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STRATIGRAPHY OF THE WEST COAST.OF VANCOUVER ISLAND

BETWEEN KYUQUOT SOUND AND ESPERANZA INLET,

$ 3 . ”.' L‘h 1‘ AR o~ .l S et : ’ 3.
BRITISH COLUMBIA
Frow e e e RPN 2 SO ) A 1
1
oo 5 ' o T T i
.‘( M r JEUe
INTRODUCTION )
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The field seas?n of 1949 was spent in the study of the
stratigraphy of the marine and voleanic quqzo}g su??ggeiqp %lgnghi

a part of the west coast of Vancouver Island and adjgcgnt_ial%gda
o 2o H o . Pt B it '

2%
and”reeﬁg. .The area studied lies b%ﬁwaen %c&ean Cﬁxqf‘nq:the 4 a3
south shore of Kyuquot Sound, and a point on the northern shoge 5o
of EsPeranzgrlnlet; 3§Po§;tel§hg W%ﬁ%?rn Eglpt of ggYQIa Islqu.

: It was ?oped.tbay the study might g§§abliqh a ?ype seot;og agq,$ ca g

suoceasion of Upper thassic‘and ngermost Cretaqqqgs fossil faunas
that_would serve as o standard for strate of these 8ges throughout

the Canadian Cordillera. The results obtained 80 far are encouraging@

The struotural complexity of. the area, the relatively emall

L 3

size of the teotonio unite, and extensive and rigid zonal nolleoting
from alﬁ'fossiliferous mgmbepp negegsiﬁated a.detailed.studyjof the
areas Most of 1% Wa.g mapped on, a soale of about 1 inch to 2,000 feet, '
but some esp901ally complicated parts were mapped on about 1 inch

to l,SOO feet and some at about 1 inch %o 1,250 feet. An enlarged

'copy of Admlralty Chart No. 3632 s the base for the map aooompanying
this report.
g ! ‘:i F°

Wbrk in the field was facilitated by thp able assistance of

- o o -
N t a™ i ~ t ¢ ‘}l

P

P. M, !olan_and D. He McDonalde Dr. J, W. Hoadley, of the Geological

Survey of Canada, gave much valuable edvice and helps

0

R ' GENERAL CHARACTER OF THE AREA .

=1 ' The area mapped is entirely within a nerrow coastal plain
lying between thé steép slopes of & mountain range on the east and the °
Pacific O6eans “Fhis strip of Goastal p iin nowhere in the ares mapped

- ¢xce6ds 2 miles in breadth and most of it is 1 mile ‘to 1% mi1ds ‘wide
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or lesse On the southern shore of Kyuquot Sound, about % mile cast
. .

-

of McLean Cove, and on thg,nqrthg;ngphorehqfﬁEsQQ;gnzi Inlet, about

1

£ mile west of the western end of Catale Island, thisicoastal plain

pinches out where the steep slopes of the mountains rise immediately
above the narrow wave-worn shelf,

Much of the coastal plain ldes 100 to 120 feeé above sea=levell
and 1is, fér tﬁé:mﬁsé'part; alﬁost.fégéﬁ;eléss and f£lat, but is gﬁéers
ruptednﬁéfé andtfﬁéfé by geﬁ€i§ ro&naed hills, none oé;which e;ce$a§'

500 feet in élézﬁﬁibﬁ and ﬁost of which are not morc than 200 to é50

"~

feet high.
' An irregular and broken line of islands extends along the shore,
the farthest lying 2 to é% miles from the mainlend, It seems probable

these islands also ?epreseht fragments of the coastﬁi plain not yet

. 1

T e, . . . ' H £ )
destroyed by %owerful marine erosion because of the relative durability

I . v
.

S T ;
of the rocks composing them.

¢ F. TN

_ E - ?54’441;': K e ! o
All the land areas cbove the hfgh—%ide mark or thet reached

i s , y TR U I .
by woves during winter galeé, including all ﬁﬁe hills and slopes of the

mounteins landward of the coastal plain, arc densely wooded, Aibhg the

i - . % ‘. » . ~
shores of Kapoose Creek, however, are patches of grassy, partly swampy

land just above the high-tide mark.

o

" The shoreiine,'in contrast with the surface of the coastal
plein, shows everywhere a great diversib&-ofﬂ%elieff dus, Apfareﬁ%ly,
ta powerful marine.ercsions Mbré than 50 per cent of it is fsfmedwdf.
bedrock, with occasional insignificent patches %f sendy or pebbly

beaéh.. In this %ype of shoreline, a'ﬁave;worn,‘rocky shelf is

4 S

commonly bordered by'hféep to précipitous.rocky bluéfs éfowﬁgd by :
dense forest. The contact between shelf and bluff oommonly coineides
with that between the Uiéer Triassic sedimentary streta ond the over-
+lying voleanic rocks, and the same abrupt chenge in relief applies to
the contact between the Lower Shale member and the overlying Sandstone

member of the Upper Jurassic series between Kapoose. and Brecciated:Points,
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Such rocky shores are, however, interrupted for consideraeble .
distdnces by long, and relatively brosd, sandy or pebbly beaches im=
mediately bordered by dense-forest. Along these ‘beaches only minor:; .
patches of bedrock ore exposed, forming isolated rocks or bluffs : .

" surrounded by beach or forests - - ; R

Séveral larger rocky points bresk the shoreline :and project
far into the sea. :Thesé poiﬁts consist for the most part of bare rock,
surrounded by flat, roecky shelves or bedches,-end covered on top,
abéve the reach of the waves, by dense forest and-underbrush.

The islarids, islets, and numerous reefs are mostly quite bare,
Only a-few'of the largest islets and-islandsg, such as Clark and Grassy
Islaﬁds,“are!densely covered by high grass,and underbrush in the parts
beyorid the reach of the highest tides and the waves of winter gales.

" ! Bxcept for somé-of the more rugged parts, travel is relatiyely
ea.8y along.shore. Between Rugged Point and Jurassic Point it is,
also possiﬁle to'usé- an open boat with an oubboard motor, except during
strong winds or storms. Travel inland, however, is-very~a1fficult, as
the underbrush’is extremely dense, fallen trees are everywhere abundant,
end passable trails are anll but lacking. Furthermore, outerops are
very scarce. Consequently, the survey was largely confined to the..
seaShorgr islands, islets, and numerous reefs. .

*\The ~Area: is uninhebited, However, a group of cebins near

the mouth of Kapoose Creck and a single partly dilapideted .cabin 40Q
to 500 feet north from Mushroom Point present mute ovidence of
unsuccesaful ‘attempts at settlement, The nearest settlements are
Kyuquot on’ Walter Islend, Chemiss Bay logging: tamp in the bay of .the
" same name within Kyuquot.Seound, end Queens Cove in Eliga Inlets .The
writer's party camped nearly all season at the mputh of Kepoose Creck,
where two, fairly wellepreserved cabins on its right shore, TOO to 800
feet upstream from its mouth, offered welcome shelter. This oreak was

found to be nearly always nevigable for an 1l8=foot boat at high tide



for: a period of, 25 to 3 hours, ond offered a camping:plq?e p?:fectly
sheltered from.ony gales The brond, open bay at its pouth’affggds.ﬁ
sultpble anchorage for any iishipg bpgf guring fair.weqfharlogigYPﬁ
during o breeze. The;lB-fqotﬁb0qt wps‘qlso enchored #pqrg whgn'tidef‘
were not suitable for reaching the campsite. .

‘. . Porritt Greek also seems to offer a good, sheltered campsite,

but not as .sotisfactory as the one on Kapoose Creeks

, - -During the entire field season, from June ﬁo mid-Septembgp,
the weather was.generally fair and mild. However, the generally damp
.air made life in tents somewhat unconfortable, especlally due to the
tendency for.all equipment, personal bglongings, foad, and the tents
themselves to beaome mouldy. Two or.threo prolonged gpells of.bad
wegther during June and July, accompanied by gales and @eavy rgins,'

- forced the. party to stay in the camp for a period totql}@nghz to 3
weekBe- = - SRR .

. Big game is fairly common-and quite bold in this erea. Deer
end, black bearsqwere-oyten seen‘aropnd the ocamp gnd even visited iﬁg_
on several occasions, Espeoially in late Augusttapd early §eptember,
while oamping at Yellow Bluff, hardly; a- day passed whon members of the

.party did not see ome or more black bear on the shore collgcting sea
foods On two occasions tracks of a cougar were seen, and one visited
the camp one night. ., Mink end racoon appear %o abound. in the area and,
according to the information of old=-timers f;qngKyuguot, trapping was
good during the previous winter. ...

_ A fow trout and steolhead were seen in Kepoose Creoek, and some
ood were caught by trolling in the sea,:but, onxﬁhgswhole, fish_we;e
scarcc in both .sea ond stream. waeveg& local fishermen along the céasﬁ

ponsidered, it a poor season. r

. . * T .. 1,
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PREVIQUS GEOLOGICAL WORK

The first geological Wwork done in the sres mapped, so far as =

277 is'known to the writer, was that by Haycock (1906)" and Webster (1906)

Ty : )
- Dates in parentheses are those of references listed at end of this
reporte

who investigated the northern shore of Esperanza Inlet between Eliza

“'inlet and Tatchu Point, Dolmage,}IQZi)»spent part of one field scason
mapping in the area, and Bancroft (1940) revised the goeologlical structure
and succession along the northern shore of Esperanza Inlet between

", " Bliza. Inlet and Tetchu Point. Due acknowledgment of their results will

be made elsewhere in this report,

STRATIGRAPHY

INTRODUCTION
The following pféiiminafy account of the strdtigraphy and
structure wﬁs'ﬁdSed on one season's field work. As yot the conclusions
reached are'necessarily limited, arid the descriptions of rock types

“are based on mogascopic examinations only.

TABLE OF SEDIMENTARY AND VOLCANIC ROCKS

‘TERTIARY °

AGE LITHOLOGY AND THICKNESS LITHOIDGICAL DIVISIONS PALAEONTOLOGICAL ZONES
AND THICKNESS :
Sandstone, shale, coarse and : SANDSTONE=SILTSTONE Portunites alaskensis
fine grit and conglomerate;; MEMBER: 7CO-750 feet, .. . Rathbun; plant
all marine; 900-1,100 feet, top not exposed remains end marine
o -[—2 top not exposed : shells
[cagea] : ' e e
3 | -
o g i . . SANDS TONE~CONGLOMERATE Only a few poorly
§ MEMBER: 200~300 feet preserved marine:
3 . e U E © . shélls
O : : i

MAJOR UNCONFORMITY
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LOWER CRETACEQUS

UPPER JURASSIC
CATIOVIAN TO KL ERIDGIAN

LOWER NEOCOL.ILAN

re

| SANDSTONE-SHELL LIMESTONE ' IAvcells crassicolis

MEMBER: 250-350 fept, ; Keyserling; Aucella
top not exposed i crassa Pavlow,

- fuee Lln-galide Lehusa
e .
S . ... . P .Polyptychites sp,

.
o+ <aremens Banossnssrrnee,

:f inde},.
SHALE =8 ILTSTONE MEMBER: =, .
150-200 feet =~ ' Aucell& ox gre

----—-—------—.a‘keserlln"‘l

Sandstona,1siltstone,shale d'0rbigny, A, ex gr.

e eart memesmmads

impure limestone; some SANDSTONE MEMBEIR: lghuseni Pavlow,
grit and conglomerate; 260-280 feet ¢ A. ex gr, volgensis
all marine; 650-850 . _ _ i - Lahusen, Lytoceras
feet; top not exposed _ . ex gr. saturnale

Anderson, ete,

SANDSTOWE-LIMESTONE MEMBER s Aucella okensis Pavlow
15=-25 feet or more f (SA. cascadensis

Crickmay) end

relatives

K}
'

EROSIONAL DISCONFORMITY

PORTLANDIAN

H

| UPFER SHALE MEMBER:  Aucells ok £re ruzoso
| 130-150 feet Ny i~ Fischer
' ; Aucella ex gr,
Shale; impure limestone; o T russiensis Pavlow

1 minor siltstoneand . SANDSTONE-SILTSTONE MEMBER: and relatives

= | sondstone; all marine; . 25-35 feot Phylloceras ex grs

A 450-550 feet, base not j ‘ subplicatius

— exposed 5 Burghardt

g . .. | LOWER SHALE.MEMBER: S

‘TN N o | 300350 feet, base not

exposed - :
GAP IN SUCCESSION b
T — T T
| UPPER SHALE MEMBER: ~ ~ . Aucella ex grm”_ﬁ
230-250 feet or rnore, ? -—FI;EE230n81$ b
. . e top not exposed i Sokolow, A bronni
» : Rouillier, A, ex gr»
L o spitiensis oldhaus,

% [Shale and sandstone; '~ SANDSTONE MEMBER: 200-259 Fhyllocerzs| ex o

Z; siltstone, greywncke, f feet glennense Andcrson

— | erit, conglomerate; ... .. .| S N B

E some breccia and ) .

