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Sooke and Duncan Map-Areas,
Vancouver Island.

( HAITKR I.

INTRODUCTION.

OKN-KRAL STATIMKNT.
t

the island in 1908 undent ZZ '"«ru'""'"«'^"'
^-"^ ""

a topographical survev war/" ''^ "^*^ '*"^'^^- 'n 1909
"' '^^ "• ( hr..man, and at the cKko , f in.? .

*" «' P^Tvision
part o the island had been r^,'?"/ " .^''^' """'^^ ^""'crn
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The S>()kt an.l Duncan mnp-arran arc chiefly mountainou*

and heavily w(khIc(1. includinR the southern part of the greatly

dis(*;<*ed plateau, which forms th" Vancouver range. The

areas ci ntain representative'^ of nearly all the volcanic, meta-

morphii, and crystalline rocks of whi. h the range is comjx>sed

and also areas of the younger (Cretaceous and Tertiary) seth-

mentary rcK-ks which fringe »K)th coasts. Their geology is,

therefore, representative of the geolo^jy of the wh( le of Vancouver

inland, and indeed with one imjiortant exception, the Nitinat

form.ition, vir-jally all (.f the known formations of Vancouver

islan.l are found in the map-.irea;^; many of the problems sug-

gesteil by the writer's previous reconnaissance and detailed work

^ Vancouver island have been solved in these map-areas.

Mthough the mineral resources of the area are probably

noi very extensive, they are varied and to a great degree unde-

velopetl. In the Sooke map-area small stocks of gabhro. that

arc known to be copper-lnaring in places, have been mapix-d and

so also has the highly mineralized Sicker series in the northern

part of the Duncan map-area. Several large masses of fairly

pure, crystallir.e limestone have been outlim-d also. Perhaps

the negative results obtained in regard to the jxjssibilities for

coal and oil in the Cretaceous and Tertiary rocks of the map-

area are even more im[)ortant. for they should have a chastening

influence on the extravagant expenditure of words and money

in conni xlon with these supposed deposits.
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the special survey of the East Sooke peninsula have been written

by Mr. Cooke.
, •

i „:,i

During parts of both seasons considerable geological aid

was given by Mr. Jamc-s Caffrey of East Sooke. who has been

a very efficient helper in the geological and topographical

work on Vancouver island since its initiation in 1908.

U)CATION AND AREA.

The Sooke and Duncan map-areas, aa may be seen on the

accompanying index map (Figure 1). are situated in the south-

eastern part of Vancouver island, although the Sooke map-area,
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The f.tal land area in Canadian territory is about 000 s<iuare

n.iks, about 850 sciuare n.ik-, in W.ncouver island an.l about



-uver inland which li s ^^ 'X?":^
"' southeastern Van-

"f the Saanieh peninsula and t' v^^ ^" '"'''' '"'^ ""^"nvc^t

'-f "[ Saltspnng is,an,^
, ; l^'J^^ ^^r---

^^e western
a-Hlthe uh..le of Kuper i la ;//"''? '''"^ '' =-" •-elands,

'" Trincomali and StMart ;;:,"'""' "^'^^'^ -""'^^

dms,ons of Vancouver i.lL", ''' '"""^^'"^'
I'"''"tical

:"emainus,Scvntour.sJ;::l;^;™ --':^ ;'^;
«- -P-areas:

<- ow.chan, Helmcken, Sh uini . , / '

^•'''"'''". Qnaniirhan
a".i Metchosin di.tri;,.; a^"SrK o 'o*"'

''""^'"^""- ^'«'<^
Maiahat. Renfrew. Highland "n, K "', ''""^''" '-^e.
Pnncpal towns are Luh-snu- 1 h n'm

'''"''""'' '^''''''''- The
a l-opulation of about 3 500 250

';";''' ""^ ^'""^^"- ^^--'h

ontheeastcoa.tofVancou;Sij V" '''" '•^•^f-'-c'ly, all

PRIiVIOtS WORK.

.^^>.? to 1866 Dr. Robert Brou., n . ,

'",'"'P-"^^^«- f^"™
'"- on Vancouver islan.l n .Sf JT' r"^'^"" ^^P'"--
^'"f explored a large p<.rtion o th

° ' '"'"' ^"^^••"'"ent
J'"nes Richardson of the C^^^i

i

^''''-'''''- '" '«7l Mr.
year survey of the Crctaceou ^ ,

''"^^ commenced a five-
's'and, including some , k ?""^ ''"^' "^ Vanco^^•er
and the rocks of the Sooke " '''^ ''""^^^" '"''^P-area

-"• His results are p ii h d ir.T T' '"^'^'^ '^-'^'^
a^'

the years ,871-72. 1872 Hnd ,«'-. T'''
"' ^''°^''^^ f-

summarizes his work and i

^^"""-
"''« 'ast report

^/ ^,
n,iles to

1 inch' llXSHPtc \V '"^'P "" ^ -'«-'

•eoIogicalSur^-eymadearemn '
^^ ^^^ ^^'*-'^«" «f the

- the vicinity of^^ecch :; ;V
-

•r"^^"':^^ "^ '"—.try
P'acer deposits. The re.nlf f u

^ P'^'^'^' attention to th^
';f Vancouver island irgU'.-^.r^^ '" 'he southern par
'«76-77. and in several pap r";"Jnh "T "' ^-«-ss for

f-iogy of British Colmt lil "r
'^.'^^"'-^''•^'-^'.andgeneral

^^ebster and Haycock made a r.rso .

"' °^ ''"' ^'^^^s.rursor> e.vam.nation of the south-



western coast of the island, including that portion within the

Sooke map-area.

Detailed notes on certain mineral claims, mining districts,

and mineral industries have been made by the provincial mincra-

logi. Mr. W. F. Robertson, and by others under his supervision,

in the reports of the Minister of Mines of British Columbia.

Several magazine articles have been published on the mining

districts and mineral industries of the map-areas, the most

valuable of which have been listed in the bibliography. Con-

siderable private work had been done by the late VV. J. Sutton

whose death in May, 1914, is greatly to be regretted, especially

as he was about to retire from active business in order to get

his information concerning the geology of Vancouver island in

shape to puMish.

The pala?ontology of the Cretaceous rocks has been fully

described by T- F. VVhiteaves in volume I, Mesozoic Fossils,

published by the Geological Survey, Part II in 1879 and Part V

in 1903; only a few fossils described in the report were from

the Duncan map-area. Professor J. C. Merriam described in

1896 fossils collected by Dr. C. F. Newcombe from the Tertiary

formations of the southwest coast. In 1912 Mr. Harold Hanni-

bal, under the general supervision of Dr. Ralph Arnold, spent

three weeks examining the Tertiar.v sediments and in collecting

fossils from them. The results of the work are given in a paper

that is published in the Proceeding? of the American Philoso-

phical Society, volume 52, 1913, pages 559 to 605.

In 1908, 1909, and 1910 the writer made reconnaissances

over the southern part of Vancouver island, including the larger

part of the Sooke and Duncan map-areas. More detailed work

was done in the. vicinity of Mt. Sicker in 1908 by the writer,

and in the vicinity of Mt. Richards, Maple bay, and southern

Saltspring island in 1909, by J. A. Allan. The results of Allan's

and the writer's w < are presented in detail in Memoir 13,

of the Geological Purvey of Canada, 1912, which includes a

reconnaissance geological map of southern Vancouver island.
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CHAPTER II.

SUMMARY AND CONCLUSIONS.

GENERAL GEOLOCV.

The Sooke md Duncan map-areas embrace the southern

end of the Vancouver range and portions of the coastal lowland

of Vancouver island and a few of the islands ofl the "east"

coast. The range is a greatly dissected plateau of deformed and

metamorphosed volcanic and sedimentary rocks which have been

replaced by granitic rocks; and the coastal lowlands have been

developed by the more rapid erosion of sedimentary rocks

which rest unconformably upon the more resistant metamorphic

and granitic rocks.

The oldest rocks are a series of metamorphic, schistose,

fine-grained sediments at least 5,000 feet thick, and a series

of volcanics, largely fragmental, estimated as 2,500 feet thick,

called respectively the Leech River formation and Malahat

volcanics. The two formations are presumably of marine

origin and c formable, and the Malahat volcanics appear to

overlie the l.vech River sediments. The two formations are

separated by a transitional zone 500 feet thick, containing rocks

of both sedimentary and volcanic origin; and sedimentary rocks,

argillitcs, and cherts are found also throughout the Malahat

volcanics. The rocks have been closely folded into a northeast-

erly dipping homocline, which is composed of numerous, small,

appressed folds, and may form the southeastern limb of a large

synclinorium. The formations are correlated with a group

of similar sedimentary and volcanic rocks widely distributed

throughout the Pacific Coast region, and called in the interior

of British Columbia the Cache Creek group of Carboniferous,

largely Pcnnsylvanian, age.

Apparently unconformable upon the Leech River and Mala-

hat formations, although separated from them either by a large

fault or liy intrusive granitic rocks, are the bulk of the nieta-

M'i;'j1'';'i>.-'-"-'V: _ . j"'''^it*i',
"

"
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the Vancouver group. The Varn' ^^" '"'^ ^'""^^'^^te

-o^.e Vancouver ';o,Jl:t^r^oSL:r^

and '^irrzrj°::rp.::rt ^^^ ^-- -^-r

of flow and fragmental rocks Tr '°"''^'°"^-
^' ---'

basicity, largel/andester:^,?'f'f, '•""^'^^^'^' ^^ -^'i--
rockshavcbeenmetan^orphosed L- eaS ^I^^^'"^-"

^he
gran.t.c rocks, partly recrv.t.I iTT^ '.''"'^' "^"'" '"^^"^'ve
fied and f^l<isplhi^Tj^''';^^^^^
diopside-epidote rocks. Intercalated fn^f^; '"^ «^^"«-
camcs are nunierous lentils of ctl^ ^'"'°""^^ ^^'-
st.tute the Sutton formation NW u

?'''°"^ ^'^^h con-
500 or 600 feet thick, but hc'totaUhVu

'
^T'''

'^ '"^^ ^^^^n
at different horizons would be ^chf""!"^ '" '^' ''""'''----

limestones were formed b the accuLt." ? '•''' '^'^^- ^he
that lived on the shores ^ voS" • ^ ^ r?" "'^'"''^"^

eruptbn of the Vancouver voSic Th .
"'" ''"^'"^ ^''^

morphosed with the volcanics not rT- 7 ^^ ^^''*^ ^*^^" '"•^^a-

some of which contain lorsidean?'"r'''^'''''"'^'''"^«t„nes.
contact-metamorphosed and '„,'"lr":;^^°">^--

^ut also into
'dentical with those derived fr^m th"

'""'"^ "'^^^^''^

volcanics. One of the lentils to th
'"^^^'"^'-Phism of the

contains a fauna of ioweJuLl' ^T- °^ '^' "'^P'^^eas
the limestones and associated vS^S.T.'V' T^'"'^^

''''
map-areas are of the same geneSaee Inl r^"""^

'^""'^^"
sumably upper Triassic. They are co^llT^-^"'"'-"'"

""^ P^^"
Part of the pre-batholithic. vo can c andt

""' '''' '''''''
coast region and wit,, ,» v.v i

'
calcareous rocks of the

Columbia.
"'^ ^''°'^ S^°"P °f the interior of British

confo::;:;^;^teS:;^:ll"^^^^r'''^- -Icanic. and
closely associated wifh T em are nt

''""'"" "^'"•- '^"^

----Parporphyritea::^^sSr;a^!--'^
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phyrite. The Sickt'i volcanics ilost-ly nsfnilik- the Vancouver

volcanics, but usually may he ciistinnuisheil hy (•ons[)icuous

phcnotT>'sts of hornhlonck'. 1 liu scditmnts consist in asrendiriK

order of basal tufTs, cherty tufTs. and black slates, and are com-

I)Oscd of lx)th sedimentary and I'me-^jraiiied pyrodastic material

which was silicitiiKl and albitized during; the deposition by

volcanic emanations. The sediments are at least 2,0()() to 3,000

feet thick and the volcanics appear to have a maximum thickni-ss

of about 3,700 feet.

Since the lithological character and structural relations of

the Sicker wrtes and the Vancouver volcanics are similar, the

two formations arc considered provisionally to be conformable.

If is possible that the Sicker series is the younger and of li>wer

to middle Jurassic age, and is correctly correlated with the Maude

arjjillites of Queen Charlotte islands.

The rocks of the Vancouver group and underlying Leech

River and Malahat formations were greatly deformed during

the period of deformation general to the Pacific coast in upper

Jurassic and possibly Lower Cretaceous times. They were

flexed into two main synclinoria with a general strike of north

65 degrees west, the southern now involving the rocks of Leech

River, Malahat, Vancouver, and Sutton forinations,and thenortli-

ern the rocks of the Sicker series. Faulting in the southern

synclinorium has brought the Leech River and Malahat forma-

tions on the south against the Vancouver volcanics; and apparent

faulting along the crest between the synclinoria probably brought

the Vancou\er volcanics against the Sicker series. However,

the crest between the synclinoria has been denuded and is now

covered by younger rocks which also occur both to the northeast

and southwest of the two synclinoria, perhaps in similar, eroded

anticlines or anticlinoria.

During and following the deformation, the rocks of the

Vancouver group and of the Leech River and Malahat formations

were invaded and partly replaced by plutonic rocks. These

may be subdivided into three main types which were irrupted

in a definite sequence as follows: Wark gabbro-diorite gneiss,

Colquitz quartz dioritc gneiss, and Saanich granoiliorite. In

addition, there arc minor intrusives of two principal types,

iii^ :J:^iW
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's also ,n ertcd only into the Si,-k..r
''"'"'^-^^'''^t^'^ porphyri,,.

are given the disHnctivc nam . Tr^Vj?'^
-^'' '-n>hyrit..

Porphyrifes are closely nssoci^r. llT . 'J'"'
''""•'^-f'l'Jsp-.r

an,i hen.e arc torme 1 Jr^n^ "" ^'''^"'^'^ K'ranu,Jioritr

'''>'^' that there 7rT.tf;:?'.';r,w7'"''^:''"^
'"' '' '-^ p-^-

with the Saanic-h Rrancx'- :.;'/' trir';,?'^
^'^" ^^"'"^'^

Porphyrite, and hornblende- ,u.f,
^'•''^'•^"- ^'-^rtz diorife

are not clearly associated wth' he otr"'" T''"'^"'^-
"'"^•'>

the metamorphic rocks ami h .!
'''"'"""' "«-~k'*' ^^^

quitz gneisses as wSl
''' '''"'"' ''"* '^^' ^ark an.. J„U

ately!t^;:;;^j;^.f:t^^«-'- although intrude, ^par-
rocks are apparently it^ 1 f *'"''' "'"^'^ '^^ ^"-P«-nt
during ,I..formation Th nrTn.- T''"l

''^•'' P''"'''''''^- ''"^"Pt'^d

.ab.,ro..liorite gneiss; but i v rk
" "' ''•^. '''"'' '>''- '^ «

by numerous apophv-se« of th. r "i
™"'P"^'t'"n and i. cut

contact metamrrptsed 1' oc^'trh T^'-^"
^' '^''^ ^"

and frequently poicih'tic hornb e"dL Th. r '1

^':^^^'^"'-^'
a foliaffi quartz diorite md in ,,1

•

^olquitz gneiss is

It has mica granite "aci:l Uic^
"" •' "'"''P'cuousiy banded.

River Mhists only.
''"'' "'^' '"^'"d^d ''"t" the Leech

diorite and diorite porphv he u;"f
'""'' '''' ^^'^" "^ *f^-

-

-'^^hut theSaaniS';!:Jnd::ri:?;:^:,r^
""^ °"'>' ^^^ ^-- "

:'ioritotS:^;n;:st:;;rxi^:;7 ^"^.^'^^- -^^-
'n the Sicker series m,) ,1, f

'• "^ '^'^e irregular masses
f>y the latter. The' Tv e rnh? 'T 'I ''T''

""'''' '^"^ ''"^''-^ed

enclosing Sicker serIs a d h .'"1: " '"" '"'°^""^ ^'^'> ^^"^

«chis<s; and, although t^e Sh ker n" T-'"'"^ '"'" ^^•••'^''-

'^ -^'^-os.. oni/a,:::
^:^strf.;:„:rvr"^"^"^'en deformed with the ^icWr ...I o ?'

'^ ^"" "^'^V

a IK

h ,v.. l,„ I r ^ "*^ '"^ contacts andl^ave been deformed with ,he Sicker serL Roth f)orphyrites

r'rv;



14

arc almost artainly younger than the Saanich grancxliorite

which appears to replace tht; deformefl nnks.

With the exception of the indefviulent minor intrusives

already mentioned, it is cjuife rlcar that all of the plutonic rocks

were irrupted during the same general t)eriotl, which is correlated

with the irruption of the upixT Jurassic Coast Range batholith.

lVrha()s all of the fv[)es an derivatives of the same magma;

but, it so, the first derivatives of the parent magma underwent

still further differentiation independently of each other before

intrusion. In gem ral the Mesozoic igneous rocks conform to the

gincral eruptive cycle of (1) the volcanic phase, (2) the batho-

lithic phase, and (?) the phase of minor intrusives. The vol-

canirs are comprised almost entirely of basalts and andesites of a

remarkably uniform compf.sition; the batholiths are made up

of a number of rocks irrupted in a general sequence from basic

ti) acid: and the minor intrusives consist of a few rocks irrupted

in a general sefjuence from acid tf) basic. The volcanic rocks

may have resulted from the eruption through deep vents of a

but slightly differentiated, primary basaltic magma. The

composite batholiths may have been formed l)y the more com-

plete differentiation of the primary magma in chambers of

various sizes, the older and smaller and hence more quickly

crystallized and les.s differentiated portions solidifying to form

the more basic rocks. The minor intrusives on the other hand,

produc.d by the injection of residual liquids, would he drawn

successively from lower and lower levels as crystallization of

the batholithic masses progressed downward, and for that reason

they appear to have been more and more basic.

Resting unconformably upon a surface of considerable

relief cut in the metamorphic and irruptive rocks is a series

about 10,000 feet thick, of fragmental sediments, conglomerates,

sandstones, and shales, of Upper Cretaceous age, called the

Nanaimo series. The Nanaimo series is quite definitely cor-

related with the other Upper Cretaccnius rocks of Vancouver

icland, and is further correlated with the Queen Charlotte

scries of Queen Charlotte islands. The series has been sub-

divided into various members or formations most ot which

have been definitely correlated with the formations in the
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to h.ivo U'fn forinifl \>y a Hirt of hydn i l-likr or liullxni' luiddinK

\vhi(h was pro<iurc<l l>y thr rapid (hilling .iclion of thv watiT

on (.uhmariiif tlows of highly lliiil lava^^; thi- lavas wiTo eruptt-d

in jii>t the right quantities to maintain tlii' propor lialan<<' U'-

twtrn their coohnt; and thi ir onward tiow. Emanations from

the submarine flows, minglrd with the hcatttl oceanic waters,

tilled the inter-pillow spares of the pillow lav.is with quartz,

all)ite, siderite, calcite, and /.eolites. Such solutions did not

grc.-»*ly atTcct the maasive flows, but thev did repi . v the minerals

of uic fine-Rraiiied tulTs, presumably during the dejKJsition of

the tutT>, and at times a direct i)retipitation of silica and siilerite

may have taken placi- to form the ferriiRinous, cherty tulTs.

At the close oi their deposition, presumably in lower t)li-

Kt>cene time, the Metchositi volcanics were foldi-d with the Na-

nainif) series apparently by forces waich acted from the north-

east, perhaps having their origin b cath the downfc.ld between

X'anrouver island and the mainland. In general the rocks arc

flexed into thri-e synrlinoria that were overturned slightly to

the southwest. The syndinoria are now completely separ.ited

by erosion. The rocks of the central synclinorium. which con-

stitutes the Cowich.in liat-in, were most closely compres.sed

and overtuni(d and are further broken liy two longitudinal

faults, the northern wall of lK)th f.iulls being uplifteil .md thrust

to the southwest. The southern synclinorium was broken

by .1 still greater fault, called the Leech River fault; and tut

older met.imorphic rocks were thrust over the northeasterly

dipping Metchosin vf)lcanics.

During, or directly following th( ir deformation, the Met-

chosin volr.mics were intruded by sever.d small stocks of gabbro

with dilferentiates of granite and .inorthosite, which have betn

termed the Sooke intriisives. 1 )itferentiati()n seems to have been

cau>ed by fra-^'ional crystallization .ifter intrusion, and in the

stocks \vhi<h were undisturbed iluring crystallization the ditTer-

entiatcd portions are arranged according to their sjx'iitic gravity.

In the largest stock, however, that of Mast Sooke ix iiinsula,

movements during its solidification have forced the v.irious rock

types into exceedingly intimate and complex relations with one

anoll.L-r. C"<iiitinuetl movements sheared the earlier crv'stallized
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retreat of the Vashon ghuiers were left partly covered by the

Vashon drift, which mantles a large part of the upland as well,

and by the Colwfxxl sands and gravels which were deposited at

the front of retreating valley glaciers.

Following the retreat of the Vashon glaciers the n-gion

was uplifted some 250 to 400 feet to its present position. The

transverse streams crossing the lowlands, revived by the uplift,

have terraced the glacial dei)osits and have cut narrow canyons

in the hard rocks. Alluvium has been deposited in lakes arid

swamps which formed in the i>oorly drained hollows of the drift

mantle and in dammed glaciated valleys; and at the mouths of

some of the larger streams deltas have been built Along the

shore, the uplifted glacial deposits have been retrograded to

form steep wave-cut clilTs and small beaches and bars of coarse

sand and gravel.

m

ECONOMIC (•.i:OLor.v.

Of the mineral resources of the Sooke and Duncan map-

areas only a few of the n<jn-metallic resources are now utilized:

chiefly lh.' Sutton limestones and tuiTaceousargillitesof the Mala-

hat volc.inics for the manufacture of portland cement, to a slight

extent the superficial clays for common brick, and sands and

gravels for road and railway ballast and for constructional

uses. The Sutton limestones have been used for the manu-

facture of lime, and building stone has been quarried from the

Nanaimo sandstones. There h.is been a moderate production

of copper and some gold, (^ther resources which have been or

are of prospective value are silver, zinc, iron, and sulphur,

fuels, fluxes, pigments, clay sh.i'^-, and crushed stone.

(".old occurs in the gravels of the streams that drain the

area imderl.iin by the Leech River slaty schists; and has been

derived from the numerous, but very low grade (luartz veins

in that formation. Although the gold-bearing gravels are

usually of fair grade, they occur <inly in r^mall deposits,

and the larger gravel deposits carry, so far as known. ver>-

little gold. Quartz and (|uartz-fel(l>|)ar veins in other forina-

tions have been prospected for gold without success, and many

of them are clearly aplitic in character and unlikely to (cntain
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I he copper deposits t ,., „
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nrorr« nevertheless the metall.c minerals have replaced earlier-

rnu-d'ntetamorphic silicates, sonte of which in turn have re-

placed still earlier-formed silicates. Hence .t seems as f he

emanations varied in comp..sition as well as m tempera ure

and pressure, as the crystallization of the '" --^-^,«^^
progressed. The earlier emanat.ons appear to have bjn

gaseous and dilute, carr>'ing chiefly s.hca, alum.na. and soda

and the later emanations, probably liqu.d, earned a larg^ bad

of non-volatile matter with relatively large amounts of nittals

chieflv iron, copper, and sulphur. The ff.^J ^^^f
'"

^J
WIS short and was followed by a long but meffect.ve period

dSng which veinlets of quartz, calcite, and epidote were forme^

The shear-zone <leposits, accompanymg which are quartz

veins a'rr^ing small a.nounts of pyrito and chalcopyr.te contain

Xivdy larger amount, of pyrite and falcopynte h^n the

contact dep<«its. Thev are, however, less well-defined and

usultly lelfrichlv mineralized. Although there has been no

mmLitl produ'ction in spite of extensive prospecting and some

development, some of the deposits in
^^^^^ ^^fJ^/^ni^

associated schistose porphyrites and in the Malahavolcan.cs

carrving bornitc and chalcocite, are of prospective value. The

deposits in the Sooke gabbro of Ea. Sooke P--"^; -^^^i

adjoining portions of the Metchos.n volcanics are of considerable

prospective importance and hence have been studied and de-

scribed separately by Cooke.

High temperature quartz veins, some of ^hem apMic in

character, traverse the Sicker gabbro-dionte porphyrite and the

Saanich granodiorite. They have been prospected somewhat,

but appear to be unlikely sources of copper.

The onlv known deposit of the Tyee type consists of a large

lens of fairly massive ore, that occurs in Mt. Sicker, in a syncl.na

trough of schists derived from the Sicker sediments and associated

Tye porphyrites. There ha. been a considerable production

from the deposit, but it is now largely worke.l out. Like the

other copper' deposits its metals appear to have been der. d

from emanations from the intrusive igneous rocks, bu they

also appear to have been deposited by ascending thermal solu-

tions at somewhat lower temperatures and pressures.

%^ypl!!
w
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and impure, but a few of them mi^jht be used for brick and for

various kinds of semi-porous ware and stoneware.

The sands and gravels of the stratified superficial deposits

furnish an abundan supply of these materials. The deposits

have been quatried near the railways and roads for filling and

grading purp<ises, and they have been ",ed fjr structural and

building materials on the shore of Saauich inlet and Parry bay

where they can be quarried and transported cheaply.

The fractures and sheared character of the metamorphic

and granitic rocks of the map-areas, with the possible exception

of fK)rtions of liie Ladysmith batholith of basic granite or gran-

odiorite, renders them unfit for building stones. Most of the

rocks of the \anaimo series are ol no value, but some of the sand-

stones furnish a jtone of fair quality; they have been quarried

for building stone, but not for several years.

The less altered basic volcanic rocks or traps, espc ially

those of the Metchosin volcanics, afford abundant material for

an evcellent quality of crushed stone, but there has been no

commercial production from the map-areas.

'•'.^'.

'
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<^HAPTER in.

«NERAL CHARACTER OF THE D.STR.CT.

TOPOGFLAPHV.

GENERAL ACCOC.VT.

Vancouver ishnr? • .l

-^ci Duncan .ap-area.; return.;,'""^ '' ^''^''^" ^'^ ^^0,0
0-. and constitutes one o t et ie^ r

"'
T"'"'>'

--"'-"-
It 's separated from the mn nl u "^'^' "^ -^""''h America
P-tion of .„e great mar;" f^",i^^-

!'^^' -^'^--.-l northern-
known as the Pacific CoZ, , "^'^f

"^" o^ North America

^'l^-
^">^ of Californa to itkr f' '

/''^'' -^-^^S
-'th great mountain ranges It'- "k

" "'"'^'-^'^ "" '-^^ sic"
Oregon, and Uashington but iu 1 '''^''-'' '" ^^^''^mia!
Bnt,sh Columbia the flankin " mo

""'^' ''' submerged. In
range to the east and th

^ niountam ranges are the Coasf
Queen Charlotte t^ ^ l^''''

°^ Vancouver is,a d and
trends north 55 degrees ..;t ^d T' '^''. ''^"'-«-- -"geong <md 50 to 80 miles w de and h

'"'"' "''"' '^ ''' ™'es
15.000 square miles. It is ^'tf, ^"^ ^ ^otal area of about
range of the mainland b^'the subm; T"'^' '"'"^ '^^ ^-s
Paafic Coast downfold which

,^''^' "°''^'^^^''" ^"^ of the
^y Haro Georgia. M^;;"^;^

^-P-^ f-m south to no^th
Qneen Charlotte sound It ;

^™"s''ton straits, and
to the south, that is from\heOK.r'"^^'^ '''"" '"^^ -^inland
by a smaller transverse^wnfol 7'^"'""::'"'"^ °^ Washington
-t^ow occupied b. the-sT^'::;;:,^^^^^^^^^^^ "^^ ^^ ^iees'

' ne Vancouver nnn-r. ;
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apiiarcntly rfrhirt'd to a sul)(liie(l surface which was uplifted

t(i form thf piatcau-hko upland of X'aniouvi'r islanil, and then

greatl\- or maturely dissected. Ldokin^ across the upland one

cm still see in the wide, relatively smooth inter.stream areas,

the outlines of the subdued surface. In the southern part of

Vancouver island it looks as if this surface was nearly a {)lain

before uplift, with only a few rounded hills composed of especially

resistant rocks remainiiiR a few hunilred feet abo\e the general

level. In the central [xirt of the island, however, the surface

was one of considerable relief with larger and higher residual

hills anil small ranges of mountains. The present elevation of

the plateau-like upland is less than 1,500 feet near the southern

coast but increases rapidly to the northwest; so that in the cen-

tral part of the island its elevation is about 4,000 feet, while the

old rcsi<lu,)ls are now, since uplift, 5,000 to 7,000 feet above

sea-level, .i few peaks being even higher. As stated, the upland

has been maturely dissected. Most of the dissection was accom-

plished during a pre-GUu iai erosi(jn cycle, by large transverse

streams with tributaries which followed less resistant rocks.

In ihe southeasternmost portion of the island, although the

region is largely underlain by rocks of the same characteras

tho.-e forming the greater part of the Vancouver range, the

upland was entirely destroyed, and reduced to diversely ar-

ranged hills of subeciual height, and in the extreme southeastern

portion to another subdued surface several hundred feet lower

than the upland surface. Along the coasts of Vancouver

island are relatively narrow 'rcas underlain by sedimentary rocks

which are less resistant than the cry.-talline rocks forming the

larger part of the Island, and which were, therefore, during the

pre-Glacial cycle, reduced to a lowland also. It seems as if

at some time following mature dissection, in this same pre-

Glacial cycle, the southeastern part of the island was depressed

partly below sea-level, drowning the valleys, but leaving the

higher elevations above sea-level as islands and promontories,

thus forming the irregular drowned coast characteristic of that

I^art of the island.

During the Glacial period the island was apparently smoth-

ered by a thick ice-cap which smoothed and rounded all the
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mnp-aroas, however, inrludfs that portion of the V'ancoiiver

ran^e where the upland surface has heen destroyed anil the

rej;ion re<hired to diverselj' arranged hills of considerable but

subef|ual height, van ing from ,S(M) to nearly 1,8()0 feet above

sea-level. The elevation of the upland plain is about 1,500

feet in the southeastern portion but invreases to the northwest

to 2,500 leet, and in the western part of the Duncan inap-area

to over 3,000 feet. The upland attains its maximum elevation

Figure 2. Block diagram, illustrating characier of Copog.'aphy of the Sooke

and Duncan map-arciis, looking northwtst.

of 3,500 to nearly 4.000 feet, in the northwestern part of the

Duncan map-area; but here the plain was apparently never well

develop^ J and the region appears to have retained considerable

relief when uplifted.

The northeastern jwrtion of the Duncan map-area is a part

of the east coast lowland of Vancouver island, that has been

formed by the rapid erosion of the less resistant sedimentary rocks

fringing the east coast of the island. Since the sedimentary

rocks arc of varying resistance, with a general northwest strike

Wm^i^4m^^MlS^. ii^
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siiKv till- rcnnt f.linlu iliv.iiinn, by tli-' >, virt w.ivf .itt.u k to

which thi'V havf t>ttn siihjii t, arul now they Ixirdtr (Ui l)<iy»

with nc.irly -miiiith >hi)r<'-iinis bftwcfii lu-adlaiiii-i nf ilif more

rcsiitaiit rucks.

i)i;r.\ii.i,i> At-coi NT.

I'plarid.

The upland of the Sookc and nuiican map-areas is divided

into two part^. a snuthiTti and a northirn, by the widi' Co.viihan

vallpy which rrosx-s the central i)art of the Duncii map- irea.

These two parts are not only neoKraphi( .illy separated fron; one

another but ditTer physiographi. ally. The southern upland is

lower and more plateau-like, and its dissection has been ai<'om-

plish'-d by smaller but more numerous streams. The northern

upland is, therefore, characterized by larger features; and the

prospectors and timber cruisers recognize this in their pertinent

and sugtjestive name "big country.'

Southern Upland. The southern iipl.md it.self may be

further divided for purjxises of description into two parts—

a

southern or southeastern part where the upland plain has been

destroyed by erosion and a northern part where portions of the

upland plain still re;. ,"- to form the plateau like upland. The

two topographic t. p< ' rge into one another along their indefi-

nite bounrlary which crosses the Sooke map-area, with a some-

w*iat south of west trend, not far north of the southern boundary

(see topographical map) of the Esquimalt and Nanaimo land

grant, which is also the boundary between Malahat and Otter

and Coldstream districts. The southern part is, therefore,

the smaller, extending only 1 to 6 miles north of the southern

coast of the island, and narrowing towards the west. The north-

ern part widens towards the west and is from 6 to 12 miles wide.

Its northern boundary is the Cowichan valley, while its eastern

boundary is Saanich inlet and Finlayson arm.

Apparcrtly over the entire northern or main portion of the

upland south of Towichan valley the upland plain was before

uplift nearly smooth, that is it was a peneplain, although it

was surmounted by a few hills composed of especially resistant

rocks, such hills being known as monadnocks (Plati; II). The
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of the transviTw vallivs drain southward. The larger of the

str<'ams ilraiiiiiiK these valleyH are, from cast to west, Sooke
river draining,' Nioke lake and emptying into Sixike harlMiur,

Muir (Tctk, and the upfx r jHirlions t>f lioth the Jorihin anil San
Juan rivers which t itipty into Juan <le Fuca strait, west of the

mapi-area-. The Iar>;est of the north-south valleys is the eastern-

most, wlith lias Ueri drowned to form the tiord-like Saanich
inlet and Finl.iy>on arm.

Ne.irly all of the larger transverse valleys and several

of the smaller, tributary ones, ap(X'.ir to have Inin r.ither

severely ^l.iiiated, since they havi' strip, sm(K)th sides, wide
fliHirs whiih are more or less <lrift covered, and low uradienls.

In addition .some of them afford low passes lM;tween adjoining

larger valleys, for example (ir.int L.ike v.illey In-tween Sooke
lake .ind Koksil.th river, and the v.dley 3 miles .southwest of

C'owic h.m station Ix'tween Koksilah river and fowichan viilliy.

For all of these reasons tlu' glaiiated valle\s have In-t-n selected,

when jKissible, for the railw.iss traversing the uplanrl region.

In the Shawnigan and Souke valleys are largi l.ikes, 2 miles in

length, called rcs[>ectively Shawnigan and Sookt- lakes, whi( h

appear to have collected in glacially over-deepened [K^rtions

of their valleys.

Another large transverse \ alley, over 7 miles long and from
one-half to o\er one mile wide, extends somewhat east of south
from Watiiloo mountain to the headwaters of Jordan ri\er.

The valley is drift fdled and much of it tl.it and marshy with
numerous small ponds and a few large lakes, such as Trout
lake, occurring near the southern end. The valley is drained by
several sm.dl streams, which have low and, in places, almost
imfK'rceptible divides. The northern and central portions are

drained by three of the tributaries ot the Koksilah river, and the

southern portion is drained by the Middle fork of Leech river

and by Jordan river. The elevation of the floor of the \all(y

varies from l,.sn() to 1,800 feet .ibovc ,sea-level. On the west,

the valley is bordered by an almost unbroken wall 1, ()()<) tc lie.

I

riy

2,000 feet high, but the east fl.ink r.t the viiiey is niu. h l(.utr,

from 500 to 1,000 fiet high, and is broken In the valleys of the

Streams which drain the main valley. .\itliouj;li it is heavily
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by the wnur from its bist known stroani, thi' l.ccch River

valley. The stre.inis whirh occupy the \.illey within the map-

areas are from west to east, V creek, the central part of Jordan

river. Hear creek drained south liy Jordan river, Leech river,

Wolf creek drained south by Sooke river, VVaugh and (ioldsteam

creeks both (lowing east, and a small creek flowing west from

Cilen an<l I.angford lakes which are drained to the north into

F'inlayson arm by the lower portion of Coldstream creek.

The divide between Bear creek and Leech river, or strictly

speaking the West fork of Leech river, is almost Hat, but half a

mile e.ist of the divide there is an almost vertical fall of 400

feet in the West fork. Rear crwk, on the other hand, flows

westward with a fall of only a little more tli.m 50 feet to the mile.

As the fall in the West fork is progressing heailward by sapping,

the West fork will eventually divert the headwaters of Bear

creek so that they will How east; and indeed, from the low divide

and the abrupt angle in the upper |)nrt of West fork, it appears

as if the upper part of West fork had already been captured from

Bear creek by the Leech river.

The Leech River valley although wide has been severely

glaciated only in its eastern portion. The western portion is

V shaped, with widely flaring sides, although below the 4()0-f(-ot

fall mentioned above, the West fork of Leech river flows in a

narrow gorge cut in the floor of the main valley. The eastern

portion of the valley, east of the junction of the three forks

of Leech river, is much wider, and the floor and comparatively

low sides are heavily drift-covered. Leech river and Wolf creek

have been entreiichefl in this portion of the valley and have cut

ternices in the drift. The terraces along the Leech river are from

30 to ,S0 feet high and are found as high as .300 feet alxne the

river.

It appears as if the relatively large, southward moving

v.dley gl.icier which scoured out Finlayson arm, turned east-

ward when it reached the Leech River valley and followed it.

As a result of th^- gre.iter erosion by ihis glacier, the extreme

eastern end of the Leech River vallt .• was not (Jiily greatly wid-

ened, but was deepened cf)nsiderably, thus leaving the main i)or-

tion of the valley hanging above its eastern end. Waugh

T'-iiSr,.-^-
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of Cowichan valley vary from 600 to 1,800 feet in elevation.

The height of the hills increases rather regularly from the south-

eastern coast to the northwest; thus, along the coast are Mt.

Metchosin (600 feet), Mt. Blinkhom (797 feet), Garibaldi hill

(549 feet), and Signal hill (735 feet), and from 2 to 6 miles to the

northwest are Mt. McDonald (1,407 feet). Buck hill (1,100

feet), Mt. Rcdflag (1,000 feet) Mt. Matheson (1,000 feet), and

Broome hill (915 feet). The northern part of the Highland

district to the east of Finlayson arm is plateau-like, with a general

elevation of 1,100 feet, but Is overlooked by Jocelyn hill (1,300

feet) and Mt. Finlayson (1,342 feet). Along the boundary with

the main portion of the southern upland, Mt. Shepherd (1,758

feet) and Ragged mountain (1,900 feet) clearly surmount the

upland surface, while the summit of Braden mountain (1,533

feet) is at the same elevation as the upland surface.

The dissection of the former upland has been accomplished

by numerous, rrthor small streams. These were well adjusted

to the less resistant part? of the crj-stalline rocks; such as joints

and shear planes, striking chiefly in a north-south direction;

foliation planes, striking about north 60 degrees west, and

altered and weakened zones near intrusive and, in places,

fault contacts. As a result the valleys and a few ridge like

hills have a general north-south and northwest-southeast trend.

The hills have been smoothed by glaciation, and in small

hollows in the drift mantling .some of th.- broader topped hills

are small mat shy ponds or swales. The valleys have been deep-

ened sufficiently in a few places to form small lake basins such as

the basin of Matheson lake. More commonly, however, the

valley sides have been steepened and the valley floors slightly

widened and covered with drift. In small hollows in the drift

arc rather numerous ponds and small lakes some of which have

been filled.

Northern Upland. The general elevation of the northern

upland, which is terminatid rather abruptly to the south by

the steep slope into Cowichan valley, increases from 1,800 feet

in the southern part of Saltspring island to about 3,800 feet

in the northwestern corner of the Duncan map-area. Even

when viewed from its own level this upland surface, as already

.9fef!iiiMBP' 'ar.'&in
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of the mountains, notably Mt. Prevost, Mt. Tzuhalem, Mt.

Maxwell, Mt. Erskine, and Mt. Belcher consist of heavy bedded

conglomerates and sandstones dipping gently to the northeast

and overlying massive or steeply dipping rocks. In consequence

these mountains have rather brnad, gently northeasterly sloping

summits which terminate abruptly to the southwest in steep

and in places almost vertical cliffs 500 to 600 feet high.

These cuesta-like summits rest upon broader pedestals cut

in the underlying rocks.

A large portion of the upland is drained, and presumably

was dissected by the Chemainus river and its tributaries. In

the upper part of its course the Chemainus river follows a belt

of soft sediments striking somewhat south of east, between

resistant crystalline rocks on either side, and it looks as if the

river at one time followed the soft rocks to the south of Mt.

Prevost, into Cowichan valley. At present the supposed former

valley is abandoned, possibly because of the ice tongue which

filled Cowichan valley during glacial times, and the river has

taken a northeasterly course and has cut a narrow canyon,

call 1 Copper canyon, between Mt. Brenton and Mt. Sicker.

Nc; .1 of Mt. Sicker the river enters the east coast lowland

a, id, after wandering across it, empties into the salt water, 2

miles south of Chemainus. where it is building a rather large

delta.

The principal tributary of Chemainus river, Boulder creek,

rises in the northwestein portion of the map-area and, perhaps

due to the prevalent north-south jointing already referred to,

flows slightly east of south into the Chemainus river. In

common with the other north-south valleys of southeastern

Vancouver island it has been smoothed, widened, and in its

upper portion clearly deepened by glaciation, so that now the

valley forms a low pass ortly 1,600 feet high across the Brenton-

Arrowsmith range. On the east side of the wide, flat-bottomed,

and steep-sided valley is Coronation mountain, 4,200 feet

high, and on the west side the summit of an unnamed mountain

is over 3,400 feet high. This deep and steep-sided portion of

the valley is known as Coronation canyon.

M
%.
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called Somence lake. Another, larger lake 2 miles long and

named Quamichan lake, is situated li miles east of Somenos

lake in a shallow hollow in the drift fill. The elevation of its

surface is 101 feet above sea-levei, while that of Somenos lake

is only 18 feet. At its present mouth the Cowichan river is

building a rather extensive delta which has already filled a large

portion of Cowihan bay.

East (Northeast) Coast Lowland.

Although the Cowichan valley is virtually a portion of the

east coast lowland of Vancouver island, the lowland proper

is restricted to the northeastern part of the Duncan map-area.

Furthermore, although a narrow strip of the lowland, i to 3

miles wide by 13 miles long and lying between Crofton and

Ladysmith, still fringes the northeast or, as it is known locally,

the east coast of the main island, most of the lowland within

the Duncan map-area has been depressed below sea-level, so

that only the higher cuesta-like ridges remain above sea-level to

form islands.

On Vancouver island the lowland fringe presents few

topographic features; in general it is a nearly smooth plain 100

to 300 feet above sea-level, which on one side terminates rather

abruptly at the coast in a cliff 30 to neady 100 feet high, and

on the other side is steeply surmounted by the upland slope.

North of Chemalnus is a low ridge of northwesteriy-striking

resistant conglomerates and sandstones, that attains an elevation

of 400 feet. Of a similar structure is the long point east of Che-

mainus that forms and protects Chemainus bay or harbour,

and a larger and much wider ridge forms and protects Lady-

smith harbour.

Four streams flowing in shallow valleys cross the lowland.

These are from north to south—a small creek draining the country

north of Coronation mountain and emptying into Ladysmith

harbour, another draining Stocking lake, Askew rreek draining

Askew lake, and Chemainus river the largest of the four streams.

The streams are situated in relatively broad, shallow valleys,

but in parts of their courses, like much of the Chemainus, they

flow in narrow gorges. In very shallow hollows in the drift
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Shore-lines and Islands.

The generally irrcKular shore-linos and islands of the map-

areas, which appear l<j be the result of a depression of the

region followed by a partial recovery, may be divided into four

types, corresponding to the nature of the depressed or uplifted

surfaces. First and greatest in extent, are those of the north-

eastern part of the Duncan map-area that have been formed

by the flooding of the broad, longitudinal valleys of the east

coast lowland. Second are tne fiord-like shore-lines of the east-

ern portion of the Duncan map-area and northeastern portion

of the Sooke map-area, formed by the drowning of the large

north-south, glaciated v.-"ey cut into the upland near the eastern

boundar>' of the map-ai> as. Of the third type are those of the

eastern portion of the Sooke map-area, formed by the drowning

of the wide, but rather shallow valleys of the southeastern,

greatly reduced portion of the upland; and of the fourth type

are those regular shore-lines of the western part of the Sooke map-

area which appear to have been formed rather by the recent

uplift than by the former depression of the drift covered west

coast lowland.

Long points and chains of islands separated by long, wide

channels, passes, and harbours, are the most characteristic

coastal features of the northeastern part of the Duncan map-

area. These are, of course, elongate in direction of the strike

of the rocks, about north 50 degrees west. Many of the points

and islands are cuesta-shaped ; that is, they have long, gentle,

back slopes, corresponding to the dip or bedding of the rocks,

and steep front slopes, nearly at right angles to the bedding.

The front slopes of the islands, usually the southwestern, since

the prevailing dip is to the northeast, are in most cases very

Bteep, while in places the dip is so gentle that the northeast

shore of many of the islands is shallow and marked by many

reefs. The greater part of the shore-line is cut in the indurated

rocks and presents virtually all of the initial irregularities of the

depressed, glaciated, rock surfaces, although, owing to the

regular attitude of the rocks, the shores are for short distances

straight. Small coves and wave chasms bordered by narrow

beaches have been cut in the softer rocks and along joints and

-.•««J _?:• -.' V-.i, "H:?M!
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nairow valley, only the central portion of which remains above

8ea-level. The narrow inlets resulting from the drowning of the

ends of the valley arc Booth bay to the west and Ganges harbour

to the east. The northern part of the island retains considerable

relief, one of the sandstone ridges having two summits each

of which is nearly 1,000 feet high. Surrounded by three of the

sandstone ridges is the triangular-shaped St. Mary lake, at an

elevation of about 150 feet above sea-level.

In Trincomali channel are two chains of mall islands, the

northern chain composed of Rcid and Hall islands, and the south-

ern composed of five islands known as the Secretary islands.

The rocks of both chains dip to the northeast, but those of the

Secretarj' islands dip at steeper angles, and hence the Secretary

islands are narrower and have steeper shores, with r ore irregu-

larities. The individual islands of the Secretary chain which is

5i miles long are close together, so that they divide Trincomali

channel into two parts. That part between the chain and

Kuper and Saltspring islands is known as Houston passage,

while the name Trincomali is retained for the wider more con-

tinuous channel between the chain and Galiano island. Several

small islands are found in Stuart channel, especially near Thetis

and Kuper islands on the northeast, and near the main island

to the southwest. But the only well-defined chain of islands

in this channel is the Shoal islands, a group of sm.. ,
islands

totalling 3 miles in length, and situated within a mile of the shore

between Crofton and Chemainus, that are built of steeply,

northeasterly dipping sandstones.

The shore-line of Vancou%er island between Crofton and

Ladysmith is fairiy regular, a large portion of it being cut in

the recently uplifted and retrogradcil drift deposits. However,

a long narrow [wint called Bare point, extending west of north,

protects Chemainus bay which lies to the west; and a much

wider headland projecting southeast and terminating in a narrow

rock point, called Coffm point, protects Ladysmith (OysteO

harbour lying to the southwe.st of the headland.

Only the northern and southern portions of the drowned

valley extending along the eastern 'oundaries of the map-

areas are typically fiord-like. The southern portion, or Saanich
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shore of Parry bay ami the i ri' shore of S<wkf harlwur are,

however, cut in the drift d >> -i. The drift deposits have

been retroRraded, and va-elif lit ,
'y KK) feet hi(;h have been

cut in them. Sijme of the retiu-^ra ' i material has lx;cn carried

northward along thf shore <•' V bay. presumably by r,hore

corner of the bay to form

11 latJDon to the south of

tronraded drift has been

ailed VVhiffcn spit, which

ince to Sooke h.irlx)ur.

ay is 1 Ai\g extended by
• th 1 of a small

cen built out

The So<)kc River

hirRcr eastern part

ller western part,

currents, and has liecn d pos.

a small ^pit which nearK ' i

Albert head. At Sookc hu

built into a spit almost a

nearly cIom-s the rather r,. rov i

At one place the inner shor ' >

the deijosition of a small Ci.^p

creek, and a much larger '

into SM)kc harlxjur by :

delta has almost completeh. p. r.

of the bay, called Sooke ba-i i, froi

called Sooke harbour.

West of Sooke harlx)ur the shore-line ^ fairly regular al-

though it is not M straight and regular as it is t<> the west of the

map-area. Tl ere are three large, sharp-pointed promontories

of resist.iiit locks. Otter, Shcrin^ham, and ('.lacier points, be-

tween uln<h are broad, sh.iMow, crescentic shaped bays, cut

in the oft scHlimentary rocks that overlie the resistant rocks.

The slioie-line of the promontories, like that of those farther

east, presents virtually all of the irregularities of the depressed,

glaciated rock surfaces, with many adde<l minor irregularitits.

Between the promontories, the soft >.(iimcntary rocks ha\e

been rapidly retrograded to form steep shore cliffs up to 100

feet high. The cliffs have been dissected by Tugwell, Muir,

and Kirby creeks. The creeks have cut their channels nearly

to sea-level, but they have been unable to build deltas beyond

the step, narrow, b(juldery beach at the base of the shore (lifts.

CLIMATE AM) VF(.ETATION.

Because of the controlling influence of the ocean and notably

of the Japan current on the climate of the north Pacific coast,

the temperature of southeastern Vancouver island, especially

of the lowland portions, is temperate and remarkably uniform.

The average tem{jerature is about 45 degrees Fahrenheit in
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CHAI^ER IV.

GENERAL GEOLOGY.

GENERAL STATEMENT.

RICGIONAL.

Vnncoiivir island is composed of deformrd mctamorpliic

and scdimtntan- rocks, intruded anfi replaced by niinieroiis

irrcKiil.ir bodies of granitic rocks, and it is friPRed along both

coasts with fraRmcntal sediments which rest unconformably

upon th( older metamorphic and granitic rocks. Covering the

hard rocks to various depths is a martle of drift which although

partially stratified consists largely of glacial detritus. The

m-tamorphic rocks are largely of Mesozoic age, presumably

upper Triassic and lower Jurassic, but they probably include

some Paleozoic members. Apparently the oldest rocks, con-

sidered provisionally as of late Pahrozoic (Carboniferous) age,

are a series of slates and quartzosc schists and schistose, largely

fragmint.d V(jlcanics. These greatly metamirphosed rocks are

called the Leech River formation and the Malahat volcanics.

The lower Mesozoic rocks constitute the Vancouver group.

They con>ist chiefly of metamorphosed, basic volcanics called

the \'anrouvcr volcanics, principally mcta-andesites. Asso-

ciated with the Vancouver volcanics and occurring chiefly

in small intercalated lentils is a formation of crystalline limestone

.ailed the Sutton formation. In the southwestern part of the

island is a thick formation of calcareous rocks, apparently free

from volcanic members, called the Nitinat formation. Besides

the limestones there is associated but not interbedded with

the Vancouver volcanics, a series called the Sicker series, of

andesitic volcanics and stratified slaty and cherty rocks com-

posed partly of volcimic material. These rocks and their asso-

ciated volcanics have been greatly metamorphosed and converted

in places into schists.
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In Pleistocene times Vancouver island was co%'ered by a thick

ice cap and large piedmont glaciers, fed by valley placiers from

the ice caps on the island and the mainland, filled the straits

of Georgia and Juan de Fuca. The resulting glacial till remains

on the upland; but in the larger valleys and on the coast lowlands

the drift, although consisting largely of glacial detritus, is strati-

fied, having bc>en sorted by river, lake, and marine agencies.

A second, but lesser perifxl of glaciation followed the deposition

of the stratified deposits, so that they have been partially

eroded and covered with a younger glacial till. A recent uplift

of some 250 to 400 feet has taken place, bringing the coastal

lowlands, with their covenng of stratified deposits, largely of

marine origin, to their present position some 200 to 600 feet

above sea-level.

LOCAL.

The oldest known rocks of Vancouvei- island, presumably

of late Carboniferous age, the Leech River slaty schists and the

Malahat volcanics, extend across the northeastern part of the

Sooke map-area and the southern part of the Duncan map-area,

in a belt IJ to nearly 9 miles wide. The Malahat volcanics

outcrop along the northern edge of the belt, and they appwar

to conformably overlie the Leech River schists. The Leech

River schists consist chiefly of fine-grained sediments that have

been converted by dynamic metamorphism into slaty and quartz-

ose, largely quartz-biotite schists, and by igneous agencies

into garnet-staurolite-sillimanite schists. Near the contact

with the Malahat volcanics are interbedded, chloritic,

quartz-feldspar schists which appear to be in part tuffaceous.

The Malahat volcanics are chiefly dacite tuffs, varying from

fine-grained, carbonaceous, and argillaceous tufis, partly of

sedimentary origin, to coarse-grained, sandy tuffs and tuff-

breccias. There are a few flow rocks, such as andesites and dacites,

and also numerous beds of chert, some of which have been

brecciated and recemented. The cherts are clearly iiagmental,

although very fine-grained, and appear to have been silicified

and albitized during their slow accumulation by emanations

from submarine volcanic flows. The other fragmental rocks

!&S^r-^^«^^!^:^i
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were faulted so that now they are separated from the Metchosin

volcanics o the south and the Vancouver volcanics to the north-

west b-' profound faults.

The ro( ks of the Vancouver group in the Sooke and Duncan

map-areas are subdivided into the Vancouver volcanics, Sutton

formation, and Sicker series. The Vancouver volcanics underlie

a belt 2 to 13 miles wide, wideniuR to the west, to the south of

Cowichan vallev. The formation consists largely of meta-

morphic v.ilcanir flow rocks of medium basicity, chiefly meta-

andesites with some meta-basalts. Interbeddcd with the flow

rocks are amvgdatoids, pillow-lavas, and fragmentai volcanics,

agglomerates, tuff-breccias, and slaty and cherty tuffs, and

cutting them all are dykes and sills of volcanic porphyntes.

All of the volcanics have been metamorphosed and greatly

altered, and some of them have even been recrystallized or

replaced, to form various metamorphic types, such as silicified

and feklspathizcd volcanics, .Mphibolites, and garnet-diopside-

epidote rocks. They are also seamed with veins of quartz

and of quartz and epidote, and in places are impregnated with

metallic sulphides, .hiefly pyiite. The thickness of the Van-

couver volcanics cannot be determined, but may be conservatively

e.-timated as 10,000 feet.

The Sutton formation is composed of cr\'stalline limestone,

and occurs as numerous lentils intercalated in the Vancouver

volcanics throughout the entire thickness and lateral extent

of the volcanics. The lentils are small, varying from 100 to

1 ,000 feet wide and from 200 to 4,500 feet long. There are also

a few lenses entirely enclosed in the intrusive granitic rocks.

The cr\'stal!ine limestones are grey or greyish blue to white,

compact to medium-grained, and, where unmetamorphosed,

are composed almost entirely of calcium and magnesium carbon-

ates, the former greatly predominating. The only impurities

are small amounts of argillaceous and carbonaceous matter and

pyrite. Near the intrusive, granitic rocks the Sutton limestones

have been contact-metamorphosed into light coloured, coarselv

crystalline marbles carrying diopside and wollastonite, and even

into garnet-diopside-epidote rocks and silicified and mineralized

varieties. The thickness of any single occurrence of Sutton
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65 degri-es west. The belts, which are synclinal in structure

are separated from the Vancouver volcanics to the south and

from each other, by bands of Nanaimo sc-diments which also

cover the central portion of the middle Mt. The volcanic

rocks are f^ne to coarse-grained andesites, usually distinguished

from the Vancouver andesites by conspicuous phenocrysts ot

hornblende. Fragmental and amygdaloidal varieties are common.

The volcanics have been greatly altered both by dynamic

metamorphism and by percolating solutions so that they now

contain large amounts of epidote, calnte, chlorite, and other

secondary products, and have been converted locally into chlor-

itic schists. The sediments consist in ascending order, of basal

tuffs, and hard and soft cherty tuffs, and black slates. The

cherty tuffs are composed of some purely sedimentary material,

mixed with more or less fine pyroclastic material, and were

silicified and albitized during their deposition by volcanic

emanations. The slates and soft, cherty tuffs have been greatly

metamorphosed, the latter having been converted in places

into sericitic schists. The sediments are at least from 2.000 to

3,000 feet thick, while the underlying volcanics have a maximum

thickness of about 3,700 feet.
, , . , r .u

The Sicker series has been complexly folded, the axes of the

major f..lds striking about north 55 degrees west. As mentioned,

the three belts of the Sicker series are synclinal, while the separ-

ating bands of Nanaimo sediments occupy the position of eroded

anticlines. These folds, although fairly close, are of the normal

and parallel type and their axial planes dip to the south, so

that it appears as if they are secondary major folds on the north

limb of an anticlinorium. The major folds have been further

cross folded so that in the western part of the map-area

they plunge west at angles of from 10 to 15 degree's,

and in the eastern part of the map-area they plunge towards

a svnclinal axis which follows Sansum narrows. The rocks

have also been sheared and faulted, and many of their

contacts with the overlying Nanaimo series are faults.

The Sicker series has been intruded by the Tyee quartz-

feldspar porphyrite and Sicker gabbro-diorite porphyrite. The

Tyee porphyrite, intruded first, forms sills in the sedimentary
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phyrite is also largely con'^ned to the Sicker series and is called

the Tyce fXirphyrite. In addition there are dykes of grano-

diorite and presumably of diorite porphyrito closely associated

with the Saanich granodierite. but not with the Sicker senes.

and dykes of gabbro. quartz diorite poqjhyrite. and hornblende-

augite andesite porphyrite. which arc not clearly assoaated

with the granitic rocks.

The Wark and Colquitz gneisses are very "^t''"ft«^'y l""

volved and form virtually a single balholith. The bathol.th

extends across the northeastern part of the map-area and the

southern part of the Duncan map-area from the
^f^'^^'"}

Finlayson arm for nearly 20 miles to the headwaters of Koks.lah

river, north of Jordan meadows. It has a maximum width

of 9 miles near Sooke and Shawnigan lakes but narrows to an

apex towards the northwest. A granite gneiss, probably a

fades of the Colquitz gneiss, occurs in small bosses and stocks

intrusive into the Leech River formation near Coldstream and

Jordan rivers. The older type, the Wark gneiss, is a fairly typi-

cal, dark greenish, fine to coarse-grained gabbro-dionte composed

chiefly of plagioclase (labradorite-andesine) feldspar, and horn-

blende with more or less biotite and quartz. The composition

varies, in places the feldspar predominating and in other places

the hornblende. Although large masses of the typical gabbro-

diorite gneiss occur, it is nearly everywhere cut by numerous

arx.physes of quartz dior..e and quartz-feldspar gneisses and

frequently a complex of the gabbro-diorite and quartz diorite

gneisses has been formed in which the two types cannot be

mapped separately. The Colquitz quartz diorite gneiss occurs

in lenticular masses up to 5 or 6 miles long and 1 to \\ miles

wide, which are intrusive into the gabbro-dionte gneiss, so that

a series of alternating irregular belts of the two rocks ,s the

result. The Colquitz gneiss is a grey, medium-graine. rock o

gnMssic to schistose texture, consisting essentially of altered

plaguclasc (andesine) feldspar, quartz, hortiblei.ie, and biot.tc

It has certain acid and basic facies, the former M which is light

colour. J, consisting essentially of quartz and feldspar on y,

while the latter is dark, consisting almost entirely of hornblende.

The facies commonly occur interbanded, the separate bands
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southwi-st of Cnwirhan, last of King Sf)lomnn mini», into a quartz

galibro. The Rranodiorite althouRh li-ss mctamorphost-Kl than

the Wark and Col(|uitz ;;neissi-s is consif'-rably altered, Kri'-^tly

fractured, and in ()laees somewhat gneissic. At the contacts

with the intruded rocks, contact sh.itter t)reccias have been

develoixtl and aiiophyses of a lighter coloured rock cut not only

the intruded rocks but the granodioriti' itself.

The Tyee quartz-feldspar [xirphyrite forms sills, dykes,

and some irregul.ir masses, that are intrusive into the Sicker

series. It is a light coloured porphyritic rock, characterized

by a dense groundm.iss, which consists essentially of quartz

and feldspar, chiefly albite-oligoclase, and phenocrysts of quartz

and plagioclase, quartz phenocrysts lieing absent from some

varieties. It has Ix-en dynamo-metamorphosed and p.isses

into schistose varieties and even into sericitic schists. The

Sicker ^abbro-diorite porphyrite also forms sills, dykes, and

lar^e irregular masses intrusive only into the Sicker series and

e.itlicr injected Tyee porphyrite. It is dark green, holocrystal-

line, and consists essentially of plagioclase (labradoritc-andesine)

and hornblende. It varies gre.itly in texture from fine to meili-

um-grained, porphyritic rocks, with feldspar phenocrysts that

frequently have a tendency to a radial arrangement, to very

coarse-grained varieties without a pronounced porphyritic

texture. It varies also in composition, some varieties, especially

the coarse-grained rocks, consisting almost entirely of horn-

blende, while others are distinctly feldspathic. It is also foliated

but not nearly so much so as the Tyee porphyrite, although

in places it has been converted into a chlorite schist. The

Tyee porphyrite has clearly been folded with the stratified

rocks of the Sicker series and the Sicker porphyrite also may

have been deformed with them.

Dykes of unfoliated granodiorite porphyrite, otherwise

similar to the Tyee porphyrite, are intrusive into the Vancouver

volcanics, but unlike the Tyee porphyrite, are probably, as in

the adjoining Victoria and Saanich map-areas, chiefly younger

than the closely associated Saanich granodiorite. It is also

probable that dykes of diorite porphyrite that cut the Saanich

granodiorite and associated rocks in the Victoria and Saanich

^p-^^wr
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both vertical an<l lat.r.il (lircrtionn. Ntvirthelus- the Mrit-*

has Ufti subtlividcd on a litlioloKiial and stratiKrapliii al basis

into various namUrs or lonnations (tiiumcrated in thr following

tabli- f)f formations) each with its more or less distinsiiiishing

charai tcrisficH, Most of the formations may W difinitely

corrdatid with the formations of the Nanaimo basin in the

adjoining: Nanaimo map-area, but all of the formations in th.-

Nanaimo majj-area can not lie distinKuishcd and hence a

few iirw and more comi)rehensive formations have been

mapped.

The Nan.iimo scries has Inin mo<lerately deformed almost

entirely in the /one of fracture during the lower OliKOcene de-

formation, by forces which seem to have acted from the north-

east. The rocks of the Nanaimo basin ha\ a peneral north-

west-southeast strike and a prevailinR dip to tin- northeast.

They are, however, involved in a few larnc op»n, longitudinal

folds and several smaller ones, riie southwesternmosl large

fold is the southeastward continuation of the Kullect syndine

of the Nanaimo map-area and its axis extends across the Duncan

map-area to the southwest of Kuper and Thetis islands and

crosses Saltspring island near the southern end of St. Mary

lake. The corresponding anticline, called the Thetis anticline,

crosses Thetis and Kuper islands and follows the northeastern

shore of SaltspriuK island. Another synclinc and anticline

crosses the northeastern corner of the map-are.i between Norway,

Secretary, and Wallace i>lands to the southwest and Reid,

Hall, and (laliano i-land- to the northeast. The anticline is

the southeastward continu.ition of the Trincomali anticline of

the Nanaimo map-area, and the syndine, named the Channel

syndine, also starts in the Nanaimo map-area. Only the

DeCourcy and Northumberland formations are involved at the

surface in these folds. The limbs of the folds dip at angles

varying from 5 to 60 degrees, averaging about 20 degrees. To

the sf)Utheast of the folds the rocks, except for minor wrinkles

in the weaker ones, dip uniformly to the northeast, at angles

varying from 15 to 90 tlegrces, averaging about 35 degrees.

Where crumple<l the weaker rocks of the Nanaimo series are

broken by small strike faults. There are also a few small cross
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the synclinc is not so closely compressed, the conglomerates

are clearly conformaiile with the underlying shales.

In the western part of the Cowichan basin the rock? occur in

three narrow basins, and apparently fill anticlinal valleys in

the Sicker series. The southern and largest basin, that forming

the Cowichan valley, is probably a rather closely folded syncline

that is overturned so that most of the rocks dip to the north,

that is they are broken by a fault along the northern boundaiy

of the basin. The other two basins are apparently rather closely

folded synclines also. The southern of the two, which is fol-

lowefl by the Chcmainus river, appears to be a continuation

of the northern of the two eastern synclines and stiikes about

north 65 degrees west; and the northern, which crosses the

south slope of Coronation mountain, strikes about north 55

degrees west. It is doubtful whether any of the contacts of

these tAo basins with the underlying rocks are persistent faults;

but cf)nsiderable minor faulting has taken place along the con-

tacts.

Resides the larger folds and faults in the Cowichan basin

there are rather numerous, smaller, chietly longitudinal folds,

and doubtless there are also many smaller faults.

I nderlying the greater part of the Sooke map-area are the

upper F.ocene Mctchosin volcanics. They are all basic, chiefly

basalts and diabase, the latter occurring as dykes or irregular

injec'ed masses in the basalts. The basalts var>' from coarsely

pfirp lyritic and ophitic varieties to amvglaloids, and frequently

exhibit pillow and columnar structures. They are interbedded

with fragmental varieties ranging from fine, in places chertv

tuffs, n very coarse agglomerates, some of which occur in old

volcanic pipes. Some of the fragmentnl rocks are water-worn

and at least one bed of tuff on the south shore of Albert head,

pear the eastern Iwundary of the map-area, is fossiliferous. The

total thickness of the volcanics is \ery great and is conservatively

estimated at 7.500 feet. The volca.iics have been deformed and

more or less altererl. They have a general northwest-southeast

strike and .in e\-:dently involved in folds, although the prevail-

ing dip is about 20 degrees to the northeast. They are exten-

sively sheared and faulted, and their northern contact is the

•i^^'y''^^^^'^'('r^^7'i^^^ : - >!v:-";'
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'"^^"' ''"'^ f'^"'">- -''"rerl
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''^';,"|:^:-^ .hat the

v'^-. ohvine, hornblendic an M , u-^"'
'''' ^>'"'s of gabbr...

"'it- are virtually co ukkI to l^""f 'l""

''''''"^ "'•' ^'-'h:
R-'<>: ''oint PcniLub" d pp ;tt^ 1 ""r

'""^^' -"
e"tKU,on and metamorphism ''rhe ("id"

^^ """' '" •"'^-
-northo^ites occur as irreeulardvk-e ^"'t^T'""

^'^'''^''•^ ''nd

- hornblendites as re;£^^ '*::;:;:'' '^''-'"-le .abbros
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"""'""''^ ^^'''-'^ i-
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^"^' "'"'^-" '•'^^^'
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l''^'

^"'-'"" «''''^

-•netamorphused and mi„erah>« „ n
"' '' ""'"''-' '''''^'"«' •'"'«
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J Tr'^T'^'f""''^'

^''-«'-
'••'en.sc^ there are. howeve.extenXesr''''" ^''' '"'"•" "'-^

''--^ion or the lower Mi:c^:r:-;--t;; ::i-^^
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of the Sooke formation, which res.ts iinronformahly upon the

intrusives. Therefore, since the intrusives were irrupted into

the upper fy'^ene Metchosin volcanics, they must have been

irrupted durii'4^ or direcily fiillowin^ rhe deformation in lower

01i;^ocene time.

Ill the Sooke map-.trea, fringing the >f)Uthwestcrn coast of

VancouvLT island, are the marine sediments of lower Miocene

or upper Oli^ocene age, the 8(X)ke formation. They occur in

isohUed basin- separated by ridges of the Metchosin volcanics

and SfK>ke intrusives, upf)n which they rest uncoiiformably.

and .ire apparently remnants of the once more extensive coastal

plain, ihat was built ylong the west coast of Vancouver island.

The lari;. r basins occur north of Snke harbour and north of

Nioke bay, underlying the lower portions of Muir Creek and

Kirby (Coal) Creek val^ys. Three small basins f)ccur farther

wi>t and there are several outliers <jf Muir and Kirby Creek

basins.

The sediments consist chietly of >andstone and conglomerate

with thin beds of sandy shale and marl. The ba.sal <-onglomerate,

composed ol boulders of the Metchosin volcmics and Sooke

gabbro, is usu.iUy very coarse, and rests on an uneven erosion

surface. In places there are thin seams of lignite usually 1 to 2

inches thick, but occasionally, as near the bridge crossing Kirby,

(Coal) creek, nearly a foot in thickness. Thin, cigar-shaped

lenses of lignite also are found. The sediments are only slightly

deformed, the individual basins having a broad synclinal struc-

ture, with a general plunge to the southwest. The beds are,

however, broken by rather numerous faults, usually normal

faults with a displacement of only a few feet. The average

thickne.ss of the sediments in any one basin is probably not more

than 50() or 600 feet, but the maximum thickness as shown

by the bore near the mouth of Muir creek, is over 1,500 feet,

indicating that the sediments must have been deposited in old,

deep emb^iyments in the Metchosin volcanics and Sooke in-

trusivi's.

