-area. similar intrusive rocks are known to invade the mid-Upper 

Cretaceous sedime nts of the Nanaimo Group (Clapp, 1912, p. 106; Gunning, 1931, 

p. 64A) and the same is true of at least one small sill-like body of ?Sooke Intrusions 

in the report-area (see Unit 3 of Sec. 39). 

The post-Nanaimo intrusives of Buttle Lake map-area were originally dated 

as of Eocene age by Clapp (1912, p. 106). However, Clapp (1917, p. 304) subsequently 

suggested a lower Oligocene age for these intrusions and correlated them with the 

?Sooke Intrusions of the southeastern part of Vancouver Island. The latter correlation 

was tentatively accepted by Gunning (1931, p. 64A). All of the post-Cenomanian 

intrusions of Quats ino Sound are accordingly dated as of Lower Tertiary age and 

correlated tentatively with the ?Sooke Intrusions. Their latest Late Cretaceous 

(Maestrichtian) age appears to be most unlikely but cannot be ruled out at present. 

The previously stressed subordination of all known intrusive bodies of ?Sooke 

Intrusions to defined or inferred, presumably Tertiary faults supports the post-Cretaceous 

age of the ?Sooke Intrusions of Quatsino Sound. However, this circumstance could 

indicate also that these intrusions are of post-Oligocene age since most or all of the 

major faults of the west coast of Vancouver Island are known to cut the fossiliferous 

Oligocene and ?lower Miocene sedimentary rocks (Jeletzky, 1954b, geol. maps) . 

......---
0 LIG OC EN E AND ?MIOCENE ROCKS 

Carmanah Group 

No outcrops of the Oligocene and ?Miocene sedimentary rocks, such as occur 

locally on the west coast of Vancouver Island (Jeletzky, 1954a, 1954b) have been encountered 
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within the investigated part of Quatsino Sound. There is no evidence suggestive of 

their presence anywhere around the mouth of Quatsino Sound or for that matter anywhere 

on the west coast of Vancouver Island between Brooks Peninsula and Cape Scott. 

I . ( 

? Late Tertiary volcanic rocks 

. r. 
No outcrops of the ?late Tertiary volcanic rocks have been enc·ountered 

within the investigated part of Quatsino Sound. These rocks, consisting of fresh basaltic 

flows and poorly consolidated brick-red and brown volcanic tuffs and breccia, were 

originally discover ed by Dawson (1887, p. 61B) in the vicinity of Port McNeill well 

outside of the report-area. 

Muller (1967, p. 81 , Fig. 1) has mapped recently numerous outliers of the 

above-mentioned Tertiary volcanic rocks on Straggling Islands, on parts of the northern 

coast of Holberg Inlet, and as a cap on Twin Peaks. 

As shown on Muller's (1967, p. 82, Fig. 1) geological sketch map, the 

outcrop-area of the ? late Tertiary volcanic rocks includes small exposures of light 

grey, intensely altered volcanic breccia and dark grey porphyritic lava encountered 

by the writer in the bed of Nuknimish Creek at the point about 1, OOO feet upstream 

from its first for k (see Unit 7 of Sec. 30). These intensely sheared and jointed volcanic 

rocks are, however, lithologically similar to those of the upper part of the Basal 

Jurassic volcanic unit of the Bonanza Subgroup and are invaded by small bodies of the 

felsit ic Coast Intrus ions; they have been mapped accordingly in this report . 

The complete ly shattered and strongly metamorphosed, light grey to whitish 

grey, rust-red volcanic ?breccia underlies the sharp point closing Apple Bay from the 

southe ast and from there e:>..-tends for some distance toward the southeast along the shore. 
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This volcanic ?breccia likewise forms part of the outcrop-area of Muller (1967, p. 82, 

Fig. 1). However, the lithology of this volcanic ?breccia is very similar to that of 

the third facies of the Hecate Cove Formation and it is invaded by two bcxlies of basic, 

porphyritic to amygdaloidal intrusive rock similar in lithology to that of the Karmutsen 

volcanics. One of these bodies, which are tentatively referred to the Coast Intrusions, 

is a west-trending dyke, from 6 to 12 feet wide, and the other is an irregular plug­

like body, 60 to 100 feet wide. This volcanic ?breccia was included accordingly in 

the Hecate Cove Formation of the Bonanza Subgroup together with other rocks (see p. 47) 

expose'} on the relatively upthrown southern limb of the Holberg Fault for about 2 miles 

east of Apple Bay. This procedure follows the conclusions of Dawson (1887, p. 91B and 

geol. map). 

STRUCTURAL GEOLOGY 

The report-area extends across the structural grain of the Insular Tectonic 

belt and this fact compensates somewhat for the limited region covered by the writer's 

investigation. It is hoped, therefore, that this survey will contribute to the understanding 

of several previously unsolved structural problems of northwestern Vancouver Island. 

The solution of these problems has been hindered by the almost complete lack of reliable 

lithological markers, erratic changes of facies within short distances across and along 

the strike, and the absence or extreme paucity of index fossils in most of the Mesozoic 

units within the report-area and the adjacent parts of northwestern Vancouver Island. 
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PREVIOUS INVESTIGATIONS 

Dawson {1887) was t he first to comment on the structural geology of 

Quatsino Sound . He r ecognized the prevalence of northwestern strikes and southwesterly 

dips of the altered volcanic an:d sedimentary rocks of the "Vancouver series" and pointed 

out that these rocks are proba b ly repeated either bY, folding or by faulting and that 

their eroded sur face is locally overlain unconformably by folded and faulted but 

essentially unaltered Cretaceo us rocks. Dawson (1887, pp. 85B-86B) defined two of the 
f· :------·-· -··-·-·------·--- -- ---- ------ --.. - l' , .> ,..,~ ,~ 

principal faul ts (i.e. Holberg and .Mahatta Faults of this report) cutting the ·.: / ,' 

"Vancouver ser ies" and the Cr etaceous rocks alike and correctly assessed their 

regional significance. 

Dolmage {1919 , p. :32B) observed that: "The rocks of the Vancouver Group 

are steeply folded along a northeast and southwest direction, and in the region examined 

the dips are very consistently t o the west. Considerable faulting has also occurred, 

particularly in the region wher e the main channel of the sound branches out into the 

various arms" . 

The following entire ly different tectonic style has been suggested by Gunning 

{1930, pp. 104A-105A) for racks of the Vancouver Group of the Quatsino-Nimpkish map-

area: 

There are im portant intrusions of granitic rocks and it is 
evide n t, in the field that the folding and contortion of the rocks 
of Vancouver group are directly connected with the intrusions. 
The general tendenc y seems to be a contortion and tightly 
compressed folding of the intruded rocks near the intrusive with 
a doming up of the former around the latter so that locally, 
near gigantic stocks and between adjacent ones, almost any attitude 
may be expected. There is not yet sufficient de tailed information 
to reveal the structure across the strike, but it is. presumed that 
the rocks of the Vancouver group are compressed into a series of 
paralle l overturned folds with the prevailing dip to the southwest. 
If this is not so we w ould be forced to conclude that there is a 
continuous successi <>n of volcanic and sedimentary beds from the 
east a nd the west s iidc of the island and the resultant thickness of 
the group would be s o enormous that one is forced to discredit the 
possibility. Also there is evide nce in several places of repetition 
of beds due to tight foldinp; and overturning . 
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The structural role of faulting was obviously minimized by Gunnillg (1930, 

pp. 104A-105A), even though he pointed out the existence of numerous minor faults 

and suggested the existence of major faults in the vicinity of Quatsino Narrows. 

Among later workers, Sutherland-Brown (1966, p. 85) has stressed the 

prevalence of faulting over folding throughout the Insular Belt and pointed out that the 

compressed and overturned folds appear to be: 11limited to special adjustments between 

fault blocks, between panels of volcanic rocks, or adjacent to intrusive plutons". 

Muller (1967, p. 83) pointed out that the structure of the eastern part of 

Quatsino Sound "consists of tilted blocKs separated by two or three sets of normal 

faults, trending northwest, north and northeast11
• More recently, Muller (1970, p. 48, 

sketch map of northern Vancouver Island) concluded that the Alert Bay and Cape Scott 

areas: "like other parts of the island exhibit a southwestward increasingly complex 

block-fault structure. The greater fragmentation of the southwestern belt is possibly 

related to the thinning of the rigid 1shield' of Karmutsen volcanic rocks. Two principal 

northwest-trending faults separate three major southwestward tilted fault blocks''. 

FOLDS 

The oldest clearly discernible fold structures of th~ investigated part of 

Quatsino Sound appear to be the late Norian to latest Triassic (Rhaetian) tectonic lands 

and residual troughs resulting from the latest Triassic orogenic phase. For reasons 

explained by J eletzky (1970b, pp. 5-9) and summarized in the late Triassic sections 

of this report, the latest Triassic tectonic movements apparently not only uplifted 

the rocks of the Sedimentary division of the Bonanza Subgroup but also faulted and 

flexed them into a number of northwest-trending folds. The previously discussed Coal 
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Harbour-Alice Lake Tectonic Land is interpreted as one of these latest Triassic 

anticlinal folds. Another such anticlinal fold is probably represented by the previously 

discussed Southwestern Tectonic Land. The intervening residual Neroutsos trough 

and the West Coast trough are believed to be synclinal folds of the latest Triassic 

time (see pp. 29-35, 52-57 and Figs. 3, 4). 

The generally moderate to gentle folding of the late Triassic rocks in those 

parts of Quatsino Sound distant from the major faults and intrusive bodies indicates 

that these latest Triass ic folds were wide open structures with gently to moderately 

dipping limbs. 

Another pre-Upper Jurassic fold structure of the investigated part of 

Quatsino Sound is the regional, north-northwest- to almost north-trending homocline 

of the Vancouver Group. This homocline is clearly revealed in the arrangement of 

the belts of the individual units of the Vancouver Group in the attached Figures 

17 and .18. In spite of numerous and commonly pronounced local ir~egularities 

caused by the invasion of Coast Intrusions and the post-Cretaceous faulting, the north­

northwest to almost north-trending units of the Vancouver Group become progressively 

younger westward across the strike. 

The pre-Upper Jurassic homocline of Quatsino Sound originally extended 

across the prevalent strike direction of the Vancouver Group at least from the head 

of Rupert Inlet to the head of Browning Inlet. This homocline appears to represent 

part of the southwestern limb of the so-called geanticlinal core of Vancouver Island 

(Sutherland-Brown, 1966, p. 85), which shall be referred to as the Vancouver 

Island anticlinorium in this report. 
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The pre-Late Jurassic age and the gently to moderately dipping, open 

nature of the Quatsino Sound homocline of the Vancouver Group is indicated by the 

fact (already noted by Gunning, 1930, pp. 104A-105A and p. 208 of this report) that 

within the report-area, rocks of the Vancouver Group dip steeply to vertically and 

are contorted only in the proximity of the Middle Jurassic Coast Intrusions and the 

numerous post-Lower Cretaceous major faults. Away from the plutons and faults, 

these rocks commonly become only moderately folded in ~pite of their marked to 

intense jointing, shearing, and minor faulting; locally their dips do not exceed 20 to 

30 degrees. The homocline appears to be a post-Triassic structure sin0e it affects 

similarly the late Triassic part of the Vancouver Group which had suffered the 

effects of the latest Triassic orogenic phase, and the early Jurassic part of the group 

which postdates this phase. The intense Early Jurassic volcanism that occurred at 

intervals within the tectonically and volcanically active zone of the Insular Tectonic 

Belt (Jeletzky, 1970b, pp. 18-23, Figs. 1, 2 and the earlier sections of this report) 

suggest that the Early Jurassic faulting had preceded ?and/ or accompanied the 

formation of this regional homocline. 

The previously discussed (Jeletzky, 1970b, pp. 21-23; and pp. 103-115 of 

this report) Lower Jurassic paleogeography confirms the conclusion that the homocline 

of Quatsino Sound, and consequently the anticlinorium of Vancouver Island, began to 

form after the deposition of the youngest sedimentary (i.e. Pliensbachian-Toarcian 

greywacke unit) unit of the Volcanic division of the Bonanza Subgroup. 

The Middle Jurassic homocline of Quatsino Sound was more or less distorted 

by the invasion of the apparently penecontemporaneous to ? somewhat younger plutons of 

the Coast Jntrusjons. Tt was formed , therefore, before the end of Middle .Jurai::;sic 

time. 
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Contrary to Gunning's (1930, pp. 104A-105A) interpretation, all deformations 

of the Vancouver Group rocks by the Coast Intrusions, including their contortion and 

tight folding in the proximity of the Coast Intrusions, are regarded by the writer only 

as a subordinate , localized phenomenon of the Middle Jurassic orogeny. 

A much greater distortion of the Middle Jurassic homocline resulted from 

closely spaced major faults striking in several directions and generated by several 

Cretaceous and Tertiary tectonic movements. These faults have split this homocline 

into several disconnected sections and locally have almost obliterated its original nature. 

Except for the latest Triassic folds and the Middle Jurassic regional homocline 

of the Vancouver Group, no regional fold pattern is recognizable within the report-area. 

The rocks of the Vancouver Group and the Lower Cretaceous sediments are 

I ' 

flexed in a great number of variously oriented, small- to medium-size, commonly 

more or less contorted folds. Tnese younger folds are always confined to the 

individual principal fault blocks and r:i.ormally extend only over parts of the latter. The 

vast majority of these folds appear to be drag-folds or pressure ridges of one kind 

or another generated by the movements on the principal or major faults delimiting or 

dissecting the principal fault blocks. 

FAULTS 

As elsewhere in the Insular Tectonic Belt (Sutherland-Brown, 1966, p. 85; 

Muller, 1967, p. 83; 1970, p. 48), the structure of the report-area is dominated by 

I 
several principal (as defined on p. 214) faults. These trend northwest to west-northwest 

and delineate four or five structurally disconnected, large to medium fault blocks (Fig. 15). 

These principal (see p. 230) fault blocks are either strongly upthrown or strongly down-
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thrown relative to one another which clearly demonstrates the prevalence of dip-slip 

movements. The principal fault blocks are tilted in different directions. Consequently, 

' they expose rock sequences which commonly differ considerably from each other. 

In spite of these contrasts in the stratigraphy of the individual principal fault blocks, 

the intensity, type, and scale of tectonic structures remain more or less uniform 

throughout the surveyed area. 

The most outstanding and significant internal st.ructural feature of all 

surveyed principal fault blocks is the presence of a multitude of closely spaced major 

and minor faults ·striking in several directions. North, northeast, northwest and 

nearly east-west directions appear to be predominant. Relatively few of these lesser 

faults could be shown on the attached Figures 17 and 18. These lesser faults 

split all principal fault blocks into innumberable smaller to minute (measured in 

square yards or even feet), irregularly shaped fault blocks. Extensive parts of the 

report-area are so intensely faulted, sheared and jointed as to resemble coarse 

tectonic breccia. 

Regular, major scale, intermediate to high angle thrust faults are rare within 

the area and even high angle to near vertical reverse faults are uncommon. The vast 

majority of the observed or inferred principal, major and minor faults appear to be 

normal , high angle to near vertical faults. However, one of the most important 

northwest-trending fault zones of the area (i.e. Mahatta Fault Zone) is known to 

have a prevalent strike-slip component, and appears to be a regular right-hand (dextral) strike-

f slip fault. The same appears to be true of another principal, west-northwest trending 
J 

fault (Holberg Fault) and major strike-slip faults may be considerably more common 

and structurally important than they now seem to be. 
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For reasons given by Jeletzky (1970b, pp. 5-9 and in preceding sections of 

this report) the report-area must have been transected by a number of large faults 

prior to the early Rhaetian (i.e. time of deposition of Hecate Cove Formation). 

However, no direct evidence of this latest Triassic faulting has been observed so far. 

The conclusion (see previous section, p. 210) for the occurrence of large 

scale faulting during the tectonically and volcanically active early Jurassic time is so 

far only supported by the obvious concentration of Coast Intrusions along the downthrown . ' 
Southwestern side of the Browning Inlet Fault (see p. 217). Except for this isolated 

piece uf evidence, there is no direct indication of any pre-Middle Jurassic faulting. 

All other observed or inferred faults appear to transect indiscriminately all layered 

rock units of the area including the Cenomanian Upper Shale unit and the high Upper 

Cretaceous (Campanian) Nanaimo rocks. However, they do not seem to disrupt the 

presumably early Oligocene ?Sooke Intrusions. It is concluded therefrom that all 

principal major and minor faults of the area have been active in the post-Campanian 

time. It is this latest Cretaceous (i.e. Maestrichtian) and/ or Tertiary faulting that 

has molded the present day structural pattern of the investigated area and of the 

adjacent parts of northwestern Vancouver Island. 

Most of the large scale faults of Vancouver Island are known to be Tertiary 

(i.e. post-Nanaimo) structures (see Jeletzky, 1950, 1954b, geol. maps; Sutherland-

Brown, 1966, p. 85, Figs. 6-10). The post-Late Cretaceous faults of Quatsino Sound 

are therefore assumed to be largely or chiefly of Tertiary age. 
i I • • I 

/ The validity of the previously discussed evidence regarding the pre-early Oligocene 

(i.e. pre-Sooke Intrusions) age of post-Late Cretaceous normal and ? strike-slip faulting 

appears to be doubtful. First, the ?Sooke Intrusions are rather rare within the investigated 

·· ~ --
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area and this has prevented the writer from firmly establishing their structural 

relationships with the principal and major faults. Second, the early Oligocene age 

of the ?Sooke Intrusions of Quatsino Sound is not firmly established. They could 

conceivably be younger (Miocene or even Pliocene). Third, and lastly, many. large 

scale faults of north western Vancouver Island are known to cut Oligocene and ? lower 

Miocene sedimentary rocks (Jeletzky, 1950; 1954b; geol. maps). Some of the major 

faults of Quatsino Sound (e.g. Browning Inlet Fault; see below) appear to be direct 

extensions of these late Tertiary faults. 

Only the principal faults delimiting the principal fault blocks of the report-

area and major faults otherwise important for the understanding of its structural 

framework are discussed below and shown in Figure 15. A considerable number of 

other, less important, defined or assumed faults have been mentioned in the stratigraphical 

part of this report and/ or shown on the attached geological maps and profiles. 

Grant Bay Fault 

The existence, orientation, and extent of this poorly understood but apparently 

important major fault at the western edge of the report-area is inferred from structural 

relationships observed in the northern corner of the lagoon occurring at the head of 

Browning Inlet and an obvious north-south alignment of several adjacent topographical 

features. The trace of the Grant Bay Fault is not exposed but its presence underneath a 

strip of beach deposits, about 200 yards wide, occurring in the northern corner of the 

lagoon is indicated by abrupt changes of attitude and of age of rocks of the Volcanic di vision 
~Lp1;-.,~r.1.J:O-::'" :~. 1~ri ,u:. ri ! ' 

at that point. On the east side are the basal beds of the Uppermost Sinemurian 

volcanic unit and Matthews Island Formation striking toward the northwest, and dipping 
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moderately to steeply toward the southwest. On the western, downthrown side of the 

covered interval outcrop are ?dacites of the Coast Intrusions possibly invading the 

I v 
fault surface. These ?dacites are followed by shales tentatively correlated with the 

(__ () ,.,, ''<..rn.J ~ •. - · n u·< ~ ~..1 • 

Uppermost Sinemurian argillite unit which strikes toward the northwest and dips steeply 

(70 °-80 °) toward the east. These shales are overlain unconformably by synclinally 

bent Buchia crassicollis greywacke. If the suggested correlation of the above-mentioned 
I I .). ~ . • •' · , _,, " " \ .. ~o ~ ... ,r -...s.., V"t: ,, ,~ .._ .. ,, ... .!;t:.: ' · • ./ 

shales with the Uppermost Sinemurian argillite ~it is correct, some SOO to 600 \./ 
\ (J, ::Jl,~.;,: ~ ....... , ]. ~ Jt'.,,-, .• ~ ~!~ ,...::. ~ 

feet of rocks of the Uppermost Sinemurian volcanic unit are missing due to the Grant 

Bay Fault. If these shales are younger and of Pliensbachian and/or Toarcian age, 

the thickness of faulted out rocks could be considerably greater. The stratigraphic 

throw of the Grant Bay Fault is not known. Farther south, the Grant Bay Fault appears 

to underlie the lagoon of Browning Inlet throughout its length. Then it appears to 

underlie the densely wooded neck of low ground separating the southern end of the lagoon 

from the inner part of Grant Bay and to disappear beneath the ocean. The nearly straight 

course and northern orientation of the middle course of Kwatleo Creek valley directly 

north of the northern corner of the lagoon and the alignment of several other topographic 

features farther north suggest the extension of the Grant Bay Fault for a considerable distance 

in this direction. However, it seems more likely that it merges with the Browning Inlet 

Fault (see below) in the nor thern corner of the lagoon and this interpretation is tentatively 
I 

· · adopted in Figure 15. 

The straightness of the above-described north-south topographic lineament 

apparently underlain by the Grant Bay Fault suggests its vertical or near vertical dip. 

There are no indications of strike-slip movements along the Grant Bay Fault; it is 

interpreted, therefore, as a normal fault possibly subsiduary to the Browning Inlet Fault. 
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Browning Inlet Fault 

The presence of a strong northwest-trending fault beneath Browning Inlet 

and beneath the narrow channel separating Matthews ( = Robson) Island from Flat Top 

Mountain massif is indicated by intense shearing and contortion of rocks on both sides 

of the inlet and by the repetition of the succession of the southwest-dipping Matthews Island 
U11 :..?,..h) .... L: i. t ·' ..!.YT> d..t. ' ' ".t j 

Fonnation and the Uppermost Sinemurian volcan:Cc u;i t on both sides of the channel. ../ 

This repetition of beds indicates that the Southwest side of Browning Inlet Fault is relatively 
/,, ' \, • ~ <' ' • ,_ I '' Z..., ~ I l U

1
0,.o e ,_/r}O,, . " .' r! r ,-,, , • ..- ... .!'.'. <'< /,,.. 

downthrown and that at least SOO to 600 feet of rocks of the Uppermost Sinemurian / 

volcanic unit are faulted out along its surface. There is no way to determine the 

stratigraphic throw and direction of dip of the Browning Inlet Fault but its essentially 

straight course suggests that it is a vertical or near vertical normal fault. As yet, there 

is no evidence of strike-slip movements along the Browning Inlet Fault but this possibility 

should not be discounted. 

Browning Inlet F a ult apparently either merges with the Grant Bay and Galato 

Faults or transects these t\vo faults at or near the northern corner of the lagoon of 

Browning Inlet. The former hypothesis is favoured in this report because of the presence 

of an extremely well-defined northwest-trending topographic lineament connecting this 

corner with the sharp bend of J'vlacjack River valley occurring about one and one-half 

miles above its mouth. This lineament extends farther north west along the west coast of 

Vancouver Island and suggests a considerable extent and regional importance of the 

Browning Inlet Fault. This was already noted by Sutherland-Brown (1966, p. 91, 

' Fig . 6-10) who has shown the Browning Inlet Fault as extending all the way from San 

Josef Bay to Esperanza Inlet. 
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An interesting peculiarity of the Browning Inlet Fault consists in the invasion 

of several, apparently related, small- to medium-size northwest-trending plutons of 

Coast Intrusions all along the known extent of its downthrown, southwestern side. 

This plutonic activity is accompanied by a widespread, strong contact metamorphism 

and, locally, by granitization of the surrounding rocks of the Volcanic division. The 

close association of Coast Intrusions with the Browning Inlet Fault suggests its being --· . an ancient pre-Coast Intrusion fracture. This pre-existing regional fracture could 
~ , . . _o ' • 

-
have facilitated the upward movement of the Coast Intrusions and explain their obvious 

concentration alohg the fault plane. The above-mentioned offset of the rocks of the 

Volcanic division by the Browning Inlet Fault indicates that it was active (reactivation?) in 

post-late Late Cretaceous (Tertiary?) time. 

The relatively insignificant vertical displacement along the Browning Inlet 

Fault and the fact that it does not terminate the structural continuity of the rocks of 

Forward Inlet Fault Block may well be a local feature caused by the distribution of the 

displacement among several major faults (e.g. Grant Bay and Gala to Faults) within 

its studied section. Therefore, Browning Inlet Fault may well have to be treated as 

a principal fault when its northwestern extension beyond the assumed point of 

coalescense with Grant Bay and Galato Faults has been studied in sufficient detail. 

Galato Creek Fault 

As with Grant Bay and Browning Inlet Faults, the approximate position, 

orientation and extent of ihe Galato Creek Fault had to be inferred from structural 

relationships of Lower Cretaceous rocks observed in the northeastern basin of Winter 

Harbour between the northwestern end of Ahwhichaolto Inlet and the mouth of Galato 

Creek, and from the qbvious west-southwest alignment of several topographic features 

between Gala to Creek and the head of Browning Inlet. 
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The abrupt changes of attitude and age of strongly dislocated and partly 

overturned Lower Cretaceous and Lower Jurassic rocks across the northeastern part 

of the narrow channel connecting Ahwhichaolto Inlet with the northeastern basin of 

Winter Barbour clearly indicate that the west-southwest trending Galato Creek Fault 

underlies this part of the channel. The north-northwest side of the fault is downthrown 

thr<0t,1ghout this interval. 

Galato Creek Fault appears to cut into the .southeastern shore of the channel 

at the point about 1/ 4 mile southwest of the entrance to Ahwhichaolto Inlet and thence 

the fault appears to continue on a general west-southwest course across the low, 

densely wooded stretch of land adjoining the basin from the southeast until it disappears 

beneath the water at the southern base of a nameless point situated about 1/4 mile 

east of the eastern tip of Wedel Island. Farther west-southwest, the Galato Creek 

rau.lt underlies the narrow chan.n.el between Wedel Island and the southeastern shore 

of t he basin, then cuts obliquely across the latter and enters its northwestern shore 

at t he mouth of Galato Creek. So far as known, the west-northwest side of the fault 

is down.thrown throughout' the interval and is composed mainly of moderately faulted, 

cont orted, east-west to northwest striking and gently to moderately north- to northeast­

dipping rocks of the Coarse arenite unit (see description of Sec. 33). 

The rocks of the r elatively upthrown east-southeast side of Galato Creek 

Fault appear to be composed of the older Lower Cretaceous Buchia crassicollis greywacke, 

Hauterivian siltstone unit, and Inoceramus colonicus calcarenites throughout this interval. 

The se rocks have extremely variable strikes and dips and are locally vertical to over­

turned. They are strongly to very s trongly faulted, jointed and sheared. Several 

supplementary, tight to disharmonic , north-trending folds and zones of contorted rocks, 

as much as several hundred feet wide , occur on this side of the fault (see description of 

corresponding sections of Buchia crassicollis greywacke and Hauterivian siltstone unit). 
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West-southwest of the mouth of Galato Creek, the fault appears to underlie a 

nearly straight, well-defined strip of low, partly swampy ground extending to the head 

of Leeson Lake and thence from the southwestern end of the lake to the point just northwest 

of t e head of Browning Inlet. There was, however, no opportunity to check the validity of 

this working hypothe sis on the ground. 

Most of the trace of Gala to Creek Fault is concealed beneath the water and it 

seem s to be invariably covered wherever it crosses the shores of Winter Harbour. 

Therefore, no direct information is available about its attitude or exact course. So far 

as - is possible t9 judge, the trace of Galato Creek fault is distinctly sinnous (see Fig. 18), 
/ 

\,/'' whi ch suggests that its plane is not vertical or near vertical but dips at 

a s teep angle. 

Because of its occurrence between two major, respectively possible and 

kno n, strike-slip faults and because of its orientation, it is tempting to interpret the 

Gala.to Creek Fault as a subsiduary high angle thrust which was generated by horizontal 

mo -:ements along the former faults. However, the relatively much less contorted 

character of the downthrown west-northwest side of Galato Creek Fault is against this 

interpretation. One would, indeed, expect the lower plate of the thrust to be much 

mor.e broken than the upper plate. Galato Creek Fault is, therefore, interpreted 

tentatively as a steeply west-northwest dipping normal fault. There is no evidence of 

any strike -slip movements along its trace. 

It is impossible to estimate the thickness of rocks faulted out along the plane 

of Galato Creek Fault since the complete thicknesses of the Barremian fine-grained 

greywacke unit and the non-carbonaceous facies of the Coarse arenite unit are unknown. 

It see ms safe to say, however, that more than 1, OOO feet of rocks are missing there 

beca use of this fault, but there is no way to estimate the stratigraphic throw of the fault. 

I 
I\ 
'\ 

.~ t 
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Galato Creek Fault apparently branches off the Mahatta Fault Zone and is 

one of its major subsiduaries. Its assumed structural relationships with the Browning 

Inlet and Grant Bay Faults have been discussed already. 

The shores of the narrow channel connecting Ahwhichaolto Inlet with the 

northeastern basin of Winter Harbour as well as the shores of Winter Harbour are cut 

by a multitude of major and minor, mostly northwest- to north-northwest, and west­

trending faults. These faults may be mere subsiduaries of the Gala to Creek Fault as 

they are most numerous in the proximity of its inferred course and decrease in 

number and size away from the latter. 

Mahatta Fault Zone 

The principal fault zone namea the Mahatta Fault by Muller (1970 

p. 46, sketch map of northern Vancouver Island) was first recognized by Dawson 

(1887, pp. 84B- 87B), who traced it across the investigated part of Quatsino Sound 

and fully recognized its regional importance. This second largest and very important 

fracture of the area trends N45 ° to 55 °W within its investigated segment which extends 

for about 10 miles from the northwestern corner of Ahwhichaolto Inlet to the completely 

covered stretch of the southern shore of Quatsino Sound about halfway between 

Koskeemo and Salmon Islets. 

The well-defined alignment of a number of prominent topographic features 

northwest of Ahwhichaolto Inlet indicates that the Mahatta Fault Zone continues in this 

direction at least to the sharp bend formed by the Macjack River at the point about 

2 miles west-southwest of Mount Brandes. This was recognized also by Muller (1970, 

p. 46, sketch map) who extended the Mahatta Fault Zone to the vicinity of Fisherman 

Bay on the northern coast of Vancouver Island. In the northwestern corner of Ahwhichaolto 

·, 
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Inlet, the fault zone appears to underlie a covered interval, about 1/3 of a mile 

wide, of low, densely wocxled shore around the mouth of a nameless creek. 

Siltstones and greywacke of the Coarse arenite unit appear to occupy the downthrown 

southwestern side of the Mahatta Fault Zone on the northwestern bank of the inlet's 

mouth. Scattered exposures of exceedingly disturbed conglomerates of the Blumberg 

Formation occurring farther northwest are believed to be but tectonic slices of Lower 

Cretaceous rocks dragged into the fault zone by the strike-slip movements (see below). 

On the southwestern shore of the mouth of Ahwhichaolto Inlet, the main 

break of the Mahatta Fault Zone appears to bring intensely sheared and ? metasomatically 

altered Buchia crassicollis greywacke in contact with equally intensely sheared volcanic 

rocks referable to the Grey volcanic unit of the Volcanic division. This break is 

believed to cut across the rocky promontory and to disappear beneath the waters of 

Ahwhichaolto Inlet just northwest of the outcrops of the Cherty limestone unit shown on 
C 

Fig. 18. A considerable thickness of rocks of the Volcanic division must 

be faulted out along the break of the Mahatta Fault Zone in this distance because of the 

appearance of rocks of the lower part of the Basal Jurassic volcanic unit on the opposite 

side of the inlet. However, it is impossible to estimate the thickness of strata missing. 

None of the faults of the Mahatta Fault Zone is exposed within the above-described interval. 

Farther southeast, the Mahatta Fault Zone seems to disappear beneath the 

waters of Ahwhichaolto Inlet. It occupies most or all of_ the inlet's width, judging by its 

visible width farther southeast where it completely occupies a flat-bottomed valley, 

about 1/8 to 1/4 of a mile wide, connecting the head of Ahwhichaolto Inlet with that of 

Spencer Cove. Within this interval, the Mahatta Fault Zone appears to consist of a 

number of individual faults separated by tectonic slices of extremely disturbed to 

milonitized Lower Cretaceous rocks. 
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Southwest of the outcrops of the Cherty limestone unit on the southwestern 

shore of Ahwhichaolto Inlet, the relatively downthrown southwestern side of the Mahatta 

Fault Zone is occupied by strongly jointed and sheared rocks of the Grey volcanic unit. 

These rocks strike toward the northwest but their dips may be either toward the south-

west or northeast. 

The relatively upthrown northeastern side of the Mahatta Fault Zone is 

occupied by volcanic rocks of the Basal Jurassic volcanic unit everywhere between 

the northwestern end of Ahwbichaolto Inlet and the tip of the nameless point separating 

Spencer Cove frqm Robson Cove. The still older Hecate Cove Formatic~ .and the 

Arenaceous member of the Sedimentary division occupy the northeastern side of the 

fault on this nameless point. This indicates the faulting out of most or all of the 

) 5, OOO-foot- to 7, OOO-foot thick Basal .Jurassic volcanic unit along this segment of the 

Mahatta Fault Zone. The presence of the Mahatta Fault Zone beneath the waters of 

Spencer Cove is made obvious by juxtaposition of the rocks of the Grey volcanic unit 

occupying its western shore and those of the Blumberg Formation underlying Schloss 

Island. The reversal of throw of the Mahatta Fault Zone occurring at this point appears 

to be related to the relative upthrow of the western side of the subsiduary Robson Cove 

Fault by the strike-slip movement along the Mahatta Fault Zone. The north-northeast 

trending Robson Cove Fault branches off the Mahatta Fault Zone at about that point, cuts . 
• " ···~ 1 -- '\ ,,~· \ 

in between Schloss Island and the above-mentioned nameless point, and underlies 

Robson Cove. 

As recognized by Dawson (1887, p. 87B), the Mahatta Fault Zone crosses 

Quatsino Sound on the course just described. The principal fault on the southern shore of 
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. Quatsino Sound separates the generally downthrown and greatly disturbed younger Lower 
I I ht ~-1\.. 'ff! ~ .. ~H. '-) i.. . ..: l 'l't \A.. l\.t~~-~ . 