- agglomerate (mixed o Aucella bronni
-sedimentary and volcanic Rouillier var,
rocks); 7T00-1,800 feet, loguminosa Stol« .
top not exposed iczka, A, bronni

Rouillier; in
lower 80-100 feot.

: Cardioceras ex gr.
lillooetense Reeside




fy
1
'3

M SRR SN~ I I £ N

;i JLOWER SHALE MEMBER:

-7 -

BT T U

ey .

2 350-300 feet or more
0 (@) ":"". i b ¢ M :
2 4.
é gz {SANDSTONE~-LIMESTONE MEMBER:: | Cadoceras doroschini
g |E = 30 or 4O feet to 800 or Eichwald) and
o e b 1,000 feet; facies variants
5 |98 variable :
oA
UNCONFORMITY
Acidic to basic volcanic
& tuff, crystal tuff,
0 volcanic breccia,
é “acidic to basic lava Unfossiliferous
i flows; 2,500 to 3,000
E ” feet or p0351b1y more
g‘ ——————————————————————————————————————————————————
—~ A
8 o Waterlain pyroclastic
@QS .i..:rocks, tuffaceous sedi-
gcrlﬂ 2 ments, minor shale,lime- A few poorly pre-
w Bl S .~'stone, shale and congloé .served plant remains
2 ﬁh merate; 500 to 1,000
S |& &l .. feet or possibly. more
ST [Rp—  JO R —— S
toener f - -, EROSIONAL- DISCONFORMITY (POSSIBLY UNCONFORMITY).
‘:"*ln:‘."!: N r N N
T Mostly” thln, alternatlng | 'LIMESTONE MEMBER: Hannaoceras? sp. ind.
beds:.of .dark shale and;. : 39-54 feet, or )
= grey limestone, dark more
~ shale;: giltstore, sand=® -
E stone, greywacke, impure T
O . -3imestone, massive lime- | ARANACEQUS MEMBER: ., |, Myophoria cf, cairnesi
15 stone, grit, conglomerate 500-550 feet McLearn
?_. & E sedimentary. breccia, - -p__i- i . :
& e tuffaceous rocks; 900
=l g feet or more; top and THINLY BZDDED MEMBER: Monotis subcircularis
E g bottom nowhere well 200-300 feet, base not Gabb
& exposed exposed

UPPER TRIASSIC SEDIMENTARY ROCKS

A succession of predominantly marine strata, which, in its

lower part at least is knovm to be Upper Trlassm in age , 18 best

v

exnosed along an antlcllne 5 with a general trend oi‘ north 20 to l+0 degrees

west, between Brecciated and Mushroom Points,

‘Although neither the



bottom nor the top of this succession was oxaotly defined, not less
then 500 to 1,008 foot of sediments of this age are exposed in the
eastern limb of this anticline, 1n'wﬁat‘may be considered as the
typical -seoction,

Thinly Bedded Member

The 1oﬁer.200.;o 300 éééé of tﬁe Uppef Iriassic aséemblage
consists of thin, alternating beds of dark grey to black shale,
calcareous shale, impure limestone, massive limestone, oalooreous-
sandstone, and quartzitic sandstone, and is referred to in this
report as the Thinly Bedded member. In the lowest beds, well exposed
on Kapoose Rocks, limestone and calcareous shaie predominate and some
beds are 5 to 10 feet thick, '

In the type section of this member, only small, indeterminate
emmonoids were foﬁnd, but eleowhere it is more fossiliferous. On
Kapoose Roéks, the upper, more thinly bedded part contains the following
fossils of Upper Triassic time, probably late Norian Age, as‘.
determined by FeHe McLearn: Lingule sp. indet.; tubes of wood borers;

Monotis cf. subcircularis Gabby Dictyoconites sp. indet,; Gladiscites?

8ps indet. On Amos ;sland, near Kyuquot outside the area mapped,

Monotis subcircularis of Upper Triassic (late Norian Age) wes

identified by FeHe McLearne This fauna is mostly confined to dark

‘grey to black shales ln about the middle of the member,

Arensceous Member
In the upper 100 to 150 feet of the Thinly Bedded member
tge amoﬁnt of arenaceous sediments 1ncreases at the expense of shale
and limestone to where the 1atter become nearly completely replaced
by fragmentel sandy limestone, caloareous.sandstone, quartzitio(?)
sandstone, and grit. A bed of fine aonglomerate, about 2 to 3 inches
thick, aocompénied by several thiﬂ'beds of coarse grit interbedded with

light-coloured calcareous sandstone with dispersed pebbles, is



accepted as the lower limit of the Arenaceous member,
Some 500 to 550 feet of mainly arensceous rocks overlis

this conglomerate, and, together with it, are here referred to as the
Arennceous member, They consist of thick beds of dark grey to browniéh
sandstone interbedded with siltstones, sandy shales, fine to coarse
greywacke, some agglomerate, and numerous beds or rows of impure
limestone concretions. From a bed of coarse tuffaceous greywacke, -with
associsted sandstones, some 20 to 38 feet above the base of the
_Arenaceous member, the following Upper Triassic fossils were obtained

end subsequently identified by F,He McLearn: Myophoria.cf. cairnesi

Molearn, Macrodon (Catella) sps, (cf. tyaughtonae McLearn), Pecten 8pe,.

Leda? sp,, and an ostreid,

| In the upper 300 to 350 feet of the Arenaceous member, dexk
grey or brownish sandstones, siltstones,and sandy shales with numerous
thin beds or rows of coneretions of impure limestone are more wide-

spread then in lowér beds,

Limestone Member

The next suoceeding Upper Triassic member oconsists proe
domlnantly of limestone, conformably overlies the Arenaceous member,
and may be referred to as the Limestone member. At the base is a
layer, 12 to 13 feet thick, of fragmental, impure limestone, with thin
beds or lenses of calcareous siltstone-and-samdy:shdle, In places
this. layer is formed almost entirely of fragments of shells, corals,
otos The following fossils were identified by F.H, McLearn in the
oollection made by the writer: Myophoria sp., Pecten spe 1, Pecten

sps 2, Pecten (Entolium) sp., Pleuromya? sp., ostreid, and indeterminate

pelecypods, His ‘comment on the age of this fauna is that "although

a positive dating is nob possible, a Trisssic-age is probable",



Oy@rlyingﬁyhg bqggl layer afe §§nqtg”9f similar, ;qure[
. slayey on“a§ndywlimestqne,_y;thf;aygrs and lenses of fregmental
» shell=limestone 15 to 17 feet: thick. These have. yielded the following
.. fospils, determined by Fl.H. _MgLegx,m_g M 8p., an ostreid?,
.« Torebraotula® sp., end Zygites? (n gostropod), The age is possibly

Triassics.

¢

PR -~

. The visible top of the Limestone member is reproesented by a
bed; of massive, grey to dark;grey liflesSone about 12 to 14 feet thick,
with nests end lenses of light brown, fragmental limestone. This

: ;~;I.§5me_;s:cone shows strong differentiel weathering. Many fossils are

soattered in nests on the weathered surface, but cannot b.e ex‘taraoted

from the fresh rock. The following were identified by Fils McLearn

fropm a collection made by the writer in this bed: Terebratula sp.,

Pascudoscalites sp. (a gastropod), Loxonema? sp. (a gastropod),

. Cardiunm of . martini Bottger, Orthoccras? sp., Hannaoceras? sps, and

worm tubes. Again the age is possibly Triassice
Halfway between the southeastern side of Mushroom Point
and the mouth of Porritt Creck, greenisgh greoy, heoavily metamorphosed
“ yoloanic ‘roclks Hisconfomo:bly overlap the de?aﬁiy eroded and uneven surface
of the Thinly Bedded member on the east limb of the sams Upper |
Triassic anticline. In black shale, some 20 to 30 foot below the
;:ontact, poorﬁ.y 'prés:erﬁled'. small ammohoiéls were found and 'a.re'régarded
'by FeH. MoLeérn aé small, immature specimens 6f a trachyceratid?,
prob'a‘bly Triassic in a.'ge.. Theso emmonoids are probé.blir co'%xspiecific
with the indeterminate ja;xi:iigfzoias previously referred to as oéeurring
" in the ‘shale 5 the Thinly-Bedded member between Brecciabed and Mush-
.ro'om Poin‘bb‘.v: Tho cbhté.ogo-é’f:ﬁpper T"rias'sic;»sedi—ments-.-with‘f}oléanic
rosks is ‘practioally duplicated by that on the west sidé of Anos Island

near” Kyuquot where Monotis subbipoularis ocours in shales irmedistely

helow the contact, Arenaceous and limestone members are apparently



-.]71..

eroded in these secotions prior to the eruptiqn of the Jurassioc
voleanic rocks. This overlapping of di{ferent members of the

Upper Triassic assemb}age by Jurassic voleenic rocks suggest that
their ééﬁta&t mey be not only disconformable but structurally
unconformable. Although there seems to be no doubt of the erosional
disconformity, the writer hesitates to assert positively that there
is an unconformity; the contacts seen are socomplicated by folding

and faulting that no positive statement is warranted.

Age
_Although the entire assemblage deseribed above is
undoubtedly not older than ?pper Triassic, only the age of its lowost,
Thinly Bedded member can be'accurately determined in terms of
international standard stages. This member contains Monotis

subcircularis Gabb, which is considered to be characteristic of a

gone at the top of the Norian Stage, the secocond latest in Upper

. Triassic time.

None of the beds overlying the Thinly Bedded member has
yielded eny fossils whosc age could be precisely determined, although,
according to F. Hes McLearn, their faunn shows definite Upper Triassic

affinities throughout. As they do not contain Monotis subcircularis

and direotly overlie the member containing it, they must be considered
younger., It is,.howeyer, uncertain whether these younger members
ropresent a younggf Norian zonc not yet reqorded on this continent, or
represent the next younger, Rhaetien Stage{ which comprises.the
youngest Triassic rocks, and to date has.been recorded only in the State
of Nevada.

In the opin;on of the writer, the considerable th}ckness of

sedimentary rocks above the zone with Monotis subcircularis definitely

favours the presence of rocks of Rhgetian Age in the areo under
consideration, Even the pbssibility that lowermost Jurassic rocks
mey be represented below the succeeding volcanic assemblage cannot

be categorically denied, especially as sedimentary rocks of this age
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were discovered by Crickma& (1929-30, p. 59) in the vicinity of
Parson Ba§ on the east side of Vancouver Island, wheto they 1lid
with apparent ééﬁfSrﬁi€§rbn shales containing Monbtis subcircularis.

L PP
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UPPER TRIASSIC OR JURASSIC PYROCLAS TIC AND TUFFACEOU§ ROCKS

¢ 4,11 A succession of woterlain pyroclastic rocks and tuffa?gous
beds, -including some voleanic tuff and lava, is of uncertain agé_with
respect to other assemblages in.the map-aresa.