A large part of the Sooke and Duncan map-areas is covered

by sufR'rficial deposits of various kinds, which consist largely.

however, of glacial detritus. They are classified according t..
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and mwlc and
their lithoIoRical rharartor
as follows: Adn^iralt;

,

'

p^'^Z'V'"' """ "' ^^^f^-'"--

and rock dehris I ho! "^

fT""^''
^"^^ '*'^'«"t .•Huvium

'^y the earlie ;,aci f Qn "t'h"

''' •''"'"'^>- ''" '^'-'-^'t."

the- Puyallup in^erXiaU e^';rr ' f"'
'"'; ^"''"^ «'""-•

«ea-level, and thov now oc1 ch fl

/°''"'"''' '" P^^^ '-1-^-

•\50 feet. TlK,v a.nsirt o Z^ 'f"' ''"^r
'''''' "f •^^•^» -

the Days occurrinp. in ocner

d

Tl '''"^^' ^'"'' '-'^-"e's

The interglacial d-^^t^^ ","•"., ?^ '^' "^" ^'''^''-t-

•""' i-s intense ,xXl Z "; T^K ' '

^'f
^^"-"« ^lu- later

'•^'t "^ part hv water The V .

' ' '^ ^^ '"• '''"nf.

7^^tii,,.„tinp,ae.iti^::,:;^::;;^t^^
a few feet thirk covering the hard roH

"'''"'
'' "'^'"^'^

and
;

the most extens^^vcnff,
'"'''''''''«'""'''

'''^^''^'^f-^

t''c r> reat of tin. Vash^n 1

' '?""""''' ^''^^'^f- ""nn.

stream- i.suir, from the if
""^'^'y'''^- "'r'' 'i'T-H„d l,v tlv

'he recent t.phft of vtVo -^r 1h d "'.h'"?
'" ''' '" ^'"-

"arrow t]of„i-plai„s -.n,! h \ ,

Bravely, d, A-dnpi,,.

;;\""r, --,c.tr„r;r;,r„':^'"v-''"-"uhich formed in the noorlvrlr,; , „
^^ '"^"'^ svv.,mps

^7' in dammed Kiii!^ v ^^t j'^T^
"^ ^ ''' "^'^"^

'l.'yey hoK iron ore or ochreo. 1 1

" P'"'''" ^'" '"^Pure

"- '-• Riaeiated n.ck^ h^^Xt^ ^.I^f '^'"^T'-.
'""'^ "'

enng into a <oar.e debris wl ',,
»'>' mechanical weath-

of «teep cliffs an,l on M ,

'? ^^^"'""'ated at the i.ase

I^uncan map-area AL^ '

f
" "'" "-^heastert. part of the

'''•n\-ed hv the retroJ s ^ T" ''"" '^"'' ''"<1 Mravel
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Quaternary Recent

TABLE OF FORMATIONS

IPost-Glacial Rock debris

Alluvium

Colwood sands
gravels

Vashon drift

andPleistocene ll.at.r (.lacial epoch

StaKf of glacial re-

treat

StaRc of glacial oc-

cufKition I ,

Intergiacial epoch iPuya lup clays, sands,

j
and gravels

Xarlier Olacia'. epoch lAdniiralty till

i'nconformily

Tertiary Lower Miocene? iSocke formation iChicrty sandstones and
conglomerates

I monformity

Lower Oligocene iSooke intrusives

Granite

AnortI osite

Augite gabhro

Oliviiie gabbro

Bosses, stocks, and
apophyses

Bosses and apophyses

Stocks, peripheral fa-

cics of olivine gabbro

Stocks

Inlrush-e contact

Upper Eocem: Metchosin volcanics Ophitic basalt tiows,

agglomerates, tuffs,

chert*, and diabase

dykes

Unconformity ?

Mcsozoic Upper CreUceous jNanaimo series .^^
' G.ibnola formation

Northumberland
formation

DeCourcv formation

(.'edar District for-

mation
Duncan formation

lequivilent of Ce-

dar Uistrict, Pro-

tection, and Gan-

ges formations)

Protection
formation

Ganges formation

Extension formation

Haslam formation

Benson formation

Chiefly sandstones
Conglomerates, sand-

stones, and shales

Chiefly sandstones

hiefly shales

S.mdstones anil shale.

Chiefly sandstones

Sl...l\ sandstones aii^l

sandy shales

Conglomerates arid

sandstones
Shales .md sandstom-

Basal conglomerate

and arkose



jr^oubtfully

"Plwr Jurassic orl
Lower Cret-
aceous

[Minor irrtrusives
'

Homhk-nrj,. augite IdvIcm
an.lesite porphy.,^

Qu.^z^^diorite por-lDykes

[Upper Jurassic
and possibly

I

'--•erCretac.,us|Batho,ithic
an,, „,„,.„

'

j

iiitnisives

'Ji'-rite |x>rphyrit

Sa.inich i{rano<lio.
rito liutlioliilis and stock-;

"'til coniart l.iries
of quartz; ,,„an/-
l>fannK and inon/n-
n"ic diorites ,,nd

_quartz nahhro

Intrusive contact

\
Sicker Kabhro-ci.o ~'\fZ~r~;^

-

:
["<^ C-rphyrit..

l^^l'"'^'-''"'^

Intrusive cnniact

Tycequanz-fcldspar
rxirnni-ri't,.

( Kl'iuitz Knciss
•.r.initi-K'neiss

ijiiartzdiorite

gneiss

Stocks

Batholiths, stocks, ano-
.EnV?':'*. and dykes
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Intrusive cnntacl

Wark gabbrc-.lioritejUatholilli and stocks

gneiss
I

Intrusive conlact

|iir.i-»ic and
1 ria^^.ii A'ancouvtr Rroup

|

l.rjwir and iniddli-
.

]

J
: Srkir sediments i

Basal t.itTsiht-ty

I

;
tiills, arc! slalis

1 Sicker vok-anics jllornMcmk-augite

I

aiidusil'

s

\ aiiioHvcr voUanics

Vaiu-omcr volcanic. Mcta-andcMlc and
nii-ta-na>ait, llmv^

and injected nuk:.,

tnlM.r'-c.ia-., and
cliortv tnlTs

iv inclnd

-nine I'aKeoZoii

InncstonesJ

Unconformity?

..lao/nii L-.irlK.nifcruiis? Malabit volcanio iMet !-andesitey, dacitu

I tulT-lireiiias, tuR-

I

ace(nis ar.;illitis, and

I (lurti

I eecli River formati..n''^laty nid iiuart/o.e

hchi^tr.

Li-i-

DKSCRirriOX oi- iormatioxs.

•-[ RIVER FORMATION AN1> MAIAHAT

The

cxtciu"

VOLCANUS.

-rhi-toM- .cliiiuMit. aiul fraiinu'iital volranu's tlu-

..^,, K-r..>^ the tu.rthca^im. part ..f the Sonki- i.^ap-au',,

an,l th- M.ullurn pari of the Duntan map-nca arc tlie <d(!. -

n,ck. nl the „u,p-areas and prnbahly the nl.lest of Xa.uoUNe,

inland. Tluir a^c is .loul.lfiil, luit ihev are almost assuredh

I'akeo/oie, and ar. a-si^^ned pnn-i.ionallv to the Carlumtlerot.-.

Vhc ereat ai^e and ronforniat.ihty of the sehisto.e ;.edinun-.
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lo the north ., „., ij.,l '^ '^
'

[^^^ l^^^ch River formation.'
them are schi.„..so fraRrnVntaf

c

.-'''."''\'""''™-''''" -''h

^n.l deseribed with the Vam- n ver' v'l"
'^'''''""'''>'

"''''f>'''
Poss.b,Ii,,. of .iK-ir 1..,-

.^, old .

t n„ , 'v'""'
""'""«'' "'^'

'-""i confornKd.Ie with „;;. ,,,/';' "'^^ Vancouver volc.nics
out.' \o,v that further fu-idu

, k h r. "'".""" ""''' ""''"•^•'^

^ormahle with the Ueri- K ,^
'

,

''''"^" ^''" "'O' are ron-
--vc-r x.ol,-a,n-.-s in many w .v

'."'"'^' •'"'' """'^" ^'"^^ Van-
^"'1 calic.d the Alaiahat vole' nL^s !i^

""", """'"'''''^ ^-Paratelv

t'Kyo.,urn,o.src.xtenMv..Iv •
^''' "'^' '''^"-''^

'" which

^.rnJ.t.^'::^^lr,;;;;':^J;^-.;-eharaeter.ofthetwo
•"<• .•onforn,aI>!., ,he stru.u? .1 r

"'"" "'^' '"^"^->'-ns
•''''^'''•^'••'^ -Kin are eo'id;:;!,

';::;::;;:;;;

^'^^ ^"'<' ''-'--".

LEECH RIVKR FORMATION.
"ISIRIIll TIOV

^^,,^.,The_ n,<-ks of ,h. ,,.,.,„ Ri,,., ,••vhi.h exten.ls across the northn V
'"""•"'"" ""<'< rlir a Inlt

-' "- -u^hwestern ,r ^1rC "^ '""'" "'^'^--
-n^--^^..>out north 7i ,.,,:;ti:x ;::rn'

^^''''
'^

hi.k- ,!rposit of sand md ^ra\el<">"ix>sini; the Colwood ''''^- T""—
t
then, ks are wdl

le

smooth and heavily

<-col. Surv. Caa. NU.,„. u, ,v,y

'mparatively sniall and not
p. tv

;• '') and p. 14^.
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very numerous. The southern boundary has. for the greater

part. Vxjtn located with considerable accuran ,
since U fol ows

the brj^'c 8ubse(iuent valley, called the Leech River valley.

Except in its western part, the northern boundary is rather

poorly located although actually exposed in the stream beds

which afford a continuous rock section across the contact. In

its western part the northern boundary is a well-defined fault

which is followed by the San Juan river and its eastward exten-

sion, Meadow creek, and hence is well located.

Lira.. LOGIC At- CHARACTERS.

Tho formatior. consists chiefly ol argillaceous and arenaceous

.edinuntarv rocks which have l>een metamorphosed ly dynamic

and igneous action into slaty an.l quartzose schiets. There are

in places, especially near the Malahat volcanics, cherty rocks

and feld.pathic and chloritic schists which are in part, at least

of volcanic origin. These rocks, together with interbedded

rocks of purely sedimentary origin, form a transitional zone

into the Malahat volcanics which arc. of course, largely of

volcanic origin. Although as a whole the formation possesses

a uniform lithological character, yc-t in detail the individual

beds differ considerably, especially as regards accessory minerals,

texture, and power of resistance to corrasion. This last differ-

ence is well .shown along the creeks which cross the formation

the hard .luartzose beds often forming vertical walls over which

tlie water spills into deep ix)ols worn in the weaker slaty schists.

The various rocks may be subdivided according to their miner.'.l

comr^osition, not alwavs evident in the hand specimen, as follows:

(,uartz-biotite s.hists, qua.tz-sericite ..chists, garnet-staurol.te-

sillimanite schists, quartz-hornblen.le schists, and quartz-

feldspar schists, s(mie of which are chloriiic.

It

Quartz-hiotiic Schists.

The principal rock type is the quartz-biotite schist

varies greatlv in texture and api^arance ,from a thm-bcdde.l

,iark to black, slaty schist to a thick-bedded, rather light colour

(usually grey, but brownish weathering) fine to almost mediun-
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grained, quartziff liu..

T^hey owe .heir dark rn|,>, ^
" ''''^•'^"''••'-'

'en-ses „f ,,,,,"/
"'•'tter. hiot.tc.. and, i„ .Zo

'
.'"^'^'"^•^

'>f carbon k-..,us'

SonK-of.he.IatyschiMs ar-T,. r"'""'
^'"^'^y '" "''«".;

- to -esenW,Ie a graphi.i : ': 7'"-^

The essential constiti,,.nt

JJ-«^.aiiKhtbrownvarie":n>;:::;tnr'7""^'^^
'•' •-The quaru occurs in fine irre.uS

'"'"'"^"'^^"'^ "'at,..
d ameter) with -teriockin^boS ??'"'' !""' '" "^ ""'• >"

;^^

the quartz of the i.U. ..iated £,"' f"''
"'"> ""-' "--Ptionand distorted. The biotite occur '" '

'' '" '^^'*''-' f^'->^'ured
^"fhefc .ationandbeddin, and"" '''^"^''•^•-' "^"^^ Paralk
T/.e carbonaceous matter occus^

"'''' '" "'••^•^'" ''ands
fi'-a.ns. In so^^ rocks it is airk , 'r'^'T'^''^

«"^ amorphou.'
•' greater or less density but nothTT"'"^^^'^"^"' '" ^'^ d^ar streaks parallel to th^'^H^tr^t''''^^""'^"^^^''-^^^^^ar muscovite or seriate. Karnew,"^

The accessory mineral
-'---I- grains, calci.e. a^d ^\;;„ ; ,

""" ^^"'"«'>' '" -^"I

^«arte-5fna/^
SdnSts.

a part of the quart, appcvr tol "iT
''"-'--ncito sclt'I

-.or and less distorte?;";ns ' r/'t"; ^'""^^""•'^ '" "-h
'"''cate that in places the mnr, •"''''' ""-' '"''' •' 'a-^ons

I '.
'arge lentils, have resultef.T"''' ''''''^'^'

^^ ''''' "> u
^---hists. The se.^:;r;;-:,:^--'--t.

almost invariably
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accompanied by pyritc whi.h has Ixrn altered, to a gn ater or

less extent, to Hmonito.

C.iirnti itauroUte-sillimanite St hists.

In a few places, nt.tably near ihe intrusive Colquitz granite

gneiss in the s<nithweslern (Xii u.n of the Duncan ni,.p-area in the

vicinity (.f Jordan river, the (luart/l.iolite an.l (|uartz-serMte

sehists' contain r.liMvely larKC amounts o( garnet, staurolite,

and siUin, inite, aiu. these minerals, although lu.t prefjommatmg,

are the most chararteristic. Except l.-r the presence of garnet,

staurolite, or sillimanite, these schists do not differ ,t. their

appearance from the mon- normal schists, although some weather

to a dark re.l colour. The sillimanite, as seen in du hand

specimen, ocurs in short to loug slender prisn;., of rc^ ian^;ul,ir

or hex.iKonal cross section, thai are rudely Pricntated parallel

to the foliation. Thev ha\e a iaa.\imum length of ahout .S cm

and a ma.xit auu width of 4 or .S mm. Cam.' occur^^ in sm.iil

^average less than 2 mm. in diain. .'D pinki>h, do.lcc.ihedral

cry-tais. Staurolite, which is not u.u.illy conspicuous in the

h.ind sp' imen. forms sm.dl. >ellowi>h brown Kr.ih's betw. en

the lam. il.e of biotite and (purt/; in a few places, however,

di>linct, single and twin crvst.ds are .en. In a.l.lition, on

micn,>copic ex.imiu.ilion. and.ihiMte is detected, ami m th.' ro. k-

„m w.-i of the m.ip-arca, cyanite' has previously been loun.l.

Qiuir'z-lionihlenilr Sthists.

Ill ,1 \.r\ few places, notably in I'i. divide belwi.n He.,i

(n(k .m.i liie w.-t f..rk of l.ee.h rl\er, and near lip Mal.di.J

volcanics, (|u,irt/diornblende schist-, o. • ur in the I.ee(h Kiv. r

fun.; ai.Hi. They aiv dark greyish reen. line-gr.iine.l ..nd folia!.. I.

.uid iveii ^omeu ii.it lamiiKile.l r. k>. Tluy .ire -viu on nii.r..

M-opii- ex.imin,iti..n t.. conM~t e.-eiitially of qn^rlz aii.l a p.tl.

green, w.Mktv i>leoiliroic v,iri.-ly of hornbUiide; witii .i've-i.r-

cle,ir, an.i ..niv slightly twiiincl pla^io.l.i>e fel.l>iMr, pn.bah!

albite;/oisile;a!id ni.c'iMtii, ..r ilmei.ite. Tlieroik i> distinclK

f..li,md, both magnetite and hornblen.le having a p.ir..!'

Crfol. Surv., Can., .M.-m U, I'aJ. p. '''

"Ha
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quartz veins and lenses are usually parallel to the foliation,

but in places break across it. A few of the quartz veins are

crenulated, perhaps due in some places to the veins crossing

at short intervals, from one foliation plane to another, after

the manner of some Xova Scotia quartz veins', but in other

places are due clearly to crumpling. This is shown under the

microscope by the wavy extinction of the quartz of the distorted

veins and the sharp extinction of the quartz of the other veins.

The microscope shows also that some of the veins, perhaps

many, contain albite. These quartz vein? are also gold-bearing

and although ver>- low grade, the gold found in the streams

traversing the Leech River formation has doubtless been derived

from them.

MALAHAT VOLCAMCS.

DISTRIBUTION.

The Malahat volcanics underlie an extrcm« ly irregular

but persistent belt, varying from 200 feet to 5 miles in width,

which extends, north of the Leech River formation, across the

northeastern part of the Sooke map-area and the southern

part of the Duncan map-area, from Langford lake, east of

Coldstream, to west of Jordan meadows. The southern bound-

ary of the Malahat volcanics with the conformable Leech

River formation is regular, and hence, although definitely located

only where crossed by streams affording a good rock section,

may be fairly well determined. The northern boundary with

the intrusive Wark and Colquitz gneisses is e.>:tremely irregular,

and except where actually exposed can only be assumed. Roof

pendants of the Malahat volcanics in the Wark and Colquitz

gneisses presumably occur at several places, although they are

definitely exposed only near the dam of the upper (No. 3)

Coldstream lake. The Malahat volcanics are more resistant

than the Leech River schists and consequently are better ex-

posed, but there are large areas in which only a few small out-

crops are found. A notable, and by far the best section, over

> T. A. Richard, "The domes of Novi Scotia." Can. Min. Jour. vol. 33, 1912, pp. 27J-

276.
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the original texture has usually been destroyed, the feldspars

broken and diritorted, and the feldspar partly and the horn-

blende completely altered to sericite, actinolitc, uralite, chlorite,

epidote, zoisite, and calcite.

Dacite 7'iiff-breccias.

The prevailing rocks of the Malahat volcanics are frag-

mcntal, and although stratified, are presumably of explosive

origin. They range from rather coarse tuffs to fine breccias,

and are best called tuff-breccias' to indicate their rather fine-

grained character and explosive origin. They are thin to

thick bedded, light to dark grey, hnt' to medium-grained, frag-

mental and stratified rocks, the finer-grained resembling slates

or argillitcs and the coarser-grained resembling arkosic sand-

stones. Although well stratified they are not as a rule well

sorted. They arc commonly composed of angular fragments of

quartz, feldspar, and tlark chert in a fine-grained and argillaceous

and frequently carbonaceous matrix. In a few places they con-

tain some rounded fragments. They are invariably more or

less metamorphosed and foliated, and are frequently cut iiy

veinlets of quartz, and quartz and feldspar, and impregnated

with pyrite.

The tulT-breccias are seen, on microscopic examination,

to consist of angular fragments, varying from 0-1 to 3 mm.
in diameter (average about 0-5 mm.), of quartz, feldspar in-

cliuling both orihoclase and sotlir plagiodasc, and of volcanic

rocks, in a fine-grained, carbonaceous and argillaceous matrix.

The rock fragments are chiefly fine-grained but occasionally

porphyritic, feldspathic andesite, but a few of the fragments arc

similar to the associated tuffaceous argillites and cherts. The
matrix contains also a large amount of iiccessory and secondar\'

minerals, not clearly distinguished from one another. \'iz.,

light t(j brownish mica, tit.inite, sericite, uralite, chlorite, epidote,

quartz, cahite, pxrile, and limoiiite. E\en under the micro-

scope the stratified structure is exidcnt, and tlie stnitification

is i)arallel to the foliation. The l.irger fragments are distorted

and broken and the felilsixir fr.igments greatly altered.

' Iddinss. J- P.. "Irhcous rocks, vol. 1. l';oy, ii. .1(i6.
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It is seen that the tufTarcous argillite resembles scdimentxiry

slates in its high silica, alumina, and iron, and also in the pre-

ponderanie of magnesia o\er lime.' The silica, indeed, is as

high as the maximum value given by Dale, owing to the presence

of a large amount of quartz. It is impossible to calculate accur-

ately the miner.il composition of the rock from the incomplete
analysis, since the import.mt constituents, soda, potash, and
water, have not been determined, and since the amount of these

constituents cannot be approximated, as the difference between
100 and the sum of the percentages of the constituents detcr-

mincfl, that is 1-16, is hardly sufficient to accotmt for all the

alkalis and water that must occur in the fresh, undehydrated
rock. The following is a rough estimate of the mineral composi-
tion s determined by the microscope:

Per cent.
Quartz 40
Feldspar, chiefly albite 10
Sericite and kaolin 38
Chlorite 5
Hematite and magnetite 7

Cherts.

The cherts, as best shown by the Esriuimalt and Nanaimo
Railway section, are also found throughout the Malahat vol-

canics, in some places in thin to thick persistent beds totalling

a hundred feet or more in thickness. They are light to dark
grey and even reddish in colour, and, of course, dense and siliceous

looking, some of the clearly bedded varieties resembling quartz-
ites. Sonic of the cherts are clearly foliated and cut by quartz
veinlets which are parallel to the foliation. Other varieties

ore brecciated and recemented by i]uartz veinlets. In places

the cherts contain pyrrhotite, pyrite, or chalcopyrite, and in a
few places, as on the south side of Mt. Skirt, to the northeast

of Coldstream post-office, the sulphide minerals occur in rathe-

large amoimts.

The cherts consist essentially of quartz and feldspar. They
are extremely fine-grained and even the larger grains are rarely

over 0-02 mm. in diameter. The grains are, as a rule, very

Dale. T. Nelson, op. cit. p. 20.

wm'
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curve out around the fraRtnciits. In the more metamorphosed
varieties the (lark matrix is lustrous and schistose, resemlilinR

the ">;rapliite schists" of tiic Lcedi Kiver formation. It is

interlea\'e(l not only with stott Lut with stretched, lens-shai)ed

fragments whirh since they .ire opaciue and white weathering;,

are in strikin)^ contrast to the black, lustrous matrix. The
fraKnicnts a()[)t'ar to be felil-nathic, with a sr.rface coating of

kaoli?i, but on microscopic examination all the fragments are

shown to be chert, so that the opaque, white coating is doubtless

powdery silic.i, such as results from the weathering of chert.^.

The clurty fragments resemble the cherts of the Malahat

volcanics and are of almost sub-niicroscopic grain, and are

comi)osed largely of quartz with some feldspar. Quartz forms

also nunurous intersecting veinlets and irregular replacements

in the cluTi fragments and later veinlets of quartz and si'ricite

cut both the fragments and matri.t. The matrix is not resoK'ed,

but is clearly cari)onaceous and contains some flakes of sericite

and zoisite, and is staini'd with iron oxide. These pecidiar rocks

have been called chert-breccias. .As the fragments occur in a

fine-graini'd carbonaceous matrix tliey ai)pear to be of explosive

and sedimentary origin, but for the reasons given in the discussion

of (.he mode of origin of the Malahat Vf)lcanics, they are believed

to be autoclastic <jr friction breccia .

Metamorphism.

As already stated, all the rocks of the Mai. hat volcanics are

foliated uid to a greater or less t'xteiit their original chemical and

mineral composition has been changed. The ordinary mineral

anti textiinii cliaiigt>, which are the only changes con>iilered

since no chemical analyses are available, have already been

described; but certain metainorphic rocks occur whose original

lithological character has been almost entirely obscured. These

more highly nietamorphic rocks occur throughout the Malahat

\olcanics but are developed chiefly near the intrusiw W'ark

and (."okjuitz gneisses. They are, as arule,moregreatl>fracturi(l,

siiicified, and mineralized, and cut by more numerous quartz

and even calcite veinlets. The most common typje has appar-

ently resulted from the metamorphism of the flow rocks. Tliey

.im^
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relations arc fhe sanu-, that i<» they havi- lM)th been intrudtd

by similar uppt-r Jurassic irriiptives and have turn (iifornied

and mitamorphiisod to the same c-xtint, so that their pnsent

attitudes are virtually iilenti<al; (2) their contact is parallel

to tluir hedditin an<l is marked by a transitional zone i ontainin^;

beds of both sedimentary and volcanic origin. In addition,

the Leech River formation contains a few l)e<ls of t|uartz-feldspar

schist, aj)parently of volcanic origin, while the Mal.ihat volcanics

contain many beds partly or entirely of sedimentary oriKin,

tufTaceous argillites, cherts, and ihert-breccias.

The transitional .one between the Leech River sediments

and the Mal.ihat volcanics is exposed at several |)laces, notably

alon^ tile lower, northward tlowinn portion of Coldstream creek

and al< ng the Es(|uimalt and N.maimo railway btt'Mcn 12 and

13-mili-ixist.s. Farther west the contact between the two

formations is more abrupt and definite. At a distance of one-

half mile from tiie Malahat volcanics,, in the e. tern p<irtion

of ti.e Sookc map-area, isolated beds, 2 to i? feet thick, of chloritic

quartz-feldspar schists, occur in the Lee;h River formation

interbedded with the ordinary (luartziHotitc and (luartz-sericite

schists. Towards the north, approaching the Malahat volcanics.

these beds increase in number and thickness but are not numerou

until a distance of less than Sno fct t from typical Malahat

volcanics is reached. This 500-foot zone is the transitional

zone proper, and consists largely of the chloritic feldspar schist'^

and cherts, such as characterize the Malahat volcanics, inter-

bedded with thin layers of the slaty and quartzosr schists

typical of the Leech River formation. Generally the rocks

in the zone grow less schistose towards the north and the chert

layers become more numerous, and, instead of interbeds of the

typical slaty schists, there are interbeds of tuflaceous a.'KiHite,

such as are found elsewhere in the Malahat volcanics. Farther

north, beds of tuff-breccia occur and even schistose meta-ande-

site, although the tuff-breccias are interleaved with thin layer-

or lentils of dr.rk, carbonaceous, tuflaceous argillite. The contact

of the two formations is located at the southern boundary

of the first well-defined bed of tulT-brec; ia or schistose meta-

andesite. Farther west in the vicinity of Sooke lake, Survi>-

m
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Nolcanics and nrar small intrusive makses in Inith formations.

Thrsc fuiiU are « illur the riMilt ul nu.vcnirnts iatci ilian thoso

tkforminK the entire Knuip ur of tiie relative rigiilne^s or eom-

jK'tcney of the intrusive masscB. Alonx the EM|uimalt and Na-

nainio railway the setundary folds plunge to the west at low

anKle>; and their axial planes dip steeply to the north, parallel

to the Keneral iK-ddin;; ami foliation of the formation. To the

>ouih of Ionian me.i.lows the axial planes of the more eom(K-tent

MTcaid.iry foKls, wlurh also pUin^;e to the west, dip alMUit 4.S

deuree^ to the south, but the less eompetent folds dip from that

.ingle Ihrounh vertii.d to 6.S degrees to the north. .\t Loth

these plaeis. however, the character of the folding and of the

prominent cross jointing, which dips to the south, indicates .i

ril.itive upward movement of the more northern rocks.

.Mihough secondary folds corresp<mding to the major

fold- .ire not (fmmon, minor cross folds or undulations are rather

ruinurous. These cause the strike of the lieds to var\ within

rather narrow limits, usually widiin .50 degrees of the general

strike. In a few pKices, however, these undulating cru-s folds

are more closely compressed, so that the edges of the steeply

dipi.ing beds exjjoscd in horizontal outcrops are seen to be greatly

contorted. The axes of all these small cross folds correspond

with the dip of the rocks and are consequently nearly vertical.

The l.irger features of the cross folding were not determined

either from the pitch of the secondary longitudinal folds or

from the distribution of the rocks; but along the Esquimali

and A.inaimo railway to the sout'i of 17-mile-post, thcr is an

anticline with two corresponding syn- lines, which strike about

north 40 degrees east, and pitch gently to the northeast, with

axi.d planes dipping steeply to the northwest. These folds, like

the longitudinal secondary folds, also indicate a relative upward

movement of the more northern rocks.

In .iddition to the folding, the rocks of both formations h.ivi

been broken by numerous shear zones and small faults. Mo^t

of the shear zones are parallel to the bedding and foU^iion, and

like them indicate a relative upward movement of *^ lorthetn

wall. Although the slickensided surfaces indicate a= a rule .i

nearly vertical movement, the movement had a pronoun.ed

'-.ti^^Bt^^.-.S^fS-^TJ^- ^:ak'



83

'""i^onf..! component in p|,,„ .

^- n,ovv<l. relative- ,o the s , '7 "''' "'"''""' « '"

'" P-lu.-c change or f..i
.•,„"' •-'"">< --.rt-ic.nt in plact

•'';>niM.l..as. ,, n,^, ;V„
'" '" 'he rocks, oca.r ai.M,. In

'^ P-lIcl to the cn.act ui u" Z''''
^'"'•''•'^ -.Icanls

:""' '"U^t have been fornu., v „ „
'""' '"'''"'''^ i.'"''Ws

'"'n.sion of ,ho.e rocks. S^l " '"^'"^•"'^ 'luri-K or after ,I,e

;-:-.-.e..ionof.:^,r:—

-

^•^nsHional .one b.t^.,,n thl'^r, f

"'^'^^" '"""''tions. tjfe
''on.on marker, it sc^m, Z,T '""':'."""^ '-in^r the only
'"-ior features of fol.li„n.,,h'r^''"'';'' '" '^^•^^™'"^- '^e
""It "K. PossilWy afte e temelvTr',

" '"^"'--"^^•nt due to
<'*>ve!o,,inK the .neth.nJs workirlV "f^/°^'^-'

'''^P'>'""« nn,l

structure may ,.e determ n" '

At ^"'""J'"'""- "^ --^
*•«' rather in.lefinite Rener.lizui ,

^ "'' ''"^^^^^'•-
^'"'v a

•'•a presented al.ovc. l" ua
"

/"''l'
'"-' "'-'^' from the

;'-' 'he Leech River forL,"" „"™:t' °"f•' ''^ ''^ -'-'
-ge. nearly isochnal folds so that T '" ^'^•^^' ^ f""-"
«veraitmu.s across the l«,It. and th.t 'u"

^•^''^ ^'^^^'^

;;"
ed by the supposed info co t^lZ " ' '"•" "*^^ ^^f'-

-f Jordan meadows on the divides b^
''

r""'" """^'^^^t
^;n Ju.n and Koksilah river H

"'" •^"''''•'" "ver and

:
''^ Pnnes that there is n, s ;h inJolT

"•
l^^l

'^•^•^'''"' --^ -
'
he writer's present interp et L

" 1"" 1 '^' '^^ ^"'"'"ations.
-..reat numberof smalU:, t^ ^,^i::rM ^'^ ^'" ^-^^-^"^

'" he zone of How, and that ,1,"
f

'^'^ ^"'^* P'""duced largely
f"-^' f.'hl involvir. both or ,r s"

'''"' "^ ^ ^^^^ ^o-

'^^i^.i:«i



84

of the bedding and foliation is to tlie north, and since the northerly

beds have in many places been thrust over the southerly beds,

the inference' is that the exposed rocks form the southern

limb of a great synclinorium. This inference is supported by

the occurrence ol the younger Vancouver volcanics to the north,

although with but little quostion the Vancouver volcanics rest

uncomformably upon the Leech River and Malahat formations.

If this inference is true the Malahat volcanics are younger than

and rest on the l.eech River sediments.

It is clear that the l.eech River and Malahat formations

have suffered deformation during more than one period. Inas-

much as a part of the evidence uixm which this conclusion rests

is presented in the section dealing with structural relations with

the younger formations, a discussion of the subject is delayed

until all the evidence shall have been given.

Stratigraphy and Thukness.

Owing to the rapidity with which the varieties of rock suc-

ceed one another in the Leech River and Malahat formations,

and owing to their great structural complexity, no attempt was

made to measure any extensive detailed sections. Neither was

it found possible to do more than roughly estimate their thick-

ness. If, as supposed, the Malahat volcanics are the younger

the general succession is as follows:
Thickness
in feet.

Dacite tuff-breccias predominating, with meta-

andesites, and numerous interbeds of tulT-

aceous argillites and cherts, the tuffaceous

argillites l^ing more numerous near the base

of the formation 2,500

/Interbeddfd chloritic feldspar schists, cherts,

\ quartz-biotite schists, and tufifaceous argillites. .
500

Quartz-biotite schists and, where more metamor-
phosed, quartz-sericite and quartz-staurolite-

sillimanite schists, resulting from the meta-

morphism of rapidly alternating shales and
fine-grained sandstrnes, with inte.-bedded

quartz-hornblende and quartz-feldspar schists,

more numerous near the top of the formatioi,

resulting from the metamorphism of tulTaceous

and possibly of calcareous sediments 5 ,
OOi)

Malahat
volcanics

Trai.iitional

zone

Leech R.ver
formations

>L«ith, C K.

Total

•'Structural geology," 1913, pp. 114-132.

8,000

"?.»•i£J3i'^^i»W^"'^?•J^*?:•^..Si?g^•
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northern wall, consisting of the Leech River rocks, has been

thrust over the Metchosin volcanics. Near the fault, the

Leech River rocks have been greatly sheared by the major

and accompanying minor faults (Plate VIII) and have been

crumpled into small drag folds; hence the rocks strike nearly

parallel to the major fault. However, considering the structure

on a large scale, at least the eastern portion of the fault bevels

across the Leech River formation at a small angle, so that the

exposed width of the fornation is much less in its eastern part.

Intrusive into the Malahat formation, and forming the

greater part of its northern boundary is the large composite

batholith of the VVark and Colquitz gneisses. Near the contact

the Malahat volcanics are as a rule greatly metamorphosed.

They are fractured, foliated parallel to the contacts, silicified,

mineralized, and cut by numerous quartz and calcitc veinlets,

developing the metamorphic types described above. Apophyses

and stringers, especially of the Colquitz quartz-diorite, extend

into the volcanics, developing in places contact complexes

and hybrid rocks.

The only subjacent rocks intrusive into the Leech River

formation are two or three small stocks or bosses of the granite

facies of the Colquitz gneiss, occurring in the southwestern part

of the Duncan map-area and in the northeastern part of the Sooke

map-area. Near the small stocks in the southwestern part of

the Duncan map-area the Leech River schists have been convert-

ed into the highly foliated garnet-staurolite-sillimanite schists.

and apophyses of the granite gneiss traverse the schists parallel

to their foliation. As noted above the quartz veins in the Leech

River rocks are exceptionally numerous in the vicinity of the

stocks and bosses of granite gneiss and their close association

indicates that perhaps most of the quartz veins traversing the

Leech River rocks are among the metamorphic effects of the

intrusion of the granite gneiss.

The Malahat volcanics and Leech River schists are cut al>(i

by two of the minor intrusives which have Ijecn tentatively cor-

related with the upper Jurassic irruptives. The Malahat vol-

canics are cut by two large dykes of gabbro, one crossing tlio

Esquimau and Nanaimo railway 200 yards north of 15-milc-
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largely of quartz. The great thickness of the formation, the

lithological similarity of the rocks, and the absence dl conglomer-

ates indicate that the rocks were deposited in fairly quiet water

under uimorm conditions. In the absence of fossils or minor

original structures, such as ripple-marks and mud cracks, which

if ever present have been destroyed by the intense metamorphism

that has affected the formation, it is imjxjssible to state definitely

whether the rocks are of marine or lacustrine origin. Their

uniformity, fine-grained character, and prevailing quartzose

com(x)sition suggest that they arc marine.

These sedimentary rocks were dynamo-metamorphosed in

the zone of anamorphism into quartz-biotite schists, and near the

intrusive masses were also contact-metamorphosed into quartz-

-seritite and (luartz-staurolite-sillimanite schists. It is po.ssible

that interbedded calcareous sediments were metamorphosed to

form some of the (juartz-hornblende schists.

The presence of the quartz-feldspar schists in the Leech

River formation, containing essential amounts of feldspar and

secontiary mafic minerals, indicates that at times in certain

places some volcanic detritus, presumably .f explosive origin,

was ileposited with the sedimentary matter. This conclusion

isi'urther supported by the virtual restriction of the feldspathic

rocks to the vicinity of the transitional zone between the Leech

River formation and the Malahat volcanics. In the transition.il

zone, rocks of purely sedimentary material are interbedded with

rocks that are partly or entirely of volcanic origin—such as chlori-

tic feldspar schists, cherts, tuffaceous argillites, and even schistose

andesites. Since the Malahat volcanics are supposed to overlie

<^he Leech River sediments it appears that towards the close of

the deposition of the Leech River formation vulcanism was

initiated; and that some of the volcanic material, chiefly of

pyroclastic origin, was deposited with the sedimentary material.

With increased vulcanism the volcanic products greatly predo-

ninatcd over tlie sedimentary, resulting in the Malahat volcanics.

Sedimentation does not seem to have ceased, however, since a

large portion of the Malahat volcanics is nii.xed with consider-

able sedimentary matter, and since thin beds of sedimentary

rocks occur throughout the Malahat formation.
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Since the tuff-breccias contain thin intcrbeds of tuffaccous,

arRillites, which are in part sedimentary, it appears as if fine

silts and muds derived from neighbourinR lands were being de-

posiied in the sea in which the andesitcs and tuff-breccias were

accumulatinR. During or immediately following periods of vol-

canic activity the volcanic material predominated over the ter-

restrial matter; but at times, during periods of volcanic quiet,

the deposition of the fine silis and muds must have become domin-

ant to form the thicker beds of tuffaccous argillites. As recorded

by the rocks of the transitional zone, such periods of volcanic

qiiiet were more numerous during the initiation of vulcanism.

The marine origin of the tuflaceous argillites cannot be posi-

tively proved, but their association with the Leech River sedi-

ments, and their similarity to them indicates almost certainly

that the two were formed under like conditions which, as stated,

appear to be marine. The conditions ;,iider which the other rocks

of the Malahat volcanics were ;xcumulated are even more un-

certain, but an assumption that these rocks were likewise formed

under submarine or at least subaquous conditions is the most

satisfactory. Therefore, although it may appear to be arguing

in a circle to give as proof of Jie marine origin of each kind of

rock, that it is cicely associated with other rocks which appear

to be of marine origin, the mere fact that all of the various kinds

of rocks, including the cherts, are best explained as accumulating

under the same conditions, gives cogent support to the cuncl-i-

sion that they were all marine.

That the cherts were deposited in quiet waters is evident

from their persistent, and frequently thin, bedding. They ditTer

from the tiiffaceous argiUites in their much finer grain, lari;er

amount of quartz, and smaller amount -f argillaceous and car-

bonaceous matter; and in places evt-n th ir fragmcntal character

is doubtful. Being so finc-gramcd they m.u^c have accumulated

very slowly; hence the relative effect of the thermal solutions,

which are believed to nave silicified and albitized the tuff-brec-

cias and tuflaceous argillites, would be much greater; hence i

larger .imount of quartz and ablite in the cherts than in .ne tuff-

accous argillites is to be expected. It is even fairly ce. ain that

at times the deposition of volcanic ejecta virtually ceasea, al
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(1) The chert-breccias have evidently been derived larircly

if not entirely from the associated cherts and tuff-breccias;

and the fragments of the breccia are composed of the more brittle

of the two ro(ks; while the fine-grained matrix of the breccia

appears to ha\e been formed from the softer and more readily

pulverized tuflfaceous argillite.

(2) The fragments arc chiefly angular and of such shape

and in such intimate relation with the matrix that, even if the

breccias were truly sedimentary, they must h^ve been greatly

foliated and their fragments further broken and stretched by

shearing. Even in autoclastic breccias subrounded or even

rounded fragments are to be expected since some of the frag-

ments must have moved on one another during shearing.

AGE AND CORRELATION.

The Leech River slaty and quartzose schists and the Malahat

volcanics closely resemble, both lithologically and structurally,

similar rocks which occur throughout the Pacific Coast region of

North America. These rocks contain in places interbedded lime-

stones and argillites containing fossils, and have been determined

to be of Carboniferous, chiefly Pennsylvanian, age. On the

mainland in British Columbia the assemblage of rocks was first

described in detail by Dawson under the name previously given

by Selwyn, the Cache Creek group.' Recently the Cache Creek

group has been subtlivided in places into various series and

formations. Ihc correlation of these various series and for-

mations with each other and with the other Carboniferous rocks

of the Pacific Coast region has been recently discussed and

tabulated with great care and in considerable detail by Daly,'

so that a further discussion of the correlation need not be given

here.

The chief difference to be noted between the Carboniferous

formations of the mainland and the Leech River and Malahat for-

1 Dawaon. G. M.. "Report on the area of the Kamloops map-»heet. B.C.", Geol. Sure..

Can., Ann. Rept. vol. VII. 1896. pp. 373-493. B.
,,

I Daly R A. "Geology of the North American Cordillera it the Forty-Ninth parallel.

Geol. Surv!, Can., Mem. 38. 1912, pp. 547-572; Twelfth Inter. Geol. Cong., Otuwa, Guide

Book No. 8. 1913, p. 157; and Geological reconnaissance between Golden and Kamloops, B.C.,

along the Canadian PadBc raUway," Geol. Sarv., Can.. Mem. 68, 1915. pp. 131-132.
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occur in the map-areas and their unity has been further estab-

lished; yet the Sicker series has l)een further subdi\ided, and

certain volcanics previously included with the Vancouver vol-

canics have been shown to bi' probably Faheozoic and, therefore,

have been j;roupK'd separately a>- the Malahat volcanics. The
Sicker series has been made le subject of special study by
H. C. Ciioke and his description of the series appears in this report.

The Sutton formation consists of intercalated limestones in the

Vaiiccjuver volcanics and is in general conformable; hence

the structural ril.uions, mode of ori>{in, age, and correlation of

the two formations are considered together.

VANCOUVER VOLCANICS.

DISTRIIUTION.

The Vancouver volcanics underlie a belt extending across

the entire width of the Duncan map-area, immediately south of

the Cowichan valley. The belt is 2 to 13 miles wide, and widens

toward the west. Although broken in places by fairly large stocks

of granitic rocks it is nowhere entirely interrupted. Two small

areas, roof pendants, of Vancouver volcanics, occur, however,

in the batholith of VVark and Colquitz gneisses, on the west

shore of F"inIayson arm, at the place ailed Squally reach. The
outcrops within the belt are large and fairly numerous, and most

of the contacts have been observed or fairly well determined. Ir»

places their location cannot be determined within a few hundred

feet and north of Jordan meadows the location of their contact

with he Malahat volcanics is uncertain.

LITHOLOGICAL CHARACTERS.

The Vancouver volcanics are basic, chiefly andesites, with

some basalts or labradorite andesites. Flow, fragmental, and

injected types are present and include amygdaloids, porphyries,

pillow-lavas, tuff-breccias, slaty and cherty tufTs, and andesite

porphyrites. All of the rocks have lx;cn metamorphosed and

some of them recrystallized. They are also seamed with veins of

quartz and feldspar and of quartz and epidote, and in places are

impregnated with metallic sulphides, chiefly pyrite.
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iii/«<l. 1 to .1 mm. in diamcttr, and allhouKh fairly numirnu*

ii) >.)iuc r.Kk«, (lopatir t<. -.inipatir. tlit- uroiimlniasH \* always

clominani. Thi- di-nm' <»f alttration i» lar«f. llth<)ll^.l» in a few

ri« ks tin- f.ldsiKirs ar.- fairly rUar. Hi^idi-^ ihloritr. nunli«.md

a!K>v.-, tlu- Mtondary niinirals, caUiti-. fi)id<>H-, zoiMtf. Mricite.

kaolin, (|uart/:. pyriu-. and linumilf art- roniinon. Him.it. tf,

maKnititc, and kucDXtiu- .m- in nano nxks appanntly MCond-

arv; and in a few nu-ta-amiisi' s. whiih liavr appannily |hh n

..ItCrcd under liinlur H'lafHraturis diie to niiniilMHirinu intruMvi-s.

thf <)ri»;inal tiorni.l.iid»' has i.itcrfd to nraliti' or ai linoliti-. and a

p,irt of tin- fildsi »iis Inon n-plami by a sfiondary fildspar

mon- Mxlic than il ,inal.

CVrtain tixtural an ' -tru( tural variftiis of thf normal nuta-

andosites (Kcur, rhii-fly amy«daloids. The amygdulcs an- sildoni

lar^;l^ althouKh frr(inently numerous. Howivtr, IJ milis west

of \\attrl(M) mountain, .miymlults as larm' as 4 cm. in liiiKth wxre

noUd. The amy^dules an- lonifHisfd chictly of chloritf, raliiti',

and more rarely of quartz or of <|uarlz and epidote. The (luartz

ind f|uart /-epidote amyndules are usually left in slight relief on

weatherei' surfaces. A well .leveloiK'd pillow structure was (,1)-

served by ( onke in the lavas of Waterloo mountain, with pillows,

1 to 2 fett in diameter, ( f a fme-nrainwl. ureen weathering ande-

site; anti with the iiiter-pillow cavities filled with a black, fnu-

urained porphyritic mat- rial, which weathers reddish brown.

Although pillow structure i id l)een previously observed in the

V.mcouver volcanics' it is not ,it .ill common. Where it h.n

been ( 1.-^. rveil the volcanics are much less disturbed and met.i-

ninrphosed than in mn>t places, ! -nee pillow lavas may have

Im ,n comtnon in the Vancouver volcmics; but, except in a few

places, .ill tnids of the structure, if oriKinally present, have been

destrf)yed !>>• metainorphism. Taxiti. or eutaxitic varieti.

fxciir, whicn, allhoush flow rocks, contain fragment:- of similar

comp(jsiticn but of different >cxture. Flow lines and finely

banded structures also occur in place. , and ai usually contorlid

and broken by very small faults. Flow stru> Hire is indiia.ed

also in one oi two places by parallelly arranged phenocrysts and

amygdules.

1 G»l. Sunr.. Cm.. Mem. 51, 1914, p. 36.

imBM?¥'^'^^m:m['^w^-^^-^^'^smms^^^saamBm
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The fragmental rocks, which arc scon on microscopic ex-

amination to contain mineral as well as rock fraRments, are similar

mineraloRirallv to the flow tyiK-s, but are invariably more felds-

pathic. They are more altered, original dark minerals bemg

very rare, while the secondary minerals include kaolin and hema-

tite, frociuentiv in large amounts, besides chlorite, epidote, cal-

cite, and sericite, which are also characteristic and abundant

secondary minerals in the flow rocks.

Stratified Tuff-breccias. The stratified fragmental volcamcs

occur in thin beds, seldom more than a few feet thick, intcrbedded

with one another and, in several places, with the Sutton lime-

stones. The coarser-grained varieties are composed almost

entirely of volcanic detritus and contain angular fragments up to

2 cm. in diameter: hence they arc called tufT-breccias. The

fragments are chiefly greenish or brownish weathenng, very

dense meta-andesites similar in appearance to the normal flow

rocks. They are usually embedded in very fine-grained, and

in some rocks, even a slaty or cherty matrix, frequently of dark

colour. Some of the finer-grained varieties resemble sandstones

and about a mile southwest of Waterloo mountain is a coarse

tuff apparently composed of small pieces of scoriaceous lava,

similar to the lava fragments called lapilli. The tuff-breccias

are cut by calcite veinlets, and where associated with limestones

are in places replaced by calcite.

On microscopic examination the tuff-breccias are seen to be

comjwsed rargely of fragments of finely porphyritic, feldspathir

meta-andesites and of feldspar, in a very fine fragmental matrix

apparently composed largely of feldspar, but containing con-

siderable chlorite derived by the alteration of original ferro-

magnesian minerals. In some tuff-breccias the feldspath.c

matrix appears to contain some truly sedimentary, carbonaceous.

,ii,d argillaceous material. The tuff-breccias are, as a rule,

greatly altered. Calcite, as noted macroscopically, is a very

abundant secondary mineral occurring in veinlets and replace-

ments, and chlorite is also abundant. Other secondary minerals

are limonite, sericite. and kaolin.

.S7o/v Tuffs. Associated with the i.iff-breci i.is but also intcr-

bedded with the normal flow rocks are dark, finely fragmental,
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slaty rocks Th
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The amount of total silica in one of the typical cherty tuffs

from the San Juan river west of Waterloo mountain, was de-

termined chemically to be 71-22 per cent. Allowing for 6 per

cent of calcite, 0-5 pr' cent of pyrite, and 0-5 per cent of car-

bonaceous matter, tht .ily other minerals present in the chert

besides quartz and feldspar, and assuming that the feldspar

contains 67 per cent of silica the theoretical amount in an albite-

oligoclase of the composition AbwAn,, the amounts of quartz

and feldspar present in the cherv were calculated as 28 and 65

per cent respectively.

The brecciated cherts appear to be autoclastic, since in

some of them, the fragments are only slightly separated from

one another and are cemented largely by secondary quartz.

In addition many of the adjoi ing fragments are of rr .Iprocai

outlines, projecting corners of some fragments corresponding to

reentrant angles in adjoining ones. Even the brecciated cherts

have been further fractured and cut and replaced by secondary

minerals.

Injected Types.

Andesite and Basalt Porphyrites. Many dykes and sills

occur in the Vancouver volcanics and are related to them in

origin. The dykes cutting the flow rocks are readily overlooked

as they resemble the flow rocks, but are conspicuous where they

cut the fragmental varieties and intercalated limestones. The

dykes are, as a rule, more basic than the flow rocks and include

both augite andesite and basalt or labradorite andesite porphy-

rites. The porphyrites are dark green in colour, with an apha-

nitic to fine-grained groundmass consisting of lath-shaped felds-

pars and dark minerals, with medium sized phenocrysts of felds-

par, augite, and hornblende. The dykes in the limestone are

commonly impregnated with pyrite and are cut by calcite vein-

lets.

The mineral composition is seen c microscopic analysis to

be similar to that of the flow rocks. The essential constituents

of the groundmass are plagioclase ranging from labradorite

(about Ab^Anoo) to andesine (about AbeoAnw), augite, and

hornblende. The accessory minerals are chiefly magnetic

and ilmenite. The feldspars of the groundmass occur in irregu-
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ed dense, silicified, and usually mineralized rocks with irregular

veins of quartz and feldspar to completely recrystalhzed and

hybrid va:'eties.

Silicified and Feldspathized Varieties. The most common

type of the contact metamorphosed volcanics is characterized

bv quartz and sericitized feldspar. Microscopically this type 18

a'green, usually a light green, very fine-grained to dense siliceous

appearing rock. In some varieties there arc grains of alt^ed

feldspar having the appearance of original phenocrysts. The

rock is commonly sheared and cut by vcinlets of quartz. It is

also partly replaced by quartz and other secondary niineras,

feldspar, epidoie, and calcite. Pyrite also impregnates the rock,

and, altering to limonite, stains the weathered rocks deep brown.

Microscopically the rock is seen to consist largely of second-

ary minerals. Andesine feldspar, largely altered to senate,

is usually the only original mineral, and in some rocks it occurs

as phenocrysts or fragments in a more altered groundmass and

thus reveals the original texture. In many rocks indications of

the original te.xture are entirely wanting, since they consist

entirely of irregular, fine-grained aggregates of primary and

secondary minerals. Besides quartz and secondary feldspar,

presumably a sodic plagioclase, the secondary mii.erals .ncludc

the usually predominating sericite, uralite, chlorite, cpidote,

and calcite, as well as pyrite and limonite.

Amphibolites. In places the contact metamorphosed vol-

canics have been converted into typical amphibolites. They

are dark, finely crystalline and usually foliated rocks, cut by

quartz veinlets, frequently parallel to and accentuating the

foliation. In a few rocks larger feldspars are seen, which are

apparendv original phenocrysts. On microscopic examination

the amphibolites are seen to consist essentially of parallelly

arranged but anhodral grains of pale green hornblende and recr>'-

stallized feldspar, albitc-oligoclase. Quartz and magnetite-

ilmenite are accessory and cpidote, chl.,rite, and sencite are

secondar>' minerals, but none are present in large amount.

The following is a chemical and mineral analysis of a typical

amphibulite from the Vancouver volcanics occurring in the

Victoria map-area.'

'Geol. Surv., Can., Mem. 36, 1913, pp. 34-35.



103

i:./.S'"' ""^ ^^''"-' ^""'y-s of an AmpMolue from
SiOs
A1,0.... 51-60

Fe,0,. '^-"O

FeO. 1-«S

MgO. «••*«
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Na,0... ^6.^
K,0.. '•<»

H.O. "-7"

TiO,. J-'JS

P,0,.. 2<)0

MnO. "18
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Magnetite. ........'
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60-5

9
12
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Kp^ote ::;;;:;:; ;'
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^^-gs
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side, and diopsidc grains are occasionally included in the garnet.

Later veinlets of calclte cut all the other minerals and the meta-

morphic silicates include and are replacing more or less of the

original feldspar, new almost completely sericitized. The

api)arent order of crystallization of the metamorphic silicates

is, therefore, diopsidc, garnet, cpidotc, quartz, and calcite, al-

though the formation of the first three minerals is in general

contemporaneous.

The following is a chemical and mineral analysis of a typical

specimen from the Victoria map-area'

Chemical and Mineral Analysis of a Garnet-diopside-epidote Rock from
the Vanconver VolcaMcs.

SiO, 42-86
A1,0. 7-19

Fe,Oi 14-24

FeO 4-28
MgO 2-96
CaO 26-30
Na,0.
K,0..
H,0..
TiO...
P.O...
MnO.

Specific gravity.

0-27
0-33

. 1-00

. 0-30

. 0-21

. 0-50

100-41
. 3-44

Andradite 45
Diopside 31

Epidote 19

Quartz 4-0
Calcite 1-0

Apatite 0-3
Chlorite 0-2

Hybrid Rocks. At places along the contacts with the in-

trusive Wark and Colquitz gneisses, the normal contact-meta-

morphosed meta-andesite, the silicified and feldspathized

variety, passes into a relatively coarse-grained rock consisting

largely of plagioclase, quartz, and hornblende, with secondary

minerals which cannot be clearly distinguished from certain

fine-grained and foliated phases of the Colquitz gneiss. In

places along contact with the Saanich granodiorite, largely con-

fined to the contact shatter-breccias, the meta-andesite? have

been replaced and recrystallized to an even greater extent.

Such rocks are dark greenish grey, fine to medium-frained. an<l

composed of feldspar, hornblende, and biotite. Under the

microscope they are seen to consist of diversely arranged stout

G«ol. Surv., Caa., Mem. 36, 1913. pp. 37-38.



105

the feldspar to sericite and the hornM, nH ""^u-
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gneiss, 1 ,000 feet wide and over 3,000 feet long. Like all of the

lenses in the intrusive rocks it is, however, broken by numerous

apophyses and irregular intrusive masses. Other large lenses

of limestone occur in the intrusive granitic rocks on Malahat

ridge, on the west shore of Sooke lake, and to the west of 17-

mile-post. Beside the mapped lenses there are great numbers

of much smaller lenses or fragments of limestone, some of them

only a few inche.s in diameter, in both the Vancouver volcanics

and the intrusive granitic rocks.

LITHOLOGICAL CHARACTERS.

Unmetamorphosed Limestones.

The Sutton limestones are all crystalline. They are chiefly

grey to greyish blue, less commonly white, and rarely, where

carbonaceous, almost black. They vary from compact to med-

ium-grained marbles, and in places are shaly. They weather

characteristically, developing solution hollows with smooth sur-

faces and small knob-like protuberances. When banded they

weather differentially, accentuating the banded texture. They

are very frequently brccciated, and recemented by calcite vein-

lets. When not contact metamorphosed they are apparently

very pure carbonates, although pyrite commonly occurs dissem-

inated in minute cubical grains.

On microscopic examination the marbles are seen to consist

essentially of calcite, or magnesian calcite, occurring in small

grains, sometimes microscopic in size, that are firmly cemented

together. Accessory or secondary constituents are, in many of

the purer limestones, virtually absent. In others there are small

amounts of argillaceous and carbonaceous matter; and as the

metamorphic types of marble are approached a little quartz,

diopside, and chlorite, as well as pyrite occur.

The following analysis is of one of the purer limestones of

the Sutton formation occurring west of Raymond crossing, IJ

miles north of Shawnigan lake.

i^mmW^^^m^JWmm
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t a.Vium carbonate CaCO,
M.iKnesiiim carl)onatc M.'ro 9J • l >

im

Other available analyse- nf .1,

CaCO,.,.. „, ,j

FejO,.... •\' 2'8.S

AljO,
I

0.16
Insoluble (silica). i.J
Phosphorus.;;.- ;,'j;,^,^,^

3

86-29f 99-5
f^-i2i none

1-W trace!

1I-88 0-4
0-42
0.02,.

|lOO-3IjlOO-4.5! 99,9 99-8 99-5

1.

2.

3.

4.

S.

6.

7.

S.

fS'O 97-5 97-24
trace trace trace
"•2 0-8 ,.60
'^ 1-1 0-80

99-7
j
99.4

j
99-64

''Tarbour'-'r r'^I^^P-^'^ nuarr>..
^

One-h Uf ,.i,

^^
Li,,„mne.cnd„ilt Breccia

-Equivalent to C,o ,, .

'"' '^ ^ ^''^CCia

• "so
0..J6
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consisting of fragments of meta-andcsite in a limestone matrix.

The fragments are angular, average 2 or 3 cm. in diameter, and

consist of a greenish, dense mcta-andesite which is seen on micro-

scopic examination to be lairlv' typical of the Vancouver meta-

ande-ites, but which has been largely replaced by qunrtz,

chlorite, and calcite. The matrix is a white to greenish weather-

ing, fragmental limestone of compact to medium grain, averaging

about 1 5 mm., composed partly of broken crinoid or coral stems

and relatively few pieces of a libbed mnllusc. On microscopic

examination it is seen that mixed with the calcite fragments is a

considerable amount of very fine-grained volcanic matter largely

feldspar and some quartz. A discussion of the origin of this

breccia is given under the mode of origin of the Vancouver vol-

canics and Sutton limestones, but it is quite clear that the brec-

cia has been the result of the deposition of volcanic ejecta with

beds of contemporaneous marine organisms.

Metamorphism.

Diopside-bearing Marbles. Near the contacts with the

intrusive granitic rocks the marbles are coarser grained and cor-

respondingly lighter coloured, and are cut by a greater number

of secondary calcite vcinlets. Ordinarily calcite is the only

essential mineral, but the accessory minerals are more numerous

and occur in larger amounf- Diopside is the most common of

the accessory minerals. It occurs in small irregular grains and

in most rocks has been altered into a white to dark weathering,

opatjuc serpentine. Hence the weathered marble is mottled,

most conspicuously so on the weathered surface, since the altered

diopside, being more resistant than the calcite, weathers out in

slight relief. Where sheared, the diopside bearing or serpentinous

marble is seamed with talcose and serpentinous material and in

places, as on Malahat ridge, even with precious serpentine. At

one locality in the southeastern corner of the Duncan map-area,

in Highland district, the marble contains irregular lenses and

masses of white weathering wollastonite which, also, being

more resistant than calcite, is left in relief on the weathered sur-

face. Original argillaceous matter has been recrystallized to

sericite. Magnetite and pyrite are usually present.
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the various minerals may Ir' In-st illustrated by the following

diagram whiih is in common use.

Diagram lUuslnUint Ike Parat$ntiis of the Oarntt-diopstde-tpitlott Rackt.

Minerali. Rerrystallization. Mcta>omati»m.

Ut *ta|iC. 2nd stage. Jrd stage.

lalcitc

Kelcldiiar

Ouartz
Sericite

Apatite

?

?

?

?

?

? —

Metallic sulphides..

SffTDt'niine
—

C'hloritf

Quartsose and Feldspathic Varieties. Along many of the

intrusive contacts the intruded limestones have been meta-

morphosed into siliceous appearing rocks which consist chiefly

of quartz and feldspar and usually diopside, but in which garnet

is conspicuously absent or confined to vcinlets. They are grey-

ish white to light green and dense and closely resemble the diop-

side or epidote rocks called "felsite," but they are characterized

microscopically by essential feldspar. ()n microscopic examina-

tion they are seen to consist of very fine-grained and usually

rather jircatly altered, chiefly sericitized, crushed and sheared

aggregates of plagioclasc, probably albite-oligoclase, orthoclase,

quartz, diopside, and calcite, with accessory actinolite, epidote,

apatite, and titanite; and derived from these are abundant

secondary minerals such as sericite, chlorite, and kaolin. The

rocks are cut by veinlets of calcite, quartz, epidote, and in places

garnet, and arc impregnated and replaced by pyrite, chalcopyritc,

and in some rocks magnetite.

Amphiboltles. In places, especially where entirely enclosed

in the intrusive granitic rocks, the limestones have been con-

verted into amphibolite;^ which are identical with those developed

by the metamorphism ol the Vancouver volcanics, and in most

.1 •
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cher;y tuffs. Ind.-ed. in many ,.laccs, limestones are associated,

and even intcrhedded with the slaty and chcrty tuffs. The

limestone lentils, many of then, loo small to map. are dis-

tributed throughout the entire thickness of the \ ancouver vol-

canics. Manv of the contacts of the limestones not only w. h

the fragmental volcanics but with the flow rocks, arc clearly

conformable;' still, perhaps, most of the actual contacts, wh.h

in detail are usually extremely irregular, are mtrusive. the %ol-

canics forn.ing irregular dykes and apophyses m the |""-toncs,

while the limestones frequently occur as mclus.ons in the vol-

canics,' It thus appears as if the limestones were depos.ted

during periods of local inactivity throughout the per.od of Van-

couver lulcanism. conformable with the flow rocks, wh.ch never-

theless were erupted through the limestones m places

Deformation. On account of their massive and metamor-

phic character, the attitude of the Vancouver volcamcs can

seldom be determined by direct observation. Fh.s is true also

of the interbedded Sutton limestones, although the general strike

of the larger lin.estone lentils doubtlessly corresponds with the

strike of the associated volcanics. The slaty and cherty tiffs

are however, well bedded and indicate clearly the attitude of the

associated flow rocks. The volcanics and
''"^f^^""^;^

.^^^^^
^

general strike parallel to the belt which they unded.e and to the

general strike of Vancouver island, that is about north 65 degrees

west The dips are chiefly high, nearly vertical at several places,

and apparently so at many others. Lower dips occur however,

one dip of only 18 degrees being observed to the south of Cow-

ichan River falls. Southeriy dips are more
""'"^^^J""

northeriy ones, but do not greatly predominate. The st ikcs

varv slightly from the general strike, but only in a few places

by more than 25 degrees. In the exceptional places, however

north-south and northeast-southwest strikes occur. Sma.

folds and crumplings are to be observed, especial y m the s^a

and cherty tuffs. Larger folds, such as the anticline 3 mil ^

south of Cowichan River falls, are also recorded by the oppoMlc

dips in the two limbs. It is probable that the variations m

> Geol. Surv.. Can.. Mem. 13. 1912. 65-

• See Figure 2. Geol. Surv.. Can., Mem. 36, 1913, p. 45.

2T^ -4*"
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on, a
> f„l,|s. Prom the K^neral north 65 .k.^rce. w.,, ..Lan.l ,h. M.-c,. dips it appc-ar. as if the n,aj,.r folds of ^H

'"''

ver vo.anas and Sutton limestones were rather c
Rc-neral stnke parallel to that of the island

I he volcanics and hmestones are jointed and ^re,, I ;„. .p dandfauhe,!. In a very few places, ason Mt. T.Kl,f: the .
'

a oil lua, bu otherw.se the jointing' as well as the sheirini,and fan tn,K ,s largely the result of .K.fo-nation Theare marked by rather wide and eonspieuous shear . e'-th the ..xeepfon of the boundary faults, do not app . ^^"f lar,e d,splaeenu.nt. ahhou.h the amount of dl I cer^ enca.. lu. determined in only a few cases, be.-ause ' ," '

^..ual snn.L.nty of the voleanics. U'here the faulN ros ^Su ton Innestones and the slaty and eher.v tu.Is. ,1^ . ^ :^ ,o. only sheared, but are fre.p.entlv .r;...,lv bruviate [^^tluy .,,,pear to have yid.led. in part ,u 1..:, bv ,

..n..ern,os. of the deformin, strains. The H,. ,'';:;' :,;:;;m-en.ented by secondary ealeite ^-eins. and nunv o. , h l'

"
l're<T,a>. whu-h app.-ar to be „f au.oelastie ori^i,,; lun |J I, „nven,e„,c.d wuh secondarv niiea. The faul,;ar ^t ^ke

muH rah/u as des.nbed above, ami .,re cut bv vein, of „„ ,rl. of'inan. and ep.dote. of eal.ite, and rarelv bv vein. .H^. ,Since the .l.tailed structure of ,1... \-,n,ouxer

rv i,

"^ ';" ,:-'-'•"" 'n- .he two for„,a,i,.ns is

"t; f
•'^""'''"•"f""'-''-"i--l'i.lMhei^thick-

;:;
;"""?;• "

^"'- •"—"--'v *>'i.na,ed as 1..,,).)0and
,> p.obai y very much more. The .hi.kness of .„,vMPKle ouurrence of the Sutton lin.eMones i. pn.bablv no, much

";- "a" 500 or 600 fee,, but the ,o,al ,hi, k, ess of ,, , ,/ l';-- occurnuK at dilTerent horizons would be ntuc.: n';; ';;;;:,,
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Relation^: to <V .rr Forniations. ()iil\- in the ixtrcnu- wvstfrn

part (if llii' Dunr.in map-area, \n ihu wc^t (if Jdnlaii Meadows

\alle\-, are tl\e X'ancouver VdUaiiics in direct mntact with the

older formations of tlie map-<irea, the I.eech River slaty schists

and the Malahat volcanics. This contact is a fault. The fault

iiut(roi)s on the steep slope nor'h of the wide subsequent valley

of the San Juan river and its eastern extension, Meadow creek.

In the \-.illey occur the I.eech River slaty schists and, in its upper

eastern end, the conformable Malahat volcanics; while the Van-

couver volcanics form bold ledges (nvrlooking the valley and

surmounting; it by 1,5(U) to over 2,000 feet. The fault on the

side of the vallev i- heavily drift covered, but the Vancouver

volcanics cKiin-ed in the outcrojis nearest the contact are i^realh-

shearedand broken alon;.; larpe distributive faults. In then.irrow

valley of the U[)per, .southward llowin- [)ortion of San Juan river,

nearh' a mile abow its junction with Meadow creek, and nearly

a mile below Todd crevice, the main fault is actually exposed.

It consists of a zone 10 feet wide of :4reatly sheared Vancouver

meta-an(lc?ites converted .dmost entirely into serpentine, actin-

olite, a>be>ios, and other secondary minerals. The walls are

hi;^hly slickensided and the fraj;ments that W(}re broken off the

wall were crushed and worn by attrition into very sm.n., polished

fragments. The strike of the f.iult zone is nearly strait^ht, be.ir-

uv^ south 80 to 8,=; degrees W(\-t, and the dip is nearly verticil.

To the south of the fault, the Leech River sediments have a

north S.S degrees west strike and a vertical dip and are foliated

parallel to the bedding. To the north of the fault, the Vancouver

volcanics appear to strike north 60 degrees west, and dip about

80 degrees to the south. Thtis the f uilt bevels across the for-

mations ,it a slight angle. There is little or no direct evidence a-

to the direction of movement. The stri;E of the fault zone

strike and dip at varying angles, indicating a complex and shift-

ing movement. There is, however, no reasonable doubt a> to

the relative ages of the Vancouver volcanics and Leech Ri\( r

and Malahat formations. The \'ancouvcr volcanics are K>

deformed and much less metamorphosed and arc of Trias^^l

and Jurassic age, while tlie Leech River and Malahat formation-

rr-r;-i
KV-

r*^ii?9^^^^^nsvKrf"S'
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)al liatho-
Relalions to Younger Formations. All of the pr

lithir recks of the map-areai^, as .veil as some of the minor

intrusiN-es, are rlearlv intrusive into the deformed Vancouver

volcanics and Sutton limestones. The Wark and Colquttz

gneisses form one large ha.holith and a few very sm Jl stocks

intrusive into the Vancouver volcanics along their southern

boundary, and the Saanich granodioritc forms tw. small batho-

liths and seven or eight small stocks intrusive into the north( m
portion of the Vancouver volcanics. At the contacts the vol-

canics and limestones are brecciated and cut by apophyses of

the granitic rocks, and numerous inclu.^.ns of the volcanics

and limestones occur in the gr uiitic rocks, varying greatly in

size from small fragments a few feet or inches in diameter to

large roof pend.mts a few hundred to a thousand teet wide by a

f.-w thousand feet long. These inclusions are crowded near the

main contacts, but. in places, occur 2 or 3 miles trom them.

