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PRE.LU1INARY REPOR'l' 

ON 

SOUTHERN VANCOUVER ISLAND 
llY 

C LIAHLE'S If. CLAPP 

INTRODUCTORY. 

GENERAL STATEMENT AND ACKNOWLEDG:ThfENTS. 

Tbe southern part of Vancouver island, which is described 111 

thi s report is for the la rger part ffountainous and heavily wooLl ed. 
Jn the extreme southeastern portion and along the east coast the 
general eleYation is yery much lower, and a large part of the timber 

has been cut and the cleared laud cultivated. Outside of this portion . 
and beyond the general routes of t r avel, li ttle indeed is known of 
the topography and mineral resources of thi s great island. Besides 
the coal deposits in the Cretaceous measur~s of tbe east coast, the 
mineral deposits occurring in the crystalline rocks are of considerable 
-commercial interest. Although the !1-ature and general extent o:f the 
-coal measu res have long been known, littl e is known, and less has 
been publi shed eoncerniug the ol·ddr cr.v6talline rocks. 

A geological examination was begun by tbe writer in 1908, and 
was continued in 1909 and 1910. Reconnaissances have been made 
over tbe en tire southern part of V ancouver island, and detailed work 
h as been done in tbe soutbeast ern portion. The object of this report, 
which is based chiefly on the reconnaissances of 1908 :md 1909, is to 
make aYailable the material already collected . The report is p1·e1im­
inary in nature. 

The write r is indebted to many o:f the residents of Vancouver 
·isl and for information and assistance ; and in particular to the owners 
of the numerous mineral claims, and to the companies exploiting the 
Ya riol1S mineral deposits. Es11ecial acklwwleclgi11e11t is du e to :.\'['r. 
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W. J. Sut'ton, for many years geologist for the \Vellington Col­
lieTies Company and! ;now with their successrors the Clanadiiau 
Collieries (Dunsmuir) Company, who has given the writer much 
information and ass~stance. Much help has been given by 'the 
members of the ge()logical depa'rtment of the Massachusetts Insti­
tute of Technology. Professor R. A. Daly has 1beern very kind in 
discussing the general geology of the region, and its Telation to the 
geology of western North America; land the fossils ~oHecterd tit 
Cowichan lake were determined under the dii!rection and with the 
assistance of P'i:ofessor H. W. Shimer. The account ·of the topo­
graphy was written under the supervision ·of Professo'l· W. M. 
Davis, of Harvard University. 

The report is based on the reconnaissances made in 1908 and 
1909, corrected by the detailed work and short . reconnaissances of 
1910. During this time the southern part of Vancouver island, with 
the exception of the east coast north of Ladysmith, was explored. All 
the roads and principal i1ivers, also timber c'ruiser's and prospector's 
trails, were traversed, and short trips of a day or two were made 
from the main traverses. The coast line, and the shores of the prin­
cipal lakes, notably Sooke, Shawnigan, Cowichan, and Nitinat lakes, 
were also examined. 

The time spen1; in the field i.n 1908, was from July 1 to Sep­
tember 15; and in 1909, from June 22 to September 17. In 1910 a 
detailed examination of the Victoria and Saanich map areas was 
carried on from June to September, while the rest of the summer was 
spent app]yjng the results of the detailed work to the former recon­
naissances. 

In 1908 the writer was assisted by Mr. R. G. Chipman. In 1909 
the writer was associated with Mr. J. A. Allan, who, assisted by Mr. 
F. J. Barlow, spent two months on Saltspring island and on the east 
coast of Vancouver island, doing more detailed work. During the 
last month Mr. Allan made a reconnaissance across the island from 
Mount Brenton to Alberni. A traverse was also made by him up 
Franklin river to the headwaters, across the divide, and down China 
creek to the Alberni road; while Mr. Barlow made a. traverse along 
the eastern end of the Beaufort range from Great Central lake to 
Horne lake. During 1910 the writer was assisted in the detailed 

work by Me5:srs. J. D. MacKenzie antl 1\lexander G. Hnultain. Mr. 

MacKenzie also made a short reconnaissance in the Malahat district. 
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AREA AND MEANS O~' ACCESS. 

The area described in this report includes that part of Van­
couver island which is south of the Alberni-Nanaimo road, and east 
of the Alberni canal and Barkley sound; and also includes Salt­
spring island, and several s'mallw islands off the east ooast of 
Vancouver island, in Haro st~aits. This area is approximately 4,000 
square miles. 

Much of the southeastern and eastern part of the region is 
accessible by road. In the vicinity of Victoria, on the Saanir.h 
peninsula, and along the east coast north of Cowichan bay, the 
country is well settled, and there are many good! roads. Main roads 
extend from Victoria west to East Sooke and Jordan river, and 
northwest by way of Sooke and Shawnigan lakes to Duncan. There 
is a stage Toaq from Duncan to Cowichan lake, and another from 
N anaimo to Alberni. There are two railroads in the area, the: 
Victoria and Sydney, and the Esquimalt and N anaimo. The former 
is located on the Saanich peninsula, while the latter follows the east 
coast as far north as N anoose. At the present time an extension is; 
being built across the island to Alberni. Other extensions and new 
railroads and tramways are projected, to open up the interior of the 
island. 

At present the inlets and lakes, a few of the rivers, and the 
Cowichan lake and Alberni roads furnish ready access to the interior 
of the island, and no very long packing trips need be made. Such 
trips at tbe present time must be mado without the aid of pack 
animals, as the trails are not numcr011s, and with two or three 
exceptions are suitable only for men. Even these trials, when well 
located and cleared of brush, are of the greatest assistance, for on 
them seven or eight miles may be readily travelled in a day by one 
carrying a heavy pack; while without a trail three miles is often 
the limit which it is possible to travel in a day, with the hardest 
sort of muscular work. The establishment of more trails is, there­
fore, of the greatest importance, and would fill a most urgent need. 

A large part of the shore may be safely traversed in a small 
boat. Coasting steamers run between Victoria and ports on both the 
east and west coasts. 

Previous worlc.-Little work of a general and correlative nature 
has been done in the southeastern part of Vancouver island. The 
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first geological ·work of any great value was that of Dr. A. C. Selwyn 

and Mr. James Richardson, who explored the eastern coast of the 
island in 1871. The results of their work was published in the 
Report of ProgTess of the Geological Survey of Canada for 1871-72. 
They gave brief notes of value, but made no generalizations. Mr. 
Richardson continued work on t he coal areas of the island for four 
years. A final summary of his work is given in the Report of 
P rogress, 1876 77, pages 160-192, and is accompanied by a map. 

In April, 1876, Dr. G. M. Dawson made a reconnaissance of 
Leech river and vicinity, paying ·especial attention to t11e origin and 

extent of the placer deposits. The result of his work in the southern 
part of the island is given in t he Report of Progress, 1876-77, pages 
95-102, and in several papers published on the physical, glacial and 
~: eneral geology of British Columbia. 

In 1885, Dr. Dawson made an examination of the northern part 
of Vancouver island, and in the 1886 report of the Geological Survey, 
page1s 1 B -107 B, m ade the most valuable :of the publi shed conthbu­
tions to the geology of the island. 

In the summer of 1902, Messrs. 'Webster and Haycock made a 
c ursory examination of the west coast of the island. Their r eport 
is published in the Sumnmr.y Report of the Geological Survey for 
1902, pages 54-92. 

In 1905, Dr. H. S . Poole visited V ancouver island to collect data 
on the coal deposits of the ·eastern coast. A summ ary of his work, 
chiefly of commerci al interest, is given in t he Summary Report of 
the Geological Survey for 1905, pages 55-59. 

The palooon tology of the Cretaceous rocks h as been very fully 
described by Dr. J . F. Whiteaves in volume I , Mesozoic Fossils, 
published by the Geological Survey, Part II in 1879, and Part V in 
1903, and in other papers. lVIeek, White, and Woodward have also 
published papers concerning the palooontology of the Cretaceous 
Tocks. Professor J. C. Merriam has described fossils collected from 
the Tertiary formations of the west coast of Vancouver island, and 
has published his conclusions in the Bulletin of the University of 
California, Department of Geology, Vol. 2, 1896, pp. 101-108, and in 
two other papers. 

Detailed notes of value on certain mineral claims, mining 
.districts, and mineral industries have been made by the provincial 
mineralog ist, :l\fr. l:V. F . R obertson, and by the provinci!aJ assayer. 
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::\iT. H eroert Cm·1ni('hael, in 'the '1cports .of the :JI ini ster of ~[i11cs uf 

British Columbi a. ::\fr. E . Lindeman examined the iron deposits 
of Vancouver island for the Mines Branch of the Department of 
Mines, in 1907. His results are published in the Summary Report 
of th2 Miues Branch for 1907-8, pages ;; to 43, anrl in Publication 
l\ o. ±7 -O'f the. :1Iines· B~ranch, 1910. 

Several short magazine a\-ticles have ·been published on the 
mining districts and mineral industries of the island, the most 
valuable of which have been listed in the bibliography. More or less 
private and unpubli shed work has been done, notably b;v ?lfr. W . .T. 
Sutton. 

Bibliography.- The follow ing bibliography includes virtually all 
of the publi shed literatmc f value bearing cli'redl.v on tJ1e geology 
of the w1 uthern i1~rt of Vancouver island:-

Allan, J. A.. . . . . SaJtspring Island, and east coast of Vancou-
ver Island. Summary report for 1909, Geol. 
Survey of Canada, pp. 98-102. 

Arnold, Ralph . . . . GPological Reconnaissance of the Goast of the 
Olympic Peninsula, Washington. Bull. Geo­
logical Soc. America, Vol. 17, 1906, pp . 451-
468. 

Environm ent of the T ertiary faunas of th2 
Vaoific Coast of the United States, Journ. 

of Geology, Vol. 17, 1909, pp. 309-533. 
Bancroft, J. Aust in .. .... Heport on that portion of tbe coast of Briti~li 

Columbia, extending from Powell River to 
Kiugcome Inlet. Summary Report for 1907. 
Ueol. Survey of Canada, pp . 16-18. 

Bauermann, H . . · · On the geology of the southeastPI·n part ot 
Vancouver Island. Quart. J our. Geol. Soc., 
Vol. 16, 1859, ·!)p . 198-202. 

Brewer, Willia.111 M.. . . The c-opper deposits of Vancouver Island 
Am. Inst. Min. E ngrs. Trans. Vol. 29, 1900, 
pp. 483-488. 

)fount Sicker district, Vancouver I sland , 
Bri t ish Columbia. Eug. and Min. Journ .. 
Vol. 70, 1900, pp. 65-66. 

)Iineral resources of Vancom·er Island . Journ. 
Can. Min. Inst., Vol. 6, 1904, pp. 188-199. 

Some observation~ relative to the occurrence 
of deposits of copper ore on Vancouver 
Jsland, and other portions of the Pacific 
coast. .Tourn. Can . Min. Tnst., \Toi. 9, 1006, 
)J[l. 39-4.8. 

Clapp, Charles H . ... . ... Southeaster!\ portion of Vancouver Island 
Summal'Y Report for 1908. Geol. Survey of 
Canada, pp. 52-60. 

Southern Vancouver I sland. Summary Re· 
port for 1909, Geol. Survey of Canada, pp 
84-97. 

Clapp, C. C., and Shimer, The Sutton Jurassic of the Vancouver Group, 
H. W. Vancouver Island. Proc. Boston Soc. Nat. 

!fist., Vol. 3,~, 1911, pp. 425-438. 
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SU:M:J\fARY AND CONCLUSIONS. 

GENERAL GEOLOGY. 

The slaty and schistose rocks of the Leech River formation are· 
apparently the oldest rocks of southern Vancouver island. They 
form a broad belt, with an average width of about five miles, which 
extends from near .the east coast of the island to the west coast, in 
the vicinity of Port San Juan. They have been close folded, so that 
at present they have nearly parallel strikes, about N 85° IV, and 
steep dips, chiefly to the north. They arl:l presumably of marine· 
origin, and are correlated with the group of slaty rocks, widely dis­
tributed in the Pacific Coast region, which are considered to be· 
Cai·boniferous in age; forming in the interior of Britioh C'olumhia 
the lower part of the Cache Creek group. 

Apparently unconformable upon the Leech River formation, 
although separated from it largely by faults, are rocks of lower 
:Mesozoic age, the \~ancouver g'.roup. The V!aucouver group has been 
subdivided into the Nitinat formation, the Vancouver volcanics, the 
Sutton formation, the Sicker series and the :M:etchosin volcanics. 
The Ni tinat formation, which underlies a broad belt in the south­
western part of the island, consists of metamorphic calcareous rocks, 
chiefly marbles and amphibolites. They appear to be conformable 
with the other members of the Vancouver group, but are not 
definitely Mesozoic in age, and may be Palreozoic; i£ so, they are 
best correlated with the upper part of the Cache Creek group. The 
\T ancouver volcanics, which compose the greater part of the Van­
couver group, and which are the main rocks of \Tancouver island, 
underlying a wide central axis, are chiefly metamorphic andesites, 
and include both flow and fragmental types. With them are asso­
ciated dacite tuffs, and intrusive dykes and sills of andesite and 
basalt porphyrites. The Sutton formation consists of intercalation& 
of crystalline limestones in the Vancouver volcanics. It is shown 
by its included fauna to be of marine origin, and in part definitely 
lowermost Jurassic in age; so that the Vancouver volcanics, presum­
ably accumulated largely under submarine conditions, although some 
of the vents were probably above sea-level, are in part of lo"·ermost 
Jurassic age also. It is probable, however, that the \Tancouver vol-
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canics include some Triassic members. The Sicker senes consists 
of metamorphic, and chiefly schistose, sedimentary and volcanic 
rocks, with intrusive acid and basic porphyrites, the surface members 
of which are conformable with the Vancouver volcanics. They form 
a wide axis in the central part of the island, possibly extending from 
the east coaslJ to near Alberni; although they have been m apped only 
for about one-half that distance. The Metchosin volcanics underlie 

. a broad belt, 5 to 7 miles wide, along the southwestern coast of the 
island, separated from the rest of the members of the Vancouver 
group by the Leech! River form~tion . They me composed of 
o'phitic basalt £.-0ws, tuffs and agglomerates, with intrusive diabase 
dykes, and are less meH:uµorphosed th:an the rest of the Vancouver 
group; and are, the1:efore, placed in a group with considerable 
uncertainty. Apparently they have been formed under conditions 
similar to 'those of the Vancouver volcanics. 

The rocks of the Vancouver group, with the possible exception 
of the Metchosin volcanics, were greatly deformed during the upper 
Jurassic period of folding and faulting, the axes of folding and 
faulting being in general parallel with the strike of the island, in 
the southern part about N 65 ° W. Following the deformation, and 
perhaps during i t, they were invaded and partly replaced by batho­
lithic and 'minor ' intrusives, especially along two main axes, a 
southern and a northern, separated by a wide area ii:i the central 
pici'rt of the island in which few gr anitic rocks a11c exposed. It is 
probable that all the intrusive rocks were erupted during one general 
period of intrusion, but in detail they may be subdivided into three 
main and two minor types, which were erupted in a definite sequence. 
The three main batholithic types are, in the probable order of their 
eruption, Wark diorite and quartz diorite gneisses, Beale diorite, 
and Saanich granodiorite and quartz diorite. The two minor types 
are,-a phase of ' minor intrusions,' that is; dykes and small intru­
sive bodies of acid and basic porphyrites, and Sooke gabbro. The 
' minor intrusions' are in part younger than the Saanich grano­
diorite; and it is pwbable that the porppyrites of the Sicker series, 
referred to above, are related to these 'minor intrusions.' The 
Sooke gabbro, which consists of gabbros and anorthosites, with 

gabbro porphyrite and diabase dykes, is intrusive into the Metchosin 
volcanics, forming a main stock on East Sooke peninsula, and three 

-0ther smaller stocks. The Wark gneiss, which is the oldest batho-
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lithic type, was probably erupted during the deformation, since it is 
gneissic. It consists of two sub-types, diorite-gneiss, and later, · 
intrusive quartz diorite gneiss; but the two sub-types form virtually 
a single batholith, in the southeastern part of the island. The 
gneisses have been <?ontact metamorphosed, presumably by the 
younger Saanich granodiorite, and more or less recrystallized, de­
veloping in the quartz diorite gneiss, quartz-feldspar (salic) and 
complementary hornblendite (femic) facies, which occur inter­
banded. The Beale diorite is closely associated with the Saanich 
granodiorite batholiths intrusive into the Nitinat formation, and is 
restricted to the periphery of the granodiorite batholiths. It occurs, 
however, in large masses, and is brecciated by the granodiorite, and 
was, therefore, probably intruded separately. The Saanich grano­
diorite or quartz diorite is the principal batbolithic rock, and is 
widely distributed along the two main axes in relatively small but 
numerous batholiths. The minor intrusions are more or less 
restricted to the contacts of the Saanich granodiorite and the rocks 
of the Vancouver group. It is suggested that the small but 
numerous exposed batholiths are protuberances or 'cupolas' of one 
or more much larger Coast-Range-like batholiths. The Sooke 
gabbro cannot be definitely correlated with the other intrusives, but 
was probably intruded soon after the deformation of the Metchosin 
volcanics, which, if the Metchosin volcanics are members of the 
Vancouver group, probably took place during the upper Jurassic 
period of folding and faulting. 

Upon a subdued, but not smooth erosion surface, developed on 

t he above mentioned Tocks during :a pre-uppe.'r Gretaceious erosion 
cycle, the upper fo1'lnations of the Cowi.chan group, the N anaimo· and 
~onformably overlying formations, were deposited in upper Creta­
ceous and possibly E ocene t·imes. The lowe'r 'portion ;of the Cowichan 
g roup contains a formation lithologically identical with the N anaimo 
formation, but unconformably underlying it, and apparently con­
formable with and transitional into the sedimentary members of the 
Sicker series. Presumably, therefore, the lower portion of the 
C owichan group is of Triassic or more probably Jurassic age. In 
mapping, the various formations of the Cowichan group, erected 
-0nly for convenience in mapping and description, are not distin­

:guishea. The Cowichan group occurs in three principal basins in 
t he northeaste.'rn part of s-outhern Vancouver island- the Oomox, 
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)/" anaimo, and Cowichan basins; and in three smaller basins-one at 
Alberni and the others in the uppeq 1arts, respectively, of Chemainus 

and Kokasilah valleys. The rocks of the Cowichan group are chiefly 

conglomerates, sandstones, and sandy shales, and near the base of 
thE1 N anaim') formation coal is found, and in the N mrnirno aJ1d 

Comox basins in commercial quantities. · The rocks of the N anaimo 

formation were deposited under marine conditions, in the down­

warped basin between Vancouver island and the mainland. The 

marine conditions alternated with those of brackish water, and were· 
apparently replaced in time by terrestrial conditions, when the un­
fossilifero11s oYerlying formations were deposited. The rocks of the 
Cowichan group were deformed, probably during the Laramide rev·o­
lution, those of the Comox basin and northern part of the N anaimo 
basin into open folds with minor faults, and those of the southern 
N anairno basin and Cowichan basin into closed folds, overturned to· 
the southwest, and in the Cowichan basin with overthrust faults. 
The axes of the open folds correspond with that of the island, while 
those of the closed and overturned folds strike about N 70° Vi/. 
Since the folds we~re overturned to the southwest, the forces pr.ochw­
ing the folding must have acted from the northeast, probably having 
their origin below the basin between Vancouver island and the main­
land. 

The erosion cycle initiated by the deformation of the Cowichan 
group greatlJ· subdued all the deformed rocks, developing by late 
Tertiary time a pcneplain in the cei1tral and southern part of 
southern \T ancouver island, while the northern part retained con­
siderable relief, with numerous nnd large monadnocks and divide 
residuals. During the erosion cycle, a coastal plain of c·oa'rse detri­
tus- the present Carrn runah and Sooke formations-was built up 
aloug the southwest coast, p'robahly lag~ainst a suhme:rged' moun­
tai1~o'lls slope, chiefly in Oligocene and l\uocffile times. The Car­
rnanah and Sooke formations were uplifted, but not greatly folded,. 
although they were broken by nurne'rous·, but small. normal faults, in 
late Teritiary !and elar}y Pleistocene t ime ; at which time the subdued 
Tertiary e~rosion u'rf~ce developed om. the hard rocks wrus al~;o up­
lift.ecli. The uplifted suili'ace was maturely ~issected before the 
Glacial period, and the areas along the e'ast !and west coasts under­
la.in by the relatively soft :sed imentary r ocks ·of t11e Oowichan group 
and .of the Carmanah and Sooke foi·mations, ·as well as the extreme­
soutlw'ast<>rn po~·tion of the ishmrl . were reduced to lowlands. 
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During the Glacial period Yancouver island was covered by an 
ice cap, and valley glaciers filled the larger valleys, scouring them 
out, and converting them into fiords and glacial troughs in which 
lakes have formed . The resulting glacial till now remains on the 
upland, sorne"·hat modified by sliding on the steep slopes, but in the 
larger valleys and on the coast lowlands, stratified deposits consist­
ing largely of glacial detritus occur, deposited by river, lake and 
marine agencies. A second, but lesser, period of glaciation followed 
the deposition of the stratified deposits so that theJ· havp been eroded 
and covered with later glacial t ilL 

A recent uplift of some 250 feet has taken place, bringing the 
coastal lowlands with their ·covcring of stratified deposits, largely of 
marine origin, 200. to 300 feet above the present sea-level. With the 
uplift the larger streams which had previously developed flood plains 
revived and the present marine cycle ·was initiated, during which 
the stratified deposits have been sub-maturely retrograded, while the 
-portion of the coast composed of the hard, underl ying rocks is in 8 

11ery youthful stage. 

ECONO~lIO GEOLOGY. 

The mineral resources of southern Vaucouver isla11d iuc.:lude 
.deposits valuable, or possibly valuable, for gold, copper, iron, fuels, 
fluxes, lime and cement, pigment, clay, sand and gravel, and stone. 
Coal has been the chief source of mineral wealth, and copper and 
some gold have also been commercially produced. Lime, cement, 
.clay, sand and gravel, and crushed stone, as well as coal are being 
produced at present. 

Gold occurs in the gravels of a large number of the streams of 
southern Vancouver island, but with two or three exceptions, the 
principal deposits all occur in the streams which drain the area 
unde\rlain by the Leech River slates, and have heen derived from 
very l ow gra.de quartz veins .in that formation. The giold-bearing 
graYeJs. a':re usuall.y of fai·r gr aLle, but are not ve1·y abundant. A la1•ge 
accumuta'tion o:f gra vel at t he old moutl1 of Lost river and near the 
mouth of the present Sornbrio river, is being exploited at present. 
Mineralized shear zones occur throughout the rocks of the Vancouver 
group, and although they are usually more important as possible 
sources of copper, they also carry small amounts of gold. 

The copper deposits o:f southern Vancouver island are all more 
-0r lrss closely connected with the igneous rocks erupted during the 
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upper Jurassic period of batholithic and dyke intrusion. They may 
be subdivided into three main types,-contact deposits, impregnated 
and replaced shear zones with accompanying quartz veins, under 
which is the special Sooke type, occurring in the shear zones of the­
Sooke gabbro, and lastly the Tyee type, a large lens of ore which 
was formed in a syncline in the Sicker schists of l\fou:nt Sicker. The 
contact deposits, which are developed chiefly in metamorphic lime­
stones near their contacts with intrusive igneous rocks, are the 
more numerous. They are, as a rule, small, irregular, and of low 
grade, but some of them are of considerable economic interest. The 
deposits occurring in shear zones are of little importance, with the 
exception of the special Sooke type, which is of great prospective 
interest. The Tyee deposit, now largely worked out, is the only 
deposit from which there has been a commercial _production. 

The iron ore deposits arfl of fou r types, contact deposits, im­
pregnated schists, replacement or segregation deposits in the Sooke 
gabbro, and bog ore deposits. The contact deposits are by far the 
most important; and consist of bodies of magnetite, which have 
been forrne-d in the metamorphosed Nitinat limestones, near the 
intrusive Beale diorite. The bodies are large, and low in phos­
phorus, but high in sulphur. The chief deposits occur in the valleys 
of Gordan river and its tributary, Bugaboo creek. The impregnated 
schists occur in the Sicker series. The mineral-bearing ~ocks a!re 
dark red, jaspery schists, with 10 to 15 per cent of magnetite. Since 
the magnetite can be easily concentrated they are of prospective 
importance. The other two types are apparently of no value. 

