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-PLATE I. High bl~ffs of.- the Lower member of Quatsino Limestone in the southern side of 
·a nameless rocky -point about 2,000 feet sautheast af Stewa rt Point, Halberg Inlet. View 
8ue . ~ .orthwest (Joward Coal Harbour which is concea led behind the point) from the inner 
part ofOn "'embayment next southwest of the above-mentioned nameless point. Lime
stone strikes 340°-350° (obliquely to the right side of the photograph) and dips about 
vertical. The bedding shows well on the left side of the photograph near the tip of the 
point. 

The Welleri Zone fossil locality GSC loc. 24335 is behind the Quatsino Limestone bluffs. 
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PREFACE 

A principal objective of the Geo logical Survey of Canada is the estimation of 
the potential abundance and probable distribution of mineral and fuel resources avail
able to Canada. To make such estimates, a wide variety of data is needed , including 
information concerning the geological framework. In thi s report the age, structure, 
sequence, relationships, thickness, and origin of a thick succession of Triass ic and 
Lower Jurassic volcanic and sedimentary rocks from northwestern Vancouver Island 
are described in great detail. 

The detailed studies on which this report is based were done in 1953 and 1954, 
supplemented by some additional work in 1968 and 1969. Because luxuriant vegetation 
covers all lowland areas and most of the steeper slopes above high tide, the survey 
was confined to the well-exposed shoreline. Several interim reports have been published , 
but this report presents the first complete synthesis of the voluminous data collected by 
Dr. Jeletzky. 

The report area is underl a in mainly by the more than 25,000-foot-thick succession 
of volcanic and sedimentary rocks known as the Vancouver Group. It has long been 
recognized that an understanding of the sed imentary units of this group is essential 
if the geological history of this complex area is to be unravelled , and considerable 
attention is given to thi s. The nature and origin of the fault-block tectonic style that 
characterizes the rel at ively undeformed rocks of this geosynclinal region is discussed in 
detail. 

This report , the result of many years of detailed fi eld and laboratory studies by the 
author. is an important and significant contribution and will ass ist greatly those concerned 
with West Coast geology. 

D. J. McLAREN, 

Direc1or, Geological Survey of Canada 

OTTAWA, October 5, 1973 
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MESOZOIC AND ?TERTIARY ROCKS OF 
QUATSINO SOUND, VANCOUVER ISLAND, 

BRITISH COLUMBIA 

Abstract 

The report-area is underlain la rge ly by a more th an 25,000-foot-th ick 
succession of Triassic and Lower Jurass ic volca nic and sed imentary rocks of 
the Vanco uver Group . The base of the group is no t ex posed. The Vancouver 
Group is subdivided into the Ka rmutsen Subgroup below and the Bonanza 
Subgroup above, with the Quatsino Limesto ne included in the latter. 

Only about 3,000 feet of the uppe rmost Karmutsen Subgroup is exposed 
within the area . These beds a re overlain appa rently conform ably by 2,300 to 
3,300 feet of va riegated sediments of the Sedimentary di visio n of the Bonanza 
Subgroup. 

The broad Ka rni an ( i.e., Ka rmut sen and early Quatsino time) marine 
basin , which extended well to the west a nd east of the report-area, was 
transform ed into a rel ativel y narrow, no rth -trendi ng depositional trough in 
the early Nori an and then fragmented by so urce areas (? islands) in the late 
Nori an. The resulti ng complex fac ies pattern of elast ic and calca reous sedi 
ments (Thinly bedded member, Arenaceous member, Sutton Limestone) was 
terminated by the latest Tri ass ic (?early Rh aetian ) orogenic phase, which 
flexed the Tri ass ic rocks and fa ulted them judgin g by the concurrent outburst 
of volcanism. The crests of at least two north-trendin g anticlines ( i.e., Coa l 
Ha rbour- Alice Lake and Southwestern tec tonic la nds ) became sou rce areas 
supplyi ng pyrocl astics, lavas, and coa rse volcanic elas tics to the intervening 
Neroutsos and West Coast residual mar ine troughs. 

The latest Triass ic orogenic ph ase and the accompa nying volcani sm 
did not affect the northeastern side of Vancouver Island, the Queen C harlotte 
Strait, and the Queen C ha rlotte Islands where the deposit ion of ma rine 
argillites and limestones (upper parts of Parson Bay and Quatsino formations) 
continued into the Jurassic. This resu lted in the subdi vision of the Insul ar 
Tectonic Belt into two zones. The so uthwestern tectonically a nd volcanically 
active zone included all of the report-a rea and the adjacent parts of north
western Vancouver Island. The tectonically and volcanically quiescent zone 
comprised a reas to the southeas t, east , northeast, and no rth of the report
area. This depositional- st ructural pattern persisted to th e en d of Early Jurassic 
time. 

Some 10,000 to 20,000 feet of ma inl y andesitic volcanics and sediments 
of the Volcanic division of the Bonanza Subgroup was deposited during the 
latest Tria~sic and Ea rly Jurassic in the report-area and ad jacent part s of the 
tectonicall y and volcanically active zone. The Volcanic division is subdivided, in 



ascending order as follows: Hecate Cove Formation (new), Lower Jurassic 
volcanic unit, Cherly limestone unit, Grey volcanic unit, Matthews Island 
Formation (new). Uppermost Sinemurian volcanic unit , Uppermost Sinemurian 
argillite unit, ?Dark grey volcanic unit , and ?Pliensbachiia~-?Toarcian grey
wacke unit. Only 2.000 to 3.500 feet of argillites and limestones (Harbledown 
and Maude formations) was simultaneously deposited in the quiescent zone , 
which obviously was sediment-starved. The sedimentary interbeds of the 
Volcanic division appear to be the tongues of the Harbledown and Maude 
formations 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, west-dipping homocline, apparently comprising the western limb of 
the anticlinorium of Vancouver Island. This basically simp!e Mid-Jurassic 
tectonic pattern was strongly complicated locally by the influence of largely 
syntectonic Coast Intrusions. The Mid-Jurassic orogeny transformed all of the 
Insular Tectonic Belt into a tectonic land and caused the "migration" of 
volcanism (Yakoun volcanics) from the Early Jurassic 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, amygda
loidal , or felsitic textures. These dioritic to gabbroic plutons a ppear to be 
extremely shallow to hypabyssal apophyses and cupolas of larger hypocrys
talline intrusive bodies still hidden at depth. These hidden intrusives are 
believed to be intimately connected with or to represent a direct continuation of 
the principal Coast Intrusion bodies of the Coast Mountains. 

The stratigraphic-paleontological data indicate the occurrence of only 
one, geologically brief (?Bathonian) major epoch of the Mesozoic Coast In
trusions in the report-area and elsewhere on 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-Valanginian rocks were 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 Belt in the wake of the Mid-Jurassic 
Orogeny. 

The Vancouver Group and the Coast Intrusions are overlapped unconfor
mably by more than 10,000 feet of Cretaceous strata. These exclusively sedi
mentary, 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 Barremian group, equivalent to the 
Longarm Formation of Queen Charlotte Islands and the Cretaceous part of 
Relay Mountain Group of the Tyaughton Trough, forms the basal part of the 
Cretaceous sequence. This 3,00ll- 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, illoce
ramus co/onicus 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 north
east. The pulsating late Valanginian to late Barremian transgression gradually 
advanced eastward and southeastward over the worn down northwestern part of 



the Mid-Jurassic tectonic land. The tra nsgression culminated in the late 
Barremian when a ll of the report-area was flooded and the flanking source 
areas essentia ll y peneplaned. 

The Neocom ian rocks a re overla in , apparently conform ably, by a succes
sion of predominantly coarse grained, a lmost exdusively nonmarine elastics , as 
much as ?8,000 feet thick , named the Coal H a rbour Group ( new) . These 
Apti an to Al bian rock s are subdi vided into a Coa rse arenite unit below, ?800 
to ?5,390 feet thick , a nd the overlying Blumberg Formation ( new), at least 
3,000 feet thick. 

The nonma rine Coa l Harbo ur Group is equi valent to the Jackass 
Mo unt ai n Group of th e Tyaughton Trc ugh. It registers the occurrence of the 
inte rregional Aptian (? late Aptian) orogeny which strongly uplifted the 
previously peneplaned Mid-Jurassic tecion ic land a nd represents piedmont 
deposits laid down in an embayment -like subsiding basin o n its northwestern 
side. The bulk of coarse elast ics was apparentl y supplied by the st rongly 
e levated Brooks Pen insul a landmass to the southeas t of the report-area. Some 
coarse elastics were, however, derived from the less e levated tectonic land 
occupying the northeastern side of Vancouver Isl and. Un like the Tyaughton 
Trough, the re port-a rea ap parentl y was not fl ooded by the Albian sea. 

At least 680 feet of Ce noma ni an and Turonian marine shale with minor 
amo unts of coa rse r elastics occurs locall y in the report-area. This Upper sha le 
unit is a small erosion al remnant of the southeastwa rd onl ap of the late 
Haid a Sea of Queen Charlot te Islands onto the subsidi ng northwestern part 
of the Aptian- Albian tectoni c land of Vancouver Island. The a rea l exte nt of 
this early Upper C retaceous transgression is uncertain. 

The Nanaimo Group is represe nted by a unique, small outlier ?u ncon
formably overlapping the Barremian rocks on the eas tern side of Neroutsos 
Inlet. Its arkosic sandstones, more than 280 feet thick (top faulted ), are 
equivalent only to the la te Ca mpani an Cedar Distri ct Formation of the N a
na imo-Comox area. The N eroutsos o utlie r represents the central pa rt of the 
northern embayment of the la te N ana imo Sea. This sea advanced from the 
northwest or ?west and did not extend southward beyond the line defined by 
Suquash C reek, head of Nero utsos Inlet, and K wakiutl Poi nt . Its eastern limit 
was presum ably situ ated somewhere beneath Queen C harlotte Strait. 

A few small- to medium -size, dyke- and plug-like plutons invade the 
Cretaceous rocks of the repo rt-a rea. Because of their post-Nanaimo ( i.e., post
Campan ia n ) age and the loca lizat ion a long the planes of the presum ably 
ea rl y Tertiary fau lts, these plutons are te nta tive ly correla ted with the Sooke 
Intru sio ns of sou theaste rn Vancouver Island and ass igned an early Oligocene 
age. 

The mineralogical composi ti on o f the ?Sooke Intrusions ranges from 
granitic to gabbroic. The small size of the plutons, the prevalence of fine to 
coarse, porph yriti c, amygda loidal, and felsitic texture, and the abundance 
of metasomaticall y a lte red C retaceous sed iments ( therm al h alos) in their 
vicinity indicate their being extrem ely shallow to hypabyssa l apophyses and 
cupol as of larger plutons still hidden a t depth. 

No outcrops of Tertiary sedi mentary rocks were seen in the report
a rea . The allegedly ?la te Tertiary volcan ics outcropp in g on the northern shore 
of Holberg Inl et appea r to be a strongly indu rated and si licified facies of the 
Volcan ic division of the Bonanza Subgroup. 

Severa l pri nc ipal faults t rending northwest or west-northwest and delineat
ing four or ?five st ruc tura ll y discontinuous, large to med ium fa ult blocks 
dominate the present -day structure of the report-area. A multi tude of closely 
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spaced major and minor faults striking in several directions dissect all the 
principal fau lt blocks. Normal and ?s trike-s lip faults predominate, whereas 
high-angle thrust faults are rare. With one exception, all observed faults 
transect indi scrimin ate ly a ll Mesozo ic rocks, including those of the Nanaimo 
Group . Howeve r, they do not seem to disrupt the presumably early Oligocene 
?Sooke Intrusio ns. The age of these fa ults is more likely ea rly Tertiary than 
la test Cretaceo us. However, they may be younger, as all major faults on 
the west coast of Vancouver Island are kn own to transect the Tertiary 
(Oligocene and early Miocene) st ra ta . 

The predominant fault-block tectoni c sty le of the report-area and other 
parts of the Insu lar Tectonic Belt is caused by a somewhat peculiar basement 
control. The ubiquitous presence of a thick and rigid "shield" of Karmutsen 
volcanics must have prevented the development of tight to overturned folds 
by Late Triassic and Early Jura"sic time. Before the end of Middle Jurassic 
time this "volcanic basement" was further strengthened by the invasion of 
numerous small and la rge Coast Intru sions and the accompanying indurati on 
or metamorphism of the sediments and volcanics of the Vancouver Group. 
The resultin g "magmatic basement" determined the subsequent tectonic style 
of the report-area and other parts of the Insul ar Tectonic Belt by yie ldin g 
to the stresses of all post-Middle Jurassic tec toni c movements by large- and 
small-scale faulting only . The relatively thin post-Middle Jurassic sed iments 
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. 
This predominant fault-block tectonic style seems to be out of pl ace in an 
otherwise typica l geosynclinal ( = orthogeosyncli na l or eugeosy nclinal) region. 
H owever, other examples of a simi lar tectonic style are becoming known 
elsewhere in the Circumpacific Orogenic Belt. 

Resume 

Le sous-sol de la region a l'etu de se compose en majeure partie d'une 
succession de roches volcaniques et sed imentaires du Trias et du Ju rass ique 
inferieur appartenant au groupe de Vancouver dont l'epaisseur a plus de 
25,000 pieds. La base du groupe n'affieure pas. Le groupe de Vancouver a ete 
divise en deux sous-groupes: celui de Ka rmutsen a sa partie inferieure et 
celui de Bonanza, comprenant le calcaire de Quatsino a sa partie superieure. 

Du sommet du sous-groupe de Karmutsen, environ 3,000 pieds seulement 
affieurent dans la region . Ces co uches sont recou vertes, sans discordance 
a pparen te , par 2,300 a 3,300 pieds de sediments bigarres, de la division sedi
mentaire du sous-groupe de Bonanza . 

Le vas te bass in marin karnien (c'est-a-dire au cours du Karmutse n et 
au debut de Quatsino)' qui s'e tend ait de beau coup a !'est et a l'oues t de la 
region a l'etude, se transforma au debut du Norien en un e fosse sed imentaire 
relativement etroite, orientee vers le nord , puis fut pa r la suite fragmentee par 
des zones d'apport (des Iles ?) vers la fin du Norien . Le facies a st ructure 
complexe qui en resulta , forme de sed im ents cl as tiques et calcaires (niveau 
a couches minces, nivea u arenace, calcaire de Sutton) fut interrompu par la 
derniere ph ase orogenique du Trias (debut du Rhaetien ?) qui plissa les 
roches triassiques et y produisit des failles, si on en juge par le dechalnement 
coexistant du volcanisme. La crete d'au moi ns deux a nticlin aux orientes vers 
le nord (Jes terrains tectoniques de Coa l H arbou r-A lice Lake) deviennent des 
zones d'apport deversant des materiaux pyroclastiques, des laves et des 



materiaux clastiques volcaniques grossiers dans Jes fosses residuel les marines 
de Neroutsos et de la cote Ouest. 

La derniere phase orogenique du Trias et le volcanisme qui l'accompagna 
n'atteignirent pas la partie nord-est de l'ile Vancouver, le detroit de Ja Reine
Charlotte ni Jes Iles de la Reine-Charlotte. ou la deposition d'argilites et de 
calcaires marins (couches superieures des formations de Parson Bay et de 
Quatsino) se prolongea jusque dans la periode jurassique. Ceci amena la 
division de la zone In su laire tectonique en deux. La region situee au sud-ouest , 
tectoniquement et volca niquement active. comprenait toute la region a l'et ude 
ains i que les parties adjacentes au nord-ouest de l'lle Vancouver. La region 
tectoniquement et vo lcaniquement calme comprenait Jes abords au sud-est, 
a l'est, au nord-est et au nord de la region a l'etude. Ce mode de deposition 
et de structuration se poursuivit jusqu'a la fin du Jurass ique inferieur. 

De I 0,000 a 20,000 pieds de roches volcaniques en majeure partie 
andesitiques et de sediments de la division volcanique du sous-groupe de 
Bonanza furent deposes au cours de la toute derniere fin du Trias et au debut 
du Jurassique dans la region a l'etude et Jes regions adjacentes de la zone 
tectoniquement et volcan iquement act ive. On a subdivise la division volcanique 
par ordre d'anciennete comme suit: formatio n de Hecate Cove (nouvelle), 
unite volcanique de base du Jurassique, unite de calcaire a silex, unite volca
nique grise, formation de Matthews Island (nouvelle), unite volcanique du 
plus recent Sinemurien , unite d'argilite du plus recent Sinemurien , unite 
volcanique gris fonce ?, et unite de grauwacke du Pliensbachien-Toarcien ? 
II n'y eut que quelque 2,000 a 3,500 pieds d'argilites et de calcaires (fo rmations 
de Harbledown et de Maude) qui furent deposes simul tanement dans Ja zone 
calme, OU ii y avait evidemment penurie de sediments. On a interprete Jes 
sediments interstratifies de la division volcanique comme etant des apophyses 
des formations de Harbledown et de Mau de de la zone calme. 

L 'orogenese du Jurassique moyen et Jes intrusions batholiques de la cote 
qui l'accompagnerent vinrent annihiler le mode de deposition et de structu
ration caracterist ique du Jurassique inferieur. D ans la region a l'etude, le 
groupe Vancouver fut plisse pour former un homoclinal ouvert , oriente vers 
le nord et incline vers l'ouest, comprenant apparemment le versant occidental 
de l'anticlinorium de J'lle Vancouver. Ce comportement tectonique basiquement 
simple du Jurassique moyen se compliqua fortement par endroits sous !'influence 
d'intrusions cotieres principalement syntectoniques. L'orogenese du Jurassique 
moyen transforma toute la zone Insul aire tectonique en une region tectonique 
et provoqua la «migration » du volcanisme (volcaniques de Yakoun) de Ja 
zone active du Jurass ique inferieur au se in de la zone calme de Ja meme 
period e. 

Les intrusions cotieres relevees dans la region a l'etude sont des filons, 
petits et grands, des pitons et, rarement , de petits stocks caracterises par des 
textures porphyritiques allant du fin au grossier ou des textures amygdaloldes, 
OU felsitiques. Ces plutons dioritiques a gabbro"iques semblent etre des 
apophyses et des coupoles de position tres superficielle allant a hypabyssale, 
temoins de plus grosses masses intrusives hypocristallines encore enfouies en 
profondeur. On croit que ces intrusions cachees sont intimement reliees aux 
principaux massifs d'intrusions cotieres de la chalne Cotiere, ou en representent 
un prolongement direct. 

Les donnees stratigraphiques et paleontologiques indiquent !'occurrence 
d'une seule epoque majeure, gfologiquement breve (bathonienne?), des 
intrusions cotieres mesozolques dans la region a l'etude et ailleurs dans 



!'lie Vancouver. Ceci co ntredit l'hypothese main tenan t a la mode qui veut 
une activite ignee plus ou moins continue da ns la Cord ill ere occidentale. 

On n'a pas releve dans la region de roches du Jurassique superieur ou 
d'age s'echelonnant du Herri as ien ou Valanginien moyen. Apparemment, cette 
partie de I'lle Va ncouver demeura emergee et subissait !'erosion au cours de 
l'intervalle de tem ps qui suivit un soul evement regional de la zone Tnsul aire 
tec tonique a la suite de I'orogenese du Jurass ique moye n. 

Le groupe de Vancouver et les intrusions cotieres sont superposes en 
discordance par plus de I 0,000 pi eds de couches du C retace. Ces roches, 
exclusivement sedi mentaires, d'origine parti ellement marine, couvraient appa
remment au trefois toute OU presque toute Ja region a J'etude ma is disparurent 
au cours de !'erosion du post-C retace. a !'exception de quelques enclaves 
preservees au sein de grabens ou dans des structures synclinales. 

Un groupe encore innomme, all ant du Valanginien supeneur au 
Barremien superieur. equivalant a la formation de Longarm des iles de la 
Reine-Charlotte et a la partie cretacee du groupe de Relay Mountain de la 
fosse de Tyaughton , constitue la partie basale de la serie cretacee. Ces roches, 
d'une epaisseur de 3,000 a 3,5 00 pieds, se subdivisent (par ordre ascendant) 
en: une grauwacke a Buchia crassicollis, une unite de siltstone du H auterivien, 
une unite grauwacke-conglomerat all ant du Vala ngini en superi eur au Haute
rivien (?) , les calcarenites a ln oceramus co /011ic11s, une unite de grauwacke 
a grain fin du Ba rremien et une unite clastique bigaree du Barremien. Ces 
roches necomiennes furent deposees dans une anse marine relativement peu 
profonde confinee entre la terre ferme de la peninsule de Brooks au sud-est 
et celle de la cote nord-est au no rd-est. La transgression a pulsations qui dura 
du Valanginien superieur au Barremien su perieur s'avan\;a gradu ellement vers 
!'es t et le sud-est au-dessus de la region erodee du nord-ouest des terrains 
tectoniques du Jurassique moyen. Cet te transgression atteignit son apogee 
pendant le Barremien superieur alors que toute la region a l'etude fut in ondee 
et que Jes zones d'apport adjacentes furent penepl anees essentiellement. 

Les roches du Neocomien sont recouvertes, en concordance semble-t-i l, 
par une serie de roches cl as tiqu es a gra in plutot grassie r et d'origine 
presqu'exclusivement non -ma rine; ce groupe, d'une puissance allant jusqu'a 
8,000 pieds (?),a ete nomme groupe de Coa l Harbour (nouvea u). Ces roches, 
datant de l'Aptien a l'Albi en, se divisent en une a renite gross iere a la base, 
d'une epaisseur de ?8 00 a ?5,390 pi eds, et en la formation recouv rante de 
Blumberg (nouveau), d'une epaisseur d'au mains 3,000 pieds. 

Le groupe non-marin de Coal Harbo ur est l'equivalant du groupe de 
Jackass Mountain de la fosse de Tyaughton. II temoigne de la venue de 
I'orogenese inter-region a le de I'Apti en (?Aptien superieur ) qui sou leva 
fortement la region tectonique du Jurassique moyen qui etait anterieurement 
peneplanee et represente des depots de piedmont accumules clans un bassin 
encaisse en voie d'effondrement de son cote nord-ouest. Le gros des materiaux 
clastiques grossiers· provient appa remm ent des terrains fortement emerges de 
la peninsule de Brooks au sud-est de la region. Certains m ateri aux clastiques 
grossiers originerent cependant de la region tectonique moins elevee couvrant 
la partie nord-est de !'lie Vancouver. A l'encontre de la fosse de Tyaughton, Ja 
region a l'etude ne semble pas avoir ete inondee pa r la mer albienne. 

On trouve en certains endroits de la region au moins 680 pieds de schistes 
a rgileux marins du Cenomanie n et du Turonien, ainsi que de pet ites qu antiles 
de sediments clastiques gross iers. Ce tte unite plus recente de schi stes argileux 
est le residu ct'erosion d'une invas ion vers le sud-est de la ph ase finale de la 



mer de Haida des Iles de la Reine-Charlotte sur la partie nord-ouest en 
effondrement de la region tectonique aptienne-albienne de l'lle Vancouver. 
L'etendue de cette transgression du debut du Cretace superieur demeure 
incertaine. 

Le groupe de Nanaimo est represente par une seule petite enclave qui 
est supportee en di scordance (?) par Jes roch es barremiennes qui bordent le 
cote est de l'anse de Neroutsos Ces gres a arkoses. de plus de 280 pieds 
d'epaisseur et failles au sommet, equivalent seulement a la formation de 
Cedar District du Campanie11 superieur de la region de Nanaimo-Comox. 
L'enclave de Neroutsos repre>t. .ite la partie centrale de l'anse nord de la fin 
de la mer de Nanaimo. Cette mer s'avanc;a du nord-ouest ou de l'ouest (?) , 
mais ne s'etend it pas au-dela d'une ligne defin ie par la rivi ere Suquash. le fond 
de l'anse de Neroutsos et la pointe de Kwakiutl. On croit que sa limite 
orientale se situait quelque part sous le detroit de la Reine-Charlotte. 

II existe quelques plutons, petits et moyens, a forrne de filons et de pitons, 
qui envahirent Jes roches cretacees de la region. A cause de leur age post
Nanaimo (c'est-a-dire post-Campanien) et de leur dispositi on suivant Jes pl ans 
de failles datant probablement du Tertiaire in ferieu r, on a etabl i pour le 
moment une correspondance entre ces plutons et Jes roches intrusives de Sooke 
du sud-est de !'!le Vancouver et on Jes a assignes au debut de l'O li gocene. 

La composition mineralogique des roches intrusives de Sooke (?) va du 
granitique au gabbro"ique. La tai lle restreinte de ces plutons, Ja predominance 
des textures porphyritique, amygdalo"ide et felsique a ll ant du fin au grossier, 
ai nsi que l'abondance dans leur perimetre de sediments du Cretace alteres 
metasomatiquement (halos thermiques) indiquent qu'ils constituent des 
apophyses et des coupoles, dont la position s'echelonne de tres peu profonde 
a hypabyssale, temoins de plus gros plutons encore enfouis en profondeur. 

On n'a pas releve d'affieurements de roches sedi menta ires du Tertiaire 
dans la region. Les roches volcaniques affieurant sur la rive nord de l'anse 
Holberg, et attribuees au Tertiaire superieur (?) semblent etre un facies 
fortement indure et silicifie de la division volcanique du sous-groupe de 
Bonanza. 

Plusieurs failles principales, d'allure nord-ouest ou ouest-nord-ouest et 
delineant quatre OU cinq (?) blocs fai lles de dimension grande a moyenne, 
en discordance structurale, dominent la structure actuelle de la reg ion a l'etude. 
Une multitude de failles, majeures et mineures, etroitement espacees et 
orientees dans differentes directions, recoupent tous les principaux blocs failles. 
Les failles normales et horizontales de decrochement predominent, tandis que 
les fail les de chevauchement a fort pendage sont rares. A une exception pres, 
toutes Jes failles observees recoupent au hasa rd toutes les roches mesozo"iques, 
y compris celles du groupe de Nanaimo. II ne semble cependant pas qu'elles 
aient derange les roches intrusives de Sooke (?) datant probablement du debut 
de l'Oligocene. Ces fai lles <latent vraisemblablement du debut du Tertiaire 
plutot que de la fin du Cretace. Elles pourraient cependant etre plus recen tes 
puisque !'on sait que toutes Jes failles majeures de la cote occidentale de 
l'lle Vancouver recoupent les couches du Tertiaire (Oligocene et debut du 
Miocene). 

Le style tectonique des blocs fa illes qui predomine dans la region a l'etude 
et dans d'autres regions de la zone Insul aire tectonique fut cause par un 
controle quelque peu singu lier de leurs assises. La presence partout d'un 
• bouclier> epais et rigide de roches volcaniques du Karmutsen dut empecher 
!'elaboration de plissements serres ou renverses au cours de la fin du Trias 



et du debut du Jurassique. Avant la fin du Jurassique moyen, ces • assises 
volca niques» furent renforcees davantage par !' invasion d'une multitude 
d 'intrusions cotieres, petites et grandes, et par ]'induration OU le meta
morphisme resultant des sediments et des roches volcaniques du groupe de 
Vancouver. Les «assises magmatiques» qui en resulterent determinerent le 
sty le tectonique ulterieur dans la region a l'etude et d'autres parties de la 
zone Insulaire tectonique en cedant aux tensions imposees par tous Jes 
mouvements tectoniques du Jur2ssique post-moyen par la seule production de 
failles , a grande et pet ite echell e. Les sed iments relativement minces du Juras
sique post-moyen furent proteges en majeure partie contre Jes efforts de com
pression et ne purent subir de plissements , meme modestes, excepte au voisinage 
de failles majeures ou principales. La predominance de ce style tectonique de 
blocs failles semble in accoutumee da ns une region par ailleurs typiquement 
geosynclinale ( = orthogeosynclinale ou eugeosynclinale). On commence ce
pendant a reconn altre, ailleurs dans la zone orogenique circumpacifique, 
ct'autres exemples d 'un tel comportement tectonique. 



INTRODUCTION AND ACKNOWLEDGMENTS 

This report is based on the results of a detailed survey of Mesozoic and ?Tertiary 
rocks of parts of Quatsino Sound which took place during the 1953 and 1954 seasons, 
and also includes results obtained from work done during a supplementary survey in 
1968 and 1969. 

The work, largely confined to the generally well exposed shoreline, was carried on 
by means of a locally chartered 40-foot boat and dinghy. A panel truck was used to 
survey sections along logging roads at the headwaters of Lippy Creek, east of Neroutsos 
Inlet, and the channels of some larger streams were traversed on foot. Attempts to 
survey inland parts of the area at a distance from major stream channels and logging 
roads were found to be unrewarding because of luxuriant vegetation which covers the 
lowlands and most of the steeper slopes above the high tide mark. 

The parts of the shoreline occupied by fossiliferous sedimentary rocks were 
studied in much greater detail than those occupied by volcanic or intrusive rocks. 
Previous geological reconnaissance work of Dawson (1887), Dolmage (1921), and 
Gunning (1930), including some unpubli shed reconnaissance geological maps by 
Dolmage, was used for general orientation and as a guide to the major sedimentary 
outliers of the area. The geological mapping of these early explorers, and the recent 
mapping of Jeffery (1962), Northcote (1969) , and Muller (1967, 1969, 1970) is, for 
the most part, too generalized to be used to fill in the gaps between those parts of the 
area mapped by the writer on the scale of i inch= 1 mile, or a still larger scale. Geo
logical 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. Norman 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 inverte
brate 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 the Geological 
Survey of Canada, identified an important collection of spores and pollen from the 
Blumberg Formation. 

Original MS. submitted: July 1971. 
Final version approved for publication: October 1973. 
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STRATIGRAPHY 

Vancouver Group 

The investigated part of Quatsino Sound is underlain mainly by a very thick 
succession of Triassic and Lower Jurassic volcanic, pyroclastic, and sedimentary rocks. 
These rocks, which are older than the Coast Intrusions, have been referred to as the 
Vancouver Group (originally proposed as Vancouver Series by Dawson, 1887). 

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 less 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 thicknesses of the adjacent 
volcanic to pyroclastic rock-units and tend to fo rm 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 stratigraphic 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 the 
Vancouver Group and mapping of its structure was recognized by Dawson (1887, 
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, p. 102A-104A; 1931 , 1932, p. 23A-25A; 
1933, p. 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 "Before the structure of the Vancouver Group can be worked out 
the sediments 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 o.f the Nimpkish map-area into the Karmutsen Volcanics below, Quatsino 
Formation in the middle, and the Bonanza Group above. This threefold division was 
found to be fully valid by Hoadley ( 1953) for Zeballos map-area, and by Jeletzky 
(1950, 1954a, 1954b, 1970b, and unpubl.) for the west coast of Vancouver Island 
between Brooks Peninsula and Clayoquot Sound and was found also to be valid for the 
investigated 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 Vancouver Group, in the sense of Dawson (1887) and subsequent 
workers, Jost 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 val uable for the designation of all 
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Table of Formations 

Time-rock units 
Group and Lithology and 

System 

I 
Formation thickness (feet) 

and Stage Regional Zone 
Series ----

Unknown a nd probably absent 

Lower Granite porphyry, diorite 
Oligocene ? ?Sooke Intrusions porphyry, and gabbro; minor 

>- o r younger ? rhyolite, daci te , a ndesite, 

'" and diabase < 
~ 

'" w .... 
Intrusive contact with Cretaceous strata 

Unknown and probably absen t 

Unknown and probably absent 

Early Baculites cf. Nanaimo Group 
upper chicoensis (Cedar District Arkoses and arkosic 

;g Campanian Pterotrigonia equivalent) sandstones; 280 + 
0 evansana w 
u 
< .... 
w 

'" u Unknown and probably absent by nondeposition 

'" w (a m ajor period of o rogenyt) 

"' "' ;:o 

Cenomanian Upper sha le unit Siltsto ne, shale, and some 
and (= Upper shale of fine-grained greywacke; mino r 
?younger Dawson, 1887) pebble-conglomerate and 

minor limestone; 680 + 

----

Pebble- to boulder-conglomerate; 
some grit and coarse to fine-

'i' Blumberg gra ined subgreywacke; minor 

"' Albian " Formation sa ndy siltstone and shale ; ;:o 5 
0 c. (new) locally coaly and wi th coal 
w ::> layers ; 3,000+ u e < .... IJ w 

~ 

'" u ::> 
0 

'" -e Coarse to medium-grained, 
"' ~ Coarse commonly gritty subgreywacke ~ :i: 
0 Aptian -;;; arenite and greywacke; some fine-
..J 

J unit grai ned greywacke, arenaceous 
siltstone and shale; minor 
limestone, pebble-conglomerate, 
and coal; ?800 to ?5,390 + 

1As interpreted by the writer, an "orogcnic phase" o r "orogeny" implies a demonstrable or probable fo lding o f the rocks 
which occurs beneath the unconformity in addit ion to their uplift and erosion. Batholithic intrusions of granitic rocks may 
or may not accompany an "orogeny." 
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Table of Formations (cont.) 

Time-rock units I Group and Lithology and 
System 

I 
Formation 

I 
thickness (feet) 

and Stage Regional Zone 
Series 

----
Forward Inlet to Rupert Inlet and 
Kewquodie Creek Holberg Inlet; east 
area and Quatsino of Nero utsos Inle t 
village 

1-Jeteroceras 
(Heteroceras) cf. 
he/iceroides See text for 
?Hemihoplites sp. details of 
indet. lithology 

Upper Barremian and 
and fine-grained thickness 
middle ---- ? - --- greywacke of 
Barremian unit indi vidual 

units 
Eulytoceras aff. 
phestum 

Barremian 
va riegated 

"' 
elastic 

" unit See text for 
8 200± to 1,000 ± detai ls of 
"' Lower .,, lithology 

Barremian Shasticrioceras 6 lnoceramus and 
?a nd / o r latest cf. " colonicus thickness c 

"' Hauterivian poniPnte c calcarenites of 
;:i 2- -- -- individual 0 
"' "' --- ~ uni ts u c: -< " I- '" West East "' > 
0: '3 u a 
0: Simbirskites " "' (Simbirskites) c 
~ .2 
0 broadi ;;; 
.... ----- -- E 

Ci 

"" See text for 
? e Upper details of 

" Valanginian Unknown and lithology Cl) 

Hauterivian c Ha uteri- and(?) apparently and 0 

- - -- - - - ....l vian Ha uterivian completely absent thickness 
Homolsomites siltstone grcywacke- bee a use of non- of 
oregonensis unit conglom- deposition individual 

- - ----- erate unit units 

? 

---- --

Upper Buchia Buchia 
Valanginian crassico/lis crassicol/is 

s. str. greywacke 

? 

/Hiatus 
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System 
and 

Series 

~ 
"' < 
"' ~ 
"' "' :i: 
0 
.J 

Table oj Formations (cont.) 

Time-1 ock units 

Stage 

7Bathon ian 

?Toarcian 

Regional Zone 

Group and 
Formation 

Lithology and 
thickness (feet) 

Unknown and probably totally absent by nondeposition 
(a major interval of e~osion) 

Coast Intrusions 
Quartz di o rite, diorite and 

gabbro; various dacitic to 
?andesitic minor hypabyssal 
intrusions 

Intrusive contact with rocks of Vancouver Group 

?Grammoceras sp. 
1--------1-?- - - - ?- - ?Pliensbachian-?Toarcian greywacke unit 

1,000 + (both contacts covered) 

--- -- --

Fanninoceras sp. 
Pliensbachian 

-?- - - -?- -

A can thopleuroceras 
suther/andbrowni 

?- - - - ?- -

Echioceras 
Sinemurian (Melanhippites) 

harbledownensis 

-- -- - - -

- -- - ---

Asteroceras aff. 
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MESOZOIC AND ?TERTIARY ROCKS OF QUATSINO SOUND, B.C. 

intensely faulted and sheared, more or less altered or metamorphosed , pre-batholithic 
Mesozoic rocks of Vancouver Island. Therefore, it was decided to retain the Van
couver 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 tentativel y included in the 
Vancouver Group in its original definition (Dawson, 1887, p. lOB). 

Karmutsen Subgroup 

The Karmutsen Volcanics are accorded a subgroup status, as Surdam's ( 1968, p. 
17-18, Figs. 3-5) work in Buttle Lake area has demonstrated the feasibility of their 
subdivision into several informally named lithological units of formational rank. Sur
dam's ( 1968) subdivisions of the Karmutsen Subgroup appear to be valid for the in
vestigated part of Quatsino Sound. 

Amygdaloidal Flows Unit 

Dis1ribu1io11 and slraligraphy. The oldest rocks exposed m the report-area are 
dark bluish grey to dark green, mainl y amygdaloidal or porphyritic basic lavas 
of the Karmutsen Subgroup. These lavas appear to be li.thologicall y similar and strati
graphically 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 3,000 feet of lavas, locally with minor interbeds of basic pyroclastic 
rocks and tuffaceous sediments (see below), is 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 
mass ive limestone of the lower member of the Quatsino Formation seems to overlie, 
conformably and gradationally, the bluish green, fine-grained (?)lavas of the Kar
mutsen Subgroup. It is possible, however, that these (?)lavas at this locality comprise 
a 5- to 6-foot-thick intrusive sill. The nature of the poorly exposed contacts with ad
jacent 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 Amygdaloidal 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 structures. No sedimentary or pyroclastic interbeds were found in 
most sections investigated , but two isolated sections at the mouth of Marble River are 
characterized by a more variable lithology. The section on the west bank exposes 
250 to 300 feet of very dark green to almost black, abundantly and coarsely porphyritic 
lavas interbedded with some similarly coloured amygdaloidal lavas and dark brown to 
dark brown-grey pyroclastic rocks. Both contacts are covered. The adjacent, apparently 
underlying section on the east bank exposes 120 to 150 feet of well-banded, dark 
green 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 brown 
to almost black pyroclastic? rocks (volcanic tuffs?). 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 coloured coarse grit and 
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impure, partl y gritty limestone, and waterlain volcanic rocks (sp ilitic lavas or (?) 
volcanic tuffs). 

These peculiar rock-units appear to represent one of several, partly sedimentary, 
marine interbeds within the upper part of the Karmutsen Subgroup, such as were ob
served locall y well below its top at Ououkinsh Inlet and elsewhere on the west coast 
of Vancouver Island by the writer (Jeletzky, unpubl.) , and by Surdam (1968, p. 18, 
Fig. 5) in Buttle Lake map-area. 

A ge and correlation. No fossils were found in the K armutsen Subgroup of 
Quatsino Sound. The subgroup is dated, however, as early Late Triassic (K arni an) 
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 K yuquot area, west coast of Vancouver 
Island (GSC Joe. 24033 ; see Tozer, 1967, p. 82). 

Bonanza Subgroup 

The Karmutsen Subgroup is overlain by a thick and lithologicall y diversified se
quence of volcanic and sedimentary rocks customarily referred to as the Quatsino 
F ormation and the Bonanza Group as in adjace nt areas of Vancouver Isl and (e.g., 
Gunning, 1930, 1932, 1933; Hoadley, 1953; Jeletzky, 1950, 1954a, 1954b, 1969, 
1970a, 1970b; Muller, 1967, 1969, 1970; Muller and Carson. 1969). 

The name "Bonanza Group," as originally defined by Gunning ( 1932, p. 23A) , 
was applied to all volca nic and sed imentary rocks of the Nimpkish map-area that 
are older than the Coast Intrusions and yo un ger than the Quatsino Formation. It was 
realized that this group consisted of a lower, predominantl y Sedimentary division and 
an upper, predominantly Volcanic division , but the ev idence then ava il able was not 
considered to be suffici ent for formal naming of these divisions. Gunning ( 1932, p . 23A) 
stated, however, that "if this group be later subdivided, the term Bonanza should be 
reta ined for that division lying directly above the Quatsino Formation." 

Subsequent workers, including the writer, have fo und the di visions of the Bonanza 
Group proposed by Gunning ( 1932) to be valid , at least throughout the northwestern 
part of Vancouver Island including the surveyed parts of Quatsi no Sound. H owever, 
none of these workers has elected to name them form all y or to restrict the term "Bon· 
anza Group" in accordance with Gunning's ( 1932, p. 23A) suggestions. 

In principle, the wri ter favours treating both divisions of the Bonanza Subgroup 
as independent subgroups of rocks and restricting the "Bonanza Subgroup" to the 
Sedimentary division onl y. It is commonly difficult , however, to map their subordinate 
volcanic and sedimentary rock-units on lithology alone because of the rarity or absence 
of reliable lithological horizon markers, extreme lateral lithological variability of most 
units within short distances, and the common re appearance of the same lithological 
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 (J eletzky, 196 1a, p. 3-4 ; Jeletzky 
and Tipper, 1968, p. 5-6) , and the units commonly are lithostrati graphi c units in name 
only. The fin al deci sion on the subj ect is deferred , therefore, pending the completion 
of other reports on the Mesozoic and Tertiary rocks of northwestern Vancouver Island . 
The informal terms "Sedimenta ry" and "Volcanic" divisions of the Bonanza Subgroup 
are used accordingly in thi s report and on the accompa nying maps and geological 
profil es. Wherever practicable, the foss ili fero us sedimentary subunits of each division 
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have been mapped separately and named informally or, in some cases, formally (e.g., 
Sutton Formation). The Quatsino Limestone thins drastically northeastward and south
westward of the Quatsino 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 (Jeletzky, 1954a, p. 1269; l 970b, p. 3, Figs. l, 2, 5; and the following 
sections of this report). This circumstance and the presence of other prominent lime
stone 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. 

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 Klootchlimmis and Hawisnakwi creeks. The rocks of the division always are 
considerably faulted and locally contorted because of the incompetence of its argillite 
units. The Sedimentary division (including the Quatsino Limestone) appears to be 
subdivisible into the same rock-units as its equivalents on the west coast of Vancouver 
Island (Jeletzky, 1950, p . 7-12; 1954a, p. 1269; J970b, p. 3-5, Figs. 1, 2; McLearn, 
1953, p. 1210). However, most units of this subdivision become unrecognizable on the 
eastern side of Vancouver Island and on the islands of Queen Charlotte Strait (Jeletzky, 
1970b, p. 3-4, Figs. 1, 2) where a different formational nomenclature must be used 
for its equivalents (e.g., Parson Bay Formation ; see Fig. 5, in pocket) . 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 development of Quatsino Limestone, a thick development of greywacke in the 
overlying elastic units, the apparently complete absence of the Sutton Limestone, and the 
presence of an unconformity between the Sedimentary and Volcanic divisions. The inter
mediate facies is characterized by a decrease of greywacke and an increase of argillite 
and limestone in the elastic units, the appearance of the Sutton Limestone in the upper
most part of the division , and the apparent disappearance of the unconformity between 
the Sedimentary and Volcanic divisions. Judging by its only exposure-area in Koprino 
Harbour, the western facies is lithologically identical with the eastern facies. No 
exposures of Quatsino Limestone are known in the intermediate and western sections, 
but its thickness is believed to be greatly reduced in this part of the area because of its 
well-established regional thinning toward the southwest (Jeletzky, 1954a, p. 1269; 1970b, 
p. 3-4, Figs. 1, 2). 

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 ex
tensively inside Varney Bay, on lower Marble 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, at least in part. 

Dolmage (1919, p. 32B), the author of the formational name Quatsino Limestone, 
defined it as follows: 
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on the West arm. It has been mapped separately and named provisionally the 
Quatsino Limestone. Above and below it, interbedded with the thin flows and 
beds of tuff, are numerous thin beds of similar limestone, in places slightly argil
Jaceous. 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 a type section, nor has this been done by any later 
worker to the writer's knowledge. After investigating most of the Quatsino Limestone 
sections between Neroutsos Inlet (Southeast arm) and the eastern part of Rupert 
Inlet, the writer declines to select any one of them as the type section of the formation. 
All these sections are incomplete with neither the base nor the top of the formation 
exposed; each is repeated by faulting, more or less sheared, and irregularly folded. It 
seems best to postpone the selection until the discovery of a more satisfactory section 
within the general type-area designated by Delmage (1919, p. 32B). 

Lower member. The formation appears to be divisible, based on lithology, into 
the informal Lower and Upper members. The Lower member is at least 1,300 
feet thick. It consists predominantly of massive to indistinctly bedded (Pl. I; Pl. IIB), 
light grey, rose-grey, or medium grey, cryptocrystalline (except where transformed into 
marble in the proximity of larger bodies of Coast Intrusions), pure to cherty lime
stone, weathering whitish grey to dirty white. Upper Karnian (Welleri Zone) ammonites 
(Discotropites, Hoplotropites and Projuvavites s. Jato) were found at one place in beds 
believed to represent the topmost part of the member some 1,500 feet south of Stewart 
Point, Holberg Inlet (GSC loc. 24335). The underlying, invariably unfossiliferous beds 
of the member probably represent the lower part of the Welleri Zone, since diagnostic 
ammonites of the Dilleri Zone have not been found in the Quatsino 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, J 970b, p. 2). 

About 1,300 feet of the Lower member is exposed in the best available, apparently 
almost continuous section of the Quatsino Formation 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 massive to thickly and in
distinctly bedded, rose-grey to light grey, cryptocrystalline limestones of the Lower 
member commonly contain numerous inclusions of dark grey to brown-grey chert at 
many levels. Several intercalated beds (up to 30 feet thick) of thin to thick and 
distinctly bedded, dark grey to brown-grey limestone interrupt the monotony of the 
Lower member in this section. 

Other sections of the Lower member exposed on the shores of Quatsino Narrows 
(Pl. IIA), Varney Bay, Kokwina Cove, on the northeastern side of Hecate Cove, on 
Lakken Point, and along the northeastern 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 of even a rough estimate of the thickness involved. Contacts with the Upper mem
ber are invariably faulted in these sections. 

Upper member. The Upper member is at least 1,200 feet thick. It consists pre· 
dominantly of medium to thinl y and distinctly bedded, medium grey to brown-grey or 
dark grey to black, in places more or less argillaceous limestones (especially near the 
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FIGURE 1. Sketch-map of Quatsino Limestone section at Kenny Point. 

top). Limestones of the Upper member are commonly cherty and include numerous 
inclusions, thin interbeds, layers and lamellae of brown-grey, 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 gradationally overlain by some 250 feet of 6-inch to 2-foot
thick, well-bedded, dark grey to blackish grey, locally argillaceous limestones referred 
to the lower part of the Upper member. These limestones include abundant nodules, 
irregularly shaped lenses, and laminae of black to dark grey chert. Near the base 
(GSC Joe. 23259) the member has yielded the basal Norian (Kerri Zone) Halobia 
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alaskana Smith, Dictyoconites sp. indet, and indeterminate arcestid ammonites. The late 
Karnian Hoplotropites fauna of GSC Joe. 24335 was found apparently in beds, equiv
alent to the uppermost part of the Lower member of the Kenny Point section (Fig. 1), 
that are lithologically transitiopal to the Upper member and only 100 to 150 feet 
stratigraphically below the Halobia alaskana bed of GSC locality 23259. 

The thinly bedded limestone unit of the Upper member is gradationally and 
conformably overlain by a unit, at least 850 feet thick, of medium to thickly and 
distinctly bedded (wel l-defined beds 2 to 5 feet thick), pinkish grey or white, brownish 
grey weathering limestone rich in irregular nodules, lenses, and layers of dark grey 
to brownish grey chert. Numerous interbeds of dark grey, often argillaceous 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 lime
stone, as much as 10 feet thick , and several 2- to 5-foot-thick beds of coquina-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 Mojsisovicsites kerri fau na (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 due 
to the presence of specificall y indeterminate Halobia (GSC loc. 23270) and the ap
parent total absence of Monotis (Tozer, 1967, p. 38). 

The top of the unit is covered and appears to be faulted against the Karmutsen 
lavas at the point about 1,000 feet east of the tip of Kenny Point (Fig. 1). Rocks 
of the Upper member are flexed into several open fo lds, locally are fau lted con
siderab ly, and may be repeated. The estimated minimum thickness of 850 feet is based 
on measurements of the uniformly tilted, continuously exposed, and rarely to moder
ately 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 24335. 

Medium- to thin- and well-bedded, dark grey to grey, whitish grey weathered, 
mostly fossiliferous (GSC locs. 24326, 24328) limestones outcropping for some 250 
feet across the strike around the sharp rocky point immediately north of the mouth 
of Marble River are tentatively referred to the Upper member, despite 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 and correlation. 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, 1967, p. 82; Jeletzky, I 970b, p. 2-3). The occurrence of Mojsisovicsites 
kerri and Halobia alaskana in the overlying argillites of the Bonanza Subgroup in 
Nimpkish map-area, and that of Halobia a/askana in the basal part of the Thinly bedded 
member on Union Island (see Tozer, 1967, 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-Bonanza contact is, therefore, markedly diachronic in the northeast
southwest direction. Most or all of the more than 1,200-foot-thick Upper member 
of the Quatsino Formation of the report-area appears to be laterally replaced by the 
lower part of the Thinly bedded member of the Bonanza Subgroup described by 
Jeletzky (1950, p. 8, Fig. 1; cf. 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 the Kerri Zone. This is indicated clearly by the occurrence of Ha/obia 
alaskana Smith in the lowermost exposed beds (Crickmay, 1928, p. 54, 59; Tozer, 
1967, p. 81). The concealed (or faulted out?) Quatsino Formation of Parson Bay area 
(Crickmay, 1928, p. 59) can only include, therefore, the late Karnian Welleri and 
Dilleri zones. 

The lateral replacement of most or all of the Upper member of Quatsino Forma
tion of Quatsino Sound by the argillites of Parson Bay Formation in the east, and 
by those of the Thinly bedded member of the Sedimentary division in the west, indicates 
a gradual narrowing of the extremely broad late Karnian depositional trough of northern 
Vancouver Island during the early and middle Norian. This gradual narrowing of the 
essentially elastic-free central part of the trough (Figs. 2, 5) apparently reflects some 
uplifts along its western and eastern margins, which were supplying the gradually 
increasing amounts of fine elastic material to the early and 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 Range, whereas its western 
shore probably was situated beneath the Pacific Ocean some distance to the west of the 
present-day west coast of Vancouver Island (Jeletzky, 1970b, p. 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. Ammonites of the Dilleri Zone were discovered 
in the "Interlava Sediments" in the Campbell River area (Givens and Susuki, 1964; 
see Tozer, 1967, p. 82). This suggests that the contact is more or 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 Jeletzky ( l 970b, p. 2, Fig. 1). 

Thinly Bedded Member 
At least 300 feet of black to dark grey, commonly thinly bedded to laminated 

but locally thick-bedded to massive and indistinctly bedded, tuffaceous, calcareous 
argillites overlies the 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 sections (see 
Sec. 1, Appendix) , a large number of such limestone beds persist to the very top of the 
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MESOZOIC AND ?TERTIARY ROCKS OF QUATSINO SOUND, B.C. 

unit. Several interbeds of greywacke and calcareous grit were noted locally in the 
upper part of the Thinly bedded member. 

At least 200 feet of the lithologically si milar argillite outcrops between the massive 
limestone of the Lower member of the Quatsino Formation and the greenish grey to 
maroon, waterlain 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 
tentatively correlated with the Thinly bedded member rather than with the argillite 
beds of the Arenaceous member of the Lippy Creek sections. 

Other outcrops of lithologically similar argillite occur on the northeastern shore 
of Neroutsos Inlet north of Atkins Cove. These outcrops were not studied in any detail 
and are referred to the Thinly bedded member on their lithology alone. 

The Thinly bedded member grades upward into the greywackes of the Arenaceous 
member (see Sec. 1, Appendix). 

No outcrops of the Thinly bedded member have been seen in the investigated parts 
of Rupert and Holberg inlets. The member either is missing due to faulting or does not 
outcrop in all sections of the Sedimentary division studied in this part of the area. 

No outcrops of the Thinly bedded member were observed anywhere to the west 
of its Atkins Cove exposures. However, the member is believed to persist throughout 
the western part of Quatsino Sound, and to thicken gradually southwestward at the 
expense of the Upper member of the Quatsino Formation until it reappears in Klaskino 
Sound (see p. 18 and Fig. 5). It is assumed, accordingly, that the Thinly bedded 
member has plunged deep enough beneath sea level throughout this interval to prevent 
its reappearance, even on the relatively upthrown sides of the largest faults. 

Poorly preserved fossils found in the uppermost 10 feet of the Thinly bedded 
member (see Sec. 1) suggest a late Norian age, at least for this part of the unit. 
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 Sub
group described by Jeletzky (I 950, p. 8; I 970b, p. 3-4, Fig. 1) in the Kyuquot
Esperanza area and elsewhere on the west coast of Vancouver Island (cf. p. 13-14, this 
report). 

Arenaceous Member 
The Thinly bedded member is conformably and probably gradationall y 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. This Arenaceous 
member of the Sedimentary division consists of dark grey to dark green , predominantly 
fine grained, in places tuffaceous, greywacke interbedded with lesser dark grey to dark 
brown or black, mainly arenaceous and tuffaceous argillite. Minor amounts of inter
bedded, fine- to coarse-grained, well-bedded, waterlain 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. 
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All measured sections of the Arenaceous member are incomplete, disturbed by 
faulting, and locally contorted. The estimate of the thickness of the Arenaceous member 
and its tentative subdivision proposed below are based on a somewhat arbitrary com
bination of several incomplete sections. The best of these sections, 1, 5, 6, and 7, are 
described in the Appendix. 

The Arenaceous member of the Lippy Creek area is subd ivided tentatively 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 tuffaceous argillite. Judging by the isolated outcrops of the member studied at 
Stewart Point and in Koprino Harbour, this subd ivision may be valid throughout the 
investigated part of Quatsino Sound. 

The Greywacke unit comprises beds 8-15 of section 1. Only 127 feet of this 
unit is exposed in this section. However, the basal part of the section is not exposed, 
nor are the upper beds, which are 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 represented predominantly 
(more than 75 % of the thickness) by dull grey to dull green, predominantly fine 
grained, commonly more or less tuffaceous greywacke with some interbeds and lenses 
of medium- to coarse-grained greywacke and grit. Furthermore, this unit includes some 
intercalated beds of dark grey mudstone, similarly coloured argillite, and laminated 
cherty shale. Interbeds and lenses of calcareous coquinoid grit and light grey crypto
crystalline limestone were observed in place on ly in one exceptional section of the unit 
described below. 

About 200 feet of intensely contorted, dark grey, fine- to coarse-grained, com
monly tuffaceous greywacke with some interbeds and lenses of calcareous coquinoid 
grit, light grey cryptocrystalline limestone, and blackish grey, calcareous argillite out
crops 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 Fig. 17, in pocket) . This unit did not yield any diagnostic fossils, and 
both its contacts 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 
Units 4, 14, Sec. l) of the Arenaceous and Argillite units of the Lippy Creek sections. 
Because of this and of the fact that it is east of the Lippy Creek sections, the Stewart 
Point section of the Arenaceous member is interpreted tentatively as its extreme littoral 
facies , situated next to the northeastern source area which provided elastic debris to 
the marine trough on the eastern side of which the sediments of the Arenaceous 
member have been deposited (Fig. 3). 