Near the contacts and over la.ge areas also, the volcanics and

limestones have been gf dy mi'taniorphosed by contact agencies

into the various contc.-t-metam(jrphic and mineralized type-

de>cril>ed above.

The se<limentarv rocks of the N;^ no series rest uncon-

formably upon the Vancouver volcanics and Sutton limestonis.

C'oarst' i)asal conglomerates occurring near the ba.se of the sen. -

are made U]) largely of detritus from rocks of the Vancouver

grou]), chic'tlv from the Vancouver volcanics and Sicker seru-.

Only a few fragments of the Sutton limestones are known,

but'manv of the lower sandy shales of the ser\s are Ccdcareou^.

suggesting that they may h.ive been formed in part from tlu

detritus from the Sutton limestones.

MODE OF ORIGIN Ol' VANCOUVER VOLCANICS AND
SUTTON LIMESTONES.

At the tvpe locality of the Sutton formation at Cowicli.in

lake, the limJstones were evidently formed by the accumulation

of marine organisms. It is probable that the Sutton limeston,.

of the Sooke and Duncan map-areas also are of a similar orr^ni.

and, indeed, in a few places, as in the north bank of KokMbli

river at the Canadian Northern cros.sing, fragments of f.o.uiy

ummmi^mm^eam^mi^mm^wmifKww
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apparently formed hy la\a tlowiriK over the sul)nur^;e(i llinks

of larj;e coral reels on wliich were limestone fragments deriveil

by the destruetion of the reefs. The predominance of the

limestone matrix in the l)re<(ia> ol the Dimean map-area and the

independent nature of the ar,s;iil,ir frai'ments of ineta-andisite

indicate that the andesite fragments tell r.ith. r than (low.d

into the cor.il or crinoid heds.

si. \TY .\NI) CHLKTY Tt I1\S.

The association of slaty and cherty tiilTs with tl<Av and fia^-

mcntal volcanic rocks is characteristic of all of the volcanic

formations of Vancouver isl.ind, and doubtless they have all

been formed in a similar manner.' The sl.it y and cherty tulT-

are, howeve', less common in the Vancouver volcanics than in

any other f)f the volcanic formations. The co.irser-','r,iined

str.itified tulT-breccias are clearly the re^i:!t of the deposition

in water of volc.uiic matter ejected from thi old island volcanoes.

Even the coarser fragments, clearly pieces of lava, arc embedded

in an extremely fine-drained matrix which is identical with the

shty and cherty tuiTs. The -Uty and cherty tuffs and the

matrix of the coarser tulT-brcccias are in places carbouaceou>

and contain a large amount of clayish matter, apparently in part

of purely sedimentary origin. They are, however, more highlv

feldspathic than ordinary clays. It appears, therefore, as it

fine clays, muds, ami silts, possibly derived from the volcanic

islands themselves or from more distant lands, were deposited

at times in the neighbourhood of the volcanic isl.mds. However,

during periods of volc.inic activity, along with the clays and

silts, much greater quantities of volcanic ejecta were deposited

to form the- beds of tuff-breccia. During or immediately fol-

lowing their deposition the slaty tuffs and tuff-breccias, as in

the other volcanic formations, were doubtless more or Ic—

replaced by quartz and albite through the action of therm. i'

solutions escaping from the underlying cooling lavas. In ilr-

way the cherty tuffs and the cherty matrix of the tuff-brecci.i-

formed, the finer-grained matrix of the tuff-breccias being more

role

1 so" di-t-. 1 >li?cus5ion (if till- oricin »f tho sUtv .->n'l cherty tulTs "f tlie .Mulhcliu-n

. all'' of tt.e SickiT si'riL-3. by H. C' C'ookf. p. 1(»2.

^m^^'%:i^^i>/^:^r-t''-
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Sutton linn-stones of Vancouver island, taking into consideration

certain analyses of Sutton liuicstones from northern Vancouver

island as well as '.hose of Sutton limestones from southern

Vancouver island, ^;iven above, is as follows:

(•.,((), 86-29 to W-5
M^;l( ),,

trace , 9 S.?

V,-2> h + AljO, trace . 2illl

IiiMiluhle, chielly SiOj none . ll-NM

Assuming that during the metamorphism of the limestones all

of the carbon dioxide CO; was driven off and no material added,

the rocks resulting from the most impure of the limestones would

contain about:

CiO + MijO 77 per rent.

AljOi + I'e.Uj 3 per rent.

Si()., 21) per ceni.

It is obvious that the composition of the garnet-diopside-epidote

rocks does not even approximate these percentages, but is more

nearly like that of the garnet-diop-ide-epidote rock from thi

Victoria map-area, which was apjiarently derived by the meta-

morphism of the Vancouver nieUi-andcsites, the composition

of which was gi\-en above. That is, the composition of the

gariiet-dioi)sidc-epidote rocks derived by the melamo'phism ot

the Sutton limestones approximates:

C.iO Mi5<) 2S per cent.

Al < )3 I'iiAh 27 iier cent.

SiOj *5 per cen'..

Howove.^ it is quite certain that in contact metamorphism the

lim; .-.tones have lost ; -)nie of their lime, part of which appears t^

ha\e been transferred o the volcanics. It is seen on the oth.r

hand that the ratio of iron and alumina to silica changed tron;

something like 1 to 7 in the original limestones to about 1 to -

or less in the contact metamorphosed rocks, a change whi( h

necessitated an addition of at least iron and alumina. Furtlui-

more, Lindgren' has shown that contact metamorphism li.is

generally taken place without a great loss or change in the \-oluiiic

of the metamorphosed rock, a conclusion which is supporttil

'Lindsren, W.. 'Mim-ral deposits, ' 19U, pp. 669-671.
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It has been previously siii)im)-<<I that the more metamor-

phosed of the volcanic rocks and intercalated liinesiom-s of south-

ern N'.mcouver island, and indeetl of the Coast region of British

Colunibia, niinht be of Palaeozoic a^e, chielly Inrause poorly

preserved fossils in some of the lime-.tones resembled I'ala-ozoic

species. The Sutton fauna was first thought to be Talaozoic

but is ( K.irly of lower MtM)Zoic age, and almost certainly lower

Jurassic. The Sutton fossils closely resemble the iKxirly pre-

served forms, thought to be I'aheozolc, occurring in other

limestones on Vancouver island ami elsewhere in the Coast

region of Uritish Columbia. Therefore, since the structural

rel.ilions and lithological character of most of the pre-batho-

lithic volcanics and asscx iatcd limoiones of Vancouver inland

and of the Coast region are similar, and since all of the definitely

determined fossils in them are either Jur.issic or Trias>ic' most

of them are best considered to be lower Meso/oic, Triassic, and

Jurassic ai;e, and consequently members of the Vancouver group

as defined by Daw.son-. If this correlation be true the great

bulk of tile ()rebalhoiithic rixrks of the Co.isl region are Mesozoic,

although there are occasional infolils of Paleozoic se(liment^

and associated volcanics, such as the Leech River and Malahat

formations appear to be.

There seems to be little doubt but that the V.mcouver group

is correctly correlated with a similar group of volcanics and

intercalated limestones and argillites known a- the Nicola group

occurring in the plateau region of British Columbia to the easi

of the Coast ranges. Indeed, as Dawson, who fir>t describetl

and named both groups, suggested several years ago\ at the

lime of their deposition the rocks of the two groups may hav.'

been continuous. However, in southern British Columbia

in the vicinity of the 49lh parallel, the lower Mesozoic rock-

are largely fine-grained sediments with very few or no volcani( -.

Kinillc has recently di-t-rmineJ the (ossiU in fi^ Marble May limestone of Tera<ia isl.rn.l

to be Jurassic or Tr.assic. probably th.: former. M.Coimell. R. G.. Geol. Surv., Can.. .Mem

58, 1914. pp. lO-.'t)
,

> Dawson. C. M.. 'N'orthern Vancouver island ami adjacent coasts, Oeol. burv.. v i

Ann. Kept.. IS.'ifi, pt, H. ^ ,=.,,,
'Oawso.i. G. M.. "Rocky Mounui.i reaion in Canadi," Bull. Geol, Soc. Am. Tol. 1-

1901. p. 7J.
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stnhcil .„ I..l.«./o„- hut which contain. f,.s.sils that haw In ndetern.,n«l as .ndicatinK a I^wer Cretaceous or JunL'; aj.
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at Separation pf)int, and on southern Saltspring inland, seem to
represent an eastward extension of tile middle belt of the Sicker
sines. The rocks of the series arc well exposed in the eastern
P ^ of the ma[)-area, and especially well along the coast where
the erosive action of the w.ives and tides is strong; so that in
•Mat (!i;,trict the formation boundaries are closely and accurate!
located. Im the western part of the area exposures arc very
fe*-, .xcept in the creek bottoms and on the steepest hillsides;
consequently, many of the formation boundaries then are
indehi.ite or assumed.

TAHLF. OF lORMATIONS.

The following table shows the relationships of the formations
of the series to each other and to the older and younger for-
mations.

^'''^'•''-'^""^ Nanaimo series.

I pper J..ra.sic
; . . , .Saanich fifanodiorite.

Intrusive contact

Sicker gabbro-diorite porphyrite.

Intrusive contact

Tycc quartz-feldspar porphyrite.

,,.,., , ,
Intrusive contact

Middle Jurassic ( ?) ^^,^„ sediments.
niaclc slates.

Soft dicrty tuffs.

Hard rliertv tuffs.

_
Bas.il tulls.'

I ,,„.„,. I,,-, • , ,,,,... S'lkcr porphyritic andesites.I-o«cr Jura«K- and i>rol,ably 1 r.assic \ancouver volcanics.

St M.MAKV DI-SCRIl'TION- OK FOkM.VTIONS.

The Sicker series, in the pre.ent restricted usage of the
lerm, consists of volcanic and seiiimentary members. Tlu>c
have been described by C. H. Clajip in some d.^tail'.

The volc.mic rocks are line to coarse-grained ande-itc-,
disling ui.-hed from the Wmcouver andesites by the .ilnin-t

^^^^'Claw.C. H.."Soua.,TnVanrnuver islam!." ("..mI. Siirv.. Can.. Mem. IJ. pp. 71^7;.

"Geology of the Victoria and Saanich map-ansas. Viincouvcr islanj. B. C." C^-oi s„nr
Can.. .\Icm. JO. p.) 51, 5J. IMI).

ui. ..u.v..

'li^''.
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probably extruded under submarine conditions (see "Mode of
origin and history-," pajje 157). Their eruptive origin is proved
by the following facts: (I) The upper surfaces of the flows are
am>gdaIoi.lal, in some cases highly so; in the Ladysmith flow
the am>-g(laloi(lal stratum was at least M) feet in tiiirkness;
the lower edge, observed in the Coronation Canyon flow only,
is not amygdaloidal but is chilled. (2) Flow breccias arc com-
mon; the fragments are all derived from the lava itself; most
of them are porphyritic and many of them are amygdaloidal.
(3) Flov,- textures are common; they are seen in the jiarallel

arrangement of i)henocrysts, in tUc parallel arrangement of
dark and light bands, and, under the microscope, in the presence
of How lines passing aroimd amygilules.

Ladysmith Type. The flow 1> ing between the town of Lady-
smith and Mt. Brenton has bevii only slightly tilted since its

deposition, and very little disturbed by subsetjuent igneous
intrusions. Consequently, its rocks are still omiparativcly
fresh, and their composition, therefore, probably approaches
more nearly to that of the original lavas than does that of any
f)f the other flows. Four phases may be described: (n the
present surficial phase seen at the toj) of the flow on the nr,rthe,i>t

side of Mt. Hrenton; (2) the oUler surficial phase reiiresentui
now by amygdaloidal fragments in the volcanic breccia; (,V|

the ma.'^sive phase which forms the matrix to the breccia i2i;

and (4) a coarsely crystalline phase which npresents the <li(p'

zone of till' flow.

The present surface of the flow on the northeast side of :\It.

Brenton, is a black or greyish-black, niicrocrystalline, higii!\'

amygd.iloidal rock. The amygdaloidal stnUum is unusii.illv
thick, at least 30 feet and probably more, since the full thickiu -~

could not be observed on aicoimt of the paucity of outcro[>v
The amygdules are filled in the majori'y of cases with \\\\\\v , r

pink calcite, in a few ca.sis with fir.e-grained feldspar. I nder
the microsTope the rock is seen to ha%e the composition of a mi. ,

basalt. Fine-grained feldspar, some of which was deternniixl
as andesinc,' constitutes roughly 50 to 60 per cent of the nxk,

'In classifying the plagioclaaes. In all the potrographic work, the In^lex of refraai.m
was first determined, against guaru If possible, or against Canada balsam when quart/ waj

...n :...
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in the larger crystals is clearly seen to be the result of the

paramorpliism of augitc which is still present as cores in the

crystals. The feldspar, which constitutes most of the remainder

of the rock, is of two types, an older, much altered oligoclasc,

AbrftAnj,,, and a number of fresh, unaltered, granulated masses

which were identified as oligoclase Ab75.\n2s.

Common Type. The typical andesite of the series differs

from tlio>c just described chiefly in its greater degree of meta-

niorphisiii. It is a dark greenish rock, containing numerous

con>pi(uou^ phenocn,sts of hornblende, rendered more or less

schistose by regional metamoriihism, and containing large

amounts of secondary epidote, quartz, and calcitc. All of the

andisites in the map-area, with the exception of the I.adysmith

How, are of this type, although sime arc less highly altered than

otlur,-. Three phases may be distinguished.

^1) A massive, highly porphyritic, relatively non-schistose

variety, (ontain' g " unerous phenocrysts of hornblende up

to 4 mm. diameter; " a more schistose variety which is non-

fKirphyritic or near'y -s and contains large numbers of nodules

.if line-grained (juartz and epidote (the "epidote nodules")

of all sizes up to .3 or 4 inches in diameter (Plate IV A); (3) a

chloritir schist, which contains in some instances neither knots

nor plu nocr\sts.

The massive variety under the microscope is seen to contain

phenocrysts both of feldspar and hornblende, the former usual! \-

in excess, although not conspicuous on account of their sm.alkr

size and greenish-white colour. Varieties are also found in which

the hornblende phenocrj-sts are absent or nearly so. The

feldsjiar phenocr>sts rarely exceed 1-5 mm. in length, ami

constitute 5 to 15 per cent of the rock mass. They were deter-

mined as andesine to oligoclasi>andesine, usually the latter.

The hornblende phenocrysts rarely amount to more than 5 \nT

cent of the rock, but in size they may attain 10 mm. Tluv

are of the common green \'ariety, and may be the result of the

paramorphism of augite. The groundmass consists of a finely

felted mass of feldspar and a light green, acicular hornblend.

,

probably actinolite, with their alteration products, epidote,

quartz, calcite, etc.
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also obliteratrd the original textures. In the final staRe, observed
in a notlulc from Maple bay, none of the original constituents or

textures remain; the rock has become a chert-like mass of

quartz and cpidnte, in proportions of about 2 to 3.

(3) The epidotization of th' c nodules is not due to causes
affecting the nodules only, but it i- a part of the general alteration

of the whole rock mass. For some reason the alter.ition of the

fragments has proceeded with gre.iter rapidity than that of the

matrix; and the dynamic metamorphisni to which the rocks

have been subjected has assisted in concealing the original nature
of the nodules by moulding them into rounded forms and obliter-

ating ii! large part their original textures.

The observed facts (1) that the amygdule fillings are the

first to be attacked, and (2) that the phenocrysts are the last

portion affected, suggest that the factors determining the dif-

ference in the rates of alteration of fragments and matrix are

porosity and size of grain. If this is true, then it may be con-
cluded that the breccia fragments were more liable to alteration

than the massive matrix: (1) on account of their greater porosity,

due to their amygdaloidal texture which allowed the reacting

solutions freer access, and (2) on account of the finer grain ol

their groundmass, due to their being original surficial portions,

by which a larger reacting surface was afforded to the attack
of solutions.

The chloritic schist, the third common phase of the andesite,

is a dark green, highly fissile schist formed by the regional meta-
morphism of both of the above ph.ises. In some cases it is dilli-

cult to distinguish this chloritic schist from similar schists formed
from the Sicker gabbro-diorite porphyrites by the action <>l

shearing stresses. The gabbro-diorite schist, however, nia\-

generally be quickly traced inff) relatively unaltered gabbn-
diorite, since the sheared portions of this rock rarely extend intu

the mass for more than a few feet from the edge. Wide area>

of chloritic schist can be diagnosed with certainty as schistuM'

andesite, since, except the gabbro-diorite referred to above, lii<'

andesite is the only rock found in the map-area in large amount,
which yields such schists on metamorphism. This diagno-i-

niay be confirmed in almost all cases by the discovery on can lul

i;**!^^ " flM
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tions. Again, the restriction of epidotization to the more

folded beds may mean that the cpidote is the protluct of either

magmatir or surface waters acting on tht- rocks during dynamo-

metamorT'hism; or it may mean .simply that after folding took

place the ^heared rocks proved more permeable to surface waters,

and hence were more thoroughly altered, than those not con\ertefl

into schist.

Dykes. An interesting dyke was found cutting the Lady-

smith flow at the point where the logging railway crosses Miller

creek about n mile to the west of Lake A ' ew. In composition

this dyke is almost identical with the la\a which it cuts, i.e.,

about 4.S per cent hornblende and 50 per cent oligoclase-albite,

with accessory pyrite and titani; . The presence of this dyke,

with one or two others of a similar character, suggests that the

Ladysmith flow may consist of two or more flows, of the upper

of which these dykes are the feeders.

On Mt. Sicker. Mt. liichards, Maple mount.iin, and Salt-

spring island, the porphyritic andesite- are cut by large numb(r>

of dykes of the Tyee quartz porphyry, which are rarely more than

50 feet in width. The dykes are so numerous and so small that

they are not represented on the map, except on the portion covir-

ing Maple mountain where, by exaggerating the size consider-

ably, a few of them are shown. These dykes are characterized

by great uniformity in strike, the great majority trending nortli

60 degree? west. This arrangement suggests that the dyn.imic

forces which later folded the Sicker series must have commen(
.

i

to act before the intrusion of the Tyee porphyrites, placing tin

andesitcs in a condition of strain which resulted in the formation

of a sit of parallel fractures.

Summary. The andesites of the Sicker series are porphy-

ritic flow rocks, probably extruded under submarine conditions.

The phenocrysts consist of hornblende and feldspar. Tl'.c

hornblende phenocrysts, in part at least, have been formed by

the replacement of augite. In some parts of the mass they

constitute IS per cent of the rock, and in other parts they arc

altogether absent. The feldspar phenocrysts are smaller in

size and more inconspicuous but are more numerous than the

hornblende phenocrysts. They usually constitute about 15 to

m'^'M^M. :;.^ •"ff-'r««• ^V.-ii
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fragments, which have been converted into rounde<I nodulea

conitwstd only of tine-grained quartz and epidote.

The andesites have also undergone regional metamorphism,

which has developed in all, except the Ladysmith flow, a schistose

texture and in some of them has almost entirely obliterated t! j

original textures and converted the rocks to chlorite schists.

This folding probably took place after the intrusion of the Sicker

gabbro-diorites and before the intrusion of the Saanich grano-

diorite.

Sedimentary Rocks.

Basal Tuffs. A dark greenish tuff lying directly on the sur-

face of the lava flow on a small knob to the north of the Cow chin

river 5 miles from the western boundary of the map-area, under

the microscope proved to be fragmental and of much the same

composition as the andesite. It originally consisted of 50 to 60

per cent of andesine feldspar, and 40 to 45 per cent of horn-

blende, now largely altered to chlorite. The bed is only about 6

feet thick, and grades upwards, by a gradual decrease in the

size of the grain and a decrease in basicity, into the character-

istic chert-like tuffs of the series, de-^cribed below.

Although this is the only case in which a complete section

was obtained across the strike of the rocks from the top of the

lavas into the overlying tuffs it is believed that the sequence

and gradation above described is the normal one. Facts which

support this conclusion are:

(1) In the case of the Ladysmith flow, the contact of the

lavas with the overlying sediments is drift-hidden; but, a short

distance above the last outcrop of amygdaloidal lava, a bed of

rather basic tuff outcrops and about 60 per cent of this tuff i-;

made up of fr,".gments of lerromagnesian minerals and about

40 per cent of oligoclase feldspar. Above this basic tuff the

ordinary chert-like tuffs of the series appear.

(2) On the top of the Coronation Can>on flow, the sequence

seems to be similar, although it preser certain differences.

Lying directly on the amygdaloidal surface .. the flow is a 10-foot

bed of red jasper, made up almost entirely of quartz, hematite,

and magnetite. The compxjsition of this jasper is shown in the

^'l^^^i^J^N
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is probably present, either free or di*solvT<l i tl..- planioclasc,

as analysis shows the presence of *)! ic pot li
' ,0). I he

relative aniniint of (iiiartz ami feldspar is almost ' ossible to

estimate, on account of tht fineness of the i • 'ally 001
toOOOSmri. If the anal > -.is (page 141 ) 're > ! in terms

of the mimrals observed microscopicallv', ii it about

20 i)cr (H'nf of this specimen is free quart nJer is

chielly feldspars with some sericito; this j , ))resent8

an average light-coloured, hard cherty tuft '
>' illy the

tuffaceoiis nature of these rocks is emphasize^ tence f ^

larger, angular fragments of (|iiart/, fekb,

chlorite, pyrite, and ilmcnite are in some c;

sories. The ilaik coloured varieties are ot ' i,n,

with the addition of varying amounts of biotiti 're(,ut lo

40 per rent or 50 |>er cent of the rock. The n "

.-rals a

very fri'sh, ami onl\- slightly altered t » second;' y [)ro(lucis

Soft Cherty Tuffs. The -oft cherty tutf- ire u-ually ligiit-

coloured rocks, and are tincgrainiil though sr lorn ci|uigranula-

Their hardness is about that o! .^late. Tiuy .ue also thinly and
uniformly bedded, a chari. ( ristic that can be observed on Mt.

Tzuhaleni, at Separation iiuiut, and at the S0v;ijiern end of Salt-

spring island (I'late I'' U); in all other localities within the

map-area the bedding has been obliterated by regional mcta-
morphisni. The composition of the dillerent beds varies con-

sifkr.ibly; most of them contain calciu'n c.rbonate, and some-

times the ar-.ount of thi^ is very large. One thin bi 1 wa--

observed to be a real limestone, as it contained about ')5 per

cent of calcite. Other beds are dark in colour, to almost black,

and this colour i> almost certainly tliie to the presence of carbon

which was found on analysis to form over 6 per cent of the black

slates into which these soft cherts grade upwards.

The least altered parts of the usual light collared bed-

are made up of small fragments of oligoclasc-albitc up lo 0- 2 nun

in diameter, a few fragments of quartz, and accessory pyriii-.

ilmcnite, and Icuco.xene. These fragments are embedded in a

very line-grained groundmass, consisting of leUL-par with,

perhaps some quartz, and a large pnjportion of scricite and some

chlorite. As mentioned, some calcite is also usually present.

^^'^'
-'^'Mm '.'.' .'
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Black Slates. The basal tuffs and hard cherts of the Sicker

series represent rocks laid down when volcanic sedimentation

was dominant; during the deposition of the soft cherty tuffs,

volcanic material and well-weathered, presumably terrestrial

sediment, were thrown d^wn in approximately etiual proportions

the black slate formation, the last member of the series of

sediments, represents the period in which deposition of well-

weathered material was predominant.

Not more than 10 per cent of the slates is made up of frag-

mcntal feldspar grains, and these are embedded in a tine-grained,

kaolinic and sericitic groundmass. The origin of the black

colour was determined qualitatively by Clapp' to be due to the

presence of carbon, a determination that has since been verified

by quantitative analysis. The carbon content in the specimen

analyscil was 6- 11 per cent. The slates have entirely lost their

original shaly char.icter under regional metamorphism—only

in one instance was any vestige of bedding observetl—and have

become massive and lustrous, with a perfect secondary cleavage.

Silicijication. To explain the peculiar composition of the

beds of hard chert alreadv described, Clapp' offered the tentative

hypotlicsis that they have resulted from the silicification of tho

slates of the series. The writer, however, is of the opinion that

the comi)osition of these rocks has remained unchanged, or

pearly so, since their deposition, that they arc composed of ma-

terial almost wholly of volcanic origin, and that any alteration

which this m^orial has undergone took place before or at the

time of its deposition. In support of this contention the follow-

ing considerations are offered

:

(1) Thi' hard cherts occupy a definite position in the scries,

near its base, directly above the basal tuffs. No instance was

noted of a hare' chert bed interstratitied with soft cherts or black

slates. Were these cherts the result of silicification of the slato.

they might be expected to occur at nuny horizons in the serio.

(2) The hard cherts form definite beds of uniform compo>i-

tion. No unsllicified portions or cores of soft material were found

in them.

'Geol Surv.. Can.. Mem. 13, I9U. p. 74; Mera. J6, 191.?, r 53.

•G«ol. Surv.. Can.. .Mem. U. 19U. pp, 75-;6.
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(3) N'o bwj of hard chert was obser^•ed to pass into a I,cfl ofsoft chert or .late along the strike, as might be ex,„.ctc.i hadsihcifyinK solutions acted on a bed of slate.

(4) The alteration of a highly kaolinic rock, like the- si ueto a rock made up wholly of fresh feldspar and c,t.artz. like 'thechert., .s a most unusnal one, and it is extremely doubtful if itwould take place under any conditions at the surface

clavov
^..^"''1'^'

'T™''^!^'''-
'h<^^^forc, that silicifkation ofclayey material, such as formed the slates, took place duringdep„s,t,on or at any subsequent time. Mence the conch,,",'

appears .nevitable that these beds are original deposi io

"

sedunent the character of which was originally un.ike'that cil theslates. Th,s conelus.on does not bar the possibility that thesed.rnentary material forming the hard cherts, which is supposed

Itions .t^hl";-'"
'7.'' '"••' ^"'^^"" '''''' ^"'^-^^ certain alter-anons at the time of depos.t.on. As will be shown, such alterationhas certainly occurred.

Chemistry The following analyses have been made of thered jasper bed referred to on page 136 the colourle s har.i cherty
tuff and the hght coloured, soft cherty tuff, also of the black
slate lor carbonaceous matter only.

Rock A nii!yses.

.\o. 1410 No. 1413 Xo. 1464

AW, S3 -To
0-61
10-73
4-4«
0-04
0-34

(iO-72

1.S-4.S

0-14
5-03
2-44
2- 90
2-35
2 SO
0-3S
0-SS

06
2-S2

trace ?

53-42
Fe,0,
leO

10- 7v

0-57
CaO 8-96
MgO 1 94
Na,0
KjO

2-96
4-44
2 31

014
.\1n().".'.

TiOj o^ir
"

0-17

0-12H,Oalwve 110='C..
U), -'

1-04
()()7

3-69
trace ?

. __ le;;^-;: W-57 1 99-32

No 4n~M l'-'^'^''
1'°'" <^"™"'it'on canyon.

No uli '^r' r'"^'"'/'''""
^ "^nation canyon.

No Ufi9~m I
'";" '"/"' ^'"=*""' n-i-rows
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The analyses confirm the conclusions previously drawn from

field and microscopic study. The jasper bed, specimen 1,410,

is simply a ferruginous chert, and it is interesting to observe,

in connexion with Van Hise's and Lcith's theories of the origin

of such ferruginous cherts, that it lies directly on the amygda-

ioidal surface of an andesite flow, and that it was evidently

deposited immediately after the flow came into place, as no

detrital material is present between the chert and the lava. The
hard and soft cherty tufTs, specimens 1,413 and 1,464, approach

the composition of typical andesites, but they are proportionately

rather low in lime and high in alumina, soda, and water. No.

1,464 being more conspicuous in these respects than No. 1,413.

The large proportion of alumina and water would indicate that a

considerable amount of kaolinic or chloritic material was present,

and more in the soft than in the hard chert, thus confirming the

theory of the admixture of clayey terrestrial sediment; while

the relatively low proportion of lime to soda indicates the occur-

rence of an albitizing change which will be discussed later. If all

the soda and lime of these analyses is assumed to be present in

the form of feldspar, the plagioclase of No. 1,413 will have the

composition AbroAnso, and that of No. 1,464 will be AbssAnij.

Melamorphism. The different members of the sedimentary

series have been very differently affected by the orogenic move-

ments which folded them. The very competent, hard, cherty

tuffs have been somewhat fractured, but not rendered schistose.

Occasionally strain shadows may be observed under the micros-

cope in some of the larger fragments of quartz or feldspar, and

.some of the larger quartz grains have been partially granulated,

but no schistosity has been developed or secondary micas formed.

The soft cherty tuffs and the black slates, on the contrary,

yielded by flowage under the stress of the folding movements,

recrystallized, and formed highly fissile sericitic schists. Their

alteration was the more extreme, since, as they were the softest

formations of the region, nearly all the differential movement

of the folding was concentrated in them; while the harder

bodies of chert, gabbro-diorite, and to a less extent of andesite,

moved as units and in consequence were much less sheared.

'j!^pip^^* w^rn'm'-^'w^
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of porphyritic andesite about 5 miles from the western border of

the map-area and a mili north ot the Cowichan river; and (2)

the I.adysmith tlow whict^ dips gendy to the south. A study of

the structure of the area leads to the conclusion that the jwsition

of the majority of the other andesite Ixxlics in the series is also at

or near the base, althouph some, like the Coronation Canyon

flow, appear to hold a higher place and to be conformably

interbedded with the sediments. The sediments lie conformably

on the surface of the Hows, and, so far as known, form the

upper members of the series. No more definite statement of the

relations than this can be made, since, as neither the base

nor the top of the series has been identified within the map-area,

its history may not be completely known.

Accurate estimates of the thickness ol the series are difficult

to make, since neither the top nor bottom has been identified,

and .'-ince, on account of the faulting and inten:- folding which

the series has undergone, the apparent thickness is almost

certainly greater than the real thickness.

The thicknesses of the volcanic Hows without doubt vary

greatly. The Coronation Canyon flow is about 2,500 teet thick;

this estimate is probably fairly accurate as the top and bottom

of the flow were both observed, and its dip, 50 degrees north,

is about the same at top and bottom. The flow crossing southern

Saltspring island and the summit of Mt. Bruce, has about the

same maximum thickness. On Maple mountain, where the

lavas although crumpled are probably in general almoFt tlat-

lying, there is 1 ,700 feet of lava above sea-level as shown on the

map. if the I^adysmith flow maintains throughout its entire

width the dip of 20 degrees south that it has at its southern

border, its thickness would amount to over 8,000 feet; it is mon

probable, however, that its structure is anticlinal, and that the

Stocking Lake valley represents the summit of the anticline.

If this is the case, the thickness of the flow would be approxi

mately 3,700 feet.

In the sediments, the hard cherty tuffs are the only beds ot

which the thickness can be estimated with even an appro.^h

to accuracy; the softer beds have flowed under metamorplii^m

and their bedding has been obliterated. The two beds seen

H

•STMrfe--
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Rreat major fold was a nnrnial anticlinoriuiir. its crest must have

ot-cu[)iwl the position of the |)rt.>ent Cowichan valley.

The rro.s foKliuj: has hirn very Rontle compared with the

major foldiiiR. dip- pr.Hlmvd l.y it rarely amounting to over

10 decrees in the western or 25 degrees in the eastern i)art of

the map-area. It is difticult to determine with absolute accuracy

the larsje structure of the minor folding, hut a dose study of the

areal relation^ of the vari..us heds. as shown on the map, together

with a considerable number of ol)servations taken on secondary

folds in the field, have made some of the features evident.

The increa^e in width of the two southern synclines toward

the west, which is evidendy not an apparent effect due to change

in topographv, suggests that these synclines plunge to the west.

This was independently verifuv: in the field by observations

taken on the plunge of small secondary major folds which were

found to iilunge 10 degrees to l.S degrees to the west.

The structure of the sedimentary beds on Mt. Brenton and

Coronation mountain, which, although greatly broken up by

intrusions of the gabbro-diorite porphyrites, seem to retam

their original relative positions is also that of a synclinc with a

gentle plunge to the west. In this case the plunge seems tn

decrease and flatten to the west of Coronation mountain.

The beds on Mt. Tzuhalem, Separation point, and southern

Saltspring island are probably an cast%.ard extension of th.'

central svncline exposed on the west side of the map-area. A>

to their major structure, they form the northern limb of tlic

syndine, while the southern limb has been faulted off. Tli-

minor or cross structure is more difficult to determine, as the

bed- on Saltspring island have been so greatly disturbed liy

igneous intrusion. The cross structure appears to be, howe^r,

f^ynclinal in i larg<> way, with several secondary minor fold-:

thus Mt. Tzuhalem is a secondary minor syncline, Genoa h.iy

an anticline, Sejiaration point a syncline, Sansum narrow^

probably an anticline. The dip of the axial plane of the Mt.

Tzuhalem svncline, a gentle open cross fold, is steeply wi-t.

indic.iting that this minor fold has a small dip to the east. .\

number of similar observations on small secondary minor tol.b,

and on the plunge of the axes of seccjndary major fokis (m S.ilt-
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deposits of Mt. Tzuhalcm, Separation point, and of the southern

bhorc of Saltspring island. Many of the sills of the T>ee quartz

porphyrites, especially those in the neiKhbourhood of gabbro-

diorite masses, have been converted into sericitic schists; and

some of the thinner sills of gabhro-diorite porphyrite and the

margins of h.rger masses have been converted to chlorite schists.

Shearing seems tc have been unusually intense on the south

limb of the northernmost syndine, as if all the differential move-

ment between the strata when the s> nclinc was formed had been

concentrated there. The thick masses of quartz porphyrite

have been completely converted into a highly schistose sericitic

schist, the original character of which was determined only by

the discovery of a few uncrushed phenocrysts of quartz and

feldspar; even thick sill-like or dyke-like masses of gabbro-

diorite porphyrite, which elsewhere would have been almost

un.ilfected by the shearing stresses, are largely converted to

chlorite schists. It is worthy of notice that all the valuable ore

deposits have been found in this highly sheared zone.

Time of Folding. The folding took place toward the end

of the Jurassic period, after the intrusion of the Tyce quartz-

feldspar porphyrite. probably after that of the Sicker gabbro-

diorite porphyrite, and before the intrusion t. the batholiths of

granodiorite. The granodioritc masses, even where small, arc

not schistose at their edges, although they were observed at some

fK)ints in contact with very hard, competent, cherty tuffs; nor

were the tuffs sheared at those points. Original gneissic tex-

tures are not conspicuous in the granodiorite masses; this may

indicate thai, there was but little movement in the mass during

consolidation. Hence the folding movements were evidently

almost completed before the intrusion of these masses.

The Tyee quartz-feldspar porphyrites are very thoroughly

converted into sericitic schists in many places, and in all otlur

places they have been mc > or less affected by folding, as m.iy

be concluded from the granulation of quartz phenocrysts and tlu

development of secondary sericite. Hence the main folding;

clearly took place after the Intrusion of the Tyce porphyrite.

Most of the evidence seems to po!.'. to the conclusion

that the main folding movement occurred after the intrusion

mm^m^
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place k-fore that intrusion ^ '"
""""'"^'^^ ^''-^^ '' >"olc
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'''^' ^'"^ «^'"''--
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are .nvariably. so far as ohser^.-d ^i" t T"' '" "'•'• "'^^^
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/ n
'"'''""^'- ^^ *" 'hat

development of' ihe "h.stoSy '"" '-^'

"T'"' ''^^"^ ^^^
t>. i^-, before the main folding.
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(3) The Rabbro-dioritc masses themselves have l)een affect-

ed by the folding movements sometimes very greatly. Near

relatively soft rock, such as the porphyritic andesites, the c<lge8

of the intrusive masses are usually considerably shattered, but

as a rule not rendered schistose. Ne.ir masses of Tyee [>orphy-

ritc or of the harder chcrty tutls the edges of the gabbro-dioritc

bodies are converted into chlorite schist for distances of 3 to 30

feet, or in exceptional cases even more, from the contact. Sills

of gabbro-diorite porphyrite not over 30 feet in thickne>s have

been observed to be converted entirely into schist. The most

striking effect of this kind was observed on Mt. Sicker, where a

large dyke of gabbro-diorite several hundred feet in width had

developed a pronounced schistositv, though not sufficient to

obscure its original character. In several other cases, sills of

gabbro-diorite were observed to have thrown off dykes into the

intruded sediments, cross-cutting the Ix'dding. The.se dykes

were schistose, and the planes of schistosity passed unbroken

through them and the sediments alike. Also, where the edges

of the gabbro-diorite mas.ses are schistose as described, and the

schistosity is not parallel to the contact, the planes of .schistosity

pass unbroken from the intrusive into the intruded rock. Af)-

parently, therefore, the schistosity of both was developed at thi-

same time.

(4) If the gabbro-diorite porphyrite was intruded before the

main folding movements took place, and acting as a competent

bed, moved as a unit, the portion of the older rock close to suili

a mass should be more >chistose than that farther away. The

determination of this is difficult, since the contacts in the eastern

part of the area where exposures are good are mostly with the

black slate, which in any case has been completely recrystaliizcd

during the shearing. That the intruded rocks are more sheareil

in the vicinity of gabbro-diorite masses was, however, observed

in several places. The small mass of sediments on Saltsprin^

island, to the south of the andesite band crossing Mt. Bruce,

consist of bedded cherts, which become converted into sericitic

schists as the contact with the gabbro-diorite is approached.

On Saltspring island, in the andesite mass to the east of Mt.

Erskine, a number of small unmapped masses of gabbro-dioritc
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«tresM'!* affii tinK thr Wark liatholith:* w) strongly roul»l li.ivf li.t n

so Inrali/r<l .is mil to attdt thf Sukrr >i-t\v*. TJiirt' is nci

(vidtiuf that tlir Sii kir mth-s has Urn aifictifl l>y two unnt

foldiii^j movfiiHiii- III me llii- as»um|»tion appears n-asonalilf

th.it l>olli nxks wiri' folded .it the same (RriiHJ.

Fiiullin'i. The Sieke- wries has iH-en much faultiHJ. hut mosi

of the faulis noted h.ive di^pl.ireinents of only .i lew feet. While

if is proli.tl)le that much <if this {'.lullinn was of i)re-("rel.icenii>

.i>;e, it i' ditVicult to prove this, as most of the Sickcr-Nanaimo

font, i< Is .ire drift-covered. .\li ot the larKC f.iults noted in the

district .ire of [)ost-Cretaceoiis .i^;e, .iiul will he (h'scribed fully

in connexion with the siructur.il rel.itions of the N.in.iinn'

si'ries (p-l^e 24.0.

It is sUKnested, tlioU(;h field i>roof is imiK)ssiI)le, th.il .i

j;re.it pre-Cretaceous strike f.iiilt may follow the Cowichaii

willey. Such an assumption seems to he necess.iry to expl.iiii

tin- .ihsence of the thick series of Sii ker st'diments and la\as from

the .-outh hide of the valley whose minimum w idth is 1
',

mile-.

Since the structure of the Sicker series is a normal antidinorium,

of which the Cowichan valley forms the crest, a development o!'

the series might he expected on the south side of the vall( \

similar to th.it on the north side. Faulting seems the mo-t

riasonahle hypothesis hy which to account for its ahsence.

Exlentiil.

Relations to Other Members of the Viiiieouver Croiifi. '11 >

Sicker series has heen placed in the \'ancou\-er group hy ('l,i| i>

and considered provision.illy as conform.ihle with the other mem

hers of the group'. IVom the work of the i)ast summer, howe\i r

no difuiite st.itement can he made either as to the age of the seri^

relative to that of the other memhers of the Vancouver groii;.

or as to its conformahility with them. Moth the Sicker strii

and the remainder of the Vancouver group are pre-hatliolitiii'

in age; the lavas of the two divisions are very simil.ir in chemi( i'

and mineralogical com|K)sition: and hoth series have hur

suhjectcd to approximately the same amount of metamor|)lii-iii

Clapp. C. II.. G<'ol. Surv.. Cm.. Mem. H, j.;.. "l, K,). M.mii .if>. p. 55.

L Mi^^ _>
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have already been proved by Clapp to be of uppermost Triassic

or lowermost Jurassic age.'

Relation!: to Younger Formations. The Sicker series has been

intruded by two typ<'s of p(jrphyrites, the T>ce fiuartz-feldspar

porphyrite first, and the Sicker gabjro-diorite porphyrite later.

The Tyec porphyrite forms sills in the sedimentary rocks and

dykes in the volcanic rocks of the series; the Sicker porphyrite

forms irregular masses and dykes in the volcanics, sills in the

wdimcnts where the bodies of intrusives are smidl, and

ir.-egular masses breaking across the bedding but with a ten-

dency to elongaticm parallel to it where the bodies are large.

The greatest development of these intrusive rocks is seen on

Coronation mountain, Mt. Brenton, and Mt. Sicker; but they

are almost universally present in small masses wherever the

Sicker series is found. Many bodies occur which have not been

mapped on account of Micir small size.

The Saanich granodiorite intrudes the Sicker scries in irreg-

ular batholithic masses. Of the^e the largest is the I.adysmilh

batholith which has a length of 7 and a width of 3^ miles within

the map-area. Smaller masses are fairly numerous as the ac-

companying map shows. It may be noted with reference to

various theories that have been put forward concerning the modi-

of intrusion of batholiths, \ '<.at in this area the batholithic masses

do not seem to exhibit any decided preference for either anticlinal

or synclinal structures in their upraising but break up into both

indiscriir.inately.

The edges of the bat!,...'.ths are never greatly chilled, but

occasionally a thin chilled edge an inch or so in width may be

noted. Dykes from the edge of the batholith penetrating the

country rock are the exception rather than the rule, indicating

that the intrusion was relatively quiet and did not greatly shatter

the intruded formations. Contact breccias are, however,

almost universal; the granodiorite is filled with fragments of

the intruded rocks of all sizes up to 30 feet in diameter for dis-

tances of a mile or more from present contacts. These fragments,

when of the Sicker series, have been usually metamorphosed to a

considerable extent and recrystallized, but fragments of tlif

1 Geol. Surv., Can., Mem. 13. pp. 6»-71, 1911.

^S^^L^SfeS
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'•s usually slight, but in one case It t'i "T "\ "'etamorphisn.

batholith with the Sicker .n1-!';?'^''°^''''^''^^y-^"''tl'
matter from the intru ive has . h

/'"''^^f'^^hic and quart.o.e

distance fro. the"rn';:c ^Tn^^lt'^dl^-^''"
^"^^ '""^

gneisses. The composition of th^ ,

°™'"«^ ^y^"^

affecte<l.inthatthTSIesZ°fl «''^""^'""t^ also has been

has rendered i morrhiX 1 " °'"'"''"'^"^^°f^"''-'^«

farther away. ^ ^ "i.caceous near the contact than

PorpSwtcJt Si'^foS'r'^" 'r
^''^ "^^^^ -^ Sicker

Saanich granodiori" d^at^clTw T 7'', '"'^"''^' '^^ ^^^

pressed to sea-level befom fh! f ''"''''''' "*^''^^' ^"'1 Ce-

taceous) sedim nts bet" 'con'^^'T V""'
^^^"^''"° ^^re-

- Sicker series wST^e^^^^S^^^^^Ih^

strike, and alwavs with. In, > T ^'^^°"'-'"^'-- i" ''ip and
containing rounded pebble

" '°"«'°"^''-!^'^ ^^ --Oin« thickness

rocks. i?,esepeSleron ../,"'"'' "^''''"' "^ ^'''-- "nderlving

wh.h were 0.0^^;^;^^—^;:^';^;"'^^^"'^^'
position, as the nhne* . f . u- .

."'-y^^'"'' '"to their present

> no »-..n „*"„,„'„ tariTalUM """"' " '"
As the map sh.,.-s fh,. K . • .

^"*^'''* '° ""^ another.

the Sicker Lma ion cutZT °' '""^ ^"^""''"^ -^^"^ '^--I

volcanics, T "e pornh^r-''
-discnminately across sediments.

-pj; ire^i ;i;, X- ^
r^---- -ladonship was

-ries and the loweT^', "^e x'^
"'"" '"''^ °^ ^'^^ S'*-^'^-

arose through the Iserva Jon o
""^ "-'"'' '^'^'^ ^^-"^"^

the metamorphotd Skker !rV '"YT"''''
^'''^'^^'°" ^'«^^«^«^n

overlying NaL'.mo se e L- '"^ ^'^^^''g'^^'y "letamorphosed

n-ver nea'r Cop^eT^an"^ OnSs '" ''' '"' °' ^'^ ^'''^'^-""-'

tablishment of the Sansum ^ ''^'^ °'^,'^"'-'-^"^^ ^^'as based the es-the Sansum formation' and the Cowichan group-

Capp, C. H.. G«,l. Surv.. Can.. Mera. 13. pp. 72. n4, 1912.



to include such beds as did not fall w^>h certainry into either the

Sicker or N'anaimo groups. The evidence obtaine-I at ail con-

tact^ observed in the map-area, as well as that deduced from the

areal relations, made it clear that the unconformity l^twcen the

two is profound. The contact in Topper canyon was carefully

studied, with the result that tlK- unconformity was proved to

exist there as in other localities, alrhough not s/j e.nsily deter-

minable- for it was found that: both overlying and urderlyinR

formations have a similar Mrike and a steep dip: they are of

verv similar -olour and «r..:!i: and the basal conglomerate

is only a few inch.^s thick, the pebbles are small and scattered,

and mo-t of them are of quarU. Mo-eover, during the folding

mf)vements which followed the depositi^jn of the Cretaceous the

Nanaimo s(dinieni> were thrust again-t the buttress of Sicker

rock- at this point, and somewhat more metamorphosed than

usual- a metam<;rphism resulting in the stronger cementation

of the ixbbly sandstones, though not in the development of

schistosity in them. The proofs of unconformity found at this

point were as follows: {\) The overhing formation is a relative!

v

unmetamorpho,sed, non-schistose, conglomeratic sandstone. I hr

underl%ing formation is a pha.sc of tiie Tyee (,uartz-feldspar

porphyrv .-till containing many feldspar phenocrysts in which

deformation has produced a good secondary cleavage. In it.elt

this .leterminaiion affords complete proof of unconformity,

since the Tvee porphvrite is an igneous rock intrusive into the

•-dicker series, and. therefore, the three time intervals of intrusion,

deformation, and erosion must have passed before the Xanaimo

scrie- cnuld be dep<jsited in its present iwsition. (2) Although

similar in strike, the two formations diff.-r in dip. The dip ot

the planes of schistositv of '.he Tyee porphyrite is 65 degree^

northeast, implying that the dip of the "bedding" mubt lie 1.-^

thm this. The Nanaimo beds dip 70 degrees to the southwest.

(V, llic base of the Xanaimo series l.eie i:< a well-marked stratum

of conglomerate, although the pebbles are small and scattered.

The pebbles are rounded an<l, with the exception of the quariz

pebble- thev iK)ssess either bedding or schi>tosity. The schis-

tosity wa.- evi.lentlv developed before the rabbles assum.d

their oresiiit position, as the planes of schistosity in the vanou-
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fragments lie in all positions. The pe!>bles are of different

The fdt Ir'^"" ": °"S'"^^''"^ '" underlying formations.The followmK were noted, with rough estimates of their relative
proporfcns m the conglomerate: milky qimru about 60 per cent
evidently from some h.rge veins of exaetiy similar ,uart. im.ned-'
•ate y U^neath; cherty tuffs of the Sicker serie. including black
white, and grey cherts. alx,ut 20 per cent: black slate with w.H
developed slaty cleavage, .S to 10 per cent; sericiti,- ,rhi.ts
similar to those forme,! by metamorphism of the i\-,e n.,r
ph>Tites, about 10 per cent. ^4 ) Two quart, ^•eins were observed
each about 4 mches in width, penetrating the underlvin.^ rock
almost at right angles to its plane of contact with the conglom-
erate and cut off .squarely b\-

'

It is clear, therefore, t, ,,. although .somewhat obscure.l
he unconfornnty between the two series e.xist. here as in ,.,her
ocalities. The function of the terms Sansum formation andLowchan group ,hus di.^appears, and the use of the.s,. terms
hereafter is di.scouraged.

MODF. OF ORir,i.v \x,) niSTOKV.

The Si<kcr ei)och appears tf. have opened with , ureal"Hpounng of .uulcsitic lavas, which was pn.bablv th,- la,t
[.aroxysm of the mighty ^•olcani^ outbursts of the V,.„couver
period The Vancouver lavas, as has elsewhere been >hown
were largely or_ wholly ejected under subm.irine <„,,,Iiti,.ns
f|K.ge 116). It ,s certain that thoe condition- stiil te.nained
unehangeu when the Sicker andesite. wc^e poured out. sia.ehey also are characterized by (low breccias in large an,ount.,
an, .ince well-bedded sccliment. a„d j,..pcr~ ,.re l.ti.l down di-
n-.tly on the surface of the earlier tlnws and int.rbedd.d with
• " later ones. The lavas must have U-en poured out in . s-.1 .nn.s.derable depth, since the overlying and inter, in, titled
M-. ,men,> are tian-bedded and the beds persistent. impKing
H.iter und.-turbed by wind.-, ti.les, or current.: .m,! far tr„n,am shore, or at least frr.m any but a very low-King shore as the
-verlyinK .sedunents are free from .ulini.xture ,,f .„u bur themm cla>e> material. After the first great pcr.nl of ejection
there was apparently a pericKl of quiescence. foll„«..d here and
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there by a few lesser explosions, until finally all became quiet

and tiie volcanic activity was at an end.

Accompanying and [H-rliaps also following the extrusions

of lava, volumes of volcanic ash were thrown out into the sea,

together with juvenile waters carrying dissohed silica, soda,

and locally iron. As ,i result, the amygdaloidal surfaces of the

flows were filled with albite-oliijociase, calcite, and jasper. The
albite-oligoclase seems to ha\e filled the first-formed amygdules,

that is those found now in the fragments of volcanic breccias,

while the latest formed amygiiules are filled with calcite or

jasper plus very little feldspar. This probably indicates some
change in the character of the solutions, probably due to dilution

or cooling. While these processes were going on, the volcanic

ash was settling on the surfaces of the lava flows, the coarsest

first, followed l>y that of finer and finer grain. With this de-

crease in grain the ash became more and more susceptible to

alteration by the solutions with which it was bathed (see page 162)

and wliiili tended to con\ert the ash into mixtures of quartz

and albite. In the very fine-grained a>h the alteration was
almost complete, and thus the hard cherty tuffs were formed.

Gradually the suppK' of ash grew less, either by a decrease of the

activity of the volcanoes, or because .'settling had become very

slow on account of the increasing smallness of the particles, and
weathered mr.terial began to be deposited along with the altered

ash. thus forming the soft cherty tutls. This weathered material

may havi been ash altered by the sea water, or terrestrial sedi-

ment carried in from the nearest shore, more probably the latter.

The proportion of the weathered materia! increased until, be-

coming dominant, it formed the pelites which on being regionally

metamorphosed became the black >lates of the Sicker scric-;.

It is almost certain that this cycle of deposition was rc-

[K-affd during thf Sicker epo:h, and perhaps repeated more than

once. The records of the Duncan map-area are too incomplcM',

or have not been studied with sufficient care, to make as yet a

final st-TTement in this regard.

.\fter tlic deposition of the slates had l)een completed ami

the sedimer.tar>' st-ries had become well mdurated, very gentle

folding' movemeijt-- lj*"^an, accompari"d by the intrusion fir^

:
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nK.ven,e„t. JnZ^L ij^^ ^ urV^TS^''^
""^'"«

mctaniorphism
,>i all thi- „,„

P^^ound dN„amic
Tln^spon^.Iof fol,lin,n.avp

,

'"^-"""^'^nt rock .^en.hers.

-o. to the south of ,1" u'utuhi":;'"
•''*'' "'"^ ^^"^ '•"^-

-a may have o.-curre, d u it '

I

;'
''""^^-""^ ^^""^ ""--

deferred until after the i r 1 f 'u
^"^' "^ '"">' h-" l-en

which took plae.. a little "te p "''; ^""""-h Krano<lionte.

cut vallev. in the SiX:
.
'-'"^'""

''^'S?''!" after emergence
in -any cases aln'th.,u"r" '"' '" -""" ^^'^^ ''-'>•'

ba...o.iths of KranSi^Wee:"' T^rfjlw'T""'"" r"' "^ '^'^

K-ce and the deposition of the NL^Ilr::^:.
'"'"' ^"'""'^^-

TIIKOiU-TICAL
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surfaces of these tlnws, it is clear that both the feldspar anil the

augite i)hen()cr\>is were de\elopcd after extrusion. The same

is true of dykes of iiorphyritic andesite of very similar comixisition

wiiicli cut the Vancouver andesites on the summit of Mt.

W.iterli!(i.

Fhe Tyee (|uart/-fel(!:-|)ar porphyrites which form dykes

and sills in the Sickei siries. contain phenocr\'sts of quartz and

albite-oliKoda-e feldspar. Data on this rock were mon> difficult

to obtain, as the phenocrysts in it do not develop rapidly, jirob-

aiily Ixxause so highly siliceous a rock ran be hij^hly super-

coiilcd In^fore crystallization begins, and, once begun, the greater

part of il would crystallize with great rapidity and without

formation of largi' phenocrysts. Whatever the reason, there are

many masses of this rock 100 feet or more in width whose por-

phyritic texture is visible only under liie microsco|H'. In one

or two i-a.^es where somi- of the less >iliceous varieties were under

examin.ition, however, it was e\ident that the phenocrysts both

of (juartz and of feldspar were developed in place and not bef<jre

intrusion.

The Sicker gabbro-diorite porphyrite is characterized by

the presence in it of felds()ar phet'.ocry^ts which at times grow in

sizes of half an inch or more. .Application of the criterinu

described shows that these i)henocrysts were developed after tlir

intrusion of the rock into the Sicker series.

The rajiidilN' with which these phenocrysts develop i-

notaiile. .\sai)ove mentioned, i;i ihe more liasic rock they u-u.iliv

attain their full size within 1 UnA or at most 2 feet iVom x\h-

edge of the igneous mass. i hi is not the case only in l,u-.;i-

ma>ses which cool slowly and thus afford |<lenty of time for \hf

procisses of crystallization to go on, but e\en in the subinariiM'

ilow> whiih must have been coolfil \\iih great r.ipidity, and ab"

in (i\kes not more than C) feet in wulih. In some small ba>alii'

dykes, 4 to 6 feet in width, to the south of the Duncan inap-arr i,

feldspar phenocry>ts were observed, developed In situ, iieai!\

half an inch in diameter. Since the glas-y selvage in llie>e >\\ I'

w.is over .1 fool in width. lluy must li.ne been intruded in!"

cold rocks and have soliditied \ery rapidK , but yet theM' !.ir.ii'

feldspars had had time to complete their growth.
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instances, compli-ti-s its cryst^illization lon^ bt-fore the feldspar.

The results (ieseriln'il are, lin\ve\er, in accord with the experi-

mental results obtained !)>• Doelter who deteunined that in a

sla^; from which labradoriti', au)iite, and oli\ine crystallized, the

labradorite ^rew more rapidh- than the au^ite.

If ihi' course of nLi^niatic differentiation at times j)r()ceeds

as is sun^ested by Harlcer'. by partial cryst.dlization of a fluid

magma am! >ul»se(|uent expulsion of the still fluid portion by

crustal movement, it seems very possil)le ImI this rapidity of

cr\st,iIli/alion on the part of the feldspar in these basic -ocks

might result in a course of differentiati -n opposite to that sup-

posed usually to take place, so that the material first to solidify

would l)e the more feldspalhic, while the li(|uid residue would be

the more basic.

A Ibitization of the Rocks of the Sicker Series.

The formation of dbite in la\as and other rocks at the

expense of more b.i^ic felds[iars has already been described and

discussed by Terniier-', C'athrein\ Duparc and F'earce*. Bailey

and (irabham', Dewey and I'lett*, and others. C\Tthreiii

in IHH,?, showed that saussurite consisti'<l of a fine-grained

aggngate of albite, epidote, zoisite, and garnet, and that the

bulk composition of the aggregate was ap[)roximately that olthe

feldspar from which it had been derived, so that the processes

involved in the change had led to little more than a chemicil

rearrangement of the constituents. Termier demonstrated tli.n

formation of albite may take place under conditions of weather-

ing, through the removal from the feldspars of their lime b\

leaching meteoric w.iters; so that the albite still remaining i~

merely a residue derived from the original feldspars. Diipar.

' Murker, Alfre'l. "The natut;il history oi tuneouft rixks " pp. .iJ.i-7, I'WW.

> TcrmitT. I'.. Sur l'*'limm.itiKn df l.i tiaux par tiu-la^omatoae tlan-^ les rochcs <'Tui)ti\'<

b.tciiiucs 'If !a r^ijion <hi Helvoiix." Hull Soc. (IfHil.. Franie, tome 26, pp, 1&5-1V2. IH9H.

' Catlinin. Zeit, Krut , IH.f.l, BanJ 7, p, 2J4.

• Di]p,in and Pe;tric, Sur les aniiesitea et U's baJa!tilf3 albitis^c* .lu Cap Marsa.'" Corni.l i

Rendu" IVIK) vol 1 10, p, <16

• Bailev and Grabham. "Albitization oi b-UK plaiiioclaK feldspiiri." (ieol, Man (*. ;>>

2.Sl>-25<,, l')n<),

' Dewey and Flett. "<>n fome Hritish pillow lavas and the rockf aaauciatetl with tJioui

Geol, .Man H. pfi, .'11 s. 202 v. Iflll,



'nvolve.1. '^ '"'" -^ <l'-''Cus,,on of ,he ,,r„c,.sses

Uuiley and Crahhani in th
a new .unception of the c.u^^ZT'"'^ "'"""• '""••"''-^•

anmK-cJ I,y then,, ascril.in, "t to hetn ""' '" "^' '-'^"^ •^-
l-'ar.nK waters which were re dua 5r I!'""

"^ J"^'^'"'''^ -><'--
'avas themselves. In supri" ^ '"'"'''""'''''"

''^ ''^'•

to the following facts: ) f,,. i ,T
"'"'^'"^'"" ''»>• I'"int

whah are first albiti^ed in eUyVrwh"" '^'"^^^" ^^ ""-«
but many highly basic, basal i./t" n 7V'T""" ''^'^ occurred,
alteration cntirelv I fenceTh i

"^ "''^
'' ^ "^^ ''aN-e escanod

'- ^i"c- to weatherin
"

; t J 'e'?'"".'"
^-^^ 'av- cann

'

'f so. the basic varieties 1 , h
'''^"•\^^''-""^'^

<'^>^cribes, because
--W ix- the most hi^hi;',;- .>::;'^'"

''^' --t basic feidspi;.'

there is no source from which the "j? I?."'
'" '" ''>"^'^'-''.

«cept from ma^matic waters
™"''' '^^^' ^'^'^ ^"PPl.ed

<Wtss.te and calcite. This far , T"'''
""''' ^''^'^ with

'hat it is the upper portio^ of the'Z fl

"'\''^' "^-"^d
">-t albitized, points to the oril 'f th n '•

'^"^•' ''^^'^ ^'''^
"'f lavas themselves. ^ ""^ "''"' al'-t.^in^ solutions in

L>ewcy anr! Iif-tt in tt,,. ^ .

"^
^1;^ -St of i..,;:;i" ^ .;^^;;

the Devonian pilbw lavas
"• •'^how tha. the. albiti.a :„ w h"i

""" ''''"'"' '^'^''^'^^^

^'x>n after e.xtrusion. The hiL^he-M f"^'- "^^ P'a« very

;'-' '•" the lower Carbon ^.r' ^e J''^
"?" ^^^ ^-•-^-

f'H.us the .Armorican earth m v ?
''''''^ "^ ^he Carboni-

-ushin, of the rock" .V'jZTrT >"' '^'^""''"^
"' ^he

'•v.dence ..f ,he th,a secti -n I
"'"-^tituent minerals. The

are not la.aled nor their sur?atsun2n"'"'
""" '''"^''^ ^'^''t-

•-'"at.ly after the close o th" m,
'' " ""^'

^^''P'^^'t- '"i-

"">^ P'ace. resulting in the^a;::r;:;r^t S't '"'''''''"'



164

and labradorito near the granite contact-. Kvery stage in the

alteration can l>e traced.

After a very complete description of the alln ued rocks of

Great l$ritain, tliese authors summarize is follows:

(1) 'The pillow lavas are meml)ers of a great natural

family of igneous rocks, the spilitic ijui.i. Ihis

family comprises a ^reat variety of types, picritcs, diabase,

minverite. quartz diabase, s|)ilite (i.e., pillow lava), kcratophyre,

quartz keratophyre, soda-felsite and albitc Kranite, ranging

from ultra-basic to acid in composition.

2) "Their essential char.ictcristics are the abundance of

sixla feldspar, and the remarkable frequency with which they

have been albitized.

(.?) "Thi- albitizatinn is nr characteristic of the whole

suite, but is especially frequent in certain members of it, -uch

as the spilitcs and diaba-os, while others like the quartz diaba>e>

are less liable to tlii> thangf It is not due to weathering nor

shearing. Gootl evidence exi-ts to show that the albitizatinn

took place soon after the rocks had solidified, and consequenily

it may be grouped among the post-volcanic or juvenile change-

of HK-k ma--cs.

(4) "The consia!it association of adinoles (albitized shales)

with the albite diabases, and nf radiolarian cherts with tli

pillow lavas, finds a simple explanation in this hypothesis, .av

at the s ime time alTords the strongest confirmation of it.

'5) "The composition of the piieumatolytic solutions caniKit

be exactly defined, I'lit it is certain that they consisted of wati r

with soda and silica in solution; probably also carbon dioxiilo

waf- abundant, and many other substances may have bein

prcbcnt.

((•^ "In the IVitisti Isles spilitic eruptions have appe.ind iti

great numbers in all the Pakeo/nic formations i with the e.xr.iitiim

of the upper Silurian and the Permian), and in the Tavvallirh

volcanic series they have an importaiit development among the

metamorphic schists of the Scottish hi^'hlands.

(7) "They have un intimate connexion with certain typ-.- of

geographical conditions. They ..re essentially rock.^ of districts
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(2) As the lavas cooled, juvenile waters were given off

from their surfaces, charged with silica, soda, carbon dioxide,

and locally with iron. These solutions permeated the lavas

themselves locally, albitized their surficial /ones in part, and

filled their vesicles with albitc, albitic jasper, and calcite.

(3) The greater part of these solutions must have escaped

from the surface of the cooling lavas, however, to become

entangled in the thick beds of ashy mud which covered them.

Here they found plenty of easily altered material, loose tex-

tured and porous, fine-grained, and offering largi' reacting sur-

face. The solutions readily converted the ashy mud into

mixtures of albite and silica, and at the same time much fine-

grained silica was probably precipitated chemically from the

solutions, f.Uirig the interstices of the muds and cementing them.

(4) With the dying away of volcanic activity the supply of

the solutions probably decreased also. In addition, a large

amount of kaolinic material, probably terrestrial sediment, was

becoming mi.xed with the vole nic ash, and this was probably

not so readily affected and albitized by the weakening solutions

as the fresh ash had been. Hence the second type of sediments,

the soft cherty tuffs, was formed.

(5) The black slates represent the final stage in this cycle,

deposited after volcanic activity had completely died away, or

almost so. In them there is little evidence of albitization, with

the exception of the presence of a few fragments of feldspar

which appear to be albite; the major part of the rock is made

up of kaolinic and sericitic material.

In this connexion there may be mentioned an albitization

which appears to be the result of a second, local attack of albitiz-

ing solutions. In many of the black chert beds on Mt. Brenton.

which have been intruded by the Sicker gabbro diorite, a spotted

texture has been developed, similar to the formation of adinole

in slates. These black cherts are composed of quartz and oligo-

clase-albite, with 40 to 50 per cent of fine-grained biotite. Thr

spots are seen under the microscope to be segregations of feldspar

not very sharply defined from the groundmass, as if the feldsiiar

had been introduced and displaced the ferromagnesian mineral

in part. The centre of the spot is usually pure feldspar; biotite
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begins to appear towards the periplierv, and mav amount to ^5
per cent of the rock at the edge. W hether this spotted texture
has developed through the action of solutions emanating from
the gal)bro-d,onte, or from a second injection of solution, from
the andesite lava, there appears to be no means of determining.

ASSOCIATED INTKUSIVr: PORPIIYRirKS.

T.,ce Quartz- Feldspar Porphyrite.

Relations to Older and Younger Formations. The Tyee
quartz-feldspar porphyrites which have already been well
(lescribed by Clapp', are intrusive into the Sicker series, formin-
dykes and irregular masses i the andesites and sillb in the sedi-
mentary formations. F.,cts that clearlv prove that these por-
phyrites are truly intrusive masses and not extrusive rocks are
(iffuult to obtam; the grain is uniformly fine, making the
determmation of chilled edges doubtful; nearlv all the masses
parallel the bedding very closely; and .leformation has usually
altere.1 them near the edges sufficientlv to obliterate chilled
edges and amygd.doidal textures if thev ever evisted Rut
dunng the course of the field work the porphvrites were
flefinitely oiiserved in two or three instances to cut across the
bedd.ng of the sediments with which they were in contuf
in several others the edges of the porphyrite masses were clearly
chilled for a width of an inch or so; in thr.'e localities intrusive
breccias had formed at contacts with the sediments; and in one
case the sediments were silicified for a short distance from the
contact. As no evidence of any kind was obtained indicating
that they might have been flow types, the porphvrites were
concluded to be intrusive.

The Tyee porphyrites are intruded b\- the Sicker gabbro-
diorite porphyrites and by the Saanich granodiorite, and are
overlain unconformably by the Xanaimo series of sediments
These relations are discussed more fully in the sections devoted
to these formations.

Petrography. The quartz-feldspar porphvrites are char-
nctcnzed by a fine-grained groundmass which in the smaller

' Clapp, C. H., G«)l. Surv., Can.. Mem. 13, p. 105; Mtm. 36. p. 77.



168

bodies is almost glassy, and by a varying number of phcnocrysts

of (juartz and feldspar. The feldspar piienocrysts are always

in excess, at least as 5 to 1, but those of quartz are the more

conspicuous as they arc usually larger and in colour do not

blend so nea ly with the groundmass. From acid varieties

in which (luartz forms approximately 20 to 25 per cent of the

I)luiiocry>ts and M) per cent of the groundmass, all gradations

may be observed to basic types in which quartz phcnocrysts are

few or lacking and not more than 5 per cent of free (juartz is

present in the groundmass. The feldspar, which constitutes

nearly all of the reni.iinder of these rocks, is albile-oligoclasc

to oligodase, while biotite, hornblende, pyrite, and ilmenite are

accessory. Usually more or less secondary epidote is present.

Clapp states that orthoclase is found in the groundmass, and it is

probable that this is the case, as analysis of the Saanich grano-

diorite, to which thcrc porphvrites are closely related, shows

the presence of 2- 14 per cent of K2O'; but no orthoclase could be

identified by the WTitcr in the thin sections at his disjxisal. It is

possible that the potash probably present in these rocks does

not form orthoclase, but is dissolved in the lime-soda feldspars

as frequently is the case.

North of Maple mountain and on Saltspring island Tyce

porphyrite occurs in larger masses and is much more granitic

than elsewhere, resembling the more altered and foliated,

feldspathic fades of the Saanich granodiorltc. It is very fine

to medium v.-rained and foliated, and is composed almost en-

tirely of quartz and feldspar which is l.irgely albite-oliiiodase,

although a little microperthite, consisting of an irregular inter-

growth of orthoclase and albite, is present. F.ven in the medium-

gr.iined \arieties (|uartz forms rounded [thenocrysts up to a centi-

metre in gri'atest diameter. The accessory minerals are chielly

hornh'lende, and some biotite, musco\ite, and magnetite. Sinci'

foliation, which has strained and even granulated the quartz

piienocrysts, the rock has been moderately altered to chlorite,

epidote, sericite, and calcite and has been impregnated with

pyrite which has altered near the surface to limonite. On tlic

'Geol. Siirv., Can., Mem. 36, p. 73. 1913.
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;""' 'i-elopnu-nt o'^ s,^ ,

' j" '"" " '''^""-'^ phenocrysts
nHor,na,ion has been m.lc "C;;;;

;'"'^'^- ^ P-'-K'-'e.
the more competent Sicker ..110

"''^"' "'"'•"'^ ^^''h

^-'ker, on the south sideo Mt
^ *' '""•"''V^'te. as on Mt.

masses acted as a unit during he f M ' Kabbro-diorite

'""''""ated the clifferen
, .1

'
''"" •"^^•^"^^"ts an.l tht.s

'i"ar..-feldspar P<.rph tes li" ."""S '"
.