Coal is the source of a very important industry on the east 
coast; the coal being obtained near the base of the N anaimo forma­
tion in the Comox basin, and in the northern pai't of the N anaimo 
basin, from 600 to 1,500 feet above the base. These coal 
deposiils liave not been exa'miJHedJ during the present i·nvestiga­
tion. Coal of commercial value is appa'rently absent from the 
otfue!.l basins of the Cowichan group, and fa almos't certainly 
absent from the Tertiary sediments of the west coast. These sedi­
ments have also been prospected for oil, but the conditions. for the 
accumulation of oil do not seem to be favourable. 

The crystalline limestones of the Nitinat and Sutton formations 
furnish excellent and ample material for flux, and for the manufac­
hll'e of lime and cement. Cement is manufactured in the south-
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eastern part of the island by the Vancouver Portland Cement 
Company, and lime is burned by several manufacturers also in the 
southeastern portion of the island. 

A bog deposit of yellow ochreous clay in the Sooke district is 
a possible source of material for a base for coloured paints. 

There are two types of clay deposits in southern Vancouver 
island, the shales of the N anaimo formation and the clays of the 
stratified superficial deposits. The greater part of the shales of the 
N anaimo formation are sandy and impure, but associated with the 
coal in the N anaimo and Cornox basins are thin, lens-like beds of 
clay-shale. This shale is mined by the coal companies and used by 
the British Columbia Pottery Company at Victoria, where it is 
mixed with the clays of the superficial deposits, for the manufacture 
chiefly of sewer pipe. The clays of the stratified superfici~l deposits 
are used for the manufacture of common bricks ·and drain tiles, at 
Victoria, Sidney, Sidney island, and Somenos. 

Sand and g1<avel also are obtained from the stratified, superfi­
cial deposits of southeastern Vancouver island. 

The fractured and sheared character of the rocks renders most 
of them unfit for building stones. In rare instances the marbles may 
be of value," and some of the dark granites (granodiorites) exposed 
near Alberni canal would doubtless make good building stone. The 
sandstones of the Cowichan group, especially of the N anaimo and 
Comox basins, offer excellent material for stone of that kind. 

The traps, especially those of the :M:etchosin volcanics, offer 
abundant materi al for an excellent quality of crushed stone. The 
:J!Ietchosin volcanics are quarried at ·Albert head, in E squimalt 
district, by the British Columbia Trap Rock Company. 
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GENERAL CHARACTER OF THE DISTRICT. 

TOPOCHAPHY. 

General Acc01mt.-Regional.- V an cou ver island is a mountain 
range, characterized by both flat -topped and ridge-like summits, and 
is the result of the mature dissection of an uplifted, subdued surface 
formed during· a T ertiary erosion cycle acting on a heterogeneous 
g roup of deformed rocks. It lies to the west of the .great marginal 
depre sion of North America, known as the Pacific Coast downfold,1 
.and is one of the border ranges which characterize the western shore 
of the American continents. The Pacific Coast downfold extends 
from the gulf of California to north of the Queen Charlotte islands. 
This downfold is in part above sea-level in California, Oregon, and 
\Vashington, but . both the southern and northern ends are sub­
merged. The submerged northern end forms the sound region 
separating Vancouver island and the Queen Charlotte islands from 
the mainland. The downfold i5 flanked on either side by grea t 
mountain ranges. Those on the eas t side are the Sierra Nevada of 
California, the Cascade range of Oregon and Washington, and the 
Coast range of British Columbia; those on the west are the Coast 
l'ange of California, the K lamath mountains of Oregon, the Olympic 
mountains of Washington, the Vancouver range, and the low range 
of t he Queen Charlotte isfamlo. The ]a.s t two n lllgPs ha H 'i beeu 
grouped by D awson' and clesignated the Vancouver system. 

The Vancouver range conotitutes virtually t he •2ntire iola:nd . 
"·hich is 290 miles long and 50 to 80 miles wide, the total area being 
about 20,000 sc;iua.re mileo, or about the same 'as tlrnt of the province 
uf N 01·a Scotia . The upwarped range 1and islancl trend N 55° W. 
This r ange is separ ated from the r anges of the mainland by Haro, 
Georgia, John tone, m1d Broughton strai ts, and Queen Charlotte 
sound; ·and fr om the Olympic mountains. which lie to 'the south, by 
the LStrait of Juan de Fuca. 

The T erti ary erosion surface, the general outlines of which are 
·now preserved on the upland of Vancouver island, h ad reached before 
uplift, a stage varying from late maturity to old age. It was pene­
plainecl iu the southern part where a few rounded, mon adnock-like 

1 Bailey Willis, Tacoma Folio, No . 54, U.S. Geol. .Survey, 1899. . 
'G. M. Dawson. l'hysi.ogr aphi<!al Geology of thil Rocky Moun.tarn 

Region in Canada. Proc. Can. Royal Soc. Vol. 8, Sec. 4, p. 4, 1890. 
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hills remained a few hundred feet above the general level. In the 
central region larger and higher monadnocks and small ranges of 
mountains-divide residuals-survived, which apparently had eleva­
tions o>f from 1,000 to 3,000 feet above the general Tertiary erosion 
level, and which are now from 5,000 to 7,000 feet above sea-leveJ, a 
few peaks being even higher. The elevation of the Tert1ary peneprain 
is at present less than 1,500 feet near the southern coast, but 
increases r apidly to 2,0'00 feet, and then increases more slowly until 
the peneplain m~rges in to the mo1-.e i·olling and mountainous 
country which, as mentioned above, is characteristic of the central 
part of the isl and. 

"FrG. 1. - Block diag,.n,m, illustrnting topogl'apliy of southern Vancouvel' island. 

The uplifted Tertiary erosion surface was maturely dissected 
during a pre-Glacial cycle by transverse rivers with large subse­
quent tributaries. Along the east coast are relatively narrow areas 
underlain by rocks softer than those forming the larger part of the 
island, which were, therefore, during the pre-Glacial cycle, reduced 
more nearly to hase-level. Off the we<it coast in Tertiary time a 
coastal plain, which had been built up apparently against a sub­
merged mountainous slope with bold promontories, and then uplifted 
with the rest of the island, was, after uplift, eroded nearly to base­
level during the pre-Glacial cycle, thus exposing the mountainous 
slope against which the coastal plain sediments had been deposited. 

9871-2 
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It seems as if at some time following mature dissection of the up­
lifted peneplain, pa'1:t of the region wci:e depressed an<l! formed the 
drowned coast of the southeastern portion of the island. 

During the Glacial period the island was apparently smothered 
by a thick ice cap, and only mountains over 4,000 feet high escaped 
rounding, although in the southern part of the island, even those 
nearly 5,000 feet high were severely glaciated. Valley heads in the 
higher mountains were excavated by local glaciers, and the moun­
tains now have characteristic serrated summits. Valley glaciers 
occupied and scoured out the larger valleys, converting many of the 
westward flowing valleys into fiords, and deepening many of the 
interior valleys into large lake basins. 

It looks as if the relatively narrow strips of lowland, seldom 
more than one or two miles wide, occurring at intervals along the 
west coast, ":ere in part uplifted marine platforms, since it is known 
that at a comparatively recent date an uplift of from 200 to 300 feet 
took place. Although along the southeastern coasts there are no 
conspicuous marine platforms, unconsolidated, stratified deposits in 
part of marine origin were uplifted, and have been sub-maturely 
retrograded during the present marine cycle, forming steep, wave­
cut cliffs some 250 feet high. 

Local.-In the southern part of Vancouver island the Tertiary 
cycle reached its most advanced development. In the south central 

) 

portion of southern Vancouver island the peneplain must have been 
very smooth rund the monadnocks few and compa'ratively low, because 
the present upland is occupied by marshes, swampy ponds and lakes. 
In the northern and western par ts of the area occur the larger 
monadnocks, or residual mountains, and one of the irregular, small, 
residual ranges characteristic of the central part of the island. This 
1'ange culminates 1at the west end in Mount Arrowsmith, a mountain 
with several rocky ~aks, the highest of which is now nearly 6,000 
feet above sea-level. 

In the southern part of Vancouver island, except in the south­
eastern portion, the dissection of the Tertiary peneplain by the pre­
Glacial cycle was similar to that characteristic of the rest of the 
island, that is mature. In the southeastern portion, although the 
region is largely underlain by crystalline rocks, the pre-Glacial cycle 
reached old age; so that a new surface of low relief was developed 
several hundred feet below the Tertiary peneplain, and is at present 
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from 200 to 300 feet above sea-level. Surmounting this, from 100 to 
800 feet, are relatively small, rounded rnonadnocks. It was upon 
this low-Iying surface that the stratified drift was deposited, which 
has been rapidly retrograded by the present marine cycle, resulting 
in the steep cliffs, with their attendant sand spits, characteristic of 
much of the southeastern coast. 

Detailed A.ccount.-Upland.-The present upland of southern 
Vancouver island, which has been described as having been formed 
by the mature dissection of an uplifted, subdued, Tertiary erosion 
surface, may, for purposes of description, be divided into three belts, 
which have a general westerly, or somewhat north of westerly trend_ 
Each belt has its more or less characteristic topographic features, 
which, however, merge into each other along the very indefinite 
boundaries of the three belts. The central belt, which is from 20 to-
30 miles in width and virtually extends across the island, is char­
acterized by a mature dissection of the Tertiary peneplain, which is 
well represented by interstream areas. The Tertiary peneplain was 
so well developed in the southern part of the belt, that the present 
upland, when viewed from one of the small, knob-like hills which 
surmount it, appears, except where interrupted by valleys, smooth 
and g.211tly. r olling, with reJatively few, isolated, rounded monadnocks, 
whose summits are only a few hundred feet above the general level, 
and many of which resemble low cones, with rounded apexes In 
general the interstrearn areas are smooth and covered with drift 
which is p.11rt1y glacial, but minor irregularities such as marshec; and 
small lakes occur in drift-filled holilows between steep-side(l 1'0Ck 
ledges, l>O to 100 feet high. In the northwestern p:.irt of the central 
belt the Tertiary peneplain was not so well developed, so that the 
present upland has very much mo~e relief, and the residual eleva­
tions are more numerous and larger, and may be as much as a 
thousand feet above the general level. The elevation of the Tertiary 
peneplain increases from 1,500 to 1,800 feet in the southern part of 
the belt to over 3,000 feet in the northern part. 

The southernmost belt, which is from 5 to 10 miles in width, 
extends across the southeastern part of the island as far as the low­
land in the extreme southeastern portion. It is characterized by a 
late-mature dissection of the Tertiary peneplain, so that now only 
flat-topped and ridge-like hills .occur, with .summits a1bout a thousand 
feet above sea-level, and $eparatecl b:y numerous, rather irregularly 

1)871-2~ 
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patterned, deep valleys. In the northern belt, which m the western 
part is 20 to 25 miles wide, narrowing and pinching out to the east, 
a peneplain was not developed by the Tertiary cycle, for at the time 
of uplift there were, as already mentioned, numerous and large 
residuals, and residual divides; however, the two-cycle development 
of the present mountainous topography is occasionally shown. By 
two-cycle development it is meant that the present mountains owe 
their form to two erosion cycles, their summits being subdued as a 
result of the first cycle, while their sides are steep as a result of 
the less advanced second cycle. With the exception of a more or 
less continuous range which occurs along the northern side of the 
belt, the mountains are more or less isolated, being separated by 
wide, irregular valleys, which are at grade with the valleys of the 
central belt. The mountains are chiefly from 4,000 to 5,000 feet 
high. They are usually bold and rocky, often with steep slopes, but 
most of them are characterized by rounded rather than angular 
surfaces, having been glaciated by the ice cap which covered Van­
couver island in the Glacial period. The highest mountains occur 
in the range above mentioned, a few of them having sharp and 
serrated summits and obscure cirques excavated by local mountain 
glacier.-; ; of such a t;ype is Mounu Arrowsmith, which ocC'lu-s at 
the west end of the range, and is the highest mountain in southern 
Vancouver island, towering for nearly 6,000 feet above the low valley 
at the head of Alberni canal. 

Valleys .-Transverse.-The mature valleys which dissect the up­
lifted Tertiary erosion surface are of two principal systems : those 
which are transverse to the strike or the underlying rocks, their 
origin being unknown, and those which conform to the strike of the 
underlying rocks, having been developed by the more rapid erosion 
of the weaker formations; such valleys being known as subsequent 
valleys. The transverse valleys have in general a north-south to 
northeast-southwest trend, while the subsequent valleys, following 
the strike of the rocks, have a northwest-southeast trend in the south­
eastern part of the island, and an east-west trend in the western 
part. The larger valleys, and notably the transverse valleys, have 
the chla1·acteristics of m~ature glaciation, that is, steep sides and wide. 
rounded floors; although hanging valleys are inconspicuous. The 
valleys were greatly deepened ·by thei glacial scour, and two of the 
transve1·se valleys were converted into fiord s; one of these occurs in 
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the southeastern part of the island, and is known as Saanich inlet, 
while the other forms the natural western boundary of southern 
Vancouver island, and is called Alberni canal and Barkley sound. 
Another t ransverse valley in the southwestern part of the island was 
eroded far below sea-level almost at its mouth. It is now occupied 
by a l>ake--Nitinat lake-- whose surface is only a few feet above low 
tide, so that at high tide the salt water rushes into it through a 
narrow rock gate. Another transverse valley occurring in the 
eastern part of the island was glacially deepened in two portions, in 
which are situated lakes, the southern, Sooke lake, being· 571 feet 
above sea-level, and the northern, Shawnigan lake, 3-80 feet above 
sea-level. Sooke lake is drained southward by Sooke river flowing 
in a sub-maturely glaciated vaBey. Shawnigan lake is drained north­
eastward by a small stream flowing in the wide lowland developed 
by the more mature erosion of the relatively soft sediments of the 
east coast. Several of the smaller transverse valleys are also maturely 
glaciated, especially in the eastern part of the island, but the larger 
11umber are relatively immaturely glaciated, and ·are, therefore, V 
shaped, although where confluent with subsequent valleys they widen 
out for a short distance. 

Subsequent.-The larger subsequent valleys, since they have 
been developed on wide belts of weak rocks, are as a rule wider and 
more extensive than the transverse valleys. Although they have been 
glaciated, the glaciation, with two or three exceptions, has not boon so 
severe as that which has affected the larger transver:se valleys, thdre­
fore, the subsequent vallews have gentler side slopes and narrower 
bottoms. The largest of the subsequent valleys drains southeastward, 
aa1d nearly divides the southern part of Vancouver island into two 
halves. It is known as Gowichan valley, since it is .occupied by. Gowi­
chan lake, river and bay. It is underlain by a closely folded syncline, 
slightly overturned to the southwest, of conglomerates, sandstones 
and shales of the Cowichan group, flanked on either side by resis­
tant volcanic rocks. The less resistant sedimentary rocks were more 
easily eroded by the cycle following the uplift of the Tertiary pene­
plain, and a late mature valley was formed, which during the Glacial 
period was maturely glaciated, being deepened especially in ·the 
upper portion where Cowichan lake occurs. Cowichan lake is 
drained by the Cowichan river, which flows eastwarCl to Cowichan 
bay, and for the greater part of its 20 mile course meanders in its 
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flat, valley floor, some two or three miles wide, between cut banks of 
stratified drift 10 to 200 feet high. It seems, therefore, as if the 
river had been revived by the recent uplift which has affected Van­
couver island, and had been entrenched in its own flood plain. In 
the middle part of its course, as might be expected in a recently 
Tevived stream, the river is confined between rock walls and has a 
:Steep grade with two or .three small falls. 

Five mi les to the north occurs another, but smaller valley of the 
same type, now occupied by the upper part of Ohemainus riveT. 
Other valleys, such as the N anaimo, still farther to the north, and 
the upper part of the Kokasilah, to the south of Oowichan valley, 
appear to be of the same general type, though the Kokasilah valley 
is relatively small, and in the case ·Of N anai'rno valley, except in the 
lower part, only t races of the underlying soft rocks are seen. A 
similar valley, developed on a large basin of sedimentary Tocks, which 
have, however, a more southerly trend, occurs at the head of Alberni 
canal; and is drained southward into Alberni canal b:v Somass rive r 
and its tributaries. 

In the southern part of the district also, are two similar, wide, 
subsequent valleys, not greatly glaciated, which have been developed 
in the nearly vertically dipping slates and schists of the Leech 
River formation, near the northern and southern contacts with more 
resistant volcanic rocks. The northern valley is drained westward 
by San Juan river and its eastward extension, Meadow creek The 
southern valley is occupied by several paired streams, which drain 
southward by transverse streams that flow in deep but relatively 
narrow valleys, and empty into Fuca strait. This paired arrange­
ment of drainage develops on belted structures of alternate hard 
a nd soft rocks by the rapid headward growth of the tributaries of 
the t ransverse streams along the belts of soft rocks. In the later 
stages of the cycle the divides in the subsequent valleys between the 
.contiguous river systems are greatly reduced; and if the soft rock 
'belts are wide, the subsequent tributary valleys become correspond­
ingly so. This stage has been reached by the valley along the 
-southern boundary of the Leech River formation, which will be re-
-ferr·ed to during this report as Leech River valley. The streams 
which occupy the valley are, from e:ast to w,est, Wolf crecl{) ancl 
Leech river drained south 1by Sooke river, Bear creek, the central 

,partl of J o'rdan river, and Y creek drained southward by .T ord rm 
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Tiver, and Lost river, which flowing westward occupies the western 
part of the valley. Lost river does not empty into Fuca strait at 
the mouth of the valley, but probably owing to the recent uplift of 
Vancouver island, was diverted by a large deposit of sand and gravel, 
which accumulated near the mouth of the valley, and now turns 
directly south, somewhat over a mile from the shore, where it has an 
elevation of about 320 feet, and tumble through a narrow rock 
canon to Fuca strait. 

There are other large east-west valleys, such as that of Sarita 
lake and river, which flows westward into Barkley sound, that appear 
to have been developed along contacts of the underlying formations. 

'!Jfeadows.'- In the central part of the island are large rela­
tively fiat basins at elevations near 1,500 feet above sea-level, and 
1,000 to 1,500 feet below the Tertiary peneplain, whose origin is not 
always clear. They are usually drift-filled and marshy, and fre­
quently contain lakes. The largest of the basins, or 'meadows' as 
they are locally called, occurs at the headwaters of Jordan river, and 
is known as Jordan meadows. It is about three miles long by a mile 
wide, and is underlain by the easily eroded Leech River slates. Some 
of the other 'meadows,' however , appear to be underlain by the more 
resistant crystalline rocks. 

Coastal lowlands.-Along the east and west coasts are relatively 
narrow areas underlain by sedimentary rocks, indurated, but not 
metamorphosed to any great extent, which, partly on account of 
their low resistance to erosion have been worn down to a lowland 
during the pre-Glacial cycle. The sediments along the east coast, 
the Cowichan group, have been folded into open and closed folds, 
and also faulted, so that strata of varying hardness have been ex­
posed to erosion, which, although it has reduced the are.a underlain 
by the sediments to a lowland, has not progressed far enough to 
reduce the hard and soft strata to the same general level. 

The sediments of the west coast of Vancouver island were de­
posited in small embayments off a mountainous coast with bold pro­
montories, during the Tertiary period,1 and were afterwards up­
lifted with very little folding, hence presenting to erosion, strata of 
nearly uniform resistance. They were, therefore, worn down during 
the pre-Glacial cycle to relatively fiat areas, exposing the steep slope 

1 See page 140. 
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against which they were deposited. The flat areas were uplifted 
during the recent uplift, and are now 150 to 250 feet above sea-level. 
'fhe larger streams, such as Jordan and Sooke rivers, which cross 
the sedimentary basins, have eroded the sedimentary rocks along 
their course nearly to sea-level, and have also widened their valleys; 
but the numerous smaller streams cross the basins in narrow gorges, 
and in one instance, four miles west of the entrance to Nitinat lake, 
a stream, the Tsusiat river, falls about 80 feet over a sandstone cliff 
into the ocean. 

In the vicinity of Cape Beale, at the entrance of Barkley sound, 

the granitic rocks, which underlie this district, have been worn down 
to a narrow lowland, similar to that underlain by the Tertiary sedi­
ments to the southeast. This lowlandi is comparatively level, one to 
two miles wide, and now about 125 feet above the sea. It is termina­
ted inland by a steep slope to the upland. Th~ lowland looks as if it 
were formed .by wave cutting, and since it is known that there has 
been a comparatively recent uplift of about 200 feet, it seems most 
probable that it is an uplifted marine platform. 

In the extreme .southeastern portion of the islan<l, in the neigh­
bourhood of Victoria and the Saanich peninsula, although the region 
is largely underlain by crystalline rocks, the pre-Glacial cycle appar­
ently ·reached old age, developing a lowland with rounded monad­
nocks, imilar in appearance to the Tertiary peneplain already des­
cribed. Its average elevation is now about 200 feet. The monad­
nocks surmount the lowland by a few hundred feet, the largest, 
Mount Newton, in the Saanich district, being 1,000 feet aboYe sea­
level. In the western portion this lowland grades fairly abruptly 
into the southern belt of the upland of southern Vancouver island, 
already described as characterized by a late-mature dissection of the 
Tertiary peneplain. Since a large part of the lowland is covered by 
marine deposits, it may have been in part developed by marine 
planation, although no evidences of such planation have been noted, 
and the region is protected by its inland position from powerful 
wave action. It seems most probable, therefore, as its appearance 
suggests, that it has been formed by sub-aerial erosion. 

The lowland areas of the coast regions are covered, as already 
mentioned, by unconsolidated, usually stratified deposits, in part of 
marine origin. The drift deposit s present more or less relief, which 
appear~ to be clue to erosive r ather than to constructive agencies, the 
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drift having been overridden by glaciers during a second period of 
glaciation. In some of the hollows in the drift, lakes up to two miles 
in le11gih occur. One of these lakes, seven miles north of Victoria­
E lk lake-furnishes the present water supply of the city. 

Sho1·e-lines.-The present shore-line of southern Vancouver 
island is in a sub-mature stage where developed on the stratified 
drift deposit of the southeastern portion, and also along the west 
coast, formed largely of the T'er.tiary sediments, where wave erosion 
is very powerful; but it is in a youthful stage where developed on 
the crystalline rocks. The present marine cycle was initiated by the 
uplift which affected Vancouver island recently, and which, in the 
southeastern part of the island, was a partial recovery from an 
earlier, probable depression. 

Along the northern part of the east coast of southern Vancouver 
island the glaciated old age surface, developed during the pre-Glacial 
cycle, on the dBformed sediments of the Cowichan gToup, was appar­
ently depressed; and the valleys were drowned and the ridges of 
harJ rock became islands, reefs, and long promontories, elongate in 
the direction of the strike, that is, in general, N 50·0 W to N 80° W. 
The partial recover;)' was not s11fficient to materially change the 
character of this shore-line. W'ave erosion in the present marine 
cycle is not very great along the east coast since it is protected by 
its inland position. Hence the beaches are narrow and non-con­
tinuous, and are confined for the greater part to the vicinity of drift­
filled valleys between hard rock ridges. The front or obsequent 
slopes of the islands, usually the southwestern since the prevailing 
dip is to the northeast, are steep, while the back or clip slopes, where 
the dip is l ow, ·are gentle, so that the water is shallow and the shore 
is marked by many reefs. 

Along the southtrn part of the east coast the sub-maturely 
glaciated and drift-covered old age surface developed during the pre­
Glacial cycle on the crystalline rocks, was first depressed into what 
was probably a simple shore-line with smooth flowing outlines where 
the crystalline rocks were drift-covered. However, it is probable 
that some of the crystalline rocks were not drift-covered, and that in 
such instances the initial shore-line must have been characterized 
by many irregularities such as bays, p~:ornontorie-s, and sm·all isl anch. 
But since the old age surface had been glaciated the shore-line was 
probably free from minor irregulariti es, that is, the rocks had been 
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-smoothed to a rounded and knobby outline, the mmor features of 
relief developed by normal erosion having been destroyed. The 
partial recovery of a.bout 250 feet · from the initial depression was 
not sufficient to revive the larger drowned valleys, but uplifted the 
stratified drift deposits which have been sub-maturely retrograded 
·during the present marine cycle, developing steep cliffs up to 250 
feet high, with coarse boulder beaches and attendant sand-spits. 
Some of the bays formed in the depressions of the drift deposits 
have been nearly closed by bay bars or wall beaches, behind which 
lagoons occur. 