The Argillite unit of the Arenaceous member comprises beds 3-5 of section 1. 
Only 54 feet of this unit is actually exposed in this section. However, at least 80 feet 
of this unit is exposed in section 7 (see Appendix) , and the covered interval between 
beds 5 and 8 of section 1 is believed to conceal at least 90 to 100 feet of the Argillite 
unit. The coarser grained interbeds of the Argillite unit include some lavender-coloured, 
well-bedded, and obviously waterlain volcanic tuff, in addition to rock types identical 
with those occurring in the underlying Greywacke unit. Lithologically, this waterlain 
volcanic tuff is similar to the more fine grained facies of the overlying Hecate Cove 
Formation in Julian Cove (see p. 30) and on the west coast of Vancouver Island 
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(Jeletzky, 1950, p. 12-13). Some limestone pods and interbeds were noted in the 
Koprino Harbour section (see Unit 7, Sec. 5) of the Argillite unit. 

The ratio of argillite and coarser elastics varies greatly from one section of the 
Argillite unit to another. However, the argillite comprises more than 60 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 sheared to almost mylonitized, predominantly argillaceous sediments closely 
resembling those of the argillite beds of the Arenaceous member, occupies the 
front (i.e., the eastern) side of the nameless point between Spencer and Robson 
coves in Koprino Harbour (see Unit 7, Sec. 5 for details). These sediments have 
yielded only indeterminate pectenid pelecypods (GSC Joe. 24327). However, they 
are correlated tentatively with the Argillite unit of the Arenaceous member because 
of the close lithological similarity and the association 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 late 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 salinaria (Schlotheim), M. cf. salinaria 
(Schlotheim), M. cf. ochotica var. densistriata (Teller), and Heterastridium sp. indet. 
(see Sees. 1, 6, 7), indicating a late Nori an (Suessi Zone) age for the member 
(Tozer, 1967, p. 38-41). The fauna of the Arenaceous member of Quatsino Sound 
is unlike that occurring in the Arenaceous member of the west coast of Van
couver Island (Tozer, 1967, p. 79-80) , which appears to lack corn pletely all 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 
the Esperanza-Ououkinsh segment of the west coast, and they are restricted to the 
upper part of the Thinly bedded member. No Monotis forms were found either in 
the Arenaceous member or in the Sutton Limestone ( = Limestone member of 
Jeletzky, 1950, p. 9-10) in any of these sections. 

The lithology and fauna of the late 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 headwaters of Lippy Creek. The upper beds of the typically 
developed Thinly bedded member of Klaskino Inlet sections contain Monotis sub
circularis ( Gabb) (e.g., GSC locs. 82939, 82941). This member grades upward into 
the Arenaceous member which, at that locality, is 250 feet thick, commonly gritty 
and tuffaceous, and locally conglomeratic, and in which Monotis salinaria (Schlotheim) 
and Monotis cf. ochotica var. densistriata (Teller) were found by J. E. Muller 
(pers. corn ., E. T. Tozer, April 10, 1970). The Arenaceous member is disconform
ably and apparently discordantly overlain by pyroclastic rocks of the Hecate Cove 
Formation which seems to overstep the Arenaceous and Thinly bedded members. 
The Sutton Limestone is absent in all sections of eastern Quatsino Sound and 
Klaskino Inlet studied by the writer 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 abundant presence of Monotis salinaria (Schlotheim) and the apparent 
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absence of Monotis subcircularis (Gabb) rn 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 ., Monotis subcircularis subzone) and represents at 
least the basal part of the Upper Suessi Zone. Because of this and of the similar 
stratigraphic position of all units concerned, the Arenaceous member of eastern 
Quatsino Sound is considered to be correlative with part or all of the Arenaceous 
member of the Sedimentary division of the Esperanza-Ououkinsh segment of the 
west coast (Jeletzky, 1950, p. 9-11), and with the Lower limestone member of the 
Sutton Formation of the Buchholz Channel area. 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 applies to the Klaskino Inlet sections (Fig. 5). 

Sutton Formation (limestone) 

Distribution and stratigraphy. The rocks of the Sutton Formation were studied 
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 Isl and. 

The Sutton Formation was not observed on the northeastern side of Neroutsos 
Inlet between Evenson Point and Jeune Landing, or in any of the sections studied 
farther northeast at the headwaters of Lippy Creek. Its absence in these areas appears 
to be due to the lateral replacement of the Lower limestone member by the Arenaceous 
member of the Sedimentary division and the nondeposition of the Upper limestone 
member there due to the effects of the early Rhaetian orogenic phase (see below). 

The Sutton Formation is believed to be absent throughout the western part of 
Quatsino Sound because of its lateral replacement by the Arenaceous member in this 
direction. However, the apparently gradational nature of the contact between the 
Hecate Cove Formation and the Argillite unit of the Arenaceous member in its 
Koprino Harbour section (see Units 6, 7, Sec. 5) suggests that the Arenaceous 
member of western Quatsino Sound continues to include equivalents of the Upper 
limestone member of the Sutton Formation, at least that far southwest. The hiatus 
between the Arenaceous member and the Hecate Cove Formation is believed to be 
restricted to yet more westerly parts of Quatsino Sound. 

On the southern shore of Buchholz Channel, the Sutton Formation outcrops on 
the relatively upthrown sides of several northwest-trending fault blocks (see Fig. 17). 
All sections studied are intensely faulted, crumpled, commonly contorted, and invaria
bly invaded by dykes and small plug-like bodies of the Coast Intrusions. 

Section 2 of the Appendix is the best known section of Sutton Formation in 
Quatsino Sound. It represents the relatively elastic-free facies of Sutton Formation, 
which also outcrops along the western shore of Julian Cove and in places along its 
eastern shore. 

East of section 2, the equivalent but lithologically more variegated, apparently 
more shallow water beds of the Sutton Formation are exposed on the rocky seashore 
between the western side of Smith Cove and the eastern side of Julian Cove. These 
intensely disturbed beds exhibit the following general sequence in descending order: 
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1. Upper limestone member. A unit, about 150 feet thick, consisting predominantly 
of relatively pure, grey, thin- to medium- and well-bedded limestone. It contains 
subordinate lenses and interbeds 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 con
taining abundant fossils, has yielded Paracochloceras sp. indet. in an outcrop ( GSC 
Joe. 24333) situated at the eastern entrance to Julian Cove. Elsewhere, it has yielded 
only some nondiagnostic 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 Formation of the Volcanic division 
(see Unit 6, Sec. 3). 

2. Lower limestone member. This unit, which gradationally underlies the Upper 
limestone member, is 150 to 200 feet thick, and consists of black, often limy to very 
limy, thin-bedded, tuffaceous and/ or arenaceous argillite somewhat cyclically alternating 
with almost equal amounts of calcarenitic to cryptocrystalline, somewhat arenaceous 
or tuffaceous limestone, and lesser amounts of brownish grey, very limy sandstone and 
grit locally grading into arenaceous and gritty calcarenite. Some intercalated beds of 
consedimentary 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 the Quatsino Formation, but they also include 
numerous lenses and interbeds of dark grey limestone replete with angular inclusions 
of cherty, black limestone. Poorly preserved fossils, including corals and stromato
poroids, are common at several levels, but no diagnostic forms were found. In all 
sections studied, the base of the unit is covered or cut off by faults. 

Age and correlation. Paracoch/oceras sp. indet. occurring in the Upper limestone 
member (GSC loc. 24333) indicates an Upper Suessi age (Tozer, 1967, p. 38-41) , at 
least for the upper part of the Sutton Formation of Quatsino Sound. 

Because of the 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 (see 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 an 
apparently Late Triassic fauna (i.e. , ?Rhaetian) in the topmost beds of the overlying 
Hecate Cove Formation (see p. 33-34) suggest the absence of any post-high upper 
Norian rocks in the Sutton Limestone of Quatsino Sound. 

The correlation of the Sutton Formation with the Quatsino Formation (e.g., 
Bostock, Mulligan , and Douglas in Stockwell et al. , 1957, p. 302, Table XIX) is 
untenable as already pointed out by McLearn (1953), Tozer (1954, 1967), and 
Jeletzky ( l 954a, l 970b, and this report), except where the two appear to merge into 
a single, very thick limestone unit (e.g., in Buttle Lake area and in Queen Charlotte 
Islands; see Jeletzky, l 970b, p. 5, 9) . The apparently complete absence of the Quatsino 
Formation beneath the Sutton Formation in the Duncan-Sooke area of Vancouver 
Island must be due either to faulting (Tozer, 1967, p. 78-79) or possibly to the lateral 
replacement of Quatsino Limestone by the Karmutsen Volcanics ( = Franklin Creek 
Volcanics of Fyles, 1955, p. 19). 

Because of the presence of Paracochloceras sp. indet. , the Upper limestone mem
ber of the Sutton Formation of eastern Quatsino Sound is correlative with the type 
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Sutton Formation of Cowichan Lake (Tozer, 1967, p. 78-79), in part at least. Further
more, the two units are similar lithologically and in stratigraphic position. These cir
cumstances and the apparent continuity of these high upper Norian limestones through
out Vancouver Island justifies the extension of the name Sutton Formation to the Quat
sino Sound sections. 

The Sutton Formation of eastern Quatsino Sound contains elements of the 
abundant 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, 1950, 
p. 8-9; Tozer, 1967, p. 80). Therefore, the Arenaceous and Limestone members of 
that area taken together are correlative with the Sutton Formation of eastern Quatsino 
Sound. 

The disconformable, and apparently regionally unconformable nature of the con
tact between the Arenaceous member of eastern Quatsino Sound and Klaskino Inlet, 
and the largely nonmarine facies of the overlying Hecate Cove Formation (see p. 31 ), 
suggest the nondeposition (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. facies 
of the overlying Hecate Cove Formation in all sections where the Sutton Formation is 
present. Furthermore, it agrees well with the following lateral facies changes observed 
in the Sutton Formation of Quatsino Sound. In the sections situated between the 
western side of Smith Cove and the eastern 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 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 unit 3 of section 2. The eastern facies contains a much 
greater ratio of bl ack, extremely calcareous argillites than does the Arenaceous member 
and many interbeds of various limestones which are absent in the latter unit. At the 
same time it is a more argillaceous and arenaceous unit than the equivalent unit 3 of 
the Banter Point section (see Sec. 2, 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) facies of the formation outcropping on Banter 
Point and on 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 stromatoporoids and the local presence of coquina laye rs built of 
thick-shelled pelecypods. 

Similar lateral facies changes also occur 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 (see Unit 6, Sec. 3 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 (see Sec. 2, Appendix). The eastern 
and western facies of the Upper limestone member are believed to be younger than 
any parts of the Arenaceous member of the Lippy Creek and Klaskino Inlet areas. 

Although it is an offshore deposit, the relativel y pure limestone of the western 
(or Banter Point) facies of the Upper limestone member is a relatively shallow water 
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deposit because of the presence of colonial corals and stromatoporoids. The corals 
include numerous delicate (not-rolled) fragments of branching forms , while stromato
poroids locally form crust- to bud-like colonies oriented along the bedding planes. These 
fossils were therefore buried either in close proximity of their habitat (corals) or in 
their living position ( stromatoporoids). 

Late Norian Paleogeography 
As recognized by J eletzky (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 head
waters of Lippy Creek and at Stewart Point) and to the west (i.e ., in Koprino 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 the early to middle Norian 
depositional trough of the Insular Tectonic Belt. This facies pattern indicates .the 
emergence of sizable late late Norian tectonic lands within the 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 paleogeo
graphical pattern (Fig. 3) contrasts with the earlier pattern , which characterized the 
same area during the times of deposition of the Quatsino Formation and the lower 
part of the Thinly bedded member (Fig. 2). 

The complex facies pattern which emerged at the onset of Suessi time in 
Quatsino Sound and adjacent parts of northwestern Vancouver Island (Jeletzky, l 970b, 
p. 5) was apparently limited to this part of the Insular Tectonic Belt 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 Suessi or Manolis subcircularis) 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 paleoslope (see p. 24) 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 writer (see also Jeletzky, 
J 970b, p. 5) believes, accordingly, that at least the nuclei of the late 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 Norian (i.e. , 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 southeastward, at least to the eastern side of Alice Lake 
(Fig. 3). The apparent prevalence of dark grey, impure limestones of the Suessi Zone 
in the Buttle Lake area (Jeletzky, l970b, p. 5) suggests the 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 
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MESOZOIC AND ?TERTIARY ROCKS OP QUATSINO SOUND, B.C. 

Harbour-Alice Lake tectonic land either somewhere within the northwestem 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 
this 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 (see p. 34) and the concurrent volcanic 
outburst did not affect the eastern side of Vancouver Island, as the late Norian 
argillites or impure limestones appear to grade imperceptibly into the lithologicall y 
similar low Lower Jurassic sediments throughout the tectonicall y and volcanically 
quiescent zone of the Insular Tectonic Belt (Jeletzky, 1970b, p. 9, Figs. l , 2; this 
report, Figs. 5, 6). This indicates that the Coal Harbour-Alice Lake tectonic island 
was only a narrow, presumably cordillera-like welt which probabl y did not extend 
northeastward 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 detail 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 psammitic facies of the Upper Suessi Zone 
are found to the east of Holberg and Rupert inlets. 

The residual late late Norian marine trough flankin g the Coal Harbour-Alice 
Lake tectonic land from the southwest is named herein the Neroutsos Trough 
(Fig. 3). In the Quatsino Sound area , the northeastern margin and the northeastern 
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 northwestern 
(i.e., Queen Charlotte Isl ands) parts of the Insular Tectonic Belt that were character
ized by the predominantly calcareous facies of the Suessi Zone (see p. 22 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, reappears 
at the southern tip of an upthrown fault block (see Fig. 18, in pocket). Therefore, 
the eastern (or Smith Cove) and western (or Banter Point) facies of the Sutton 
Limestone are assumed to reappear in a reversed order within the interval between 
Banter Point and Koprino Harbour devoid of Sutton outcrops. Then the eastern 
facies is believed to be repl aced by the Arenaceous member east of Koprino Harbour 
(Fig. 3). 

The Koprino Harbour section (see Unit 7, Sec. 5) of the Arenaceous member 
includes numerous pods, lenses, and interbeds of impure limestone, and seems to 
grade upward into the waterlain pyroclastics and marine sedimentary rocks of the 
second facies of the Hecate Cove Formation. Therefore, it appears to be lithologically 
transitional to the marginal (i .e., eastern) facies of the Sutton Limestone. This 
suggests, in turn, that the calcareous facies of the Upper Suessi Zone of Neroutsos 
Trough may have extended southwestward almost to Koprino Harbour. 

No outcrops of the high upper Norian (i.e., Upper Suessi Zone) rocks are known 
anywhere 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 greywacke in the studied outcrops of the Sedimentary division 
of Klaskino Sound, and by the persistent southwestward thinning and/ or disappearance 
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of coarser elastic interbeds observed in the Thinly bedded member of the same 
sections. A late late Norian tectonic land- the Southwestern tectonic land-must, 
therefore, have been situated in the interval between Koprino Harbour and Klaskino 
Sound. This northwest-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 (Jeletzky, 1970b, p. 7-8) . 
The existence of this Southwestern tectonic land southeast of Brooks Peninsula (Fig. 3) 
is indicated by the restriction of outcrops of Sutton Limestone to the outer coast and 
offshore islands (Jeletzky, 1970b, p. 7-8) . The equivalent high upper Norian elastic 
rocks are conversely concentrated farther inland (e.g., in th ·~ inner parts 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 apparent lack of outcrops of the upper Norian rocks between 
Koprino Harbour and Klaskino Inlet, very little is known about the width and 
orographic character of the here discussed Southwestern tectonic land, and it was not 
possible to cull any pertinent information from the scarce literature concerned with 
inland parts of Vancouver Island flanking this section of Quatsino Sound. 

The partly calcareous lithology of the Arenaceous member in Koprino Harbour 
and its apparently gradational contact with the overlying Hecate Cove Formation 
suggest that the northeastern shore of the Southweste.rn 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-Mabbott Island-a point west of O'Connell 
Lake- headwaters of Klaski sh River-the entrance to Kashutl Inlet (Fig . 3). Nothing 
is known about the extension of the northeastern shoreline of this tectonic land farther 
to the southeast and northwest. 

The late late Norian residual marine trough flanking the Southwestern 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 i~lands 
in the interval between 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 (Jeletzky, 1950, p. 9-11; 1970b, p. 7-8 ; and unpubl.) How
ever, the Sutton Formation is completely absent in all Klask ino Inlet sections studied 
(i.e., replaced laterally by the Arenaceous member); therefore it is believed to occur 
beneath the sea off the entrance to the inlet. Furthermore, the Sutton Formation be
comes more arenaceous and argillaceous northeastward until it is replaced laterally by 
the prevailingly arenaceous, commonly tuffaceons, and partly nonmarine rocks of the 
Arenaceous member near the heads of Malksope and Ououkinsh inlets. Because of 
these shoreward facies changes, the northeastern margin of the West Coast Trough 
apparently was situated in the proximity of the line: Cape Parkins-Gooding Cove
Sieward Hill-head of Klaskino Inlet-Hisnit Islets in Ououkinsh Inlet- head of M alk
sope Inlet-Hohoae Point in Kyuquot Sound-Queen Cove in Esperanza Inlet. 

Southeast of Esperanza Inlet, the West Coast Trough is believed to extend at 
least to the Cowichan Lake area. It seems likely that the trough disappears completely 
beneath the Pacifk 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 more or less continuous but narrow, cordillera-like welt (Fig. 3). 
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The central part of the West Coast Trough apparently is concealed everywhere 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 (?para
conformably) by a very thick succession of andesitic, dacitic, and ?rhyolitic, mainly 
lavender to maroon lavas and pyroclastic rocks. These volcanics correspond to the 
Volcanic division of the Bonanza Group as defined by Gunning ( 1932, p. 23A) and 
subsequent workers. Volcanic tuft's and breccias predominate in most sections studied, 
but fel sitic, porphyritic and amygdaloidal lavas may be prominent, and even predominant 
locally. The relatively brightly coloured pyroclastic rocks and lavas of the Volcanic 
division are normally eas ily distinguishable from the monotonous, dark lavas of the 
Karmutsen Subgroup. H owever, 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. 

No complete sections of the Volcanic division of the Bonanza Subgroup were 
observed anywhere in the surveyed part of Quatsi no Sound . Structural complexity 
of most of the partial sections studied and the lithological monoton y of the volcanic 
and pyroclast ic rocks of the unit have, furthermore , made it difficult either to work 
out a composite section or to estimate closely its total thickness. The previously 
proposed tentative estimates of the total thickness of the Volcanic division (e.g .. 
Jeletzky, 1954a, p. 1270; 1970b, p. 19, Fig. 2) range between 10,000 and 20,000 feet 
and cannot be refined reliably without an additional detailed paleontological-strati
graphic stud y of the area. 

The 8,500-foot-thick section of the Volcanic divi sion measured by Muller ( 1970, 
p. 47) along the Pacific coast of Vancouver Island north of the entrance to Quatsino 
Sound is almost certainl y incomplete in the upper part , si nce it is ove rl apped uncon
formably by the Lower Cretaceous rocks (pers. corn ., J.E. Muller, 1969) 1

. 

1 Since this was written Muller, Northcote, and Carlisle (GSC Paper 74-8, p. 22-23) have 
published a deta il ed desc ription of this foss iliferous sect ion . The description pe rmits a confi dent 
correlation of ind ividual units of the sec tion with the following units of the Volcanic division ot 
the report -a rea (descending order): 

1. Units J2 and JI correspond to the lower part of the Uppermost Sinemurian volcanic unit. 
2. Un it JO is a reduced, linoral to ?sup ratidal equi va lent of the western fac ies of the Uppe1 

member of Matthews Island Formation. Lithologically it closely resembles some very coarse 
grained exposures of the member in Brown ing and Forward inlets. 

3. Uni ts 9-4 are an ex tremely st ro ngly thickened, largely vo lcani c eq ui va lent of the lntermedia te 
waterlain tufT member of Matthews Island Formation. 

4 . Unit 3 is a sha llow water (?upper littoral) equivalent of the Lower member of M atthews 
Island Formation. 

5. Units 2 and I may poss ibly co rrespond to the upper part of the Grey volcanic uni t. However, 
as already pointed out by Muller, Northcote, and Carlisle (ibid., p. 23), these units may be equiva· 
lents of units J2 and 11 of the sect ion repea led by fault ing. 

Th e section does not includ e any equiva lent s o f the Uppe rmost Sinem urian argillite unit , the 
Dark-grey vo lcanic unit, and the Pliensbachian- IToarcian greywacke unit of other parts of north· 
western Vancouver Island , nor does it include any equiva lents of the Hecate Cove Formation and 
Basal Ju rassic volcanic unit of the report-area. The fi rst three units are presumab ly eroded away in 
the Cape Parkins a rea , wh ile the last two units should be situated well beneath sea level in th1~ 
structu rally depressed area of northwestern Vancouver Island. 
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The Volcanic division outcrops extensively on the shores of Quatsino Sound between 
the western entrance to Quatsino Narrows and the mouth of Forward Inlet. It is even 
more widespread inside Forward and Browning inlets. East of Quatsino Narrows, the 
Volcanic division outcrops extensively on the northern shore of Holberg Inlet between 
Apple Bay and Coal Harbour, in the upper course of Nuknimish Creek, in the north
eastern corner of Rupert Inlet, and in the mouth of Waukwass Creek in its south
eastern corner. 

In that part of the report-area west of Quatsino village, the predominantly ande
sitic to dacitic, grey, lavender, or maroon pyroclastic rocks and lavas of the division 
are interbedded with three or (?)more units of fossiliferous, marine sediments, each 
several hundred feet to more than 1,300 feet thick. In this part of the area, furthermore, 
the pyroclastic rocks of the division are, in places, markedly waterlain and may grade 
locally to tuffaceous sediments. 

Despite the well-established northeastward thinning out of volcanic units of the 
Volcanic division and their lateral replacement by the fine elastics of the Harbledown 
Formation (Jeletzky, 1970b, p. 17-19, Figs. 1, 2; this paper, Fig. 5), no sedimentary 
interbeds were observed in the division east of Quatsino Narrows. This appears to be due 
to the almost complete or ?complete absence of the younger part of the division to 
which these sedimentary interbeds are confined. So far, only the Hecate Cove Forma
tion and the Basal Jurassic volcanic unit have been observed in this relatively tectoni
cally positive part of the report-area. 

The writer has attempted to map separately each of the volcanic and sedimentary 
units of the Volcanic division discussed in the following sections of this report (see 
Figs. l 7, 18). This task, however, was difficult because of the far-reaching lithological 
similarity of the volcanic units of the division and their obscure (faulted or covered 
contacts) structural and stratigraphic relationships with the adjacent, biochronologically 
datable sedimentary units. Consequently, some of the mapped outcrops of the Volcanic 
division had to be left unassigned beyond their placement in this division, and the 
specific assignments of some other outcrops must be considered as tentative only. 

Hecate Cove Formation 
The basal unit of the Volcanic division was originally designated the Upper 

Triassic or Jurassic pyroclastic and tuffaceous unit (Jeletzky, 1950, p. 12) and later 
renamed informally the Waterlain breccia unit (Jeletzky, 1969, p. 126; 1970b, p. 5-8, 
Fig. 1) because of the characteristically waterlain nature of its principal pyroclastic 
rock types. This name is replaced here by a formal formational name, the Hecate Cove 
Formation, which is derived from Hecate Cove on the northern shore of the main 
Quatsino Channel immediately east of Quatsino village. The designated type section 
is that occurring on the northwestern side of Hecate Cove between Jesdal Islet and the 
sharp nameless point opposite Kitten Islet where the best known section of the forma
tion is exposed. This section (see Sec. 4, Appendix) locally contains abundant marine 
fossils of a probable Late Triassic age and leaves little doubt as to its sequential relation
ships with the overlying Basal Jurassic volcanic unit. The base of the Hecate Cove 
Formation is covered and 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 relationship with , and its direct super
position on the Sutton Formation of the Sedimentary division. 
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The Hecate Cove Formation is best characterized by the predominantly l ay~red 

and sorted, more or less distinctly rounded , waterlain character of its pyroclastic frag· 
ments and by the argi ll aceous and calcareous nature of the commonly dark to bluish 
grey matrix. Another characteristic feature is the presence of greater or lesser numbers 
of inter beds of various (most ly psephitic), commonly marine elastics and limestones, 
either in the basal part of the unit or throughout its thickness. The limestones com
monly are represented by consedimentary slump breccias; otherwise their fragments 
form part of the mixed sedimentary- volcanic breccias. The colours of the lavas are 
mainly green-grey to blue-green. They tend to lack the pink to orange plagioclase 
phenocrysts characteristic of the overly ing Basal Jurassic volcanic division, except at 
some places in the upper part of the formation. Similar, somber (grey, green, or blue) 
colours are characteristic of the volcanic and mixed sedimentary-volcanic breccias. 
The distinctly and thinly bedded, waterlain volcanic tuffs of the formation tend, in con
trast, 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 
individual sections of the Hecate Cove Formation. However, even its most extreme, 
predominantly or ?entirely nonmarine facies (see Sees. 1, 6, 7) is usually sufficiently 
distinctive to be recognized without reference to the 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 lithologically 
distinctive and stratigraphically valuable in other parts of the tectonically and vol
canically active zone of the Insular Tec tonic Belt (Jeletzky, 1970b, p. 5-9, Figs. 1, 2) . 

Muller ( 1970, p. 45) proposed to include the "Waterlain breccia" (i.e., the Hecate 
Cove Formation of this report) with the Bonanza sediments and to treat these two 
units as a "volcanic-elastic-carbonate m elange deposited in a time of local volcanic 
quiescence." This interpretation is incompatible with the results of the writer's field and 
office work (Jeletzky, 1954a; 1954b; 1969; 1970a; l970b, p. 8- 9) and is not followed 
in this report. The predominantly volcanic Hecate Cove Formation is sharply and com
monly 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, structural relation
ships, characteristic lithology, and the inferred younger ( ?Rhaetian) age, the formation 
forms part of the Volcanic division. Only insignificant interbeds of well-bedded, water
lain volcanic tuffs and breccias, unrelated to the Hecate Cove Formation, have been 
observed locally in the Thinly bedded and Arenaceous members of the underlying 
Sedimentary division. 

The latest Karnian to Norian (i .e., Quatsino-sedimentary Bonanza) period of 
quiescence appears to be a regional phenomenon within the Insular Tectonic Belt 
(Jeletzky, 1970b, p. 3- 5, Figs. 1, 2; and preceding pages of this report), and the writer 
sees no reason for treating the almost exclusively sedimentary rocks of that time as a 
"volcanic-elastic-carbonate melange" or to amalgamate them with regionally deposited, 
younger syntectonic Hecate Cove volcanics. 

Distribution and stratigraphy . The known exposures of the Hecate Cove volcanics 
are confined almost entirely 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 
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shore of Buchholz 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 Hecate Cove, on the eastern shore of Holberg Inlet between Coal 
Harbour and Apple Bay, and at the headwaters of Lippy Creek on the eastern side 
of Neroutsos In let. Except for one restricted area of exposure in the northwestern corner 
of Koprino Harbour, the Hecate Cove Formation is not known to outcrop anywhere 
between Ku ltus Cove and K laskino In let. 

Outs ide the report-area, the Hecate Cove Formation is widespread on the west 
coast of Vancouver Island, on Cowichan Lake ( unpubl. pers. observations), and be
tween Esperanza and Klaskino inlets (Jeletzky, 1950, p. 12-13 ; 1970b, p. 5-9). The 
Hecate Cove Formation is essentially a syntectonic product of the latest Triassic 
(?Rhaetian) orogenic phase. Consequently, it is restricted to the tectonically and vol
canically active zone produced within the Insular Tectonic Belt by these movements, 
and is completely unknown on the east side of Vancouver Island and in Queen Char
lotte Isl ands because of the lateral replacement of its waterlain pyroclastics and coarse 
to fine elastics by impure limestones and calcareous argillites of the upper Quatsino 
and ?upper Parson Bay formations (Jeletzky, 1970b, p. 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 underlying sedimentary rocks of the Upper Suessi Zone. In some 
sections, herein designated as the first facies of the formation, its lower beds are 
represented by a complex interfingering of marine limestone breccia, waterlain mixed 
sedimentary-volcanic breccia, various intermediate ( ?andesitic) volcanics including 
pillow lava and pillow breccia, various (volcanic, mixed sedimentary-volcanic, pre
dominantly limestone) conglomerates composed of poorly rounded pebbles, well
bedded, waterlain volcanic tuft's , and various elastic and calcareous sedimentary rocks 
lithologically similar to those of the Upper Suessi Zone. Waterlain volcanic breccia 
and tuft', and locally ?andesitic lavas, predominate over the other rock types in the 
middle 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 Sound between Pender 
Point and the western side of Julia n Cove, and on Banter Point (Sec. 2). In this part 
of the a rea, the basal part of the Hecate Cove Formation is exposed in several sec
tions. It is represented either by a 15- to 20-foot-thick bed of fine to coarse limestone 
breccia, which also includes some dispersed, more or less rounded limestone pebbles 
(as on the west side of Smith Cove, see below) or by a 150-foot-thick unit of rust- 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 matrix is very calcareous but locally rich in 
tuff- and breccia-sized 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 con
glomerate, 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, argillaceous, 
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and tuffaceous matrix. 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 similar conglomerate and volcanic breccia including some 
interbeds of finer grained waterlain volcanic breccia and volcanic tuff, as well as 
interbeds of dark green porphyritic Java with rust to pink phenocrysts of ?sodic 
plagioclase. The breccia fragments and pebbles are mainly of the above-mentioned 
lava or of the li thologically similar crystal tuff. The estimated thickness of these water
lain pyroclastic rocks and lavas outcropping on the northeastern shore of Smith Cove 
is 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 green, 
porphyritic lavas with phenocrysts of rust to pink ?sodic plagioclase and some 
simi larly coloured crystal tuffs rich in phenocrysts of the same feldspar. These rocks 
may represent the basal part of the Basal Jurassic volcanic unit of the division (cf. 
Unit 1, Sec. 4). 

The adjacent, apparently continuous section 3 (see Appendix) represents a 
lithologically different facies of the lower part of the Hecate Cove Formation in which 
the waterlain volcanic breccia predominates throughout. 

Numerous exposures of considerably faulted basal beds of the Hecate Cove 
Formation occur about a half mile southwest of section 3 in the southwestern corner 
of Julian Cove. In these exposures, the coarse to medium, waterlain, volcanic and 
limestone breccias include · some interbeds of thinly bedded and well-sorted con
glomerates. They contain , furthermore, irregularly interbedded in about equal amounts, 
fine-grained, distinctly and mainly thin bedded, often crossbedded, more or less 
calcareous volcanic tuffs grading into tuffaceous greywacke. These waterlain rocks are 
tuscan-red 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, p. 12-15; and unpubl.). 
The dips of foreset beds seem to indicate a northwestern or western source area for 
the better rounded, well-bedded varieties of these rocks. 

Outcrops of the lower part of the Hecate Cove Formation occurring on the 
northeastern side of Banter Point do not seem to differ materially from equivalent 
beds outcropping between Pender Point and the eastern side of Julian Cove. The 
same beds exposed at the tip of Banter Point (see Unit 1, Sec. 2) are similar to 
equivalent beds of section 3. 

The southwestern side of Banter Point is built of well-bedded, fine volcanic 
breccia interbedded with the mainly fine grained, distinctly and mostly thinly bedded, 
commonly calcareous volcanic tuffs locally grading into tuffaceous greywacke. These 
waterlain pyroclastics are maroon to dark lavender. The rocks strike at 345 degrees 
and dip westward at 60 degrees but are not much disturbed otherwise. This finer 
grained phase of the Hecate Cove Formation is believed to overlie unit 1 of section 2. 
The top of these waterlain breccias and tuffs is covered and probably cut off by a 
major northwest-trending fault in the southeastern corner of Kultus Cove. 

The facies 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. 
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The section of the Hecate Cove Formation exposed west of Ohlsen Point appears 
to belong to the same facies as do the sections on the southern shore of Buchholz 
Channel. This section consists largely of greenish grey to maroon, partly waterlain 
volcanic tuffs and fine to coarse volcanic breccias interbedded with some tuffaceous 
grits and coarse, volcanic conglomerates with imperfectly rounded pebbles. Numerous 
interbeds of similarly coloured, med ium- to coarse-grained porphyritic lavas occur 
in this section of the Hecate Cove Formation. Some of the lavas contain abundant 
reddish grey to orange phenocrysts 0f ?sodic plagioclase. The stratigraphically lower 
beds of the unit exposed near the v estern end of the 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 pyroclastic rocks and tuffaceous 
elastics. The base of this section, about 600 feet thick, of the middle part of the 
unit was not reached, and its top is faulted. 

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 argillite as compared with 
its Buchholz Channel facies. The sediments are mainly tuffaceous. The second fac ies 
also contains numerous interbeds of fine-grained , waterlain volcanic tuff. The tuffa
ceous elastics , tuffaceous limestones, and finer grained waterlain pyroclastics occur at 
intervals throughout the thickness of the second facies of the Hecate Cove Formation. 
This relatively fine grained and predominantly marine facies is best exemplified by the 
type section of the Hecate Cove Formation (see Sec. 4, Appendix). 

The type section of Hecate Cove Formation is about 1,899 feet thick. It is con
siderably thicker than any other section of the formation studied, despite the fact that 
its basal beds (corresponding to Units 1-3 , 5 of Sec. 3, to Unit 1 of Sec. 2, and to 
Units 4-6 of Sec. 5) are believed to be concealed beneath the visible base of bed 13. 
Another 150 feet of the form ation may be concealed in the covered interval above its 
visible top. If this interpretation is correct, the total thickness of the second facies of 
the Hecate Cove Formation would be in the order of 2,500 feet. 

The only section (see Sec. 5, Appendix) of the Hecate Cove Formation observed 
in the western part of Quatsino Sound represents its second facies. This intensely 
sheared and often contorted section exposes only the basal ?450 feet of the formation, 
which is largely or ?entirely absent in the type section. 

The third facies of the Hecate Cove Formation is characterized by the scarcity 
or complete absence of the limestone breccia and interbeds of marine sedimentary 
rocks. Furthermore, it includes numerous interbeds of basic porphyritic lavas (mostly 
augite porphyry) and their conglomerates. In the studied sections of this facies (see 

Sees. 1, 6, 7), the predominantly coarse and poorly sorted, mixed sedimentary-volcanic 
or purely volcanic breccias, lavas , and volcanic conglomerates overlie disconformably 
to regionally unconformably the deeply eroded surface of the Sedimentary division of 
the Bonanza Subgroup. In the report-area, the underlying Sedimentary division is 
represented exclusively by the Arenaceous member (see Sees. 1, 6, 7 ). In the west 
coast sections, however, this facies of the Hecate Cove Formation apparently overlies 
unconformably the Arenaceous and Thinly bedded members . The third facies of the 
Hecate Cove Formation tends to be considerably thinner than either of the other two 
known facies . So far as is known, its thickness in Quatsino Sound does not exceed 
500 feet and, locally, may be less. 
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The apparent complete absence of marine shells in the third facies of the Hecate 
Cove Formation and the almost complete absence of the calcareous and argillaceous 
matrix in the pyrocl astics and psammites suggest that the facies is predominantly or 
?exclusively of nonmarine origin. The absence of any pillow lavas or pillow breccias 
in all studied sections in Quatsino Sound supports this conclusion. 

The prominent ?augite porphyry unit of section 6 appears to be only a local 
feature of the third facies of the Hecate Cove Formation. At the headwaters of Yogtook 
Creek, east of Victoria Lake, similar basic lavas have been seen at the base of the 
formation in the section of the third facies measured by J. E. Muller and visited by the 
writer in 1969. Such lavas are absent at the same level in section 7, in close proximity 
to sections 1 and 6. 

What appears to be another outcrop-area of the third facies of Hecate Cove 
Formation occupies the northern shore of Holberg Inlet between the western entrance 
to Coal Harbour and the eastern side of Apple Bay. Orr Islet apparently is built of 
these intensely altered volcanic rocks which appear to be, for the most part, fine to 
coarse volcanic breccia, buff to rust coloured, strongly jointed, and locally sheared; the 
surface is honeyco mbed, and the matrix appears to be calcareous. The volcanic breccia 
is interbedded with some light grey (?discoloured), porphyritic ?lava rich in rectangular 
to lath-like phenocrysts of whitish grey to buff feldspar. No definite attitude was 
observed. A rocky islet in a shallow embayment of the shoreline at the point about 
2 miles west of Coal Harbour wharf exposes the following section of these rocks: 

l. Diabase-like volcanic rock ( ?tuff), dark grey to almost black, hard , resistant, 
massive-looking; contains some dark red , coarse fragments; northern contact covered 
on north side of the islet ; southern contact poorly exposed but appears to be abrupt; 
visible up to 60 feet. 

2. Fine volcanic breccia, purple, massive-looking, southern contact concealed 
beneath the water; visible up to 40 feet. The rocks strike about east-west and dip 
about vertically. It was not possible to infer the direction of the top and the base of 
this section. 

These volcanic rocks of the Hecate Cove Formation extend inland only from 300 
to 600 feet before they are cut off by Holberg fault (see Fig. 17). 

Origin and environmental significance of some peculiar rock types. The Hecate 
Cove Formation includes a number of peculiar lithological types which are either 
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, p. 12-13). The volcanic breccia was subsequently renamed the 
"agglomeratic" limestone by Hoadley ( 1953, p. 24, Pl. IIA,B; Pl. III) . All transitions 
exist between these two breccia types, and either of them may grade imperceptibly 
into sedimentary, volcanic, or mixed conglomerates. 

The writer agrees with J. E. Muller's suggestion (pers. corn. , July, 1968) 
that much of the limestone breccia occurring in basal beds of Hecate Cove Formation 
and elsewhere was caused by the areally restricted consedimentary slumping of 
limestone interbeds commonly occurring in the first and second facies of the Hecate 
Cove Formation. The fragmentation and downslope sliding of the almost uncon
solidated to feebly consolidated sediments were accompanied by an extensive penetra
tion of calcareous or argillaceous ooze between the fragments. 
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The common presence of more or less rounded sedimentary and volcanic frag
ments and pebbles in some of the limestone breccias may reflect more widespread 
slumping, which also involved 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 
nevertheless angular limestone clasts occurring in them, and by the lateral gradation 
of these "reworked" limestone breccias and limestone conglomerates to completely 
angular slump breccias. 

The marine volcanic breccias ( = "agglomeratic" limestone) of the Hecate 
Cove Formation have been interpreted (Hoadley, 1953, p. 24, Pl. IIA,B; Pl. III) 
to be the result of burial of a irborne pyroclastic products ( ejectamenta of volcanic 
explosions) in the limy mud or marl accumulating on adjacent parts of the sea 
floor at that time. This explanation appears to be entirely satisfactory to the writer 
insofar as pure types of such marine volcanic breccias are concerned. However, the 
common gradation of such marine volcanic breccias to mixed sedimentary-volcanic 
breccias (including typical limestone breccias) apparently 'necessitates a concurrence 
of strong volcanic explosions with the more or less extensive slumping of calcareous 
or a rgillaceous sediments on adjacent parts of the sea floor where the volcanic 
ejectamenta were falling. 

The commonly observed lateral or vertical intergradation of waterlain pyroclastics 
with volcanic or mixed sedimentary-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) mountai n 
ranges under nonmari ne or littoral conditions. The widespread occurrence of these 
peculiar breccias in the Hecate Cove Formation, and their almost complete absence 
in the underlying and overlying units of the Vancouver Group, were effected by 
the latest Triassic ( ?Rhaetian) orogenic phase (Jeletzky, 1970b, p. 8). These 
tectonic movements produced a strongly diversified relief characterized by the 
existence of apparently shallow, residual marine troughs in close proximity to rapidly 
rising tectonic highlands. This relief, in concurrence with a strong outburst of latest 
Triassic (?Rhaetian) explosive volcanism, created a favourable environment for 
the formation of marine pyroclastic breccias. The rapid and extensive vertical move
ments within the report-area and the tremors accompanying the late Triassic 
(?Rhaetian) tectonic movements must have been affecting strongly the residual 
marine troughs in which the bulk of the Hecate Cove sediments were being deposited, 
and were causing the widespread slumping of these sediments wherever the sea bottom 
had sufficient slope. 

A ge and correlation. In 1968, an abundant but indifferently preserved, probable 
Upper Triassic marine fauna was found in the uppermost bed of the type section 
of the Hecate Cove Formation (Jeletzky, 1969, p. 126 and Bed 3, Sec. 4). Muller 
and Rahm ani ( 1970, "p. 17) found Plicatula? sp. and indeterminate pectinids about 

500 feet below the top of the formation ( GSC Joe. 84008) in a section on the 
southwestern part of Drake Island (!at. 50 °30'40" ; long. 127 °39'14"). This section 
was not studied by the writer. A questionable late Norian age was assigned to this 
Plicatula? fauna. Indeterminate marine fossils occur locally in other sections of the 
first and second facies of the Hecate Cove Formation. 
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The combined evidence of the superposition of the Hecate Cove Formation 
on the late upper Norian (Upper Suessi Zone) Sutton Formation and the Arenaceous 
member (Jeletzky, 1970b, p. 8-9; and earlier in this report), and the occurrence of 
the probable Upper Triassic and questionably late Norian marine faunas in the 
upper to uppermost beds of the second facies of the formation , indicates that it is 
latest Triassic, either the latest Nori an and/ or Rhaetian. The lower part of the 
first and second facies of the Hecate Cove Formation may well be late late Norian 
in age because of the apparently conformable and possibly graclational relationship 
of these facies with the underlying Upper limestone member of the Sutton Formation. 
It does not seem likely, however, that the bulk of the type section (at least 1,899 
feet thick) of the Hecate Cove Formation would represent only the upper part of the 
Upper Suessi Zone. The entire formation, therefore, is placed tentatively m the 
Rhaetian stage. 

The clisconformable and probably regionally unconformable relationship of the 
third, largely or entirely nonmarine facies of the Hecate Cove Formation with the 
underlying high upper Norian Arenaceous member probably rules out the latest Norian 
age of this particular facies (J eletzky, 1970b, p. 8-9). 

The inferred Rhaetian age of the Hecate Cove Formation agrees well with its 
occurrence stratigraphically far below the oldest elated low Lower Jurassic (early Sine
murian) rocks. The formation is apparently conformably overlain by the Basal Jurassic 
volcanic unit, which is from 5,000 to ?7 ,000 feet thick. This unfossiliferous unit appears 
to be overlain by the ?Hettangian Cherly limestone and Grey volcanic units which are, 
in turn, overlain by the Sinemurian Matthews Island Formation. The presence of these 
three thick units between the Hecate Cove Formation and the early Sinemurian basal 
beds of the Matthews Island Formation suggests the possibility that the Basal Jurassic 
volcanic unit may be also, in part at least, of latest Triassic (Rhaetian) age. This 
possibility is ignored 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 con
venience in description and mapping. 

Latest Triassic (?Rhaetian) Orogenic Phase and the 
Resulting Facies and Paleogeographic Pattern 

Throughout the investigated part of Quatsino Sound and in Klaskino Inlet, the 
lithologically 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 Suessi Zone. The same is true of the entire extent of the tectonically 
and volcanically active zone of the Insular Tectonic Belt (Jeletzky, 1970b, p. 5-7, 
Figs. 1-2). 

This drastic change of the sedimentary regime indicates the occurrence of geolog
ically abrupt and strong uplifts within the Quatsino Sound area following the deposi
tion of the Sutton Formation and the Arenaceous member. Because of the predominantly 
volcanic lithology of the Hecate Cove Formation, these uplifts must have been accom
panied by a strong outburst of mixed explosive-effusive volcanic activity. These tectonic 
events formed part of the latest Triassic (Early Rhaetian or ?latest Norian) orogenic 
phase which was felt throughout the tectonically active zone of the Insular Tectonic 
Belt (Jeletzky, 1970b, p. 5-9, Figs. 1, 2). 

Despite the intensity of the latest Triassic orogenic phase, which is reflected in 
the predominantly coarse to very coarse, poorly sorted piedmont lithology and synoro-
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genie nature of the Hecate Cove Formation, this phase apparently did not change 
drastically the paleogeographic facies pattern characteristic of the partly flysch-like, 
preorogenic rocks of the Upper Suessi Zone (Figs. 3, 4). 

The Coal Harbour-Alice Lake tectonic land evidently continued to exist in a 
much more elevated, volcanically activated , and apparently somewhat enlarged state. 
The southwestern side of this land is roughly defined by the previously discussed zone 
of outcrops of the relatively thin (?500 feet or less) , nonmarine third facies of the 
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 Jeletzky (1970b, p. 5-7, Figs. 1, 2) and recapitulated in the 
section of this report dealing with the late late Norian 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 Norian predecessor (cf. 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 
(Jeletzky, 1970b, p. 5-7, Figs. 1, 2). 

The northwest-trending Neroutsos Trough continued to exist. Its eastern and 
western limits are believed to be roughly defined by those sections (i.e., between Smith 
Cove and Koprino Harbour) in which the contact between the variegated but mainly 
coarse elastics of the Hecate Cove Formation and the underlying neritic Sutton Lime
stone or the calcareous facies of the Arenaceous member (in Koprino Harbour) either 
is not accompanied by an obvious erosional disconformity or is clearly transitional. 
The Hecate Cove Formation of Neroutsos Trough, furthermore, is represented by the 
partly or entirely marine first or second facies. 

Because of the presence of an isolated outcrop of the second facies of the Hecate 
Cove Formation in Koprino 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, 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 Koprino Harbour 
and Klaskino Inlet, and the outcrops of the formation studied in Klaskino Inlet be
long to the first, partly marine facies. However, the formation overlies disconformably 
the eroded surface of an unusually coarse grained, partly conglomerate and tuffaceous 
facies of the Arenaceous member. Equivalents of the Sutton Formation appear to be 
absent by nondeposition, 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 Suessi Zone) of the Thinly bedded member in one other, 
intensely disturbed (contact complicated by faulting) section. 

As recognized by Jeletzky ( l 970b, p. 7, 8, Fig. 1), the Klaskino Inlet outcrops 
of the Hecate Cove Formation formed part of a residual trough different from the 
Neroutsos Trough. This West Coast Trough was the successor to the previously de
scribed late )ate Norian West Coast Trough. The existence of a northwest-trending 
tectonic land, which separated the latest Triassic West Coast Trough from the con
temporary Neroutsos Trough, is indicated first by the northeastward facies changes of 
the Hecate Cove Formation in the Esperanza-Ououkinsh inlets segment of the west 
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coast described by Jeletzky ( 1970b, p. 5-9, Figs. 1, 2). It is indicated also by the 
clearly recognizable southwest- or wrst-directed paleoslope 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 more elevated, volcanically activated version 
of its late late Norian predecessor. However, there is no reason to believe 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 Koprino Harbour section (see Sec. 5), the northeastern margin of this land 
must have been situated at least a few mi les farther to the west. The Hecate Cove 
Formation of Klaskino Inlet is likewise represented by the relatively fine grained and 
mostly marine second facies . This suggests that the southwestern boundary of the 
Southwestern tectonic land was situated at least a few miles farther to the east. 

The paleogeographic data suggest that the latest Triassic uplifts in the Quatsino 
Sound and Kl askino Inlet areas were largely or entirely restricted to the Coal Harbour
Alice Lake tectonic land on the northeas tern side of the residual Neroutsos Trough 
and to the Southwestern tectonic land separating this trough from the West Coast 
Trough. If this was so, most or all of the coarse to very coarse, synorogenic elastics 
of the Hecate Cove Formation must have been derived from these two fast rising, pre
sumably cordillera-like tectonic lands. These sediments spread basinward for a con
siderable distance, rapidly filling the two residual, presumably subsiding marine troughs. 

The apparent restriction of the generally coarser, less sedimentary and less 
marine first facies of the Hecate Cove Formation to the southern side of Quatsino 
Sound (see p. 29 , 31), and the apparent restriction of the second facies to the 
northern side of the sound, may well be paleogeographically significant. It may reflect 
a gradual northwestward retreat of the largely marine facies of the formation within 
Neroutsos Trough. Unfortunately, the data now available are too sparse for a 
definiti ve solution of this problem . 

Sandy to conglomeratic elastic rocks and waterlain volcanic breccias occur abun
dantly in all outcrop-areas of the Hecate Cove Formation known within Neroutsos 
Trough. This seems to contradict the tentative conclusion that the width of the latest 
Triass ic ( ?Rhaeti an) Neroutsos Trough was closely comparable to that of the preceding 
late late Norian trough. In view of the absence of any known outcrops of the Hecate 
Cove Formation between Kultus Cove and Koprino Harbour, some presently unrecog
nizable additional tectonic lands may have existed in this region and served as additional 
source areas of coarse synorogenic elastics and waterlain volcanic breccias. The pres
ence of these elastics and volcanic breccias in the inner parts of Neroutsos Trough may 
be explained, however, by the strongly pulsating character of the latest Triassic tectonic 
movements, which resulted in temporary uplifts of considerable parts of the trough 
and corresponding inward shifts of the coarse elastic and volcanic breccia facies. This 
hypothesis, which is preferred by the writer, also accounts for the widespread occur
rence of the largely consedimentary limestone breccias throughout the width of 
Neroutsos Trough. These limestone breccias and related coarse elastic types of the 
Hecate Cove Formation must have been connected intimately with the latest Triassic 
tectonic pulses and tremors which accompanied them (see p. 34-35). 

The effects of the latest Triassic orogenic movements were felt strongly across 
the whole width of Neroutsos Trough . This is indicated by the ubiquitous, abrupt, or 

37 



MESOZOIC AND ?TERTIARY ROCKS OF QUATSINO SOUND, B.C. 

rapid upward replacement of the shallow water limestones or argillites by the limestone 
breccias, marine volcanic breccias, various other pyroclastics, and conglomerates. 

Tectonically and Volcanically Quiescent Zone of the Latest Triassic 

The latest Triassic orogenic phase and the concurrent volcanic outburst apparently 
did not affect the eastern side of Vancouver Island and Queen Charlotte Islands 
(Figs. 5, 6, in pocket). The late Triassic rocks of this northeastern part of the Insular 
Tectonic Belt appear to be represented either by black, commonly tuffaceous argillite 
of the upper Parson Bay Formation (Crickmay, 1928, p. 56, 59) or by black carbona
ceous limestone of the upper Quatsino Formation with interbeds of tuffaceous argillite 
(Sutherland-Brown, 1966, p. 98, Fig. 6-11 ; 1968, p. 57, 58; Surdam et al., 1964, p. 
226; Surdam, 1968, p. 20, Fig. 6). 

The late Upper Triassic sediments appear to grade imperceptibly into early Lower 
Jurassic (Sinemurian) black argillites or limy argillites and very fine grained volcanic 
tuffs in all better known parts of the northeastern zone of the Insular Tectonic Belt 
(Sutherland-Brown, 1966, p. 98, Fig. 6-11 ; Surdam, 1968, p. 20, Fig. 6). 

Crickmay ( 1928, p. 56, 59) inferred a disconformity and a hiatus embracing 
most or all of the Rhaetian and Hettangian stages between the Parson Bay and Harble
down formations. This conclusion appears to be untenable, however, since it is based 
solely on the absence of faunas concerned within an apparently continuous sequence 
of beds separating the fossiliferous upper Norian calcareous argillites from the fossili
ferous siliceous Sinemurian argillites. 

The evidence available indicates that during latest Triassic time (late upper Norian 
and Rhaetian) the tectonically and volcanically quiescent zone became restricted to 
the Queen Charlotte Islands and most or all of the eastern side of Vancouver Island 
and Queen Charlotte Strait (at least as far southeast as the Buttle Lake map-area) of 
the Insular Tectonic Belt (Figs. 5, 6). The limited areal extent of the latest Triassic 
orogenic phase and the accompanying outburst of volcanic activity resulted in sub
division of the Insular Tectonic Belt into an active zone and a quiescent zone. The 
active zone included all of the report-area and apparently all adjacent areas of north
western Vancouver Island. The quiescent zone is represented by the sections of eastern
most Vancouver Island adjacent to the report-area, the islands in Queen Charlotte 
Strait, and Queen Charlotte Islands. 

Basal Jurassic Volcanic Unit 
The Hecate Cove Formation is considered to be conformably and gradationally 

overlain by a thick succession of lithologically distinctive (see p. 39) pyroclastic rocks 
and lavas, which appears to be devoid of any sizable interbeds of sedimentary rocks 
except in its topmost beds. This unit was tentatively placed in the basal Jurassic 
(Hettangian) and designated the Basal Jurassic volcanic unit. 

Distribution. In the stratigraphic section and on the geological maps accompanying 
this report, the writer has attempted to indicate the principal outcrop-areas of the 
Basal Jurassic volcanic unit on the basis of its distinctive lithology, known or assumed 
stratigraphic relationships with adjacent sedimentary units, and inferred structural 
relationships. Because of the commonly slender nature of the evidence available and 
the structural complexity of most parts of the mapped area, considerable thicknesses 
of the younger volcanic units of the Volcanic division could conceivably have been 
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lumped together with the Basal Jurassic volcanic unit in some of the outcrop-areas 

listed below. 
No outcrops of the Basal Jurassic volcanic unit have been observed west of 

Koskimo Islets and the northeastern shore of Ahwhichaolto Inlet. They appear to be 
overlain by the younger units of the Volcanic division in this direction and to be 
situated well below sea level, even along the anticlinal axes and on the relatively 
upthrown limbs of major faults throughout this part of the report-area. 

Stratigraphy. The lower part of the Basal Jurassic volcanic unit is composed 
predominantly of maroon, brick-red , tawny, and lavender, intermediate (andesitic?) 
to more rarely acidic ( dacitic to ?rhyolitic) pyroclastics and lavas. The more acidic 
phases of the unit contain abundant phenocrysts of pink to orange feldspar (Jeletzky, 
1950, p. 16-19; 1969, p. 26; 1970b, p. 10). This feldspar is a sodic plagioclase (J. E. 
Muller, pers. corn., 1968). The lavas 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, but fine to coarse porphyritic varieties 
may be common locally. In some sections, red to maroon, amygdaloidal lavas may be 
replaced partly or even entirely by dark green, blackish green, or dark blue, amyg
daloidal or porphyritic ?basic lavas indistinguishable from those of the Karmutsen 
Subgroup. The red pyroclastic rocks also may be replaced locally by greenish grey, 
light grey, or dark grey pyroclastic rocks (e.g., between Klootchlimmis and Kewquodie 
creeks on the southern shore of Quatsino Sound). 

Pyroclastic rocks are characteristically unsorted to poorly sorted. Generally, they 
lack the well-defined bedding of the underlying Hecate Cove Formation. The argilla
ceous and calcareous matrix, as well as interbeds, appear to be absent. It is inferred 
from this that the pyroclastics of the lower part of the Basal Jurassic volcanic unit 
were deposited predominantly above sea level and were not subjected to prolonged 
water action. The characteristically purple to red lavas appear to lack pillow structures 
and sedimentary, waterlain interbeds. These features permit a fairly reliable recogni
tion of the lower part of the unit based on lithology alone, whenever its thick and 
well-exposed sections are available. 