The best exposures of these rocks are on the southeast and
northwest sides of Mushroom Point, where they are in rather disturbed
and obggure con%acf with Upper Triassic sedimentary strata. Along
the ﬁéréhwesﬁ side of Mushroom Point, the bods of conglomerate ‘and
grit, with liméstone bebbles and fragmonts,'téntatively acceptééyas
merking the"contact with the Upper Triassic beds, are overlain by
dark g;een to dark grey lava flows, of which only 20 to 30 feet aro
oxposed., Both sedimentery and voféaniéwrocks are disturbed and
strongly faulted, and are intruded by dykes of light-célouréa félsitic
to porphyritic rocks. Farther éouthwest;'beyond a covered interval
of about éOO foet, are some 55 to 60 feet of conélémerate and'b;éccia.
" 'The lower beds gonsist mainly of poorly ;oﬁndéd'pebbles, but angular
o fragéénts beéome increasingly prevalent in the higﬁer bedg&;'Ih'ﬁhe

upper 30 to 35 feet;‘the 5}eccia is lérgely coﬁébsed of‘vdlcaﬂich
fragments, whefeas in the lower hérizdns'fragmenﬁgtgna'pebbleé;of
limestone predominafé. Thé metrix is in part tuffacoous and is rather
limy, and. a few, 'bhln, aremceo{ié or chlcareous sedimentary beds, in
ﬁﬁarf}aébleast waterlain, are interbedded with conglomerate and breccisa.
This succession is conformably overlain by 100 to 120 ftet of bluish
.green, amygdéioi&al or porphyritic lava followed by about 150 feet of
.lilac—fea fo g;éenpgréy~tuff inclu&fhg some beds of volcanié'ﬁroccia.

This series is in turn oveflain by 40 to 50 feet of light gréy to
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slightly reddish, fine=-grained tuff and lithologlcally similar, felsitie
lavns, which resemble the tuffs end lavas of the islands named
'Volcanic .Islets', to be discussed later in this report. On the
extremg northwesterly .end of liushroom Point, the highest of the
beds desoribed above is.overlain by some 100 feet or more of
distinctly bedded, waterlain pyroclastic rocks. These fqrm an
irregular, dome=like structure that plunges ﬁeneath thg sea, At
the most southerly exposure, the beds strike north 10 to 20 degrees
west and dip westerly at 60 degrees, whereas at the most northerly
point they strike south 25 to 35 degrees east and dip 20 to 25 degrees
northeast., Apart from local disturbances, the whole succession seems
to strike north 10 to 30 degrees west, and dip westerly at from 50
degrees. to vertically, but the dip of individual beds may be completely
reversed within a short distance along strike.

The same succession is exposed on the southeastern side of
Mushroom Point, where the pyroclastic rocks, tuffaceous sediments,
and peculiar limestone breccia are in fault contact with Upper Triassic
gsedimentary strata. The pyroclastic and tuffaceous rocks of this
section are very strongly faulted and disturbed. They strike north
20 to 30 degrees west; dips range from 60 degrees to vertieal, but
mey change direction from westerly to easterly across or.along strike,

A-sigilar succession of pyroclastlc rocks and tuffaceous
sedimentary strata, exposed on Volcanic Islets, is believed to
represent the part of the succession immediately overlying the
succession of Mushroom Point already described,

The following-succession of strate is exposed on the most

- southerly Voleanic Islet (in ascending order): -
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:(1). . Dark,; greenish grey, ephanitic, somevhat

. oalecarcous, massive rock; probably ecalcareous,

volcanic tuff; base not exposed seesesvsestcsssses

- Foct

60=75

(2) Greenish grey, thick~bedded, fine-grained, tuffaceous’

- rock, containing spherical, calcareous, and
chloritic inclusions up to 2 or 3 inches in
diameter; some beds with coarse to fine,
angular fragments; probably volcanic tuff cesevece

(3) Light grey to.reddish groy, distinctly bedded
rock. Some beds are definitely waterlain
pyroclastic rocks; others are probably felsitic

1&78. .I....Q..‘...........09‘.......0.....‘.’.0.ll'..

2(4) Light=coloured, grey to roddish grey, bedded

pyroclastic rocks, interbedded with thin layers
of coaly shale and caleareous tuffaceocus rock

or tuffaceous limestone; a few lenses or thin

~+
5

beds of dark grey volecanic(?) rocks. The layers
of coaly shale contain a few smnll lenses of
low=grade coal, 2 to 3 inches thick, carrying
poorly preserved plent remains; these were

examined by W. A, Bell, who reports: "

Eguisitites
sp. & single node with leaves resembling *° '
those of E. pellati Saporta  from the Jurassic’

of France". Nests and lerisss of coaly shalo,
plant remsins, and pieces iof charred woed also

occur quite.eommonly in the pyroclastic rocks -

themselves .!.l...0...00!.0.00'000.0..0...0.uo.o..‘

25«30

'10-12

15-17
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(5) Tuffaceous rocks similar' to those in the above
"beds bt without the persistent coaly:
a loyers, In these beds coaly shales occur in
small lenses arraonged in disorderly rows. Most . - "

“'of these rocks appear to be waterlein pyroclastic
rocks; top conceanled beneath the sea on the

wost 'side of the 1816t eescecscccscccossssssensess 60=7D

On the oagtqrn pert of another, larger, and more northerly
islet.of the group the some ;ucoossion of beds is exposed. On the
northwest part of’this islet they are apparently overlain by 100 feet
pripore of thick~bedded, greenish groy to reddish green, speckled
tuff, fine-grained tuff, and light grey to reddish grey, felsitic
lova(?). Volcanic and intorbedded sedimentary rooks exposed on the
third Volcﬁnlc Islet farther west, are probobly part of this
suocession,

Thefwaterlain pyfoolastic aﬁa voloanio rocks expo;ed on

these ﬁhree islets probably have an aggregate thickness of 350 to

450 feet or more; they are strikingly similar llthologically to the

B c.

llght-coloured tuffs and lavas exposed on the northwest side of
Mushroom Point,

Nipple Rocks shows the same succession of pyréclastic rocks
end tuffaceous beds as Voloanic Islets, whereas the nameless rocks
between the ‘two and those between Volcanic Islets ‘arnd Entrance Rocks
expose dark grey amygdaloidal lavas:and'voloanié tuffs, which are
believed to Be part of the same asserblage. ' The only -other known

owtorop of tuffaceous beds referable +o this sssemblageé is that of a
small reéf about one~third mile north 50 dogrees cdst of MeQuarry

Islets, N
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Age and Contact Relations -

Owing to the lack of. well-oxposed sections and established
palasontological or lithological horizon markers,- the writer was
unable .to reach any definite conclusion as to the age of the
assemblage here discussed, Contacts with the Upper Triassic sedimentary
strata on both sides of Mushroom Point are obscured by faults and
- other. structural irregularities, so that it was impossible to ififer
the proper place of the assemblage in the stratigraphic succession
of the ;rea mapped, Lifhologically, the limestone breccia, pyro-
clastic rocks, and lavas exposed at the above sections and elseﬁﬁere
in the aren mapped clasely résemble certain strata gf the Upper
T£iassic stemblage of'Zeballos map-area; and so may se correlative
with theﬁ and may lie below the Thinly Bodded member of the known
Upper Triassic strate. On the other hand, the rather indefinite
evidence of plants collected on the most Southerly Volecanic Islet
favours their Jurassic age. They may, consequently, répresent.
only é different facies of the Jurassic volcaﬁic rocks, whose
description follows, yet the writer has mapped thém separately én
the basis of Ehe total lithological dissimilarity of both volcenic
assemblages, Both assemblages, too, remain séparate in thei;

geographical distribution throughout the area mapped.

-~

- JURASSIC VOLCANIC ROCKS

A thick suoccession, consisting of warious lavas, voleoanic
tuffs, and breccias, overlies the Upper Triassic sedimentary assemblage
in the area mapped, and will be referred to henceforth in this report
as. the Juressic voloanic rocks. Nelther the entire thickness ef'the
assemblage nor its contacts with the underlying and overlying
sedimentary rocks was observed in a sinéle section, and the contacts,
in the few places observable, were partly obscured by faults or

irregular local folds. This lack of well~expesed, complete sections
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and of any established palaeontélogical or lithological horizon
markers prevented the writer from subdividing these rocks or from
indicating more then ‘o tentetive succession. Howover, it should
be noted that, in spite of the extreme lithological diversity of
the voloanic rocks ‘and their rapid variation along strike within
short distances, such subdivision is by no ‘means impossible.

As the succession in these Jurassic volcanic rocks is
imperfectly understood, and &s some of the members closely resemble
the volcanic rocks in the underlying Upper Triassic assemblaege,

?he mfppiq§.mnst be regarded as subject to revision,.

The, oldest rocks ¢of the Jurassio volecanic assemblage

P
Fe

aré‘seét ?xposed south of_Mushroom Point and outside of the arca mapped,
oﬁ%Aﬁos’Island n?gr Kyuquots ; .In both places Uppér Trilassic ‘
sedimentary strata are dlsconformably overlain by 100 feet or more
of highly altered, llght to dark.grey, voleanic rocks. Around the
mouth of Porritt Creek, the latter rocks are:overlain. conformably
byfsevgra} hundred feet of coarse voleanic brecgias A fault block
Sf entirely similar volcanic breccia is wedged between Upper"Triassic'
aqd Upper Jurassic sedimentary assemblages north of Brecciated Point,
Aé thé ﬁouth of P%rritt Cregk, and farther south along the shore, this
' volcanic breccia is overlain by a thick sucoessxon of volcanic rocks
.represented mainly by dark groen ‘o dark grey, medium to basie,
porphyritlc and esmygdaloidal lavas, ‘The top of this succession was
not observed, but the rocks outerop along the shores of Porritt
Creek for 250 to 300 yards upstream from its mouth.

The uppef'éart of tﬁe Jd;éssic volcanic assemblage is
represented by somewhat dlfferent voloanlc types, which are best
exposed at Rugged Point and inside McLean Oove. Rugged Point is

ocomposed entirely of these volcanic types, and at the southeast base
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of Rugged Point and on the west side of McLean Cove they dip beneath
the strata of Division A of the Upper Jurassic group.

The succession on Rugged Point is typiocal of this part of
the Jurassie volcanic.assemblage. It consists, apparently exélusively,
of various voleanic tuffs, volcenic breccias, and médiqm to acidic
lava flows, Acidic(?), brick-red to derk reddish, crysﬁal tuffs and
similérly coloured porphyritic lavas, with phenocrysts of alkaline
foldspar, abound in most beds and form nearly the whole of the middle
part of the section. The uppermost few hundred feet of the
su;cession, however, consists mostly of dark grey to greenish grey
tuffs and highly amygdeloidal, probably andesitic, lava flows, Yet
oven in this part the more acidic orystal tuffs and porphyritic
lavas are common locallys. The lowest beds are represented by more
basic, dark grey to greenish grey, voicanio tuffs and some volcanic
breccisa interbedded W1th dark amygda101da1 or porphyritlc lavas
somewhat similar to those of the lower pert of the Juressic assemblage
already described., The base of these rocks is not exposed on Rugged
Pqint{ .

The visible thickmness of the Jurassic volecanic assemblage
at Rugged Point may be esfimated as 1,500 to 2,000 feet, A more exact
measurement is not possible as the whole succession, which generally
strikes north 20 to 40 degrees east and dips 30 to 40 degroes southeast,

is rather strongly faulted and dips and strikes vary locally,

Age
The age of the Jurassic voleanic rocks can only be infer;ed
from their relations to better ‘dated overlying and underlying strata.
The fact that in some exposed sections a considerable thickness of

sedimentary rocks lies betwoen the zone of Monotis subcircularis Gabb

and the base of the Jurassic volcanic rocks makes it very improbable
that the latter are also of Upper Triassic age. It has already been

pointed out that strata above the zone of Monotis subecircularis may well °
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be of Rhaetian Age, and, if so, that the overlying volcanic assemblage,
under present consideration, could hardly be of Triassic ages
Furthermore, theso volcan%c rocks overlie the youngest sedimentery
members of the Upper Triassic Series disconformably, or possibly
even with a structural unconformity, in consequence of ﬁhich there
1s even less possibility of them being of Upper Triassic age.

The Jurassic volcanic rocks are overlain unconformably by
marine deposits of CallovienAge (oardiest Uppor Juressic). It would,
therefore, seem.most probable that they were formed et some Lower or (?)