Jurassic (Matthews Island Formation, Uppermost Sinemurian volcanic unit and Uppermost 

~ v i;.,.:. _ . ..,... . J ) 

Sinemurian argillite unit) and Lower Cretaceous rocks of the Monkey Creek v 

Syncline from the crumpled and disturbed but generally upthrown older Lower Jurassic 

rocks (upper part of Basal Jurassic volcanic unit, Cherty limestone unit and Grey 

volcanic unit) of Koskimo Islets and the adjacent part of the southern shore of Quatsino 

Sound. This fault is aligned exactly with the Mahatta Fault Zone and obviously represents 

its southeastern extension (i.e. Mahatta Fault of Muller, 1970, p. 46, · sketch map). 

As elsewhere, none of the splays of the fault zone is exposed within a completely 

covered interval of the shoreline, about one mile wide, separating these fault blocks 

from each other. 

The obvious alignment of several prominent topographic features indicates 

that the Mahatta Fault Zone extends on the course described for at least a few more 

miles south along the valley of Monkey Creek. Muller (loc. cit.) traces it into his 

Brooks Peninsula Fault Zone. 

The Mahatta Fault Zone is remarkably straight throughout its investigated 

part and maintains its direction regardless of the lithology and competence of the 

Mesozoic rocks that it crosses. This indicates that most or all of its splays are 

vertical to near vertical faults. 

At least 5, OOO to ?7, OOO feet of rocks are faulted out along the Mahatta . 
Fault Zone. This clearly indicates a major dip-slip displacement, the amount of which 

cannot be estimated since no structure is known to cross it. Also, a major right-

band (dcxtral), strike-slip component of movement is suggested by the quite aberrant 
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northeastern to north-:-northeastern orientation of typical drag-folds occurring on its 

I \ 
A 

Fig. 18). upthrown southwestern side in the vicinity of Koskimo Islets (see The 

same is probably true of the north-northwest trending Monkey Creek syncline occurring 

on the downthrown northwestern side of the fault zone and of several north- or 

northeast-trending drag-folds of the Blumberg Formation occurring in the western 

part of Koprino Harbour. The latter drag-folds may, however, be related instead to 

the dextral strike-slip movement along Robson Cove Fault. 

The amount of right-hand, strike-slip post-Albian movement along the 

Mahatta Fault Zone can be estimated closely on the basis of the reasonable assumption 

that the Forward Inlet Cretaceous outlier once represented the direct southwestern 

extension of the Koprino Harbour Cretac~ous outlier relatively displaced northwestward 

in post-Albian (?early Tertiary) time. According to this interpretation, the numerous, 

previously mentioned tectonic slices of Lower Cretaceous rocks occurring bet\veen 

the individual splays of the zone are small to minute fault blocks of the easternmost 

part of the Forward Inlet outlier dragged for variable distances northwestward by the 

right-hand, strike-slip movements. Because of different possibilities in reconstructing 

the Forward Inlet and Koprino Harbour (including Salmon Islets) Cretaceous outliers, 

a range of from 5 to 7 miles of horizontal post-Albian (?early Tertiary) offset along 

the Mahatta Fault Zone (Fig. 15) is indicated. 

Robson Cove Fault 

The orientation, known extent, and inferred nature of this little known but 

apparently important fault have already been discussed in connection with the description 

of the Mahatta Fault Zone. The orientation in relation to the Mahatta Fault Zone and 

other previously discussed characteristics of the Robson Cove Fault are strongly 
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suggestive of its being a second order, right-hand, strike-slip splay of the former. 

However , its dip-slip displacement is considerable and there is no way of telling 

whether it is smaller or greater than the assumed right-hand, strike-slip component. 

Shapland Cove Fault 

The major west-northwest trending fault disrupting the type section of 

the Blumberg Formation (see Unit 13 of Sec. 36) inside Shapland Cove is herewith 

named the Shapland Cove Fault. This little known fault appears to be important 

since it extends west-northwestward into Koprino Harbour and east-southeastward 

across Quatsino Sound and for an unknown distance up Cleogh Creek. On the southern 

side of Quatsino Sound, the fault disrupts the succession of the Basal Jurassic volcanic 

unit. The trace of the Shapland Cove Fault is concealed everywhere and there is no 

way to estimate either its stratigraphic throw or even the thickness of rocks faulted. 

The fault is be lieved to be a nearly vertical, normal fault, possibly merging with the 

Robson Cove Fault to the northwest and with the Ildstead Fault Zone to the southeast (Fig. 15). 

Ildstead Fault Zone 

A group of major, closely spaced, apparently vertical to near-vertical, 

approximately south-southwest to north-south trending faults disrupt, and probably 

repeat the succession of the Blumberg Formation immediately east of Hawisnakwi Creek 

on the northern shore of Quatsino Sound. This fault zone, which is about 1/ 4 of a mile 
... •· ' t I ' .. 

wide, extends south into Ildstead Islets. The latter are underlain by more weathering-

resistant (? indurated) parts of the individual tectonic slices of the fault zone. 
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Ildstead Fault Zone apparently crosses Quatsino Sound on the course just 

described. On the southern shore it disrupts the easternmost part of the Lower 

Cretaceous outlier surrounding Kewquodie Creek. Farther south, the Ildstead Fault 

Zone is believed to merge with the east-southeast extension of the Shapland Cove 

Fault (Fig. 15) and possibly to limit the Koprino Cretaceous outlier in this direction. 

None of the individual faults comprising the Ildstead Fault Zone is exposed 

in any of the investigated sections. However, they all ar~ believed to be vertical to 

nearly vertical, normal faults. As with the Shapland Cove Fault, it is impossible 

to estimate either the thickness of faulted out rocks or the stratigraphic throw of any 

of the Ildstead Fault Zone faults. However, there is every reason to think that they 

have considerably smaller displacements than those of any of the principal faults 

(e.g. Mahatta Fault Zone. Holberg Fault, Rupert Inlet Fault) described in this report. 

Aweisha Creek Fault 

A little known but apparently important fault appears to bring the considerably 

fractured and magmatically invaded rocks of the Coarse arenite unit against those of 

the Upper Valanginian and ?Hauterivian greywacke-conglomerate unit on the northern 

shore of Quatsino Sound in the proximity of Aweisha Creek. This fault is herewith . 

named the Aweisha Creek Fault as it appears to extend up Aweisha Creek in a general 

north-northwest direction. 

The Aweisha Creek Fault appears to cross Quatsino Sound in an east­

southeast direction arrl to exterrl up Smith Cove on its southern shore. It seems to be 

responsible for a number' of north-northeast to north-trending drag-folds mapped in 

the Upper Triassic rocks on its south-southwest side between Smith and Julian Coves. 

Aweisha Creek Fault is therefore believed to be a predominantly high angle or near 
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vertical, left-hand (sinistral), strike-slip fault rather than a predominantly normal 

fault (Fig. 15). The south-southwest side of Aweisha Creek Fault is relatively 

upthrown throughout its known length. However, it is impossible to estimate its 

undoubtedly large dip-slip displacement in any of the studied sections because of 

structural complications or wide covered intervals. · Aweisha Creek Fault only disrupts 

but does not terminate the tectonic structures of the Quatsino Fault Block and 

accordingly is not considered to be a principal fault. Its relationships with the 

principal faults of the area are obscure. 

Unnamed Major Faults between Neroutsos Inlet and the 
Eastern Shores of Holberg and Rupert Inlets 

As has been noted by Gunning (1930, p. 105A), some faults dissect the 

rocks of the Vancouver Group outcropping on the shores of Quatsino Sound in the 

interval between Neroutsos Inlet and Quatsino village in the southwest, and the 

eastern shores of Holberg and Rupert Inlets in the northeast. Some of the faults 

observed or assumed to exist within this interval are shown on the attached Figure 

·11. However, no time was available either to study the nature and extent pf any 

of these faults in detail or to investigate their structural relationships with the 

Holberg Fault, of which they seem to be subsiduaries. None of these faults is 

believed to be in the class of principal faults because they only disrupt the rock 

sequence within the Quatsino Formation or bring its rocks against those of adjacent 

units of the Vancouver Group. 
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Holberg Fault 

This largest and apparently most important fracture of the investigated 

part of Quatsino SoWld was discovered and mapped in considerable detail by Dawson 

(1887, pp. 90B-92B, Fig. 2, geol. maps) who descirbed it as follows (ibid. p. 91B): 

To the south the basin (i.e. Coal Harbour outlier of Lower 
Cretaceous rocks; writer's remark) is cut by a fault with an 
extensive down throw to the north, and a course of about N89 °W. 
The throw of this fault must exceed the whole exposed thickness 
of the Cretaceous of this basin, which is at least 1, 500 feet. 
To the west it runs past the mouth of Coal Harbour, cutting into 
the shore near a small cove, a mile and a third beyond the west 
entrance point of the harbour. It then crosses the bay at the 
mouth of the Nookneemish River, again cutting the shore a mile 
beyond the mouth of that stream. Eastward, it must cut the west 
shore of Rupert Arm, about two miles from its head, and as the 
shore in the intervening stretch is all low, it is possible that 
the rocks of the Cretaceous series here re-appear, and continue 
for some distance eastward .. Still further in this direction, the 
fault appears to run completely across the island to Port McNeill 
and beyond, as explained on p. 64B . The rocks to the south of the 
fault, which form Hankin Point, are massive, greenish amygdaloids, 
overlain by a thick bed of limestone, which forms low cliffs near 
the east entrance point of Coal Harbour , and re-appears in the 
cove at the east side of Hankin Point. On both sides of the bay into 
which the Nookneemish River flows, the older rocks to the south 
of the fault are hard, shattered, rusty quartzites, and greenish 
and purplish felspathic materials, sometimes evidently altered 
agglomerates. 

This principal fault was recently named the Holberg Fault by Muller (1970, p. 46, 

sketch map) . 

The writer has found Dawson's (1887, pp. 90B-92B, Fig. 2, geol. maps) 

interpretation of Holberg Fault quite correct with the sole exception of the general 

trend of the fault. The Holberg Fault appears to trend at N20°W throughout its 
I-; 

investigated interval (see Fig. 15 and Fig. 17). Therefore, it could 

hardly head toward Port McNeill as suggested by Dawson (loc. cit., p. 91B) but 

is more likely to reach the lower third of Nimpkish Lake, provided that its general 

direction does not change appreciably east-southeast of the topographically identified 

point where it is believed to merge with the Rupert Inlet Fault. 
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A somewhat detailed survey of the Holberg Fault in the vicinity of Stewart 

Point has revealed (Fig. 16} the presence of several typical, asymmetrical drag-folds 

on its east-northeast side. These drag-folds invariably strike east-northeast to north­

northeast and become much more gentle away fromthe approximately located trace of 

the Holberg Fault. 

The character and orientation of these drag-folds indicate their being 

generated by strong right-lateral (dextral}, strike-slip movements along the Holberg 

Fault. Because of these folds, the remarkable straightness of its fault trace, and 

the complete dissimilarity of rock sequences occurring on either side, the writer 

interprets it as a principal right-hand, strike-slip fault. The dip-slip component of 

the Holberg Fault is believed to be relatively minor. 

The remarkable straightness of the trace of the Holberg Fault indicates its 

being a vertical or near vertical fracture. There is no evidence of the fault consisting 

of several closely spaced splays, but this possibility cannot be denied as its trace is 

completely covered in all sections studied . The horizontal displacement along the 

Holberg Fault should be large but so far has not been evaluated. 

Rupert Inlet Fault 

The presence of this principal, northwest-trending fault beneath the waters 

of a nameless narrow cove occurring on the northern shore of Rupert Inlet behind 

Narrow Island is indicated by juxtaposition of the northwest-striking and southwest­

dipping topmost beds of the coal-bearing facies of the Coarse arenite unit with the 

moderately southwesterly. inclined volcanic rocks representing the lower part of the 

Basal Jurassic volcanic unit. Close to 1, 500 feet of Lower Cretaceous rocks and at 
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least 3, OOO feet of rocks belonging to the upper part of the Volcanic division should, 

therefore, be faulted out as a result of the Rupert Inlet Fault. Because of the close 

correspondence of attitudes of rocks on both sides of Rupert Inlet Fault and the 

narrow interval separating them, the above estimate probably approaches closely 

its stratigraphic displacement. 

Northeastwards, the Rupert Inlet Fault apparently continues at least to the 

narrow, fissure-like embayment of the east-southeastern shore of Quatse Lake. 

Southeastwards, the fault is assumed to cross Rupert Inlet and to cut into the low and 

densely wooded southern shore at the i:.oint about 1 1/2 miles west of the mouth of 

Coeth.-waus Creek. There, the fault appears to bring the pyroclastics of the Basal 

Jurassic volcanic unit against Karmutsen volcanics. Southeast of Rupert Inlet, the 

Rupert Inlet Fault 1s believed to continue on a course striking about N40 ° to 50 °W 

until it merges with the Holberg Fault (Fig. 15). 

The Rupert Inlet Fault is believed to be steeply dipping to nearly vertical 

because of its inferred straight course. It seems to be a principal normal fault and 

it is not known whether any strike-slip movements have occurred along it. However, 

the assumed merger of the Rupert Inlet Fault with the Holberg Fault southeast of 

Rupert Inlet (see above and Fig. 15) is somewhat suggestive of its being a strike-slip 

fault, possibly a second order, left-hand (sinistral) splay of the Holberg Fault. 

PRINCIPAL FAULT BLOCKS 

For the purpose of this report, the term principal fault block is defined as 

a mappable fault block, the stratigraphy and tectonics of which differ markedly from 

those of adjacent principal fault blocks. In particular, principal tectonic blocks are 

characterized by having most or all of their subordinate fault and fold structures 

(i.e. the post-Middle Jurassic ones) restricted to them. 
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The following four principal fault blocks have been recognized in the west-

east direction within the investigated part of Quatsino Sound. Three of them coincide 

with fault blocks independently proposed by Muller (1970, pp. 46, 48, sketch map) 

for the Alert Bay and Cape Scott areas of northern Vancouver Island. 

Forward Inlet Fault Block 

The Pacific Ocean covers the western part of the fault block and the trace 

of the northwest-trending Mahatta Fault Zone limits it to the northeast throughout the 

report-area. The northern and southern boundaries lie outside the investigated area. 
.. ,. / 

As presently known, the Forward Inlet Fault Block includes rocks of the Grey volcanic 

unit, Matthews Island Formation, and the
1 U~~-~;~~·~:~ ,S~~e~~;i~~,,~~~~~-;; unit \ / 

flexed in a series of moderately open to tight northwe st-trending and markedly northwest-

plunging, medium to small, commonly disharmonic folds. These rocks are cut by lesser, 

northwest- to west-trending faults; they are commonly somewhat sheared, contorted, 

and invaded by a considerable number of small to medium (dyke - to plug-size) Coast 

Intrusions. These subordinate folds, which are restricted to the Forward Inlet Fault 

Block, appear to be superimposed on the previously mentioned, southwest-dipping and 

northwest-striking homoclinal structure of Quatsino Sound. Outcrops of the underlying 

Cherty limestone and Basal Jurassic volcanic units are limited to the northeastern margin 

l 1 1 . ' ( ,.,s f" C:: I ~ r • I v'-A .-1 .. ,. __ ,, "l v \... c.>L Y. ... '-n t ... t \...._r .. r I 

of the Forward Inlet Fault Block and those of the Upp ermost Sinemurian argillite 

and ? Pliensbachian-Toarcian greywacke units are limited to its south western margin. 

Outcrops of older rocks of the Vancouver Group are completely unknown within the 

investigated part of the fault block. 
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The apparently unrelated, approximately northerly to north-northeasterly 

trending pattern of minor folds was observed in rocks of the Volcanic division on 

Koskimo Islets and on the adjacent parts of the southern shore of Quatsino Sound. 

As discussed previously, these minor folds appear to be drag-folds caused by the 

strike-slip movements on the Mahatta Fault Zone. 

Small to medium-size outliers of Lower Cretaceous sedimentary rocks, 

generally graben-like but commonly faulted on one side only (half grabens of Muller, 

1970, p. 47) discordantly overlap the deeply eroded surface of the Vancouver Group. 

Lower Cretaceous rocks are gently to moderately tilted and are flexed into several . . 

wide open supplementary folds. They are' however' just as intensely faulted as 

those of the Vancouver Group and these strata tend to be steeply dipping, vertical, 

or even overturned , moderately to strongly sheared and commonly contorted to 

completely crushed in the proximity of major faults . 

Judging by the distinct to pronounced northwest plunge of all known subsidiary 

folds of the Vancouver Group and the distribution of Lower Cretaceous sedimentary 

rocks, the Forward Inlet Fault Block is tilted to the northwest. It is upthrown relative 

to the adjacent Quatsino Fault Block, except in the northeasternmost corner of its 

investigated part. The probable reasons for this reversal have been discussed under 

the description of the Mahalta Fault Zone. 

The s tructure of the westernmost corner of the investigated part of the 

Forward Inlet F a ult Block comprising the western side of Browning Inlet's lagoon 

around the mouth of Kwatleo Creek is peculiar. It is cut off from the remaining part 

of the fault block by the major north-trending Grant Bay Fault and includes within it 

the possibly younger but poorly understood units of the Volcanic division of the Bonanza 
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Subgroup. These units may not be present elsewhere in the investigated part of 

Quatsino Sourid. Should this be true, and should the shale unit of this outcrop-area, tentatively 
. l .,- ". i 
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correlated with the Uppermost Sinemurian argillite unit, be a different and 

younger unit of the Volcanic division, there would be good reason to treat the area 

concerned as part of yet another principal fault block. It is impossible to reach any 

conclusion on the subject until the age and stratigraphy of the units concerned are 

better understood. 

Quatsino Fault Block 

This fault block, named after Quatsino village, is confined between the 

surface trace of the Mahatta Fault Zone on the southwest side and that of the Holberg 

Fault on the north side. Its northwestern and eastern limits are outside of the report-

area and no attempt was made to elucidate their nature from the literature. In spite 

of its considerably larger size compared with other principal fault blocks of Quatsino 

Sound, the Quatsino Fault Block is characterized by a degree of structural unity which 

precludes its subdivision into two or more principal fault blocks until more data are 

available. All now known major faults occurring within the Quatsino Fault Block, 

such as the Robson Cove Fault, Shapland Cove F ault, Ildstead Islets Fault Zone, and 

a number of unnamed major faults in the vicinity of Quatsino Narrows, and Varney Bay 

r.:," I I 
v· (see Fig. 15 and Fig. 17) have lesser displacements than those of the 

principal faults limiting the fault block and do not terminate the continuity of its 

structure and stratigraphy in the same way as do the Mahatta Fault Zone and Holberg 

Fault . These major faults are assumed to be mere subsidiaries of one or the other 

of the last mentioned two principal faults (Fig. 15). 

v 
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The eastern part of the Quatsino Fault Block includes rocks of the Karmutsen 

Subgroup, Quatsino Formation, Sedimentary division of the Bonanza Subgroup and the 

lower part of its volcanic division (including the lower part of the Basal Jurassic volcanic 

unit). This part of the Quatsino Fault Block is strongly upthrown relative to the 

adjacent Coal Harbour Fault Block. The only known outlier of the Nanaimo Group 

arenites occurs in this part of the fault block. 

As in the Forward Inlet Fault ' Block, the rocks of the Vancouver Group 

outcropping in the eastern part of the Quatsino Fault Block appear to form a faulted 

section of the previously mentioned southwest-dipping and northwest-striking major 

homocline. However, they are flexed into a series of moderately open to tight, 

predominantly north- to north-northwest trending, medium- to small-size, commonly 

disharmonic folds superimposed on this homoclinal structure. These folds were 

apparently generated by movements along the adjacent major faults since they tend to 

become progressively more gentle, more open and fewer in number away from them. 

In the proximity of the Mahatta Fault Zone, the axes of these subsidiary folds tend to 

swing so as to strike approximately east-west. These bends in the fold axes appear to 

be consistent with the recognized right-hand, strike-slip movement of the Mahatta 

Fault Zone. Rocks of the Vancouver Group, furthermore, are cut by northwest-, 

west-, north- and northeast-trending major faults and are commonly sheared and 

contorted in their proximity. Small to medium (dyke- to stock-size) bodies of the 

Coast Intrusions locally invade the rocks of the Vancouver Group in the western part 

of the Quatsino Fault Block. 
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Rocks of the Vancouver Group disappear westward beneath the Lower 

Cretaceous sediments and the larger western part of the Quatsino Fault Block is 

occupied mainly by the generally gently flexed, basin-like Koprino outlier of Lower 

Cretaceous rocks. The synclinal axis of the Koprino outlier appears to trend 

approximately north-south and to plunge markedly northward in its least disturbed 

part situated betwe e n 'Hawisnakwi and Bish Creeks. It may be a pre-Tertiary 

tectonic feature. However, this fundamentally simple basin-like structure of the 

Koprino outlier was conside rably modified by younger (?early Tertiary) faulting. 

The Lower Cretaceous rocks are flexed into a considerable number of supplementary, 

northeast-, north west-, and north-trending, small to medium folds in the proximity 

of almost every known major fault (Pl. XI, Fig. A). Like the previously mentioned 

subsidiary folds of the Vancouver Group, these folds in the Cretaceous rocks apparently 

were generated by movements on the adjacent major faults. They are tight in the 

proximity of these faults but tend to become gentler, more open and fewer in 

number away from them. 

Some of the subsidiary synclines of the Cretaceous rocks seem to be basin­

like whereas most or all of the subsidiary anticlines are distinctly to markedly plunging 

in one or both directions. 

The Koprino outlier of Lower Cretaceous rocks does not seem to interrupt 

the homoclinal structure of the rocks of the underlying Vancouver Group. The younger 

beds of the Basal Jurassic volcanic unit reappear on the western side of this outlier 

(west of the mouth of Kewquodie Creek) with the same prevalent southwestern dips. 

In spite of various structural complications essentially similar to those characteristic of 
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the eastern part of the fault block, the southwest-tilted homocline of the Vancouver 

Group apparently continues uninterruptedly to the western side of the Quatsino Fault 

Block. The rocks of the Basal Jurassic volcanic unit appear to dip underneath the 

Matthews Island Formation and the latter, in turn, dips underneath the rocks of the 
~ ~o ..... " ~ :, _i "· ~ \' t.1./< ,' · 11 .- --. "' "' 11 ... , .. ...- ~ - t..>~tr 1 '-1.:cv .. ,.,,..1 \ 
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Uppermos t Sinernurian volcanic unit and_ the Uppermost Sinernurian argillites on 

the southern shore of Quatsino Sound east of Monkey Creek. 

The north-northwest trending and plunging, medium-size basin-like syncline 

of younger units of the Volcanic division, occurring in the vicinity of Monkey Creek, 

. 
seems to be an unusually large drag-fold generated by the movements on the Mahatta 

Fault Zone. Its trend is consistent with the recognized right-hand, strike-slip 

movement of this fault. 

The northward expanding wedge of extremely faulted and sheared, partly 

contorted rocks of the older part of the Volcanic division of the Bonanza Subgroup 

containing a slice of the Arenaceous member at the apex, occurs in the western corner 

of Koprino Harbour between Spencer Cove and Robson Cove. This insufficiently understood 

structure appears to be a small northerly tilted horst of older rocks confined between 

the Mahatta Fault Zone on the west and the Robson Cove Fault on the east. 

The surface of the Vancouver Group "basement" of the Quatsino Fault Block 

appears to have a marked westward tilt, judging by its very large relative upthrow 

within the northern and eastern parts of the fault block, and its comparably large 

relative downthrow within its southwestern part. The Lower Cretaceous rocks of the 

Quatsino Fault Block appear to be tilted northward and to a lesser extent are inclined 

to the southwest . 
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Coal Harbour Fault Block 

This block appears to be a wedge-like body of the predominantly younger 

Lower Cretaceous rocks confined between the Holberg Fault on the south and Rupert 

Inlet Fault on the northeast . The apex of the wedge is assumed to be concealed on 

the southern shore of Rupert Inlet just east of Coetkwa.us Creek where the above-

mentioned principa l faults seem to merge (Fig. 15). The western and northern 

boundaries of the Coal Harbour Fault Block lie outside of the investigated area. 

As presently known, the Coal Harbour Fault Block is a graben largely filled 

by the gently flexed and moderately to slightly faulted rocks of the Coal Harbour 

Group. Only in the close proximity of the Holberg Fault (Fig. 16) do these rocks 

become steeply dipping to vertical and moderately to strongly sheared. 

The gentle folds of the Cretaceous rocks trend northwesterly or westerly, 

except in the proximity of the Holberg Fault where the tight asymmetrical drag-folds 

trend toward the southwest. This orientation of drag-folds is consistent with the 
I 

inferred relative eastward (i.e. dextral) movement of the northern side of the 

Holberg Fault (Fig. 15). The rocks of the Vancouver Group and those of the Coast 

Intrusions are known to outcrop only in the northwestern and northern parts of the 

fault block which indicates its being tilted toward the southeast. 

Rupert Inlet Fault Block 

The Rupert Inlet Fault Block is limited on the southwest by the Rupert Inlet 

Fault (Fig. 15). Its northern, western and southern limits lie outside of the investigated 

area. According to Mullerts (1967, Fig. 1) geological sketch map, the Rupert Inlet 

Fault Block is limited on the west by a northeast-trending fault and on the northeast by 
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a principal northwesterly-trending fault which runs from Port Hardy to the headwaters 

of Keogh Creek and brings the westward-dipping rocks of the Bonanza Subgroup against 

the sediments af the Nanaimo Group . 

So far as is known, the Rupert Inlet Fault Block is a horst of the moderately 

southwesterly inclined Bonanza Subgroup volcanics and sedime nts invaded by the small-

to medium-size bodie s of Coast Intrusions. No information is available about supplementary 

faulting or folding of the Bonanza volcanics withm Rupert Inlet Fault Block. 

CONCLUDING REMARKS 

As elsewhere in the Insular Tectonic Belt (Sutherland-Brown, 1966, p. 83; 

Muller, 1970), the Mesozoic and Tertiary structural style of the Quatsino Sound area is 

dominated by faulting. Folding, other than the numerous small- to medium-size local 

drag-folds or pressure ridges generated by movements on ma jor fa ults, was restricted 

to the earliest phases of the Mesozoic structural history (latest Triassic and Middle 

Jurassic). Only a few large btit wide open , gently to moderate ly dipping folds were 

apparently produced by the early Mesozoic orogenic movements within the investigated 

parts of the Quatsino Sound area. 

The prevalence of f aulting over folding was ca used by "basement contr ol" of 

one kind or another. In pre-Middle Jurassic time, the thick and ubiquitous r igid "shield " 

of Karmutsen volcanics (Jeletzky, 1970b, pp. 1-2; Muller , 1970, pp . 44, 48) m ust 

have prevented the development of compressed and overturned folds both within the area 

and elsewhere in the Insular Tectonic Belt . Before the end of Middle Jurassic time, 

this "rigid volcanic basement" was fm;ther strengthened by the invasion of numerous 

small and large Coast Intrusions and the accompanying induration or metamorphism of the 
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sediments and volcanics of the Bonanza Subgroup (including the Quatsino Formation). 

The ubiquitous pre se nce of the resulting , completely rigid, so called magmatic basement 

(Jeletzky, 1963, p. 59) determined the subsequent tectonic style of the area as it yielded 

to the stresses of all post-Middle Jurassic tectonic movements by large and small 

scale faulting. The rela tively thin Cretaceous sediments (probably not more than 

10,000 to 11,000 fee t thick) conseque ntly were protected to a large extent from compressive 

stresses and could not be even moderately folded , except in the proximity of major or 

prinCipal faults . The prevalence of faulting over folding and the apparent absence of 

any discernible r~gional pattern of Cretaceous and Tertiary folds can thus be fully 

explained . 

It may seem remarkable that such an expressly fault block tectonic style, 

morphologically similar to the paratectonic or Saxonian tectonics of non-geosynclineal 

.j structural regions (cf. Stille, 1924; de Sitter, 1956) should arise within an otherwise 

typical geosynclinal ( = orthogeosynclinal or e ugeosynclinal; see Jeletzky, 1963, p. 59) 

belt of the Canadian We stern Cordillera. However, it becomes more and more obvious that 

the actual tectonic styles of many mobile or orogenic belts do not conform at all to the· 

classical concept of geosyncline s (e.g. Jeletzky, 1963, pp. 58-61; Mitchell and Reading, 

1969). The tectonic style of the Quatsino Sound area in particular, and of the Insular 

Tectonic Belt in general (Sutherland-Brown, 1966 , p. 83; Jeletzky , 1970b) is not too 

different from that of the Island Arc- and Japan Sea-type of geosynclines of Mitchell 

and Reading (1969, pp. 633, 634) in which the orogenic movements have consisted 

largely of block faulting and uplift. The tectonic style of the Tertiary northeast Honshu 

Island arc of the Japanese Archipelago in particular appears to be similar to that of 

the Mesozoic and Tertiar y pha se of the Insular Tectonic Belt of British Columbia. 
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APPEiJD IX 

Sel ected ri;easured sections 

(Units numbered from t op to bott om of measured section) 
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Section No. 1. (Field Nos. JA-F69-5 and 6). Exposed in the bed of nameless 

left confluent of Lippy Creek between altitudes±. 1, 900 and 2, 100 feet and farther down-

stream in the walls of a small quarry on the southeastern side of an abandoned northwest-

trending logging road where t he latter intersects the bed of the confluent (see Pl. III, 

Figs. A and B). The sectionrs top is at latitude 50°2 8'46"N; longitude 127°28'35"W and -. 

the base at latitude 50°28'43"N; longitude 127°28 '45"W. 

Unit Description 

RHAETIAN STAGE? 

VOLCANIC DIVISION 

Hecate Cove Formation 

1 · Volcanic breccia, green grey, fine to coarse; 

fragments consist mainly of fine amygdaloidal 

lava enclosed in fairly abundant, black, 

calcareous and argillaceous matrix; no attitude 

observed; base and top covered and no outcrops 

were seen in the bed of the right branch of the 

confluent f or at least 100 feet upstream from 

bed 1; visible ............................ o • 

2 Covered across general strike of bed 3 ••...•.•• 

Thickness 
(feet) 

3 

3 

Height 
Above Base 

(feet) 

199 
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Unit Description 

LATE NORIAN STAGE 

SEDIMENTARY DIVISION 

Arenaceous Member 

Argillite unit 

3 Argillite, dark to blackish brown when fresh, 

weathers ash grey with rust-coloured specks 

or patches; chunky; me.dium to thickly (6 inches 

to 2 feet) and indistinctly bedded, moderately 

hard, commonly more or less arenaceous and 

calcareous; contains irregular interbeds and 

6-inch to 2-foot nodules of dull blue, hard, 

very calcareous argillite and impure lime-

stone; strikes at 200° and dips at 26°W and is 

not othe rwise disturbed; a 6-inch bed of the 

arenaceous and calcareous argillit9 replete with 

· Monotis-like pelecypods (GSC loc. 83910) 5 1/2 

to 6 feet below visible top of unit includes 

Monotis cf. ochotica var. densistriata (Teller); 

grades downward into unit 4; visible •....•.•.•. 

Thickness 
(feet) 

30 

Height 
Above Base 

(feet) 

196 
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Description 

Irregular interbedding of pods and lenticular 2- to 

6-inch thick beds of dull to dark grey, very 

fine, silty greywacke, dull to blue -grey, hard, 

calcareous argillite (or_ silty and sandy lime-

stone), lighter grey, calcareous, commonly 

pebbly, coarse-g:-ained greywacke and grit; the 

whole sue.cession appears to be a consedimentary 

slump breccia in part, as pods and lenticular 

beds of coarse greywacke, grit, and pebbly grit 

are commonly broken into 3-inch to 2-foot 

fragments which are either folded or twisted 

and wedged between similarly broken, bent, and 

Thickness 
(feet) 

twisted fragments of other rock types; 3- to 5-inch 

thick pods of fine to medium pebble conglomerate 

were noted locally; they contain grey limestone 

pebbles; pods and lenticular interbeds of gritty 

rocks contain fragments of large, thick pelecypods 

(megalodontids ?), fragments of Monotis-like 

~lecypods, and some poor imprints of ammonites 

possibly derived from an adjace·nt (to the east?) 

littoral environment; fossils collected from the 

Height 
Above Base 

(feet) 
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Height 
Unit Description Thickness Above Base 

(feet) (feet) 

upper 4 to 4 1/2 feet of the unit (GSC loc. 83911) 

include fragments of a probably late Norian 

Monotis sp. ; grades downward into unit 5 ..•..•. 11 166 

5 Argillite, similar to that of unit 3 but with some 

pods and interbeds of impure limestone and 

very fine greywacke (as in unit 4) scattered 

irregularly throughout its thickness; no signs 

of consedimentary slumping noted; attitude as 

in bed 3; a 1-foot thick bed 8 1 /2 to 9 1 /2 feet 

below top (GSC loc. 83912) yielded Monotis 

salinaria (Schlotheim); base covered 16 feet 

above the bed of the right branch at the point 

about 60 feet upstream of the junction of right 

and left branches of the confluent; visible ....... 13 155 

6 Covered in the bed of right branch across the 

general strike of the beds to the junction point 

of right and left branches; about ......•.• : ..... 60 (est.) 

7 Covered but probably underlain by argillite as in 

b~d 5 judging by a few small patches of weathered 
-· 

rock in the bed of the confluent between the 

con..."1.ucncc point of its left and right branches and 
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Unit Description 

the top of the wall of a small quarry situated 

on the southwest side of secon.dary road 

branching due northwest of the main Gibson 

Road at the altitude of.:_ 1, 800 feet; about ..... 

Greywacke unit 

8 Greywacke, dull grey when fresh, weathers dull 

brown and speckled, fine grained, friable, 

mainly massive but with a few interbeds, (3 

inches to 10 inches) of very thinly bedded to 

laminated greywacke and very sandy, rust-

coloured argillite; contains abundant Monotis-

like shell fragments almost throughout; 

well-preserved shells rare except in a 6-inch 

bed 3 feet below the visible top (GSC loc. 

83913) where the fauna includes Monotis cf. 

salinaria (Schlotheim); at the level 2 1/2 to 

· ·3 1/2 feet above the visible base (GSC loc. 

83915) where the fauna includes Heterastridium 

sp.; and· in another 4-inch bed at the unit's 

base (GSC loc. 83914) containing Monotis cf. 

salinaria (Schlotheim); strike 160° and dip 

25°W; top concealed at the upper rim of the 

Thickness 
(feet) 

150 (est.) 