Volcanic breccias predominate among the pyroclastic rocks. They are com
monly coarse to very coarse. More or less rounded (volcanic bombs) fragments 
are most common in coarse breccias and are composed mainly of crystal tuff rich 
in phenocrysts of pink to orange sodic plagioclase. 

Section 8 (see Appendix) , exposed along the water front of Quatsino village, 
is the best section of the lower part of the Basal Jurass ic volcanic unit seen by the 
writer. 

About 600 feet of pyroclastic rocks and lavas, lithologically identical with those 
of section 8, outcrops on the northern shore of Rupert Inlet behind Narrow Island. 
These rocks are assumed to extend eastward to the western side of a stock-like granitic 
intrusion in the northeastern corner of the inlet. Similar rocks, commonly more or 
less metamorphosed and strongly sheared , reappear on Red Island and on the northern 
shore of the inlet northeast from Red Island . An isolated , small exposure of maroon 
to speckled (red, blue, and green), coarse, virtually unsorted, massive volcanic breccia 
and similarly coloured , amygdaloidal to massive lavas occur within the tidal flat 
area in the southeastern corner of Rupert Inlet. The completely covered southern 
shore of the inlet is believed to be underlain by the Basal Jurassic volcanic unit for 
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about 3 miles westward to the inferred position of the trace of Holberg fault (see 

Fig. 17). All these exposures are referred to the lower part of the Basal Jurassic 
volcanic unit. 

A thin , considerably disturbed section of the Basal Jurassic volcanic unit observed 
on the main Gibson Road a t the headwaters of Lippy Creek (see Units 7, 8, Sec. 29; 
Pl. VB) is noteworthy because of the acidic, apparently rhyolitic composition of 
its topmost bed. Except for the deep, spheroidal weathering seen underneath the 
apparently disconformable contact with the Barremian variegated elastic unit , bed 7 
would have been regarded as a sill of ?Early Tertiary intrusive rocks similar to unit 
3 of section 39. 

The apparently west-dipping?, blackish green to blackish grey, massive, aphanitic 
to fine-grained , ?basic lavas outcrop at the point some 1,400 yards west of the mouth 
of Klootchlimmis Creek, and for some 350 yards farther westward along the southern 
shore of Quatsino Sound. This unit is followed (overlain?) by green-grey, fine to 
medium, unsorted volcanic breccia with interbeds of similarly coloured volcanic tuff 
and ?basaltic lavas (see Units 9, 10, Sec. 23). These pyroclastic rocks outcrop for 
200 yards along the shore and become tawny to reddish grey in the westernmost 
part of their outcrop where they are capped unconformably by the Upper Valanginian 
and ?Hauterivian greywacke-conglomerate un it. 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 lavas rich in phenocrysts of meat-red , sodic plagioclase occupy all of 
the northeastern shore of Ahwhichaolto Inlet and appear to extend northwestward 
into the headwaters of Denad Creek. Their attitude and thickness a re unknown, and 
both contacts are covered. These lavas are similar lithologically to the porphyritic 
lavas occurring in the lower part of the Basal Jurassic volcanic unit of the Volcanic 
division. Because of this and their apparent superposition on the typical waterlain 
volcanics and limestone breccias of the Hecate Cove Formation outcropping on the 
shores of Spencer and Robson coves (see Sec. 5), these lavas are tentativel y 
correlated with the lower part of the Basal Jurassic volcanic unit exposed m its 
Quatsino village section (see Sec. 8). The top of these lavas appears to be cut off by 
the Mahatta fault zone beneath the waters of Ahwhichaolto Inlet. 

Most of that part of the shoreline west of Brockton Island, about 1 mile long, 
was not traversed. This interval is believed to represent a relatively upthrown fault 
block of the westward-dipping lower part of the Basal Jurassic 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 that commonly occurring in section 8. It appears to be 
faulted against the relatively downthrown sediments of the Matthews Island Forma
tion (see Sec. 16). On the major, nameless point, situated about a half mile east of 
the eastern end of the outcrops of Matthews Island Formation, this breccia is under
lain 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 plagioclase. These tuffs are mostly massive, but include some 
interbeds of thinly bedded tuff striking about 315° and dipping about 50 ° west. 

A unit of westerly dipping, tawny, dull red, or speckled (red, blue, and green), 
coarse to fine volcanic breccia, about 2,000 feet thick, with interbeds of similarly 
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coloured volcanic tuff, outcrops on the west side of the Kewquodie Creek Cretaceous 
outlier. These pyroclastic rocks are overlain conformably by several hundred feet 
of lavender 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 where 
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 previously 
described section of the lower part of the Basal Jurassic volcanic unit exposed on 
the eastern side of the Kewquodie Creek Cretaceous outlier, the base of these volcanic 
rocks is believed to be at least 1,000 feet stratigraphically above the top of the 
Quatsino village section (see Unit 2, Sec. 8) of the unit. 

The lithology of the upper part of the Basal Jurassic volcanic unit exposed between 
Kewquodie and Cleagh creeks is similar to that of the volcanic rocks outcropping on 
the southern shore of Quatsino Sound opposite the largest Koskimo Islet (see Units 
3-6, Sec. 9) and on the easternmost tip of the latter (see Units 20, 21, Sec. 10). From 
this it is concluded that the lower part of the volcanic unit conformably underlying the 
?Hettangian Cherly limestone unit in the above sections is equivalent to the volcanic 
rocks of the Kewquodie 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, 3, Sec. 9 and Beds 17-19, Sec. 10) are 
believed to be only slightly younger than the youngest beds exposed in the K ewquodie 
Creek-Cleagh Creek section. They are probably either concealed or faulted out in the 
valley of Cleagh Creek. 

Section 9, described in the Appendix, is the thickest and best exposed section of 
the uppermost part of the Basal Jurassic volcanic unit. Judging by this section (see 
Unit 2, Sec. 9) and by the lithologically similar but thinner section exposed on the 
eastern tip of the largest Koskimo Islet (see Units 17-19, Sec. JO) , the uppermost part 
of the Basal Jurassic volcanic unit consists predominantly of grey to dark grey, ?basic, 
somewhat amygdaloidal lavas resembling those of the basal part of the unit and those 
of younger units of the Volcanic division. The less common pyroclastic rocks are mostly 
waterlain, well bedded, and intercalated with a considerable number of limestone beds. 
These pyroclast ics are somewhat similar lithologically to those of the Hecate Cove 
Formation or to those of the older parts of the Basal Jurassic volcanic unit. The 
uppermost part of the Basal Jurassic volcanic unit discussed here would, therefore, 
be difficult or impossible to recognize whenever it is not in contact with the adjacent, 
lithologically more distinctive units, such as units 4-6 of section 9, those of the lower 
parts of the Basal Jurassic volcanic unit, or the distinctive sediments of the ?Hettangian 
Cherty limestone unit. 

Small exposures of light grey to speckled purple, more or less strongly altered 
volcanic breccia and dark grey to maroon , mainly porphyritic lava occur in beds of 
two tributaries of Nuknimish Creek at the point about 1,000 feet upstream from its 
first fork (see Unit 7, Sec. 30). These very strongly sheared and jointed volcanic 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 Sound between Kewquodie and 
Cleagh creeks. 

Estimated thickness. Accurate measurement of the Basal Jurassic volcanic unit is 
not possible. A minimum thickness of between 4,000 and 5,000 feet is estimated by 

combining the section between Kewquodie and Cleagh creeks with that at Quatsino 
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village. However, the writer believes that about 1,000 feet of strata is present, though 
not exposed, between the two sections and that another few hundred feet should be 
added for the topmost beds of sections 9 and I 0. Thus, a figure of between 5,000 and 
7,000 feet is estimated for the unit in the central part of Quatsino Sound. No estimates 
of thickness of the unit are possible for any other parts of the Quatsino Sound area, 
but there are some indications that it thins considerably toward the east. 

Age and correlation. For reasons stated by Jeletzky ( l 970b, 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 volca nic unit was tentatively placed in the 
basal Jurassic and provisionally dated as ?Hettangian. 

Cherty Limestone Unit 

Distribution a11d 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 sma ll outcrop in the middle of 
the southwestern shore of Ahwhichaolto T nlet, on the eastern end of the largest 
Koskimo Islet (see Sec. 10), and on the mainland opposite this section (see Sees. 9 , 
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 previously explained, the Cherly limestone unit appears to overlie 
conformably and gradationally the Basal Jurassic volcanic unit of the division. The 
Cherty limestone unit appears to be older than the Grey volcanic unit and the over
lying sediments of Matthews Island Formation because of its inferred conformable and 
gradational superposition on the Basal Jurassic volcan ic unit which is known to overlie 
conformably the latest Triassic Hecate Cove Formation. Furthermore, al l known sec
tions of the C herly limestone unit are situated downdip from those of the Grey 
volcanic unit, and the volcanic rocks overlying the Cherty limestone unit are similar 
to those of the Grey vo lcanic unit. Because of these stratigraphic relationships and as 
it has no lithological similarities with the other sedimentary units of the Volcanic divi
sion, the Cherty limestone unit cannot be correlated with any of them. Therefore, it is 
inferred to be a separate sedimentary unit with in the Volcanic division of the 
Bonanza Subgroup. 

The best known section of the Cherty limestone unit is the lower part of 
section I 0, described in the Appendix. Another strongly disturbed section (see Sec. 11, 
Appendix) nearby supplements section 10. This section exposes a sequence of 
waterlain pyroclastics, tuffaceous limestones, and amygda loidal lavas which appears 
to be transitional between the Cherty limestone unit and the Grey volcanic unit. 
This sequence is believed to fill in part or all of the fau lted out interval between units 
4 and 6 of section 10. 

Section 11 suggests the intergradation of the Cherly limestone unit with 
overlying pyroclastics and lavas lithologically similar and apparently referable to 
the lower part of the Grey volcanic unit. Like the sequence of waterlain pyroclastics 
and tuffaceous sediments connecting the Cherly limestone unit with the underlying 

Basal Jurassic volcanic unit, these transitional beds resemble some of the rock 
types of the Hecate Cove Formation. They may be confused with this formation 
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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 breccia and marine volcanic breccia with limestone matrix in these 
transitional beds seems to provide a reliable distinguishing feature. 

Small exposures of extremely contorted, cherty limestones occur in the middle 
part of the southwestern shore of Ahwhichaolto Inlet. These limestones are lithologically 
identical with those of beds 11-13 of the Koskimo Islets section 10. Neither the top 
nor the 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 lithologically similar to those conformably overlying the Cherly 
limestone unit in the Koskimo Islet sections. 

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 
it 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. Despite its apparently marine ongm, 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 western 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 o.f the largest 
Koskimo Islet and the area around the mouth of Mahatta Creek (Pl. IVB), 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 westward toward Nordstrom 
Cove. To the northwest of Spencer Cove, the unit occupies the downthrown south
western side of Mahatta fault to the northwestem end of Ahwhichaolto Inlet and 
extends for an unknown distance farther northwest. The unit outcrops locally on 
the western shore of Forward Inlet between Greenwood Point and Kains Peninsula 
(see Fig. 18). 

Stratigraphy. The basal beds of the Grey volcanic unit were observed only 
in section 11 on the southern shore of Quatsino Sound opposite Koskimo 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, amygdaloidal lavas. 

Several hundred (at least 600) feet 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, outcrops on the southwestern 

43 



MESOZOIC AND ?TERTIARY ROCKS OF QUATSINO SOUND, B.C. 

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, simi larly coloured 
volcanic tuff, and grey to lavender-grey, amygdaloidal lavas. No waterlain, 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 pyroclastic 
rocks and similarly coloured volcanic conglomerates (Pl. IVB), are exposed in the 
banks of Mahatta Creek for some 500 yards upstream from its mouth (i.e., to the 
first waterfall). Neither the top nor the bottom of these rocks is exposed, but they 
seem to be referable to the lower part of the Grey volcanic unit. 

The top of the above-mentioned rocks was not observed; however, because of the 
prevalent attitude and localization (see Figs. 17, 18), they are believed to grade upward 
into similarly coloured lavas and associated pyroclastics that conformably underlie the 
Matthews Island Formation on the eastern part of Matthews Island and farther north on 
the western shore of Forward Inlet. The latter rocks consist of as much as 1,000 feet of 
predominantly light grey to bluish grey, most distinctly banded, amygdaloidal lavas, 
commonly 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 composed mainly of the above-mentioned 
amygdaloidal lavas, occur in this part of the unit. The base was nowhere observed. The 
contact with the overlying argillites of Matthews Island Formation is definitely grada
tional in some sections (see Sec. 12, Appendix). However, in some other sections, 
such as that measured on the eastern side of Matthews Island (see Units 3, 4, Sec. 17), 
this contact appears to be somewhat more abrupt, although still conformable. 

The proposed informal name-Grey volcan ic unit-reflects the unit's characteristic 
light grey colour. This unit appears to be lithologically distinguishable from all other 
volcanic units of the Volcanic division described in this report due to the predominance 
of light grey to bluish grey, amygdaloidal, felsitic, porphyritic lavas and volcanic 
breccias; the rarity of brightly coloured pyroclastic rocks; and the common occurrence 
of pillow structures in lavas of the upper part. 

Thickness. The combination of the two thickest sections of the Grey volcanic 
unit, which represents respectively its lower (Sec. 11) and upper (Sec. 12) parts with 
no apparent overlap, indicates that the unit is at least 2,000 feet thick. The total thick
ness may well be greater, but there are no means to infer, much less 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; 
this report, p. 48, Fig. 5) , and overlies apparently conformably and gradation ally 
(see Sec. 11) the probable Hettangian Cherty limestone unit. It could, therefore, be 
either of ?upper Hettangian or of basal Sinemurian (i.e., Arietites bucklandi zone; 
Frebold, 1951, p. 13-14; Arkell, 1956, p. 37) age. The former age is proposed 
tentatively in this report for the Grey volcanic unit, as determinable ammonites of 
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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 equivalents (as in Kyuquot 
Sound; Jeletzky, 1970b, p. 12) from the Uppermost Sinemurian volcanic unit is wide
spread in the western part of Quatsino Sound, and also outcrops in Kyuquot Sound. 
This unit was informally named Sinemurian argillites by J eletzky ( J 970b, p . 12, 
Fig. I) but is now formally named the Matthews Island Formation, after Matthews 
Island at the junction of Forward and Browning inlets where the best known sections 
are situated. The relatively little disturbed and fossiliferous sections, 14 and 17 
combined, are herewith designated as the type section of the Matthews Island Forma
tion. 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 being 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 num
ber of open, medium-sized, northwest-trending, northwest-plunging folds (see Fig. 18). 
Commonly, these folds are intensely faulted and invaded by sills, dykes, and larger 
irregular bodies of Coast Intrusions. 

On the southern shore of Quatsino Sound, east of Mahatta logging camp, the 
formation outcrops almost continuously for about ~ mile east of an unnamed rocky 
point opposite the eastern end of Salmon Islands, and also in the bed of Monkey Creek 
between about ~ and ~ mile above its mouth. 

In 1968, an apparently isolated, intensely disturbed but generally anticlinally 
folded outcrop-area of the Matthews Island Formation was first discovered by J. E. 
Muller 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 Harbour. 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 
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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 
description of the Grey volcanic unit. 

Stratigraphy and facies. The Matthews Island Formation was provisionally subdi
vided by Jeletzky (1970b, p. 12) into "a Lower argillite member at least 500 feet 
thick; an [ntermediate 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 fsland Formation studied in Forward Inlet, Browning 
Inlet, a nd Winter Harbour but not for the easternmost known section 16 immediately 
east of Mahatta logging camp. The recently studied vertical distribution of diagnostic 
ammonites in this section (see Units 6, 11 , Sec. 16) suggests that the Intermediate 
waterlain tuff member of the more westerly sections (see Sees. 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 13-21) 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 three members, in ascending 
order: 

1. Lower argillite member 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 tufj m ember (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 tuft's, 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. 

3. Upper argillite member consisting of 86 to 120 feet of argillite similar to that 
of the Lower argillite member. In the westernmost known 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 lime
stone, various sedimentary breccias, and various waterlain pyroclastic rocks. 

The lithology and thickness of these three members of the Matthews Island Forma
tion change drastically eastward from the Winter Harbour-Forward Inlet area. 

The argillites of the Upper argillite member become less arenaceous and tuffaceous 
in more easterly sections of the formation. Furthermore, they thicken eastward (see 
below) and appear to lose all the conglomeratic and waterlain volcanic breccia interbeds 
and most of the waterlain volcanic tuff interbeds in this direction (see Unit 4, Sec. 15; 
Units 3-7, Sec. 16). 

These facies changes indicate the lateral eastward replacement of the greater 
part of the coarse elastics and coarse water lain pyroclastics of the Uppermost Sine
murian volcanic unit by the Upper argillite member. This conclusion finds further 
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support in the marked eastward decrease in total thickness of the Uppermost Sine
murian volcanic unit discussed in the next section. 

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 i mile above its mouth. Echioceras 
(Melanhippites) harbledownensis Crickmay of late Sinemurian age was found on the 
south shore of Quatsino Sound, 900 yards up Monkey Creek ( GSC Joe. 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 I ,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 to 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 observed to thicken considerably in some sections, especially in 
those occurring on the western shore of Forward Inlet and in 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 
argillite members. The latter may become restricted locally to units 30 to 70 feet thick, 
alternating with units 50 to 100 feet thick composed of very thick bedded or massive, 
green-grey to dull grey or brown, arenaceous to tuffaceous argillites, similarly coloured, 
fine- to coarse-grained greywacke, and waterlain volcanic tuff. Some beds of crystal 
tuff rich in phenocrysts of red sodic plagioclase, 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 Forma
tion 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 
as compared with its typical development in the type section of the formation. Units 
14-17 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 compared with its apparent thickness of 640 feet in the western sections. Furthermore, 
it seems to lack conglomeratic interbeds such as are known to occur in its western 
facies (see Unit 1, Sec. 17) or, for that matter, any arenaceous interbeds common in this 
facies. 

The presence of a relatively thick (at least 378 feet) unit of waterlain volcanics 
and various elastics of the so far unique ?Basal variegated member stratigraphically 
below the offshore facies of the Lower argillite member (see Units 13-21, Sec. 16) 
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is puzzling. The presence of generically indeterminate arietitid ammonites (GSC Joe. 
24313) indicates a general Sinemurian age for this unit and prohibits its exclusion 
from the Matthews Island Formation. The ?Basal variegated member is tentatively 
assumed to be a local, predominantly pyroclastic phase of the basal beds of the 
Lower argillite member related to an areally restricted short-lived volcanic vent on 
the bottom of the Sinemurian basin of Quatsino Sound. 

Numerous intercalated beds of pure or arenaceous to tuffaceous limestone in 
some faulted and contorted or very poorly exposed sections of the Matthews 
Island Formation suggest local and short-lived paucity of elastic sediments within 
the Sinemurian basin of Quatsino Sound. 

Facies and source area. The above-discussed east-west facies changes of the 
Matthews Island Formation indicate that the shoreline of the Sinemurian (i.e., 
Matthews 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 camp) represented its offshore part. This 
problem will be discussed in greater detail in the section dealing with the Lower 
Jurassic depositional environments and paleogeography of the Quatsino Sound area. 

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 formation is at least l ,300 feet thick, if one assumes 
that the Upper and Lower argillite members of section 16 are repeated by faulting. 
If this is not so, the Matthews Island Formation would be at least l ,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. For a long time the formation was believed to be of 
Triassic age because the poorly preserved ammonites, collected from its type 
section by Dawson (1887, p. 83B), were described as Celtites(?) vancouverensis by 
Whiteaves (in Dawson, 1887, p. 1108- 111 B). These ammonites were later redeter
mined to be low Lower Jurassic arietitids closely allied to the early Sinemurian 
genus Arniotites (Crickmay, 1928, p. 60; Frebold, 1959, p. 5-6). All the better 
preserved ammonites collected by the writer in the Lower argillite member of the 
formation have been determined recently by Dr. Hans Frebold (unpubl. intrade
partmental fossil reports, 1968; pers. corn., 1969) as Arniotites kwakiu1lanus Crickmay, 
Arniotites sp. indet., Arnioceras sensu Jato sp. indet., or ? Arnioceras sp. indet. (see 
Bed 15, Sec. 14; Unit 11 , Sec. 16; Unit 2, Sec. 17) . The Arniotites (or Arnioceras) 
fauna is diagnostic of the late early Sinemurian Arnioceras semicosta1um zone of 
International Standard (Frebold, 1951, p. 13-14; Arkell, 1956, p. 37). The basal 
Sinemurian Arielites bucklandi zone is not represented by fossils in the Quatsino 
Sound area. However, there is room for it in the so far unfossiliferous basal 100 
feet of the Lower argillite member and in the ?Basal variegated member which is 
at least 378 feet thick. The latter unit is fossiliferous, but it has yielded only Wey/a 
sp. and indeterminate arietitid ammonites (see Unit 15, Sec. 16). 
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All the better preserved ammonites collected by J. E. Muller and the writer 
from the Upper argillite member have been determined recently by Dr. Hans Frebold 
as Echioceras (Melanhippites) harbledownensis Crickmay and ?Echioceras sp. indet. 
(see Unit 6, Sec. 16; Unit 4, Sec. 15; and GSC loc. 24303, i mile up Monkey Creek). 
According to Frebold, the Echioceras (Me/anhippites) harbledownensis fauna corre
sponds to the uppermost Sinemurian Echioceras raricostatum zone of International 
Standard (cf. Arkell, 1956, p. 37). 

J. E. Muller's fossil collections from the outcrops of Matthews Island Formation 
outside of this report-area (GSC loc. 82892; identification by Dr. Hans Frebold in 
an unpubl. intradepartmental fossil report, 1969) also contain the intervening 
Asteroceras aff. A. obtusum fauna, which so far has not been found in ·Quatsino 
Sound area. 

The presence of Echioceras (Melanhippites) harb!edownensis and Crucilobiceras 
spp. fauna in the overlying Uppermost Sinemurian argillite unit (see the following 
two sections) indicates that the Upper argillite member of Matthews Island 
Formation includes only the lower part of the Uppermost Sinemurian Echioceras 
raricostatum zone (abbreviated to Raricostatum Zone in the following sections). The 
Matthews Island Formation, therefore, spans most of the Sinemurian stage (Fig. 5; 
Table of Formations). 

The so far invariable restriction of the Arniotites kwaki111!a1111s fauna to the 
Lower argillite member and of the Echioceras (Melanhippites) harbledownensis fauna 
to the Upper argillite member has facilitated greatly the interpretation of incomplete, 
extremely faulted and/ or contorted, lithologically aberrant sections of the Mat
thews 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 (see Units 6, 9, 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 almost 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, they permit the dating of waterlain pyroclastic rocks, 
sedimentary (especially limestone breccia) and mixed waterlain breccias of the Waterlain 
tuff and ?Basal variegated members which may be lithologically indistinguishable from 
the equivalent rocks of the Hecate Cove Formation of the Volcanic division. 

Southeast of Quatsino Sound in the Huttle Lake map-area, the formation is 
correlative with that part of an unnamed, 750-foot-thick unit of grey, tuffaceous 
argillite occurring between the Quatsino limestones and the presumably middle 
Jurassic (Yakoun equivalents) volcanics and containing Sinemurian ammonites (Surdam 
et al., 1964; Sutherland-Brown, 1966, p. 98, Fig. 6-11; Surdam, 1968, p. 20, 
Fig. 6). 

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 the 
Parson Bay area (Crickmay, 1928, p. 56-57, 59). The Harbledown Formation yielded 
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the same late early Sinemurian and latest Sinemurian ammonite faunas as the 
Matthews Island Formation of Quatsino Sound (Frebold and Tipper, 1970, p. 4). 

Northwest of Quatsino Sound, the Matthews Island Formation is correlative with 
the Sinemurian part of the Harbledown Formation (formerly upper member of Kunga 
Formation; see Jeletzky, 1970b, Footnote, p. 2) of Queen Charlotte Islands. The 
Harbledown Formation of Queen Charlotte Islands also has yielded Arniotites and 
Echioceras (Melanhippites) faunas (Sutherland-Brown, 1966, p. 84, 98, Fig. 6-11; 
1968, p. 61; Frebold and Tipper, 1970, p. 4). 

Uppermost Sinemurian Volcanic 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 ( 1970b, p. 13, Fig. 1) because of 
its inferred post-late Sinemurian age. This working hypothesis was, however, dis
credited by the more recent discovery of definitively identified latest Sinemurian 
ammonites in the early Pliensbachian argillite unit( see p. 54-55). 

Distribution. Like the underlying Matthews Island Formation, the Uppermost 
Sinemurian volcanic unit is widespread along the shores of Winter Harbour and 
along those of Forward and Browning inlets (see Sees. 13, 14). It also outcrops 
on the western side of Nordstrom Cove (see Units 1, 2, Sec. 15), on the southern 
shore of Quatsino Sound east of Mahatta logging camp (see Units 1, 2, Sees. 16 
and 18) , and in the bed of Monkey Creek in the interval 500 to 800 yards above its 
mouth. 

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 derived argi llite 
and limestone pebbles and boulders. However, all observed contacts with the underlying 
Matthews Island Formation and overlying Uppermost Sinemurian argillite unit 
appear to be conformable and gradational. These pebbles are therefore believed 
to have been derived from a latest Sinemurian source area (a volcanic land) 
close to the west of the report-area (see below). 

The somewhat scanty data available suggest that the Uppermost Sinemurian 
volcanic unit may be subdivided into the following lithological members traceable 
throughout the western part of Quatsino Sound: 

Lower waterlain pyroclastic member consisting of 100 (in the east) to at 
least 400 (in the west) feet of various waterlain pyroclastics. Light to dull grey 
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 some
what rounded. These breccias are interbedded with variable amounts of volcanic 
pebble-conglomerates (pebbles poorly rounded), fine- to coarse-grained, waterlain 
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volcanic tuffs, tuffaceous greywackes, and grits. Peculiar sedimentary breccias con
sisting largely (with greater or lesser admixtures of shale and greywacke fragments) 
or entirely of limestone fragments, apparently derived from the erosion of underlying 
units of the Bonanza Subgroup, occur loca ll y in the basal part of the member. The 
lower contact seems to be conformable and gradational throughout the investigated 
part of Quatsino Sound. 

lnlermediale amygdaloidal lava member consisting of at least 200 to 300 feet 
of purple, red, blue, green (mostly speckled), or grey, rarely to abundantly 
amygdaloidal, ?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 mostly faulted. 

Upper walerlain pyroclastic member consisting of at least l 06 feet of dark to 
light grey, mostly fine, well-bedded and waterlain volcanic, and mixed volcanic
sedimentary breccia. Some interbeds of similarly coloured, fine- to coarse-grained, 
waterlain volcanic tuff and tuffaceous greywacke occur locally. Both contacts appear 
to be conformable in the few known sections of this member. 

Most of the studied sections of the Uppermost Sinemurian volcanic unit expose 
only its basal few hundred feet. Of these, sections 13, 14, and 15 are the most valuable, 
as they expose the normal unfaulted and apparently conformable lower contacts of 
this unit. 

Sections 16 and 18 of the Uppermost Sinemurian volcanic unit are strongly 
sheared and disturbed but are most important because they expose the normal 
unfaulted contacts of the unit with both the underlying Matthews Island Formation 
and the overlying Uppermost Sinemurian argillites. The lower part of the Upper
most Sinemurian volcanic unit (see Units I , 2, Sec. 16) adjoins from the east the 
covered interval 6 of section 18. It is represented by 200 feet of amygdaloidal lavas 
(Unit 1) underlain conformably by about JOO 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 attitude 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 disappearance of con
siderable thicknesses of beds by faulting between the upper and lower parts of the 
Uppermost Sinemurian volcanic unit exposed in these 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 Forward J nlet, which exposes the equivalents of the amygdaloidal lavas and 
lower watcrlain pyroclastic rocks of sections 16 and 18. The top of the section is 
cut off by a major fault. Both the exposed units differ from their equivalents farther 
east by being considerably thicker. The breccia fragments and psephitic clasts of 
the Lower waterlain pyroclastic unit of section 14 are, furthermore, invariably much 
coarser than are 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 Forward and Browning inlets. 

The Upper waterlain pyroclastic unit of section 18 is not exposed on Matthews 
Island. However, it appears to be presen t locally in some shorter, exceedingly 
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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 Matthews Island (see Units 1-7, Sec. 14) , 
and only about 400 feet thick in sections 16 and 18 east of the Mahatta logging 
camp (see also Footnotes. p. 26 and 62) , the Uppermost Sinemurian volcanic unit 
thins out markedly eastward between Forward Inlet and Koprino Harbour. Further
more, the eastern facies of the unit contains a considerably gyeater 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 Har
bour and Rupert Inlet and is replaced laterally by predominantly argillaceous sedi
ments of the Matthews Island Formation and the Uppermost Sinemurian argillite unit 
(Fig. 5). 

The somewhat scanty data about the westward thickening and coarsening of 
the waterlain pyroclastic rocks and sedimentary elastics of the Uppermost Sine
murian 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 Matthews Island Formation and the Uppermost Sinemurian volcanic 
unit within the report-area suggest that the uplift, which must have occurred at 
the time of the end of deposition of the Matthews Island Formation, did not end 
the marine regime within the investigated part of Quatsino Sound. It is suggested, 
accordingly, that the source area (a volcanically active tectonic highland or a 
volcanic archipelago ; see Jeletzky, l 970b, p. 22) established by this upl ift was a 
northwest-southeast-trcnding welt situated immediately west of the area now occupied 
by Forward and Browning inlets. The coarse volcanic and elastic fragments derived 
from this rapidly rising tectonic land began to pour into that rapidly shallowing part 
of Quatsino Sound in the latest Sinemurian time. 

Age and correlation. No fossils were found in the Uppermost Sinemurian volcanic 
unit. However, its Lower waterlain pyroclastic member overlies gradationally the 
Upper argillite member of the Matthews Island Formation containing the early late Sine
murian Echioceras (Melanhippites) harbledownensis fauna devoid of Crucilobiceras. 
The Upper waterlain pyroclastic member of the unit is conformably and apparently 
gradationally overlain by the Latest Sinemurian (Upper Raricostatum Zone) argillite 
unit characterized by the association of E. (M.) harbledownensis and Crucilobiceras 
spp. The volcanic unit concerned can therefore only represent the middle part of the 
Raricostatum Zone (see Fig. 5; and the following section). 

The waterlain volcanic breccias (including pillow breccias) and tuffs of the 
Lower and Upper waterlain pyroclastic members of the Uppermost Sinemurian volcanic 
unit are similar lithologically to those of the Hecate Cove Formation. Furthermore, the 
basal part of the Lower waterlain pyroclastic member of the unit locally contains sedi
mentary or mixed sedimentary-volcanic breccias, limestone breccias, and volcanic 
conglomerates with poorly rounded pebbles lithologically indistinguishable from those 

of the Hecate Cove Formation. 
The water lain 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 colour of their grey to green-grey phases. From pyroclastic 
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rocks of the Basal Jurassic volcanic unit they differ in the same lithological features 
as do the pyroclastic rocks of the Hecate Cove Formation. 

The predominan tly amygdaloidal lavas of the Intermediate member appear to be 
the same as those of the Basal Jurassic volcanic unit. However, they are distinguish
able from the amygdaloidal lavas of the 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 
recognized 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 Quatsino Sound opposite Koprino H arbour (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 arenaceous Ii mes tone, greywacke, and calcareous grit. This unit was named 
Lower Pliensbachian argillites by J eletzky ( l 970b, p. 13) because of a discovery of 
poorly preserved ammonites which, according to Dr. Hans Frebold, could be either of 
late Sinemurian or early Pliensbachian age. At that time the writer chose 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 (M e/anhippites) harbledownensis fauna, repre
senting the latest Sinemurian Raricostatum Zone. Later, however, these "Early 
Pliensbachian" argillites have yielded definitively identified diagnostic ammonites, 
representing the upper part of the Raricostatum Zone of the International Standard. 
Because of this discovery these argillites are here renamed the Uppermost Sinemurian 
argillite unit. 

Distribution. The Uppermost Sinemurian argillite unit is exposed only in scat
tered, greatly disturbed, locally contorted outcrops on the shore 300 yards northwest 
of the mouth of Monkey Creek, east of its mouth at the base, and at the front of a 
nameless major rocky point ! mile east of Mahatta logging camp, and in the bed 
of Monkey Creek in the interval between ~ and i} mile above its mouth. Small out
crops of lithologically similar, unfossiliferous argillites observed at the head of 
Browning Inlet just northeast of the mouth of 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 interbedded 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. 

The basal 27 feet (and possibly as much as 42 feet) of the Uppermost Sinemurian 
argillite unit is 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 
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, 
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 rock) shales striking N10 °-20°W and dipping 80 to 85 
degrees east (overturned?) are unconformably overlapped by the upper Valanginian 
Buchia crassicol/is greywacke which conceals their stratigraphic base. The stratigraphic 
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 ~ feet thick) 
of similarly coloured, laminated cherty limestone and dull to light green, hard, cherty, 
fine-grained, waterlain volcanic tuff. 

The shales concerned are somewhat similar lithologically to some of the lighter 
coloured phases of the Uppermost Sinemurian argillite unit and do not resemble 
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 Fig. 18). How
ever, 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 Cherly limestone unit) or even represent an entirely different, perhaps Toarcian, 
sedimentary unit of the Volcanic division. 

The top part of the Uppermost Sinemurian argillite unit and its contact with the 
younger high Lower Jurassic rocks of the Bonanza Subgroup were not observed in 
any of the studied sections. The unit is 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. 

Age and correlation. A poorly preserved ammonite, possibly belonging to the 
family Eoderoceratidae Spath and the genus ?Microderoceras or ?Crucilobiceras, was 
found 115 feet above the visible base of the section measured 300 yards to the northwest 
of the mouth of Monkey Creek (GSC Joe. 24311). The presence of this ammonite 
suggested 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, 24308) were found a few feet stratigraphically lower 
in the section. The discovery of these fossils prompted a tentative assignment, in a pre
liminary report (Jeletzky, l 970b, p. 13, Fig. 1), of the Uppermost Sinemurian argillite 
unit to the early Pliensbachian stage. 

Subsequent collecting of the here discussed argillites by J. E. Muller (in 1971) 
yielded the following more diagnostic fossils: 

1. Field No. 71-47A (GSC Joe. 88621 ). In road-cut at old log-dump, Mahatta 
Creek. Lat. 49 °27'45"; Long. 127 °48'00". Aug. 30, 1971. According to Dr. Hans 
Frebold, this collection contains "Echioceras (Melanhippites) harbledownensis (Crick
may), 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 C. crucilobatum). The unsatisfactory preser
vation of the two specimens does not warrant identification of species. Age: Early 
Jurassic. Late Sinemurian. Upper part of Raricostatum Zone." 

2. Field No. 71-47B (GSC Joe. 88620). Beach outcrop slightly west of Mahatta 
camp. Near hydrographic beachmark. Lat. 49 °27'30"N; Long. l 27°40'45"W. Accord-
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ing to Dr. Hans Frebold, this collection contains "Ammonoids Crucilobiceras sp. indet. 
Pelecypods Entolium balteanwn Crickmay: Age: Early Jurassic. Late Sinemurian. 
Upper part of Raricostatum Zone." 

The GSC Joe. 88620 of J. E. Muller was collected from the same topmost beds 
of the unit which yielded the previously discussed GSC localities 24311, 24304, and 
24308. Locality 88621 represents beds intermediate in stratigraphic position between 
the former beds and the basal beds of the unit exposed in section 18. 

The Uppermost Sinemurian argillite unit is correlated tentatively with lithologically 
identical, dark grey, marine argi llites outcropping on Catala Island and in the bed of 
Tatchu Creek in the Kyuquot-Esperanza area, west coast of Vancouver Island (Je
Jetzky, 1970b, p. 13). These argi llites, several hundred feet thick, form a unit in the 
dark grey, intermediate volcanic rocks of the Volcanic division. No diagnostic fossils 
have been found in these argillites. Their occurrence in close proximity to, and 
apparently stratigraphically below the Pliensbachian-IToarcian greywacke unit equiva
lent to the Maude Formation of Queen Charlotte Islands (Jeletzky, 1954b, p. 13) 
supports their suggested lithologic correlation with the Uppermost Sinemurian argillite 
unit of Quatsino Sound. 

The Harbledown Formation of the tectonically and volcanically quiescent zone of 
the Insular Tectonic Belt includes fossiliferous Sinemurian beds apparently equivalent 
to the Uppermost Sinemurian argillite unit of Quatsino Sound. 

?Dark Grey Volcanic Unit 

Distribution and stratigraphy. An isolated section (see Sec. 19, Appendix) of 
dark grey porphyritic to extremely amygdaloidal, ?andesitic lavas outcrops at the 
head of Browning Inlet (see 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 (1970b, p. 14) because of a far-reaching lithological 
similarity and the inferred stratigraphic relationships with other units of the 
Volcanic division. These lavas outcrop in a downfaulted block on the southwestern 
side of extensive outcrops of the Matthews Island Formation, which seems to dip 
under them. These lavas appear to overlie outcrops of the ?Uppermost Sinemurian 
argillite unit on the northwestern side of the lagoon. 

Age and correlation. In the Kyuquot-Esperanza area, the Dark grey volcanic 
unit grades upward into the reli ably dated Pliensbachian-?Toarcian greywacke unit and 
appears to overlie conformably and gradationally the argillites apparently equivalent 
to the Uppermost Sinemurian argi llite unit (Jeletzky, 1970b, p. 14) . The Dark grey 
volcanic unit represents, therefore, some part of the early Pliensbachian stage. 
The same age is suggested tentatively for its apparent equivalents exposed in 
Browning Inlet (Fig. 5). 

?Pliensbachian-?Toarcian Greywacke Unit 

Distribution and stratigraphy. At least 1,000 feet of moderately hard to soft, 
dark to light bluish grey, fine to very fine pebble-conglomerate, coarse-grained grey
wacke, and coarse grit outcrops on the west side of the lagoon at the head of Browning 
Inlet in the bed of Kwatleo Creek between the points 300 and 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 
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and breccia. Some of these volcanic rocks could be classified 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 to 200 feet of the unit is composed mainly of bluish 
grey to light blue, extremely well and thinly bedded, fine to coarse tuffaceous 
greywacke, grit , and very fine pebble-conglomerate with dispersed larger ( i- to 
2-inch) pebbles. In the lowermost 300 to 350 feet of the unit, the waterlain 
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. 

A ge and correlation. No fossi ls were found, but the rocks are lithologically 
similar to those of the Pliensbachian-?Toarcian greywacke unit of the Kyuquot-Esper
anza area of the west coast of Vancouver Island (Jeletzky, 1954a, p. 1269; l 954b, 
p. 13; 1970b, p. 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 suggest that they 
form part of the Volcanic division of the Bonanza Subgroup. The upper Valanginian 
Buchia crassicollis greywacke that outcrops in the vicinity is Iithologically dissimilar 
to the sedimentary elastic to pyroclastic unit discussed here, and the two appear to 
be in fault contact. Because of the above considerations, the sedimentary clastic
pyroclastic unit is correlated tentatively with the Pliensbachian-?Toarcian greywacke 
unit of the Kyuquot-Esperanza area and assigned a ger.eral ?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, as 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). 

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 
division is well developed and was deposited everywhere in the northwestern part 
of Vancouver Island west of longitude 126°. 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, Eastwood, 1968, p. 26, 27), but those known 
appear to be readily assignable to the individual sedimentary or volcanic units of the 
division recognized on the northwestern part of Vancouver Island on the basis of their 
stratigraphic position and lithology. Thus, it is assumed that the Lower Jurassic part 
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of the Volcanic division was originally deposited in the same, or at least basically similar 
fades over most or all of the western half of southeastern Vancouver Island, but it 
was either subsequently eroded or has been sufficiently metamorphosed to be now un
recognizable in most areas. 

Sedimentary Sequence of the Lower Jurassic Tectonically 
and Volcanically Quiescent Zone 

As in latest Triassic time, the periodic Lower Jurassic volcanic outbursts recorded 
by the volcanic units of the Volcanic divi sion of the Bonanza Subgroup (Figs. 5, 6) 
apparently did not affect the eastern side of Vancouver Island, the islands of Queen 
Charlotte Strait, and Queen Charlotte Islands. The Lower Jurassic rocks of this n;.irth
eastern part of the Insular Tectonic Belt appear to be represented either exclusively or 
almost exclusively by more or less tuffaceous argillites and impure limestones inter
bedded with varying amounts of fine-grained ( argillite-like) waterlain volcanic tuffs 
(Crickmay, 1928; Dawson, 1887, p. 72B-74B ; Surdam et al., 1964, p. 226; Surdam, 
1968, p. 20, Fig. 6; Sutherland-Brown, 1966, 1968; Jeletzky, 1970b, p. 16-21, Figs. 1, 
2; Muller, 1970, p. 47). 

Tufjaceous Argillites of Buttle Lake Area 
Lower Jurassic limy, tuffaceous argillites ("limy tuffs" of Surdam, 1968, p. 20), 

conformably overlying Norian limestones of the Quatsi no 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; see Jeletzky, 1970b, Footnote 1, 
p. 2) and Maude formations 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 Forma

tion 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 
gradation al. 

According to Dr. Hans Frebold (unpubl. fossil reports; pers. corn., 1968), the 
type Harbledown Formation contains the same Sinemurian ammonite faunas as does 
the Matthews Island Formation of Quatsino Sound. 

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, p. 55, 56; Tozer, 1967, p. 39, 71, 81), the unfossiliferous argillites underlying 
the Sinemurian beds of the Harbledown Formation are believed to represent the late 
late Norian, Rhaetian, and Hettangian stages. 

The uppermost 560 feet of the type Harbledown Formation did not yield any 
diagnostic fossils (Crickmay, I 928, p. 59) and so cannot be dated. The presence 
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of Aca111!top/e11roceras cf . . \'lltherla11dbro1v11i Frebold in the H arblcdown argillites of 
Bal aklava Island (see below) suggests. however, th at the uppermost part of the type 
Harbleclown Formation may include some lower Pliensbachian beds correlative with 
the Maude Formation of Queen Charlotte Islands. 

According to D awson (1887, p . 72B-74B) , the Hope-Galiano (now Nigei) 
Island group on the south side of Queen Charlotte Strait is underlain mostly by dark 
fla ggy a rgillites and quartzites invaded by extensive Coast Intrusions. Volcanic rocks 
referable to the Volcanic division of the Bona nza Subgroup seem to be scarce or 
abse nt throughout this group of islands . This conclusion, originally reached by Jeletzky 
(Ms. 1968 a nd I 970b, p. 17) , was subsequently confirmed by Mullet"s ( 1970, p. 47) 
mapping of these islands. 

Ammonites comparable with lower Sinemurian Ami01ites vanco11vere11sis (White
avcs) have been recorded from these argillites near Port Alexander on Nigei Island 
(Dawso n. 1887. p. 73B), a nd lower Plicnsbac hi a n Aca111!top/e11roceras cf. A. sut!terland
bro11•11i Frebold has been identifi ed by Dr. Hans Frcbolcl ( unpubl. intradepartmental 
fossil report , 1968) in fossil collections rece ntly obtained by J. E. Muller from similar 
argillites on Balaklava Isl a nd. 

The Lower Jurass ic argillites and quartzitcs of the Hopc-N igci Island group a ppear 
to represent the marginal southwestern part of the tectonicall y and volcanically 
quiescent zone of the Insular Tecto nic Belt, and arc referred tentatively to the 
Harbleclow n Formation rather than to the Matthews I sla nd Formation of the 
Volcanic di vision of the Bonanza Subgroup (Fig. 6). No info rma tion is available 
abo ut th eir relationships with underl ying a nd overlying rock-units, but they are 
believed to be esse nti a lly similar to those of the type H a rbledown Format ion and its 
equivalents on Queen Charlotte Islands (see Fig. 5 ; Crick may, 1928; Sutherland
Brown , 1968) . 

Harbledo H•n and Maude Formations of Queen Charlotte Islands 

The Harblcdown Formation ( = Bl ack argillite member of Kunga Formation 
of Sutherland-Brown. 1968: see Jcletzky, J 970b, Footnote 1, p. 2) , as much as 1,900 
feet thick , grades dow nwa rd into the Black carbonaceous limestone member of the 
Quatsino Formation a nd is conformably ove rlain by shalcs. argillites. and lithi c 
sandstones of the Maude Formation (Sutherland-Brown , 1968, p. 39). It contains 
Arniotite.1· (lower Sinemurian) and Ec!tioceras (Me/anhippites) harbledownensis 
Crick may (upper Sinemurian) faunas (Sutherland-Brown, 1968, p . 61; Frebold 
a nd Tipper, 1970. p. 4). Because of its stratigraphic position and conformable 
relationships with adjacent rock-units this " flaggy black argillite member extends 
presumably from th e Suessi Zone through to nearl y the encl of the Sinemurian, although 
no definite Rhactian nor Hettangian are recognized" (Sutherland-Brown, 1968, p. 61). 

Because of the simil a r ~ tratigraphic po,ition and lithologic identity with the 
ty pe H a rbleclown Formation. the Harhledow n equivalent of Queen Charlotte Islands 
is believed to ha ve been continuous with the latter. The complete absence or rarity 
of arenaceo us to pscphitic mate ri a l in the Harbleclown Formation a nd lower par t 
of th e Maude Formation a nd the almost exclusively open sea character of the fauna 
(ammonites. au lacoccrids and Posidonia-like pelecypods) 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 
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lithic sandstone, is thought to be unconformably overlain by pyroclastics of the Yakoun 
Formation (Sutherland-Brown, 1968, p. 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, which occurs 
within 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 vol
canically quiescent zone of the Insular Tectonic Belt is the early Pliensbachian fauna 
with Acanthople11rocera.1· 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 
rocks of the quiescent zone described above contrasts strongly with that of the 
previously discussed, predominantly volcanic and much thicker rocks of the Volcanic 
division of 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 that they are 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 quiescent 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 Triassic 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 dust 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 Harble
down 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 men-
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tioned very fine volcanic dust) nor lava flows of the Volcanic division were spreading 
for more than a few miles away from their sources. 

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 2,000 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 10,000 to 20,000 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" despite 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. 

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 previous 
section) beyond the easternmost vents and fissures of the active zone. 

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, p. 11-16, Figs. 1, 2; and previous 
sections of this report) the Cherty limestone unit, Matthews Island Formation, Upper
most 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; cf. Fig. 5) eastward, northeastward, and northwestward 
at the expense of the intervening volcanic units of the Volcanic division until they 
merge into a much thinner, 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 
one another 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 
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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 argillites) and / or calcareous (mainly impure limestone), predominantly or 
entirely marine sediments. The suggested sequence of these cycles is: 

1. Hecate Cove Formation-Basal Jurassic volcanic unit-Cherty limestone unit. 
2. Grey volcanic unit-Sinemurian Matthews Island Formation. 
3. Uppermost Sinemurian volcanic unit-Uppermost Sinemuri an argil lite unit. 
4. Dark grey volcanic unit- Pliensbachian-?Toarcian greywacke unit. 

Judging by the thicknesses of extruded volcanic rocks, these four volcanic episodes 
of the Volcanic division were of unequal energy. The first ( i.e., the apparently 
Rhaetian-Hettangian) volcanic episode must have been by far the strongest. The 
second (i.e., the ?Hettangian or Grey volcanic unit event) must have been consider
ably 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 
th at 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 appears, there
fore, to have been connected with the latest Triassic orogenic phase, reached its peak 
soon after the phase ended (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 Depositional Environments and Tectonic Movements 
of Tectonically and Volcanically Active Zone 

Basal Jurassic Environments 
As pointed out by J eletzky ( l 970b, p. I 0, 11, 21), the facies of the Basal Jurassic 

volcanic unit apparently remained essentially the same throughout most (or all?) of 
the tectonically and volcanically active zone of the Insular Tectonic Belt. The constitu
ents of its pyroclastic rocks appear to be largely or completely angular and unsorted 
throughout the investigated parts of the zone. To the writer's knowledge, marine inter
beds and pillow structures are unknown, except near the unit's top, suggesting a 
largely or entirely subaerial deposition. These data, together with the ensuing, wide
spread 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, p. 8, 9; and previous 
sections of this report) must have been essenti ally bevelled before the deposition of 
the ?early Hettangian Basal Jurassic volcanic unit. This inference finds additional 
support in the "sediment-starved" nature of the adjacent tectonically and volcan ically 
quiescent zone (see previous sections of this report). 

The predominantly fine grained, calcareous rocks of the ?Hettangian Cherty lime
stone unit in all its known sections suggest that the sea which 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 Quatsino Sound, being particularly prominent in its westernmost 
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outcrops in Forward Inlet. This, and the apparently complete absence of erosionally 
reworked, more or less rounded and sorted pyroclastics, suggest a largely or entirely 
subaqueous mode of deposition for rocks of the Grey volcanic unit. 

Sinemurian Environments and Tectonic Movements 
The predominantly fine grained (argillaceous to calcareous) strata of the Sine

murian 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 Matthews Island Formation 
appears, furthermore, to thicken westward in Quatsino Sound. In contrast, the Upper 
argi llite and Lower argi llite members of this unit become thinner westward, the former 
member becoming rep laced latera ll y largely by the poorly rounded conglomerates and 
coarse to fine volcanic breccias of the lower part of the Uppermost Sinemurian volcanic 
unit in the westernmost sections stud ied . 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 it was situated just off the west 
coast and extended at least from Cape Scott to Esperanza Inlet. ' 

The Sinemurian western source area apparently remained active in latest Sine
murian time, judging by the considerable amounts of poorly sorted coarse elastics and 
somewhat rounded waterlain pyroclastics deposited in the Quatsino Sound area during 
the time of deposition of the Uppermost Sinemurian volcanic unit. The Quatsino 
Sound area itself probably mostly remained a shallow sea. A largely subaqueous 
mode of deposition for the poorly sorted coarse elastics and more or less reworked 
pyroclastics of the Uppermost Sinemurian volcanic unit is suggested by their inter
calation 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 pyroclastics 
of the Uppermost Sinemurian volcanic unit grade upward into the Uppermost Sine
murian argil lite unit. The same seems to be true, furthermore, of the Kyuquot
Esperanza area. The resumption of deposition of fine-grained sed iments 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. 

1 Since this was written this interpretation of facies and source area of the Sinemurian rocks 
was confirmed by the publication of a complete, well-exposed section of M atthews Island Formation 
measured by Muller (1970) at Cape Parkins , west coast of Vancouver Jsland (see Mul ler , Northcote, 
and Carlisle, GSC Paper 74-8, p. 22, 23). An exceptionally great th ickness and a predomjnantly 
volcanic facies of the formation in this southwesternmost section is combined with largely coarse 
grained, shallow water to ?nonmarine facies of the sedimentary intercalations (see Muller, Northcote, 
and Carlisle, GSC Paper 74-8, p. 22, 23; this report, Footnote, p. 26). The section must have been 
situated immediately east of the Sinemurian western source area (a volcanically active cordillera
like welt or a volcanic archipelago) inferred by the writer. 
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Pliensbachian-?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 Pliensbachian 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 Sine
murian argillites. The deposition of these coarse elastics near the southwestern margin 
of the tectonically and volcanicall j active zone of the Insular Tectonic Belt in the 
Kyuquot-Esperanza area and prob ' 'J ly in the western part of Quatsino Sound, and the 
apparent presence of a major erosional interval underneath the Pliensbachian-?Toarcian 
greywacke unit in the Sproat Lake area (Fig. 6), suggest the occurrence of an early 
(but not the earliest) Pliensbachian uplift, at least in these parts of the zone. The 
coarse, nearshore to nonmarine sediments 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 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 represented 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 nonorogenic nature. Furthermore, 
no angular discordances were observed either within the Matthews Island Formation 
or at the base of the Pliensbachian-?Toarcian greywacke unit. 

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 term is rather unfortunate as it obscures the long-recognized (Dawson, 
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-sized bodies of 
northwestern 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 par-
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ticular and of Vancouver Island in general as compared to the Coast Mountains of 
the mainland of western British Columbia (see below) . The retention of true isotopic 
ages (i.e., those confirmed by biochronology) by the Middle Jurassic intrusive bodies 
of northwestern Vancouver Island and the prevalence of the reset Cretaceous isotopic 
ages in the closely related in trusions of the Coast Mountains proper may well have 
been caused by the deep-seated nature of the latter (cf. Harper, 1967; Hutchinson, 
1970). 

This report is concerned primar il y with the stratigraphic and structural relationships 
of the Coast Intrusions of Quatsino Sound and with their relative ( i.e., paleontological) 
age. Relatively little attention is paid to the radioactive ages of Coast Intrusions as 
the writer is extremely sceptical about the validity of the generall y 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, at least within ancient 
orogenic belts. 

The microscopic petrography of the Coast Intrusions is beyond the scope of thi s 
report, and the tentative petrographic assignment attempted below of some of the 
intrusives is based solely on the macroscop ic and hand lens study of their specimens. 

Previous investigations. D awso n ( 1887) apparently did not recognize the presence 
of any granitoid Coast Intrusion bod ies within Quatsino Sound as he neither mentioned 
their presence in the text of the report nor showed them on the geological maps. The 
mention of an intrusive rock cutting the Lower Cretaceous sediments in Koprino 
H arbour (D awson, l 887, p. 88B) refers not to the Coast Intrusions but to the pre
sumably Tertiary ?Sooke Intrusions. 

Dolmage (1919, p. 32B-33B) was the first to recognize the rare presence of 
granitoid Coast Intrusions in Quatsino 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 Creek and near the Yreka Copper mine, and a true diorite body at Old 
Sport mine. Gunning ( l 930, p. 106A-108A) confirmed Dolmage's observations and 
discovered a few additional bodies of granitoid Coast Intrusions mai nl y outside of the 
investi gated 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, l 950; 1954b; unpubl. ) and Zeballos-Nimpkish map-area (Hoadley, 1953). 
Most of the Quatsino Sound intrusives are, furthermore, sills, dykes, and irregularly 
shaped minor bodies, whose thickness fluctuates from a few inches to about l 00 feet. 
It is, therefore, impossible either to show all these minor Coast Intrusions on the 
geological maps and profil es or to discuss all of them in the text. The ra ther rare, 
larger bodies of Coast Intrusions are, likewise, considerably smaller than the larger 
Coast Intrusions of the west coast of Vancouver Island and of the Zeballos-Nimpkish 
map-area. They are all plug- or boss-like, or irregularly shaped bodies, the observed 
max imum width of which (i.e., along the shoreline) does not exceed 1 § miles. Jn 
most cases, the maximum observed width of the larger Coast Intrusions of the report
area fluctuates between 100 feet and ~ mile. There are some indications that larger 
bodies 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 
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be comparable in size with the large stock- to batholith-like Coast Intrusions of the 
west coast of Vancouver Island and Zeballos-Nimpkish map-area. 

Only the following nine newly discovered , larger intrusive bodies are mentioned 
specifically: 

1. An intrusion, about 1,000 feet wide, occurs at the southern base of Greenwood 
Point on the western shore of Forward Inlet (see Fig. 18). This body is largely com
posed of fine- to medium-grained, rose-grey to orange ?dacite porphyry containing 
abundant phenocrysts of orange to meat-red ?sodic fe ldspar. The groundmass 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, Sec. 21). 