Middle Jurassic time,

UPPER JURASSIC SEDIMENTARY RbCKS
In several parts of the map~area, a thick succossion of
fossiliferous sedimentary rocks is exposed. According to the fossils,
these rocks a?e all of Upper Jurassic age,‘and it has beon found
convenient to subdivide them into two major parts, designated Divisions

A and B respectively,

Division A

The strate of Division A overlie unconformably the older
assemblages of ‘the area mapped, and are besﬁ exposed'between the
southeast base of Rugged Point and the northeast base of Brecciated
Point,. Within this area they occupy most of bhe shore, end seem to
extend inlend for some distaence. The following description of the
upper three members of this division is beased exclusively on.their
exposures in this limited area. -Thé lowest momber, however, 1s
unsatisfaétorily ;epresented here, and its description is”based on
better exposures on Kapoose Rocks, Jurassic Point, and inside

. McLean Cove,



P o i. Sendstone~Limbstone Member .

. The lowermost: member of: Division A, referred %o -in this
report as the Sandstone-Limestone membor, presents e great diversity
of facies and Fhickness in: the: various secbtions within the area..
meppeds ~Sections differ -so much from one another in their lithology X .
and thiockness that only the fesemhlance of certain beds and the .,
fosgsil content prove that these .differences are due to changos in
facios and not to difference in dge. Two principal facies groups
have been recognized, but some sections do not conform exactly to
either of these.

One principal facies group was observed on Kapoose Rocks

end on the northesst side of McLean Cove, where 1t is characterized
by an insiéﬁifi;;nt th{ckneé; ;f basal conglomerate overlain by
caloaareous sandétone, siltstana,and greywﬁcﬁe. No limestone was
obsérved. | o

| On Kapoose Rocks, several feet of coarse, basal conglomerate
ié overlain by 5 to 10 feet of finely interbedded ooarse.grit, fine
pebble-conglomerate, and coarso sand, which grade upward into 25 to 35
“feat of fine-grained greywacge,'dark-grey sandstone, and siltstone,
The miltetone, in turn, seems to grade upward into the dark grey .shale
of ithe sudcoeding Lower Shale member, although this could only be
obsorved at the base of Brecciated Point. At Kapcose Rocks, just
above the basal conglomerate of Divieion A, a riech fauna was collected

~that included Cadoceras doroschini (Eichwald) and its varients,

thlloceras SDss Trigonia spe indetes, Cylindroteuthis sps indet., etc.

The same faune is represented throughout the member end alsc seems to
ocour in the lowermost beds of the overlying Lower Shale member,

The section on the northeast side of McLean .Cove presents
essentially the same succession as that on Kapoose Rocks. Here,

however, the basal conglomerate is only a few inches thick. It is
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composed of sma%1.pebbles and grades into coarsc grit. The overlying,
thinly.interhedded conglomerate,'grit, and caleareous sandstone
do not oxcecd 25 to 30 feet in thickness and grade upward into dark

groy shale and siltstone, A Cadoceras doroschini (Eichwald)

faung was also collected in this locality in calcareous sandstone and
grit some 20 to 25 feet above the basal“conélomorate.

On the southwest end of Mclean Cove, at the southeast baso
of Rugged Point, and immediately south of the mopth of Tatchu Cresk
at Jurassic Point, a thick supce;sion of beds is exposed that is
totally distinet lithologically from the beds alroady described.
Howover, as it carries for the moét part the same fauna, it must be
considered as reprosenting the other principal focies of the Sondstone-
Limestone member of Division A,

The succession ot Jurassic'Point is the most complete, except
for the lowermost beds, which are not exposed; ip will be déscribed in
.some details The basal beds and the actual contact are maskéd by
beach dep031ts, but it seems probable that tho beds ore 31milqr ‘o
those on the southwest side of McLean Cove.

| The lowermost beds visible outerop on the right side of the
mouth of Tatchg-CFeek and consist of 60 to 75 feet of finely interbodded
Ampure limesﬁone, calearecous sandstone, coarse and fine grit, and
fine conglomerates, Most of pﬁese beds show’p}onéunce& crossbedding.
The matrix and most of the graiﬁs and pebp}eg arec calcareous. The
coarser beds appear to prevail in the lowermost 20 feet of the

section and nearly disappear in its upper part. An abundant fauna

occurs in meny beds. It includes iqocerami close to, or identlcal with

I. obliquiformis McLearn, which forms the bulk of the fossils, and

belemnoids of the genus Cylindroteuthis, abundant in some beds., The

only fragmsnt of an ammonoid encountered s few feet above the bottom
b Fols N

of the sectlon does not admlt of cxact determlnatlon, although possibly

- : . B i
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it belongs to Cadoceras ox gro doroschin1 (Eichmald) About g0

to 60 feet above the base of the section Cadoceras do;oschini

1

(Elchwald) ebounds in two beds of cnlcareous ‘sandstones

. These beds‘grade upwards into about 100 fset of dark grey
to nearly black s11tstone, fine=grained greywucke, and shale, o
interbedded with lenses or rows of concretions of dark calcareous
shale oF.impure 1imestone; at least one thick bed of coarse
oopglomerate we.s opserved. Hore, also, the motrix is rather
calcaresous in meny beds, some of which might be ealled imfore sandy

-

limestone, Cadoceras doroschini (Eiohwald) abounds in the lower

30 to 40 feet below the bed of coarse conglomerate. Above the latter,
beyond a narrow disturbed belt apparently representing a'fault striking
about north 80 degrees west, two or three beds of a siltstone zone
Iabout 60 to 70 feet thlok, with limy concretions in the upper 50 feet,
yielded a totally different fauna, whioh 1ncludes Oppelia ex gre
subradiata Sowerby, B. lato, one or more species of perisphinctoid

ammonoids and Juvenile ammonoids of the genus Macrocephalites ? s. lato.

Also present are thlloceras 8PPes belemnoids of the geners Cylindro-

teuthlis and Pachyteuthis, and some gastropods and pelecypods as yet

undetermined. The plants were determined by W, A, Bell as cf,

. Sagenopteris Eggppertiana'wnrd(? non Zigno) and Nillsonia spe of the

group Nillsonia orientalis Heers

The strata desoribed above grade upwurd to the south into 140 to
150 feet of similar, but more llghtly coloured, nearly unfossiliferous
siltstones. sandstones, and 1mpure limestones, inoluding some coarse

. sandstone and grit. The top of this sucoession is marked by a

fairly well-rounded voleanig pebbles,;‘ i .
Above this conglomerate bed the general character of the

-sedimentary beds remains unchanged for about 400 to 450 feet aoross the
strike,but finer siltstones and sandy or calcareous, light grey to brownish

shale predominates About 50 feet above the conglomerate, o dark grey to
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nearly black, somewhat resistant bed of limy siltstone or shale, with

obundant celecareous concretions, proved to be fairly fossiliferous,

Cadoceras doroschini (Eichwald) and its varionts, and Phyllogeras ox gr.
ool&mbi;num.Criok;aylpiedomiﬁate; Brachiopods,‘gastropods; and
pelécypdds aré ropresented, but have not yet been determincd. Belemnoids
are rare and poorly preserved, At no other bed werée fossils found,

| On the éouthern side of Jurassic Point, the beds described
nbove grade upward into rother sandy limestone or limy siltstone
interfingered with calcareous sand,. Heré, again, is a fairly abundant
fauﬁa, oonsisting mainly of inoceraml close to or identical with

Inoceramus cbliquiformis McLearn. Belemnoids olose to Pachyteuthis

donsus Meck and Hayden were observed, and are very abundant in certain
beds. WNo ammonoids wer@ collectod,

These 1im& beds gradé upward somewhat abruptly into 30 or 40
feoet of caléaroous sAndstone and grit carrying scatterod pebblecs and
lenses of gravoi, with o 4~ to 8-foot bed of coarse conglomerate in tho
middle. The conglomerate is composed of rounded pobbles of lava, and
is interstratifiéd Witﬁ several beds of coarse grit, coarse sandstone,
ond fine conglomoréﬁé: Fossils collceted in the sandstones above the

main conélomernte bed include: Cadoccras doroschini (Eichwnld), Phylloceras

spe indet., and 'Rhynchoneclla! sp. indet.

This zone of coarse, aroenaceous beds gradces upward into
Another siltétone-shalo succession,the visible thickness of which is
ZOO‘to 250 feet.or more., In its lower part, calecareous sand, grit
beds, and sandylliﬁestone still appear interbedded with siltstone and
shal;é, but in the upper part Biltsfone and aark coloured shale predominate,
They includé,‘hoﬁ;vor, numerous rows of veariously shaped concretions
Lof limestone ond thin beds of impure limeétoﬁe:ahd a few 1= to 3-inch beds

of greenish grey sand stone,
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i i, About 100, feet above the main conglomerate of the underlying

section, o bed of impure clayey limostone .is replete with Cadocoras
doroschini (Eichwald) and its vorionts and some Phxlloceras sp.‘;;det.
-and belemnoids. The seme fauna was also encountered in fine-grained
sandstone and limy siltstone several feet nbove end below this bed,
About 50.to 60 feet higher in the succession, a thin bed of limestone
- was encountered that carried abundant but poorly presorved pelecypods
(Inoceremus ?)s The intormediate beds and thg_upper part Qf‘the_“
siltstone-shale zone have not yielded any fossils. Thg top is
-concealed beneath the sea. . |
All the beds above the mein conglomerate are exposed along
‘the southern side of Jurassic Point where they form a broad semi-
‘circle plunging westerly. townrd the sea. This trond is especially
apparent in the beds.of the arenaceous zonc, and is repeated in all
tho youngor beds of the section and probably, in the older bpds as
woll, On the southern side of Jurassic Polnt, all the beds exposed
arc so broken by a dense network of faults that they form in places
~z_a.'-v.eritable'-teetoni&breccia. The main .conglomerate bed, for oxample,
is shattered into dozens of blocks 10 to 100 feet square with reletive
displaecements of 10 to 150 feet. “
At the southeast base of Rugged Point, near the northern

‘end of the area mapped,.only about 150 to 200 fget of impure limestons,
canlcarsous sandstone, and grit, with a considerqble amount of coarse
‘econglomerate in the lower part, arc exposed. K These beds s?rike north
20 to 25 degrees east,.dip 40 to 45 degrqesﬁgouthoas?, and so lie
-between. the Jurassic volcanic rocks, which dip beneath them,.and those
of younger members of Division A, which are,exposed about mile

farther south. The uppermost beds of impure limestone have yielded

numerous inoccrami close to or identical with Inoceramus obliquiformis

McLearn, brachiopods, belemnoids, pelecypods, and plents. The last
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wore deterriined as cf.Sagenopteris gosppertiana Ward (? EEE_Zigno)

by W.A. Bell, who reports on the plant lots from Jurassic and Rugged
Points-. "The above lots are con51dered to be of the seme age. The
plant remains are all fragmentary, but there is no question that the

spocies designated nf. Sagenopteris goeppertiana is the same as one

‘represented.by coﬁplete leaves in the upper part of the Yakoun
formation (éarly Uppér Jurassic) of ékidegate Inlot, Queen Charlotte
Island" (McLearn, 1949, p. 17)s There seems,;therefore, no question
as to the correlation befween the sedimentary beds exposed at Rugged
Point and those at Juréssic“Point.