Height 
Above Basl 

(feet) 
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Description 

quarry (Pl. III, · Fig. A) on southeastern side of 

a small waterfall formed by the left confluent 

of Lippy Creek; grades downward into unit 9; 

visible .................................... . 

Greywacke, dull grey in fresh and weathered state, 

fine grained, dense, hard, massive; only upper 

12 feet of_ the unit are exposed on the eastern 

side of the confluent' s bed (i.e. of the waterfall; 

see Pl. III, Fig. A) above the floor of the quarry; 

Thickness 
(feet) 

12 

a normal fault striking at 215° and dipping at 55° E 

cuts off the unit just east of confluent's bed; the 

unit is upthrown about 20 feet on its western side 

where its visible thickness reaches about 33 feet 

(strike 220° and dip 37°W); lower 22 feet of the 

unit contain several 6- to 18-.inch interbeds of 

thinly bedded to laminated dull grey argillite 

which locally are condepositionally slumped 

forming small recumbent folds and crenulations 

overturned toward .southeast; another normal 

fault striking at 315° and dipping at 50°-55° E 

cuts into quarry's wall about 50 feet northwest 

Height 
Above Base 

(feet) 

142 
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Unit Description 

of confluent' s bed (Pl. III, Fig. B), its north-

eastern side is relatively upthrown about 15 feet 

and exposes the basal 12 feet of the unit; on this 

side of fault the unit strikes at 355° and dips at 

28°W; grades into unit 10 ...........•........ 

10 Irregular interbedding of dull to whitish grey, very 

thinly bedded (1/4 to 1 inch) to laminated cherty 

shale and chert alternating in beds 1 inch to 1 

foot thick; in the southwestern corner of the 

quarry (i. e. 25 feet west of last mentioned 

fault), the bed is cut through by yet another 

normal fault striking 245° and dipping 28°W, 

its western side is upthrown about 6 feet and 

exposes the complete thickness of the bed 

which strikes 190° and dips 30°W; grade s 

do\vnward into unit 11 ........••.•..••..•.•.. 

11 Greywacke as in unit 8 containing abundant 

Monotis-like shells throughout; the fauna 

collected from the middle 1 foot of the bed 

(GSC loc. 83916) include s fragmentary Monotis 

sp. probably belonging to M. salinaria 

' (Schlotheim); grades into underlying bed ...... 

Thickness 
(feet) 

50 
(approx.) 

5 

4 1/2 

( 

Height 
Above Base 

(feet) 

130 

80 

75 
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Unit Description 

12 Interbedded dark grey to dark brown, soft shale 

and very fine-grained, green-g,rey greywacke 

in 1/2- to 2-inch beds and lamellae; grades 

into underlying bed .•.............•.•..••••• 

13 Greywacke as in units 8 and 11 but with some 3- to 

10-inch"thick interbeds of shale and very fine 

grained greywacke as in unit 12; replete with 

Monotis-like shells at several levels; fauna 

collected 9 1/2 to 10 1/2 feet below top (GSC 

loc. 83917) includes l\!Ionotis salinaria 

Schlotheim; lower contact sharp ••.•......••. 

14 Mudstone ~ dull blue to medium grey or dark grey, 

massive, weathers blocky; contains 3- to 6-inch 

thick by 2- to 3-foot")ong pods and similarly 

thick lenticular beds of calcareous, very fine 

grained, laminated greywacke and some 

similarly thick interbeds and pods of gritty and 

pebbly greywacke with fragments of thick-

sh~lled pelecypods; the unit resembles litholo-

gically units 4 and 5 of the Argillite unit; fauna 

collected 10 to 11 feet below top (GSC loc. 83918) 

includes Monotis salinaria (Schlotheim); grades 

down\va.rd into unit l& .••.....••••••.••••••• 

Thickness 
(feet) 

3 1/2 

13 

15 

Height 
Above Base 

(feet) 

70 1/2 

67 

54 
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Unit Description 

15 Greywacke, bluish grey to dark blue when fresh, 

weathers dark grey with rust-coloured specks; 

massive, weathers blocky; contains numerous 

pods and lenticular beds (as in bed 14) of very 

calcareous fine-grained greywacke and mudstone; 

poor imprints of Monotis-like pelecypods occur 

locally bu~ no collection was made; becomes 

strongly sheared and intensively rust-coloured 

in basal 10 to 12 feet exposed; strikes 360° and 

dips 47°W near the top but the attitude changes 

to a strike of 220° and a dip of 48 °W near the 

visible base; base covered and apparently 

·faulted; visible ••.....•.••......•.•.....•..• 

16 Covered across the strike on the northwestern side 

of quarry and in the quarry's floor near the 

logging road; the covered interval probably 

conceals a normal strike fault of a magnitude 

comparable to those cutting younger units of 

the section ................................ 

Thickness 
(feet) 

14 

15 

Height 
Above Base 

(feet) 

39 
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Unit Description 

Thinly bedded member (top part) 

17 Argillite, black to dark grey, more or less 

calcareous, thinly to medium bedded (2- to 12-

inch beds) or laminated, hard; interbedded 

.with numerous but always lesser number of 

similarly thick but nodular beds of medium 

. to dark grey, light grey to buff-weathering, 

impure limestone; :minor interbeds of 

calcareous, fine- to coarse-grained, 

brownish grey greywacke; strikes 360° and 

dips 50°W; rocks are somewhat sheared and 

locally contorted near the top but only jointed 

farther down section; an ammonite fragment 

collected about 5 feet below visible top (GSC 

loc. 82961) probably belongs to Sagenites sp. 

of a probable Norian age; abundant but poorly 

preserved molluskan fauna collected from 10 

to 11 feet below top from a bed of grey, 

nodular limestone interbedded with black 

argillite and containing small pods and lenses 

of calcareous greywacke (GSC loc. 83919) 

Thickness 
(feet) 

Height 
Above Base 

(feet) 



/ 
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Description 

includes Monotis sp. [fragments of ?M. sub­
circularis (Gabb)] of a probable upper Norian 
age; top covered on the quarry'.s floor; base 
covered near the southwestern side of secondary 
road; visible .............................. . 

Thickness 
(feet) 

25 
(approx.) 

Height 
Above Base 

(feet) 

25 

Section No. 2. (Field No. JA-F68-5). Measured on the northeastern side of 
Banter Point between its tip at l at itude 50°29'42"N, longitude 127°3 6'53 "W and the point 
about 1/2 mile farther southeast at latitude 50°29'26"N; longitude 127°36'53"W. 

1 

RHAETIAN STAGE? 

VOLCANIC DIVISION 

Hecate Cove Formation 

Volcanic breccia, dull grey to greenish grey; fine 
to medium, waterlain; matrix between fragments 
is dark grey, arg illaceous and extremely 
calcareous; the basal 10 to 12 feet contain a 
fair number of limestone fragments in 
addition to prevalent volcanic fragments; the 
following 18 to 20 feet include numerous beds 
of fine to medium poorly rounded pebble con­
glomerate composed of volcanic rocks; lower 
contact abrupt but apparently even (paracon­
formable); 30 feet above base the unit is cut 
by a minor left l ate ral fault (displacement of 
about 25 feet) striking 325° to 330° and 

· dipping vertically; above this fault the above 
described volcanic breccia includes interbeds 
of fine to rarely coarse mixed breccia and 
limestone breccia; top cut off by a strong 
west-trending fault in the middle of northern 
fa_ce of Banter Point; limestone of unit 2 
reappears on the southern side of this fault; 
visible ................................... . 250 (est.) 475 



Unit 

2 

3 
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Description 

NORIAN STAGE 

SEDIMENTARY DIVISION 

Sutton Formation 

Limestone, light to dull grey, dirty white 
weathering, cryptocrystalline, massive to 
poorly and thickly bedded; contains considerable 
number of siliceous lamellae and small, 
irregularly shaped inclusions some of which 
are fragments of colonial corals; contains some 
interbeds ~d pods of brownish grey coralline 
limestone; occupies the tip of Banter Point 
(Pl. IV, Fig. A) and extends for about 300 
yards toward soutlteast on its northeastern 
side; locally sheared and cut by minor faults; 
lower contact appears to be conformable; 
thickness ................................. . 

Limestone, dull to dark grey, well-bedded, thin 
(6 to 12 inches) to medium (2 to 3 feet), impure, 
cryptocrystalline; includes several 6- to 10-
inch beds of light grey coralline limestone and 
similarly thick beds of black apparently 
carbonaceous and limy argillite; at the point 
about 700 yards SE of the tip of Banter Point 
some poor fossils including poor plant remains 
and an indeterminate pectenid .bivalve were 
collected from one of the argillite interbeds in 
the middle of the tmit (GSC loc. 82944); base 
covered (and probably faulted) in the middle 
part of the northeastern side of Banter Point at 
the point about one-half mile southeast of its tip; 
strike is N 5° E and dip is 40°-50°W; 
visible ................................... . 

Thickness 
(feet) 

150 (est.) 

75 (est.) 

·. 

Height 
Above Base 

(feet) 

225 

75 



I 
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Section 3. (Field No. 252, 1954). Measured in the middle part of a broadly 
rounded embayment of the southern shore of Buchholz Channel about half way between 
Smith and Julian Coves at approximate latitude 50°29'12"N; longitude 127°35'52"W. 
The section occupies the east-northeast limb of a structurally disturbed and magmatically 
intruded syncline. 

Unit 

1 

2 

3 

Description Thickness 
(feet) 

RHAETIAN STAGE? 

VOLCANIC DIVISION 

Hecate Cove Formation 

Limestone breccia, fine to coarse, grey; commonly 
grades into poorly to well rounded, fine to 
coarse pebble conglomerate consisting almost 
exclusively of limestone pebbles; grey to dark 
grey matrix of breccia and conglomerate is 
calcareous and tuffaceous and may include fine 
to medium fragments of volcanic rocks as else­
where; matrix becomes very argillaceous and 
dark grey to black in the topmost few feet of the 
unit exposed; top not reached in the axis of the 
syncline; visible up to ............••....•.... 

Volcanic breccia? coarse, dull grey, exceedingly 
calcareous and including numerous small pods 
of calcite; this rock could be a coarse amygdaloidal 
lava brecciated in the process of underwater 
effusion (pillow breccia ?); numerous interbeds of 
green-grey to light grey, coarse volcanic breccia 
with matrix consisting of calcareous volcanic tuff 
or tuffaceous limestone; numerous interbeds of 
lime stone breccia as in unit 1 and of fine- to 
coarse-grained, calcareous, waterlain volcanic 
tuff; contact with unit 1 apparently--., / 

~orif'orma:ble ................ ~. o •••••••••• 

Volcanic breccia, coarse, rust- to tawny-coloured, 
waterlain and with abundant grey- to rust-coloured 
impure limestone matrLx between clasts; occurs 
in 6-inch to 1 1/2-foot thick beds alternating with 
similarly thick beds of grey tuffaceous limestone; 
grades upward into unit 2; the base is an intrusive 
contact \Vith unit 4 ...•...........•..•......• 

70 

105 (est.) 

30 (est.) 

Height 
Above Base 

(feet) 

232 

162 

57 



Unit 

4 

5 

6 
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Description 

MIDDLE JURASSIC 

Coast Intrusions 

?Diorite porphyry, dark grey , fine to .medium 
grained and rich in medium-size calcitic 
amygdales; locally feebly to fairly strongly 
mineralized with pyrite and ( ?) chalcopyrite; 
the body appears to be sill-like and does not 
seem to destroy continuity of surrounding 
sedimentary section ...........•..••.......• 

RHAETIAN STAGE? 

VOLCANIC DIVISION 

Hecate Cove Formation 

Volcanic breccia essentially as in unit 3 and has 
the same impure limestone matrix; contains 
fragments and pods of grey cryptocrystalline 
limestone and very calcareous volcanic tuff; 
forms an intrusive contact with unit 4 ; contact 
with unit 6 seems to be conformable; 
visible ................................... . 

LATE NORIAN 

SEDIMENTARY DIVISION 

Sutton Formation 

Limestone, fine to coarse, elastic (calcarenite), 
strongly tuffaceous; general strike N40° -50°W , 
dips 10° to 55°E; base cut off by an intrusive 
body, about 90 feet wide. similar to that of unit 
4 and probably faulted; visible up to ••........ 

Thickness 
(feet) 

48 (est) 

7 

20 

Height 
Above Base 

(feet) 

27 

20 
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Section 4. (Field No. JA-F68-2)._ Measured along the northern shore of 
Quatsino Sound between Jesdal Islet (immediately east of Quatsino village), and the 
sharp nameless point opposite Kitten Islet (on the west side of Hecate Cove), 
latitude 50°32'00"N; longitude 127°36'46"W to 50°32'26"N latitude; 127°36'00"W 
longitude. 

Unit 

1 

2 

3 

Description 

HETTANGIAN STAGE? 

VOLCANIC DIVISION 

Basal Jurassi..:: volcanic unit 

Lava, predominantly maroon to brick red coloured, 
exceedingly amygdaloidal , becomes blackish 
green and Karmutsen-like in basal 30 feet; some 
interbeds of similarly coloured fine to coarse 
volcanic breccia; contact with (3) not exposed; 
occupies t he sharp rocky point behind Jesdal 
Inlet on which Quatsino Hotel and Post Office 
are situated; this is unit 9 of section 8 (see p. 
27 4 ); visible ...................... · ...... ~ .. 

RHAETIAN STAGE? 

Hecate Cove Formation (type section) 

Completely covered within a deep, square bay 
immediately east of Jesdal Islet; presumably 
underlain by the same rocks as in (3) •••••.•• 

Irregular, thin to medium (beds 3 to 8 inches 
thick) inte rbedding of poorly rounded to angular, 
brownish green to dark greenish grey, fine 
pebble conglomerate and coarse to fine, pebbly 
grit; both rock types are commonly calcareous 
and therefore weathered differentially to 
honeycombed on the surface; numerous 
inclusions of calcareous grit and conglomerate; 
pebble and grit clasts predominantly composed 

Thickness 
(feet) 

150 (est.) 

105 (est. ) 

Height 
Above Base 

(feet) 

2,049 

2,004 



Unit 

4 

5 
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Description 

of various volcanic rocks; a considerable 
percentage of clasts consist of bluish grey to 
dark grey, fine-grained to cryptocrystalline 
limestone, which include some angular . 
fragments up to 4 inches in diameter, occurs 
in all beds; numerous interbeds of dull brown, 
lavender-tinged or dark lavender, fine- to 
coarse-grained, waterlain volcanic tuff and 
similarly coloured, fine waterlain volcanic 
breccia occur throughout the unit; numerous 
interbeds of fine - to coarse-grained, more or 
less calcareous, differentially weathered 
(honeycomb), in places somewhat fossiliferous 
(poorly preserved marine shells; no collection 
made), gritty and pebbly greywacke occur in 
the middle part and near the base of the unit; 
top concealed beneath the water on the western 
side of a nameless sharp rocky point just east 
of Jesdal Is let; lower contact gradational; 
strikes regularly 10° to 20°N and dips 40° to 
50°W and is not disturbed otherwise; 
visible ................................... . 

Greywacke dark greenish grey to brownish grey, 
fine to coarse grained, massive to indistinctly 
bedded, more or less calcareous throughout 
and commonly differentially weathered to 
honeycombed on the surface; normally gritty fo 
pebbly; more or less fossiliferous throughout 
and contains an abundant marine fauna in the 

· interval 2 to 12 feet above visible base; 
according to E.T. Tozer this probably Upper 
Triassic fauna (GSC loc. 82932) includes: 
Neomegalodon sp., Palaeocardita sp. , in­
determinate bivalves and indeterminate 
cqlonial corals; base covered at the eastern 
base of the above mentioned sharp point; 
visible ................................... . 

Completely covered .......................... . 

Thickness 
(feet) 

150 
(approx.) 

20 

15 

Height 
Above Base 

(feet) 

1,899 

1,749 
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Unit Description 

6 Limestone, dark grey, impure (mostly tuffaceous); 
contains abtmdant fragments and rounded (1/4 
inch to 3 inches) inclusions of lighter grey, 
softer limestone and of more rare fragments 
and inclusions of other sedimentary and volcanic 
rocks; attitude as in overlying beds; lower 
contact gradational ; occupies a secondary 
embayment of the shore about 3 00 feet wide and 
the western side of a rounded point on its 
eastern 3ide; indeterminate marine pelecypods 
(GSC loc. 24332) Nere found in float of the lower 
part of the unit; thickness ..•...•.•.•.••.••.• 

7 Volcanic (? andesitic) breccia, dull green-grey, 
coarse to fine, distinctly bedded and water lain; 
upper 200 feet interbedded with an almost equal 
amount of a similarly coloured, mixed and 
sedimentary breccia and of invariably poorly 
rounded fine to coarse pebble conglomerate 
(conglobreccia); these interbeds become pro-
gressively fewer farther downsection where 
the volcanic breccia is predominantly indistinctly 
bedded and its fragments much less waterworn; 
attitude as in overlying beds; outcrops 
continuously for 800 feet (across general strike) 
across the rounded point and to the inner 
western corner of a deep, angular bay following 
the former; visible ................... . • ..... 

8 Mainly covere d in the NW corner of above 
mentioned bay around the mouth ·of a nameless 
small creek but probably underlain by the 
volcanic breccia as in 7 judging by the minor 
scattered outcrops within the interval; strikes 
about 360° and dips are 30° to 35°W throughout 
so that no major fault appears to be indicated 
within this interval; thickness ••...........•. 

9 Volcanic breccia, green-grey or bfoe-green, 
similar to that of unit 7; strikes about Nl0° E, 
dips 45° o 50°W; oc upies a small rocky point 
in the middle of the bay; visible ............. 

Thickness 
(feet) 

210 (est. ) 

560 (est.) 

210 (est.) 

100 
(approx.) 

Heig 
Above 

(feet; 

1,729 

1, 519 

959 

749 



Unit 

10 

11 

12 
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Description 

Interbedded (mostly thin) brown-grey to dark 
grey, fine-grained, waterlain volcanic tuff 
or similarly coloured tuffaceous argillite 
with waterlain volcanic breccia as in unit 9; 
outcrops are poor and scattered and alternate 
with many covered intervals; attitude as 
above; thiclmess .......................... ~ . 

Limestone, dull grey, brownish grey weathering 
cryptocrystalline, impure; considerable iuter­
beds of limestone breccia as in overlying beds 
(e. g. in unit 6); top concealed; lower contact 

. gradational; strike N5°E and dips 55° to 60°W; 
visible .................................. . 

Interbedded brownish grey to dull grey, more or 
less calcareous waterlain volcanic tuff; fine­
to very fine-grained, similarly coloured, more 
or less calcareous, ?tuffaceous siltstone and 
similarly coloured, silty, fine-grained grey­
wacke; all three rock types are well bedded 
with most beds 6 inches to 3 feet thick; contain 
fairly common lenses and pods of impure, 
nodular to breccia-like limestone as in unit 11; 
also includes several interbeds (1 to 5 feet) of 
dull grey to brownish grey, medium- to coarse­
grained water lain volcanic tuff, fine to medium, 
poorly rounded volcanic pebble conglomerate 
(conglobreccia), and mLxed, waterlain breccia; 
rocks are locally flexed in small mudliary folds 
and even somewhat contorted but the overall 
continuity of the sequence does not seem to be 
lost anywhere; strike around N20° E and dips 
50° to 60°W; lower contact appears to be 
gradational; thickness .....•........•.•....• 

-' 

Thickness 
(feet) 

52 (est.) 

37 
(approx.) 

410 
(approx.) 

Height 
Above Base 

(feet) 

649 

597 

560 



Unit 

13 

I 
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Description 

Volcanic breccia generally as in units 7 and 9 
but includes numerous interbeds of poorly 
rounded, volcanic, fine to medium pebble 
conglomerate; rocks are broken by minor 
faults and locally somewhat contorted; 
general strike 340° , dips vary from 50° to 
55°W; base not exposed in the axis of a 
north-northeast-trending anticline which 
extends for about one-eighth of a mile along 
the shore around a nameless, sharp point of 
the shoreline ending in a prominent dry rock 
shown in all marine charts; visible •.•...•..•. 

Thickness 
(feet) 

150 (est.) 

Height 
Above Base 

(feet) 

150 

Section No. 5 (Field No. 253/2, 1954). Measured in the northwestern corner 
of Koprino Harbour, along the westerrr side of Robson Cove and across the tip of nameless 
point separating it from Spencer Cove. The top of the section is at approximate latitude 
50° 30'20"N; longitude 127° 52'00"W. 

1 

RHAETIAN STAGE? 

VOLCANIC DIVISION 

Hecate Cove Formation 

Interbedded brovvnish green, fine- to coarse­
grained volcanic tuffs and black, ?tuffaceous . 
argillite; rocks are considerably jointed 
and sheared throughout but appear to strike 
220° to 240° ; dips range from about vertical 

· to 75° east (?overturned); lower contact 
poorly e.Kposed and strongly disturbed but 
appears to be conformable; top concealed 
at the fringe of the forest just before the 
delta of a small creek falling into the head 
part of Robson Cove; thickness assumed to 
be about · . ...•..••••.•...•.......••..•.•••.. 100? 640? 



- 267 -

Unit Description 

2 Fine to coarse volcanic breccia, greenish grey 
to purplish grey, partly well bedded and with 
somewhat waterworn fragments more or less 
sorted according to the size; a rounded boulder 
(18-inch diameter) of pinkish grey .limestone 
was found in the middle part; some interbeds 
of dark grey, finely amygda.loidal lava and 
similarly coloured coarse-grained volcanic 
tuff; rocks are very strongly sheared and 
partly contorted but strike about 300° wherever 
less disturbed; dips vary from 50°W (?norma.l) 
to 30-65° E (?overturned); base covered; 
visible thickness assumed to be in order 
of ......•.................................. 

3 A completely covered (along the shore) interva.l, 
about 100 feet wide, within a marked embay-
ment on the southern side of Robson Cove; 
probably is underlain by a major east-west 
trending fault . .............................. 

4 Lava, (?andesitic), brownish grey to maroon, 
moderately to strongly amygda.loida.l; inter-
bedded with similarly coloured, distinctly 
bedded, \.vaterlain volcanic tu.ff; minor pods, 
lenses and interbeds of limestone as in unit 
(5) scattered throughout the succession; rocks 
are exceedingly disturbed and totally sheared 
throughout but the genera.l attitude seems to be 
the same as in adjacent units; seems to grade 
downward into unit (5); thickness is assumed 
to be in order of ............................ 

5 Waterlain volcanic breccia, mottled grey, 
consists of various, fine to coarse breccia-
size volcanic fragments embedded in abundant 
ID?I-trix of dull grey., whitish grey weathering 
limestone; lenses 3 to 5 feet thick and 
irregularly lenticular beds of m·ore or less 
pure, grey, whitish weathering limestone occur 
at irregular intervals; strongly sheared and 
jointed and partly contorted but the general 
attitude appears to be more or less as in unit 
6; lower contact appears to be gradational ....• 

Thich.11ess 
(feet) 

200? 

200? 

50 
(approx.) 

Height 
Above Base 

(feet) 

540? 

340? 

140 



Unit 

6 
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Description 

Irregular interbedding of sedimentary rocks as 
in unit 7 with dark green to greenish grey, 
amygdaloidal lavas and browni'sh grey to 
maroon, calcareous, waterlain pyroclastics 
rich in pods and 3- to 5-foot thick lenticular 
beds of dull grey, more or less tuffaceous 
limestone; rocks are badly disturbed but tend 
to strike 230° to 250° and to dip 50° to 70° 
east (?overturned); grades downward into 
unit (7) •••••••• ~ •••••••••••••••••••••••••• 

LATE LATE NORIAN STAGE 

SEDIMENTARY DIVISION 

Arenaceous Member 

Argillite unit 

7 Argillite, dark grey to black, mainly thinly 
bedded, tuffaceous to arenaceous ; numerous 
thin to medium beds and l ayers of fine- to 
coarse-grained, dull grey greywacke and some 
layers of similarly coloured grit are 
dispersed throughout the unit; irregular pods, 
lenses and several minor interbeds of pure 
to arenaceous, grey limestone; several thin 
to thick beds of waterlain pyroclastics; 

I 
1 some indeterminate marine (pectenid ?) 

pelecypods (GSC loc. 2432 7) were collected 
from a row of pods of impure limestone rear 
the top of the unit; rocks are excessively 
sheared to almost milonitized and contorted 
in part; wherever less disturbed, they strike 
250° to 290° and dip more or less vertically; 
hc:>weve r, the dips may become either westerly 
(?normal) to easterly (?overturned) at angles 
ranging from 60° to 80° within short distances 
along and across the strike; base concealed 
beneath the water off the eastern side of the 
point; visible up to .•........•...•...•.••••. 

Thickness 
(feet) 

20 (est.) 

70 (est.) 

Height 
Above Base 

(feet) 

90 

70 
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Section 6 (Field No. JA-F69-5/2). Measured in the left (northwestern) bank 
of the right branch of unnamed left confluent of Lippy Creek at the point about 260 feet 
upstream from the small abandoned quarry where the lower part of Section 1 was 
measured and about 120 feet south-southeast of the top of this section across the 
divide betweenthe branches. Approximate latitude 50°28'40"N; longitude 127°28'42"W 
(see Pl. ill, Fig. A). 

Unit Description Thickness 
(feet) 

Height 
Above Base 

(feet) 

1 

2 

I 

RHAETIAN STAGE? 

VOLCANIC DIVISION 

Hecate Cove Formation 

Basic lava, dark green to almost black, 
abundantly and coarsely porphyritic with · 
many large and well-formed ?augite phenocrysts. 
ground mass felsitic to ?trachitic; massive­
looking when fresh, weathers spheroidally 
and locally pillow-like; no attitude; upper 
contact covered and no rock outcrops seen 
for at least 100 feet farther upstream; 
lower contact poorly exposed but possibly 
disconformable; visible ...........•....•••.. 

Coarse pebble to boulder (4- to 12-inch clasts 
predominate) conglomerate, dark grey to dark 
brown, tightly packed, most clasts poorly 
rounded; the bulk of pebbles are composed 
of ?augite porphyry similar to that of unit 1; 
pebbles of bluish grey, argillaceous, water­
lain volcanic breccia prevalent in other 
sections of the Hecate Cove Formation occur 
but rarely; some pebbles of dark grey argillite 
and dark grely greywacke as in the late 
Norian beds of Section l; lower contact is 
sharp, rather uneven and obviously discon­
formable; the volcanic conglomerate fills 
depress.ions and pockets, 1 to 2 
feet deep, in the surf ace of rust-coloured 
(deeply weathered?) argillite of bed 3; attitude 
of volc3.nic conglomerate appears to be about 
the same as the underlying argillite but no exact 
measurements were possible; the basal con­
glomerate appears to thicken southeastward 
across the outcrop from 3 to 5 feet and the ratio 

50 (est.) 71 



Unit 

3 
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· Description 

of 4- to 12-inch clasts composed of blue­
grey, argillaceous volcanic breccia increases 
in this direction ............. ~ ............. . 

LATE LATE NORIAN 

SEDIMENTARY DIVISION 

Arenaceous Member 

Argillite unit 

Thickness 
(feet) 

5 

Height 
Above Base 

(feet) 

21 

r r l 
1\1, : J 

I ,,_\..J•J'' 
~ 

Argillite, dark to blackish brown, lithologically 
similar to and continuous with the unit 3 of 
section 1 (see p.249); contains poor fragments 
of Monotis-like pelecypods but no collection 
was made; strikes about 210° and dips about 
27°W; base covered on the lower part of the 
slope; visible ............................. . 16 

. Section No. 7 (Field No. JA-F69-12). Measured along the southwestern bank 
·of the secondary logging road branching northwestward off the main Gibson Road at the 
altitude of±. 1, 00 ft. The section is situated 400 to 500 feet northwest of the small 
abandoned quarr y whe~e the lower ~art of Section 1 was measured; (latitude 50°28 '51"N; 
longitude 127°28'46''\Vj approximat51. · 

1 

RHAETIAN ST AGE? 

VOLCANIC DIVISION 

Hecate Cove Formation 

Volcanic breccia (agglomerate?), green-grey, 
?.andesitic, medium to coarse, almost 
unsorted; this volcanic breccia is litho­
logically similar to the green-grey waterlain 
breccia characteristic of more weste rly 
sections of the unit but its fine to coarse 
tuffaceous matrix appears to be devoid of 
argillaceous particles and is non-calcareous; 

16 



Unit 

2 

3 

4 

\ 

I 
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Description 

fragments appear to lack any erosional 
rounding and sorting according to size; 
upper contact covered; lower contact appears 
to be conformable but abrupt ; visible . .. .•...• 

Boulder conglomerate, dark grey, litholog ically 
similar to that of unit 2 of section 6; strikes 
340°, (lips about 40°W; lower contact 
coverecl; visible ..... ... . .... . ........ . .... . 

Completely covered interval across the general 
strike of unit 4 and probably concealing a 
normal but disconformabl e contact between 
units 2 an.d 4 .... .... . . . . . . ... .... .. ...... . 

LA TE LA TE NOR IAN 

SEDThIENTARY D!VlSION 

Arenaceous Member 

Argillite unit 

Argillite, dark to brown-grey, weathers dark 
brown or dark chocolate ; mostly medium to 
thickly (6 inches to 2 feet ) and indistinctly 
bedded but includes some interbeds of thinly 
bedded to laminated calcareous argillite; 
some interbeds (up to 3 feet thick) of dark 
brown, calcareous, fine- to coarse- grained 
tuffaceous greywa.cke and similarly thick 
interbeds of l avender- coloured , distinctly 
and thinly bedued, waterlain volcanic tuff 
lithologica.Ily similar to that outcropping on 
the western s ide of Julian Cove and on the 
s~ut "'-estern side of Banter Point (see pp. 
43--14 i ; strike 350°, dip -±2°W; fauna collected 
about 17 feet below visible top of the unit from 
a paper thin lamella in a 3- to 4-inch thick 
greywacke intcrbed (GSC loc. 83 930) includes 
the late Nori an l\fonotis cf. ochotica var. 
clensicostata (Teller) ; the unit is b e lieved to 
be the equivalent of bed 3 of section No. 6 and 
of beds 3 to 5 of section No. 1; outcrops poor 
and intermittent; lower contact covered; 
visible ...... ........... ... .. .. . .. . ....... . 

Thickness 
(feet) 

80 (est.) 

2 0 

3 

Height 
Above Bas e 

(feet) 

180 

100 

80 (approx .) so 
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Section 8 (Field No. 243, 1953, 1954). Measured on the northern shore of 
Qu.atsino Sound between the nameless little bay immediately west of Sherberg Islet 
(latitude 50°32'15" N, longitude 127°38'36"W) and the nameless point behind Jesdal 
Islet on which Quats ino Hotel stands (latitude 50°32'00"N, longitude 127°36'45"W). 
This section is an upward extension of Section 4 of the Hecate Cove Formation. 

Unit Description Thickness 
(feet) 

Height 
Above Base 

(feet) 

1 

\' 

2 

LOWER CRETACEOUS 

Upper Valanginian and ?Hauterivian 
greywacke-conglomerate unit 

Pebble conglomerate, fine to medium grey; 
pebbles very poorly rounded and sorted; 
large and small boulders of volcanic rocks 
lithologically identical with those in the 
underlying beds aJ;ld apparently locally 
derived occur scattered between smaller 
pebbles in the basal few feet; higher in the 
section the conglomerate is interf ingered 
with numerous lenticular beds and layers 
of coarse, gritty, poorly sorted greywacke 
commonly grading into pebbly grits; contact 
with unit (2) uneven and very sharp with 
deep depressions in the surface of unit (2) 
filled with the conglomerate; top concealed 
underneath beach and alluvial deposits of 
Aweisha Creek; visible •.•••..•••••.•..••••• up to 35 (est} 

HETTANGIAN STAGE? {LOWER JURASSIC) 

VOLCANIC DIVISION 

Basal Jurassic volcanic unit 

Volcanic breccia, dark reddish grey to tawny, or 
mar.:ion, coarse to medium, completely un­
sorted; a few interbeds of poorly sorted and 
indistinctly bedded lithologically similar 
volcanic breccia; just below contact with (1) 
the breccia is interbedded with dark green, 
?basic, amygdaloidal lavas; contact with (3) 

2,240 



Unit 

/ 

3 

4 

5 

6 

7 

8 
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Description 

poorly exposed but probably conformable; 
cut by several dykes and irregular bodies of 
very porphyritic, medium- to eoarse-
grained ?dioritic intrusive rock .........•.•. 

Lava, bluish green to blackish green, ?basic, 
strongly amygdaloidal, massive to very 
indistinct ly banded; locally interbedded with 
some dark green, coarsely porphyritic, 
?basic lava; lower contact covered ........•. 

Mostly covered by beach deposits or overgrown 
. but with some outcrops of green-grey, fine to 
coarse volcanic breccia and similarly 
coloured, porphyritic or strongly amygdal­
oidal ?basic lavas along the beach, in creek 
beds and in the road cuts; unit probably 
underlain by interbedding of these rocks 
throughout ............................... . 

Volcanic breccia, coarse, dark red to brick red; 
some inte rbeds of similarly coloured por­
phyritic lavas; top covered, lower contact 
poorly e.h-posed but apparently conformable 

Lava, reddish-grey to dull red, massive, 
abundant meat-red to pink phenocrysts of 
?sodic plagioclase; matrix felsitic to very 
finely porphyritic; base covered; visible ..... 

Covered across general strike ............••.•. 

Irregular (often lenticular) interbedding of maroon 
to lavender or reddish grey, mostly well 
bedded, fine to coarse volcanic breccia and 
similarly coloured, fine to coarse volcanic 
tuf.fs, volcanic tuffs predominate in the upper 
25 feet of the unit while volcanic breccia 
predominates in its lower 35 feet; lower 
contact conformable; top covered; visible 
(across gener::ll strike , strike is 350° to 360°, 
dip is 30°-35~) 

w 

Thickness 
(feet) 

300 (est.) 

460 (est.) 

700 (est.) 

160 (est.) 

225 (est.) 

100 (est.) 

60 (est.) 

Height 
Above Base 

(feet) 

2,215 

1,915 

1,455 

755 

435 

310 

210 



,} 

Unit 

9 
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· Description 

Lava, predominantly maroon to brick-red, very 
amygdaloidal; become blackish green and 
Karmutsen-like in the basal 30. feet or so; 
some inte rbcds of similarly coloured fine to 
coarse volcanic breccia; this is the unit (1) 
of section 4 (see p. 262 ); lower contact 
covered; visible .......................... . 