Since the drowned irregular va11cys of the east coast of southern 
Vancouver island were maturely to sub-maturely glaciated, the 
present inlets and passes between the islands are :fiord-like in char­
-acter . A typical :fiord is the maturely glaciated, drowned, transverse 
valley, now occupied by Saanich inlet, which extends southward into 
the late-maturely dissected portion of the upland. 

In spite of the fact that the inlets. are fiord-like in ·character, 
the glaciation does not seem to have been sufficient to have developed 
the prese:it shore-line. Some of the inlets and passes are intricate 
.and. very large, the region in general is of low relief, the character 
of the topography appears t o be the result of normal erosion and 
merely sub-mature glaciation, and the glaciation was accomplished 
chiefly by a large piedmont glacier which occupied Georgia and Haro 
straits and flowed southward at a wide angle to many of the inlets 
and channels. However, the glacier conformed to a rather striking 
degree to the irregularities of the surface over which it flowed. It 
seems best to conclude, therefore, that the present irregular shore­
line is due to depression rather than to glaciation. 

A.long the west coast of southern Vancouver island the Tertiary 
sediments, which as described, had been worn down to a smooth low­
land during the pre-Glacial cycle, and the flat, described above, 
which wa.s developed ;near Gape Beale on the granitic r ocks, possibly 
a marine platform, were uplifted and the rocks are being retrograded 
in the present marine cycle. The wave action is very powerful and 
has formed a cliff about 100 feet high, with many dangerous reefs 
off shore. Since the uplifted lowlands were probably without much 
relief the initial shore-line may have been fai rly straight and 
regular, and may have been further straightened by the retrogression 
during· the present cycle. It is now, therefore, nearly straight, and 
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is in great contrast to the irregular fiord coast of the more northerly 
portion of the west coast of Vancouver island. At the base of the 
TOCk cliffs, near large deposits of stratified drift which were formed 
in the pre-Glac ial valleys before uplift, are coarse boulder and 
shingle beaches; while at the base of the cliffs of stratified drift are 
finer grained beaches of limited extent. The shore-line is broken by 
only two broad open bays, both of which are apparently glacially 
deepened valleys.. One is in the middle portion of the shore-line at 
the mouth of the subsequent San Juan valley and is known as Port 
San Juan; while the other is fou:r miles east of O'ape Beale, at the 
mouth of a transverse valley, and is called Pachena bay. The west 
coast of southern Vancouver island is terminated au Oa.pe Beale by 
the Barkley sound-Alberni canal fiord, which, as described, is the 
uatural western boundary of southern Vancouver island. 

CLIMATE AND VEGETA'l'ION. 

The climate of southern Vancouver island varies widely in 
different parts of the island. Along the west coast it is exceptionally 
wet with about 120 iuches of rainfall a year, while on the east coast 
<>f the island, in the lea of the main range, it is comparatively dry, 
with only from 30 to 60 inches of rain a year. The greater part 
·of the rain fal1s in the winter months, while the summer is dry. 
The temperature along both coasits is remarkably uniform and t em­
perate, due in large part to the influence of the J apari current. The 
average temperature is 40° F. ill winter and 55 ° :F. in summer.1 In 
the interior of the island, on the upland and mountains, the differ­
-ences in temperature are, of course, much greater. 

The following tables, giving statistics of rainfall and tempera­
ture, have been compiled from data furnished by the Meteorological 
.Ser':ice of Can ada, m1d the United States Weather Bureau:-

1 'fhe climate of Victoria, which is representative of the southeastern 
part of the island, has boon treated very adequately and interesti11gly by 
Arthur W. M<JCurdy of Victori'a in a short artfole in the Natio11al Geo­
g1·aphio Magazine, Vol. XVIII, pp. P4.5-348, with two skefoh maps, May, 
l907. . 



T
A

B
L

E
 
N

o
. 

1.
 

-
-

--
--

-.
--

--
--

--

V
IC

T
O

R
IA

, 
B

.C
. 

-
-
-
·
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
·
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-

Ja
n

. 
F

eb
. 

I M
ar

. 
A

p
r.

 
l\

fa
y 

j 
Ju

ne
 

Ju
ly

 
A

ug
. 

I S
ep

t.
 

O
ct

. 
N

o
v

. 
D

ec
. 

Y
ea

r 

-
-
-
-
-
-
-
-

1!-
-
-
-
-

-
-
-
-
-
-
-
-
-
-

:-
-
-
-
-
-
-
-
-

'-
-
-
-
-
-
-
-

-
-
-
-
-
-
-

T
em

p
er

a
tu

re
-

M
ea

n 
of

 2
6 

y
ea

rs
 e

nd
-

in
g 

19
06

 ..
..

..
..

..
..

. 

P
re

ci
pi

ta
ti

on
-

M
ea

n 
of

 1
8 

y
ea

rs
 e

nd
-

in
g 

19
08

 .
..

..
..

..
.

. 

M
ea

u
o

f 
I 

11
 t

o
 1

4 
y

ea
rs

 
I 

en
di

ng
 1

90
9.

 
I I I 

T
em

p
er

at
ur

e 
..

..
..

..
 . 

I 

R
ai

nf
al

l.
 .
..

..
..

..
..

..
 1 

S
no

w
fa

ll
. .

..
..

..
..

..
..

 I i 

38
.4

 

4.
54

 

Ja
n

. 

36
.4

 

12
.2

3 

7.
4 

39
.1

 
43

.2
 

47
.5

 
52

.6
1 

56
.2

 
59

.3
 

59
.1

 
54

.8
 

49
.5

 
44

.0
 

41
.3

 
48

.7
5 

3
. 5

7 
2.

71
 

1.
80

 
1.

35
 

0.
96

 
0.

35
 

0.
59

 
I 

2.
10

 
2

.2
6 

6.
07

 
6.

27
 

32
.5

7 

Q
U

A
T

S
IN

O
, 

W
E

S
T

 C
O

A
S

T
, 

V
.I

.,
 B

.C
. 

I 
I 

I 
I 

,.
,b

. 
M

o•
. 

1 

A
o<

. 
I M

o
y 

'"
" 

J"
l'

 
A

,.
. 

s,,:
 O

ot
. 

N
ov

. 
i De

o.
 

Y
"
' 

38
 3

 
~

1-:
-;
-~
 5

3.
4 

57
.5

 
57

 8
 

53
.5

 
48

.7
 
-:-

;-!-
-:;

--:
-;-

13
.2

9 
9.

43
 

8.
18

 
7

.6
9 

4.
98

 
3.

02
 

4
.5

3 
7.

56
 

13
.5

6 
17

.1
5 

18
.1

6 
11

9.
78

 

3.
 7

 
3.6

1 
1.

1 
..

..
..

. 
. 

1.
2 

I 
18

 .1
 



V
A

N
C

O
U

V
E

R
, 

B
.C

. 

~
 F:

~. r
~ar

. 1
~
 M

ay
 

1~
1~

1 1~
1 Se

pt
. 
~

I No
v.

1~
1 Y

ea
r 

I 
I 

. 
I 

i 
; 

T
em

p
er

at
-u

re
-

I 
M

ea
n 

of
 5

 y
ea

rs
 e

nd
-

42
. 7

1 
53

.6
 I 

58
.2

 I 
50

.6
 I

 
41

.4
 I

 
39

.6
 j

 
in

g 
19

06
 ..

..
..

..
..

 
37

.5
 

38
.6

 I
 

47
.2

 
62

.7
 

62
.0

 
55

.8
 

49
.0

9 
I 

I 
I 

P
re

ci
p

it
a

ti
o

n
-

I 

3
. 7

0 
I 

3.
19

1 
M

ea
n 

of
 7

 y
ea

rs
 e

nd
-

8.
39

1 
I 

5
.4

9
1 

3
. 4

9
1 

11
.3

7
1 

6.
47

 I
 

in
g 

19
08

 .
..

..
..

..
.

. 
6

. 5
5 

I 
1.

30
 

1.
35

 
4.

40
 

5.
85

 
61

.5
5 

S
E

A
T

T
L

E
, 

W
A

S
H

IN
G

T
O

N
. 

I 
I 

' 
--

1
 -I

 -
-
-
-1

 ·-
· 

M
ea

n 
of

 1
8 

y
ea

rs
 

' 
! 

en
di

ng
 1

90
8.

 
I J

an
. 

F
eb

. 
M

ar
. 

I A
pr

. 
; 

M
ay

 
Ju

ne
 

Ju
ly

 
i A

ug
. 

S
ep

t.
 

O
ct

. 
1 

N
o

v
. 

D
ec

. 
I Y

ea
r 

i
-
-
-
-
-
-
-
-

i-
-
-
-
-
-
-
-
-
-
-
-

i-
-
-
-

i-
-

T
em

p
er

at
u

re
 .
..

..
..

..
 : 

40
.8

 
47

.9
 

44
.9

 
50

.0
 I 

55
.0

 
59

.7
 

64
.5

 
64

.0
 

58
.6

 
52

.3
 

46
.1

 
42

.6
1 

52
.2

0 

P
re

ci
p

it
at

io
n

 ..
..

..
..

 -I
 

4.
42

1 
3.

98
1 

3.
19

 
2.

66
 i 

2.
22

 
1.

56
 

0
.6

8 
0.

49
 

1.
91

 
2.

73
1 

5
.9

4 
5

.8
8 

35
.6

6 

U
l 

0 c 1-3
 
~
 

t"
l 
~
 z ~ Q

 
0 c ~ ~ ~
 

U
l 

t'
 

>
 

!7
. 

0 ~
 

0:
0 



30 GEOLOGICAL SUR\"EY, CANADA 

Only the drift-covered, coast lowlands of the eastern and south­
eastern parts of the island, and a few of the larger subsequent 
valleys, such as Cowichan and Alberni valleys, are cultivated to any 
great extent. Garden vegetables, fruit-chiefly berries-and grain 
are the principal produ cts. 

In the interior and along the west coast there is little agricul­
ture, and not more than 10 per cent of the whole land is suitable for 
farming purposes. This portion occurs chiefly as narrow strips 
bordering the rivers and lakes in the. broad, glaciated valleys, and 
must for the greater part be cleared of heavy, thick timber. Occa­
sional open meadow lands occur, such as J ,ordan meadows. 

With the exception of the cleared land, virtually the en.tire 
southern part of Vancouver island is heavily forested. The prin­
cipal forest trees are Douglas fir, cedar , hemlock, and spruce, with 
balsam and pine. The forest, in places, is of little value for timber 
on account of old windfalls, snowslides, and forest fires; but a large 
part of it is of excellent qualit,y, and is the chief natural asset of 
Vancouver island, and should, therefore, be conserved properly. 

Where the forest is thick on the higher land the underbrush is 
not very abundant. In the more open and damper areas, however , 
t.he unde11brush is extremely thick, and is a great impediment to 
travel. It consists of dense shrubs, such as salal, salmon, and huckel­
berry, and varieties of maple and alder. In the poorly drained, 
glaciated valleys, high, broad-leafed ferns, and rlevil's club abound. 

GENERAL GEOLOGY. 

GENERAL STA1'EMEN'l'. 

Regional.-Vancouver island and the neighbouriug region form 
the western part of the western geosyncline of the Canadian portion 
of the North American cordillera as defined by Dawson.1 The strata 
comprising this geosyncline consist of a series of sediments and vol-

1 G. M. Dawson. Geographical Record of the Rocky Mountain Region 
in Canada. Bull. Gool. 8-0c. Am., Vol. 12, 1901, pp. 57-92. The followilng. 
description is taken largely from thi·s paper and particular referE'nce is 
not given . 
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canic rocks, with a thickness, conservatively estimated, of 89,600· 
feet. The pre-Cretaceous rocks are for the greater part heavily 

mountain-built, and invaded by eruptive rocks; and in places rocks 
as lat!) as Miocene have been tightly folded and metamorphosed.1 

The axes of folding correspond in general with the axes of the 
present mountain ranges, which throughout this region are nearly 
parallel, the strike being northwest-southeast. 

At the base of the folded g·eosyncline, exposed only in the central 
or eastern part of British Columbia, is a complex of gneisses, mica 
schists, marbles, and quartzites, with igneous intrusives, the Shus­
wap series, unconformably overlain by the Nisconlith and Adams 
Lake series, which consist of metamorphic sedimentary and volcanic 
rocks, argillites and mica schists, and chloritic and feldspathic­
schists. These rocks are largely of pre-Cambrian, Cambrian, and 
Ordovician ages, but probably contain infolded younger rocks. The 
above formations are overlain by the Cache Creek group, referable· 
for the greater part to the Carboniferous. The lower subdivision 
of the Cache Creek group consists of argillites, cherty quartzitesr 
and volcanic rocks, with serpentine and interstratified limestones. 
The upper divi sion consists almost entirely of massive limestones, 
with occasiO'llal intercalatiOIThs of rocks similar to those of the I.ower 
part. Similar rocks occur in the Coast region and on Vancouver­
island, where they are the oldest exposed rocks, and probably in large 
part are of Carboniferous age. 

Unconformable upon the above formations are a great group of 
basic volcanic rocks, largely submarine flows, with relatively thin,. 
intercalated limestones and argillites. In the central plateau region 
the group is known as the Nicola group, but in the Coast region and 
on Vancouver and Queen Charlotte islands it has been called by 
Dawson, the Vancouver group. The Vancouver group is very thick 
and widespread, and is apparnntly the predominating surface forma­

tion of the Coast region, and forms he greater part of Vancouver­
island. It appears on Vancouver island to be largely Triassic and 
Jurassic in age. 

The Vancouver group, and th!) older rocks as \Yell, were greatly 
folded and faulted, probably in upper Jurassic time, and invaded by 
granitic rocks. In the Coast range the granitic rocks, largely grano-

1 G. O. Smith and F. C. Calkins. Snoqualmie Folio No. 139, U.S_ 
Geol. Survey, 1906. 
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diorites, form virtually a single continuous ·batholith about 1,000 
miles in length, but on Vancouver island the granitic rocks are 
exposed in relatively small, irregular batholiths. 

Unconformably upon an eroded surface of the _granitic and older 
Tocks occur upper Mesozoic and Eocene sediments. The sediments 
consist largely of conglomerates, sandstones and shales, with coal at 
certain horizons. The oldest sediments occur on Queen Charlotte 
islands, and are lower Cretaceous or Comanche in age, and are equi­
valent to the Shasta of California. To the south the basal sedi­
ments are progressively younger, upper Cretaceous on Vancouver 
island, and Eocene in southern British Columbia and Washington. 
The three successive formations or series have been named, the 
Queen Charlotte islands, the N anaimo, and the Puget formations, 
the Nanaimo being equivalent to the Chico of California. These 
rocks have all been folded, but whether during the same or different 
periods of folding is not dear. 

Unconformable upon the Cretaceous, and possibly the Eocene 
sediments as well, are sediments and volcanics of younger Tertiary, 
chiefly Oligocene-Miocene age. In the coast region they are best 
developed in western Washington , but they also occur in small 
basins fringing the south west coast of Vancouver island. 

The Tertiary strata of the Coast region have been uplifted, 
gently folded, but rather extensively faulted. In the interior, 
lVIiocene strata have been close folded and invaded by granitic rocks. 
Extensive vulcanism occurred in the Coast region in middle Mio­
cene time and continued into the Pleistocene. Farther south in 
California, and farther north in Canada aml Alaska, volcanic 
activity lasted to very recent times, and in Alaska and the Aleutian 
islands volcanoes are still active. 

Deposits of Pleistocene age are very extensive. They consist 
of glacial till, and ·Of stratified deposits in part of ma1·ine origin but 
consisting largely of glacial detritus. The Pleistocene deposits have 
recently been uplifted; the amount of uplift in the vicinity of Van­
c.ouver island and neighbouring coa.s.t region hieing from 200 to· 400 
feet. 

Local.-Apparently the oldest rocks in southern Vancouver 
island are a series of what were originally shales and shaly sand­
stones, composed chiefly of quartz, which have been metamorphosed 
·into slates and quartz schists . They have been closely folded and 

• 
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faulted, and are now nearly isoclinal, with steep dips chiefly to the 
north. They underlie a broad belt, having an east-west strike, which 
nearly crosses the island. The series has been called, from its 
·occurrence on Leech river, the Leech River formation. The Leech 
River formation is correlated with the lower part of the Cache Creek 
group, and is considered, therefore, to be Carboniferous in age. 

The Jarger part of the crystalline rocks of southern Vancouver 
island belong to the Vancouver group, which embraces rocks of 
Triassic and Jurassic ages. They consist chiefly of metamorphosed 
basic volcanic rocks, principally meta-andesites, with both flow and 
fragmental types, the fl ow types predominating. There is also a 
series of basaltic flows, with intrusive diabases, underlying the 
southernmost part of Vancouver island, which have been called the 
:Metchosin volcanics. Since the :M:etchosin volcanics differ litho­
logicall y from the typical volcanic rpcks of the Vancouver group, 
and are less metamorphosed, they cannot be definitely correlated with 
the Vancouver group. With the exception of a rather limited series 
of rocks, par tlJ' of sedimentary origin, the Vancouver volcanics are 
·exceptionally free from sedimentary rocks other than limestone. The 
limestone us·ually occurs in relatively small intercalated lenses, which 
have been called the Sutton formation. In the Southwestern part 
of the islanJ limestones appa rently form a thick horizon, without 
;;my volcanic members, and have been called the Nitinat formation. 
The limestones have been converted into marbles, and in many 
instances, especiall y in the Nitinat formation, have been metamor­
phosed by intrusive granitic rocks into rocks con,;isting chiefly of 
garnet and diopside, locally called 'garnetite,' or into rocks. consist­
ing of hornblende and feldspar, known as amphibolite. The other 
sedimentary rocks, spoken of .as exceptional in the Vancouver group 
of southern Vancouver island, consis t of stratified slaty and cherty 
Tocks, composed partly of volcanic material and interstr"atified with 
rnlcanic flows, chiefly andesites. These rocks have been greatly 
metan:orphosed and converted into schists by intrusive acid, quartz­
foldspar porphyrite, and basic, gabbro-diorite porphyrite, and both 
the greatly metamorphosed rocks and intrusive porphyrites have been 
grouped and mapped together, and called the Sicker series. 

The entire Vancouver group has been gTeatly deformed, the 
;axes of deformation corresponding roughly with the trend of the 
present island, that is in the southern part, about N 65° W. Granitic 

9871-3 
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rocks were iutruded during or after deformation, penetrating far 
into the oYerlying rocks along two main axes, a southern and a 
northern, separated by a wide area in the central part of the island 
in which few granitic rocks occur. The granitic rocks are chiefly 
a basic granite or granodiorite with marginal faces of diorite, and 
in the southwestern and sou'.theastern parts of the island largic 
bodies of diorite and diorite gneiss occur. All of the granitic rocks 
seem to have been erupted during the same general period of intru­
sion, but the tlu:ee main types were erupted in a de£nite sequence, 
apparently as follows : Wark diori te and quartz diorite gneiss, Beale 
di orite, and Saanich granodiorite and quartz diorite. Erosion has 
exposed the granitic rocks, and to-day they occur in relatively sma11 
masses or batholiths, generally "·ith an irregular and elongate out­
line, corresponding in trend with the axes of folding, which are very 
1nnnerous, especia1ly along the two axes mentioned previously. Asso­
ciated with the granitic rocks, especially near their contacts, are 
irregular and dyke-like masses, sometimes intrusive into the grano­
diorite, of an acid, quartz-feldspar, or granocliorite porphyrite; and 
dykes of a more basic, andesite porphyrite. The granodiorite por­
phyrites appear to be related to the quartz-feldspar porphyrites of 
the Sicker series, and it is probable that the gabbro-diorite porphy­
rites of the Sicker series were erupted during this same general 
period of intrusion. Along the southern coast, intrusive into the 
.J'fet chosin volcanics. are small bodies or stocks of gabbro, which has 
been called the Sooke gabbro, which may have been erupted during 
the general period of graniti c intrusion. The gabbro stocks range 
from a very basic gabbro to an alkaline gabbro, and even to a true 
anorthosite, composed almost entirely of a basic feldspar. The alka­
line types are con£ned to very small masses and veins, intru ive 
into the normal gabbro. 

Unconform able upon an erosion surface of all the above men­
frmed rocks. with the possible exception of the :M:etchosin volcanics 
and Sooke gabbro, is a great seri es of sediments, chiefly conglome­
i·ates, sandsto1rns, a.nd shales, with some coal near the base, which 
are largely of upper 'C'retaceous age, but may be in p'art lowermost 
T er ti ary (Eocene) age. The upper Cretaceou s portion ha.s been called 
the N anaimo fo rmation. The N anaimo formation has not bean dis­
tinguished in mapping from the confon nably overlying, possibly 

Eocene sediments, and also from ::i lithologically similar formation 
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that unconformabl;y underlies it. All the above sediments have been 
grouped together and mapped as the Co~richan group, but the group 
is chiefly composed of the N anaimo formation . 

.At some time following the close of the Cretaceous the Cowichan 
group was deformed, in general into broad open folds of large 
extent, but in place close folded, overtmnecl to the Southwest, and 
broken bJ' overthrnst faults. This period of deformation initiated 
a long period or c;ycle of erosion in Tertiary time, which wore do\'lll 
all the older rocks to a greatly subdued surface, and during the 
same general period, ~edirnents were deposited under marine condi­
tions along tbe south,rest coast, building up a coastal plain. The 
coastal plain deposi ts . chiefly conglomerates and sandstones, were 
uplifted with \'er,y little folding, although with rather extensive 
minor faulting, and have been very greatly er oded, and now form 
low, narrow basins fringing the soutbwest coast , the Sooke and 
Cal'manah formations. The greatl~· subdued erosion surface was 
also uplifted and subsequently greatly or maturely dissected, and 
now forms the plateau-like country, characteristic of the larger part 
of southern Vancouver island. 

In Plei stocene times Vancom·er island was covered by a thick 
ice cap, and large glaciers, feel by valle~· glaciers from the ice caps 
of Yancouver island and the mainland, filled the straits of Georgia 
and Juan de Fuca. On the retreat of the glaciers the morainal 
deposits were greatly 'modified,' and e\·en tr'ansported considerabl e 
distances and redeposited in part by marine agencies, for at that 
time the land stood some 250 feet lower with respect to the ocean 
than it poes at presen t ; and the uplift which brought the marine 
Pleistocene deposits, and the region in general, to the present posi­
tioll, was of comparatfrcl~' recent date. 

DESCRIPTION OF FORJ.f.ATIONS. 

LECCH IllYEli FO!UiA'rIO~. 

A belt of slaty and schi stose rocks, probably the oldest rn 
southern Vancouver island, extends from Goldstream river to the 
west coast, and has been called the Leech River formation. .As this 
formation contains the quartz veins from which the placer gold of 
the Leech river \Ya S cleriYed, it h as been known for a long t ime. The 

9871-3! 
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rocks were called the Leech River slates by the miners m the late 
sixties, and were described by Dawson' in 1876, who refers to them 
as a distinct fo rmation or series. The western part of 'the fo rmation 
has been called the Port Renfrew shales in a somewhat popular 
article by Hall.' As the rocks form a continuous belt, and are 
clearly of one formation, or at least of one series, which cannot at 
present be subdivided, the older name has been retained. 

Distribu,tion.-The Leech Rivel' formation forms a broad belt 
of rocks which extends from Langfol'd lake in the Goldstream dis­
t'rict to the west coast in the vicinity of Port San Juan. The 
easternmost exposures are seen in the valley and bed of Goldstream 
river, near the shal'p bend, a mile and a half from its mouth. 
Although the rocks may continue farther east and there underlie a 
part of the Colwood plain, where the surface is drift covered, there 
are no outcrops. The formation extends west in a widening zone, 
so that at the North fork of Leech river it is about three miles wide. 
The maximum width, about eight miles, is attained in the vicinity 
of Jordan river. The easternmost outcrops on the west coast occur 
near the mouth of Sombrio river. The zone is here about five miles 
wide, since it reaches north to San Juan river. The \Yesternmost 
expooures on th coast occur a mile and a half west .of Port •'an 
Juan. The formation probably extends :farther west, but is not 
again exposed along the shore, being covered bJ· the sandstones and 
conglomerates of the Carmanah formation. 