3. An intrusive body, about ii mile wide, occurs on the southwestern shore of 
North Harbour in Forward Inlet. Near its margins and along the shore, this body is 
composed mainly of light grey, rusty weathering, sheared and metamorphosed felsitic, 
somewhat porphyritic or coarsely amygdaloidal rock, which is probably dacitic in 
composition. However, in the central part of the body the rock becomes coarsely 
porphyritic. This ?dacite exhibits excellent intrusive contacts with the surrounding rocks 
of the Matthews Island Formation and Uppermost Sinemurian volcanic unit and 
locally contains abundant xenoliths and large inclusions of these rock-units. The intru
sive body appears to widen rapidly inland and probably occupies most or all of 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 tentatively 
with the Uppermost Sinemurian argillite unit. The latter are intensely baked, sheared, 
contorted, and locally "granitized" in the proximity of the well-developed intrusive 
contact. The intrusive rock locally contains numerous large inclusions and xenoliths 
of the shale near the same contact. 

The adjacent upper Valanginian Buchia crassicollis greywacke does not exhibit 
any thermal effects of this intrusive body and is not in any way disturbed in its prox
imity. 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 intrusive body by the Buchia crassicollis greywacke but 
referred it to the Vancouver Group (see p. 73). 

5. An irregularly shaped intrusive body, at least 1,000 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 g mile east of it, closing the lagoon of Browning Inlet 
from the southeast. This intrusive body consists of finely porphyritic, 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 
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to widen rapidly inl and and could well be only the tip of a major intrusive body 
concealed in the forest above hi gh tide boundary. 

7. A dior itic to ?gabbroic intrusive body, as much as 800 feet wide, occupies 
the southern shore of Quatsino Sound at a poi nt about -~ mile east of Salmon Islands 
(see Unit 12, Sec. 16). 

8. An apparentl y intrusive body, possibly up to 700 feet wide, is poorly and 
locall y exposed in the bed of Monkey Creek in the interval 450 to ?700 yards above 
its mouth . The light to bluish grey, mass ive-looking, fel sitic to feebly porphyritic rock 
of this body is probably a daeite invading the Latest Sinemurian and/ or earlier 
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. 

9. A number of intrusive, dyke-like, irregularly shaped bod ies, up to 350 feet 
thick, invade and distort the rocks of the Sutton Formation and those of the Hecate 
Cove Formation on the southern shore of Quatsi no Sound inside Juli an Cove and 
between Juli an and Smith coves (see Fig. 17 ). The largest intrusive bodies of this 
swarm are dark grey, dark green, greenish grey, or whitish grey, medi um to coarsely 
porphyritic (with white to li ght green feldspar phenocrysts), and apparently are 
dioritic to ?gabbroic in composition. 

The medium to small intrusive bodies of this swarm may exhibit the same colour 
phases as the largest intrusives or may be black, maroon, or rose-grey. Their textures 
vary from fe lsi tic to fin e or coarsely amygdaloidal or fine to coarsely porphyritic. A ll 
three types of texture may commonly occur in one and the same intrusive body; the 
felsitic and amygdaloidal textures are usually restri cted to its marginal parts and 
the porphyritic texture is almost invariabl y 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 (d iabase). 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 Intrusions of the western and 
northwestern parts of Quatsino Sound suggest that they are largely or even exclusively 
shallow-seated to hypabyssal apophyses and cupolas of the larger, possibly batholithic 
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 , noted by H aycock ( 1906, 
p. 78A) , and the amount of their structural uplift during the late Mesozoic (i.e., post 
Middle Ju rassic) and Cenozoic times. It would seem that the marked but grad ual 
decrease in height of the mountains in Quatsino Sound as compared with the more 
southerl y 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 stud y the large intrusive body occurring at the 
head of Rupert Inlet. The outline and lithology of this body shown in Figure 17 
were taken from the geological maps of Gunning ( 1930) and Northcote ( 1969). 
Gunning (1930, p. l06A) 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 
chloritized." The writer also was unable to study other bodies of Coast Intrusions 
mapped by Dolmage (1919, p. 37B) and Gunning (1930, p. 106A-107A) occurring 
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east of Holberg Inlet, and inside Neroutsos Inlet. Acco rding to Gunning's ( 1930. 
p. 106A-107A) descriptions, all these Coast Intrusions have a true granitic, grano
dioritic, or quartz dioritic composition. This is in contrast with the quartz dioritic. 
dioritic, or gabbroic composi tion 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 extremel y 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 easte rn part of Quatsino Sound 
belong not to the Coast Intrusions but to the ?Sooke Intrusions to which they seem to 
be lithologically similar. 

A ge and correla1ion. Jn the past, the Coast Intrusions of Vancouver Island have 
been variously assigned a general Jurassic age (Delmage, 1919, p. 32B); a questionable 
Late Jurassic age (Gunning, 1930, p. 99A, l 06A; Bancroft , 1937, p. 4, 8); a Late 
Jurassic or Early Cretaceous age (Gunning, 1932, p. 23A) ; a Late Jurassic or 
Cretaceous age (Jeletzky, 1950, p. 36-38); a Late Jurassic and / or Early Cretaceous 
age (Hoadley, 1953, p. 9, 37); a Middle Jurassic age (Jeletzky, 1954a, p. 66; 1954b, 
p. 14); an Early Cretaceous age (Beveridge and Folinsbee, 1956 ) ; a Bajocian or 
Middle Jurassic to general pre-Nanaimo (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 appea rs to be the old observation of 
Mackenzie (1916, p. 53-54) that on Graham Island , Queen Charlotte Islands, the 
granitic intrusions invade the fossiliferous, reli abl y dated latest Middle Jurassic (Callo
vian) sediments of the Upper Yakoun Formation and are unconformably overlapped 
by the fossiliferous, equally reli ably 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 con
glomerates were not more prec isely dated at that time. In itself this observation is still 
roughly compatible with Mackenzie's (l 9 J 6) data, since the conglomerates concerned 
were recentl y found to overlie the mid-Neocomian (Barremian) fossiliferous rocks and 
to contain late Early Cretaceous (Albian) pollen and spores (Jeletzky, 1954a, p. 1269; 
and this report). However, the writer has found granitic, dioritic, and gabbroic pebbles 
of the Coast Intrusion 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 Valanginian; Buchia crassicollis zone) to overlap unconformably at least 
one gabbroic body of Coast Intrusions on the east side of Winter Harbour opposite the 
mouth of Galato Creek (see Units 8, 9, Sec. 21 , Appendix) and one ?dacitic body 
at the head of Browning Inlet (see p. 73) . 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 
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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. The Coast Intrusions are definitely post
Sinemurian, as they invade the reliabl y dated Matthews 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 rocks are unknown there. However, it is possible 
to date them much closer using the biochronological evidence available on the north
western part of the west coast of Vancouver Island. 

In the Kyuquot-Esperanza area on the west coast of Vancouver Island, the writer 
(Jeletzky, unpubl.) has found rare dioritic to granodioritic pebbles of the Coast Intrusion 
type in the reliably dated , fossiliferous, basal Cretaceous (Berriasian to mid-Valangini an) 
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 almost 
nothin g. 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. 

Jeletzky ( 1954b, p. 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, fossi li ferous Pliensbac hi an- ?Toarcian greywacke unit (Jeletzky, I 970b, 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, indi
cated 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 the conclusions of Beveridge 
and Folinsbee (1956, p. 20). They are, furthermore , contradicted by the early Middle 
Jurassic (Bajocian) radioactive ages of about 167 m.y. obtained more recentl y on a body 
of Coast Intrusions on the west coast of Vancouver Island in the proximity of Kennedy 
Lake (Sutherland-Brown, 1966, p. 85, 97, Fig. 6-10). 

Like Carson (1968, p. 19), the writer was unable to obtain any evidence favour
ing the occurrence of more than one, geologicall y 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 before the end of deposition of the Vancouver Group. 
Also, there are no definite indications of the post-Middle Jurassic Mesozoic intru
sions within the investigated part of Quatsino Sound, as will be pointed out in the 
section devoted to the ?Sooke Intrusions. The above conclusion appears to be valid 
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for all other areas of Vancouver Island studied by the writer (Jeletzky, unpubl.), and 
agrees well with the results of earlier workers such as Dawson (1887); Clapp ( 1912); 
Dolmage (1919, 1921); 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 (e.g. Sutherland-Brown, 1966, p. 83; 
Roddick, 1965). 

Results of Middle Jurassic Orogeny 

In Queen Charlotte Islands, the Pliensbachian-Toarcian argillites and limestones 
of the Maude Formation are overlain by the pyroclastics and, to a lesser extent, by 
arenaceous to psephitic elastics of the Bajocian lower Yakoun Formation (Suther
land-Brown, 1968, p. 61, 68; Jeletzky, 1970b, Fig. 2). Although apparently conformable 
locally, the contact between the Maude and Yakoun formations is regionally uncon
formable in the writer's opinion because the latter laps onto the older formations 
(Sutherland-Brown, 1968, p. 68). 

In the Buttle Lake map-area, the Lower Jurassic tuffaceous argillites, which on 
lithological and stratigraphic grounds are assumed to include beds equivalent to the 
Maude Formation, are overlain by at least 2,000 feet of andesitic Java flows and pyro
clas tics (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 Alberni map-area, about 1,000 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 sed imentary rocks are unknown in the north western 
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 tectonicall y and volcanically active zone 
of the Insul ar Tectonic Belt is that of the Alberni map-area, well outside this part of 
Vancouver Isl and . 

In the best known parts of the Early Juras~ ic quiescent zone. namely the Buttle 
Lake area and the Queen Charlotte Islands, deposition of the presumablv offshore 
(see p. 57-58), predominantly argillaceous elastics and limy oozes of the Harbledown 
and Maude formation s was abruptly terminated in or shortlv after the Toarcian. This 
regime was replaced abruptly by one of volcanism, as testified by the deposition of 
the Yakoun Formation. 
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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, 1968, p. 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, p. 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 weakened or ceased in the Early Jurassic 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 the 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 Yakoun Formation of Queen Charlotte Islands (McLearn, 1949; Sutherland
Brown, 1968, p. 76). 

The tectonic land formed by the Middle Jurassic orogeny within the Insular 
Tectonic Belt apparently occupied the pl ace of the present Georgia and Queen Charlotte 
stra its 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, 
l 965b, p. 72; Tipper, 1969, p. 85). It may have 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 encroach upon the marginal 
parts of this tectonic land (Jeletzky, 1950, p. 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, p. 74-77, Fig. 7). These 
residual Late Jurassic marine troughs formed part of the late Mesozoic phase of the 
geological history of the Insular Belt which will be discussed in the following parts of 
this 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, l 954a, p. 1269; 1970b, p. 23-25; and Coast Intrusions, 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, 
therefore, the veritable turning point in the geological history of the Insular Tectonic 
Belt in general and of the Quatsino Sound area in particular. 

Late Jurassic and Earliest Cretaceous Time 

No traces of the Upper Jurass ic and basal Cretaceous (Berriasian to mid-Valan
ginian) 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), 
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have been observed either within the investigated part of Quatsino Sound or anywhere 
else on the 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, following strong regional 
uplift of the Insular Tectonic Belt caused by the Middle Jurassic orogeny and the pene
contemporaneous invasion of the Coast Intrusions (Jeletzky, 1970b, p. 23-25; and 
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 west and northwest of it (Jeletzky, 1965b, p. 72; 
1970b, p. 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 
preserved within the post-Lower Cretaceous downfaulted blocks (grabens) or synclinal 
structures. 

The Lower Cretaceous rocks of Quatsino Sound were investigated in some detail 
by Dawson ( 1887, p. 83B-99B) because of the reported occurrence of coal measures 
in some of their outliers. The results of this pioneer work were of great value to the 
writer because Dawson located all the Lower Cretaceous outliers now known to 
occur within the investigated part of Quatsino Sound and accurately mapped most 
of them. The generalized description of the stratigraphic 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 occupies the middle part of the weste rn shore of 
the inlet around the mouth of Kwatleo Creek and extends up this stream for about 
600 feet (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 north
western end of Ahwhichaolto Inlet, and extends for an unknown distance inbnd. 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 geol. map) appears to be improbable on structural 
grounds and, therefore, is not shown on the geological map. 

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 inlet with the head of Spencer Cove, and the eastern shore of 
the cove. It appears to be only a series of intensely distorted to mylonitized 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 
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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 
Islands just north of the mouth of Monkey Creek almost certainly are part of its 
southern margin. Furthermore, the same appears to be true of the large outlier oc
cupying the southern shore of Quatsino Sound between the point about a mile west 
of the mouth of Klootchlimmis Creek and that about ~ 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 the 
northern shore of Rupert Inlet for about 2,\- miles north of a nameless, deeply in
cised 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 2 miles of this fault (Dawson , 1887, p. 91 B, Fig. 2) or are limited by other 
major faults (e.g., in Rupert Inlet; see Fig. 17 and profile). 

Longarm Formation Equivalents 

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 re
cently discovered by Sutherland-Brown on Queen Charlotte Islands (see Jeletzky and 
Tipper, 1968, p. 83, Fig. 8; Sutherland-Brown, 1968, p. 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 a group status. The formal naming of the Longarm equi
valents 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 the Longarm Forma
tion 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 
Lake map-area. 

Buchia crauico/lis 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-grey to dark grey, somewhat calcareous, fine- to medium-grained 
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-
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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 T ntrusions 
(see above, p. 65). 

Upward, this Buchia crnssico/lis greywacke grades into unfossiliferous. dark 
grey arenaceous si ltstones and sim il arly 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 uni t, 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 cor
responds to some (?upper) part of unit 2 of section 2 I. This lithological correlation 
suggests that the complete thickness of the Buchia crassicollis greywacke is in the 
order of 500 feet. 

The sections, at least SO feet thick, of Buchia crassico/lis greywacke occurring 
immediately north of the mouth of Kwatleo Creek near the head of Browning Inlet 
are lithologically identical with the rocks of units 4-8 of section 2 I . 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 hard fel
spathic rocks of the Vancouver series, of which they include rounded pebbles." The 
writer was unable to confirm this observation, as the base of the Buchia crassico/lis 
greywacke unit concerned was covered everywhere by beach deposits during his 
visit. However, the interval between its base and the visible stratigraphic base of ad
jacent ?Uppermost Sinemurian argillites locally does not exceed 20 feet. Only pebbly 
grit and conglomerate of the basal units 6-8 of the Forward Inlet section could, 
therefore, be concealed within this covered interval. 

So far as is known, the Buchia crassicollis greywacke outcrops encountered in the 
bed of Kwatleo Creek represent the same basal part of the unit as do 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 to Buchia crassicollis (Keyser
ling, 1846) s. str. and its variants. This was confirmed by additional collections made 
by the writer (GSC Joe. 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 , rose-orange-coloured (metasomatically altered?) Bucl1ia crassicollis 
greywackes striking north to N10 °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 crassico/lis and its variants (GSC loc. 24277), and presum
ably comprise the middle or upper calcareous part of the unit. 

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 , p. 49-55, Pl. XX, Figs. I , 9, 11 , 12). In 
the middle part of the unit , B. crassicollis commonly occurs in great numbers and, 
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locally, beds and lenses, from l to 5 feet thick, may be composed almost entirely ot 
this fossil. Other rare to very rare fossils present include the following: Homo/
somites quatsinoensis (Whiteaves) and closely allied Homo/somites forms described 
and figured by Jeletzky ( 1965a, p. 38-39, 52-54, Pl. XX, Figs . 3, 4, 14), indeter
minate lytoceratid ammonites, Acroteuthis (Acroteuthis) sp. indet., Inoceramus sp. 
indet., and various other pelecypods. Homo/somites quatsinoensis 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, there
fore, named Buchia crassicol/is greywacke. 

As already pointed out (Jeletzky, 1965a, p. 64-65, Fig. 4), all the Buchia cras
sicollis greywacke of Quatsino 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, p. 38-44, geol. 
map; 1965a, p. 64-65, Fig. 4), is probably due to their nondeposition in the investi
gated 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). 

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 
( unpubl. 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 and Lawn Point. No outcrops of Buchia crassicollis grey
wacke were observed east of Forward r nlet and the south western entrance to Ahwhicha
olto Inlet, and no Valanginian or Hauterivian rocks were found in the Cretaceous 
sections studied by the writer (Jeletzky, 1969. p. 129-130) in the vicinity of Christen
sen Point on the northern 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 np
parently largely nonm arine Upper Valanginian and ?Hautcrivian greywacke-conglomcr
ate unit somewhere between Forward Inlet and Salmon Islands (see below and Fig. 7). 
It is concluded, accordingly. that the late Valanginian transgression did not penetrate 
eastward beyond the line defined approximately by Fishermnn Bay- hendwnters of 
Macjack River-A hwhichaolto Inlet-Salmon Islands. 

Buchia crassico//is greywacke. and for that matter any Cretaceous rocks. appear to 
be completely absent and probabl y were not deposited anywhere between Kwakiutl 
Point and Kvuquot-Esperanza area. This circumstance and the apparently complete 
absence of late Valanginian rocks in the Kyuquot-Esperanza area (Jeletzky. 1965a. 
p. 64-66. Fig. 4) suggest that the late Valanginian embayment of Cape Scott-Quatsino 
Sound area resulted from an eastward and/ or southeastward on lap of the late Valan
ginian sea onto a worn down Middle Jurassic tectonic land (Jeletzky, 1970b, p. 23-
25) and was situated updip of its Callovian to mid-Valanginian deposition-area. The 
alternative hypothesis of a total subsequent (i.e .. before the late Valanginian trans
gression) destruction of the Callovian to mid-Valanginian marine rocks within the 
western part of Quatsino Sound is di scounted as improbable. This late Valanginian sea 
probably did not penetrate southeastward much beyo nd Keith River in Brooks Bay 
(Fig. 7). As far as it is possible to judge. the area of Brooks Peninsula remained well 
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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 Kyuquot
Esperanza embayment continued to exist in late Valanginian (i.e., Buchia crassicollis) 

. time, it would have been separated from the contemporary Cape Scott-Quatsino Sound 
embayment by an extensive landmass centred in the positive fault block of Brooks 
Peninsula. The recent suggestion of a northeastern onlap of the early Cretaceous sea 
of Quatsino Sound (Muller, 1970, p. 47) is therefore unacceptable to the writer. 

Hauterivian Siltstone Unit 

Distribution and 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 similarly 
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 fossili
ferous, and consist of bluish grey to dark grey, dirty yellow to light brown weathering, 
slightly calcareous siltstone; fine-grained, very calcareous greywacke; or impure lime
stone. 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 lime
stone occur in the middle part of the unit. 

The upper contact of the Hauterivian siltstone unit was not observed and appa
rently 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 considered 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, badly contorted dark grey, fine
grained greywacke and similarly coloured arenaceous siltstone, lithological!y identical 
with the basal beds of the Hauterivian siltstone unit, occur around the top of a name
less point immediately southeast of the mouth of Galato Creek. These unfossiliferous 
rocks are thought to be tectonic slices of basal beds of the unit within a major north
east-trending fault zone .. 

The 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, 
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yellow-weathering impure limestone. These unfossiliferous siltstones apparently cor
respond to some part of unit 5 of section 22 of the Hauterivian siltstone unit. On the 
northeast side, this slice of the Hauterivian siltstone unit is faulted against the volcanic 
rocks of the Grey volcanic unit of the Volcanic division of Bonanza Subgroup, whereas 
on the southeastern side it is faulted against the metasomatically altered Buchia crassi
collis greywacke. 

Age and correlation. The lighter coloured and coarser greywackes of Buchia 
crassicollis greywacke unit grade imperceptibly into the dark to blackish grey, arena
ceous siltstone of the Hauterivian siltstone unit in the only section where their contact 
is exposed (see Units 1, 2, 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 (=A ucella). 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 the writer (Jeletzky, 1965a, p. 55, 
Fig. 4), and his suggestion is supported by the more recent discovery of Valanginites 
n. sp. ex aff. V. 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 unit. 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. 

Lower Hauterivian index fossils, Homolsomites oregonensis (Anderson) 1 and H. 
aff. oregonensis (Anderson), range through an approximately 590-foot-thick succession 
of beds which are believed to overlie immediately (or almost immediately?) the 
nonfossiliferous basal 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 (upper part only); 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; 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. The 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 

1 Figured in Jeletzky, 1970d, Pl. XXIV, Fig. 6. 
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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 (Simbirsk ites) broadi- and S. (S.) lecontei-bearing beds of the 
H auterivian siltstone unit are of a general late Hauterivian age. The possibly accidental 
absence of Craspedodiscus ( = Hertleinites) in the writer's collections precludes the 
more exact correlation of these beds. Judging by Jmlay's (1960, p. 178-180) comments, 
Simbirskites ( Simbirskites) broadi is not restricted to the zone of H ertleinites aguila 
( ~the uppermost Hauterivian Craspedodisrns cf. discofa/catus-Simbirskites (Simbir
skites) cf. broadi zone of the T aseko Lakes map-area; Jeletzky and Tipper, 1968) 
but ranges into the next older, still late Hauterivian Hamlin-Broad zone of Anderson 
(1938, p. 47, 48). In Taseko Lakes map-area, the beds immediately underlying the 
Craspedodiscus cf. discofalcatus-Simbirskites (Simbirskites) cf. broadi zone and pre
sumably equivalent to the Hamlin-Broad zone are unfossiliferous. The Simbirskites 
(Simbirskites) broadi- and S. (S.) lecontei-bearing beds of the Hauterivian siltstone 
unit may, therefore, correspond either to this unfossiliferous interval and to the Hamlin
Broad zone of northern California or to the Craspedodiscus cf. discofalcatus-Simbir
skites (Simbirskites) cf. broac/i zone ( = Hertleinites aguila zone). 

The probable total absence of lnoceramus colonicus Anderson in the Hauterivian 
siltstone unit is a peculiar phenomenon (see below p. 84- 85) , 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 reflect 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 shal
lower late Valanginian sea (cf. Figs. 7 and 8). The absence of outcrops of the Haute
rivian 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 subsequent erosion . 
For reasons given below, it appears much more probable that the Hauterivian siltstones 
pass literally into the upper part of the largely nonmarine Upper Valanginian and 
?Hauterivian greywacke-conglomerate unit somewhere between Forward Inlet and 
Salmon Isl ands. It is poss ible also, although admittedly less probable, that no Haute
rivi an 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 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 Isl ands. 
Therefore, there is no reason to assume that the Cape Scott-Quatsino Sound embayment 
extended 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 Kyuquot-Esperanza low Lower Cretaceous outcrop-area 
(Jeletzky, 1950; 1954a; 1965a) reflects their nondeposition rather than subsequent 

erosion there. 
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MESOZOIC AND ?TERTIARY ROCKS OF QUATSINO SOUND, B.C. 

Upper Valanginian and ?Hauterivian Greywacke-Conglomerate Unit 

Distribution and stratigraphy. As discussed previously, the fossiliferous, entirely 
marine Buchia crassicollis greywacke and Hauterivian siltstone units were not observed 
east 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 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 grey
wackes, and poorly rounded pebble- to boulder-conglomerates. This unit appears to 
be a predominantly nonmarine facies of the Buchia crassicollis greywacke and 
Hauterivian si ltstone 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 Islands; see Sees. 25, 26) sections. It is named 
accordingly the Upper Valanginian and ?Hauterivian greywacke-conglomerate unit. 

Despite 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, Sec. 8), and on the southern shore 
of the sound , 1 mile west of the mouth of Klootchlimmis 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 lnoceramus 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. 

West of the Aweisha and Klootchlimmis 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, Appendix). Furthermore, numerous interbeds of the presumably marine 
black to grey siltstone and shale appear in the basal parts of these sections. 

Although it is 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 eastern and? south
eastern source area. This westward change of facies of the unit is even better 
illustrated by other much more extensive sections (see Sees. 25, 26, Appendix) 
occurring about 3 miles farther west on Salmon Islands. 

Section 25 (see Appendix) is important in being the only one containing well
preserved and diagnostic fossi ls of Buchia crassicollis zone. Another quite similar 
section of the Upper Valanginian and ?Hauterivian greywacke-conglomerate unit 
(see Units 12-17, Sec. 26) was measured on the same island at the point about 600 
feet west of the base of section 25. 

The basal part of the Upper Valanginian and ?Hauterivian greywacke-conglo
merate unit is not exposed on Salmon Islands. 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 
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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. 

Age and correlation . As the name Upper Valanginian and ?Hauterivian grey
wacke-conglomerate 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 Islands sections. The known thickness of the Upper Valan
ginian and ?Hauterivian greywacke-conglomerate unit is small as compared with the 
combined minimum thickness of the Buchia crassicollis greywacke and Hauterivian silt
stone units, desp ite 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 Islands sections before the deposition of the /. colonicus calcarenites. The 
probable restriction of the upper Valanginian marine interbeds to the lower part 
of the Salmon Islands 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 Islands sections, are therefore assumed tentatively to be 
of general Hauterivian age. 

Finally, it is possible that the upper Valanginian and H auterivian rocks pinch 
out completely just east of the longitude of the Salmon Islands 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 greywacke unit. However, this possibility is considered improbable 
because of the lithological similarity of the shale member (Bed 2), occurring in the 
Cleagh Creek section 24, to the Buchia crassicollis-bearing shales and siltstones of 
the Salmon Islands sections. 

Facies and paleogeography. The lithology of the Upper Valanginian and ?Haute
rivian 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, 8). However, they could have been 
partly (especially the eastern facies) deposited by fast moving streams draining the 
tectonic highl and which is thought to have . been 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 Valan
ginian and ?Hauterivian seas. 

This paleogeographical interpretation of the Aweisha Creek and Klootchlimmis 
Creek sections (see Sees. 8, 23) of the Upper Valanginian and ?Hauterivian greywacke
conglomerate unit agrees 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, p. 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 Iithologically similar to those of Aweisha Creek and Klootchlimmis 
Creek sections of this unit occur in any of the sections and borehole logs cited by 
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Dawson (1887, p. 90B-99B); (2) The presumably Barremian Quoiecchia aliciae fauna 
discussed later in this report occurs closely above the base of the Lower Cretaceous 
sequence in the Nuknimish Creek section (see below) and elsewhere in the vicinity of 
Apple Bay (Dawson, 1887, p. 94; J. E. Muller's unpubl. 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. pseudopanderi (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, Sec. 29); (5) The 
sections measured on the eastern side of Christensen Point Cretaceous outlier (Jeletzky, 
1969, p. 129, 130) appear to lack any pre-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. 
This inferred tectonic highland apparently was the source area for the rocks of the 
Aweisha Creek and Klootchlimmis Creek sections of the predominantly conglomerate 
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. 

Jnoceramus colonicus Calcarenites 

In Lower Cretaceous sections studied on Salmon Islands, 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. 

The fauna of the /noceramus co/onicus calcarenites consists almost solely of the 
name fossil1 which occurs throughout the thickness of the unit, commonly 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. 
lnoceramus co/onicus is unknown in the underlying and overlying Lower Cretaceous 
rocks of Quatsino Sound. The calcarenitic unit discussed here was named, therefore, the 
lnoceramus colonicus calcarenites. 

Distribution and stratigraphy. /noceramus 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 least to Koprino Harbour where a small outcrop (fault slice) occurs on the 
eastern shore of Spencer Cove. On the southern shore of Quatsino Sound, I. colonicus 
calcarenites extend eastward at least to Salmon Islands, and may extend still farther east 
to the eastern side of the Kewquodie Creek Cretaceous outlier. 

lnoceramus colonicus calcarenites are fine to coarse grained, medium to dark 
grey, invariably arenaceous and argillaceous, and commonly more or less gritty and 
pebbly. These limestones, in places, grade laterally into and contain considerable pods, 

1 Figured by Jeletzky, 1970d, Pl. XXIV, Fig. 2. 
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lenses, and beds of lnoceramus coquina composed mainly of complete and well-preserved 
shells of I. colonicus Anderson. Numerous interbeds 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 lnoceramus colonicus calcarenites. 

The bulk of the information now available on the lithology, thickness, and fauna 
of the lnoceramus colonicus calcarenites was obtained from their Salmon Islands sections. 
None of these sections exposes the complete succession of the unit , but the combination 
of sections 26 and 27 (see Appendix) 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 lnoceramus colonicus calcarenite unit, it was not possible to 
recognize the individual beds described in section 27 in the adjacent section 26. How
ever, it seems likely that at least units 6-11 of the latter section do not occur in section 27 
and that the total thickness of lnoceramus colonicus calcarenites on Salmon Islands is 
either close to, or exceeds 225 feet. 

Present information indicates that the poorly exposed and structurally complex 
outcrops of lnoceramus colonicus calcarenites occurring in Winter Harbour (see Unit 1, 
Sec. 22) do not differ in their lithology from the Salmon Islands sections of the unit. The 
Winter Harbour outcrops are interesting, however, because they indicate that the 
apparently neritic lnoceramus colonicus calcarenites 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 lnoceramus colonicus calcarenites occurs on the 
eastern shore of Spencer Cove in Koprino Harbour. This section consists of 50 to 60 
feet of drab grey to greenish grey, more or less arenaceous limestone, commonly 
containing abundant small and large fragments of lnoceramus resembling I. colonicus 
Anderson (none collected) . An almost complete guard of Acroteuthis (Boreioteuthis) 
aff. impressa ( Gabb) was collected at about the middle of the unit ( GSC Joe. 24300). 
Some interbeds of mottled green to mottled grey, fine- to medium-grained greywacke 
occur in the middle part of the limestone member, which is underlain (seemingly 
conformably) by 2 to 3 feet of 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. lnoceramus colonicus calcarenites are mainly jointed and 
sheared and, locally, completely crushed and contorted. Their general strike varies from 
north 30 degrees west to north-south , and dips vary from more or less vertical to 
25 degrees 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), I. 

colonicus ranges through most or all of the Hauterivian stage, as well as through part 
or ?all of the Barremian stage (Shasticrioceras poniente zone). Because of this 
and a considerable local variation of its stratigraphic ranges in western British Columbia, 
the species does not permit a close dating of lnoceramus colonicus calcarenites of 
Quatsino Sound. These. calcarenites cannot, however, be any older than the latest 
Hauterivian Craspedodiscus cf. discofalcarus and Simbirskites (Simbirskites ) cf. broadi 
zone of Taseko Lakes map-area (Jeletzky and Tipper, 1968) or the approximately 
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contemporary Hertleinites aguila zone of northern California (Imlay, 1960, p. 180-
181) as: 

1. In Winter Harbour the lnoceramus colonicus calcarenites appear to overlie 
late Hauterivian siltstone containing Simbirskites (Simbirskites) broadi (see Units 1, 
3, 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 
lnoceramus colonicus calcarenites in their Salmon Islands sections (see Unit 7, Sec. 27). 
The genus Shasticrioceras is not known to range below the uppermost Hauterivian 
Hertleinites aguila zone in California and Oregon (Imlay, 1960, p. 180-181) and the 
same appears to be true of the western Canadian Cordillera (Jeletzky, 1968, p. 
103-104). The genus Shasticrioceras in general and its S. poniente-Iike forms in 
particular are, furthermore, rare to very rare in the uppermost Hauterivian beds and 
much more common in the succeeding, early to ?late Barremian Shasticrioceras poniente 
zone of California, Oregon, and western Canadian Cordillera (Imlay, 1960, p. 180, 
198; Jeletzky, unpubl.). This circumstance definitely favours the early Barremian 
age of at least the upper 150 feet of the Inoceramus colonicus 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 
lnoceramus colonicus beds of Quatsino Sound are dated accordingly as being of 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 
lnoceramus 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 lnoceramus colonicus calcarenites (Fig. 9) 
and their lateral replacement by the littoral, brackish water, and nonmarine elastics of 
the lower part of the Barremian variegated elastic unit in Holberg and Rupert inlets 
and east of Neroutsos Inlet (see below and the following 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 inferred accordingly that most or all of the extensive 
Quatsino Sound embayment of early Barremian ?and/ or latest Hauterivian sea was 
shallow to very shallow (mostly a few fathoms only?). /noceramus 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, Sec. 26) suggests the presence of a more 
or Jess strongly diversified bottom relief and of at least some local 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 slumping of 
only partly consolidated sediments deposited on relatively steep submarine slopes. 

The known and assumed extent of the /noceramus 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 

84 



STRATIGRAPHY 

the investigated part of Quatsino Sound. This sea flooded considerable areas on the 
northeastern flank of the Valanginian and Hauterivian tectonic land (cf. Figs. 7 and 8 
with Fig. 9) along the northern coast of Vancouver Island, in Holberg and Rupert 
inlets, and east of Neroutsos Inlet. 

The predominantly coarse elastic character and the paucity or absence of carbon
aceous 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 carbon
aceous to coaly lithology of the lower part of the Barremian variegated elastic unit on 
the northern side of Holberg Inlet suggests that either the intervening part of the 
flanking landmass was relatively low or, 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 Yalanginian-Hauterivian orographic conditions 
which probably continued into Barremian time. The complete absence of post-middle 
Yalanginian Cretaceous marine rocks anywhere on the west coast of Vancouver Island 
southeast of Quatsino Sound area is particularly suggestive of the continuous existence 
of this landmass. 

The erosionally disconformable, and possibly regionally unconformable character 
of the lower contact of the /noceramus colonicus calcarenites observed in their Salmon 
Islands sections suggests that the early Barremian ?and/ or latest Hauterivian trans
gression was preceded by tectonic movements of some kind. 

Barremian 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 Kewquodie Creek Cretaceous outlier, and forms a few scattered 
outcrops in the Salmon Islands and in Spencer Cove on the 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, more or less silty greywacke. This greywacke, 
which weathers spheroidally and conchoidally, commonly grades laterally into 
similarly coloured, more or less sandy, massive to slabby siltstone. Locally, the unit 
may include numerous interbeds 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 the studied sections and appears to be faulted at a ll localities. Wherever it 
was seen (e.g., Un its 2, 3, Sec. 27), the contact with the underlying /noceramus 
co/onicus calcarenites is very abrupt and uneven. A bed of fine to medium pebble
conglomerate or coarse- to medium-grained, gritty and pebbly greywacke, ! to 1 ! feet 
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thick, forms the base of the Barremian fine-grained greywacke unit, so that its lower 
contact is at least erosionally disconformable and possibly regionally unconformable 
in the Salmon Islands sections (see PI. VA). 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 faci litate 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. 

The basal beds of the Barremian fine-grained greywacke are satisfactorily exposed 
in units 1 and 2 of section 27 on the largest Salmon Island, 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 foe. 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 greywackes outcropping around the mouth of Kewquodie Creek and in its 
bed are somewhat different Iithologically 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 Islands 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) , ?H emihoplites 
sp. indet. , and ?Eulytocera.1· n. sp. aft' . inequalicostatum (d'Orbigny) . These rocks are 
the youngest beds of the Barremian fine-grained greywacke unit seen by the writer. 

The Kewquodie Creek outcrops of the Barremian fine-grained greywacke unit 
extend for about a mile across its predominant strike of north 30 to 40 degrees 
west. The dips fluctuate between 5 and 25 degrees 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 Islands. 

Some 35 to 40 feet of dark to brownish grey, sandy siltstone outcropping at 
the tip of the eastern shore of Spencer Cove in Koprino Harbour (see Fig. 17) 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, 

87 



MESOZOIC AND ?TERTIARY ROCKS OF QUATSINO SOUND, B.C. 

dark grey greywacke, grit, and fine pebble-conglomerate in their basal 10 to 15 fee t. 
They appear to overlie the l noceramus colonicus calcarenites, but the contact is 
obscure because of faulting and contorti on of the beds concerned. The top of these 
basal beds of the Barremian fine-grained greywacke unit is cut off by a major fault. 

A ge and corre!a1io11 . The fauna of the Barremian fine-grained greywacke unit 
includes diagnostic elements such as: Partschiceras infundibulum (d'Orbigny) s. str., 
Eulytoceras aff. phestum ( Matheron), ?E. n. sp. aff. inequalicostatum ( d'Orbigny), 
?Argonauticeras aff. argonautarum A nderson, and H eteroceras (Het eroceras) cf. 
heliceroides (Karsten) (figured by Jeletzky, 1970d, Pl. XXIV, F igs. 5, 7, 8, 10; Pl. 
XXV, Fig. 6) which indicate its Barremian and partly or entire ly mid- to late Barremian 
age in terms of the International Standard. The occurrence of H. (H.) cf. heliceroides 
clearly ind icates the late Ba rrcmian age of the fauna and that of ?A . aff. argonautarum 
could even be interpreted as suggestive of an Aptian age. The time range of Argonauti
ceras is , however, but poorly known and its evidence is, therefore, discounted . Other taxa 
in the fauna include ?Shasticrioceras et gr. poniente Anderson, Hypophyl/oceras cf. 
onoense Stanton , some other indeterminate phylloceratids, Eulytoceras ex gr. subfim
briatum (d'Orbigny), ?Hemihoplites sp. indet. , Acroteuthis (Boreioteuthis) ex aff. 
impressa ( Gabb) , /11 ocerw1111s aff. quatsinoensis Whiteaves, Pleuromya vancouverensis 
Whiteaves, indeterminate pectenids, several other genericall y indeterminate pelecypods, 
"Pterocera" sp. indet., and several other generically indeterminate gastropods. 

At least two Barremian fau nas are represented in the Barremian fine-grained 
greywacke unit. Eulytoceras aff. phestwn ( M athero n ) and ? A rgonauticeras aft'. argo-
nautarum 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) , ?He111ihop/i1es sp. indet., ?Shas1icrioceras ex gr. poniente 
Anderson, and ?Eulytoceras n. sp . aft. inequalicostatum (d'Orbigny) were found, in 
contrast, only in other outcrops of the unit centred around Kewquodie Creek. 
apparently its youngest exposed part, and lacking completely E. aff. phestum and 
?Argonauticeras aff. argo11autaru111. Partschiceras in fundibu lum (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, p. 216, 217, Fig. I). The lower of these Manning Park area fau nas contains 
Eulytoceras aff. phestum ( Matheron) , apparently conspecific with E. aff. phestum 
of the Barremian fine-grained greywacke unit. The upper fa una of Manning Park 
area contains well-preserved Hemihoplites n. sp. aff. H. soulieri (Matheron) , pos
sibly conspecific with the Jess sati sfactorily preserved ?H emihoplites sp. indet. of the 
Barremian fine-grained greywacke unit. 

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, p. 2 16, 2 17, Fig. I). 

On grounds stated by Jel etzky (1970c, p. 216), the basal beds of Barremian fine
grained greywacke and the equivalent older Barremian fauna of Manning P ark area 
can be tentatively placed in the middle part of the Barremian stage. 
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The Heteroceras (Heteroceras) cf. heliceroides fauna is present in the Longarm 
Formation of Queen Charlotte Islands because a further study of Heteroceras (in broad 
sense) sp. previously identified by the writer from this formation (Sutherland-Brown, 
1968, p. 82) indicates that it is conspecific with Heteroceras (Heteroceras) cf. helice
roides (Karsten) of the Barremian fine-grained greywacke unit. 

Barremian Variegated Clastic 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, 140 feet to more than 1,000 feet thick, 
of poorly exposed, variegated marine to nonmarine elastic strata, locally containing 
some thin seams of inferior coal. These rocks were named informally "Barremian 
variegated elastic unit" (J eletzky, 1969, p. 127) because of their age and their 
extremely variable, elastic lithology. 

The lithology and facies of these elastic beds are unlike those of the marine 
Barremian rocks (i.e., Barremian fine-grained greywacke unit and /noceramus 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 
/noceramus colonicus calcarenites and that their upper part is correlative with the next 
younger Barremian 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 elastics 
range 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 greywackes and arkoses to similarly 
coloured, fine to coarse pebble- and boulder-conglomerates. The nonmarine elastics 
include carbonaceous to coaly siltstones, greywackes, arkoses, 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 nonmarine 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, 
p. 127, 128), and in the northwesternmost outcrops near the western end of Holberg 
Inlet. The nonmarine facies and the bulk of coaly rocks, including one or more thin 
(3 inches to 8 inches) seams of impure coal, seem to be concentrated between these 
two outcrop-areas on the northern shore of Holberg Inlet (Dawson, 1887, p. 90B-99B, 
Fig. 2). 

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, p. 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. 
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Throughout its outcrop-area, the Barremian variegated elastic unit can be sub
divided into two members: 1. Basal coarse elastic member comprising the basal part 
of the unit. 2. Siltstone-greywacke member comprising its thicker upper part. 

The Basal coarse elastic member consists predominantly of pebble- to boulder
conglomerate and grit with greater or lesser numbers of interbeds and pods of coarse
to medium-grained, commonly distinctly crossbedded greywacke and, locally, with 
intercalated beds of coaly greywacke and some coal. Interbeds of waterlain mixed sedi
mentary-volcanic breccia or ?very coarse waterlain 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 
Harbour and Apple Bay. 

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 Jess calcareous and 
concretionary marine to brackish water siltstones and sandstones are common to prev
alent in the Siltstone-greywacke member. However, locally it includes considerable 
amounts of nonmarine, 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 over
lying Coarse arenite unit in the 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 Jess calcareous, 
marine, fine- to medium-grained greywacke with minor interbeds of black arenaceous 
siltstone in the upper part (Jeletzky, 1969, p. 129, 130; 1970a, p. 211). 

The Siltstone-greywacke member does not seem to exceed 200 feet in any section 
but one. Jn some of the sections (see Unit 2, Sec. 29) its thickness appears to be reduced 
by pre-Nanaimo erosion. Other studied sections (e.g., Sec. 30) are poorly exposed and 
probably faulted. The log of borehole C drilled in the vicinity of Coal Harbour (Dawson, 
1887, p. 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 Siltstone-greywacke member. 

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 erosionally 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, p. 97B-98B). 
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The best measured section of Barremian variegated elastic unit is section 29 on the 
northern side of Lippy Creek. 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, p. 60, 64, Pl. XVI, Figs. 2A-2E, 3A-3B, 
Pl. XVIII, Figs. 2A-2C) Acroteuthis (A croteuthis) 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. 

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 strati
graphically 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 ~ 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 strike 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 
fauna. 

Diagnostic Barremian fossils, including such belemnites as Acroteuthis (Acroteuthis) 
cf. pseudopanderi (Sintsov) (GSC Joe. 55100) and Acroteuthis (Boreioteuthis) 
ex gr. impressa (Gabb) (see Unit 2, 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 (J eletzky, 1969, p. 130, and unpubl.) , has yielded 
Inoceramus colonicus Anderson which, at least in Quatsino Sound area, was found 
only in the lower Barremian ?and/ or uppermost Hauterivian Inoceramus co/onicus 
calcarenites (see p. 83-84). These biochronological data indicate an early Bar
remian ?and/ or latest Hauterivian age for the lower beds of the Barremian variegated 
elastic unit and their being a marginal , partly nonmarine (mainly beach, alluvial 
and lagoonal) facies of the /noceramus colonicus calcarenites (see Table of Forma
tions and Fig. 9). There is no reason to believe that the basal, so far unfossiliferous 
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beds of the Basal coarse elastic member are older than the rest because these 
beds grade upward into the fossi liferous part of the member. 

Quoiecchia aliciae Crickmay, ?Auce//ina sp. indet., and other nondiagnostic 
marine to brackish water pelecypods , including bank-like accumulations of Ostrea 
(s. lato) sp. indet. , have been found in the younger beds of the Barremi an variegated 
elastic unit which comprise exclusively its Si ltstone-greywacke member (see Sees. 
30, 31). In itself, this fauna is hardl y diagnostic of the Barremian stage as Q. ex 
gr. aliciae is known to range down into the Hauterivian rocks elsewhere in western 
British Columbia. However, it provides the upper age limit for the Barremian varie
gated elastic unit, since the genus Quoiecchia is unknown in the post-Barremian 
rocks of western British Columbia and probably does not reach the upper boundary 
of this stage (J eletzky, J 970c, p. 21 8). The close stratigraphic association of Q. 
a/iciae with ?Aucellina sp. indet. in section 30 of the Siltstone-greywacke member is, 
therefore, a fair paleontological indication of mid- to late Barremian age (J eletzky, 
1958, p. J 3-14; 1964, p. 64-68, Pls. XV III, XX, XXII , corr. chart), as the genus 
Auct?llina is not known to range down into the lower Barremian or Hauterivian. 
Moreover, on the northern side of Vancouver Island in the Christensen Point Creta
ceous outlier Q. aliciae is associated with Acroteuthis (Boreioteuthis) aff. impressa 
(Gabb) (GSC toe. 83925), conspecific with that occurring in the Barremian fine
grained greywacke unit of western Quatsino Sound. Similar A. (B.) ex gr. impressa 
were found also in unit 2 of section 29. In combination with the stratigraphic position 
(i.e., above the Barremian Basal coarse elastic member) of Siltstone-greywacke 
member and its previously discussed facies relationships, these scanty paleontological 
data are deemed to be sufficient to correlate it tentatively with the Barremian fin e
grained greywacke unit, at least in part. 

The lower part of the Siltstone-greywacke member may correspond to the 
/noceramus colonicus calcarenites, as /. colonicus ranges almost to :he top of the 
member in the Christensen Point section. It is associated with Q. aliciae and A. 
(B.) aff. impressa in a bed of calcareous greywacke 150 feet stratigraphically be
low the visible top of the unit ( GSC Joe. 83925). Furthermore, lnoceramus 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 toes. 82863, 82867, collected by J. E. Muller; unpubl. intradepart
mental fossil report, 1968). It is, therefore, impossible even to suggest the division 
line between the equivalents of the lnoceramus co/onicus calcarenites and Barremian 
fine-grained greywacke unit within the Siltstone-greywacke member. 

Middle to Late Barremian Facies and Paleogeography 

The greywacke and siltstone of the Barremian fine-grained greywacke unit are 
locally moderatel y 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 fossil 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 

92 



STRATIGRAPHY 

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 Barremian 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 reflect a considerable deepening (?outer neritic environ
ment) of the central part of the Lower Cretaceous embayment of Quatsino Sound after 
the end of deposition of the lnoceramus colonicus calcarenites. 

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 with 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, p. 127, 128, 
Units 5-7; Units 2-4, Sec. 29, this report), of that in the Christensen Point Cretaceous 
outlier on the northern shore of Vancouver Island (Jeletzky, 1969, p. 129, 130) , and 
of those on the northern shore of Holberg Inlet (see Units 1-5, 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 embayment to the northeast, 
east, and southeast from late Valanginian to early Barremian time (Fig. l 0). 

The middle to late Barremian transgression was not a simple culmination of the 
preceding, presumably early Barremian transgression of the /noceramus colonicus time. 
This is shown clearly by the previously discussed, erosionally disconformable 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 accom
panied 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 a re attributable to submarine erosion supplemented by an 
influx of coarse elastic particles from the landmass somewhere 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. 
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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. In the writer's opinion, 
the northeastern Barremian onlap of the sea proposed by Muller (1970, p. 47) is 
unfounded. 

The apparently complete absence of cephalopods and the local abundance of oysters 
in the Quoiecchia aliciae fauna of the Coal Harbour Cretaceous outlier suggests the 
somewhat lowered salinity of the poss ibly lagoonal or estuarine part of the Barremian 
sea 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 suggests a more or less normal 
salinity of the Barremian sea in these two flanking areas. A major west-flowing river 
probably emptied into the mid- to late Barremian sea in the proximity of Coal Harbour. 

Coal Harbour Group 

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 (1961 b, p. 543) 
and Jeletzky and Tipper ( 1968, p. 88, 89) recognized the general facies, stratigraphic, 
and structural equivalence of these rocks to those of the Jackass Mountain Group of 
the Tyaughton Trough. As interpreted by Jeletzky and Tipper (1968 , p. 88, 89), these 
nonmarine rocks of Quatsino Sound area record the occurrence of the 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 
Trough (this name is substituted for the much longer, unwieldy name Vancouver 
Island-Queen Charlotte Is! ands Trough proposed by J eletzky and Tipper, 1968, p. 75) 
from Tyaughton Trough duri ng 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, p. 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. 

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 deposi ted in a different depositional 
trough. The latter rocks are, therefore, named herewith the Coal Harbour Group. 
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 century, the 
rocks of the Coal Harbour Group were extensively trenched and drilled in the vicinity 
of Coal Harbour because of their coal-bearing character. The summary of these ea1"ly 
prospecting activities given by Dawson (1887, p. 90B-99B) provides invaluable in-
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formation 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 pebbl y arenaceous 
rocks. Because of the lack of a suitable type section exposing both contacts of the unit 
and some uncertainty concerning the strati graphic position and age of its noncarbo
naceous facies , the unit is tentatively named informally 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 (see 
Figs. 17, 18 ; and the stratigraphic section). 

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 uppermost 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 studied 
by the writer. However, the description of 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. 

The upper contact of the Coarse arenite unit is invariably sharp, uneven, and 
erosionally disconformable (see Pl. IXA) . 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 unit. No angular discordance was observed 
at this contact, but it may well be regionally unconformable since the basal conglomerate 
beds of the Blumberg Formation appear to overlie lithologically different beds of the 
Coarse arenite unit in different parts of the area studied. 

Despite 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 
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east-west direction. At present. it is possible to distinguish the following two distinctive 
lithofacies of the unit: 

l. A very thick noncarbonaceous 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). 

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 several adjacent nameless islets offer numerous but discontinuous 
and poorly exposed outcrops of the noncarbonaceous facies of the Coarse arenite unit 
(see Fig. 18). 

Sections 32 and 33 (see Appendix) are the two best exposed and thickest 
available. These sections of the noncarbonaceous facies, which are incomplete, struc
turally 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 noncarbonaceous facies of the 
Coarse arenite unit. Because of poor exposures, structural complexity of these sections, 
and the presence of numerous partly to wholly covered intervals within them, all 
measurements are approximate only. 

Section 32 is of the upper part of this facies and exposes its contact with Blum
berg Formation, whereas section 33 exposes the older, middle, and ?lower parts of 
the noncarbonaceous facies. Judging by their different lithology, these two sections 
do not overlap. 

The reference section of the noncarbonaceous facies of the Coarse arenite unit 
(i.e., Sees. 32 and 33 combined) exposes the total measured thickness of about 
3,970 feet. When the presumably unfaulted but covered intervals within 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 unit should be still greater, since its basal part neither is represented 
in these sections nor was observed elsewhere in ¥/inter 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 medium-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 sandy siltstones and shales. Limestone, fine pebble-conglomerate, 
and grit comprise the remaining 1 per cent of the exposed thickness of the unit. 

These ratios of fine-grained sandstones, siltstones, and shales are almost certainl y 
underestimations because the presumably unfaulted, covered intervals within the 

reference section seem to be underl ain predominantly by these softer rock types. 
The predominantly coarse grained, commonly gritty arenites of the Winter Harbour 

sections of the Coarse arenite unit are typical of its noncarbonaceous facies. They are 
mainl y light grey, light green-grey, buff, or rust, 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 subfeld-
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spathic sandstones. They are commonly more or less calcareous and, in places, contain 
rows of concretions and lenses of impure limestone. 

The finer grained arenites of the noncarbonaceous 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, commonl_y 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 
noncarbonaceous facies of the Coarse arenite unit. Carbonaceous or coaly rocks and 
coal are characteristicall y absent, and even plant remains are rare in the noncar
bonaceous 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 noncarbonaceous facies of the Coarse arenite 
unit is replaced laterally (except for Sec. 34) by an attenuated (only 800 to 900 
feet 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, 1887, p. 91 B) succession of predominantly carbonaceous to coaly elastics 
containing a variable amount of thin and lenticular, apparently noncommercial coal 
seams (Dawson, 1887, p. 92B-94B). 

The most common rock type of the coal-bearing facies is dark grey to brown-grey, 
coarse- to medium-grained, often gritty, pebbly greywacke. Unlike the light coloured 
subgreywackes of Winter H arbour area, these greywackes are commonly carbonaceous 
to coaly and contain numerous intercalated beds and members of dark grey to black, 
fine-gained, 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. 99), and the borehole logs described by Dawson (1887, p. 92B-
99B) within the Coal Harbour outlier. 

The coal-bearing facies of the Coarse arenite unit should probably be treated as 
an independent formation because of its distinctive lithology and geographic localization. 
However, at present it does not seem advisable to map these poorly understood, coal

bearing elastic rocks separately and to name them formally. 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 noncarbonaceous facies of the Coarse arenite 
unit, pending a more detailed study of their lithology, stratigraphy, and especially of 
the areal distribution . 

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, small exposures consist of partly carbonaceous shale inter
bedded 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 siltstone 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 
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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 northwestern corner 
of Spencer Cove. These greywackes are underlain(?) by dark grey to black, carbon
aceous 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 occurring 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; Pl. IXA) in every detail, including the disconformable character of the 
contact. 

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. IXA). 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 appar
ently 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 Aweisha Creek. The only possible exception is the extremely disturbed , thin 
(see Sec. 34) greywacke-siltstone section occupying the westernmost part of the 
above interval. This section is tentatively referred to the noncarbonaceous 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 a/iciae-bearing facies of the Barremian varie
gated elastics (see Sec. 31). The contact between these two units is concealed every
where 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 impossible, therefore, either to 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, Sec. 37), of light 
to dark grey, fine- to medium-grained , mainly carbonaceous to coaly greywacke inter
bedded with an almost equal amount of dark to brownish grey, mostly arenaceous 
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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, p. 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 the 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 nondiagnostic (Dawson, 1887, p. 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 Winter 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 paleontologically datable Cretaceous units. 

Information from borehole logs (Dawson, 1887, 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 rela
tionships are assumed to exist between the Barremian fine-grained greywacke unit 
and the overlying noncarbonaceous 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 appa rently 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, Sec. 37). Because of the erosionally 
disconformable and probably regionally unconformable structural relationships be
tween 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 Standard but does not seem to include any 
Albian rocks. 

The Aptian dating of the Coarse arenite unit is based on stratigraphic and 
structural relationships observed in rocks of the coal-bearing facies of the unit in 
the eastern part of Quatsino Sound. It is, however, applicable to the noncarbonaceous 
facies of the unit in the western part of Quatsino Sound because of the erosionally 
disconformable and probably regionally unconformable superposition of the Blum
berg Formation on the noncarbonaceous facies of the unit in sections 32 and 35. 

The lower contact of the Coarse arenite unit was recorded only in the coal
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, 1887, p . 
84B) and within the Coal Harbour outlier (Dawson, 1887, p. 92B-94B, Fig. 2) rep
resent the lower part of the Coarse arenite unit, which is either covered or faulted 
out in the noncarbonaceous facies of the Winter Harbour sections. According to 
Dawson (1887, p. 92B-93B), the highest coal-bearing zone of the formation occurring 
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within the Coal Harbour outlier is 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 noncarbona
ceous 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 Quatsino 
Sound appear, therefore, to be essentially time-equivalent to the noncarbonaceous 
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 sec
tion 33 of the Coarse arenite unit exposed on the northwestern shore of Winter Har
bour, 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 over all lithological sim
ilarity with the adjacent section 32, the stratigraphic position of which is known. 