Thickness 
(feet) 

150 (est.) 

Height 
Above Base 

(feet) 

150 

Section 9 (Field No. 244/1-5, 1953). Measured on a nameless rocky point of 
the southern shore of Quatsino Sound opposite the eastern tip of the largest Koskimo 
Islet; (latitude 50°29'45"N; longitude 127° 50'39"W). 

1 

2 

HETTANGIAN STAGE? (LOWER JURASSIC) 

VOLCANIC DIVISION 

Cherty limestone unit 

Limestone, grey to dark grey, cherty, thin­
bedded to laminated (commonly paper-thin); 
numerous layers and lamellae of black and 
grey chert; some 2- to 3-foot thick inter­
beds of cherty rock and strongly con­
cretionary limestone rich in cherty 
inclusions, l enses and thin interbeds; 
some similarly thick interbeds of strongly 
tuffaceous grey limestone, calcareous grey 
shale and calcareous, waterlain volcanic 
tuff; rocks flexed into several disharmonic 

·folds and strongly faulted; top faulted; 
lower contact apparently conformable; 
visible ..... . ............................ . 

Basal Jurassic volcanic unit 

Lava, blackish green, ?basaltic, very coarsely 
amygdaloidal; occurs in beds and members, 
5 to ~5 feet thick , interbedded with similarly 
thick beds and members of limestone as in (1), 
lower contact conformable •.....•......•.•• 

150 (est.) 1,195 

200 (est.) 1,045 



Unit 

3 

4 

5 

6 
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Description 

Lava, grey, blackish-green and lavender-grey 
varieties alternate irregularly, ?basic, 
strongly amygdaloidal, pronouncedly banded; 
minor interbeds of tuffaceous limestone as 
in unit (l); lower contact conformable .••....• 

Lava, light grey to bluish grey, speckl~d, fine 
arnygdaloidal, massive; interbedded with 
some lavender to dark reddish grey coloured 
porphyritic lava; lower contact conformable .. 

Volcanic tuff, light grey to bluish grey, speckled, 
fine- to medium-grained, massive; interbedded 
with some amygdaloidal and porphyritic lavas 
as in (3 ); lower contact apparently 
conformable ............................. . 

Volcanic breccia, mottled reddish grey, fine 
grained; locally grades into similarly 
coloured coarse-grained volcanic tuff containing 
irregularly shaped nodules of similarly 
coloured, coarse-grained, calcareous 
volcanic tuff; numerous . interbeds of 
greenish grey, well-bedded, calcareous, 
waterlain, fine to medimn volcanic breccia 
and coarse-grained volcanic tuff in the middle 
part; rocks flexed into several , minor open 
folds; base not reached in their a,'Cial parts 

Lavas of unit (3) with easterly dips 
reappear on the southeastern side Gf outcrops of 
unit (5). Farther south no outcrops seen for 
1 1/2 miles along the shore which apparently 
harbours a major fault zone. 

·_, 

Thickness 
(feet) 

300 (est.) 

20 

275 (est.) 

250 (est.) 

Height 
Above Base 

(feet) 

845 

545 

525 

250 
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Section 10 (Field No. 262, 1954). Measured on the finger-like, eas~ernmost . 
point of the largest .Koskimo Islet. Latitude 50°28'20"N, longitude 127°50'45"\V. 

Unit Description 

LATE HETTANGIAN STAGE? (LOWER JURASSIC) 

VOLCANIC DIVISION 

Grey volcanic unit 

1 Volcanic tuff, dull rose to dull red coloured, 
fine to coarse, abundant volcanic fragments 
and numerous crystals of red ?sodic plagio-
clase; minor interbeds of lithologically 
similar volcanic br~ccia; top faulted and 
lower contact poorly exposed; visible ........ 

2 Lava, grey, massive, aphanitic to fine grained; 
considerably disturbed by faults and sheared; 
lower contact poorly exposed and may be 
faulted ................................... 

3 Lava, purple-grey, banded, amygdaloidal; 
interbedded with 2- to 5-foot thick bands of 
grey, massive, aphanitic to f inc-grained 
(?trachitic) lava; lower contact appears to 
be conformable ........................... 

4 Volcanic rock (?lava), dark grey, massive, 
aphanitic; base faulted; visible ...•.•..•.•••• 

5 A major, fault zone, trending N50° to 60°W, 
consisting of contorted and sheared beds of 
above described volcanic rocks and underlying 
cherty limestones of units 6 to 13 inclusive; 
width of fault zone ......................... 

Thickness 
(feet) 

80 (est.) 

50 (est.) 

40 (est.) 

180 (est.) 

75 (est.) 

He ight 
Above Base 

(feet) 

879 

799 

749 

709 



Unit 

6 

7 

8 

9 

10 

11 ( 
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Description 

Cherty limestone unit 

Limestone, grey, thinly bedded; interbedded with 
much thinly bedded black chert; top cut off by 
fault; lower contact conformable; visible ..•.•• 

Volcanic tuff, grey, fine to coarse grained, 
well bedded and obviously waterlain; minor 
interbeds of lithologically similar, waterlain 
volcanic breccia; lower contact conformable •.. 

Limestone, dark grey to light grey, mostly pure, 
thinly bedded (beds 1 to 6 inches thick) and 
layered (1/2 to 1 inch thick) with considerable 
number of similarly thick interbeds and layers 
of black chert; several beds 2 to 5 feet thick, 
of calcareous grit or tuff aceous grit; lower 
contact much disturbed by faults and intrusive 
dykes but appears to be conformable ••..•.••. 

Limestone much as in (8) but with considerably 
greater ratio (almost 50%) of interbeds and 
layers of black chert; considerably disturbed 
by faults and numerous, green-grey, 
amygdaloidal to feebly porphyritic dykes, sills 

and stock-like bodies of Coast Intrusions 
and commonly 'coloured orange by hydrothermal 
solutions; base covered, visible •....•..••.•• 

Completely covered interval apparently 
harbouring a major fault; width across general 

Thickness 
(feet) 

15 

55 

50 (est.) 

45 

strike . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 0 

Limestone, -black to dark grey, very thinly bedded 
to laminated (1/2-- to 3-inch beds and layers); 
replete with laminae of black chert which mostly 
p;;:i.rallel the bedding planes; frilled and twisted 
cho-rt lamellae rare; 1- to 2-inch layers and 
up to 2 1/2-foot; thick beds of more or less 
pure grey, whitish weathered limestone, those 
of gritty and sandy limestone, and those of 
similarly coloured calcareous and tuffaceous 
grit occur at irregular intervals in upper 40 
feet. 

Height 
Above Base 

(feet) 

429 

414 

359 

309 
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Unit Description 

Twenty to 40 feet below top, the cherty 
lamellae largely replaced by 1- to 4-inch thick, 
irregularly limited, concretionary beds; 23 to 

/ 
26 feet below top, rock is replete in small 
indeterminable Planorbis-like shells; lower 
contact partly faulted but apparently 
conform able .................................. 

12 Limestone, black to brownish grey, cherty, 
replete with greatly and irregularly twisted 
and frilled chert; inclusions and lamellae 
which commonly comprise over 50% of the 
rock; interfingered with 1/2- to 1-foot' thick 
inclusions and lenses of more pure, grey 
limestone; poorly exposed and often 
contorted in upper 12 feet (a minor strike 
fault); lower contact conformable ........... 

13 Limestone, dark grey to black, cherty, occurs 
in 1- to 3-inch thick layers and 1/2- to 1 1/2-
foot thick beds; replete with laminae of black 
chert or very cherty limestone, 1/2 to 12 mm 
thick; these laminae are often twisted and 
frilled in a most irregular fashion with 
similarly thick laminae of grey limestone 
wedged between them; lower contact 
conformable ............................... 

14 Limestone, dark grey to black, thin bedded to 
laminated (beds and layers 1/2 to 2 inches 
thick) extremely tuffaceous and cherty; inter-
beds of more pure, light grey limestone; 
base covered; visible ...................... 

15 Covered, across general strike ............... 
16 Lim_estone, as in 14; top covered; lower contact 

conf orm·able; visible ....................... 

Thickness 
(feet) 

100 (est.) 

20 (est.) 

60 (est. ) 

7 

15 (est.) 

2 

Height 
Above Base 

(feet) 

264 

164 

144 

84 

77 
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Unit Description Thickness 
(feet) 

Height 
Above Base 

(feet) 

17 

18 

19 

20 

21 

HETTANGIAN STAGE? 

VOLCANIC DIVISION · 

Basal Jurassic volcanic unit 

Volcanic tuff, purplish grey, coarse, very 
porphyritic (crystal tuff); inclusions ·and 
lenses of lithologically similar, calcareous 
tuff; lower contact conformable ••..•••••••••• 

Lava, dull to dark grey, fine to coarse 
porphyritic .. .- ............................ . 

Volcanic tuff, dull grey to speckled (blue and 
purple), fine to coarse grained, more or less 
calcareous and containing inclusions and 
lenses of grey, tuffaceous limestone; both 
contacts conformable .•...••.•.••.•.••.••••• 

Lava, grey, m assive, feebly porphyritic; lower 
contact conformable and gradational ••••••.•• 

Lava, dull grey with minor interbeds of dull 
purple and blue lavas, strongly to feebly 
amygdaloidal, occurs in 3- to 5-foot bands; 
persistent strike N to Nl0°W with dips 40° to 
45°W; base concealed beneath the sea on the 
east side of the point, visible •.•.••..•••.••• 

3 

2 

9 

8 

53 

Section 11 (Field No. 244/1, 1953). Measured on the southern shore of 
Quatsino Sound at the point approx imately due south of the western side of the largest 
Koskimo Islet. Base of the section is situated almost opposite (slightly to southwest 
of) the top of Sect ion 10, (latitude 50°2 8'08"N; longitude 127°51'10"~ approximat~. 

1 

HETTANGIAN STAGE? (LOWER JURASSIC) 

VOLCANIC DIVISION 

Grey volcanic unit 

Volcanic breccia, mottled green-grey with reddish 
specks, fine to coarse; intcrbeds of similarly 
coloure d volcanic tuff; c 1ose1 y 

75 

72 

70 

61 

53 

' ,, 



Unit 

/ 

2 

3 

4 

5 

6 
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Description 

jointed and commonly sheared but strikes at 
330° and dips 35° to 40° west; top not reached 
on the mainland; lower contact conformable; 
apparently corresponds to unit 1 of section 10; 
visible .................................... 

Volcanic rock (lava or tuff), blackish green, 
massive, aphanitic; attitude appears to be as 
in unit 1; lower contact covered; apparently 
corresponds to units 2 and 3 of section 10; 
visible .................................... 

Completely covered by logging debris around the 
mouth of a small creek (across general 
strike) ..................... · ............... 

Mixed, sedimentary-volcanic to ?sedimentary 
breccia grading into and interbedded with 
conglomerate (poorly rounded pebbles), dark 
grey, coarse to fine, rich in fragments which 
appear to be those of grey shale; partly 
calcareous; thinly but irregularly bedded; 
some interbeds of bright green, very fine-
grained, waterlain volcanic tuff lithologically 

Thickness 
(feet) 

800 (est.) 

30 (est.) 

50 

Height 
Above Base 

(feet) · 

1,135 

335 

/ 

similar ~q ,t_hat_9.cc;;t,irring a9 fragrp.<?nts jn assumed 
Uppermost Sinemurian argillites v 
outcroppirig (see p.98) north of the mouth of 
Kwatleo Creek; strike 33 0° to 340°, dips 50° 
to 55° west; both contacts covered; forms a 
high bluff and a 20- to 30-foot high undercut 
bench at the water's edge; visible ..........•. 50 (est.) 305 

Completely covered by logging debris inside of an 
embayment of the shore (across the strike) ... 60 

(approx.) 

Volc.anic tuff, dark grey to green-grey, fine 
grained, thinly bedded; some interbeds of grey 
thinly bedded to laminated, apparently 
considerably tuffaceous limestone with inter-
C"1 "t"d 1"""'i"'a" ,.,,..,.:i 1/4- to 1-in"h +h;c1c C.Uc.4 '-" ..a.L,,L..lJ..4 .L.4.'- \,.; U.J...l.U '- Vl.4 "'44.t. ~ 

intcrbed.s of similarly coloured calcareous 
"volcanic tuff; top covered, lower contact 
conformable; visible ........................ 25 (est.) 255 



Unit 

7 

8 

9 

10 

11 

I 
I v . 

J 

- 281 -

Description 

Interbedded waterlain sedimentary-volcanic 
breccia and poorly rounded conglomerate 
more or less as in unit 4 and including some 
interbeds of volcanic tuff ........••......••. 

Lava, dark greenish grey, containing abundant 
amygdules of dark-green and white calcite; . 
upper contact conformable; base covered; 
visible .................................. . 

A completely covered interval within an embay­
ment of the shoreline; probably underlain by 
a major fault; along the shore ......•....... 

MIDDLE JURASSIC 

Coast Intrusions 

Intrusive dyke rock, dull-grey, dark grey 
weathering; contains abundant large (1/4 to 
1/2 inch) white quartz amygdules; massive; 
contains h ardened and partly baked 
inclusions of thinly bedded limestone 
apparently derived from the Cherty lime­
stone unit; top covered; intrusive contact 
with unit 11; visible •.......•...••..•..•••. 

HETTANGIAN? 

VOLCANIC DIVISION 

Cherty limestone unit 

Lim~stone, dark grey to light grey, cherty to 
?pure, thinly bedded (1- to 6-inch bc~s )to 
layered (1/2- to 1-inch layers) or laminated; 
considerable number of similarly thick 
interbeds and laminae of black chert and 
siliceous shale; badly disturbed by faults 

Thickness 
(feet) 

Height 
Above Base 

(feet) 

180 (est.) 230 

50 (est.) 

350 
(approx.) 

15-20 

50 



/ 

Unit 
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Description 

or completely crushed; no estimate of 
thickness possible; exposures extend along 
the shore for about 400 feet and are in 
fault contact with the unit 1 of section 9 ••.•••• 

Thickness 
(feet) 

Height 
Above Base 

(feet) 

Section .12 (Field No. 241, 1953). Measured across a pi;onounced, double­
pronged rocky point on the northwestern shore of Forward Inlet at the point about 
three-fifths of a mile northeast of t1\e mouth of Browning Inlet, (latitude 50°29'40"N; 
longitude 12 8 ° 02' 4011Wf approximat~J . · 

1 

2 

3 

LOWER SINEMURIAN (LOWER JURASSIC) 

VOLCANIC DIVISION 

Matthews Island Formation 

Argiliites, mostly medium to dark grey, thin 
bedded to laminated, mostly arenaceous or 

?, ?tuffaceous; exceedingly calcareous in part; 
interbeds and layers of tawny to brick-red­
weathered argillite; rocks considerably 
broken by faults and strongly sheared; top 
cut off by a major fault; lower contact 
gradational; visible .....••.•...••••..••..••• 

Interbedding of dark grey, pure argillite with 
tuffaceous, grey argillite similarly coloured 
argillaceous, waterlain volcanic tuff, and 
thin, 2-inch to 1-foot interbeds of dark grey 
to brownish grey, abundantly porphyritic or 
amygdaloidal l ava; rocks strongly faulted and 
sheared; lower contact conformable ••..••.••• 

UPPER HETT AN GIAN? 

VOLCANIC DIVISION 

Grev volcanic unit 

Lava, grey, strongly amygdaloidal commonly 
with pronounced pillow structures; medium 
to thinly banded; strongly sheared •••.•..••••• 

20 1,134 

15 1, 114 

55 1,099 
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Unit Description Thickness 
(feet) 

Height 
Above Base 

(feet) 

4 

5 

6 

7 

Lava, grey to brownish grey, strongly 
porphyritic, with lenses and interbeds of 
tuffaceous grey shale or argillaceous, 
waterlain volcanic tuff; lower contact 
conformable and gradational . . . . . . • • . • • . . • . • 4 

Volcanic breccia and ?pillow lava, green-grey, 
coarse porphyritic to abundantly 
amygdaloidal; thinly banded • . . . . . . • • • • • • . . • 100 

Lava, bluish grey to dull grey, abundantly 
amygdaloidal, commonly with distinct pillow 
structures, massive to banded; some interbeds 
of ·similarly coloured, porphyritic lava; both 
contacts conformable •...•.• ; .•••..•.•••••. 

Volcanic breccia (?pillow brecc ia), green-grey, 
coarse (fragments from 4 inches to 2 feet in 

diameter), composed predominantly of 
amygdaloidal lava; base not reached; 
visible .................................. . 

550 (est.) 

400 (est.) 

Section 13 (Field No. 256, 1954). Measured in the northwestern corner of 
Browning Inle t at the mouth of a nameless small creek which enters the inlet ~out 
300 yards west of Leeson Creek, (latitude 50°30'33"N; longitude 128°05'12"W 
approximat~. 

. 1 

~ ft'', - /, / I ( l '": 
SINEMURIAN 

VOLCANIC DIVISION 
\... (-0;:_1 v if?i).;, r ;.. 1v ff' J (. ,( ~~.) 

Uppermost Sinemurian volcanic unit . 

Volcanic breccia, light grey to brownish grey, 
TI?-edium to fine, distinctly and thinly bedded, 
partly well sorted, fragments somewhat 
rounded; pres wnably corresponds to units 
6 and 7 of section 14; top concealed beneath 
beach deposits; lmve r contact conformable 
and gradational; visible ...••..•.••••••••••• 200 (est.) 

1,054 

1,050 

950 

400 

/ 

302 



Unit 

2 

3 
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· Description 

SINEMURIAN 

VOLCANIC DIVISION 

Matthews Island Formation 

Upper argillite member 

Argillite, black to dark grey, locally 
arenacous, thinly to medium bedded; some 
lamellae, thin layers and 1- to 2-foot thick 
interbeds of dull grey, fine-grained 
calcareous greywacke and similarly 
coloured impure limestone; frag1nent of a 
probable arietitid ammonite, genus and 
species indetermined (GSC loc. 24313) was 
found 10 feet below the top of the unit; 
presumably corresponds to units 8 to 10 
inclusive of section 14; lower contact 
apparently conformable and gradational .•...•. 

Waterlain tuff member 

Volcanic tu.ff, greenish grey, fine to coarse 
grained, distinctly bedded and waterlain; 
some interbeds of similarly coloured, fine, 
waterlain volcanic breccia; presumably 
corresponds to units 11 and 12 of section 14; 
base concealed underneath the beach deposits, 
visible ................................... . 

Thickness 
(feet) 

90 (est.) 

12 (est.) 

Height 
Above Base 

(feet) 

102 

12 
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Section 14 (Field No. 240/1-8, 1953). Measured on northwestern side of 
l 

Matthews Island (=Robson Island of Dawson, 1887, p. 83D) at the point about 2 1/2 · 
/ miles southwestward of section 13; (latitude 50°29'06"~, longitude 128° 02'30"W. approximat;;.) 

Height 
Unit Description Thickness Above B asE 

(feet) (feet) 

\ s 1 !VE vl IA .if 1r-rN:...J 
SINEf.illRIAN (LOWER JURASSIC) 

VOLCANIC DIVISION 
Vkt.>.1,,2...m , .. r ~t ~t.t1nnt/ ;2 n,./ I 

., 
\ ,./ __,. 

Uppermost Sinemurian volcanic unit 

1 Lava, green-grey, bluish green, reddish to dull 
grey, purple and brick-red to maroon; these 
colours replace each each other quite 
irregularly along and across the strike; pre-
dominantly finely to coarsely amygdaloidal 
and commonly well banded; numerous 
interbeds of similarly coloured, porphyritic 
lavas containing abundant lath-like pheno-
crysts of orange to pink sodic plagioclase 
and of ?hematite; pillow structures were 
noted in places; rocks intensely sheared, 
jointed and contorted in the uppermost 150 
to 200 feet ; top cut off by a strong fault 
running along the Southwestern side of the 

.- island; lower contact appears to be con-
form.able; visible .......................... 300 (est.) 1,468 

2 . Volcanic breccia (pillow breccia in part), bluish 
grey, coarse to very coarse; relatively 
poor in matrix consisting of waterlain 
volcanic tuff and fine to medium breccia 
fragments; indistinctly bedded; rocks 
intensely sheared and faulted; base covered 
and apparently cut off by a major fault; 
visible ................................... 15 1,168 

3 Cove!ed interval apparently harbouring a major 
northwest-trending fault; width across 
strike .................................... 180 



Unit 

4 

5 

6 

7 
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Description Thickness 
(feet) 

Height 
Above Betsc 

(feet) 

Volcanic breccia (mostly pillow brecc ia), grey 
when fresh , weathers blackish grey, coarse 
to very coarse with very l arge (1 to 2 feet in 
diameter), somewhat rounded p illow fr agments 
enclosed-in a matrix of medium to fine 
breccia fragments ; all fragments composed 
of the same light grey, abundantly amygdaloidal 
lava; strongly sheared and cut by minor faults 
in uppermost 10-15 feet; top covered; lower 
contact conformable ; vis ible .........•....... 

Volcanic breccia (mostly pillow breccia), greenish 
grey, coarse ; cons ists of rounded pillow 
fr3.ooments normally 1 1 / 2 to 6 inches in 
d iameter but locally as much as 5 to 10 inches 
in diameter composed of amygdaloidal and 
porphyritic volcanic rock embedded in matrLx 
consisting of tuffaceous to fine breccia fragments ; 
some interbeds of banded volcanic tuff; other­
wi~e 9'.lassive and completely uns orted; lower 
contact conformable .. . . . . .... ........ . . . . . . 

Volcanic breccia, reddish grey, medium (fragments 
from 1/8 to 2 inches in diameter predominate); 
indistinctly bedded and almost unsorted .....•. 

Volcanic tuff, bluish grey , thickly bedded (3- to 
6- foot beds), coarse grained, locally grades 
into fine reddish grey volcanic breccia; 5- to 
6-foot thick beds of fine-grained, thinly bedded 
t o laminated, waterlain, partly· distinctly 
sorted and ca1careous volcanic tuff occur at 
m ore or less regular intervals . In the middle 
part occurs a bed, 15 to 18 feet thick, of fine, 
poorly rounded volcanic conglomer ate inte r ­
bedded with the waterlain volcanic tuff which 
c.ommonly grades -into tuffaceous greywacke ; 
the ratio of fine volcanic brecc ia increases 
to 30--1011 in the upper GO feet of the unit 
where ome interbeds of medium to coarse 
volcanic brecc.i2 (p1rtl~1 pillo\v brcccin.) appear 
as well; lower contact poorly exposed and 
sheared but appears to be essentially 
conformable and norn1al ... . .. ... .• •..••.••• 

50 (est.) 1,153 

100 (est . ) 1 , 103 

12 0 (est. ) 1, 003 

128 (est.··) · L.83 
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Unit Description 

SINEMURIAN 

VOLCANIC DIVISION 

Matthews Island Formation 

Upper argillite member 

8 Argillite, dark grey, arenaceous or tuffaceous; 
outcrops poor and intermittent, covered 
intervals may conceal other rock types .•..••• 

9 Volcanic tuff, grey, rose-grey weathering, 
coarse grained, waterlain; calcareous and 
argillaceous; locally grades into tuff aceous 
greywacke or into mixed sedimentary-
volcanic fine breccia; upper contact 
gradational ................................ 

10 Argillite, dark grey to brownish grey, stained 
tawny to tuscan-red, thinly bedded to 
laminated; whitish grey lamellae and layers 
of chert and cherty shale, 1/2 inch to 3 
inches thick, occur commonly; mainly 

;- calcareous, considerably arenaceous and/ or 
tuffaceous; indeterminate ammonite fragments 
occur commonly 6 to 8 feet above base (GSC 
loc. 232 88 ); lower contact conformable and 
gradationfil ................................ 

Waterlain tuff member 

11 Volcanic tu:ff, brown-grey, fine grained, well 
bedded, waterlain; grades locally into 
tuffaceous greywacke; contains calcareous 
inclusions; lowel;' contact conformable ••...••• 

. ·-~ 

Thickness 
(feet) 

50 (est. ) 

14 

17 

3 

Height 
Above Base 

(feet) 

755 

705 

691 

674 



Unit 

12 

13 

14 

15 
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·Description 

Volcanic tuff, light greenish grey, lilac t inged 
and speckled; fine grained, almost mass ive 
but ncYertheless somewhat sorted; some 
m edium- to coarse-grained fragments (some 
of feldspar crystals) scattered or segregated 
in small inclusions and lenses ; lower contact 
conformable and gradational ................ . 

Volcanic tuff, light grey, fine to medimn grained , 
numerous plagioclase phenocrysts (crystal 
tuff) ; wate rlain; may grade laterally into · 
tuffaceous greywacke; contains inclus ions 
and lenses of and is interbedded with 
l enticular layers and 2- to 6-inch thick beds 
of similarly coloured coarse-grained, 
calcareous, volc~ic tuff, tuffaceous grey­
wacke, grit, and fine volcanic brecc ia ; l ower 
contac gradational ........................ . 

Lower argillite member 

Argillite, brownish grey to tawny, thinly bedded 
and banded, hard (flinty); somewhat 
arenaceous ; contain numerous larnellae, 
l ayers and 2- to 5- inch thick interbeds of 
coarse-grained, partly gritty greywacke or 
waterbin, partly reworked volcanic tu.ff ; 
lower contact gradational . .... .. .. .... . .•. ~ •• 

· Ar gillite, brownish grey to dark grey; pure, 
mostly calcareous, occurs in beds -! inches to 
1 1/2 feet thick; lamellae and l ayers (as much 
as 2 inches in thickness) of light grey, fine ­
to coarse-grained, partly tuffaeeous, often 
c alcareous grcywacke, similarly coloured, 
impure limestone and interbeds 1 to 6 inche s 
thick, of softer, fissile shale occur at 
r egular, intervals of from 1 to 5 feet t hick ; 
a 2 1/2-foot bed of grey, arenaceous lime­
stonl'.:' fot"ms the top of the unit; immediately 
below this bed a shale interval, 1 foot thick , 
contains abundant specimens of the probably 
lower Sinemurian ? Arnioccras sp. indct. 

Thickness 
(feet) 

18 

13 

Height 
Above :C •. c 

(foot) 

671 

653 

30 (est. ) G-±0 



Unit 

16 

17 

18 

1 9 
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Description 

and indeterminate pelecypods (GSC lo c. 
23290); indeterminate ammon ite s (GSC 
loc. 23289) were found a b out 35 feet 
f a rther down in the succession; ro c ks 
cut by several 1- to 4-foot th ick sill s 
and dykes of intrusive rock as in ( 17 ) ; 
the sediments are jointed and sheared, 
and commonly faulted and contorted; 
lower contact intrusive with some 12 
feet of shale at the base hardened a nd 

Thickness 
(feet) 

discoloured (baked) .. ... .. ................ 115 (est.) 

COAST INTRUSIONS 

Intrusive ? dioritic dull grey, fine to 

medium grained, porphyriti c ?. . . . . . . . . . . . . 40 

L ower argillite membe r 

Argillite as in 15 and with similar int e rbeds 
but more massive and occur r ing in bed s 1 
to 2 feet thick; a 2-foot thick bed of dull 
grey, fine-grained, tuffaceous greywa cke 
occurs l 0 to 12 feet abo-.;yre '" . ..risible base; 
indeterminate, arietitid ammonites (GSC 
loc. 23285) occur 20 to 23 feet above vi si-
ble base; base covered; visible ....... . ..... 5 5 (est.) 

Completely covered interval; a ssumed to 
conceal about 290 feet of basal part of t he 
formation; these covered beds are r epre -
sented in part by unitsl-2 of section 17 .. .... 2 90 (est.) 

? UPPER HETT ANG IAN 

VO LCANIC DIVISIO N 

Grey volcanic unit 

Lava (partly pillow lava), 1 ight grey , ? in t er -
mediate; mostly well banded and very 
amygdaloidal; base concealed bene a th 
the sea on the northeaste rn s ide of the· 
rocky point; visible . ............ . ......... 150 (est.) 

I ' .... 

Height 
A bove Base 

(feet). 

610 

495 

440 

150 
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Section 15 (No Field No., 1968). Measured on the northern shore of Quatsino 
Sound. The top is situated at a sharp, bluffy point some 1, OOO feet west of Nordstrom 
Cove (latitude 50°28'58"N, longitude 128° 55'38"W) and the section extends along the 
west side of the cove approximately to latitude 50°29'18"N, longitude 128° 56' OO"W. 

Unit 

1 

2 

3 

4 

Description 

, ~ I IV c (I// UR I f':- tJ._,} 
SINEMURIAN STAGE 

VOLCANIC DIVISION 
(_Jtf>,.:..;, ~m0s f St r..::. n~s~/'<:~0 

Uppermost Sir.emurian volc anic unit 

Pillow lava, dull grey to greenish grey, ?inter­
mediate, amygdaloidal; resembles pillow lava 
of Grey volcanic unit but is less monotonous 
and its amygdaloidal texture is less pro- · 
nounced; the beds strike northwest and dip 
southwest at moderate angles; top not reached, 
lower contact covered, visible ..•.....•.••.•• 

Completely covered interval apparently 
concealing normal contact between units 1 and 
2 judging by a complete absence of shearing 
and contortion in adjacent rocks; width across 
general strilce ............................ . 

Waterlain volcanic tuffs similar to that of unit 7, 
section 14 but generally finer grained and 
more argillaceous; some pods and interbeds 
of black sandy and tuffaceous argillites, upper 
contact covered; lower contact conformable 
and gradational; visible •••.....•.••.•••.••.• 

SINEMURIAN STAGE 

VOLCANIC DIVISION 

Matthews Island Formation 

Upper argillite member 

Argillites, black to dark grey, weather same or 
rust- to orange-coloured, thinly to medium 
bedded; some lamellae; commonly somewhat 

Thickness 
(feet) 

150 (est.) 

20 (est.) 

15 (est.) 

Height 
Above Base 

(feet) 



Unit 
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Description 

arenaceous and/or tuffaceous; some thin 
layers and 1- to 2-foot thick interbeds of 
dull grey, fine-grained calcareous grey-
wacke and similarly coloured impure lime­
stone; no interbeds of waterlain tuff or 
coarser pyroclastics noted; rocks closely 
jointed, locally sheared and invaded by 
numerous minor (1-20 feet thick) irregular 
bodies of Coast Intrusions which are 
particularly common in axis of anticline 
formed by unit 4 on the tidal shelf at the 
western entrance to Nordstrom Cove; 
argillites of unit 4 first appear at the point 
about 300 feet west of Nordstrom Cove and 
outcrop uninterruptedly with regular northwest 
strikes and moderate to steep southwesterly 
dips to its western entrance ; at the latter 
point the dips become reversed; the south­
western side of Nordstrom Cove is under-
lain by the same argillites, but with 
northeasterly dips for several hundred feet 
but the end of their outcrops was not reached; 
nor was the top of the Waterlain tuff member 
seen anywhere; fragmentary imprints of 
?Echioceras sp. indet. of a questionable late 
Sinemurian age have been found by J.E. 
Muller inside Nordstrom Cove (GSC loc. 
82886); maximtm1 visible thickness on the 
southwestern limb of the anticline ..•....... : . 

Thickness 
(feet) 

Height 
Above Base 

(feet) 

200 (est.) 200 

Section 16 (Field No. 244/16-26, 1954). Measured on the southern shore of 
Quatsino Sound in an interval, about 1/2 mile long, of rocky coast just east of an unnamed 
bluffy point at the eastern side of Mahatta logging camp and opposite the eastern end of 
Salmon Islets. Top of section at latitude . 50°27'48"N; longitude 127°47'56"W; base at 

. latitude 50°2 8' 08"N; longitude 127°47'00''W. 

1 

. I r-1· r' r ,.,.) · / ;"} ,.; i 
I\. Ii - -

SINEMUR IAN ST AGE (LOWER JURASSIC) 

VOLCANIC DIVISION 
\li.;J ot l rn <.J.S f' c-:'t >t..C.l?'j lv~.t a.~/ 

Upper.most Sinemurian volc anic unit 

Lava, light grey , abundantly and coarsely 
amygdaloidal; amygdules composed of grey 

\; 



Unit 

2 

3 

4 

5 
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Description 

to brownish grey calcite, commonly 
vermiform and 1 to 2 inches or more in 
diameter; rocks are jointed, sheared, 
locally contorted and faulted; top covered 
and presumably faulted; lower contact 
appears to be conformable; visible .....•....• 

Volcanic to mixed (i. e. volcanic-sedimentary) 
breccia, grey, fine to medium; for the most 
part contains considerable admixture of 
fragments of various sedimentary rocks; 
more or less bedded and sorted throughout, 
waterlain; mixed tuffaceous-arenaceous 
matrix occurs between breccia-sized 
fr~crments; minor interbeds of grey, water­
lain volcanic tuff and similarly coloured, 
tuffaceous greywacke; rocks are exceedingly 
jointed, sheared and locally contorted; 
grades downward into unit 3 •..••..•••••••••• 

SINEMURIAN ST AGE 

VOLCANIC DIVISION 

Matthews Island Formation 

Upper argillite member 

Interbedding of bluish grey, silty, fine-
grained greywacke and dark grey, arenaceous 
(and tuffaceous ?) argillites; base covered; 
visible ................................... . 

Covered across general strike and presumably 
underlain by argillites of unit 5 ••.••••.•••••• 

. _, 
Argillite, dark grey to bluish grey, arenaceous 

and tuffaceous, occurs in beds 1/2 to 2 feet 
thick; some s imilarly thick beds of dark grey, 
argillaceous, fine-grained greywacke; 

)nclusions and lenses of this greywacke also 
occur in many of the argillite beds; 15 to 21 

Thickness 
(feet) 

Height 
Above Base 

(feet) 

200 (est.) 1, 820 

100 (est.) 1, 620 

12 1,520 

50 1, 508 



Unit 

6 

I 

7 

8 
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Description 

feet below top of the unit an argillite bed ~ 

about 6 feet thick, contains abundant 
generically indeterminate arietitid, possibly 
echioceratid, ammonites (GSC loc. 24305); 
lower contact conformable and gradational; 
top concealed; v isible .......•..••......••••• 

Argillite, dark to blackish grey, rust- ·to maroon­
weathering, mostly pure, in beds 1 to 3 feet 
thick; indeterminate arietitid ammonites occur 
commonly throughout the upper 120 feet of the 
unit; a collection of these ammonites (GSC loc. 
24318) made 50 to 52 feet below top from a bed 
of dark grey arg illite contains Echioceras 
(Melanhippites) harbledownensis Crickmay of a 
late Sinemurian age; thin layers and 2- to 6-
inch thick beds of very arenaceous argillite, 
argillaceous, fine-grained waterl ain volcanic 
tuff (including crystal tuff) and tuffaceous 
fine-grained greywacke are interfingered with 
1- to 2-foot thick beds of pure to arenaceous 
argillite at irregular intervals ranging from 2 
inches to 1 1/2 feet; their number seems to 
increase downward in the unit; grades downward 
into unit 7 ......................... ~ ...... . 