The formation is well exposed along the deep canons cut into 
the slaty and schistose rocks by the rivers and creeks that traverse 
the belt. It is also exceptionally well exposed on the shores of P ort 
San Juan, and along the west coast. The inter~tream areas, al­
though high, al'e relatively flat, drift covered, and often marshy, 
with wide stretches of meadow land, and therefore there are com­
paratively few outcrops. 

The southern boundary has been fairly well deteTmined, since 
it follows the large subsequent valley, called Leech River valley, 
formed near the fault contact separating the ]\fetchosin volcanics 
and the Leech River formation. In the eastern part, the northern 
boundary ha,s been rather indefinitely located, but west of Jordan 

1 G. M. Dawson. Geol. Surv·ey of Canada. Report of Progress, 1876-77, 
pp. 95-102. 

2 C. W. Hall. Some geological features of the "Minnewt.a Seaside Sta­
t ion. Postelsia, Year Book of the Minnesota Seaside Station, 1906, pp 
305 :147 
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meadows it is marked by the valley of San Juan river and its east­
ward extension, Meadow creek. 

Lithological Oharacters.- The formation consists of argillaceous 
and arenaceous sedimentary rocks ,dynamo-metamorphosed into 
slates and quartz schists. Although as a whole the formation 
potisestieS a uniform lithological character, yet, in detail, the indi­
vidual beds differ considerably, especially as regards texture and 
their powers of resistance to corrasion. Thi s difference is well 
shown along the creeks which cut across the strike of the formation, 
the hard quartzose beds often forming vertical walls over which the 
water spill s into deep pools, worn out of the weaker slates and 
schi s ts. A well known fall of this character, called Devil's Grip, 
occurs on the North fork of Leech river. The arrangement of the 
strata in alternating hard and soft beds is also well shown along the 
shores .of P ort S•an J uan , the letis resistant beds having been worn 
out by the waves into little coves and chasms. As a rule the alterna­
tion of beds of varying characters is rapid. 

The most conunon rock t ype is a black, schistose slate. The 
slates owe their dark colour to the presence of magnetite and gra­
phite. Some of the slates a:re so carbonaceous, black, and lustrous, 
as to resemble a graphitic coal. The slates are as a rule quartzose 
and pass into greywackes and quartz schist s. The greywackes are 
grey, compact to fine grained, quartzose rocks, passing into schis­
tose varieties. The schistose varieties are usually light coloured, 
greenish or grey, fin e grained rocks, frequently weathering brown 
on exposed surfaces. Certain tyves, such as occur on :i\Iount Valen­
tine south of J orclan meadows are black and coarser grained, and 
contain biotite and magnetite. 

J[ icroscopic.- The essential constituents of the greywackes and 
quartz schists are seen microscopically to be . quartz and a light­
brown variety of biotite. The quartz occurs in fine to coarse grains, 
irregular in shape,- and with interlocking boundaries, and is frac­
tured and distorted . The accessory minerals which have been noted 
are rnuscovite, cyanite, albite, calcite, and magnetite. :M~scovite or 
sericite in many cases is an essential constituent, the rock passing 
into a quartz-sericite schist. In the dark coloured, coarser grained 
schi~ t~. such as occur on :i\I ount Valentine. biotite and magnetite 
form a large percentage of the rock. 
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nfore rarely, types such as quartz-feldspar, or feldspar-chlorite­
schists occur, whose sedimentary origin is not always certai11. 
Schists of these types are usually green in colour, but are otherwise 
similar in appearance to the more common types. On microscopic 
examination they are seen to contain a large percentage of plagio­
clase, probably albite-oligoclase. and quartz. Secondary minerals 
such as seri cite, chlorite, epidote, and actinolite are usually abun­
dant. The accessories are chiefly biotite and magnetite. The large 
percentage of feldspar sugg-ests that some of the schists may be of 
volcanic origin, presumably tufaceous, or they may have been sedi­
mentary feldspathic rocks. 

Metamo1·phism.-The dynamo-metamorphism of the formation 
bas been intense, the schistose texture of the rocks being very pro­
nounced, and the weaker rocks are in some instances minutely con­
torted. Veins and lenses of quartz are exceedingly numerous, and 
are usually more or less parallel to the planes of schistosity or 
cleavage. These quartz veins are gold-bearing, although very low 
grade, and the gold found in the gravels of the rivers and creeks­
occurring in the slate ibelt has doubtless been derived from them. 

Strnctural R elations.- Internal.-The rocks of the Leech River 
formation have been closely folded, so that the strikes are nearly 
parallel, and the dips chiefly to the north, the angles of dip Leing 
high. On account of the close folding and the general similarity 
of the formation throughout its entire thickness, the exact deter­
rnin::1 t ion o-f the otrncture is practically impossible. There can be 
hardly any doubt, however, that the whole formation has been folded 
so that the strata are repeated across the belt at right angles to the· 
strike. Evidence of one such fold is to be found on the divi1les 
between Jordan river and San Juan and Kokasilah rivers, where 
there is an infold of meta-volcanic rocks, with slates and schists on 
both sides. 

The general strike of the formation follows the direction of the 
southern contact very closely. In the eastern part of the belt, in the 
vicinity of° Goldstream and Leech rivers, the general strike is about 
N 65° W, the angle of dip averaging about 80° N. In the vicinity 
of Jordan meadows the strike is about N 75° W, and the dips are 
steep to the north, the average being about 75°. In the western part 
of the belt, in the Renfrew fh strict, the general ot.l'ike is about 
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S 80° W, and the dip chiefly to the north, but the ane:le of dio is: 
less steep, averaging about 50°. 

In detail the strikes and dips vary considerably. In the neigh­
bourhood of the Leech river the strikes range from N 30° W t<> 
N 80° W, while in the R enfrew district they range from N 80° W 
to S 40° W. The dips have similar variation , which is sometimes. 
greater on account of local crumpling·. The true dip of the forma­
tion is often obscured by the creep of the slates, which is very great, 
and in some cases gives a false dip in a reversed direction to the 
true dip. • 

Sheared and slickensided rocks are very common, and many 
small faults occur. I,arger faults are probably also present, although 
with the exception of the boundary faults, none have been located. 
They would not be readily recognized, however, if present, nor could 
their displacement be determined, on account of the uniform litho­
logical character of the strata and the absence of horizon markers. 

On account of the complexit~· of the structure, which has not 
been worked out, any estimate made at present of the thickness of 
the form ation must be very unreliable. The formation has a maxi­
mum exposed \\'idth of about 35,000 feet; a thickness of 5,000 feet 
is, therefore, probably an under estimate. 

E xternal.-Relation to Y oung er Formations.-The Leech River 
formation is probably the oldest formation of southern Vancouver 
i land. With the exception of the fragmental volcanic rocks, which 
occur to the north of the Leech River formation in the eastern part 
of the area, and the N itinat limestones, the contiguous formations. 
are clearl y younger. In the cases of both of the exceptions it also 
seems best to consider them as belong ing to ~·ounger groups, but 
their relations with the Leech River formation are not clear. 

To the east of J ordan meadows the northern boundary of the 
Leech River formation is a rather indefinite contact with schistose 
and fragmental meta-volcanic r ocks of the VaHcouver volcanics. 
The nature of the contact is not known, 'but in the Goldstream 
valley, where both the slates and fragmental volcanics are well 
exposed, no large fault or unconformity was observed. Farther west 
the meta-volcanic rocks form a rel atively narrow belt separating the 
slates and schists fr-0m foliated plutonic rocks which are intrusive 
into the meta-volcanic.s, but which do not, in this· locality, cut typi­
cal Leech River rocks. 
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In the vicinity of Jordan meadows the slates are, as mentioned, 
apparently interfolded with green, schistose, meta-volcanics, similar 
to those which occur to the east. The green volcanic schists occur 
on the divides which separate the headwaters of the Jordan and 
Leech rivers from those of the San Juan and Kokasilah rivers. 
Typical Leech River slates occur in the creeks to the north and 
south of the divides. The nature of the contact, which is not ex­
posed, is uncertain, but there is no apparent fault or unconformity. 

F arther to the west, near Tod's ci:evice, bold ledges of volcanic 
rocks, belonging to the Va cou ver group, ri se abruptly on the north 
side of the wide east-west valley of the San Juan river and Meadow 
creek. Iu the valley occur the Leech River sl ates. The contact with 
the Vancouver volcau ics, which is not exposed, occurs on the north 
slope, from 500 to 1,000 feet above the stream beds. The contact is 
straight, with a trend of S 85 ° V-l, and follows the San Juan valley 
westward to Port San Juan. I n the vicinity of Port San Juan the 
rockis occurring to the north are the Nitinat limestones and plutonic 
rocks; the Leech River format ion, therefore, with its east-west 
strike, bevels across the Vancouver volcanics and the apparentl y 
conformable N itinat formation, which have a general strike of 
N 65 ° W. The straightness of the contact, the g reat dissimilarity 
of the formations on either side of the contact, and their non-con­
formity of strike, indicate, since there is no direct evidence of un­
conformity, that the contact is a fault. The Vancouver volcanics 
are much less affected by regional metamorphism than the Leech 
River slates with which they are in contact, and are, therefore, con­
sidered to be younger. Since the Vancouver volcanics are effusive, 
they presumably overlie the Leech River formation, and the down­
throw side of the fault is therefore to the north . 

The southern contact which is with the Metchosin volcanics, is 
also a profound fault.' The downthrow side of the fault, since the 
:Metchosin volcanics are considered to be younger, is to the south. 

Intrusive igneous r ocks arc not common in the Leech River 
formation. Intrusive plutonic rocks are reported, however, and 
doubtless occur, although they have not been seen b.v the 'niter. 
Mr. K. G. Chipman, of the Topographic Branch of the Survey, 
~tates that he found granitic rocks north of j ordan river and its 
t ributary, Y creek, near the western boundary of the E squimalt and 

------------------ - --- -
1 See Structural r el ations of Mekh osin YOlcanics, p . 92 . 
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1\ anaimo Railway lands; and :Mr . T . M. Baird, of Renfrew, reports 
that they also occur farther west, on the high ridges between the 
San Juan and Sombrio rivers . Aplitic veins, wh!ch were probably 
injected during the general period of batholithic intrusion, occur 
throughout the formation. It is also probable that the very 
numerous quartz veins occurring in the formation were formed 
cl uring this time. 

lifode of origin .-The rocks of the Leech River formation were 
fo rmed by normal sedimentary processes. The original rocks wel'e 
shales and shaly sandstones, and were composed. chiefl;r of quartz. 
The great thickness of the formation, the lithological similarity of 
the rocks througho ut the Clltirc thickness, and the absence of con­
glomerates, indicate that the rocks were deposited under very uni­
form conditions. Fwsils and minor original structures, such as 
ripple marks an\l mud cracks, if ever present, have been destroye<l 
by the intense metamorphism that has affected the formation. It is 
impossible to state definitely, therefore, whether the rocks are of 
marin e or krrcstrial origin . Their great uniformity and prevailing­
quartzose composition !Suggests that they are of marine origin. 

The presence of feldspathic members, and the indefinite con­
tacts, possibly conformable, with the fragmental volcanic rocks, 
suggest that a pronounced change of conditions occurred either at 

the beginning or the close o-f the deposition of the Leech River 
formation. 

Age and Correlation.- The Leech Ri,1er rocks Yery closely re­
semble, both lithologically and struciturally, the slates which occur 
in the Pacific Coast region from California to the Yukon district, 
and which are referred to the Carboniferous. On the mainland east 
of the Coast range in Briti.sh Columbia, these rocks form the lower 
portion of the Cache Creek group,' and are interbedded with rocks 
containing known Ca1;boniferous fossils . The chief difference to be 
noted between the lower member of the Cache Creek group and the 
Leech River formation is the absence of calcareous and volcanic 
members in the latter. It is possible, however, that some of the 
schistose volcanics to the north of the Leech River formation 
between Goldstrearn river and Jordan meadows, and the Nitinat 

1 G. M. Daw.son. Report on the a r ea of the Kamloops Map Sheet, 
British Columbia. Geol. Survey o,f Canada . Ann. Report, Vol. VII, 1896, 
pp . 373493. 
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lime-tones correspond with the upper series of the Cache Creek 
group. From the information available, t he volcanics and lime­
stones are best considered as Mesozoic. Since no such thickness of 
slaty rocks as oc::c ur in t he L eech R iver fo rm ation is known iu the 
Mesozoic of the Coasit r eg·ion, the Leech River formation is cor­
related with the lower part of the Cache Creek group, and with the 
Peshastin form ation of Washington,' and is presu mably of Car­
boniferous age. 

YANCOUVER GHOUi'. 

T he g1·eat bulk of the pre-batholithic rocks of Vancouver island 

are of lower :Mesozoic age, Triassic and Jurassic, and have been 
named by Dawson' the Vancouver group. The Vancouver group is 
subdivided in southern Vancouver island on the bases of distribu-­
t ion, lithology, and structure, into the N itinat formation, Vancouver 

volcanics, Sutton formation, Sicker seri es, and Metchosin volcanics . 
Of these, the fir st and the last are with some doubts incl_uded in the 
Vancouver group, since the fir st, the N itinat formation, is possibly 
of Palmozoic age, while the last , t he Metchosin volcanics, appears 
younger than Jura sic, does not conform structurally with the rest 
of the Vancouver group, and is not intruded by any of the main 
batholithic types. 

:'<ITIN AT FOHSlATlO:'\' . 

Distribidion.- The name N itin at formation is applied to masses, 
0f marble, and more highly altered calcareous rocks, separated by 
wide areas of intrusive granit ic rocks, that underlie a broad belt, 
10 to 12 miles wide, lying to the north of the Leech River slates and' 
extending westward from the mouth of Gordan river to Barkley 
sound, a distance of over 30 miles. The rocks of the formation are 
best exposed along the shores of N itinat lake. 

Lithological Characters .-The r ocks of the N itinat formation ­
are calcareous or have been derived from calcareous r ocks. There 
are many areas of white, usually coar-ely crystalline limestone or 
marble, but the larger portion of the original limestones appears to 
have been profounclly altered iby invading mag=as. The purer,. 

1 G. 0. Smith. Mt. Stuart Folio, No. 106. U.S. Geol. Survey, 1904. 
2 G. M. Dawson. Ann. Repor t, 1886, Geol. Sur vey of Canada, p. lOB. 
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white marbles, are seen on microscopic examination to consist essen­
tially of calcite, in irregular grains, firmly cemented by the same 
material. The accessory constituents are small in amount, and 
include quartz, which occurs in very small grains, sericite, and epi­
dote. Pyrite is usually present in small disseminated grains, which 
weathering to limonite, slightly stain the exposed surfaces. 

The chemical composition of one of the purer marbles of the 
Nitinat formation is as follows:-

Calcium carbonate, CaCO,. .. 
Magnesium carbonate, :MgCO, . . . . . . . . . 
Ferric oxide and alumina, F e,O,. and Al,O, . 
Insoluble mineral matter. . . . . . . . 
Sulphur, S .... . 
Phosphorus, P . . . . . . . . . . . . . . . . . . . 

96.89 
0.42 
0.40 

2·64 
0.01 

trace 

100.36 

v\T est shore, southern end of Nitinat lake, northeast of Indian 
Teservatio1~.-F. G. ·wait, Analyst, Chemist Mines Branch, Dept. of 
Mines. 

Metamorphisin.- The pure marbles have been altered near intru­
sive granitic rocks, and along shear zones, passing in such places 
into dark, almost 1black weathering varieties, in which quartz and 
·sericite are in much larger amount, and in which diopside and some­
times feldspar, probably an acid plagioclase, occur. At times, espe­
cially where associated with masses of almost pure magnetite, which 
occur along the contacts with intrusive granitic rocks, the limestones 
have been metamorphosed into typical garnet-diopsicle rocks, which 
bave been recognized as characteristic of similar limestone contacts 
in many parts of the world . The garnet is a brown massive variety 
of andradite, and the diopside occurs in green, finely granular 
masses. The garnet and diopside are associated with quartz, epi­
dote, and calcite, which occur as interstitial grains, or more com ­
monly as veinlets. 

No example has been observed where the pure marble of the 
Nitinat formation is in actual contact with a large body of the 
intrusive granitic rock. The contact zone of the marble is occa­
s ionally relatively narrow, and composed of the garnet-diopside, 
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' contact rock,' described in the previous paragraph. More commonly 
the contact zone is very wide, even wider than the masses of pure 
marble, and is composed chiefly of amphibolite; and the numerous 
inclusions or xenoliths in the granitic rocks are also amphibolites, 
although the granitic rocks, (;] early, in many cases, invaded a rela­
tively pure limestone. 

The amphibolites are dark green, very fine grained rocks, con­
sisting of amphibole and feldspar, and they have been fractured, 
and recemented by sericite and epidote veinlets. 

Microscovic.-On microscopic examination the essential consti ­
tuents are seen to be a pale green, or greenish brown hornblende, 
and clouded feldspar, and, r arely, small grains of pyroxene. The 
accessory constituents are titanite and magnetite, and the secondary 
m inerals are seri cite and limonite. Quartz is some times present in 
small amounts. The rock has usually a somewhat foliated appear­
ance due to a subpar allel arrangement of the honl!blende, and occa­
sionally types occur in which the feldspar forms large, euhedral 
grains, g iving the rock a porphyritic appearance. These amphi­
bolites resemble those associated with the Lauren tian mai•bles of 
Ontario, described by Adams,' especially the type described as the 
final product of altera t ion. 

Stnlctural Relations.- lnternal.- The strike of the Nitinat 
formation varies, but is in general about N 65° W . On account of 
the recrystallization of the limestones and their replacement over 
wide areas by granitic rocks, the bedding and structure is often 
obscured, ·but they have probably been closely folded, since the re­
corded dips are all high, in a large number of cases, approximat ely 
vertical. Rarely, contortion is to be observed. 

The marbles are sometimes thickJbedded and not greatly jointed, 
such as those exposed at the southern end of Nitinat lake to the 
northeast of the Indian reservation; more commonly, however, the 
marbles are thin-bedded, and greatly jointed and fractured. .Shear 
zones are frequent, along which alteration of the marble has taken 
place, producing the dark weathering, sil icified varieties described 
above. 

1 F. D. Adams . On the Origin of the Amphibolites of the Laurnntian 
Area of Canada. Journ. of Geol., Vol. XVII, 1909, pp. 1-18. 
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External.-Relation to older formalion s.-The Leech River 
formation, which lies to the south of the eastern end of the belt 
underlain by the Nitinat formation, is considered to be older, but 
there is no defu1ite structural or palreontological evidence. The 
contact of the two formations was not seen, although near the mouth 
of Gordan river it was located within a distance !Of one or two 
hundred feet. The contact appears to be straight, and is considered 
to be a fault with the downtbrow side to the north. On account of 
the great litholog'ical dissimilarity of the two formations, as well as 
the intense contact metamorphism of the Nitinat formation by in­
trusive granitic rocks, the respective amount of metamorphism of 
the two formations cannot be used to determine their relative ages. 
The only reason, therefore, for considering the one formation to be 
older or younger than the other, is their respectiv;e correlations, the 
Leech River formation being at present best correlated with the 
Carboniferous slates of the Pacific coast, while the Nitinat formation, 
as afterward pointed out, is best correlated with the Vancouver 
group, and is, therefore, considered as Triassic or Jurassic. 

Relations io younger formations.-The Yancouver volcanics 
occur to the north of the Nitinat formation but over considerable 
distances the two formations are separated by bodies of igneous 
r ocks intru sive into both groups. At one known locality only, near 
the northern end of Nitinat lake, are the two formations believed 
to be in contact with one another, and there the actual contact was 
not s2en, and possibly, since the contact is marked by a vall ey and 
appears to be fairly regular and straight, is represented by a fault. 
Therefore, since the nature of the contact between the two forma­
t ions is unknown, no definite information has been obtained con­
cerning the relations of the Nitinat and Vancouver volcanics. But 
the strike of the Nitinat formation and its general structure is 
conformable with the strike and structure of the Vancouver group, 
and therefore, for this and other reasons discussed under correlation, 
the Nitinat formation is best considered as a piut of the Vancouver 
group, and is, therefore, supposedly conformable with the Vancouver 
volcanics, probably underlying them. 

The Nitinat formation is older than the Beale diorite and 
Saanich granodiorite which are clearly intrusive into it. As already 
described, the cliorite and granocliorite are never in direct contact 
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with the pure marbles of the Nitinat formation, although on Point 
1\fark, south of N umakamis hay, on the east shore of Barkley sound, 
the marble is cut by dykes of the quartz-feldspar or granodi'Orite 
p Jrphyrite, which i.s clo'sely related to the plutonic rocks. Near 
the contacts the limestones are altered in virtually every case to the 
characteristic garnet-diops ide ' contact rocks,' or to amphibolites. 
The contact metamorphosed varieties are cut by numerous apophyses 
of the grani tic rocks , and form contaJct breccias with the Beale 
diorite. No large granocliorite masses, although granodiorite is the 
chief rock type of the invading batholiths, occur in contact with the 
metamorphic varieties of the limestones, but diorite is the contact 
phase. In some instances, especially near the areas of pure marble, 
the diorite grades into a rather fine grained basic variety, so that 
it appears, since this is a feature only of the limestone contacts, as 
if the limestone had had an influence on the cornposition of the 
plutonic rocks near the contacts. 

]{ode of Origin.~Little or no evidence has been found which 
indicates the origin of the original limestones of the Nitinat forma­
tion. The other limestones of the Vancouver group, the Sutton 
formati on, are of organic accumulation, and if the Nitinat forma­
tion is correctly correlated with the Vancouver group, it may be 
presumed that it, too, has been formed by the accumulation of cal­
-careous organisms under marine conditions. 

That the garnet-diopside rocks are the product of contact meta­
morphism of the limestones can hardly be doubted, especially in view 
-of the large number of cases described from many parts of the world, 
of the development of similar rocks along limestone contacts. A 
·debatable question is whether the limestones so altered were origin­
ally impure, containing the necessary ingredients to form garnet and 
cliopside when they were recrystallized by the heat of the invading 
magma, and by minera1izers escaping from it; or were relatively 
pure, the silica and iron being introduced from the invading magma. 
Very little evidence of a definite nature can be given from the occur­
rence of the garnet;diopside rocks of the N itinat formation. These 
rocks are, as far as examined, . always in close association with the 
relatively large areas of pure marble. It is shown elsewhere' that 
the iron of the large magnetite bodies associated with the garnet­
<liopside rocks has apparently been introduced in concentrated solu-

1 Under Iron Deposits, see pages 192-193. 
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tions, and since the original limestones, judging from the character 
of the portions preserved as marbles, were seemingly pure carbon­
ates, it is to be presumed that the silica and iron necessary to form 
the andradite garnet and diopside were also introduced. 

The origin of the amphibolites is not so apparent. From the 
dose association and structural relation of the amphibolites and 
marbles it appears as if the arnphibolites were· formed by the con­
tact metamorphism of the marbles, ·but no transitional types, such 
as Adams' describes, were seen. In other parts of the island similar 
amphibolites occur developed along contacts of the Vancouver vol­
canics and intrusive batholiths, and in the Nitinat formation even 
dykes have been converted into amphibolites. There are not, how­
ever, any large bodies of clearly recognizable volcanic rocks asso­
ciated with the Nitinat formation, and since Adams has shown by 
his very extensive and careful work that amphibolites may be formed 
from limestones, the best worki ng hypothesis is to consider the 
amphibolites of the N it inat formation as metamorphosed lime­
stones. 

Age and Correlation.-N o de£nite evidence of the age of the 
'Nitinat formation is at hand, other than that it is pre-batholi thfo­
that is, pre-upper Jurassic. If th~ formation ever contained fossils, 
they have -been destroyed by the recrystallization and intense con­
tact metamorphism of the original limestones. 