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 the 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 present day Forward Inlet area, and at times the sea 
had apparently penetrated into the latter area. 

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 
iateral alternation, and the local occurrence of presumably fresh water limestones in 
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. 
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The coarse- to medium-grained, often gritty subgreywackes and subquartzose to 
subfeldspathic sandstones predominant in the noncarbonaceous facies of the Coarse 
arenite unit appear to have been deposited in a different environment. These some
what more mature, better sorted, in part 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 noncarbonaceous 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 noncarbonaceous 
facies of the Coarse arenite unit makes it uncertain whether the deposition of the 
latter has been confined to the above-mentioned short periods 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 result 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 only a few miles to the south of Quatsino Sound (Fig. 11). 

Blumberg Formation 

A mappable Albian conglomerate unit, at least 3,000 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 k miles east from its mouth offer the best 
known, essentially continuous section of the Blumberg Formation. This section 
(described as Sec. 36, Appendix) is selected herewith as the type section of the 
formation. 

Stratigraphy and distribution. The 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. Clasts consisting 
of various sedimentary rocks are, however, common locally. Although they include some 

103 



MESOZOIC AND ?TERTIARY ROCKS OF QUATSINO SOUND, B.C. 

rock types peculiar to the Vancouver Group, the sedimentary clasts mainly are litho
Jogically 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, resistant 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 upper
most 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 incompleteness of all its known sections. Because 
it is thick throughout its known outcrop-area, it is assumed to be comparably thick 
everywhere. 

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 interbeds 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 noncarbonaceous 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 north
western 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, p. 78B-81B) as occurring 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 Schloss Island in Koprino Harbour. However, rocks of 
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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. 

All smaller islets occurring within Koprino Harbour are underlain by rocks of the 
Blumberg Formation, and no outcrops of the Upper shale unit have been found 
on any of them. The writer disagrees with Dawson's ( 1887, p. 88B) conclusion that 
"grey, fine ly fissile, rather hard and very regularly bedded shales" outcropping on 
the largest of the Linthlop Islets within East Cove overlie conformably the conglom
erates of the Blumberg Formation. A closer study of these exposures has shown 
that this unit, 120 to 130 feet , of metamorphosed to "granitized" shales and fine
grained sandstones dips under a 100- to 110-foot unit of pebble-conglomerate of the 
usual Blumberg Formation type. This conglomerate occupies the axial part of the 
syncline exposed on Linthlop Islet. The shales concerned represent, therefore, one of 
the fine elastic interbeds locally occurring in the Blumberg Formation. 

As stressed by Daw5on ( 1887, p. 87B), the excellent and extensive exposures 
of the Blumberg Formation within Koprino Harbour are always structurally com
plex. Strong faulting of the monotonous pebble- to boulder-conglomerates of the 
formation and their flexing into several open, northwesterly trending folds prevented 
the writer from either establishing the succession of exposed beds or estimating their 
thickness. However, 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 12-19 of its type section, 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. 

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. 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; Pl. IXA). It is estimated that only the basal 1,000 to 1,100 feet of 
the Blumberg Formation is 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, 
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 mile or so, almost certainly harbours 
a major north- or northeast-trending fault. 

The intensely faulted, sheared, locally contorted, mainly steeply dipping conglom
erates of the Blumberg Formation reappear on the eastern limb of the previously 
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mentioned north-trending syncline. There, they outcrop almost uninterruptedly on the 
northern shore of Quatsino Sound from Ildstad Islets to the secondary point about 
oi mile west of the mouth of A weisha 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, 
has 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, p. 85B, 92B, Fig. 2) on the western side of Coal Harbour and farther north 
in 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 (1887, p. 93B) erroneously concluded that section 37 is near the base 
of the Cretaceous rocks. He states: "At 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 seen elsewhere in the same position and this 
occurrence is somewhat anomalous." 

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 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 Holberg fault (Dawson, 1887, p. 92B, 93B, Figs. 2, 17) . 

Age and correlation. As has been discussed in connection with the age of the 
Coarse arenite unit, all the Blumberg conglomerates appear to be of Albian age. This 
conclusion is based in part on the following dating by W. S. Hopkins Jr. of the palyno
morph 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. 
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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 fern s 
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 Cicatricosisporites. Furthermore, the 
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doubtful presence of dicotyledons would suggest we were dealing with Lower or , 
Middle Cretaceous rocks. However, there are two spores, both present in con
siderable numbers, which suggest a more definitive age. 

The first is Cicatricosisporites perforatus which has been found to have a range 
restricted to Aptian to Turonian in Alberta and Siberia. The second is Appendicis
porites perplexus which is, so far as I know, restricted to the Middle Albian of 
Albe11:a. The age restrictions indicated by these two spores would refine the age 
as already suggested by the other elements of the ftorule. 

As a result, on the basis of this ftorule, 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, p. 210, 211) which is discussed below. 

Because of the erosionally disconformable 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 
Cretaceous outlier (Jeletzky, 1970a, p. 211). It is somewhat difficult to assume the 
wholesale destruction 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 of Quatsino Sound. 

On Queen Charlotte Islands, equivalents of the Blumberg Formation are repre
sented by marine sandstones of the Sandstone member of the Haida Formation (Suther
land-Brown, 1968, p. 83-93, Fig. 6-12). 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 
followed the occurrence of the principal tectonic phase of the interregional Aptian 
(apparently late Aptian) orogeny (Jeletzky and Tipper, 1968, p. 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 north of Holberg and Rupert inlets and of its south
eastern flank inferred to exist just south of Quatsino Sound. 

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). This 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, suggest that the bulk of the clasts was derived from the more 
elevated (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 
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FIGURE 12. Schematic black diagram illustrating paleageagraphical- structural relationships of Coarse 
orenite unit and Blumb erg Formation of Quotsino Sound. 

apparently complete absence of outcrops of the formation on the southern side of 
Quatsino Sound, a fact that is more reasonably ascribed to nondeposition 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 the 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 western
most known 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 foss ils suggestive of the proximity of 
the sea shore. Howeve~, it seems likely th at the depositional area of the Blumberg 
Formation proper was not appreciably uplifted during the principal tectonic phase. 
Instead, it must have been subsiding gradually, since the thickness of 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 time of 
deposition . Otherwise, it would be hard to understand how this depositional area could 
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have accumulated upward of 3,000 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 
represented 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 paleogeo
graphical relationships are illustrated by Figure 13 and the block diagram of Figure 12. 
The Albian (i.e., 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 noncarbonaceous 
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). 

Upper Cretaceous Strata 

Upper Shale Unit 

The axial part of a shallow, faulted, north-south-trending, pronouncedly north
ward-plunging syncline occupies the northern shore of Quatsino Sound between the 
point about 300 yards west of Ildstad Islets and that about 1,200 yards west of the 
mouth of Bish Creek. The core of this syncline contains a poorly exposed, recessive, 
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, p. 
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. 

Distribution 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, Sec. 32, 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 (see p. 105). 
Outside of the area proper, the Upper shale unit outcrops extensively on the 

northern coast of Vancouver Isl and in the central part of Christensen Point Cretaceous 
outlier (Jeletzky, 1969, p. 130, 131; 1970a, p. 211-212). There are reasons to believe 
that this outcrop-area of the Upper shale unit extends southeastward to the headwaters 
of Stranby 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 transgression of the Quatsino Sound area. 
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STRATIGRAPHY 

The Greywacke member appears to be stratigraphically transitional between the 
uppermost exposed beds of the Blumberg Formation (see Unit 1, 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 Bed 2, Sec. 38). 

The youngest exposed beds of the Greywacke member of the Upper shale unit 
outcrop about 600 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 pre
dominantly 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, soft shale and 
siltstone. These shales and siltstones form beds t to 1 t feet thick. Locally, however, the 
beds may be as much as 15 feet thick. They resemble closely the shale 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 t - to 2-inch pebbles of grey shaly limestone and hard grey 
shale. 

The thin but extremely important section 38 (see Pl. XA) 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 t mile along 
the shore before disappearing beneath beach deposits (see p. 105 and discussion of 
Unit 1, Sec. 36). Throughout this interval, the rocks 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 
Ildstad 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 Ildstad Islets 
and the bed of Bish Creek, the Shale-siltstone member of the Upper shale unit is 
represented by dark grey, fissile, soft shales and siltstones which characteristically 
weather conchoidally to spheroidally (Pl. XIB). Hard 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 corn-
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monly occur 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 ~ 
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 a 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 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. 

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 com
pletely covered interval of the shore, about 200 yards wide, occurring west of the mouth 
of Bish Creek must contain 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 1,500 feet or more, outcrop on the 
west side 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, Sec. 32, Appendix). These 
shales did not yield any fossils, with the exception of an indeterminate lnoceramus-like 
shell and some lnoceramus prisms, and so cannot be dated biochronologically. 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 to this member. The presence of indeterminate Inoceramus frag
ments in the Winter Harbour outcrop-area gives some support to this correlation. 

A ge and correlation. The diagnostic ammonites of the marine fauna found in the 
uppermost exposed beds of the Greywacke member (see Unit 2, Sec. 38) belong to the 
widespread North Pacific Desmoceras (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, p. 163-196; Jeletzky, 1969). In western Canada, D. (P.) japonicum faun a was 
known previously only from the Cenomanian part of the Shale member of the Haida 
Formation in Queen Charlotte Islands (Sutherland-Brown, 1968, p. 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 
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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. 

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, 
and interbeds, and by the rare occurrence of small marine pelecypods and other 
indeterminate marine fossils. One locality (GSC Joe. 24276) on the tidal platform 
about 300 yards west of Ildstad Islets (Pl. XIA) 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 fos
siliferous, probably because of their much larger outcrop-area. Puzosia (Puzosia) 
aff. dilleri Anderson, Tetragonites? sp. indet., indeterminate desmoceratid ammonite, 
and Inoceramus aff. /. incelebratus Pergament found in the interval 450 to 1,000 
feet above the member's base on the western limb of the ~yncline (Jeletzky, 1969, 
p. 131) are now believed to indicate a late Cenomani an or Turonian age. This 
conclusion is confirmed by the more recent discovery (Jeletzky, 1970a, p. 211) of 
Tetragonites ex aff. T. jacksonense Anderson (GSC locs. 83927, 83926) and 
?Euca/ycoceras ex aff. shastense Reagan (GSC Joe. 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 was not seen in any of its 
sections) 100 feet of the Shale-siltstone member was seen only on the eastern limb 
of Christensen Point Cretaceous syncline where it contains specifically indeterminate, 
concentrically ribbed lnoceramus shells and fragments (Jeletzky, 1970a, p. 211). 
Because of their stratigraphic position, about 500 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 /abiatus? Schlotheim (Sutherland-Brown, 1968, 
p. 88, 92). 

Facies and paleogeography. The Quatsino Sound and Christensen Point out
crops 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 unknown. 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 Charlotte Islands and the presumably equivalent basal part 
of the Shale-siltstone member of Christensen 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. 
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Nanaimo Group 

Cedar District Equivalents 

No outcrops of Upper Cretaceous sedimentary rocks were known anywhere in 
Quatsino Sound until the recent discovery of a downfaulted block (a half graben) 
of marine fossiliferous Nanaimo Group greywacke at the headwaters of Lippy Creek 
on the eastern side of Neroutsos Inlet (Jeffery, 1962, geol. map). This Nanaimo 
outlier was studied in greater detail by the writer (Jeletzky, 1969, p. 127-128; 
1970a, p. 210), and the results obtained are presented below. 

Location and stratigraphy. The half graben is about 2! miles long, inclined 
to the southwest, and occurs high on the northeastern slope of a nameless 2,500-foot
high ridge between Alice Lake and the adjacent part of Neroutsos Inlet (see Fig. 17). 
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 
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 sandstones, outcrops in the longest and best exposed section of the 
Nanaimo Group within the Neroutsos Inlet outlier (see Units 1, 2, 4-7, Sec. 39). 
Some interbeds of richly fossiliferous arkose, greywacke, grit, and ferruginous, 
fin~-grained pebble-conglomerate were observed near the visible base of the unit 
(see Unit 5, 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 irregularly scattered 
throughout the exposed thickness of the unit, most or all of the exposed part of the 
Nanaimo Group 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. 

A ge and correlation. The presence of Baculites cf. chicoensis Gabb sensu Usher 
1952 in unit 6 of section 29 near the visible base of the Nanaimo sequence suggests that 
the Upper Cretaceous sea flooded 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 
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did the Suquash area on the east coast of Vancouver Island; i.e., before the end of 
Me1aplace111iceras cf. pacificum time (Jeletzky, 1970a, p. 213). 

Facies and paleogeography. As pointed out by Jeletzky (1969, p. 130, 132-133; 
l 970a, p. 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 Char.latte Strait, and in Suquash basin on the northern coast 
of Vancouver Island. Thee mall 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). 

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 last 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, l 970a, p. 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 nonmarine 
in the vicinity of Suquash Creek 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 the northwest or ?west and did 
not penetrate beyond Suquash Creek and the upper course of Keogh River, at least 
on the east coast of Vancouver Island (Fig. 14). 

The above data, the apparently complete absence of the outliers of Nanaimo 
rocks south of Quatsino Sound, and the inferred continuous presence of the elevated 
Brooks Peninsula landmass in this direction , suggest that the late Nanaimo sea 
did not penetrate southward beyond the line defined by: Suquash mine-head of 
Neroutsos Inlet-Kwakiutl Point. 

The position of the eastern shoreline of the Quatsino Sound embayment of 
the late 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 McNeil!. 
However, the facies changes described above within these areas, and the inferred 
northwestern and / or western origin of the early Cedar District transgression, suggest 
that the late Nanaimo sea did not penetrate much beyond its presently known eastern
most 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 have been placed too far east and southeast. 

The above data support Sutherland-Brown's ( 1966, Fig. 6-7) idea about the 
continuous presence of a wide isthmus separating the Quatsino Sound-Suquash 
basin embayment of the late Nanaimo (i.e., Cedar District time) sea from its 
southeastern (Oyster River-Texada Isl and) embayment. The writer's interpretation 
of the Quatsino Sound-Suquash basin embayment of the late Nanaimo sea (Jeletzky, 
1971, p. 67- 68, Figs. 18, 19; Fig. 14, this report) differs only from that proposed by 
Sutherland-Brown (1966, Fig. 6-7) in assuming its westward extension beyond the 
west coast of Vancouver Island. 
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STRATIGRAPHY 

?Early Tertiary Intrusions 

?Sooke Intrusions 

A number of small- to medium-sized bodies of intrusive rock, varying widely in 
their size, texture, and mineralogical composition, were found to invade the Lower 
Cretaceous sedimentary rocks and the high Upper Cretaceous Nanaimo Group in 
the investigated part of Quatsino Sound. As now known, they include medium- to 
coarse-grained leucocratic granite porphyry, diorite porphyry, holocrystalline gabbro, 
and various finer grained dyke rocks 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 lithologica lly, stratigraphically, and 
structurally similar to the ?Lower Oligocene intrusions of the Sooke and Buttle Lake 
map-areas (cf. Gunning, 1931 , p. 64A). 

As with the Coast Intrusions, this report is concerned primarily with the 
stratigraphic and structural rel ationships of the ?Sooke l ntrusions of Quatsino Sound. 
The microscopic petrography of these rocks is beyond its scope, and the tentative petro
graphic assignment of some of the intrusive rocks is based solely on the macroscopic 
study of their hand specimens. 

Pre vious i11ves1iga1ions. Dawson (I 887, 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, p. 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 ex
posed possibly belong to this period of intrusion." Gunning (1930, p. 107 A) came to 
essentially the same conclusions as Delmage (1919) in stressing the occurrence in the 
area of the pre-Coast Intrusion rocks of diabase dykes lithologically indistinguishable 
from the post-Cretaceous ones; he states: "Also it should not be forgotten that diabase 
dykes, similar to those that occur cutting the rocks of the Vancouver group, have been 
found to intrude1 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 Range intrusives." 

Geographical dis1ribu1ion and composi1io11. Most of the observed ?Sooke Intrusions 
of Quatsino Sound are dykes and sills not exceeding JO feet thick. 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 ya rds in diameter. 

'Dolmage, V.: Geol. Surv. Can., Sum. Rept. 191 8, pt. B, p. 33. 
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The easternmost group of ?Sooke Intrusions occurs on the northern shore of 
Quatsino Sound proper in the interval 1,000 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 outcrop of the larger intrusive body which occurs in the middle of a 
completely covered stretch of the shoreline, about 350 yards wide, is about l 00 
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 of both a dark mineral and an 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-wide, beach-covered interval. 

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 shoreline), of medium- to coarse-grained, leucocratic granite porphyry (for 
further details, see description of Units 7-10, 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), 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 merge 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. 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 one another 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 conglomerate. 

Areas of thermally altered conglomerates of the Blumberg Formation are wide
spread in the Koprino Harbour outlier. They 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 vermilion-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 oc
cupies both the tidal platform and the steep bluffs above it to a height of at least 
120 feet asl (see Unit l 7a, Sec. 36). A few small (less than 1 foot thick) patches of 
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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 Blumberg 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 Con
glomerate by about 450 feet of the unaltered grey to greenish grey pebble-conglo
merate. For the next 400 yards along the shore only a few small (up to 60 feet 
wide) patches of rust- to maroon-coloured, metasomatically altered pebble-conglo
merate occur within its predominantly unaltered grey variety. Then, about 100 yards 
east of a deep, 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 meta
somatically 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 occurs in Linthlop Islet in the north
eastern part of Koprino Harbour. This group consists of three irregularly shaped 
minor intrusions. 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 Linthlop 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 disappears beneath the water on three sides, but on the northern side 
it invades indurated and metasomatically altered finer elastics of the Blumberg Forma
tion . 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 
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a somewhat irregularly rounded, plug-like body. The maxi mum visible width of this body 
(in its middle part) is 160 to 170 feet, but it may be considerabl y 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 fee t long (in north-south direction) and 
20 to 130 feet wide, occupies the northwestern tip of Linth lop Islet. It is separated 
from the northern end of the second intrusive body by a partly covered interval , 150 
feet wide (in north-south direction). Numerous patches of altered Blumberg Forma
tion elastic rocks outcrop within this interval. These sed iments are intensely altered 
and partly metasomatically replaced by the intrusive rock (i .e., "graniti zed") 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. 

The so uthernmost part of the third intrusive bod y, 120 to 130 feet long and 
20 to 80 feet wide, is composed of the same ?a ndesitic dyke rock as the other two 
bodies. Farther north, this marginal intrusive facies is rapidly replaced laterally by 
dark to black ish grey, medium- to coarse-grained, mainly equigranular gabbro; this 
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 fac ies appears to be 
gradational. The gabbro is considerably contaminated by xenoliths of the su rrounding 
Blumberg Conglomerate and locall y contains numerous calcite amygdules . The ap
parently 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 su pported by 
the fact that Diggs Islet, about 550 yards west of Linthlop Islet in the mouth of 
Koprino River, is underlain mainly by maroon , metaso maticall y altered Blumberg 
elastic rocks. Furthermore, the same is true of medium- to coarse-grained pebbly 
sandstones of the Blumberg Formation outcropping about 500 to 600 yards east of 
Linthlop Islet around the head of East Cdve. 

?Sooke Intrusives have not been observed anywhere else with in Koprino H arbour. 
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 , metaso maticall y 
a ltered (includ ing a few calcitic veins) strata, occurs at the northern entrance to Robson 
Cove on the southwestern 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 Sch loss Island. All these zones are believed to be 
thermal haloes of one or more shallowly seated ?Sooke Intrusions, wh ich have invaded 
the surfaces of several large, northerly to northwesterly trending faults auxiliary to 
the Mahatta fault zone. 

The fourth and the las t known occurrence of ?Sooke Intrusions consists of a 
single si ll-like body of ?rhyolite, more than 10 feet thick , which invades the N anaimo 
Group in the Neroutsos Inlet outli er (see Unit 3, Sec. 39; Pl. XIIB). This small intrusive 
body is rather important for the purposes of dating and correlation of ?Sooke Intrusions. 
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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-described areas of metasomatically altered Lower Cretaceous rocks 
believed to represent thermal haloes of shallowly seated ?Sooke Intrusives. 

All 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 crush
ing 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, and that these intrusions have invaded the zones of weakness caused by 
the faulting under the conditions of regional tension. 

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 gab bro body of Linthlop 
Islet) suggest that they are exclusively shallow-seated to hypabyssal apoph yses 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. 
Coast Intrusions, p. 63, 66). 

This hypothesis finds additional support in the widespread occurrence of pre
viously described small to large a reas of rust- to orange-coloured, metasomatically 
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 altered to regularly "granitized" sedimentary 
rocks surrounding the larger granite-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 surface in these areas of Koprino outlier but are not yet 
unroofed at any point of the available outcrop-areas. 

The alternative hypothesi s, that most or all of these areas of metasomatically 
altered Lower Cretaceous sediments have resulted only from the penetration of hydro
thermal solutions from depth along the shattered rock zones, appears to be improbable 
because of the close association of several of these a reas of metasomatically altered 
sediments with the known ?Sooke Intrusions and the lithological identity of the other 
altered sediments with those of thermal haloes surrounding the intrusions. 

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 on ly as of post-Cenomanian age. However, 
in Buttle Lake map-area, similar intrusive rocks are known to invade the mid-Upper 
Cretaceous sediments 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, Sec. 39). 

The post-Nanaimo intrusives of Buttle Lake map-area were originally dated by 
Clapp (1912, p. 106) as being of Eocene age. However, Clapp (1917, p. 304) sub-
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sequently 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 the post
Cenomanian intrusions of Quatsino Sound are accordingl y dated as being 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 circum
stance 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). 

Oligocene 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 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 Penin
sula and Cape Scott. 

?Late Tertiary Volcanic Rocks 

No outcrops of the ?late Tertiary volcanic rocks have been encountered 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 discovered by Dawson ( 1887, p. 61 B) in the vicinity of Port McNeill, well 
outside of the report-area. 

Muller (1967, p. 81 , Fig. I) has recently mapped 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 I ,OOO feet upstream from 
its first fork (see Unit 7, 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 
felsitic Coast Intrusions; they have been mapped accordingly in this report. 

The completely shattered and strongly metamorphosed, light grey to whitish 
grey or rust-red volcanic ?breccia underlies the sharp point closing Apple Bay from 
the southeast, and from there extends for some distance toward the southeast along 
the shore. This volcanic ?brcccia likewise forms part of the outcrop-area of Muller 
(1967, p. 82, Fig. 1). However, the lithology of this volcanic ?breccia is very similar 
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to that of the third facies of the Hecate Cove Formation, and it is invaded by two 
bodies of basic, porphyritic to amygdaloidal intrusive rock lithologically similar 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. 32) exposed 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). 
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The report-area extends across the structural grain of the Insular Tectonic 
Belt, and thi s fact compensates somewhat for the limited region covered by the wri te r's 
investigation . It is hoped , therefore, that this survey will contribute to the under
stand ing of several previously unsolved structural problems of northwestern Vancouver 
Island. The solution of these problems has been hindered by th e 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-a rea and th e adjacent parts of north
western Vancouver Isl and . 

Previous Investigations 

D awson ( 1887) was the first to comment on the structural geology of Quatsino 
Sound. He recognized the preval ence of northwestern strikes and southwesterly 
dips of the altered volcanic and sed imenta ry rocks of the "Vancouver se ries," and 
pointed out that these rocks are probabl y repeated either by fo lding or by fa ulting, 
and that their eroded surface is locally overlain unconformabl y by fo lded and fau lted 
but esse nti all y unaltered Cretaceous rocks. Dawson (1887, p. 85B-86B) defined 

two of th e principal fau lts (i.e., Holberg and Mahatta fa ults of thi s report) cutting 

the "Vancouver series" and the Cretaceous rocks alike and correctly assessed their 

regiona l sign ificance. 

Dolmage (1919 , p. 328) observed that "The rocks of the Vanco uver Group are 

steeply folded along a northeast and southwest direction, and in the region examined 

the dips are very consistentl y to the west. Considerable fau lting has also occurred, 
particul arly in the region where the main channel of the sound branches out into 

the various a rms." 
The fo llowing entirely different tectonic style has been suggested by Gunning 

(1930, p . 104A) for rocks of the Vancouver Group of the Quatsino-Nimpkish 

map-area : 
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.. . there are important intrusions of granitic rocks and it is evident, in the 
field that the foldin g and contorti on of the rocks of Vancouver group are directly 
connected with the intrusions. The general tendency seems to be a contortion and 
tightl y compressed fo lding of the intruded rocks near the intrusive with a doming 
up of the former around the latter so that locall y, near giganti c stocks and between 
adjacent ones, almost any attitude may be expected. There is not as yet sufficient 
detailed information to reveal the structure across the strike, but it is presumed that 
the rocks of the Vancouver group are compressed in to a series of parallel overturned 
fo lds with the prevailing dip to the southwest. If this is not so we would be 
forced to conclude that there is a continuous succession of volcanic and sedimentary 
beds from the east and the west side of the island and the resultant thi ckness of 
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the group would be so enormous th at one is forced to discredit the possibility. 
Al so there is evidence in several pl aces of repetition of beds due to tight fo lding 
and overturning. 

The structural role of fau lting was obvio usly minimi zed by Gunning ( 1930, p. 
J 04A-l 05A) , eve n though he pointed out the exi stence of numero us minor faults 
and suggested th e ex istence of major fa ults in th e vicinity of Quatsino N arrows. 

Among late r work ers, Suther land-Brown ( 1966, p. 85) has stressed the preval
ence of fa ultin g over folding throu ghout the Insul ar Belt and pointed out that the 
compressed and overturned fold s appea r to be " limi ted to special adjustments between 
fau lt blocks, between panels of volcanic rocks, o r adjacent to intrusive plutons." 

Muller ( 1967, p. 83) pointed out that the structure of the eastern pa rt of 
Quatsino Sound "consists of tilted blocks se parated by two or three sets of normal 
faults, trend in g no rthwest, north and northeast. " More recentl y, Mull er ( 1970, p. 48, 
sketch-m ap o f northern Vanco uver Island) co ncluded th at the A lert Bay and Cape 
Scott areas " like other parts of the island exh ibit a southwestward increasingly complex 
block-fault st ructure. The greater fragmentatio n of the so uthwestern belt is possibl y 
related to the thinnin g of the ri gid 'shield' of K armutsen volcanic rocks. Two principal 
northwest-trending fau lts sepa rate three major south westward tilted fau lt blocks." 

Folds 

The oldest c learly di scernible fold structures o f the investigated part of Quatsino 
Sound ap pear to be the late Nori an to latest Tri ass ic ( Rh ae ti an) tectonic lands 
and residual troughs resultin g from the latest Tri ass ic orogenic phase. For reaso ns 
expl ained by Jcl etzky ( !970b , p. 5- 9) and summarized in the late Triassic sections 
of this report, th e latest Tri ass ic tectonic movements appa rently not on ly uplifted 
the rocks of the Sedimentary division of the Bonanza Subgroup bu t also fa ulted and 
fl exed them into a number of northwest-trending folds . The prev iously discussed Coal 
H arbour- Alice Lake tectonic land is interpreted as one of these latest Tri assic 
anticlina l folds. Another suc h anticlinal fold is probably represented by the pre
viously discussed Southwestern tectonic land. The interve ning residual Neroutsos 
T ro ugh a nd th e West Coast Trough a re believed to be sy nc linal fo lds of th e latest 
Tri assic time (see p. 22- 26, 34-38, and F igs. 3, 4). 

The ge nerall y moderate to ge ntl e fo lding of the late Tri ass ic rocks in those 
pa rts of Quatsino Sound distant from the major fa ults and intrusive bodies indicates 
that these lates t Tri ass ic folds were wide open structures with ge ntl y to moderately 

dipping limbs. 

Another pre-Upper Jurass ic fold structure of the in vesti gated part of Quats ino 

Sound is th e regional , north-northwest to almost north-trendin g homocline of the 
Vancou ver Group. This homocl ine is clearl y revea led in the arra ngement of the 

bel ts of the indi vidual units o f th e Vancouver Group in Figures 17 and 18. D espite 

numero us and commonly pronounced loca l irregularities caused by the invas ion of 
Coast Intrusio ns and the post-Cretaceous fa ultin g, the north-northwest to almost 
north-trendin g units of the Vancouve r Group beco me progressively younger westward 

across the strike. 
The pre-Upper Ju rassic homocli ne of Quatsino Sound o rigin all y extended across 

the prevalent strike direction of th e Vancouver Group at least from the head of 
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Rupert Inlet to the head of Browning Inlet. This homocline appears to represent part 
of the southwestern limb of the so-call ed gea nti clinal core of Vancouver Island 
(Sutherland-Brown, 1966, p. 85), which is referred to as the Vancouver Island 
anticlinorium in this report. 

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, p. I 04A- l05A; p. 124, 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 fau lts, 
these rocks commonl y become only moderately folded despite their marked to 
intense jointing, shearing, and minor fa ulting; locall y their dips do not exceed 20 to 
30 degrees. The homocline appears to be a post-Triassic structure, since it affects 
similarl y the late Tri ass ic 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, p. 18- 23 , Figs. 1, 2; and earlier sections of this report) suggests 
that the Early Jurassic faulting had preceded ?and / or accompanied the formation 
of this regional homocline. 

The previously discussed (Jeletzky, I 970b, p. 2 1-23; and p. 56-63 of this 
report) Lower Jurassic paleogeography confirms the conclusion that the homocline 
of Quatsino Sound, and consequently the ant iclinorium of Vancouver Island , began 
to form after the deposition of the youngest sedimentary (i.e., Pliensbachian-?Toarcian 
greywacke unit) unit of the Volcanic divi sion 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 Intrusions. It was formed, therefore, before the end of Middle Jurassic 
time. 

Contrary to Gunning's ( 1930, p. 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 fau lts striking in several directions and generated by several 
Cretaceous and Tertiary tectonic movements. These faults have split this homocline into 
several disconnected sections and, locall y, 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 
flexed in a great number of variously oriented, small- to medium-sized , commonly 
more or less contorted folds. These younger folds are always confined to the individual 
principal fau lt blocks and normally extend only over parts of the latter. Most of 
these fo lds 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. 

126 



STRUCTURAL GEOLOGY 

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 
several principal (as defined on p. 128) faults. These trend northwest to west-north
west and delineate four or five structurally disconnected, large to medium fault 
blocks (Fig. 15) . These principal (see p. 138) fault blocks are either strongly upthrown 
or strongly downthrown rel ative to one another, which clearly demonstrates the 
prevalence of dip-slip movements. T he principal fault blocks are tilted in different 
directions. Consequently, they expose rock sequences which commonly differ consider
ably from each other. Despite 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 structural 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 Figures 17 and 18. These lesser faults split all principal fault 
blocks into innumerable 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. 

Miles 
5 10 

10 15 

Kilometr~ 

Principal and major strike-slip faults 
(defined and assumed) . _ -?-
arrows indicate inferred or 
assumed direction of 
horizontal movement . 

Principal and major normal faults 
(defined and assumed) . ---

FIGURE 15. Schematical structural map af Quatsino Sound area showing principal fault blocks, principal 
faults, and some of the major faults. 
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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. Most 
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 regul ar right-hand (dextral) 
strike-slip fa ult. The same appears to be true of another principal, west-northwest
trending fault (Holberg fa ult ) , and major strike-slip fa ults may be considerably more 
common and structurall y important than they now seem to be. 

For reasons given by Jeletzky ( 1970b, p. 5- 9 ; and preced ing sections of this 
report) the report-area must have been transected by a num ber of large faults before 
the ?early Rh aeti an ( i.e., time of deposition of Hecate Cove Formation). However, 
no direct evidence of this latest Triass ic faulting has been observed so far. 

The evidence (see previous sect ion, p. 126) fo r the occurrence of large-scale 
faul ting during the tectonically and volcani call y active early Jurassic time consists onl y 
of the obvio us concentrat ion of Coast Intrusions along the downthrown sou th western 
side of the Brown ing Inlet fault (see p. 130). Exce pt for thi s iso lated piece of ev idence, 
there is no direct indication of any pre-Middle Jurassic fau lting. All other observed or 
inferred faults appear to transect indiscrimi nately all layered rock-units of the area, 
including the Cenomanian Upper Shale unit and the high Upper Cretaceous (Cam
pani an) N anaimo rocks. H owever, they do not seem to disrupt the presumabl y early 
Oligocene ?Sooke Intrusions. It is concluded therefore that all principal major and 
minor faults of the area have been act ive in the post-Campanian time. It is this lates t 
Cretaceous (i.e., Maestrichtian) and/ or Tertiary faulting that has moulded the 
present-day structural pattern of the investigated area and of the adjacent par ts 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, Fig. 6-10). The post-Late Cretaceous faults of Quatsino Sound 
are therefore assumed to be largely or chi efly of Tertiary age. 

The validity of the previousl y discussed evidence regarding the pre-early Oli
gocene (i.e., pre-?Sooke Intrusions) age of post-Late Cretaceous normal and ?strike
slip fa ulting appears to be doubtful. First, the ?Sooke Intrusions are ra ther rare within 
the investigated area, and this has prevented the writer from firmly establishing their 

structural relationsh ips with the pri ncipal and major fa ults. Second, the early Oli
gocene age of the ?Sooke Intrusions of Quatsino Sound is not firmly establi shed. 
They could conceivably be youn ger (Miocene or even Pliocene ) . Third, and las t, 
many large-scale faults of northwestern Vancouver Island are known to cut Oligocene 
and ?lower Miocene sedimentary rocks (Jeletzky, 1950; 1954b, geol. maps) . Some 
of the major fa ults of Quatsino Sound (e.g ., Browni ng Inlet fau lt; see below) appear 
to be direct extensions of these late Tertiary fa ults. 

Only the principal faults delimiting the principal fault blocks of the report-area, 
and major faults otherwise important for the understanding of its structural frame
work, are discussed below and shown in Figure 15. A considerable number of other, 
less important, defined or assumed faults have been mentioned in the stratigraphic 
part of this report and/ or shown on the geological maps and profiles. 

128 



STRUCTURAL GEOLOGY 

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 division 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 moderately to steeply toward the south
west. On the western, downthrown side of the covered interval outcrop ?dacites 
of the Coast Intrusions possibly invading the fault surface. These ?dacites are 
followed by shales tentatively correlated with the 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 crassico/lis grey
wacke. If the suggested correlation of the above-mentioned shales with the Upper
most Sinemurian argillite unit is correct, some 500 to 600 feet of rocks of the 
Uppermost Sinemurian volcanic unit is 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 topo
graphic 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 northern corner of the lagoon, and 
this interpretation is tentatively adopted in Figure 15. 

The straightness of the above-described north-south topographic lineament ap
parently 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 subsidiary to the Browning Inlet fault. 

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 Formation and the Uppermost Sinemurian volcanic unit on both 
sides of the channel. This repetition of beds indicates that the southwest side of 
Browning Inlet fault is relatively downthrown, and that at least 500 to 600 feet of 
rocks of the Uppermost Sinemurian volcanic unit is faulted out along its surface. 
There is no way to determine the direction of dip and stratigraphic throw of the 
Browning Inlet fault, but its essentially straight course suggests that it is a vertical 
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or near-vertical normal fault. As yet, there is no evidence of strike-slip movements 
along the Browning Inlet fault. However, this possibility should not be discounted as the 
sharp bend of Macjack River (see below) is suggestive of a recent left-lateral offset 
along the fault. 

Browning Inlet fau lt apparently either merges with the Grant Bay and Galato 
faults or transects these two fau lts 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 con
necting this corner with the sharp bend of Macjack River valley occurring about 1} 
miles above its mouth . This lineament extends farther northwest along the west coast 
of Vancouver Island and suggests the 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. 

An interesting peculiarity of the Browning Inlet fault consists of the invasion 
of several, apparently related , small- to medium-sized , 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 that it is 
an ancient pre-Coast Intrusion fracture. This pre-existing regional fracture could 
have facilitated the upward movement of the Coast Intrusions and explains their 
obvious concentration along 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 fau lt block may well be a local feature caused by the distribution of the displace
ment among several major fau lts (e.g., Grant Bay and Galato 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 
coalescence 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 pos1t1on, orienta
tion, and extent of the Galato Creek fault had to be inferred from structural rela
tionships 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 obvious west-southwest alignment of several topographic 
features between Gal a to Creek and the head of Browning Inlet. 

The abrupt changes of attitude and age of strongly dislocated and partly over
turned Lower Cretaceous and Lower Jurassic rocks across the northeastern part of 
the narrow channel connecting Ahwhichaolto Inlet with the northeastern basin of 
Winter Harbour 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 
throughout this interval. 
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Galato Creek fault appears to cut into the southeastern shore of the channel at 
the point about ~- mile southwest of the entrance to Ahwhichaolto Inlet, and thence 
the fault appears to continue on a general west-southwest course across the low, 
densel y 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 
;{- mile east of the eastern tip of Wedel Island. F ar ther west-southwest, the Galato 
Creek fault underlies the narrow channel between Wedel Island and the southeastern 
shore of the basin , then cuts obliquely across the latter and enters its northwestern 
shore at the mouth of Galato Creek. So far as is known, the west-northwest side of 
the fault is downthrown throughout the interval and is composed mainly of moderately 
faulted, contorted , east-west to northwest-striking, gently to moderately north- to 
northeast-dipping rocks of the Coarse arenite unit (see description , Sec. 33). 

The rocks of the rel ativel y upthrown east-southeast side of Galato Creek fault 
appear to be composed of the older Lower Cretaceous Buchia crassicollis greywacke , 
H auterivian siltstone unit, and lnoceramus co/onicus calcarenites throughout this inter
val. These rocks have extremely variable strikes and dips and are locally vertical to 
overturned. They are strongly to very strongly 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, 
corresponding sections of Buchia crassicollis greywacke and Hauterivian siltstone unit). 

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 the head of Browning Inlet. There was, however, no opportunity to 
check the validity of this working hypothesis on the ground. 

Most of the trace of Galato Creek fault is concealed beneath the water, and it 
seems 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 it is possible to judge, the trace of Galato Creek fault is distinctly sinuous 
(see Fig. 18) , which suggests that its plane is not vertical or near vertical but dips 
at a steep angle. 

Because of its occurrence between two major, respectively possible and known, 
strike-slip faults, and its orientation, it is tempting to interpret the Galato Creek 
fault as a subsidiary high-angle thrust which was generated by horizontal movements 
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 more 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 move
ments 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 noncarbonaceous facies of the Coarse arenite unit are 
unknown. It seems safe to say, however, that more than 1,000 feet of rocks is 
missing there because of this fault, but there is no way to estimate the stratigraphic 
throw of the fault. 
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Galato Creek fault apparentl y branches off the M ahatta fault zo ne and is one 
of its major subsidiari es . Its assumed structural relationships with the Browning Inlet 
and Grant Bay faults have been di scussed already. 

The shores of the narrow channel connecting Ahwhichaolto Inlet with the 
northeastern basin of Winter H arbour, as well as the shores of Winter H arbour, are 
cut by numerous majo r and minor, mostly northwest to north-north west, and west
trending faults. These faults m ay be mere subs idia ries of the G alato Creek fault , as 
they a re most numerous in the proximity of its inferred course and decrease in number 
and size away from the G alato C reek fault. 

Mahatta Fault Zone 

The principal fault zone, named the Mahatta fault QY Muller ( 1970, p. 46, 
sketch-map of northern Vancouver Island) , was first recognized by Dawson (18 87, 
p. 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 investigaterl 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 Koskim o and Salmon islands. 

The well-defined a li gnment o f a num ber of pro minent topographic features 
northwest of Ahwhichaolto Inl et indicates that the Mahatta fa ult zo ne continues in 
thi s direction at least to the sharp bend fo rmed by the Macjack River at the point about 
2 mil es west-southwest of Mount Brandes. This was recognized also by Muller ( 1970, 
p. 46, sketch-map), who extended the Mahatta fa ult zo ne to the vicinity of F isherman 
Bay on the northern coast of Vancouver Island . In the northwestern corner of 
Ahwhichaolto Inlet, the fault zone appea rs to underlie a covered interval, about ~ 

mile wide, of low, densel y wooded shore around the mouth of a nameless creek. 
Siltstones and greywacke of the Coarse arenite unit appear to occupy the down
thrown southwestern side of the Mahatta fa ult zo ne on the northwestern bank of 
the inlet's mo uth. Scattered exposures of exceedingly disturbed conglomerates of 
the Blumberg Formation occurring farth er northwest are believed to be but tectonic 
slices of Lower Cretaceous rocks dragged into the fault zone by the strike-slip move
ments ( see below). 

On the south western shore of the mouth of Ahwhichaolto Inlet, one of the fa ults 
of the Mahatta fault zone appears to bring intensel y sheared and ?metasomatically 
altered Buchia crassicollis greywacke . in contact wi th equall y intensely shea red volcanic 
rocks referable to the Grey volcanic unit of the Volcanic division. This break is 
believed to cut across the rock y promontory and to disappea r beneath the waters of 
Ahwhichaolto Inlet just northwest of the outcrops of the Cherty limestone unit 
shown on Figure 18. A considerable thickness of rocks of the Volcanic divi sion may 
be fa ulted out along the trace of the Mahatta fau lt zone in this interval. Other splays 
appea r to separate the disturbed rocks of the Grey volcanic unit from co nsiderabl y 
olde r rocks of the lower part of the Basal Ju rassic volcanic unit on the opposite side 
of the inlet. Therefo re, it is impossible to estimate the thickness of stra ta mi ssin g. None 
of the fa ults of Mahatta fa ult zo ne is ex posed within the above-described interval. 

Farther southeas t, the Mahatta fa ult zone seems to disappear beneath the waters 
of Ahwhichaolto Inlet. It occupies most or all of the inlet's width, judging by its 
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visible width farther southeast where it completely occup ies a flat-bottomed valley, 
about -k to ~- mile wide, connecting the head of Ahwhichaolto Inlet with th at of 
Spencer Cove. Within this interval, th e Mahatta fault zone appears to consist of a 
number of individual fau lts separated by tecton ic sli ces of extremely disturbed to 
mylonitized Lower Cretaceous rocks. 

Southwest of the outcrops of th e Cherly limesto ne unit on the sou thwestern 
shore of Ahwhichaolto Inl et, the relatively downthrown southwestern side of the 
Mahatta fau lt zone is occ upi ed by strongly jointed and sheared rocks of the Grey 
volcanic unit. These rocks strike toward the northwest, but their dips may be eithe r 
toward th e southwest or northeast. 

The relatively upthrown north eastern side of the Mahatta fault zone is occupied 
by volcanic rocks of th e Basa l Jurassic volcanic unit everywhere between the north
western end of Ah whichaol to Inl et and the tip of the nameless point separating 
Spencer Cove from Robson Cove. The sti ll older Hecate Cove Formation and the 
Arenaceous member of the Sedimentary division occupy the northeastern side of 
the fau lt on this nameless point. This indicates the fault in g out of most or of all 
the 5,000- to 7,000-foot-thick Basal Jurass ic volcanic unit along this segment of the 
Mahatta fault zone. The prese nce 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 Form ation underl ying 
Schloss Island. The reversal of throw of the M ahatta fault zone occurring at this point 
appears to be related to the re lative upthrow of the western side of the subsidiary 
Robson Cove fault by the strike-slip movement along the Mahatta fault zone. The 
north-northeast-trending Robson Cove fault branches off the Mahatta fau lt zone 
at about that point, cuts in between Schloss Island and the above-mentioned nameless 
point, and underlies Robso n Cove. 

As recognized by Dawson (I 887, p. 87B) , the Mahatta fau lt zone crosses 
Quatsino Sound on the course just described. The principal fau lt on the southern 
shore of Quatsino Sound separates the general ly downthrown and greatly disturbed 
younger Lower Jurassic (Matthews Tsland Formation , Uppermost Sinemurian volcanic 
unit, and Uppermost Sinemuri an a rgillite unit) and Lower Cretaceous rocks of 
the Monkey C reek syncline from the crumpled and disturbed but generall y upthrown 
older Lower Jurassic rocks (upper part of Basal Jurassic volcan ic unit , Cherly lime
stone 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., M ahatta Fault 

of Muller, I 970, p. 46, sketch-map). As elsewhere, none of the spl ays of the 

fault zone is exposed within a completely covered interval of the shore line, about 

one mile wide, separating these fault blocks from each other. 
The obvious ali gnment of several prominent topographic features indicates that 

the M ahatta fau lt 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 rem arkabl y straight throu ghout its investi gated part 

and mainta ins its direction rega rdless of the litho logy and competence of the Meso

zoic rocks that it crosses. Thi s indicates th at most or all of its spl ays are vertical 

to near-vertical faults. 
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At least 5,000 to ?7,000 feet of rocks is 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
hand ( dextral) , strike-slip component of movement is suggested by the quite aberrant 
northeastern to north-northeastern orientation of typical drag-folds occurring on its 
upthrown south western side in the vicinity of Koskimo Islets (see Fig. 18). The 
same is probabl y true of the north-northwest-trending Monkey Creek syncline oc
curring 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 Cretaceous outlier relatively displaced north
westward in post-Albian (?early Tertiary) time . According to this interpretation, 
the numerous, previously mentioned tectonic slices of Lower Cretaceous rocks oc
curring between the individual spl ays of the zone are small to minute fault blocks 
of the easternmost part of the Forward Inlet outlier dragged for variable distances 
southwestward by the right-hand, strike-slip movements. Because of different possi
bilities in reconstructing the Forward Inlet and Koprino Harbour (including Salmon 
Islands) 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 ap
parently important fault have already been discussed in connection with the description 
of the Mahatta fault zone. The oTientation in relation to the Mahatta fault zone and 
other previously discussed characteristics of the Robson Cove fault are strongly 
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 ri ght-hand, strike-slip component. 

Shapland Cove Fault 

The major west-northwest-trending fault disrupting the type section of the 
Blumberg Formation (see Unit 13, 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 Cleagh 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 believed to be a nearly vertical , normal fault, possibly merging 
with the Robson Cove fault to the northwest and with the Ildstad fault zone to 
the southeast (Fig. 15). 
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Ildstad Fault Zone 

A group of major, closely spaced, apparently vertical to near-vertical , approxi
mately south-southwest to north-south-trending faults di srupt, and probably repeat, 
the succession of the Blumberg Formation immediately east of H awisnakwi Creek 
on the northern shore of Quatsino Sound. This fault zone, which is about -!- mile 
wide, extends south into Ildstad Islets. The latter are underlain by more weathering
resistant ( ?indurated) parts of the individual tectonic slices of the fault zone. 

Ildstad 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 Ildstad fault zone is believed to 
merge with the east-southeast extension of the Shapland Cove fa ult (Fig. 15) and 
possibly to limit the Koprino Cretaceous outlier in this direction. 

None of the individual faults comprising the Ildstad fault zone is exposed in 
any of the investigated sections. However, they all are believed to be vertical to 
nearly vertical , normal faults. As with the Shapla nd Cove fault, it is impossible 
to estimate either the thickness of fau lted out rocks or the strat igraphic th row of 
any of the Ildstad fault zone faults. However, there is every reason to believe 
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 magmaticall y invaded rocks of the Coarse arenite unit against those 
of the Upper Valanginian and ?H auterivi an greywacke-conglomerate unit on the 
northern shore of Quatsino Sound in the proximity of Aweisha Creek. This fault 
is herewith named the Aweisha Creek fa ult , 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-south
east direction and to ex tend 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-vertical, left-hand (sinistral), strike-slip fault rather than a predominantly 
normal fault (Fig. 15). The west-southwest side of Aweisha Creek fault is relati vely 
downthrown throughout its known length. However, it is impossible to estimate its 
undoubted ly 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 di ssect the 
rocks of the Vancouver Group outcropping on the shores of Quatsino Sound in the 
interval between Neroutsos Inlet and Quatsi no village in the southwest, and the 
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eas tern shores of Holberg a nd Rupe rt inl e ts in the northeast. Some of the faults 

observed or assumed to exi st within this interval are shown on Figure 17. However, 

no time was ava il abl e either to study the nature and extent o f any of these faults 

in detai l or to investi gate th eir structural relationships with th e H olberg fa ult, of 

which they seem to be subsidi aries. N one of these faults is believed to be in the cl ass 

of principal fau lts beca use they onl y disrupt the rock seq uence within the Quatsino 

Formation or bring its rocks against those of adjacent units of the Vancouver 

Group. 

Holberg Fault 

This largest and apparently most impo rtant fracture of the investi gated part 

of Quatsino Sound was di scovered a nd mapped in considerable detail by D awson 

(1887 , p. 90B-92B, Fig. 2, geol. maps) who described it as fol lows ( ibid. p. 9 IB): 

To the south the bas in (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 
th ickness of the Cretaceous of this bas in , whi ch is at least 1,500 feet . To the 
west it runs past the mouth of Coal Harbour, cuttin g into the shore near a small 
cove, a mil e and a third beyond the west entrance point of the harbour. It then 
crosses the bay at the mouth of the Nookneemish Rive r, aga in cutti ng the shore 
a mile beyond the mouth of that st ream. Eastward, it must cut the west shore of 
Rupert Arm, about two mil es from head, and as the shore in the intervening 
stretch is all low, it is possible th at the rocks of the Cretaceous series here re
appea r, and continue for some distance eastward. Still further in this direction, the 
fault appears to run completel y across the island to Port McNeill and beyond , 
as explained on p. 648. The rocks to the south of the fa ult, which form Hankin 
Poi nt, are massive, greenish amygdaloids, overlain by a thick bed of limestone, 
which forms low cliffs near the east entra nce point of Coal H arbour, and re-appears 
in the cove at the east side of Hankin Poin t. On both sides of the bay into which 
the Nookneemish River flows, the older rocks to the south of the fault are hard, 
shat tered, ru sty qu artzites, and greenish and purplish fe lspathic materi als, some
times evidently altered agglomerates. 

Thi s principal fa ult was recently named the H olberg fa ult by Muller ( 1970, p . 46, 
sketch-map). 

The writer has found D awson's ( 1887, p . 90B- 92B, Fig. 2, geol. m aps ) interpre
tation of Holberg fau lt quite correct, with the sole exception of the general trend 

of the fa ult. The H olberg fault appears to t rend at N 20 °W throughout its investi

gated interval (see F igs. 15, 17) . Therefore, it could hardl y head toward Port 

McNeil! as suggested by D awson ( Joe. cit. , p . 91 B) but is mo re likely to reach the 

lower third of Nimpkish Lake, prov iding th at its general directi on does not change 

appreci ably east-southeast of the topographically identified point where it is believed 

to merge with the Rupert Inlet fault. 

A somewhat deta il ed survey of the H olberg fa ult in th e vicinity of Stewart 

Point has revealed (Fig. 16) the presence of several typical, asymmetrical drag-folds 

on its east-no rtheast side . These drag-_fold s inva ri ably strike east-northeast to north

northeast and become much more gentl e away from the approximately located trace 

of the Holberg fault. 
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The character and orientation of these drag-folds indicate that they a re generated 
by strong right-lateral ( dextra l) , strike-slip movements along the H olberg fault. Be
cause of these folds, the remarkable straightness of the fault trace, and the complete 
dissimil arity of rock sequences occurring on either side, the writer interprets it as a 
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principal ri ght-hand , strike-slip fault. The dip-slip component of the Holberg fault 
is believed to be rel atively minor. 

The remarkable stra ightness of the trace of the H olberg fault indicates that it 
is 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 fau lt 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 occurrin g 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 fac ies of the Coarse arenite unit with the 
modera tely southwesterl y inclined volcanic rocks representing the lower part of the 
Basal Jurassic volcanic unit. Close to 1,500 feet of Lower Cretaceous rocks and at 
least 3,000 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 fa ult, and the 
narrow interval separating them, the above estimate probably approaches closely its 
stratigraphic di spl acement. 

Northeastwards, the Rupert Inlet fau lt appa rentl y continues at least to the 
narrow, fi ssure-like embayment of the east-southeastern shore of Quatse Lake. South
eastwards, the fa ult is assumed to cross Rupert Inlet and to cut into the low and 
densely wooded southern shore at the point about 14 miles west of the mouth of 
Coetkwaus Creek. There, the fau lt appea rs to bring the pyroclastics of the Basal 
Jurassic volcan ic unit against K armutsen Volcanics. Southeast of Rupert Inlet, the 
Rupert Inlet fa ult is believed to conti nue on a course striking about N40 ° to 
50 °W until it merges with the Holberg fa ult (Fig. 15) . 

The Rupert Inlet fault is beli eved to be steeply dipping to nea rly vertical because 
of its inferred straight course. It seems to be a principal normal fault, and it is 
not kn own whether any strike-slip movements have occurred along it. However, 
the assumed merger of the Rupert Inlet fa ult 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 m arkedly from 
those of the adjacent principal fa ult blocks. Jn particular, principal tectonic blocks are 
characterized by having most or all of their subordinate fau lt and fold structures 
(i.e., the post-Middle Jurassic ones) restricted to them. 

The following four principal fault blocks have been recognized in the west
east directi on within the investigated part of Quatsino Sound. Three of them coincide 
with fa ult blocks independen tly pro posed by Muller (1970, p . 46, 48, sketch-map) 
for the Alert Bay and Cape Scott areas of northern Vancouver Island. 
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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 Uppermost Sinemurian volcanic 
unit flexed in a series of moderately open to tight, northwest-trending, markedly north
west-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
sized) Coast Intrusions. These subordinate folds, which are restricted to the Forward 
Inlet fault block, appear to be superimposed on the previously mentioned, southwest
dipping, northwest-striking homoclinal structure of Quatsino Sound. Outcrops of the 
underlying Cherty limestone and Basal Jurassic volcanic units are limited to the north
eastern margin of the Forward Inlet fault block, and those of t.he ?Uppermost Sine
murian 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. 

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 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-sized 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. Cretaceous beds tend to be. steeply dipping, vertical, or even over
turned, 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 inves
tigated part. The probable reasons for this reversal have been discussed under the 
description of the Mahatta fault zone. 

The structure of the westernmost corner of the investigated part of the Forward 
Inlet fault block comprising the western side of the Browning Inlet 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 Subgroup. 
These units may not be present elsewhere in the investigated part of Quatsino Sound. 
Should this be true, and should the shale unit of this outcrop-area, tentatively 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 
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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. Despite its considerably 
larger size compared with other principal fault blocks of Quats ino Sound, the Quatsino 
fault block is characterized by a degree of structural unity which precludes its sub
division 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 fault, Ildstad Islets fault zone, and a number of unnamed major 
fa ults in the vicinity of Quatsino Narrows and Varney Bay (see Figs. 15, 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). 

The eastern part of the Quatsino fault block includes rocks of the Karmutsen 
Subgroup, Quatsi no 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 rel ative 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. How
ever, they are flexed into a series of moderately open to tight, predominantly north- to 
north-northwest-trending, medium- to small--s ized, commonly disharmonic folds super
imposed on this homoclinal structure. These folds were apparently generated by 
movements along the adjacent major faults, si nce they tend to become progress ively 
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-sl ip 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 shea red and contorted in their proximity. 
Small to medium (dyke- to stock-sized) bodies of the Coast Intrusions locally invade 
the rocks of the Vancouver Group in the western part of the Quatsino fault block. 