Argillite, similar to that of unit 6 but much harder 
(flinty?); .locally light to whitish grey (dis­
coloured) and somewhat schistose ; much more 
arenaceous than the argillite of unit (6); 
commonly interbedded with 1- to 5-foot thick 
beds of maroon-coloured, fine-grained, 
tuffaceous greywacke; almost unfossiliferous; 
rocks are commonly nearly vertical, strongly 
sheared and somewhat contorted; base covered; 
visible ................................... . 

Covered across general strike and probably under­
lain by argillites of unit 7 ••• :· • •••••••••••••• 

Thickness 
(feet) 

Height 
Above Base 

(feet) 

25 (est.) 1,458 

120 1,433 

280 (est.) 1, 313 

135 (est. ) 1,033 



Unit 

9 

10 

11 
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Description 

Waterlain tuff member 
equivalent (argillaceous facies) 

Argillite, black to brownish grey, partly tuffaceous 
or arenaceous; thinly bedded ; some loaf-like 
conc retions, 1-3 feet in diameter, of dark 
grey impur·e limestone; numerous 1- to 6-inch · 
thick layers and beds of fine - grained, 
tuffaceous greywacke and ?waterlain 
arenaceous volcanic tuff; a few beds, 1 to 
6 inches thick, of grey, coarse amygdaloidal 
and porphyritic ?lava; rocks are commonly 
intensely disturbed; top and base covered; 
visible ....... .... . · ....................... . 

Lower argillite m ember 

Almost comple ely covered across general strike; 
partly underlain by argillite similar to that of 
unit (9) but probably harbours at least one 
major north-south-trending fault •...••..•.•• 

Argillite', much as in unit (9 ) and with the same 
concretions of impure limestone; some early 
Sinemur ian (GSC loc. 24307) ? Arnioceras 
sensu l ato sp. indet . foss ils were collected 
at the visible top of the unit ; top concealed; 
above high tide boundary the argillite is at 
first strongly hardened and bleached and then 
strongly metamorphosed or transformed into 

·bluish grey to dark green, medi~n_;.- to 
coarse- grained and equigranular dio.ritic or? 
gabbroic intrusive rock. This intrusive body 

.,...-----o'c~~pie s most of the middle and uppe r wooded 
slopes aboY-e the t idal plat form (south of the 
m~aPµred section) for the next 300 feet 
across the strike of the beds of Matthews 
Island Formation; it continues inland for an 
unknown distMce; throughout this 300-foot 
wide interval the a rgillites occupying the 
ti~al platfonn arc warped around the northern . 
margin of this intrusive body and locally 
contorted but apparently neither intensely folded 

Thickness 
(feet) 

120 (est.) 

420 

Height 
Ab ove Da:o;,• 

(feet) 

898 



Unit 

12 

13 
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Description 

nor repeated by faulting; they become pro­
gressively m ore metamorphosed and partly 
transformed into intrusive rocks downdip 
(i. e. eastward along the shore); some sill­
like intrusive bodies, 6 to 10 feet thick, 
invade the metamorphosed argillites within 
this interval; top covered; base cut off by the 
intrusive; visible ................. ~ ........ . 

MIDDLE JURASSIC 

Coast Intrusions 

Dioritic intrusive rock, light green, medium 
grained and essentially equigranular, massive­
looking; 150 feet farther east along the shore 
becomes replaced by the bluish grey to grey­
green dioritic intrusive rock (see in unit 11) 
in the central part of the intrusive body; seems 
to grade into the same dioritic intrusive rock 
inland; this light green, apparently more 
acidic m arginal phase of the intrusive appears 
to grade into metamorphosed argillites on 
both sides and contains numerous "granitized" 
inclusions of the same; extends along the 
shore (i.e. across general strike of argillites) 
for .................................. · ...... . 

SINEMURIAN ST AGE(LoWER JURASSIC ) 

VOLCANIC DIVISION 

Matthews Island Formation 

?Basal variegated member 

Argillite, dark grey, strongly tuffaceous and/or 
arenaceous, forms beds, 2-3 feet thick, 
alternating with almost equal number of beds, 
1-3 feet thick, of grey, fine- to coarse­
grained, mostly strongly tuffaceous greywacke; 

Thickness 
(feet) 

400 (est.) 

400 (est.) 

Height 
Above Base 

(feet) 

778 



Unit 

. 14 

15 
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Description 

3-foot thick bed of greenish grey, coarse grit 
to fine sedimentary breccia occurs 3 to 6 feet 
below visible top of the unit; some interbeds, 
5 to G feet thick, of irregularly contorted, 
laminated, arenaceous limestone; an in­
determinate ammonite (GSC loc. 24316) was 
collected from a grejT\vacke bed 3 to .4 feet 
below top of the unit; top cut off by the 
intrusive contact with unit (12) which is 
accompanied by a zone of strongly hardened, 
locally discoloured and metamorphosed shale 
9 to 10 feet wide; the shale .is slightly 

. sheared, contorted and cut by calcitic 
veiruets and stringers ; base covered; 
visible ..................... ~ ............. . 

Covered across the ·general strike and probably 

Thickness 
(feet) 

60 (est.) 

contains a fault • • • • . • • • . • . . • . • • • . • . . . . • • • • . 100 

Volcanic tuff, green-grey, coarse grained; 
fragments are often markedly rounded and 
sorted according to the size; arenaceous, 
distinctly bedded and obviously waterlain, 
locally grades into coarse tuffaceous grit and 
greywacke; matrix of waterlain tuff is 
commonly argillaceous and very finely 
tuffaceous; contains numerous rounded or 
irregularly shaped concretions of calcareous 
grit and gritty limestone; indeterminate 
ammonites of a probable early Jurassic age 
were collected (GSC loc. 24317) from 
calcareous concretions 3 to 4 feet below 
visible top of the unit; 8-9 feet below top of 
unit a bed of limy, tuffaceous argillite, 2-3 
feet thick, grading into waterlain limy 
volcanic tuff has yielded (GSC loc. 24313) 
Weyla sp. indet. and an indeterminate 
arie.titid ammonite; some interbeds of dark 
grey tuffaceous and calcareous shale in 
lower 15 to 20 feet; top and base covered; 
v·isible ................................... . 70 (est.) 

Height 
Above Base 

(feet) 

378 

318 



Unit 

16 

17 

18 

19 

20 

21 

17 and 
18 
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Description 

Covered across general strike and probably 
contains a strike fault .......•.............. 

Argillite, dark bluish grey, very tuffaceous to 
arenaceous; rich in inclusions of and locally 
grades into tuffaceous, fine-grained grey­
wacke; some interbeds of orange-weathering, 
impure {dolomitic?) limestone 3 to 6 inches 
thick; rocks extremely sheared and contorted; 
both contacts covered and probably 

Thickness 
(feet) 

24 

faulted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Covered across general strike and probably 
harbours a minor fault . . . . . . • . . . . . . . . . • . . . . 12 

Vole anic tuff, blue and purple {speckled), fine 
grained; contains small fossiliferous 
concretions of calcareous waterlain tuff; some 
indeterminable ammonites (GSC loc. 24315) 
were collected from these concretions; top 
concealed and probably faulted; lower contact 
apparently conformable; visible .....•.•..... 

Grit or very fine pebble conglomerate, rust- to 
brownish yellow coloured, soft; grades 
laterally into similarly coloured, fine, 
distinctly bedded waterlain volcanic breccia; 
base covered; visible ..................... . 

Covered across general strike and probably 
conceals a strike fault ..........•....•...•• 

East of the covered interval 21 the rocks 
of units 17 and 19 to 20 inclusive are repeated by 
faulting; their perfectly exposed, almost undis­
turbed, and complete downward succession is as 
follows: 

Interbedding of argillite and limestone as above; 
top concealed; lower contact gradational; 
visible ................................... . 

3 

6 

20 

18 

Height 
Above Base 

(feet) 

248 



Unit 

19 

20 

21 

;. 

22 
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Description 

Volcanic tu.ff, bluish green, waterlain, with 
the same concretions and ammonite fauna . 
(none collected) as above; lower contact 
covered .................................. . 

Volcanic breccia, rust- to brownish grey 
coloured, fine to medium; very well ~nd thinly 
bedded and strongly crossbedded, waterlain; 
numerous interbeds of similarly coloured .fine 
to coarse, waterlain volcanic tu.ff, tuffaceous 
grit and poorly rounded fine pebble 
conglomerate; base concealed, visible .•.•.... 

Covered along the shore (approx. across general 
strike of the rocks); possibly underlain by Grey 
volcanic unit but apparently harbours one or 
more major faults as well ...............•.. 

HETTANGIAN STAGE? 

VOLCANIC DIVISION 

Basal Jurassic volcanic unit 

Volcanic breccia, lavender to maroon-coloured, 
coarse to very coarse (with frequent fragments 
and large blocks from 3 to 6 feet in diameter), 
almost unsorted according to size and nearly 
lacking any traces of bedding; fragments 
consist mainly of very porphyritic, ?andesitic 
lava; top concealed, base not reached, visible 
in the western side of a high escarpment of a 
major point of the shoreline .....•..•......•. 

Thickness 
(feet) 

9 

21 

380 

200 (est.) 

Height 
Above Base 

(feet) 

230 

221 

200 
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Section 17 (Field No. 240/14-15, 1953). Measured in the southern part of a 
broad embayment,_ about 300 yards long, occupying the middle part of the eastern side 
of Matthews Island (=Robson Island of Dawson, 1887, p. 83B) in Forward Inlet ,(Latitude 
50°29'55"N, longitude 128°02'30"W).,. 

Unit Description Thickness 
(feet) 

Height 
Above Base 

(feet) 

1 

2 

LOWER SINEMURIAN (LOWER JURASSIC) 

VOLCANIC DIVISION 

Matthews Island Formation 

Lower argillite member 

Fine pebble conglomerate, mottled grey, 
abundant poorly rounded pebbles and angular 
fragments of presumably locally derived 
argillite similar to that of unit 2, hard, 
tightly packed; lower contact erosionally 
disconformable; it is sharp and uneven with 
depressions and pockets, up to several feet 
deep, in the surface of unit 2 filled by the 
conglomerate ; top concealed in the forest on 
top of a bluff, 20 feet high, fringing the 
tidal flat, visible .......................... . 

Argillite, dark grey to black, commonly 
weathering brownish grey to brown, containing 
numerous thin layers and lamellae of brown 
shale, mostly pure but somewhat arenaceous 
or ?tuffaceous in some beds; thin bedded (2-
to 10-inch beds) to laminated; invaded by a few 
dykes and sills, 1-6 feet thick, of grey to 
brown, aphanitic to feebly porphyritic intrusive 
rock and in places hardened and discoloured 
near the intrusive contacts; strongly jointed, 
sheared, and locally contorted; about 100 to 
101 feet above base the shale contains abundant 
specimens of "Arniotites" sp. indet. 
(= Arniotites sp. Whiteaves 1889, p. 147, pl. 
19, fig. 3 and "Ccltites (?)" vancouverensis 
Whiteaves (pars). in Dawson, 188 7, p. llOB) 
of an early Sinemurian age; contact with the 
underlying pillow lavas of unit f/,) is uneven 

3 

20 (est.) 440 

I , 



Unit 

4 

5 
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Description 

and sharp but no accumulation of coarser 
particles, or any basal conglomerate •....•.. 

UPPER HETTANGIAN 

VOLCANIC DIVISION 

Grey volcanic unit 

Lava, grey to dull blue, mostly well banded, 
slightly to abundantly amygdaloidal; 

. numerous pillow-like structures some of 
whiCh reach 5 feet in diameter; locally 
appears to include some interbeds of 
volcanic breccia as in (4); in the uppermost 
10 to 15 feet the pillows are commonly 
separated from each other or even 
completely surrounded by thin layers of 
arenaceous or ?tuffaceous shale as in (2 ); 
the lava may include some lenses and 
inclusions of this shale in the uppermost 
1-2 feet; rocks are mostly strongly jointed, 
sheared, and contorted; lower contact 
appears to be conformable ......•....•.••.. 

Volcanic breccia, coarse, composed of the same 
lava as in unit (3) and appears to be a piHow 
breccia; lower contact appears to be 
conformable ............................. . 

Lava as in (3) but with numerous interbeds of 
volcanic breccia as in (4); pillow structures· 
widespread in lavas; base concealed beneath 
the sea; visible .•........................• 

Thickness 
(feet) 

160 (est.) 

120 (est.) 

40 (est.) 

100 (est.) 

Height 
Above Base 

(feet) 

420 

260 

140 

100 
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Section 18 (Field No. 244/14a, 1954). Measured between the southeastern base 
and the front (i. e. northern end) of a major rocky point on the southern shore of Quatsino 
Sound overlooking Mahatta logging camp from the east and situated opposite the eastern 
end of Salmon Islets. Latitude 50°27'36"N, longitude 127°47'06"W. 

Unit 

1 

2 

3 

4 

Description 

\ S!NE.MUi?I ~ !l) 
SINEMURIAN ST AGE (LOWER JURASSIC) 

VOLCANIC DIVISION 
! /.(potqmos ,,_ t~ !1-r.fmu:~_/ .a:~..../ 
Uppermost Sinemurian ar gillite s 

Argillite, dark grey, arenaceous; interbeds of 
grey, fine-grained greywacke; top covered 
at the southeastern base of the rocky point; 
lower contact confo"rmable and gradational; 
visible ................................... . 

Shale, dark grey, fissile, forms beds 1 to 2 feet 
thick; often arenaceous and contains 
dispersed l arge and small inclusions of fine­
to coarse-grained, green-grey greywacke 
throughout the thickness ; moderately jointed 
and faulted locally, otherwise undisturbed; 
persistent strike of N 10-20°W, dips 45 to 
50°W; lower contact .covered ......•.••..•..• 

Almost completely covered and presumably 
underla in by shale of unit 2 ............••••• 

' s ' I • 'j(,p ,!)h) .1»r ) .,.. //Jc! ft) t.}j ./ (.i. J-fr ...J 
1 

Uppermost Sinemurian volcanic unit 

Breccia, mixed (i. e. volcanic-sedimentary) to 
sedimentary, dark grey, fine ; interbedded 
with similarly coloured, strongly tuffaceous, 
fine- to coarse-grained greywacke which 
grades locally into arenaceous waterlain 
volcanic tuff; concretionary in part; top 
covered; lower contact apparently conformable 
but poorly exposed; vi s ible . , •• , , ..•••••••.•• 

Thickness 
(feet) 

2 

25 

15 

6 

Height 
Above Base 

(feet) 

148 

146 

121 

106 



Unit 

5 

6 
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Description 

Volcanic breccia, grey to dark grey, fine 
to rarely medium; volcanic fragments 
are mixed with various sedimentary 
fragments and embedded in a very argil­
laceous matrix; minor interbeds of simi­
larly coloured coarse -grained, tuffa­
ceous and argillaceous greywacke and 
waterlain, arenaceous volcanic tuff; 

Thickness 
(feet) 

base covered; visible ..................... 100 (est.) 

Covered across the front of major rocky 
point of the shore situated opposite the 
eastern end of Salmon Islets and possibly 
harbours a minor north-northeast-
trending fault ............................ 100 

The covered unit 6 separates the base of 
section 18 from the top of section 16 (see 
unit 1 of that section) 

Section 19 (Field ~o. 27 4/ 6, 1954). Measured on the eastern side of 
the tidal lagoon at the head of Browning Inlet. Latitude 50°30 1 03 11 N, longitude 
12 8 ° 0 4 I 5 4 "W. 

1 

? LOWER PLIENSBACHI.Ai"J (LOWER JURASSIC) 

VOLCANIC DIVISION 

?Dark grey volcanic unit 

Lava, dark brownish grey, porphyritic 
to slightly amygdaloidal; contains dark­
red (?hematitic) phenocrysts; numer­
ous interbeds of similarly coloured, 

· very amygdaloidal lavas; become inten­
sively rust-coloured , cut by veinlets 
of red calcite, and locally metamorphosed 
or transformed into reddish we at he red, 
whitish grey intrusive rock (?a dacite) 
near the stratigraphical top of the unit 
in proximity of ? dacitic intrusion occupy­
ing the southern side of the entrance to 
the lagoon; (see under Coast Intrusions): 
strike N 50-60°W, dips vary from 80°E 

(overturned?) to _±90 °; top cove red and an 
interval 150 to 175 yards wide separates 
the unit (1) from the southern margin 
of the ? dacitic body of Coast Intrusions, 
lower contact appears to be conform-

able; visible .............................. 230 (est.) 

Height 
Above Base 

(feet) 

100 

740 



Unit 

2 

3 

4 

- 303 -

Description 

Lava, very dark greenish grey, commonly 
stained tuscan red to blackish r ed, ?basic, 
often distinctly banded, strongly 
amygdaloidal and contains dark-red 
(?hernatitic)amygdules ;strike N 60-70°W, 
dip 75° E (overturned?); numerous 
irregularly distributed interbeds of l ava 
identical with those of unit (l); contact 
with unit (3) covered; visible •....•••.••••••• 

?Diabase, dark greenish-grey, massive­
looking, hard, more or less porphyritic; no 
attLtude; this unit could possibly be an 
intrusive body unrelated to adjacent lava of 
Volcanic division; both contacts covered; 
visible .................................. . 

Completely covered between the southern b ase 
of a nameless, large, rounded point and the 
southern end of the lagoon (a tidal flat) .•..... 

Thickness 
(feet) 

180 (est.) 

330 (est.) 

3/4 mile 

Height 
Above Base 

(feet) 

510 

330? 

Section 20 {Field No. 245/7-10, 1953). Measured across a nameless small 
rocky islet in Winter Harbour about 600 yards southeast of the mouth of Galato Creek. 
Latitude 50°31'35"N, longitude 128°01'00"W. 

/ 1-· J "I 
I, • t ! } 

1 

? HAUTERIVIAN (LOWER CRETACEOUS) 

Hauterivian siltstone unit 

(?Uppermost Valanginian part) 

Greywacke, dark to blackish grey, massive­
looking, fine to very fine grained, shaly and 
locally grades into very arenaceous shale; 
u~ossiliferous; general strike N 70° E, dips 
from 50 to 60° west; extremely sheared and 
jointed throughout; faulted and c·ontorted 
near the visible top; top concealed beneath 
the sea on the southwestern side of the islet; 
crades downward into unit (2); visible ••...•.. 100 (est.) 505 



Unit 

2 

3 

4 

5 

6 
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Description 

UPPER VALANGINIAN 

Buchia crass icollis greywacke unit 

(Buchia crassicollis zone) 

Greywacke similar to that of unit (1) but 
lighter grey coloured and less shaly; contains 
6-inch to 2-foot thick concretionary 
interbeds of grey-purple coloured, brownish 
grey weathering, impure limestone and 
numerous small (1 to 6 inches) to large 
(2 to 3 feet) rounded concretions of grey, 
impure limestone arranged in rows; 

v Buchia crass icollis (Keyser ling) s. str. 
occurs scattered throughout the thickness 
of the unit (GSC loc. 23946); base covered; 
.. , ... 

VlS lOle •••••••••••••••••••••••••••••••••••• 

Almost covered across general strike; some 
small patches of greywacke as ~n (4) and 
presumably underlain by this greywacke 
thro .. ughout ............................... . 

Greywacke, dark grey, rust-weathering, medium 
to fine grained, with numerous large (Up to a 
few feet in diameter) irregularly rounded 
concretions of impure (arenaceous) limestone 
rich in Buchia crassicollis (Keyserling) s. 
str. and locally contains indeterminate 
lytoceratid ammonites (GSC loc. 23945); 
strongly sheared and jointed; gene ral strike. E 
to N 80°E, and dips from 55° to 60° north; 
base concealed; vis ible .••••.••••.••.••••••• 

Almost completely covered across the strike, 
sone patches of greywacke as in unit (6) and 
probably underlain by this rock throughout ....• 

Greywacke as in unit (8) and with the same fauna; 
top and base c::oncealed; visible .....•..•...•. 

Thickness 
(feet) 

30 (est.) 

40 (est.) 

20 (est. ) 

20 (est.) 

15 (est.) 

Height 
Above Base 

(feet) 

405 

375 

335 

315 

295 



Unit 

7 

8 
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Description 

Completely covered across general strike; 
probably underlain by the same greywacke 
as in units (6) and (8) ....... : •.•.••.•.•••••. 

Greywacke, greenish grey to yellow-grey, fine 
to medium grained, partly clayey, resistant; 
surface differentially weathered to honey­
combed; some interbeds and lenses of softer, 
strongly calc areous and clayey greywacke or 
those of pebbly and gritty, calcareous grey­
wacke rich in fossils; numerous, irregularly 
nodular to loaf-like inclusions of strongly 
calcareous, brownish-grey weathering grey­
wacke grading into sandy and gritty bioclastic 
limestone; rocks are extremely sheared and 
jointed throughout and cut by a number of 
small (only a few feet of displacement), high 
angle faults; general strike N 50°-60 °E and 
dips 55 to 60° west; the basal 50 feet visible 
are massive-looking to indistinctly bedded and 
generally poor in fossils but scattered specimens 
of Buchia crassicollis (Keyserling) s. str. 
et var. occur throughout this part of the unit 
(GSC loc. 23977); the upper 120 feet are more 
calcareous and contain a much greater number 
of very calcareous to calcarenitic interbeds, 
lenses and inclusions rich in various fossils; 
Buchia crassicollis (Keyserling) et var .. · 
solida (Lahusen) occurs more or less commollly 
throughout this part of the unit (GSC loc. 
23275 and 23281); Homolsomites guatsinoensis 

· (Whiteaves), Acroteuthis (Acrotheuthis) sp. 

{ 
>f . • ~J'6 indet. and Inoceramus sp. indet. were 

~ found in the interval 50 to 100 feet above 
visible ba.se of unit (8) (GSC loc. 23275); 
base concealed beneath the sea on the 
southeastern side of the islet and is 
possibly cut off by a fault; visible ....... . 

Thickness 
(feet) 

Height 
Above Base 

(feet) 

110 (est.)' 280 

170(est.) 170 



- 306 -

Section 21 {Field No. 241/12-13, 1954). Measured on the southeastern shore of 
Winter Harbour at the southwestern base of a major nameless point, the tip of which is 
situated almost exactly opposite the mouth of Galato Creek. Latitude 50°31'24"N, 
longitude 128°00'24"W. 

Height 
Unit Description Thickness Above Base 

(feet) (feet) 

1 Southeast of an isolated, small outcrop of 
unfossiliferous greyi.vacke tentatively 
referred to Buchia crassicollis greywacke 
unit (a fault block?) occurring near the tip 
of the point the shore is completely 
covered for (a fault zone?) .....••..••.•.•••• 1, 050 (est.) 

UPPER VALANGINIAN {LOWER CRETACEOUS) 

Buchia crassicollis greywacke unit 

(Buchia crassicoilis zone) 

2 Poor and intermittent outc rops of greywacke 
as in unit (3); rocks are more disturbed 
and jointed than farther down in the section 
but their general att itude remains about the 
same; top covered and probably cut off by 
a fault; visible ............................. 100 (est.) 271? 

3 Greywacke, grey-green, mostly fine to medium 
grained but contains rare interbeds and · 
inclusions of grit and fine pebble ~onglomerate; 
commonly calcareous and sparsely to 
abundantly fossiliferous (almost exclusively 
Buchia crassicollis (Keyserling) and its 
variants); this fauna (GSC loc. 24284) was 
collected 60 to 65 feet above base of the 
unit; attitude as in unit (4) buf dips gradually 
steepen upward in the succession until they 
become 60° to 65° west near its vis.ible top; 
top concealed; visible ...................... 80 (est.) 174 



Unit 

4 

5 

6 . 

7 
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Description 

Greywacke, dark green to bluish grey; mostly 
fine to medium grained but contains a 
number of irregularly distributed, 
lenticular interbeds and lenses, 2 to 8 
inches thick, of coarse- grained, grey 
wacke, fine to coarse grit and fine 
pebble conglomerate; pebbles are mainly 
of ?Lower Jurassic chert and shale, and 
various volcanic rocks of the Vancouver 
Group; rare pebbles of gabbroic intrusive 
rock identical with that of unit (7); grey­
wacke is only locally and spars ely foss il­
ifero1s (~most exclus ively Buchia 
crassicollis (Keyserling) and its variants); 
a collection (GSC loc. 24283) was made 
7-8 feet above the base; strike N 40-50°W, 
dip 30 to 35° east; both contacts are 
gradationaJ. ...... ......................... . 

Grit, green- grey, very coarse, pebbly, grades 
into Yery fine pebble conglomerate ; sparse 
1/2-to 2-inch pebbles of the same lithology as 
in bed 4 are scattered throughout the rock or 
segregated into thin lenticular layers and 
lenses; lesser lenticular interbeds and thin 
layers of similarly coloured, coarse- to fine-
grained greywacke ; att itude as in bed (4 ) ..... . 

Greywacke, green-grey, mass ive -look ing, medium 
grained, gritty and locally fine pebbly ...•..•. 

Pebble conglomerate, mostly fine to very fine 
(1 / - to 1/2-inch pebbles predominate) but with 
some scattered pebbles as much as 2 inches 
across ; pebbles composed mainly of dark 

.~.. grey argillite but include fairly common 
p~bbles of volcanic and intrusive (including 
those of g:ibbroic r ock) roe~; rich matrix 
consists of fine to coarse grit o-r greywacke 
as in bed 6 . ...........•.•........•........ 

Thickness 
(feet) 

11 

8 

3 

3 1/2 

Height 
Above D::?. '-' 

(feet) 

01 

"" 

75 

72 



Unit 

8 

9 

10 
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Description 

Irregular interbedding of pebble conglomerate 
as in bed 7 with greywacke as in bed 6 and 
with fine- to coarse-grained and pebbly, 
bluish grey grit; the basal grit interbed 
overlaps erosionally disconformably and 
probably regionally unconformably the 
uneven surface of unit 9 ••..••••••••••••••.• 

MIDDLE JURASSIC 

Coast Intrusions 

Gabbro, dark green to dark bluish green, mostly 
medium to coarse grained and more or less 
equigranular; fine 'grained for the first 50 
feet from the contact with the Cretaceous 
rocks (unit 8) and includes some coarse 
porphyritic and coarse amygdaloidal varieties 
closer to the margins of the intrusive body; 
width along the shore ..........•...•...••.. 

LOWER JURASSIC 

VOLCANIC DIVISION 

Matthews Island Formation 

Slate, whitish grey to rose-grey, ?chloritic; 
well-developed cleavage intersects the 
thin and well-developed bedding of these 
originally shaly to arenaceous rocks; 
general ~trike N 70° to 80°W and dips 35° 
to 40° northeast; base covered; top cut off 
by gabbro of unit (9); slate is invaded by 
numerous 6- to 10-foot thick dykes and 
irregularly shaped bodies of gabbroic rock 
essentially similar to the marginal phases 
of unit (9) and apparently representing its 
offshoots; base covered; visible ......•.....• 

Thickness 
(feet) 

3 1/~ 

800 (est.) 

65 (est.) 

Height 
Above Base 

(feet) 

68 1/2 

65 
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Section 22 (Field No. 241/14-22, 1954). Measured on the southeastern shore of 
Winter Harbour. The base is on the nameless point opposite the mouth of Galato Creek 
(latitude 50°31'40"N, longitude 128°00'06"W). The top is opposite the southern end of 
Wedel Island (latitude 50°31'46"N; longitude 128° 00'30"W). 

Unit 

1 

2 

3 

Description 

LOWER CRETACEOUS 

LOWER BARREMIAN AND/OR(?) 
UPPER HAUTERIVIAN 

Inoceramus colonicus calcarenites 

Sandstone, light grey to brownish grey, medium 
grained, very calcareous; mostly rich in 
fragments of Inoceramus (no collection made); 
commonly grades into arenaceous bioclastic 
limestone; fairly well jointed and locally 
contorted; appears to be cut by several 
minor faults; predominant strike about east­
west with dips 15°-20° north, top covered 
and obviously cut off by a major fault zone 
trending N 30° -40° E; base covered; 
visible ................................... . 

Covered and apparently harbours a strong strike 

Thickness 
(feet) 

100 (est.) 

fault...................................... 285 

Hauterivian siltstone unit 

Simbirskites (Simbirskites) broadi zone 

Siltstone, bluish grey when fresh, weathers 
brownish grey to blackish grey, and con­
choidally to spheroidally, slightly to moderately 
sand¥, contains numerous, loaf-like to 
spheroidal concretions, 1-3 feet long and 
6 inches to 1 1/2 feet thick, of similarly 
coloured, brown-yellow weathering, hard, 
very calcareous siltstone or i.rnpure lime-

stone; fossiliferous more or less throughout 
but well preserved fossils are exceedingly 
rare; well preserved Simbirskites 
(Sirnbirskites) broadi Anderson and some 

Height 
Above Base 

(feet) 

1,260 



Unit 

- 310 -

· Description 

indeterminate marine pelecypods have been 
collected (GSC loc. 24288) about 21 feet above 
visible base of the unit; numerous well­
preserted representatives of Simbirskites 
(Simbirskites) broadi Anderson and indeter-

, minate pelecypods have been collected (GSC 
loc. 24285) about 8 1/2 to 9 feet strati­
graphically higher; another 1-foot thick silt­
stone layer replete with well-preserved 
Simbirskites (Simbirskites) broadi Anderson, 
§_. @. ) cf. lecontE.i (Anderson) and indeter­
minate pelecypods and gastropods (GSC loc. 
24294) occurs about 81 feet stratigraphically 
above the level of GSC loc. 24285; this layer 
also contains Dentalium (s. lato) sp. indet. 
and rare Acroteuthis (Boreioteuthis) ex gr. 
impressa (Gabb); yet another fossiliferous 
layer (GSC loc. 24298) containing Simbirskites 
(Simbirskites) cf. broadi Anderson and 
Protetragonites cf. guadrisulcatus (d'Orbigny) 
occurs about 67 feet stratigraphically above 
the bed containing GSC loc. 24294; some 
indeterminate marine pelecypods (GSC loc. 
24282) have been collected about 17 feet 
stratigraphically above the last fossiliferous 
level (GSC loc. 24298); Trigonia (Pterotrigonia ?) 
cf. kayana Anderson, ? Astarte sp. indet. and 
some indeterminate pelecypods and gastropods 
were collected (GSC loc. 24291) from the top- · 
most 3-4 feet of the unit; rocks arc invari_ably 
well jointed and sheared; locally strongly 
contorted and even completely crushed within 
minor fault and shear zones which have only 
a few feet of displacement; the continuity of 
section does not seem to be lost anywhere and 
the succession of fossil zones in units (3) and 
(5) shows that the unit is not overturned; pre­
dominant strikes vary between east-west and 
north 10-20° east, with the dips 40° to 55° 
west (true); base covered; visible ..••.•..•••• 

Thickness 
(feet) 

260 (est.) 

Height 
Above Base 

(feet) 

1,160 



Unit 

4 

5 
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Description 

Completely covered along the shore and 
apparently contains a major fault zone ....... . 

Homolsomites oregonensis zone and ?y.ounger 

Siltstone, dark grey when fresh, brownish 
grey to blackish-grey and conchoidally 
weathering, massive-looking, strongly 
arenaceous; commonly grades into 
similarly colourea, fine to very fine grained, 
very clayey greywacke; loaf-like to 
rounded, locally fossiliferous concretions, 
6 inches to 4 feet long, of similarly 
coloured, hard, limy to very limy sandy 
siltstone, fine grained, very limy grey­
wacke or impure limestone occur at 
irregular intervals; they are arranged in 
rows; a few persistent beds of impure dark 
grey limestone, 1 to 4 feet thick, occur 
above the 450-foot level; rocks invariably 
strongly to very strongly jointed and sheared, 
contorted and/ or completely shattered 
within several fault or shear zones trans­
ecting the unit; so far as it is possible to 
judge, all of these faults and shear zones 
have only a few feet of displacement and do 
not cause the loss of continuity of the section 
or its repetition; predominant strikes vary 
from N 40-50°\V to N 3 0-40° E, dips vary as a 
rule from 55° to 85° west but vertical dips 
and those 80° to 85° east (overturned) have 
been noted in the most disturbed parts of 
the unit (especially near its top); Homolsomites 
aff. oregonensis Anderson probably transitional 
between H. guatsinoensis (Whiteaves) and H. 
oregonens is (Anderson), Protetragonites sp. 
indet. .• indetenninate pelecypods and indeter­
minate gastropods occur locally about 5 feet 
above the visible base (GSC loc. 24289); well-

Thickness 
(feet) 

360 (est.) 

Height 
Above Base 

(feet) 



Unit 

6 

- 312 -

Description 

preserved typical representatives of 
Homolsomitos oregonensis (Anderson), 
indeterminate phylloceratids, indeterminate 
gastropods, and indeterminate pelecypods 
have been collected from a row of large, 

- loaf-like, concretions at about the 3 9 0-foot 
level (GSC loc. 24286). A few poorly -preserved 
ammonites apparently belonging to H. 
oregonensis occur in a row of calcareous 
concretions at about the 490-foot level (none 
collected); these concretions occur at the top 
of a secondary rocky point where the dips of 

.rocks are temporarily reversed (strike N 10° 
W and dip 70-75° east); another row of 
fossiliferous concretions containing Inoceramus 
sp. indet., poorly preserved pelecypods and 
poorly preserved ammonites occurs at about 
the 550-foot level (none collected); well­
preserved typical representatives of 
Homolsomites oregonensis (Anderson), and 
Protetragonites sp. indet. have been collected 
(GSC loc. 24290) from a bed of impure lime­
stone, 1 to 1 1/2 feet thick at about the 590-foot 
level; no identifiable fossils were seen above 
the S 90-foot level; both contacts ·covered; 
visible (rough estimate only!) .....•.......... 