On the southwest shore of lclLean Cove a vefy similar
sucéession of beds is exposed. Although palaeontological evidence
is not conclusive; these beds are tentatively accepted as‘equivalent
to, and of the same facies as, fhe sections of the Sandstone-Limestone
member discussea above. The scetion at MclLean Cove is especially
interesting as it is the only one in which the contact between this
éacies and tﬁe underlying Juraséic volcanic rocks is exposed. At the
bese of a small point at the entrance fo McLean Cove, the coarse=-
grained crystal +tuff, wifh a reddish tinge and containing irregular
ineclusions and lenses of coarsc, dark greenish tuff, is overlain by.a
conglomerate composed of pebbles and boulders 1 foot to 1% feet in
diaméter, mostly poorly rounded,u;f vélcanic rocks that appear to be:
dorivod loeally. This conglomerate rests on an uneven, eroded
surface of the underlying volecanic rocks, apparcntly with a sharp
angular unconformitys Only the lowormost 5 to 10 feet of the
conglomerate is coarse and poorly sorted in this outerop, but on the
northwest side of the point dand farther west along the.shore 50 to
75 feet of similar conglomerato’can be seen, and neither top.nor bottom
is exposed., : : o L i

Above the coarse -conglomerate is 80°to 80 feet .of much finer,
better rounded and sorted conglomerste, in which few pebbles exceed

5 inches in diameter. Overlying this are 20 to 30 feet of thinly
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interbedded coarser conglomerntey fine-grained conglomeratd, and grit. These,
“in turn, grade upward into 150 to 175 feet of mlxed volcanlc-

sedimentary breccla, with only a few rounded pebbles. Thls succeselon
is conformably ovorlaln by about 150 feet of dlstinctly crossbedded,
calcareous sandstone or impure, fraémentary (clostic) limestone
in;erflngered with thin beds of grit or fine conglomerate that is

o
"' ¢ L - v - .

80 similar to the lowermost beds of the Jura551c Point succession

and that at Rugged Point that the wr1ter con81ders 1t possible to

b

correlate them, despite the fact that this zone at McLean Cove has

only yielded e few indeterminable brachipods (? 'Rhynchonella'), and

Pecten cf, lens Sowerby, which are not diagnostic. A4ll the calcareous

beds of this zone are poorly sorted, and sand grains and even smell
pebblee occur even in fine-grained calcareous sandstone or 1mpure
limestone,

A coarse conélomerate bed, 5 to 6 feet thick; overlies the
calcareous zone with a sharnf uneven.contact, su§geeplve of erosional
dlsconformlty. Tne conglomerate, dn turn, gradee upnard.into about
550 feet of volcanlc breccla or coarse tuff, whlch shows 11ttle 51gn of
reworking by water. Overlying this is grlt and sandstone, 40 to 50

feet of which can be measured, although the ‘top is not exposed.

Lower Shale Member

The Sandstone-Limestone member of Division A is overlain
conformably by about 250 to 300 feot of dark grey shele end. '+ »
containing many rows:'of shale or limestone conecretions and fine beds
of 'dark grey, impure limestone., 'This is-désignated the Lower Shale
member, and-only a few not diagnostic pelecypods and "ammonoids were
found in it. At the northeast base of Brecciated Point,.the shale and
slltstone beds mssumed-to represent.ithe baso of the member yielded a
few lmperfect ammonoids, which seem to belong to one of the varieties

-
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of Cadoceras doroschini (Eichwald) and to Phylloceras sp. indet., as

well as a few pelecypods, brackish water gastropods, and plaﬁt remains.
' . ' L.

None of these is considered diagnostic.

Sondstone Member
" The' Lower Shale member grades imperceptibly and rather
graduaily upwards into.greenish grey sandstone and finely grained
greywacke referred to as the Sandstone member, Although the top and
bottom of this membor were nowhere seen’in one section; its thickness
is believed to be about 200 to 250 feet.
In the lowermost beds of the Sandstone member, an abundant

fauna, including Cardioceras ex gr. lillooetense Reeside, Phylloceras

spp., Lytoceras sp. ind., gl;indroteuthis spe. indet., Aucella bronni

Rouillier, Aucella bronni Rouillier var. leguminosa Stoliczka,

Pleuromya vencouveronsis Whiteaves, Pecten spp., and other forms not

as yet determined, makes its first appearance. £o far as could be

ascertained, Cardiocoras ex gr. lillooetense Reeside 1s strictly

confined to the lower part of the succession and was never found more
than 100 feet above its base. All other forms persist to the top,

and, with the possible exception of Aucella bronni Rouillier var.

leguminosa Stolicgka, continue into the overlying Upper Shale member.

In general, aucellas appear to be scarce in the lower part of the.

member carrying Cardiooceras ex gr, lillooetense Reeside, but are locally
abundent in its upper part., Some indeterminable plante were found in the
upper part., The qusils ére distributgd'vefy ir?egularly, ;nd scem to
be mostly confined to céléareoue)nes?s or qoncretiongéuék,?o.in@iVidual
thin beds within ﬁhq @emper. Some parts are pegr}y Earren of fossils.
The uppormog# beds of the Sendstonc memper show a considerable
increase of pe%itic;particléé Q;d.shoulﬁ more{pyqurly be'geferred to as
siltstonse than fiﬁefgrained sandéfoné: Ihey are_trqnsitionél'to-the

_shale of the Upper Shale member and are eoxceedingly rich in rows of

L
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variously shapéd limestone concrotions thet contain sbundant and
excellently preserved fossils, This fauna sooms to be rather close
to that from the overlying Upper Shale member. In addition to Aucella
bronni Rouillier and other pelecypods mentioned above, large Phylloceras

ex. gre glemnense Anderson, Aucella ex gr, kirghisensis Sokolow, and

large Lytoceras sp. indet., characteristic of the Upper Shale member,
nake their first appearances This transitional zone grades upward

into dark grey shale, with few if any limestone concretions and some
thin beds of greenish grey sandstone that form the basal beds of the

Upper Shale member.

* Upper Shale Member |

The name 'Upper Shale member' has beon applied to a
succession of dark grey shale beds, with numerous thin beds or rows
of concretions of dark grey, yellow weathering, impure, possibly
dolomitic limestone. It includes, h&wever, some siltstone beds, and
a few persistent beds, 1 inch to 5 inches thick, of greenish grey
sandstone, barren of fossils,

In contrast with the Lower Shale member, this succession is
everywhore fossiliterous, although fossils are rarely abundant even in
limestone concretions and beds.. The dominant end rather characteristic
feature of this member is the common occurrence of the large, ornamented
Phylloceras 6x gr. glennense Anderson, Phylloceras spé. indét., and
large Loncefas SPa indet. (2. ex aff, liebigi Oppel). It is velieved
that no less than five or six species of these 'Mediterranean!
armonoids are represented in these shaly beds; they were the onl& type
of ammonoid found. The species of Aucella also appear +to have changed,

oy o

Aucella bromnni Rouillier var. leguminosa Stéliczka, abundant in the

underlying Sandstoné member, was not observed Here, and Aucella.bronni

Rouillier is common. Aucellas kirghisensis Sokolow, or a form rather

close to this species, and an Aucella identical with or fairly close to
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the Himelayan Aucella spitiensis Holdhaus seem to be characteristic

of the Upper Shale member, The latter form was not even observed in
#he transitional beds., Further observations are, however, needed
bofore a decision can be reached on the regional importance of these
faunal chenges.,

The visible thickness of the Upper Shale member is cstimated
at about 230 to 250 feet, Its top was, however, nowhere scen. The
member reopresents the top of Division A of the Upper Jurassic Series

as here defined,

Oonéaot Relations
The presence of an erosional disconformity between thé
Jurassic voleanic rocks and the lowermost beds of Division & of +the
Upper Jurassic Series is quite apparent in the sections studied.
Furthermore, on kapoose Roeks off the mouth of Keapoose COroek, the
sandstones of the lower member of this division rest direetly on the
Thinly Bedded member of the Upper Triassic assemblage containing

Monotis cf, subcircularis Gabb, whereas in McLean Cove, at Rugged

Point, and at Jurassic Point they overlie the Juraésic voleanic rocks.
This suggests that considerable deformation and subsequent crosion

of the older rocks must have takén place prior tc the invasion of

the early Upper Jurassic sea. A conservative estimate of the thickness
of strate removed at Kapoose Rocks by this pre-Upper Jurassic erosion
is 2,000 or 3,000 feet; it may have been much more. It is uncertain,
however, whetﬁer this regional unconformity is in the nature of an
angular discordaﬁce, such as would accompany mountain building. At
Kapoose Rocks, the discordance, if such it be, does not ap?gar to
exceed 5 or 1@ degrees, At.Malean Cove, on the other hand; the beds
are mnoﬂ disturﬂed and faulted, and comparison between the dips and
strikes of the older voleanic and younger sedimentery formations near

the contact suggesté e strong angular discordance.
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' "On Kapoosé Rocks and at MeLeah Covej' Cddoceras dorwschini

*(Elchwuld) was obtained from beds overlying, but near the top-of,

the basal conglomerate, At Jurassic Point, this ammonite wad first
found about 50 feet abéve the lowest exposure bf’ the member, which
eipo%uré is itself somewhat above the basal conglomerate. A narrow
zone somé 150 Feet above the bottom of the section here csrries:
quite a different ammonoid fauna, including Oppelie ex ‘gr. subradiata

Sow. S, ldto, macrocephaloid ammonoidsﬁ a%d "Perisphinetes" sp. indet.
222 O Sy

The middle and upper parts of the section again carry Cadoceras doroschini

(Eichwald). y

The Cadoceras doroschini (Eichwald) fauna obscerved at Jurassic

1

3

Point and elsewhere in the area is believed to be of mid-Callovian

Lge. This correlation is based mainly on the fact that, in Alaska,
1z ' .
Cadoceras ex gr., doroschini (Eichwald) occurs woll up in the Upper
i

Jurassic, Shellkof formation, w1th a zone of Sezgpurlte immediately

belOW'lt and another zone, with Mlccooephalltes, at the base of the

formation, all of which faunas are considored Callovian and younger

L)

than 1its lawermost fgng with Macrogephalites‘macrocephéles Scﬁlotheim
(See Kellum, 1945, pp. 203-208). mhe plant evidence supports this
V1ew, s W A. Bell correlates the lower beds of the momber exposed
.at Rugged and Jura351c Points with the upper Yakorf'for?ation of

1]

Queen Charlotte Islands, which is Callovian and carriod Seymourites,

! .
1

The, age of the seccond fauna above mentioned is uncertain.

3t

Oppelia ex gr. subradiata Sowerby is generally considered an index

f0551l of younger Middle Jurassic rocks (from Upper Bajooian to
: L

L

Upper Bathonian); it 1s not known to0 occur even in the oldest Upper

t

Jurassic rocks (lowermost Callovian zone with Maorocephalltes

macrocephalus Schlotheim)s The rest of the ammonoids of this faune

are not considered diagnostic at this stage of our researche On the
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contrary, the occurrence of this Oppelia feuns between two zones

carrying Cadoceras doroschini (Eichwald) and the evidence of plants

colleoted with it favour its early Upper Jurassic age (Lower Callovian).
However,' the occurrencs of a .probable fault at the base of the Oppelia
Zone striking roughly parallel with the s¥rikc of the beds may account
for the presence of Middle Jurassic rocks between the two zones of
undoubted Callovien rocks, Additional study of the fauna ooneerned °
is needed, however, before a decision as to its Middle Jurassic age

oan be reached. For this reﬁson éhe writer has not shown the presence
of thé Middle Jurossic rocks on his maf ond for the time being treats
the rocks of the Sandstone;Limestone memﬁer throughout the area mapped
as of éallovian age, '

The age ¢f the deer Shale member is uncertain, although the
gecourrence of Gadooeras-iike emmonoids in its lowermost beds suggests
that it may be Callovien, ot léaéé in part,
| The lowermost part of the overlying Sendstone member contains

Cardioceras ex gre lilloocetense Reeside and Aucella ex gr. bronni of

4 ‘ o
Oxfordien Age. The same age scems trues of the upper part of the
Sandstone member, which does not contein Cardioéeras but carries the

seme Aucelln bronni (Rouiller) and A. bronni vars leguminosa., However,

these Aucellan species may range upward into Lower Kimmeridgian and the
bouﬁdafy‘be£weeﬁ.fhé two stoges cannot be plaéed definitely at present,
Tﬁe passag; bede to the Upper Shale member contain ribbed Phylloceras
ex gre glennense Andéerson, which, in Californis, characterizes the
Knoxville series of very ;ate Ju?assic, Portlandian Age. Although not
conclusive; this evidence favours a Kimmeridgian rather than Oxfordian
Age for these -passage _bods. The same is .true. for the Upper Shale
member itself, where Phylloceras ex gr. glennense Anderson is
associated with Aucella ox gre bromni more advanced than that in the

Oxfordion members of this groups Aucella ex gr. kirghisensis Sokolow,

in particulaer, appears to be more suggestive of a Kimmeridgian than

Oxfordion Age for this membor. An early Kimmeridglan Age seems more
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_likely than late Kimmeridgian, as, in the latter,

e

luéélla ex gr.
mosquensis (Buch) should be present, but it was not observed'even in the
youngest beds of the Upper Shale member . Howeve;, the upper age limit
of this member connot be definitely decided as yet oxcept that iﬁ

oennot be younger than the upper part of the Kimmeridgian Stago.