Rocks of the Vancouver Group disappear westward beneath the Lower Cretaceous 
sed iments, 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 between Hawisnakwi and 
Bish creeks. It may be a pre-Tertiary tectonic feature. However, this fundamentally 
simple basin-like structure of the Koprino outlier was considerably modified by younger 
(?early Tertiary) faulting. The Lower Cretaceous rocks are flexed into a considerable 
number of supplementary, northeast-, northwest-, and north-trending, small to medium 
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folds in the prox1m1ty of almost every known major fault (Pl. XIA). 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 anticl ines 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. 
Despite various structural complications, essentially similar to those characteristic of 
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 
Uppermost Sinemurian volcanic unit and the Uppermost Sinemurian argillites on 
the southern shore of Quatsino Sound east of Monkey Creek. 

The north-northwest-trending and plunging, medium-sized, 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 
structu re appears to be a sma ll 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. 

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 Coetkwaus Creek where the above-mentioned 
principal faults seem to merge (Fig. 15). The western and northern boundaries of the 
Coal Harbour fau lt block li e outside of the investigated area. 

As presently known, the Coal Harbour fau lt block is a graben, largely filled by 
the ge ntl y flexed and moderately to sli ghtly faulted rocks of the Coal Harbour Group. 
Only in the close proximity of the Holberg fa ult (Fig. 16) do these rocks become 
steeply clipping to vertical and moderately to strongly sheared. 
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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 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 Muller's ( 1967, Fig. I) geological sketch-map, the Rupert Inlet fault block 
is limited on the west by a northeast-trending fault, and on the northeast by a principal 
northwesterly trending fault, which runs from Port Hardy to the headwaters of Keogh 
River and brings the westward-dipping rocks of the Bonanza Subgroup against the 
sediments of 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 sediments invaded by the small
to medium-sized bodies of Coast Intrusions . No information is available about supple
mentary faulting or folding of the Bonanza Yolcanics within 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-sized, local 
drag-folds or pressure ridges generated by movements on major faults, was restricted 
to the earliest phases of the Mesozoic structural history (latest Triassic and Middle 
Jurassic). Only a few large but wide open, gently to moderately dipping folds were 
apparently produced by the early Mesozoic orogenic movements within the investigated 
parts of the Quatsino Sound area. 

The prevalence of faulting over folding was caused by "basement control" of one 
kind or another. In pre-Middle Jurassic time, the thick and ubiquitous rigid "shield" 
of Karmutsen Volcanics (Jeletzky, 1970b, p. 1-2; Muller, 1970, p. 44, 48) must 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 further strengthened by the invasion of numerous 
small and large Coast Intrusions and the accompanying induration or metamorphism 
of the sediments and volcanics of the Bonanza Subgroup (including the Quatsino 
Formation) . The ubiquitous presence 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 relatively thin Cretaceous sediments (probably 
not more than 10,000 to 11,000 feet thick) consequently were protected to a large 
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extent from compressive stresses and could not be even moderately folded , except in the 
proximity of major or principal faults. The prevalence of fau lting over folding and 
the apparent absence of any discernible regional pattern of Cretaceous and T ertiary 
folds can thus be fully explained. 

It may seem remarkable that such an expressly fa ult-block tectonic style, morpho
logically similar to the paratectonics or Saxonian tecton ics of nongeosyncl inal structural 
regions ( cf. Stille, 1924; de Sitter, 1956) should arise within an otherwise typical 
geosynclinal ( = orthogeosynclinal or eugeosynclinal ; see J eletzky, 1963, p. 59) belt of 
the Canad ian Western Cordillera. However, it becomes more and more obvious that 
the actual tectonic styles of many mobile o r orogen ic belts do not conform at all to 
the class ical concept of geosynclines (e.g. Jeletzky, 1963, p. 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; J eletzky, 1970b) , 
is not too different from that of the Island Arc- and Japan Sea-type of geosynclines of 
Mitchell and Reading ( 1969, p. 633, 634) in which the orogenic movements have con
sisted 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 Tertiary phase of the Insular Tectonic Belt of British Columbia. 
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129145, 12-5-53 

PLATE II 

A. A prominent (marked an ma
rine chart 3617), sheer, 90-foat 
bluff af the Lower member of Quat
sino Limestone in the western shore 
of Quatsino Narrows about 3 miles 
north of Ohlsen Point. View ap
proximately due west from boat in 
mid-channel. 

129214, 1-4-54 

B. Exposures of exceedingly strongly sheared and jointed, partly contorted Lower member of 

Quatsino Limestone on the northern side of o nameless square-shaped cove of the northwestern shore 

of Rupert Inlet, about 1 mile northeast of the tip of Hankin Point. View toward north-northeast from 

the south side of the cove. Pronounced but widely spaced, deeply weathered joints dipping 30 to 
40 degrees east (i.e., toward right side of the photograph) are not bedding. True bedding is rep

resented by closely spaced joints striking 360°-010° and dipping 70 to 80 degrees west (i.e., 

toward the left side of the photograph). 



A. Exposures of the Arenaceous member of Sedimentary Division of Bonanza Subgroup in a small 
rood fill quarry in the bed of a nameless left confluent of lippy Creek where it crosses secondary 
logging rood branching off the main Gibson Rood at altitude ± 1,900 feet. The locality is situated 
about 3 miles northeost of Jeune Landing, northeost shore of Neuroutsos Inlet. View approximately 
due south-southeost (upstream). The man stands al the lop of bed 8 of section 1 on the left side of 
the creek. The latter forms a small waterfall in the quarry wall mentioned in the description of bed 9. 
The upper 12 feet of bed 9 outcrops underneath bed 8 on the left side of the waterfall. The upthrown 
lower port of bed 9 occupies all of the quarry wall on the right side of the waterfall. The normal 
fault striking 215° and dipping 55°E cuts into the bed in the extreme right lower corner of the photo
graph. Beds 1, 3- 5 of section 1 outcrop in the right slope of a gentle logged out hill in the middle port 
of the photograph in the barely visible bed of the left branch of the confluent. Section 6 was measured 
on the left side of the some hill in the bed of the right branch of the confluent. Both sections ore almost 
completely hidden by vegetation. Bed 17 of section 1 outcrops on the left side of the bottom of the 
photograph (just left of the uprooted tree). 

B. Southwestern corner of the quarry shown in Figure A. Both photographs ore panoramic. The 
normal fault culling through bed 9 of section 1 crosses obliquely the left side of the photograph 
upward from the 5-foot-long measuring slick. The second normal fault striking 315° and dipping 
50- 55° east is visible near the middle of the photograph. The base of bed 9 is exposed just above 
talus between these two faults. A third fault striking 245° and dipping 28° west cuts through the unit 
9 near the right side of the photograph. Beds 10 and 11 ore exposed underneath the base of bed 9 
on the right (norlhweslern) side of the fault at the right edge of the photograph. View approximately 
due west from a pile of debris situated on northeostern side of the quarry near its entrance. 



PLATE 111 

A. 153387, 3-7-69 

B. 153387, 3-8-69 



PLATE IV 

153418, 7-8-69 

A. The normol, ?paraconformab le contact of Sutton Limestone (SL) and Hecote Cove breccia (HC) 
exposed ot the tip of Bonier Point southern shore of Qua tsino Sound (see Units l , 2, Sec. 2, p. 166 ). 
Vi ew due southeast from th e boot station e d just offshore ond oblique ly across the strike of rocks 
which dip awoy from the comera ond to th e right. 

1292 37, 4 -3-54 

B. lava s and pyroclastics of Grey volcanic unit exposed in the western wall of Ma ha tta Creek 
canyon approximately 500 yords above creek's mouth. View approximately du e north (i.e., do wn
streo m). The upper port of the woll is built of dull green, fin e ly to coa rse ly amygdaloidal lava (L). 
Four to five feet of green-blue to dull green, thinly bedded, wate rl a in volcanic luff (T) outcrops 
beneath it to the water's edge. Rocks strike 230 to 240 degrees an d dip 40 to 45 deg rees west. 



PLATE V 

129232, 3-6-54 

A. Erosionally disconformable and ?possibly regionolly unconformoble contact of /noceramus 
colonicus colcoren iles (C) with the overlying fine pebble-cong lomerate of Barremian fine-grained 
greywacke (G) unit on northeastern si de of th e largest Salmon lsiand off the southern shore of Quatsino 
Sound (see Units 2, 3, Sec. 27 (p. 207)). View due west, more or less along the strike of beds. 

153386, 3-6-69 

B. Over all view of the lower part of section 29 (see p. 212) of the Barremian variegated elastic unit 
exposed in the northern side of main Gibson road on the left (northern) side of the right (southern) con
fluent of lippy Creek at a lt itude ± 2,000 feet. Bed 8 of section 29 ou tcrops at the top left of the photo
g rap h (where th e ca r is parked). The writer stands at th e contact of beds 10 and 11 (i.e., a t the base of 
Barremion sequence). All beds dip up slope awoy from the camera and strike, more or less, across th e 
road. View due west (i.e., upsection). 



PLATE VI 

153383, 3- 3- 69 

A. Close-up view of the pebble-conglomerate of bed 9, section 29. This bed is in the middle part 
of the section (i.e., halfway between the parked car and the writer) shown in Plate VB. View ap
proximately due north (into the strike of rocks) from the opposite (southeoslern) side of main Gibson 
Rood . Beds dip to the left. 

15 3382, 3- 2- 69 

B. Close-up view of section 29. View of the middle part of the section shown in Plate VB just upsection 
from its part shown in Plate VIA. The photograph is a close-up of beds 8 and 9 (top part only is 
exposed near right rim of the photograph). Th e writer's hammer rests on one of the pebble-conglom
erate interbeds in bed 8. View due northeosl (obliquely downslope) from station on the rood al the 
point about 60 feet from where the car is parked (Plate VB). Altitud e of the rocks th e so me as in 
Plate VB, and they dip obliquely toward the camera. 



PLATE VII 

A. Basal exposed beds of noncorbonoceous fades of Coarse orenite unit in the northwest shore of 
Winter Harbour. View toward north-northwest (i.e., along th e strike) of the upper port (within the 
upper 75 feet) of unit 39, section 33 (see p. 223) from the tip of the second point east of, and some 
275 yards from the mouth of Goloto Creek. Note the heavy bed ding and locally honeycombed 
weotherin !~ habit characteristic of medium- to fine-gro ined greywocke of th e unit. 

12915 4, 13-6-53 

B. Units 33 to 38 of the Coarse orenite unit in the northwest shore of Winter Harbour, section 33. 
View due northeost (i.e., upsection) from station at the lip of the second point east of, and some 
275 yards from Golato Creek al the top of unit 39 of the section (see p. 222- 223). The long, low 
rocky point with a single tree visible in the middle background is built of sandston es of unit 33. The 
logged out slope in the for background is on the northeost side of Ahwhichoolto Inlet. 



PLATE VIII 

A. Cool Harbour Group, Coarse 
arenite unit (Aptian). Bed 11 of 
section 32 which forms a 60- to 
BO-foot-high shelf in the northern 
shore of the narrow channel connect
ing Winter Harbour with Ahwhicha
olto Inlet. The outcrop Is at the 
western end of this channel. View 
toward northwest, that is, into the 
strike of the rocks which dip toward 
the right side of the photograph. 

129230, 3-4-54 

129231, 3- 5- 54 

B. Another exposure of the characteristic intensively yellow- to rust-weathering sandstone of unit 11, 
section 32 of Coarse arenite unit. The bluff shown in th e photograph is on the eastern side of a prom
inent rocky point situated next east of the mouth af Klayina Creek (th e wooded valley of which is 
visible behind the bluff) at the head of Winter Harbour. The bluff shown in Figure A is on the western 
side of this point. View due north-northeast and more ar less dawndip. 



PLATE IX 

,., 
129224, 2-6-54 

A. Erosionolly disconformable and possib ly regionally unconformable contact between pebble
conglomerate af Blumb erg Formation and underlying Coarse arenite unit in section 35 (see Units 1, 
2, p. 225). The outcrop is on the northern shore of Quatsino Sound at the point about 100 yards west 
of Lind Islet. View du e east (i .e., almost into the strike of the rocks). The head of the hammer is at the 
contact. 

129226, 2-8-54 

B. Uppermost beds of the coal-bearing fades of Coarse arenite unit in unit 2 of section 35 (see p. 226). 
Th e outcrop is on the northern shore of Quatsino Sound at the point ± 160 yard s west of Lind Islet. 
View approximately northwest (i.e., obliquely downdip). The we ll -developed foreset beds of dis
tinctly deltaic type dip approximately northeast. 



PLATE X 

153419, 8- 1- 69 

A. Fossiliferous conglomerote (Cenomanian) of Greywacke member of Upper sha le unit (see Unit 2, 
Sec. 38, p. 234) exposed on the northern shore of Quatsino Sound at the point about 600 feet west 
of the mouth of Bish Creek. The writer stands on beds of unit 2, section 38 which strike about 05"0 
degrees and dip 19 degrees east (i.e., to the left) at that point. View due southwest (almost into 
the strike af rocks). 

129222, 2- 4- 54 

B. Close-up of isolated outcrop of dark grey pebble-conglomerote forming the visible top of Blumberg 
Formation (Albion) in its type section (see Unit 1, Sec. 36, p . 227). The hommer rests on o boulder of 
brownish green pebble-conglomerote lithologicolly identical with that occurring in the lower port of 
th e formation. This suggests an intraformational period of erosion (see p. 227). Attitude af Blumberg 
Formation at this spot is unknown. View due north. 



PLATE XI 

129217 , 1-7-54 

A. Outcrop of the Shale-siltstone member of th e Upper shale unit ( Cenomanian and ?later) on the 
tidal platform and in low, overgrown banks just above high tid e limit an the north e rn shore of Quat
sino Sound at the point about 300 yards west of lldstad Islets (see p. 111). The shale strikes 340°-
3500 and dips 5 to 10 de grees west (i.e., to the left side of the photograph) in this easternmost 
outcrop of the unit. Note the undulating chang es of dips probably attributable to th e stress exerted 
by movements on adjacent lldstad fault zone. View due north-northwest (i.e., into the strike) . 

12 9220, 2-2-54 

il. Close-up of a small section of the outcrop (on tidal platform) shown in Plate XIA. Note the charac
teristic spheroidal weathering and conchoidal fracturing of the shale. View from above. Camera 
inclined downdip (i.e., toward the west). 



PLATE XII 

129216, 1- 6- 54 

A. A dioritic? sill- or dyke-like body of ?Sooke Intrusions at least 100 feet wide, outcropping on the 
tidal plotform of the northern shore of Qualsino Sound al the point about 1,000 yards west of the 
mouth of Aweisha Creek (see p.117- 118). 

153880, 2-8-69 

B. A sill-like body of ?rhyolitic ?Sooke Intrusions (S) cutting late Upper Cretaceous arenites of Na
naimo Group (N) in section 39 (see Units 2, 3 this section) in headwaters of Lippy Creek, 2 t miles 
norlheasl of Jeune Landing. The writer's hammer rests on the lower contact of the ?rhyolite with the 
Nanaimo arkoses (see p. 235) . View approximately due northwest. 



APPENDIX 

Selected measured sections 

(Units numbered from top to bottom of measured section) 



Section 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 downstream in the 
walls of a small quarry on the southeastern side of an abandoned northwest-trending logging 
road where the latter intersects the bed of the confluent (see Pl. IIIA, B). The section's top 
is at latitude 50°28'46"N, longitude 127°28'35"W and the base at latitude 50°28'43"N, 
longitude 127°28'45"W. 

Unit 

2 

3 

4 

162 

Description 

RHAETIAN STAGE? 

Volcanic Division 

Hecate Cove Formation 

Volcanic breccia, green-grey, fine to coarse; fragments 
consist mainly of fine amygdaloidal lava enclosed in 
fairly abundant, black, calcareous, argillaceous matrix; 
no attitude observed; base and top covered and no 
outcrops were seen in the bed of the right branch of 
the confluent for at least l 00 feet upstream from bed l; 
visible .. . 

Covered across general strike of bed 3 

LATE NORIAN STAGE 

Sedimentary Division 

Arenaceous member 

Argi/lite unit 

Argillite, dark to blackish brown when fresh, weathers ash
grey with rust-coloured specks or patches; chunky; 
medium to thick ly (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 limestone; strikes at 
200° and dips at 26°W and is not otherwise disturbed; 
a 6- inch bed of the arenaceous and calcareous argillite 
replete with Monotis-like pelecypods (GSC Joe. 83910) 
St to 6 feet below visible top of unit includes Monotis 
cf. ochotica var. densistriata (Teller); grades downward 
into unit 4; visible ....... .. . 

Irregular interbedding of pods and lenticular 2- to 6-inch
thick beds of dull to dark grey, very fine, silty grey
wacke, dull to blue-grey, hard, calcareous argil lite (or 
silty and sandy limestone), lighter grey, calcareous, 
commonly pebbly, coarse-grained greywacke and grit; 
the whole succession appears to be a consedimentary 
slump breccia in part, as pods and lenticular beds of 

Thickness (feet) 

of unit 

3 
3 

30 

above base 

199 

196 



Unit 

5 

6 

7 

Description 

coarse greywacke, grit, and pebbly grit are commonly 
broken into 3-inch to 2-foot fragments which arc either 
folded or twisted and wedged between similarly 
broken, bent, and 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 contai n fragments of large, th ick pelecy
pods (megalodontids?), fragments of Mo110/is-like 
pelecypods, and some poor imprints of ammonites 
possibly derived from an adjacent (to the east?) littoral 
environment; fossils collected from the upper 4 to 
4t feet of the unit (GSC Joe. 83911) include fragments 
of a probable late Norian Monot is sp.; grades down
ward into unit 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 thick
ness; no signs of consedimentary slumping noted; 
attitude as in bed 3; a 1-foot-thick bed 8± to 9t feet 
below top (GSC Joe. 83912) yielded Manolis sali11aria 
(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 .. 

Covered in the bed of right branch across the general strike 
of the beds to the junction point of right and left 
branches; about 

Covered but probably underlain by argil litc as in bed 5 
judging by a few small patches of weathered rock in 
the bed of the confluent between the confluence point 
of its left and right branches and the top of the wall of 
a small quarry situated on the southwest side of 
secondary road branching due northwest of the main 
Gibson Road at the altitude of ± 1,800 feet; about .. 

Greywacke 1111it 

8 Greywacke, dull grey when fresh, weathers dull brown and 
speckled, fine-grained, fr iable, mainly massive but with 
a few interbeds (3 to 10 inches) of very thinly bedded 
to laminated greywacke and very sandy, rust-coloured 
argillite; contains abundant Manolis-like shell frag
ments almost throughout; well -preserved shells rare 
except in a 6-inch bed 3 feet below the visible top 
(GSC Joe. 83913) where the fauna includes Mono/is cf. 
salinaria (Schlotheim); at the level 2t to 3t feet above 
the visible base (GSC Joe. 839 15) where the fauna 
includes Heterastridium sp.; and in another 4-inch bed 
at the unit's base (GSC Joe. 83914) contain ing Monotis 
cf. salinaria (Schlotheim); strike 160° and dip 25°W; 
top concealed at the upper rim of the quarry (Pl. IHA) 

Thickness (feet) 

of unit above base 

11 166 

13 155 

60 (est.) 

150(est.) 

163 



Thickness (feet) 

Un it Description of unit above base 

on southeastern side of a small waterfall fo rmed by the 
left confluent of Lippy Creek; grades downward into 
unit 9; visib le ... .... 12 142 

9 Greywacke, dull grey in fresh and weathered state, fine-
grai ned , dense, hard, massive; on ly upper 12 feet of the 
unit is exposed on the eastern side of the confluent's 
bed (i.e., of the waterfall; see Pl. JIIA) above the floor 
of the quarry; a normal fault striking at 215° and clip-
ping at 55°£ cuts off the unit just east of confluent's 
bed; the unit is upthrown about 20 feet on its western 
s ide where its vis ible thickness reaches about 33 feet 
(strike 220° and clip 37°W) ; lower 22 feet of the unit 
contains several 6- to 18-inch interbecls of thinly bedded 
to laminated, dull grey a rgillite which locally are con-
depositionally slumped forming small recumbent fo lds 
and crenulations overturned toward soulheast; another 
normal fau lt strik ing at 315° and dipping at 50°-55°£ 
cu ts into quarry's wa ll about 50 feet northwest of con-
fluent's bed (Pl. IIIB) , its northeastern side is relatively 
uplhrown about 15 feet and exposes the basal l 2 feet of 
the unit; on this side of fault the unit strikes at 355° and 
clips at 28°W; grades into unit 10 ......... 50 130 

(approx.) 
10 Irregu lar interbeclcling of dull lo wh itish grey, very thinly 

bedded et to 1 inch) to laminated cherty shale and chert 
alternating in beds 1 inch to 1 foot thick; in the south-
western corner of the quarry (i.e., 25 feet west of last 
mentioned fault) the bed is cut through by yet another 
normal fau lt st riking 245° and dipping 28°W, its west-
ern side is upthrown a bout 6 feet and exposes the com-
plete thickness of the bed which str ikes 190° and di ps 
30°W ; grades downward into unit 11.. 5 80 

11 Greywacke as in unit 8 containing abundant Monotis-like 
shells throughout; the fauna col lected from the middle 
1 foot of the bed (GSC Joe. 83916) includes fragmentary 
Mono/is sp. probably belongin g to M. salinaria (Schlo-
theim); grades into underlying bed ... 4!- 75 

12 lnterbedded dark grey to dark brown, soft shale and very 
fine grained, green-grey greywacke in t - to 2-inch beds 
and Jamellae; grades in to underlying bed ............. .... 3!- 70!-

13 Greywacke as in units 8 and 11 but with some 3- to 10-inch-
thick in terbeds of shale and very fine grained greywacke 
as in unit 12 ; replete with Monotis-like shells at several 
levels; fauna collected 91- to 101- feet below top (GSC 
Joe. 839 17) includes Monotis salinaria (Schlotheim); 
lower contact sharp .. 13 67 

14 Mudstone, dull blue to medium grey or dark grey, massive, 
weathers blocky; contains 3- to 6-inch-thick by 2- to 3-
foo t-long pods and similarly thick lenticular beds of ea!-
careous, very fine grained, laminated greywacke and 
some similarly thick interbeds and pods of gritty and 
pebbly greywacke with fragments of thick-shelled pele-
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Unit Descri pt ion 

cypods; Iithologically, the unit resembles units 4 and S 
of the Argillite unit; fauna co llected J 0 to JI feet below 
top (GSC Joe. 839 18) includes Mo1101is sali11aria (Schlo
theirn); grades downward into uni t JS .. 

IS Greywacke, bluish grey to dark blue when fresh, weathers 

J6 

17 

dark grey with rust-coloured specks; massive, weathers 
blocky; contains numerous pods and lenticular beds (as 
in bed J 4) of very calcareous fine-grained greywacke 
and mudstone; poor imprints of Mo11otis-like pelecy
pods occur loca ll y but no co llect ion was made; be
comes strongly sheared a nd intensively rust-coloured 
in basa l JO to J 2 feet exposed; strikes 360° and dips 
47°W near the top but the atti tude changes to a stri ke 
of 220° and a dip of 48°W near the visible base; base 
covered and apparent ly faulted; vis ible .. 

Covered across the stri ke on the northwestern side of quarry 
and in the quarry's floor near the logging road; the 
covered interval probably conceals a norma l str ike 
fault of a magnitude comparable to those cu tting 
younger units of the sect ion .. 

Thinly bedded member (top part) 

Argillite, black to dark grey, more or less calcareous, thinly 
to medium bedded (2- to J2-inch beds) or laminated, 
hard; interbcdded with numerous but a lways lesser 
number of simila rl y thick but nodular beds of medium 
to da rk grey, light grey to buff-weathering, impure 
li mes tone; minor interbeds of calcareous, fin e- to 
coarse-grained, brownish grey greywacke; strikes 360° 
and dips S0°W ; rocks a re somewhat sheared and loca lly 
contorted near the top but on ly jointed farther down 
section; an ammon ite fragment co llected about S feet 
below visible top (GSC Joe. 8296J) probably belongs to 
Sage11ites sp. of a probable Noria n age; abundant but 
poorly preserved molluskan fauna co llected from JO to 
11 feet below top from a bed of grey, nodular limes tone 
interbedded with black argillite and contain ing small 
pods a nd lenses of calcareous greywacke (GSC loc. 
839 19) includes Manolis sp. (fragments of ?M. subcir
cularis (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) 

of unit 

JS 

14 

lS 

2S 
(approx.) 

above base 

S4 

39 

2S 
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Section 2. (Field No. JA-F68-5). Measured on the northeastern s ide of Banter Point 

between its tip at latitude 50°29'42"N, longitude J 27°37'36" W and the point about "} mile 
farther southeast at lat itude 50°29'26"N, longitude 127°36'53"W. 

Unit 

2 

3 

166 

Description 

RHAETIAN STAGE? 

Volcanic Division 

Hecate Cove Formation 

Volcanic breccia, dull grey to greenish grey; fine to medium, 
waterlain; matrix between fragments is dark grey, 
argillaceous, and extremely calcareous; the basal l 0 to 
12 feet contains a fair number of limestone fragments in 
addition to prevalent volcan ic fragments; the following 
l 8 to 20 feet includes numerous beds of fine to medium, 
poorly rounded pebble-conglomerate composed of vol
canic rocks; lower contact abrupt but apparently even 
(paraconformable); 30 feet above base the unit is cut 
by a minor left-lateral 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 face of Banter Point; 
limestone of unit 2 reappears on the southern side of 
this fault; visible ...... . 

NORIAN STAGE 

Sedimentary Division 

Sutton Formation 

Limestone, light to dull grey, dirty white weathering, 
cryptocrystalline, massive to poorly and thickly bed
ded ; contains considerable number of siliceous lamellae 
and small, irregularly shaped inclusions some of which 
are fragments of colonia l corals; contains some inter
beds and pods of brownish grey coralline limestone; 
occupies the tip of Banter Point (Pl. IVA) and extends 
for about 300 yards toward southeast on its north
eastern 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 med ium (2 to 3 feet), impure cryptocrystal
line; includes several 6- to JO-inch beds of light grey 
coralline li mestone 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 

Thickness (feet) 

of unit above base 

250 (est.) 475 

150 (est.) 225 



Unit Description 

an indeterminate pectinid bivalve were collected from 
one of the argillite interbeds in the middle of the unit 
(GSC Joe. 82944); base covered (and probably faulted) 
in the middle part of the northeastern side of Banter 
Point at the point about t mile southeast of its tip; 
strike is N5° E and dip is 40°-50°W; visible ... . 

Thickness (feet) 

of unit above base 

75 (est.) 75 

Section 3. (Field No. 252, 1954). Measured in the middle part of a broadly rounded embay
ment of the southern shore of Buchholz Channel about h alf 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. 

2 

3 

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 lime
stone 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 
elsewhere; matrix becomes very argillaceous and dark 
grey to black in the topmost few feet of the unit ex
posed; top not reached in the axis of the syncline; 
vis ible up to .... 

Volcanic breccia? coarse, dull grey, exceedingly calcareous 
and includes 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 inter
beds of limestone breccia as in unit 1 and of fine- to 
coarse-grained, calcareous, waterlain volcanic tuff; 
contact with unit 1 apparently conformable 

Volcanic breccia, coarse, rust- to tawny-coloured, waterlain, 
with abundant grey- to rust-coloured impure limestone 
matrix between clasts; occurs in 6-inch to It-foot thick 
beds alternating with similarly thick beds of grey 
tuffaceous limestone; grades upward into unit 2; the 
base is an intrusive contact with unit 4 

MIDDLE JURASSIC 

Coast Intrusions 

4 ?Diorite porphyry, dark grey, fine- to medium-grained and 
rich in medium-sized, calcitic amygdales; locally 

70 232 

105 (est.) 162 

30 (est.) 57 
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Unit 

5 

6 

D escription 

feebly to fairly strongly minerali zed with pyrite and(?) 
chalcopyrite; the body appears to be sill-like and does 
not seem to destroy continuity of surround ing sedi
mentary section .. 

RHAETIAN ST AGE? 

Volcanic Division 

Hecate Cove Formation 

Volcan ic breccia essentia lly as in unit 3 and has the same 
impure limestone matrix; contains fragmen ts and pods 
of grey cryptocrystalline limestone and very calcareous 
volcan ic tuff; forms an intrusive contact with un it 4; 
contact with unit 6 seems to be conformable; visible .. .. 

LATE NORIAN 

Sedimentary Division 

Sutton Formation 

Limestone, fine to coarse, elastic (calcarenite), stro ngly 
tuffaceous; general strike N40°-50°W, dips 10° to 55°£; 
base cut off by an intrusive body, about 90 feet wide, 
similar to that of unit 4 and probably fa ulted; visible 
up to ................... ............. .. ........... ............ ............ .. . 

Thickness (feet) 

of uni t above base 

48 (est.) 

7 27 

20 20 

Section 4. (Field No. JA-F68-2). Measured a long the northern shore of Quats ino Sound 
between Jesda l I slet (i mmed ia tely eas t of Qua ts in o vi llage) and the sharp nameless point 

opposite Kitten I slet (on the west s ide o f Hecate Cove), la titude 50°32'00" N, lon gitude 

127°36'46" W to latitude 50°32'26" N, lon gitude 127°36'00" W. 

168 

HETTANGIAN STAGE? 

Volcanic Division 

Basal Jurassic volcanic unit 

Lava, predom inantly maroon to brick-red, exceed ingly 
amygdalo idal, becomes blackish green and Ka rmutsen
like in basal 30 feet; some inter beds of similarly colo ur
ed, fin e to coarse volcanic breccia; contact with (3) not 
exposed; occup ies the sharp rocky point behind Jesdal 
Islet on which Quatsino Hotel and Post Office a re 
situated; this is unit 9 of section 8 (see p. 176) ; visible J 50 (est.) 2,154 



Unit 

2 

3 

4 

5 
6 

Description 

RHAETIAN STAGE? 

Hecate Cove Formation (type section) 

Completely covered within a deep, square bay immed iately 
east of Jesdal Islet; presumably underlain by the same 
rocks as in (3) .. 

Irregular, thin to med ium (beds 3 to 8 inches thick) inter
bedding of poorly rounded to angu lar, brownish green 
to dark greenish grey, fine pebble-conglomerate and 
coarse to fine, pebbly grit; both rock types are com
mon ly calcareous and therefore weathered differentially 
to honeycombed on the surface; numerous inclusions 
of calcareous grit and conglomerate; pebble and gr it 
clasts predom inan tly composed of various vo lcanic 
rocks; a considerable percentage of clasts consists of 
bluish grey to dark grey, fine-grained to cryptocrystal
li ne limestone, which includes some angular fragments 
up to 4 inches in diameter, occurs in all beds; numerous 
in terbeds of dull brown, lavender-tinged or dark laven
der, fine- to coarse-grained, waterlain volcan ic tuff and 
simi larly coloured, fine waterlain volcan ic breccia occu r 
throughout the uni t; numerous interbeds of fi ne- to 
coarse-grained, more o r less ca lcareous, differentia ll y 
weathered (ho neycombed), in places somewhat fossi l
iferous (poorly preserved marine shells; no collection 
made), gritty and pebbly greywackc occur in the middle 
part and near the base of the unit; top concealed be
neath the water on the western side of a nameless sharp 
rocky point just east of Jesdal Islet; lower contact 
gradatio na l; strikes regularly J 0° to 20°N and dips 40° 
to 50°W and is not disturbed otherwise; vis ible .. 

Greywacke, dark green ish 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 to pebbly; more or less foss iliferous throughout 
and contains an abundant mari ne fauna in the interval 
2 to J 2 feet above visible base; accord in g to E.T. Tozer 
this probable Upper Triass ic fauna (GSC Joe. 82932) 
includes: Neomega/odon sp., Palaeocardita sp., indeter
mi nate bivalves, and indeterminate colon ial co ra ls; 
base covered at the eastern base of the above-mentioned 
sharp point; vis ible 

Completely covered .. 
Limestone, dark grey, im pure (mostly tuffaceous); conta ins 

abu ndant fragments and rou nded et inch to 3 inches) 
inclusions of lighter grey, softer li mestone and more 
rare fragments and inclusions of other sed imentary and 
volcanic rocks; attitude as in overlying beds; lower 
contact gradational; occupies a secondary embayment 
of the shore a bout 300 feet wide and the western side of 

Thickness (feet) 

of unit 

I 05 (est.) 

150 
(approx.) 

20 
15 

above base 

2,004 

1, 899 

I , 749 
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Unit 

7 

8 

9 

Description 

a rounded point on its eastern side; indeterminate 
marine pelecypods (GSC loc. 24332) were found in float 
of the lower part of the unit; thickness .. 

Volcanic (?andesitic) breccia, dull green-grey, coarse to fine, 
distinctly bedded and water lain; upper 200 feet inter
bedded with an almost equal amount of a similarly 
coloured, mixed and sed imentary breccia and of in
variably poorly rounded, fine to coarse pebble-conglom
erate (conglobreccia); these interbeds become pro
gressively fewer farther downsection where the vo lcanic 
breccia is predominantly indistinctly bedded and its 
fragments much less waterworn; attit ude as in overlying 
beds; outcrops co ntinuously for 800 feet (across general 
st rike) across the rounded point and to the inner west
ern corner of a deep, angular bay following the former; 
visible .. 

Mainly covered in the NW corner of above-mentioned bay 
around the mouth of a nameless small creek but proba
bly underlain by the volcanic breccia as in (?)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 inter
val; thickness .. 

Volcanic breccia, green-grey or blue-green, similar to that of 
unit 7; strikes about N 10°E, dips 45° to 50°W ; occupies 
a small rocky point in the middle of the bay; visible .. 

JO Jnterbedded (mostly thin) brown-grey to dark grey, fine-

170 

l J 

grained, waterlain volcanic tufT o r similarly coloured 
tuffaceous argillite with waterlain vo lca nic breccia as in 
unit 9; outcrops a re poor and scattered and alternate 
with many covered intervals ; attitude as above; thick
ness .. 

Limestone, dull grey, brownish grey weathering, cryptocrys-
ta lline, impure; considerable interbeds of limestone 
breccia as in overlying beds (e.g., in unit 6); top con
cealed; lower contact gradational; strike N5°E and dips 
55° to 60°W; visible ... 

12 lnterbedded brownish grey to dull grey, more or less cal-
careous, waterlain volcanic tuff ;fi ne to very fine grained, 
similarly coloured, more or less calcareous, ?tuffaceous 
s iltstone and similarly coloured, silty, fine-grained grey
wacke; all three rock types are well bedded with most 
beds 6 inches to 3 feet thick; contains fairly common 
lenses and pods of impure, nodular to breccia-like 
limestone as in unit l J ; also includes several interbeds 
(J to 5 feet) of dull grey to brownish grey, medium- to 
coarse-grained waterlain volcanic tuff, fine to medium, 
poorly rounded volcanic pebble-conglomerate (conglo
breccia), and mixed, waterlain breccia ; rocks are locally 
flexed in small auxiliary folds and even somewhat con
torted but the over all continuity of the sequence does 

Thickness (feet) 

of unit 

210 (est.) 

560 (est.) 

210 (est.) 

JOO 
(approx.) 

52 (est.) 

37 
(approx.) 

above base 

J ,729 

1,519 

9.59 

749 

649 

597 



Unit 

13 

Description 

not seem to be lost anywhere; strike around N20°E and 
dips 50° to 60°W; lower contact appears to be grada-
tional; thickness ....... . 

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 ex
posed in the axis ofa north-northeast-trending anticline 
which extends for about t mi le a long the shore around 
a nameless, sharp point of the shoreline ending in a 
prominent dry rock shown in all marine charts; visible 

Thickness (feet) 

of unit 

410 
(approx.) 

150(est.) 

above base 

560 

150 

Section 5. (Field No. 253 /2, 1954). Measured in the northwestern corner of Koprino 
Harbour, a long the western side of Robson Cove and across the tip of a nameless point 
separating it from Spencer Cove. The top of the section is at approximate latitude 50°30'20"N, 

longitude l 27°52'00" W. 

2 

3 

RHAETIAN STAGE? 

Volcanic Division 

Hecate Cove Formation 

Interbedded brownish green, fine- to coarse-grained volcan ic 
tuffs and black, ?tuffaceous argillite; rocks are consider
ably jointed a nd sheared throughout but appear to 
strike 220° to 240°; dips range from about vertical to 
75° east (?overturned); lower contact poorly exposed 
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 in to the head part of Rob
son Cove; thickness assumed to be about .. 

Fine to coarse volcanic breccia, greenish grey to purplish 
grey, partly well bedded and with somewhat waterworn 
fragments more or less sorted according to size; a 
rounded boulder (18-inch diameter) of pinkish grey 
limestone was found in the middle part; some interbeds 
of dark grey, finely amygdaloidal lava and sim ilarly 
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 
(?normal) to 30- 65°E (?overturned) ; base covered; 
visible thickness assumed to be in order of .. 

A completely covered (a long the shore) interval , about 100 
feet wide, within a marked embayment on the southern 
side of Robson Cove; probably is underlain by a major 
east-west-trending fault 

JOO? 640? 

200? 540 
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Unit 

4 

5 

6 

7 

172 

Description 

Lava (?andesitic), brownish grey to maroon, moderately 
to strongly amygdalo idal; interbedded with similarly 
coloured, distinctly bedded, waterlain volcanic tuff; 
minor pods, lenses, and interbeds of limestone as in 
unit 5 scattered throughout the succession; rocks 
are exceedingly disturbed and totally sheared through
out, but the general 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. .. 

Waterlain volcanic breccia, mottled grey, consists of various, 
fine to coarse breccia-sized volcanic fragments embed
ded in abundant matrix of dull grey, wh itish grey 
weathering limestone; lense.s 3 to 5 feet thick and 
irregular lenticu lar beds of more or le.ss pure, grey, 
wh itish weathering limestone occur at irregular inter
vals; strongly sheared and jointed and partly contorted, 
but the general att itude appears to be more or less as in 
unit 6; lower contact appears to be gradational. .. 

Irregular interbedding of sedimentary rocks as in unit 7 with 
dark green to greenish grey, amygdaloidal lavas and 
brownish grey to maroon, calcareous, waterlain pyro
clastics 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 

Argillite, dark grey to black, mainly thinly bedded, tuffa
ceous to arenaceous; numerous thin to medium beds 
and layers of fine- to coarse-grained, dull grey grey
wacke 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 water lain 
pyroclastics; some indeterminate marine (pectinid ?) 
pelecypods (GSC loc. 24327) were co llected from a row 
of pods of impure limestone near the top of the unit; 
rocks are excessively sheared to almost mylonitized 
and contorted in part; wherever less disturbed, they 
strike 250° to 290° and dip more or less vertically; 
however, the dips may become either westerly (?nor
mal) or 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) 

of unit 

200? 

50 
(approx.) 

20 (est.) 

70 (est.) 

above base 

340? 

140 

90 

70 



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 l was measured, and about 
I 20 feet south-southeast of the top of this section across the divide between the branches. 
Approximate latitude 50°28'40"N, longitude 127°28'42"W (see Pl. IIIA). 

Unit 

2 

3 

Description 

RHAETIAN STAGE? 

Volcanic Division 

Hecate Cove Formation 
Basic lava, dark green to almost black, abundantly and 

coarsely porphyritic with many large, well-formed 
?augite phenocrysts, groundmass felsitic to ?trachytic; 
massive-looking when fresh, weathers spheroidally and 
locally pillow-like; no attitude; upper contact covered 
and no rock outcrops seen for at least IOO feet farther 
upstream; lower contact poorly exposed but possibly 
disconfonJ)able; 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 I; 
pebbles of bluish grey, argillaceous, waterlain volcanic 
breccia prevalent in other sections of the Hecate Cove 
Formation occur but rarely; some pebbles of dark grey 
argillite and dark grey greywacke as in the late Norian 
beds of section l; lower contact is sharp, rather w1even 
and obviously disconformable; the volcanic conglomer
ate fills depressions and pockets, l to 2 feet deep, in the 
surface of rust-coloured (deeply weathered?) argillite 
of bed 3; attitude of volcanic 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 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 

Argillite, dark to blackish brown, lithologically similar to 
and continuous with unit 3 of section l (seep. 162); 
contains poor fragments of Mo11otis-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 .. 

Thickness (feet) 

of unit above base 

50 (est.) 71 

5 21 

16 16 

173 



Section 7. (Field No. JA-F69-12). Measured along the southwestern bank of the 
seconda ry logging road branching northwestwa rd off the main Gibson Road at the alt itude 
of ± 1,800 feet. The section is situated 400 to 500 feet northwest of the small abandoned 
quarry where the lower part of section I was measured; latitude 50°28 '51 " N, longitude 
127°28'46" W (approximate). 

Unit 

2 

3 

4 

174 

Description 

RHAETIAN STAGE? 

Volcanic Division 

Hecate Cove Formation 
Volcanic breccia (agglomera te ?), green-grey, ?andesitic, 

medium to coarse, almost unsorted ; this volca nic brec
cia is lithologica lly simila r to the green-grey waterlain 
breccia characteristic of more westerly sections of the 
unit , but its fine to coarse tuffaceous matrix appears to 
be devoid of argillaceous particles and is noncalcareous; 
fragments appear to lack any erosiona l rounding and 
sorting according to size; upper contact covered ; lower 
contact appears to be conformable but abrupt; visible 

Boulder-conglomerate, dark grey, li thologically similar to 
that of unit 2 of section 6; strikes 340°, dips about 
40°W; lower contact covered ; visible ... 

Completely covered interva l across the general strike of unit 
4 and probably concealing a normal but disconformable 
contact between units 2 and 4 .. .. ....... ..... ... . 

LATE LATE NORIAN 

Sedimentary Division 

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 
thin ly bedded to laminated ca lcareous argillite ; some 
interbeds (up to 3 feet thick) of dark brown , calcareous, 
fine- to coa rse-gra ined tuffaceous greywacke and simi
larly thick inter beds of lavender-coloured, distinctly and 
thinly bedded , waterlain volcanic tuff lithologica lly 
similar to that outcropping on the western side of Julian 
Cove and on the south western side of Banter Point (see 
p. 30-31); strike 350°, dip 42°W; fauna co llected about 
17 feet below visible top of the unit from a paper-thin 
larnella in a 3- to 4-inch-thick greywacke interbed 
(GSC loc. 83930) includes the late Norian Monotis cf. 
ochotica var. densicostata (Teller); the unit is believed 
to be the equivalent of bed 3 of section 6 and of beds 3 
to 5 of section I; outcrops poor and intermittent; lower 
contac t covered; visible .. 

Thickness (feet) 

of unit 

80 (est.) 

20 

3 

80 
(approx.) 

above base 

180 

100 

80 



Section 8. (Field No. 243, 1953, 1954). Measured on the northern shore of Quatsino 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 Quatsino 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 

2 

3 

4 

5 

Thickness (feet) 

Description of unit above base 

LOWER CRETACEOUS 

Upper Valanginian and ?Hauterivian greywacke-conglomerate unit 

Pebble-conglomerate, grey; fine to medium; pebbles very 
poorly rounded and sorted; large and small boulders of 
volcanic rocks lithologically identical with those in the 
underlying beds and apparently locally derived occur 
scattered between smaller pebbles in the basal few feet; 
higher in the section the conglomerate is interfingered 
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 maroon, 
coarse to medium, completely unsorted; a few inter
beds of poorly sorted and indistinctly bedded litholog
ically similar volcanic breccia; just below contact 
with (l) the breccia is interbedded with dark green, 
?basic, amygdaloidal lavas; contact with (3) poorly ex
posed but probably conformable; cut by several dykes 
and irregular bodies of very porphyritic, medium- to 
coarse-grained ?dioritic intrusive rock ............ ....... . 

Lava, bluish green to blackish green, ?basic, strongly amyg
daloidal, massive to very indistinctly 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 
amygdaloidal ?basic lavas along the beach, in creek 
beds, and in the road-cuts; the interval probably under
lain by interbedding of these roch throughout 

Volcanic breccia, coarse, dark red to brick-red ; some inter
beds of similarly coloured porphyritic lavas; top 
covered, lower contact poorly exposed but apparently 
conformable.. ... ......... . . ................. .............. . 

300 (est.) 

460 (est.) 

700 (est.) 

160 (est.) 

2, 190 

2, 155 

1,855 

1 , 395 

695 

175 



Thickness (feet) 

Unit Description of unit above base 

6 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 225 (est.) 535 

7 Covered across general strike .. 100 (est.) 310 
8 Irregular (often lenticular) interbedding of maroon to laven-

der or reddish grey, mostly well bedded, fine to coarse 
volcanic breccia and similarly coloured, fine to coarse 
volcanic tuffs; volcanic luffs 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 general strike, strike is 350° to 
360°, dip is 30°- 35°W) 60 (est.) 210 

9 Lava, predominantly maroon to brick-red, very amygdal-
oidal; become blackish green and Karmutsen-like in 
the basa l 30 feet or so; some interbeds of similarly 
coloured fine to coarse volcanic breccia; this is unit l 
of section 4 (seep. 168); lower contact covered; visible .. 150 (est.) 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 la rgest Koskimo Islet (latitude 
50°29'45"N, longitude 127°50'39"W). 

2 

3 

176 

?HETTANGIAN STAGE (LOWER JURASSIC) 

Volcanic Division 

Cherly 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 interbeds of cherty rock and strongly concretion
ary limestone rich in cherty inclusions, lenses, 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 35 feet thick, inter
bedded with similarly thick beds and members of lime
stone as in(!), lower contact conformable .. 

Lava, grey, blackish green and lavender-grey variet ies 
alternate irregularly, ?basic, strongly amygdaloidal, 
pronouncedly banded; minor interbeds of tuffaceous 
limestone as in unit 1; lower contact conformable ... 

150 (est.) 

200 (est.) 

300 (est.) 

1,195 

1,045 

845 



Unit Description 

4 Lava, light grey to bluish grey, speckled, fine amygdaloida l, 
massive; interbedded with some lavender to dark red
dish grey porphyritic lava; lower contact conformable .. 

5 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 ..... . 

6 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 medium volcanic breccia 
and coarse-grained volcanic tu ff in the middle part; 
rocks flexed into several, minor open folds; base not 
reached in their ax ial parts .. 

Lavas of unit 3 with easterly dips reappear on the south
eastern side of outcrops of unit 5. Farther south no out
crops seen for 1 t miles along the shore which apparently 
harbours a major fault zone. 

Thickness (feet) 

of unit above base 

20 545 

275 (est.) 525 

250 (est.) 250 

Section JO. (Field No. 262, 1954). Measured on the finger-like, easternmost point of the 
largest Koskimo Islet (latitude 50°28'20"N, longitude 127°50'45"W). 

2 

3 

4 

?LATE HETTANGIAN STAGE (LOWER JURASSIC) 

Volcanic Division 

Grey volcanic unit 

Volcanic tuff, dull rose to dull red, fine to coarse, abundant 
volcanic fragments and numerous crystals of red ?sodic 
plagioclase; minor interbeds of lithologically similar 
volcanic breccia; top faulted and lower contact poorly 
exposed; visible .. 

Lava, grey, massive, aphanitic to fine-grained; considerably 
disturbed by faults and sheared; lower contact poorly 
exposed and may be faulted .. 

Lava, purple-grey, banded, amygdaloidal; interbedded with 
2- to 5-foot-thick bands of grey, massive, aphanitic to 
fine-grained (?trachytic) lava; lower contact appears 
to be conformable.. . ... .... .. .. .......... . 

Volcanic rock (?lava), dark grey, massive, aphanitic; base 
faulted; visible .. 

80 (est.) 

50 (est.) 

40 (est.) 

180 (est.) 
5 A major, fault zone, trending NS0° to 60°W, consisting of 

contorted and sheared beds of above-described vol
canic rocks and underlying cherty limestones of units 
6 to 13 inclusive; width of fault zone ......... ..... .. . 75 (est.) 

779 

699 

649 

609 

177 



Unit 

6 

7 

8 

9 

JO 

ll 

12 

13 

178 

Description 

Cherly limestone unit 

Limestone, grey, thinly bedded; interbedded with much 
thinly bedded black chert ; top cut off by fault; lower 
contact conformable; visible .. 

Volcanic tufT, 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 J to 6 inches thick) and layered (} to J 
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 tuffaceous grit; lower 
contact much disturbed by fau lts 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 strike .. 

Limestone, black to dark grey, very thinly bedded to 
laminated (t- to 3-inch beds and layers); replete with 
laminae of black chert wh ich mostly parallel the 
bedding planes; frilled and twisted chert lamellae rare; 
1- to 2-inch layers and up to 21·-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. 

Twenty to forty feet below top, the cherty lamellae 
are largely replaced by 1- to 4-inch thick, irregularly limited, 
concretionary beds; 23 to 26 feet below top, rock is replete 
with small indeterminable P/anorbis-like shells; lower con
tact partly faulted but apparently conformable .. . 
Limestone, black to brownish grey, cherty, replete with 

greatly and irregularly twisted and frilled cherty in
clusions and lamellac which commonly comprise over 
50% of the rock; interfingered with t - to J-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 

Limestone, dark grey to black, cherty, occurs in 1- to 3-
inch-thick layers and t- to l t -foot-thick beds; replete 
with laminae of black chert or very cherty limestone, 
t to I 2 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 .. 

Thickness (feet) 

of unit above base 

15 429 

55 414 

50 (est.) 359 

45 309 

90 

l 00 (est.) 264 

20 (est.) 164 

60 (est.) 144 



Unit Description 

14 Limestone, dark grey to black, thin-bedded to laminated 
(beds and layers, ~- to 2 inches thick), extremely tuf
faceous and cherty; interbeds of more pure, light grey 
limestone; base covered; visible ... .. 

15 Covered, across general strike ............. . 

16 Limestone, as in (14); top covered; lower contact conform-

17 

18 

19 

20 

21 

a ble ; visible .. 

?HETTANGIAN STAGE 

Volcanic Division 

Basal Jurassic volcanic unit 

Volcanic tuff, purplish grey, coarse, very porphyritic 
(crystal tu ff); inclusions and lenses of lithologica lly 
similar, calcareous tuff ; lower contact conformable .... 

Lava, dull to dark grey, fine to coarse, porphyritic .. 

Volcanic luff, dull grey to speckled (blue a nd purple), fine
to coarse-grained, more or less calcareous and contain
ing inclusions and lenses of grey, tuffaceous limestone; 
both contacts conformable 

Lava, grey, massive, 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 NJ0°W with dips 
40° to 45°W; base concealed beneath the sea on the 
east side of the point, visible 

Thickness (feet) 

of unit above base 

7 84 

15 (est.) 

2 77 

3 
2 

9 

8 

53 

75 
72 

70 

61 

53 

Section 11. (Field No. 244 /1, 1953). Measured on the southern shore of Quatsino Sound 

at the point approximately 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 section JO 

(latitude 50°28'08"N, longitude l27°5l ' JO" W approximate). 

?HETTANGIAN STAGE (LOWER JURASSIC) 

Volcanic Division 

Grey volcanic unit 

Volcanic breccia, mottled green-grey with reddish specks, 
fine to coarse; interbeds of similarly coloured volcanic 
tuff; closely 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 JO; visible ... 800 (est.) 1, 135 

179 



Unit 

2 

3 

4 

5 

6 

7 

8 

9 

Description 

Volcanic rock (lava or tuft'), blackish green, massive, aphani
tic; attitude appears to be as in unit l; lower contact 
covered; apparently corresponds to units 2 and 3 of 
section JO; visible .............................. ..... ... ... .. . 

Completely covered by logging debris around the mouth of 
a small creek (across general strike) .... .... . 

Mixed , sedimentary-volcanic to ?sedimentary breccia grad
ing into and interbedded with conglomerate (poorly 
rounded pebbles), dark grey, coarse to fine, rich in frag
ments which appear to be those of grey shale; partly 
calcareous; thinly but irregularly bedded; some inter
beds of bright green, very fine grained, waterlain vol
canic tuff lithologically similar to that occurring as 
fragments in assumed Uppermost Sinemurian argillites 
outcropping (see p. 54) north of the mouth of Kwatleo 
Creek; strikes 330° 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 .. 

Completely covered by logging debris ins ide of an embay
ment of the shore (across the strike) .. 

Volcanic tuff, dark grey to green-grey, fine-grained, thinly 
bedded; some interbeds of grey, thinly bedded to lamin
ated, apparently considerably tuffaceous limestone 
with intercalated laminae and t - to 1-inch thick inter
beds of similarly coloured calcareous volcanic tu ff; top 
covered, lower contact conformable ; visible ... . 

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 conform
able; base covered; visible 

A completely covered interval within an embayment of the 
shoreline; probably underlain by a major fault; along 
the shore.. .... ... ... . .................. .. . 

MIDDLE JURASSIC 

Coast Intrusions 

10 Intrusive dyke rock, dull grey, dark grey weathering; con-
tains abundant large (t to t inch) white quartz amyg
dules; massive; contains hardened and partly baked 
inclusions of thinly bedded limestone apparently de
rived from the Cherly limestone unit; top covered; in-

Thickness (feet) 

of unit 

30 (est.) 

50 

50 (est.) 

60 
(approx.) 

25 (est.) 

180 (est.) 

50 (est.) 

350 
(approx.) 

above base 

335 

305 

255 

230 

50 

trusive contact with unit 1l ; visible.. ... ...... ... 15- 20 

180 



Unit Description 

?HETTANGIAN 

Volcanic Division 

Cherty limestone unit 

11 Limestone, dark grey to light grey, cherty to ?pure, thinly 
bedded (I- to 6-inch beds) to layered (-!-to I-inch layers) 
or laminated; considerable number of similarly thick 
interbeds and laminae of black chert and siliceous shale; 
badly disturbed by faults or completely crushed; no 
estimate of thickness possible; exposures extend along 
the shore for about 400 feet and are in fault contact with 
unit I of section 9 

Thickness (feet) 

of unit above base 

Section 12. (Field No. 241, 1953). Measured across a pronounced, double-pronged rocky 
point on the northwestern shore of Forward Inlet at the point about three-fifths mile north
east of the mouth of Browning Inlet (latitude 50°29'40"N, longitude 128°02'40"W approx

imate). 

2 

3 

LOWER SINEMURIAN (LOWER JURASSIC) 

Volcanic Division 

Matthews Island Formation 

Argillites, mostly medium to dark grey, thin-bedded to 
laminated, mostly arenaceous or ?tuffaceous; exceed
ingly calcareous in part; interbeds and layers oftawny
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, water lain 
volcanic tuff, and thin, 2-inch to I-foot interbeds of 
dark grey to brownish grey, abundantly porphyritic or 
amygdaloidal lava; rocks strongly faulted and sheared; 
lower contact conformable .. 

?UPPER HETTANGIAN 

Volcanic Division 

Grey volcanic unit 

Lava, grey, strongly amygdaloidal, commonly with pro
nounced pillow structures; medium to thinly banded; 
strongly sheared .. 