Completely covered along the shore to the 
isolated outcrop of Buchia crassicollis grey­
wacke forming unit 1 of Section 21 (see there) 
(presumably harbours a major fault zone) 

Thickness 
(feet) 

9 00 (est.) 

1, OOO (est~ 

Height 
Above Base 

(feet) 

900 
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Section 23 (Field No. 242/1, 1953). Measured on the southern shore of Quatsino 
Sound on a nameless, sharp rocky point situated about 1 mile west of the mouth of 
Klotchlimmis Creek. Latitude 50°29'42"N, longitude 127°41'30"W. 

Unit Description 

LOWER CRETACEOUS 

Upper Valanginian and (?) 

Hauterivian greywacke-conglomerate unit 

1 Conglomerate, fine pebble, grey; some interbeds 
of medium pebble conglomerate; some 
inclusions of fine to medium pebble con-
glomerate with abundant calcareous, 
arenaceous matrix; numerous interbeds of 
fine- to coarse-grained, commonly gritty, 
partly calcareous greywacke; general strike 
N 30°-40°E with dips 25° to 30° west; top 
covered and probably cut off by a major 
north-south trending fault; grades downward 
into unit (2 ); visible ......••...•.....•...... 

2 Irregular but frequent intercalation of 3- to 10-
foot beds of dull-grey, fine to medium pebble 
conglomerate and grey-green, medium- to 
coarse-grained, often gritty and pebbly 
greywacke; this greywacke is nearly always 
calcareous, differentially weathered and 
locally honeycombed on the surface; attitude 
as in unit 1; both contacts gradational ........ 

3 Greywacke, green-grey, to rust-grey, massive-
looking; in the upper 20 to 25 feet appear 
6-inch to 1-foot interbeds of fine pebble con-
glomerate and grit which gradually increase 
upward; strike N 70-80° E, dip 25° west ..•.•. 

4 Conglomerate, dull grey, fine pebble, pebbles 
mostly range from 1/8 to 1/2 inch in diameter 
and are very poorly rounded so that the con-

glomeratc could be called a waterlain 

I 

' ~ . 

Thickness 
(feet) 

•. c. ' .... 
I 

Height 
Above Base 

(feet) 

. . 
t t. ! . ,. ; ~ . -, .... 

~ ~· : • '"t. ... .. 

25 (est.) 330 

50 (est. ) 305 

55 (est.) 255 



Unit 

5 

6 

8 
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· Description 

sedimentary breccia (conglobrecc ia); pebbles 
of this and all underlying cong1omeratic units 
are composed almost exclusively of the 
volc anic rocks of the Vancouver Group; only 
a few sedimentary pebbles and no undoubted 
Coast Intrusion pebbles have been noted; 
conglomerate commonly grades into and is 
interbedded with coarse, pebbly grits; strike 
north to N l0°W and dips 30-35° west ; both 
contacts gradational ................... .. .. . 

Irregular but thick (3-8 feet) interbedding of 
green-grey, medium- to coarse-:-grained 
and distinctly crossbedded greywacke with 
fore set beds oriented as in unit (6) with 
fine to coarse grit and fire but very poorly 
rounded and sorted pebble conglomerate 
similar to that of unit (4) ; attitude as above; 
lower contact gradatiohal .•....•.•..•••.••• 

Greywacke, rust-green, medium to coarse 
grained, distinctly crossbedded (deltaic type 
crossbedding) with foreset beds invariably 
dippi.i:ig westward which indicates an eastern 
to southeastern source area; contains 
numerous lenses of coarse grit and fine 
pebble conglomerate as in surrounding beds; 
attitude as nbove; lower contact covered; 
visible ................................. . 

Covered interval presumably underlain by rocks 
of unit (6) or unit (8) •••••••••••••••••••••• 

Pebble conglomerate, green-grey, fine; 
lithology and degree of rounding and sorting 
as in overlying conglomerate units; 
numerous interbeds and lenses of coarse 
grit; .regular strike N 50° -60°W, dip 45 ° -50° 
west; top covered; lower contact unconformable 
the conglomerate filling deep crevices and 
hollows in the deeply eroded surface of unit 
(9); differences of elevation of the contact up 
to :5 feet were observed within a few feet along 
and across the strike; visible .........••••.. 

Thickness 
(feet) 

125 (est.) 

25 (est.) 

15 (est.) 

30 (est.) 

5 

Height 
Above Base 

(feet) 

200 

75 

50 

35 

5 



I 
'J 

- 315 -

Unit Description 

HETTANGIAN STAGE? 

VOLCANIC DIVISION 

Basal Jurassic volcanic unit 

9 Volcanic breccia, green-grey for the most 
part but becomes tawny to reddish grey 
coloured in the westernmost part of the 

v outcrop (deep pre-Lower Cretaceous 
weathering?); unsorted and massive­
looking; interbeds of similarly coloured 
volcanic tuff and ?basaltic lavas; no 

Thickness 
(feet) 

attitude; outcrops along the shore for . • . . • . • . 600 

10 Lavas, blackish greerr to blackish grey, ?basic, 
aphanitic to fine grained, massive-looking; 
no definite attitude but presumably dips to the 
west; upper contact appears to be conformable; 
base not reached at the point of shoreline 
some 1,400 yards west of the mouth of 
Klotchl immis Creek; outcrops along the 
shore for .••.......•........•..•.•.•...... 1,050 

Height 
Above Base 

(feet) 

Section 24 (Field No. 242 / 8, 1954). Measured on the eastern side of a nameless, 
major, rocky point situated about 1/2 mile northeast of the mouth of Cleagh Creek on the 
southern shore of Quatsino Sound. Latitude 50°38'06"N; longitude 127°49'24"W. 

1 

I 

LOWER CRETACEOUS 

Upper Valanginian and (?) 
Hauterivian greywacke-conglomerate unit 

Shale, dull grey, light .grey or grey-green, 
fissile to somewhat slaty; laminated, 
normally slightly arenaceous; strike N 50° E 
and dip 25° to 30° west; both contacts are 
covered; ~posures poor and intermittent; 

.( 
: .~ ~ 

~,.. : , \ 

visible .................................. . 

. \ 

) ' ' 
J ' 

1
25 (est.) 108 



Unit 

2 

3 

4 

- 316 -

Description 

Covered and presumably underlain by shale 
of unit (1) .•........................•.•.••. 

Conglomerate, grey, pebble, coarse to medium, 
locally includes some scattered cobbles and 
boulders up to 3 feet in diameter or some 
inclusions and interbeds of cobble to boulder 
conglomerate ; l a rge to medium pebbles, 
cobbles, and boulders are surrotmded by 
abundant groundmass of fine- to medium­
size , better rounded pebbles or coarse grit; 
strikes N 50° E and dips 30°. to 35° west; 

_overlaps the deeply eroded surface of unit (4) 
with an angular discordance; the latter 
exhibits several ravine-like depressions, 
15 to 20 feet deep, ~lternating with similarly 
high ridge -like to cupola like elevations; the 
surface of unit (4) is commonly polished and 
contains potholes, which clearly indicates 
the beach nature of at least the basal part of 
the conglomerate; top covered; visible up 
to ........................................ . 

LOWER JURASSIC 

VOLCANIC DIVISION 

Basal Jurassic volcanic unit 

Volcanic breccia, speckled (blue, green, and 
red), fine, almost tmsorted and only indistinctly 
bedded; strike N 20°-30° E, dip 60 ° east; base 
covered by beach deposits; visible .......... . 

Thickness 
(feet) 

10 (est.) 

18 

55 

Height 
Above Base 

(feet) 

83 

73 

55 
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Section 25 (Field No. 255, 1954). Measured on the southern shore of largest 
,/ 

1 
• Salmon Islet at the point about 600 feet east of the base of section 26. Latitude 50° 27'48"N, 

longitude 127°48'14"W. 

Unit Description Thiclmess 
(feet) 

Height 
Above Base 

(feet) 



.Unit 

5 
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Description 

Siltstone, blackish grey to almost black, 
strongly conchoidally weathering; slightly 
arenaceous, strike N 40°-50°E, dip 30-35°W; 
upper contact gradational, the siltstone . 
becoming grey-green, arenaceous and inter-

- bedded with 2 beds of hard, fine-grained, 
grey greywacke, each 5 to 10 inches thick, 
in the topmost 2-3 feet; base concealed 
beneath the sea; visible .•..........•.•.••••• 

Thickness 
(feet) 

23 (est.) 

Height 
Above Base 

(feet) 

23 -

Section 26 (Field No. 255/8-14, 1954). Measured across the largest Salmon 
Islet on the western side of a narrow "neck" of sandy beach (underlain by a major north­
northeasterly-trending fault) occurring 400 feet east of the northwestern tip of the islet 
at latitude 50°27'48''N and longitude 127°48'22"W. 

1 

2 

LOWER CRF:T ACEOUS 

LOWER BARREMIAN? AND/OR 
UPPERMOST HAUTERIVIAN 

Inoceramus colonicus calcarenites 

Sandstone, light brownish grey and speckled, 
fine grained, silty and very calcareous; 
commonly grades into impure bioclastic 

. limestone; some interbeds of!: colonicus 
coquina; GSC loc. 24279 collected from the 
5- to 6-foot thick bed of coquina occurring 
10 to 15 feet below visible top of the unit; 
strike N 50-60°W dip 50-55° east; top 
concealed beneath the sea on the northern 
side of the islet; visible •.•..••••••.•••.••• 

Siltstone, greenish to brownish grey, very 
calc~.;reous and commonly sandy; grades 
locally into calcareous, fine-grained sand­
stone; some interbeds 3-10 inches thick of 
!: colonicus coquina (no collection made); 
grades upward into bed (1) .••.•..•••••••••• 

34 370 

7 336 



Unit 

3 

4 

5 

6 

319 -

Description 

Siltstone, dark olive-green to grey, commonly 
more or less sandy, spherical1y weathering; 
some !: colonicus seen locally ; grades 
upward into unit (2) ....•..•... ~ ...••..•••.•. 

Limestone , grey to brownish grey, laminated, 
partly bioclastic and with inclusions and 
interbeds of.!: colonicus coquina; locally 
contains small and very rare lenses and 
inclusions of calc::i.reous grit and fine pebble 
conglomerate; resistant and stands out as a 
hogback; uppermost 5-6 feet consist of brownish 
grey, ver.)'. limy coquina sandstone replete with 
.!: colonicus Anderson (GSC loc. 24343); upper 
contact conformable but abrupt ............. . 

Interbedding of 6-inch to 2-foot thick beds of 
grey, very limy, mostly laminated-, fine­
grained, shaly sandstone, with 2- to 5-foot ·. 
thick beds of blackish grey to brownish grey, 
conchoidally weathering, commonly 
laminated calcareous shale; attitude as in 
overlying beds; no fossils seen; lower contact 
abrupt and uneven, the shale filling out the 
hollows and depressions occurring in. the .upper 
surface of unit (6); upper contact conformable 
and probably gradational ..........••......•. 

Coarse sedimentary breccia (prob ably a sub­
marine slide) of dark grey, brownish tinged 
shale and lighter grey limestone similar to 
that of beds (8) -(10); fr agments embedded in 
light grey calcarenitic matrix locally grading 
into Inoceramus colonicus coquina; abundant 
inclusions and lenticular beds of fine to 
coarse pebble conglomerate in which pebbles 
of volcanic rocks of. Vancouver Group and 
those of Coast Intrusions are mixed with 2-
inch to 2-foot angular fragments ·bf shale and 
sandstone of uncertain origin; lowe r contact 
gradational ............................... . 

Thickness 
(feet) 

9 

67 

23 

18 

Height 
Above Base 

(feet) 

329 

320 

253 

230 
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Unit Description 

7 Pebble conglomerate; brownish grey; fine to 
coarse; pebbles are imbeclded in calcareous 
and clayey matrix; abundant inclusions of 
brownish grey shale and impure pebbly 
limestone; lower contact sharp and uneven 
and in- the nature of an erosional disconformity; 
thickness varies from 3 inches to 1 1/2 feet 
within short intervals along and across the 
strike ..................................... 

8 -Limestone, light grey, brownish tinged, very 
thinly bedded to laminated, . sandy to very 

. sandy and grades locally into very limy 
coarse-grained sandstone (partly bioclastic); 
nmnerous interbeds and lenses, 1 to 3 inches 
thick,of similarly coloured coquina limestone 
and intercalated beds of fissile, brownish 
grey, very calcareous shale; Inoceramus 
colonicus Anderson and other indeterminate 
pelecypods occur throughout (none collected); 
lower contact conformable and gradational .... 

9 Limestone, much as that of bed (8) and similarly 
grading locally into very limy, coarse-
grained sandstone ; some interbeds of fine, 
calcareous grit; scattered fine pebbles 
occur locally; no calcareous shale interbeds 
noted; only indeterminate marine pelecypods 

I seen_jattitude as in underlying beds; lower 
I contact conformable and gradational .......... 

10 Limestone, dark to light grey, mostly brownish 
tinged, fragmentary and arenaceous; numerous 
inclusions and lenses , 2 to 15 inches long and 
1 to 3 .inches thick, of dark grey, very 
calcareous, sandy shale, calcareous sandstone, 
and calcareous grit; scattered fine pebbles 
and inclusions of the same occur in the lower 
3 to 4 feet; higher part of the bed is rich in 
layers and lenses of coquina limestone con-

I sisting :ilmost exclusively of Lrloceramus I 

I colonicus Anderson; fossil collection GSC loc. 
24.299 from a 1- to 11/2-foot thick interbed 
of such coquina about 3 feet belo\v the top; 
attitude as in underlying beds; lower contact 
appears to be gradational .....•.. ~ ..••.•...• 

Thickness 
(feet) 

1 
(approx.) 

24 (est.) 

10 

11 

Height 
Above Base 

(feet) 

212 

211 

187 

177 



Unit 

11 

12 

i3 

.. . 
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Description 

Pebble conglomerate, medium to coarse, 
blackish to brownish grey, tightly packed; 
locally contains much calcareous, sandy 
matrLx and interbedded with shaly and 
pebbly sandstone and calcareous, ar enaceous 
shale; thickness varies within a few yards 
along the strike from a few inches to 4 feet; 
locally it is reduced to a 2-3 inch layer of 
very fine pebbles embedded in calcareous , 
sandy matrL1{: .•..•.........•..•••••.•...•.• 

HAUTERIVIAN 

Upper Valanginian and (?) 

Hauterivian greywacke-conglomerate unit 
). ! . 

Greywacke, yellowish grey to yellowish green, 
medium to fine grained, strongly crossbedded; 
some inclusions of dark grey greywacke, 2 to 
6 inches thick, and a few rust-coloured 
concretions of ferruginous greywacke; no 
fossils seen; this bed is poorly developed on 
the western end of the island; general strike 
N 50-60°W, dip 50 to 55° east; contact with 
bed (11) is not always sharp ; bed contains 
locally scattered pebbles like those of bed 
(11) ...................................... ~ 

Greywacke (or ? subgreywacke), dark green- grey, 
.coarse grained, very gritty and often pebbly, 
massive-looking; commonly grades into more 
or less pebb ly, fine to coarse grained grit ; 
minor interbeds of similarly coloured, but 
somewhat calcareous, honeycombed grey­
wacke or grit; no fossils seen; locally includes 
inclusions from 1 to 10 inches thick, lenses 
and lenticular beds of fine to medium pebble 
conglomerate; strike N 60-70°\V, dip 40-45° E; 
base ccncna.l""'d bcnc~th the sea on the south-
western end of the island; visible ............. . 

.: ~ 

Thickness 
(feet) 

4 

12 

55 

Height 
Above B::i.sc 

(feet) 

166 

162 

150 



Unit 

14 

15 

16 

17 
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Description 

Covered by sea water within a narrow channel 
separating the southwestern end of largest 
Salmon Islet from a bare rook occurring 
immediately south of the latter; apparently 
underlain by the same greywacke a_s that 
of unit (13) ............................. · .. . 

UPPER VALANGINIAN 

. Greywacke , mainly light blue-grey but with 
interbeds of dark green to bluish green 
greywacke as in unit (17); predominantly 
medium grained, hard; numerous interbeds 
and lenses of similarly coloured fine to 
coarse grit; poor casts of Buchia cf. 
crassicollis (Keyserling) occur in basal 2-3 
feet of the unit; lower contact conformable; 
strike N 70°-80°W, dip 45°-50°E; top 
covered; visible .......................... . 

Shale, dark grey to black, fissile, hard; slightly 
sandy locally; contains common pyritic or 
?marcasitic inclusions; B. crassicollis and 
its variants, other indeterminate pelecypods 
and plant fragments occur rarely throughout 
the thickness; collection GSC lac. 2433 8 
from basal 2-3 feet; both contacts 
conformable .............................. . 

Greywacke , dark green to bluish gr.ey, mostly 
meditun grained, hard; some interbeds, 6 
inches to 1 foot thick, of black ish grey, fine­
grained, very clayey but sometimes pebbly 
sandstone ; attitude as above; no fossils seen; 
base concealed beneath the sea; visible ..... . 

· .. 

Thickness 
(feet) 

35 (est.) 

38 (est.) 

7 

15 (est.) 

Height 
Above Base 

(feet) 

95 

60 

22 

15 
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Section 27 (Field No. 255/3-7, 1954). Measured on the northern and eastern 
sides of the largest Salmon Islet. Latitude 50°27'48"N, longitude 127°48'10"W. 

.Unit 

1 

2 

Description 

LOWER CRETACEOUS 

BARREMIAN STAGE 

Barremian fine grained greywacke 

Greywacke, green-grey, weathering dark grey, 
hard, fine to very fine grained and commonly 
very silty, massive looking; grades into and 
contains numerous interbeds of similarly 
coloured, sandy to very sandy siltstone; 
general strike east-west, dip 25° north; 
?Eulytoceras sp. indet., Acroteuthis 
(?Boreioteuthis) sp. indet. and indeterminate 
conifer plants (GSC loc. 24340) collected 
about 22 feet above the base; top concealed 
beneath the sea; lower contact gradational; 
visible up to •••••••••••••••••••••••••••••• 

The exposures of unit (1) occur only 
about 240 feet east of the "neck" of the islet on 
the western side of which was measured 
Section 26; however, the rocks of the unit (1) 
outcrop in a number of fault blocks for the 
next 1, OOO feet eastward along the shore; at the 
end of this interval begins the following section 
of the b asal beds of unit (1) and the underlying 
beds which continue along the eastern side of 
the islet . 

Pebble conglomerate, fine to medium, green­
grey, hard; rich in greywacke matrix 
lithologically similar to the greywacke of 
unit (l); grades laterally into 3- to 5-foot­
thick beds of crossbedded, green-grey, 
pebbly, medium- to coarse-grained grey­
wacke; contact with unit (1) appears to be 

gradational but that with unit (3) is very sharp · 

Thickness 
(feet) 

35 (est. ) 

Height 
Above Base 

(feet) 

192 1/2 



Unit 

3 

4 

5 

6 
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Description 

and uneven and erosionally disconformable 
(Pl. V, Fig. A) or regionally unconformable; 
thickness varies from 1/2 to 1 1/2 feet 
within short distances ......• · .. · •.••.•••.•..• 

LOWER BARREMIAN ?AND/OR 
UPPERMOST HAUTERIVIAN 

Inoceramus colonicus calcarenites 

Limestone, dark grey to blackish grey, brownish 
. grey weathering, very sandy and silty, 
commonly bioclastic; locally grades into 
calcareous sandstone; thinly bedded to 
laminated; some pods and interbeds of purer 
limestone; strike N 50°E, dip 30° to 35° 
west; Inoceramus colonicus Anderson occurs 
at intervals throughout the thickness of the 
unit and locally forms pods and. thin interbeds; 
GSC loc. 24295 collected 10-1? feet below its 
top; lower contact g radational •... , ..•... 

Intricate interfingering of: 1. Limestones like 
those in unit (3) with; 2. More pure and 
lighter coloured limestone; and 3. Dark to 
medium grey, very calcareous shale; 
attitude as above; Inoceramus colonicus 
Anderson occurs rarely throughout the bed 
and a 4- to 5-foot thick bank in which this 
fossil is abundant (GSC loc. 24299) occurs 
12 to 16 feet above its visible base; lower 
contact covered; visible .......•....••..•. · •. 

Covered but presum::ibly underlain by rocks of 
unit (4) ....•.....•....•.•..•...•.•.•.•..•. 

Limestone more or less as that of unit (7) but 
much more arenaceous and in places grading 
into very limy, fine-grained sandstone or 
very limy, sandy siltstone; numerous pods 
and lenses of fine pebble conglomerate with 
rich to very rich, limy, arenaceous matrix; 

Thickness 
(feet) 

1 i/2 

75 (est. ) 

35 (est.) 

9 (est.) 

Height 
Above Base 

(feet) 

157 1/2 

156 

81 

46 
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....... 
· Description 

rare Inocera.mus colonicus Anderson occur 
locally; the number of pods and interbeds 
of sandstone, limy .shale and fine pebble 
conglomerate gradually increases upwar.d 
within the bed; lower contact gradational; 
top covered, visible .....•.............••••. 

Limestone, dark grey, very sandy and clayey; 
fine grained but often bioclastic; interbeds 
and pods of light grey, more pure limestone; 
thinly bedded and crossbedded, and 
containing abundant fragments and well 
preserved shells of Inoceramus colonicus 
throughout; fauna collected from a 2- to 3-
foot thick bed of impure limestone 9-11 feet 
above visible base of unit (GSC loc. 24296) 
includes numerous .L colonicus and a single 
juvenile specimen of Shasticrioceras cf. 
poniente Anderson; strike N 40-50° E, dip 
25"-30° west; base concealed beneath the sea 
near the southeastern tip of the islet; 
visible ................................... . 

Thickness 
(feet) 

--:~·. ·.~ .. · ... 

18 (est. ) 

19 (est.) 

Height 
Above Base 

(feet) 

37 

19 

Section 28 (Field No. 255/1-2 , 1954). Measured across a small rocky islet 
situated about 200 yards to the northeast of the largest Salmon Islet. Latitude 50°28 ' OO"N, 
longitude 127°48' 06"W. 

1 

LOWER CRETACEOUS 

-Barremian fine grained greywacke unit 

Greywacke , dark grey to greenish grey, fine 
grained, ha.rd, mass ive-looking; numerous 
interbeds and lenses, 6 inches to 1 1/2 feet 
thick, and inclusions of similarly coloured, 
br0\.'11.ish·grey weathering, calcareous, 
locally fossiliferous greywacke; strike N 
40-50°E, dip 20 °-30° west; ?Argonauticeras 
aff. argonautarum Anderson, Eulvtoceras 
aff. phestum (Matheron) and indeterminate. 
pc':lecypods (GSC loc. 24297) collected 10 to 
12 feet above the base of the unit; Partschiceras 
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infundibulum (d'Orbigny), Eulytoceras aff. 
phestum (Matheron), Acroteuthis (Boreioteuthis) 
ex. aff . impressa (Gabb), indeterminate 
belemnitid , Inoceramus aff. guatsinoensis 
White aves, ? Aucellina sp. indet. , Astarte? 
sp. indet. , indeterminate pelecypods, and 
indeterminate gastropods (GSC loc. 24278) 
have been collected from a 2- to 3-foot bed 
of greywacke 30 to 33 feet above the base of 
the unit; similar but poorly preserved fauna 
occurs locally in the uppermost 15 feet of the 
unit; top concealed beneath the sea on the 
northern side of the islet; grades downward 
into unit (2 ); visible ....................... . 

Greywacke, dark grey, very fine grained and 
silty, hard, massive-looking; attitude as 
above; no identifiable fossils seen, base 
concealed beneath the sea on the southern 
side of the islet; visible ...•..•...••.••••... 

Thickness 
(feet) 

50 (est.) 

25 (est.) 

Height 
Above Base 

(feet) 

75 

25 

Section 29 {Field No. JA-F68-13/1-7. 1968). Measured on the northern side of 
Lippy Creek, 2 miles east of Neroutsos Inlet and 2 1/2 miles west of Alice Lake on the · 
western side of a short , north-trending secondary logging road branching off Gibson Road 
of the Rayoneer Co. Ltd. at the altitude of 2, 150 feet and on the north side of Gibson Road 
for about 200 feet below the junction. (Latitude 50°28'08"N; longitude 127°28'35"W). 

1 . 

J 

A completely covered interval ah.out 20 yards 
long along the secondary logging road (i. e. 
in about 350° direction). This interval is 
the same as unit 7 of section 39 and 
separates section 39 from the section of 
Barremian variegated elastic unit described 
below. Barring the most unlikely occurrence 
of a fault (rock;:>_ q,n both sides have concordant, 
very low dips, are neither sheared nor con­
torted and do not exhibit any calcitic veinlets 
or stringers), this covered interval conceals 
a normal but at least disconformable (more 
likely uncorJormablc) contact bct« ... vcen the 
Nanaimo Group and the underlying Barremian 
variegated elastic unit. Estimated thickness 
of covered roclcs ......................... . 8 179 
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LOWER CRETACEOUS 

Barremian variegated elastic . unit 

?Arkosic sandstone, whitish grey, b e ige or 
dull green when fresh, weathers buff to dull 
yellow with dark grey spots; fine to more 
rarely medium grained, medium hard; 
includes some interbeds of siliceous, fine­
grained, hard sandstone which may be more 
or less bentonitic ~n part; indistinctly but 
normally thinly bedded and locally 

. laminated; commonly rich in or replete 
with small (l/2"-3") to large (up to 4' long), 
partly carbonized wood fragments and 
poor plant remains mostly aligned along 
bedding planes and oriented more or less 
along the strike; these wood fragments and 
plants occur throughout the unit's thickness; 
persistent strike 310° to 32 0° with dips about 
l0°W; single cast of Acroteuthis (Boreioteuthis) 
ex gr. impressa (Gabb), several Serpula-
like worm tubes, and indeterminate pelecypod 
fragments (GSC loc. 82956) have been found in 
places 12 to 13 feet above vis ible base of the 
unit; otherwise no marine fossils seen; 
upper 25 (est.) feet of the unit outcrop poorly 
and intermittently for 180 yards along the 
partly eroded road-bed and in overgrown road 
cuts of secondary logging road; the lowermost 
visible 16 feet are excellently exposed in 
nearly vertical western bank of this road for 
about 70 yards northward from its junction · 
with the main logging road; visible (total) ..... 

Covered interval assumed to represent about .•.. 

Pebble conglomerate, mottled gr ey, fine to very 
fine (pebbles from 1/8" to 1/2" predominate); 
mostly very poorly rounded and commonly 
grades into a mixed (sedimentary-volcanic) 
very fine breecia or coarse to very coarse, 
waterlain volcanic (crystal?) tuff; matrix 
appears to be tuffaceous to arenaceous; 

Thickness 
(feet) 

41 (est.) 

3 (est.) 

Height 
Above Base 

(feet) 

171 

130 
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tightly packed, hard, massive; no definite 
attitude but seems to strike approximately 
along the previously mentioned N-trending 

I 
secondary logging road for about 70 yarqs 
north from its junction with the main logging \/ - road; both contacts covered, visible .........•. 

5 Covered interval at the junction of the previously 
mentioned main and secondary logging roads; 
appears to represent ......•.•....•..•••••.•• 

6 Greywacke, bluish grey and massive-looking 
when fresh, weathers brownish grey to dull 
brown and chunky; medium grained, hard; 
outcrops only on the left side of main logging 
road just below its junction with the secondary 
logging road; outcrops poor in topmost 5-6' 
visible; attitude presumably as in the under-
lying beds, both contacts covered, visible 

7 Covered interval occurring immediately east (i. e. 
down the main road) of the junction of the main 
and secondary logging roads ...•....•.•....•. 

8 Grit, greenish grey when fresh, weathers 
brownish grey, fine to coarse and often pebbly, 
hard to very hard and massive-looking, 
except in the uppermost 5-6 feet where it 
becomes slnbby and medium to thiuly but 
indistinctly bedded; numerous lenses, 3 to 18 
.inches thick and up to 25 feet long, of fine to 
coarse pebble conglomerate as in unit 9; some 
interbeds of mainly coarse-grained, gritty 
greywacke similar to that of unit 6 in the 
uppermost 6 to 8 feet; lithology of pebbles and 
coarser grit particles as in unit 9; strike ?020°, 
dip l8°W; cast of the alveolar part of a poorly 
preserved but unmistakably Acroteuthis-like 
belemnite was found in place 3 1/2 above base 
(GSC loc. 82955); top covered , visible ........ 

Thickness 
(feet) 

17 (est.) 

1 (est.) 

25 
(approx.) 

3 (est.) 

18 

·. 

Height 
Above Base 

(feet) 

127 

110 

109 

. 84 

81 
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Pebble conglomerate, coarse to fine, mottled 
greenish grey (see Pl. VI, Figs. A, B); fine 
pebble conglomerate is mostly .restricted to 
the basal 2 feet where it predominates and to 
pods and lenses, 3 to 6 feet thick, .in the 
higher parts of the unit; hard, tightly packed; 
poorly to moderately rounded pebbles in 
ranging from 2" to 6" in diameter predominate 
in middle and upper parts of the unit; the 
matrix between these pebbles is rich in fine 
to very fine (l,1 811 to 1/2") pebbles and grit 
particles; considerable number of 9" to 12" 
cobbles aI?-d 1' to 3' boulders occur locally; 
the pebbles consist predominantly of various 
red to lavender-coloured pyroclastics and 
lavas presumably derived from the Volcanic 
division of the Bonanza Subgroup; pebbles of 
various dark-grey to dark-green, ?basic 
porphyry (?dyke rock or ?Karmutsen lavas) 
are common; pebbles of limestone, greywacke 
and dark-grey argillite presumably derived 
from the Sedimentary division of the Bonanza 
Subgroup are relatively rare; no definite 
granitic pebbles of Coast Instrusions seen; 
upper contact gradational and rare scatt~red 
pebbles continue to occur in basal 6"-12" of 
unit 8; attitude as in underyling bed ......... . 

Greywacke, ash-grey when fresh, weathers 
brown to dull brownish grey, mosi:ly medium 
to coarse grained with interbeds- of fine to 
very fine grained greywacke in basal 6 feet 
thinly but indistinctly bedded; some very 
indistinct crossbedding ; an orange-weathering 
(limonitic) interbed, 5 to 6 inches thick of 
locally coaly and dark grey, sandy clay with 
scattered 1/4" to 1/2", well rounded pebbles 
of volcanic rocks forms the base of the unit; 
no fossils seen except for some ·small shell 
fragments near the top; contact with the uneven 
and deeply weathered surface of unit 11 very 
sharp and obviously erosionally disconformable; 
grades upward into unit 9 through about one 
foot of coarse-grained, pebbly and gritty grey­

wacke with small pods and lenses, 2 to 3 feet 
long ruid 2 to 6 inches thick, of fine pebble con-

Thickness 
(feet) 

26 

Height 
-Above Base 

(feet) 

63 . 



Unit 
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J 
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glomerate; strike 335°, dip 18°W •••.•••••••• 

LOWER JURASSIC 

Volcanic division of Bonanza Subgroup (undivided) 

Rhyolitic lava, light bluish grey to whitish grey 
when fresh, maroon to bright orange 
weathering, porphyritic and abundantly 
and coarsely amygdaloidal; mineralogically 
and texturally closely similar to the lava of 

. unit 3 of section 39 except for an apparently 
larger ratio of quartz phenocrysts; weathers 
spheroidally and pillow-like; the almost 
perfectly rounded, · pillow-like structures, 
(1 to 4 feet in diameter) do not seem to 
exhibit definite chilled rims and so appear 
to reflect a profound spheroidal exfoliation 
of the lavas during a prolonged period of 
subaerial erosion preceding the presumably 
Barremian marine transgression of unit 10; 
upper 2 to 2 1/2 feet are bright orange­
coloured, partly limonitized and friable 
presumably because of pre-Barremian 
weathering ............................... . 

? Andesitic lava, dark to dull grey when fresh, 
weathering light to dull brown or rust 
coloured, fine to medium grained often with 
trachytic structure but becomes felsitic to 
finely amygdaloidal in uppermost 6 feet; 
distinctly and finely banded locally; inter­
bedded with some similarly coloured, fine­
grained volcanic tuff; apparent strike near 
the base 260° with dip 25° N but the beds 
appear to be contorted and invaded by at 
least one dyke, less than 6 feet thick, of 
dark green; medium-grained, porphyritic 
and amygdaloidal gabbroic rock striking 
260° ::ind dipping- 80° to 85° E; a 1- to 3-foot 
thick sill of the same gabbroic rock seems 
to branch off the above dyke near -the base 

Thickness 
(feet) 

13 

4 

Height 
Above Base 

(feet) 

37 

24 
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of the unit; apparent strike in the topmost 
6 feet is N 15° E with dip of 10°W; contact 
with unit 11 appears to be conf.ormable 
but abrupt ; base covered at the point about 
200 feet NE of junction of previously 
mentioned logging roads; visible in the left 
side of the main logging road ................ . 

Thickness 
(feet) 

20? 

Height 
Above Base 

(feet) 

20? 

Section 30 (Field No. 259/1-4, 1954). Measured in the banks of Nuknimish 
Creek on the northern side of Holber;; Inlet beginning with the point about 150 yards 
above creek's m outh. Latitude 50°36'18"N; longitude 127° 38'54"W. 

1 

2 

3 

4 

LOWER CRETACEOUS 

Barremian variegated elastic unit 

Siltstone-greywacke member 

Siltstone, greenish grey, rusty-weathering, 
concretionary, soft, slightly sandy; contains 
rare shells of ?Mya sp . . indet. , other 
indeterminate marine pelecypods, and some 
fragmentary plants (GSC loc. 24273); attitude 
seems to be the same as in unit 3; top and 
base covered; visible .............•.....•.•• 

Covered and apparently underlain by siltstones 
of bed 1 ................. · ................. . 

Siltstone as in bed 1; apparently strikes north 
40° -50° east and dips 3 ° -5 ° west; the basal 
2 to 3 feet of the bed have yielded (GSC loc. 
24274): ? Aucellina sp. indet. , ?Pholadomya 
sp. indet. , ?Mya sp. indet. , Tancredia? sp. 
indet., generically indeterminate pelecypods, 
generically indeterminate crab remains, 
indeterminate plant remains; top and base 
covered; visible .......................... . 