'"^' ''^ --'P-'ont
"'e latter have becM ,'0^; V ''''"''''" '''''^'' '"^^^^^

("- Paragonite) scl^

^

•

'

in T T''''''^
"" --"<"

-1. schists from the Liir .n" t""%T'f '" ''''"'"" 'te

^°f' 'iHT.y tuffs; but a w r 7'; '^''^"^'^••''•'".^^

- f<'''lsf.ar can „ ual • be oun 't
'"'^-"'-^V^'-^ "f q-ar,.

''""'•a.e its origin.
'' '"' ^^^'•'fhered surfaces and they

-'"-"-•e p.Xi:rin ;;;;;";„:^r^-- j^^ sicker
l.vee .,uartz-feldspar r.ornhvrl, f

'^''' ''*''"'-^ ^nd the
--'-n the Sicker amSsd Tv"'""" T-' ""^' '-'«"'-
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''"'"'"'"•''"''
""^'"S

''" ""> lyee porp,...t..r ,;' ^ "'";''
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''7""„stntted than .s ^ ^f^^ rC"'^ T'-

'""^^ ^'^^"^
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both amtacts of a sill or dyki'. The intrusive niasso crussrut

till' stnuturcs of thr oliii r roil

ami the ipidotf iiodulrs in

s, such as hfddiiii; in tlu' sediments

t!ie andesitis. ( Kcasionally tlie

lills ai <-en to Mild off dykedike ton^;nes into the sedinient-

it rij;hl ani;les to the lieddini;. Intrii-.ivt> lir<((ias an seen

here and there alon^; eonlaits, and ociasi- dh- a slight baking of

thle nitrudec roeks nia\' lie <ihs> rved

'file Sii ker galil) irile porphxrite is prohaliK intruded

bv the Sa.uiii'h ^raiiodiorite and i;

the Nanainio serii'; It- elati

overlain unconforniably by

with the Nanainio series are

ilar to those of the Sicker series with the Nanaimo an( 1 h;

)een (hscusset 1 on pa.ye 155. ""he proofs of its relation to the

Saan ich

ween

ranodiorile an no t \^^^\ satisfactor\', as all eont.ict-

ihe two, so far as observed, are covered with driftbet

The e\idence obtained is as follow;

(1) Thiree inclusions w ere found at as many places in the

granodio

(liorite,

irite of rock petn)grapli Iv similar to the gab

There is no similar nick in the area which mi^lit yield

^uch inclusions. One of these inclusions, which was small,

c<intained phenocrysts of feldspar arranged in a partial rosetti,

a highly characteristic fe.iture of the gabbnwliorite porphyritc.

Micn)scopic I'xamination of another n'vealed the presence in it

aphically intergniwn tiuartz anil feldspar, a second earmark«r

.f tlle gabbro-dionte.

(2) The masses of granodiorite are not at a!' deformed,

even where they are in contact with hard competent cherts,

while the gabbn)-(liorite bodies although of e(|aal if not grea

competence to resist deformation, arc frequen'U schistose

their edges.

tn

if granodiorite on the summit of Mt. Brentc
(3) The mass of g

cuts directly at niss the strike of the intruded rocks, and inici

rupts both the gabbro-diorite and an intercalated band of clurt

tufTs. The areal relations of this mass seem prove thai

intruded after the intrusion of the gabbro-di -rite into il

cherts

Petrography. Although the average Sicker porphyritc i-

athcr coarse-grai nwl, etjuigranular rocck, it is neve rthek a true

1 Geol. Surv., Can.. Mem. 13, p. 79, vni. Mem. 36. p. 82. 1913.

i^ iS<i ..^
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r-rphynu. as a first Kcncration „, ,,,.lspar .rvs, ,K i ,

^>- ».»N>. „„,,,, ;i!;::'„-;;;:;,:;:„™ :;;;,.*;»-
co.„n,,.„ ,,,„„,, ,„„,,^ „.. ..„,^.,„^. ^,,,,,i»;;;;;;;;

'; ..

CI

Th:

i»i ".^ u c " , ;s;,' ;;r:i,i;',f"*"""-
'-"-

matdv of basic feldsmr 4(1 r 1-
"""" •'PP''"-^'-

ccTta.nly .n part an.i n.ay he altoKHher r pi 'i^''^
"

tHTce.KaKe of accessory ilmeni.e is also hi,h .
t. f noccasionally oven more. ^

'
" '' "*

'''^^'' '^^'"^

From the descriptions ^iven it will be seen tint th,. c-.i i'i'"nte porphyrite sequence and the Tv... . »
'<'t. the Ral.bro-

of rock phases fornt.'aken to^. ! I ,^7 •'"'V"^'"""''^Irom acid to basic uith „i k
' complete series

"t .He „n. an-n;!!" ,:,"t'5'£. "'r;' ''" """ '""

'*..K».«hi„ probably e,i„» ,,,„c ^h" ,1'^, ^trH^rT'rnncroscopcandchemic.l r,f ti, . ,
-^ flt'tdiled study,

a -nsec^nt^^t:^:^;^ :':^;,^^- '•- ^^ "^- -"ocks, . i,h

differentiation, of the order in which ^ ^' '^' '"^'R'"^'^''--

magma reservoir md of ,h , u-'^'

'"""
'^^•'f^'""' f''"'" ^^e

' *^«''- Surv., Can., Mem. 13, p. 80. 1912.
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Metamor(?hism. These rocks have been less altered hy the

various forces itf metamorphism than any other in the district.

They are almost unaffected by the action of solutions; augite

has been partially converted to hornblende, hornbU-nde to chlo-

rite and epidote, feldspars toepidote and kaolin; but the total

alteration of i. is kind is rarely over 3 per cent.

Almost as little has been 'he effect of the dynamic meta-

morphism. Where the porphyrites are in contact with the soft

slates of the Sicker series, their edges .ire not usually schistose,

but more or less fractured and broken. In contact with harder

rocks, such as the harder cherts or the Tyee por[)hyrite, the ed^es

of the Kabbro-diorite porphyrite have been converted into schist.-i.

ff)r distances depending on the competency of the rock with which

it is in contact and the intensity of the shearing movement at

that point. Thus on Saltspring island a schistose I'dge more

than () feet in width will rarely be observed in a Sicker porphyrite,

though on the west slope of Mt. Sicker, thicknesses of .?()() feet or

even m<jrc of chlorite si hists traceable into gabbro-diorite have

been observed.

Batholithic and Closely Associated Minor Intrusives.

Intrusive into the pre-upper Jurassic rocks described above,

are batholiths and stocks of plutonic rocks, and smaller masses

of injected rocks. All the plutonic or batholithic rocks were ir-

rupted during the same general pi'iiod of batholithic intrusion,

but nevertheless they may be subdivided into three principal

types, irrupted in a definite sequence. These types are, in the

order of their irruption: Wark gabbro-diorite gneiss, Colquitz

(juartz diorite gneiss, and Saanich granodiorite. Most of the

smaller masses of injected rocks, or, as they are called, the minor

intrusi\es, were irrupted during the same general period as well.

They consist of dykes and small injected bodies of porphyrites,

of two principal types, granodiorite or quartz-feldspar porphyrites,

and gabbro-diorite porphyrites. They are largely restricted

in their occurrence to the Sicker series, and have been gi\en

respectively the distinctive names of Tyee (luartz-feldspar

porphyrites, and Sicker gabbro-diorite porphyrites. The dis-

tribution, lithological characters, and structural relations of

"^^mm.
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distribution and it ,oI
"•

nh ''''r'^^y-
^" 'hi. secti..,, ,ho

desrrihecl senar.ttK- .n,l h
,^'''^'''*'^'' '"'"O'" 'ntrusivcs an.

origin, and co a L ; ^i ^ Jl" 'T"'""'
"'^''''"^' "^'"'^' "^

sidered together.
'*''^' ^•'^^^^'^'^'J types are c„n-

WARK GNEISS.

mSTRIHUTION.
The Wark and Colquitz cneissos ,r.. ,....,. • .

•

and form virtually a 2,ele^^^01^ t? ^^'^'^^' '"''''''''

with a Kcncral north 6otgre;s ^
'"

trlnd '^^'"'"'''V'''""'^'eastern part of the SnoL-o t '
'"'"'"'"^ ^^"^ "O'th-

the Duncan map areWrorn th "h' m" /'"" "•"''''"" ^-^ "^

side of Finlayson'arm fo eaHv ^1:^ fTl °" ^^^ '^''^^

Koksilah river, north o Jo" aLe^! ll:
'"'"•^^^'" "^

width of 9 miles near So,,J n i cu ' ^'" ''* '"''^'nium

toanapextowIrdTnonh^est '""'^'" '^'^^' '"^ "^^^"-

o^pcISu'l^f:"..l!;"; ^^"''''"•-^-S ^-k of the batholith.

soluheasten, r
'

"^ ^«^,^ -" fK-t-nn, but in ,he central and

AithouRh the-
''^'^ rr* °^ ^°'''"''^ K"^''^^ "«-ur.

intersmed t)

"TV, '^' '^^'''^^ ^^-'^ gneiss, it is

rolnuitz gnl .n 4'^''f
^' ''•^- ^P"P''>-- "f the

Rneisses has resulted where th! f""' ^ '^'"''''^" "^ '^'- '^^'^

«-paratelv The U'

U

r
'" '^''^^ """"' ^^^^ "'appe.l

/«^:#^:^
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Naiiaimo railway for a distanic of 6 miles from Malahat (20-mili'-

\M»i) nearly to Slrathtona. Ilulh thf Wark aiul loUiuit/

giui>sis are well exjKised aioiin ilu- ^llc)res of ^-(Hike lake. In

spile of the fait that the ^iiui^M> are a> a wliole well ex|X)MMl,

their actu>il contaits si'ldoni are, as small valleys have Inen cut

in the roeks, altered and weakened near the eonlaits. Thu^,

allhoujih the mineral ouditus of the hatholith have Uon well

determined, the aetu.d iM)sitions of the eontaets, both the oiitiT

lioimU..ries of the hatholith and the eontaets of the Wark and

COlquitz gneisses, are in error in m.my |ilaees by several hundred

feet.

l.ITHOLOGIC.M, CHARACTKRS.

Gabbro-diorite Gneiss, Normal Phase.

The principal rock typt- of the Wark gneiss is a gabbro-

diorite. It is a dark greenish roek of medium to coarse grain,

and of gneissic texture. It onsists esse^nlially of ligiu greenish

to white weathering feldspar and hornblende. In some varieties,

found east of Sooke lake and on Malahat ridge < ist of Shawnigan

lake, it also contains some pink weathering feldspar. The feld-

spar Usually predominates, but the relative proportion of feldsp.ir

and hornblende varie-, and some varieties contain a large excess

of hornblende and >,rade into certain hornblendic facies. With

the essential minerals are varying amounts of quartz and biotite.

The gneiss is commonly cut by quartz and cakite veinlets and

impregnated slightly with pyrite.

In most instances the essential minerals are seen micro-

scopically to Ix? only plagioclase feldspar and hornblende. The

feldspar varies from labradorite alwut Ab«AnM in a few-

rocks to oligoclase-andesine, about Ab7jAn«, in others,

the principal feldspar being andesine about Ab«oAn4o; l>ut

in the inflividual grains of any single facies there is very

liitle tendency to a zonal change of compxisition. Ortho. 1 ise

or cryptop'-Tthite and some microptrthite arc present in many

varieties and are essential in these varieties which, as described

above, contain some pink weathering feldspar which is doubtless

orthoclase or microperthite. The microperthite consists largely
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-ks I„ a (..v nuks, |,.,...v..r. ,,.,,,,,, ,,,,,, „,,,„,.'

CMul ^^„h c>M.„„al an.l appar.n.ly pri.narv hornM.n.l. Th..

> U. ami apa,„c.. I he amount .,f ,,uar,. vari. , .-reatlv

"trus.ve (olcuit. ,nd.s. The ..ri„„al .ex u" of . k n
>nl rernam a„,l where or.hodase is present it is in.erse T
-

'

OS.M. ,..u-,I.,.caliy plagioclasc an.l sonu- hornl.len" M'^he pnmarv nunerals are now fn .ture.l and crushe.l, ^2
"li-.tion S nee fohat.on the .-ock has been altered m.KlerUelv

^.:in:^^'j^T'%''^ ^°""^'"^ -on.,ar>'",. i::",!^

li
". "

;
'^"'"'''' «^---pentine. muscovi... seridteIn. and hn,on,te In addition, vdnlets and partial repla^

The foll.m-ing is a rhemical and tr ij analysis of i tvn.V.I

«h.h «„h he c«cpl,„„ „f i„ „,h„ „,|,,|^ „li,Ei„cla*. i, ,1,,

' Gwl. Surv.. Can.. Mem. 36. 1913. p. 59.
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Ckrmual and Mineral CampvtiUon of the Xormal Wark Cahbro-diorUt Cntiss,

Miner 'I i •impositinn.

OrthocUic ^'
I ..itinutorite, AUi AiUi 5J'4

Hornblende SI'"

Hiotitf \\
Magnetite *'\

Apatite *•*

Chemical composition

SiC). »«-68

Al,t), 1»"5
Ft/). l\[FfO 6-44

MrO i»i
CaO 1000
N...O Mf
K,0 l-«>

ll,()± 2.40

•no, "•«>

IV>. 2'>»

MnO " !"

9') 59

Specific gravity 2-91

It i> swn from tin- .iliovc analysi- .md (H'troRraiiliic ilt-srrii)-

tion that tin- Wark unfiss is rath«r nion- nialK- than a typii.il

(liorito and it has, thm-fori'. bi-on cla-Mtifd as a gaM.ro-.lioriti-,'

althniiKh many of the facies in the Sookc and Duncan map-artas

arc truL- diorif s. Also in thoM- pluis whcri' thi- rork contain-

essential orthoclaso or micmjxTthitc it is ajiproachin^ a monzo-

nitf and hence might he called a monzonitic diorite.

Fine-grained Phases.

Fine-Rraiiicd phases of the W.irk gneiss occur associated

with the normal galilmi-diorite gneiss, esi)ecially near lli<'

contacts with the intrusive CoUiuitz gneiss, ;md in places ne.ir

the intruded Malaiut and Vancouver voicanics. In the viciniiv

of the middle (No. 2) Coldstream lake, the fme-grair nnk

form a lar!;-,- part of the Wark gneiss, hut ordinarily they form

segregations or inclusions, up to several y.irds in width, in the m r-

m.il nxk. In places they form hands parallel to the foliati.n,

hut more commonly they form irregularly shaped massc>swhi( h

fre(|Uiiitly are elongated in a direction transverse to the foliatiun.

In a few places, hest exjiosed annrid Shawnigan lak.-, ^niiH

dyke-like masses of the fme-grainc: • x k occur in the noni:;il

coarser-grained gneiss.

The fine-grained phases of the Wark gneiss are usually dark, r

in colour, as well as Imer-grained than the normal gneiss. Th. \

> G«)l. Jrv., Can.. Mtm. J6. 1913. pp. 60-61.
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more fcldspathic varieties are similar in their mineral composition

to the other tine-j;raiiied gneisses; but, besides a larger amount

of the feldspathic material, they contain small dear grains of

unaltered fekispar and quartz, Loth of wliich appear to be

largely seconilary.

Cabbro-diorite zvilh Kecrystallized I'ornblendes.

Hue to the contact mctamorphism produced by the intrusion

of the Cokiuitz gneiss, the Wark gneiss appears to have been more

or less recrystallizcd, developing certain characteristic varieties.

One of the most common of these contains large recrystallizcd

hornblendes varying from rectangular grains 1 cm. square to

bladed crystals, 2 or 3 cm. long and 6 to 7 mm. wide. The inter-

stitial matter consists largely of re'atively coarse-grained, light

greenish weathering feldspar with some quartz and flakes of

light-coloured mica. Pyrite is common and may be more or less

altered to limonite.

The mineral composition is similar to that of the normal

gal)l)rf)-(lioritc gneiss, but the texture is different, owing to the

large cr\sials of light green hornblende which may include small

grains of altered feldspar. Although clearly secondary- the

hornblende is itself broken and altered to some extent.

Poicilitic Phases.

A peculiar phase of the gabbro-dioritc with recr%-stallized

hornblendes is fairly common in the Highland district ne.ir

contacts with the Colquitz gneiss. In this phase the hornblende

forms very large rectangular cr>-stals up to 6 or 8 cm. in diameter,

which include the older minerals, especially altered feldsi)ar,

thus developing a conspicuous pcicilitic texture.

Afafic (Femic) Fades {Hornblenditcs).

Near contacts with the intrusive Cokjuitz gneiss are fine

to coarse-grained hornblende-rich facies of the gabbro-diorite

gneiss. The coarse-grained varieties are largely recrystallized,

and arc virtually identical with the coarse-grained hornblenditcs

H^^j^^f^,

^..^.t^^-r'-^'m^'^^^^C^
i

_^i;J^^.:
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are seen to cZ^^, ^^I^C^:"^
''^^, hornblende-rieh facies

appearance, chiefly or'; 'ill '"'i''
'"'" "^^''- "'"^-scopic

same: ihey vary from lich.
'»^ mijrht be expected, all the

of -•^-^^•e chan^ctTt trf;::;''f '^' ''"^'^'''"^^ -'-"•-
Picochroic varieties of no ;,

'' ^"''""' '"^'"^^^ strongly
The alteration ^lu tf:r^ '"'^^% '^^"'^^"''>- '«^«-^-
Rabbro-,liorite Jeisr hh , r '" '''^"'-' "^ ^he normal
characteristic. ^ ^ n. 'Sed'f'^ T

"'"^^' ^'''""'''- -''

altered, although thev 1^ i^ ^^J;'::
-"^ ^ '>"> slightly

'J'versely orientated, small fr.Ig.nen,'
"' '"'" ^SS^.^^^^.s of

character of ,he Z^^ In places the
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"'" "'""^^ ™'^f^'^^'^''>'

replacement. At seve nh ,
""™""'^>"t "^ subsequent
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^"""""^ ^'"^''''^""'^ ^^ve

'fense mixture of Zt r^ .

,'" ,7"'"^'' '"^'>- «-"'"- to

-mpased chieflv of zo t; . H ;

' '^^"''"'
^'"''—"te.
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altered to a p'ale br::„i.h ^ ee'To^^mo:; Jl T r'^^'^'^^''^'s ^wi 10 almost colourless hornblende,
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the variety parKasitc, which forms foliated aggregates of small

and a few much larger Hakes.

Hybrid Types.

There arc vinually no true hybrid types developed at the

contacts of the Wark gneiss, although the restrictic.n of monzo-

nitic diorites to the vicinity of the large roof pendants of Sutton

limestones suggests that the monzonitic diorites owe their

existence in some way to the included and perhaps partially

assimilated limestones. As additional evidence in support of

this conclusion is the occurrence (noted in two places—at the old

Aldemere quarr>', Mill Stream road, Highland district, and on

the east slope of Malahat ridge) of apophyses in the limestone

that are apparently related to the Wark gneiss. The apophyses

are light greenish grey, medium-grained rocks, evidently com-

posed largely of feldspar and a light green pyroxene with dis-

seminated small grains of pyrite. On microscopic examination

they are seen to consist essentially of orthoclase which is micro-

perthitically intergrown with a little albite, oligoclase, and diop-

side, some of which is intergrown with a little actinolite. The

accessory minerals are titanite, magnetite or ilmenite, quartz,

and pyrite. The diopside and oligoclase are euhedral, while

the orthoclase is interstitial and even includes the other minerals.

The rocks are moderately to considerably altered to uralite,

chlorite, zoisite and epidote, sericite, calcite, and quartz.

COLQUITZ GNEISS.

DISTRIBUTION.

As already described the Colquitz gneiss is so intimately

involved with the Wark gneiss that the two gneisses together

form virtually a single batholith extending across the northeastern

part of the Sooke map-area and the southern part of the Duncan

map-area, the Colquitz gneiss being confined chiefly to the

southeastern and central portions of the batholith. In these

portions the Colquitz gneiss forms in general, lenticular masses

up to 5 or 6 miles long and 1 to li miles wide, elongate in the same

direction as the main batholith, that is about north 60 degrees

west. Although the rocks as a whole are well exposed, their
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boundaries seldom are. and consequently are in nl. iwith a possible error of several hunHrL 7 ? ^i
''''' '"'^^^^

the location of the hr,„nH! •

''""'^'^^ ^^^- Furthermore.

indefinite character asX;tctJr^^ 1'"^^"'^ '' '^^'^^

by wide zones of a comolex of ft .
^^ P'^^"' ''""'^ '"'''^'^^^

apophyses of the 31, ''"''''"" ^^^ mentioned.

wark-coiquit/tith't 1 "rfersi7ip:rr ^
^^^

e^n^r rn?;.?r^r:
"^^'" ^^^^^^^^

of the CoIquL gneiss fo™:
' 'uT'

^^"'^'^^"-^^ ^° ^e a fades

'•nto the Leech l^XZatioTtn 1"''''
T'

^^°^'^^' '"^^-'-

Sooke n,ap-area from onT hr' ,

""^^''^^^^'-"'" Part of the

Coldstream, and rthe etej soutL'T'" ' "''-^^ ^'''' °^

Duncan map-area near Jordrn'rirr 'rorofTh
°"

U
'''

which arc eloneate in fhpri.v„^,- /, °^ ^"^^^ bosses.

River rocks, afe on" a few feet°"
5^/°'''^«°" ^^ the Leech

in length Bv far L ,!
'" "^'^''^ ^"^ '^^ O"- 200 feet

of theVrdan'ritVin th:'Z t37 ''' ^ '""^ ^° ^^^ "-^h
map-area, and is ovei^a mLTon 7 "/°''"'^'" ""^ '^' Duncan
bounda. of the ma^^are^'l^r^rhlra ^n^ltdt^

-''^

LITHOLOGICAL CHARACTERS.

Quartz Diorite Gneiss {Normal Type)

In some varieties the fnliati^^ • ^"f
^^''^ 'o schistose texture,

hand specimen ts seen to t ^'^°"V°"^P*^"°"^'>' '" ^^e

light greenish weath rinrfe dsp^ThT' °' '''''''' "^'*^ *°

in rectangular crystals aulrfl h
'

T^''l
'" '^°'"" ™'^'^^ occurs

and in some varStiS ^s 'ee t'j.^f
''
^"^ "^^"^ ^°^'^^-

hornblende is replac;d byXrit Vnd T^tf"xhr""*^^^IS frequently cut by veinlpf* r.( ^,. . ^
epiciote. The gneiss

contain, discminaM sma , lain '7 """T-
""" '" "''"'

...aJtrc"JXTsivLt,i„r:L:„fr/""'\^
m n,a„. vaHe,ies i, ^a.,>. i„ e.c.ir it".', iYplt*

'^i.:.^^-
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hornblende. Orthoclase is also present but cannot always be

distinguished from the plagioclase feldspar. Biotite is a common

mineral, and, although in part secondar>', it appears to have

been an original essential mineral in some varieties. The acces-

sory minerals are magnetite, apatite, and more rarely titanite.

The original texture was subhedral, with euhedral andesine

and hornblende with interstitial quartz, orthoclase. and

some plagioclase. In places primary euhedral feldspars are

included poicilitically in hornblende, which may, however, be

secondary. The original texture has been largely destroyed

during foliation and the feldspar and quartz grains have been

distorted and broken, so that now the grains are chieily anhedral

and elongate in the direction of the foliation, with interstitial

flakes and irregular streaks of the dark and secondary minerals.

The quartz diorite gneiss is also moderately to greatly altered

to uralite, biotite, chlorite, muscovite, sericite, epidote, and

zoisite, and is f-equently cut by veinlets of quartz, sericite,

epidote, and calcite, and is in places impregnated with pynte.

The normal quartz dio.-:*e gneiss of the Sookc and Duncan

map-areas is virtually identical with that of the Victoria and

Saanich map-areas, and the chemical and mineral composition

of a typical specimen from Smith hill in the Victoria map-area'

is fairly representative of the quartz diorite gneiss of the Sookc

and Duncan map-areas.

Chemical and Mineral Composition of the Colquitz Quariz Diorite Gneiss.

C'/ 'iiical composition.

SiO, 6^04
Aljd, 15-«
Fe.O, 2-16

FeO 2-t'»

MgO 2.71

CiO 3-60

NajO ^^-
K.0 1-43

H,0 1-60

TiO. '>--'f»

P,0, 1-S6

.AinO '115

Mineral composition.

(Jiiartz

Oithoclasc
Ande^iiie .-Xbro-Xuso

Ilornblonile

Biotite

M:i!;nclite

Apatite

3(1

I,

10

s

2

1

90-31
2-74Specific gravity

> 'T.eotogy o( tlie Victoria and Saanich map-areas," Geol. Surv.. Can., Mem. 36, 19H

pp. 64-«5.
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content, in its low fnrrr.,, , Phosphoric acid

.I.-.H... .owe. pJn:':x.r;c:ri;:2,';;:; '"."

rocks (hat the ivm, n T v
hl»ratory ,i„,|v „( „„

can n,ap"ttrS , : ;': l^;r':n rn„''r 'tr ""f
°"-

llinn the g„ei„ from Smfth hill
^ '

°" ' ""'* '''« '••"''">

Banded Gneiss.
One of the most strikin? features of th,. r^i •.

it'^ banded character althoud- th T\ ^""^ ^"'"'^^ '^

a. it is to the east in t e V ctoria a fs? ' T '"^ ^°"^f''—
light an. the dar. minera^'r^ ;;:lp ^'L^rXh

''''

.n WKith from a fraction of an inch to TorTeet
'''''

Lisht Coloured or Felsic Bands.
The h'ght coloured or folsic- binrl^ -.-^ i- i .

to white, fine to mediumJraLd .n 1

' '""'""^^ ^'^^

They consist chieflv of .rrtz and Ll n 'T''";
'° "'^'''''''

streaks of altered dark nl ""f f'^^^^''
^^"t t>'cro are narrow

In some varkte dtk - " '

that accentuate the fohation.

the rock, alC^hIclted h
'"

'T"""^
^'^'^"^' ^'^^ ^'-^

-b,es,uart.tf ^^f^^ic^^nds^rb^^^rV"^^
^^-

sencte, ..pidote, and calcit.. iv't, fr
'"^''^'

disseminated grains, and in the shea ^ v. e!"' r"'"
'"

in Places in considerable amount
, ho k'T'

"rTstamecl with iron oxides on weathered s^c
" ""' """''''''

ine essential minenk ar,> „i- i

^c,a,c a„a a,..c ^^.^clUS'l.r^lii^-Vi''
* Loc. cit.

"1. 20. 1912. pp. 5S,-.60.
" ^' ^- ^"''°"- *"' H. S, W«lun«o,.. Jour (^

I^^^iti
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microperthite is an irregular intergrowth of orthoclase and albitc,

the former greatly predominating. The accessory minerals

are ver>' small in amount and in places are almost absent.

They consist of hornblende, biotite, magnetite, titanite, and

apatite. The minerals are apparently of two formations.

The older, chielly feldspar, occurs in relatively large, irregular

to lens-b.!uiped grains that are fractured, strained, and altered.

The youni;er minerals occur in smaller interlocking anhedral

g-ains that are unaltered but foliated, and have apparently

been derived through the crushing and rccrystallizing of the

original minerals. The degree of alteration varies from moderate

to large, and the following secondary minerals have been formed

;

actinolite, epidote and zoisite, chlorite, sericite, and kaolin,

as well as pyrite and limonite and veinlets of quartz, sericite,

( pidote, and calcice.

The following chemical and mineral analyses of a specimen

from the Saanich map-area,' appear to be representative of the

felsic bands of the Colquitz gneiss in the Sooke and Duncan

map-areas.

ChemUid and Mineral Composition of the Fehic Bands of the Colquitz Gneiss.

Chemical composition.'

SiO, 75-02

AW), 1390
FejO,
I't'O

MkO
CaO
NasO
KsO
HiO
TiO,
P/-).

MnO

Speci.*ic gravity.

0-45
,

0-40
.
010

.
1-16

.
3-06

.
5-37

.
0-95

.
0-04

. IS

. (10

100- "0
.

2-63

Mineral composition.

(.)''artz 36
Orthoclase 31 -.i

OliKOclastt .•\b»Anu 30-5

Hornblende 0-5
Biotite O-.'i

Magnetite 0"
Apatite 0-i

1 Geol. Surv., Can., Mem. 36. 1913, pp. 67-68.

' The writer Ukes this opportunity to correct his former classification of the rocli accordin.;

to the quantitative iystem as given in Mem. No. 36, p. 68. The rock falls in rang 2 instead

of rang 1. although it is transitional to rang 1. and is tlius a toscanoK. More specifically

it 13 an ejuemely quaric liparose-toscanose. its symbol being I. (3) 4. (1) 2. 3.

,*-'"?^:
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Dark Coloured or Mafic Bands

and Duncan map-areas a neathV"':/'"
^'^"^ '"" ''''' '^-ke

and in the vicinity of Goldst" can. aVe^ T^"
'"' °' '^"''^ ''^'^^'

of ho: ,.blende and rarely of biotite w'.J
^' '°""'' "'^"''^"y

which may be absent in the v rv
'"°'' °' ''^^^ f'^'^^P^'".

coarser-grained rocks ha cont^' Tn"^''"*""^
'''''' '^^^^^

ical with the Wark gneiss
" ^"^'P^'' ^'' ^'«"^"y ^^ent-

sentiatrp:Centn;:.th°^ t T'"'
'^^'^ -"-^ ^

with access^., "^a :;Se Tp,r ^"1^^^ -^-"e.
"1 a few places birdte also is nn I ' "^

^''^" '^^^^'^l

Victoria and SaanTch mf ^" ^^^'^"''al mineral. As in the

The secondary miner-.ls t. n
''"'' ^"^''^^ '^ P'-'^^^nt.

mafic bands h!j suffer, "onlvTT"%''''^°"^' ^^ ^ ^"'^^ »he

The secondary LwX are alb"'
^''''"'°^^'"^*^ ^°''^^--

grains, quartz, biotite.urah-e epidoieT V
"' '" •^"'" ^'^'»'-

cite. Foliation is usu-illv r
' '^*'' '^"<^'f«^' «"d cal-

blende leaves hrve'tararfTo's '^ '" 7?" ^^^"^^ ^^^ ''-"-

nterstitial quartz an^d'sTctL^y S^^^f1,^7?
f""' ^"'''

With the hornblende am .v,.. i

"^'^.^P^'^- and mtcrlaminated

ary minerals
'"^'''"'"'" '^^^^""^^ "^ ^^'^^Par and second-

Apophysal Phases. Aplites.

vaded "Shafand^vJ"'
'"' "^^'^^'^^^ ^"^^ -^ ^^e in-

aph-ticandpe'L'i'.\ T"'^ ''' """"--
.neiss. Th^plt^a^,S"; ;''' r-"'r ^^ ^'^'^ ^^°'^-'^

-edium-grainej SiatTd rtks S ^''^'^'^^^^"^''^• «- '"

of quartz and feldsoar ^nH ^fy
consist almost entirely

^y resemble qutmite" " "' ^'^ '"'""^^^'^^ ^--ties

•^^ u:^:^t---— 3 «...
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The feldspar of the aplitos, which predominates over the

quartz, ronsists of (iliRiociase, prohably albite-oli 'lase, and

a micropcrthite compu^od rhietly of orthoclasc which is irregu-

larly interRrown with alhito. The accessory minerals are

hornhicndc, muscrA-ito, maRnctitc, titanite, and apatite. They
are never [)rescnt in large amounts, and in some varieties are

virtually absent. The original texture was probably anhedral

and traci's of a microscopic intergrowth of quartz and feldspar

may be detected, but the original grains have been, for the greater

part, crushed into a fine matrix, which in the finer-grained

apiites averages about 0-005 mm. in diameter. In th*^ fine-

grained matrix are large., sub-rounded, residual grains of the

primary minerals. The apiites are commonly greatly fractured,

seamed with \einlets of secondary minerals, and in places are

even considerably altered to sericite, chlorite, epidotc, and

zoisite. I'yrite and limonite also are common secondary

minerals.

Pegmatites.

Pegmatites are scarce and not at all conspicuous. They are

nearly white, coarsely crystalline, and unfoliated. They con-

sist chiefly of white weathering feldsp.xr, orthoclase and albitc,

muscovite, and a relatively small amount of quartz.

Granite Gneiss.

Most of the masses of gneiss intrusive into I^eech River

formation differ from the normal Colquitz gneiss or any of its

closely allied facies in that they have the composition of a granite,

with mica instead of hornblende as the major accessory mineral,

and, although as greatly foliated, are less altered. There are,

however, transitional types that are intrusive into the Leech

River formation and certain facies are virtually identical with

the biotite granite gneiss occurring in the Saanich map-area

to the .southwest of Saanich hill'; this gneiss appears to be

transitional into the normal Colquitz quartz diorite gneiss and to

be a facies of the Colquitz gneiss. The granite gneiss intrusive

into the Leech River formation is, therefore, correlated with the

1 Geol. Surv.. Can.. Mem. 36, 1913, p. 66.
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Colquitz gneiss, although it U .k
ReoIoK,cal„,aps in a different clur

"" "^' accompanying

finej;ls^::s.t: ^s;::,j "«^^ - "-^ -- ---
and in places banded rocic consi, In

.'

^r''""^'"''''"'^'''
f"''-^f«l.

feldspar with white anfCn S"'s '" "' ^"^"^ -'' "^'-^
near the contacts, contain no h.f" ,

'"'' ^^"'-"^''' ^^ielly
flakes of gh-stenin;.srer^^;i,^'?,:'^' ^"' ^'^^ contain large
the darker fine-gra ncMr -, K ^" '^' ^'^'-^ ''-"i^. i"

the h-ghter coJre7a ,

"Y rco;° e^
'^-'"^ ""'^ '^''^- '"

P.nkish to light reddish brow'garlet'f
''"'' ''"''''' '"''^^'

'"^'5;-^-;j;^apron.-„entaccLS;
nlin^^

"' ' ""'

•^iofifl. miismWt.-' gniniie ""^n^r]
'"•'"'^ ^'"'''^ fnu.s.nvite-

!-cied with one anoh;",;,:;l';';r^' '""""' "'""^ '"'-
'« largely conf.ned ,o ,|,, cS^uf "'"^'•"^"^ S-"-""' gneiss

'Hu- individual ,.a„r 'f''V';;^''::-''----
«^veral xv.nls wide, the cont .,• 1 ''

"^*"""" "^ -' -'nrh ,o

- a rule, ,,Hy sharp a^di;;:^ ^^T""^ ^^'l'"^
'-"^.

t" the foliation and the foiiuion '.I 'l!"'''"^'
'^ '^•^'••'"'^'

-n.rude,! I.ee,h River srhis"!
" ""''^'^^'^ '" ^''''^ "f the

ori;;::h:£:^:[::;>r\^-'^-''t--^i---^-t.^
-regularlv i-.Tgrown";;;!; t^";,;:;; "t'T

^"'" ' "-^'">'

ni"-<"vit.. and greenish iJ '
""' '"''"^' "'"' l".th

n"-nerals, and with g rrn.t m ' "' *'" "'"*'"• ^^<^essory

"•' ''••""•'^- (granite gn is; 'd " "
"" "'"" ^''"'"•'•"" i"

f"lmted rocks the alhi.e nl % '"/''' '"'"•^^•'•-'^'-ained. less

-hedral. and orthoci: en '::;;! '"^ ^' '^'"'''"•V to be
-ks these minerals form ail "- '"'-^"••'"- '" -me
''" rrnVas occur as , "kes , r""'"'""'''

'" •->-"«th.
;>"-ion. During f.,i.;';t t,

'"SL;^ ^'": ^"^--" "'
'"•'n rotated, broken ,nd d ,

',^''''' -•>"'' H-'artz have
-<-^^ apnear to be la^ei I'^^^of M"'

•^'" '•"^^-^--''
Rrams appear to have i/eencr I ,,

?'''''"• '"''-'rigiual

average diameter of 0-05 m . t Uich -.V''.'''^'''^^
^""' '"

wnich are large, irregular.
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rt-Hidual grains of fil<l»par and quartz, and knots and strtaks (,t

mica. Thf typual rocks an only sliKluly altered, st-rn ite bting

almi;»t the only secondary mineral.

iransitional Types.

The types .nentioned as Ix-ing transitional betwrcn the

granite gneis? ml the normal Colquitz gneiss, all occur in the

northeastern part of the Sooke map-.irea to the west of Cold-

stream. They are similar in .ipfKvirance to the granite gneiss l)iit

mf>re altered, containing greeni-h weathering feldspar and chorite.

On microscopic examination the feldspar is seen to be largely

if not entirely oligodase-andesine, and in the less altered rocks

the only major accessory is light greenish brown biotite of the

s.ime variety as that in the typical granite gneiss. The l)iotite

is altering to chlorite and in the more altered rocks chlorite is the

only ferromagnesi.m mineral. It is not clear that the chlorite

has not resulted from the ah ration of hornblende «ince the-e

more altered rocks are virtually identical with the altered,

rather fel>ic facies of the normal Colquitz gneiss. In one of

th<-^e altered transitional tyjK'S found in Coldstream creek half

a mile west of Coldstream post-ofticc a single grain of staurolite

^ mm. in diameter was detected in the thin section.

SA.A MCH GRANODIORITE.

DISTRIBUTION.

The Saanich gramxiiorite forms numerous small stocks,

many of which are too small to map, and several small bathxliths,

more than a mile in diameter, which are intrusive into the

Vancouver volcanics and the Sicker series. The stocks and

b.itholiths intrusive into the Vancouver volcanics arc group.'d

along an axis nearly par.dlel to and just south of Cowich.m

valley. There are two batholiths. The eastern is about ^

miles wide and 6 miles long, and extends from south of Mill

bay on Saanich inlet to north of Cobble Hill station. Thewestem

is 2 miles wide and 7 miles long and underlies the northern slope

of Koksilah ridge. Between the two batholiths are several



.m..ll .t.Kk.. Ihc la,B,.„ „( ,.|,i,.h I,
.

.

.ix-. ..1 .1... i„.,.r ,..„i,.„ „, K,*.i,,-,h rr ,h,;'
" r '" ""

^; ":::.S;':!;;;r
;••';'" '^••'"^''''"*
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and are r,r,„|ar ra.hc, ,han clonRan. in „„, „, tXTTuoirurs to the w( st of 1 ailvsmi.h i„ ,1 [
l>-Hholith

n.ap-a,ea: i. is ..vo, /i, |
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""""?'"" I'"" "' ">'

l-nap-area. i, nearly Tines .a,;;.
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Geol. Surr.. Can., Mem. 36, 1913. p. 7«.
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lITHOItXilCAI. iHARAdlRS.

\ormit! Cmnodioritf.

The S.,ani.h KfaiUMliurif i* a litl.t-.-..l..uml. mclinm-

.r.a.u.l nnk. will, a . hara. tori.tir Kranil;.', an.l fr.-qu.nl y

pronnun.v.1. Th- w.ailur..l .urfa..- .s ,n K.mral n.u.h l.^ht r

;.„lnur.a .l.an .»„• fr.>l>ty l.n W.n surfa.v llu- r... k .-..nM.ts

„f f..l.Npar an.l .uar./. uilh .-.Mntial hnrnl.l.'n.k- ami ... M,.m-

rn.ks l.i!.,i..-, a.,.l a..c>>orv ,i,aK...ti... Pvrit.- .s als- a ...mmon

cPMiiu.-.,. a.,.l may U- ,.ri,i..al. Th. M.l>par ,., s..nu- van.M..s

^, -...r. l.nth pi..k an.l Knrni.h %vhi..-, th.- latur ...•.urnnn .n

„.,, ,lar .rvstal.. Th.- h..nil.l. n.U- fr.<iu.'ntly ..<<-..rs, .>-

pc..iany .ar .onta.-ts. in lar«c .•..h.<lral .rvMals that k-v.- the

ro<ks a rhara<'ti-ristic i>.,rpl.yriti.- app.aran. .-. 1 he ^r.n..-

,li„ri..- n^nally ...ntainH. rsp.-.ially n.-ar it. ...nta.-ts n,.n,.r..us

small rnun.l.-.l s.-«rcgati..ns ,.r i.uh.sions. .fa darker ...l.-ur an.l ..t

m<.reftnii..«)nilHi-<iti..n.
, • , r.l,r,

Mi,-r,.sn.pi.ally the es«-ntial m.nerals are pla^.,...•las.., .. tl.o-

clase fr.-qi.entiy mirn-FH-rthitirally inter^r.-wn w.th a httle

all.i.e, .inartz, ....nnu-n gre.n hornl.Un.le, and in s.)me var..-t..-

greenish brown hi-.tite whi.h is always pres.nt at least as an

a.-.-.-ss.,rv or secondary mineral. The arcess..ry nn.urals arc

ma.ne.i..-, pyritc. titanite, an.l apatite. The Pl-'K'-^'-'

whi'-h is the chief f.-Ul-.par, is largely an.l.-s.ne, al.o,.t .M-^An,.

but vari.-^ in e<.mi.osili..n from Ab».\n« to Al.wAn,„ an-l

is fr.-quen.lv /.nal. The texture of the r.,ck- ,s subh.-.lral

with .uh. dral grains of h..r..bl.nd.- an.l an.les.ne, and mterstmai

quartz, -me pla. -ciase. orthorlase. and m.crope-rth.te The

'art/ and potash t-hlspars are .n a f.w var.et..-s graph., a ly

inter^rown. Th,.- ..rigmal minerals have been tra.ture.l, str...n.d.

an.l .ven .list..rt.-.l. Tl- v are also m.Klerately altered, the h..rn-

blende t.. biotite. chlorit.-, an.l epidot.-, and the b..n.te to ,hl..n .

.

The feldspars a-o partly re(.lace.l by sericite. kanhn, and c.iW.t..

Ouartz, seririte, an.l -alcite ,.'so occur in ve.nlets

^
The following is a chemi...l and mineral analys.s ..fa r.ith. r

b.isi.- phase ..f the Saanich grano.liorile from the Saamch map-

area.'

Trrfol. Surv., Can.. Mem. 36. 1»1J, p. 36-

nK«jrin&
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Thelc- S.i.ini(h nran(Klinrit<' ,i^ prcv i(.ii,Iv .I.M-rilx-d' i^ som.-
what m..r,. l,a>i,- than ih.. av.raur Kr.,nn.li,,rit,'. LaniriK muanU
a riuarl/ .li..ritf. and w.nu. facu., .,f iti.' Kranu,|i,,ritr, Mr<h as
.unimonly ..cur lu-ar Ikim.- soKr,i;aliun> and i,i, Insions, ar.>
true (|iiartz dioriti-s, with httk' or lu. ..rih<.( Lim^ ur micrn,M'rthitc

iMdysmith P;.,isr. T\n- grati..di..riti- of tli- .irrular si,„ks
and l)a' 'ith intruMw int.. the nurihirn, less dclornud (x.rtiiMi
•
•t lh( Si.krr siTies, .iilTers slightly from the normal Saanirh
i:rin,.dioritr, and has l.wn (h^iKnaled from the larRe Lath. Hth
west of l.adysnnth, the l.adysmith ,,hase.- The l.a.lvsniith
phase IS less frarturcd. somewhai coarser Rrained, an.l |v.,si|,!y
more K'fi«'issir than th.^ normal Saani.h nr.uiodiorite. Fl .on-
tarns more microperlhite and mirrocline and less an.lesine
feldspar which in some «anVf'es is slightly mor, sodie. The
(lark miner.ils, more particularly biotile which appear^ con-
spicuously in the hand s|Hrimen. oci ur in larger amounts. The
MxreK-ations of dark minerals are also more numerous, and near
ihem the Kraoodiorite passes into a quartz diorite, with little
nr no orthodase ..r micn.p<rthite. a smaller amount of rpian/
and a larger amount of dark minerals. Fn the Nanaimo map-area
the F.adysmiih jrram)diorite is associated with a nabhro-diorite
"'"^'' ''Pfit-ars to be a marc;inai differentiate.' While these

' G»ol. Surv.. Can., Mem. 3«. 191J. pp. 74-75.

Surv'^ ''"m"'
^'1^"'°''"^ descriptloa of thi, phase from the Nanaimo map-are.. Geo|.sunr.. (.an., Mem. 5'. l«14. pp. 40-42.

• Oeol. Sunr., Can., Mem. 51. nu. pp. 39-44.

~m\ -
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dilT.Tcncrs ,.n- f.iirlv rharactcristic it is not hcliovod that in iIumii-

selv.s tluA- arc >iitfi<'ifnt t.) warrant tlic (.inclusion that thi>

"l.adysmith iiranodioritc is anvthini; more than a i)hasi' of th.'

Saanicii ^;rano(lioritf.

Cniihut ami Hybrid Phases.

N.ar its contacts, .siKcially with the Sutton Hnu'stonis. the

granodioritc l.ironus in places more .iioritic and passes into

(|uarl/ an.l (luartz-hearini; diorites. and also into teldspar-nch,

(|uarl/-i>oor rocks, which are best considered as .luartz-lKaruiR.

feldspathic (liorite.-,, although some of them are monzonitic ni

character. The (luartz diorites differ from the normal ^rano-

diorites in their lack or small amount of potash feldsp.ir. The

texture of these rocks is more porphyritic than that of the norm.il

granodiorites. hornblende and some of the l"elds|>ar (Hcurrui^'

in large cuhodral crystals; while the ([uartz ,md the rest of the

feldspar is usually interstitial. In a few places (luari/. ,i!m,

occurs in large phenocrysts. The feldspar-rich varieties .ue

simil.ir in texture to the (luartz diorites. but contain a small, r

amount of tpiartz and femic minerals. In contact with some oi

the limestones, better dcNelofK-d to the west of the map-arci,

but occurring to the southeast of Cowichan station near I In

King Solomon mine, the feldspathic or monzonitic diorii.s

contain pyroxene, chiefly diopside but some aiigite. Hie

pyroxene h.is apparently been formed by the recrystalhzation -f

material -irrived from assimilation of the limestone, so that \\\r

pyn)xene-bearing rocks are considered to be true hybrid or mix. d

rocks. All of the contact phases .are as a rule more abend

than the normal granodiorite. and c^pidote is an c'siiecully

characteristic alteration product.

Ouariz Cahhro. A piruliar type of the contact i)hasc>. .
!.i;.>i-

tied .IS a quartz gabbro, is found to the east of the King Sol.,.n..ii

mine, associated with the granodiorite in small bosses, ncu

small lentils of intruded limestone. !t is a rather dark, medium-

grained pornhvriiic rock, consisting largely of feldspar .m,!

hornblende, the hornblende forming phenocrysts slightly lari;- r

than the average grain It also contains relatively large amoiiiiK

of disseminated pyritc.

m^^*^9K
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mJJ'% |'''7"' '' r" "" "''''—Pi'^ oxan,inati.,n ,., I,,
c KV labra.lorue a ,ou, Al,.An.. inn has a p,o,u,u„.-.dzona s.rucun.. .. ,h„. .lu- o.u.r rims ,ra.l. ,., .,„,,„„,
.|mA.U„. Ituaursinlalh-shapul rryslals. Hl.i.li will, iin.r-

'''"Xlvs. Hc.suK.s .,uar./ .l,. ,„l,. r a, ,x..>„rv ,„i,K.rals .„,
-.^Rnu,,. and pyrh... Tla. ro. k is „„ly .,i,,H,y ,o n.o.l.nu.lv'und ,.. l.,ot,U. rhlon,.. and soriri,., and has n.., l...,, f„ha,.d<-.rv appn.,.,ahlo extent. I,s nlui^.ly .l„h, alurauon andIXo ,.,Iu„..„, as ^vd, as ns,..,.l.,i..alasso.ia.i.,Ms. o,n„.c,s ,h.M,t. Kal.l.n> w„h ,hc. Saani. i, ,ran.,di.,nu. ra.h.r than ui.h
'''.>• ol'l^r, hut nu,n. hasi, \\a,k ,,al.l.n,-di.riu. ^...is, J h...nneras .on.p..i„, .ho .„Mr,. ,.d,l,n,, ahhon.h pn>;.nt ,n
'l.'fcK u pn,por.,.,n, are the same as .h,,. , „n,,,.,si„,. th. Saani. h^.n<Kh.|nU.. ahhonKh .,f .ours., .h. ..M.par is' n.or. cal. i<..

- ,u,.thcd,op.dvd,earn,K,t..|.I.pad
PIMaMUly hy assnn.lat,,,,,, alon, nu,.- of ,!.. h-„u.s,on,.-Krano.

-
.ome ...n. a.,., „ ..pp.ars fron. th.- o.vurn.uc. of ,h. ,uar.z

.. mru.K, hnuMon.. ,o lonn ,!h- mor. .al. i.- feldspar, .Ik- nu.-t
.lislinclivc cliaraitin.-iir of th,. ,,„.„•!/ naLliro.

Sciiregation::.

Thron.hont virtnallv all .he phases of ,he .ranodiori.e
•-! "ore ahundan.lv near ,he eon.ar,., are r.unu ro„s. .,n,dl
n^ti,...,i se.,reKal,ons whieh are .-omposed of a l,ne-,rained. dark
u o„,,dm,j.s wnh a h^w small phenoervs.s of fe'dspar an.l horn-

I

Hie. 1 he,r eonta.-ts ui,h ,he ,ran..,!ion,e are well marked.
I M-vs.als of the one penetrate into, he o.lur. Km ,l,..rmore.

^

ue ,he,r m.nera eo.nposi.ion is n.lated to the uranodiorile'iuy an. .on-.dere.l to he se^n.^alions and not ineln.sio.w
MuToseoineally the essential n.iner.ds of the segregations

- .nulesnu-ol^oelaM., Al,„ An, to Ah, Ar.„. and hornl.lende.
^^"'' '"""" ;""' '" ''"'s (luartz. Magnetite is the .hief
;"<vsM,ry and in sonu' s..,ure,uations is
arye anioimt. Tlle .i;roundm,-; >f tl

pn-ent in relati

'iiaraeteristK- texlnn
le se,nre).;a lions h^ 1 1 he

trlds )ars and prismatie i

nue It IS composed of I,

lornlikni Willi poieilitie hiotiti

ith-shaped
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interstitial quartz. The alteration products are similar to those

of the granodiorilc, chietly chlorite, epidote, and sericite.

Apophysal Phases.

AjKiphysat phases of the Saanich j;rano(liorite, chiefly

aplites, cut the various tvpes and phases of the Kfanodiorite,

and also the intruded rocks. They are light coloured, fine-

grained rocks .(.nsisting essentially of albite, microclme, ortho-

clase or microperthite. and quartz, with accessory biotite, mus-

covite. hornblen.le, magnetite, and titanite. They are fine-

grained and anhedral, as a rule unfoliated. and only slightly

altered to chlorite, epidote. biotite, sericite, and kaolin. They

closelv reseml.ie the aplites of the ( iquitz gneiss, but may

usually be tlistinguished l)y their lack of foliation and less degree

of alter.ition. In places, however, their geological occurrence

is their only distinctive characteristic.

STRITTURAL REL.^TIONS AND METAMORPHISM OF

THE BATHOI.ITHIC AND MINOR INTRLSIVES.

INTERNAL.

Foliation.

All of the intrusive igneous rocks have been more or less

foliated, some of them slightly: but the Wark and Col(|uit/

gneisses and Tvcc quartz-feldspar porphyritcs have been fohal. ,1

to such an extent that the Wark and Colquitz gneisses have be, n

contorted in places, antl the Tyec porphyrites have been convirt,<!

into schists. The general strike of the foliation of the W.irk

and Colquitz gneisses is about north 65 degrees west, which

crresponds with the greatest length ..f the batholith and witli th,

strike of the intrude,' ancouver volcanics. In detail, as shown.

on the accompanving maps, the strike of the foliation Naru-s

greatly, usuallv following the contacts of the Wark and C okiuiu

gneisses with each other and with the invaded rocks. I !i'

Saanich granodiorite, especially the Ladysmith phase, is gneissic

in many places, especially near its conUicts, to which the fohatmii

is usually parallel.

r^^
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Jointing, and Shearing.

strike. T n v.; . 1'', ' '''''''^ northwest-.„utI>east

less n,ov« :; taC^L^^T'f ''""' "''' '""^^ '^^

have' nso^n.-,t.ct T u'
fnutunng and shearingnave n so great as to render thegranitic rocks, with the possible

Relations of Types To Each Other

|..r.lk.| ,., ,hc. foliation. b:,:'l'; ,]''r™"'""''
"" ""'"^

l.nc,» aro marked ty ox.remcly .ijl »„STc"t,c, |"
, r

-hap.. ,hcy diffo, f„„ ,^,, ,,. z, „cSa„';"tin;
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by LcinR cut across ihc foliation by the quartz diorite. Both the

\Vark and ("ol(iuit/ -ncisscs arc cut by veins or (lykes, from

a fraction of an inch up to several hundred feet in width, of the

apophvsal phases of the folipiitz gneiss. These are, of course,

most prominent in the dark coloured gabbro-diorite gneiss and

are in no place .ibsenl over large areas of Wark gneiss. AlthoUKh

crosscuttinj; apophyses occur, they are usually inji'cted parallel

to the foliation, and are themselves foliated parallel to their

walls. In some places the apophyses parallel to the fohatiou

arc so numerous as to convert the yabbro-diorite gneiss into a

banded gneiss, not always distinguishable from the bande<l

Cokiuitz gneiss. It is also prob.ible that some of i\w qur.rtz

in the Wark gneiss, whiili is virtually always confined to the

interstices between the appaniitly older minerals, is secondary,

having infiltrated into the Wark gneiss during the intrusion of t!.'

(luartz diorite gneiss. The relatively few dykes of j)egmatite

that have been noted are unfoliated, and, while usually parallel

to the foliation, are in places crosscutting.

BiitiJed Colqinlz Gneiss. The banded Colciuitz gneiss, in

particular that lyp- with the wide, coarse-grained, mafic bands

or m,i-ses, is more or less restricted in its occurrence to the

conlacts with the intruded War'c gm'-s. Its felsic and mafic

bands \ary in width from a fniction of an inch tf) 4 or 5 leet.

The length of the individual bands in proportion to their width

varies from 10 to 1 to almost 50 to 1. averaging about 20 to 1.

Some of the bands, especially the narrower and f^ner grained,

gradually pinch out; but others, notably the wider, coars.

-

grained,Cnd abruptly and irregularly. The sides of the bands

are usually straight or brnailly curved. Rather freqiienilv.

however, they are irregular, and in places the bands arc con-

torted and ottset by minor faults. The contacts between the

bands, while usually well in.irked and persistent, that is without

minor irregularities except those due to foliation, are not sharp in

detail, but the crystals of one band are intergrown with tho-c ol

the contiguous bands. In places the banded gneiss is cut iiv

felsic apophyses of the C(jl<iuitz gneiss which, although usually

parallel to the banding, are also crosscutting.
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W rk ;;. ' • f""'""""!^
^'-- ""t occur in contact wi, ."

\V .rk .n.l ( ,.l,,nu. k.U'.sscs within the S,.okc „r Dunc.n mm

•Jiiii/ L;nci^>.i Since t ic three rocks h i\-,. th.
i^'i's in the Sooke a„,l . >unca: l.t pt;.t 7:^ h

^7^"
N'--.ona. it i. virtually .vrtain that hev h , I,.

A>.,c,a.e,l w.th the Saanieh Kran,„liori,e in ,h. X'i.t ^i "lSaanuh n.ap-areas and .nntlne.! tor the greater ,' '

P'TipIuTV of ,!,, S,.anieh batholiih ne .Ivk. L .

'
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_
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is probable that dykes o( granodiorile porphyrite which arc

younger than the Saanich granodiorite occur at least in the

Vancouver volcanics of the Duncan map-area, for dykes of that

age are found in the Victoria and Saanich map-are.is, as well

as elsewhere on Vancouver island, near Cowichan lake, Nitina'

river, Barkley sound, and Alberni canal.' However, they ha\e

not been determined, and indeed with one exception, the dykes

of granodiorite norphyrite have not been located sufficiently

well to be shown on the ac( nmpanying map.

Saanich Cranodiorilc, Sicker Cabbro-diorile Porphyrite, and

Dioriie Porphyrite. Dykes of diorite porphyrite cut the Saanic h

granijtliorite and associated rocks in the Victoria and Saanidi

map-areas,'- and elsewhere on Vancouver island,^ but in the

Duncan map-area they have not lieen recognized although

they probably exist there also. Some dykes of diorite porphyrite

may have been seen, but the diorite porphyrite has not been

distinguished from the Sicker gabbro-diorite jiorphyrite whi. li

it closely resembles. However, Cooke* has shown that the Sicker

gabbro-diorite porphyrite has almost certainly been intruded by

the Ladysmith phase of the Saanich granodiorite; hence, it ir^

older than the Saanich granodiorite whereas the diorite i^irphy rile

is younger. ' 'n!ike the Sicker porphyrite the diorite porphyrili-

has a wide d. iribution throughout Vancouver island.

EXTI-RNAL.

Relations to Older Formations. The batholithic rocks and

accompanying porphyrites are as a whole intrusive into tlit.'

Leech '•iver an<l Malahat formations and into alt of the forma-

tions of the Vanc(juver group. There are, hr)wever, certain

associations between the intruded and intruding rocks. Ti'

Leech River formation is intruded only by relatively small

stt)cks of granite gneiss, supposed to be a facies of the Co'i<|iiit/

gneiss; and the Malahat \'olcanics arc intruded only by tiu'

VVark and Colquitz batholith and closely connected satellilic

i Gtol. Surv.. Can.. Mem. 13. 1912. pp. 105-106.

• Crtol Surv., Can.. Mem. ih. 1913. pp. 79-80.

•Geol. Surv.. Can., Mem. 13, 1912. pp. 100-107. Called in thia memoir andesite porphyiiie.

•Section on the Sicker teriea, p. 170.

:,:>
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Tyc... and Si.k. /,,X "u".*-'!'
"'"' ''"' '"'"""' ^^^ ''-

^^ar. an. c:o,.i.;^U:t^:,,— ;-;;;;:;-,..
llioy are ntriKltd l,v .r.l.Kr, r • ^ '"^'"^'^ ^^''t ;i"<i north

•n-rc than accM.n.al. For evmnKth
'""'': """ """^''"«

only on.. larKC l,„l,oli,|, ,'
,

' "' '" ^''' ^'^ '^""«".

th.' -surface fonn. r.^,^ ,

'

^r.!:' ^
"" "^^^ "">• '"'"

to the axes of the m^ tic '.'T
"'"' '•'"" ''"" <'"""'-l

would have -pen;.s;r^t;:^:,:ts?:r
-"^ ^^"^

rocks. Sti.h an exol m-.tion „,
'^ ""' "''"Ptive

w.,. .„„,, „, i,™;;:;r, L ';r;r,; h"
"'^"'™":; '

appear to form the hml, „f on f ''''
•''''""'" ^'"''i

It would fnrther e pi i r f 1
'

'""''"', '''' "' ^'^^^ ••^'^-"•

of the intruHive stocks in iho^
^'^^''^N /MK.physal-like character

tion c,f the Sicker ^11.1..
^'''''' ''^'''''- l'"'^' "-^-tnc-

Metcho,sin vc, Ic L , ^ tr"" ""^ «^''"'™ ^" ^'-- ^---•

-;;
the close .i.h....,Sar^^;:--r:xS'''^'f'""'=

and the S cker nornhv^rit,,
"'•iwctn tne Sicker volcanus

-'-ich they ie ntr 'r " r*""-
^'""'^ "^ ^'^^ --"^^ -to

'Utting in places A ho. i
^he mmor intrusives are cross-

are elo'ngate n I'dife' dc"
' In f ^ ^'"'^ '"' '^'^''-"ths

intruded rocks fh raT of""' V^'
""'^'^ "^ ^"''^'"^ "f the

" '^"""'- ^^"- "- "• X"^. p. «. and No. 5.. ,914, pp. 39-40.
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intrusion, liad ln'cti .ilrc.iily iltl'drnifii, it i> (lilt'iriilt to (IImipvit

wIutliiT or not ilic iiitrii-'ioM nf ttic li.itlioliilis .iiid stocks r.iusid

ftirllur (lilorm.ition; ojH-.ially, since, with few cxccpliotis, tlic

l.it';cr iV.itiiri-. of ill Inrin.ition c.miiot lie ,ici nr.itclv (Iclirniiinil.

It apiKvir:., liowivcr, .1^ if the irruption of the li.ilholiths ot cnricl

in 1 rcl.itiM'ly (|iiict manner, in siicli a way as not to disinrl)

>; really the .iltitii<le of the inv.iiieil ro( ks. This is more cspiri.iUy

true iif the larL;er siocks ,inil li.itluiH'lis of normal Saanich

^.•ranodiiiriie .ind if tl-,- 1 .idy^mith phase of the };ranodi,)rit(

III in in\- pl.ices ihe Malah.it volc.mics ,ire foliated p.irallel tn the

conlKt- with the W'.irk ;!nd Col.|iiilz ]^;neisM's, hnt, since tlu

unei^MS theinsekts ,ire also foli iled p.ii.dlel to their diitacts,

it atipear^ l!ial sach foli.ition niiyht li.ive been iirodlKcd li\- l.ite

(htiainic force-, thrustin;' the Malah.it Nolc.inics at;ainst tin

more competent intrnsi\i masse-. 'I'h it foldint; li.is t.iken plai c

.iftir the intrusion ot the stocks of i^r.uiite ^;nei-s into the I.eech

Ki\ cr form.ition seems i le.ir.'

Along most of the main batholithic contacts, the intruded

rocks arc usually brecciatcd, especially by the Coifiuitz gneiss

and Saanich >;ranodiorite and are cut by numerous apophyses

which are chiclly aplitic. The shatter zones thus develope.l

are seldom \ery wide, 50 to 150 feet, and should not be confused

with wide zones of shatter breccias and "contact complex"

I)r(x]uced by the intrusion of the Colquitz gneiss into the Wark
gnei.-s. In addition, numerous inclusions of the intruded rocki

occur in the granitic rocks. They vary in size from small frai;-

nients a few feet or inches in diameter, to large roof jiendant.-.

They are clustered chietiy near the main contacts, in the shatter

zones, but in places occur 2 or 3 miles from the main contacts.

The intruded rocks ha\c been contact-mctamorphosod and miner-

alized to form the metamorphic types already described. More-

over, many of the batholithic rocks and their apopliNses have

l.>cen changed near their contacts, chietiy with the Sutton liim-

stones, apparently by assimilation, to form hybrid rocks, man>'

of wliich are monzonitic in character.

For further details concerning the relation of the batho-

lithic and minor intrusives the reader is referred to the secticnis

* See periods of deforrt ation of tlie Lwcli River an'I Malaluit formations, page .-^7.

'M
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'" tlu. >.ctio„ ,K.ali„K with the v.n
""'""^"^""fV. .l.-^.Til.,.,|

'-"poscl p,,,Iy ,.f f,a..u : .?,;
'"''^' :'"^' ^""KlonuTate

-- -nu. Xanainu. .-lirn" tV L
'•'''"'"''''"''' •""' ""'•'''n'-

an.I (^,k,„i„ ,„.,;.,,,_ i,!;;'^
/"^/'^'''''-'''-t -ith ,1,.. Uark-

uncdntV.riiiahl,..
^ «. m cour>.., niucli yuixtv^vr and

.
''.''' '••'Ilu.lithic rcrks and (ii,.lr ,-lr, I

'ntrusiv.s are n,.t i„ run. r
'

,

•'' ^'''^'"''•"'•'l """"nr

ho^^c^c.r, .,f |.;.,,,,„ '^J^
^K•tcI,o>,n xoh-anic-s are.

'ntrusn-os. ,I,e MHclu,si„\,,H ,
" '''"" "'•"^' ^""1 ".inor

truM-v.s. • '-^'^ "•'" "" I'atimithi, and minor i„

•''"'^•'•. i^ lairK definite
' structural nhuinns given

^"^•i-s, an.l, ha,: after
„''•'

'TT*'"" "^ "'' <"''l"'-t-

.r >c Sicker and Tyee po,p,nW,e'"n.TT n
"'"""' '''''''''^'^

cl. granodiorite. Inn vlu ,1, , ,
!

''^y >' •''''^-- "'',. tlu. Saan-
Wark and (^>,,,ni„ ' Z;^ ^''" "'^ - V"""^- than the

•'V-"..|Sieker'porph i;;:;^'?;", '' '''•'---''• If the
'""'''-""'1 rock-, a' (••„

k, ,

'"-t'> n>tru.\v into ^irt„alIv

•'-n the Uark and Col, ^ ^^^^ "^>- '^ l-'>al.ly older
!''''"•"-' rocks, althoni di n^r

" '' '''"' '"""''^'' '"^«
'rruption. However, tl.c Si l ' "" .•""""'''''^ "''^'^^ ^'^^-^'^

P-- to ,.e younger tiK ^^^^ 'u^'T
•^'""'^^""^'^ ^f^

' - '^- lohated and altere.i T f'^'^'f''"'-
^'^oi.., since

-'--'I Provisionallv to b h .oH^'"^"'
"'^' -'-"- ^^ con-



202

hiiirifi' |i<)r|i!ivritr clyki's).

s.,,iiiii li uniLKlionlr ,111 I it- \.iiii>iH |,h.i»c. i-i,.. k» .iml batholiths).

Si, k. r k!.ililini-<liiiritr |Hir|)hvril.- .Ivkt >. >ill-', .iinl im,1'<m»i.

I"vi-f (|ii,irl/ ffl.l-l'"' Ii-irplvrilf dlyUt, »ilU, ind inasw*).

t"i)l.|iiit/ qiLirl/ diiirili- Kii<'i»«

Wark ^jaliliro-diuritL' kimws.

It Mvm^ dear that tin- Iwtlinlitliif roiks wvrr irruptt-d

(luring two main [H-ricMls, which havi' Ihh-ii called the Wark and

Saanich |H'ri(id>'. I>uriiiK the fir.t pericnl the Wark and Col-

(juit/ K'lcisses were irrn|)led independently. TIun the Wark

period is divided into two sul.-|>eri.Kls, the second snl-period

beinn ch.iracteri/ed l>y tlii' irruption of a more acid ('r s.dic

ma^nia than that first irrui)ted. A simihr division into two

sub-periods is madt ol the S.iani'h irniptive p"ri(Kl. The fir>t

sul)-peri(Ml, (hiring which the basic or mafic rock, the Ileal.'

diorite-. wa> irrupteil, is possibly represented in the Duncan

map-area only by some of the contact phases of the Saanich

uraniKJiorite. such as the (|uart/. nabbro. A few miles to the

north of the map-area, lioweNcr, there is associateil with the

I.adysmith phase of the Kranodiorite a nabbro-diorite, siinil.ir

in its lithology and structural relations to the typical IJoU'

diorite.' As a whole the batholithic rocks irrupted iliirinj; th'

Saanich period are more acid or felr'ic than those of the Wark

period. There is, therefore, a general se(iuence of fnrni b.iMc

to acid amonj; the batholithic rocks, a phenomenon whii h

is very characteristic of complex batholithic irruptions.

In general the minor intrusives have followed the irruption

of the batholithic rocks and the latter in turn have followed tii.-

eruption of the Malahat. Vancouver, and Sicker lavas. The

irniptive cycle represented by the pre-Upper Cretaceous iKneou>

rocks of the Sookc and Duncan map-areas, therefore, conform^

to the general eruptive cycle announced by Harker,* whii h

consists of three phases of igneous activity which follow oiir

mother in the following sequence: the volcanic pha.sc, the batho-

lithic phase, and the phase of minor intrusives.

iG«ol. Surv., Can., Mfm. 1). Vtl2. p 110. and Mi'm. ,)6. 1911, pp. 87-8.S

>G«>1. Surv,. Can,. Mem. II, 1912. p. W.

>r,eo\. Surv., Can., Mem. 51. I'Hi, pp. 39-44.

• Marker. A , "The natural history of igneoui rocks," Macmillan, 1909, vo- 23-29.