20 

15 

55 

1,144 

1,124 

I, 109 

181 



Unit Description 

4 Lava, grey to brownish grey, strongly porphyritic, with len-
ses and interbeds of tuffaceous grey shale or argillace
ous, waterlain volcanic tuff; lower contact conformable 
and gradat ional. ......... . 

5 Volcanic breccia and ?pillow lava, green-grey, coarse por-
phyritic to abundantly amygdaloidal; thinly banded ... . 

6 Lava, bluish grey to dull grey, abundantly amygdaloidal, 
commonly with distinct pillow structures, massive to 
banded; some interbeds of similarly coloured, porphy
ritic lava; both contacts conformable .... 

7 Volcanic breccia (?pillow breccia), green-grey, coarse (frag-
ments from 4 inches to 2 feet in diameter), composed 
predominantly of amygdaloidal lava; base not reached; 
visible ... .. . 

Thickness (feet) 

of unit above base 

4 J ,054 

JOO J ,050 

550 (est.) 950 

400 (est.) 400 

Section 13. (Field No. 256, 1954). Measured in the northwestern corner of Browning Inlet 
at the mouth of a nameless small creek which enters the inlet about 300 yards west of Leeson 
Creek (latitude 50°30'33" N, longitude I 28°05' I 2"W approximate). 

182 

2 

SINEMURIAN 

Volcanic Division 

Uppermost Sinemurian volcanic unit 

Volcanic breccia, light grey to brownish grey, medium to 
fine, distinctly and thinly bedded, partly well sorted, 
fragments somewhat rounded; presumably corresponds 
to units 6 and 7 of sect ion 14; top concealed beneath 
beach deposits; lower contact conformable and grada-
tional; visible ..... ... . 

Matthews Island Formation 

Upper argiffile member 

Argillite, black to dark grey, locally arenaceous, thin 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; fragment of a probable arietitid ammonite, 
genus and species indetermined (GSC Joe. 24313) was 
found JO feet below the top of the unit; presumably 
corresponds to units 8 to 10 inclusive of sect ion 14; 
lower contact apparent ly conformable and gradational.. 

Waterfain tujf member 

3 Volcanic tuff, greenish grey, fine- to coarse-grained, dis-
tinctly bedded and waterlain; some interbeds of 

200 (est.) 302 

90 (est.) 102 



Unit Description 

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) 

of unit above base 

I 2 (est.) 12 

Section 14. (Field No. 240 /1- 8, 1953). Measured on northwestern side of Matthews Island 
(=Robson Island of Dawson, 1887, p. 83D) at the point about 2t miles southwestward of 
section 13 (latitude 50°29'06"N, longitude 128°02'30"W approximate). 

2 

3 

4 

5 

SINEMURIAN (LOWER JURASSIC) 

Volcanic Division 

Uppermost Sinemurian volcanic unit 

Lava, green-grey, bluish green, reddish to dull grey, purple 
and brick-red to maroon; these colours replace each 
other irregularly along and across the strike; pre
dominantly finely to coarsely amygdaloidal and com
monly well-banded; numerous interbeds of similarly 
coloured, porphyritic lavas containing abundant Iath
like phenocrysts of orange to pink sodic plagioclase 
and of ?hematite; pillow structures were noted in 
places; rocks intensely sheared, jointed and contorted 
in the uppermost J 50 to 200 feet; top cut off by a strong 
fault running along the south western side of the island; 
lower contact appears to be conformable; visible ..... 

Volcanic breccia (pillow breccia in part), bluish grey, 
coarse to very coarse; relatively poor in matrix consist
ing 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. 

Covered interval apparently harbouring a major northwest-
trending fault; width across strike .... . . 

Volcanic breccia (mostly pillow breccia), grey when fresh, 
weathers blackish grey, coarse to very coarse with very 
large (J to 2 feet in diameter), somewhat rounded pillow 
fragments 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; visible .. 

Volcanic breccia (mostly pillow breccia), greenish grey, 
coarse; consists of rounded pillow fragments, normally 
Jt to 6 inches in diameter but locally as much as 5 to 10 
inches in diameter, composed of amygdaloidal and 
porphyritic volcanic rock embedded in matrix consist
ing of tuffaceous to fine breccia fragments; some inter
beds of banded volcanic tuff; otherwise massive and 
completely unsorted; lower contact conformable. 

300 (est.) J ,468 

15 J' 168 

180 

50 (est.) l '153 

100 (est.) 1,103 

183 



Unit Description 

184 

6 Volcanic breccia, reddish grey, medium (fragments from 
t to 2 inches in diameter predominate) ; indistinctly 
bedded and almost unsorted .. 

7 Volcanic tuff, bluish grey, thickly bedded (3- to 6-foot beds), 

8 

9 

JO 

11 

12 

coarse-grained, locally grades into fine reddish grey 
volcanic breccia; 5- to 6-foot-thick beds of fine-grained, 
thinly bedded to laminated, waterlain, partly distinctly 
sorted and calcareous volcanic tuff occur at more or 
kss regular intervals. In the middle part occurs a bed, 
15 to 18 feet thick, of fine, poorly rounded volcanic 
conglomerate interbedded with the waterlain volcanic 
tuff which commonly grades into tuffaceous greywacke; 
the ratio of fine volcanic breccia increases to 30-40% 
in the upper 60 feet of the unit where some inter beds of 
medium to coarse volcanic breccia (partly pillow 
breccia) appear as well; lower contact poorly exposed 
and sheared but appears to be essentially conformable 
and normal 

SINEMURIAN 

Volcanic Division 

Matthews Island Formation 

Upper argillite member 

Argillite, dark grey, arenaceous or tuffaceous ; outcrops poor 
and intermittent, covered intervals may conceal other 
rock types.. . ... ........... ........ .. . 

Volcanic tuff, grey, rose-grey-weathering, coarse-grained, 
waterlain, calcareous, and argillaceous; locally grades 
into tuffaceous greywacke or into mixed sedimentary
volcanic fine breccia; upper contact gradational.. 

Argillite, dark grey to brownish grey, stained tawny to tus
can-red, thinly bedded to laminated; whitish grey la
mellae and layers of chert and cherty shale, t inch to 3 
inches thick, occur commonly; mainly calcareous, con
siderably arenaceous and /or tuffaceous ; indeterminate 
ammonite fragments occur commonly 6 to 8 feet above 
base (GSC Joe. 23288); lower contact conformable and 
gradational. ...... . 

Waterlain tu.ff member 

Volcanic tuff, brown-grey, fine-grained, well-bedded, water
lain ; grades locally into tuffaceous greywacke ; contains 
calcareous inclusions; lower contact conformable ...... . 

Volcanic tuff, light greenish grey, lilac-tinged and speckled; 
fine-grained, almost massive but nevertheless some
what sorted; some medium- to coarse-grained frag
ments (some of feldspar crystals) scattered or segre
gated in small inclusions and lenses; lower contact con-
formable and gradational. .... .. . 

Thickness (feet) 

of unit above base 

120 (est.) 1,003 

128 (est.) 883 

50 (est.) 755 

14 705 

17 691 

3 674 

18 671 



Unit Description 

13 Volcanic tuff, light grey, fine- to medium-grained, numerous 

14 

15 

16 

17 

18 

plagioclase phenocrysts (crystal tu ff); water lain ; may 
grade laterally into tuffaceous greywacke; contains in
clusions and lenses of and is interbedded with lenticular 
layers and 2- to 6-inch-thick beds of similarly coloured 
coarse-grained, calcareous, volcanic tuff, tuffaceous 
greywacke, grit, and fine volcanic breccia; lower contact 
gradational. 

Lower argil/ite member 

Argillite, brownish grey to tawny, thinly bedded and banded, 
hard (flinty); somewhat arenaceous; contains numerous 
lamellae, layers, and 2- to 5-inch-thick interbeds of 
coarse-grained, partly gritty greywacke or waterlain, 
partly reworked volcanic tuff; lower contact gradation
al.. 

Argillite, brownish grey to dark grey, pure, mostly calcare
ous; occurs in beds 4 inches to 1-! feet thick; lamellae 
and layers (as much as 2 inches thick) of light 
grey, fine- to coarse-grained, partly tutfaceous, often 
calcareous greywacke, similarly coloured, impure 
limestone and interbeds 1 to 6 inches thick, or softer, 
fi ss ile shale occur at regular intervals of from 1 to 5 
feet thick; a 2-!-foot bed of grey, arenaceous limestone 
forms the top of the unit; immediately below this bed 
a shale interval, 1 foot thick, contains abundant speci
mens of the probably lower Sinemurian ? Arnioceras sp. 
indet. and indeterminate pelecypods (GSC loc. 23290); 
indeterminate ammonites (GSC loc. 23289) were found 
about 35 feet farther down in the succession; rocks cut 
by several 1- to 4-foot-thick sills and dykes of intrusive 
rock as in (16); the sediments are jointed and sheared, 
and commonly faulted and contorted; lower contact 
intrusive with some 12 feet of shale at the base hardened 
and discoloured (baked) ..... . 

COAST INTRUSIONS 

Intrusive ?dioritic dull grey, fine- to medium-grained, por-
phyritic? .. .......... . 

Lower argillite member 

Argillite as in (15) and with similar interbeds but more mas
sive and occurring in beds l to 2 feet thick; a 2-foot
thick bed of dull grey, fine-grained, tuffaceous grey
wacke occurs 10 to 12 feet above visible base; indeter
minate, arietitid ammonites (GSC loc. 23285) occur 20 
to 23 feet above visible base; base covered; visible. 

Completely covered interval; assumed to conceal about 290 
feet of basal part of the formation; these covered beds 
are represented in part by units 1- 2 of section 17 ....... . 

Thickness (feet) 

of unit above base 

13 653 

30 (est.) 640 

115 (est.) 610 

40 

55 (est.) 495 

290 (est.) 440 

185 



Unit 

19 

Description 

?UPPER HETTANGIAN 

Volcanic Division 

Grey volcanic unit 

Lava (partly pillow lava), light grey, ?intermediate ; mostly 
we ll banded and very amygdaloidal; base concealed 
beneath the sea on the northeastern side of the rocky 
point; visible .. 

Thickness (feet) 

of unit above base 

150 (est.) 150 

Section 15. (No Field No., 1968). Measured on the northern shore of Quatsino Sound. 
The top is situated at a sharp, bluffy point some 1,000 feet west of Nordstrom Cove (latitude 
50°28'58" N, longitude I 28°55 '38" W) and the section extends a long the west side of the cove 
approximately to latitude 50°29' J 8" N, longitude I 28°56'00" W. 

186 

2 

3 

SINEMURIAN STAGE 

Volcanic Division 

Uppermost Sinemurian volcanic unit 

Pillow lava, dull grey to greenish grey, ?intermediate, 
amygdaloidal; resembles pillow lava of Grey volcanic 
unit but is less mo notonous and its amygdaloidal 
texture is less pronounced; the beds strike north west 
and dip south west at moderate angles; top not reached, 
lower contact covered, visible ... 

Completely covered interval apparently concealing normal 
contact between units l and 3 judging by a complete 
absence of shearing and contortion in adjacent rocks; 
width across general strike .. 

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 
argi llites; upper contact covered; lower contact con
formable and gradational ; visible 

SINEMURIAN STAGE 

Volcanic Division 

Matthews Island Formation 

Upper argil/ite member 

4 Argillites, black to dark grey, weather same or rust- to 
orange-coloured, thinly to medium bedded ; some 
lamellae; commonly somewhat arenaceous and /or 
tuffaceous; some thin layers and 1- to 2-foot-thick 

150 (est.) 

20 (est.) 

15 (est.) 



Unit Description 

interbeds of dull grey, fine-grained calcareous grey
wacke and similarly coloured impure limestone; 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 com
mon 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 uninter
ruptedly 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 underlain 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 Joe. 82886); maximum visible thickness on the 
southwestern limb of the anticline ... 

Thickness (feet) 

of unit above base 

200 (est.) 200 

Section 16. (Field No. 244 /16-26, 1954). Measured on the southern shore of Quatsino 
Sound in an interval, about + 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 Islands. 
Top of section at latitude 50°27'48"N, longitude 127°47'56" W; base at latitude 50°28'08" N, 
longitude 127°47'00" W. 

2 

SINEMURIAN ST AGE (LOWER JURASSIC) 

Volcanic Division 

Uppermost Sinemurian volcanic unit 

Lava, light grey, abundantly and coarsely amygdaloidal; 
amygdules composed of grey 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 fragments; minor 
interbeds of grey, waterlain volcanic tuff and similarly 
coloured, tuffaceous greywacke; rocks are exceedingly 
jointed, sheared, and locally contorted; grades down-
ward into unit 3.. ..... ...... . .... ....... ..... ................ ... . 

200 (est.) 

100 (est.) 

1,820 

1,620 
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Unit 

3 

4 

5 

6 

7 

8 

Description 

SINEMURIAN STAGE 

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 tuf
faceous, occurs in beds !- to 2 feet thick ; some similarly 
thick beds of dark grey, argillaceous, fine-grained 
greywacke; inclusions and lenses of this greywacke 
also occur in many of the argillite beds; 15 to 21 
feet below top of the unit an argillite bed, about 6 
feet thick, contains abundant generically indeterminate 
arietitid, possibly echioceratid, ammonites (GSC Joe. 
24305); lower contact conformable and gradational; 
top concealed; visible......... ....... . ..... .... ...... ... ....... ... . 

Argillite, dark to blackish grey, rust- to maroon-weathering, 
mostly pure, in beds 1 to 3 feet thick; indeterminate 
ariet itid ammonites occur commonly throughout the 
whole thickness of the unit; a collection of these am
monites (GSC Joe. 24318) made 50 to 52 feet below top 
from a bed of dark grey argillite 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, 
waterlain volcanic tuff (including crystal tuff) and tuff
aceous 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!- feet; 
their numbers seem 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 (discoloured) and some
what 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 con-
torted; base covered; visible ........ .... .... ..................... .... . 

Covered across general strike and probably underlain by 
argillites of unit 7...... . .......... .... . 

Thickness (feet) 

of unit 

12 

50 

25 (est.) 

120 

280 (est.) 

135 (est.) 

above base 

1, 520 

1,508 

1 ,458 

1,433 

1,313 

1 ,033 

Waterlain tu.ff member equivalent (argillaceous facies) 

9 Argillite, black to brownish grey, partly tuffaceous or aren-
aceous; thinly bedded; some loaf-like concretions, 1-3 

188 



Unit 

10 

11 

12 

Description 

feet in diameter, of dark grey impure limestone; num
erous l- to 6-inch-thick layers and beds of fine-grained, 
tuffaceous greywacke and ?waterlain arenaceous vol
canic tuff; a few beds, l to 6 inches thick, of grey, 
coarse amygdaloidal and porphyritic ?lava; rocks are 
commonly intensely disturbed; top and base covered; 
visible..... . ................... . 

Lower argi/fite member 

Almost completely 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 Sinemurian (GSC Joe. 
24307) ? Arnioceras sensu Jato sp. indet. fossils 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 metamor
phosed or transformed into bluish grey to dark green, 
medium- to coarse-grained, equigranular dioritic or? 
gabbroic intrusive rock. This intrusive body occupies 
most of the middle and upper wooded slopes above the 
tidal platform (south of the measured section) for the 
next 300 feet across the strike of the beds of Matthews 
Island Formation; it continues inland for an unknown 
distance ; throughout this 300-foot-wide interval the ar
gillites occupying the tidal platform are warped around 
the northern margin of this intrusive body and locally 
contorted but apparently neither intensely folded nor 
repeated by faulting; they become progress ively more 
metamorphosed and partly transformed into intrusive 
rocks downdip (i.e., eastward along the shore); some 
sill-like intrusive bodies, 6 to I 0 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-look ing; 150 feet 
farther east along the shore becomes replaced by the 
bluish grey to grey-green dioritic intrusive rock (see 
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 marginal phase 
of the intrusive appears to grade into metamorphosed 
argillites on both sides and contains numerous "grani
ti zed" inclusions of the same ; extends along the shore 
(i.e., across general strike of argillites) for .... 

Thickness (feet) 

of unit above base 

120 (est.) 898 

420 

400 (est.) 778 

400 (est.) 

189 



Thickness (feet) 

Unit Description of unit above base 

SINEMURIAN STAGE (LOWER JURASSIC) 

190 

13 

14 

Volcanic Division 

Matthews Island Formation 

?Basal variegated member 

Argillite, dark grey, strongly tuffaceous and /or arenaceous, 
forms beds, 2- 3 feet thick, a lternating with almost equal 
number of beds, 1- 3 feet thick, of grey, fine- to coarse
grained, most ly strongly tuffaceous greywacke; 3-foot
thick bed of greenish grey, coarse grit to fine sedimen
tary breccia occurs 3 to 6 feet below visible top of the 
unit; some interbeds, 5 to 6 feet thick, of irregularly 
contorted, laminated, arenaceous limestone; an in
determinate ammonite (GSC loc. 24316) was collected 
from a greywacke 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 vein lets and stringers; base covered; visible .. 

Covered across the general strike and probably contains a 
fault ... ........... .......... . 

15 Volcanic tu ff, green-grey, coarse-grained; fragments are 

16 

17 

often markedly rounded and sorted according to size; 
arenaceous, distinctly bedded, and obviously waterlain, 
locally grades into coarse tuffaceous grit and grey
wacke; matrix of waterlain tuff is commonly argillace
ous and very finely tuffaceous; contains numerous 
rounded or irregularly shaped concretions of calcareous 
grit and gritty limestone; indetermina te 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) Wey/asp. indet., and an indeterminate arietitid 
ammonite; some interbeds of dark grey tuffaceous and 
calcareous shale in lower 15 to 20 feet; top and base 
covered; vis ible .......................................... ... . 

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 greywacke ; some interbeds of orange
weathering, impure (dolomitic?) limestone 3 to 6 inches 
thick; rocks extremely sheared and contorted ; both 
contacts covered and probably faulted .... 

60 (est.) 378 

JOO 

70 (est.) 318 

24 

JO 



Unit 

18 

19 

20 

21 

17 
and 18 

19 

Description 

Covered across general strike and probably harbours a 
minor fault... 

Volcanic tuff, blue and purple (speckled), fine-grained ; 
contains small fossilifero us concretions of calcareous 
waterlain tuff; some ind"t<.:rminable ammonites (GSC 
Joe. 24315) were collecteJ from these concretions; top 
concealed and probably faulted; lower contact appar-
ently conformable; visible .......................... ....... . 

Grit or very fine pebble-conglomerate, rust to brownish 
yellow, soft; grades laterally into similarly coloured, 
fine, disti11ctly bedded, waterlain volcanic breccia; base 
covered; visible ......................... ........ ....... .. ...... .. . 

Covered across general strike and probably conceals a strike 
fault .. 

East of covered interval 21 the rocks of unit l 7 and 
units l 9 to 20 inclusive are repeated by faulting ; their 
perfectly exposed, almost undisturbed, and complete 
downward succession is as follows: 
Interbedding of argillite and limestone as above; top 

concealed; lower contact gradational; visible ... .... . 
Volcanic tuff, bluish green, waterlain, with the same con

cretions and ammonite fauna (none collected) as 
above; lower contact covered.... . ... ............................. .. . 

20 Volcanic breccia, rust to brownish grey, fine to medium; 
very well and thinly bedded and strongly crossbedded, 
waterlain; numerous interbeds of similarly coloured, 
fine to coarse, waterlain volcanic tuff, tuffaceous grit 
and poorly rounded fine pebble-conglomerate; base 

21 

22 

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, 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) 

of unit above base 

12 

3 

6 

20 

18 248 

9 230 

21 221 

380 

200 (est.) 200 

191 



Section 17. (Field No. 240 /14-15, 1953). Measured in the southern part of a broad embay
ment, about 300 yards long, occupying the middle part of the eastern side of Matthews Island 
(=Robson Island of D awson, 1887, p. 83B) in Forward Inlet (latitude 50°29'55"N, longitude 
128°02'30"W). 

Thickness (feet) 

Unit Description of unit above base 

LOWER SINEMURIAN (LOWER JURASSIC) 

192 

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 tha t of unit 2, hard, 
tightly packed; lower contact erosionally disconform
able; 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, 
~~b~ . .................................. . .................. . .. . 

2 Argillite, dark grey to black, commonly weathering brown-
ish 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, apha
nitic 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 "Amiotites" sp. indet. ( =Amiotites sp. 
Whiteaves, 1889, p. 147, Pl. 19, Fig. 3 and" Celtites(?)" 
vancouverensis Whiteaves (pars.) in Dawson, 1887, 
p. llOB) of an early Sinemurian age; contact with the 
underlying pillow lavas of unit 3 is uneven and sharp 
but no accumulation of coarser particles, or any basal 
conglomerate .. .... . 

?UPPER HETT ANGIAN 

Volcanic Division 

Grey volcanic unit 

3 Lava, grey to dull blue, mostly well banded, slightly to 
abundantly amygdaloidal; numerous pillow-like struc
tures 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 one another or even 

20 (est.) 440 

160 (est.) 420 



Unit 

4 

5 

Description 

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 upper
most 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 pillow 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) 

of unit above base 

120 (est.) 260 

40 (est.) 140 

100 (est.) 100 

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 Islands (latitude 50°27'36"N, longitude 127°47'06" W). 

SINEMURIAN STAGE (LOWER JURASSIC) 

2 

3 

4 

Volcanic Division 

Uppermost Sinemurian argillites 

Argillite, dark grey, arenaceous ; interbeds of grey, fine
grained greywacke ; top covered at the southeastern 
base of the rocky point; lower contact conformable 
and gradational ; visible .... .... ......... . 

Shale, dark grey, fissile, forms beds 1 to 2 feet thick; often 
arenaceous and contains dispersed large and small 
inclusions of fine- to coarse-grained, green-grey 
greywacke throughout the thickness ; moderately 
jointed and faulted locally, otherwise undisturbed; 
pers istent strike of Nl 0- 20°W, dips 45 to 50°W; lower 
contact covered .... ..... .......... . 

Almost completely covered and presumably underlain by 
shale of unit 2.... . ............... . 

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 vol
·Canic tuff; concretionary in part; top covered; lower 
contact apparently conformable but poorly exposed; 
visible. ............ ... . ........................ . 

5 Volcanic breccia, grey to dark grey, fine to rarely medium; 
volcanic fragments are mixed with various sedimentary 
fragments and embedded in a very argillaceous 

2 

25 

15 

6 

148 

146 

121 

106 

193 



Unit Description 

matrix; minor interbeds of similarly coloured coarse
grained, tuffaceous, argillaceous greywacke and 
waterlain, arenaceous volcanic tuff; base covered; 
visible .. .................. . ................ .. ............. . 

6 Covered across the front of major rocky point of the shore 
situated opposite the eastern end of Salmon Islands and 
possibly harbours a minor north-northeast-trending 
fault. ...... .... . . ............................ . 

The covered unit 6 separates the base of section 18 from 
the top of section J 6 (see unit 1 of that section) 

Thickness (feet) 

of unit above base 

100 (est.) 100 

100 

Section 19. (Field No. 274 /6, 1954). Measured on the eastern side of the tidal lagoon at 
the head of Browning Inlet (latitude 50°30'03"N, longitude 128°04'54"W). 

2 

4 

194 

?LOWER PLIENSBACHIAN (LOWER JURASSIC) 

Volcanic Division 

?Dark grey volcanic unit 

Lava, dark brownish grey, porphyritic to slightly amyg
daloidal; contains dark-red (?hematitic) phenocrysts; 
numerous interbeds of similarly coloured, very amyg
daloidal lavas; become intensively rust-coloured, cut 
by veinlets of red calcite, and locally metamorphosed 
or transformed into reddish weathered, whitish grey 
intrusive rock (?a dacite) near the stratigraphic top 
of the unit in proximity of ?dacitic intrusion occupying 
the southern side of the entrance to the lagoon; (see 
Coast Intrusions): strike N50- 60°W, dips vary from 
80°E (overturned?) to ±90° ; top covered and an 
interval 150 to I 75 yards wide separates the unit 1 
from the southern margin of the ?dacitic body of 
Coast Intrusions, lower contact appears to be con-
formable; visible .......... .... ............................................. .. . 

Lava, very dark greenish grey, commonly stained tuscan-red 
to blackish red, ?basic, often distinctly banded, strongly 
amygdaloidal, and contains dark-red (?hematitic) 
amygdules; strike N60- 70°W, dip 75°E (overturned?); 
numerous irregularly distributed interbeds of lava 
identical with those of unit 1; contact with unit 3 
covered; visible 

?Diabase, dark greenish grey, massive-looking, hard, more 
or less porphyritic; no attitude; this unit could possibly 
be an intrusive body unrelated to adjacent Java of 
Volcanic division; both contacts covered; visible .... 

Completely covered between the southern base of a name
less, large, rounded point and the southern end of the 
lagoon (a tidal flat) ... ..... ... ..................................... . 

230 (est.) 

J 80 (est.) 

330 (est.) 

t mile 

740 

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°0l'OO" W). 

Unit 

2 

3 

4 

5 

6 

7 

Thickness (feet) 

Description of unit above base 

?HAUTERIVIAN (LOWER CRETACEOUS) 

Hauterivian siltstone unit 

(?Uppermost Vafanginian part) 

Greywacke, dark to blackish grey, massive-looking, fine to 
very fine grained, shaly, and locally grades into very 
arenaceous shale; unfoss iliferous; general strike N70°E, 
dips from 50° to 60° west; extremely shea red and jo inted 
throughout; faulted and contorted near the visible top; 
top concealed beneath the sea on the southwestern side 
of the islet; grades downward into unit 2; visible ... 

UPPER V ALANGTNIAN 

Buchia crassicollis greywacke unit 

(Buchia crassicollis zone) 

Greywacke similar to that of unit I but lighter grey 
coloured and less shaly; contains 6-inch to 2-foot 
thick concretionary interbeds of grey-purple, brownish 
grey weathering, impure limestone and numerous small 
(1 to 6 inches) to large (2 to 3 feet) rounded concret ions 
of grey, impure limestone arranged in rows ; Buchia 
crassicollis (Keyserling) s. str. occurs scattered through
out the thickness of the unit (GSC Joe. 23946); base 
covered; visible .. 

Almost covered across general st rike ; some small patches 
of greywacke as in (4) and presumably underlain by 
this greywacke throughout 

Greywacke, dark grey, rust-weathering, medium to fine 
gra ined, 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 indetermina te 
lytoceratid ammonites (GSC Joe. 23945); strongly 
sheared and jointed; general strike E to N80°E, and 
dips from 55° to 60° north ; base concealed; vis ible 

Almost completely covered across the strike, some 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 concealed; visible ... 

Completely covered across general strike; probably under
lain by the same greywacke as in units 6 and 8 .. 

100 (est.) 505 

30 (est.) 405 

40 (est.) 375 

20 (est.) 335 

20 (est.) 315 

15 (est.) 295 

110 (est.) 280 

195 



Thickness (feet) 

Unit Description 

8 Greywacke, greenish grey to yellow-grey, fine- to medium-
grained, partly clayey, resistant; surface differentially 
weathered to honeycombed; some interbeds and lenses 
of softer, strongly calcareous and clayey greywacke or 
those of pebbly and gritty, calcareous greywacke rich 
in fossils; numerou~, irregu larly nodular to loaf-like 
inclusions of strongly calcareous, brownish grey 
weathering greywacke grading into sandy and gritty 
bioclastic limestone; rocks are extremely sheared and 
jointed throughout and cut by a number of small (on ly 
a few feet of displacement), high-angle fau lts; general 
strike N50°-60°E and dips 55° to 60° west; the basal 50 
feet vis ible are massive-looking to indistinctly bedded 
and generally poor in fossils but scattered specimens of 
Buchia crassicollis (Keyserl ing) s. str. et var. occur 
throughout this part of the unit (GSC loc. 23977); the 
upper 120 feel is more calcareous and contains a much 
greater number of very calcareous to calcarenitic inter
beds, lenses and inclusions rich in various fossils; 
Buchia crassicol/is (Keyserling) et var. solida (Lahusen) 
occurs more or Jess common ly throughout this part of 
the unit (GSC locs. 23275, 23281); Homolsomites 
quatsinoensis (Whiteaves), Acroteuthis (Acroteuthis) 
sp. indet. , and Inoceramus sp. indet. were found in the 
interval 50 to JOO feet above visible base of unit 8 
(GSC Joe. 23275); base concealed beneath the sea on 
the southeastern side of the islet and is possibly cut off 
by a fau lt ; visible .... . 

of unit above base 

170 (est.) 170 

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). 

2 

196 

Southeast of an isolated , small outcrop of unfossiliferous 
greywacke tentatively referred to Buchia crassicol/is 
greywacke unit (a fau lt block?) occurring near the tip 
of the point the shore is comp letely covered for (a 
fau lt zone?).. 1,050 (est.) 

UPPER VALANGINIAN (LOWER CRETACEOUS) 

Buchia crassicollis greywacke unit 

(Buchia crassicollis zone) 

Poor and intermittent outcrops of greywacke as in unit (3); 
rocks are more disturbed and jointed than farther down 
in the section but their general attitude remains about 
the same; top covered and probably cut off by a fault; 
visible... . ............ .... .. . JOO (est.) 274? 



Unit Description 

3 Greywacke, grey-green, mostly fine to medium grained but 
contains rare interbeds and inclusions of grit and fine 
pebble-conglomerate; commonly calcareous and 
sparsely to abundantly fossiliferous (almost exclu sively 
Buchia crassicollis (Keyserling) and its variants); this 
fauna (GSC loc. 24284) was co llected 60 to 65 feet 
above base of the unit ; attitude as in unit 4 but dips 
gradually steepen upward in the succession until they 
become 60° to 65° west near its visible top; top con
cealed; visible .... 

4 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 greywacke, fine to 
coarse grit and fine pebble-conglomerate; pebbles are 
mainly of ?Lower Jurassic chert and shale, and various 
vo lcanic rocks of the Vancouver Group; rare pebbles 
of gabbroic intrusive rock identical with that of unit 7; 
greywacke is only locall y and sparsely fossi liferous 
(a lmost exclusively Buchia crassicolfis (Keyserl ing) and 
its variants); a co llection (GSC Joe. 24283) was made 
7- 8 feet above the base; str ike N40- 50°W, dip 30 to 35° 
east; both contacts are gradational.. 

5 Grit, green-grey, very coarse, pebbly, grades into very fine 
pebble-conglomerate; sparse -!-- 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 in terbeds and thin layers of 
similarly coloured, coarse- to fine-grained greywacke; 
att itude as in bed 4. 

6 Greywacke, green-grey, massive-looking, medium-grained, 
gritty and locall y fine pebbly .. 

7 Pebble-conglomerate, mostly fine to very fine Ct- to -!--inch 
pebbles predo minate) but with some scattered pebbles 
as much as 2 inches across; pebbles composed mainly 
of dark grey argillite but include fairly common pebbles 
of volcanic and intrusive (including those of gabbroic 
rock) rocks; ri ch matrix consists of fine to coarse grit 
or greywacke as in bed 6 .... 

8 Irregular interbedding of pebble-conglomerate as in bed 7 
with greywacke as in bed 6 and with fine- to coarse
grained, 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 

9 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 

Thickness (feet) 

of unit above base 

80 (est.) 174 

11 94 

8 83 

3 75 

72 

68t 

197 



U nit 

10 

Description 

Cretaceous rocks (unit 8) and includes some coarse 
porphyritic and coarse amygdaloidal varieties closer 
to the margins of the intrusive body; wid th 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 
strike N70° to 80°W and dips 35° to 40° northeast ; 
base covered ; top cut off by gab bro of unit 9; slate 
is invaded by numerous 6- to JO-foot-thick dykes and 
irregularly shaped bodies of gabbroic rock essentially 
similar to the marginal phases of unit 9 and ap
parently represent ing its offshoots; base covered ; 
visible.. . ............................. . . 

Thickness (feet) 

of unit above base 

800 (est.) 

65 (est.) 65 

Section 22. (Field No. 241 /14-22, 1954). Measured on the southeastern shore of Winter 
H arbour. The base is on the na meless point opposite the mouth of G ala to Creek (latitude 
50°31'40" N, longitude 128°00'06" W). The top is opposite the southern end of Wedel Island 
(latitude 50°3 l '46" N, longitude 128°00'30" W). 

198 

LOWER CRETACEOUS 

Lower Barremian and /or (?)Upper Hauterivian 

2 

Jnoceramus colonicus calcarenites 

Sandstone, light grey to brownish grey, medium-grained, 
very calcareous; mostly rich in fragments of Jno
ceramus (no collect ion made); common ly grades into 
arenaceous bioclastic limestone ; fairly well jointed 
and locally contorted; appears to be cut by severa l 
minor faults; predominant strike about east- west 
with dips J 5°-20° north, top covered and obviously 
cut off by a major fault zone trending N30°-40°E; 
base covered; visible ..... ... . 

Covered and apparent ly harbours a strong st rike fault.. 

Hauterivian siltstone unit 

Simbirsk ites (Simbirskites) broadi zone 

3 Siltstone, blui sh grey when fresh, weathers brownish grey 
to blackish grey, and conchoidally to spheroidally, 

JOO (est.) 
285 

1,260 



Unit 

4 

Description 

slightly to moderately sandy, contains numerous, 
loaf-like to spheroidal concretions, 1- 3 feet long and 
6 inches to 1 t feet thick, of similarly coloured, brown
yellow weathering, hard, very calcareous siltstone or 
impure limestone ; fossiliferous more or less through
out but well-preserved fossils are exceedingly rare; 
well preserved Simbirskites (Simbirskites) broadi 
Anderson and some indeterminate marine pelecypods 
have been collected (GSC Joe. 24288) about 21 feet 
above visible base of the unit; numerous well-pre
served representatives of Simbirskites (Simbirskites) 
broadi Anderson and indeterminate pelecypods have 
been collected (GSC Joe. 24285) about St to 9 feet 
stratigraphically higher; another 1-foot-thick siltstone 
layer replete with well-preserved Simbirskites (Sim
birskites) broadi Anderson, S. (S.) cf. lecontei (Ander
son) and indeterminate pelecypods and gastropods 
(GSC Joe. 24294) occurs about 81 feet stratigraphically 
above the level of GSC Joe. 24285; this layer also 
contains Dentalium (s. Jato) sp. indet. and rare Acro
teuthis (Boreioteuthis) ex gr. impressa (Gabb); yet 
another fossiliferous layer (GSC Joe. 24298) containing 
Simbirskites (Simbirskites) cf. broadi Anderson and 
Protetragonites cf. quadrisulcatus (d'Orbigny) occurs 
about 67 feet stratigraphically above the bed contain
ing GSC Joe. 24294; some indeterminate marine pele
cypods (GSC Joe. 24282) have been collected about 
J 7 feet stratigraphically above the last fossiliferous 
level (GSC Joe. 24298); Trigonia (Pterotrigonia?) cf. 
kayana Anderson, ?Astarte sp. indet., and some 
indeterminate pelecypods and gastropods were col
lected (GSC Joe. 24291) from the topmost 3-4 feet 
of the unit; rocks are invariab ly well jointed and 
sheared; locally strongly contorted and even com
pletely 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 any
where 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, wi th the dips 40° to 55° west (true); base 
covered; visible .. 

Completely covered along the shore and apparently con-
tains a major fault zone ... ..... .... . . 

Homolsomites oregonensis zone and ?younger 

5 Siltstone, dark grey when fresh , brownish grey to blackish 
grey and conchoidally weathering, massive-looking, 
strongly arenaceous; commonly grades into similarly 

Thickness (feet) 

of unit above base 

260 (est.) 1, 160 

360 (est.) 

199 



Unit Description 

coloured, fine to very fine grained, very clayey grey
wacke; loaf-like to rounded, locally fossi liferous con
cretions, 6 inches to 4 feet Jong, of similarly coloured, 
hard, limy to very limy sandy siltstone, fine-grained, 
very limy greywacke or impure limestone occur at 
irregular intervals; they are arranged in rows; a few 
persistent beds of impure dark grey limestone, J to 4 
feet thick, occur above the 450-foot level; rocks invar
iably strongly to very strongly jointed and sheared, 
contorted and /o r completely shattered within several 
fault or shear zones transecting 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 sect ion or its repetition; 
predominant strikes vary from N40-50°W to N30-40°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) ; Homo!somites aff. oregonensis Anderson 
probably transitional between H. q11a1si11oe11sis (White
aves) and H. oregonensis (Anderson), Prolelragoniles 
sp. indet., indeterminate pelecypods, and indeter
minate gastropods occur locally about 5 feet above 
the visible base (GSC Joe. 24289); well-preserved 
typical representatives of Homo!somiles oregonensis 
(Anderson), indeterminate phylloceratids, indeter
minate gastropods, and indeterminate pelecypods 
have been collected from a row of large, loaf-like 
concretions at about the 390-foot level (GSC Joe. 
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 Nl0°W and dip 70- 75° east) ; another row of 
fossiliferous concretions containing Inoceramus sp. 
indet., poorly preserved pelecypods, and poorly pre
served ammonites occurs at about the 550-foot level 
(none collected); well-preserved typical representatives 
of Homo!somiles oregonensis (Anderson), and Prole
lragonites sp. indet. have been collected (GSC Joe. 
24290) from a bed of impure limestone, J to l t feet 
thick at about the 590-foot level; no identifiable fossils 
were seen above the 590-foot level ; both contacts 

Thickness (feet) 

of unit above base 

covered; visible (rough estimate only!).... 900 (est.) 900 
6 Completely covered along the shore to the isolated outcrop 

200 

of Buchia crassico!!i~ greywacke forming unit J of 
section 21 (see there) (presumably harbours a major 
fault zone)... . . J, OOO (est.) 



Section 23. (Field No. 242 /1, 1953). Measured on the southern shore of Quatsino Sound 
on a nameless, sharp rocky point si tuated about 1 mile west of the mouth of Klootchlimmis 
Creek (latitude 50°29'42"N, longitude 127°41'30"W). 

Unit 

2 

3 

4 

5 

6 

Thickness (feet) 

Description of unit above base 

LOWER CRETACEOUS 

Upper Va/anginian and (?)Hauterivian greywacke-conglomerate unit 

Conglomerate, fine pebble, grey; some interbeds of medium 
pebble-conglomerate; some inclusions of fine to 
medium pebble-conglomerate with abundant calcar
eous, arenaceous matrix; numerous inter beds of 
fine- to coarse-grained, commonly gritty, partly ca lcar
eous greywacke; general strike N30°-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; vis ible 

Irregular but frequent intercalation of 3- to JO- foot beds 
of dull grey, fine to medium pebble-conglomerate 
and grey-green, medium- to coarse-grained, often 
gritty a nd pebbly greywacke; this greywacke is nearly 
always calcareous, differentially weathered and locally 
honeycombed on the surface; attitude as in unit l; 
both contacts gradational. ..... 

Greywacke, green-grey to rust-grey, massive-looking; in 
the upper 20 to 25 feet appear 6-inch to I-foot inter
beds of fine pebble-conglomerate and grit wh ich 
gradually increase upward; strike N70- 80°E, dip 25° 
west .. 

Conglomerate, dull grey, fine pebble, pebbles mostl y range 
from t to t inch in diameter and are very poorly 
rounded so that the conglomerate could be called a 
waterlain sedimentary breccia (conglobreccia); pebbles 
of this and all underlying conglomeratic units are 
composed almost exclusively of the volcanic 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 10°W and dips 30- 35° west; both contacts grada-
tional. ........ . 

Irregular but thick (3- 8 feet) interbedding of green-grey, 
medium- to coarse-grained and distinctly crossbedded 
greywacke with foreset beds oriented as in unit 6 
with fine to coarse grit and fine but very poorly rounded 
and sorted pebble-conglomerate similar to that of unit 
4; attitude as above; lower contact gradational. ...... . 

Greywacke, rust-green, medium- to coarse-grained., dis
tinctly crossbedded (deltaic type crossbedding) with 
foreset beds invariably dipping westward which 
indicates an eastern to southeastern source area; 
contains numerous lenses of coarse grit and fine 

25 (es t.) 330 

50 (est .) 305 

55 (est.) 255 

125 (est.) 200 

25 (est.) 75 

201 



Thickness (feet) 

Unit Description of unit above base 

pebble-conglomerate as in surrounding beds; attitude 
as above; lower contact covered; visible .... 

7 Covered interval presumably underlain by rocks of unit 
6 or unit 8 .. ...... ........... . 

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 N50°-60°W, dip 45°-50° west; top 
covered; lower contact unconformable, the conglom
erate fillin g 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 .... 

?HETTANGIAN STAGE 

Volcanic Division 

Basal Jurassic volcanic unit 

9 Volcanic breccia, green-grey for the most part but becomes 
tawny to reddish grey in the westernmost part of the 
outcrop (deep pre-Lower Cretaceous weathering?); 
unsorted and massive-looking; interbeds of similarly 
coloured volcanic tu ff and ?basaltic lavas; no a ttitude; 

15 (est.) 

30 {est.) 

5 

outcrops along the shore for 600 
10 Lavas, blackish green 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 
Klootchlimmis Creek; outcrops along the shore for.. 1 ,050 

50 

35 

5 

Section 24. (Field No. 242 /8, 1954). Measured on the eastern side of a nameless, major, 
rocky point situated about -t 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). 

202 

2 
3 

LOWER CRETACEOUS 

Upper Valanginian and (?)Hauterivian greywacke- conglomerate unit 

Shale, dull grey, light grey or grey-green, fiss ile to somewhat 
slaty; laminated, normally slightly arenaceous; strike 
N50°E and dip 25° to 30° wes t ; both contacts are 
covered; exposures poor and intermittent; visible .. .... . 

Covered and presumably underlain by shale of unit L 
Conglomerate, grey, pebble, coarse to medium, locally 

includes some scat tered cobbles and boulders up to 

25 (est.) 
10 (est.) 

108 
83 



Unit 

4 

Description 

3 feet in diameter or some inclusions and interbeds of 
cobble to boulder conglomerate; large to medium 
pebbles, cobbles, and boulders are surrounded by 
abundant ground mass of fine- to medium-sized, better 
rounded pebbles or coarse grit; strikes N50°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, J 5 to 
20 feet deep, alternating 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 unsorted and only indistinctly bedded; strike 
N20°- 30°E, dip 60° east; base covered by beach 
deposits; visible ........ . 

Thickness (feet) 

of unit above base 

18 73 

55 55 

Section 25. (Field No. 255, 1954). Measured on the southern shore of largest Salmon Island 
at the point about 600 feet east of the base of section 26 (latitude 50°27'48"N, longitude 
127°48'14"W). 

2 

3 

LOWER CRETACEOUS 

Upper Valanginian and (?)Hauterivian greywacke-conglomerate unit 

Greywacke, bluish grey, coarse-grained and gritty, massive
looking and concretionary weathering; numerous in
clusions and interbeds of fine to coarse grit; corre
sponds to unit 15 of section 26 (see p. 206); attitude 
as for unit 2; no fossils seen; top covered and thought 
to be cut off by a north-trending fault; visible ..... 

Siltstone, dark bluish grey, hard, massive-looking, contains 
abundant 1-inch to 3-inch, irregularly rounded pyritic 
or ?marcasitic concretions; strike N60-70°W, dip 
30- 35°E; Buchia crassicollis (Keyserling) s. str., its 
variants, and Buchia n. sp. aff. inf/ata Jeletzky, 1964, 
occur sparingly in the upper J to Jt feet of the bed 
(GSC Joe. 24339); the bed corresponds to bed J 6 of 
section 26; upper contact appears to be gradational in 
spite of rapidity of lithological transition ... .. . 

Greywacke, rust-coloured, ferruginous, fine-grained, con
cretionary weathering; contact with the overlying 

15 

7 

52 

37 

203 



Unit Description 

bed 2 is covered a nd may be complica ted by faulting; 
attitude as in underlying bed 5; visible. 

4 Greywacke, grey, rust-weathering, partly crossbedded, 
medium-grained ... ..... ... . 

5 Siltstone, blackish grey to a lmost black, strongly con-
choidally weathering ; sl ightly arenaceous, stri ke 
N40°-50°E, dip 30°-35°W; upper contact gradational, 
the sil tstone becoming grey-green, arenaceous, and 
interbedded 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) 

of unit above base 

3 30 

4 27 

23 (est.) 23 

Section 26. (Field No. 255 /8-14, 1954). Measured across the largest Salmon Island on the 
western side of a narrow " neck" of sandy beach (underl a in by a major north-northeasterly
trending fault) occurring 400 feet east of the northwestern tip of the island at latitude 50°27' 
48" N and longitude 127°48 122" W. 

2 

3 

4 

5 

204 

LOWER CRETACEOUS 

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 bioclas tic limestone; some in terbeds of I . 
co/onicus coquina; GSC loc. 24279 collected from the 
5- to 6-foo t-thick bed ofcoquina occurring 10 to 15 feet 
below visible top of the unit; strike N50- 60°W, dip 
50- 55° eas t; top concealed beneath the sea on the 
northern side of the island; visible .... 

Siltstone, greenish to brownish grey, very calcareous and 
common ly sandy; grades locally into calcareous, fine
grained sandstone; some interbeds 3- 10 inches thick 
of I. co/onicus coquina (no collection made); grades 
upward into bed 1.. 

Siltstone, da rk olive-green to grey, commonly more or less 
sandy, spherically weathering ; some ! . co/onicus seen 
loca lly; grades upward into unit 2 .. ...... .. 

Limestone, grey to brownish grey, laminated, partly bio
clastic and with inclusions and interbeds o f!. colonicus 
coquina ; locally contains small and very rare lenses and 
inclusions of calcareous grit and fine pebble-conglomer
ate; resistant and stands out as a hogback; uppermost 
5- 6 feet consists of brownish grey, very limy coquina 
sandstone replete with!. colonicus Anderson (GSC Joe. 
24343); upper contact conformable but abrupt.. 

Interbedding of 6-inch to 2-foo t thick beds of grey, very 
limy, mostly laminated, fine-grained, shaly sandstone, 
with 2- to 5-foot-thick beds of blackish grey to brownish 

34 

7 

9 

67 

370 

336 

329 

320 



Unit 

6 

7 

8 

9 

10 

Description 

grey, conchoidally weatheri ng, commonly lam inated 
calcareous sha le ; attitude as in overlying beds; no 
foss il s seen ; lower contact abrupt and uneven, the 
shale fi lling out the hollows and depressions occurring 
in the upper surface of unit 6; upper contact con-
formab le and probably gradational. ... .... ... ................... . 

Coarse sedimentary breccia (probably a submarine slide) 
of dark grey, brownish tinged shale and lighter grey 
limestone si milar to that of beds 8- 10; fragments 
embedded in light grey calcarenitic matrix locally 
grading into J11oceram11s co/onicus coquina; abundant 
inclusions and lenticu lar beds of fine to coarse pebble
conglomerate in which pebbles of volcanic rocks of 
Vancouver Group a nd those of Coast Intrusions are 
mixed with 2-inch to 2-foot angular fragments of 
shale and sandstone of uncertain origin ; lower contact 
gradational. ...... .... . .................. . 

Pebble-conglomerate, brownish grey ; fine to coarse; 
pebbles are embedded 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 It feet within short intervals 
along and across the strike .......................... ........ ........ .... . 

Limestone, light grey, brownish tinged, very thinly bedded 
to la minated, sandy to very sandy and grades locally 
into very limy coarse-grained sandstone (partly bio
clastic); numerous interbeds and lenses, I to 3 inches 
thick, of simi larly coloured coqui na limestone and 
intercalated beds of fissi le, brownish grey, very cal
careous shale; Jnoceramus co/onicus Anderson and 
other indeterminate pelecypods occur throughout (none 
co llected); lower contact conformable and gradational 

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 sha le interbeds noted; 
on ly indeterminate marine pelecypods seen ; att itude 
as in underlying beds; lower contact conformable and 
gradat ional 

Limestone, dark to light grey, mostly brownish tinged, 
fragmentary and arenaceous; numerous inclusions and 
lenses, 2 to 15 inches long and I 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 li mestone consisting almost exclusively of 
!11oceramus co/011ic11s Anderson; foss il collection GSC 
Joe. 24299 from a 1- to It -foot-thick interbed of such 
coqu ina about 3 feet below the top; attitude as in 

Thickness (feet) 

of unit above base 

23 

I8 

I 
(approx.) 

24 (est.) 

JO 

253 

230 

212 

2Il 

187 

205 



Unit Description 

underlying beds; lower contact appears to be grada-
tional. ....... .. .. . ........... . ................. ..... ... ..... ... .... .... . 

11 Pebble-conglomerate, medium to coarse, blackish to 
brownish grey, tightly packed; locally contains much 
calcareous, sandy matrix; interbedded with shaly a nd 
pebbly sandstone and calcareous, a renaceous shale; 
thickness varies within a few yards along the strike 
from a few inches to 4 feet; locally it is reduced to a 
2- to 3-inch layer of very fine pebbles embedded in 
calcareous, sandy matrix ................................................ . . 

Thickness (feet) 

of unit above base 

11 177 

4 166 

Upper Valanginian and (?)Hauterivian greywacke-conglomerate unit 

12 

13 

14 

15 

206 

?Hauterivian 

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 N50- 60°W, 
dip 50 to 55° eas t; 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 pebbly, fine- to 
coarse-grained grit; minor interbeds of similarly 
coloured, but somewhat calcareous, honeycombed 
greywacke or grit; no fossils seen; locally includes 
inclusions from 1 to 10 inches thick, lenses and 
lenticular beds of fine to medium pebble-conglom
erate; strike N60- 70°W, dip 40-45°E; base concealed 
beneath the sea on the southwestern end of the island; 
visible .... 

Covered by sea water within a narrow channel separating 
the southwestern end of largest Salmon Island from a 
bare rock occurring immediately south of the latter; 
apparently underlain by the same greywacke as 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. crassicol/is (Key
ser ling) occur in basal 2- 3 feet of the unit; lower 
contact conformable; strike N70°-80°W, dip 45°-
500E; top covered; visible . .................. . 

12 162 

55 150 

35 (est.) 95 

38 (est.) 60 



Unit Description 

16 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 Joe. 
24338 from basal 2- 3 feet; both contacts conformable .. 

17 Greywacke, dark green to bluish grey, mostly medium 
grained, hard; some interbeds, 6 inches to 1 foot 
thick, of blackish grey, fine-grained, very clayey but 
sometimes pebbly sandstone; attitude as above; no 
fossils seen; base concealed beneath the sea; visible .. ... 

Thickness (feet) 

of unit above base 

7 22 

15 (est.) 15 

Section 27. (Field No. 255 /3-7, 1954). Measured on the northern and eastern sides of the 
largest Salmon Island (latitude 50°27'48"N, longitude 127°48'10" W). 

2 

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 Joe. 24340) collected 
about 22 feet above the base; top concealed beneath 
the sea; lower contact gradational; visible up to 

Good exposures of unit I occur only about 240 feet 
east of the "neck" of the island on the western side of which 
section 26 was measured; however, the rocks of unit I 
outcrop in a number of fault blocks for the next I,000 feet 
eastward along the shore; at the end of this interval begins 
the following section of the basal beds of unit I and the 
underlying beds which continue along the eastern side of 
the island. 
Pebble-conglomerate, fine to medium, green-grey, hard; 

rich in greywacke matrix lithologically similar to the 
greywacke of unit I; grades laterally into 3- to 
5-foot-thick beds of crossbedded, green-grey, pebbly, 
medium- to coarse-grained greywacke; contact with 
unit I appears to be gradational but that with unit 3 
is very sharp and uneven and erosionally disconform
able (Pl. VA) or regionally unconformable ; thickness 
varies from t to It feet within short distances ......... ... .. 

35 (est.) I92t 

It I57t 

207 



Thickness (feet) 

Unit Description of unit above base 

Lower Barremian ?and/or Uppermost Hauterivian 

208 

lnoceramus colonicus calcarenites 

3 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 N50°E, dip 30° to 35° west; 
Inoceramus colo11ic11s Anderson occurs at intervals 
throughout the thickness of the unit and locally 
forms pods and thin interbeds; GSC loc. 24295 
collected 10- 12 feet below its top; lower contact 
gradational ... ....... . ............................................................ . 

4 Intricate interfingering of: 1. Limestone like those in unit 

5 

6 

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 Joe. 
24299) occurs 12 to 16 feet above its visible base; lower 
contact covered; visible .. 

Covered but presumably 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-conglome
rate with rich to very rich, limy, arenaceous matrix; 
rare Inoceramus colonic us Anderson occur locally; the 
number of pods and interbeds of sandstone, limy shale 
and fine pebble-conglomerate gradually increases 
upward within the bed; lower contact gradational; 
top covered, visible ............. . 

7 Limestone, dark grey, very sandy and clayey; fine-grained 
but often bioclast ic; 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 9-1 l feet above visible base of unit (GSC 
loc. 24296) includes numerous /. colonicus and a 
single juvenile specimen of Shasticrioceras cf. poniente 
Anderson; strike N40-50°E, dip 25°-30° west; base 
concealed beneath the sea near the southeastern tip 
of the island; visible ... . 

75 (est.) 

35 (est.) 
9 (est.) 

18 (est.) 

19 (est.) 

156 

81 
46 

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 Island (latitude 50°28'00"N, longitude 127° 
48'06"W). 

Unit 

2 

Description 

LOWER CRETACEOUS 

Barremian fine-grained greywacke unit 

Greywacke, dark grey to greenish grey, fine-grained, hard, 
massive-looking; numerous interbeds and lenses, 
6 inches to 1± feet thick, and inclusions of similarly 
coloured, brownish grey weathering, calcareous, 
locally fossiliferous greywacke; strike N40-50°E, 
dip 20°- 30° west; ?Argonauticeras aff. argonautarum 
Anderson, Eulytoceras aff. phes/11111 (Matheron), and 
indeterminate pelecypods (GSC Joe. 24297) collected 
10 to 12 feet above the base of the unit; Partschiceras 
infu11dib11!11111 (d'Orbigny), £11/ytoceras aff. phes/11111 
(Matheron), Acrote111his (Boreiote11this) ex aff. im
pressa (Gabb), indeterminate belemnitid, lnoceramus 
aff. q11atsi11oe11sis Whiteaves, ?A11celli11a sp. indet., 
?Astarte sp. indet., indeterminate pelecypods, and 
indeterminate gastropods (GSC Joe. 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 loca lly 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) 

of unit above base 

50 (est.) 75 

25 (est.) 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 21 miles west of Alice Lake on the western side 
of a short, north-trending secondary logging road of the Rayoneer Co. Ltd., branching off 

Gibson Road 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). 

A completely covered interval of about 20 yards along 
the secondary logging road (i.e., in about 350° direc
tion). 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 (rocks on both 
sides have concordant, very low dips, are neither 
sheared nor contorted and do not exhibit any calcitic 
veinlets or stringers), this covered interval conceals a 

209 



Unit 

210 

2 

3 
4 

5 

6 

Description 

normal but at least disconformable (more likely un
conformable) contact between the Nanaimo Group 
and the underlying Barremian variegated elastic unit. 
Estimated thickness of covered rocks ..... .. . 