Structure

The largesf area of strata of Division A lies between Rugged
Point and Brecciated Print. It appears to represent a basin-like body
whose northern eitremity is probabi& at McLean Cove but whose soutﬁern
and eastern limits have not been established, Stréta within this
basin are ééﬁtl& folded, with a generél strike of north 20 to 40 degrees
west and éipé of 20 %o 40 dégrees, and'é}e‘méstly much less faulted
than those at Jurassic'Poiné or tﬁe older.rocks of the map-area.,

The océurrence'at Jurassic Point is believed to represent
“tHo eé;torn ond of e similar basin-like structuro mainly concealed
beneatg the seas T

| An isblatéd;outcrop of the Sandstone'mémber at Eastoran

Entfuﬁbe.Rocks ‘cannot be conneoted witﬁ either of the basins described
.above and mé& represent part of a third, basin—like structure concealed
: beneaﬁh'éhe'sea. The rocks exposed are stceply folded and strongly
Paulted. '
. . . R

On the northern. part of Grassy Island, on McQuarry Islets,
and on a few small reefs adjoining Gressy Island to the morth, is
exposed a succession of marine Upper Jurassig bedg that are undoubtedly
younger than eny part of Division A. .fhis succession is peferred to as

Division B.
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Division B consists essentially of 450 to 550 feet of light-
coloured, grey fé'bluish'grey shale, with numerous thin beds or rows
of concretions of grey, impure limestone or-caloarcous shale. . It is
.divisible into three Mémbers: - a Lower Shale member, 300 to 350 feet
thick; a Sandstone=Siltstone member 25 to 35 feet thick, éompoéed of
siltstone add very sandy shale with 10 to 15 feet of .sandstone in the
middle part; and an Upper Shale member 130 to.158 foot thick.mﬂ...

' The Iower part of Division B, up to an horizon some 90 %o
100 feet bolow the base of the Sandstone-Siltstone merber; is
' characterized by the preosénce of Phylloceras apperently identical with,

or‘rafher'closely related to Phylloceras reticulatum Burghard and to Py

subplicafium Burghardt, 'and by occasional belemmoids of the genus

Cylindroteuthis. In the higher beds.of the division, no determinable

ammonoids wore found éxcept near the contect with Lower Creteceous
strata.

. Aucellas are common throﬁghout the sucpession, and are rather
numerous in certain bed?. It seems probable that several Aucella
‘zones will be distinguisheble with further study, as no less than half
e dozen species and geveral_varieties seem to be represented. At
present, however, only twé génes.can be distinguished with certaintys
Thé iower,zoqg, embracing all of Division B to within 40 or 59 feet
of thé'contéét w{th Lower Cretadeogs rocks, is characterized by a host

.of small, thick, and more or 1e§s strongly curved forms of the group

of Aucella mosquensis Keyserling and Lahusen non Buch, which Pavlow

e,

(1907, pp. 50-54)“has split into several species and designated as a

. b:anch of Aucelle russiensis Pavlow, This rather qomplgx taxonomic
problem cannot be discussed here, and the collective name Aucella ex gr.

russiensis Pavliow will be used conditionally in this report. However,

the forms described by Anderson (1945, ppe 964-968) as Aucella stantoni

- Pavlow, Aucella andersoni Pavlow, Aucella russienéis Pavlow, etc.,

appear to be characteristic of this Zone.
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In the uppermost 40 to 50 feet of Division B, another
Aucelln faune appears, which consists of large, thick, curved, and

thick~shelled forms, some apparently identical with Aucella rugosa

(Fischer) and some a new but related form. Although the older group

. of Aucella. russiensis Pavlow appears to be completely replaced by

Aucella ex gr. EgggggFischgrim.these uppermost beds it scems

probable that the latter.a;e descendants of the former group; the
subject, however, requires further study. In the uppermost Z),t9 25
feet of the suoocssion a few poorly preserved armonoids were collected.
So far it is only possible to say that a Phylloceras sp. indet., one

oppelioid form, end one perisphinectoid form are represented among them,

Belemmoids of the genus Cylindroteuthis occur throughout the succession,

but most specimens are fragmentary and indeterminable,

Age

"It is certain that all of Division B is younger than the
youngest member of Division A. All members of the group of Aucella
russiensis Pavlow represent a different and diétinctly younger stock
as compared with Auceila €X Ere Ezgggi Rouillier, ﬁhich was found only
in the upper part of Division A, So far, not a single Aucella form common
o both divisions has been found. All forms of 4. russiensis collected
in Division B are identical with{ or closely related to, the aucellas
of the Knoxville Series of Caiifbrnia or to those of so-dalled Volgian
Stages of central and northern Russia, Siberia, and the ifatic. As
these beds are considered to be the undoubted equivalénts of the
Portlandian Stege (in the broad sense of Arkell, 1948) of Northwestern
Eﬁroﬁg, this may éléo be accepted as the age of Division B,

The exfent of the gap between the youngest beds of the
" Upper -Shale member of Division A and the oldest beds of Division B
"is not exactly:kﬂown.- For one thing, it-is’not yet possible to
decide whether the Upper'Shaie.ﬁember includes Upper Kimmeridglan

strata, and, for another, the stratigraphic position of the lowermost
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beds of Division B is still uncertain. The stratigraphic gap

. ey o

betweén thé two seems', howevez:, to be substantial, Beds cont;aining
Aucen; ex gr. mosquensis (Buch) g_zg_i_l_ Keyserling. non Lahuser;, which
correspond approximately with Upper K“ixrmeridgian and lowermost
Portlandian, should normally occur hetween Divisions A end B. . They
have -not been found in the area mapped, but the writer has seen
- Aucella ex gr. mosquensis :(Buch)-in collections made in Tyaughton
Creck Valley, Bri.tish Columbie, from beds younger than those with
Cardiooceras spp. and Aucalla ex:gr. bronni Rouillier thet oorrespond
with Division A of the present area.

The aucellas of the group A, rugosa Fiacher; which
characterigze a narrow zone at the top of Division B, are glso
index fossils af the Volgian Stages (Portlandisn), and are not
known anywhere to ascend into the lowermost Cretaceouss

Although present Information seems to indicate that even
the oldest beds of Division B .are Portlendisn, the exact position
of the base of the division within this stage cannot be definitely
determined, Apparently, not even the upper part of Division B
includes  any Lower Cretaceous beds, as the Aucella fauna at the top
is still essentially Portlendian in character. Moreover, the
character of the Aucella fauna changes abruptly at the erosional
disconformity at the top of the division, where Aucella ex gr. rugosa
Fischer disappears completely.to be replaced:by quite a different
Auceglla faune of Lower Creotaceous affinities.  The amount of
Portlandien missing below-this disconformity camnot yet be determined
because of the lack.of index ammonoids and the uncertainity as to
the stratigraphie renge of Aucella .ex.gr. Su_Los__é Fischer within the
Portlandian Stape. |

Nothing definite is kmown of the structural relations
between Division A and Division B, as nowhers do they occur in close

proximity. However, the close agreement of strike anddip of the
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Sandstone member of Division A on Eastorn Entrance Rocks with those
of. the rocks of Division B on the western part of Grassy Island

suggests a general accordance.

JURASSIC AND CRETACEOUS FELSITIC TO PORPHYRITYC INTRUSIONS

THé_Upper Triassic sedimentary assemblage, the Upper
Iriassic or Jurassic waterlain pyroclastic rocks and tuffaceous sedi=~
ments, and the Jurassic volcanic rocks are nearly everywhere intruded
by dykes and sill-like bodies of light=coloured and appafently
acidic igneous rocks of felsitic or porphyritic texture., In many
places these rocks are mineralized with pyrite, and weather reddish
or tawny. Fow of the bbdies exceed 20 to 30 feet in thickness, but
at Brecciated Point an irregular sill-like body, 208 to 400 feet
thick, of light-coloured felsitic rock intrudes the Thinly Bedded
member of the Upper Triassic aésemblage, and was observed along
strike for more than 2,500 feet. This body is the only one large
enough to show on the map.

Some of the above dykes and sills are definitely intrusive
into Jurassic volecanic rocks, shd the latter were nowhere observed
to overlap the intrusions unconformably, Only a very feW'sméll, but
lithologically similar dykes have been observed“intruding Upper
Jurassic and Lower Cretaceous rocks, and none was seen intrudihg;
Tertiary:rocks.. & Jurassic or Cretaceous Age is, therefore,
suggested for these lntrusive bodies, but it is possible that some
mey be older than the Jurassic volcenic rocks, .

The age relationsbetween these felsitic to porphyritic
intrusions and the.UpperAJurassic or Cretaceous granitic intrusive
bodies remain obscurs, but it seems possible that they each repfésent

different phases of the same magmatic invasion.
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UPPER JURASSIC OR CRETACEOUS GRANITIC INTRUSIONS

. éranitic intéusioné we;e.oooervea at'only two places
in the area, both in the vicinity of Tatchu Pointt One looality
is on the northwest side of Sandstons Point, where several
irregular bodies, 50 to 100 feet square, of lightmcoloured aplitic
or pegmatitic rock intrude the Jurassic volcanic rocks at their
contact with Tertiary sandstone, the latter overlapping unoonformably
both volecanic and intrusive rocks, |

s+ Another, larger area of these intrusions is exposed on the
west side of the broad open bay lying between Yellow Bluff and Tatchu
Point. The most easterly occurrence is that of isolated blocks of
goarse~grained granodiorite in the breccia of a large fault zone, to
the west of which the Jurassic voleanic rocks are intruded by
irregular, minor bodies of;light«coloured aplite, pegmatite, or
granodiorite. Farther westy . the:relative amoung of intrusive rocks
increases to where they predominate, aﬁd the, volcanic rocks are .
reprosented by large masses, blocks, and fragments engulfed and partly
digested by the intrusive rocks., éo;h volcanic and intrusive rocks
are strongly shearod, broken, and Jointed, and carry a network of
aSSOC1ated veins end strlngers of calclte.