Covered across the general strike of the rocks 
(roughly upstream) ..............•..•....• : • 

25 (est. ) 

5 (est.) 

15 (est.) 

450 (est.) 
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Description 

Greywacke, dark to greenish grey, fine grained, 
moderately to very silty, massive-looking; 
some interbeds of similarly coloured, some­
what sandy siltstone; general strikes vary 
from north 60 ° west to north-south, dips 
vary from 5° to 10° west; the rocks are cut 
by numerous minor faults (displacement 
does not exceed few feet); the uppermost 
2 to 3 feet exposed (GSC loc. 24293) have 
yielded Qu0iecchia aliciae Crickmay and 
other indetermina~e pelecypods: the lower­
most 3 to 4 feet exposed (GSC loc. 24292) 
have yiel~ed some Q.. aliciae; top and base 
covered; visible .......................... . 

Covek'ed upstream from the first fork shown on 
Figure 17 (approximately across the strike 

of overlying rocks) for ..•.........•••.• 

LOWER JURASSIC 

VOLCANIC DIVISION 

Basal Jurassic volcanic unit 

Volcanic breccia, medium to coarse, light grey, 
weathers rust-yellow, moderately to 
intensively altered and apparently locally 
invaded by minor (2 to 3 feet thic~ ?) bodies 
of light grey , felsitic intrusive rock; top 
and b ase covered; visible .....••......•.•.• 

Thickness 
(feet) 

10 (est.) 

1, OOO (est. ) 

15 (est.) 

Height 
Above Base 

(feet) 
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Section 31 (Field No. JA-F68-1/3-5, 1968). Measured on the straight part 
of the northern shore of Apple Bay at a small embayment situated about 1, OOO feet west­
northwest of the mouth of Nuknimish Creek. Latitude 50°36'27"N; longitude 127°39'45"W. 

Unit 

1 

2 

3 

4 

5 

Description 

LOWER CRETACEOUS 

BARREMIAN STAGE 

Barremian variegated elastic unit 

Siltstone-greywacke member 

Greywacke, dull grey, fine to medium grained, 
hard, rare pelecypod fragments seen; 
strikes almost east-west, dips 12° north; 
top covered, contact with bed 2 conformable 
and gradational; visible ........•...•••.••••. 

Oyster bank consisting of Ostrea (s. lato) sp. 
indet. (GSC loc. 82929) in greywacke 
matrix as in bed 1; lower contact 
gradational .•.....................••....... 

Greywacke as in bed 1 ....•................... 

Greywacke similar to that of beds 1 and 3 but 
contains numerous rounded concretions, 2 to 
6 inches in diameter, of calcareous greywacke 
containing Quoiecchia aliciae Crickmay (GSC 
loc. 82930) ............................... . 

Greywacke similar to that of beds 1 and 3 but 
softer and containing loaf-like concretions, 
1 1/2 to 2 feet long, of calcareous grey'.vacke 
rich in 2_. aliciae (GSC loc. 82 931) base 
covered and probably faulted at the fringe of 
the forest, visible ........................ . 

Thickness 
(feet) 

1 

(approx.) 

1/2 

1 

1 

1 

Height 
Above Base 

(feet) 

4 1/2 

3 1/2 

3 

2 

1 
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Section 32 (No Field No., 1954). Measured along the northern shore of the 
channel connecting the eastern end of Winter Harbour with Ahwhichaolto Inlet from 
latitude 50°32'27"N, longitude 127°58'15"W, to latitude 50°32'37"N, longitude 127° 57'00"W. 

Unit 

1 

2 

3 

5,,'b~f•7w,,._J?t... , 

N 

Description 

LOWER CRETACEOUS (APTIAN) 

COAL HARBOUR GROUP 

Coarse arenite unit 

Interbedding of dark grey, friable, very thinly 
bedded to laminated, fine- to more rarely 
medium-grained, clayey greywacke and 
similarly coloured distinctly bedded but 
conchoidally weathering sandy to very sandy 
siltstone and shale; general strike N 30-40° 
W, dips 35 to 40° E; top covered at the 
northwestern base of a sharp rocky point 
overlooking the northwestern end of 
Ahwhichaolto Inlet from the south and 
presumed to be cut off by a major northwest­
trending fault somewhere within a covered 
interval of the flat shoreline, about 400 
yards wide, surrounding a nameless 
creek falling into Ahwhichaolto Inlet from 
northwest; lower contact conformable and 
gradational; visible ........•........•..•••• 

(?)Subgreywacke similar to that of unit 3 but 
strongly rusty-weathering and thinly bedded 
(1- to 6-inch beds predominate); some 
interbeds and layers of friable, sandy, 
mostly thinly bedded to laminated, multi­
coloured (with alternating grey, reddish , 
and tawny lamellae) sandy siltstone; strike 
N 40°W, dip 40° E; both contacts gradational .. 

( ?)Subgreywacke, brownish grey, rusty­
weathering, coarse grained and more re sis -
tantthanthe subgreywackes of units 2 and 
4; medium bedded; strike more or less east­
west, dips 30 to 35°N~ units 2 and 3 occupy 
the front part of the above-mentioned, sharp, 
rocky point; both contacts gradati.onal .....•• 

Thickness 
(feet) 

100 (est.) 

200 (est.) 

35 (est.) 

Height 
Above Base 

(feet) 

!.f95· I 
2,185 

J'SS- J 
2,J85 
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5 

6 

7 

. 8 
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Description 

Interbedding of dark grey, rusty-weathering, 
fine- to more rarely medium-grained, thinly 
bedded to laminated, friable, clayey grey­
wacke and similarly coloured, sandy, thinly 

-· 
bedded to laminated, often multicoloured 
siltstone; some interbeds , 1 to 2 feet thick 
of medium-grained, rusty-weathering, 
harder subgreywacke;_ strike about east­
west, dips 30 to 35°N.i; base covered; 
visible ................................... . 

Covered for about 120 feet across general strike 
within the inner part of a triangular-shaped 
embayment of the shore; presumably harbours 
a northwest-trending fault ... ; ............. . 

lnterbedding of greywacke and siltstone as in 
unit 4; some 1- to 2-foot thick beds of rust­
coloured , medium-grained, harder sandstone 
occur at irregular intervals; rocks are 
rather strongly jointed and sheared, cut by 
small faults, and in part contorted near the 
visible top and base of the unit; in the middle 
part the regular strike is N 50-60°W and the 
dips vary from 60 to 65°E; top and base 
covered and cut off by major northwest­
trending faults, visible ..•.......•......•.•. 

Completely covered for about 20 feet across 
general strike and thought to contain a major 
northwest-trending fault ..............•...•. 

Blumberg Formation 

Irregular but thick (beds 3 to 7 feet thick) inter­
bedding of green~grey, coarse-grained, 
gritty, resistant greywacke with similarly 
coloured or rust-green fine to coarse pebble 
conglomerate; conglomerate is softer than 
that of unit 9 and cont3.ins a greater amount 
of sandy and gritty matrix between pebbles; 
in the lower 80 to 100 feet of the unit the rocks 

Thickness 
(feet) 

225 (est.) 

120 

330 (est.) 

20 (est.) 

Height 
Above Base 

(feet) 

15'0 
2' 150 . 

' / 
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· Description 

are intensely sheared and jointed and 
shattered by countless , normally minor, 
strike and cross faults forming a great 
number of small to large fault blocks; 
general strike N 30-40° E with dips rang ing 
from nearly vertical to 80°W (overturned); 
the rocks are considerably less disturbed 
in the middle 180 feet of their thickness 
but become again shattered by numerous 
faults in the upper 30 to 40 feet where the 
dips become 60 to 85° E (normal); top covered 
and obvious ly cut off by a northwest-trending 
fault with the downthrow on its northeastern 
side in excess of several hundred feet; lower 
contact conformable and gradational; 
visible ................................... . 

P ebble conglomerate, coarse to medium , green­
yellow to rust-coloured, massive-looking, 
tightly packed , hard; the lower 1 to 3 feet 
contain numerous shale and greywacke 
pebbles similar to and apparently derived 
from the underlying beds of the Coarse arenit e 
unit ; higher up volcanic and igneous pebbles 
predominate; general strike N 40° -50°W and 
dip 75° to 80° E; the rocks are jointed, sheared, 
and cut by numerous minor strike faults; lowe r 
contact is abrupt but uneven with the lower­
most , predominantly flat or obliquely lying 
pebbles filling out depressions in the deeply 
eroded surface of unit 10; no angular dis­

·Cordance was observed at this erosionally 
disconf ormable contact .........•...•....... 

Coarse arenite unit 

Greywacke, ·dark grey, fine grained, partly 
clayey; irregularly inte rbedded with about 
equal amount of dark grey to multicoloured 
(in thin layer::; or lam inae) , laminated, more 
or less arenaceous, locally somewhat 
carbonaceous siltstone; att itude as in over- · 
lying beds; lower contact conformable and 
gradational ............................... . 

Thickness 
(feet) 

320 (est.) 

130 (est.) 

45 (es t.) 

Height 
Abovo B::i::;c 

(feet) 

l , _595 

_ _. 

1 , 27 5 



Unit 

11 

12 
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Description 

Sandstone (subgreywacke ?) light grey to brownish 
grey, intensively yellow to rusty weathering, 
mainly coarse and gritty (see Pl. VIII, Figs. 
A, B); indistinctly bedded; locally rich in 
fragments of carbonized wood; rocks are 
strongly sheared and jointed throughout, and 
are commonly cut by minor strike and cross 
faults; strike varies from N 70°W to N 30°W 
and dips vary from 60° E in the lower part of 
the unit to 80° E in its upper part; both 
contacts conformable and gradational; at the 
lower contact the colour phases characteristic 
of units 11 and 12 alternate irregularly 
within an interval, 15 to 20 feet thick, until 
the bright rust colouration of unit 11 becomes 
established; the coarse-grained, gritty sand­
stone of this transitional zone contains 
numerous fraoo-ments and pebbles of presumably 
locally derived grey shale; this sandstone 
alternates with grey, fissile, sandy shale 
and similarly coloured, clayey sandstone rich 
in small, irregularly shaped to rounded, 
impure limestone concretions •.•.••.•••••.•• 

Sandstone (subgreywacke ?), brownish grey to -
greenish grey, mostly coarse grained and 
locally gritty; often massive-looking but is 
distinctly and thinly bedded elsewhere; moderately 
hard; some large, loaf-like concretions of 
harder, calcareous sandstone; rocks are 
normally sheared and jointed and locally 
disturbed by minor strike and cross faults; 
strikes vary from north-south to N 60°-70°W 
and dips vary from 30 ° to 60° E; base covered 
and evidently cut off by a major east-west 

Thickness 
(feet) 

600 (est.) 

trending fault; visible . • . . . . • . • . • • • • • • • • . . • . 5 00 (est. ) 

Covered interval across general strike probably 
containing one or more strong east-west or I 
and northwest-trending faults; this fault zone 
occupies the eastern base of a pronounced 
l~rgc wooded point overlooking the western end 
of the channel connecting Winter Harbour with 
Ah \Vi chaolto Inlet ......................... . 120 (est.) 

Height 
Above Base 

(feet) 

/00 
1,.1 ocr 

I 

~ao · / 
so<J 



Unit 

14 
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Description 

UPPER CRE~ACEOUS 

Cenomanian or ? Turonian stage 

Upper shale unit 

Shale-siltstone member 

Shale, light- to ash-grey when fresh, lavender­
tinged when weathered, mostly pure, moder­
ately hard, massive to fissile, weathers con­
choidally; the lower (on the west side of the 
point) 100 feet mainly massive and contain 
numerous 3- to 10-inch, ellipsoidally shaped 
to irregularly rounded and 1 to 3 feet irreg­
ularly shaped concretions of hard dull grey, 
yellow to buff-weathering, impure (?dolomitic), 
aphanetic limestone; some 1/4-inch to 4-inch 
layers and interbeds of fine to medium-grained, 
dark green, dull rust-weathering greywacke 
occur in this part of the unit; upper (on the 
front and eastern side of the point) 150 feet com­
monly more or less fissile and much less con­
cretionary; the middle beds of this part of the 
unit contain several layers and thin interbeds of 
greywacke lithologically similar to that occurring 
in the lower part of the unit; an indeterminate 
Inoce ram us -like shell was found in a lime stone 
concretion in the middle of the eastern side of 
the point and some Inoceramus prisms were 
found in another lime stone concretion in the basal 
exposed beds on its west side; rocks are strongly 
to moderately jointed except in the proximity of 
their visible top and base where they are sheared, 
strongly disturbed (contorted) and cut by a number 
of minor faults; general strike N 50°-60°W, dips 
30°-35°E; base concealed beneath the water on the 
western side of above-mentioned large point and 
presumably cut off by a major east-west trending 
fault; top is covered and obviously faulted (see 

Thickness 
(feet) 

'!). 

Height 
Above Base 

(feet) 

under unit 13); visible ............................... 250 (est.) 



Unit 

- 339 

Description 

This exposure of the Upper shale unit is evidently 
a part of a downdropped fault block of the Upper 
Cretaceous roe ks unrelated to the Section 32. 
This fault block disappears beneath the waters 
of the channel and possibly reappears on its 
unexplored southern bank. 

Units 11, 12, and 13 reappear on the western side 
of the large wooded point occupied by the unit 14 
and outcrop intermittently in the wooded northern 
shore of Winter Harbour to the point about 200 
yards southeast of the mouth of Klayina Creek. 

It is impo ssible to estimate the thickness of beds 
concealed within the covered interval between 
the visible base of unit 13 at the point closest 
to the mouth of Klayina Creek and the visible 
top of unit 1 of the following section 33 about 
800 feet southwest therefrom, because of the 
inferred presence of several strong faults 
within this interval. 

Thickness 
(feet) 

'f .L VJ 

Height 
Above Base 

(feet) 
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Section 33 (Field No. 245, 1953-1954). Measured on the northwestern shore of 
Winter Harbour between the mouth of Klayina Creek (latitude 50°32'36"N, longitude 127° 
58'51''W) and that of Galato Creek (latitude 50°31'54"N, longitude 128°00'18"W). 

Unit 

1 

2 

3 

4 

Description 

LOWER CRETACEOUS (APTIAN) 

COAL HARBOUR GROUP 

Coarse arenite unit 

Siltstone, dark grey, sandy, laminated; inter­
bedded with three thin beds of grey, very 
arenaceous limestone grading into very limy 
sandstone; strike N 50°W, dip 30°E; base 
covered; top covered on the northern side 
of a low rounded point situated about 800 
feet southwest of the mouth of Klayina 
Creek; visible ............................ . 

Covered across general strike and presumably 
. underlain by rocks as in bed (1) for 1, 100 
feet; assumed thiclmess of concealed 
sediments ....•.•.•......•.....••....•.••.. 

Greywacke, laminated, dark grey to multi­
coloured (alternation of grey, tawny and 
rusty laminae), fine to very fine grained, 
contains much clay; some interbeds of 
similarly coloured and laminated, strongly 
arenaceous siltstone; top covered; lower 
contact conformable and gradational; 
visible .................................. . 

Interbedding of grey to dark grey, laminated to 
thinly bedded, fine-grained greywacke and 
similarly coloured, mostly silty and 
arenaceous shale with interbeds and rows of 
concretions of impure limestone (as in 
underlying beds); strike N 70°W, dips 25° 
to 30°E; lower contact poorly exposed but 
apparently conf ornwble .••.••.•••.••••••••• 

Thickness 
(feet) 

12 (est.) 

350 (est.) 

60 (est. ) 

90 (est.) 

Height 
Above Base 

(feet) 

4,496 

4,484 

4,134 

4,074 



Unit 

5 

6 

7 

8 

!) 

10 

.J 
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· Description 

Greywacke (or subgreywacke?), grey, medium 
grained, resistant and mostly massive 
looking; locally thinly bedded; strikes fluctuate 
from about east-west to N 60°E, dips 20~ to 
25°E; rocks are disturbed by faulting; lower 
contact conformable; this unit occupies the 
tip of a pronounced low point of the shore ...•• 

Interbedding of greywacke and siltstone with 
limestone beds and concretions as in bed 4; 
base covered; visible •••••..•.••.••••..•••.• 

Greywacke, grey to dark grey, fine to medium 
grained, contains little to abundant clay; 
thinly bedded to l aminated; 1 inch to 10-inch 
interbeds of dark grey, very arenaceous 
siltstone; strike N 60°W, dip 35°E; lower 
conta_ct conformable and gradational; the 
rocks occupy a marked point of the 
s_horel ine .................................. 

Greywacke (or subgreywacke) as in bed 5 but 
interbedded with greywacke as in bed 7; in 
the upper 12 feet also occur interbeds of 
thinly bedded and crossbedded greywacke 
with numerous , large, loaf-like concretions 
of harder and somewhat calcareous? grey-
wacke; strike N 60-70°W, dip 30° to 35°E; 
base covered; visible .••..••.•••..••...••.• ~ 

Covered across general strike for about 1, OOO 
feet and presumably underlain by softer 
greywacke and siltstone as in units 4 and 6; 
assumed thickness of concealed rocks .•••••.• 

Greywacke (or subgreywacke ?), light grey to 
buff, coarse grained, gritty, thickly bedded; 
pod$ , and interbeds, 3 to 10 inches thick, of 
coarse to fine grit which decreases upward 
in the unit, rounded to loaf-like, pods of 
calcareous, rust-weathering grit and gritty 
g_reywacke 1 to 5 feet in diameter; in the _ 
lower part of unit strike is N 60-70°W and 
dips 10° to 15 °E; the dips decrease to 3-5°E 
near the top of the uni.t; rocks are strongly 

Thickness 
(feet) 

20 (est.) 

120 (est.) 

. 21 (est.) 

32 (est.) 

500 (est.) 

Height 
Above Base 

(feet) 

3,984 

3,964 

3,844 

~ ... ,, 
3,823 

3,791 



Unit 

11 

12 

13 

14 

15 

I 
. I 
\! 
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Description 

jointed, cut by minor cross- and strike 
faults and somewhat contorted; top and base 
covered; visible .......................... . 

Covered across general strike within ~broadly 
rounded embayment of the shore and 
presumably harbours a major northeast­
trending fault for about ............• · .•..•... 

Greywacke , brownish grey, coarse to fine 
grained, mostly strongly clayey, thin bedded 
to laminated; several 6-inch to 1-foot thick 
interbeds of grey, medium-grained, resistant, 
calcareous subgreywacke occur in the lower 
50 feet but this rock type becomes predominant 
in upper 125 feet; strike N 70°W , dip 30° to 
35°E and the rocks are undisturbed otherwise; 
the unit occupies the front part of the sharp 
wooded point covering the mouth of Denad 
Creek from northeast; top concealed and 
presumably cut off by a major fault; base 
covered; visible .......................... . 

Covered around the mouth of De nad River 
across general strike of the rocks and pre-. 
sumably underlain by greywacke similar to 
that of units 12 or 14; about 600 feet; 
assumed thickness of covered rocks .....•... 

Greywacke as in the lower 50 feet of bed 12 but 
with minor interbeds of fine-gra~ned, clayey, 
soft greywacke ; regular attitude as in under­
lying rocks; top concealed; visible ..•••...•.• 

Subgreywacke, light to brownish grey, medium to 
coarse grained, mostly gritty, resistant, 
mostly heavily and indistinctly bedded; 
comm,only more or less calcareous and 
honey-combed on the surface; numerous 
interbeds of rusty-weathe ring, stronger cal­
careous sn.ndstoncs; shale and siltstone 
interbeds all but absent; outcrops locally poor 
in the upper 125 feet of the unit; strike N 
,60°W, dip 35°E; both contacts conformable 
and gradational; the unit outcrops around a 

Thickness 
(feet) 

50 (est.) 

900 

175 (est.) 

300 (est.) 

35 (est.) 

Height 
Above Base 

(feet) 

3,291 

3, 241 

3,066 

2,766 
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Unit Description 

major wooded point covering the mouth of 
Denad River from the south ............•.... 

16 Greywacke (or subgreywacke ?) , grey to brownish 
grey, medium to coarse grained, mostly thickly 
bedded (3-to 6-foot beds) but in places thin-
bedded and crossbedded within thick beds; 

j . a few 3-inch to 3-foot thick interbeds of 
coarse grit and very fine pebble conglomerate 
locally with abundant fragments and poorly 
rounded pebbles of dark grey siltstone 2 to 
6 inches; some 3-inch to 3-foot thick inter-

. beds of dark grey to blackish grey, laminated, 
very sandy siltstone the number of which 
increases upward in the unit; irregularly 
shaped, pods and lenses of reddish grey 
weathering, calcareous subgreywacke, 3 to 
5 feet long, with poor plant remains occurring 
in the upper part of the unit; rare, loaf-like 
lenses of impure grey limestone, 3 to 4 feet 
long, strike N 60°-70°W, dip 30° to 35°E; 
lower contact appears to be gradational .•.... 

17 Irregular interbedding of pebbly grit and pebbly 
and gritty greywacke containing abundant 
2- to 6-inch fragments and poorly rounded 
pebbles of dark grey siltstone similar to that 
occurring in the underlying beds and pre-
sumably locally derived ....•....••.•..•.... 

18 Pebble conglomerate, fine, dull grey; rich in 
gritty and sandy matrLx; larger pebbles (1/2 
to 2 inches in diameter) are almost invariably 
composed of the apparently locally derived 
grey, impure limestone; upper contact 
apparently gradational; lower contact 
gradational but transition from one rock type 
to another is rapid ...•.......•.•.•..•...•.. 

Thickness 
(feet) 

225 (est.)_ 

98 (est.) 

1 

2 

Height 
Above Base 

(feet) 

2, 731 

2, 506 

2,408 

2,407 



Unit 

19 t . ' s . t(µA en 

20 

21 

22 

23 

24 

- 344 -

· Description 

Siltstone dark grey. cone hoidally fracturing, 
arenaceous; interbeds 1 to 6 inches thick, of 
brownish grey to dull grey, medium- to 
fine-grained , hard and resistant sandstones 
(subgreywacke ?); these interbeds gradually 
increase upward until they become the pre­
dominant rock type near the top; sandstones 
become gritty near the top; small 
concretions, pods, and lenses (commonly 
arranged ip_ rows) of grey impure, un­
fossiliferous (?fresh water) limestone 
abound in lower 3 5 to 40 feet of the unit; 
strike N 70 °W, dip 30° E .•... · ........•..••.. 

Irregular interbedding of subgreywacke as in bed 
22 with siltstones and shales as in adjacent 
units; upper contact conformable and apparently 
gradational; lower contact covered; visible .... 

Covered on both sides of a s111all creek for about 
71 yards across general strike and presumably 
underlain by the same rocks as in unit 2 O; 
assumed thickness of concealed rocks ......•. 

Subgreywacke, brownish grey, medium to coarse 
grained, resistant; occurs in beds 3 inches to 
2 feet thick interfingered with laminae, thin 
layers and 6- to 12-inch beds of siltstone as 
in bed 20, .both contacts covered, visible ..•• ·• 

Covered for about 1B yards across the general 
· strike and presumably underlain by the same 
rocks as in unit 24; assumed thickness of 
concealed rocks ............................ 

Interbedding of dark grey, very arenaceous, 
thinly bedded to laminated, soft siltstone and 
simifarly coloured shale; a number of rows 
of concretions of dark-grey, white weathering, 
impure limestone; some interbeds of subgrey-
wacke as in bed 25; strike N 80°W, dip 30°N; 
top covered; lower contact gradational ......... 

.. 

Thickness 
(feet) 

75 (est.) 

70 (est. ) 

105 (est.) 

9 (est.) 

28 (est.) 

42 (est.) 

Height 
Above B.~ 

(feet) 

2, 405 

2,330 

2,2 60 

2,155 

2,146 

2,11 



345 -

Unit Description 

25 Greywacke (or subgreywacke ?), dark grey, 
fine to medium (rarely) grained, much clay; 
interf ingered with a number of. laminae and 
interbeds of thin-bedded and multicoloured, 
extremely arenaceous, fissile siltstone; 
numerous irregularly shaped pods and lenses 
of similar but harder and more or less 
calcareous greywacke; some pods, lenses 
and thin interbeds of very impure , grey lime-
stone; in the lower part of the unit strike is 
N 70°W and dips Yary from 30° to 40°W, 
strike near the top is N 70° - 80°W, and the 
dips lesse.n to 25° to 30°E; base covered, 
visible .................................... 

26 Covered for about 2 0 yards across general strike 
at the mouth of a small, dry creek and 
probably harbours a strike fault .••.•.....••. · 

27 Greywacke, mottled dark grey to rust-coloured, 
medium to fine grained, moderately soft, 
commonly clayey; abundant irregularly shaped 
inclus.ions and lenses of harder, slightly 
calcareous, light grey (?) subgreywacke; a 
few interbeds, 2 to 8 inches thick, of grey, . 

/ / 
very impure, unfossiliferous limestone; the 
upper 30 to 32 feet of the unit 'are composed 
predominantly of dark grey, fine-grained and 
very argillaceous greywacke; .strike N 60°-
70°W, dips vary from 40° to 45 ° E, except 
near the top where they increase. to 55°E; the 
rocks are more intensely sheared and locally 
faulted near the visible top of the unit; top 
covered and probably faulted; base covered; 
visible .................................... 

28 Covered for about 35 y.ards across the general 
strike at the northern base of a sharp rocky 
point of the shore and probably underlain by 
the same rocks as in unit 27; assumed 
thickness of covered rocks ........•...•••••• 

Thickness 
(feet) 

30 (est.) 

60 (est.) 

84 (est.) 

73 (est.) 

Height 
Above Base 

(feet) 

2, 076 

2,046 

1,962 



Unit 

29 

30 

31 

32 

33 
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Description 

Sandstone (subgreywacke ?), grey-green, coarse 
grained, gritty, resistant, heavily bedded; 
regularly tilted and not disturbed otherwise; 
strike N 80°W, dip 40°N; top covered; lower 
contact gradational, visible .....•.......••.• 

Thin interbedding (mostly in 1- to 6-inch beds) 
of grey, resistant, fine- to medium-grained 
subgreywacke with dark grey, fine-grained, 
clayey, thinly layered to almost laminated 
sandstone .locally grading into similarly 
coloured arenaceous siltsto.ne; attitude as in 

. the underlying bed, lower contact conformable 
and · gradational ........................... . 

Covered for about 40 feet across the general 
strike and presumably underlain by the same 
rocks as those of unit 30; assumed thickness 
of covered rocks .......................... . 

Greywacke, green-grey, fine to medium grained, 
medium to thickly and well bedded (4 to 5 feet 
or even thicker beds), resistar1t; these grey­
wacke beds alternate regularly with beds, 
2 to 3 feet thick, of tawny to dark green 
weathering, commonly fine grained, thin 
layered to laminated (alternation of multi­
coloured lamellae) , friable greywacke with 
some concretions of similar but calcareous 
greywacke; some layers and interbeds, 2 to 
3 feet thick of grey, arenaceous shale or 
very clayey, fine-grained greywacke; strike 
N 50-60°W; dips 30° to 35 °E; top covered, 
visible ................................... . 

Sandstone (subgreywacke ?) green-grey, pre­
dominantly coarse grained; gritty; some pods 
and layers of coarse grit and fine pebble 
conglomerate; numerous interbeds of brown­
to rusty-weathering, coarse- to medium­
graincd, gritty , more or less calcareous 
sandstone with honeycombed weathering of 
the surface, a few fragments of indeterminate 
marine shells seen in one of the interbeds of 
this sandstone about 600 feet below top of the 
unit; otherwise no fossils seen; interbeds of 

Thickness 
(feet) 

210 (est.) 

75 (est.) 

28 (est.) 

85 (est.) 

Height 
Above Base 

(feet) 

1,889 

1,679 

1,604 

1,576 



Unit 

34 

35 

36 

37 

38 
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Description 

fine-grained, friable greywacke and arenaceous 
shale as in unit 32 are rare or absent; strike 
N 50°-60°W, dips 30° to 35°E; rocks are 
locally jointed , sheared, and cut by minor 
faults striking in several directions (especially 
near the top of the unit) but the continuity of 
section does not seem to be lost anywhere; 
both contacts are conformable and 
gradational ............................... . 

· Covered for 15 feet across general strike and 
presumably underlain by the same rocks 
as in unit 33; assumed thickness of covered 
rocks .................................... . 

Sandstone (subgreywacke ?) similar to that of 
unit 33 but invariably coarse grained and gritty; 
pods and l ayers of coarse grit and fine pebble 
conglomerate are more common than in unit 
33; base and top covered; visible •....•••...• 

Covered for about 55 feet across general strike 
and presumably underlain by the same rocks 
as in units 35 and 37; assumed thickness of 
covered rocks ............................. . 

Sandstone (?subgreywacke) as in unit 35; inter­
beds and layers of fine to coarse grit, inter­
beds of thinly l ayered, friable, clayey grey­
wacke as in unit 33 are rare, thin, and very 
indistinctly developed; attitude as in unit 38; 

.top covered; lower contact gradational •...••• 

Sandstone ( ?subgreywacke) as in unit 32; inter­
beds of friable, clayey greywacke as in unit 
32 locally become predominant and inter­
calat~d beds, 5 to 8 feet thick, of grey, 
arenaceous shale as in unit 3 2 also may be 
more prominent locally ; strike N 50°-60°W, 
dips 35° to 40° E :ind the rocks are virtually 
undisturbed otherwise; both contacts con-
fo:rmable and gradational .................... . 

Thickness 
(feet) 

900 (est.) 

8 (est.) 

. 40 (est.) 

28 (est.) 

35 (est.) 

255 (est.) 

. ,, 

Height 
Above Base 

(feet) 

1,491 

591 

583 

543 

515 

480 



Unit 

39 
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Description 

qreywacke, green-grey, mostly fine to medium 
grained, locally coarse grained and gritty, 
massive-looking to thickly and indistinctly 
bedded in the lower 50 feet; highe r up the 
greyw_acke becomes medium and well bedded 
(in beds 1 to 3 feet thick) and alternates 
regularly with beds, 2 to 3 feet thick,_ of 
tawny to dark green-weathering, thinly 
layered to laminated (alternation of multi­
coloured lamellae), fine-grained, friable 
greywacke; no fossils of any kind; near the 
base the rocks strike N 50°-60°W, dip 25° 
to 30°E and are almost undisturbed other­
wise; between the levels 50 to 150 feet above 
base dips increase to 75 ° - 85 °E and rocks 
become strongly jointed, locally sheared and 
cut by a few minor faults; in the upper 75 
feet d ips lessen again to 30°-35°E and the 
rocks are undisturbed otherwise; upper 
contact conformable and gradational; outcrops 
end at the point 600 feet northeast of the 
mouth of Galato Creek and the base of the 
unit is believed to be cut off by a major 
northeasterly to east-west trending fault 
somewhere within the covered interval, 
600 feet wide, between this point and the 
creek's mouth; visible ....•..•.•..••.•.••••. 

Thickness 
(feet) 

225 (est.) 

Section 34 (Field No. 239/3-5, 1954). Measured on the northern shore of 

Height 
Above Base 

(feet) 

225 . 

· Quatsino Sound in the interval, about three quarter mile wide, between the mouth of 
- Awe isha Creek. and the extensive exposures of Blumberg Formation west therefrom 

(Latitude 50°32'00"N, longitude 127°39'39"W). 

1 

LOWER CRETACEOUS (APTIAN) 
. . 

COAL HARBOUR GROUP 

Coarse arenite unit 

Interhedding of 1- to 3-foot thick beds of 
greenish grey, resistant, medium- to coarse­
grained, partly gritty and pebbly grcywacke 
with similarly th ick beds of darker coloured, 
soft and friable, fine-grained, partly 
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Unit . Description 

laminated, clayey greywacke; strike N 30° E 
and dip 20°W; top covered and presumably is 
.cut off by a m ajor northerly-trending fault; 
lower contact conformable; visible .•.••.••••• 

2 Siltstone; dark grey, soft, spheroidally 
weathering, p artly arenaceous; lower contact 
conformable . .............................. 

3 Interbedding of fine- and medium- to coarse-
grained greywacke as in bed 1; attitude as 
in bed (l); lower contact conformable .•.•••••• 

4 Siltstone as in bed 2; base cut off by intrusive 
rock of unit 5 •••••••••••••••• · •••••••••••••• 

LOWER TERTIARY OR (?) 

HIGHEST UPPER CRETACEOUS 

?SOOKE INTRUSIONS 

5 Diabase, dark greenish grey, fine grained, 
slightly porphyritic (trachytic), dense; 
this intrusive dyke strikes N 20°w and dips-
75 °W .•••••••••••••••••••••••.•.••••.••.•. 

LOWER CRETACEOUS (APTIAN) 

COAL HARBOUR GROUP 

Coarse arenite unit 

6 Siltstone as in beds 2 and 4; both contacts cut 
off by intrusive rocks .••.••••••••.••••••••. 

Thickness 
(feet) 

5 (est.) 

10 (est.) 

8 (est.) 

10 (est.) 

3 

7 (est.) 

Height 
Above Base 

(feet) 

165 

160 

150 

142 

132 



Unit 
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8 
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Description 

LOWER TERTIARY OR ( ?) 
HIGHEST UPPER CRETACEOUS 

?SOOKE INTRUSIONS 

' ?Dacite,light green-grey, felsitic to very finely 
porphyritic ; phenocrysts consist of lath­
like, white feldspar and of dark mineral 
(?hornblende); numberous l arge pyrite 
crystals; this intrusive dyke strikes N 50°W 
and dips 60° to 70°W; thickness fluctuates 

Thickness 
(feet) 

from 2 to 4 feet • . . . . . . . . . . . . . . . . • • . • • • • • . • . 4 

LOWER CRETACEOUS (APTIAN) 

COAL HARBOUR GROUP 

Coarse arenite unit 

Siltstone as in beds 2, 4, and 6; strikes N 10°E, 
dips 40 °W; both contacts cut off by intrusive 
rocks of dykes 7 and 9 •..••..•.••••••••.•.•• 

LOWER TERTIARY OR (?) 
HIGHEST UPPER CRETACEOUS 

?SOOKE INTRUSIONS 

Diabase, dark greeI_l-grey, f els itic to somewhat 
. and finely porphyritic, locally slightly and 
finely amygdaloidal (white calcitic amygcfules); 
very dense; this intrusve dyke strikes north­
south and dips about 90° .•••.•.••••••••••••• 

45 (est.) 