Limestones of both upper Palmozoic and lower Mesozoic hori­
zons are known to occur in the Pacific Coast region of British 
Columbia, in the upper part of the Cache Creek group, and in the 
Vancouver and related groups. In the upper part of the Cache 
Creek ,group occurs a very thick horizon of limestones, the Marble 
Canon limestones.' No such thick horizon of limestone is known, 
in the Paci£c Coast -region of B'ri tish Colum1bia and Washington, 
that is assuredly lower Mesozoic. The Nitinat formation appears 
t1:s if it were originally composed almost entirely of limestone, and 
to judge from the width of the bel t that it underlies, was probably 
of considerable thickness. From purely lithological evidence we 
might, therefore, correlate the N itinat formation with the Marble 
Canon formation of the Cache Creek gToup. However, the Nitinat 

1 F. D. Adams. Journ. of Geol., Vol. XVII, 1909, pp. 1-18. 
'G. M. Dawson . Report on the a<rna of the 'Eaomloops Map-Sheet. Ann. 

Report, Geological Survey of Canada, Vol. VII, 1895, p. 46B. 
9371-4 
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formation does not appear to he conformable with the Leech River 
formation, which has been correlated with the lower part of the 
Cache Creek group; although this appearance is not at all conclu­
sive, since the two formations are s~parnted by a probable fault. 
On the other hand, the Nitinat formation appears to be conform­
able in structure with the Vancouver volcanics, and all of the other 
limestones of southern Vancouver island are apparently lower :Meso­
Zoic in age, 1hel1onging to the Vancouver group. The evidence 
appears to be slightly in favour of correlating the Nitinat formation 
provisionally with the Vancouver group. 

Dykes of altered andesite or basalt porphyrite cut the N itinat 
limestones, and appear to be pre-batholithic, since they have been 
converted to arnphibolites. They may be related to the volcanic 
members of the Vancouver group. The absence of interbedded 
volcanic rocks, and the presence of the dykes, suggests that the 
Nitinat formation may be the lowest member of the Vancouver 
group, having been deposited before volcanic activity began. 

V.\N COU\"ER VOLCANICS. 

Under the name of Vancouver volcanics are grouped and 
mapped those volcanic rocks of the Vancouver group which are not 
included in the 1Ietchosin volcanics and Sicker series. The Van­
couver volcanics comprise the great bulk of the rocks of the Van­
couver group. The Sicker series as mapped includes some typical 
Vancouver volcanics which could not be separated on small scale, 
reconn a i-,a ncr mapping; while some schists and fragmental vol­
canics of the Sicker series are J.oubtle~s included in and mapped 
with the V an,couver volcanics. 

Distribution.-The Vancouver volcanics underlie the greater 
part of a cent1·al belt in southern Vancouver island, which has a 
trend roughly parallel with that of the whole island, which is, in the 
southern part of the island, about N 60° W. The belt is 35 to 40 
miles wide in the western and central portions, and narrows to the 
east to about 20 miles, where the volcanics are largely replaced by 
intrusive granitic rock'S or partly covered by younger sedimentary 
rocks of the N anaimo formation. The southern boundary is the 
contact with the Nitinat . and Leech River formations; and the 
northern boundary is the unconformable contact with ove1·lying sedi-
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mentary rocks of the N :rnaimo formation . These boundaries are 
very definite and have been located fairly accurately. The Van­
couver volcanics are more or less interrupted by areas underlain b.v 
the Sicker series, the Cowichan group, and intrusive granitic rocks. 
Since the rocks of the belt are fairly well exposed, ex-cept on the 
smooth upland and in the larger valleys, the contacts of the various 
formations are, where crossed by traverses, well located, hut are 
otherwise, as indicated on the map, only approximately located. 

Lithological Gharacters.- The Vancouver volcanics are basic, 
chiefly andesites, and augite andesites, with some dacite-tu:ffs. Both 
:flow and fragmental types are present, and include amygdaloids, 
porphyries, tu:ffs, and breccias. Intrusive dykes and sills of andesite 
and basalt porphyrites also occur. All of the rocks have been meta­
morphosed, and in part re-crystallized. They are seamed with quartz 
and epidote, and at one locality veins of common opal occur. 

N orinal .M eta.-·andesite.- The principal rock type is a meta­
andesite, often with essential augite. Megascopically the andesites 
are aphanitic, and sometimes porphyritic, with small but numerous 
phenocrysts of feldspar and altered hornblende. They are usually 
dark green in colour, but the finer grained, sometimes silicifiecl 
varieties, are light gTeen. They have been sheared and altered, and 
the green colour is largely due to secondary chlorite. They are also 
cut by veinlets of quartz, epidote, and calcite, and are commonly 
impregnated with pyrite. 

Microscopic .-Microscopicall y the groundmass is seen to consist 
essentially of small, lath-sha.ped crystals or microlites of andesine 
feldspar, and originally hornblende and augite, now largely altered 
to and replaced by chlorite and calcite. The only important acces­
sory mineral is magnetite, which occurs in fine grains in relatively 
small amount. The phenocrysts, when present, are of andesine, and 
alte·red hornblende and augite. They are usually ·Of medium oize, 
and numerous, although the groundmass is virtually always domi­
nant. The degree of alteration is large, and besides the secondary 
minerals chlorite and calcite, mentioned above, epidote, sericite, and 
pyrite and limonite ure very common. More rarely the femic 
minerals have altered to uralite or biotite. In silicified varieties, 
qunrtz is, of course, an important secondary constituent. 

9871-4~ 
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Certain textural varieties of the normal andesite occur, chiefly 
amygdaloids. The amygdu1es are seldom large, although often 
numerous, and consist chiefly of chlorite, calcite, and more rarely 
quartz. Taxitic or eutaxitic varieties occur, which, although flow 
rocks, contain fragments of similar composition but dHierent tex­
ture. 

Porphyritic Aiigite Andesite.-A type, characterized by large 
hornblende phenocrysts, which are pseudomorphs after augite, occurs 
in close association with the Sicker series, and, where they could 
not be separated in the small scale mapping, are mapped with the 
Sicker series. Large areas composed chiefly of this type of augite 
andosite occur, however, 1;outh of the Sicker series, immediately to 
the nortl;i of Oowichan lake; and again to the north of the Sicker 
series, south of Ladysmith. 

Megascopica1ly they are dark green porphyritic rocks, with an 
aphanitic groundmass, and numerous, relatively large (up to 2 cm. in 
diameter), stout, prismatic phenocrysts, of dark green hornblende, 
which have, very commonly, a nucleus of light green augite. Where 
exposed to unusual rapid weathering by solution, as along the shores 
of lakes and inlets, the phenocrysts have been left in relief, often 
preserving their crystalline form, which is that of a pyroxene. 

Microscopic.-Microscopicall,y the groundmass is seen to consist 
of a fine mat of amphibole (probably uralite) needles and andesine 
feldspar, with accessory magnetite. The phenocrysts are, with the 
exception of a few small phonocrysts of altered andesine, of pale 
green, weakly to moderately pleochroic hornblende, and, as seen 
megascopically, often with a nucleus of augite. The hornblende not 
only surrounds the augite, but fingers into it, along irregular cracks. 
The hornblende is unquestionably secondary after ,wgite, but since 
it is a compact variety such as would only form under conditions of 
high temperature and pressure, it is probable that it crystallized 
under magmatic conditions. The augite andesites have also been 
altered in a manner similar to that of the normal andesites, the chief 
oocondary mineral s being uralite, chlor'ite, epidote, and calcite. 

Amygdaloidal and taxitic varieties, similar to those of the 
normal andesite, also occur, which are, however, always porphyritic. 

Fraginental varieties.-There are associated with the flow rocks 
numerous fragmental varieties. They vary from fine grained tuffs 
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to breccias with angular fragments of volcanic rocks up to several 
inches in diameter (see Plate VI). They - are commonly red or 
pu rplish weathering, while the more dense included fr8guic-nts are 
grncn . Some of the arnygdaloids and more altered phase8 of the 
normal andesites are also red weathering, but as a general rule the 
red weathering fragmental varieties are in striking contrast with 
the green weathering :flow-t.ypes. The fragmental varieties of the 
typical Vancouver volcanics are rarely atr atifie<l: 

J.l icroscopic.- The fragments are seen on microscopic examina­
tion to include mineral as well as rock fragments. The t uft's and 
'breccias are imilar rninera1ogically to the :flow rocks, but are 
invariably more feldspathic. They are more altered, and the 
seoo11dary minera1s ·include besides chlorite, epidote, calcite, and 
sericite, which are also characteristic secondary minerals of the 
!low-types, kaolin and hematite. In certain cases, near the inter­
calated limestones of the Sutton formation, as on the south shore 
of Cowichan lake, between Croft creek and the type locality of the 
Sutton formation, the t uffs con tain large fragments of limestone, 
and secondary calcite has almost completely replacerl. the original 
miner als of the tuff, but with out entirely destroying the original 
texture. 

Dacite Tiiffs.-There are exposed in the v1cm1ty of Finlayson 
nrm of Saanich inlet in the Highland and ::M:alahat districts, a series 
of fragmental rocks, which are stratified, but apparently of volcanic 
origin, and which conta in essential quartz, and are, therefore, 
classed as dacites. They resemble certain types of the Sicker series, 
but cannot at present be correlated with them. They are seen 
megascopically to be dark to light grey in colour, fine to medium 
grained, the more metamorphosed being slaty in appear ance, clearly 
str atified, and composed of angular fragments of quartz, feldspar, 
and a dark cherty rock. They are usually cut by quartz and quartz­
feldspar veinlets, and are impregnated with pyrite. 

Microscopic.-On microscopic examin ation t hey are seen to 
consist essentially of quartz, plagioclase and orthoclase feldspar, 
brown biotite, kaolin, and fragments of a si1icious, microcrypto­
crystalline volcanic rock. The accessory constituents are magnetite, 
zircon, epidote, chl orite, and carbonaceous matter. These are not 
readily di stinguishable from the numer ous secondary miuerals which 
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are present-chlorite, sericite, pyrite, limonite, quartz, and calc ite. 

As stated above, the fragments arc angular. The tuffs have been 
dynamo-metamorphosed and are now somewhat schistose. 

A peculiar variety of these tuffs, not seen elsewhere, is exposed 
in a cut on the Esquimalt and Nanaimo railway, one-half a mile 
north of the 14 mile post in Jl,Ialahat district. It is coarse grained, 
with fragments up to 2 or 3 cm. in diameter. The fragments 
consist of a white weathering, cryptocrystalline feldspathic rock, and 
occur in a black, fine grained groundrnass. The contrast of the 
white fragments and black groundmass is very striking, and is 
accentuated by the fra cturing and shearing the rock has undergone. 

Microscopic .-Both the fragments and groundmass are seen on 
microscopic examinati on to consist essentially of feldspar (probably 
plagioclase), and quartz, the groundmass being coloured with ca r­
bonaceous matter. The feldspar and quartz of the fragments occnr 
in clear, colourless gr ains of microscopic size, which are irregularly 
intergrown. Quartz also forms irregular veinliko replacements in 
the fragments. Sericite is the only important secondary mineral. 
The rock has been dynamo-metamorphosed and somewhat silicified. 
Although of rather douhtful origin, the rock is probably a dacite 
t,uff"breccia. 

Injected lypes.-Andesite porphyrite .-Many dykes and sills 
occur in the Vancouver volcanics which are related to them in 
origin. The dykes cutting the volcanic rocks are readily overlooked, 
as they resemble the flow-types megascopically, but are conspicuous 
where they cut the intercalated limestones. The dykes are, as a 
rule, more basic than the flow rocks and include both andesite and 
basal t porphyrites. The anclesite porphyrites are megascopically 
dark green in colour, with an aphanitic to fine grained groundmass 
consisting of lath-shaped feldspars and dark femic minerals, with a 
few medium sized phenocrssts of feldspar and altered hornblende. 
The dykes in the limestone are commonly impregnated with pyrite 
and cut by calcite veinlets. 

Microscopic.-The mineral composition is seen on micros·copic 
analysis to be similar to that of the normal andesites. The essential 
constituents are andesine and originally hornblende, now largely 
altered to uralite and chlorite. Magnetite and apatite are both 
.accessory. The alteration is also similar to that of the normal 
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andesites, and the same secondary minerals occur. The texture is, 
however , distinctive. The andesine occurs in wide, lath-shaped 
crystals, diversely arranged, sometimes with prismatic hornblendes. 
The original femic minerals were, however, largely interstitial to 
the andesine. 

Basalt porphyrites.-Especia1ly well exposed along the east shore 
of Barkley s·ound and Alberni canal, although the;y occur in other 
parts of the island, are injec ted rocks in which the feldspar is 
labradorite, seldom very basic, about Ab40, An60, and are, therefore, 
basalt rather than andesite porphyrites. They are similar in megas­
copic appearance to the andesite porphyrites, but the phenocrysts 
are larger and more numerous, and the lath-shaped character of the 
feldspars of the groundmass more pronounced. 

llficroscopic.-On microscopic examination the phenocrysts are 
seen to be not only of labradorite, but also of augite and a light 
green, weakly pleochroic hornblende, which occur in rather small 
subhedral grains. The essentials of the groundmas·s are labradorite 
and the light green hornblende, and commonly augite. The acces­
sories are numerous and in large amount, and include ilmenite and 
magnetite, titanite, apatite and apparently quartz. The labradorite 
of the groundmass occurs in lath-shaped crystals, with interstitial, 
and rarely poikilitic, hornblende and a ugite. They have been less 
altered than the flow rocks, but secondary minerals, uralite, biotite, 
chlorite, epidote, sericite, calcite, and leucoxene are fairly abundant. 

Basalt fiow- breccia.-A peculiar type, apparently related to th<" 
basalt porphyrite, is exposed on the east shore of Alberni canal, ~ 
mile .and a half north -0f Coleman creek. It is an agglomerate with 
angular to rounded fragments of volcanic rocks r anging from 
aphanitic types to relatively coarse grained basalt porphyrites ; an<l 
may represent an old volcanic neck. The matrix is dark green, 
aphanitic, seen on microscopic examination to have been originallv 
glas·sy, with a taxitic texture which resembles the texture of th r~ 

welded pumice of Yellowstone park.1 

Metamorphism.-As already mentioned and as may be seen from 
the petrographic descriptions, the Vancouver volcanics are all greatly 
metamorphosed. The metamorphism, resulting in the alteration 

1 .J. P. Iddings. Monograph 82. U.S. Geol. Survey, 1899, p. 404. 
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described above, the secondary minerals being chiefly uralite, 
chlorite, epidote, calcite, and sericite, is characteristic of that which 
takes place under conditions of moderate to shallow depths, and 
moderate temperature. It has prohably taken place in large part 
during the folding and shearing that the volcanic rocks have under­
gone during perio<ls of mountain building movements. Extreme 
cases of this type of metamorphism occur, the typical rneta-volcanics 
passing into sheared and schistose varieties. 

A horizon of schistose meta-volcanics occurs to the north of the 
Leech River formation, from Langford lake, in Esquimalt district, 
to Jordan meadows. They are greenish-grey schistose rocks, varying 
in composition from rocks similar to the normal meta-andesites and 
andesite tuffs to rocks consisting of fine aggregates of actinolite and 
uralite, with epidote and secondary quartz and a1bite. These rocks 
are also very commonly mineralized in a varying degree, with pyrite, 
pyrrhotite, and chalcopyrite, which occur in disseminated grains and 
irregc1lar veinlets. These rocks pass into varieties which are more 
quartzose, and in the dacite tu:ffs, which occur to the north, dense 
cherty rocks composed almost entirely of feldspar and quartz occur. 
It is probable that this type of metamorphism was not due solely to 
dynamic movement, but since the rocks occur near the intrusive 
Wark diorite and quartz diori te gneiss, ma.v be due in part to con­
tact metamorphism . 

.Similar types to those described above occur associated with 
contact metamorphosed limestones, near intrusive gi·anitic rocks, 
and contact deposits of magnetite and iron and copper sulphides. 
They are green, fine grained, sheared rocks, mineralized and cut by 
quartz and calcite veinlets. They consist almost entirely 'lf 
secondary minerals, actinolite, epidote, chlorite, serpentine, and seri­
cite, more or less replaced by later quartz and calcite. Similar 
altered and mineralized rocks also occur along shear zones in the 
volcanics. These mineralized types weather rapidly, forming a thick 
coating of limonite, which attracts the prospectors, but they are too 
low gracl.e to be of value. 

At times the contact metamorphism of the volcanics resembles 
that produced in the intercalated limestones, so that it is impossible 
to te11 in some cases what the original rock was. Amphibolites, 
formed by the metamorphism of the volcanic rocks are quite 
common. They resemble those formed from the limestones, espe-
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cially those of the :N"itinat formation, but are rather more feldspathic, 
and occasionally show traces of what is apparently an original 
porphyritic or arnygdaloidal texture. 

The volcanic rocks in the vicinity of Victoria and Esquimalt 
are much more generally metamorphosed than the rest of the Van­
couver volcanics. They resemble, however, the contact metamor­
phosed types described above, · and as they are intruded by numerous 
masses' of granitic rocks, it is probable that they are not an older 
series of volcanic rocks, but are contact metamorphosed phases of the 
Vancouver volcanics. 

Structural relal;ions.-Internal.-The vanous e:ffusirn varieties 
of the "Vancouver volcanics are apparently conformable, since :flow 
and fragmental varieties occur interbedded with each other. Never­
theless, as noted . above, the fragmcntal varieties of the normal 
andesites are seldom stratified. The relations of the dacite tuffs 
with the normal andesites is not clear, but they are probably con­
formable. The relation of the schistose varieties which occur to 
the north of the Leech River formation, from Langforu lake to 
Jordan meadows, is not definite, and they may represent an older 
lieries of volcanics. As already mentioned, the volcanic rocks in the 
vicinity of Victoria and Esquimalt are '.!orn•i<iered to be contact 
metamorphosed phases of the "Vancouver volcanics, and this conclu­
sion is supported by their occurrence in the strike of the Vancouver 
volcanics, their lithological and structural similarity to them, and 
by the presence in both, of beds of similar crystalline limestone. 

Although the fragmental varieties indicate explosive eruptions, 
no occurrence resembling an ancient and denuded volcanic neck was 
observed, other than the basalt :flow-breccia desCl·ibed as occurring 
on the east shore of Alberni canal. There the relations were not 
clearly observed, but the basalt :flow-breccia apparently forms an 
injected mass in the porphyritic meta-andesites. Old lava channel s 
are probabl~, represented by the dykes of andesite and basalt por­
pbyrite, which clearly cut the effusive varieties. As observed, the 
dykes do not appear to be very numerous, but they are easily over­
looked. 

On account of the massive and metamorphic character of the 
Vancouver volcanics, their attitude is rarely determined by direct 
observation. They have a general strike parallel to that of the belt 
which they underlie, that is about N 6(}0 W. The dips are appar-
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ently large, approximately vertical in most of the few cases where 
the dip could be determined. The recorded strikes, obtained chiefly 
from the folded fragmental types, are usually in the northwest­
southeast quadrants, but to the south of the central part of Cowi­
chan lake the tuf£s, flows, and intercalated limestones of the Sutton 
formation strike north-south to northeast-southwest. Small folds, 
and more rarely contortions, are to be seen in places. From the 
above evidence it is prohable that the Vancouver volcanics are 
closely folded into large rather than small folds, whose axes have a 
general strike parallel to that of the southern part of the island. 

The volcanics are jointed, greatly faulted, and sheared, largely 
owing to dynamic movement. Very rarely, a.s on ]\fount Tod, in 
the western Malahat district, the regularity which is observed in the 
jointing suggests that it was formed during the cooling of an old 
lava. The observed faults were both normal and reversed, and of 
small throw, except in the case of boundary faults ; but doubtless 
larger faults occur, not readily recognized on account of the litho­
logical similarity of the volcanics. The sheared volcanics are com­
monly silicified and mineralized as described above, and are cut by 
veins of quartz, quartz and epidote, and calcite. At one locality, in 
the bed of Gordon river near its so urce, about t hrne miles south of 
Cowichan lake, the sheared volcanics are cut by irregular veins, a 
foot or slightly more in width, of an opaque, cream-coloured opal. 
The opal is seen on microscopic examination to occur in irregular 
grains, s'ometimes with a fiibrous structure and anomalous bi­
refringence. Sericite, which has largely altered to kaolin, and cal­
cite are also present. 

EXTER)IAL RELATIONS TO OTHER MEMBERS OF THE VANCOUVER GROUP. 

The Sutton formation, which consists of the inter_calated lime­
stones in the Vancouver volcanics, is clearly conformable in a 
general way with the volcanics. As described unde1· the Sutton 
formation, the contacts are, however, usually intrusive. 

The Nitinat formation occurs to the south of the western part 
of the belt of the Vancouver volcanics. As already described, the 
con tact, although located, fairly accurately, was not actually ob­
served. In the western portion the contact is marked by a valley, 
and may, as suggested, be a fault. In the eastern portion, on 
Gordan river, the southern conta<Ct of the volcanics is with the 
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Saanich granodiorite, which is intrusive into both the Nitinat 
formation and the Vancouver volcanics. The Nitinat formation 
appears to be conformable in structure with the Vancouver volcanics, 
·and for this and \other theoretical reasons' the Nitinat formation is 
considered provisionally to be a part of the Vancouver group, and, 
therefore, conformable with the Vancouver volcanics. It is sug­
gesteLl that it underlies the volcanics, and that the andesite por­
phyrite dykes which cut it are to be correlated with those of the 
volcanics. 

The Sicker series forms a tongue-shaped mass in the central 
part of the belt of Vancouver volcanics, extending west from Salt­
spring island to north of Oowichan lake. It contains flow rocks, 
the porphyritic augite andesites, typical of the V micouver volcanic8, 
which are conforrna,ble with rocks of the Sicker series. As alreadJ' 
mentioned, these porphyritic augite andesites are so intimately inter­
bedded with the Sicker series that in some cases they could not be 
mapped separately. Since the Sicker .series apparently grades up­
ward into relatively umnetamorphosed sediments, it is to be pre­
sumed that it overlies the Vancouver volcanics; but there are certain 
objections to this idea (see page 83). 

No structural relations between the J\fetchosin and Vancouver 
volcanics could be determined, since in the southeastern part of the 
island, in Esquimalt district, which is the only place where they are 
not separated by the Leech River formation, the contact is covered 
by the thick deposit of sand and gravel of the Oolwood delta. The 
·two volcanic formations are unlike petrographically, and the Van­
couver volcanics are very much more metamorphosed. It is strongly 
suggested, therefore, that the Vancouver volcanics are older than 
the J\fetchosin volcanics. It has been thought best, however, to place 
the J\fetchosin volcanics provisionally with the Vancouver group, 
but they are almost assmedly not conformable with the Vancouver 
volcanics . 

.Relation to older formations.-To the south of the Vancouver 
,·olca 11 ic:;, in the east cc'ntra l part, from Golclstream river to San 
Juan river, is the Leech River formation. In the western part, the 
contact is a supposed fault, which occurs along the northern slope 
of the upper part of the San Juan ' valley. Along the eastern parot of 
the contact, from Goldstream river to west of Jordan meadows, the 

1 See pag€s 49 and 50. 
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r ocks to the north of the Leech River formation are the schistose 
varieties, whose relation with the normal meta-andesites is doubtful. 
Their relation with the Leech River formation is also indefinite. 
In the vicinity of Jordan meadows they appear to be infolded with 
the Leech River slates, without any apparent faulting or uncon­
forJ:P ity, as i- true farther east also, -although there~ no infold6 weTe 
observed. At present, since the schistose volcanics are closely re­
lated lithologically and structurally to the Vancouver volcanics, 
which appear on the whole to be younger than the Leech River 
formation, i t seems best to consider the schistose volcanics and the 
Leech River formation as belonging to different groups, the schis­
tose volcanics being the younger. 

Relation to yo'liinger f ormations.-The Saanich granodiorite and 
its related plutonic rocks are clearl;y intrusive into the Vancouver 
volcanics. The plutonic rocks occur chiefly in irregularly outlined, 
small batho1iths, which have been erupted along two main axes, a 
southern and a northern, the southern batholiths being intrusive 
into Vancouver volcanics only in the southeastern part of the island. 
Small stocks and bosses also occur between these main ,axes. Diorite 
is sometimes the contact phase of the intrusive batholiths, but more 
commonly it is a quartz diorite or granodiori te; so that the vol­
canics do not appear to have affected the invadi·ng magmas as the 
1Nitinat limestones have. At the contacts, intrusive porphyrites, 
quartz-feldspar or granodiorite porphyrite predominating, occur as 
irregular dykes in the invaded volcanic rocks. The batholiths have 
greatly affected the invaded volcanics, metamorphosing them to 
schistose, sili cified, and mineralized varieties, and also to amphi­
bolites. 