N The entire complex is ovorlain unconformably by Tertlary
rocks whose basal conglomerate is largely composod of nebblas and
bouldero of granodiorlte and voloanlc rocks. Nowhere in the vicinlty
of Tatchu Point do granitic rocks _appear unmixed with less than
40 to 50 per cent of altered volcanic fragments, blocks, and masses,
the whole cut by irregular boﬁles of 11ght-colourod aplite- and
pegmatlte-llko rocks. ‘ ‘

The age of the granltlc 1ntruo10ns is known only w1thin
wide 11m1ts. They cut volcanlc rocks bolieved to be Lower or (?)
Middle Jura381c in age, and are overlain unconformably by Tertiary

strata. Thelr relation to Upper Jurassic and Lower Cretaceoun rocks
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is not known,  Therefore, all that may be said is that they are Upper

Jurassic or _Cretaceous,

" LOWER CRETACEOUS SEDIMENTARY ROCKS
; .ibéef“Cretaceoué sedimentary ;ocks occupy the southern
pa;ts ofJGrdssy'Island end éf MeQuarry Islets, where they directly
overlie Diviéion B of the Upper Jurassic Series, 2ll of Clark
Island to the east of Grassy Island, and nearly all of the numerous
rocks and reefs around it, They were referred to as the tne Tree
formation by Bancroft (1937, p. 4), from the original neme, now
discdntinued, for Clark Island,

The lo&er part of the Lower Cretaceous succession is best
exposed on the'southern part of Grassy Island, and the higher
beds at other localities. Lifhological and faunal correlations cen,

hoﬁever, be made with some certainty, "and a satisfactory succession

hae been established,

Sandstone~Limestone Member

Across the centre of Grassy Island the typical light-
coloured, grey to bluish grey shale of the Upper Jurassie, Division
B is overlein disconformably by greenish grey calcareous sandstone
and rather sandy, fragmental limestone interbedded with layers and
lenscs of calcarecous grit end conglomerate referred to here as the
Sandstone-Limestone member of the Lower Cretaceous Series,

gThe lithologiqal distinction between the Lower Cretaceous
and Jurassioc strate is very marked, and the upper surface of the
latter is uneven, Immediately below the contact, the shale is coloured
red or tawny and.penetrated by numerous burrows of marine animals
for a depth of 1 inch to 2 inches or more., Just gboyg the contact,
especially in hollows in the surfage of thg shale, irregular fragments

or rounded pebbles of shale occur in the younger rocks. Locally



these form o pronounced basal conglomeratc, which may be as much as
6 to 10 feet thick on the western part of the island, In other
places, especially to the east, pebbles occur only sporadically,
and the basal conglomerate is reduced to a thin bed of calcerecous
grit with, here and there, a few dispersed pebbles, or 1s missing;
in such places the disconformity may only be apparent on close
scrutiny. |

Tho calcareous sandstone beds above the contact are 12 to
*15 feet thick 'in places, but tend té pinch out towards tho west where
the basal conglomerate is thickest, A local, erosional disconformity
oceurs-at the top of the calcargous saondstone, and is marked by
another oconglomerate up to 12 feet thick. Both conglomerates are
thicdkest to the west and merge on the extreme western port of the
island to form a single conglomerate bed 15 to 20 feot thick intor-
fingered with minor lensés and beds of sendstone. In the eastern
part of the island, the upper conglomerate was not observed and appoars
to have pinchcd‘out. Above these beds lio some 4 to 6 feet of thin-
bedded, green-grey, calcareous sandstone and fragmental, impure
limostone that arée ineluded in the Sandstone-Limestone member of the
Lowor Cretaceous Scries.

Large, thick-shelled, and more or less flat succllas of the
group A. okensis Pavlow (invelid synomym A. cascadensis Crickmay),
which first appear at the base of the Sandstone~Limestone member,
ebound in all beds described above and are accompenied by Acroteuthis

o oeoad . o :
8pe indet., igdetgrp;nqﬁe ammonoids, and numerous_Denﬁaliﬁm spe indet.

This {s undoubtedly a Lower Cretaceous fauna.

Sendstone Membor

Tho Saridstone-Limestone member of the Lower Creteceous

Series is overlain conformably by 250 £o 280 ‘feet of sedimentary
rocks composed principally of thickwbedded, groen-grey sandstone,

with minor emounts of impurc, fragmentel, clastic limestone, coarse



sandstone, and calcareous grit, which moy be referrsd to as the
. : : C SRR ey

Sandstone member. .

The lower part of this member con81sts of 20 to 25 feet of
thick-bedded, green—grey sandstone oontalnlng few fossils, overlain
by 4 to 6 feet of impure, fragmental limestone carrylng abundant

sucellas, These consist of small to medium=-sized aucellas tnat

may be referred to as Aucella ex gr. terebratuloides Lahn;en, Ao
OX £Xe volgensis.Lahusen,'é; ©X gr. lahuseni Pavlow, and é:_ex gre
. keyserlingi d'Orbigny. Only a few shells; doubtfully referabie
to Aucella ex gr. okeusis Pavl&w (small variant?), were collected
in this bed. |

, The remaining 230 to 250 feet of the member cqngist of
.”pedg rich in aucellas elternating with beds poor or even barren '
of fossils, The fauna of this part consists almost exclusively of
aucellas that seem to belong to the forms mentioned above. The top
.of the'Sandstone member is exposed in a bluff nt the south end of
the main body of Grassy Islands It consists of 20 to 30 feet of
) siltstone and sandstpne, with ebundant irregulnr calcareoun or sand-
stone concretions, These beds contain a rich fauna includ?ng, in
. eddition to the Aucelle species already mentioned, some ammonoids

belongxng to onceras ex gr. saturnale Anderson and Phxlloccras

ex gre ononense Stanton.

. Shale-Siltstoné and Sandstoné-Shell Limestone Members
'1The~ﬂiéhe¥ members of the Lower Cretacéous Series oceur in
the rocky fringe of Grassy Island immediately south of its main area,
but ere much better exposed on Clark Islend end on the large islet
about halfway between the northern extremities of Grassy and Clark
Islands. On the‘eqst side of Clark Island and on the north side of
Fhe islet mentioned, beds approximately equivalent to the highest

beds of thg.SPndstone member end carrying the same Aucella and ammonoid



-4l -

fauna are overlain by 400 to 850 fcet of sediments featuring e
certain cyclic alternation, Grit and fine conglamorate, restricted
* to beds from several inches to 2 feet thick, ocour at intorvals of
10 to 30 or -50.feet. .Betwoen them.arc beds of sandstono 4 %o 5:feet
thick)'replete withishells, or shell=limestone with a ocaléareous
sandy matrix, which are in most places succeedod by, or intérbedded
with, coarse sandstone or grit beds, with few or no fossils, These
beds, in turn, arc overlain by 5« to 10=foot beds of siltstoneé, .-
fine-grained calocareous sandstone, or sandy shales, with fewer
aucellas, but cerrying other pelecypods, gastropods, brachiopods,
and ammonoids. Theso may be succeeded by beds of grey or bluish
grey shale, with few fossils, The succession is then repeated. Such
a cyclical repetition of similar sediments is not everywhere strictly
maintained, end considerable doviations from the above order occur
here and there. fhere is also a definite tendency towerd a |
decrease upward in the amount of shale and siltstone, with correspond-
ing incresse in sandstone, shell-limestone,.and grit, It is,
accordlngly, possible to subdivide the succession into a Shalc-
Siltstone member below, about 160 to 200 feet thlck, and a Sandstone=
Shell leestone member above, about 250 ﬁo 350 feet thick, although
1o sharp boundary can be drawn hetween them.
: The Shale=31ltstone member is charscterized by an Aucella
faunsa consisting of Aucella ex gr. lahuseni Pavlow; an Aucella
51m11ar to A, volgensis Lahusen, and other Aucella forms not as yet
woll understood. This fauna has probably developed from the Aucells
fauna of the underlying Sandstone member; both zones have been
'comblned for the purpose of thls re;Lrt. . |

Near the top of the Shale-Siltstone member, the above
Aucelle fauna is gradually replaced by another fauna including Aucella
inflata Toula,'é:_gzgigg Pavlow, A, crassicolis Keyserling, and other

formss. Some 50 to 60 feet above the bottom of the Sandstone=Shell
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Limestone member,, ammonoids of the genus.Polyptgchites.ocour in a

. bed, of shale or siltstone about 10 to 12 feet, thick. These ammonolds

;. . are associated wi§h7Aucella solida Toula, Ao ©x gre crassicolis o

Keyserling, etc.. This fauna, which may be called the Aucells -
orasgicolis fauna, continues to the top of the Sandstone~Shell
Limestone member. All sections sbudisd so‘far end with the seme
registgnt-bedg‘of impure.shell limestone and caloareous:sandstone
replete with.Agcella,ex gre crassicolis Keyserling. These beds are the

youngest Mesozoic rocks yet recorded in the map-area.

Age and Lower Contaot Relations .
It is cléar ffbm.ﬁhe foregéing disoussion that the boundary
' between the Jurassic and Cretaceous Systems in the area mapped coincides
with the erosional dlsconformity between the shales of Dlvision B of
the Upper“Jurassic Series and the overlying Sandstone~Limestone
member of thé Lower Oretaceous succession, This boundary is especilally
well merked by the sudden and AOﬁplete change in the Auceiia fauna at
this disconformity. Below it only Upper Jurassic aucellas wére
gﬁservéd and'dbofe it only nger Cretaceous aﬁcellas; The locai,
ré}déionalldisconfonmity within the Sandstoné-Limestone member is,
apparentiy, of no stratigraphic impoftanoe, as the same Aucelle fauna
“ioocurs both above and below it -
. Of the three Auceila zones distinguished in the Lower
' Cretaceous rocks»ef the map-area, the lewer one, embracing the Sand-
stone Limestons ﬁ%mber, is characterized by the predominance of

aucellas of the ‘group of Aucella okensis Pavlow, and particularly by

the presence of the species itsélf.. These 3pécies are'congidered to
be characteristic of a zéné:é€.th§ very bottom of the boreal Lower

. Cretaceous (Riasan beds) that corresponds to the so~called Infrava-
1anginian (Bér%iaslhh);§¥&geu(oi‘Substage) of Western Europe. This
zone has not been éositivély identified in California o} elsewhere

in the United States. In Cenada, it is known only in the Harrison
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~ Lake ares, where Crickmay (1930a, p. 487; 1930b, p. 47) has described

e typical Aucella okensis Pavlow from his Peninsula formaetion as a

new species; Aucella cascadensis Crickmays

The succeeding palaeontological Zone, with Aucella ex gr.

keyserlingi diOrbigny,.éf ex gr.‘terebratuloides Lahuoen, Lytoceras

ox gr. saturnale Anderson, and Phylloceras ex gr. ononense Anderson,
Jbears such a strong faunal resemblance to the lower part of the
Paskenta group of California (See Anderson, 1933) that the writer
considers it possible o correlste it withythe lefter., In British
Columbia, it oorresoonos protgglt with the upper part of the

Peninsula formation of the Harrison Leke area, as some'Auoeila

species of Crickmay (1938b) are vory closely related to, or identical
with, forms above mentioneds In torps of Buropean standard stages, this

gono corresponds approximately with the Lower Valanginian (Arctic and

Russien zonés of Tollia étenomphaia Pavlow and of Polyptychites keyserlingi

Neumayr) of the boreal province, where Aucella keyscrllnbi d'Orbigny and

"its relatives reach their meximum dove10pment.

The upper gzone, with Aucelle solida”foula, Ao crassa Pavlow,

8 3
Ao crassicolis Keyserling, and related forms, corresponds approximately

with some of the higher beds of the lower part of the Paskenta group
of Celifornia, which hnderson (1938) ‘has grouped together with its
lower beds into one general Aucella fauna, In British Columbia, the -
lower pért of the Brokeﬁback Hill formﬁtioﬂ of the Harrison Leke area
" (Crickmay, 1933a) éppeérg o be oquivaieht to this zone ah&t in terms
of European standard :tages, 1t corresponds w1th some part of the
Upper Valanginian. The lower part of the zome 5f Poiyptychites

v i

polyptychus Keyserling, where all the Aucella forms mentioned above

reach their meximum development, may be tentatlively suggested as its

equivalent, This correlation is supported by the presence of

Polyptychites sp. indet. in |15 lowsr beds. This Aucolla fauna has
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6Iféady'beéﬁ rocornized ot o great moany 1ocaii££os Along the Pacific
coast of North Aﬁorib& froﬁ Alaska to California.

As Infravelanginian end Vﬁlanginian Stages (or éubstuges)
* together represent the lower part of the Neocomian Stage, all the
.Lower. Cretaceous rocks of the map~aren may be referred to as'Léwer
Neocomian rocks, °

No beds referable to the upper part of the Paskenta éroup
of California or to the upper part of the Brokenback Hill formétion

of Crickmay (1930a, 193€Y) with Yaadin lewlsagassizi Crickmay and

Mucelle teutoburgensis Weerth are known;to:be reprosunted in the

aree mopped, and the Lower Cretaceous succession there apparently

ends with beds of Lower Neocomian (Valangfnian) Ago. .