2 

Height 
Above Base 

(feet) 

125 



Unit 

10 

ll 

l2 
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Description 

LOWER CRETACEOUS (APTIAN) 

COAL HARBOUR GROUP 

Coarse arenite unit 

Siltstone, dark gr ey, spheroidally weathering, 
partly arenaceous; very similar to siltstone 
of beds 2, 6 and 8; strikes N l0°E, dips 40°W; 
base covered; upper contact intrusive; 
visible ...... .. ..... ~ ...................... . 

Covered alo~g the shore for .•.•..•.••••••••••••• 

Greywacke, grey, coarse grained, partly gritty 
and locally pebbly; thickly (3 to 6 feet) bedded; 
includes pods and lenses of similar but 
calcareous greywacke and grit; strike N 30° 
to 40°E, dip 20° to 25°W; base and top covered; 

Thickness 
(feet) 

· 30 (est.) 

225 (est.) 

visible . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 (est.) 

Covered east of visible base of bed 12 
(harbours a m ajor fault?) to the mouth of 
Aweisha Creek for • • • • • • . • • • • . • • • • • • • • . • • • • • · 3, OOO (est.) 

Height 
Above Base 

(feet) 

80 

50 

Section 35 (No Field No. , 1954). Measured on Lind Islet and in the bluffs of 
the northen1 shore of Quats ino Sound for about 185 yards west of the Islet. Latitude 50° 
29'06"N, longitude 127°48 '48"W. 

1 

LOWER CRETACEOUS (APTIAN) 

COAL HARBOUR GROUP 

Blumberg Formation 

Pebble conglomerate, fine to coarse, green­
yellow to rust-coloured, tightly packed, 
hard; lithology of pebbles generally as in the 
ot}ler sections of the form ation; in the basal 
3 w 6 inches the conglomerate contains 
abundant fragments and pebbles of greywacke 
and siltstone lithologically undistinguishable 
from those of the underlying beds; higher up. 



Unit 

2 

3 

4 

- 352 -

Description 

these pebbles become rare; strike N 70° E, 
dip 25° to 30°W; contact with bed 2 sharp, 
somewhat uneven and suggestive of an erosional 
disconformity (Pl. IX, Fig. A); top not 
reached in the shore bluffs; visible up to •.••••• 

Coarse arenite unit 

Greywacke, greenish grey, coarse grained, 
partly gritty; interbedded with beds, 2 to 3 feet 
thick, of green-grey, fine to medium pebble 

. conglomerate as in overlying beds and dark 
grey, fine-grained, partly clayey, laminated 
greywacke; within the next 160 yards westward 
along the shore thiS' unit seems to lose gradually 
all its congomeratic and gritty interbeds until 
it is composed almost exclusively of fine­
grained greywacke irregularly interbedded 
with an equal amount of dark grey to multi­
coloured (in thin layers or laminae), laminated, 
more or less arenaceous, locally somewhat 
carbonaceous s iltstone (Pl. IX, Fig. B); 
attitude as in bed 1; lower contact poorly 
exposed but apparently conformable; upper . 
contact is well exposed only at the western 
end of above mentioned interval .••..•.•.•.•.•. 

Greywacke, mostly green..:.grey but locally 
intensively rust- to rose-coloured (?thermally 
altered); form s beds 1 to 3 feet thick; strike 
N 50°E, dip 20°W; well exposed only on the 
southern side of a rounded point situated 
behind Lind Islet; base concealed beneath the 
sea; visible ................................ . 

/s/~ r 
Channel separating Lind Islet from the mainland 

is covered by sea water for 60 yards and 
probably underlain by rocks of unit 5 .••••••••• 

Thickness 
(feet) 

100 (est.) 

55 (est.) 

40 (est.) 

60 (est.) 

Height 
Above Base 

(feet) 

280 

180 

125 

85 



Unit 

5 

- 353 -

[ 

· Description 

Sandstone (subgreywacke ?), dull grey, fine to 
medium grained; thin bedded to laminated; 
contains a number of lenticulaJ? lenses or 
loaf-like inclusions, 2 to 20 feet long an~ 1 
to 1 1/2 feet thick, of similar but harder 
and very limy sandstone grading into impure 
limestone; these limy sandstones are locally . 
rich in small plant fragments but are un­
fossiliferous otherwise; strike N 70° E, 
dip 20°W; top and base concealed beneath 
the sea; visible ........................... . 

Thickness 
(feet) 

25 

Height 
Ab.ove Base 

(feet) 

25 

Section 35a (Field No. 259/7, 1954). Measured on the eastern side of Apple Bay 
about 150 to 200 yards north of the base of a sharp point closing the bay from southeast 
(latitude 50°36'06"N, longitude 127°38'48"W). 

1 

2 

3 

LOWER CRETACEOUS (APTIAN) 

COAL HARBOUR GROUP 

Coarse arenite unit 

Greywacke, green-grey, mostly medium grained; 
contains rounded concretions, 3 to 10 inches 
in diameter, of harder but otherwise similar 
greywacke; attitude varies from almost 
horizontal to strike N 40° -50°W and clips from 
3 ° to 10° west; top and base concealed, 

. visible ................................... . 

Covered and presumably underlain by the same 
greywacke as in (1) .••.•.•••••.•••••••••••• 

Greywacke , greenish grey, fine grained, strongly 
micaceous and silty, rich in coaly plant 
fragments; strike north 40°-50° west, dip 5° 
to 10° west; top and base covered; visible •••• 

15 (est.) 29 

6 (est.) 14 

8 (est.) 8 
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Section 36 (Field No. 293/8-11, 1954). Measured on bluffy northern shore of 
Quatsino Sound between the point about 1,200 yards west of Bish Creek (latitude 50°30'54"N, 
longitude l27°43'00"W) and that opposite Lind Islet. (latitude 50°29'06"N, longitude 127°48'48"W). 

Unit 

1 

2 

Description 

LOWER CRETACEOUS (ALBIAN) 

COAL HARBOUR GROUP 

Blumberg Formation 

Pebble conglomerate, coarse, :n;iassive-looking, 
contains considerable number of cobbles 
and boulders, dark grey, abundant dark 
grey, fine-grained greywacke matrix; pebbles, 
cobbles, and boulders vary in size from 1/2 
inch to 4 feet in diameter but pebbles ranging 
between 3 and 8 inches predominate; clasts 
consisting of the volcanic rocks of Vancouver 
Group and of the intrusive rocks of the Coast 
Intrusions predominate; clasts consisting of 
the grey clayey limestone, grey shale and 
rust-green coloured pebble conglomerate 
probably derived from the underlyiug Lower 
Cretaceous rocks occur more rarely; the 
presence of pebbles of conglomerate 
lithologically identical with that characterizing 
the lower part of the Blumberg Formation 
(see Pl. X, Fig. B) is interesting in 
suggesting the occurrence of intraformational 
periods of uplift and erosion within the 
Blumberg Formation; attitude unknown; top 
concealed and a completely covered interval, 
about 180 yards wide, separates the bed from 
the predominantly arenaceous rocks ref erred 
to the basal part of Upper shale unit (see 
pp. 197); base covered; visible ••.••••••••••• 

Completely covered along the shore but possibly 
underlain by the same conglomerate as that 
of bed 1 . .......•......................•... 

Thiclrness 
(feet) 

18 (est.) 

600 (est. ) 

Height 
Above Base 

(feet) 

2,978 



Unit 

3 

4 

5 

6 

7 

- 355 -

Description 

Pebble conglomerate as in bed 1 but includes 
some pods and interbeds of dark grey, 
medium grained greywacke ; includes l arge 
boulders of very gritty, blackish grey 
greywacke; outcrops poor; rocks are 
greatly disturbed by minor faults and 
apparently bent into a shallow anticlinal 
fold; top concealed; lower contact 
gradational; visible ......................... 

Greywacke, grey, medium to coarse grained, 
massive-looking, hard; strike N 10°-20°w, 
dip 20° to _25°E; lower contact conformable 
and gradational ........ ~ ................... . • 

Pebble conglomerate, much as in bed 3 but with 
a grit rather than greywacke matrix in the 
upper 15 to 20 feet; lower 140 to 150 feet 
includes numerous pods and interbeds of 
greenish grey, coarse-grained greywacke 
and its matrix becomes lighter and brownish 
green coloured; this conglomerate phase is 
indistinguishable lithologically from the con-
glomerates of the lower part of Blumberg 
Formation; strike fluctuates from N 20°w to 
N l0°E with dips 20° to 30°E; lower contact 
gradational ................................ 

Greywacke, greenish grey, massive-looking; 
coarse to medium grained, hard; outcrops 
poor and intermittent; lower contact 
covered ................................... 

· Conglomerate, dark grey, predominantly cobble 
to boulder; includes numerous large blocks, 
boulders and pebbles of dark grey, partly 
coaly shale and siltstone and those of rust­
greenish coloured pebble conglomerate 
similar to that characteristic of the lower part 
of Blumberg Formation; large pods and lenses 
of whttish grey, co:lrse- to fine-gr~ned 
?arkose occur locally; outcrops poor and 
intermittent in the middle interval (6 0 feet 
wide) which apparently harbours a fault as 
the conglomerate is strongly disturbed, 
sheared and contorted in the proximity of 

Thickness 
(feet) 

Height 
Above Base 

(feet) 

80 (est. ?) 2,960 

15 (est.) 2,&ro 

200 (est.) 2,865 

50 (est.) 2,665 



Unit 

- 356 -

Description 

this interval; elsewhere it strikes north­
south to N 10° E and dips 15° to 30° E; 
outcrops are again very poor for abrut 
80 feet in the interval 35 to 115 feet 
above the base (intrusive contact) of . 
the unit; the basal 30 t o 35 feet are 
bright rust- to maroon-coloured and 
hardened due to the thermal effect 
(thermal halo) of the adjacent intru-
sive body 8; thi s colour change takes 
place abruptly some 100 yards east 
of the point where the shore becomes 
rugged and bl uffy; grades into intru-
sive body 8 through a few feet of meta­
somatically altered to completely 
granitized, hard congl omerate ............... . 

Thickness 
(feet) 

260 (est.) 

r/ 

Height 
Above Base 

(feet) 

2,615 



Unit 

. •. 
8 

.9 

' I 

- 357 -

· Description 

LOWER TERTIARY OR (?) 
HIGHEST UPPER CRETACEOUS 

?SOOKE INTRUSIONS 

Granite porphyry, beige to whitish grey or 
light pinkish grey when fresh, weathers 
light brown; medium to coarse grained; 

j 
.) phenocrysts consist predominantly of rust­

to orange-coloured potassic feldspar 
( ?orthoclase) and water transparent 
potassic feldspar (?sanidine); visible quartz 
crystals fairly numerous (20 to 25%); 
phenocrysts of dark mineral rare to very 
rare (leucocratic granite); numerous 
xenoliths of pebble conglomerate occur 
near the contact with unit 7; a little sulfide 
mi.ner!llization noted locally; intrusive body 
appears to pinch out completely on the tidal 
shelf near the water's edge and to widen 
rapidly inland to ........................... . 

LOWER CRETACEOUS (ALBIAN) 

COAL HARBOUR GROUP 

Blumberg Formation 

J?ebble to boulder conglomerate, bright rust- to 
maroon-colour ed due to thermal action of 

·adjacent intrusive bodies; metasomatically 
altered and partly "granitized" near the 
contacts and high in the shore bluffs; includes 
at least one 12- to 18-foot wide protuberance 
of strongly contaminated granitic intrusive 
rock muc.h as in units 8 and 10; attitude as 
in unit 7 ....•.••••.•••••••.•.•••••••••••••• 

Thickness 
(feet) 

75 (est.) 

Height 
Above Base 

(feet) 

50 (est. ) 2, 355 

·-



Unit 

10 

11 

- 358 -

Description 

LOWER TERTIARY OR (?) 
HIGHEST UPPER CRETACEOUS 

?SOOKE INTRUSIONS 

'Leucocratic granite porphyry as in body 8 and 
surrounded by zones of "granitized" con­
glomerate, 3 to 4 feet thick, near the 
contacts with surrounding sediments; sharp 
intrusive contact with unit 9 strikes about 
north-south and di:;:ls about 90°; appears to 
pinch out to about 11 feet at the tip of a sharp 
rocky point and to widen gradually inland; 
there seems little doubt that intrusive bodies 
8 and 10 are only protuberances of a much 
larger granitic intrusive body occupying the 
densely forested upper slopes of the coast in 
this interval; width along the eastern side of 
the point .... .. ............................ . 

LOWER CR ETACEOUS {ALBIAN) 

COAL HARBOUR GROUP 

Blumberg Formation 

Pebble conglomerate, coarse to fine, mostly 
dark grey but with some interl;:>eds of rust­
coloured to rust-green coloured pebble 
conglomerate; the rock is thermally altered 
and bright rust- to maroon-coloured as in 
bed (9 ) in a zone about 3 0 feet wide, fringing 
the intrusive body 10; mainly tightly packed 
and pebbles are fairly well sorted as to size 
in the individual beds; pebbles 1/2 inch to 6 
inches in diameter predominate but a greater 
or lesser admLxture of coarse (6 to 10 inches) 
pebbles, cobbles and small to l a-rge boulders 
occurs in some beds; pebbles consist pre­
dominantly of various volcanic rocks 
apparently derived from the Vancouver Group 
and of granitic;: rocks presumably derived from 
the Coast Intrusions; pebbles are mostly 
subrotmded to well rounded; interbeds of 
greywacke and pebbly grit are rare; strikes 

Thickness 
(feet) 

105 (est.) 

; .- .., ·. 

Height 
Above Base 

(feet) 



Unit 

12 

13 

- 359 -

Description Thickness 
(feet) 

range from N 80°W to N 40°W with dips 10°-20°E; 
the rocks are cut by minor, NW-trending 
normal and r everse high angle .faults but the 
continuity of the section does not seem to be 
lost anywhere; the conglomerate with above 
mentioned attitude outcrops in the high bluffs 
for about 4, 500 feet across its general strike 
from the contact with the intrusive body 10; 

Height 
Above Base 

(feet) 

its true thickness is therefore in order of • • . • • • 1, 110 (est.) 2, 305 

Irregular alternatior~ of dark grey pebble con­
glomerate as in unit 11 with rust-coloured 

. to green-yellow pebble conglomerate; both 
colour pha ses are about equally widespread; 
numerous irregularly scatte red interbeds 
and lenses of mainly coarse-grained, locally 
bright salad-green coloured greywacke and 
grit gradually increasing downward in the 
section; general attitude as in unit 11 and the 
rocks are moderately to strongly cut by 
minor faults of the same trend; outcrops are 
commonly very poor along the sea shore 
inside of Shapland Cove but the bluffs above 
are built of the same pebble conglomerate 
thoughout this interval; upper contact 
gradational; lower contact covered at the 
mouth of a small creek entering the sea in 
the northe:i::n corner of Shapland Cove; the 
conglomerates of unit 12 outcrop uninte rruptedly 
for about 1, 100 yards across thei:- general 
strike; its visible thickness is therefore in 
order of .... .. ............. ~ .............. . 

Completely covered across general strike of 
Blumberg Formation on the western side of 
above mentioned small creek and apparently 
contains the major west-northwest trending 
Shapland Cove Fault ....................... . 

800 (est. ) 1,195 

300 (est.) 
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Unit · Description 

14 Interbedding of beds of coarse to fine pebble 
conglomerate, 5 to 8 feet thick, as in unit 
12 with beds , 3 to 4 feet thick,. of similarly 
coloured, coarse- to med_ium-grained, . 
pebbly greywacke; strike about east-west, 
dips 55° to 60° north; top covered and pre-
sumably cut off by the above-mentioned, 
major fault; lower contact poorly exposed 
but apparently conformable ••••••••.••••••••. 

15 Pebble conglome rate., fine to coarse, green-
, yellow to rust -coloured, tightly packed, hard; 

attitude as above, base covered; visible ...... 
16 Greywacke, grey to dark grey, fine to medium 

grained, thin bedded to laminated; general 
strike N 40°-50°E dip 45°W; but the rocks 
seem to be st rongly disturbed; outcrops very 
poor and patchy except in the middle 1 7 to 
18 feet of the unit; top covered; visible ....... 

17 Irregular interbedding of pebble conglomerate, 
grit , coarse-grained greywacke, and fine-
grained, laminated sandstones (as in the 
overlying beds) with dark grey sandy silt- . 
stone; pebble conglomerate is more common 
than other rock types; all rocks are exceedingly 
contorted, shatte r ed and obviously occur 
within a strong fault zone; no estimate of 
thickness is possible; width across two long 
and broad, low points and the intervening 

. shallow embayment of the shoreline ..•••••••. 

18 Greywacke, greenish grey, coarse to medium 
grained; some interbeds of pebble conglomerate 
as in the over lying beds; regular strike N 20° 
E and dip 20°W; upper contact covered; lower 
contact appears to be conformable; visible .••• 

Thickness 
(feet) 

130 (est.) 

100 (est.) 

85 (est.) 

1, OOO (est. ) 

60 (est.) 

Height 
Above Base 

(feet) 

395 

265 

165 

80 



Unit 

19 

17a 

361 

Description 

Pebble conglomerate as in overlying beds; 
strike N l0°W to north-south; .dip 20° to 
25°W; base covered beneath the water; 
visible .... · ..................•............. 

Units 18 and 19 disappear beneath the sea 
at the southern base of a marked rocky point about . 
1, OOO feet northeast of Lind Islet. Unit ·17a out­
cropping on and just behind the shore throughout 
this interval, conformably overlies unit 18 and 
represents either a conglomerate facies of unit 17 
or a separate unit faulted out at ·the contact between 
units 17 and 18. 

Pebble conglomerate, as in unit 15; attitude as in 
beds 18 and 19; at l:he point of the shoreline 
about 150 feet northeast of Lind Islet the 
conglomerate on the beach and in the bluffs 
above it becomes intensely rust-coloured and 
thermally alte red as that of bed (9); some 60 
to 70 feet farther southward this bright rust­
to vermillion-coloured conglomerate becomes 
extremely metamorphosed and in places (small 
dykes or veins?) partly "granitized"; this 
metamorphosed conglomerate outcrops on the 
tidal platform and in the steep, bluffy slo.pes 
above it for t he next 300 to 350 feet; no 
significant dyke or larger intrusive body has 
been: seen within this interval;. it is thought, 
however, that such a body occurs there just 
below the surface; southwest of Lind Islet 
the above described, thermally altered to 
"granitized" conglomerates become 
replaced by fresh, unaltered conglomerates 
as in bed 15; base covered; visible .•.•.•••••• 

Thickness 
(feet) 

20 (est.) 

120 (est.) 

Height 
Above Base 

(feet) 

20 
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Section 37 (Field No. 251/2-6, 1954). Measured on the northern shore of 
Rupert Inlet between the point 2 1/4 miles north-northeast of the tip of Hankin Point 
(latitude 50°35'27nN, longitude 127°31'06"W) and the southwestern shore of a deep 
nameless cove behind Narrow Isl and (latitude 50°35'40"N, longitude 127 °2 9'2-±"W). 

Unit Description Thickness 
(feet) 

Height 
Above Base 

(feet) 

1 

2 

3 

4 

5 

LOWER CRETACEOUS (ALBIAN) 

COAL HARBOUR GROUP 

Blumberg Formation 

Pebble conglomerate, medium grey; medium 
to fine, clasts consist predominantly of 
various volcanic rocks of the Vancouver 
Group and ac idic to gabbroic Coast Intrusions 
present in comparable ratios; few 
sedimentary clasts; top and base concealed; 
visible ..... . ............................. . 

? Arkose,light grey, coarse to medium grained, 
meditim hard; a 5- to 6-inch thick interbed 
of bluish grey , fine-grained greywacke forms 
the visible base ; top and base covered; 
visible ................................... . 

Mostly covered but includes some small and poor 
outcrops of fine pebble conglomerate and 
coarse, pebbly grit lithologically similar to 
that of unit 1; strike about east-west and 

. dips 25° to 30° arlh; probably underlain by 
these rocks throughout; assumed thickness •.•. 

· Almost completely covered; probably underlain 
by rocks as in unit 3 ...................... . 

Coal, black with brownish tinge, soft, 
bituminous, impure; some interbeds of black 
carbonaceous shale; the bed does not seem to 
be persistent along the strike as it splits 
into 3 or 4 seams each 1/2 to 1 1/2 feet 
thick which are separated by similarly thick 
interbeds of black, carbonaceous shale 
within 20 to 30 feet westward; the coal 
contains the following palynomorphs (GSC-C-
4309) identified by William S. Hopkins Jr.: 

20 (est.) 1,2 72 

10 (est.) 1, 252 

3 00 (est.) 1,242 

120 (est.) 942 



Unit 

1 

_) 

6 

7 

8 

- 363 

Description Thickness 

Lycopodiumsporites austroclavatidites 
(Cookson) Pocock, Lycopodiumsporites sp. , 
Gleicheniidites senonicus Ross, Deltoidospora 
sp. , Cyathidites cf. C. minor Couper, 
Triplanosporites sp. , Osmundacidites 
wellmanii Couper, Acanthotriletes cf. A. 
varispinosus Pocock, ?Selaginella sp. , 
Verrucosisporites sp. , Cicatricosisporites 
perforatus (Baranov, Nemkova, and 
Kondratiev) Singh, Cicatricosisporites 
australiensis (Cookson) Potonie, 
Cicatricosisporites sp. , Appendicisporites 

. perplexus Singh, Vitreisporites pallidus 
(Reissinger) Nilsson, Pinus sp. haploxylon­
type, Cupressaceae (Juniperus ?), 
Tsugaepollenites cf. T. mesozoicus Couper, 
Monocolpate , ?Tricolpate; age: probably 

(feet) . 

Albian, top covered; visible . . . . • • • • • • • . . • • . . 3 

Pebble conglome rate, fine to medium; grey, 
lithologically similar to that of beds 1 and 3; 
occurs in beds and members from 2 to 40 
feet thick alte rnating with similarly thick 
beds and members of coarse pebbly grit and 
coarse-grained, pebbly sandstone; strike 
approximately east-west, dips 25° to 30° 
south; outcrops are normally poor and both 
contacts covered .......................... . 

Pebble conglomerate, medium to coarse, dark 
grey, hard and resistant, tightly packed; 
lithologically similar to that of units 1, 3 and 
6; almost .devoid of interbeds and pods of grit 
and sandstone; forms a sharp, dagger-like 
point of the shoreline •.•.••••••••••••••••••• 

Coverea inside of a long indented cove and 
possibly underlain by a unit of softer rocks; 
across general strike ••. ~ ...•.•••••••.••••• 

(approx.) 

450 (est.) 

100 (est.) 

100 (est. ) 

/, 

Height 
Above Base 

(feet) 

822 

819 

369 



Unit 

9 

10 

11 

~ 

12 

13 

- 364 -

Description 

Pebble conglomerate as in unit 7; strike about 
east-west, dip 30° south; forms another 
sharp, dagger-like point of the shoreline .... ~ . 

_ Greywacke, bluish grey to brownish grey, fine 
to coarse grained, gritty and pebbly locally 
but does not seem to include any interbeds or 
pods of grit or pebble conglomerate ..........• 

Pebble conglomerate, medium to coarse (3 to 6 
inch pebbles predominate)'; grey; lithologically 
similar to that of beds l, 3, 6, 7, 9; includes 
considerable pods, lenses, and interbeds of 
pebbly grit ~d coarse grained, commonly 
gritty sandstone (includes both arkose- and 
greywacke-like types); carbonized wood occurs 
in the lower part; strike north 70° to 80° 
west, dips 25° southwest ..•••.•••••.••.•••.. 

Interbedding of coarse grit and fine pebble 
conglomerate as in overlying beds, bluish 
grey; scattered large r pebbles occur throughout 
the thickness ; locally grades into coarse -
grained gritty greywacke; pebbles and grit 
particles are commonly composed of 
carbonaceous shale and greywacke apparently 
derived from the underlying bed 13; lower 
contact uneven , sharp and obviously erosional.ly 
disconformable; upper contact gradational ..... 

Coarse arenite unit 

Greywacke, dark grey, hard and resistant, 
fine grained, silty; grades late rally into 
similarly coloured, very arenaceous silt-

. stone; s~all pods, lenses, and thin l ayers 
of coaly siltst one; and very low grade coal 
occur locally; bed contains nwnerous small, 
carbonized fragments of wood, bark, a....'1d 
leaves; complete leaves and fern fronds 

are exceedingly rare .................. : .. ... . 

Thickness 
(feet) 

150 (est. ) 

36 (est.) 

45 (est.) 

1 

1 

Height 
Above Base 

(feet) 

269 

119 

83 

38 

37 



Unit 

14 

15 

16 

17 

18 

- 365 '."'. 

Description 

Shale, blackish. grey to brownish grey, 
carbonaceous and sometimes coaly 
(especially in topmost 6-10 inqhes ); 
some laminae , thin layers and interbeds 
of grey, fine- to medium-grained . 
greywacke ......................... . · ...... 

Greywacke, light to medium grey, fine to 
medium grained, very silty, thinly bedded 
and weathers flaky; upper contact 
gradational . ................................. 

Covered and. probably underlain by greywacke as 
in bed 15 ................................. 

Greywacke, light grey to bluish grey, brownish 
grey weathering, hard and massive-looking; 
fine to medium grained and commonly silty; 
coarse quartz grains and grit particles 
dispersed throughout the bed; strike north 
60° west, dip 25° west .••.......•.•••....•. 

Siltstone, dark grey to brownish grey, arenaceous; 
commonly contains pods, lenses and 1/2- to 
1-foot interbeds of black coaly siltstone and 
very low grade coal; upper contact uneven, 
sharp and obviously erosionally disconfonnable; 
base concealed beneath beach deposits 
inside a narrow lag:~on situated behind Niirrow 
Island; visible up to ....................... 

Thickness 
(feet) 

4 

13 

3 

11 

5 

, , 

Height 
Above Base 

(feet) 

36 

32 

19 

16 

5 

Section 38 (Field No. JA-F69-14/1-3, 1969). Measured on the tidal shelf of 
the northern shore of Quatsino Sound some 600 feet west of the mouth of Bish Creek (on 
southeastern l imb of small markedly southwest-plunging anticline). Latitude 50°30'43"N, 
longitude 12 7 ° 4-1' 12 ''W. 

UPPER CRETACEOUS 

CENOMANIAN STAGE 

Upper shale unit 



Unit 

1 

2 

3 . 

4 

- 366 -

Description 

Greywacke member 

Greywacke , brownish grey when fresh, weathers 
dull brown, fine grained, hard and dense, 
massive-looking but actually thinly bedded, 
partly calcareous ; only indeterminate shell 
fragments seen; strikes N 50°E and dips 19°E; 
top covered; lower contact gradational; 
visible ................................... . 

Pebble conglomerate, fine to medium (1/2- to 2-­
inch pebbles predominate)," mottled dull brown, . 
calcareous to very calcareous, hard and 
dense; elongated to angular limestone and 
shale pebbles predominate; some flattened 
cfayballs were nqted also; rich in matrix 
consisting of coarse- to fine-grained grey­
wacke (gritty) or fine to coarse grit, also 
contains numerous laminae, 1/2-inch to 2-inch 
interbeds and pods of grit; fossils mainly 
occur at the gradational contact of beds (1) 
and (2); this Cenomanian fauna (GSC loc. 
8393~) includes: Desmoceras (Pseudouhligella) 
ex aff. ezoanum Matsumoto, Baculites 
(Sciponoceras) n. sp. ex aff. kossmati 
Nowak, Eogunnarites unicum (Yabe), 
Inoceramus ex aff. I. crippsi Mantell and 
several indeterminate pelecypods and 
gastropods ............................... . 

Greywacke, dull brown in fresh and weathered 
state, fine grained, thinly bedded to 
laminated; contains some worm burrows; 
mostly friable ; interbedded with dull grey 
somewhat sandy, friable shale (outcrops 
poor); base concealed in the anticline's axis 
attitude as in bed 1; visible ..••...••...••••. 

Completely covered in the axis of the anticline 
(across the strilce) ........................ . 

Thickness 
(feet) 

3 

1/2 

5 

96 

Height 
Above Base 

(feet) 

8 1/2 

5 1/2 

5 



Unit 
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·· Description 

On the western side of the covered 
interval, greywacke of bed 3 reappears with the 
attitude: strike 350°dip 42°W. Inoceramus ex 
aff. 1.: pictus Mantell (GSC loc. 83 931) wa~ 
found in bed 3 on the western limb of this anti -

-cline. 

Thickness 
(feet) 

Height 
Above Base 

(feet) 

Section 39 (Field No. J A-F68-13/8-9, 1968). Measured on the north side of 
Lippy Creek, 2 miles east of Neroutsos Inlet, on the northwestern side of short secondary 
logging road branching off the m ain Gibson Road at the altitude ±_2, 150 and on the eastern 
slopes above this road between ·the altitudes±. 2, 100 and 2, 500. Latitude 50°28' 15" N, 
longitude 12 7 ° 2 9' OO"W. 

1 

2 

UPPER CRETACEOUS 

Nanai.mo Group 

Cedar District Equivalent 

Arkose, dull brown with rust-coloured spots, 
fine grained, extremely uniform and 
indistinctly bedded, friable; strikes 355 ° 
and dips 20° west; no identifiable fossils 
seen; top and base covered; visible in the 
steep banks of a small left confluent of 
Lippy Creek (near its head at the altitude 
±_2,450to 2,2 80feet) crossing a 170-foot 
high, steep, l ogged out top part of the 
slope ....... . . ~ ......................... . 

Almost completely covered, logged out 100-
. \./ foot high slope between the top of unit (3) 

and a terrace-like step forming the base 
of slope where unit 1 is exposed; scattered 
outcrops_ of arkose more or less as in 
unit (4) and prob ably underlain by this rock 
thoughout; no attitude; base and top 
covered; assumed thiclmess •••.•••.••••••• 

150 (est.) 

70 131~ 



Unit 

3 

4 

- 368 -

Description 

LOWER TERTIARY OR (?) 

HIGHEST UPPER CRETACEOUS 

?SOOKE INTRUSIONS 

Rhyolitic intrusive rock, light-blue, bluish 
white or cream white when fresh, weathers· 

J buff: maroon- or rust-coloured; completely 
unaltered and friable; very porphyritic 
and amygdaloidal; matrL'< between pheno­
crysts felsitic; medium-· to large-grained 
phenocrysts consist predominantly of dirty 
white ?potash feldspar (75%) and quartz 
(more than 10%); many 1/411 to 1", 
irregularly rounded to vermiform 
amygd'til.es are completely filled with 
quartz; numerous similarly shaped, 
completely to partly empty vesicles are 
commonly lined with a ?chalcedony crust; 
rock is massive; lower contact abrupt, 
apparently even but discordant (a dyke) 
since it cuts across several .individual 
cros sheds of unit 2 within a couple of feet 
along strike and its attitude differs from 
that of underlying unit 4; strike of the 
contact is N 10°E with dip 5°W; top 

Thickness 
(feet) 

concealed everywhere, visible up to . . . . . • • . . • 6 

The above described rhyolitic sill outcrops 
throughout an interval, about 15 yards long, at the 
northern end of previously mentioned secondary 
logging road (see Pl. XII, Fig. B). 

UPPER CRETACEOUS 

Nanaimo Group 

Cedar District equivalents ·· 

? Arkosic sandstone, whitish grey to buff and 
mottled when fresh, weathers bright to light 
orange; coarse grained, partly gritty; feebly 
to strongly ferruginous; friable; mostly well 
and thinly bedded or laminated and 

Height 
Above Base 

(feet) 



- 369 -

Unit Description 

intensively crossbedded; some of crossbeds 
are large (1-3 feet across), low, scalloped 
and apparently of deltaic to beach type; some 
interbeds of indistinctly bedded, massive-
looking sandstone; persistent and reliable · 
strike N 40° E to N 50° E with dips about 
10°W; outcrops mostly poor and 
discontinuous .............................. 

5 Pebble conglomerate, fine to very fine, pebbles 
from 1/8" to 1/4" predominating; mottled 
brown-grey, friable, contains abundant gritty 
and coarse-grained greywacke matrix; pebbles 
almost exclusively composed of volcanic rocks 
(mostly of the Bonanza volcanic types) and of 
black argillite, g~eywacke, and limestone 
presumably derived from the Sedimentary 
division of the Bonanza Subgroup; very few (if 
any?) clearly recognizable granite Coast 
Intrusion pebbles seen; pebbles mostly poorly 
to moderately well rounded; gra_cles upward into 
bed 4 through a 6- to 8-inch ·bed of pebbly, 
coar~e grit .. ............................... 

6 Greywacke, bluish grey when fresh, weathers 
chocolate-brown and chunky, later spheroidally, 
ferruginous, medium hard, fine grained, 
indistinctly but thinly bedded; base concealed; 
contact with bed 5 abrupt but even and 
apparently conformable; fairly common fauna 
(GSC loc. 82 958) fol.lild in the uppermost 1 foot 
of the bed includes Baculites cf. chicoensis 
Meek, Inoceramus chicoensis Anderson, 
Inoceranrns ex aff. balt icus Bohm and 
"Rhynchonella" suciensis Whiteaves; visible 

~ 7 A completely covered interval about 20 yards -
long along the previously mentioned secondary 
logging road (i. e. direction about 350° ). This 

- interval is the same as unit 1 of section 29 -
and separates this section from the here 

::: dl!scribed Nana.imo Group section. Barring 

Thickness 
(feet) 

25 

6 

4 1/2 

Height 
Above B::ise 

{feet) . 

4ll 

16! 

12! 



Unit 

- 370 .. 

Description 

the most unlikely occurrence of a fault 
(rocks on both sides are concordant, have 
very low dips, are neither sheared nor 
contorted and do uot exhibit any calcitic . 
veinlets or stringers), this covered 
interval conceals. a disconf ormable (more 
likely unconformable) contact between 
the Nanaimo Group and the underlying 
Barremian variegated elastic unit. 
Estimated thickness of covered rocks .••.•••• 

I - ' 

Thickness -' 
(feet) 

"' 

8 

Height 
Above Base 

(feet) 

8 
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