LOWER CRETACEOUS 

Barremian variegated elastic unit 

?Arkosic sandstone, whitish grey, beige or duII 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 in 
part; indistinctly but normally thinly bedded and 
locally laminated; commonly rich in or replete with 
small (t" -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; pers istent strike 310° 
to 320° with dips about l 0°W; single cast of Acroteuthis 
(Boreioteuthis) ex gr. impressa (Gabb), several Serpula
like worm tubes, and indeterminate pelecypod frag
ments (GSC Joe. 82956) have been found in places 12 
to 13 feet above visible base of the unit; otherwise no 
marine fossils seen; upper 25 (est.) feet of the unit 
outcrops poorly and intermittently for 180 yards along 
the partly eroded roadbed and in overgrown road-cuts 
of secondary logging road; the lowermost visible 16 
feet is 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 grey, fine to very fine (peb

bles from t" to t" predominate); mostly very poorly 
rounded and commonly grades into a mixed (sedi
mentary- volcanic) very fine breccia or coarse to very 
coarse, waterlain volcanic (crystal?) tuff; matrix 
appears to be tuffaceous to arenaceous; tightly packed, 
hard, massive; no definite attitude but seems to strike 
approximately along the previously mentioned N
trending secondary logging road for about 70 yards 
north from its junction with the main logging road; 
both contacts covered, visible.... . ........................... .. .. . . 

Covered interval at the junction of the previously men
tioned main and secondary logging roads; appears to 
represent. .... ... ... . ..................... ........... . . 

Greywacke, bluish grey and massive-looking when fresh, 
weathers brownish grey to duII brown and chunky; 

Thickness (feet) 

of unit 

8 

41 (est.) 
3 (est.) 

17 (est.) 

1 (est.) 

above base 

179 

171 
130 

127 

110 



Unit 

7 

8 

9 

10 

Description 

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 underlying 
beds, both contacts covered, visible ........... . ... ............... . 

Covered interval occurring immediately east (i.e., down 
the main road) of the junction of the main and second-
ary logging roads ....................... .... ...... .... ...... ... .... ............ . . 

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 slabby and medium to thinly but 
indistinctly bedded ; numerous lenses, 3 to J 8 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 
18°W; cast of the alveolar part of a poorly preserved 
but unmistakably Acroteuthis-like belemnite was 
found in place J!' above base (GSC Joe. 82955); top 
covered, visible .... .. 

Pebble-conglomerate, coarse to fine, mottled greenish grey 
(see Pl. VIA, 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 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 
(f' to t") pebbles and grit particles ; considerable 
number of 9" to 12" cobbles and l' to 3' boulders 
occur locally; the pebbles consist predominantly of 
various red to lavender pyroclaslics and lavas presum
ably 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 Sedi
mentary division of the Bonanza Subgroup are 
relatively rare; no definite granitic pebbles of Coast 
Intrusions seen; upper contact gradational and rare 
scattered pebbles continue to occur in basal 6"-12" of 
unit 8; attitude as in underlying bed. 

Greywacke, ash-grey when fresh, weathers brown to dull 
brownish grey, mostly 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 (limo
nilic) interbed, 5 to 6 inches thick of locally coaly and 

Thickness (feet) 

of unit above base 

25 
(approx.) 

3 (est.) 

18 

26 

109 

84 

81 

63 

211 



Unit 

11 

12 

212 

Description 

dark grey, sandy clay with scattered, t" to t", well
ro unded pebbles of volcanic rocks, forms the base of 
the unit; no fossi ls 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 erosiona ll y disconformable; grades upward 
into unit 9 through about one foot of coarse-grained, 
pebbly and gritty greywacke with sma ll pods and 
lenses, 2 to 3 feet long and 2 to 6 inches thick, of fine 
pebble-conglomerate; strike 335°, dip J 8°W ...... ..... . 

LOWER JURASSIC 

Thickness (feet) 

of unit above base 

13 37 

Volcanic division of Bonanza Subgroup (undivided) 

?Rhyolitic Java, light bluish grey to whitish grey when fresh, 
maroon to bright orange weathering, porphyritic and 
abundantly and coarsely amygdaloidal; mineralogi
cally and texturally closely s imila r to the lava of unit 3 
of section 39, except for an apparently larger ratio of 
quartz phenocrys ts; weathers spheroidally and pillow
like; the almost perfectly rounded, pi llow-like struc
tures (I 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 presu mably 
Barremian marine transgress ion of unit JO; upper 2 
to 21- feet are bright orange, partly Jimonitized 
and friable presumably beca use of pre-Barremian 
weathering ............. . 

?Andesitic Java, 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; interbedded with 
some similarly coloured, fine-grained volcanic tufT; 
apparent stri ke 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 gab
broic rock striking 260° and dipping 80° to 85°E ; a 
l - to 3-foot-thick sill of the same gabbroic rock seems 
to branch off the above dyke near the base of the 
unit; apparent strike in the topmost 6 feet is Nl5°E 
with dip of J 0°W; contact with unit 11 appears to be 
conformable but abrupt; base covered at the point 
about 200 feet NE of junction of previously mentioned 
logging roads; vi sible in the left side of the main 
Jogging road ..... . 

4 2~ 

20? 20? 



Section 30. (Field No. 259/1-4, 1954). Measured in the banks of Nuknimish Creek on the 
northern side of Holberg Inlet beginning with the point about 150 yards above creek's 
mouth (latitude 50°36' l S"N, longitude 127°38'54"W). 

Unit 

2 
3 

4 

5 

6 

7 

Description 

LOWER CRETACEOUS 

Barremian variegated elastic unit 

Siltsto11e- grey111acke 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 Joe. 24273); attitude 
seems to be the same as in unit 3; top and base covered; 
vis ible .... 

Covered and apparently underlain by siltstones of bed 1 .... 
Siltstone as in bed I; apparently st rikes north 40°-50° east 

and dips 3°-5° west; the basal 2 to 3 feet of the bed 
has yielded (GSC Joe. 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). 

Greywacke, dark to greenish grey, fine-grained, moderately 
to very s ilty, mass ive-looking; some interbeds of 
simi larly coloured, somewhat 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 Joe. 24293) 
has yielded Quoiecchia a/iciae Crickmay and other 
indeterminate pelecypods: the lowermost 3 to 4 feet 
exposed (GSC Joe. 24292) has yielded some Q. aliciae; 
top and base covered; visible .. 

Covered upstream from the first fork shown on Figure 17 
(approximately across the strike of overlying rocks) 
fo~. . ......... .. .......... .............. . 

LOWER JURASSIC 

Volcanic Division 

Basal Jurassic volcanic unit 

Volcanic breccia, medium to coarse, light grey, weathers 
rust-yellow, moderately to intensively altered and 
apparently loca lly invaded by minor (2 to 3 feet thick?) 
bodies of light grey, fel sitic intrusive rock; top and 
base covered; visible....... .... . . ..... .. ..... . .... . 

Thickness (feet) 

of unit 

25 (est.) 
5 (est.) 

15(est.) 

450 (est.) 

10 (est.) 

1, OOO (est. 

15(est.) 

above base 

213 



Section 31. (Field No. JA-F68-J /3-5, 1968). Measured on the straight part of the northern 
shore of Apple Bay at a small embayment situated about 1,000 feet west-northwest of the 
mouth of Nuknimish Creek (latitude 50°36'27" N, longitude 127°39'45"W). 

Unit 

2 

3 
4 

5 

Description 

LOWER CRETACEOUS 

Barremian Stage 

Barremian variegated c.lastic unit 

Si!ts/011e- grey111acke member 

Greywacke, dull grey, fine- to med ium-grained, hard, rare 
pelecypod fragments seen; strikes almost east- west, 
dips l 2° north; top covered, contact with bed 2 con-
formable and gradational; visible ....... .. . 

Oyster bank consisting of Ostrea (s. lato) sp. indet. (GSC 
Ioc. 82929) in greywacke matrix as in bed I; lower 
contact gradational. ........... . . 

Greywacke as in bed 1. . .................... .. . 
Greywacke similar to that of beds and 3 but contains 

numerous rounded concretions, 2 to 6 inches in di
ameter, of calcareous greywacke containing Quoiecchia 
a!iciae Crickmay (GSC Joe. 82930) ....... . 

Greywacke simi lar to that of beds 1 and 3 but softer and 
containing loaf-like concretions, lt to 2 feet long, of 
calcareous greywacke rich in Q. a!iciae (GSC Joe. 
8293 1), base covered and probably faulted at the fringe 
of the forest, visible ..... . 

Thickness (feet) 

of unit above base 

I 
(approx.) 

3t 
3 

2 

Section 32. (No Field No ., 1954). Measured a long the northern shore of the channel con
necting 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. 

214 

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 N30-40°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 pre
sumed to be cut off by a major northwest-trending 



Unit Description 

fault somewhere within a covered interval of the flat 
shoreline, about 400 yards wide, surrounding a name
less creek falling into Ahwhichaolto Inlet from north
west; lower contact conformable and gradational; 
visible ... 

2 (?)Subgreywacke similar to that of unit 3 but strongly 
rusty weathering and thinly bedded (l- 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 N40°W, dip 40°E; 
both contacts gradational. .... . 

3 (?)Subgreywacke, brownish grey, rusty weathering, coarse-
grained and more resistant than the 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 gradational... .. 

4 Interbedding of dark grey, rusty weathering, fine- to more 

5 

6 

7 

rarely medium-grained, thinly bedded to laminated, 
friable, clayey greywacke and similarly coloured, 
sandy, thinly bedded to laminated, often multicoloured 
siltstone; some interbeds, l to 2 feet thick of medium
grained, rusty weathering, harder subgreywacke; 
strike about east- west, dips 30 to 35°N; 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 ... 

Interbedding 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 N50-60°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 

8 Irregular but thick (beds 3 to 7 feet thick) interbedding of 
green-grey, coarse-grained, gritty, resistant greywacke 
with simi larly coloured or rust-green, fine to coarse 
pebble-conglomerate; conglomerate is softer than 
that of unit 9 and contains a greater amount of sandy 
and gritty matrix between pebbles; in the lower 80 to 
100 feet of the unit the rocks are intensely sheared and 

Thickness (feet) 

of unit above base 

100 (est.) 2,485 

200 (est.) 2,385 

35 (est.) 2, 185 

225 (est.) 2,150 

120 

330 (est.) 1,925 

20 (est.) 
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jointed a nd shattered by countless, no rmally mi no r, 
strike and c ross faults form ing a great number of 
small to large fau lt blocks; general strike N30- 40°E 
with dips rangi ng from nearly vertical to 80°W (over
turned); the rocks are considerably less dis tu rbed in 
the midd le 180 fee t of their thickness but aga in become 
shattered by numerous faults in the upper 30 to 40 feet 
where the dips become 60 to 85°E (normal); top 
covered a nd obviously cut ofT by a northwesHrend ing 
fau lt with the downthrow on its northeastern side in 
excess of several hundred feet ; lower contact con
formable and gradational; visible ... 

9 Pebble-conglomerate, coarse to med ium , green-yellow to 

10 

II 

rust-coloured, massive-looking, tightly packed, hard ; 
the lower I to 3 feet conta in numero us shale and 
greywacke pebbles similar to a nd apparent ly derived 
from the underlying beds of the Coarse arenite unit ; 
higher up volcanic and igneous pebbles predominate; 
general stri ke N40°-50°W and dip 75° to 80°E; the 
rocks are jointed, sheared, a nd cut by nu merous minor 
strike faults; lower contact is abrupt and uneven with 
the lowermost, predo mina ntly flat or obliq uely lying 
pebbles fillin g out depress ions in the deeply eroded 
surface of unit 10 ; no a ngu lar disco rdance was observed 
at this erosiona ll y disconformable contact.. . 

Coarse arenite unit 

Greywacke, dark grey, fine-grained , partly clayey; irregu
larly interbedded with about equal amount of dark 
grey to multicoloured (i n thin layers or laminae), 
laminated, more or less arenaceous, locally somewhat 
carbonaceous siltsto ne; attitude as in overlyi ng beds; 
lower contact conformable a nd gradational. .. ... 

Sandstone (subgreywacke?), light grey to brownish grey, 
intensively yellow to rusty weathering, ma inly coarse 
and gritty (see Pl. VUIA); indistinctly bedded; 
locally rich in fragments of carbon ized wood; rocks 
are strongly sheared a nd jointed throughout , and are 
commonly cut by minor strike and c ross faults; strike 
varies from N70°W to N30°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 characterist ic of 
units 11 and 12 a lternate irregu la rly. wi thin an interval, 
15 to 20 feet thick, unt il the bright rust coloration of 
unit 11 becomes estab li shed; the coarse-grained, gri tty 
sandstone of this transi tiona l zone conta ins numerous 
fragments a nd pebbles of presumably locally derived 
grey shale; this sandstone a lternates with grey, fi ss ile, 
sandy shale and s imilar ly coloured, clayey sandstone 
rich in small, irregularly shaped to rounded, impure 
limes tone concretions................ ...... . ............... . 

Thick ness (feet) 

of unit above base 

320 (est.) 1,595 

J 30 (es t.) 1,275 

45 (est.) 1, 145 

600 (est.) l, 100 



Unit Description 

12 Sandstone (subgreywacke?), brownish grey to green ish grey, 
mostl y coarse grai ned a nd loca ll y gr itty; o ften mass ive
looking but is d ist inctly and thinl y bedded elsewhere; 
moderately hard; some large, loa f-like concretio ns of 
harder, calcareo us sandstone ; rocks are norma lly 
sheared a nd jointed and locally disturbed by mino r 
strike and cross fau lts; strikes vary from no rth- south 
to N60°-70°W and dips va ry fro m 30° to 60°E; base 
covered and evidently cu t off by a major east- west
trend ing fault; visib le .. 

13 Covered interval across general strike probably containing 

14 

o ne or more stro ng east- west or /and no rthwes t
trendin g faults; this fau lt zone occup ies the eastern 
base of a pronounced la rge wooded point over loo kin g 
the wes tern end of the channel connecti ng Winter 
Harbour with Ahwhichaolto Inlet ... 

UPPER CRETACEOUS 

Cenomania n or ?Turonian stage 

Upper shale unit 

Shale- Siltsto11e Member 
Shale, li ght- to ash-grey when fresh, lavender-tinged when 

weathered , mostly pure, moderately hard, massive to 
fi ssile, weathers conchoidally; the lower (on the wes t 
side o f the po int) 100 feet mainly mass ive a nd con ta ins 
numerous 3- to 10-inch, ellipsoidally shaped to irregu
la rl y rou nded and I to 3 feet irregula rl y shaped concre
tions of hard, dull grey, yell ow to buff-weathering, 
impure (?dolomit ic), apha nitic limestone; some ±- inch 
to 4-inch layers and interbeds of fin e- 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) J 50 feet commonly more or 
less fissile and much less conc retionary; the midd le beds 
o f thi s part of the unit con tain several layers a nd thin 
interbeds of greywacke lithologically simi lar lo that 
occurring in the lower part of the unit ; an indeterminate 
Inoceramus-li ke shell was found in a limes tone concre
tion in the middle of the eas tern side of the point a nd 
some Inoceramus prisms were found in a no ther lime
stone concret ion 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 (conto rted) , and 
cut by a number of mino r faults ; general strike N50°-
600W, dips 30°-35°E; base co ncealed beneath the water 
on the weste rn side of above-mentioned la rge poi nt 
and presumably cut off by a major east- west-trending 
fault; top is covered and obv iously faulted (see unit 13); 
visible .... 

Thickness (feet) 

o f unit above base 

500 (est.) 500 

120 (est.) 

250 (est.) 
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Unit Description 

T his exposure of the Upper shale unit is evidently a part of 
a downdropped fault block of the Upper Cretaceo us 
rocks unrelated to section 32. This fault block disap
pears beneath the waters of the channel and possibly 
reappears on its unexplo red southern bank. 

Units l l , 12, a nd l 3 reappear o n the western side of the 
large wooded point occupied by unit 14 and outcrop 
intermittently in the wooded northern sho re of Winter 
Harbour to the point about 200 yards southeast of the 
mouth of Klayina Creek (Pl. VIIIB). 

It is imposs ible to estimate the thick ness 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 vis ible top of unit l of the fo ll owing 
section 33 abou t 800 feet southwest from there, because 
of the inferred presence of several strong faults wi thin 
this interval. 

Thickness (feet) 

of un it above base 

Section 33. (Field No. 245, 1953-1954). Measured on the northwestern shore of Winter 
H arbour between the mouth of Klayi na Creek (latitude 50°32'36"N, longitude 127°58'5l " W) 
and that of Galato C reek (latitude 50°31 ' 54"N, lo ngitude 128°00' 18" W). 

2 

3 

4 
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LOWER CRETACEOUS (APTIAN) 

Coal Harbour Group 

Coarse arenite unit 

Siltstone, dark grey, sandy, lamina ted; in terbedded with 
three thin beds of grey, very arenaceous limestone 
grading into very limy sandstone; stri ke N50°W, dip 
30°E; base covered; top covered on the northern side 
of a low rounded point situated about 800 feet south
west of the mouth of Klayina Creek; visible .... 

Covered across general st rike a nd presumably underlain 
by rocks as in bed l for l ,l 00 feet; assumed thickness 
of concealed sed iments ... 

Greywacke, laminated, dark grey to multicoloured (alter
nation of grey, tawny, and rusty laminae), fine to very 
fine grained, contains much clay; some interbeds of 
simi larly coloured a nd laminated, strongly arenaceous 
siltstone; top covered ; lower contact conformable 
and gradational; vis ible.. . . ........... ..... . 

Interbedding of grey to dark grey, laminated to thinly 
bedded , fine-grained greywacke and similarly coloured, 
mostly sil ty and arenaceous shale with interbeds and 
rows of concretions of impu re limestone (as in under
lying beds); strike N70°W, dips 25° to 30°E; lower 
contact poorly exposed but apparently conformable ..... 

12 (est.) 4,496 

350 (est.) 4,484 

60 (est.) 4,134 

90 (est.) 4,074 



Unit Description 

5 Greywacke (or subgreywacke?), grey, medium-grained, 
resistant and mostly massive looking ; locally thinly 
bedded; strikes fluctuate from about east-west to 
N60°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 ....... . 

6 Interbedding of greywacke and siltstone with limestone 
beds and concretions as in bed 4; base covered; 
visible ..... . 

7 Greywacke, grey to dark grey, fine- to medium-grained, 
contains little to abundant clay; thinly bedded to 
laminated; I-inch to JO-inch interbeds of dark grey, 
very arenaceous siltstone; strike N60°W, dip 35°£; 
lower contact conformable and gradational; the rocks 
occupy a marked point of the shoreline .... 

8 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? greywacke; 
strike N60- 70°W, dip 30° to 35°E; base covered; 
visible ... 

9 Covered across general strike for about 1,000 feet and 
presumably underlain by softer greywacke and si lt
stone as in units 4 and 6; assumed thickness of con-
cealed rocks ........... .. ... . 

JO Greywacke (or subgreywacke?), light grey to buff, coarse-
grained, gritty, thickly bedded; pods 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 
greywacke 1 to 5 feet in diameter; in the lower part 
of unit strike is N60-70°W and dips J0° to J 5°E ; 
the dips decrease to 3- 5°E near the top of the unit; 
rocks are strongly jointed, cut by minor cross and 
strike faults and somewhat contorted; top and base 
covered; visible .... 

11 Covered across general strike within a broadly rounded 
embayment of the shore and presumably harbours 
a major northeast-trending fault for about 

12 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 predom
inant in upper 125 feet; strike N70°W, dip 30° to 
35°£ 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 .... 

Thickness (feet) 

of unit above base 

20 (est.) 3, 984 

120 (est.) 3, 964 

21 (est.) 3, 844 

32(est.) 3,823 

500 (est.) 3, 791 

50 (est.) 3,291 

900 

175 (est.) 3,241 
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13 Covered around the mouth of Denad Creek across general 
strike of the rocks and presumably underlain by 
greywacke similar to that of units 12 or 14; about 600 
feet; assumed thickness of covered rocks ... 

14 Greywacke as in the lower 50 feet of bed 12 but with minor 
inlerbeds of fine-grained, clayey, soft greywacke; 
regular attitude as in underlying rocks; top concealed; 
visible ... 

15 Subgreywacke, light to brownish grey, medium- to coarse-
grained, mostly gritty, resistant, mostly heavily and 
indistinctly bedded; commonly more or less calcareous 
and honeycombed on the surface; numerous interbeds 
of rusty weathering, stronger calcareous sandstones; 
shale and siltstone interbeds all but absent; outcrops 
locally poor in the upper 125 feet of the unit; strike 
N60°W, dip 35°£; both contacts conformable and 
gradational; the unit outcrops around a major wooded 
point covering the mouth of Denad Creek 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; 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 interbeds 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 lo 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 N60°-70°W, dip 30° 
to 35°£; lower contact appears to be gradational.. 

17 Irregular interbedding of pebbly grit and pebbly and gritty 
greywacke containing abundant 2- to 6-i nch fragments 
and poorly rounded pebbles of dark grey siltstone 
similar to that occurring in the underlying beds and 
presumably locally derived .. 

18 Pebble-conglomerate, fine, dull grey; rich in gritty and 
sandy matrix; larger pebbles (t to 2 inches in dia
meter) are almost invariably composed of the ap
parently locally derived grey, impure limestone; upper 
contact apparently gradational; lower contact grada
tional but transition from one rock type to another 
is rapid .. 

19 Siltstone dark grey, conchoidally fracturing, arenaceous; 
interbeds I to 6 inches thick, of brownish grey to dull 
grey, medium- to fine-grained, hard and resistant 
sandstones (subgreywacke?); these interbeds grad
ually increase upward until they become the predom
inant rock type near the top; sandstones become gritty 

Thickness (feet) 

of unit above base 

300 (est.) 3, 066 

35 (est.) 2, 766 

225 (est.) 2, 731 

98 (est.) 2,506 

2,408 

2 2,407 



Unit Description 

near the top; small concretions, pods, and lenses 
(commonly arranged in rows) of grey, impure, unfos
siliferous (?fresh water) limestone abound in lower 
35 to 40 feet of the unit; strike N70°W, dip 30°£ .. . 

20 Irregular interbedding of subgreywacke as in bed 22 with 
siltstones and shales as in adjacent units; upper contact 
conformable and apparently gradational; lower con
tact covered; visible .. . 

21 Covered on both sides of a small creek for about 71 yards 
across general strike and presumably underlain by the 
same rocks as in unit 20; assumed thickness of con
cealed rocks 

22 Subgreywacke, brownish grey, medium- to coarse-grained, 
resistant; occurs in beds 3 inches to 2 feet thick inter
fingered with laminae, thin layers and 6- to 12-inch 
beds of siltstone as in bed 20, both contacts covered, 
visible .. 

23 Covered for about 18 yards across the general strike and 
presumably underlain by the same rocks as in unit 24; 
assumed thickness of concealed rocks 

24 Interbedding of dark grey, very arenaceous, thinly bedded 
to laminated, soft siltstone and similarly coloured 
sh~Je; a number of rows of concretions of dark-grey, 
white-weathering, impure limestone; some interbeds of 
subgreywacke as in bed 25; strike N80°W, dip 30°N; 
top covered; lower contact gradational. 

25 Greywacke (or subgreywacke?), dark grey, fine- to medium 
(rarely)- grained, much clay; interfingered 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 Jess calcareous grey
wacke; some pods, lenses and thin interbeds of very 
impure, grey limestone; in the lower part of the unit 
strike is N70°W and dips vary from 30° to 40°W, strike 
near the top is N70°-80°W, and the dips Jessen to 25° 
to 30°£; base covered, visible ... 

26 Covered for about 20 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 inclusions and lenses of 
harder, slightly calcareous, light grey (?)subgrey
wacke; a few interbeds, 2 to 8 inches thick, of grey, 
very impure, unfossiliferous limestone; the upper 30 
to 32 feet of the unit is composed predominantly of 
dark grey, fine-grained, very argillaceous greywacke; 
strike N60°-70°W, dips vary from 40° to 45°£, except 
near the top where they increase to 55°£; the rocks 
are more intensely sheared and locally faulted near the 
visible top of the unit; top covered and probably 
faulted; base covered; visible .. 

Thickness (feet) 

of unit above base 

75 (est.) 2,405 

70 (est.) 2,330 

I 05 (est.) 2,260 

9 (est.) 2, 155 

28 (est.) 2,146 

42 (est.) 2, 118 

30 (est.) 2,076 

60 (est.) 

84 (est.) 2,046 
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28 Covered for about 35 yards 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 

29 Sandstone (subgreywacke?), grey-green, coarse-grained, 
gritty, resistant , heavily bedded; regularly tilted and not 
disturbed otherwise; strike N80°W, dip 40°N; top 
covered; lower contact gradational, visible .. 

30 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 siltstone; attitude as in the under
lying bed, lower contact conformable and gradational.. 

31 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 ... 

32 Greywacke, green-grey, fine- to medium-grained, medium 
to thickly and well bedded (4 to 5 feet or even thicker 
beds), resistant; these greywacke beds alternate regu
larly with beds, 2 to 3 feet thick, of tawny to dark green 
weathering, commonly fine grained, thin-layered to 
laminated (alternation of multicoloured 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 N50- 60°W; dips 30° to 
35°E; top covered, visible .... . . 

33 Sandstone (subgreywacke?), green-grey, predominantly 
coarse grained, gritty; some pods and layers of coarse 
grit and fine pebble-conglomerate; numerous interbeds 
of brown and rusty weathering, coarse- to medium
grained, gritty, more or less calcareous sandstone with 
honeycombed weathering of the surface, a few frag
ments 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 
fine-grained, friable greywacke and arenaceous shale 
as in unit 32 are rare or absent; strike N50°- 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.. 

34 Covered for 15 feet across general strike and presumably 
underlain by the same rocks as in unit 33; assumed 
thickness of covered rocks. 

35 Sandstone (subgreywacke?) similar to that of unit 33 but 
invariably coarse grained and gritty; pods and layers 
of coarse grit and fine pebble-conglomerate are more 
common than in unit 33; base and top covered; visible .. 

Thickness (feet) 

of unit above base 

73 (est.) 1,962 

210 (est.) 1,889 

75 (est.) 1,679 

28 (est.) 1,604 

85 (est.) 1,576 

900 (est.) 1,491 

8 (est.) 591 

40 (est.) 583 



Unit Description 

36 Covered for about 55 feet across general strike and presum-
ably underlain by the same rocks as in units 35 and 37; 
assumed thickness of covered rocks .......... . 

37 Sandstone (?subgreywacke) as in unit 35; interbeds and 
layers of fine to coarse grit; inter beds of thinly layered, 
friable, clayey greywacke as in unit 33 are rare, thin, 
and very indistinctly developed; attitude as in unit 38; 
top covered; lower contact gradational. .......... . 

38 Sandstone (?subgreywacke) as in unit 32; interbeds of 
friable, clayey greywacke as in unit 32 locally become 
predominant and intercalated beds, 5 to 8 feet thick, 
of grey, arenaceous shale as in unit 32 also may be more 
prominent locally; strike N50°-60°W, dips 35° to 40°E, 
and the rocks are virtually undisturbed otherwise; both 
contacts conformable and gradational. ....... . 

39 Greywacke, green-grey, mostly fine to medium grained, 
locally coarse grained and gritty, massive-looking to 
thickly and indistinctly bedded in the lower 50 feet; 
higher up the greywacke becomes medium and well 
bedded (in beds 1 to 3 feet thick) and alternates regu
larly with beds, 2 to 3 feet thick, of tawny to dark green
weathering, thinly layered to laminated (alternation of 
multicoloured Jamellae), fine-grained, friable grey
wacke; no fossils of any kind; near the base the rocks 
strike N50°-60°W, dip 25° to 30°E and are almost 
undisturbed otherwise; 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 dips 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 northeaste1 ly to east-west-trending 
fault somewhere within the covered interval, 600 feet 
wide, between this point and the creek's mouth; visible .. 

Thickness (feet) 

of unit above base 

28 (est.) 543 

35 (est.) 515 

255 (est.) 480 

225 (est.) 225 

Section 34. (Field No. 239 /3-5, 1954). Measured on the northern shore of Quatsino Sound 
in the interval, about three-quarters mile wide, between the mouth of Aweisha Creek and 
the extensive exposures of Blumberg Formation west from there (latitude 50°32'00"N, 
longitude 127°39'39"W). 

LOWER CRETACEOUS (APTIAN) 

Coal Harbour Group 

Coarse arenite unit 

Interbedding of 1- to 3-foot-thick beds of greenish grey, 
resistant, medium- to coarse-grained, partly gritty and 
pebbly greywacke with similarly thick beds of darker 
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Unit 

2 

3 

4 

5 

6 

7 

8 

224 

Thickness (feet) 

Description of unit above base 

coloured, soft and friable, fine-grained , partly lami
nated, clayey greywacke; strike N30°E and dip 20°W; 
top covered and presumably is cut off by a major 
northerly trending fault; lower contact conformable; 
visible ... 

Siltstone, dark grey, soft, spheroidally weathering, partly 
arenaceous; lower contact conformable ... 

lnterbedding of fine- and medium- to coarse-grained 
greywacke as in bed 1; attitude as in bed 1; lower 
contact conformable ..... 

Siltstone as in bed 2; base cut off by intrusive rock of unit 5 

5 (est.) 

JO (est.) 

8 (est.) 
10 (est.) 

LOWER TERTIARY OR (?)HIGHEST UPPER CRETACEOUS 

?Sooke Intrusions 

Diabase, dark greenish grey, fine-grained , slightly por
phyritic (trachytic), dense; this intrusive dyke strikes 
N20°W and dips 75°W ... ...... ... . .. ...... .... ... . . 

LOWER CRETACEOUS (APTIAN) 

Coal Harbour Group 

Coarse arenite unit 

Siltstone as in beds 2 and 4; both contacts cut off by in-
trusive rocks ...... .. . 

3 

7 (est.) 

LOWER TERTIARY OR (?)HIGHEST UPPER CRETACEOUS 

?Sooke Intrusions 

?Dacite, light green-grey, felsitic to very finely porphyritic; 
phenocrysts consist of lath-like, white feld spar and of 
dark mineral (?hornblende); numerous large pyrite 
crystals; this intrusive dyke strikes N50°W and dips 
60° to 70°W; thickness fluctuates from 2 to 4 feet.. 

LOWER CRETACEOUS (APTIAN) 

Coal Harbour Group 

Coarse arenite unit 

Siltstone as in beds 2, 4, and 6; strikes NJ0°E, dips 40°W; 
both contacts cut off by intrusive rocks of dykes 7 
and 9 ... ... ...... .. . ..... ........... .... .. ..... .. .... . 

4 

45 (est.) 

165 

160 

150 
142 

132 

125 



Unit 

9 

10 

11 
12 

13 

Thickness (feet) 

Description of unit above base 

LOWER TERTIARY OR (?)HIGHEST UPPER CRETACEOUS 

?Sooke Intrusions 

Diabase, dark green -grey, fclsitic to somewhat and finely 
porphyritic, locally slight ly and finely amygdaloidal 
(white calcitic amygdules); very dense; this intrusive 
dyke strikes north- south and dips about 90° .. 

LOWER CRETACEOUS (APTIAN) 

Coal Harbour Group 

Coarse arenite unit 

Siltstone, dark grey, spheroidally weathering, partly arena
ceous; very simi lar to siltstone of beds 2, 6 and 8; 
strikes Nl0°E, dips 40°W; base covered; upper contact 
intrusive; visib le ... 

Covered along the shore for.. 
Greywacke, grey, coarse-grained, partly gritty and locally 

pebbly; thickly (3 to 6 feet) bedded; includes pods and 
lenses of s imilar but calcareous greywacke and grit; 
strike N30° to 40°E, dip 20° to 25°W, base and top 
covered; visib le .. 

Covered east of vis ible base of bed 12 (harbours a major 
fault?) to the mouth of Aweisha Creek for.. 

2 

30 (est.) 
225 (est.) 

50 (est.) 

3, OOO (est.) 

80 

50 

Section 35. (No Field No., 1954). Measured on Lind Islet and in the bluffs of the northern 
shore of Quatsino Sound for about 185 yards west of the islet (latitude 50°29'0611 N, longi tude 
127°48'4811W). 

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 other sections of the formation; in 
the basal 3 to 6 inches the conglomerate contains 
abundant fragments and pebbles of greywacke and 
siltstone lithologically ind istinguishable from those of 
the underlying beds; higher up these pebbles become 
rare; strike N70°E, dip 25° to 30°W; contact with bed 2 
sharp, somewhat uneven and suggestive of an erosional 
disconformity (P l. IXA); top not reached in the shore 
bluffs; visible up to ..... 100 (est.) 280 

225 



Unit 

2 

3 

4 

5 

Description 

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, lami
nated greywacke; within the next 160 yards westward 
along the shore this unit seems to lose gradually all its 
conglomeratic and gritty interbeds until it is composed 
almost exclusively of fine-grained greywacke irregularly 
interbedded with an equal amount of dark grey to 
multicoloured (in thin layers or laminae), laminated, 
more or less arenaceous, locally somewhat carbonac
eous siltstone (Pl. IXB); 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); forms beds I to 
3 feet thick; strike N50°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 ... 

Channel separating Lind Islet from the mainland is covered 
by sea water for 60 yards and probably undeilain by 
rocks of unit 5 ............ . 

Sandstone (subgreywacke?), dull grey, fine- to medium
grained; thin-bedded to laminated; contains a number 
of lenticular lenses or loaf-like inclusions, 2 to 20 feet 
long and I to It 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 unfossiliferous otherwise; strike 
N70°E, dip 20°W; top and base concealed beneath the 
sea; visible 

Thickness (feet) 

of unit above base 

55 (est.) 180 

40 (est.) 125 

60 (est.) 85 

25 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). 
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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 N40°-50°W and dips 
from 3° to 10° west; top and base concealed, visible .... 15 (est.) 29 



Unit Description 

2 Covered and presumably underlain by the same greywacke 
as in (!) .. 

3 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 .. 

Thickness (feet) 

of unit above base 

6 (est.) 14 

8 (est.) 8 

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, longi
tude 127°43'00"W) and that opposite Lind I slet (latitude 50°29°06"N, longitude 127°48' 
48"W). 

2 

3 

4 

LOWER CRETACEOUS (ALBIAN) 

Coal Harbour Group 

Blumberg Formation 

Pebble-conglomerate, coarse, massive-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 t inch to 4 feet in diameter but pebbles ranging 
between 3 and 8 inches predominate; clasts consisting 
of the volcan ic 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 pebble-conglomerate probably 
derived from the underlying Lower Cretaceous rocks 
occur more rarely; the presence of boulders of conglom
erate lithologically identical with that characterizing 
the lower part of the Blumberg Formation (see Pl. XB) 
is interesting in suggesting the occurrence of intrafor
mational periods of uplift and erosion within the 
Blw11berg Formation; attitude unknown; top concealed 
and a completely covered interval, about 180 yards 
wide, separates the bed from the predominantly 
arenaceous rocks referred to the basal part of Upper 
shale unit (seep . 105); base covered; visible .. 

Completely covered along the shore but possibly underlain 
by the same conglomerate as that of bed l ... .. . 

Pebble-conglomerate, as in bed l but includes some pods 
and interbeds of dark grey, medium-grained greywacke; 
includes large 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 grada-
tional; visible ...... .... . 

Greywacke, grey, medium- to coarse-grained, massive
looking, hard; strike Nl0°-20°W, dip 20° to 25°E; 
lower contact conformable and gradational.... 

18 (est.) 2,978 

600 (est.) 

80 (est.?) 2,960 

15 (est.) 2,880 

227 



Unit Description 

5 Pebble-conglomerate, much as in bed 3 but wi th a grit 
rather than greywacke matrix in the upper 15 to 20 
feet; lower 140 to 150 feet includes numerous pods 
and interbeds of greeni sh grey, coarse-gra ined grey
wacke and its matrix becomes lighter and brownish 
green coloured; this co nglomerate phase is indist in
guishable lithologically from the conglomerates of the 
lower part of Blumberg Formation; strike nuctuates 
from N20°W to NI 0°E with dips 20° to 30°E; lower 
contact gradat ionaL ... 

6 Greywacke, greenish grey, massive-looking; coarse- to 
medium-grained, hard; outcrops poor and intermit
tent; lower contact covered ..... 

7 Conglomerate, dark grey, predominantly cobble to boulder; 
includes numerous large blocks, boulders and pebbles 
of dark grey, partly coaly shale and si ltstone and those 
of rust-greenish coloured pebble-conglomerate similar 
to that characteristic of the lower part of Blumberg 
Format ion; large pods and lenses of whitish grey, 
coarse- to fine-grained ?arkose occur locally; outcrops 
poor and intermittent in the middle interval (60 feet 
wide) which apparently harbours a fault as the con
glomera te is strongly disturbed, sheared, and contorted 
in the proximity of this interval; elsewhere it strikes 
north- south to NI 0°E and dips 15° to 30°E; outcrops 
a re again very poor for about 80 feet in the interval 
35 to 115 feet above the base (intrusive contact) of the 
unit ; the basal 30 to 35 feet is bright rust- to maroon
coloured and hardened due to the thermal effect 
(thermal halo) of the adjacent intrusive body 8; this 
colour change takes p lace abruptly some JOO yards 
east of the point where the shore becomes rugged and 
bluffy; grades into intrusive body 8 through a few feet 
of metasomatically a ltered to completely granit ized, 
hard conglomerate .... ...... .... .................... .... .. .. . 

Thickness (feet) 

of unit above base 

200 (est.) 2, 865 

50 (est.) 2, 665 

260 (est.) 2, 615 

LOWER TERTIARY OR (?)HIGHEST UPPER CRETACEOUS 

8 

228 

?Sooke Intrusions 

Granite porphyry, beige lo whit ish grey or light pinkish 
grey when fresh, weathers li ght brown; medium- to 
coarse-grained; phenocrysts consist predominantly of 
rust- to orange-coloured potassic feldspar (?orthoclase) 
and water transparent potassic feldspar (?sanidine); 
visib le quartz crystals fairly numerous (20 to 25'7o); 
phenocrysts of dark mineral rare to very rare (leucocra
tic granite); numerous xenoliths of pebble-conglom
erate occur near the contact with unit 7; a little sulphide 
mineralization noted locally; intrusive body appears 
to pinch out completely on the tidal shelf near the 
water's edge and to widen rapidly inland to .......... 75 (est.) 



Unit 

9 

Description 

LOWER CRETACEOUS (ALBlAN) 

Coal Harbour Group 

Blumberg Formation 

Pebble- to boulder-conglomerate, bright rust- to maroon
co lou red due lo thermal action of adjacent intrusive 
bodies; metasomatically a ltered and part ly "grani
ti zcd" 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 much 
as in units 8 and JO; attitude as in unit 7 ... 

Thickness (feet) 

of unit above base 

50 (est.) 2,355 

LOWER TERTIARY OR (?)HIGHEST UPPER CRETACEOUS 

JO 

?Sooke Intrusions 

Leucocratic granite porphyry as in body 8 and surrounded 
by zones of "granitized" conglomerate, 3 to 4 feet thick, 
near the contacts with surround ing sed iments; sharp 
intrusive contact with unit 9 strikes about north-south 
and dips 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 intru
sive 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 CRETACEOUS (ALBIAN) 

Coal Harbour Group 

Blumberg Formation 

11 Pebble-conglomerate, coarse to fine , mostly dark grey but 
with some interbeds of rust-coloured to rust-green
coloured pebble-conglomerate; the rock is thermally 
a ltered and bright rust- to maroon-coloured as in 
bed 9 in a zone about 30 feet wide, fringing the 
intrusive body I O; mainly tightly packed and pebbles 
are fairly well so rted as to size in the individual beds; 
pebbles t inch to 6 inches in dia meter p1edominate 
but a greater or lesser admixture of coarse (6 to 10 
inches) pebbles, cobbles, and small to large boulders 
occurs in some beds ; pebbles consist predominantly 
of various volcanic rocks apparently derived from 
the Vancouver Group and of granitic rocks presum
ably derived from the Coast Intrusions; pebbles are 
mostly subrounded to well rounded; interbeds of 

J05 (est.) 

229 



Thickness (feet) 

Unit Description of unit above base 

230 

greywacke and pebbly grit are rare; strikes range 
from N80°W to N40°W with dips 10°-20°E; the rocks 
are cut by minor, NW-trending normal and reverse 
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; its true 
thickness is therefore in order of.. l , l I 0 (est.) 2, 305 

12 Irregular alternation of dark grey pebble-conglomerate 
as in unit l l with rust-coloured to green-yellow 
pebble-conglomerate ; both colour phases are about 
equally widespread; numerous irregularly scattered 
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 throughout 
this interval ; upper contact gradational; lower contact 
covered at the mouth of a small creek entering the sea 
in the northern corner of Shapland Cove; the conglom
erates of unit 12 outcrop uninterruptedly for about 
I, I 00 yards across their general strike; its visible 
thickness is therefore in order of. ... 800 (est.) 1, 195 

13 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 .. ...... ......... .. .. 300 (est.) 

14 lnterbedding 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 medium
grained, pebbly greywacke; strike about east- west, 
dips 55° to 60° north; top covered and presumably 
cut off by the above-mentioned, major fault; lower 
contact poorly exposed but apparently conformable.. 130 (est.) 395 

l 5 Pebble-conglomerate, fine to coarse, green-yellow to rust-
coloured, tightly packed, hard; attitude as above, 
base covered; visible... 100 (est.) 265 

16 Greywacke, grey to dark grey, fine- to medium-grained, 
thin-bedded to laminated; general strike N40°-50°E, 
dip 45°W but the rocks seem to be strongly disturbed; 
outcrops very poor and patchy except in the middle 
l 7 to J 8 feet of the unit; top covered; visible. ..... 85 (est.) 165 

J 7 Irregular interbedding of pebble-conglomerate, grit, 
coarse-grained greywacke, and fine-grained, laminated 
sandstones (as in the overlying beds) with dark grey 
sandy siltstone; pebble-conglomerate is more common 
than other rock types; all rocks are exceedingly con
torted, shattered, and obviously occur within a strong 
fault zone; no estimate of thickness is possible; width 



Thickness (feet) 

Unit Description of unit above base 

across two long and broad, low points and the inter-
vening shallow embayment of the shoreline... .. 1,000 (est.) 

18 

19 

Greywacke, greenish grey, coarse- to medium-grained; 
some interbeds of pebble-conglomerate as in the 
overlying beds; regular strike N20°E and dip 20°W; 
upper contact covered; lower contact appears to be 
conformable; visible .... .. .. . . 

Pebble-conglomerate as in overlying beds; strike N10°W to 
north-south; dip 20° to 25°W; base covered beneath 
the water; visible ..... ...... . ... .. ...... .... ............ ........ . 

Units 18 and J9 disappear beneath the sea at the 
southern base of a marked rocky point about J ,OOO feet 
northeast of Lind Islet. Unit l 7a outcropping 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 J 8. 

17a Pebble-conglomerate, as in unit 15 ; attitude as in beds J 8 
and 19; at the 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 altered as that of bed 9; 
some 60 to 70 feet farther southward this bright rust
to vermilion-coloured conglomerate becomes ex
tremely metamorphosed and in places (small dykes or 
veins?) partly "granitized"; this metamorphosed con
glomerate outcrops on the tidal platform and in the 
steep, bluffy slopes above it for the 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 J 5; base 
covered; visible 

60 (est.) 80 

20 (est.) 20 

120 (est.) 

Section 37. (Field No. 251 /2-6, 1954). Measured on the northern shore of Rupert Inlet 
between the point 2t miles north-northeast of the tip of Hankin Point (latitude 50°35'27" N, 
longitude 127°31'06"W) and the southwestern shore of a deep nameless cove behind Narrow 
Island (latitude 50°35'40"N, longitude 127°29'24"W). 

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 acidic to gabbroic Coast In-

231 



Unit 

2 

3 

4 

5 

6 

7 

8 

9 

232 

Description 

trusions present in comparable ratios; few sed imentary 
clasts; top and base concealed; visib le ... 

?Arkose, light grey, coarse- to medium-grained, medium 
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 a nd 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° south; probably under
lain 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 t to It feet th ick, which 
are separated by similarly thick interbeds of black, 
carbonaceous sha le within 20 to 30 feet westward; the 
coal contains the following palynomorphs (GSC-C-
4309) identified by William S. Hopkins Jr. : Lycopo
diumsporites austroc/avatidites (Cookson) Pocock, 
Lycopodiumsporites sp., Gleicheniidites se11011icus 
Ross, Deltoidospora sp., Cyathidites cf. C. minor 
Couper, Trip/anosporites sp., Os1111111dacidites wel/manii 
Couper, Acanthotriletes cf. A. varispinosus Pocock, 
?Selaginella sp., Verrucosisporites sp., Cicatricosi
sporites pe1foratus (Baranov, Nemkova, and Kondra
tiev) Singh, Cicatricosisporites australiensis (Cookson) 
Potonie, Cicatricosisporites sp., Appendicisporites 
p erp/exus Singh, Vitreisporites pal/idus (Reissinger) 
Ni lsson, Pi1111s sp. hap/oxy/on-type, Cupressaceae 
(J1111iperus?), Ts11gaepol/e11ites cf. T. mesozoicus Couper, 
Monocolpatc, ?Tricolpate; age: probably Albian, top 
covered; visible .. 

Pebble-conglomerate, fine to medium ; grey, lithologically 
s imilar to that of beds I and 3; occurs in beds and 
members from 2 to 40 feet thick alternating with 
similarly thick beds and members of coarse pebbly 
grit and coarse-grained, pebbly sandstone; strike 
approximately east- west, dips 25° to 30° south; out-
crops 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 J, 3, and 6; almost devoid of interbeds and 
pods of grit and sandstone; forms a sharp, dagger-like 
point of the shoreline ....... . 

Covered inside of a long indented cove and possibly under
lain by a unit of softer rocks; across general strike ... 

Pebble-conglomerate as in unit 7; strike about east- west, 
dip 30° south; forms another sharp, dagger-like point 
of the shoreline .. 

Thickness (feet) 

of unit above base 

20 (est.) J ,272 

IO(est.) 1,252 

300 (est.) I, 242 

120 (est.) 942 

3 822 
(approx.) 

450 (est.) 819 

100 (est.) 369 

100 (est.) 

J 50 (est.) 269 



Unit Descr iptio n 

JO Greywacke, bluish grey to brownish g rey, fine- to coarse-
grained, gritty and pebbly loca lly but does no t seem 
to include any interbeds o r pods o f grit or pebble
conglomerate .... 

11 Pebble-conglo merate, med ium to coarse (3- to 6-inch 

12 

13 

14 

15 

16 

17 

18 

pebbles predominate), grey; litho logically sim ila r to 
that of beds I, 3, 6, 7, 9; includes considerable pods, 
lenses, and interbeds of pebbly grit a nd coarse-gra ined, 
common ly gritty sandstone (inc ludes both arkose
and greywacke-li ke types); carbon ized wood occurs 
in the lower part; s trike north 70° to 80° west, dips 
25° southwes t ... 

Interbedding o f coarse grit a nd fine pebble-conglomerate 
as in overl ying beds, bluish grey; scattered larger 
pebbles occur throughout the thickness; locally 
grades into coarse-grained gritty greywacke; pebbles 
and gr it parti cles are commo nly composed of carbo
naceous sha le a nd greywacke apparently derived 
from the underlying bed 13; lower contact uneven, 
sharp and o bvio usly eros ionally di sconforma ble; 
upper contact gradational.. 

Coarse arenite unit 

Greywacke, dark grey, hard and resi stant , fine-grai ned, 
silty; grades latera lly into similar ly coloured, very 
arenaceous siltstone ; sma ll pods, lenses, and thin 
layers of coaly siltstone a nd very low grade coal 
occur loca ll y; bed contains numerous sma ll , carbon
ized fragments of wood, bark, and leaves; complete 
leaves a nd fe rn fronds are exceedingly rare .. 

Shale, black ish grey to brownish grey, carbonaceous and 
sometimes coaly (especia lly in topmost 6- 10 inches) ; 
some laminae, thin layers, and interbeds o f grey, 
fi ne- to med ium-gra ined greywacke ... 

G reywacke, light to med ium grey, fine- to med ium-grained, 
very silty, thin ly bedded a nd weathers flaky ; upper 
co ntact gradational.. . ........ ... . 

Covered a nd probably underlain by greywacke as in bed 
15... ···························· · ·· 

Greywacke, light grey to blu ish grey, brownish grey 
weathering, ha rd and massive-looking; fine- to 
medi um-gra ined a nd common ly si lty; coarse quartz 
grai ns and grit part icles dispersed throughout the 
bed; strike north 60° west, dip 25° west.. 

Si ltsto ne, dark grey to brownish grey, arenaceous; com
mon ly conta ins pods, lenses a nd t - to I- foot interbeds 
of black coaly s il tsto ne a nd very low grade coal; 
upper contact uneven , sha rp a nd o bvio usly erosionally 
disconformable; base concealed beneath beach 
deposits inside a narrow lagoon s ituated behind 
Narrow Isla nd; visib le up to . 

Thick ness (feet) 

of unit above base 

36 (est.) 119 

45 (est.) 83 

38 

37 

4 36 

13 32 

3 19 

II 16 

5 5 

233 



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 
limb of sma ll markedly southwes t-plunging anticline), lat itude 50°30'43"N, longitude 
127°44'12"W. 

U nit 

2 

3 

4 

234 

Description 

UPPER CRETACEOUS 

Cenomanian Stage 

Upper shale unit 

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 N50°E 
and dips 19°E; top covered; lower contact grada-
tional; visib le .. .... . 

Pebble-conglomerate, fine to medittm (t - 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 clay balls were noted a lso; rich in matrix 
consisting of coarse- to fine-grained greywacke 
(gritty) or fine to coarse grit, a lso contains numerous 
laminae, ±-inch to 2-inch in terbeds and pods of gr it; 
fossi ls mainly occur at the gradational contact of 
beds I and 2; this Cenomanian fauna (GSC Joe. 
83932) includes: Desmoceras (Pseudouhligella) ex aff. 
ezoanum Matsumoto, Baculites (Sciponoceras) n. sp. 
ex aff. kossmati Nowak, Eogunnarites unicum (Yabe), 
lnoceramus ex aff. /. crippsi Mantell, a nd several 
indeterminate pelecypods and gastropods ...... ... . 

G reywacke, du ll brown in fresh and. weathered state, fine
grained, thinly bedded to laminated; contains some 
worm burrows; mostly friable; interbedded with du ll 
grey, somewhat sandy, friable shale (outcrops poor); 
base concealed in the anticline's axis; attitude as in 
bed I ; visible .. ...... ..... ....... ... .......... ............. ....... . 

Completely covered in the ax is of the anticline (across the 
strike) ..... . 

On the western side of the covered interval, grey
wacke of bed 3 reappears wi th the attitude: strike 350°, 
dip 42°W. lnoceramus ex aff. I. pictus Mantell (GSC Joe. 
83931) was found in bed 3 on the western limb of this 
anticline. 

Thickness (feet) 

of unit above base 

3 

St 

5 5 

96 



Section 39. (Field No. JA-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 Jogging road 
branching off the main Gibson Road at the alt itude ± 2,150 and on the eastern slopes above 
this road between the altitude ± 2, 100 and 2,500 (latitude 50°28' J 5"N, longitude 127°29' 
OO"W). 

Unit 

2 

3 

Description 

UPPER CRETACEOUS 

Nanaimo Group 

Cedar District equivalents 

Arkose, dull brown with rust-coloured spots, fine-grained, 
extremely uniform and indistinctly bedded, friable; 
strikes 355° and dips 20° west; no identifiable foss ils 
seen; top and base covered; visible in the steep banks 
of a small left confluent of Lippy Creek (near its head 
at the altitude ± 2,450 to 2,280 feet) crossing a 170-
foot-high, steep, logged out top part of the slope ... 

Almost completely covered, logged out JOO-foot-high slope 
between the top of unit 3 and a terrace-like step 
forming the base of slope where unit I is exposed; 
scattered outcrops of arkose more or less as in unit 
4 and probably underlain by this rock throughout; 
no attitude; base and top covered; assumed thickness .. 

Thickness (feet) 

of unit above base 

150 (est.) 261.5 

70 111.5 

LOWER TERTIARY OR (?)HIGHEST UPPER CRETACEOUS 

?Sooke Intrusions 

Rhyolitic intrusive rock, light blue, bluish white or cream 
white when fresh, weathers buff- maroon- or rust
coloured; completely unaltered and friable; very 
porphyritic and amygdaloidal; matrix between pheno
crysts felsitic; medium- to large-grained phenocrysts 
consist predominantly of dirty white ?potash feldspar 
(75'70 ) and quartz (more than 10'7o); many t " to ! " , 
irregularly rounded to vermiform amygdules 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 indi
vidual crossbeds of unit 2 within a couple of feet 
a long strike and its attitude differs from that of 
underlying unit 4; strike of the contact is Nl0°E with 
dip 5°W; top concealed everywhere, visible up to .. 
The above-described rhyolitic dyke outcrops through

out an interval, about 15 yards long, at the northern end 
of previously mentioned secondary logging road (see PI. 
XIIB). 
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Unit 

4 

5 

6 

7 

236 

Description 

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 
intensively crossbedded; some crossbeds are large 
(J - 3 feet across), low, scalloped, and apparently 
deltaic to beach type ; some interbeds of indistinctly 
bedded, massive-looking sandstone; persistent and 
reliable strike N40°E to N50°E with dips about 10°W; 
outcrops mostly poor and discontinuous .. 

Pebble-conglomerate, fine to very fine, pebbles from t " 
to t " predominating; mottled brown-grey, friabl e, 
contains abundant gritty and coarse-grained grey
wacke matrix; pebbles a lmost exclusively composed 
of volcanic rocks (most ly of the Bonanza volcanic 
types) and of black argillite, greywacke, 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; 
grades upward into bed 4 through a 6- to 8-inch bed 
of pebbly, coarse grit.. 

Greywacke, bluish grey when fresh, weathers chocolate
brown and chunky, later spheroidally, ferruginous, 
medium hard, tine grained, indistinctly but thinly 
bedded; base concealed; contact with bed 5 abrupt 
but even and apparently conformable; fairly common 
fauna (GSC loc. 82958) found in the uppermost l foot 
of the bed includes Baculites cf. chicoensis Meek , 
sensu Usher, 1952, !11oceram11s chicoensis Anderson, 
!11ocera11111s ex aff. balticus Bohm, and "Rhy11c/1011efla" 
suciensis Whiteaves; visible ..... . 

A completely covered interval about 20 yards long a long 
the previously mentioned secondary loggi ng road 
(i.e., direction about 350°). This interval is the same 
as unit l of section 29 and separates this sec tion from 
the here described Nanaimo Group section. Barring 
the rnost unlikely occurrence of a fault (rocks on both 
sides are concordant, have very low dips, are neither 
sheared nor contorted and do not exhibit any calcitic 
veinlets or stringers), this covered interval conceals a 
disconformable (more likely unconformable) contact 
between the Nanaimo Group and the underlying 
Barremian variegated elastic unit. Estimated thickness 
of covered rocks. .. ... . ............. ...... . 

Thickness (feet) 

of unit above base 

25 4Jt 

4 16t 

12t 

8 8 
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