TERTIARY ROCKS

A thick succession of sandstone, sandy shale, siltstone,
ﬁark qhale,_gri%, and Qonglomerateléccupies most, of the shore near
Tatchu Point aﬁd reapée;;g on Tatchu Rocks off the mouth of Tatchu
Creek and at the northern end of Jurassic Point,

At Totchu Poi;t;_so‘w;; 1,100 fect of strata have teen
measu;od between the base of the assemblage and wherc they Aisappoar
beneath the sea., They probably extend inland for % to 1 mile, but
are got exposed,

The Tertiary roogg have a gonernl persistent strike af

north 3@ to 55 degrecs west, and dip from 20 to 35 dogrees southwest.
Foldg and faults are of minor consequenco, and.only s few fault zones
contain vein matter of hydrothermal origin, all oé which is in
contrésé with older assemblages,
Sandston97gonglqmorate Mbpber . S
A ocoarso qgnglomeratg, chsisting’of volcanic and.g?nnttic

pebbles and bouldors up to 5 to 10 feet in diameter, outecrop wherever
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the base of the Tertiary assemblage is exposed. This basal conglomerate
overlies the une&en end decply éroded surface of the Jurassic voleanic
rocks or of graniﬁic Focks except on the east side of Tatchu Rocks

where they apparently o%erlie rocks ;ﬁoso nfe has not been definitely
established. The conglomerate varies in thickness from a few inches

to }0 or 15 feet,

Above the basnl conglomerate lies a succossion of thin-
bedded conglomerate, grit, snd soarsc= to mediumegrained sendstone.
Individual beds ma& be lenticular and very considerobly in thickness
and extont. They are composed of rathor poorly sorted material, and
small- to medium-sized pebblos are commonly dispersed throughout the
sondstone. Most of the grains of the sandstore are imperfectly
rounded to angular.’ To the south of Tatchu Point, these rocks reach
a thickness of 50 to 80 feef, but on the northwestern side of
Sandstone Point they arc all but missing.

The above strata are in turn overlain by some 200 to 250
feet of sandstone, which also varies greatly in grain size; is
rather poorly éorted, and includes a few thin beds of grit or fine
conglomerate, Coarse g?ains and small pebbleé are dispersed in
fair quantity in many beds, and most of the sand grains are impéffectly
rounded to angular, These sandstones are in' gemeral moderately to

.strongly calcareous, and contein numerous small and large'nesté and
lenses of .caloareous sandstone or‘ihpure limestone that weathet '~

out to produce. o honeycombsd surface. Peculiar structunesnthat:rather
* rosemblé worm trails or burrows a%ound.in.many bells,” and are proﬁably
fossilized burrows of Déntalium,. The grain-size decrecses markedly
in the upper beds,’ and the upper 100 Feet or so of beds consist
meinly of medium~greined sandstone, With fine~grained sandstone

and siltstone appearing in the uppermost beds, *
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Fossils occur sporadically in many beds, but are nowhere
ebundant, 'They are definitely marine, but include only a feﬁigpecies.

Ostros sp. indet., and ? Epitoniun cf. condoni Dall have boén

identified by Ralph Stewart of the United States Geological Survey
from collections made by the writer, mainly from one zone some 30

to 50 feet above the base of the Sandstone-Conglomerate membe?.

Sandstone~Siltstone Member

The Sandstone~Conglomerate member is overlain by 760 to
759 feet of sandstone, fine-grained sandstone, siltstone, sandy
shale, end grey laminated shale that constitute.what will be referred
to as the Sandstone-Siltstone member. .The transition beroen the
two members is gradual, lightecoloured, coarse- to:mediumpgrained
sandstonc of the lower member passing imperceptibly upward into
grey to derk grey siltstone,.sandy shale, and dark grey, Yaminated
shale. In the upper.member, rather numerous, variously shaped
conc;ot?ons of dark sandstone end siltstone eare qistributed irregularly
or in rows,

Many beds in the lower 350 to 408 feet of the Sandstone-
Siltstone member are fossiliferous;wellfpreserved crabs, all of onc

specics, Portunites alaskensis Rathbun, being characteristic. 1In

addition, the following were identified by Ralph Stewart: Bruclarkia

of s acuminata Anderson and Mertin, Epitonium e¢f., condoni Dall,

Priscofusus cf. hannibali Clark and Arnold, Siphonalia? sp. indet.

(internai mould), Dentalium spe indet., brachiopods, and bryozoans,
In addition, shark teeth, Platanus_and EEEEEE?like leaves, and much
fossil wood bored by wood borers,were collected, This fauna is
mostly confined to the concretions but aelso occurs in the rocks
surrounding them.

In the upper part of the succession just described, ailtstone
and sendy shale become predominant; they ars interbedded with a fair

number of beds of dark grey shale., On the other hand, sandstone becomes



rarec, YT Tatchu Point, still higher beds of the memher may bo seen
ot low‘tide, nmong which dark grey, leminated shale predominates
almost to tho exclusion of all other types. In these beds, loaf-lie
concretions consisting ©f grey sendstone or siltstone 5 to 12 foet
in diemeter occur, but no fossils were found. The top of this series

was not seen, but 350 feet of beds wore measured,

Age

These Tertiary rocks were first described by Webster (1906,
DPe T4A) from the extremity of Tatchu Point; at that time he correlated
thom tentatively with the Tertiary rocks of St, Juan Point.

Dr. Ralph Stewart, of the United States Geological Survey,
to whom +the molluses collectced were submitted for identification,
commonts as follows: "This shipmentoonsists of four colleotions
containing 8 species and about 50 specimens from Tatchu Point, West
Coast of Vancouver Island., The 3 species identified specifically
have been reported from the Sooke formation, arid correlation with
that formation is suggesteds The age of theo Sooke formation has beon
considered Mioéene, and Upper Oligocene or Lower Mioceno.

"The Sooke fauna seoms Letter reforred to the Miocene because
it is much more closely related to the Recent fauna than to the Eocene
fauna,"

" The fossil crabs that abound about midway of tho assemblage

aro all specimens of Portunites alaskensis-Rathbune This species

ocours’in Oligocene beds- in numerous localities aloiy the Pacific

ooast 6f North America from Alaske to Oregon (Rathbiin, 1926, pp. 74=75).
No representative of-tﬁé genus Porbunites is known to be older than the
Eocene nor younger than 0ligzocerle, and the epecies above mentionéd is
age for the strdta at Tatchu Point, the mélluscan faune favours Miocene
rather than Oligocene. Accordingly, for the purpose of this report,

the age is considered«to beé Oligocene or (?) Miocene,
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‘ The Tertiary rocks of Taotchu Point .are lithologically similor
W, and probably contemporary with,:the Escalante formation of Nootka
Island, Estevan Point, snd southern Vancouver Island, which Bancroft

: ('1940) considered to be Oligocene in apo. ‘

CORRELATION OF THE MBESOZOIC ROCKS

The succossion of Mesozoic rocks discovercd in the area studied
is much more complete and, lithologically, rather dissimilar to any
.previously degeribed from other . parts of Vancouver Island. Its
corrslation with tho .Vancouver group is bascd largely on the occurrence

.0f Monotis subcircularis Gablb in the lowcr sedimentary part of the

Bonarza group in Zeballos; Nimpkish, and Quatsino map-area (Dolmage,
1921, ppe l4~15; Gunning, 1930, p. 105; 1932, p. 233 ,1933, p. 34;
Bancroft, 1937, pe 6)s L8 this index fossil also :characterizes a
narrcw Zorie in the Thinly Bedded member of the Upper Triassic assemblage
in the area mapped, the correlation of the two can be considered as
estoblished (See Figure 1, correlation table). The overlying Jurassic
voleanic rocks thus appoar to be the équivalont oftho younged voleanic
part of tho Bohanzn group. Thus, it appears:thut only the upper part of the
Vancouver group, the Bonanze group, outcrops in the area mapped,
The reasons for bellieving that the Jurassic volcanic¢ rocks
are Lower or(?) Middle Jurassic in age have alroady been given, and the
opinion of Guming (193C, Do 105), and others, that the upper par®
of the Vancouver group is in part Jurassic, appears to be well founded,
The exact position of the Triassioc~Jurassic boundary:cannot
be determined exactly from present information. It probably. roughly
coincides with the contact betwoen tho sedimentary and voleanip parts
of the Bonanza group. Crickmay, however, mokes the generalizntion that
the Jurassic period of volecanic activity along the Pacific-slope
.commenccd in Middle Jurassic time and that thg earlier peart of the.period

is represented, by sedimentary rocks (Criokmay, 1931, .pp. 26-29). His
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.
discovery of Lower Jurassic sedimontary rocks at Parsons Bay on
Vanoouver Island (1929~30) lends colour to this suggestion. 1%,
the§efore, would eppcar more probablo that the boundary between the
- 8ystéms lies within the sedimentary part of the Bonanza group - above

the zone of Monotis subeircularis rathoer than within its voleanic

pearte

Neithor of the Upper Jurassic divisions of the present
erea has any known equivalents elscwherc on Vancouver Island, The
similarity of their founas to thosc of the Upper Jurassic formations
of southern and central British Columbia suggests that -thoy cro
rermants of o much largoer body of these rocks, largely recmoved by
erosion, rather than that they are local sedimentary facies of rocks
that elsewhere are mainly of volcaniec origine

The Lower Creticeous and Upper Jurassic rocks of the
present arce nearly bridge the erosional gap betweon the carly Uppor
Jurassic Yakoun and late Lower Cretaccous Haida formations doscribed
by McLearn (1949) from Queen Charlette Islands. It seéms probable
that the lowcrmost beds of Division A of the Upper Jurassic Serics
ore slightly younger than the uppermost beds of the Yakoun formation.

This is suggested by the fact that Cadoceras doroschini (Eichwald), which

.occurs near the base of Division A, in Alaskn occurs immediately
above the zone with Scymourités (Kellum, 1945, p. 208), which is found
in the upper Yekoun formation. : . ¢

In the Harrison Lake aroa, the youngest Jurassic formation
known is equivalent to Division A of the Upper Jurassic rocks. The
Upper Jurassic, Division B of thc area mapped is-represented by the
erosional gap between Crickméiy's Agdssiz Prairie formation and his
Lower Cretaceous Peninsula formationi  The prescnce of Aucella ex gre
mosquensis {Buch) secn by the writer in colleétions from Tyaughton
Creek Valley suggestd) however, that more somplete sections of Upper

" Jurassic rocks ard present locally in central British Columbia,
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. . The situation in Alaska is veryesimilar to fhat-in.British
Columbin, -as the youngest Upper Jurassic.formntion s far studied,
the Naknek formation, carries o Cardiocoras feund in its lower -part
and an Oxfordian Aucella faunz (A ox gre bronni Rouillicr) in its
upper part. Younger Upper Jurassic rocks are undoubtedly prgsent
locally although they have not yet been studied in detail,

‘In California, Upper Jurassic rocks eoquivalent to Division
B:are thick, highly fossiliferous, not too greatly deformed, and:
relatively well -studiede. The Upper Jurassic rocks of Division A, on
the other hand, although apparentlyrepresented, have been so little
gtudied by local stratigraphers that as yet no correlatien can Le
attempted,

Dawson (1887, pp. 13=15, 80, 83-99) and Dolmage (1921, pp.
16-17) described Lower Cretaceous rocks from several points along the
wost coast of Vancouver Island and in Quatsing Sound. Unfortumnately,
the stratigraphic and palaeontological informntion on these Lower -
Cretaceous localities is too scanty to admit of an exact correlation
with the Lower Cretaceous heds of the present area. It appears, however,
that the Lower Cret?ceggs succession in somec of these localities is
more complete in its upper part than that described in this report,
as even Aptian and Alblan rocks may occur in places (Dawson, 1887,
ppe. 80, 83-99),

The close similarity between the Upper Jurassic and Lower
Cretaceous faunas of.the area under consideration and rthose:of -
Aloske, Greenland, Siberia, and Middle Russia, .on the one.hand and
California, Mexico, -and even the Australasisn province on the ‘ether,
is raﬁher gemarkable, and definitely suggests o free marine.
comectian bgtween all these regions during most or all °fj??¥§vti?e'
This-in turn suggests that the relative scargity of known Upper:

Jurgssic and Lower -Cretaceous marine. deposits-throughout northmestern
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and western Caonada moy be due to their subsequent destruction or to

our still very imperfoct knowlodge of this Spaceous rosion.
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