^•'<r
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In more detail, i, appears from the seoutn.e ,.f im,,.,-a." Riven in the table on pase 202 „ if ,i,
•

irniptmn.

intruMves was also ,livJj'li„, , r'''''"'''''''
""• '•" -r

of the^. the Tv" n S L

'^'MHruKis. I)„nnvr th,- „r,t

Kran..J,rire. the .ran.iiorue al, Z ! '.^ph^:;,.
':"

"

:r;:!.;-
^^^^ --"-'- ^"^ "-' -«• ^i:^' mn:^,;^

were';:;;;;; -rih:^;:;::'';;.;:;;;:;'''f t"
-'""^ '-'^-'-^

the peri.«| „..Hn. whiei: ^ t ^ ;::^; 71:^^'
''"""'"^

ntfii-elv f„|,|..,| ,h,, I ,1

'"rm.'l nx-ks were most

n,.un,ai.H.;jH!n;^::;';;;;;';--';;t;;:.;:-

Kreatlv U,Ul.a. The jointin, an)'^' .^ ':^:ZZ'::]
'''''

'••used l.y crustal .„ove,„en,s „,„,„ la,, r l.n ,

•"'-"

-•o„,pa„i.| ,, „„«,,,, „^, i,,^^,,^. ,/„ ''^^ - -'-h
However, since Cooke' has shown fh .. ,l

"'"'"'^'^^ ^orks.

»H.tween the schistose U.N ,.
'

s; w'

""'. " '"^ ^'•^"^"'"»

f-ls of .he Nanaimo se ^ , 'n [^^^t- ST'
""'" "" '"^^'

folded .luring the next un,.
^anaim., series were

they were .0^; almo t': 1^7"; th ''"'"'^T'''
•""' "'^'^

relatively low temper, .mi ' "'"' '" ^'""'^^' ""^J^''"

nrf,.ll,.J.„, !'.,;':'' ^''*^''; """R^-""^ movements accom»an,V,i
itrusion

It has been concluded^ that the Wark
primary gnu'sses, that is they have been fcil'
complete solidification. I

'S« page 156.

S« the foUown« action dealing with the mode of origin.

'on oi an the irruptives.
id Colquitz gneisses are
n foliated b fore their

t IS also probable that the relatively
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slight amount of foliation in the riaanich Rranodinrito, more

C!*fHcially in thi- I.adysmith phaso. is alw) a primary texture,

althnUKli pnHlu.ed largely i.y l"<al ni<)\eiiients which were

IMrhap* caused by the intrusion of the Kf-mixliorite ni I'^nia.

StrotiK ontpenic movemnits not only aa-ompanieil or im-

nu'diati'ly followed the irni|)tioii of thv \N'ark an<l Colquitz

K'neixse'^, but (K-iurre.l after the Knei>se> had Iwen ery-tallizcd.

Thi^ is proved by the int'nse fulialion of both the Wark gneiss

id Malahat \o|rani - al:)ii« >ome of tlieii rontait--, by the

on tirrenee of cro-^ lolds in the M.ilalial \oleanies -mh as that

ixpo^ed alon^' the f.^.iiiiiiiaU and Naiiaimo railway south of

17-n)ilc-p<)st, which ate marly parallel to dykes of Colriuit/

pnei-s, an<l by the nlaiioii- of the dyke-like stocks of Colciuitz

granite K'H'i-- to the intriidid I.eedi Piver whists. Nevertheless

the main batholith of tie Wark and ("olfjuit/ n"eisse^ in many

places cuts sharply acros:, the \< ition of the Malahal volcanies;

and while tlie Malahat v )lcanic> retain their normal rorthwest-

southea>t foliation, the Wark and ('i.l(|tiit/ gneisses may be fol-

iit.-d p.irallel tn the contact tiiat bevel- acros, the foliation of

the Malahat volcanies. Whereas the -tocks of CaU\u\t/. Kranite

^rneiss in the Leech Ri\er schi>t>, beini; smaller, were more

alTected by late oro^;enic movements so tiiat the foliation in the

st.uks is nearly evirywliere parallel to the schisto.ity of the

intruded rocks, there are in places .ijiophyses from the stocks

which break across the schistosity, N'ot only do the WarK an..

Coliiuit/ gneisses bevel across the foliation of ihe Leech River

and Malahat formations, but the riain batholith almost com-

pletely intercepts the Malahat volcanies, as it does their contact

with the Vancouver volcanies. Hence it is assured that thi'

Wark and Colquitz gneisses were irrupted into the NLiIahat and

Leech River formations after they h.id undergone considerable

deformation. Moreover, lor virtually identic.d reasons it i-

also a.ssurcd that the Wark and Colquitz ^;neis-es were irru|)led

into the deformed Vancouver volcanies and Sutton limestotu-.

As the Saanich granodiorite is younger than the Wark and

Colquitz ^meisses, it too must have been irrupted into the de-

formed Vancouver volcanies and Sutton limestones. Tlii-

conclusion is in perfect accord with the field facts; and indeed
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«in«- .h..r.. i, a n,,,,,.!.... ah.vmv of «T„nd,irv ful.|. ,„,r..ll. I to

h S.a„,.h «ran,«i,or.t.. .lu,. not s,,cm to have Ikv,, ,r.a.ly

that a the- im,.. of ,rrupt...n „: th. Saani.h K'ran.xlioritc theoroKen.c n.ox.m.nts ha.l almost entirely ceased

c.bvio^Hr"'"'r^
."''

''r"
""^'^'^-f^'^'^P-^ P..rphyrit..s were

v.ou,|>. a. has l,een shown l.y Cooke, ^reatlv ,leforme,| I.y
nt^M... oroKenu- n.ovenu-nts. I„,|ee,|, as (V,oke ,o„,!,.,l.s
t appears a. ,1 the Tyee porphyri.es were intrude,! i„,„ the

: rt," V""-;'
'"''", '":"''• ""•' "•'- ^- "^f—^

maeh
^">»lar eonclusion is reached by C.K.ke, Iron.muc h ks, eonvn,. mK .Atd-.n.-e, with respect to the Sicker Kal.l.ro-dK^U. porpl^-ntes. C-,.ke has presented hi> reasons ^; ;;:.mdcn, he S.cker porphyr.tes to have hee„ injccte.l into the^a rncs lH..fore the.r deformation in considerahle .letail',

.ut U do,s not appear to the writer that CVK-ke's cunclusionhannonues cn.plctely « i.h the crosscuttin, structure, observ;."
bv he writer betwc

- n the Sicker series ami the Sicker porr.hvrite
"• t .e cast of the Duncan map-area in southern Saltsp i„T , nd..Hi on Moresby and I'or.Ian.i islands- and it is LhVved "v
t iK. wruer that at least some, an.l perhaps most of the iar^Crmasses o| S.cker porphyr.te were intrude,! into ,l..formed n„ks
..f he Sicker series. That extensive deforn.ation, chiellv..dun, u,d shearing, f.Uow,.,! th,- injcvtion of ,!., Si.ke; porn- '

'

rite IS, however, entirelv , lear.
" '

MOUK OF ORIGIN-.

INTRLSION'.

Th.. batholithic an.l minor intrusives have crv.staili/cdfrom a molten state un,ler ,kvp.seate.| conditions. Thev w.Te

Z '."";
u

Tfl^^^f '''^- '-^'^'^ Kiver ami Malahat forma-fons and of the \ancouver group, and have replac.,! ,h,.,n

thcn^Kreatly. The invadmg batholi.hs. even .luring their last

' .Sec secliiin on thf Sicker scrlrs. p;i«f U')
•S«- K.oU,«ica. ,na„ „f the Saanich „,a,>-aroa: Geol. Sunr.. Can.. M™. 36. I.,.,.
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active stiiROs, shattiTi'd tlio invaded rorks alon^ their contacts

into an^'ular fragments. Near tlie present contacts Rreat

numbers of these fragments occur in tlie intrusive rocks, l)ut

they disappear within a few yards. Tliey may have been furt'ier

shattered to smaller fragments which were assimilated by the

intriisivt' magmas to form hyi)rid rocks, for h\brid rocks are

found in certain localities, but in relatively small amounts:

or el>e the fragments have sunk in the intrusive magmas to abys-

mal depths.' It is by this last methiKJ that Daly supposes that

b.itholiths have replaced large volumes of the rocks into which

thev were intrusive.

DIIKICRI^.NTl.VTION.

The batholithic rocks were irrupted during two main

periods, called the Wark and S.ianich periods, eacii of whith is

furtlur dividi'd into two sub-periods. The younger sub-period

in both instances is characterized by the irruption of a more

salic magma, the Colquitz ([u.utz diorite .nid the Saanich gnmo-

diorite, tlian that iirupted during the earlier sub-period, tiie

Wark gabbro-diorite and the IJealc diorite. Furthermore, the

younger Saanich magma was more salic than the older Wark

magma. The intimate lithological and structural relations of .M

the b.itholithic rocks, most intimate between the rocks irrupted

during the same period, indicate that all the batholithic rocks are

deri\ ati\es of the s.ime parent magm.i. Since the principal bath-

olithic rocks h.ive been separately and more or less independently

intrude<I in l.irge masses, the differentiation of the parent magma
must h.ive been, at least rtlative to the present |)osition of tb •

batholiths, deep-seated. Since both the Wark and Sa.miili

magmas, the first derivative- of the parent magma, underwent

furtlur diflerentiation, also under deep-seated conditions, il

looks as if the Wark and Saanich magmas, after dilTerentiatioii

from thiir parent magma, were irrupted into separate magma
chambers where each underwent its further dilTerimtiation,

proilucing the sub-types which were themselves irrupted iiide

pendentlv into their present positions. The principal ty[)es thu-

Daly. R A., "Igneou» rocki and thdr oiiKiii, ' McGraw-Hill, I«H. pp. 1^4- 2(W.
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formcd underwent further fiifTeren.ia.ion In.trel.r .
•

place, thus KivinK rise to „,„st of ih v^,--
['-'^^''^^'Iv in

prineip..! rock tvpes As n, , . r
'"" ''''''^^'^ "^ 'ho

c-en, anc, of r.lri.e.;t;r;:::. :":; ''L:':/t^-;'^
^-'11

"f «he.nva,le.l and invading HK pr^duui;
; V h;;:;,"'-''''"IIu- cause or manner of „.> ,„i;.r..,.r

'^'"'•

indicated hy the occurrence , i ,
'
" ""' "'^'^'^'y

•-hoh.hic rocks. Assin-;:;;;,: '/''^;::tv;:;r- "V'''^f^niall an.i nn <ntirelv loeal i,art in ,!„.
'
'''^''' ""'v '

-.x npcs. There is no di^::" ^ .^ ::; -;;;;",;;;^
'"^- -h-us

which i,n„iuce,| ,!„• n^ncirvd iNoes ,.f I

''"''•'"""•

irruF.ted nearlv into, heir ,• >'athoh,h.c rocks finally

ation o. splitting of e '
r

'""
"'' *""'' '''"'• ''Va separ-

NoHhcr i] i;r;l:;-r-l;;;;;-;';;;;;-;^iN^
maRmas. the first derivatives of .1,

'"'' ^aanich

-i.v of very di.wen, ;;;;;;;;;:; 'rttr;;;r;'''^^'^-

upon the sta^e of crys.alli.a.iVS^,^' ^"^
r''"'''"'

'^'"""''^

- 'he , inn. ,he resi.iuai h.uid u
"

n „ ^ '7'' '"'^""

orystaiiizalion reache.i at anv tin,.. ;

'"' "''^''" "^

of .He rate of coohn,J^^ Cl^-^nZ;:::'V''-' ?"''
magma chami.ers. Bowen h is (LT u ^

""•" "^ ^^e

appears, .li^^rentiation" L '^la^^de; 7" • ''" '" '''
'''

"'< ..pr>er portion of a larJm! ^
Kravtative control,

'''-'•'-'i>p.rpor,i:;;r^ss^;HX^-^
•"- •— the rocks n.sul,i„g fnrt eV k"'"; r'"'''Tmagmas may I,e due to ,he fact that the Sen . i" ,

''""^''

larger than the Wark Ai.houll h
?""'' '"''•""''^^ ^'''«

'^ 'arger than any known^n^ tt^^irH ^^'^^. '-"'""th
'iiorite and Heale chorite the S-. i™' "^,""' ^^'-'n"'' Rrano-

ai.un,lant. and i, see^ fj ^.' :^S S:::
""^^ '^ '""^"'""-

:^f -Ik. Saanich granodiorite Ir me 1 t e nrot
T'"' '^"^"""^

-.mcnse ha.hoiith which may unZ ^ a.r: ^ ™r"^
'' '"

:±:lat no very groat depth. What is fa" i;^::^ " T^: ti^
' Itowcn ^ f "Th I

<'?— -

..»
'
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Walk and Saanich niaKtnas were further independently differ-

entiate! in separate chambers and that the resultnii; suh-types

were irriipte.1 nearly into their present positions indi'pendently.

Not onlv have the Wark and Saanich rocks been derived

from separate ma^ma chambers, but it is (,uite certain that -omc

of the minor intrusives have been derived from independent

magma chambers. From some of these chambers IcKal in their

extent, apparentlv both voUanic and intrusive rocks have been

erupiid. The dearest example of such a rase is tluit ot Uu-

Tertiary Metchosin volcanics and the intrusne Sooke gabhrr.

confined to the southern end of \ancouver islan.l. However,

the Sicker volcanics, chielly and.Mfs. and the Sicker gabbro-

diorite porphvrite appear to have similar relations The chu'

reasons for considering that these two rocks haxe been derned

from the same magm.i chamber, largely independent of the

otlu- large magma cluunbers of Me>nAnc age, are their r ose

lithological resemblance and thei- virtual restriction (absolute

with respect to the Sicker porphyrites) t,. a comparatively narrow

belt, in which thev predominate, while the other Mesoz.m-

igneous rocks, with the possible exception of the Wark and

Lolquitz gneisses that api)ear to be confined to south.east Van-

couver island, are found throughout the island.

\s -stated, the relations of iie dykes of granodiorite and

diorite porphyrites are not exposed within the Duncan m.ap-are.i:

but it has been shown that in the \ictoria and Saanich m.ip-

area-' the granodiorile an.l diorile porphyrites arc very rl,,-, ,y

related to each other, in f,ut are transitional, and are also dn..W

related to the Saanich granodiorite. The injection of the gran-

diorite porphyrites may have preceded in places, but u>ua,lv

followe.1 closely tlie final irruption of the Saanich granodion..-:

hence in nlo^t places the granodiorite porphyrites were ini.v!, !

into slowly cooling, but still hot, gran.xliorile. (_ on>equon!lv

the relations of the two rocks, exen where their contact is w. .

expo>-ed, are fre<iuent!v indefinite. Th.' diorite ,v,rphynir,

on the other han.l, forms well-defme.l dyke, with chilled cnl.. i

portions against the granodiorite and usually against the graiio-

iCk-oI. Surv,, Can.. Mem. i<>. V>M, pp. ')- ')i-

m
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diorite porphyrite; h. nee it was injected into these rocks afterthey had become relatively cold. Further, since the urinod.onte porphyrites are composed almost ntirdy o o '"tz"and alkah feldspar, the last n.inerals of the «rano.liori?e Z^Z
^::i^:^:: :l

'"^'^^^^^'^ ' ^he .ranodiorlte porphyrite^t;;:
re ult i fron the s(|uee..ns out of the residual liquid remainiuL'

been crstalh^ed, and the injection of the residual liquid in o

^U:^' :Sr ^T'"'""^ r' '"'° ^'^^ i-n-aded'coun:^

o tn, the .^^'\'',™"^'T"^
solidihcation of the ma.mato form the Saamch stocks and batholiths the re^i lu .1

of the magma chamber and consequently^ would be-come more and more basic. Thus the cl •.n..n -m i

from r.mrt, <.! I , .
'"" ^'^^ ciianRe and successionfrom c.uartz-feldspar porphyntes through feldspar porphvritestod.on e porphyntes is explained, an order of Accession fromaad to bas.c, just the reverse of the norn.al order of bathol h"mtrusion, from basic to acid.

uacnoutnic

As stated above there appear to have been two periods dur-ng which the n.nor intrusives were injected : the Tyee aid Sickerjwphyrues were u,jected during the earlier period which, like

o b "tr'^i
"'" '^h-acteri.ed by a succession from acid

he T • 'e i' h '"'f'''"'
'""^ ^°""«^'- -^^ -^--- into

nth.c rock,, ,f any, the ,. ,inor intrusi^•es are relatedCooke has suggested that, ..o both the •r^•ee and Sickerporphyntes are greatly deformed, they were inj'ected during ommediately following the irruption of the Walk and Colquitz
gneisses, a penod which was clearly one of g .at deforma onno..ver, no exposures of the typical VVark and Colquitt gne !es
.;.e kn „ ,,, ,;„.„i^^, ^f ^^^ ^^,^^ ^^^^ Sicker'porpfyritesNo ertheless as mentioned several times, a gabbro d or J
.gnc ssic m places occurs in the Nanaimo map-area a few mileto the north of the dicker porphyrites; but. since it occurs ^nclosest association with the Ladysmith phase of the SaTni h.ranodionte, ,t has been considered to be the equivalent of ihe

' S<-<? Boweji, .N. L.. Op. tit.
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Realc dioritc; and less than a mile to the west of the map-arcn

and north of Cowichan valley, intrusive into the Sicker scries, but

also in dose association with the Saanich granodiontc, is anoth-

er diorite ixpci.s' which cannot be distinguished from certain

facies of the Wark f;nciss. Thus there is some slight support to

Cooke •^suggestion.
, ,

•
, u

It appears as if the Sicker volcanics and the Mcker porphy-

rites were derived from the same rather restricted magma

chamber. This chamber has not yet been rexe.iled by erosion,

hence it i-^ not to be expected that the batholithie rocks, if any

exist mo^t closelv related to the Sicker porphyrite, would be

exposed- it is possible that the granitic phase of the Tyee por-

phvrite occurring on Saltspring island is really the upper portion

of 'an otherwise, unexposed batholith DifterentuUion in this

chamber would doubtless proceed in much the same way as ii

did in the other chambers, and would produce a fiuattz-feldspar

fTyee") porphyrite similar but clearly older than the quartz-

feldspar (Kranodiorite) porphyrite derived from the Saanirh

"^3g "'a. -It
.\s already noted the Mesozoic rocks of Vancouver island

conform to the general erupti%-c cycle, viz., (1) the volcan.r

phase, (2) the bat'v Ithic phase, and (3) the phase of minor

intru-^'ives. The xoicanics are composed almost entirely nt

basalts and andesites of a rema-kably uniform composition.

rhe batholiths are made up of a number of rocks irrupted m ,i

general sequence, basic to acid. The minor intrjsives conM^i

of a few rocks irrupted in a general sequence of irom acid t.)

basic. The phenomena may be quite simply explained by tin-

application of the theory recently elaborated by Bowen' of a

primary- basaltic magma dilTerentiated by fractional crystalliza-

tion under gravitative contact. Applying this theory, t.u.

volcanic rocks have resulted from the solidification of the un-

dilTerentiated or only slightly differentiated magma brought to

the surface through deep vents. The composite batholiths have

been the result of the more complete differentiation of the

primary magma in chambers of various sizes; the older, =- .Her,

I Geol. Surv., Can.. Mi-m. 13, 19U, p. 5

> Bowen, N L., op. cit.
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.he residual liquid" S.Tch JI ,7
""" '"' "" '"*«""'" "

ami lo»-t.r level, u, Te en.
"^'"s.vdy from b^or

METAMORPHISM

.»ndeJ;^rr^i,s-,rrr';:'r^"T-''-"
sideralile detail in (|,erenorl„n,h:,

"
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AGE AND CORRELATION.

The batholiths are intrusive into lower Jurassic rocks

(portions of the Vancouver group) while Upper Cretaceous

(Nanaimo) sediments rest unconformahly upon them. They

are, therefore, correlated with entire certain! v with the other,

virtually identical batholiths of Vancouver island and with the

Coast Range hatholith of the mainland of British Columbia.

All of these batholiths are considered to have been irrupted

chiellv during the upper Jurassic. Similar composite batho-

liths with associated minor intrusives of porphyries or porphy-

ritcs'«imilar to those of Vancouver island, and doubtless having

the same genera! relations, occur all along the Pacific coast of

North America; and most of them were irrupted during the

same period of batholithic intrusion. This period, however,

apparcntlv occurred ,it an earlier date in Alaska (middle Jurassic)

and at a later date (i .wcrmost Cretaceous) in California.' The

succession of separate intrusions, the older irruptions havini;

been foliated and completely crystallized before the irruption

of voungcr rocks (a conclusion drawn from the occurrence of

e.vtcnsive shatter breccias) indicates, however, that even in one

locality the period of batholithic intrusion was one of Ion-

duration. Nevertheless, in the Sooke and Duncan map-area^

it was doubtless confined to the upper Jurassic and possibly

lowermost Cretaceous.

The Vancouver Island batholiths differ from the Coast

Range batholith in that instead of outcropping in one large mas-

they appear as several relatively small masses. The litholog.cal

and structural similarity of all of the stocks and batholiths. their

elongate outlines, their occurrence in deep valleys such as that

of Koksilah river with the upland on either side directly underlain

by the invaded rocks, and their predominance in the southeastern

lowland of Vancouver island indicate that the granitic rocks

form onlv a few or possibly only one large composite bathohth

not yet completely unroofed, of which the exposed stocks an. 1

batholiths are mere protuberances or cupolas. The true diil.r-

^dKren. Waldemar. 'Igneou, geology of the Cordineraa, problems ot American

geology." New Haven, 191S, pp. 254-258.

^^^!|£
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GARBRO.

DISTRIBUTION AND STRUCTLT.AL RELATION'S
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libnidoritc forms dihedral, iath-sliaptd grains, whilf tlu- aunitc-,

altli.)i'!;li >" I'."-t fuludral, is in v;ctKral inti-rblilial U> \\n- lal.ra-

(l„ritc'an<l ..I x.nuwliat finer ^;rain. Tho feldspars and aunil^

arr both fraiturcd and mo<kraulv alttr.d to cpidotc-, /uisUe,

and chlorite. The ilnunite or niaKUelite has altcre.l to leiicoxenc

and limonite, and .i little (luarlz nceiirs in small shear zones.

Kl-.SI MUI.ANCIS. AM) A'.l AN" t OltKl.l. ATIOV.

The K.d.l'ro is almo.t id.nti.al \silh the gal.hro oeeurrin^;

in the Vi>t,.ria map-area in the soatheastern part ol the H.^ih-

L.nd di>tri.t.' whirh has been rorreU.ted with the W ark Rneiss.

The K.il'l"-" "' ''!< Victoria map-ar.M ai.pears to grade mto the

Wirk gnei-,- but, as noted, the rel.ilions of the two roeUs are

n,,t .Ktinitelv known. The gabbro under o.nsideration i> al...

virv similar to the Sooke g.d.bro, but the tel.lspar i. >huhtly

more M.di.-, the ehic f accessory mineral appears to be ilmemle

rather than magnetite. ,md the roek is more allend than th.

tvpieal S.,nke g.ibbro. The g.ibbn. dilters tn,m the Su ke.

gabbro-liorite porphvrile, whirl, it also resembles, m that

it contains „o hornbU^nde n<.r origin.d (in.irt/, imr muTOKrapluc

i„iergrowth of <iu.art/ an.l fekbi.ar. Neither is there any sui;-

g<..tion of the so-e.>lK<l rosette texture,' ,, tc.iture whuh <. eluu-

arteri>tir of the Si.ker gabbro-.liorite porphynle. Smee tin

P.bbro is not so greatlv foli.ted nor metamorphosed as th.

W.irk gneiss and sine.' it so eln-ely resembles the Sooke g.d.br...

the writer is inclined to belie^e that it is younger than the Wail,

gneiss and should be correl,,ted with the Sooke gabbro. Ii

..o it< age is, of oairse, lower Oligocene. Owing, howevrr.

to' the apparent gradation which exists between th.' virtu,,lM.

.denlical uabbro an.l the Wark gnei>- in Victoria map-.irc...

an.l to the oc.urreniv of the Wark gneiss in the Mcuiity ..1 in

gabbro under consi.leratiou. an.l to the remoteness of any st.uk-

of So..ke gabbro, the gabbro is .-.^rrelated tentativelv uuh

the Wark gneiss an.l is provisi..na!ly eonsidere.l to be ot iipp> r

Jurassic age.

r:^eolo«y of .he Victoria an.l Saanlch map-areas,' Gcol. Surv., Can.. Mem. 3«, f-lJ, p.
6.'

lO;., lit. 1.. .S4.

• Sec page 171 an<l r,eol. Surv., Cau., Mem. 13, vm, p. 80.

B*w

Ikw^ *rih>-'^?''"*Mh
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with the ilioriics, aii.l niort- ^^fMcifually, siiUT it contains cs'scntial

(liiartz, with tlie (luartz dioritf.-'. Tlu- Irlii^par is. howfViT,

more alkaline than that of tyfmal <ii..rilis and is ir.ort: char-

acti-ristic of (iiiartz mnnzonilc-s. The nuk has been wheaml

sonicwh.it an.l ha> l.icn nodiratily to Rrcatly altt-rwl, fSiiK.-cially

thi' i-ont.u t portions, to rpidotc, zoi>ilt, an<l rhloriti-.

AC.i; AND CORRl.l.AIION-

Sini-i' thi- dykf rock is not identical with any of the oth. r

dyke or subjacent rocks of X'ancouvtT island, .ilthouuh similar

in mineral lomi.usilion '.o nio>t of the Kr.uiilic and diorilic ro< k-.

and as it is rather isolated in its occiiirence, it cannot be de-

Imitely correlated with any of the major iIltrll^ives. It occars

Miily MW feel from one of the >-niall losses of Cokiuitz k""^9

intrusive into the I.eeih River schists and is, of course. n<.l far

from the larne batholith of the Wark and Coi<|uit7. Kneisses.

However, since the dyke rock, although sheared slightb,-, dm--.

not exhibit evidence uf profound foliation as the Wark and

CoKiuitz gneisses do, it i=, unlikely that h should be correlai.d

with either of them. Of the other rocks i i the So,.ke and Dun-

can map-areas, the dyke lock is most lii-e the granite faiies of

the Sooke intrus' and, although classed as a quartz dioiile,

dilTers from a t. ' al quartz diorite in the alkalinity of its

feldspar; this suggests that the rock is a differentiate of a quart/

mor.zonite or granite ralhci than of a quartz rlioritc or even ,i

granodioiite. The writer is strongly inclined to correlate tin-

so-called quartz diorite porphyrite with the Sooke intruMves

and to consider it as of lower Oligocene age. In the absence of

dehnite information, and on account of the relative insigiiitRance

of the two known dykes, they are described at thi? place with

the other minor intrusivcs most probably of upper Jurassir

age, that appear to have accompanied or followed the irrupti.m

of the main batholithic rocks.

HORNBLFXDE-AIGITE ANDESITE PORPHYRITE.

DISTRIBUTION AND STRUCTURAL RI.I.ATIONS.

Near the dam of the upper Coldstream reservoir small

irregular dykes which resemble the Sicker volcanics cut a coin-

^555? m
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i.irnoi.()(ii( \i, (iiAUAcriHs.

Tl-.' .Ivkc r.Hk is Krcvish K'mn uitl. „n aphaniti.- .r.„„„|-- an.l „„„K.ro.,s r-h.n.K rys.s of h..rnM.„,|c. .l.i.l, ar.
rt p..u.|..m.,rph. .,,t.T auKit.. a,ul mor.. numcm,.. I.u, ., r

l-u.lon,.,rphs af„.r ,,u,i,... Th-v au.ra.' .,l.,H,t O- S p ^

Kl-l-MMfWrKS, AV„ a,;k AM, f OKK, ,. v, ,„v

luhoIoKy wuh th.. Si..k..p a,HK„i,,, ,,, Hu: ntlu-r hand

. i,

•^"k^:'- •'n.k.s.tcs are best ron.i.lcrcl t., 1„. i„ ...nora

Hi CoIc,„Uz Rn<.,s,ses ar. intrusive, and since ,he dvkes of ho,
•''"nde-auKMto andesite porphyrite are injected into he V k

.1 Co ,^t. gneisses, it seem, fairly certain that the L ^T. not (ontemporaneous. The dykes cannot l.e even tent uiv.Iv'-related w.th the Sicker .abbro-diorite porphvrites d c a epresumably younger than the Wark and Co ,uit/,;l .."hot are related to the Sicker andesites. TI ev are prob,bh-ever, one of the ntinor intrusives that accontpInicTor f i'l-o<l the .rruption of the upper Jurassic batholiths
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'Geol. Surv.. Can., Mom. 11, 1012. pp. «i-85.
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-'^t^i.:

The rocks of the Nanaimo series consist of conglomerates,

sandstones, and shales, with, in places, thin, coaly streaks and

lenses associated with carbonaceous shales and sandstones.

The total of the average thicknesses of the formations cf the

Nanaimo series within the Duncan map-area is 10,100 feet.

Only the lower formations of the series are found iu the Cowichan

basin, although it is probable that the 'ipper formations once

occurred there and have been eroded, so that the total average

thickness of the sediments in the Cowichan basin is only 4,950

feet. The totals of the minimum and maximum thicknesses of

each formation are 7,950 feet and 13,200 feet in the Nanaimo

basin, and 3,400 feet and 7,400 feet in the Cowichan basin;

but no complete section along any single line is as thin or as

thick as these totals, in fact it is very doubtful if any complete

section diflers greatly from the total average thicknesses given

ab'i\c.

Within the Nanaimo map-area, as has been already men-

tioned, the Nanaimo series was subdivided on a lithological

and stratigraphical basis into eleven formations.' The recogni-

tion of these formations within the Duncan map-area hus been

difficult, owing to the change in the lithological character of

some of the formations, the rapid vertical and lateral gradation

of the sediments, the absence of distinct horizon markers, the

deformed character of the rocks, and the poor and scattere<l

exposures which in many places are separated by wide stretches

of water, whereas in other jilaces the rocks are hidden by a thick

mantle of drift. However, it has been found possible to dis-

tinguish most of the formations by their continuity with the

formations of the Nanaimo map-area, or by their lithological

similarity, or by their stratigraphical position. One of the

formations of the Nanaimo map-area, however, the East Well-

ington sanistone, the tloor of the Wellington coal seam, is not

developed in the Duncan map-area, nor are the three principal

coal seams of the Nanaimo map-area, the Wellington, the New-

1 Gciil. Surv,, Can., Mi'in. 51. I')t4. As notcU in the memoir. paKi- 4S. strictly 9iie.iLi:ii;

the suhilivisions shoulil perhiips lie calh->l "nirmljiTS." aiiicf they coiit.iin identical fauna; but

since ranit of tlie siihJivisiona, wliile more or less clviracteristic ami well dcfiiietl, consnt of

several kiiicls uf utr.ita aivl are of conjideraWe tliiclinesa. tlie term "member" !'< noi *> .^itii

factory as the term "formation."

m



221

castle, and the Douglas. Two of the formations of the \anaimo
map-area the Cranberry and the Newcastle, are similar in
litholopy but are separated l)y the Newcastle coal seam \sthe seam is not developed in the Duncan map-area the two for-
mat.ons cannot be didercntiated there and hence are manpal
tOKether as the Ganges for.nation. In the Cowichan basin
It has been impossible to separate the rocks of the Ganges
;<.rmat.on from those of the Cedar District formation, since the
interm.xhatc formation, the Protection sandstones, can be
recognized only in one place. Hence in the C-wichan basin
the Ganges. Protection, an.l Cedar District formations arc all
mapped together as the Duncan formation. Th.- formations
with the.r principal lithological character and thickness are
enumerated in the following table.

TMe of FormatU'ns of thr Xanaimo Series.

iN'ame. Lithological charactt-r.

G.ihriol.i forma-
tion. (In the Na-
nainiotwsinonly)

Northumberland

( hiclly thick-boildwl. hut
ni ;iy nicdiuru to thin-bedded,

iowish Krey, tine to eo.ir.so-
grained, and in pl.ices conrre-
tionary sandstones, with some
shaly s;indstonos and s.indv
shales

S.mdy shales with thin in-
formation. (In thelterbeds of sandstone at theNanaimo ba.-iin

only)

Thickness.

-Mini-

nuini.

2,2()0

.Maxi-

mum.

2,400

top, unexposed in the Uunc.m
ma[)-are.i; an upper middle
I>ortion of coarse - grained,
llii-k-lieddod sandstones with'
thick lens-lik" beds of coarse
coiiKlomerates of predoniin.it-
ing, well r.)iinded fragments
iof granitir, porph\ riiic, aiiil
,<|ii.irt/o-e rocks: a lower mid-
dle portion of thick-lidded to
shaly .s,indstones .iiid sandy
shales; and sandy sh.des with
thin s,indstone interbeds and
dykes at the ! ottoni

| ] 700? 2,300

Aver-
age.

2,300

2,250
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Table of Formations of the Nanaimo Series. (Continued.)

Mthological character.

Thickness.

Name. Mini-
iium.

.Maxi-

mum.
.\%er-

age.

DeCourry forma-
tion. (In the Xa-
naimo basin only.i

Chiuliv- thick-bedded, green-

ish grev, line to coarse-grain-

ed, gritty and even pebbly

sandstones, in places cross

stratitied and concretionary,

,ind some thin-bedded to

sh.ily s.md.stones and sandy
800 1,400 900

Ccil.ir district for-

mation, iln the

Nanaimo basin

onlyl

Chiefly dark grey, carbo-

n.tceousand ferruginous samly
sliales, with numerous thin

interbed.~ of browiii.-h grey,

line-grained s.indstone, and
some thicker beds of yellowish

grey, co.u'ser-grained sand-
750 900 800

Protcition fornia-

tioii. 'In the Na-
naimo liasin only

fhiefly thick to thin-bed-

ded, greyish white, fine to

meciium-grained sandstone,

in |)laces coarse-grained and

pebbly, and thin in'erbcds of

shaly' s.indstone and sandy
600? 700? 650

Gani;cs formation.! Chielly dark grclni^h, tliin-

(In tlif Nanaimo bedded shaiy aandstonts and
basin only) sandy shales 700? 800? 750

Duncan formation
(In the Cowichan
basin only the

equivalent of tht

Ced.ir District

Protection, ant

Ganges forma-
tions)

I

Chielly dark greenish, san-

idy shales ,ind shaly sand-

[stones, with numerous thin

1 layers of sandstones and at

jleast one horizon of thick-

Ibcdded, greyish white, fine to

medium-grained sandstone . . 2,200? 2,700? 2,500

Extension
formation

Chielly conglomerate ol

subrnuniled pebbles of ,i great

v.iriety of rocks in a predom-
inatiiigs-indstone matrix, with

thick interbcds of coarse-

grained sandstone and thir

layers of shaly s^indstone ant

sandy shales. Near Lady
smith composed largely o

greyish white, medium-grain

ed sandstone 600 l.SOO? 1
800

-^^^
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Table of Formatiom of the Xumimn Series. (Continued.)

Name.

ria.lam
formation

Litholosical character.

Thickness.

.%!
.\l,(

r

Chiefly thin-bediled, liRht
to dark grey sandv and car-
bonaceous, calr.ireous, and
in places concretionary shales
and line-srained sli.dy s.ind-
stones. Toward the l,as(> pre-
dominating sandstones and
arkoses

Benson formation

.\Ner-

^Re.

600

,

ria&il conglomerates and'
,arkose

;

Total in .Nanairao basin. 7 , 9.S0 ?

2,500?
I

1,500

700 150

13,200?
j 10,100

Total in Cowichan basin
j

.?.40() j 7,400 4 , :I5()

ni-TAlLHI) DESCRII'TIO.V OF FORMATIOXS.

niCN'SOX COXGLOMKR.VTi:.

DisfribnlioK and Tlnckvess. The basal ronRlomrratf of the
N.ma.m,. scries, called the Benson conRlomerate, is ,k.^•el,.,.erl
-nly locally r.lonR tl,.. ea.stern ba.se of Mt. Brenton, east of Crof-
ton. and on Maxwell mountain and near Maxwell lake on Salt-
j|I>nnR .slan.l, in the Xanaimo basin; and on and nca. Mt
I/uhalem. overlapping upon Mt. Sicker, in places alone the

< lirmamus rner and in the narrow extensions to the west of the
rner. and ,,n the south slope of the western part of the Cowichan
^all.v, ,n the Cowichan basin. Elsewhere the arkosic but shalv
-in( stones t.f the lower p.-.rt of the Flaslam formation rest di'-
>''tly ufKin the underlying crystalline rocks. The basal con-
Kl'.merate ,s ^yell exposed in most of the localities mentioned, but
.-[.cnally well on Mt. Maxwell and Mt. Tzuhalem when- itattams its maximum thickness of 700 feet. The conglomerate
tlnns out rapidly, so that within 2 miles to the northwest ofMt, ^ a.twell the overlying sandstones and shales rest upon the
'rystalhne rocks. Owing to its rapid variation its average

^BWi'S^re
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thickiu'jis can only be estimated approximately, as about 150

feet.

Lilholo'^ical Characters. The Benson -onglomerate varies

from a typical coarse basal conglomerate, composed of anj;ular or

subangular fragments of the immediately underlyitij; rocks to a

fine breccia-conj^Ionierate, and in places even to an arko>e

w liich. allhoiiijh it rests upon the crystalline rocks, is interl)ed<lei!

with dark carbonaceous, sandy shales characteristic of the Haslam

formation. Where the conglomerate is thick, as on Mt. Tzii-

hakni and Mt. Maxwell, the fragments of the lower portion an

distinctly angular and unsorted, while those of the upper portion

are fairh- well rounded, sorted, and arranged in l.iyers. Some

of the larger fragments are 3 or 4 feet in diameter, but the .averagi'

size is not more than an inch. They are composed of all of the

older metamorphic and granitic rocks, but fragments of chert,

vein quartz, fine-grained meta-andesite. and granodiorite pn-

dominate. Near the small outlier in the Koskilah river, an

boulders of a basal conglomerate with rounded pebbles of lime-

stone. The fragments are contained in an abundant matrix of

coarse, arkosic sandstone or fine breccia which, as mentioiU(!.

forms in places the entire rock. The arkose is of a pre\-ailiii^

greenish colour and contains large amounts of feldspar, largi I\

albite, as well as quartz and considerable biotite, chlorii .

epidote, magnetite, ilmenite, muscovite, and calcitc. Sm '!.

angular grains of undecomposed rock fragments, not.iM'

Sickrr andesite and gabbro-diorite porphyrite, are also niinienm-.

Thi' c<inglomerate is cemented partly by calcite and ferrugiii.,n-

minerals and largely by argillaceous and carbonaceous matte r.

In places it contains disseminatetl pyrite and in the south end f!

Copper canyon is somewhat foliated and schistose.

n.VSLAM FORMATION (MARIXK SHALICS).

Distribution and Thickness. Overlying the Benson conglii;

erate, but in many places resting directly upon the underbill;

crystalline rocks, is the Haslam formation which is locally cili. i

the "marine shales" on account of the marine fossils whidi n.

found in the sandy shales composing the larger part of thf t( i-



225

matio,,. Th.. Haslam form.ti.M, .xu.n.ls ,!„n„ ,1wrstorn honkr „f ttu" \ ,„,im,
,'"."' •''""•'^' "i'' ">"'r, s„uth-

of the nnrtliLTn part of ih,. Tr.,, i , .
' *^'''''"'' '''""""

exten.Iin, west.vanl fn.n. M P lo '

Tr;;
'";' "^ "'^- ^'•'«^-

westward extensions „f tho r ,

''' '" ^^^ t'lrcu arm-hke.

rocks are T. " L ^ I.n.T "
'"'^'" "^' ""'>• —'•K

-"Klomerau.. Alttulh H,
"''"" ""' ""''^''^ ''"^^ '^-'-n

n.ap-area it is c,^ e"e^i .;r7'T?'T^'' T''"
"'^ ^^""-"

broad, low valley on Sah nr n
" '"" ''"''^^^ ""'^^'•"'-" 'h^'

B..r,oy„e bay on the t 'u "ft o "/h
•

'r'",""^^
^""^''^^^^ f^^

on the east coast. T e ro k . re
' ,'"' '" '^"'^'"^' '^'>'-'-"'-

-^I'ore of Fulford harl r a"d ; d "T7' "" "" -"^''--'-n
h.rhourpenetra.es th Thick i; f

''

Z"^'
"*•''" '^' '^''-' "^ "'e

In addition, the In Iv sLakt of ^ '"'" """ "^»^'^"" -^^ales.

"^ the Koksilah r^',^;dn ^.^ ^ h:V'^
^"^^ '-'

The rocks of the H.sl ..r, f
'Idslam formation,

-o^ered, but many s
" mtt T '" "^"''"^ '^'-"v ^n^t

in'o the Haslarrock Thet:
'"'

l'"""^''
*'''-' ^'•'"f^ «-'• -^

-'inus river and t£^„,id3le J^.f''' ^^f."'"^'
''^'^^^y ^he Che-

ciecply into the ocksTo Lrn " ^"""''^" "^'^••- '^^^ -t
200 feet deep, whS In xcdC "r"^ " f^^^^"^'

^"^^ ^°

thickness of ,he Haslam ro'-kf
^''''"" "^ considerable

a-jh:^S^-;;:,---^^inthe..^

600 feet, along "he rh.m
"^"^''''^ '' ""^ '""^h more than

.s h mi iiaslani formation .ire exniworl a., .u-"i resnng upon the basal conglomera es re not ^V '"'
my, arkosic sandstones, on which nlTn Z\ f u f °^ '"^'''''•''

-therin. sandstones. Which tr::^:i:r;f::;^rbr::::;;:
16
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1 ,000 kft of l)lu<k sandy shali^s with tliin sandstone beds. With-

in the ("owirhan liasin the tliiikness of the Haslam formation

apjH'ar- to l)e over 2.000 feet, and in plaees, as Ijetween Mt.

TziihaU rn and Maple l)ay, wiiere the Haslain format i<n rests

npon the tiiick p )rti()ns of the Benson eonnlomerate, there is

nearly 1.000 feet of sandstones at (he base of the Haslam forma-

tion, which are overlain by alH)Ut 1,500 feet of sandy shales.

The thiekness of the formation varii's, therefore, from 600 feet to

nearly 2,.S00 feet, and averages about t,.=;00 feet.

Litlwlof^ical Characters. The Haslam formation as in the

Nanaimo map-area, is composed chiefly of thin-bedded, lit;ht to

almost black, sandy, and usually carbonaceous shales. Some of

the shales are ferruginous, and may contain pyrite, and weather

to a reddish brown colour. Virtually all of the shales weather

concentrically into rounded masses Narying in size up to a foot

in greatest diameter, and thus appear to have a concretionary

structure. In places the shales contain hard sandy and flint-

like concretions, with a calcareous cement. The concretions may

var\- from large ellipsoidal masses 3 to 5 feet in diameter and

about 1 f(K)t thick to small, irregular, grotesque forms 1 to .? inches

in diameter. On microscopic examination the shales are seen to

be composed largely of fine, usually calcareous, silt in which are

small angular grains of quartz and feldspar, chiefly albite, ami

more or less chlorite, epidote, muscovite, biotite, and calriit

.

Many of the shales are decidedly calcareous, and those exposed in

the upfx'r Koksilah arc virtually consolidated marls, and in th<'

lower part of the C'heinainus river, some of the shales are crowdi <!

with c.ilcareous shells. Several of the shales are cut by calcii.

veinlets, and the shales in the southern end of Copper canycii

are somewhat schistose and are cut not only by calcite but by

quartz veinlets.

The shales grade into fine-grained, shaly or argillacfmi-

sandstone and throughout their entire thickness they are iimr-

bedded with thin beds of light grey, fine-graincil, and i.lim

fairly siliceous sandstones. The sandstones average less than a

foot in thickness and occur in great numbers from 1 to 10 If. t

apart. Toward the base of the formation the .sandstone layers

are thicker and of coarser grain; where the Haslam formation

Ml
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coarse and even pebl.lv .IXtZ'J] '

'"'''' ""' ^"•-"^h.
sediments at the hL of the fnrtaHo/^ "T'"

'•""" '^^ "^
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'''^^^^here the formation
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'^- '" ''"^•^•">' """" "'e
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'"'^•^ '^'"^^''>' ^^e
composed of angular grains o quart;"ndtir''""'!

"'-•'^•

of biof te. m a grt-enish matrix (Wr1^^ '^''' ''"'' ''^'^'^^

seen to contain the primarv' -inH c ^ '"'^^o-^^"Pe they are

Krano<iiorite. and even the Le

"

'''^^''' '"'"^'•^'^ "^ »he
The former are dark grcin fine

"
"'i '''T'"'

^"^ -^^""'te.
in addition to quartz and feWnff"

'""^^ ^"^^ "^'"y ^«"^ain.
and cherty rock's of the'St :^

^
"^^ZT "^ ^''^ '^''- ^'->^

'te. serpentine, and calcite. Sor^' of Th
^^' """""' '^^ ^^''°^-

ous. containing small carbonaceousLcl even ?• T '^'''""^'^^-

nients. In places, especially inVh i

^''^''* ^^a'^ ^rag-

•n the southern part of'^^lTpl bay th
7" ""'r""' ^^ ^"^"^^

of impure coal a few inch^to J V 7
'''"

f
"'"" '""^^'^ ^"^ .seams

extent.
^'^ '° ^ ^'"""^ f«^t th'ck and a few feet in

EXTE.VSION FORMATIO.V.

distribution and Thickness Th > - .
wh.ch consists chiefly of conglomer-ifo

'''^*^"^'"n formation,

-o basin in three places; to' hT w: r^fTS
"^''" ^^^ -^^--•-

'-elt less than 1,000 feet wide 1,^
[-^^y-'*'".th m a narrow

niainus and Crofton and ovt' T^'"^
""" ""^''^ ^'^^^^ Che-

oj Saltspring ."slanTin a beTt 'oZ:',^';;;:,^^^
''"'''' P"^^-"

f ouichan basin the Fxtenln f
' ^''' ^'^'^- '" ^he

'.500 to 2.000 feet wide ""/^rf"" ""^"«P^ '" a belt
f- 15 miles along the baS; o the

"
^H

"". '''' "^"^^^ ^^'-^-^'•d

^ •'"'>' and then Jurns and c o^so T "^^

'^'"^ "^ ^''^ ^"^'^han
--^e between Chem^rrS-^ha-t^i:^:^:^!



228

minati-s at its eastern end in Mt. Frevost. AIohr the coast

between ChiinainuH and Crofton, the Ivxtension conglomerates

are well ex[).)>ed, and on Saltsi)ring island they form a well-

defined cuesta-like ridge culminating in Mts. Erskinc and Bel-

cher; and in the southern steep slope of the two mountains, cut

at right anRhs to their bedding, the (-onglomerates are very well

ex[)osed. Elsewhere the conglomerates are not well exposed

and are largely drift covered, although they form in places as in

Mt. Frevost,l --ee outcrops which, however, do not CAten-. ;orany

great distance .11 the direction of the strike.

The thickness of the Extension formation varies ordinarily

from 600 to 1,000 feet, averaging about 800 feet. On Mt.

Frevost, however, the thickness appears to be at least 1,500 feet

but some of the beds may be repeated by unrecognized faults.

Over a large portion of the map-area the thickness of the forma-

tion does not vary significantly from its average thickness of

800 feet.

Lithological Characters. The Extension formation, as in

the Nanaimo map-area, is composed largely of conglomerate.

Within the Nanaimo map-area the fragments are almost entirely

of quartz or quartzose rocks, but, within the Duncan map-area,

they consist of a great variety of rocks: quartz and quartzose,

slaty, and cherty rocks of the Sicker series; granodiorite, and

granodiorite and gabbro-diorite porphyrites; and even meta-

volcanics. The fragments are angular to rounded, chietly

subrounded, and are somewhat larger than in the Extension con-

glomerates of the Nanaimo map-area. The largest fragments

are over a foot in diameter and the average diameter is more than

an inch. The fragments occur in a coarse-grained, predomina-

ting sandstone matrix, and in many places the conglomerates

are intcrbedded with thick beds of coarse-grained sandstones,

yellowish to olive grey in colour, and composed largely of angular

grains of quartz and feldspar. The sandstone interbeds increase

in number and thickness in the upper part of the formation and

may be interbeddcd with thin layers of shaly sandstones and

sandy shales, similar to those of the overlying formations. In

the vicinity of Ladysmith, where it is poorly exposed, the Ex-

tension formation appears to be composed largely, as in the south-

'^wisirm:m.w^::LZW7 ^^^^
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crn part of the Nanaimo map-area, of greyish whifn n, a-grained, siliceous sandstones. At places Shinfh.;
'""

r-ANGES FORMATIOV.

con,posed larg.^rof ".ndy hale' ''Z'^'X'^^--^
^-mation

Cranberry and ^NYvvx'tl.tiati. ns'^o^ tT""'-'"
"^ ^"^

area. The Cranberry and \e^v^- f

Nana.mo map-

in lithology but arJslpTr t«J nV h'\^'^™'^^'?"^
'^"T- ^''-Khtly

already noted the \ewca I

^^vvxastle coal seam. .As

only exposure is on the shore south oJ the Ldy^I^lT' \ ''f
It should outcrop to the north of Crofton beS-^n th ''I^trnconglomerates and the Shoal islands built of Prnf\?stones but is unevoosoH TU (

t'rotection sand-

I r ,
^ '"fe"' certam beds are repeated bv fnlHJno^ tu

cii^erent ptL^'n"" tt^atra"
''^^^^^ ^° ^'^^ ^-^'^ '" ^^^

of alt?nadnr thi^i;:dT^^
'''' ^^^"^^^ ^°^"-^-" - --P-cl

atones and ifjThSt'Tr""'"""^"'"'^^sandy shale.. They are usually carbonaceous and
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hcnci- (lark in colour, and greenish from chlorite, biotite, and

epidote derived from the umlerlyinK metamorphic volcanics.

In ihe dark greenish, silty matrix are small angular fragments

(predominating in the sanilstones^ ol (|uart/ and feldspar and of

slaty, cliert\-, and volcanic rocKs. Although the ecjuivalent

formations within the Nanaimo map-area contain tin Newcastle

and IK>uglas coal seams, no coal seams or evi-n lenses aK' known

in the Ganges formation of the Duncan map-area; and even the

so-called 'coal markings," impressions of leaves and b.irk,

and coaly fragments are unconmion in die poorly exposed rocks

of the Ganges formation.

PROTIX TION lOKMATIDN.

Distribution and Thickness. The Protection sandstone,

which in the Nanaimo map-area is the best hori/on marker in

the Nanaimo series, extends into the Duncan map-ana and is

readily recognized among the rocks of the Nanaini(» basin. A
similar and presumably eciuivalent sandst< •• occurs at one place

in the Cowichan basin; but since it cann<ii be traced away from

the single exposure, within the Duncan map-area the formation

is inapped only in the Nanaimo basin. The formation e:ae!ld^

southeastward through the city of Ladysmith in a narrow belt

less than 1,000 feet wide, and is well exposed along the sh - and

on the point southwest of Cotiftn point at the entrance ^ ady-

smith harbour. Farther to the southeast the rocks o le for-

mation outcrop along the southwestern shore of Wil.. island,

and form those islands of the Shoal Islands group that are nearest

the main island. The formation extends across Saltspring island

to the north of the Ganges formation, ouicroppi.ng in a belt

almost 1,000 feet wide. The rocks are well exposed on the point

and ridge between Booth bay and Vesuvius bay and again on

the north shore of Gangc. harbour, and to the east of the map-

area they form the Chain islands extending southeastward in

Ganges harb r.

The thickness of the formation, as in the Nanaimo map-area-

varies less than that of any other formation of the Nanaimo

series^and is everywhere about 650 f"et.

^'^M
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In til- upper part of the formation oi

Saltsprin^c i 'and arc small, i iiIht thick (1 to 20 feet) beds ol

yellowish ^i.y, midiiim tore .r-.>-grained s.md>tone-, similar to

those which I impose the i.irj;er part of the overlying Dct Hiircy

formatiiai.

DIN (AN roRMATION.

Distribution and Thickness. As already mentioneil, the

Protection sandstone can be recognizctl in the (dwichaii basin

only ai one place, in the vicinity of the quarry to the east of the

Ksquimalt and Xanainio railway nearly a mile northwest of

Cowichan stati(jn. At that place the sandstones owrlie sh.des

which doubtless correspond with the shales of the Ganges for-

mation. Th»' overlyim; rocks are not expo-i'il and neither m.iv

the sandstones 1k' tr.ut i to the east or to tli'- west, ft is, then--

fore, impossible to se[)arate in the Cowichan basin the sandstones

and predominating -hales, which overlii' the ICxtension conglom-

erates, into the (iaiiKes, Protection, and Cedar District forni.i-

tions; hence they are all map()ed together as an equivalent f"r-

niation, and c.dletl, after the principal town in the Cowii li.m

valley, the Duman formation.

The niinrui formation is the up[)ermost of the formations

Ol the Cowichan basin, although it is proijable that the uppir

formations of the N'anainio series were once present but ii ive

been stripped away by erosion. The formation underlies most

m.
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The DeCourcy formation oufcroiw in t'lC limbs and along the

axes of four major folds in the northeastern f)ortion of the map-

area. The formation occurs chielly on the point northeast of

Ladysmith harbour, on Thetis, Kuper, and northern Saltspring

islands, and on Reid and Hall inlands. Other small islands and

reefs between the larger islands are also composed of the De-

Courcy sandstones. The rocks of the formation are well exposed

in the shores of the islands, the best sections being found along

the northwest shore of Saltspring island. Inland the rocks form

a few rather small cuesta ridges, but are largely drift covered.

The thickness of the formation on Saltspring island and the

smaller islands of the northeastern i)art of the map-area varies

from 800 to 1,000 feet, averaging, as in the Nanaimo map-area,

about 91X) feet. To the northeast of Ladysmith harbour as in

the adjoining portion of the Nanaimo map-area, the thickness

increases to 1,400 feet.

Litholofiical Characters. The formation has the same litlio-

logical characters as in the Nanaimo map-area. The prevailing

rock is a greenish grey, yellowish brown weathering, fine to

coarse-grained, gritty, and even pebbly sandstone, composed of

angular grains of quartz, feldspar, and meta-andesite, and shreds

of muscovite and biotite, in a greenish mat'ix composed chietly

of chlorite. Also it is seen microscopically to contain magnetite,

titanite, and epidote. Its cement is siliceous and ferruginous.

It is chiefly thick-bedded, but there are many thin-bedded and

even flaggy or shaly bedded [xirtiont-. The sandstone is fn-

quently cross-bedded and concretionary. Some of the con-

cretions are very large, having a maximum diameter of 10 feel.

They are frequently fissured and filled with indurated mud

or fine sand, but in many places, the fissure filling h.is

weatherixl out. The concretions themselves frefjuently weather

out, leaving round holes in the sandstone. The sandstones also

weather into "galleries" with honeycombetl surfaces (Plate 1 1 1 A).

In places, as in the northeast shore of Ladysmith harbour ami

in Reid and Hall islands, 'he sandstones are chiefly very coarse,

and pass into conglomc rates with large subangular to well round-

ed fragments, averaging over an inch in diameter, of quart/,

meta-volcanics, granodiorite, and granodiorite porphyrites,
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island, it is over 2,500 feet. In the Duncan map-area the entire

thickness of the formation is not exposed, yet a section 1,670 feet

thick is exposed along the north shore of Thetis island about a

mile north of the map-area, and one 1,560 feet thick is exposed

along the northwest shore of Saltspring island. The upper

shales of the Northumberland, unexposed within the Duncan

map-area, average nearly 500 feet thick, so that the thickness of

the Northumberland formation in the Duncan map-area is in

most places doubtless more than 2,000 feet, and is probably nearly

2,250 feet, although it appears to be considerably less in the

northeastern part of the map-area where it is perhaps not more

than 1,700 feet.

Lithological Characters. The Northumberland formation

consists of shales, .sandstones, and conglomerates, with the

shales occurring chiefly at the top and bottom of the formation.

The generalized section of the formation is as follows:

Thickness
in feet.

Sandy shales and thin layers of sandstone. (Unexposed in the
Duncan map-area.) 500

Coarse-ijraincd sandstone aid conglomerates 8(X)

Interbcdded sandstones and sandy shales 6(K)

Sandy shales with thin layers of satidstone 350

Total 2,250

The relation of the generalized to the actual sections is

shown by the two following sections of the formation, which

are the most complete and best exposed in the map-area.

Sections of the Northumberland Formation.

Southwestwird dipping rocks on the northwest shore of Saltsprinc;

island, fron 2 to 3 miles noith of Vesuvius bay.
Thickness
in feet.

Sandstone, chiefly coarse-grained and medium to thick-bedded .... 550
Unexpo'^ed, probably thin-bedded and shalv sandstones "il

Sandstone, chiefly coarse-grained and thii bedded 100

Unexposecl, probably sandy shales and shaly sandstones 50

Sandstone, chiefly coarse-grained and thick-bedded, but numerous
beds of fine-grained sandstones which are medium and thin-

bedded and even shaly 250

Sandy shales with thin beds of sandstone ItMl

Sandstone, medium to coarse-grained and thick-bedded "0

Sandy shales with a few thin beds of sandstone and s;; ndstone dykes .i70

Total 1,.S()0

'r^imAmi^
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Soutbwestward dipping rocks, north shore of Thetis island

Thin-bedcled and sha'ly sandstone S™'
Lnex[)oscd, probably sundstor.e '^'J

^S'S,:i^=^"''-^ .ayers . t;;6 feet thic^:

!

. l Z
Coarse-grained thick-bed.led sandsion;: ,

i"
Unex()osed, probably sandy shales ;;..'." • '"

Total
1,670

The shales are grey, somewhat carbonaceous, thin-bedded

r„s:r -i;^ '^:? - -^ -« .s,"rr;:tssandstone As m the Nanaimo map-area, the shales are cut by

Tsfshore of Sa.T ' ^''^^T'^"^
*^" ^'^^^-^ '" ^ht "0^,'^,^

west shore of Saltspnng island 3 miles north of Vesuvius b,v

I';" ManTof '^ST ^'°' '"^'^"^ "^-'^ h'lraTiie o'ffsnore. Many of the dykes, some of which are ,1 feet thick

llr .^"' "''^''^ "'^ •^'•^«"'^'- ^"'l branching. In the shafeat the southern extremity of the Secretary islands s lien ofconglomerate 3 feet thick and 10 feet ^de. whch evidentlyfills an old channel eroded in the shale duri'ng its deplS
rhe sandstones are chiefly yellowish to olive grey, brownishweathermg, and thick-bedded, and are similar to the sandsZes oJ

DeCourc;""d clt T'^ ""^'""'^ ^°^'"^^'-^- ^^^"hi
finn / O^hTiola sandstones, they are commonly concre-tionary and weather into -galleries" with honeycomlS surfac^The conglomerates occur as rather lens-like interns nXsandstones and measure as much as 15 feet thick Tut to th!

h ck
^!^^:^^^^^7b-'-d conglomerates are nearly 1,000 f^t

al fh. .

;V"g'°'"'-''-ates consist of fragments of virtual^

nlam chTrt"' T^^"''^'^'^
^^^'^^ °^^—- -'-^ven quartz, cherty and schistose rocks of the Sicker series

eZZZ '"'
'r'*^'

'''''''"'^'- -ta-andesi L aS
oundJi

' ^"^ sandstones. The fragments are weHrounded, some are several inches in diameter, and they averTg"
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over an inch in diameter, and in most of the conglomerates

they greatly predominate over the sandstone matrix.

r.ABRIOLA FORMATION.

Distribution and Thickness. In the Duncan map-area

the Gabriola formation, the highest of the N'anaimo series, occurs

only on Galiano island, the outermost of the island group.

The rocks of the formation, mostly sandstones, are very well

exposed along both shores of the island and in the interior of the

island they form long cuesta ridges with steep, bare slopes on the

southwest, perpendicular *^o the bedding, but with wooded,

drifi or talus covered slopes on the northeast, nearly parallel

to the bedding. The exposed thickness of the formation in the

Duncan nip-area varies from 2,200 to 2,400 feet, but in the

southern part of Galiano island, to the southeast of the map-

area, the thickness increases to .3,000 feet.

Litlwlogical Characters. The Gabriola formation consists

largely of sandstones. These are chiefly thick-bedded, but many

are medium to thin-bedded, yellowish grey, brownish weatherinK.

fine to coarse-grained, concretionary, and in places inconspicuous-

ly cross-bedded. The concretions, which average 1 to 3 feet

in diameter, weather out leaving holes, and, where the sandstones

are subject to wind and to some extent to wave erosion, especially

along the shores wh^re the calcareous cement has been partially

dissolved by salt-water spray, the sandstones have been carved

into hemispherical and hemicylindrical caves, or as they arc

locally called, galleries. In places the walls of the galleries are

smooth, but in other places the sandstone is of unequal resistance

and has been carved into fantastic shapes with lacework and

honeycomb patterned surfaces. The sandstones are composed

chiefly of angular grains, 01 to 2 mm. in diameter, of quart/,

feldspar, and meta-volcanics, and flakes of V.iotite in a greenish

matrix composed of chlorite, serpentine, epidote, and magnetite.

cemented largely by calcite. Interbedded with the medium and

thick-bedded sandstones are numerous, relatively thin layers of

thin-bedded and shaly sandstones, and in places sandy shalos.

The shaly beds are exposed at a few places along the shores which
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are nearly parallel to the strike of the rocks; l,ut in the interior
of the isl.in.1 the>- are exi^sed at only one or two places in the
ste(-p southwestern ciitTs of the cuestas, beneath massive re>i,tmt
san.istones. It is prol.able, however, that the narrow valleys
between the cuestas are directly underlain largely by shaly sand-
stones and sandy shales.

STRUCTURAL RKLATFOXS OF THE NANAIMOSRRIES.

INTERNAL.

Nanaimn Basin.

Folding,. The rocks of the Nar into basin have a general
northwest-southeast strike and a prcvailinR dip to the north-
east. The angle of dip is chiefly from 15 to .?0 degrees, but angles
of 50 to 60 degrees are common, and near Ladvsmith the dip is
nearly vertical. The rocks are, however, involved in a few
large fokis and several smaller ones. Virtually all the folds are
'ongitudinal. and hence have northwest-southeast axes Only
a few of the folds have a decided pitch, but folds pitching and
flattenmg out to northwest and others pitching and flattening
out to southeast occur. The larger folds extend across the Dun-
can map-area, beginning in the adjacent Nanaimo map-area.
Ihe.se are the Kulleet syncline to the southwest and the Trin-
comah antichne to the northeast. Between these two are an
antichne and a syncline which, although they begin in the Nanai-
mo map-area, arc there of little importance and have not been
previously named. These may be called the Thetis anticline
and the Channel syncline.

The Kulleet syncline is a rather sharp crested svncline in-
yolvrng chiefly the Northumberland and DeCourcv formations
Its axis extends from Kulleet bay in the Nanaimo district south-
east beneath Stuart channel and between Kuper and Tent islands
to and nearly across Saltspring island. The trend varies from
nonh .S.-, degrees west to north 60 degrees west, and averages
north M) degrees west. The limbs dip at angles varying from
••' to 80 degrees. The southwestern, northeasterly dipping limb
'•' the steeper, its dip awraging about 55 degrees; the dip of

,:.*^''^
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the rtxks on Saltspiing island varii's from 40 to 75 degrees,

while that at Coffin point is 80 degrees. The dip of the north-

eastern, southwesterly dipping limb averages only about 17

degrees. The southeastern end of the fold near Saltspring post-

othce pitches to the northwest at a low angle. The fold near this

place is virtually offset to the northeast for somewhat more than

a mile, by a transverse anticline, so that the northwesterly end of

the offset portion of the syncline which extends many miles to

the southeast, pitches at a low angle to the southeast. Be-

tween the broken ends of the folds are three well-defined smaller

folds, two anticlines and a syncline, and numerous wrinkles or

contortions.

The Thetis anticline is an open but fairly sharp crested

anticline which extends southeastward from Yellow pol.it in the

Nanaimo map-area, crosses the eastern portion of Thetis and

Kuper islands, and continues across Saltspring island, parallel

to and not far from the northeasterly shore of the island. It

varies very little from its average trend of north 45 degrees west.

The crest of the fold is best exposed in the north shore of Thetis

island, less than a mile north of the map-area, and the character

of the fold is well shown in the shores of the little cove at the

northern extremity of Saltspring island, although the crest of

the fold at the latter locality has been destroyed by erosion. The

limbs of the anticline, consisting largely of the DeCourcy sand-

stones, dip at angles varying from 10 to 45 degrees, and averaginsj

about 25 degrees; the northeastern limb is somewhat the

steeper.

The Trincomali anticline with its eroded axis beneath

Trincomali channel extends southeastward from the Nanaimo

map-area with a trend of south 45 degrees east. Across the

Duncan map-area the axis extends between Reid, Hall, and Gali-

ano islands on the northeast and Norway, Secretary, and Walla- e

islands on the southwest. However, a few hundred feet north

of the map-area, on a small reef off the northwestern point of

Reid island the crest is actually exposed. The northeastern

limb of the fold, in which the DeCourcy and Gabriola sandstones

are the only exposed rocks, dips at angles varying from 12 to

30 degrees and averages about 20 degrees. The southwestern

.i^M
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^liori' of C.iinjjrs h.ulioiir, ami mii>t ixtind \vi>twaril into llu

Dimcan inap-an-a.

The stiH-ply dippinn IHroun y sandstoiu^ lo ilic iioitlua-i

of l.a(l>Mnitli harbour urv rontortfd slinhtly and an- l)roktn by

small faults. In tvntr.il Salts(>rinn island in tlir vicinity ot Si.

Mary laki- nrar ilif break in tin- KuUcct syiulim-, tin- roiks of

the IM'ourry and Northumbtrland formations art- i;riMtly

crumpled into three relatively lar^e folds, already mentioned:

two anticlines and a corresponding' syncline, and several smalii r

folds. Movement in the limbs of the larger folds is also recorded

by the insignificant strike faulting in the Cedar District sh.iK-

of Vesuvius bay, and by the crumpling, ^liKlit faulting, .iiid

s.mdstone ilykes in the lower shales of the XorthumberLind

formation on the northwest shore of Saltsprinj; island i milt -

north of Vesuvius bay.

The most pronounced zone of folding occurs along the nortli-

eas: shore oi Saltspring island where the weak.T rocks of tli(

Northumlierland and DeCourcy formations are involvi.i [.<

rather sharp crested longitudinal folds, two of which at le;i.-i.

an anticline and corresponding syncline, extend along the whol.

length of the shore.

F'ultini^. As already mentioned, the weaker rocks in tin

Nanaimo basin, where crumpleil by the sliding of the stroni;.

comiH'tent l>eds over one another as a result of folding, an

slightly faulted. These faults are usually strike faults of ne,irl\

vertical dip. and are of no great displacement, the slip beiii,

seldom more than 2 or -^ feet; many of the faults are little nion

than abrujit. sharp angled rolls or wrinkles. Cross or diii

(.lulling has been noted in places, especially in the (".aiK.

-

foim.ition to the east of the map-area, but is not coniiimr

and the slip of the cross faults is only a few feet. Large strlki

faults such as those of the N.iiMimo map-area do not occur in tin

Nanaimo basin of the Dunc.in map-area, although more or li—

strike faulting h.is taken pla< e along the contacts with lii'

underlying metamoriihic rocks. The amount of i" oI.k inuni

along these faults, which have been noted southi it l.ulv-

smith, southeast of Crofton, and on Saltspring isla. -oiiili -I

PxH.ih bay, is probably slight, perh.ips not more th.in a few Ini
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fault contact with the ba^-al rocks, also northward dijjpinn, ihr

Benson conglomerates .md lower sandstones >.. the Haslani

formation. Owin^; to the I u k of outcrops, and to the lack if

dislinnuishinn features Intween the shales of the Duncan am!

H,Islam formations the extension of the faidt across the map

area is question.d)le. However, to the west of the map-.ina, in

the vicinity of C'owichan lake, i faulted syndiiie, similar to tliit

at the e.istern enrl of th'- v.illey, is olist rved. A similar structure

best expl,iinr< the relations of the rocks in the western iH)r;ii.ii

of the Cowichan valley in the 1 )uncan map-area, where the «ener-

ally northward dipping rocks of the Haslain formation dipaK.iiii>t

the rocks of the Sicker series which form the ridge that steeply

surmounts the valley on the north. Th.it the fault exteii>l-

norllnv.ird from (^)wich.m h.iy for at le.ist 2J miles to UyMtid

Quamichan Like, is proved by a small outcrop of the Sii kir

.schists to the southwest of the lake. Farther west there .ire i; >

outcrops of the Sicker rocks for 8 miles, but throughout the v.iiii y

are scattered outcrops of the Nanaimo sediments, chielly sliilc

sho^n liv the rel.itious of the Haslam shale .mdHowever, as is

the overlying I'.xti'nsion coiinlomerales on the Mt. IVevost rid^;i

the northern of the two closed syndines extends wi-st compteli 1'

across the 1 )asin. an< 1 it is fairK' certain that the southern >\ii-

cline does also. Hut the Kxlension con^dornerates, well developi I

develiin tlu'.soutliern limhot the southern ^yniiine, and .i^;.iin (

in the northern s\iuliiie are missing in what would Ik- the nonh

limb of the southern .-yncline. Thus all the evidence avail.iMc

Roes to prove that the fault bteakiuK across the northern liiiili

)f thee southern s\ticlme lioc ctend entire^- .across the b;

with insufticient throw in its middle [X)rtion to briny; the undir-

lyinji Sicker series to the surf.ice; so that in its middle iir)rti(.n

the fault sejjarates the Maslam shales (>n the north from the

Duncan shales on the south.