The sedimentary rocks of the Cowichan group which are seen 
in contact with the Vancouver volcanics are probably of the 
N anaimo formation. They are m~conformabie upon the volcanics, 
and coarse basal conglomerates occur, made up largely from detritus 
of the rocks of the Vancouver group. 

The mode of origin and age and correlation of the Vancouver 
volcanics is so closely associ.ated with that of the intercalated 
Sutton limesfones, that it is discussed in connexi,on with the orgin 
and age and ~Mt·Rlation of the Sutton formation in the following 

section. 
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SUTTO:'< FOllMATTOK. 

Intercalated with the Vancouver volcanics are numerous lenses 
of crystalline limestones or marble. From one of the lenses, exposed 
on the south shore of Cowichan lake, 3 miles west of Sutton creek, 
determinable fossils were collected. The fauna has been determined 
as lower Jurassic, and the ·beds in which the fossils occur have been 
named, from Sutton creek, the Sutton formation. It is probabl.e 
that the other limestone lenses of southern Vancouver island are of 
the same or nearly the same age, and the Sutton formation is ex­
tended provisionally to include all of the intercalated limestones m 
the Vancouver volcanics of southern Vancouver island. 

Distribution.- The limestone lenses constituting the Sutton 
formation have a wide distribution throughout the belt of Van­
couver volcanics, except in the northeastern part, to the west of 
Nanaimo and Ladysmith, where no limestones were observed. The.v 
are especially well developed to the west of Esquimalt harbour, arnl 
extend from the vicinity of E squimalt and Victoria to Alberni 
canal. Richardson' records sim ilar fossiliferous limestones to the 
north of Alberni, and in the vicinity of Horne lake, 8 miles north­
east of Alberni. The lenses are numerous, but sma11. There are 
only 34 lenses shown on the accompanying map, but in southern 
Vancouver island there are probably we11 over 100 lenses which are 
50 feet or more in width, and besides these larger lenses there are 
in the volcanic and intrusive plutonic rocks many more smaller 
ones, some mere fragments, a foot or more in diameter. The greater 
number of the lenses as mapped are exaggerated _in size, as they are 
only a few hundred feet in width, and one-quarter to one-half a mile 
in length. The largest mass that was measured is over a quarter of 
a mi le in width and a mile and a half in length, and extends west 
from Esquirnalt 11arbour to Colwood plain. Another mass probably 
as large, hut which was observed only at a. distance, forms the larger 
part of Limestone mountain, situated at the headwaters of Fmnklin 
Ti.ver, 7 miles west of AJ!berni canal. 

Lithological characters.-The limestones of the Sutton forma­
tion are all crystalline. They are chiefly grey to greyish blue, more 
Tarely white, compact to fine grained marbles. At one locality, that 

'James 1Richar.d,son. Coal-fields of Vancouver and Queen Charlotte 
islands. Rept. of Progress, 1872-73, Geological Survey of Canada, pp. 52-56. 
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where the fossils were found, on the south shore of Cowichan lake, 
3 miles west of Sutton creek , the original character of the limestone 
is still preserved. There, two beds occnr which are formed entirely 
of corals, and are doubtless old coral r eefs. B etween the coral beds 
are strata composed almost entirely of small fragments of calcareous 
organisms, that is, typical calcarenites. Interstratified with the cal­
carenites are beds, one very thick, composed · chiefly of pelecypod 
shells, which form a veritable coquina. The limestones weather 
characteristically, developing solution hollows with smooth surfaces, 
and small knob-like protuberan ces. They are very frequently brec­
ciated, apparently by dynamic forces, and recementerl by cRlcite 
veinlets. 

Microscopic.-They are seen on microscopic examination to 
consist essentially of calcite, or magnesian calcite, in small grains, 
sometimes microscopic in size and firmly cemented together. Acces­
sory or second'ary constituents are, in many of the limestones, 
virtually absent. In ·others, small amounts of argillaceous and car­
bonaceous matter occur, and frequently a small amount of pyrite in 
minute cubical grains is · present. 

Near the contacts with the intrusive plutonic rocks the marbles 
are coarser grained and correspondingly lighter coloured. Calcite 
is still the onl y essential mineral, and the grains are always firm ly 
cemented. Pyrite is more abundant and occurs in larger grains up 
to 2 or 3 mm. in diameter. At times light coloured, coarser grained 
lenses and zones occur in the darker, more compact marble. Where 
still more affected by contact metamorphism small diopside grains 
occur, that frequently have been altered to a white weathering 
opaque serpentine; and the original argillaceous matter has been 
r ecrystallized to sericite. Magnetite as well as pyrite is usually 
present in these varieties. 

The following analysis is furnished by l\fr. Adolph Neu, chemist 
with the Vancouver Portland Cement Company, and is an average 
analysis of the purer limestones from the quarry at Tod inlet:-

Calcium carbonate, CaCO" . . 
S ilica, SiO,. . . . . . 
Iron oxide, Fe,03 • • • • • • • • 

l\fagnesia, l\fgO .. 
Specific gravity .. .. ea. 

97.5 per cent. 
1.1 " 
Q.8 

trace 
2 .6 

" 
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Two other analyses of the Sutton limestones and one of the 
Nitinat limestone, for compari son, arc g iven below:-

I. II. III. 

Calcium carbonate, CaC03 •• . . . . . . .. 95 .35 86.29 96.89 

J\fagnesium carbonate, MgC03 • • . . .. . . 2 .85 0.42 0.42 

Ferric oxide and alumina, Al,O, and Fe,O" 0.16 1.40 0-40 
Insoluble mineral matter .. 1.95 11-88 2-64 

Sulphur, S ... .. trace 0.42 0-01 
Phosphorus, P ... .. . . . . trace 0.02 trace 

100.31 100.43 100.36 

I. Sutton formation, Rosebank Lime Company's quarry, one-half 
mile west of Esquimalt harbour. 

II. Sutton formation, south shore of Cowichan lake, interbeddecl 
with fossiliferous beds. 

III. N itinat formation, west shore, southern encl of Nitinat lake, 
nOl'theast of Indian reservation. 

F. G. Wait, Analyst; Chemist, Mines Branch, Dept. of Mines. 

Metamo1·phism.-Diopside-epidote varieties.-The dynamic meta­

morphism that the Sutton limestones have undergone has only served 
to crystallize them into marbles, but near the intrusive granitic 
rocks their mineral and chemical composition has been greatly 
changed, and they pass from the ·slightly contact metamorphosed 
varieties described above, to rocks composed chiefly of diopside and 
garnet; which in turn have sometimes been replaced by quartz and 
feld spar, or sheared and impregnated, and more or less replaced by 
metallic minerals. The least altered limestones consist of coarsely 
crystalline calcite, with irregular streaks of fine grained greenish 
silicates, which are seen microscopically to be diopside, epidote, and 
quartz, usually with some calcite. These pass into varieties in 
which the calcite has been entirely replaced. They are dense, light 
green rocks, locally called felsite, and consist chiefly of diopsid€, in 
small, sometimes sub-fibrous grains, with a little interstitial quartz 
and calcite, although varieties occur in which diopside is virtually 
the only mineral present. Thes€ types are usually cut by veinlets of 
quartz, sericite, and calcite, and in some instances by brown massive 
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garnet. More rarely types of similar megascopic appearance occur, 
which are seen on microscopic examination to consist chiefly of epi­
dote, irregularly intergrown with quartz and calcite. 

'Garnetite.'-The most comn~on type of contact metamorphosed 
limestone is the so-called 'garnetite,' which is very commonly asso­
ciated with the contact deposits of metallic minerals. It is a massive 
i;ock, consisting of a fine grained aggregate of lig·ht green silicates, 
rliopside, and epidote, with calcite, sericite, and quartz, and light 
brown to greenish •brown massive garnet, cut by veinlets of quartz 
nnd calcite. .Actinolite is more rarely pTesent. The garnet as deteT­
mined by qualitative analyses is andradite, the iron-calcium garnet, 
although alumina and magnesia were detected in some cases. The 
garnet, though usually granular, also occurs in small dodecahedral 
crystals, showing microscopically a zonal growth and anomalous bi­
Tefringence. The more common mass·ive garnet is invari!ab]y 
isotropic, except where it has ·been subjected to dyr,amic stresses. 
Serpentine, probably derived from the diopside, is frequently present. 

QUARTZOSE AND FELDSP.\TIII C VARIETIES ANO A'MPHIBOLITES. 

In some instances the above mentioned contact metamorphosed 
rnrieties are largely r eplaced by quartz and feldspar. This phase is 
usually a dense, green rock rese1111bling the diopside varieties, but con­
tains patches of the unreplaced diopside, epidote, and garnet. Amphi­
l)olites, similar to those of the Nitinat formation, occur, but only 
rarely, and in most cases cannot be distinguished from those formed 
by the metamorphism of the associated volcanic rocks. 

Mineralization.-Virtually all of the contact metamorphosed 
1imestones have 1been impregnated, and more or less replaced, by 
metallic minerals. The more richly mineralized varieties have been 
sheared, and in these occur actinolite, serpentine, and chlorite, de­
Tived chiefly from diopside. The impregnating· minerals occur in 
disseminated . grains and are the following: magnetite, pyrite and 
chalcopyrite, and n~ ore rarely · sphalerite and galena. They also occur 
in veinlets and irregular replacements, pyrrhotite being an impor­
'tant 0.'.lnstituent of the larger masses. 

Structuml relations.-The general structure of the Sutton 
formation is virtually identical with that of the Vancouver vol-
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canics, since the two formations are so intimately related. The 
formation has, therefore, a general strike of N 55° to 65° W, with 
steep clips; with large variations such as occur south of Cowichan 
lake, where the beds have a northeast-southwest strike. In ·common 
with the Vancouver volcanics, it has been closely folded into large 
rather than small folds. Small folds occur such as that exposed 
along the western contact of the fossil-bearing beds with the over­
lying Yolcanic rocks. The fold is a closed syncline, pitching steeply 
to the north. The Sutton limestones have been similarly jointed, 
faulted and sheared, although they have ~1 ielded by brecciation to a 
greater extent than the volcanic rocks. 

The Sutton formation has also been intruded by the granitic 
rocks, the Wark diorite and quartz diorite gneiss, and the Saanich 
granpdiorite. Invariably, as is also true of the Nitinat formation, 
the granitic rocks are in actual contact with metamorphosed phases 
of the limestone. As in the case of the Nitinat limestones, the 
Sutton linwstones have apparently affected the composition of the 
gra.nitic rocks along the contacts, developing more basic and hybrid 
types, some of them monzonitic in character. 

No actual fragm ents of the Sutton limestones were noted in 
overl;ying and unconformable sediments of the Cowichan group, but 
many of the lower members of the group are highly calcareous, 
suggesting that they may have been formed in part from the detritus 
of the Sutton limestones. 

R elation to TT ancoitver volcanics.-The Sutton formation, as 
alreacl;y described, occurs as limestone lenses in the \T ancou ver vol­
canics. The two formations are considered to be contemporaneous 
in general, although their contacts are usually intrusive. The con­
temporaneity of the two formations is well shown on the south shore 
of Co"·ichan lake, '"here ·the fossil-bearing limestones are in contact 
with effusive volcanics, which apparently flowed over an old lime­
stone surface. Here the volcanics which overlie the limestone occur 
to the west. They include both flow and fragmental types and the 
bedding is clearly shown. The beds correspond closely to those of 
the underlying limestones, striking about N 35° E, with a clip of 
50° to 70° to the northwest. At the actual contact the anclesite is 
interbeclclecl with a stratum of white, compact, crystalline limestone, 
12 to 18 inches thick, which is separated by 3 feet of andesite from 
an unclerl:ving stratum of blue, compact, crystalline limestone, 18 

9871-5 
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to 24 inches thick. This lower limestone is also underlain by se»eral 
feet of andesite, to the south of which, beyond a small creek, 75 feet 
wide at its mouth, occur the foss ili ferous beds, some 400 feet in 
thickness. The contacts of the andesite and the interbeclded lime­
stones, although as a 11·hole conformable, are in detail extremely 
irregular; as tongues of lava protrude into the thin limestone Leds, 
and fragments of the limestone are included in the anclesite. The 
andesite here is all extremely vesicular, much more so than was 
noted elsewhere. The limestone fragments occur in the overl ying 
lavas for some distance, and have been rounded by solution, and now 
have peculiar concretionary-like fo rms. The contact is broken by 
normal clip faults, with a displacement of from 5 to 10 feet, aud to 
the southwest the andesites and included limestone beds have been 
folded into a dosed s;yncline, pitching steeply to the north. 

If the andesites were sill s intrusive into much older limestones, 
even at comparatively shallow depths, it seems probable that tl1e 
contacts would be similar to those of the intrusive dykes in the 
limestone, that is sha rp, and not marked by small apophyses of 
andesite. Neither are the dyke rocks vesicular along the contacts ; 
and it is very doubtful if the anclesites were sills, injected under 
considerable pressure, whether such large vesicles would be formed. 
These vesicles appear to have been formed by cai,bon dioxide libera.ted 
by the heating of the limestones, thus bloating the andesite into an 
extremely coarse pumice. It is also doubtful if carbon dioxide 
would be liberated if the andesites were sills.1 The limestoues 
cannot be an older folded formation, since they are interbeclded and 
closely folded with the anclesites. It is also probable that if t he 
andesites were sill s injected into a flat-lying horizon of limestones, 
separating them into layers less than 2 feet thick, more regular 
dykes, instead of extremely irregular tongue-like masses, would have 
broken across the thin limestone beds. Another proof of the effusive 
origin of the andesites is the interbecls of fragmental volcanics. A 
fm-ther support to the conclusion that the limestones and volcanic 
rocks are contemporaneous is given by Dawson,' who records in 
northern Vancouver island intercalations in the Vancouver vol­
canics of limestones and other sedimentary rocks which contain a 
fauna of Triassic age, showing that volcanic activity was in progress 

1 Cf. J . Ba rrell . The Physiool Effects of Contact Metamorphism. Am. 
Jonrn. Sci. 4th ser ., Vol. 13, 1902, p. 285, and p 293. 

2 G. M. Dawson. Ann. Report Geological Survey of Canada, 1887, p. 9B. 
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before the Sutton fo rmation was deposited, and might readily have 
continued on into the time of the l aying down of the Sutton forma­
t ion. 

The intrusive contacts between the other lenses of the Sutton 
formation and the Vancouver volcanics appear to be clue in part 
to the injection of dykes of andesite porphyri te, which cut the 
effusirn andesites as well as the limestones. The contacts have also 
been greatly obscured by dynamic and contact metamorphism and 
fa ulting, and the intrusive nature may in some instances be more 
apparent than real. However, intrusive types doubtless occur also 
intermingled with the limestones as well as with one another; but 
it is not probable, as one is led to believe by the prevalence of intru­
sive contacts, that t,he Sutton formation occurs necessarily near the 
base of the Vancouver volcanics. 

Mr. Allan records a \ery small limestone lens 25 feet long and 
10 feet wide on Mount Brenton, which is apparently intercalated 
with tufaceous volcanics of the Sicker series. This is the only lime­
stone, as far as known, which occurs with rocks of the Sicker series. 

MODES 0 1•' ORIGIN OF VANCOUVER VOLCAN ICS AND SUTTON FORMATION . 

At the type locality of the Sutton formation the limestones were 
ev idently formed by the accumulation of marine organisms. It is 
also probable that the other limestones are of a similar origin, and 
indeed, in a few illJstances, fragments of poorly preserved foss ils have 
been found, but the larger part of the limestones have been reerystal­
lized to such an extent that any foss ils which they may have con­
tained have been entirely destro;yed. 

Since the Sutton limestones are of marine origin, and are inter­
calated in the Vancouver volcanics, i t is to be presumed, therefore, 
that the volcan ic rocks were l argely submarine; and the comparative 
rarity of t uffs and breccias and of intei'beds of terrestrial material 
adds "Weight to this conclusion. The occurrence of angular and un­
stratified tuffs suggests that some of the old vents were above sea­
level, forming islancl.s. There are found in the volcanics a few con­
glon:erate:; compa.sed of r ounded v1olcani1c fragments, so that 'it 

appears as if these volcanic rocks had 1been subjected to marine 
el'.()sion on the shores of old volcanic islands. Only one such occur­
rence has been noted in the Vancouver volcanics, expO!Sed in the bed 
of Kokasilah river , north of Shawnigan lake, but the conglomerate's 

9871-5~ 



68 GEOLOGICAL SUR \.EY, CAKADA 

are more common in the 1\Ietchosin volcanics. Similar conglomerates 
probably '.occur with the typical Vancouver voicanics, but have not 
been observed. It was on these supposed volcan ic i,slancfa that the 
organisms which Luilt the coral reefs -and ooquina beds lived. frhe 
fauna of the ·Sutton limestones is very provincial, having no or few 
affinities, a·s fa r as known in North America, and the rarity of 
cephalapods is a notable feature; and, since no inte1'beds of sedimen­
tary mater ial other than limestones occur with the Vancouver 
volcanics, it is proba!ble that the volcani'c islands were far from the 
mainland, to the east. 

Age an d correlation of ihe llancoiive1· volcanics and Sutton 
f ormation.-From purely structural evidence the age of the Van­
-"OUYer volcanics 1and the intercalated limestones cannot be deter-. 
mined definitely. They aro pre-batholithic, that is, pre-upper 
Jurassic, and probably are younger than the Leech River formation, 
which is considered to be Carboniferous. From the above evidence 
the \'ancouver volcanics and Sutton formation would be placed in 
the lower 1\Iesozoic; a conclusion that is supported by the character 
of the fauna of the Sutton limestone, which fixes the age of the 
Sutton form ation more definitely and specifically as lowermost 
Jurassic. 

The fauna as determined proves to be unique, with few or no 
affinities, so far as known in North America, and since all the species 
are new, the determination of age must rest upon comparison with 
the nearest related species. This comparison is summarized in the 
follo\\'ing table prepa red by Professor H. 'iV. Shimer :-
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The conclusions as to age reached by Professor Shimer and the 
present writer are given in the following quotation:-' 

' The closest comparison of species is thus (as shown in the 
table) with the uppermost Triassic (Rhootic) and the .middle and 
upper Jurassic. All of the Jurassic species, with one possible excep­
t ion, show less primitive characteristics when compared with the 
Sutton species, or the Sutton species are more primitive, indicating 
an age prior to that of middle and upper Jurassic. All of the 
Rhootic species are slightly more primitive than those from the 
Sutton formation, indicati.n.!!' for the latter less primitive forms a 
later period of development. This would place t11e age in the lower 
part of the lower Jurassic or lower Liassic. 

' The rarity of cephalapods is a notable feature of the fauna . 
The absence of such characteristic west coast pelecypods as Daonella 
loinineli, Halobia superba, and Pseu'Clomonotis subcircular-is would 
make its reference to any portion of the Triassic exceedingly im­
probable; similarly none of the cephalapods so abundant in the 
west.ern Triassic was found here.' 

That the Sutton formation continues to the northwest is shown 
by the occurrence of what appear to be similar or identical fossils 
in the limestones comprising Mgunt Mark, north of Horne lake. 
·1'hese fossils wero collected by Richardson in 1872. They were 
poorly preserved, and could not be definitely determined, and 
Billings supposed them to be corals, crinoicls, polyzoa, and brachio­
pocls of Permian or Carboniferous age.2 

A similar conclusion was reached in 1908 from the first collec­
tion of fossils from Cowichan lake, apparently the same genera 
being recognized as the M•ount Mark fossils were thought to be. 
It is probable, therefore, that the :Mount Mark fossils belong to the 
.Sutton Jurassic. 

In northern Vancouver island Dawson' finds similar volcanic 
rrocks with intercalated limestones and argillites, which contain 
fossils referable to the Alpine Trias. The group ·as a whole he be­
lieved to be of very great thickness and of wide distribution. As 
a distinctive name for the whole, he employed the term Vancouver 

1 C. H. Clapp and H. W. Shimer. The Sutton Jura&&ic of the Van­
couver Group. Yancouver isLand. Proc. Boston .Soc. Nat. Hist. Vol. 34, 
1911, pp. 436-438. 

0 James Richardson. Rept. of Progress, 1872-73. Gool. Survey of 
Canada, p. 54. 

3 G. M. Dawson . Ann. Il ept. Geol. Survey of Canada for 1886, PP·. 
7B-1JB 
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group, incl uding under that name all of the sub-Cretaceous vol­
canic rocks, and the intercalated Jimestone3 and other .sediments. 
•He states that if the great mass of rocks should eventua11y prove 
eparable into Triassic and Carboniferous portions, the name Van­

cournr group sl10uld be retained for the former. It is seen that a 
')Jortion of the allied volcan ic rocks and limestones of southern 
~Tancouver island are lowermost Jurassic in age, but it is probable 
that some Triassic members occur, either in the typical Vancouver 
Yolcanics, or in one of the allied volcanic series in .s-outhern Van­
couver island. It is perhaps impossible to distinguish between the 
Jurassic and Triassic members in southern Vancouver island, as they 
are probably conformable, and as fossils are rare. Smee the .T urassic 
rocks are largely of volcanic accumulation, sub -Cretaceous and pre­
batho1ithic in age, they are members of the Vancouver group as 
originally defined. The occurrence, howeYer, of both Jurassic and 
Triassic members in the group should be emphasized. 

SICKER SEm ES. 

Underlying the east central part of the belt of Vancouver vol­
canics is a series of metamorphic, chiefly schistose, sedimentary and 
rolcanic rocks, with intrusirn porphyrites. The rocks of the series, 
nlthough varied, are very drnracteristic, and may be correlated over 
la-rge areas, with a great deal of assurance; and, therefore, have been 
mapped separately, although they are a part of the Vancouver group, 
and probably are conformable with the Yancom·er volcanics. This 
'separate grouping is also advisable, since the series is especia11y 
impor tant economically, as it is the country rock for various copper 
•cle:)osits, the largest m1d best known of which is the Tyee ore body, 
how largely worked out. The seri es was first met by the writer in 
19'08 on JI.fount Sicker, and was called the Mount Sicker series, 
which may be more conveniently writt€n Sicker series. Since the 
Yarious rocks making up the series cannot be mapped separately on 
'the aocompanying map, they are considered in this report as con­
stituting a series rather than one or more formations, although the 
Sicker and Sansum formations have been prm·ionsly distinguished.' 

As mentioned under Vancournr volcanics, the Sicker series as 
m n ppecl inc1 udes some volcanic rocks which are t~·pical of the Van-

1 C. H. Clapp . .Summary Report, Geol. Sun· ., Can., 1909, pp. 88-89 . 
J. A. AlJ.an. Summary Repor t Geol. Sun'. Can., 1909, p. 99 
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'couver volcanics; and in the region between the headwaters of 
Chemainus river and Albemi, which is mapped as being chiefly 
occupied by Vancouver volcanics, ro~ks typical of the Sicker series 
'occur. The Sicker series is sharply defined from the other groups 
'except at one locality, in the vicinity of Chemainus river, south of 
Mount Sicker. At this locality there is a tran.sition between greatl y 
~netarnorphosed, schistose sediments and unrnetamorphosed sedi­
ments. The unmetamorphosecl sediments, shales, and sandstones 
'cannot be distinguished lithologically, nor at present can they be 
'distinguished structurally from the shales and sandstones of the 
•N anaimo formation, and, therefore, have been grouped with them 
'provisionally under the Oowichan group, which includes all of the 
unmetamorphosed sedimentary rocks of Mesozoic age. 

Distribution.-The area underlain by the Sicker series is 6 to 8 
miles wide in the eastern part, interrupted, however, by areas of 
intrusive plutonic rocks and unconformably overlying sediments. 
The easternmost exposures nre found on :Moresby, Portland, and 
'Salbspring islands. The seri es may be traced northwestward f airly 
continuously to n orth of Co\\"ichan lake, a distance of about 40 miles. 
·Rocks referable to the Sicker series continue still farther north\\"est 
to near Alberni, but they are so intimately related to the Vancouver 
volcanics that at present they cannot be mapped separately. 