The character of the fault has already been indiiii..!

e rocks on the north have been thrust up.igainst, and if'p.ir-

Ullt r.iiinor

Th
ently over, the rocks on the M)Uth. The dip of the f.

be asee

spring

rtained, but, where it crosses the southern end of S.ili-

island, it appears to be nearly vertical, or has a steep (li|)

to the north. For the greater p.irt it prob.ibly has a nortliward

#^^
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at Maplf bay it (uIn .urn** thr nnrthw.inl (lipjrinR, southern liinli

of the fi>lil. whcnas on N!t, Sirkir thf .ixi> of the synilini-ix-. iir>

in Mt. Pnvost ovir a mile to the south of the fault

Thi' northirn synciinf, only tht- eastern end of whirh i-

broken by the fault described aln.ve. r(.>nsi-t>~ ( hielly of r.itlnr

weak and ina miietent rock.*, shales, and shaly sandstone <.l

the HaslatTt ft)rn»ation. I'hese have iK-cn rl.wely cotiipre^s..!

and the northern limb of the syniline has be.m slightly over-

turned in plaies, so that now on the lower flanks of Mt. l're\<iM

the nxks are virtually isoclinal and have a general ndrih 7n

(h'trrecs west strike and marly vertical dip. Alnnu the .i\i-

of the syncline, on Mt. Fn vost and on the ridge extending We-i

from Mt. Prevt)st, the Hi'slam sh.des are overlain b\- the i:xten

sion conglomerates. These rocks are folde<l into a small "p, :,

syndinorium consisting of three or four short folds the linih

of which dip at angles varying only from 15 to 40 degn. -.

The conglomerates on Mt. i'revost, therefore, aj)lXMr to 1«\ 1

across the nearly vertical dipping shales outcropping on iK

flanks of Mt. Prevost. The contact lu'tween the shales and tli.

conglomerates is not exi)osed on Mt. Prevost, but may Ic

located within UX) or 2()0 feet, and both the shales and (on-

glomerates retain their characteristic attitude near the coiit.p t

The disconformity in structure was formerly expl.iined by ili-

writer' as due to unconformity; but it has In-en shown by Ci<<<\i

that the shales are not conformable with the underlying Si. k. i

series as was formerly supfxised, and that farther west on iln

Mt. Prevost ridge the conglomerates clearly conformably nvn

lie the shales, as has been found to b( true throughout <'«

N.maimo and ("owichan b.isins. The writir, therefore. fiilK

concurs with r(M)ke"s conclusions that the disconformity in strih -

ture is due largely to the fact th.it the <onglomerate beds, biiic

thick and competent, were nnt so greatly affected as the im r.

incomiX'tent shales l)eneath. In addition, as the fol<lin^ t'" k

place in the zone of fracture, the folds were of the |)arallel tyi..

and as Van Hise= and I.eiih' have shown, such folds rapidh 'li'

iGtol. Surv., Can..Mfm. 1.!. WU. pp. 111-U2.

V.tn Hiir, 0- R.. "Principles of North Amrrioin Pre-Camhrian geology." 17th \:i'.i.

Kept. U.S. Geol. Surv., part I, 18%. p^ 5<)H-601.

• Leiih, C. K.. "Structural geology." IVM, pp. 1U<>-107.
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Koksilah Basin.

Tin- Haslam shales exposed in the single outcrop of tl;e

Nanainu) series in tiu' Koksilah valley are ^;reatly defurmed.

They have a ^;eiier.d strike of north 75 decrees east and a dip

of 50 to SO dtxri'es to the north. The rocks are not only coit-

tnrlcd hut are liroken liy a nearly hori/ontal thrust l.uilt of small

di>pl.iceiuenl, the upper wall ha\ing been pushed to the s<rulli-

wist over the lower wall.

i:XTt;RN.\i,.

Ri'laiiotis to Oilier Formatinvs.

The Xanainio .series rest unconfoinial'Iy upon the nutamor-
phic sedinient.iry and volcain'c rocks of the Vancouver ^'roup

and upon the j-ranitic rocks and porp!iyrites of upper Jurassic

.ii;e that are intrusive into the nielaniori)hic rot ks. The luuon-

fi>rui,d)le cont.ict isixf)osed and the structural relations are clearh-

revealed at se\er,il placo. 1 1 w.is forinerK' supposed !)>• tin

\\ rill r that the shales and l>.isal (dnj;lonierates in ( "opper lanvon

ol llie (heniainus river, there soniewliat nut.iniorphoM(l .uid

shi'.ired, were tr.uisitlon.d into the Sicker schists: lint (doki

has clearly demonstrated that the somewhat niel.iniorplM'M

d

sediments rot unconformahly u()on the schistose Tvce (iu.nl/

feldspar |)orphvrites. The has.il sediments of the Nanaiiim

series consist of co.irse basal coai;lomer.ite> com(>osed of fni.t;mi ii!~

of the underlvini; melamorphic ,uid ctsstalliiie rocks or .irkoM-

composed l.u'mly of mecliailii .illy formed debris derived fr< i
. iIm

iiiidi rlyini; rocks. 'Ihoe rocks rest upon an erosion surl.n'

cut indiscrimiiialelv- ,uto>s the defnrmecl seil'menlarv' ,md vi!

(anic rocks and j^r.iiiiiic ,111(1 pnrplivriiic rocks. The cro--i('ii

^llrf,l(e is iidl, liiiwever, siiinolh. but is of coiisiiK r.dile ii lit I

Sm.ill irrcj^ularilics ,ire direcllv' observ.ible in eN|KiM(| uihim

lorinilics. best di^plavcil .iii.und the soullii-rn llank> of Ml
M.iwvell .111(1 of Ml. T/iilial( 111. In addition ii 1ms bci n dc

Miilird how the b.is.il (l>en--(iii) coiiLjlomer.iles lliin oul i on'

[ilcli Iv in pi Id's, while in ollur pl.icc-- ihev .ire ~0I) led ll>i,l.

The thick, somewhat Iciis-sliaped in.isso of con^lonu r.ilc vmI'

doubtless deiMisiled in loc.il basins. ( h.innels, hikes, or (-.i ii.ii ii -,

''-,"• -rv'i""'
' .'"'" •- >'

'^>mjm^-mmm^t. ^.mi« i®



249

in flic (.1(1

l>asal scdi

erosion surface. I(

'neiKs iti

w.is fo

• orrelatcd with f,

(Ifeper p.irls of tin. |

portions of the \

iMsal on^Ii

"rmatioii

>asin.

s'onsideral.ly above the I,

11 '115^ It was s

T'tIv thoiiKhf that the

^li"iil(i l)e

iM- in oti

inainio |)a>ii,

ler

thi

^: -xnerates of M,. j-,,,,,,,,

'"liiivaleni of the I

eni

not I '••eii support,.,! I.y thi

Min.^mti format

iiPI»'se(l thai ih, ihi,k
•""' Ml. Ma.xw.ll
""; l>ut th IS eon, hisi

ma[)-area iior I.y th,
if the f

vi-ioii ,.f the struct

<nt Work within the f)

Were

on

It

"rrnalions iKve.ssitat,.,! |,y ,|

lire and lorrel,

iiiK an

iiion

seems (inileeert; "i.on thc.ther 1

y t he recent .l,taile,| Held u,„k
ni.ip-area, as within the .\

''".It within the n
<()nt;l(ini,'rat,.;

'"'It. let with ih,

It has, h(

I lid

f undirlyin).;

'"•"""' niaiKirea, ,.nlv tl
*i'r rocks ol (he Ma>

in the Dii

>wev<.r. I.,.,..i si

'Tystallii le ro( kv

le n
i>l.im forniaiior.

un(,in

eiison

.ire Ml

-eries with tl

"<ai! map-,
'"wn-, .ilthouul

If tinderlv

irc.i' Ih.ii th,

• 'lot el,.ar|y i.xhil.il,.d

iii'ense/ol,|in-and

"ilhiii th,. I),

present elexMii

iml; n.ck
'<>nt,i,is ,.f Ih,. \ ItMlllK.

taiilli I.U •!• h.isl

^^"«re not distnrl.,.d I.y Mich

<'l

'"'III 111, I'-.ire.i, foll,,\v

leeii K'litr.il ,ilonL; i|

'"IS which nn
\-ery , |,,s.,.|v

.U 'lie font, nil.

""If "f .lei),.siii„n ,,|s„. I

•'•ix'sile-l in l.,iys, ,u,i|,,
'i"W pro],.,! i,,,,, ,i„. ,,

i-t

111,. colli, iiirs

'•'•I'M ,

.'I'Pe.irs th.it th

le\Mti(.ns at tl

It is I

.ind th,

"f Ml, M
low W,.-,|

'•"•veil th.it th

resist, nil rocks f

isins iin,i,.rl,

se<iinii.ni

i(.

s \\,.r(-

oriiic.

» er\st,ill

iin l.v the N
' '"•.Kil.iiids whicl

ri( «' ii'irlliw(.st (.!' CI

me rock
"i.iimo serl.

K'' West

nriiiiri, \\,

<rii ext, ,

if"i.ii"ils, till- I, , Iter I

Hi,

^•kIi ll«Mdl.lll,ls. .\|,|

ll Is not ;|t ,

Witv oil,-,. ,

[•'Ml-s .|> it

lslOM> i>t th,. (

"I<'.ir ih.il tl,

"wi,h,in l<

'""K" llii ihi

iiiiey

"•'"; .1 spur

•e 11,11

"\ercd |,\- ,1,,. >^

'1

' <rysl.illin,

now foi

s<Hl"leilt,ili,.|

ill.llliio s,.,|

: k ridt;

'Sill .ir,. >yncli„.,i.

I. ,11

ini,.|M-

•""i'lin.il v.illc

"lure no siv;ni(

111,1 in ll

e.isl diirin.,.:
1

1

ll

'hi ween then

'I, it

'Men^lniis
s in ih.. Sick

"."11 laiili

'•r s,ri,

"lor,

IC (U

r I.

:ip-

P"-ition ,,i' th,

<oiilin,.,| tl

"i.i; ii.i-

'<;..«l. Surv.. C
iiurr,-.|, ihc .\

'Mr,il |)1,

tllllllK

>».. M.-m 1 1,

'"^>l. Sill

.111
. Ml-

'V.. C.li,., .Si,
I

'I l')U.

.Ill
. ,\f.-

M.' HI.

, P lllO

"'' "?, ,111.1 .1,

.

' ri:

""I "f Cr,.fi(

I'- m.iiipini; .if (l„

"'I'l'ivm,. m.iiM of the :

'n. iw illiist

"I'-i'i iif 111,, v,
Mli-.l l.v III,. tiitiir,.

p.li..,. m ,,f M,. ". '".,11. ,Sur.



250

outlier d' t

ar to abut dinrtly against the Sicker series. The

he Hastam slmles in the Koksilah \aliey is apparently

rrmiiaiii of sedimenis that were deposited in a similar t)

ianaimo il'ev, rather 'hail a remnant of sediments that were

deeply downw irped or dov. iifaulted Intw the crvslalline rock-

that form the ajiland on ei ther sid«' <if Koksilah v.dley. If th

sr<iiments \\i •re <rfi(e continuous l>etween the present liasins It 1-

to Im expected that ^^lall outhr]> wmi (1 he f(i pi, ices on till-

up
on t

•and iK'twcen the liasins but no such outliers have been foui

he upland, nithousjh there are many in the larger \al

to have been eroded first in pre-Nanaimo tiwhich appear
it seems fairlv certain that thiFrom the evidence >;i\en above, i

>iirface upon whiih the Nanaimo series rests was one ot \iu.\t

variety and considerable relief: and it is jKissible that the dilter-

( nies in elevation were as great as 2,000 fee! or more.

In pi .ices nea r the und>-rl\inu crvstallines the Nanaiin

-eries have been folded aj;ain?t them, so that the strikes ot tlu-

lower beds of the Nanaimo -erie- .ire parallel to the contacts ,ind

the (lips are steep, usually awav fr..m the contact. In m,inyot!i<r

place- -outhwest oi Ladysiiiith, southeast of ("rofton, on Nil:-

sprint,' i'.land south of Booth bay, and in places along the cont.u i-

of the two northern of the narrow westward e.stensions ot tl-

Cowichan basin, faulting has taken place along the conta- t-

Most of the faults are probaMv small .md of slight displaceimr.i

:

but they are marked by r.ithrr lon-picuous shear zones, wnii

Huartz and calcite vein- and veinlets.

Rflatiini.s to Yomi'^cr Formal ions.

In the Huncan m.ip-.irea the Nanaimo series are nfit in nr-

t.ict with any younger rocks except the superfici.il (kpon-

which. of. course rest imconform.ibly upon the eriKled Nan.nn '

rock>. However, a (juarter of a mile north of the northwi -h rn

corner of the m.iii-.irci in liaslam Creek c.in\on, the I'm-on con-

glomerate is cut bv .1 d.K ite porphyrite dvke.

MOhl-. <)I" ORKdN.

The Nanaimo strie>, .is -howii by its fauna, i:- p.irtK :

m.irine origin, doubtless estuarine, since it was dei>osite<i on .i

,*^
'S0^S^.'v^,
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surface, of con.iclcTahle relief nnd un.l.r v,.rvin. . ,.n.li„on- -h-,. .by the rap,, vertK-al an.l lateral ^ra.l.uion. of rh.- s.nl....,n:The senes also contams land plants anH . oai r.„M p,..,l, vo- freshwater aecumulation. Hena- eondition. ,„ fre^h
least l,rack,sh water, that is terres-rial ,on,li,i„n. .iur„ tevn h manne conchtions. The upper par, M .he Xanau, ^^^'he ^.ahr,ol, formation, howe^•er, ron.ains f..,v or no nnrin,organ.snw, the only fossils bein, a f.-w obsctir- plan,. '

.

"

o:;e;V;t'"Tt
"T ''" -^'"""'-^ --lition. n.co.,ed it I.ower part of the .Nanumo seric.s wen. Hnally replaced entirelyby ,erres,n.l condition- Tlu. ii.!;..loKi.-..l chara.te

"
sed.men s, ,he -.nd^wne- . ., mmp,.., .hieflv -,f ,.,„uLr>^.ban,„lar fn.,nu„,. and of „ l,r,r pen entage of ..asily'^ '.^

E 3T •

• '"' -'^ ';"^^ '^' "'"'^"'•^
" -^^ rapid'.. :.

.. .o, and d.posmon ,n rel.nvely sm.dl |, -ins where th. d..,n.n^
lurKely ,he result of mc, hani.al d, cav, w,,- not subj,.-, „ , , -,
wa\-e action.

AGR AND COF^IRI.i.ATiox.

Basefl ori the dele
the Xanainin series, cnllecec

rminafion l.y U hiteavrs <,t ,iu. f„.-il, jrnrn
in K're-ir rminl-.r- l,y Ki, h,,r<lMand o,hers, he series has U-en , laU., wi.h th. ri;^:;7;:::

(retaceous) o, th,- (alir.,mia CrCaceou- ,nd ,o,,r vi„ '

w.th the FW,. the (.rear, Mains. UU.,ni. .l.^S^^^tZ
.•oileced throughout the s.-Hes, front ,he H.,sh n, .li. .upper sh:,les o ,he Nonhund.erlan.l f„nna,io„. The '. I.it..m,a,inn as alrea.ly s,a,ed, ,s virtually unf,.s.;hK.r,n,~

Few foss,!^ h,,ve h...n ,„llec,ed an.l dCcrn.irv.l .V„n, ,he
I un.an map-ar... euherdurin, rhc recen, uues,isa„on under ,| ^-.r>orv,s,on of ,h,. writer or hy . .rlier workers in ,he re.i ,nHowc.-er, su,„c,en, fossils ha^•e l,een en,,., ted to pr,.!

'
!

Nanaurto ,1 p,x.r ( rca.en,,.) ageof ,hese,limep,s in .he Dun, ,rmap-area even ,f „,..,. w.re no o,her nu-ans .,f , orrcla i ,na.ede,ernuna„.,n. Fro,tuhe Duncan n.ap-arca. lanu. RH;;;;!

I.v

on c,,,lec,ed in 1.7^ on,v, he f„„.,wu,,f. ...,.: :,.,,;,,,;
Whi, eaves.'

V.
.^<:::'""^"' ' ^ "^'"-- '^«'^- • «.. .. o^i ..... ca„

, p.. „. ,,:,., ,„, ^„
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Hastam formation, Maple bay:
lieteroctras rlongatum Whiteavcs.

Cedar Distriit formation, \csuvius bay, Saltspring island:
Ilammra horni? (Ciabli).

Telhnti sp.

Inoicriimui vancouvtrensis Shuniard.

The writiT pre\ioiis to l'>1,? lolki ted .ind idi:, lifted the
fulIowiiiK fossils:

Haslam formation, Chemainus river, west of Fuller 'ake:
Ostrea sp,

(hirej congcsta Conr.id.
Hhynchonella sp.

Haslam j.rm.ition Mt. Tzulialem:
Trii:"i:iii Irynniaiu: C.ibh.

Di]n( an ( ?) formation, head of Cowirlian bay:
Axineii veuli'hii (i.ibb.

Protei'tion formation, (|uarry, nrrtii shore of Booth bay:
Jnr"<r,imus siigensis Owen,

The followinii I'o^-ils were <(.lierled by Cooke during; \9\.\
.iiid have l>een ideiilHiKJ hv I., i). Hurling':

Haslam formation, ("owich.m ri\cr, south of Cowiihan River falls:
Ammia vatudiitrrensii ((..abb),
Liniii ntiittiradiiila (Gabb),
Ostteii sp.

Aslarlc sp.

Haslam forinatiim, ( lieniainus river, western part of uiap-area:
Aniiiniii fiiticduwrcnsis iGabb).
Ostrfu sp.

Rliynchoneiln d. >i(( ifnsij Whiteaves.

Tile (<irreiali(Mi nl ihe form, it ion-- in the ! )iincaii map-.ire.i

willi the torin.itioiis oi the N.ui.iiiiio iii.ip-are.i h.ive been aireadv

di^(ussl•d siilli.i.fiiK under tin uerier.d deseripiion and >lr,iii

,urai)hv ,i the .\an.iinio -eiies.

Ail ol the other indur.ited sedimentary rocks of Vancouver
island th.it ri-^t imk initi.i ni ibh- upon the ii[)[)er |iirassi( ).;r,inilii

rock-, with ihc < \. cpticin ,,| iji,. Tertiary n ( k- of liie we-t co,i-i.

are .iJMi of IpiHT (rct,i(<ou-. ,e<.-. .lud are tile e(|iiiv.iltri( ,].

and inileed ,ire ,ii pre.-,ent m.ipped .1- itie Nanainio series. !!'. v

are (onfined chirtlv to ihi> e,i-,t c.i.ivi ,,f X'.iiicoincr i-l.in.!. .im!

are iiost wideh d-A cldpcd ne.ir ("oiiiov; and Su<|ii.ish. I( v,i-

birmerly supjx.sed' that tiie >iiiiil.ir sediment', on (jiieeii ( h ir-

D.iwson, G. M.. i,ixi>. Surv.. Can. k.-|)l .,1 I'iuk.. l!i;8-7«. pi). 6JJ-84J. and Dull.

Geol. S'K. .\m., V.)! l.\ I'Hii. p ;j.



lott.. i-,I.,nd WIT.. old.T th.
)wer CrctiKi-ous ayt-. H

253

IT) the X iiiiaimi) and uirf 1,

Post-I.atholiihic- sed
I I'per Critact

inu

lf)wevvr. it has Iwcn si

ir^'fly (,f

noi identical with
«Jii.sidiTal,|<

<'u< ,ui«. and
''-''*' Nan

nts of (Juccn rh irlnttc i^lan

>"wn> I'hai rlie

«>ntain a i^una Hjmiiar to
ainm sent-

'<' .i->riranc.. that tlu. N
ft th

> arc o

illhoii^l

series are corn !att<! with

thi

the

I Ppir Cn iari(

greater [xiriion of th
upi'ir porti.iri of the I

i-.K'li otiu

"i.ti/no and Qut-en Charl

Iff' Krc. witii

lottc

sediments are apparemi
If interior of IJn'ti.sh (

V wantini,'

llankof tlu (as,;,,!
.isa>teri serii

oiuinl.ia, altl

and

the r

pre.-um.ililv th

asa>n-ii ;,iTie> reseiiil)],

.nearthe49thparall.
'^ er]iii\-alrnt of (he \

'iiri'l on the la.si

nv.T

loucll

I, is r

crn

Pper Cretan

part of the west
les h th(

-uiainv, scries which

Columl»ia is a thick

>'tern (K.rtion of ihe I

'Kical ( overin^j a larKC

series of siiale

"'m'.r plateaus of British

which closely resembles the \
nglonit

first

M.
liescrilied by Seiw

""Ham Kro'ip from the 1.

yn' .ind was lal

iiiaimo series. TI

•'ale, and bandstonc,

below tl

rocks. I

hacj

Int(nor plat

l.ower Cn t

e mouth of the Thomi
' Iter I)awson< found tl

hrou^rh

ocahty on the I

hx I

r.i-er ri

>son wheiv he (ir»t

s series was
''" the Jackass
vera few miles

a wide disiril

them

strati-i

eaiih

iceous

>Ution t

and

'lal th. J

encountered tlu
ickas Mountain rocks

>irelate(l th.
rocks of Q^,^.^.„ (-|,j^|

ut the western jx.rtion of the
^vith the supposed

. uni f 1.. ..M . , .. ,
""I iiK.n. He , ,.,„,,n.

I

^^i'li tile aid of
"wcr ( Vi t

[lolc.l that .some of t!

" pper Cretaceous. R,

Kcous a^>e of ini,>r of th

found at se
neiiion-

eral

e rocks of the

loc.ilitici tllie

!'P<-r beds of the serie.

"'' ''"• 'nterior plateaus' h

' r>'i«lin«, U n.. Hull. Geol. ,Soc.

t Workers in the

•erics' hut a!-<)

were im.babiv

i\c lloW( •\er, failed t

southwestern portion
o discover an\-

Cluii•l\ C. II., r«;ol. Surv,, Ca,

Am,, ro!. 17. 1

MackVnzlr. J. D., Cm,]. S
"alv. K. A.. G

1"., .Sum. Kei.t.. lg|

"'tti;
^I>. 2!">-293.

'.V-

' D.nv

' This

"1. .Si

'|irv., c.in.. .Sum. Repi. vii.\

Pli. .'(-

I»yn. A. E. C.. Geol. Su

"•v.. Cin., .\Icni. ,)8, I

PI'. 42-47

*«i. n, M., Geol
C;m., Re,-.of Pro«

nn.io.v lo) B: A
Surv. C.in.. Rp

pp. 4 79 isr>,

l»71-;>

'auiu with tin- H
it->rr<>!,ui„n ha

lo'M.

't. of Pros.. INZs-r,
P. (W.

"<h- Urn OTfirmc.1 I.

pp. '-•-6(1 H.
PP. 2.^J-2.';4i Repi. „f

L'.fi C.ool. Si
.r..,ow„o,Cal.f„rni,i|„,tea,,o,

V St.inton. wlwlin. how

I'rysiJalp. C. W

rv.. I'ilJ, fo.,tnot;o p. 626.
;"*>•,"• >• '•

. '"-ol. Surv.. Can"

'" ""^' '"»'' Kno,v,ne. '

Prof. Pape,

'•vpr, corri-I.-itiKl tl,,

•r 71,

Sum. Rept.. |gi2,

fiateman. .V. .M., c^|. .s„rv
, Ca

"I. Surv.. Ca.n., Sum. Rept. 10

. .Sum. R, Pt.. ivii

pp. 108114.
'2. pp. Ii.s-i.sn.

I'P 177-210.



r.*^.
i:f^

254

<lii-tiii(;l I pptT ('n'laiii)ii:- rock", l)Ul have fdund I.nwcr

('rit.uiM)iN (ir Jurassic rocks. It sucms, thiTcfori-, as if the

(lc|M)siii(iii (il tlic I {)|Kr (rcliiccous Nanaimo soilimonts wa>

lar^f!\- cniitiiHil to the ("oast njiion, although this deposition vva>

pri'ccdc'd 1)>- a similar l\pc of scdinieiilatioii in Lower Cretaceous

'inie in the interior of liriiish Coluniijia.

TIMF. OF FOLDINd.

The N.maimo series was deformed liy forces actinR from the

northeast, jjrohalily lia\in^; tlicir origin below the downfoU!

between \'.incouver island anri the mainland, since the folds ha\i

been overtiirne<l and overthrust to the southwest. The de-

formation (irob.ibly look placi' a! or near the close of the F.orene

period, at the same time that the upper Focene, Mctchosin

\»r>!( anics of the Sooke map-area were deformed. There .seeni^

to liave been no widespread deformation on the Pacific coast

,it the close of the Cretaceous corresponding with the Laraniide

revdhition ot the interior; for, as Arnold' points out, with one

exception .it San Die^o, California, the unconformity between

the Focene and the Chico (equivalent to the Nanaimo) is not

.uij.;ular but, as far as the stratigraphic evidence goes, the two

form. itions represent an apparently uninterrupted period of sedi-

mentation. This conclusion has l)een confirmed in general by

the writer's work on X'ancouver island: for, although there were

local mo\cinents throughout the deposition of the Nanaimo

sediments, and doubtless there was .m uplift without much foldin-

at the close of the Cretaceous since definitely lower Focene

(diments are not knowt! in the region, the first pronounced

deformation .iftiT the l.ite Jurassic or early Cretaceous took

pl.ice after the close of P'ocene sedimentation and vulcani-m.

}

C,

()1

The folding e\idently followed close upon the cessatioii o'

for, before the deposition of the Stnike ,in'!ocene vulcanism;

irni.uiah form.itions <ii lower Miocene or (xissibly upjn

h.ul woni down the deformed Metchosiiigocene .ige- erosion

volcanics deeply enough to expose the S(M)ke gabbro stocks irriip

' .\mold. Ralph. "Tertian' faunas of the Pacific coast," Jour l.e<>l., vol. 17. !'«>», p 'I-'

* See p-ige i.i>.

'JJ'V
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ih

""'listurl...,! and only partially consdulai^;

Metchosin Volcanics.

DisTRiBirrov

•m-ous scr.ion aV,,.
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'^

"T
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^
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R. G
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(^1. surv., Can., Mem. 58, 19u. pp. j,-„.
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along the yradf of the Canadian Northern railway. Tht

northern boundary of the Metchosin volranirs, the profound f.iiili

that separates them from the Leech River formation, h. is been !(-

cate<l with considerable accuracy. Kxcept for the boundarii*

of the stocks in the western part of the Socjke map-area, the

l)ound.iries between the S<ki!:c intrusives and the Metclinsin

volcanics have also In-en well locatt'il. The boundaries with tin-

Sook<; formation, which overlaps the Metrhosin volcanics, are,

however, ver>' irrrj;ular, indefinite, and poorly exjvised, ,nil

hence .iri; poorly Iwated.

I.ITHUl.OC.irAI. ( HARACTF.RS.

The Metchosin volcanics are .ill basic or mafic, cliicllv

basalts, and to a lar^e extent prob.ibly olivine-free ba.salt? it

labrailorite andesites, and di.ibase. Textur.tlly and structiirilly

they vary widely from coarsely porphyritic and ophitic b.is.ili^

to (lillow lavas and amyndaloiil>, from tine cherty tutTs to bred i.i-

and coarse agglomerates, and trnm flows and Ix dded fraKnieiit il

rocks to dykes, pipes, and irregular injected masses.

'0

Fixnv tvim:s.

Xorntal Pti.salts.

The principal tlow rocks or the iiomial ba.salts an- (Lrli

jiri'vish green, ajihajiitic to fine-grained, and in a few pi.ices i \i n

nu'iliuni-grained rocks which are more or less iMJrplnrii'

.Although similar in char.irter to the non-p<)ri)h\Titic nr i-i-

con-iiiicuously [H)rf)hyritic rocks, the porphyritic v.irietii. t
de^c^il>ed sep.ir.itely. The nnrm.il I .isalts .ire rarcK rr ! r

gl.issy, but the m.itrix of the pillow l.iv.is !: onspii iiou-,v -.1

.md fnigments of a b.i ic gla.-s or t.u li\l\t( , fo.iiid in the uii'.n-

form.ilily overlying Sooke santUtcncs, were doubtle.'

trorii the Metchfisin \nl(.inics. W'licrc more atfectcd b\' siirl,!' c

.ilt( ration an<l oxidalion, the b.is.ilts h.i\c a pronounced pjir-

plish tint .ind they usually we.ither to .1 deep or rediii-h It un.

In the aphanitic .ind fini'-grained v.irieties the C'.aiiniii n' lui:-

erals, except for a fi'W in( (inspicuoiis phenocrv'-ts of feld>par, ,iir
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arc Iciici MIX- aftiT iliiKiiiic, n tim.liif, tpldu;!, -i ,, .ic, kanlin,

and pyrin- u I linn .iii'<-. In placts cliluritc is cleat iy se«n to \h-

tlir fi lilt ot tlif altfratidn (it uiKit •, ''Ht in many of tht l)a^alts

tln'rc ,irr iiiinp.irati\( ly lari:f rnninlfd tn iirt'^ular nia-M -^

((1-2 t<i II) niT'i. in (lianieUri of 'ij-lit yellnw i-h or l)ro\vn!-!i

j:ri'fn, pleot hr.iii-, filiroiis to waK-, ?criHntin<- . r .. mod. rati'.-

hirilrinKont <liloritc, >iii-h as i! It-site. The aiiniU , in the -..i: w

rii 1-, i- coniparaliMh' !res.h i r i> altering to a fiait jjluii^h i^rien,

wi iklv hirelringent rlil. -ite. Ilin^, as tlnre are no iransiti' ii il

st.i.is lietween the au>;Ue ai^'l the-e niar>>es ol ( hlora.' eir mt-

pentuie. thiy ina\- ha\e ri>u!ti(l Imm thi ilteraticui •! r.li' iii< .

Rut a- no other evidences of olivine ire fonn<l in the nonr !

l)a-.ilt--, tiny may have been formed liy tiu' (oni; U ii- repia^ t nu i

of aUK'ti phenocrv'.its.

Porphyritic Basalts.

The ixirphyritie basalts are .ounil H several plarcs tl o'ikIi-

out the Melihosin \(il' iiiiis. riie\- are similar to the i.. mi.i!

liasilts except for their more tinnienms and larRcr phenocr) '

of wliite or greenish we.ilherinn telil^par and an^i .. .aid tm. r

grained Krounilmass whii li In some of the more altered \.i'' 'u^

is rrddi.^h. The phenoii\sts arc f.iirly numerous in im-i

of the iHirphyritii li.isalts. .ilthough the ^;roundm,iss is in M

\arieties pri'domiiiant. The phenocrjsts are usually of imdii.

si/e, a\era>;inv; 2 or H mm. in diameter, althoii^;h some .ire nnn

smaller, white a few are 1 cm. in diameter. 'I he feld-par phm-

oeryst.s are mure iiumeroi.s ad larger th.m the ,iu^;ite phenoi r\ -! -.

They usually form stout laths, and in -ome ro< ks have a siili-

r.idial to r.idial arraiiv;ement. In one very < h.ir.iitciistii- [xirpliv

riii( li,is,ilt found, In wi'wr, c)nly as fr.n.ments in the aK^lonier.iies

south of the I.eed. Riser fault west of ( ioldstream st.ition. lie

pheno(rv-sts .ire t.ihular and api)e !r on the cxfHiscd surf.n" - is

n.irrow laths, whiih hase a diwrse to siihradial .irr.m^. nn ;

'

Dark patches of chlorite or serpentine, like those occurrir.i;

the normal h.i-alts, are common, and as they arc associ itid in

some rocks with a reddish, mii aceous miner.il, jirobabK i.' hl;-

site, the prob.ibilit>- is strong that at least some of the p..rphv-

ritic basalts, contained ori^jinally i)!n iiocrysts of olivine. Neither

c*.
>ts

•^•
;i /«':;
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Pillow Basalts.

At several plares througl'out the Mctchosin volcanirs,

notably in the vicinity of the small point on the south shore

of Albert head to the north of Parry bay, and at another

locality within 2 miles to the north and northeast of Sookc

basin, are basalts with an exci'iuionally well developed ellipsoidal

or "pillow" structure (Plate \'I). Mr. Ujjlow reports that .i

5-foot dyke exposed along the shore one mile cast of Glacier

point, also exhibits pillow structure.

The pillow structure of the Metchosin volranics is virtually

identical with the same stiucture developed \v. similar volcanics

of widely different ages. \ar>ing from Pre-Cambrian to the pres-

ent time, antl occurring in many parts of the world.' They arc-

found on the Pacific coast in California'' and Alaska' and aI>o

in the Vancouver volcanics of Vancouver island* although they

are not so well or so extensively developed in the Vancomer
volcanics as in the Metchosin volcanics. The Mctchosin

pillow-lavas consist of small, well rounded, ball-shaped masses ;i

few inches in diameter, to much larger i 'lipsoids. The largei

ellipsoids are more irregular than the smaller masses, but an-

smooth and rounded, pillow or bolster-like masses, varying from

1 foot to 7 feet* in diameter. As is common, the individual masses

are separated from one another and are sharply outlined on

weathered surfaces, owing to the more rapid weathering of the

interstitial material (Plate VI). Where the lavas are more

deeply weathered, the masses have been weathered out com-

pletely; and in places a talus of the rounded masses has been

formed at the base of the larger ledges of pillow basalt. The

weathering out of the pillows is facilitated by the concentrir

' See li3l and summary deacriptioa of occurrences by J. Volney Lewis. "Origin of pill )w

lavas." Bull. Gixi]. Soc. Am., vol. 25, 1914, pp. S95-633.

' Ransome. F. L., "The eruptive rocks of Point Bonita, California." Bull. Dcpt. C5poI..

Univ. Cal.. vol. 1, 1893. p. 112.

Lawson. .\. C, San Francisco folio. No. 193. U.S. Geol. Surv., 1914.

• Grant. U. S., and HiRijins. D. F.. "GeoIo.?y and mineral resources of Prince WillLira

sound, .AJaska," Bull. N'o. 443, U.S. CJeol. Surv., 1910. pp. 21. 26, 51, .52.

Capps, S. R., "Some ellipsoidal lavas on Prince William sound, Alaska," Jour. Cwl.

vol. 23, 1915. pp. 45-51.

• "Ocologj' of the Nanaimo Map-area," Geol. Surv., Can., Mem. 51, 1914, pp. 35-37.

» This seems to be about the maximum sixe reached by the individual masses in .in-.- of

the pillow-lavas that have been described.



261

jointiiiK uhich many of th.> „;il.
^-h lava. where\h!.'a"::::]^--r-„;n ,,,..,,,,,.
along the Canadian NorthernS ' '"

f^'
"""»' -^"""/s

'<al and ellipsoidal ntas.ses sen re n
""' ^"^^'"^ '^Ph. r-

out and broken out l,y Has, n, ',
,"
"Th '

"^ "^"---h-nd
;'a->y and economieailv han2d VT''

"''^ "^ ' '^''^^ "^ '«
ballast. As mentioned, the sm 'll^

' '" "'^''^ ^^"- ""ailvvay
n ^'^-Jpe l.ui the larger massed

'''"' '"'' ^''irly re^nilar
^ongate in the direa.on Hora':^^?'"^„ J'^''

"^ "-'"'v
^Surfaces of adjoinin,, masses arl Tn '

T '' '" ^''^^ ''-'^'"*^
one httm,. nicely, in a ball and sX "' '"^' .P-"^''-ann.s ofn the other, fn other lava d" :„''":"• '"'" "''-"'.ions
to be flattene, .„ their under 1nT 7' ''^"' "''^-'•v-i
can.rs the tmderside of the nil ow ' !?

'^' ^^'"^''^'^'^ vo!^
'-stations fitting around' c,::"''^"^"""-^'^' -H'' 'an.e
P-llows beneath, and with pendan rV^'""

''"'^'''' "'" ^''e
fitt.ng ,n,o the triangular .wc's V

'''"" '^^ '"^'-"tations,
P'llows (Plate VI).

^'"'^^ '^'^^•^'^" adjacent underlving

^^•OP^;:'^^; f^:^::---^ and ..nhrmed micro-
amygdaloidal basalts to faiHy Jo"

'"-.aphanitic and coarsely
Porphyritic basalts. The an v.7 .T^

"^'"'''- ^>"<' -'en
aloidal near their PenpheryTn?.^':;';'''"- ^'^^' '""^ ^^i"

have a rudely radial arrangel't; J l-'"
'''"""• '^"'"'^'^

amygdules perpendicular to the surf
.'

u"'''
^'^"^ "^ ^^e

•ersftial material between he n n
"^ '''^' f'""^^- The

-"^ »he pillows, althou; tt ,ru r."
"""^'">'

'^'-tical
Pl-ues gla.s,sy, and is ntuch mo e fr.c

' ^'^''-^'^ained. in some
been replaced and cut by ,Wul ,?", '-"'"/'^-^d. It has
and zeolites (chiefly laumo, S u

'

'-' ''"'"'' '"'''^^'
to such an extent tlL inX s a br"

"'''^^' ""'* ^'^^'--^^
ragments of ba.salt i„ a matn\ of n

' "'"^"^'^' "^ ^"^^^"'ar
has been formed. It is nl^ T'^"^'

'^''''f^- and mtlites
-p'a-i hy .coiites'c;;us:rr ^

^'"'^^^^'"'^'^' -^ ^^^- ^avities. Which are 2^ .^f SSe^S-'Ct Wilson, M E "f... .
-turner

• '-*"•. Mom. 39, 191 J.

'';..'^-'-«;^ 7^^=".



262

the pillow nor interstitial rock is variolitic as are many of the

pillow la\,is of other regions,' but the interstitial rock contain^

numerous spheroids, from 2 to 20 mm. in diameter, which have

a conspicuous, concentric, onion-like structure, some of them
havinjj also a nucleus that has been replaced by calcitc, qtiart/.,

and zeolites. These resemble lilhnphysie rather than variolitf^

but, as has been pointed out,^ lithophysa; are at least partly

variolitic or spherulilic in character, a conclusion that is con-

firmed in the case of the Metchosin volcanics by microscopic

c...imination.

Microscopically the pillows present no special or charac-

teristic microscopic features, but arc identical with the other

basalts, chiefly the fine to medium-grained, ophitic basal '.,^.

As i\^*pr\ macroscopically they are in places porphyritic and in

other places amygdaloidal. They differ from most other pillow

lavas in their comparative freshness, the degree of alteration

seldom being more than slight to moderate. The mafic miner-

als, chiefiy augite, have been altered to the greater extent. Most
of the feldspar, which is labradorite, about AbsoAnro, occurs

in clear, unchanged or unreplaced, primary crystals. In this

respect the Metchosin basalts difler greatly from the pillow-

lavas of Great Britain, that are characterized by albite or albite-

oligoclase feldspar which has been considered to be the result of

the albitization of the original feldspar soon after the solidifica-

tion of the lavas.'

In places, as noted macroscopically, the interstitial matter

is virtually identical with the pillows, but it is usually finer

grained and more altered, and is in many places glassy. In the

glassy rock the only recognizable essential mineral is feldspar

which occurs in poorly developed spherulitic groups some of

which are not definitely resolved under high powers. In other

groups the structure is irregular and the feldspar appears to bt.'

secondary. Owing to its fineness and its indefiniteness, tli^ felds-

par cannot be definitely determined, but its index of refraction

' Sw table of occurrences of p'Uow-kiva. Daly. R. .\.. "Variolitic pillo ,v-lava from \e v-

foundland," Am. Geol.. vol. 32. l'>03. p. 7,v

' Idfiinss. J. P.. "lancoin rocks," vol. I. 10(H, p. 2if>.

iDewev. H. and Flett. J. S., "British pillow-lavas." Geol. Ma?., vol. S, 1911. p;). :'i-'-

20'>, 211-248.
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direction of flow, clearly so in the comparatively few caset
where individual flows and definite bedding could be distin-

guished. As would be expected in such cases the amygdu'es arc-

best developed near the contact of the flows, the upper portion
of an individual flow being, as a rule, more amygdaloidal than
the lower portion.

Taxitic Varieties.

At not a few places flow-breccias and banded basalts arc
found, and they are particularly abundant near Buck hill and
Ragged mountain in Coldstream district, and to the south
and west of Tra:i and Muir mountains in Malahat district.

On fresh surfaces the banding or brecciation is seldom notice-

able, but on weathered surfaces it is most conspicuous since cer-

tain minerals, fragments, or bands, due largely to difference in

texture, weather to a different colour, and less readily than ad-
joining bands or matrix, and hence are left in slight relief.

In a few places the difference in texture between adjoining bands
is extreme, one being verj- fine-grained and even amygdaloidal,
while the other may be much coarser-grained or porphyritic.
The brecciated basalts or flow breccias usually consist of nu-
merous, small, angular, and in places block-shaped fragments,
seldom more than 1 cm. square, in a f ne-grained to aphanitic
basalt. On microscopic examination the fragments are seen to

be identical with the matrix, and, ahhough they may be ophitic,

are usually amygdaloidal and microaphanitic, or even glassy.

They are, as a rule, more greatly altered than the more massi\e
basalts.

FRAGMENTAL VARIETIES.

Associated with the flow rocks are fragmental volcanics

which are found at several places, notably on the south shore oi

Albert head, at William head, an^ in the short range of hills

north of Mt. Blinkhorn in Metchosir district; at two or more
places near Sooke river, and on the south slope of Trap mountain
in M.ilahat district; and along the northern boundary of the

Metchosin volcanics in Golustream district. With the e.xception

of the agglomerates at the last named locality, the fragmental
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Tlu' ajiKlomerates present no spt'cial microsroplc features;

the fragments arc identical with th- various tlow rocks already

described, alihouKh, as a rule, they are more altered. The matrix

is Iragmental, usually unsorted, considerably altered, and identi-

cal with the closely associated tuffs and breccias.

Tuff-breccias and Tuffs.

The tuffs and tuflf-breccias are chiefly dark greenish rocks

consisting of angular and irregular, red or greenish weathering;

fragments (up to an inch in diameter;, of dense and arrygdal 'il

basalt in a finely fragmental matrix. T1h'\- are altered lar;;. ly

to chlorite and are freciuently cut by quartz or calclle veiulcts

and impregnated with a little tinely disseminated pyrite and chal-

copyrite.

Like the agglomerates the tutTs and tuff-breccias present,

upon microscopic examination, no features of special interest.

They are clearly composed of basalt detritus chiefly labradorite

and augite with accessory magnetite The grains are angular to

subrounded, of widely varying size, and in most places have not

been deposited in thin layers or otherwise sorted, even though

the l)eds as a whole are clearly stratified. As noted, the tuffs

and tufT-breccias are very greatly altered, chiefly to chlorite,

epidote, calcite, and limonite, with quartz and calcite veinlets.

Laminated and Slaty or Cherty Tuffs.

Certain of the i-cry fine-grained and even dense tuffs are

laminated and clearly deposited in fairly quiet water. They
are lighter coloured and more greyish on fresh fracture titan

the ordinary tutTs, the lamination being shown by slight dilYer-

ences in the colour of adjoining layers (Plate VII). Certain

layers, usually the coarser-grained, in some of which small

angular fragments may be seen, are also more resistant to weather

ing.

The laminated tutTs, as shown hy microscopic examination,

contain angular fragments, averaging about 2 mm. in diameter,

not only of calcic feldspar and augite, but also of albite-oligo-

clase, quartz, and even of micrographic intergrowths of quartz
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SiO, ftS-75

AIjO, 12 >S

Na,0 5I(.
KjO {) if)

The igneous nature of the . ick anrl the scxlic character of

the fildspar are indicated by the hi^h soda and tlie very low

potash. From the partial chemical analysis, aided by a micro-

scopic, Rosiwal ana'ysis, and by a determination of the amount
of soluble minerals, chiefly siderite, 10-5 per cent, the mineral

composition of the rock has been calculated as follows:

(Jii.irtz i.\

Dlinoclase AbuAnii 53
AllKito 1-S
Kpiilotc 1-2
Chldrite 0-7
Siritite 0-1
Sidcritf 8-S
C.ikile. I'O
Md^nL'titu ci" 'i limonitc 1-0

Conglomerates and Sandstones.

In a few f^tlaces, nf)tably on the south shore of Albcn hcail.

coarser-Rrained sedimentary rocks, varying from l.ne-grained

sandstones to conglomerates with pebbles 5 to fi inches in diai"-

eter, occur with the other fragmcntal rocks of the Metchosiii

volcanic ~. They are dark green and composed entirely of an-

gular to well rounded water worn fragments of the associate I

basaltic rocks, from the debris of which they have been deiivod

by transportation and deposition in water. One bed of basaltic

sandstone on the south shore of Albert head only a few-

yards west of the eastern boundary of the map-area con-

tains a large number of fossil gastropods and fragments of the

shells of other animals wh'ch lived on the shores of the sea in

which the basaltic sandstones and conglomerates were deposited.

INJECTED TYPES.

Diabase Dykes.

Intrusive into the flow and some of the coarser-grained

fragmental rocks are numerous dykes of diabase which are clearly

related to the effusive types, and which are virtually identical

•/JSi®?
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has lat>n partly roplaral by sj-condan' alliitc or all)ite-()lii;(KlaM .

Like changes in similar lavas have rrrently U'cn cimsidcred as

takiriK place during the ov.liiin of tin' vDlcarncs, through 'hf

asiiK-y ol eillur juvenile nr ri'.-<iirnciit waters, or in simie iii-

Btances of surface waters, especially of a saline coin|)ositi'iii,

into which the volcanics were erupted. Since in 'lii' Metohosin

volcanics /eoliti/ation and aliiitization are virtually confuieil

to the pillow lavas, the condiliims j)ro<!urinn the pillow lav..s

must have l)Ccn resf)onsil)le al-o for tliiir peculiar alteration.

It is iH'lieved, as discussed under mode 1/ oriy;in, tluit the

pillow lavas an- of shallow, ^ulMuarine orik;in, and that they

were altered l)y the hot sea water minKled with enianaiions

from till' ((Hilinn \olcanics.

.AitlioUKh Kcnerally <inlv slightly altered, the Mctchosin

volcanics have been (irofoundly nn tainorphosed where the;.'

have been invaded by the Sooke intrusives, anil also where they

have been sjreatly r-heared I'v faultint;. Near the Sooke intru-

sives they have been contact-metamorphosed into rather hne-

grained massive rocks consisting largely of feldsjiar and horn-

blende. Where sheared the basalts ha\e been converted into

schistose rocks composed largely of quartz, feldspar, chlorite,

and e|)ii|ote. Moth the contact-metamorphosed and the she.ircil

rocks have been cut by quartz and quartz-epidote veins and in

many places are rather richly imprtKnatcd and replaced by

metallic sulphides, chiefly pyrite, pyrrhotite, and chaU. jpyrite.

Contact Metamorphosed Typi

The contact-metamorphosed type is abundantly and almost

universally di veloped around the stocks of Sooke intrijsivis.

The contact zones are, however, seldom more than 200 to MW
feet in width, and are f'-equently narrower, although in a few

places, especially along sheared zones, the contact-metainor-

phoscd and mineralized ro"ks arc found at distances of a mile

from any outcrop of the ' usives. Where less metamorphosed

the original te.xture of the uasalt is partially prcser\'ed, since the

feldspars remain unaltered, and form diversely to subradiallv

arranged laths, set in a fine-grained, lustrous groundmass whicii

'^^^
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presence of pyrrhotite indicates that the mineralization took place

under at least moderate and presumably under fairly high tem-

peratures. These conditions only prevailed within a short time

after the invasion of the Sooke intrusives, and must be considered

as a part of the contact metamorphism of the Metchosin vol-

canics, which was doubtless a contitiuous process with appar-

ently three well-defined, although probably overlapping, stages.

Sheared Type.

The highly sheared, dynamo-metamorphosed rocks are

virtually confined to the immediate vicinity of the great I.eecli

River fault, and form a zone 200 to 300 feet wide (Plate V'tlH.

They consist of greyish or greenish, but dark red or purplish

weathering, fme-graincd, soft slaty to schistose rocks cut by
numerous quartz, quartz-epidote, and calcite veinlets, and in

many places they are rather highly mineralized. They reveal

their highly metamorphic character only upon microscopic

examination which shows thini to consist of greatly sheared

aggregates of actinolite, chlorite, epidotc, occasionally biotitf,

quartz, secondary feldspar, and sericite with, in some rocks—in

particular those which were originally porphyritic—a little residua!

labradorite. Tlu- change was clearly accomplished during the

shearing of the volcanics under high pressure, but presumably at

moderate temperatures. The shearing and accompanying
changes were closely followed by the formation of the quart/

and quartz-epidote veins, which are themselves folialrd.

and by the mineralization. The development of the calcite

veinlets and replacements, which are rather abundant, took

place at a much later time; they are presumably due to cdld

ground water circulation in the zone of cementation. Tlie

sheared rocks have recently been subject to rapid weatherini;

which has resulted in large amounts of kaolin and liinoiiiii-.

STRUCTURi\L RELATIONS.

INTKRXAL.

The various rocks composing the Metchosin volcanics

are to a large extent conformably interbedded with one another.

"fi:

^'.iKCcn^N. s^c. -'-:m^. -ym^ ^^^S^
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of Bluflf mountain, 2 miles west of Sooke ri\cr, in the southern

part of Malahat district, thin beds of rherty tutT occur in an

agsilonieratc. FIxtendinii; for 5 miles along the northern bound-

ary of the formation, there is, as already mentioned, an extensive

bed of coarse as-'glomerate which, since its average dip is about

18 degrees and its exposed width 2,000 feet, must be 600 to 70i)

feet thick.

The coarser-grained agglomerates do not usually occur in

distinct beds, but in a few places, mar Albert head in Esquimali

district, 2 miles south of Mt. McDonald in Coldstream district,

near the south end of Raggeil (Saddle) mountain in Coldstream

and Otter districts, and along the shore south of Kemp lake in

Otter district, they form large, irregular to roughly circular areas.

They are associated with flow rocks and the coarser-grained tuffs

and breccias. The various types occur intermingled with each

other in a most complex manner and arc invariably cut by great

numbers of diabase dykes. It looks as if these areas of aggknu-

erates represent centres of volcanic irruption, active durinij

the accumulation of the Metchosin volcanics. A detailed ex-

amination of the exposures along the south shore of Albert heail

strengthens the conclusion although the relations and origin of

the various rocks has not been definitely proved. There is a

central mass of coarse agglomerate roughly 100 yards in diam-

eter which is at least partly surrounded by fine-grained, bedded

tuffs which in places dip towards the agglomerate. Beyond and

dipping away from the agglomerate, are coarse-grained tut!-.

and breccias, containing what are apparently volcanic "bombs."

interbedded with flows and with conglomerates and sand-

stones. As elsewhere, all of the rocks are cut by irregular dykes

of diabase. It appears as if the central mass of agglomerate is

the filled pipe of a small volcano surrounded by inward dippin.;

ash beds and by outward dipping flow and fragmental rocks ir-

rupted from the volcano. The volcano was doubtless built

above sea-U'vel and was subject to wave attack along its shnres,

resulting in the conglomerate and sandstones composed oi

basaltic detritus.

.'Mthough explosive eruptions of the central tyi)e occurred

during tlie accumulation of the Metchosin volcanics, it is con-

^^mi^
m^'
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shearing. Owing to the uniformity of the formation and the

great alteration of the sheared rocks, it is virtually impossible

to tell the amount and direction ot displacement. In places

a thrusting of the northern walls over the southern may be in-

ferred from the character of the resulting slickensides, drag

folds, and fracture cleavage.

Cross shear zones were observed in many places, especially

near the stocks of Sookc intrusives. Not enough data were

collected to determine their relations with the general forces of

deformation.

Jointing. The volcanics are everywhere broken by a

highly complex and seemingly irregular system of jointing.

In places, however, closely spaced, sheet jointing standing at

high angles, occurs. In a few of the massive flows columnar

jointing has been developed and is particularly conspicuous on

smooth glaciated surfaces. The rock near the joint weathers

to a darker colour than elsewhere, so that on the smooth, glaciat-

ed surface a r "re or less regular hexagonal or pentagonal pattern

is develofjed.

Stratigraphy and Thickness. There is no regular succes-

sion of different types of flows; all types occur interbedded with

one another, no one type appearing to predominate at certain

horizons over others. A possible exception is the 00 or 700-foot

bed of agglomerate occurring along the northern boundary of

the formation in Coldstream district. Since the general dip

is to the northeast, this bed would occur, if it is in place, at the

top of the formation. The base of the formation is not exposed.

Since the structure cannot be definitely determined through-

out any cont'uuous section across the volcanics, the thickness

of the Metchosin volcanics cannot be accurately determined.

If, however, the rocks, without being broken by faults, dip con-

tinually northward at angles of from 15 to 20 degrees along the

Sooke-Goldstream road, as they appear to do for at least 4 miles

to the south of Coldstream, the thickness must be at least 6.000

feet. Farther south the structure becomes more complex and

southerly dips and faults occur, but there is no evidence that at

4 miles south of Coldstream the rocks are near the base of the

formation which, as mentioned, is nowhere exposed. Hence

,^m
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railway cuttings northwest of Coldstream station, and is best

exposed in a small drainage tunnel under the railway track

about a mile northwest of the station. Where crossed by the

tunnel the main fault zone is about 30 to 40 feet wide, highly

slickensided, and dips to the northeast, exactly north 15 degrees

east, at an angle of 36 degrees. The stria-, drag folds, and cleavage

clearly indicate that the northern wall has been upthrown, and

that the movement was not exactly parallel to the dip of the fault,

as the strike of the stria; is north 22 degrees cast, showing that tiie

hanging-wall has moved with respect to the foot-wall from the

east towards the west. As seen in the railway cuts, the fault

surfaces are not plains, but are gently undulating, with sharp

crested ridges in the foot-wall only. The dip in places is as

high as 70 degrees and a\erages about 45 degrees.

In the western part of the map-areas, and even more con-

spicuously west of them, the fault bends at a small angle aoros^

the noriiiwcsti-rly striking Mctchosin volcanics. The strike <>t

th3 adjoining I.cech River rocks is, however, more nearly paralli 1

to the fault, although as described, at least the eastern nortiun

of the 'ault bevels across the Leech River formation at a \ei\-

small angle.

Even if we had no direct evidence of the upward movcnuni

of the northern wall, it would be readily concluded from tli.-

fact that the I.cech River formation is much older than tiic

Metchosin volcanics, and has. therefore, been upthrown ag.Tin-t

the volcanics. The amount of s'ip cannot be accurately detii-

mined, but apparently it is the upper beds of the Metchosin

volcanics, which have been estimated a» 7,500 feet thick, that

are in contact with the Leech River rocks considered to be tin

oldest rocks of the island; hence the slip has evidently hwn
large. Bef'-re the accumulation of the Metchosin vokanics

the deform d Mesozoic and Pala-ozoic rocks 1 i<l evidently luen

bsvelled by Cii^sion and the Metchosin voii iiics may, in tact

very probably do, rest directly upon the Leech River rocks;

but in any case the stratigraphic separation is at least 7,500 feet.

The fault not only extends across \'ancouver island, a distain e

of 40 miles, but appears to extend beneath Puget sound, 50 nii!(>

farther to the mainland, and as far again across western Washini;-

»-V
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of the volcanic rocks (.Plate X). Ii -houid be noted also that

west of the map-areas nrar the mouth of Somhrio river, similar

pediments but possibly belonging to the Carmanah rather than

to the Sooke formation, have been deposited on top of the eroded

Leech River fault. Hence before the deposition of these rocks

in lower Miocene or upper Oligoccne time, any fault scarj)

that ni;'y have been produced by the Leech River fault had been

planed off by erosion.

DEFORM.\rio\.

From the data given aliow it is (juile clear that the Metcho-

sin volcanics have been ilefnrmed by forces acting in northeast-

southwest direction, so that the resulting structures, both folds

and faults, have a general northwest trend. Since the pre-

vailing dij) of the volc.inics is to the north it appears as if the>

form either the southern limb of a geosyncline or the northern

limb of a geoanticline. The northern part of the formation as

already mentioned, appears to dip continuously to the north,

but varying dips are recorded in the southern part, so that the

southern, more greatly disturbed portion may be an anticlin.il

axis. It was along this supiwsed anticlinal axis that the larger

stocks of Sooke intrusives were irrupted. From this occurrence

it might be supposed that the northern stocks of Sooke intrusivo

were also irrupted along an axis of disturbance, but there is

little or no direct evidence that such was the case. As noted,

the dip of the axial plane of the secondary folds or crumpliiii;s

is to the north, as is also the dip of the Leech River fault,

the only fault carefully studied. The secondary folds and

strike faults all indicate a relative upward and southward mo\e-

ment of the northern limbs or walls; hence it appears as if tiie

forces of deformation acted from the north or northeast tow.ird

the south or southwest. This fact partly substantiates the cc in-

clusion that the volcanics form the southern limb of a geosyn-

cline.

All of the larger structures are co-ordinate so that it i>

almost certain that they were produced during the same peril kI of

deformation. Since the lower Miocene or upjx'r Oliogocene

sediments of the Sooke formation rest upon the eroded defornied
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The flow and dyke rocks and pn'sumal)ly the roarsiT-

Rraincd fraKnu-nlal riM-ks are of •*urprisiiinly uniform lom[)o^ition

and hviuv very liltlr ditTerentiation t<M)k pl.Ke. That >linlit

tlilTereiitiation tiM)k plare is e\idenced, howe\(r, by the feld^-

patliic, aiinite, andesite dyke in Sheriiinhani [xiint. The <litfer-

cnces lietween the various ty(KH are larnely dillerenccs in texture

or strurturi, caused dearly in most instances by correspond inn

ditTereiues in tile piu>ical condilinns under which the rock-

soliditu'd. Doubtless differences, now largely impossible to

determine, in the .imount and character of the volatile constit-

uents of the orin-ti.d lavas, were also significant. Of especi.il

interest are the ori^;in and conditions existing during the for-

mati( n of the pillow hi\as and laminated tutTs, in parti(ut,ir

thosi.' which are virtually cherts.

OKICIN OI Tin: I'lI.LOW I,.\V.\S.

Many hypotheses ha\e lieen advanced t(j explain the lur-

mation of the pillow lavas'; froin .-.ome of these and esiKci.illy

from the direct ob>er\'ations by Duttcin,^ ("ireen,' and AnderMiii*

the hypothesis most ct)nipletety and carefully stated and cl.ili-

orated by Lewis* imder the name "The theory- of bulbous buil-

ding," h<is been devclopetl'. The essential conditions for llir

de\iloi)nient of pillow lavas are, accordinjj to tlie hyiiothi^i-,

quo., g Lewis to a great extent; (1) a highly tluid lava which i^

viscous only within a limited range of temperature as it .ip-

;,-oaches rigithty, (2) a small but c(jntinuous flow of lava, and (.?)

' S*'f summary by t-ewi*. J. V., "OriKiii of jiillDW-lavas," Bill, fl-'ul. S<k\ Am., vol, j=:.

1914, pp. fti;-64S.

'Ditlciii, C. E., 'lliiwaii.iii voli.in(K>.<." 4tli Ann. Repl. IS. Geol. Surv.. ISSI, ;, ».

' Oref-n. W. L.. "Ve^mtos of tlic mtjltrn Klobe." pt. 2. Honolulu, IRS7. pl>. 17-*. 1T«,

and p. 277.

• .-Xntii^rson. TrmiM-st. "The volcano of .MaUivanu In Savaii." Quart. Jour. Crt^ol. So...

vol. 6rt, lOlD pp, 6U-6U.
'Oi>. cii. pi). oUi-r.S.!.

• Tlif cs.ifriti.il fcaturt-s of the theory an- to b<! founil in .Vihlerson's desiTiplU'ii of tht'

pillow-lava!" of the volano Mat.avanii; th>' iht'ory was b;vsfri on observations of tin- piM.iw.

lavas in the pro,:t*ssof formation. -M. K. Wilson in his discussion of theorinin of thi; pillow-

lavas of thp Kewaijanui L.ikt' rcRion of Quclid:. Ool. Surv.. Can., MiMll. 3'), I'HJ, pp. '^} t )

."i4, emphasises the two important features of the th;wr>-. althouKh restricting it to subaaucoin

flows. The writer also had written out a theory of "buddinii" (the word bciini sU'ii;'.*itc.i

by Anderson's use of it) for this report before either U'wis" or Wilson's theories had bcii

published.

-' ^"CT-T^ V^'i^
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»rsi ^-ii/y
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the presence of water i* riweiiti.tl; while others' have denrriU'd

pillow stnii tiire in rliMrly injected nu k», which appear, howevir,

to have U-en intruded at very ^h.lllow depths into iincoiiHolidate'l

sediments; and still other niolonist»= have dt-scrilH-d pillow

lavas which are unquestionaliiy subaeri.il. Henie pillow lava^

clearly do form under other coiiilifions than sulia(|ueoiis, a fai t

which is in accord with the theory "f "bidltoiis l)iiddin({." Lewis*

sta' s that:

"Contact with water may have the efTect of either

hindering or promoting the formation of pillow structure.

Conditions of temperature and flow that are favour.d)le to tin-

production of extensive pillow lava on land may Ijccome

so mfxlified by flow into water that the extent of the struriure

will be much restricte<l. On the otlu r hand u tlow of

such volume and fluidity as would spreari rapidly into a con-

tinuous sheet on land might be checked and largely transformed

into pillow lava on entering a body of water. Hence it seems

Siife to conclude that neither the presence nor the absence

of water per se, can lie predicated as particularly favourable to

the formation of this structure."

From evidence already given it is quite certain that the

Metchosin volcanics are largely of submarine origin, althou>;li

certain cones may have been built above sea-level to form

islands. Hence it seems fairly certain that the pillow la vis

of the Mi'tchosin volcanics were either erupted l)eneath the ocean

or llowcd from the sides of volcanic islands into the ocean.

As alread> stated, it appears from the numerous descriptions

that ni'-t j->illow lavas are of subaqueous origin and hence it seems

as if the (>roper relation between the threi; essential conditions

in the pro<iiirtion of pillow lavas is most commonly met with in

subaqueous ihiefly submarine) flows. Since the formation

of pillow structure may be terminated at any time that the proper

The South Italiari volcanoei." ed. hy !!.

t.'iiiv., C,il.. Dept. of (>ol.. vul. 1.

' r-Kitaiiia. G.. "G*oI laical noted of AcircaJe.

T. Johnston-., 'is. N'apU". !Hi)l. pp. (7-44.

Ransomr, !' I... "G,*ol > of .XtiKcl islanil," Bull

1804. pp. iiyi-2i;2.

Lawson, A. C. San Krancin. o, Folio No. 193, U.S. (ieol. Surr.. I't4, pp. 5-7.

' N'oiiihly l.<*wis. J. v.. op. cit. pp. 624-620. L<?wis also Jitei A. L Day on p. 64.>, who
lias seen pillows fuiminit in the crater of tCilauea.

'Op. cit. p. 652.

"4^
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perhaps most actively in water—partially fills the interspher-

oidal spaces with breccia, when such openings persist, owing to

the failure of the pillows to fit together perfectly Occasion-

ally a growing pillow may crack during its expansion, in such a

manner as to spill a portion of its liciuid contents into the spaces

between underlying or adjacent pillows. (As seen in the Met-

chosin volcanics, the interspheroidal spaces are filled with a

basalt almost identical with that of the pillows although no

liollow pillows were noted in the Metchosin volcanics.)

Where conditions suitable to their production exist, the spaces

still remaining unfilled olTcr faxourable places for the wonderful

variety of beautifully crystallized minerals for which some of the

pillow lavas are noted. These include quartz, calcite, the

zeolites, datolite, prehnite, pectolife, epidoie, and many other

less abundant species. Secondary processes, especially in lavas

that become deeply buried, have transformed the glassy crusts

and interstitial fragments in many flows into green chloritic

mixtures, and in many regions corres[X)nding changes have

taken place within the crystalline lava as well."

It remains to discover the suitable conditions necessary to

produce the alteration. These conditions many geologists,

including Lewis.' have discussed. Perhaps the most characti r-

istic of the secondary minerals, referring especially to the Met-

chosin volcanics, are albite and the zeolites. The formation of

zeolites and secondary albite in basic volcanics has been re-

cently summarized by Lindgren' who quotes rather fully tin-

conclusions of Fenner,' Lewis,* and Dewey and Flett*. Tlitrc

arc two principal hypotheses of origin: (1) that they are fornuil

by percolating ground waters possibly in the zone of weathering

but chiefly in the zone of cementation; (2) that their formation

'Lewis, J. v., "Orisln of the 9econd.-iry minerals of the Triasaic trap rocks," Bu!!, I'l,

Geol. Siirv,, .\ew Jersey. 1'115, pp. 4S-4'>.

' l.imlsren. Waldemar, "Mimral deposits." I'M.?, pp. M4-,10i).

• Fenner, C. N., "Features indicative of physiographic conditions prevailing at the ti:iie

of tlie trap extrusions in New Jersey," Jour. Ool.. vo'.. 16, X'ms, pp. 2'W-.!27. and

The Watching basalt and the paraijenesis of its zeolites and other secondary niiniuU"

Annals N,V. Aai. Sc,, vol. 21), 1910. pp. 97-187.

< Op. cit.

• Dewey, H. and FlHt, J. S., "On some British pillow-lavas and the nxka asdov-idled

with them," Geol. Mag,, vol, «. 1911, pp 2i)l-:m, 241-247.

vr""*^:.
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restriction of the zeolites and albite in the Metchosin volcanics,

to the pillow lavas; for, although nearly all the Metchosin la\a-

are believed to be of submarine origin, yet water played a sit;-

nificant part in the cooling only of those flows which were neithir

too large nor too small or neither too hot nor too cold to rorm

pillow lavas.

ORIGIN OF LAMINATED AND CHERTY TUFFS.

In many places, for example California', Alaska-, Lake

Superior region^, and Great Britain^, basic lavas like those of

Vancouver island, especially those containing pillow lava-

such as the Metchosi.s volcanics, are associated with chert

\

and jaspcry rocks such as arc found with the volcanics of Van-

couver island. In California, Alaska, and at many plaivs

in Great Britain, the cherts and jasfjers are clearly of organic

origin, composed largely of radiolarian remains. In the Lake

Superior region' where, as in the Metchosin volcanics, the cherty

rocks contain large amounts of iron carbonate, and at places

in Great Britain', the chert has been considered to be largely

a chemical precipitate; and Dewey and Flett' conclude that the

abundance of radiolarian cherts with pillow lavas is due to the

exhalations of magmatic vapours or solutions, rich in dissolvdl

silicates of soda and other bases, into the sea, thus providiiii;

very favourable conditions for the rapid multiplication of silii a

secreting organisms. Lawson* regarded the radiolarian chcris

' RanBome, F. L.. "Geology of .-Vngd iiland,*' Bull. Tiilv. of Cal., Dept. of Geol.. IS'J4.

pp. 193-240, and

Lawson, A. C, San Fransisco Folio No. 19,5. U.S. Geo!. Surv.. 1914.

' Martin, G. C, "Geolofjy and mineral resources of Kcnai peninsula, Alaska." Mull "^^7.

L'.S. Geol. Surv., 191S, pp. 60-61.

• Van " <e, C. R. and Lcith, C. K., "Geology of the Lake Superior region," Mon. S2, IS
Geol. Su 1911.

• Dcv^t-y, H. and Flett, J. S., On some British pillow-lavas and the rocks associated ftiui

them. Geol. Mag,, vol. 8. 1911, pp. 244-24.S.