The boundari es " ·i th the Vancotl\7er volcanics are very in­
'defini te and hHe been drmn1 ''"heTe large rock bodies typical of the 
·Sicker series, that is schi sts and porphyrites, are in contact with 
'large areas of meta-andes ites t ypical of the Vancouver volcanics. 
The boundaries with the intrusirn Saanich granodiorite and over­
'lying sediments of the Oo\\·i chan group are, for the larger part, well 
-located. 

The rocks of the series a re well exposed, since they form a 
range of subdued rn ountai11s, with the \\" iLle, subset1 ucnt Co11·iclin11 
valley to the south, and the east coast lowland to the 11orth. Auo ther 
subsequent valley, not occupied by a sing-le s tream, has been de­
veloped on an infolcled or clownfaulted area of the overlying- sc1li­
ments of the Cowichan group, and nearly separates the S icker series 
into two paral lel belts, of which tbe southern is interrupted \\"herc 
the subsequent valley in its central i1ortion becomes confluen t wi th 
the C'owi cha11 1· ~lll cy . 
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Lithological characters.--The rocks of the S icker series are 
varied in character and origin, and include volcanic rock•s, both flow 
and fragm ental types, sedimentary rocks, many of "·h ich are prob­
ably tufoceous, and intrusive porphyrites of a wide range in com­
position. All of the t~·pes have been metamorphosed, many of them 
greatly, so that t hey pass into various types of schistoi. The origin 
of the schist s is doubtful in many instances, on account of the 
extreme metamorphi sm. In the following lithological description, 
the volcanic rocks and their more metamorpho;:;ed phases are first 
described; then the stratified fragm ental r ocks, both sedimentary 
and, probably, tufaceous, \rith their probable metamorphic phases; 
and lastly the intrusiYe acid and basi"c porphyrites, and their meta­
morphic phases ; followed by a short note on the mineralization . 

TT olcanic rocl,;s.-Jlf eta-andesiles .- The rocks of the Sicker series 
that are clearl,y of Yolcanic origin, are largely, if n ot entirely, an­
desites. They are very sim.ilar in character to the andesites of the 
Vancouver group, and both flow and fragmental types occur. As 
already mentioned, the porphyritic a ugite anclesite, a characteri sti c 
type of the Vancouver volcanics, occurs in terbedcled with the S icker 
series. The normal andesites are green, apbanitic: to fine grained 
rock;:;, sometimes porphyriti c with phenocrysts of 110rnblende and 
feldspar. The anclesites have bef'n sheareLl and altered and are com­
monly cut by epiclote Yeinlet s. Comm only epidote and quartz also 
occur as roundi sh, 3·ellowish-green nodules, up to a foot in diameter; 
and although these n odules are very numerous, the rock mass is 
usually dominant. These n odular a 11clesitc> resemble fr agment.al 
ugglomerates.1 

. 111icroscopic.--Th e groundmass is seen to consist, on m icro­
scopic examination, of fine feldspathic and amphibole needles. T he 
feldspar is probably andesine, and the arnphibole uralite and actino­
li te, alteration products of common hornblende. The minerals have 
a subparallel arrangement and form an interwoven mat. :Magnetite 
is the only important accessory. The feld spar phenocrysts are oligo­
clarn-andesine. The hornblende plrnnocrysts are now largely altered 
to uralite and epidote. Epidote also has replaced to some extent the 
minerals of the groundmass, and the feldspar phenocryst s. Other 
secondary minerals are chlorite, sericite, calcite, and quartz. 

1 Cf. N-0dn la r p-0rphyrites from T exa da isl and. R . G. ::IIcC-0nnelL 
~nmmary Report . Genl. Suney Ca11 ada , for 1909, p . 70. 
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11[ etamorphic phases.-Chlorite schists.-The meta-andesites 
pass into dark green, schistosc rocks, consisting· chiefly of green 
chloritic mica and altered feldspar, commonly mineralized and cut 
by veins of quartz and calcite. The original porphyritic texture in 
the less altered varieties is readily detected microscopically. The 
feldspar phenocrysts have been broken, but not decomposed, although 
sometimes replaced metasomat ically by calcite, and ·occur in a 
chloritic and ferruginous groundmass. The hornblende has been 
entirely conrnrted into chlorite and a "·eakly bi-refringent uralite, 
and more rarely near intrusive rocks, t o bioti te. Other secondary 
minerals are epidote, sericite, and muscovite. 

In the more completely metamorphosed anclesites evidences of 
an original porphyritic texture are entirely destroyed, and only 
traces of feldspar remain, as it has been completely sericitized. 
Secondary quar tz, calcite, and rnagneti te are present, as well as the 
normal alteration products. 

Ainphibolites.-More r arely amphibolites similar to those of the 
Vancouver volcanics haYe been developed nea r int rusive grano­
diorite. 

8trat-ified rocl.:s.-Tufaceons slate.-Stratified r ocks are espe­
c ially well dernloped in the southemmost of the two belts underlain 
by the Sicker series . One of the most common ty.pes is a grey, fine 
g rained slaty r ock, often laminated in colour and t exture . 

.Microscopic.-The essential consti tuents are seen micro;:;copi­
cally to be qua rtz in fine sub-angular grains, average about 0.2 mm. 
in diameter, and cai'bonaooous, quartzose, and argillaceous material. 
Plagioclase feldspar is always present in small angular grains and 
is sometimes an essential constitueilt. Accessory and secondary 
minerals cannot be readily dist inguished from each other. They 
include yellowish-green biotite, chlori te, and epidote. It appears as 
if the secondary miner als were derived from orig inal fe mic miner als. 
Sericite and Iimonite are al so secondar~- products . The presence of 
so much feldspar and secondary fe mic minerals •suggests that the 
r ocfrs are part] ~- of Yolcanic origin. 

Congfomende.-On Cherna inus rffer to the south of }\.fount 
Sicker, are exposed coar;:e gTa i ned fragrn enta l rocks, metamor-
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phosed, but clearly sedimentary in origin. Some of them have large 
rounded to sub-angular, water-worn fragments up to 3 inches in 
diameter. The fragments are chiefly quartzite, but some are appar­
ently an acid porphyry. The matrix, whi ch composes the whole rock 
in some of the beds, is arenaceous, greenish-grey in colour, and on 
microscopic examin ati on is seen to consist of angular fragments of 
quartz and plagioclasc, with chlorite, epidote, and calcite. The 
rocks have been more or le·ss recrystall ized and sheared, and cut by 
vei nlets of calcite. 

11! etamorphic phases.-Schistose variet·ies.-The tufaceous slate1> 
pass into schistose varieties, which are l ighter coloured, •since the 
carbonaceous ma tter has been destroyed. They contain a larger 
amount of secondary minerals, especially sericite and light greenish­
brown mica. On the west shore of Sansum naiT011·s, 2 miles north 
of Cowichan harbour. is exposed a schistose yari ety which resembles 
a 'knotenschiefor .' 

Microscopic.-Microscopically, the knots are seen to consist of 
quartz and plagiocla>;e feldspar. The groundmass is a schi stose 
aggregate of quartz and feld par, with secondary actinolite and epi­
dote. 

Silicifie rl val'ie l·ies.-' Cherts.'-One of the most common vane­
ties of the stratified r ocks is a dark to ligl1t grey, sometimes lamin­
ated and th in-bedded rock, 'l'hich is very dense, and cherty in 
appearance, breaking with a conchoiclal fracture. Some varieties 
are even white and translucent. 

.ilf icroscopic.- The cherty appearance is retained microscopi­
cally, the rock consisting essent ially of quartz and sometimes feld­
spar , of very fine grain, which ranges from sub-microscop ic t o an 
aver age diameter of about 0-05 mm ., and the grains are irregular 
and interlocking. Feldspar, an acid plagioclase, and possible ortho­
clase, is always present, if not as an essential, as an important 
accessory mineral, and sometimes occurs in larger angular grains. 
Other accessory constit uents are very fine a mph ibole needles, 
chlori te, rarely epiclote, sericite, and magnetite. Pn·ite is virtu ally 
always present in very small g,rains, and has altered n:ore or less to 
limonite. In the darker coloured varieti es fine clouds, 'apparently of 
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graphitic materi al, are present. The rock is sometimes schistose, 
and is commonly fractured and cut by veinlets of quartz and cal­
cite. The origin of the$e cherty r ocks is very indefinite, but as they 
are clearly stratified, and associated with the tu£aceous slates, they 
are assumed to be silici£ed varieties of the tufaceous slates. 

Qiwrtz-ialc scl1isls.-White or light greenish schist s, with a tal­
cose feel, consisting chiefly of quartz and tal c occur, and 'apparently 
1mve been deri rnd from the stratified rocks, although they cannot 
always be distingui shed from the schistose varieties of the quartz­
f eldspar porph;yri te . 

.ilf ic1'0scopic.-::\Iicrnscopically, they are ·seen to consist of fi nel y 
granulated qu artz intergro\\·n wi th tal c and probably sericite. F eld­
spa r is sometimes present. in clear, recrys tallized grains. Epidotc, 
<'.hlori te, and ea lei te are present also. 

Graphi tic schisfs.- Interbedded with the t al c-quartz and chlorite 
schis ts are graph it ic schists "·hid 1 are ·apparentl y sedimentar,y, the 
best known example occurring as the wall-rock of the Tyee ore body. 
'They are black, lustrou s schi sts, commonly cut by veinlets of quartz 
and calcite . 

.ill icroscopic.- They are seen microscopically to consist almost 
entirely of quar tz and calcite .clouded with graphite. These gra­
phitic schi sts closely resemble cert'ain metamorphosed carbonaceous 
shales, exposed in the bed ·of Chemainus river south orf ]\fow1t 
Sicker, which are transitional into the unmetamorphosed shales of 
the Cowichan group. The resemblance strongly supports the con cl u­
sion that the schi sts are sedimentary in ori gin.' 

Ja spery-m agnetile sc71isls.- Associated with t he other typos of 
sdhist are dark red, fine grained, j aspery schi sts. They consist of 
'Very fine, irregular and intergrown grains of quartz, with fine 
grained magnetite sometimes in large amounts, up to 10 to 15 per 
cent. The magnetite occurs in roughly parallel streaks and lcllS­
like masses, and occasionally in well defined veinlet:s ; and has par­
tially altered to hematite, which gives tbe schists their red colour. 
Iron claims have been t aken up on these schi sts on ]\fount Su1livan 

1 E. H. Aclye, in a quotation given by W. H. Weed, Notes on the Tyea 
Copper Mine, En g. and Min. Journ. J an. 25, 1908, p. 200, statee unhesitat­
ingly that the rock i s sedimentar y . 
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on Saltspring island, and on the northeast slope of Mount Brenton. 
The origin of the original schis ts is uncertain, since the present 
minerals are largely secondary. 

Biotite schists.-Dark reddish brown, to gr een, fine grained 
schists occur r at.her rarely. 'J'h9y are composed essentially of quartz, 
plagioclase feldspar, and light greenish brown biotite; with lesser 
amounts of ·calcite, epidote, sericite, pyrite, hematite, and kaolin. 
The origin of the biotite schists is indefini te. 

'Garnetite.'-On the divide between Chemainus river and 
Cottonwood creek, to the north of Cowichan lake, certain beds of 
the silicified tufaceous slates of the S icker series have, near the con­
t.act with intrusive granodiorite, been replaced chiefly by andradite 
garnet and metallic minerals; so that they resemble the 'garnetite' 
phases of contact metamorphosed limestones. The garnet occurs in 
brown, fine to medium grained masses, associated with actinolite, 
sericite, and quartz, and large amounts of metallic minerals, chiefly 
magnetite. The origin' of the garnet masses is indefinite. They may 
represent intei,beclcled limestones, which were similar to the small 
mass noted by Mr. Allen 'on Mount B renton,' but of which no 
traces remain at present; or they may be beds in the slaty series, 
replaced perhaps on account of their greater porosity. 

Intrusive types.-Qu.artz-feldspar porphyrite.-Intrusive into the 

Sicker seriea, very ahnndan t in many instances, and usually con­
formable to the bedding or schistosi ty, are quartz-feldspar porphy­
rites, which are identical lithologically with the quartz-feldspar or 
granodiorite porph;yr ites \l·hich are associated with the plutonic r ocks 
along all of their contacts. The porphyrites of the S icker series are 
presuinably related to the plutonic r ocks, but their great number, 
conformability, and frequent schistosity make them virtually one of 
the rock types of the Sicker series, with which they have been mapped. 

The less schistose va rieties are light coloured, usually slightly 
greenish, with an aphanit ic and apparently siliceous groundmass, and 
frequent phenocrysts of feldspar and quar tz, often of relatively l arge 
size. Megascopically, the r ock usually looks to be very much sheared, 
bn1 microscopically, little evidence is found of pronounced shearing. 

1 :More fully discu ssed under ooipper deposits, see pages 168-169. 
'See pag9 67. 
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.M icroscopic.-The groundmass is very fine, and is composed 
essentially of angular grains of feldspar and quartz. The feldspar 
predominates and is entirely plagioclase. The feldspar phenocrysts 
are also plagioclase, apparently in most instances albite-oligoclase, 
although at times they are replaced by epidote and calcite, suggest­
ing that more basic plagioclase is sometimes present. The quartz 
phenocrysts are but slightly broken, and their wavy extinction is not 
as pronounced as one would expect from the appearance of the hand 
specimen. The only accessory mineral was probably hornblende, and 
it formed in most cases but a small percentage of the rock, and is 
How completely altered to uralite and epidote. :Muscovite is tb e only 
other secondary mineral. 

Schistose varieties.-The above types pass into light green schis­
tose varieties, cut by quartz veinlets and often greatly mineralized . 

.i11icroscopic.-:Microscopica1ly, the phenocrysts are seen to be 
crushed, but not altered to any great extent, the quartz forming lens­
shaped mosaics. In the groundmass the schistose texture is made 
evident by the parallelly elongated actinolite. Chlorite is also a pro­
nounced accessory mineral. 

The schist.ose Yarietie:> grnde into quart.z-chlorite-sericite or talc 
schists in which the original porphyritic texture has been obliterated; 
and which cannot be distinguished from quartz-talc schists probably 
derived from stratified rocks. 

Gabbro-diorite porphyriles.-All of the above types have been in­
truded by numerous large masses of basic porphyrites. They were, 
for the greater part, intruded after the folding, since many of them 
are unsheared. Schistose varieties occur, however, which may have 
been intruded during or before the folding. The porphyrites occur 
in small stocks, d;ykes, and sills; many of the dykes and sills being 
very large but conformable to the heckling or schistosity. They range 
in composition from diorite to gabbro porph;yrites, the feldspar vary­
ing from basic andesine to acid labradorite, although hornblende is 
virtually always the chief femic constituent. They are all clearly 
related, and best designated as a whole by the name, gabbro-diorite­
porphyri te. 

D·iorz;te porphy1•ite.-.ilfocroscopic.-The principal variety, a dio­

rite porphyrite, is a dark green, holocrystalline rock of rather fine 
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gra ined groundmass. The phenocrysts are principally feldspar, al ­
though phenocrysts of altered horll'blende also occur. Magnetite or, 
as it is shown microscopically, ilmenite, is readily detected n: aga­

scopically; and quartz also is sometimes S€en· . 

.Microscopic.-The rock consists essentially of lath-shaped feld­
spars, a characteri stic hornblende, and rnicropegrnatite of quartz and 
albite or rnic1'ocline. The feldspar is andesine Ab. 50 An. 50 to 
Ab. 60 An. 40. The hornblende is of the common variety, with a 
nearly colourless to bluish green to yellowish green pleochrism. The 
micropegmatite which is rather unusual in that quartz is the host for 
the feldspar. The micropegmatite occurs interstitial to the andesine 
and hornblende, and sometimes entirely surrounds the andesine pheno­
crysts. Rarely, quartz is in very small amount or absent. Ilmenite 
is virtually the only accessory, but has been present in rather l arge 
amounts. 

Alteration and metamorpliism.-Tbe rock is usually greatly al­
tered and sheared. The feldspar has been saussuritized, and the 
hornblende has gone 01·cr to a fibrous uralite and chlorite. The 
ilmenite is always surrounded by a thick layer of leucoxene and has 
sometimes been completely replaced. Epidote is a very common 
secondary mineral and occurs in replacements and veinlets. 

In the more sheared var ieties, the rock resembles a dark greenish 
schist. The porphyritic aud igneous character of the rock is, how­
ever, usually preserved. Calcite veinlets are usually very numerous. 
The feldspars have been twisted and broken, their edges frayed, and 
have been replaced by epidote and calcite. Recrystallized feldspars 
are also common . The alteration of the hornblende is similar to that 
described above, except that chlorite is more abundant. Even in the 
most altered varieties rnicropegrnatite and leucoxene are present, and 
they furni sh convenient earmarks for distinguishing the sheared 
diorite porphyrite from the sheared andesite. 

Fine grained phases.-The smaller dykes of diorite porphyrite, 
and the contact phases of the larger bodies are very fine grained, and 
they resemble megascopically anclesite porphyrites. The porphyritic 
character is more pronounced in the finer grained rocks, but other­
wise they are identical "·i th the norrnnl varieties. 

Coarser grained vltases.--In the larg·er stocks such as occur in 
southern Saltspring island the rock is coarser grained than in the 
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normal variety, and the porphyritic texture at times is undeveloped. 
The mineral composition is similar to that of the normal diorite 
porphyrite, but the coarser grained phases vary in chemical composi­
tion, developing feldspathic and bornblendic facies; the latter some­
times being composed almost entirely of coa1·se bladed hornblende, 
up to 2 cm., in diameter. 

Gabbro porphyrite.-On :Maple mountain north of :Maple bay, in 
Co1_niaken district, the porphyrite is more basic, the feldspar being 
labradorite Ab. 40 An. 60, and augite as well as hornblende is an 
essential constituent. The texture is coarser grained than in the 
normal diorite porphyrite, and is sometimes, in the finer grained 
phases, diabasic. Otherwise in mineral composition and alteration 
the gabbro porphyrite is similar to the diorite porphyrite. 

'Rosette' gabbro porphyrile.-Another peculiar variety of the 
porphyrite occurs, which has been conveniently designated as 
'rosette' gabtbro porphyrite. It is best developed near the top of 
:Mount Brenton, ·but even the c1iorite porphyrite in other places 
has commonly 'rosette' tendencies . 

.illacroscopic.-The rock is holocrystalline, and consists essen­
tially of plagioclase and hornblede. Plagioclase has crystallized first 
in large but narrow rectangular or tapering crystals up to 2 cm. in 
length, averaging about 1 -5 cm. These cr;ystals or phenocr.ysts radi­
ate from a common centre, and the grbups resemble large spherulites. 
On. exposed surfaces the plagioclase has 1rnathered white, so that the 
groups form conspicuous rosettes, which, as they are very numerous, 
and arranged in paraHel planes, give the rock a most peculiar appear­
ance (see Plate YIII). 

JI icroscopic.-The rock c-0nsists ess·entially of plagioclase, augite, 
and hornblende. The plagioclase forms about 60 per cent of the 
rock. It has a zonal structure, and ranges front acid labradorite to 
basic andesine, the average being somewhat more basic than Ab. 50, 
An. 50. It is fresh and unaltered, and usually occurs in lath-shaped 
crystals, and forms besides the 'rosettes,' small laths in the more 
finely crystallized groundmass. Hornblende is the principal femic 
mineral. It is in part original, and in part surrounds the augite, 
sug·gesting that it is secondary. It is the same variety of hornblende 
that occurs in the diorite porphyrites. Some of the hornblende is 



PLATE VIII. 

"Rosette" gabbro porphyrite of Lhe Sicker serie .~. l\lt. B ren ton, Chernainus district. 
P L A'J'E I X . 

Contortion in the stmtified rocks of the Sicker ser ies, south shore, Saltspring island. 
9871---p. 80 
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conternpomneous with the feldspar, but the lurger part is intersertal 
or interstitial. The augite is commonly intersertal, and even includes 
the smaller feldspars ophitically. Ilmenite is the only accessory, and 
fo1·ms fully 5 per cent of the rock. 

Alteration.-The femic minerals have been sheared and altered 
slightly. The edges of the grains are usually marked by a growth of 
actinolite needles. The augite is sometimes granulated and is alter­
ing to uralite, and the hornblende is altering· to light brown biotite. 

Basalt or andesite porphyrite.-Intrusi ve into the silicified tufa­
cc-ous slutes, which occur on the divide between Chemaiuus river and 
Cottonwood creek, north of Cowichan Lik ee , are altered porphyrites 
which are not clearly related to the gabbro-diorite porphyrites. They 
are greyish-green rocks with an aphanitic groundmass, and numerous 
fairl y large phenocrysts of white weathering feldspar, which cannot 
be definitely determined microscopica1ly, but is plagioc1ase, probably 
1abradorite or andesine. The groundmass consists of altered plagio­
dase with secondary fernic minerals, uralite, light :brownish-green 
mica, and accessory magnetite or ilmenite, and titanite. Quartz is 
present but may be secondary. Other secondary minerals are seri­
cite, kaolin, pyrite, and limonite. 

M inernlization.-All of the rocks of the Sicker series are more or 
less 'mineralized,' the chief metallic minerals being magnetite, 
pyrite, chalcopyrite, and pyrrhotite, in relative abundance about in 
the order named. In the sheared and schistose varieties, especially 
near the intrusive porphyrites, the mineralization is especially rich, 
and certain of the impregnated and re11laced schists have been pros­
pected slightly in the search for copper ore. Pyrite and chalcopyrite 
bearing quartz and calcite veins are very common, and on J\1fount 
Sicker the Tyee ore :body was developed in a syncline of the 
graphitic schists, near a dyke of cli orite porphyritc. 

Stnicliiral relations.-Infernal.-The volcanic and stratified 
rocks of the Sicker series have been closely folded; and many small 
folds and contortions occur, especially prominent in the stratified 
rocks of southern Saltspring island. The strike of the folds averages 
about N 70° W and varies but sligbtly. The dips are chiefly steep, 
and to the southwest, the closed folds being slightly overturned. 

9871- 6 



82 GEOLOGIOATJ SU R\"EY, CANA DA 

The se ries has also been faulted extensively. On 1fount Sicker 
the faults are strike, and probably compression or reversed faults; 
due to the close folding and injection of thick masses of diorite 
porph~' rite. In most instances it is impossible to determine the 
amount of displacement of the faults; but it is probable that the 
total displacement is not propor tional to the amount of movement 
which has taken place, which must have been at times, to judge from 
the amount of slickensiding and shearing, very great. Transverse 
faults also occur, well exposed in the tufaceous slates north of Oowi­
chan bay. They are in part, and may be entirely reversed faults. 
They are numerous, but usually of small displacement, seldom more 
than a few feet, and are not marked by extensive shear zones, al­
though the strata near the faults have frequently been bent by the 
drag and friction of the walls as the~' movcd over each other. Beside;; 
the above faults, large boundary faults occu r which bring· the rocks 
of the Sicker seri es and Co,Yiehan group into conjunction with each 
other. These are di scussed under the structural relations t o tho 
Cowichan group. 

The structure of the seri es is so complicated that the folds Jia,·e 
not been correlated 01·cr Yery large areas, and the strat igraphic succes­
sion of the Yolcanic and stratified rocks has not ;yet been determined. 
Since the stratified roeb, \Yhich are dominant in the southern belt of 
the Sicker series, grade in one instance, along the Chemainus ri1·er 
south of mount Sicker, into relatirnly unmetarnorphosed sedimenta ry 
rocks, it is probable that the series dips as a whole to the south, tho 
volcanic rocks grading in general upward into stratified roci.;: .::, nl ­
though the two are also c:lea rly i11teiibedded. If the stratified r o<.·b 
are the ;younger, the infolds of quartz-talc and graphitic schi$tS ,d1id1 
occur on mount Sicker arc s,Ynclinal, and this has been proved to [;e 
true by Mr. J. W. Bryant, of the Tyee Copper Company,' in the case 
of the relat ively narrow fold in which the Tyee ore bod,y occurs. 