•Van Hise. C. R. and Leith, C. K., op. cit.. see especially pp. 500-518,

< Cole. G. A. J., 'The radiolite of Ceryg Gwladys, Anglesey," Sc. Proc. Ruy. Dulil'ii

Sec., vol, 7. 1891-92, pp. 112-120; and

Gardiner. C. L and Reynolds. S. H., "Paleozoic rockt of the Kilbride peninsula." Qadn.

Jour. Crtrol. Soc., vol. 68. 1912. pp. 80-81.

' Dewey. H. and Flett, J, S., Loc. cit.

• Lawson. A. C, "Geology of the San Francisco peninjuU," 15th Ann. Rept., U.S. Geol

Surv.. 1895, pp. 425-426,
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that they may have l)ei'n niixnl with a hule truly sedimentary,

but very tine-brained material.

A similar conclusion as to the orii;in of the cherty rocks of

the Sicker series has l;i'en di'duceil by Cooke' from somewli.ii

dil'ferelit data.

As already stated, Dewey and I'lett have considered th.it

similar thermal sdlu'.ions fur'-.ished the necessary silica for the rapid

nudtiplic.ilion of silica secretin^; or^'anisms which formed the

radiolariaii cherts associated with the pillow lavas of Ciriat

Britain; while other geologists believe tliat such solutions ha\t

deposited siliia directly. It is also believed that these saiiK

solutions, as stated in the previous section, caused the albiti.' >-

tion an<i /eolitization of the associati-d lavas. The source of tlu'

tluTtnal solutions has alread\- been discussed in the previor,-^

section and it has been concluded that they are either dim i

maginatic emanations o- inagmatic emanations mingled witli

meteoric waters heated by contact with thi' hot lavas, tlu

writer (inferring the second conclusion. Although the Li\.i-

wliidi are albiti/cd and /.eolitized are frecjuently, as in the c.i-e

of the Mctihosin w.'lranics, pillow lavas, they are not so e\('r\-

where. The greater alteration of the pillow lavas is presunuiliK-

due to their porosity and rate of cooling rather than to ,inv

chemical c.uise. Hence it is not to be expected, for thcoriti<Ml

reasons as well as from their occurrence in the Metchosin voleall-

ies, that cherts will be found in more frequent or in clo-cr

as.-ociation with submaiine pillow lavas than with any other

subniarin< lav.i of the same composition.

AGi: AM^ CORRELATION.

The Metchosin volcanics, which we.e previously con^idi rcil

to be doubtfully Jurassic or Triassic,= are now known to be of

upper Eocene age. Interbedtled with the normal bas.ilts on

the south shore of .-Mbert head, a few yards west of the cistnn

boundary of the Sooke map-area, ar 1 well exposed only ,it 1""

tide, is a ,^-foot bed of sandstone of basaltic detritus, ilia I i-

rrowded with shells of gasteropods and pclecyi)ods. Tin-

» See section on the Sicker aeriefl.

Geol. Surv.. Can.. Mem. 13. 19)2. pp. 9+-9S.

hMM^ '-fri."
i--;-v?-,v--'
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to have a thickness of only 1,500 feet to 2,000 feet, hut there arc

exposed single sections of the Metchosin h.isalts that are over

2,000 feet, and they have been conservatively estimated as

7,500 feet thick.

Weaver' considers nearly all of the Tertiary volcanics of the

Olympic peninsula as o! upper I-l.-cene age. These are presum-

ably ..rrelated with the Ivocene Teanaway basalts of central

WashinRton'-, but have no correlatives among the Terti.in

vf)lcanics of the mainland of Hritish Columbia, which are all I'i

Oligocene and Miocene age'.

Sooke Intrusives.

Intrusive into the Metchosin volcanics are several sm.ill

masses and stocks composed chiefly of gabbro. This gabbro

has been called the Sooke gabbro* from its principal occurniK

v

in the East Sooke peninsula; but as the intrusive masses lia\e a

considerable nuige in composition, their name has been chant;c.!

to the Sooke intrusives. In mapping, a granitic and an an^i-

thositic ditTerentiate have been distinguished from the noniuil

ga' 'iro and its more closely allied fyies.

DlSTRIBl'TION.

The Sooke intrusives are found throughout the area umhr-

lain bv the Metchosin volcaniis which, with llie exception of a

narrow strip along the western half of the southern boundary

of the Duncan map-area, are confmed to the Sooke iiiap-.in.i.

The intrusive masses are grouped along two priiuipal a\. r,

which have a general north 70 degrees west strike, correspond in .;

with the strike of the Metchosin volcanics, one axi^ occurnn-

in the northern part of the belt underlain by the MetchoHii

volcanic?, and the other occurring in the southern \\\r\ n\ ilio

belt. By far the larges* stock, about 5 miles long, 2\ miU- wi.lc,

1(1,,. .it. p. n ;m.l rkiU- .\.
.

= Si-i- Ml. Stu.irt fiilio, No. UK,. 1904. ;inil SiuMliialmii: I-i.iu>. No. 13<'. I'liK.; I .'•. l
Surv.

' D:ilv. K. .v.. 'North .\nu'riLan

XXXV iind -\xxvi, pp. ^^~ ''».V

• Cfol. Surv., Can.. Mom. H. I'U:, p. 11.'.

onlilU-ra, Korty-niiuli parallel," part II. I"1J

j: ''•:>'
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ated only into three types: the normal gabbro with its closely

allied fades, an anorthosite, and a granite facies. Indiiil,

with the exception of the East ?>ooke and Rocky Point stoc k^,

the stocks are almost entirely composed of the normal gabhm

and the granile facies. The special types, olivine, hornblende,

and feldspathic gabbros and anorthosites, arc largely con-

fined to the East Sooke and Rocky Point stocks whidi,

curiously, contain but very little of the granite facies. Sniiif

hornblende and feldspathic gabbro and even some hornblenditi-^,

are found, however, in small amounts in the other stoiks.

Normal Gabbro.

The normal gabbro is a rather dark greenish mottled ri" k

of medium to coarse grain, with an average specific gra\-ity <if

2-897. In a few places near the outer intrusive contacts the

gabbro grows finer grained; and to the northwest of RaK^ft

mountain where transitional into the granite facies it is lim -

grained and porphyritic. The gabbro is composed largely it

clear to greenish weathering plagioclase feldspar and dark gntii

fcrromagncsian minerals which are seen microscopically to Ik

largely augite. The augite is, however, altering to hornblt ndr.

and the cleavage faces of the secondary but compact hornbltmlf

arc so conspicuous microscopically that the impression is gaitml

in the field that the gabbro is chiefly hornblendic'. This im-

pression is further strengthened by the occurrence of coar-f

gabbro with large bladcd hornblendes southeast of Enii)r»-

mountain, and also in the Broome Hill stock. The MnMuiu

Hill stock is virtually the northwestward extension of the F..i-t

Sooke stock and the lithology of the two stocks is similar; tli'

y

are composed of hornblcndites and other special types of gal )lini

Feldspar and augite in the normal gabbro for the greater part

occur in nearly equal amounts. The feldspar is ordiii.irily

rectangular, but may form long lath-shaped crystals. Au^iie

is interstitial to the feldspar in most rocks, but in a few rorks

forms rather long prisms, which with the lath-shaped fekispars

have a diverse tc sub-parallel arrangement, thus giving the n .k

' £<e Gcol, Surv., Can.. -Sum. Kept.. 1912. on the Sooke map-area. p. i1.

^^^t'imfu-^
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Cranilc

The Rranilf farii-s of the S<M)kr inlru^i\^•s is a linht unv.

brownish or n-ddi^h to white we.ilheriti^;, tine to nu'(liiiin-^;r.iini(!

roek, with an averane -^(Mntu- uravity of 2-688. The tim-

grained v.triety is contnied to the eontai t /one of the st(K-ks and

to the alini|>i transitions into the normal nahliro. The Kfanin

is roniiMised largely of feldspar, whieh may form rert.mj;ul.ii

grains, ((iiartz, whieh is largely interstitial, and interstiti.il d.iil

miner.ds. Portions of tl.e roek .ire she.tred an<l tr.iversed li\-

interstiti.il d.irk miner.ils.

Microscn[)irally the essenti.il mit.er.ils of the Kf-'"''*' 'H''

qii.irtz. orthoi'l.ise, alhite-oligoi lase alK)iit Alb.iAiini. a litlN

olinoi i.ise, and hornlilendi'; .md the accessory minenils .m-

magnetite, ilmeniti', tit, mite, and apatite. The priiuip.il

niiniT.ils occur in about the following .imoimts:

( trthiu l.isf I.i to J(t pir cent.

;\lliilc-i)li|,'(jcla»e in „ '.>

Olinoil.i-e .S ,. Ill

lliMi-l/ 25 .. ,i5

llornhlfiiilo, , . . .^ .<; ., in

M.i|.'.iuiiu- .iml iliiR'niti' 1 .. 2 ,.

•ii-ii

.1-

The olJKOcl.ise and part of the alhite-oligodase occur in

rather long, rect.mgiil.ir grains and are surrounded hy a wide

zone of a rather ( oarse micrograi)hic intergrowth of (|ii,iri/

and either orthocKiM' or alhite-oligoclase. These miner,

form separate anhedral grains iaterstiti.il to the enhedr.il li

spars. In the fme-gr.iined \arieties the texture is aiilndn!

to siit>-[Kirphyritic. and some of the (luitt/ gr.iins are emli.ivul.

The sli.ipe of the original hornhle'ide gr.iins cannot he di'teniiiiK d

since the hornblende has been almost completely altered. A- ,i

whole the rocks are slightly to moden.tely altered. The li. rn-

blendes are replaced !)>' epidote, chlorite, and limonite; ihe

feldspars are partly replaced by epidote and sericite, and ib'

ilmenite has been altered to leucoxene. In the she.ind n'(K~

the prim.ir\- minerals have been granulated, and with tlie c\np-

tion wf qu.irtz have been largely replaced by epidote.
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STRUCTl'RAI. RKLATIONS.

inti;rnai..

As nnicd iindtT m('tamor|)hism tlu' Sxiki- iiiiru.-.ivfs li.uc

btt'n (Itloriiu'd slij^litly, pnMliiciiin shear /mu's, whi(li, with t!u

fxri'ptiiin of tlioHf traversing the K.i-' S(H)kf, Roikv I'uiiit, .itnl

Hnxmu' Hill stocks, arc not extnihivi-. The intirtst in tin

internal stnictun- of the Siokc intrusives, therefore, lentre-

in the relations of the v.irioiis rock tytH's to e.icli other.

At several places, in fact along all of the exposed contacts

iH'tween 'he two, the gabbro, which gfcatly predominate-^,

and the granite may l)e seen to grade into one another within

a distanct! of 1 to A feet At most places the two rocks maintain

thi'ir normal character t. the narrow transitional /one, although

usually the gabbro is mort' fcldspathic near the tr.insition.il /one

than is normal elsewhere. In a few pl.ues, as to the southiM--t

of l>npress mountain, the gal)bro is tine-gr.iined and i)orplnriil<

near the transition and even the granite is fine-gr.iine<l. In ilu

vicinity- of lJni)res> mountain the granite clearly overlies tli.

gabbro, and grades abruptly downward into it. As n)ay I"

seen on the accompanying geological map, the gr.mite fonii-

three or four small knolls about 100 feet hi;;h 'i>.r" 'iitiii..

the gabbro ridge; .ind a mili> to the southeast of the suiniiiii d
Kmpress mount.iin, the granite occurs at the top of the inlrii-i\f

stock, forming a zone or layer 100 feet or more in thickn<—

i

ca()ping the gabbro and immeili.itely imderlying the appareniK-

fl.it roof of Met< hosin volc.iiiiis. For the most part, howi\«r,

the contacting facies of the stocks is gabbro, and at several pl.m -

the granite forms irregular masses, many of them too sinall ii

map, |)artly or entirely surroimded by the gabbro, and in some

places not situated in any definite [josition with respei t to tlic

gabbro. Most of the granite masses arc, however, situ.iii.l

near the {X'riphery of the gabbro stocks and the two small st.u k-

occurring along the boundary between the Sooke and Duik.i;!

map-areas are composed entirely of granite. In additioii

it should be noted that the granite facies is largely confined to i!u'

smaller, less eroded stocks and is virtually absent in the l.irj;rr

and more eroded stocks like those of East Sooke and Rocky
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fonnalioii arc seen to lie in lioUows in tho Sookr intrnsives,

and tho basal con^lomiTatts of tliu Sooke formation contain

boulders of tlu' j;.il)l)ro and ^ranilf. Hiiiic it is iloar that tlic

Sooki' formation was duixisitcd after the cowr of Mtt( liosiri

bas.ilts, iiossibly not very thick, was stripped away from i)art of

the intrusive rocks.

MODE OF ORIC.IN.

The Sooke intrnsives. whiili ha\e ele.irly been rryst.dli/e<l

from a molten or maj^matie st.ite under deep-se.ited condition^,

form small storks intrusi\e into the Metchosin volcmies. rhr\-

have been intruded chietly alonj; two prineip.il ,i\es which corn—
pond with the general strike of the Metchosin \-olc.uiics ,ind

which mav be axes of s|)ecial defornKition. The l.irijer slock-.

are elongate in the sanu' direction inortii 70 detjrec^ west) so

that it is clear that the slocks wt le intrude<i durini; or following;

the dcform.ition of the Mitciiosin solcanics, and that the Iiki

of intrusion was partly controlled and determined either by llir

forces causinj.; delormation or b\' the detormed rocks. Sine,

the date of the irrupti(]n of the Scjoke intrusi\es is th.it of ilii

diformalion of the upper l!ocene Metchosin \-olc,uiics, th.il i>

lower Dliiiocene, it apjH'ars ,i^ if the same forces were responsiMc

for both deformation and irruption.

Whether or not the exposed stocks .ind bosses .ire pro-

tuber.uicc- of the two l.irner bodies of t;,ibbro that follow tJ!."

|)riucip,d axes is, of course, doubtful, but the writer is inclinrl

to believe that they .ire. .Moni; the southern axis, exttiidiiu

from Rocky point to \]h- western ed^e of the m.ip-are.i, ,i di-

t.ince of 24 miles, the >l()cks ,ire in no case more th.m ,> milrs

ap.irt, ami of the tot.il leni;lh the intrusiws directly underli.'

at le.ist 17 miles, or o\-cr 70 per cent. In addition, tlu mil-.

seiianiting the stocks are in some i)l,ici's the uncontorm,ilil\-

o\cr!vini; Sooke sediments, whicli ni,i\- rest in these • !.ic. -,

directly upon the intrnsives. .Xlon^^ the norlheru ,ixis. .\!ii.!i

extends from south of Mt. McDonald to the headwaters ol lirir

creek, a distance of 1,? miles, the stock-, although sep.ir.iinl

ill no case by more than .5 milo, ,ire sm.iller .md oid\- undcrlir ,i

little more than half the tol.il length of the .ixis. Hut in tlir-r

WW



TjiL-.sSii*.r»^7.:^.'5::cm:- = -sMik.

storks the KHinito f.

that th
•IH'S

!'• Rninid' f.i

301

'"sr <i('veIop,.,|. .ind

m.Tsst's, it

axis

'na\- well

•'"l' "(llpol.ls'

mass of nahliro

ili.i* iU,

'MDi:

' file t

II storks

'op ,)( tl

I'l' f it appc-irs

<h I, irRcr, I

All

I"' mtnisivp
<|f llu- ii.irthern

"" llluxp,,>,i.,|

and the t;r,

Sook(

i"ii,t;li unlike litl

I'l.ilioii
I

'"'"Kicai.v, (lieelose

intnisi\(.
i

lelween t

struetiir.il rel,

t'nti.ites of ,1

fa.

'le san

'"'""' <'<'.irly that th

.uranite and ^alihro (

iiions

leies KreatK
'o<|y of ,„

"""position. In ,|

P><do,„i„.,,(,^^
,jj^^__l I

''M'lia which.

tu-o f.ieie;

since thi

"lesof il,^,

differ-are

f, ieie> elearl

'"O. Ill o(|„

'y ovcrli

" \" "lily of |.;„,pr,

I'.iw heen gahhroid,

,Uahl,:

ii's and Is tn
mountain tli(> ^r,

two Hh ks

I'laee;

"'^"i"nal downward into tl

"la\-Mo| liedcl
[xriphery of the r.iIiI

ilthoi|..^I, ,|„.
I

inii(

stfxk aih

I Ik

Inn
TO inas

losiiional

j;ranii,. ii.iialj

relations

il in

anile

•Kah-

f the

and
'< "1 tht

in till

I

supposed larger stock:

iifiper port

y occurs near ih(

smaller, less .roded

nipress moiinlaii
:>f thi

lontro

'' '"iuinal Kal)hn,i,K,l

'r lull

qilile

'lohlh

"'" '" Protuherances of
Fn tl

''••ir th.il ,i

I"' \ieinily of

III! th

lll.lt Ihe f,

'• .uranile fa\-en

iiiannia took
liffen

Ralihro (

raiii^einent of

:ieu-

i.U<' <l)eci(l

•'r<' arraiig

P'aee iillilir

ii'ialion

iwrage spe.ilic .uravilv >

cd accordi

Kra\-ity 2-6HS)

,t;ra\-itat ive

ens-

roc
I

897) hcl

and SIills

111 niosi

ro(k th

''lit is noi ,

ia\-e aneas<\.

'•"iiimon in injected
I

"""""11 ill iMiholith. and'

ii.y to their d,

"11 t-ij), and (he

1 an ar-

>lilhs.

"•low. Sue!

lOllll

:in I hat of
"Iter I)eriplu.,al ^|„.!|

i\\c\-er.

rocks a

"if <entral and m
1 ileariN- (h. fined

1111 Jiorii

-locks \\hich

1 more Iniiic

ranged
escrihed jiv tl

'lelher t
w

into ih

•iMelioiial

""iiig to ih( I

aecon

H- writer.'

liiK

fxanif)
"•"' theiialholiih.

to th

"' ! Iiaiholit!
fir densitv

Ilias been

1 with

'ri'\-ioiisIv

If actual diiy
f .^raniie and gahim,

fi'fiilialif

<T\-slal
loo

li/alion, or

of llu- I ran-.iiion, ii

lonioycileity of (

lacie.'

ii'iuidalioii
i

"1 of ||„. ,„.

If two

u hil at ''1st .some of tin

liiile elear | lal iliff,

foilslitiienis w

\yiiial niagni.i
'''"' t'li-ough diCfusion.

'iiiifli more unctTiain.
'''^ •11"! theal.rupiness

I'eniialioii occurred

'f T,-d,

'I'. ( . II.. I^

'• l''lll. I'p. s-s

'^''''-
111 a niolicii

ci,,,
" roi ks of !;,

mi tliiNr M.I.
.\l.i.--

iiiii. I'm.
Alwrr.u-t of th,

PI'. JJi)-J4.i.

.'-. Mii;is. Inst.



302

mobile condition, allowing the products of differentiation to

separate from each other almost perfectly. If the separation

occurred while both facies were in a molten condition, on account

of their increasing immiscibility as the crystallizing tempers 're

was approached, it is; doubtful if the two facies would nave

separated so perfectly as they have'. Furthermore, liowen"

ha? almost proved that silicate magmas d(j not become immis-

cible in the Ii<|ui(l state, but that differentiation is caused largely

by fractional crystallization followed by a separation of the

crystallized and uncr>-stallizetl portions of a magma. It is

(juite certain that in the Empress Mountain stock the

yeparation (jf the earlier crystallized, basic, or femic cf)nstituent^

of the Sooke magma was due to their sinking in the magma
by reason of their greater density. In consequence of the cr\

-

stallization and subse()uenl elimination of the mafic constituent-,

the upper portions of the magma became acidic or felsic, anil

crystallized to form the granite. It is possible that where tin-

granite does not appear to l)e on top of the gabbro its diller-

entiation did n(jt take place, because of the rapid, almost siniu'-

taneous crystallization of all the constituents of the original

magma against the relat ely cold, intruded Metchosin vol-

canics, until after an (juter and heat preserving shell of gabbro

had solidified as a result of the ((uick cooling.

The top layer of granite in the Empress Mountain stork

is not much more than 100 feet in thickness, so that in liiis

stork the amount of gp.mite as compared to the amount nl

gabbro is insignificant. It is not likely, therefore, that the

granite of the small granite stocks to the northwest of the

Empress Mountain stock extends to any great depth. Either

these small stocks are small intrusions which were drawn vii

from the upper part of lower and differentiated bodies, or elso,

as seems more probable, they are the upper portions of larj^tr

stocks, the unexposed bulk of which is gabbro.

'.Such complete 9rp,-tration may not have occurrwl in the E.ist Sooke atock: bin i.\tA^

prefers to explain the intimate mixture of rocks that are found there by the mixing of aepar;iti 1

facies by dyna.-nic movements befnr.' their complete solidification.

' Howen, N". L.. "The later stas j of the evolution of igneous rock»." Jour. Ool,. s.i;.;'!'-

ment vol. 23. 1915.
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the upper F.nrene Metehosin volcanirs: and they are iinroii-

formably overlain by, and hence younger than the Sooke fi'i-

mation /hich \^ ol middle Oligoivne to lower Miocene ai;< .'

The Sooke intrusives may. therefor. , he (luite certainly del. r-

mined to he of lower Olijjoci ne age. and were probably intriid.d

diiriag or immediately followinR the deformation of the Mei-

chosin volcanics at the close oi Kocene time. It has already been

suggested- that two of the minor intrusives. the gabbro dykr^

and masses and the quartz diorite jKirphyrite dykes intru-ivr

into the I.eech River formation .md M.ilahat volcanics. ,iU'

possibly related to the gabbro and granite tacies of the So-.ke

intrusives. However, owing to the lack of i)ositive inform.itioii,

the two minor intrusives have 'iin cornlited tent.itively with

the upper Jurassic irruptives. No other irruptives are kn..wn to

occur in the ("oast region which appe.ir to be definitely '.l.iti I

to the Sooke intrusives; but dykes and sills of d.uite and tr.icluic

porphyrite occur near the east co.ist of Vancouver island' cufiui;

the deformed Nanaimo series of I'pper Cretaceous age, and lli. >

were apiwrently deformed at the same time as the Melcho~in

volcanics; it is, therefore, possible that these dykes and .-ii!~

were injected a' about the same time as the Sooke intrusive>.

Gabbros of East Sooke and Rocky Point.

(//. C. Cooke.)

INTROnrCTION.

Of the small .nasses of Sooke gabbro and allied !a. ;>.

intrusive into the Metchosin volcanics. two ha'e been m.i. li-

the subject of speci.d study by the writer. The larger luiderli.-

the greater part ot ICast So(.ke peninsul.i .md is elliptii il >n

outline. Its major axis is about .S mile- in length and it- uiinnr

axis about 2\ miles. It is of economic interest as it loriii- Ik-

cf)untry ..(ck of Hast Sooke copiur deposits, and ol -cuni'ii'-

interest as it affords an excellent example uf the course ol diinr-

' Se<- p.iKi'!. J 14 and 216.

'CKipl', C. II., "GfoluKV of the Nanuimo maii-iire^," Gi-ol. Siirv.. Can.. M'l" ^1- '''''

pp. »(l-sl.

mmi^^M^'m
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tion of shear zones varying from a few feet in width up to 250

feet. There were several periods of jointing. Faults appear

to have been confined to the East Sooke mass, as none were c')-

served in the Rocky Point area. The joint and fault planes

formed the channels along which escaped the juvenile solutions

which hornblendized and aplitized the rocks. The fault fissun--

in particular have an economic significance, as through tlum

alone pa.ssed the latest solutions which deposited the cuijjm r

ores. Prospecting may, therefore, he contitu-d to the E:\^t

Sooke peninsula, and should he directed to the discovery ad
exploiation of the shear zone?,.

CKNERAL CHARACTER OF THE DISTRICT.

The surface of the Sooke peninsula, as the map shows, is

rather rough, and for so small an area possesses consiflcr.ililc

relief. On thi west it rises rapidly to Mt. Maguire, a peak KMt

feet in height .iiid only 1 mile to 1^ miles from the coast. Tiiis

peak overlooks the country to the southeast, which maintains i

general level of 500 to 600 feet, although surmounted by'^igiiil

hill which attains an elevation of 760 feet, and by a few Imiv

knolis. From Signal hill the country slopes rapidly to the si i

on the south and east, and slopes more gr.'dually on the noriii-

east to the low valley which divides the peninsula fnun tl i-

mainland.

The distric*- has been thoroughly glaciated, resultiu.; in

the almost complete removal of the soil. There remain unK

patches of stony drift on the uplands, while good alluvial -iH

is confined to a narrow strip along the northern and wr-sKin

c( asts, and to a few low valleys in the interior. There arr no

permanent streams, and during the nearly rainless suinnn r

season it is difficult to get a continuous supply of water e\en

from wells. Timber is not heavy, except where patches ol tairh-

deep soil occur; the salal bush, however, grows luxuriantly

everywhere to a height of 3 to 6 feet and forms a great impedi-

ment to travel.

The peninsula is easily accessible from Victoria either I'v

launch or by road. The roads are unusually good, thoni^h

hilly.

m'¥
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to it, while the single outcrop of Kranite is at the extreme pcriph-

er>-. The jjroatest irri'^ularity is found in the arrangement and

relations of the sub-varieties and is summarized as follows:

(1) f'.ach suh-varicty (MTurs in small, Tumierous, and irregu-

lar masses that appear to possess no defmite position within the

body as a whole, but may outcrop at almost any [«)int and in

contact with any other sub-variety of the same princiiKil tyjx'

or of a different, but adjoining type.

(2) At some [xjints one sub-variety may grade (|uite gently

into another, at others, very rapidly.

(,^) Obscure and contradictory intrusive rel.itions are

fre(iuently found between the \arious sub-varieties, and even

between the principal types. At one place, for instance, a

certain rock, characterized by a defmite comj>osition .mtl tex-

ture, may be obser\'ed to have a faintly chilled edge at its contact

with another rock, to send off intrusive stringers into it, .uid to

include fragments of it; whereas at another place the cont.ict

relations lx!tween the two rocks are rcversefl.

(4) The different types and sub-varieties are often found

associated in primary- gneissic bands. Flow textures are airo

present in numerous places, particularly at the contacts between

two varieties of rocks.

In consequence of th.'sc irregularities, the present surlaiv

of the g.d)bro mass is marked by witlely var>-ing textures and

compositions, suddenly fhanj'ing from one into another, and

bewi'dering to the observer by reason of their number and ilie

rapidity with which they succeed one another. Owing to this

complexity, it is imp(/ssible to map the different types even on

the accompanying large scale map. However, an attempt

has been made to indicate the positions of a few of the larger

masses, but the boundaries of these are only approximate.

The rock complex is cut by a great number of tlykes and

igneous veins which 'ary widely in composition. The earliest

are of nearly the same composition as the normal gabbro, ami

are often porphyritic; a few of them contain olivine, but ttn'

majority do not. More acid types form a later generation,

approximating the granite in composition, and are characteriz<:il

by the presence of free quartz, sodic feldspars, hornblende, and

^<]i^WMmjmmmii^m^M^¥!^wjiS¥^!^m^. •Sill- --v?.
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from 40 per c»nt to 90 per cent, olivine from zero to 25 per cent;

bu< in th'j average rock the proportions (by volume) of auKitc

and fcldnpar are about equal, with about 5 per cent of olivine

and 1 per cent of magnetite,

The common type of gabbro is equigranu'ar of rather fine

grain, with fn,st.»Is of an average diameter of 1 to 2 mm., and

with the I'eliKpar tending to form squarish or rectangular crys-

tals whose length is rarely more than twice the breadtli. The

augite in these cafes is interstitial to the feldspar, and of miu h

the same general shape. Several variations from this normal

equigranular texture are found frequently enough to be worthy

of separate description.

Type A which was termed pegmatite in the field on account

ol its coarse grain, possesses the same equigranular te.\ture an<i

mineral composition as the common olivine gabbro, but the

component minerals attain a mu :h larger size. An averat;e

crystal diameter of 4 to 5 mm. wotld perhaps characterize the

majority of •ocks of this type. In . ddition, the feldspars, as .i

rule, are zo, li'"' banded. Another, less common, and murh

more coarse. ^ crystalline rojk, which may be classed with thes.

"pegmatites," was occasionally found in rounded masses 6 feet

or more in diameter or included in the reck of ordinary gr .in

into which they graded rapidly. In these masses the averai;<>

grain would approximate 15 to 25 mm.

Type B is a rock of the ordinary grain, but is characterized

by rather long prisms of augite and long laths of feldspar. The

feldspar is also usually very white and the augite more diopsiilii

in appearance than ordinarily. In some varieties there exi>ts a

subparallel arrangement between the feldspars and aiij;ites,

which gives the rock a peculiar and conspicuous coltimnir

texture; but in others this is absent and the two minerals form

an interlacing network.

Type C is characterized by the occurrence of augite in lir^e

cr>'stals and cr>'stal aggregates which ei close the feldspars

poicilitically. These clumps of ferromagncsian minerals arc

more resistant than the surrounding, more fcldspathic portions,

so that the weathered surface acquires an uncommon, embossed

smm
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hvtownitc, near Abjo An»o, but while in tin? olivine jfahhros the

r.uiKf of composition extt-nds only to Abw Anw in thi- auuitt-

v;al>bri)s it attains Abm An^. The aiiRitf, m far as couKl In-

(Iftcrminwl by inicroscopic means, is the same in Ixjth rocks.

Gneissic Phases oj the Cabbros.

Both the olivine anrl augite gabbros frequently assunn'

untissic structures and textures. These may hv found over tlic

whole surface of the intrusive, but are nuuh more common ne ir

the i)criphery than toward the centre. AltoKCthcr, gneissic

rocks may form 2 or 3 [)er cent of the whole surface. The mo^t
usual structure is primary Kneis.sic banding in which gabbro-.

of widely diflerin^r grain .md comixtsition arc arraiik;eil in Ion:;

parallel ribbons or bands. These bands vary from 1 to (> li<t

in thickness; the c-ontacts Ixjtween them are always gradation, il.

but the gradation zone is always very narrow, and rarely exceeds

1 ur 2 inches in width. The gabbros composing these bands ar,

fresh and uiisheared. They occasionally are characterized i\

llow textures arranged parallel to the long axis of the b.irui.

The grain of the ditTcrent b.mds may vary from m average of

1 mm. in one band to 4 or 5 mm. in an adjacent band. Tlic

composition may also vary from that of a rather basic diivnc

gabbro, containing perhaps 60 per cent of fcrromagne^iin

mineral, in one band, to a highly feldspathic gabbro, alni(i~i

.111 anorthosite, in the adjoining band. The composition of tl r

feldspar, however, rarely varies from one band to another.

Flow textures are also common in these rocks. As d. -

cribed, they occur frequently in the bands of primary gnti--.

They may be obscrs'ed occasionally at the contacts of ilic

principal types or the sub-varieties with one annthcr. In soiin-

places near the periphery' of the intrusives they may ch.ir.u teii/c

the whole rock mass. Where flow textures occur, the pynsxent s

of the rock always form long narrow laths or needles which arc

arranged with their long axes parallel; while at the same time i

certain amount of parallelism ol the feldspars has also iiceii

induced.
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Dykes.

As already mentioned, the dykes are of two main types,

gabbroid and granitic, although there are many sub-types, due

to minor variations of composition and texture. The dykes usu-

ally have wide chilled edges, indicating that the gabbros into

which they were intruded had becomu fairly cold.

The gabbroid dykes may be subdivided into the porphyritic

and ron-porphyritic types. The hitter are of a basaltic com-

position, equigranular, and basaltic to granitic in texture accord-

ing to size; they are almost identical in composition, so far as can

be determined microscf>pically, with the gabbro which they cut.

Bytownite forms 45 to 55 per cent of the dykes and varies in

different specimens from AbisAngs to Abin An«o, but averages

about Ab2n Anso. The only other essential mineral is a colour-

le-s augite, though olivine is almost constantly accessory. The

porphyritic dykes vary somewhat from the non-porphyritic both

in composition and texture. They arc distinguished by the

presence of phenocrysts of feldspar which, in a dyke 6 feet or

mote in wiilth, may attain a diameter of i to 1 inch. Those

phenocrysts were invariably developed in place, as they do not

appear in the chilled edge of the dyke for a distance of 1 or 2

inches from the margin, and from this point inwards they he-

come progressively larger until their full size is reached about 2

feet from the border. So far as could be determined, the compo-i-

tion of the phenocrj-sts was approximately that of the feldspar

of the gioundmass, althougii in some of the sections they were

zoned, indicating that their separation caused a decrease in the

lime-soda latio in the nii'gma.' The feldspar is uniformly a

bytownite, about Ab,, Anjt, as in the non-p<:)rphyritic dykes,

and is present in approximately the same proportion, 45 to 55

per cent. The ferromagnesian mineral is the usual colourless

augite in many cases alt -red to a greeni>h amphibole; bur.

unlike the non-porphyritic dykes, olivine was not identified.

The granitic dykes although few in number form a fairlv

complete series, always characterized by the presence of free

quartz, in amounts varying from 2 to 3 per cent in the most basic

' I )ne ru!«- wa» obterveil in which thr outiT aimi-s of the tddiiar pbenoiryBts wi-ri.- luurv

calcic thiin the inner.
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Hornblendite Veins.

The hornblendite veins are replacement veins formed by

the action of solutions rich in iron and magnesia on the gabbro

as they rose through joint cracks ;ind other fissures. The

majority of the veins are only a few inches in width, but some are

ven.- large, 50 to 250 feet wide. Like most replacement veins,

they are characterized by great variability in width along their

strike, and have no clean and definite vein wall but grade into

the unaltered wall rock. Under the microscope, the replacement

of the various constituents of the wall rock by hornblende can

be ol)ser\ed in all its stages. When it is complete, nothing

but a felted mass of long bladed crystals of dark green, common

hornblende, or pargasite, remains. A very small amount of

felilspar in minute interstitial grains is usually present, but

it is doubtful whether it has been deposited from the solutiiins

or is simply residual. The middle of the small veinlets is usually

occupied by a string of magnetite grains with some pyrrhotiir,

indicating that the solutions carried iron in excess of the amount

necessary- to hornbiendize the rock.

The very large hornblendite zones are identical with the

smaller in composition, but dilTcr from them in two important

respects: they have been faulted, and copper ores have been de-

posited within them. The faulting has granulated the lar^r

bladed hornblende crystals, so that much of the hornblende is

now no more than cemented dust; it has also produced numenms

slickenbidcd cracks and fissures along which the hornblende has

been frequently converted into chlorite. The solutions wliich

carried the copper ores appear to have ascended through the^^

fissures and depfjsited chalcopyrite with small amounts o\

calcite, quartz, pvrite, and zeolites.

The mode of formation of these wide hornblendite zones i-^ a

matter ot some iloubt. It seems impossible that alteration i cmlii

have extended to such distances from the walls of a single narmw

fissure, since in all unfaulted hornblendite veins such altcraiinii

may be observeil to extend only a few mches from the central

joint crack. There is no evidence to show that this hornhlondite

was ever deposited in open fissures, or produced in any way but
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ROCK ALTERATION.

The gabbros are on the whole only slightly altered. They

have, however, been affected subsequent to consolidation, by

shearing movements, juvenile solutions, and meteoric solution^.

As regards the tirst, regional stresses have caused a certain

amount of faulting throughout the mass, with production of

wide shear zones. Imdoubtcdly, granulation of the gabbm

and its partial conversion into schist took place along these zones

at this time, but any secondary minerals so produced have since

been completely removed by the later juvenile hornblondite-

forming solutions which later passed through the shear zones.

The later faulting has sheared the hornblenrlite and resulted

in the formation of much chlorite. The second type of alter-

ative agent, the juvenile solutions, tended to convert the rock

with which they came in contact ir.to aplite and hornblendite.

The result was to produce swarms of veinlets of these two type.;

throughout the whole mass of gabbro.

It is probable that weathering and subsequent erosion

have removed at least 300 or 400 feet of rock from the top of

the East Sooke intrusive. This is inferred from the facts that

level ditTerences of some 300 feet are found at present along tlie

summit line of the mass, and that, with the exception of the

Maguire anorthositc, none of the acid phases, several hundred

feet thick, characteristically occurring about the periphery of

the mass, are found in the interior of the peninsula. If this

inference is correct, it is probable that a mantle of well weathered

material probably cloaked the surface before glaciation took

place; but glaciation has verj' thoroughly removed a.iy siu h

mantle and has left the rock surfaces clean and fresh. 1 lie only

positive evidence that still exists to indicate the supposed

previous condition, is the occasional occurrence along the shores

of the Sooke basin, of vertical dykedike bands of gabbro, aver<i«-

ing 5 to 10 feet in width, now completely altered to soft kaolinic

material of the consistency of clay, but still preserving the

original texture of the gabbro and containing unaltered nodules

of it. These seem to have been caused by alteration by meteoric

waters along joint cracks.

k
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in any continuous mass; small Ixxiies oi it are scattered through-

out the strip of augite gabbro and larger bodies at or near the

contact of the olivine and augite gabbros. Thus the largest

mass on Mt. Maguire is directly underlain by olivine gabbro,

and the mtxlerateiy large masses on the western coast and near

Beechy head lie fairly close to the contact of the olivine and

augitt gabbros. The only granite mass found on the Sookc

peninsula occurs at the extreme southwestern tip on Possession

point, intruiling the augite gabbro there; this point is supposed

to be very near the original periphery of the intrusive as thr

augite gabbro here forms an extensive contact breccia with thu

Metchosin basalt, and such banils of contact breccia are nowhere

else found to be more than 200 or 300 feet in width.

Turning now to the relations between the different rock

varieties as found at their contacts, it is necessary to consider

those between the ditYercnt varieties of each principal rock

type and also those between the different types. The varieties

of olivine gabbro desciibed on page 310, are usually found to

possess gradational relationships with one another so that al-

though the zone in which gabbro of one texture passes into

gabbro of another is usually only a few inches in width, some-

times as narrow as one inch, still there is no sharp line ol dr-

marcation l)etween them. In several places, however, there ,itf

faintly intrusive relations found, and when these occur it is

nearly always the common type of olivine gabbro which i^

intruded by the special-textured types. The relations which

establish the fact of intrusion are: (1) in places long narrow

stringers of the intrusive penetrate the intruded rock; (2) vcr\-

slight decrease in the size of the grain of the component miiKTa!-,

of the intrusive occurs near some of the contact.' ; (3) tlow

textures in the intrusive rocks are developed along many of ihc-

contacts. It would seem evident, therefore, that durin.; the

cooling of the magma those portions which now form the sfxci.il-

textured types retained their liquidity somewhat longer than tlic

ordinary olivine gabbro. Hence, when movement occurred,

causing some tissuring of the more solid parts, the more \\(\m\

portions were forced into intrusive contact with considerably

cooler solid parts.
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found cutting; the olivine gabbro, and the intrusive nature was

fairly well-detined in contrast to the vaguer intrusive relations

found where one of the gabbros intrudes the other.

The granite on Possession point is distinctly intrusive

into the au^itc gabbro, and forms an extensive contact breccia

with it. However, it is assumed that the granite was once

gradational with the older rocks of the stock, but that the

gradational relations were obliterated by the movements which

took place before consolidation, in the same way as the grada-

tional relations of the two gabbros were partlv ol' Hera led.

The more d iiitc intrusive relations arc supposed to be due

to the greater liquidity of the granitic differentiate, and its

consequent greater mobility when stirring took place. This

assumption is not based on facts found in the masses under

discussion, but on the conditions observed by Clapp in Empress

mountain and in other masses where solidification took place

without movement. As described (see pages 298) these bodies

possess an upper granitic horizon, which grades downward-

through a quartz diorite into gabbro of the ordinary type.

DIASTROPHISM, JOINTING, AND FAULTING.

The dynamic movements which have affected the rocks have

been numerous but not large. At least seven periods of move-

ment can l)e recognized. The tirst of these already dcscriixil

occurred after partial cr>'stallization had taken place, ami

brought about the internal relations described in the previou-

section. The second and third preceded the intrusion of the

basic and granitic dykes. They evidently resulted in tlu

formation of the fissures into which the dykes were intruded;

and these were of the nature of joint rather than fault fissures.

as little or no movement along them was detected. The fourth

movement appears to have resulted in the formation of l.irge

faults with wide shear zones and accompanying joints. Al-

though wholly inferred, this movement is necessary to explain

satisfactorily the formation of the wide hornblendite zones.

Deposition from the hornbleiidizing solutions apparently sealed

most of the joint and fault fissures resulting from this movement,

s<j that it was not until the next, or fifth, period of movement
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MINF.RAI. DF.rosiTS.

f?.;

r.UNlCRAL DICSCRIPTIOV.

Thi- minir.il deiwsits of Ivast Sooko poniiisul.i arc of two

typt's, copptr .iiiil iron fl((K)sit-i. Tht- former arc of inucli the

greater economic importance. They are founil in the lar^e

hornblendite zones which have suffered from a second periiwl

of fauitiiin with consequent triiuration of tlic hornl)lende

cr^Nlals. The universal assotiation of ihi' ores «ilh Uu- horn-

lilendites is apt to lead to the conclusion that the same solut'ons

which carried the ores alsti hornhlemlizetl the rock; but that the

true sequence of formation was (1) hornblendite, (2) fault,

(3) ore depfisition, is shown clearh- by the loUowinn f.icts:

(t) Fresh slickensided surfaces are common in the large

hornblendite zones, while all other textures are destroyed;

hence these surfaces were formed subs(;qucnt to hornblend-

ization.

(2) Small unfaultcd hornblendite zones are coarse and peg-

matitic in texture, while the large ones are principally made

up of fine-Kr.iined hornblende which under the microscope is

seen to be brecciated material. Hence, again, faulting followed

hornblendization.

(3) Aplitic stringers cut the small unfaulted hornblendite

zones, but none cut the large ones. Presumably such stringers

once existed, but have been destroyed by faulting.

(4) Non-faulted hornblendite zones carry no chalcopyruc,

hence deposition of copper did not accompany hornblendiA- i.

(5) The sulphides in the ores are universally fou' m
distinct cracks in the hornblendite, not intergrown wi' the

hornblende; hence depositioii is subscrjuent to and not con-

temporaneous with hornblendization.

(6) The sulphides are sometimes found dej) -sited in cracks,

the walls of which are slickensidetl, and sometimes ore veinkts

cut across slickensides; hence ore (le|X)sition was subsecjuent

to faulting.

As mentioned, the ores consist largely of chalcopyrite

disseminated moie or less thickly in small cracks and vcinlets

throughout the )rnblendite mass. The percentage of chal-
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deposits. Undci

outlined, sui h u. •

the history of t • o-
have resulted fr

of iron minerals ii

Sudbury, and th :

'

all its other [)ha'

stages of diffcreiu . mi .

hornblendite veins, .1 d the

with exce s of iron Th,»t iiu -c

of that required for the conver,-.ic

is shown by the aiiuost universal pn scnce, in the middle of the

small hornblondiff veiiilcts, of strliiK^ of magnetite and pyrr-

h it!tc grains.

One of the tw deposits observed on the peninsula Ik-Iouks

without doubt to the second type, .is it is found in a lar^e shear

zone, in the form of lenses greatly iracked and cut by the later

dei)ositions of chalcopyrite. This is the deposit at Iron moun-

tain, section 79. Here the only gangue mineral is hornblendi

in bladed forms and granul.ii«(l, while the metallic tninerals

arc magnetite and pyrrhotitc. The (lyrrhotite is found in fairh

large, comparatively pure masses. The other boily is found mi

section 83; it was not examined by the writer.

These massive deposits re too low grade in cippcr to t>r

even of prosjx-ctive value. They are rich in the v.ihieless nuial-

lic minerals, and it would be difficult and expen>ive to separaie

the clialc(jpyrite from them. The deposits jj.ive been exploit>(l

for iron as well as co[>per, but the suljjhur is too high tor the il. -

posit to be a possible source of iron, with tiie present conditions

existing in the iron industry of this continent. It is possible

that at M)me future time they may have some value as a souric

of sulphur for the manufacture of sulphuric acid. Their cliict

value has been as an iron (lux in copper smelting.

V'^
!
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in the sheared gahhro, which is there rather feldspathic, and

has not been liornhlendized or mineralized. Samples from \\u-

deposit range from 1 to a maximum of 18 per cent of co()per

with hardly more than traces of gold and silver.

The deposit has been develo|H;d ehiilly by a small shaft

about 50 feet deep, and by a stope which was brouglit to the

surface to the northwest of the shaft. Kronj this stope about

3,000 tons of rock was removed during the autunm of l')l().

Of tliis .imounl about 1,000 tons were shipped to Taconia.

On the southern slo()e of Mt. Maguire are three claims: the

Margari't, Copper King, and Kureka, located on a shear /.one

some 200 feet in width and having a strike of north 43 degrees

east; the zone is traceable for the whole length of the ihrtc

claims. This zone is intersicted near the southwi'stern boiind-

arv of the Copiier King claim by a smaller shear zone about

l(tO fnt wide, striking north 10 degrees east. As a rule, tiif

met.illic mini ral-, chieily clialcopyrite, are disseminated ihrough-

out the >ln'.ir zones. Occasi(jnally the chatcopyrite occurs in

small lenses and veins and qu.irtz stringers are very abund.mt.

ICxteiisixe ininiTalization is exposed only near the intersection

of the two shear zones, and the north 10 degrees east zone is

mineralized for about 1,000 feet north of the intersection,

although the outcrops are not continuous. Samples from tlie

shear zones range Irom 1 to 6 per cent of copper, with ir.u ts

of gold and -ilver. The deposit has been opened only by four

or five small pits and short open-cuts. Considerable work IuhI

been done on the Copper King property a short time befui

the writer's visit, in strijjping and clearing the claims for

development.

Another prospect on the King George claim half a mile

northwest of the Willow Grouse claim, is on a p(X)rly di lincii

shear zore about 1 00 feet wide striking nearly east and wt>i.

Only sections of the shear zone are hornblendized and minenil-

ized, the best ilefmed section occurring along the s<iuth(>rn w.ill

for a width of about 30 feet. The deposit has been developed

by two fairly large open-cuts and numerous shallow iirospect

pits. Fourteen tons of picked ore was shipped in the autmnii

V^i^i
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the map-area, one to the south of Sooke harbour, extending for

5 miles along the coast and inland for a little more than a mile,

and the larger basin, 5 miles farther west, which extends for 3J

miles along the coast but reaches inland for over 4 miles. This

basin is drained by Tug^^•ell, Muir, and Kirby creeks and wil

be called the Muir Creek basin. The easternmost exposure of

the Sooke formation consists of a very small patch of conglom-

erate and sandstone occurring on the west shore of Becher bay,

about three-fourths of a mile northeast of Beechy head. Other

small basins occur along the coast to the west of the Muir Creek

basin between Sheringham point and Glacier point, and to the

west of Glacier point. Besides these there are several small

outliers of the Muir Creek basin, from a few yards to half a mile

in greatest diameter, situated from a few hundred feet to over

a mile from the periphery of the main basin. These outliers rest

in hollows in the underlying cr>-stalline rocks and are exposed

chiefly in creek beds. Knobs of the crystalline rocks also pro-

trude through the sediments of che Muir Creek basin.

The relatively unresistant sediments have been eroded to

form comparatively low flat areas, 100 to 300 feet above sea-level,

between ridges of the much more resistant, crystalline rocks.

On the flanks of the ridges, however, the sediments occur up to

1 000 feet above sea-level. The sediments are fairly well ex-

t^scd along the shore where they form in places, notably between

Muir and Kirby creeks, a notched sea cliff, 100 to 150 feet hmh.

Inland, the sediments are largely covered with stratified dnit.

exposed at the shore in steep, wave-cut cliffs, so that almost

all the inland exposures are found in the beds of the larger

streams, Sooke and Demaniel creeks, and Tugwell, Muir, an<l

Kirbv creeks, and a few of their largest tributaries. Hence the

inland boundaries of the basins are located in most places with a

large possible error. However, the probable error is not lari;c.

since in most places the crjstalline rock rid s steeply surmount

the low areas underlain by the sedimentary rocks. As nnt.d,

the outliers have Ix'cn found along stream beds but doubtl.--^

many others occur, covered by the stratified drift.

W^
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LITHOLOGICAL
CHARACTERS.

^^^^^^tJr:i:;:\s:T -f'^ °^ -^-o„es and
sandstones are yellow "o Ty L7V'

^'^'^ ^^ --' 'Fhe
carbonaceous matter. ThlTva" fl"'" T"""""'^ '^'^^^ (->m
grained and pebbly sandstones thln^"" '° ""'^ -oars^
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The shales are all carbonaceous and sandy and form hardly

move th;m thin layers or lenses in the sandstones. The shaly

bed? are usually highly fos^iliferous and certain beds contain

such a large percentage of shells that they are shaly marls.

Thin, sandy, and shaly lignitic layers, seldom more than 1 to 2

inches thick, are also rather numerous, but in places as near the

bridge over Kirhy creek, are nearly a foot in thickness. Thin,

cigar-shaped lenses of lignite are also found, especialK- in the

small basin between Sheringham and (llacier points.

The sandstones and conglomerates usually alternate rather

rapidly both vertically and laterally. A conception of the

character of the sedimentation may be pained from the foUowini:

section, the best exposed one, measun-d along Kirb\- cretk,

and extended to include the beds exposed along the shore to the

east of Kirby creek.
Thirkiu'as

in I. It.

I'luonsolidntfil, stralificil s,irul and gravel (ritisloccne) iU

Saiiilslone; »oft, (en urinous, Ijanilod yrllow ami nil, and concre-

tionary ".'

Con^jlomcr.ite, I'osjiililerous
"'

Siindstone; coarse to niediiim-graincd, biili coloured, cros> Udded
and concretionary- ''-^

Sandstone; grey, argillaceous, and fossiliferoiis +

Alternating soft sandstone and marl 1"

Unexposed (mouth of Kirby creek to road crossing) 1 '
-^

'

Sandstone -'*

Lignite, s,indy and impure S inches

t nex|X)sed "*-

Conglomerate '*,'

Sandstone ]]

Sh.ile; sandy and micaceous '

Conglomerate, fine-grained ;
Unexposed '1

Sandstone; with two highly carbonaceous layers -''

Conglomerate, fine-grained
''

Sandstone '
•''

(I'rotuIxTating knob of metal-basalt).

Conglomerate; with thin layers of sandstone ''''

Sandstone
^

Fine conglomerate
Unexposed
Basal conglomerate f' '''' ''"

497 to517-f

More complete sections, but of the same character, .nrc

afforded by the bore-holes which have been put down in the

-.«B. '•f i .•.jXmrirK
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of Muir creek a bore has been put down in the search for oil,

to a depth of at least 1,560 feet, without passing through the for-

mation. This shows that the sediments were deposited in deep

embayment«; in the crystalline rocks and that the upper sediments

of the formation, the only ones exposed, overlap the crystalline

rocks.

EXTERNAL.

Relations to Older Formations. The Sooke formation clearly

rests unconformably upon the Metchosin volcanics and the

Sooke gabbro. The unconformity is especially well exposed

along the shore. The basal conglomerate of the Sooke formation

not only contains boulders of the underlying rocks, but rests

on rounded, wave-polished ledges of the crystalline rocks.

What were seemingly small coves and bays in the Sooke coast

(Tertiary) are filled with coarse conglomerate and sandstone

which have also filled wave-cut, dyke, and shear zone chasms

in the crystalline rocks (Plate X). The crystalline rock ridges

between the sedimentary rock basins are not upfolds, but bold

promontories which projected into the Sooke (Tertiary) ocean.

Near these promontories the sediments are composed of large

angular boulders with a sandy matrix, and have, as already

stated, a steep, initial dip away from the promontories, so that

they resemble modified talus deposits.

Relations to Younger Formations. The Sooke formation is

overlain by stratified, unconsolidated, or only partially con oli-

dated, gravels, sands, and clays of Pleistocene age, formed during

both the interglacial Puyallup period and the post-Clacial

Colwood period. The overlying sediments appear in places

to be conformable with the Sooke formation, but their difference

in age is shown by their relative degrees of consolidation, b\- the

lithological character of the overlying sediments which have

been largely derived from glacial detritus, and by the liilTercncc

in the fossils contained in the two formations.

MODE OF ORIGIN.

The Sooke formation, as is shown by its lithological char-

acter, structural relations, and enclosed fauna, was deposited

ill

arTv.-

rm-
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by an unconformity. In the lower Miocene and OliKocenc

Arnold placed most of the Tertiary sedim-^nts of the Washingtc i

shore of the strait, gro- ' "i" tl- v^her as the Clall m
formation. Still later \Vea\ti nupi)e<l ail the Tertiary sedi-

ments of the Washington shore of Juan de Fuca straits as lower

Miocene although noting the possible occurrence of unfossiliferous

OligDcene (Lincoln formation) near Ca[je Flattery'. With the lower

Miocene sediments Weaver correlated the Tertiary sediments

of Vancouver island. Most recently, Arnold and Hannibal-

—the latter having done all the later field work and having

determined most of the more recently coUectetl fossils—have con-

cluded that the SK)ke formation is of middle Oligocene age and

older than the sediments at Carmanah point, which, with

some of the sediments on the Washington shore, are considered

to be a pf)rtion of the San Lorenzo formation, one of the members

of the Astoria series, and middle Oligocene in age. There is

seen, therefore, to be a considerable difference in opinion with

regard to the precise dating of the Tertiary sediments of Van-

couver island, and also as to the relative ages of the S(H)ke

formation and the sediments at Carmanah point. As previously

pointed out by the writer', there is no apparent structural un-

conformity Iwtween the two formations, although the Carmanah

beds arc more ir'uratcd and resistant, and their separation nui^t

depend solely on their included fauna.

The writer has collected fossils at several localities, Imm
the Tertiary sediments of the southwest coast of Vancouver

island, both from the Sooke formation and from the so-called

Carmanah formation, and these fossils have been determined

and reported upon by Weaver as follows:

List of fossils from I ocality No. 314. (Shore of Sooke bay, east of Kirby

creek, Sooke formation.)

MytiUusfiiusf U.ill, specific dtitermination uncertain.

Ostraca .sp. probably new.
SoUn conradi Dall

Pcntallium conradi Dall

.Numerous broken fragments of molluscs.

I Wfaver. Charles E.. "Prpliminary report on the Tertiary iialafontology of wpntcrn U i

Ington." Bull. No. 15. Wash. Gcol. Surv.. IQU.

'Arnc.M. Ralrh and Hannibal. Harolil. The marint- Tertiary str.itikraphy of the n.

Pacific coast of Anurica." I'roc. Am. Phil. So< .. vol. ii, 1<<1 J. pp. 5.S9-60.S.

• Gtol. Surv, ( J- M.m. U. IMU, M>. 13')-14l.



337

Kirby'crc"' ''"'tl"'"' 'r°c»'"y No 317 ,«.•' "^ '''<i' format on.)
""••'I/, (^hore of SooUp I,

forma'.'L'n.V
'°"*''' '^"^ locality No. eoo. (Shore r,

Oslraeasp *' ^'^'^""- Point, Sooke
A tuna angustata Conrad

GlaciW 'pott'W 'r°" ^"^^'ty No 601 .«u

Pelerypod
Jn.Jet.

rustnu. n. sp

^'"^AJ sp.

^W/,ci hu:cinoides Merriam
'7'^"^!'^ sp. new

^"^

^usteropod indct.
"^

"ve.!-^^l 5-^;;^ i^nj Locality No. 6C3. (Shore U ,

^rr^^-•^*-'> Weaver
' ^ ""'^ '''' " ^^'^

|>S;r^^'''-''- Weaver

Po.-n''lLttt[[r')'°'^"^>' '"^°- <507. (Shore H ™,
Oi/r<wasp. -^

°'''
'^ ""'"^^ west of Boulder

73
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LUt of foMiU rron, Locality No. 6(te. (Shore. 1) mile. we.t of BoulJtr

point, Sookc (ormatidfi.)
, . ..

AfacroKilliiUi ncwcombet Merrum
Oilniea n. up.

J'eitrn pr,tp,itulu\ Conrad
I'icten ri. *\>. iK-ar hranneri.

List of fossil, from Locality No. OU. (Sfjorc. Carmatuh point, C arinan.ih

formation.) ,^ ,,

,\/vri//M> lu-ar^i «< Dall

f'elic\piiil imlit

UtnlMUum conriuii Dall

1 Nt of fossils from LcKality No. 63L
manah lormatinn.)

Ttrtiio »i>.

(Shore, Carmanah point, ("ar-

(Shotj, west of Clo-oone, tar-
List of fossils from Locality No. 756.

nianah forni.itum.)

.U'J'iiii "'^Kimcnst.s C onratl

Fliiiiinnmui s|i. mar tn.Kro.vtfctsma Desh

Thninii triipezoideii ConraJ
Siitiia oreionemia ConratI

p,<hnece! gtUianin Uall

DcnIaUium conradi Uall

Tired" s|>.
,

Crab ri-maina

List of fossils from Locality No. 1 144. (Shore of Sookc bay, east of Kirl.v

creek, Sooke formal ion.)

/Vi luniulus pHlulus Conrad
MuiTii, .itlista neu'combri Mcrrlam
Macrocallistiivancouverensis Merriam

M\ltllu^ near/icMS Uall

Spisul.: iilhiiri,i

Sihiindesmiif abscissa? Gabb
Tell "III sp.

Builut buiiinnides Meniam
Bnuhyiphingui washinitonianus Weaver

C'lpiiiuU praeuplii

h'usinus St), new
Fuus clitlLmensis Weaver
Liomesuif suli uUlus Uall

A'u^.ta neiKomhei Mcrriam
Fiilineces giiliiinoi Uall

Polifuces callosa Gabb

"The above list of fossil maraine faunas are of Miocene age.

In Washington the Miocene consists of two divisions: the

Lower or Clallam Series, and the Upper or Montesano Series.

The latter rests unconformably upon the older. The Clallam

Series is well represented along the south shore of the Strait <.l

Juan de Fuca in Clallam county, Washington. Altogether,
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been previously notetP and have b«H>n callefl by Willi's from his

•tudicA in the I'uget Sound rcffiun, the Admiralty and Vashon

epochs, the interKlacial cpcKh IxinK called the Puyalhip. The

glacial and interglacial ejmchs recordcHl in the superficial deposits

of Vancouver island have Iwen correlated with thosr of the

Puget Sound region; and the diHtinctive geograi)liic names

proposed by Willis have Iwcn used in the writer's later and more

detailed reports on Vancouver island. The same »uperri( i al

formations are found in the Sooke and Dimcan map-areas as

are found in the adjacent Victoria and Saanich map-areas and

consequently the same formation namc>. are used in this report

as were used in the report on the Victoria and Saanich map-areas.

Distinguishing the various post-Glacial as well as Glacial deposits

we may sub<livide the superficial deposits as follows:

I'ont-fil.icial e[)och.

K(Kk (Ift)ria.

Alluvium.

Vashon ("iKirial epoch.

StaRc of t{I.H'i''l retreat

ColwiKxl sands ,inc| gravels.

Stage of gl.ici.il (MTupation.

Vashon drift.

I'uyallup interglacial epoch. ....
I'uyallup clays, sands, and gravels. (Subdivided in the \ ic-

tori.i and S.ianich map-aroas into the Cordova s.inds

and gravols and Maywood clayi.)

Admiralty (ilacial epoch.

Admiralty till.

No map of the superficial deposits accompanies this report,

partly on account of the prwlominance of the Vashon glaci.i!

drift, but largely because of the lack of sufficient information to

distinguish between the various stratified deposits. The general

occurrence of each of the different deposits is, however, described

in some detail.

T-l

ttiwion. G. .M.. Trans. Royal Soc. Can., vol. VIII. 1890. «c. 4. pp. 41-i4.

Willu. Hailcy, "Drift phrnomena in I'uget sound." Bull. Geol. Soc. Am., vol. I.\.

pp. 112-162.

Willis. Hailc-y. and Smith. G. O.. Tacoma (olio No. ,f4. U.S. G«l. Surv.. 1899.

LtRoy. O . Ck-ol. Surv.. Can . Pub. wft. 1<J08. p. 27.

Clapp, C. H., CmI. Surv.. Can.. Mem. J6, 19U. pp. 107-121.

y^'.:£u'X.^:^7BmsmsMjm
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feet, and larKfly Iwlow 250 feet, although on the south side of

Mt. Metchosin, to the northwest of Parry bay, sands and gravels

similar to the Cordova sands and gravels of the Victoria map-

area occur at nearly 500 feet above sea-level where I hey apix-.ir

to have been protected from glacial erosion during the Vashon

epoch by Mt. Metchosin. The Puyallup deposits doul)tless

occur elsewhere on the lowlands, but .ire not readily distinguished

in places from the Colwood sands anil gravels, and over a large

portion of the lowlands have either been eroded during the Vashon

glacial epoch or are hidden by a rover of Vashon drift. IWvn

in those places where the deposits are best devi^loped they are

usually covered by a thin but fairly persistr'nt mantle of Vashon

drift. The country underlain by the ileposit? is usually gently

rolling or smooth although somewhat diversified by the valle\s

of rni.ill intermittent streams, and in most |)laces h.is been cleared

and cultivated. Here and there the dejjosits slope gently to

the sh.ire, but in most places they terminate in steep, wave-cut

clitTs, .^0 to 150 feet high.

The cl.iys are yellowish grey to bluish grey, and smdy, and

most of them are of poor plasticity, alllioiii;h plastic clays are

found in m.iny pl.ues. They are interbedded with clayey s.mds

and even with co.irse sands and gravels which predomin.tte in the

upper i.art of the Puyallup deposits. The s;uuls and gr.iveis

are veil stratified and occur in tlat lying beds up to several feet

in th'ckness, although the individual beds are more or less

iens-shaped and overlap and replace one .mother. Many of the

beds of sand .ire al-o cross stratifietl. Irregularly distribui.d

' "-oughout the deposits, but more conspicuous and apparently

more numerous in the sandy clays and in the lower iKirtion,

are subangular to rounded, glacially scratched and polislud

{X'bbles and boulders, up to 2 feet in diameter, of the crystalline

rocks of the region. S>me of the d.iys and clayey sands ,ire

carbonaceous and contain plant remains .unl impressions. They

doubtless contain marine organisms also, as do the Puyallup

deposits of the Victoria and Saanich map-area^ but the org.m-

isms are not numerous and none were found during the present

investigation.

.<a
rt-- ' X-^J

;*•
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the drift is of V'ashon age, but it is probable that the Vashon

drift - mixed with more or less of the Admiralty till, from

which it i* indistinguishable. The Vashon drift seldom forms

distinct and ch.iracleristir topographic features, such as mo-

raines, kames, and eskers, but merely forms a mantle covering

eirhor the hard rricks or rho interglacial deposits. However,

th<- l..rni of the drift deposits is usually obscured by the heavy

growth iif limber and thick underbrush anil in places, where

the tinilK-r has been burned or cleared otT, for example to the east

nf (he north end of Shawnigan lake, and in places on the upland,

there are low hummocky moraines that are apparently terminal

nior.iiiies. Furthermore, near the heads of the larger valleys

are ground moraines, in places, as to the south of Mt. Tixld,

esker-like in form, and along the sides of the valleys, well

yluivvn along the north side of Cowichan valley, there are appar-

ently lateral moraines. The drift has, of course, filled up many
of the smaller hollows and valleys in the --urface ufx)n which

it rc-ts, and its own surface is marked by small irngularities,

such as low rounded hills and imdrained shallow b.isins, many
of which hold small lakes or have been filled with alhnium. The

rn.ixinumi exposed thickness of the drift is from M) to 50 fret,

but it doubtless attains a much greater thickness in places. It is

reported that in building the upper dam in I?ear creek, pilts

were driv.^n 125 feet into the drift before striking iH'iinirk. The

tlrift niayevi'ii exceed 125 feet in places, but its average tliirkno:,

is [)r<)bal)ly not much more than 20 to 40 feet.

Till Vashon drift is largely an unsorted mixture of coarse t<<

fine, yeli/Ai«; >and, gravel, and bluish grey, bould<r clay, with

nuineroii- <ubangular to rounded glaciated cobbles .md bfuilder-,

rlii< iU of the gr.iniiK rocks, scattered irregularly ihnur^h it

(1*1.ite Xli. In places, striated boii.ders are found, iait tiny

are not abundant. The boulder- .ire mostly from t to 4 leet

m diameter, but those 10 feet in diameter are not uncoiiinion

aiKJ in places on the ufiland, where the drift as a rule is co.nser,

tin JK.uhlers may l)e 20 feet or more in diameter. The boiildeis

h.ive usually Ix^en deri\cd from the iniriiediately underlyiTii; h.inl

rock-, .mfl have apparently not been carried l.ir; .md since iIk'

drifr m.iiitle is thin and fails to cover small njunded out( ro](-,
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high, and arr usually parallel to the larRcr streams rrossing the

deposits: allhouKh the defiosits in the eastern end of I-ecch

River valley are terraced parallel to the axis of the valley, that

is northwest-southeast, whereas the valley is drained l-y the lower,

northward (lowing ix.rlion of (ioldstream rreek. In pl.ices.

best ileveloiK'd in the deposit, called the Co1w(hk1 delta,' which

fills the eastern end of Leech River \'alley, and ..crurrinR one-

fourth to one-h.df mile east f)f the Sooke map-area, .ire lar^e

kettle or ice-block holes, 100 to 800 fcc-t across and 10 to 80 fei't

deep. Similar but smaller kettle-holes and kames .is well,

occur in the same de|H.sit within the Sooke map-area to the north

of Coldstream post-office. Kames and kettle-holes occur ,ilso

in the CohvorKi dep<isits of the Nanaimo m.ip-area,' and near the

w<stern inner bonier of the southern extension of these dejiosits

into the Duncan map-.irea where they cover the rather extensiv.'

lowlind Ix-tween I.adysmith ami Crofton. Kames and kettle-

holes mav occur in the d.iK)sits <.f the Cowich.m vallev but

no go<xi examples have Ix-en seen. Shallow hollow- in the deiiosit-

are, however, rather numerous and cont.iin lakes, such as .Askew

and Fuller lakes near ( hemainus. Somcnos and yu.imich.in

lake> in the Towichan valley, .inrl C.len, Florence, and 1 .in«f..ni

lake- in the upper portion of the Colwooddelt.i. On the ( olwoo.l

sands and gravel>, h.ilfway Ixlween Muir and Kirby creeks, ,iii<l

about a mile from the shore, is an esker-like deixoit, .ibont

40 feet high, consisting of three nidi.il ridges, each about .'DO

yards in li'ngth.

The ("oIw'kkI defx»siis consist l.irgely of yellow. c(..ir-.<-

sands and fairly well roundtfl fine to coarse gravels, comiK.x.l

largely of pebbles of the imdecomposed granitic ro( k- and n!

the Metchosin voUanirs. In places the sands are highly l.r-

ruginous and partly cement.xl with limonite. Inter-tralili. .1

with the sands an.l gr.ivels are <i few In-ds of yellow to bini^li

grey, sandy clay which is rarely sm'x-'h (,t pl.istic. In ,i I. w

places the clays are brown with carlx.naceous matter Hi'

upper or surface l.iyer of the <le^K)sit is usually comix.M.l ot

l;orizont.illy stratified coarse^ gravels and is even strewn witii i

UrtSjl Siirv, Cn. S/v M.-ni M,.vn\ I'P IIJ 11.*

• <>ol Mirv , (an . S«' Mfin M,I'»I4
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district, is a deposit of an ochreous clay derived largely from the

products of the chemical decay of the Metchosin basalts, decom-

poswl pebbles and boulders of which are found embedded in it.

All of these deposits were floubtless formed during post-Glacial

or recent times in sluggish streams or in the standing water of

small lakes or ponds, some of which are only partially filled

and are now swamps, while others have been completely filled or

have been drained artificially.

These deposits, as noted by several observers, recently by

Hannibal' and Newcambe=, contain, in the vicinity of Victoria,

as elsewhere on \'ancouver island, numerous freshwater shells,

the species beii.g identical with those found in the existing

remnant lakes. In places on the lowland, these recent lake

deposits overlie somewhat similar deposits which contain, as

no'ed by Hannibal' and Newcombe*, marine shells. Th^se

deposits are thin, seldom more than 3 or 4 feet thick, and in

places, •:•^;)ecially near the present .shores, consist of a shell marl

mixed with a brownish clayey sand, and are not readily dis-

tinguished from shell heaps made and uplifted for at least 30

fc-t alxivc sea-level since the inhabitation of the region by man.

The shell heaps and possibly the "raised beach" deposits are

abundant along the north shore of Sooke harbour, in the lower

portion of Cowichan valley, and on many of the islands of the

northeastern (lart of the Duncan map-area. They arc found

on the lowland, largely below elevations of less than .^0 feet

above sea-level, although in the vicinity of Victoria Dr. Niw-

C(mibe h.is discovered them at elevation-, of 110 fett ahovr

s-.i-level.' Within the Duncan map-area they were found, in

100<), by Mr. J. .\. All.\n who at that time was .issociatcd with

.', writer, aliove the west sliore of Sansum narrows, 2 ni:!.-,

north of the southern end, at 180 feet above sea-level. n„

Trxada island, only 30 miles northwest of the Duncan m.iiv.ire.i.

> \r.R)l.l. R . ami Hannilwl. H.. rho m.umo T.-rtiary sumiBtaphy of thf u.,u:. IVii.-

coa»l of A-.ni-iKa. Pr.JC. Am. I-l,il, Soc .
vol. 5 K 1"H. iv 507-5').s.

^ , ,

•N.-w.orah.-, ( . I-.. PleisUK.tnc Miami Ik-.u1k-h ..l Victoria. UX .
Ottavv.. N,ilur.ih-t.

vol :!.<, 11)14. Ml 107-110.

< I.O.- .it.

I Op. lit. 11. lOS
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island, such as Mt. Prt-vost in Somcnos district; and in a ft-w

plaas, chiiHy within the northern upland, a coarse talus of the

crystalline rocks has l)een found at the base of steep rock slopes.

GI.ACIATION AND MODK OF ORICIN OF SUPKRFICIAL
OKPOSri^i.

f^

From the character of the su(K-rficial deposits it is seen

th.it they are composed largely of ^Kicial detritus, so that a

dix iission oi ;iieir origin is so closely linked with .i discussion of

the glacial ton of the map-;i.eas that <!ie tv.o topics .ire treated

together. From the widespri-ad distribution of glacial till on

the ui)l.iti(i of V.incouver island and from the severe glaciatiun

of the upland, mount.iins ne.irly 5,000 feet high having been

rounded, it is si-en that Vancou\er island was at some time

during the Glacial periiKl ne.irly hidtlen by a thick ice-cap.

The ice-cap completely coverinl tin upland of the Sooke .ind

l)unc.i.i m.i[>-areas, removed \irtu.illy all of the surface soil,

and sm<M)thtfl otf and rounded the angularities of the pre-(jKi(i.il

rock surface. Striations, glacial grj)oves, and polished, "bo.ii-

bot turned" shap<"d li-dges or rochc moutonn^es, not well pre-

served on the upl.md, indicate th.it the ice-cap had a geiur.il

southward movement. However, as is dearly shown by polished

roche moiitonnfes, and dee)), sometimes undercut, groo\(s

p.irallel to the trend of the v.illeys, at least the lower p.irt of the

ice-cap w.is deflected loc;.lly and followed the valleys, especially

the north-south valleys. deej)eninp them consi.ier.ibly and widen-

ing them somewh.it. to form in places, as has already been di -

scriljed, l.ike basins, and even fiords.

A large glacier flowed eastward through Cow: han \,ii'<y

and with the other l.irge (.daciers flowing eastward from the

east slojK' of the V.mcoux'er range, joined with the larg'-r and ninre

numerous gladers flowing westward from thi; ninges ol the

m.iinl.ind and fornu'd an extensive piedmont glacier whi(h

occu[)ied the gre.it valley In-tween the V.incouver range and ilic

ranges of the m.iinland. The soutliw.ird or sout' ,i>i\v.ird

flowing portion of this piedmont glacier, known as the Sir.iit nl

'^i.^'-'M^
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distriluitid ptbl.los nr-l laiRC erratic iKUiUlors fouiul in the

I'uyalliip ilcpc. 11 wen- doubtless dnf'ped In.m Ho.itinK ire.

DurinR th. I.it.r stages of the int.TKlaii.il epoch, when tl. upper

sands and Kf-'vel- were dijiosit.-d, either -hiiUuwer water pre-

vailed or else the rivers and streams issuing froni the ulacii!

front, (H'rhaps .idvancinn at this time, w re more heavily loaded

with coars* >• detritus.

l lie inlerKl.icial epoch w is Inoupht to i dose by the second

glacial adv.inre, the Vashon glacial < \w\\. At this time thi-

V.ishon drift was de|K)sited, largely by ire alone, bhi Miice winu

of it is rudely stratified it was doubtless in p.irt ijeiiosited by

water, cither by streams tlowinn beiie.ith the kI.k 1<ts or i^.uinK

at their fronts. The Vashon ^laciation was les- intense ib ii'

the Admiralty ^laciation: tor, although the Va-hon <lrift n -Is

directiv ufxHi the glaiiated hard ro. ks of the upland, on the low

lands, he Vashon glaciers merely erod.-il portions of the "Ider

unconsolidated glacial and intei\;! icial deptJsits.

To judge from the absence ot conspicuous mor.iines coni-

po J of the Vashon drift, the retreat of the Vashon gin .rs

mu-t have l)een fairl> rapid.' Nev. rtheless the ("olw(«>d s.inds

and gravels were dejKisited apparently by heavily loade<l streaiu-

issuing from the larger valley glaciers. The CoKvocmI s.iiids

and gravels, as is shf)wn by their position at the mouths ot the

larger valleys, their tl.iiing outlines, their steep stratific.itioi..

and in places, well developed top-set Ix-ds, arc quite <learly

delta deiiosits. Th.it they wen- .! posited near the front of ilu-

ice during gl.ici.il recession is turther subst,i'u:,,ied by lli.'

pri'sence of kettle-holes and k.ime^ ne.ir their inner lK)r<ler .11, 1

by the co.irse, iced)orne Ix-ulders with whii h the deposits .ire

.,trewn. It is |)ossible th.U some of the ddtas were depo-Mul

in ic dammed lakes; but sine it is poM-ively known In t!ic

presence of m.irine shells in the recent .illiivinni, tli.it .111 upii't

of 4(1(1 tcet has occurre<l recelitK .ind since th.it ei< vation 1- ttie

upper limit of raost ot the dclt.i deposits, it is more prob.l.If

that the deltas were tormed in s.ilt w.iter. Sin< .• the upiilt,

the delt.i tkpo.^it.-, have beer. terra«ed by the revived >trt.ini-.

crossing them.

K,f. :)a».i>n. I. .M.. Koyal Si.. I hh. vui. \1 II. IKW. 4S.

tM
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eastern parts of North America, the Wisconsin. In the Puget
Sound region the Admiralty till and Puyallup interglacial
deposits are frequently weathered,' suggesting that they were
long exposed before the Vashon glaciation. But on Vancouver
island the till and interglacial deposits are unA'cathercd. How-
ever, there must have been a long interval between the Admiralty
and Vashon epochs; but the Admiralty epoch cannot be corre-
lated with any certainty with one of the pre-Wisconsin glacial
epochs of central and eastern North America. U'illis and
Smith do not indicate tiiat any of the Puyallup deposits of the
Tacoma quadrangle were deposited under marine conditions as
were at least the lower (Maj'wood) clays of the Puyallup deposits
of Vancouver island; but Bretz^ states that a few clay beds at
the base of the Puyallup deposits of the Puget Sound region rio

contain marine fossils, and these r' lys are doubtless to be
correlated with the Maywood clays of Vancouver island. In
fact, some of the fauna, Cardium islandiaim Fabr., Mya tnincata
Lin., and Leda fossa Baird, are identical. It should be noted
that Bretz places all of the pre-Vashon sediments in the Admir-
alty epoch and considers the Puyallup interglacial epoch to have
been one merely of weathering and erosion.

The marine shell-bearing alluvium, that rests upon the
Vashon and Puyallup and presumably the Colwood deposits,
has been designated by Hannibal as the Saanich formation.'
The use of the term Saanich is unfortunate since the term has
been used since 1908 to distinguish certain of the upper Jurassic
granodiorites.'' Furthermore it is quite clear that the fauna
listed from the so-called Saanich formation has been collected
in part from the recent beach deposits and in part from the
Puyallup interglacial deposits. This has been shown by corres-
pondence with Mr. Hannibal and by the statement that the
"formation carries numerous mollusca,- usually species now
living in adjacent waters, but others extinct or . . . now native

bret.. J. Harlrn. Bull. No. 8. W.«h. Geol. Surv., I9U. p. 14. autei in contradiction ii
W lU.s and Smith, that "the .Admiralty till It nowhere deeply weathered though in «ome places
stained by percolating water."

' Uull. No. 8. Waah. G«ol. Surr.. 191J. p. IS and pp. 180-182.
•Arnold, R.. and Hannibal, H.. Proc. Am. Phil. Soc. Tol. 52. 1913, pp. 597-598.
'Geol. Surr.. Can., Sura. Rept., 1908, pp. 55-56.
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SnuCTUJlu GEOLOGY.
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degrees in the northern syncline to 75 degrees in the southern.

Belt (3) is distinctly synclinal although actually deformed into two

major faulted synflines. The general structure of belt (4) is ob-

scure. Its rocks have a slightly predominating dip towards the

southwest, and judging from thegeneralstructureof the neighbour-

ing belts (2) and (5) it appears as if the general structure were

synclinal, the axis of the syncline occurring not far from the south-

ern edge of the belt. Belt (5) is homoclinal', that is the rocks

of the belt all dip in the same direction, to the north. From
the dip of the axial planes of the appre.ssed folds, and from the

relative movement of the limbs of the folds, as well as from the

relative movements of the walls of strike faults, it seems fairly

certain that the belt forms the southern limb of a large syndinorium.

The northern part of belt (6) is also homoclinal. Its rocks all

dip to the north at rather low angles of from 15 to 30 degrees.

The dip of the rocks of the southern part of the belt is variable,

so that it is possible that as a whole the belt is anticlinal, the

axis of the anticline being situated not far from the southern

edge of the belt.

Of the great earth folds recorded by the attitudes of the

six belts, those comprised by belts (2), (4), and (5) are largely

the result of the upper Jurassic deformation; and those com-

prised by belts (1), (3), and (6) are almost entirely the result

of the lower Oligocene deformation. During the upper Jurassic

deformation the rocks of belts (2), (4), and (5) were warped into

two large synclinoria, the southern involving the rocks of belts (4)

and (5) and the northern involving the rocks of belt (2) and

the Vancouver \xilcanics as well lying farther north in the

Nanaimo map-area. As Cooke has stated, the crest of the anti-

clinorium, the north limb of which is composed of the rocks of

belt (2), coincides with the present Cowichan valley. The crest

of the anticlinorium, which is situated, of course, between the

two synclinoria, has been greatly denuded and is now covered

by the rocks of belt (3). It appears further as if the anticlinoria

adjoining the two synclinoria to the north and to the south

were also greatly eroded and covered by the younger rocks of

belts (1) and (6).

' Daly, R. A., G«ol. Surv., Can.. Mem. 68, 1915, p. S3.
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the southwestern limb. Whether or not all three of the syn-
clinoria, immediately after folding, were joined by corresponding
anticlines is uncertain, although it appears as if the two northern
synclinoria were so joined. However, the corresponding anti-
clines have now been destroyed completely so that between the
synclinal belts of post-upper Jurassic rocks are anticlinal areas
of pre-upper Jurassic rocks which are with respect to themselves
synclinal.

The central of the three Oligocene synclinoria, belt (3),
consists, as already described, of two major synclines. The
northern limb of each of these synclines has been broken by a
strike fault. Of the two faults, the northern wall of which has
in both faults been the uplifted, the northern separates belts

(3) and (2) and the southern apparently coincides with the sup-
posed upper Jurassic fault which appears to separate the rocks
of belts (2) and (4). The northern limb of the southern of the
three synclinoria has also been faulted by the great Leech
River fault and completely eroded, so that now the oldest of the
pre-upper Jurassic rocks, the Leech River formation, rests
against the youngest of the pre-lower Oligocene rocks, the
Metchosin volcanics. It is thus seen that during the lo\er
Oligocene faulting the northern wall of each fault has been the
upthrown, while during the supposed upper Jurassic faulting the
upthrown wall of the faults has been the southern.

The rocks of the three lower Oligocene synclinoria ha^o a
prevailing dip to the northeast, so that it appears as if '^ • south-
western, northeasterly dipping limbs were wider and had a
gentler dip than the narrower and more steeply dipping north-
eastern limbs. Howe\ ( r, as shown by the preceding paragraph,
the structure is partly the result of faulting and erosion. Never-
theless, it is probable that the Oligocene synclinoria wc; some-
what inclined so that their axial planes dipped to the rjrth.
It appears from this fact as well as from the character of the
lower Oligocene faulting as if the forces causing deformatio.. acted
from the northeast towards the southwest, perhaps having had
their origin beneath the strait of Georgia.

After erosion the deformed rocks and the younger, upper
Oligocene coastal plain sediments, the Sooke formation, were

e.-*iW
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Mesozoic, early and perhaps middle Triassic, appear to be
absent from the region. Little is known of the nature of the
change that occurred near the close of the Paleozoic, since the
structures produced ai this time have been obscured by the
intense deformation and intrusion that took place near the close

of the Jurassic.

During lower Mesozoic times, from late middle Triassic to

at least middle Jurassic, thick flows of moderately basic lavas,

the Vancouver volcanics, were poured out upon the sea-floor

from numerous fissures and in places eruptions of a more ex-
plosive nature occurred. Doubtless near eruption centres the

accumulating volcanics were built above sea-level to form
islands. On these islands marine organisms lived and built

extensive shell and coral deposits which have since been meta-
morphosed into the crystalline limestones of the Sutton formation.

At some time during the accretion of the volcanic rocks a change
of conditions brought about the deposition of fine-grained

sediments with and on top of the volcanics, thus forming the
rocks of the Sicker series. This change seems to have taken
place at the close of the period of vulcanism, and closely follow-

ing it the rocks that had accumulated during the volcanic period,

that is the rocks of the Vancouver group, were deformed.

At the time of deformation the thickness of all of the rocks

c' the Vancouver group must have been nearly 25,000 feet.'

Possibly due to this heavy, extra load upon the earth's crust

in this region, strong crustal movements were started. The
movements initiated a long period of deformation which affected

the entire Pacific Coast region of North America during upper
Jurassic and Lower Cretaceous times. During this period the

rocks of the Vancouver group, and the Leech River and Malahat
rocks as well, were greatly deformed, the main axis of deforma-
tion corresponding with the trend of the island. Perhaps pre-

ceding, but chiefly during and closely following the deformation,
batholiths and stocks of granitic rocks, and sills, dykes, and
irregular masses of porphyrites were intruded into older surface

formed volcanic and sedimentary rocks of the Vancouver group

' Taking Into account the Nltlnat limestonM to the wert of the map-area.
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of Eocene time the series was presumably uplifted without much
folding. Later. (Uirinv; uijimt Kureiie time, vulranism crcurred

in the southern part of the map-areas, and extensive basalt

flows wore poured out on the sea-lloor from numerous fissures,

and in places eruptions of a more explosive nature occurred.

As during the Mesozoic vulcanism, the accumulating volcanics,

the Metchosin, attained a thickness sufficient to reach above
sea-level and * rmed islands. On the shorts of the islands lived

the upper Kocene gastropods found in the basaltic sandstone
beds, and there also the basaltic- detritus was subject to wave
action. At the close of the period of vulcanism prf)b,d>iy in

cirly ()li^;ocenc time tlie Metdiosin \<)lcani( - ,ind the Nanaimo
series were fioth extensively folded and faulti-d. It is probable
th.'.t the forces causing the deformation actt ' from the northeast.

perh:ii)s having their origin beic w the basin of deformation

between X'ancouver island and the mainland, that w,is partially

filled by the I'pper Cretaceous sedimentation and by Kocene
sedimentation from the mainland. During or immediately
following the deformation, the Mctchosin volcanic; were iitiuded

by stoi ks of gabbro, the Sooke yabbro, which underwent dilTcr-

entiation laigely in place result i/ig in granites and anorthosites.

During the cycle initiated by the early Oligocene deforma-
tion the Metchosin volcanics were greatly eroded, sulTiciently

to expose the gabbro stocks intrusive into them and to obliterate

all fault scarps formed during the deformation, before the de-

position of the Sooke and Caimanah formations in lower Miocene
or possibly Oligo enc time. 'I'hc Sooke and Carmanah forma-

tions were first deposited off a mountainous short, so that the

region was not at first reduced to a peneplain. As erosion and
defKisition continued, it appears as if the region as a whole was
depres,sed, until at the end of the cycle, in middle Miocene time,

a coastal plain had been built up against a submerged mountain-
ous slope. It is probable that this coastal plain, formed, with the

old age erosion surface cut in the deformed rocks during the

dejM)sition of the coastal plain, virtually a continuous plain.

In its southern part the erosion surface was a peneplain with a

few monadnocks remaining a few hundred feet above the general

level, but in its central part, the surface was one of considerable
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Doiilitlcss s<x>n aft»T Jht- n^tn-aJ of the Liter glaiier«( the

present eyrie was initiated by an uplift of some 250 to 400 feet.

The uplift reviveil the larijcr strcamH crossing; the lowlan'ls,

anH thcv have terraanl 'he ( ilarial deposits and have rut narrow

jjorjjes in the underlyinn rocks. The uplift was not sufficient

to <itTset the earlier jlepression, no that the valleys of the sub-

maturely glaciated lowlands are still Ih-Iow sca-levcl, as are the

maturely dlaii ite<l, larger, north-south valleys of the upland,

tht- fiords, l)urin^; the present marine cycle, the uplifte<l

Cilacial de(x)silh and the Tertiary sediments of the southwestern

roast as well have liccn retrograded to form steep cliffs, but in

mo-t places the shore-lines in the hard rocks present the initial

irngularites of the drowned surface.

COKRELA TION.

The correlation of each of the formations of the Sooke and

Duni.in map-areas has already been discussed under their re-

spective sections, hence it is necessary to add only a few words

regarding the correlation of the region as a whole with other

geological provinces. As previously noted the formations of

the SfMike and Duncan map-areas represent, with one principal

exce[>ti(in, the Nitinat formation, virtually all of the formations

of Vancouver island, and hence the gcologj' of the map-areas

is representative of the geology of the island as a whole. In

general, the greatly deformed and schistose Leech River scdi-

Mu-nts and Malahat volcanic--, of late Fal.Tozoic age, ;.nd the less

metamorphosed but still greatly deformed Vancouver and Sicker

vnlcanics and associate*! Sutton limestones and argillitcs ol lower

Mesozoic age, all of which are intruded and replaced by batho-

liths of dioritc, quartz diorite, and granodiorite of upper Jurassic

or Lower Cretaceous age are representative not only of the

Vancouver system, consisting of V'ancouver ard Queen Char-

lotte islands, but of the Coast range of British Columbia and the

western portion of the Interior plateaus as wel! These two

regions or systems compo.se the western gee Mnal of the

Canadian fwrtion of the North American cordillera,' and since

1 DawKD, G, M.. Bull. (ieol. Soc. Am., vol. 12. IWl. pp. .S7-D2.

Daly, R. .\.. Gcnl. Surv.. Can., Mem. J8. 1912.

•w^: <^
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CHAPTER V.

ECONOMIC GEOLOGY.

The mineral resources of the So<jke and Duncan map-areas
have not been greatly developed, and only a few of the non-

metallic resources are being exploited at present. The most
valuable production is of portland cement manufactured from
the Sutton limestones anfl Malahat tufTaccous argillites. The
superficial clays are being utilized to a slight extent in the

manufacture of common brick and a little santl and gravel is

deprived from the superficial deposits. In the past there has been

a moderate production of copper and also of gold. The lime-

stones have been used for the manufacture of lime as well as of

cement, and building stone has been quarried from the Nanaimo
sandstones. Other resources which have been or are of pros-

pective val'ic are silver, zinc, iron and sulphur, fuels, (luxes,

pigments, clay shales, and crushed stone.

In the following description tlie deposits are classified

according to the products for which they are valuable. Tfiis

classification groups together fairly well, deposits of like origin;

although in some instances deposits of like origin are valuable

for difTerent metals. Thus under copper are described certain

deposits containing besides copper subordinate amounts of silver

bearing galena and sphalerite. The deposits valuable chiefly

for metals are described first and in the following order: gold,

copper, and iron and sulphur; and under each division the

deposits are further classified ac<ording to their manner of occur-

rence. The non-metallic resources are then described in the

following order: fuels including coal and oil, lime, cement and
fluxes, pigments, clays and clay shales, sand and gravel, and
stone. The soils and water resources are also briefly described,

GOLD.
PLACER DEPOSITS.

Placer deposits have been the only source of gold in the

Sooke and Duncan map-areas. Placer gold occurs almost ex-

T^^!^!p'^mm- ^i^if
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^i

grade and are too small and too barren to be profitably mined;

all attempts to work them have been unsuccessful.

In the "sixties," the deposits in Leech and Jordan rivers

were discovered and rather extensively worked, and the ruins

of some of the old dams, ditches, and flumes may still be seen.

The yield at that time is estimated at from $100,000 to $200,000.

A few years later the gravels of Floodwood and Meadow creeks

were worked. For a number of years previous to 1908 Chinamen
worked on Leech river and Wolf creek, and one or two more
extensive but unsuccessful attempts were made to obtain gold

from the gravel of Leech river and its North fork.

The writer concluded from his reconnaissance of 1908 and
1909' that it was possible that relatively large amounts of gold-

bearing gravel might be found on the wide, comparatively smooth

interstream areas. However, no evidence of extensive gravel

deposits, either post-Glacial or pre-GIacial. were discovered

during the more detailed examination. Not only does the

heavily timbered, glacial drift interfere with prospecting, but

apparently the drift and recent valley and swamp alluvium

constitute the only extensive surface deposits on the upland.

Although the Colwood sands and gravels are in places in the

large valleys fairly extensive they are low grade, probably

nowhere more than a few cents per cubic yard, and are not

extensive enough to warrant the establishment of a plant suffic-

iently large to work them cheaply. The recent gravels do not

occur in sufficient amounts to warrant more than the simplest

and cheapest development, but it is possible, and even probable

that the individual miner can work some of them with a fair

profit.

VEIN AND SHEAR-ZONE DEPOSITS.

Besides the quartz veins in the Leech River schists which,

as noted, are too low grade to be profitably mined, there arc

large and well-defined quartz veins in some of the other forma-

tions, notably in the Malahat, Sicker, and Metchosin volcanics.

Although some of these veins contain small amounts of pyrite

and in places even chalcopyrite, none carrying significant

' Gcol. Surv.. Can., Mem. 13. 1912, p. 154.
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their relative quantities vary somewhat in different deposits,

they are about as named. Sphalerite and galena are found in

many deposits, hut in only a few deposits in relatively large

amounts. The Kangue minerals are chiefly ([uartz, and less

abundantly cakite and dolomite, with minerals such as feldspar,

diopside, garnet, and cpidote, that have resulted from the replace-

ment of the country rocks. The deposits are found chiefly in the

metamorphosed \olcanic and scdimentar>' rocks at the contacts

with or in the vicinity of the intrusive igneous rocks. Quartz

veins carrying sulphides are, however, found in the intrusive

rocks; and the Tyce porphyrite and to a less degree the Sicker

porphyrite, which have been foliated and intruded by younger

porjjhyrites and granitic rocks, are extensively mineralized.

Tile deposits are as a rule irregular, and they occur chiefly

in shear zones or in contact-metamorphosed Sutton limestones

or Vancouver volcanics; but, as mentioned, in places there are

metal-bearing \-eins, and in the Sicker series there is a large and

rather regular lens of fairly massive ore. The deposits may, there-

fore, be classified into four types: (1) contact deposits, (2) impreg-

nated and replaced shear zones v'th accompanying quartz

veins, (3) quartz veins, and (4) the large lens of ore called from

its only known occurrence, the Tyee type. The various types

are not sharply separated from one another and many of the

deposits are transitional in character, and most of them occur

in shear zones rather than in clear-cut, well-defined fractures

or in easily replaceable beds.

The deposit- in the Sooke gabbro and Mctchosin volcanics

also occur in shear zones, chiefly in the Sooke gabbro. Further-

more, the deposits are largely confined to the East Sooke penin-

sula, and have been made the object of special study by Cooke

and are described separately by him.

The deposits have already been rather fully described by

the wr ter in his preliminary report on Southern V'ancouver

island'; and inasmuch as virtually no development has been done

on the deposits since the writer's previous examination, with the

exception of the work done during 1913 on the King Solomon

>Geol. Surr.. Can.. Mem. 13. 1912. pp. 158-187.
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Contact Mctamorphism.

The character r. the contact metamorphosed rocks ha

already been descriljed in considerable detail.' The limestone

have as a rule been converted into rather fine-grained massiv

rocks, composed chiefly of garnet, diopside, and epidotc, cut b

veinlets of quartz and calcite, and impregnated and replace

by the metallic sulphides. Identical rocks have resulted from th

mctamorphism of what appear to have been porphyritic vo

canics; b ,t more commonly the Vancouver volcanics have bee

altered into massive, dense, silicified, and sericitized rock

which contain large amounts of diopside and epidote and, lik

tho metamorphic limestones, have been impregnated and re

placed by the metallic minerals. However, the limestones als

have been converted into dense, light greenish rocks consistin

largely of diopside, quartz, and sericitlzed feldspar; hence i

many places the nature of the original rock cannot be determinec

unless the field relations are clear or the metamorphosed rock re

tains some characteristic texture of the original volcanic rocks

Rarely the limestone has meiely been recrystallized and onl

partly replaced by irregi'''ir streaks of the metamorphic minerals

The intrusive rocks are seldom more altered near the contac

deposits than they are elsewhere, although as described, certai

hybrid types may be developed near the contacts with th

Sutton limestones.

Mineralogy.

The metallic minerals found in the contact deposits, i

about the order of their relative abundance, are pyrrhotitt

magnetite, pyrite, and chalcopyrite, far less abundantly sphal

erite and galena, and in the King Solomon deposit tetrahedrite

In one of the small deposits, pn sumably not of the contac

type, about a mile to the south of Ki-.^ Solomon claim, arscnr

pyrite and native arsenic are reported to occur. Oxidize

minerals are not abundant, although limonite is generall

present, and the exposed surfaces of the deposits are staine

with malachite, and in places with the black, earthy, coppc

o.xide, melaconite. The non-metallic gangue minerals are largel;

' See pases 101-104 and pages lOV.lll.

TTfc^j ,*•'! "V .=#-f
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Pyritc occurs in small amounts, either intcr^rown an''

associattd with pyrrhotite ami chalcopyrito, or in veinlet.s

cutting the magnetite and pyrrhotite. It also forms a few small

but well shaped cubical crystals.

Sphalerite and galena are virtually restricted to the deposits

at some distance from the main contacts. They are intimately

associated and occur either as finely disseminated grains or in

irregular veinlcts, and, as mentioned, occur in the Sterling and
Glen Apa deposits with chalcopyrite irregularly interb.inded

with dolomite. In the deposits in the vicinity of the King
Solomon they are closely associated with both pyrite and chal-

copyrite.

Tetrahcdrite, as mentioned, is restricted to the King Solomon
deposit and occurs there with pyrite and chalcopyrite in small

granular masses and grains disseminated through the sheared

and altered volcanics.

Texture and Paragcncsis.

The masses of metallic minerals commonly include frag-

ments of dark greenish silicate minerals resulting from the

contact metamorphism of the limestone and volcanics. On
pt)lishe(l surfaces the metallic minerals appear to be replacing

the roundet' ind irregular inclusions of silicate minerals, by
impregnating them along contacts and by penetrating them in

tiny apophyses and veinlets (see Plate XII li). As mentioncil,

veinlets of chalcopyrite, and to a less extent of pyrite, in pyrrho-

tite are more abundant near the inclusions, which the chalcopy-

rite penetrates and impregnates more freely than does the

pyrrhotite or pyrite. It thus appears as if the contact silicate

minerals were crj'stallized earlier than the metallic minerals.

To the west of the map-area, however, it has been found' that

garnet occurs in well shaped crystals, that appear to be of later

generation than the massive garnet and other contact silicates,

and to have cr>'stallized after or with magnetite. As men-
tioned, both the contact metamorphic silicates and metallic

minerals as well, are cut by veinlets of quartz, epidote, and
calcite, poss'bly of several generations.

' Geol. Surv., Can.. Mem. U. 1912. pp. 161-lv.J.

W'
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apparrntly M) i)r 40 fcit IctiiK; and most of the depo-'its an- much
sitiallcr.

Th«' (lo[T<>sits (KTur chiclly t(i thf nortlnvost of Mt. \V(mk|,

in thi' oiitiT, nulamorplioxd |w)rti()ii of a Irns of crystalliiu.-

liiiU'Stoiif, alMuit .>,(M«) f.tt lotiK .iiu\ .'()(» Ii'i't wiilo, cnclosod in a
idinplix of W.irk and I'oUniit/ uneissfs. Wht-ro not roiUact
imi,iniorpli(i-i(l, the linustotu- in lomiiuin with thr othir
Sutloii iiimstonf is pure, ronsistiiiK almost i-ntiri'ly of tiiulv to

coarsely irysiallim- cali ' •. Sli^;htly over a mile to the iiorfh-

e,i>t of Mt. WimmI are other deposits which have been develo|H(l
in a Kft^'-itly sheami and altered roof jK'ndant or iiu liision of
Wincouver ntela-andesites. In the two places hoth the intrusive
and the ininided rocks are greatly shearetl and to some extent
die mini rail/, iiion is restricted to sheared zones in the <-ontact-

metaniorphosed rocks. The dejiosits have been fleveloped by
prospect pits and open-cuts, shallow shafts, and prosjtect .idit.-,

but there has been no commerci.il [imduction.

The deposits at a greater distance from the main contacts
occur more commonly as impregnatinR l rains and small repl.ice-

ment lenses in the sheared, contact-metamorphosed rocks, and
less commonly as relatively l,irge bodies composed of metallic
miner.ds mainly. They follow, therefore, more or less wdl-
delincd shear zones from 4 or .S feet to M) feet wide .md 11)0 to

1,000 feet long. At both places where the deposits <.f this type
.ire known— in the Sterling and ( den Apa claims and in the vicin-

ity of the King Solomon clai" —the country rock is chietly a
liense greenish rock which seems to be the result of the silici-

tication of the sheared \'ancotiver \()lc.inics. At both places,

howevei, small lentils of Surton limestones occur in the volcanics
in the immediate vicinity, and c.ilcitc and dolomite arc prominent
gangue minerals; and to the east of the King Solomon claim the
met.dlic minerals occur di.sseminated through a garnet-diojjside-

quartz-calcite rock, which looks ,is if it were the result of the
contact mctamorphisrn of limestone. \o granitic rocks out-
crop within half a mile of the deposit in the Sterling and Cden
Apa claims, but several bos.ses of \\',irk g.ibbro-diorite occur
within a mile, and the large batholith of Wark gabbro-diorite
occurs a mile to the southeast. Although not in contact with
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thr fifff is that the K'«"i«'. (Iinp>i«le, anil otfur n<tn-m«'tallir

iiiincr.ils, ,ifi<l ill pari |.irli ip> llif imlallic minerals, wire

cl«riv«<l from thi- rnstalli/aiion of an impuri' litne«tonf. whii h

(ont.iinol !)tf..n- nu-tatiiorplii--in iiioukIi of tlif innndient^ of the

(K|K.-.ils to form 1)V n arranurmtin and ri-cry>talli/.ation, tliroUKh

thi- luMt and minirali/«rH OHrapinn; frtmi thi' intrusive mauma,

tin- mint-raUof tlu' priM.nt deposits; tfie momkI llyp<)tlu•^is is that

tlu- iime^tonis were relativdy pure, and that addition!* of silica,

iron, (oiiper, and hiilpluir were received from the intnidinK

manma, liy means of thermal solutions, well almve the critical

tcmiHTatiir> of pure water, hich entered the limestones and

met. isomatii ally lepl.iced them.

It h.is been >hown' that the conl.i. t-metamorphosed rin ks of

the S<K)ke and mean ma(>-areas were formed lM)th from pure

limestones and . iated volcanics by the atl.lition of silica,

iron, and alumin... ''iroiinh the agency of thermal solutiotis

csc.ii)inn from the crystalli/in^^ intrusives, the formation of Karni t

in the metamorphose. 1 volcanics necessitatinn the .iddition of

lime .IS well as of silic.i ,md iron.' Although in some pl.ices on

Vancouver isl.md garnet cryst.iUi/ed during or after the formation

of some of the metallic minerals, in m.my pl.ices in common with

the otlur nietamorphic silicates, it dearly preceded the defxisition

of th.' nul.illic minerals. It cannot be ileduceil, hf)'vever,

that tlie formation of the nietamorphic silicates and of the metal-

lic minerals represent- two separate, indepemle.it stanes of silicate

formation and of met.illi/atioa. Inste.id it appears as descrilicd

under the mode of orJRin oi the contact-mctainorphic rocks' ;is

if the luo were formed I one continuous process, but one which,

owing to changes in ti inprrature and pressure and probably

to ' hanijes in the escaping solutions as well, was subdivided into

v.irious overlapping .ind deperdept stages, each characterized

by cer'.ain typical it.ictions resulting in characterisli< minerals.

While it seems, as Lindgrcn* i..is stated, that the develop-

ment of < ontact n.otamorphic rocks .isd of thdr associated metal-

' Sm mode u( orUin u( ttie V^mcouvi-r volcanics and Sutton liiuMtonca, pp. liy-lii.

'Col Surv., (an.. Mi-m. .t6. IMIJ, i>; .
46- .^n.

• Ser pa^i? 1-1
1 • I] 1. A

. Liiidur™, W.. "The oriein of kMrrc-t zone,' and as»u- .ted ore dcDosits. Hull. Am.

In«t. Min. Ens;,, June vn*. pp. Wl-OSt.

Mfl['!«.'/s»»'-««L»>a.r iTJ* «' ''^^•^^cy^S9!>a^MBi^»r4iam^^SuJ'-'.i^'»
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critical temperature of pure water, would probably be liquid

and hence would be capable of carrying a larger load of non-

volatile constituents. However, as Johnston and Xiggli have

pointed out' when the volatile components can escafH* slowly

and continuously they will obviously not be under very high

pressure.and the amount of material carried by them will be small.

Consequently the stage of effective metallization is short-

lived, a feature which has been impressed upon many mining

geologists.- During the last stages of metamorphi^m. tlurefure,

little appears to have taken place but the foimation of the

veinlets of (juartz, epidote, and caki'e.

It is clear that magnetite and ()yrrhotite hnished crystal-

lization before pyrite and chalcoi)yrite; hence it i> to be cxpec led

that those deposits formed nearer the source of the nutai-l)earing

emanations or close to the main contacts, would be richer in

magnetite and pyrrhotitc than those deposits formed at some

distance from the main cunt.icts, which, as would be expected,

are found to be relati\ely rich in pyrite and chalcopyrite.

General Status ami Future Possibilities.

There has been no commercial production from the contact

deposits. They are very similar, as has been indicated, to a well

recognized type which includes notable producers of copper

ore. The ()roductive deposits are, as a rule, much larger than the

'mown de[)osits of the Sooke and Duncan map-areas, and in

many cases they have been enriched by secondary processes

formin, high grade > pfxT minerals, chiefly chalcocitc. The

known deposits in the nintact-metamorphic rocks adjoining the

main contacts are too small and irregular and too high in mag-

netite and pyrrhotite, which cannot be cheaply separated iVom

the chalcopyrite, to be probable sources of copper ore. Tlie

deposits which have been dc\elope(l some distanri' frrim the

main contacts, owing to their freedom from pyrrhotite and

magnetite, and to the readiness with which the pyrite anrl

chaldipyrite could be concentrated by milling or flotation, are,

however, of prospective importance.

' J.iliiistoii, J,, ami NikkU. 1'.. op. cil. p. (<V<.

L.tldiiri'll. W.. "MiiiiTjl ill-posits." 1''!^. V' '>!
'
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IMPRE^AXHO .KU KKP,..C, O SH..H ZOXKS. W,T„ ACCOMP.VV-
INC; QUARTZ VEINS.

General Features.

Description of Deposits.

an( the Sicker s,.nV^ ,„ i
• .

ivlalahat volranics

in others n ,

^^«'^«<^'ated porphyrites, than thcv are



38 2

zone typo in their lar^e amount of fiuartz. A few prospects have

been opened in the deposits in the vicinity of Leech river.

The deposits in the Malahat volcanics consist chiefly of

pyrrhotite and chalcopyrite with less pyrite, in a gangue of

quartz and in n' es calrite. The minerals occur disseminated

or in small veins oi stringers through shear zones which are usually

parallel to the foliation of the rocks and which may be limited

by fairly massive, impervious walls. Rarely, as in the southwest

slope of Mt. Skirt, half a mile northeast of (ioldstream post-

oflice, there has been considerable replacement of the sheared

rock. In this deposit there is also a little chalcocite in very

small grains as.sociatwi with chalcopyrite in veinlets of chal-

cedonic quartz. The metallic minerals have been weathered

to limonite and the shear zones are usually hea\'ily stained

throughout their entire wiiitli to a rusty brown, so ..lat the out-

crops are fairly conspiciK)us. The tieposits have been developed

at several places: in the Highland district east of Sooki' lake,

and near Survey mountain, but most extensi\ely in the Fair

group of claims, located on the deposit in the southwest slope

of Mt. Skirt. The deposit or deposits there are situated in five

shear zones in silicified dacite tuffs and interliedded cherts.

The shear zones strike about north 50 degrees west, parallel to

the foliation of the country rocks. A large amount of replace-

ment has taken place and the shear zones arc traversed by
numerous but irregular quartz and calcite veins. The deposits

have been developi'd by a prospect adit, a shaft, and several pits.

Vamnitver Vokania'. Many of the deposits in the Van-

couver volcanics and all of those in the associated Sutton lime-

stones, although they may occur in shear zones, are of the

contact-metamorphic type and have already been described.

There are, however, many mineralized shear zones throughout

the \'ancouver volcanics where the rocks ha\e not been typically

contact-metamorphosed. Instead *hey have Ijeen converted

into sheared greenstones, con ting largely of residual,

sericitized feldspar, uralite, actinolite, and chlorite. They
are cut by numerous stringers of quartz, quartz and epidote,

and, near intrusive rocks, of quartz and feldspar, and are

impregnated with metallic sulphides, chiefly pyrite, and

.:y
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throughout the entire mass, finely disseminated grains of chal-

copyrite and possibly some chalcocite; and on Mt. Richards the

mineralized porphyrite is reported to contain about one per

cent ' f copper. The Sicker porphyrite is also cut by quartz

veins, up to 2 feet wide, which arc, however, virtually barren.

The mineralized shi'ar zones have been developed by a great

many prospect drifts and i^its, and by not a few adits ancl shafts,

especially in Mts. Sicker, Richards, and Brenton. Except from

the Tyce deposit, however, there has not been any conmiercial

production of either copper or gold ore.

llafholilhic Rocks. The batholithic rocks, especially the

W'cirk ai.d Colcjuitz gneisses, are traversed by numerous but not

extensive shear zones, which from an economic standjwjint are

sparingly mineralized, chiefly with pyrite. The mineralized shear

zones have been pro.-pected slightly, chiefly in the Highland

district, near the (joldstream lakes, south of Shawnigan lake,

on Malahat -idge, and in the lower j)art of Koksilah valley.

Meklwsin Volcanics. Mineralized shear zones occur also in

the Metchosin volcanics, but are not numerous excejit near the

intrusive stocks of Sctoke gabbro, although they are found near

the Leech River fault. As in the other shear zones the metallic

minerals are pyrite, chalcopyrite, and less abundantly pyrrhotite

and magnetite. The shear zones are cut by irregular veins of

(juartz and epidote, some of which carry small amounts of pyrite

and chalcopyrite. Many of the more promising deposits occur

in shear zones parallel to the general strike of the volcanics,

that is about north 65 degrees west in the vicinity /jf the East

Sooki stock, and ha\e been prospected .slightly on the shores of

Be( her l)a\ , and in the east shore of Otter i)oint. The tr.inera-

lized shear zones near the Leech Ri\tr fault have been prospected

a niik- to the west of Sookc river and three-(]uarters of a mile

to the e.ist of the river. Mineralized shear zones in the Metcho-
sin volcanics were al.so noted in 1909' about a mile west of the

Sooke tnap-area, in the east side of Jord.m River valley nearly

3 miles from the mouth. It w.is thought that these deposits were

not assf>ciated with the Sooke gabbro, but granite float was noted

' Gcol. Surv.. Can.. Mem. 13, ID!2, i). 172.
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of the contact deposits and hence was probably effected by

somewhat less concentrated solutions and during a longer period

of time.

The mineralization in the Metchosin volcanics and Sooke

intrusives was clearly deposited under similar conditions, follow-

ing the irruption of the Sooke intrusives in lower Oligocenc time.

The relative rapidity of the mineralization is shown by the

occurrence of fragments of the mineralized rocks in the conglom-

erates of the Sooke formation oi Oligocene or lower Miocene age.

General Status and Future Possibilities.

Although a large numlx;r of claims have been located on

the shear-zone deposits and some of them developed slightly,

there has been, as mentioned, no commercial production. Owing

to their low grade character, pyrite usually predominating

over the copper-bearing minerals, and to the irregular distri-

bution of the metallic minerals, most of the dep<3sits, especially

in the Leech River schists and in the batholithic rocks, are

improbable sources of copper ore. The more abundant mineraliz-

ation and the presence of bornite and chalcocite in the shear

zones of the Sicker series an'! associated fX)rphyrites, and in the

Malahat volcanics render tl. sc two formations more favourable

to prospecting. This is especially true of the Sicker series, where

further prospecting may lead to the discovery of another lens

of ore of the Tyee type. The shear-zone deposits in the Sooke

gabbro (the Sooke type) are of considerable prospective import-

ance, and recent development in 1916, of the shear zone de[X)sits

in the Metchosin volcanics in the Jordan River valley, has given

encouraging results. In the Metchosin volcanics prospecting

may be limited to the vicinity of stocks of Sooke intrusives.

Although the discovery of any large well-defined body of metallic

minerals in any of the shear zones is doubtful, yet owing to the

amenability of the deposits to cheap concentration, such as flota-

tion, some of them may be found to be of con.mercial value.

To be of value, however, such dejxjsits must be large, and pros-

pecting should be limited to wide persistent shear zones.
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synclinal trough of the quartz-st'ricite, and graphitic schists

resulting from the mctamorphism of the Sicker aediments and

Tyee (|uartz-fel(!spar porphyrite which in the vicinity of the

Kns are cut by large dykes of Sicker gabbro-iliorite porphyrite.

The ore is chalcopyrite, associate<l with pyrite, sphalerite, and

some galena, in a gangue consisting chiefly of barite with some

quartz and calcite. The production from the dej)osit has been

large, and during its activity from 1903 to 1907 the Tyee mine

was the most important copper prof'ucer of the coast region of

British Columbia. At present most of the ore has been worked

out and the mines are shut down.

The deiK)sit has been (iescriUd in considerable detail by

Musgrave', \Veed^ and the writer,' and as no new informati<jn is

available the following summary is given of the description

published in Memoir 13.

Mineralogy. The number of minerals found in the ore is

comparatively small. The metallic minerals are, in the order of

their abundance: pyrite, chalc<ipyrite, sphalerite, pyrrhotite,

and very small amounts of galena. The non-metallic minerals

arc chiefly barite, which forms about 37-5 per cent of the ore

deposit, quartz, feldsj)ar and sericite, calcite, and a little dolomite.

Feldspar and sericite are in part residual from the unreplaced

country* rocks.

The ores of the deposit may be classified as banded and

massive. The banded ore consists of albite, pyrite, b.iritc,

chalcopyrite and galena, sphalerite, quartz, and calcite, appar-

ently deposited in alK)Ut the order named, but in general deposited

contemporaneously during a short rapid period of mineralization.

It is not crustified but the banding appc>ars to be due in part

to a slight crushing and movement after the minerals had been

crystallized, and in part perhaps to the replacement of an origin-

ally banded rock. The massive ore consists of clialcop\ritc

and a little intimately and iriegularly iiitergrown pyrrhotite,

including small well crystallized grains of pyrite The minerals

' Muscrave, RoM,. Knc Am\ Min. Jour., vol. 78. lOfM. i,p. f>7J-o74.

= We,->1. \V. il.. linK. anj Min. Jour., vol. x.-i, I'HW, pi. 1<)') jol.

'Clapp. r, n.. ('.col. Surv.. Cun.. Mi-m. \i. 1912. pp. lx()-l!<7.
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to l>e little tviilfnce that thty have bcoti deposited in a pre-

existint; cavity, as has been suRgested.' The circulation of the

solutions was doubtless controlled lar^'cly by the schistose zone

and confining walls of Sicker porphyrite ami partly by (he pitch-

ing synclinal troughs, in one of which the ore-lKHly was funned,

largely by replacement.

Ciueral Status and Future Possibilitiet. As stated, the ore-

body is apparently worked out, and there has been no production

since 1907. Up to that time the Richard III had produced alxiut

4,000 tons, the Tyec 166,000 tons, and the Lenora alM)Ut 80,000

tons.' From the 166,000 tons prcxluced by the Tyce mine there

was obtained 14,715,336 pounds of copper, 415,446 ounces of

silver, and about 26,000 ounces of gold. The thorough pros-

pecting carried out by the Tyec company virtually precludes

'.1
. finding of another lens of ore in the Tyee syncline. Similar

syndines of mineralized, schistose rocks (X-cur elsewhere in the

Sicker series and in its associated porphyrites, and it is possible

that there arc similar ore-bodies as well. The location of the

bodii's from surface exposures is almo^;t impossible. If it had

not been for a happy accident, the uprooting of a tree which

covered the only outcrop of the Tyee lens, the Tyee ore-body,

which only near its one outcrop has a distinct covering of gossan,

might have remained undiscovered for a long time. Not only

are outcrops wanting or inconspicuous, but prospecting is greatly

hampered by the thick layer of drift and by the hea\-y forest.

The prospector should, however, pay particular attention

to the closed synclines uf mineralized schists.

IRON AND SlLrnUR.

Iron ore has been sought in four typt;s of dejxjsits in southern

Vancou\-er island: in contact deposits, impregnated schijits,

replacement deixisits in the Sooke gabbro, and in bog ore deposits.

Certain of the contact deposits of southern Vancouver isl.md are

fairly large and consist chiefly of magnetite. These contain

large reserves of iron ore, Init all of the known deposits of this

' Miia«rav.'. R,, Enq. ami Mlii. .luur.. v«l. 78. IVDt. p. 674.

'Rfll. on miniiic anJ metalluriiiral iiidustriet of Canailu." Dept. of Mines, Miiici

Bramh, lw;-H, pp. 17i-17i.
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type in southern Vanrouvvr islami' .„v»r m the mc.t.,m..rphuM..l
Nitmat hmo.ton.s to the west of the Sooke .,n.| I.„nran n.ap-
are.19 All of the magnetite tyjKj of contact .l..p.,.its in t' e ^ookeand Duncan map-areas, 8uch as some of those of Mt. M ,lah uwhi.h o,vur in the metamorphosed Sutton limc^stones and
asso< lated Vancouver volcanics-a'ready descrilK,! un.Ier conn..r
de,v,s,ts-<ontain larKC per.entases of pvrrho.ite. an.l are
.rregular .n shape and of relatively slight extent. They are not
therefore, prohaMe sources of iron ore.

Iron claims have fxen taken up on certain magnetite-
b..anng. jasjH.ry schists of ,h.. Sick.r se,liments, near contact.
w.th the mtrusive S.cker gal.hro-diorite porphyrite on the west
slope of Mt. I ruce. Saltspring island, at an elcv.t.on of 8'S
feet atx^ve sc-a-level. and one-half mile from the cast shore ofSansurn narrows; claims have also b.-en tak..n up on similar
<iepo.;i s on the northeast slope of Mt. Brenton. The dep..siton Saltspring island consists of a xhistose zone, about 100
toet WKle, that in places is com,,osed ..f tile d.irk re.l. jasperv
schists consisting of very tine, irregularly intergrown grain,o quartz with 10 to IS ,n.r cent of magnetite. The magnetitewhich occurs in small grains averaging about 0-02 millimetrem diameter .s arranged in rudely parallel streaks ,hk1 lenses,
with a few larger grains with crystal outlines, 0-1 millimetrem dian.eter. It is partly altered to hematite, which gives therock us red colour. Toward the .entrc ,.f the zone in particular
vanlets of magnetite occur, up to 3 inches wide, parallel to the
sch:s tosity. but with tiny offshoots e.xtending across the foliation,
guartz vcinlets also occur and appear to be of later devoloprnent
than the magnetite. Metallic sulphides are virtuallv absentThe deposit has apparently been formed by thermal' solutions
of quartz and magnetite, derived from the neighbouring intrusive
gabbro-dionte porphyrite, that impregnated the sedimentary
schists and to some extent replaced them. The deposit is exposedby an open-cut 75 feet long. The deposit is of fair grade in
places and much of it could be readily concentrated to . high
grade^ product; however, the deposit is hardly large enough to

' Geol. Surv., Can., .Msm. U, 19U. pp. iK7-iyj.



302

warrant ,iti attcmpi .it mining. Thu (IciH.sit mi ilu- northeast
mIcjh.' iif Mt. Hn iiiim li.i^ not Ihtii ixaniiticd, little or no <li-vilop.
mint Work liavin« Uin done on it, l)iit it i.-* prolial.ly not larKc.

11 lairlv larKe (le|K)sits of this tyjK; are diseovered, they will la-

of great prospective value.

All of the npl.Kctneiit deiM>its in the S<K)ke ^;allllro (Hcur
in the Mast S.oke |H-nin>ula and ha\e Ihvu descriU'd hy CVKjke.
Mrielly, they (onsi-t of mas-,ive pyrrhotite, magnetite, pyrite,
and (llaIi(ip\Tile, with verv little «an>;ue. Sinee the rhief
mineral is pyrrhc 'te, althoUKh riiannetile is present in consider-
able c|iiantity, the deixisits are unlikely sources of iron ore.

Fn the SiK.ke r|i>tri. t. in the vicinity of 1 )enianiel (reek, is a
l-oy or lake deiHisit of y.llow o. hreoiis cl.iy. which has heen
mentioneil as a source of iron ore. Since the material contains
only 15-5 [ht <ent of iron, it is of too low ^rade for an iron ore.
It is, howex-er, suit.il.le for clie.ip p.nnt and th. teih)sit is dt«i-

cribed more fully under pijjnients.

The ni.i.ssive sulphide (KiKKsits in the Sooke ^ahhro and the
(ont.u I deixisits tl:.it are rii h in suljihide minerals, like those of
Mt. M.il.ih.it, ahe.idy (lescr:!K>(l under copp.-r deposits, are
jKissible but not probable sources of sulphur. The deposits
consist of irregular masses of [lyrrhotite, pyrite, and m i^;netite,

with small .mounts of chalcopyrite. A little vein (juartz
and prim.iry s.Mcates, which the .sulphidca have more or less

completely repine "d. are the only ^angue minerals. Owing
to the l.irKe iHTcent.. /esof pyrrhotite and m.ignetite, the sulphur
content is not high .u. I, furthermore, the deposits .ire irregular
and relatively small. 1 1.

•• would be useful only in the manu-
f.icture of sulphuric acid; anv: :f sulphuric acid were manu-
factured locally on a large scale, it is doubtful whether these
depo>iis could compete with other dejK.sits that are richer in

copper or the pre( ious metals.

FLELS: COM. AND OIL.

Tlie .X.in.iimo series of the map-area has been con.sidercd as
a [)ossible source oi coal, on .iccinint of the so-called "coal
m.irkings" (impressions of leaves and bark of coal-forming
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It (Im-s TH)t seem probalile, therefore, tluit oil will l)e found in

gre:it (luaiUilies in the Nanaimo series.

The Suoke formation along the southwest coast has been

considered as a possible source of coal and oil, and has been

prospected at Sooke, Muir creek, and Kirby creek. iNear the

mouth of Muir creek the Western Canadian Oil Prospecting

Company drilled a well, from August, 1910, to August, 1913,

for over 1,.S60 feet deep. The only indications of coal are

thin seams of lignite and lignitic sandstones, with occasional

cigar-shaped lenses and cylindrical masses of lignite. The

Sooke formation consists largely of coarse detritus, which was

deposited rapidly off a rather mountainous coast under marine

conditions. These conditions were very unfavourable for the

formation of coal. It seems as if the carbonaceous matter

present was largely of drift origin, that is, composed of logs

and other vegetable waste which accunuilated along the shores

of the Tertiary ocean during the deposition of the Sooke forma-

tion. The small seams of lignite that occur are very impure,

the following being an analysis of the thickest seam known,

8 inches thi k, exposed on Kirby creek, near the Jordan River

road briilge. The sample was collicted by W. L. L'glow and was

analysed in the laboratory of the Minis Branch, l)ei)t.of Mines.

\V.,I<T
'''*

\\)\. coinbiistil.lc -"'''

I'ixc'd iMrUm -'.ill

Ash ^-^

In the Sooke formation tiiere is no thick shale horizon

rich in organic matter from which oil might ha\e been derived,

alilioiigh some of the sandstoni-s contain large lunnbers of marine

organisms, from which the small amount of oil forming insignifi-

cant seepages has probably been deri\ed. Since the rocks

are coarse-grained and por. us, without im|)er\ious layers, and

not folded, but broken by very small f.iults, the structural

conditions are unfa\<iurab!e for the .iccumul.iiioii cif oil. In

addition the individual basins of tin Sooke formation are sm.ill,

and the thickness of the rocks, except locally, is probably less

than 51)0 or 600 feit. It is, therefore, with a great ileal of

i-'^^1^^
i>>;-<P ??_!
. V '• V '

1

"^ "'
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Analysis nf Sutlon Limestones frjin the Scoke and Duncan Map-areas.

I'.ilt'iiim i-.irbonate C.i( Oi
M.i^'iH^iinn c.irbonatt; MKriJj
Ferric o\iile if't-'jOji

and l-iiuh

Alumina (AljOj)

Insuhililc.chictly silica SiO..

Ill

9.Vli W-5
[
'US

oyii none
\
nunc

2I»0 trace i trace

ISll 4 8-0

I\

97-24
tr.ice

1 60

NO

97-8H 99-9 |_99S^I 99-64

A. Levcrin, Minestl.I. Oiiarn.- 1 mile west of Raymond crossing

Branch, Ucpt. Mini-s, analyst.

II. Writjlesmith property, west of 17-mile-po-^t, Saanich mlct, II. ( ar-

niichacl, an.ilvst. Kept. -Min. of Mine>, H.l .. 191 1, p. K21W.

III. Klford ipiarrv (now .\s.-iociated lenient Co.) Saanich inlet, H.

rarmich.ul, analyst. Kept. Min. of Mines, B.C., 1911, p. K209.

W . Associated Cement Company's cjuarry, liamU-rton, Saanich inlet

—

furni.-hed by the company.

The only limestones that are bcinj; utilized at present

are those (iiiarried at Bamberton for the manufacture of pcjriland

cement. The lens in the Highlantl district was opened iiii in

several (juarries and the limestone was Inirnt in updraft, wood-

fire kilns at two places. The limestone is somewhat metamor-

[)hosed and contains inetamorphic silicates, and is also < ut by

numerous dykes. The failure to establish a profitable industry is,

perhaps, partly due to these causes but more largely lu the fact

that the cost of transportation to the railway or to salt water

was too great for the plants to compete successfully with those

more favourably located. The same cause seems to have been

responsible for the failure of the kiln west of Raymond crossing.

The limestone at I?aniberton, which was formerly used for the

manufacture of lime, was taken over in 1911 by the Associated

Cement Company (Canada) Limited, a subsidiary company

of the Associated Portland Cement Company (jf England. A
plant of 2,500 barrels capacity for the manufacture of portland

cement by the wet process, with oil-burning, rotary kilns was

constructed and was in operation in 1913; during that year

135,000 barrels of portland cement, valued approximately at

$250,000, were produced'. The "shale" which is mixed with

> Kept. .Mill, uf Mine;, U C. I'JI !, p. Kl'll.
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the limestone is quarried on tin west shore of Finlavson armand .sohta.ned from one of the tuflareous argillites of the Mala-ha v..Ican.cs. A .leseription of the argilhte, aecompanied hy apartial chem.cal analysis kindly furnished by tlie company
has already been g.ven'. During 1914, when the market fo^cement was somewhat Iimite<l, the output of the plant wasvalued at alK)ut 8300,000 =.

PIGMENTS.
In the :Sooke district, exposed in the bed of Demaniel creek

half a m.le south of Young lake, is a deposit of yellow, ochreous
chjy, or impure bog-iron ore. Ft is traceable for'iOO yards along
the creek, and has an exposed thickness of 4 feet. Mr. Dan
Campbell, who held a claim on the deposit, states that it extends
as far north as Young lake, and that he has borecj into the deposit
for a depth of 12 feet. The defx^sit .onsists of a yery Zo-
graine,! clay, w.th which is mix-d fairly uniformly, bog-iron oreor imon.te. L.monite occurs al.so in small concretions. An
anab-sis of a sample from the deposit showed the iron content
o be Lv5 per cent. Near the surface the deposit contains
angular fragments of the Metchosin yolcanics. but these haye
doubtless been washe.l in by Demaniel creek during tim..s of high
water, and they are not founti much more than a f<.ot below the

undcrl>mg sands and grayels. The . has doubtless been
deposited durmg late Pleistocene or rec ^. umes in a bog, which
probably represented the end stage in the filling up of one of theransunt lakes whuh collected in the hollows of the drift mantle
at he close of the period of glacial occupation. The • aterial
could readily be washed and purified, and the product, although
valueless as an iron ore on account of i,s low iron content, wouldmake a good base lor coloured paints.

CLA^•S.

Clay deposits are foun<i, in the Sooke and I )uncan map-areas
onlj^in the Nanaimo serii's and superficial deposits. The clays of

1 St'L' payp 7.^.

» Kept, Min. of Miiu-d. I'iU. p. K.is

sm? r^:^^- iSi, ':i^'
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the superficial deposits occur cliiefly in the Puyallup interglacial

depycsits and to a less extent with the Colwood sands and gravels,

and in the recent alluvium of the ea: ;ern part of the Cowichan
valley. They are found in beds up to 10 or 20 feet thick, and

have a wide distribution throughout the map-areas. Thjy are

chiefly yellowish grey, sandy, although fairly plastic clays, with

a moderate air-shiinkage. Associated with the sandy cLys in

places, arc very smooth, plastic clays, with little or no grit;

but most of these crack greatly upon dr>'ing. Most of the inter-

glacial clays contain numerous glacial jjebbles and even small

boulders of the cr>-stalline rocks: although in places, as in the

pits southeast of Ladysmith near Boulder point, the clays are

virtually free from pebbles and iX)ulders. When the pebh'es

are present the clays should be screened before using, if the

best product is to be obtained. The clays contain more or less

vegetable lignitic matter, usually plant remains. They are all

of low fusibility and burn hard and red at a low temperature.

The following is an analysis of a superficial clay, from near

Duncan, that is typical •- the superficial clays, which are all

much alike.

A nulysis aj Superficial Clay from near ' uruan}

Silica, SiOo 67-6
Alumina, .•\l2Oj 13-6
Iron oxi(lc, FciOj 8-8
lime, CaO 3-6
Magnesia, MgO 0-2
Water and loss upon ignition S • 6

The clays of the superficial defX)sits are suitable for the

manufacture of "ommon brick and drain-tile, and for the manu-
facture of jvj.-tland cement, and are similar to the clays in the

vicinity of Victoria, which arc used extensively for those pur-

poses. Within the Sooke and Duncan map-areas they are at

present used for the manufacture oi common brick only at

Somenos; but recently a small number of brick were burnt

from the clays near Boulder point, southeast of Ladysmith.

Some of the shales of the Xanpimo series, notaljly those

of the Haslam, Ganges, Cedar District, Duncan, and North-

' Herbert Carmichael. analyst. Rept. Min. of Minet, liC, 1008, p. 188.

\ii
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umlKTlaml formations are sources of shalc-clav. whirh maN- heused for hnck and various kinds of semi-porous ware and ston^Harc^ eaher by the dr>-press or stifT-mud process; but most ofthe Nanamu, shales arc too sandy, of too low plasticitv. and tooexpens,ve ,o work to be of value. Even the best of' he ha"elays' are of low plasticity, burn to a red or brown colour'ar olow fus>b,hty^ and are interbedded with numerous thin layer
sandstone. Therefore, they hardly warrant development at the

ZT^l
'""';

T?'''^
'""^""'^ "^ ^''^'^ ^^''f'--- handling d

shaU.-,lajs of the Nanamm series are not at present utilizedalthough s,m.lar shale-clays are quarried, largely for the man

7

'rdaTF ; u'l," f ""^? °^ ^ "^'^P-^- on\-.abriolaTs?and

SAM) AND GRtWEL.

crnvT'""
'7'''^"^' ^''f!"^'t^- especially the Colwood sands and

om Lr h""?" ""'T ?^
''"' ^"^'"""f^ intergladal deposits,occur mg ch.efly on the lowlands of (he region. afTon! anabundant supply of s..n,l and gravel of good quality fc. cone eteordmary fill.ng, road material, and for other similar purpoSl'The Colwood and Puyallup deposits, and t. some extent herudely straffed portions of the \ashon drift have been quarriedto a muted extent at numerous places throughout the more

ballast. B far the greater part of the material ^or these purposeshas been obtamed from the coarse gravel, top-set beds of theCol«-ood delta, cnefly from a large pit north of the Esquimaltand Xanamio ra.lway, east of Langford lake. Sand and gravehave been quarned for structural and building purposes from

o SaTh "^T V^'^ ''"^"""P ^'^P"^'^-^ - 'he'^ast shor"of Saan,ch mlet south of Maple bay. and on the shore of Parrybay between Albert head and William head; but the quarry»n the former deposit was not in o,,eration during 1913.

47. :t::^zn::'::T :lT-
'""' " '-'' *^'^"' ^- ^'- «-• ^-- m-.
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STONE.

The frarturcd and sht-aml rhararicr of the crystalline,
nietamorphic, an<l granitic rocks of the map-areas renders most
of them unfit for building purposes other than foundation
and other rough structural work. In places in the large mass
of basic granite or granodiorite west of Ladysmith, the granite
is fairly regularly jointed and comparatively free from small
fractures, and moderately large, sound blocks could probably
be obtaineil. The sandstones of the Sooke formation are Uxj
coarsely and irregularly grained, tfx) soft, yet too greatly frac-
tured, and too thin-bedded to be of much value, and even
most of the rocks of the Nanaimo series are too greatly disturbed
and fracturcHl to yield stone of go(Kl ciuality. However, some
of the less folded and fractured of the Nanaimo sandstones fur-
nish juilding stone of fair quality. Only two of the sandstones
have Ix-en at all extensively quarri.,!, the Protection (Duncan)
and the DeC'ourcy. There is, how, vcr, an old (juarry on the
east shoie of the southern arm of Majtle bay, in the lower sand-
stones of the Haslam formation. The Protection sandstone has
been quarried on Saltspring island on the north shore of Booth
bay, and fo the east of the E.'^fiuimalt and Nanaimo railway,
nearly a mile northwest of Cowichan station. At the last
locaIit>-, which is the only place in the Cowichan basin where
the Protection sandstone can be distinguished, the sandstone
is mapped with the Duncan formatioa. The quarry at Booth
bay is in an 80-foot bed of a uniform and rather fine-graint'd
sandstone, striking north 65 degrees west and dipping 75 degrees
northeast. The sandstone is light greenish grey on fresh fracture,
but weathers quickly t(. a dirty t)r brownish grey. It is com-
pose(i of angular grains (jf quartz and clear or white weathired
feldspar, shreds of biotite and some of mu.-^covite and .i few
greenish and reddish grains, seen micro.scopically to be epidofe,
zircon, titanite, and ja.spery and meta-volcanic rocks. The
sandstone is chiefly cemented by secondary silica, and is rather
friable. Like most of the Nanaimo sandstones it is rather soft
directly after quarrying but hardens with seasoning. The thick,
steeply dipping bed is broken into large lenses up to .S feet thick!
by r.ither numerous, nearly horizontal but somewhat irregular



401

rt,i;r^: ;;: -zz;;";,;;: ;xrx 'rnot been in operation for sevvrai ^.a
"

\ r, /'I'""'-'
^''

station a very similar ^In^k-lJ^^^v^^ti:' T"'^"y.-.th .mall in,orhed<le,l lenses of eoa v h .|,,u
^;""'-^'""**-

s quarried. The sandstone strikes 2u^" -j X''^''"""'"'and dips ahout 30 degrees northeast. Tl e , utrv h
.'"'"

T'in operation for several years. ' ^ ^ '''" ""^ ''«'"

The Dt;Courcy .sandstf)ne has been fiii-irr;..,i c i

Inland on the north shore of Vesuvius bv T 'i'^^'^^f""'"*^

a 20-foot bed limited by Jls "f ialv sand T ''"'T'
'^""

shale. The sandstone is medium ,o r
'"'^ "''"^^'

Rreenish grey on fresh fractur' b"t 1-2 77^' ''^''"

although some, „l„„i„,.rt hmt bv , ,1
•"',T''"''"

the less a.te.;b^eti;mlr;<::;:f ;;'""""'""• """--•
the Metchosin basalts, nu

"
ed to t

'^'
^TT""-

'"'^''""^

Albert herd offer in ,^1 , V ,

'^'^ "^ "^'^ "u.p-area on

trap rock .,^;;f-x ;:;:r;utZ''^-
"^ ^^^ ^-^ ^-''^^ °^

SOILS.

ported':rt:f;'^n: ^::;^'-\-^'^-- -e virtually all trans-

C.nse.uenUythei^h^L;^C;:l.;;y-:^re:^X=



402

upon llu' immeiliatfly iindfrlyinn sujHTficial (If(V)'iits, iM'itiK

siiuh or p(l)l)l>' where underl.iiii liy sands or ^raxi'ls and cl.iyey

where underlain by (lays.

Thi' soils formed from (he I'uyallup inler(j;la(ial (le|K)sits

range from fertile, fin«', sandy loams to dry, coarse, s.mdy

lo.ims; the l.itter caimot hold much w.iter .uid are subject to

great chanjics of temper.iture and conse(|uently are of [)oor

fertility. 'I'he former soils occur where the subsoil is s.uidy

or tine clayey s.ind. They are most common below eleva-

tions of 2.SI) to MH) feet, .in<l are found t'speci.illy on the eastern

low'l.inils of the Sooke mai)-are,i, to the northwest of I'arry

b.u' .ind to the north of Sookc harbour, ati<l in the soulhe.istern

part of the t'owichan v.illey. 'i'he l.itter soils .ire foimd where

the subsoil is coarse sand or gravel.

'I'he Vashon drift forms chii'tfy a r.ither coarse, s.uidy

loam, with a consider.ibU' pro|H)rlion of cl.iy .ind also mimerous
jH'bbles and boulders, The soil is fertile ,md >uiiporIs ,i

thick forest growth and he.iv>' underbrush. The fore-.t has

not yet iH-t-n cle.ired to ,uiy grt'at extent nor h.is nuich l.md

iH'en prepared for cultiv.ilion (^n account of the numerous pebbles

and boulders and beciusi' liie country underlain by the Vashon

drift is hilly.

The ColwtKxl sands and gravels of the lowlands usually have

a surface covering of coarse gr.ivel; conse(|UiMitly their soil

covering is thin and consists of a gravelly, por.ius loam th.it is

comparatively sterile. ."Xlthough the soil supjxjrts a fairly

ht'.ivy forest growth, it does not support very much luulerbrush.

The country underl.iin by the C'olwood deposits is, therefore,

more o(x;n than most of the kiwland of Vancou\cr island. Much
of the forest has been cut for timber, but little of the land is uniler

cultivation. Fn > few places, however, where the subsoil is one

of the sandy clays of the Cfilwood deposits or where they an-

cox'cred by tine silt, the soil is of much greater fertilit\-; but it

is apt to be dry, since the subsoil is underlain by sands ami

gravels.

The swamj) alluvium in its ii.itural condition supports

a heavy growth of swamp vegetation .ind coarse gr.iss, ami when-

cleared and drained is productive; but it is apt to become drj-
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through them only along occasional joints and sheared zones.
The siintistone!', as has lieen shown by the various wells which
have l)een driven in them in the search for coal and oil, yield

abundant water and sonic of the wells are artesian, that is

they tap supplies of water that are under sufficient pressure to
force the water to the surface. Much of the water obtained
from the simdstones is palatable, but some of it, also to be found
in springs in the sandstones, is rather saline, and in places it is

ferruginous.

tvafXM.S9/ia^KL::svamimLS'.;!rim'A»>:k'agi»Bxi^sK .tnas^swusmK^aarama^^mm
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