The quartz-feldspar and gabbro-diorite porphyrites are clearl .v 
intrm i ve bodies, injected in m '.lst, if not in all instmic.cs, and are not 
true stocks or batholi ths, that is, ·are not subjacent. With the 
cx;ception of the stocks of coarser gr ained gabbro-diorite porphyrite, 
the porphyrites have been injected largelJ' parallel to the strike, so 
that they are conformable to the bedding or schi sto~ity. The~· hm·e 
also suffered in some degree from the folding and faulting which 

'Shown in the fignres publish ed wi th W. H . W eed's article d;1 t\10 
'l'yee 111ine. Eng. aud Min. J ourn . Jan. 25, 1908, pp. 199-~0J.. 
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Small thrust fault in t he stratifi ed rocks of t he Sicker series. North shore of 
Cowichan bay. 
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has so greatly disturbed the volcanic and s tratified rocks. The 
quartz-feldspar porphyri tes, n·hich are the older, since they are 
intruded 1by the gab;bro-diori te porphyri tes, have been the more 
affected by the dynamic mo\·cments, although no distinct folds i n 
them were observed. 

E xternal.- R elation to other members of the Vancouver· group.­
The volcani c and st ra tified members of the S icker series are 

conformable with the Yancouver volcanics, since in many ins tance~, 

especially in the northern belt of the S icker series, they are intcr­
bedded and apparently interfolded with t~·pi cal \T ancouYer rnlcanics. 
Their posit ion in the -Vancouver group is not known. It is sug­
gested, by the g radat ion of the stratified members of the Sicker ser ies 
upward into unmetamorphosed sediments, that the seri es is near tl1 e 
upper part of the Vancom·er group. Nor th of Cowichan lake, ho\\· ­
ever, the tufaceous sl ates of the S icker series apparently dip under 
\T ancouver >Olcani cs ; and Dawson1 in northern Y ancouver island 
found Triassic fossils in somewhat similar rocks older than the 
Sut ton format ion and a large part of the YancouYer Yolcanics, which 
are lower Jurassic in age. 

On Mount Brenton, ~fr. Allan fou nd a ver~· omall (10 by ·23 

feet) inclusion, or intercalated lens of limestone, similar to that of 
the Sutton formation, in the volcanic rocks o{ the Sicker eries. 

Re?alion lo younger forma tio11 s.- The Saa11ich granodiorite is 
clea rly intrusi rn into all the rocks of the Si<-kPr sc-rie~, with the ex­
ception of the gabbro-diorite porphyritc. With thc- gnbbro-dioril c 
porphyri te it docs not come in contact, and either rock may be the 
younger. McConnell' notes what appears to be sirr:ilar tlioritc porphy­

rites on T exada island "·hich are younger than the quartz dior11:l' . 
typical of the upper Jurassic batholiths; he states, however, that the 
porphy1·itcs fll'C related to the quartz dioritcs. If thi3 be true 1.n 

-Vancouver island, the apparent restriction of the gabbro-diorite por­
phyrites to the Sicker series is remarkable. It is pos ible, howeYcr, 
that two occ uncnc .;s of gab bro, obserrnd in the Highland :rnd 
~falahat districts, are related to the gabbro porphyrite of the Sicker 
rnries. The g,1bb ro-dioritP porphyrite is also younger than the quartz­
foldspa r porph;vrite;;, \Yhich arc identical lithologica1ly with the 
----- - - - -- -- ------

1 G. AL Dawson. Ann. n ep t . 1886, Geol. Survey Canada, pp. 9B-10B. 
2 R. G. McConnell. Summary Iteport Can. Geol. Suney for 1909, pp. 

70-71. 
9871-Cil 
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quar tz-feldspar or granodiorite porphyrites characteristic of the 
granodiorite contacts. 

The larger part of the sediments of thfl Oowichan group are un­
conformable upon the Sicker series, basal conglomerates rnsting in 
many occurrences on erosion surfaces of low to moderate relief 
developed by a pre-upper-Cretaceous erosion cycle. Unconformities 
of this character are well exposed on Moi.mt Tzouhalem north of 
Oowichan bay, on the mountains of central Saltsp1fog island, and on 
the northern slopes of Mount Richards and Mount Sicker. The 
southern contacts of the northern and southern belts of the Sicker 
series, which are with the sediments of the Oowichan group, are in 
the eastern part overthrust faults. They have a general strike par­
allel to the strike of the series, that is about N 6~0 to 70° W, and 
the upthron· side is to the north,' and the vertical displacement or 
throw has been in each case considerable, at least 2,000 feet. The 
westward extension of. the two faults beyond Oowichan and Oomiaken 
districts is not known. 

To the west of Oomiaken district, the southem contact of the 
northern belt of the Sicker series with the sediments of the Oowichan 
group is well exposed in the bed of Ohemainus river south of Mount 
Sicker, and appears to be transitional. The contact is with the 
schistose sedimentary rocks of the Sicker series, notably the schistose 
conglomerate described above.' The conglomerate grades southward 
into greenish-grey quartzose sandstones, which consist of fine angular 
to sub-angular quartz grains in a carbonaceous dnd argillaceous 
matrix. They have been somewhat metamorphosed and silicified, 
secondary minerals being very abundant. Farther to the south occur 
slaty shales with thin interbeds, about a foot thick, of quartzose 
sandstones similar to those described. The shales are black, some­
what slaty and schistose, but are clearly altered carbonaceous shales. 
They grade rapidly southward into concentric weathering carbona­
ceous sandy shales, with thin interbeds of sandstone, which cannot be 
di stinguished lithologically from similar rocks in the N anairr:o forma­
tion. The exposures are continuous and the beds all conformable, 
having a strike of about N 60° Vv, with nearly vertical dips; or over­
turned slightly, so as to have a steep dip to the north. Three to four 
miles to the soutlrnast on Mount Prevost the steeply dipping shales 

1 The evidE\nce of faulting is discussed more fully under Cowichan 
group, page 129. 

' ~P.a oa!?'e 74 
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are overl ain by ·gently dipping conglomerates, apparently of the 
N anaimo formation, and the contact, though not actually exposed, is 
almost certainly an unconformity. The sedimentary rocks of the 
Sicker series are, therefore, without much doubt conformable with 
lower horizons in the Cowichan group, although as stated, the larger 
part of the Cowichan group, that is, the N anaimo formation, is 
clearly unconformable upon them. 

]J[ode of oi·igin.-The Sicker series have been seen to consist of 
volcanic rocks, largely andesitic, with interbeds of stratified rocks, 
which grow more numerous upwards, apparently, until they pre­
dominate. The s tratified rocks are in large part sedimentary, but 
are probably mixed with more or less tufaceous material. The rocks 
have been closely folded, greatly metamorphosed, and injected by 
quartz-feldspar and gabbro-diorite porphyrites. The metamorphism 
has been in part regional, but the extreme metamorphism, especially 
that noted in the northern >belt, between Maple bay and :!\fount 
Brenton, has been probably due in large measure to contact and 
thermal agencies, active during the injection of the gabbro-diorite 
porphyrites. It is remarkable that the intrusions and extreme meta­
morphism should have been confined to such a relatively narrow belt. 
It is even more remarkable that these metamorphosed rocks should, 
in less than a quarter of a mile, grade into virtua11y unmetamor­
phosed, although closely folded, sediments. 

Age and correlation.-The rocks of the Sicker series are all pre­
upper-Cretaceous, since the Nanaimo formation rests unconformably 
upon them. \\Tith the exception of the porphyrites, the rock.s 
are all pre-bath.olithic, that is, pre-upper J urassi•c. The volcani c 
and stratified rocks are conformable 'vith the Vancouver 
volcanics, and are, therefore, one of the members making up the 
Vancouver group. As already mentioned, the position of the vol­
canic and stratified rocks of the Sicker series in the Vancouver group 
is entirely doub.tful; although i.t has been suggested, but with objec­
tions, that they form one of the higher members. If they are one of 
the higher formations, they are probably lower or middle Jurassic 
in age; if not, they may be either Triassic or Jurassic. From the 
close lithological similarity of the quartz-feldspar porphyrites and 
the contact porphyrites of the Saanich granodiorite, it is presumed 
that they were injected during the general period of intrusion of the 
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Saanicb granouiorite, that is in upper Jurassic t imes. The gabbro­
diorite porphyrites are certainly younger than the quartz-feldspar 
porphyrites, and may be ;younger than the Saanich granodiorite. If 
so, they may with more assurance be correlated with the diorites and 
diorite porphyrites noteu by McConnell' on Texada island, which he 
classifies as lower Cretaceous or upper Jurassic. 

S UAli\IARY OF IN'l'ER.NA.L RE.LA'l'IO.NS OF VANCOUVER GROUP. 

It is seen that the above mentioned formations: N itinat forma­
tion, Vancouver volcanics, Sutton formation, and surface members of 
the Sicker series, compose what is apparently a great oonformable 
group, all having the same structural r.elations, and occurring oon­
t iguous to one another. fThe thickness of this great group cannot be 
m·en estimated with any degree of accuracy. It is ·certainly very 
thick. Dawson's2 estimation of the co~responding group in the 
interior of British Columbia, the Nicola gr·oup, is 13,500 feet, but 
it seems as if the Vancouver group must be at leas t 20,000 feet 
thi ck, and m::iy be very much more. 

METCHOSIN VOLOANICS. 

The volcanic rocks of the southernmost part of the island have 
been briefly described by Dawson in his report on Leech river and 
vicinity', and have been called by him the Sooke seri es. The name 
Sooke has also been used as the specific geographic t erm, designating 
the Ter tiary beds exposed on the Sooke river and along the shore of 
Sooke harbour/ and this use as a formation name has bi;,en listed in 
the dictionary of formation names compiled by the United States 
Geological Survey.6 As the volcanic rocks are well exposed in the 
district of Metchosin, and underlie near1y the entire district, in 
order to avoid confusion of names it h as been thought best to desig­
nntc the volcnnic series as the U etchosin volcanics. 

'R. G. 1\IcConn ell. Summary R eport. Geol. Survey Canada, for 1909, 
pp , 69-71. 

2 G . M. Dawson. Bull . Geol. Soc. Am ., VoL 12, 1901, p. 62. 
3 G . M. Dawson , Geol. .Survey of Canada . Hept. of Prngress, 1876-77, 

p , 95. 
• .T. C. Merri.1111, Bul l. U niv. Cal. Geology, Vol. 2, No . 3, 1896, p . 101. 
5 U . S. Geol. S nn-ey . Bull. 191, 190-2. 
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Distribtdion.-The 1\fetchosiu rnlcan ics form a broad belt, 5 to 7 
rnile3 wide, which is nearly para1lel to the soutbwest coast. They 
extend from Ro~·al Roads to the west coast near the mouth of 
Sombrio rive!'. The rocks of the formation are well exposed. The 
conntry they underlie is rugged and of the plateau type, with low 
rounded, bare peaks rising above the general level. The coast is bold 
ancl rocky, and affords excellent exposures. 

The southern boundary in the eastern part has been fairly well 
loc:<lted. The northern boundary, which is a fault and therefore 
presumably regular, has been located at a number of places; and as 
it follows a 1ery pronounced east-we~t valley, it is probably shown 
"·i th a considerable degree of accurac~· . 

The various types of volcanic rocks and their relations are very 
\Yell exposed on Albert head. This head is only about a mile and a 
half long and half a mile across, and is easily accessi,ble from Vic­
toria. 

Lithological charcicters.-The rocks of this senes are all basic, 
principally basalt, but some augite andesites also occur, and there are 
many intrusive bodies of diabase. Texturally and structurally they 
vary widely, from coarsely porphyritic and ophitic basalts to 
amygdaloidals, from fine to coarse grained tuffs, and from injected 
clskcs of diabase to pipes of agglomerate. 

Basalt.-Jfacroscopic.-The most abundant rock is an aphanitic 
basalt, more or less porphyritic. The finer grained non-porphyritic 
rock is dark greenish-grey in colour, having a purplish tint where 
rnor2 affected by surface alteration and oxicLation, as on expned sur­
faces and along the numerous joint cracks. The component minerals, 
except for a few phenocrysts of feldspar and disseminated pyrite, are 
not recognizabl e in the hand specimen, although an occasional flash 
of light from the cleavage surfaces of the plagioclase needles is seen, 
and on some of the smooth surfaces tiny lath-shaped feldspars in a 
dark matrix can be detected on clo~e examination. In the ground­
mass spots of green alteration products occur; and there are, in the 
more sheared rocks, calcite veinlets . 

.iVI icroscopic.-The groundmass on microscopic examination is 
:;een to consist of essential plagioclase and augite with an intel'sertal 
texture. The feldspar has been formed first, and occurs in small 
needles, which have a tendency to form radiating groups. The 
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augite occurs interg rown ·wi th, and to some extent is interstitial to 
the feldspa r, and also occurs in small grains. There are occasional 
small phenocrysts of plagioclase, '1d1ich is labradorite, Ab. 35, An . 65 . 
The sm~ller feldspar grains of the groundmass are of about the same 
composition, perhaps slightly more acid. Magnetite is the only 
accessory mineral, although pyrite i usually present, but it is prob­
ably secondary. 

Alteralion.-The feldspar is unaltered in the normal r ock. The 
augite has, however, altered more or less to a fibrous, light green, 
pleochroic serpentine, the variet? bastite. Sometimes the basti te 
occurs i11 rather large masses as if it had replaced an augite phcno­
cryst. It is these masses that give the spotted appearance to the 
hand specimen. 

P orpl1yritic variet ies.-The porphyritic varieties are similar, 
except for the larger and more abundant phenocrysts of plagiocla8e 
and smaller ones of augite. The phenocrysts average 2 or 3 mm. in 
di ameter, and are sometimes as large as 1 crn. The groundmass is 
aphanitic, and may e\·en be arnygdaloidal. 

111icroscopic.-The porph;yritic feldspars are usually fresh and 
unaltered, althougl1 in some rocks they have been clouded with saus­
surite and serici te. The phenocrysts are labradorite, Ab. 40, An. 60. 
The original augite phenocrysts were less abundant and are now 
almost completely altered to serpentine. The serpentine alter at ion 
suggests the presence of original olivine, but no definite proof of its 
existence in the basalt has been seen. The groundmass consists of 
a :fine grained mat of plagioclase n eedles and augite, clouded with 
dust-like magnetite. In the more coarsely crystalline rocks the 
g roundrnass is dist inctly diabasic in texture. The augite of the 
groundmass is altering to a fib r ous amphibole and chlorite. Other 
secondary minerals are a brown chlorit ic mica, which gives the altered 
rock a peculiar bronze-like lustre, and a reel chloritic mineral, idding­
site, is a frequent but no t abundant alterat ion product. 

Amygdaloids.-The amygdaloidal basal t is similar in composi­
tion. The amygdules are cornmouly of calcite and more rarely of 
quartz and epidote. They are seldom large, averaging 1 or 2 mm. in 
diameter. Under the microscope the arnygdules are seen to be vesicles 
£lled with radial groups of calcite, which sometimes sh ow concen tric 
growth lines. 
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'J.'a.r itic varieties.- Other types of :flows are banded and brecci­
ated, the banding being· yery evident in the hand specimens 011 

accoun t of differences in colour, which are clue primarily to a differ­
ence of t exture. One band may be very fine grained and even 
amygdaloidal, whil e the cont iguous one may be much coa rser grai1wd, 
or porphyritic. 

Some of the bnsalts include small squure shaped fragments of 
material exactly similar to that of the enclosing rock. These inclu­
sions are at tin:es ver:;· abundant. This f eature is most strikingly 
seen on the weathered surface, the little blocks being in slight relief. 

Fragmental vai·ieties.-- Other surface volcanics are fragmental in 
character, tuffs and agglomerates. These are fairly numerous, and 
there must be seYeral horizons, since they are not confined, .as fa r as 
known, to any particular portion of the formation. These fragmentul 
members range from fine tuffs, consolidated ash-beds, to very coarse 
agglomerates. 

The tuffs are dark green, fine gra ined fragmental rocks, and are 
often stratified. They are seen under the microscope to consist en­
tirely of minerals similar to those of the normal basalt. They are 
usually altered to serpentine and calcite. Calcite also occurs in vein­
lets. 

The fragments in the agglomerates have a maximum diameter 
of about 6 feet. Some of the agglomerates, notably the coarser ones, 
are not stratified and the fragments are angular to sub-angular. The 
stratified agglomerates seldom contain fragments of over 6 inches in 
diameter. The- fr agments are rounded to sub-angular, and many 
appear to be water-\rnrn. They are all of volcanic rocks, of a basaltic 
composition, and are clea rl y related to the neighbouring basalts. The 
fragments range in t exture from amygdaloid to porphyritic. The 
matrix is virtually a fine grained, basic tuff, now largely altered to 
serpentine, chlorite, and some calcite. 

Diabase dy7ces.-Intrusive into the Metchosin volcanics are 
numerous dykes of a r ather t ypical diabase. They are fine to medium 
grained, with a decided ophitic and intersertal t exture, dark green on 
fresh fracture, but weathering into rounded masses of a brown colcur. 
The essential minerals are labradorite and augite. The minerals are 
fairly fresh, but the groundmass is altering to chlorite, and there are 
al so patches of serpentine, in some cases in inegular fibrous masses, 
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and again in r adial aggregates. There is a possibility that some of 
the serpentine was derived from original olivine, but none has been 
seen in the rocks. Magnetite and pyrite are the chief accessories, 
and 'mnetimes form from 5 to 10 per cent of the 1·ock. 

Augite andesite.-On Sheringham point, n ear Coal creek, i a 
d,vke of a purpli sh aphanitic rock, with small porphyritic crystals of 
altered feldspa r and a conchoidal fracture. 

,lficroscopic.-:M:icroscopically,, the groundmass 1s seen to con­
sist of n~edle-shaped micr-0lites of feld spar which is plagioclase, 
probabl.v basic andes ine ; with limonite, chlori te, and secondary 
mineral s of the epidote group. There are few phenocrysts of basic 
andesine or acid labradorite. Augite occurs sparingly in small 
phenocrysts which sometimes surround and include the feldspar. 
Since the feldspar is apparently andesine, the r ock is best classed as 
an aphanitic a ugite andesite. 

M elamorphism.-The basalts have not suffered from as great 
metamorphism as would at first be thought. They have been l argely 
altered to greenstoncs, the femic minerals having gone over to a 
grea ter or less extent to chlorite and serpentine. The feldspars are, 
however, usually unaltered, only the more decompoaed surface rock 
showing much of any clouding of the feldspars by secondary minerals. 
The character of the alterations is such as would be produced by 
aqueous solutions under surface conditions of low temperature and 
pressu re. 

In many places, however, the basalt and diabase h ave been 
sheared to a very considerable extent. In these sheared rocks the 
augite ha:s gone 1'.lver to urali t ic hornblende, and the feldspar has been 
clouded with saussuritic minerals, principally epidote. Where the 
shea ring has been more intense the plagi-0clases lmve been bent and 
distorted, m1d sometimes even granulated and recrystallized. They 
have also separated along their cleavage planes, and the fine grained 
groundmass h as fingered into t he crystals along these cracks. This 
phenomenon may in part he due to a shearing while the rock was in 
a semi11111l ten condit ion, thus developing a true pr-0toclasti·c struc­
ture. Along the shear planes the femic minerals h ave altered t o 
serpent ine, and the serpentine alteration has apparently spread t o 
the augite minerals of the groundm ass and less sheaTed portions of 
the rock, so that quite l arge masses of serpentine are f'.o rmed. 



Along the shear zones in particular, the volcanics are cut by 
Yeins of epidote and quartz. These veins occur as irregular ramifi­
cations and networks of intersecting veins and veinlets. These are 
never of any great lateral or vertical extent. In a few places pyrite 
and chalcopyrite occur disseminated thi:_ough these zones. 

:N"ear the contact "·ith the Sooke gabbro, >vhich is intrusive into 
the volcanic rocks, there is a change in the character of the altera­
tion . Epidote is more abundant, and compact, poikilitic hornblendes 
occur, which are apparentl y secondary. This t~·pe of alteration has 
<Joubtless taken place at high temperatures. 

Structural relations.-Intemal.-Tbe whole formation has the 
appearanee of being made up of several floll"s, as contacts of slightly 
different types of rocks are often seen. These contacts are, how­
ever, very obscure and seldom traceable. 

One clear proof of explosive action is rernaled on the southern 
shore of Albert head, near the small point of land which separates 
the lagoon from the main body of water. There is here exposed a 
roughly circular mass of coarse agglomerate about 100 yards in dia­
meter, whieh consists of angular to sub-angular fragments of vol­
canic rocks up to 6 feet in diameter, imbedded in a green, slaty 
matrix. Surrounding .this rock is a fine slaty looking, banded tu:ff 
which dips in toward the agglomerate. Beyond the fine tuff is a 
much coarser tuff or stratified agglomerate, which is 200 yards from 
the central agglomerate. The outer agglomerate contains fragments 
of volcanic material up to 4 inches in dia1~eter. They are, however, 
sub-ang·ular to rounded, and some of them appear t,'} be waterworn. 
The central mass . of agglomerate most probably represents the neck 
or pipe of a small ancient volcano; and the inward dipping tuffs, the. 
ash-beds which surrounded it. F a11ther from the neck are the bedded 
~nrl omerates. It is possible that the volcano just protruded above the 
"·ater level and that the fragments of the outer agglomerates were 
trul y v:a terworn. The volcano was sulbsequently IJrnried beneath a 
thick mass of lava and was thus protected from erosion. 

Doubtless the large majority of eruptions were of the quiet sort, 
which resulted in the pouring out of thick sheets· of molten rock. 
The chan nels for these eruptions were most probably :fissures, which 
are no w represented by the diabase dykes so abundant throughout the 
seri es . and which although clearly related to the 'basaltic flows, cut 
them. These dykes are often very irregular, varying greatly in width 
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and in strike. The tracing of these d;ykes for any considerable dis­
tance is rendered difficult or impossible by the subsequent deforma­
t ion of the series. The largest dyke noted was 35 feet wide, on Albert 
head. There are many others ranging from 2 feet to 20 feet in 
width. 

The volcanic rocks evidently suffered consideruble deformation . 
In many cases, particularly in the tuffs and agglomerates, direct evi­
dence of folding is seen in the inclination and contortion of the beds. 
It is very difficult to determine with any assurance the strikes and 
clips of the beds and thus work out the structure due to folding, and 
to calculate accurately the thickness of the formation. The formation 
has a general nortlw;est strike. The strikes observed r ange from 
N 45° W to N 85 ° \Y, and average about N 70° W. The dips seem 
to be mainly to the northeast and are qu ite steep, 20° to 80° averag­
ing ea. 60°. A very few dips were noted to the southwest. It is 
probable that the rocks did not bend into close folds, or possibly even 
into more open ones, but ;yielded to the C·'.llnpress'ive forces by shea1·­
ing and faulting. 

Shear zones are very common throughout the whole belt of vol­
canic rocks. They are often vvide, and the walls are slickensided. 
On account of the gTeat uniformity of the entire formation, and the 
similarity of the two walls of the faults, it is virtually impossible to 
determine the amount and the direction of displacement which pro­
duced these shear zones. 

An accurate determination of the thickness of the formation is 
not possible. The rocks are exposed through a vertical distance of 
about 2,200 feet; and this certainly does not represent the entire 
thickness. The thickness may safely be estimated provisionally, as 
5,000 feet. Throughout the entire formation no truly sedimentary 
rocks are exposed; and with the exception of the augite andesite 
dyke, which cuts basalt on Sheringham point, the rocks are very 
similar in composition. 

E xternal.-Relation to older formatio ns.-To the north of the 
Metchosin volcanics, except in the extreme eastern part, occurs the 
Leech River formation. In the eastern part the relation of the vol­
canics with the cr:;rstalline rocks to the north is obscured by the 
thick deposit of sand and gravel of the Oolwood delta. The actual 
contact with the Leech River formation is not exposed, but from 
Goldstream west it m ay be located within a few hundred feet. The 
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contact follows the very pronounced Leech River valley, which ex­
tends from Goldstream to the west coast, near the mouth of Sombrio 
river; and which is now occupied, as already described (see page 22), 
by several rivers and creeks. In the beds of the various streams 
occur the slates and schists of the Leech River formation. On going 
southward one climbs up a steep slope, on which the slates are more 
or less continuously exposed, to an elevation of 300 to 500 feet above 
t he streams. Then for a few hundred feet one crosses a drift covered 
slope of low grade and no exposures . Beyond are high bold ledges 
of basalt, which rapidly obtain an elerntion of 1,500 to over 2,000 
feet above ,sea-level. 

The basalts along the contact are massive, although they have 
been sheared, and their altitude is difficult of determination. They 
have a general strike of N 75 ° to 85° W, and a steep dip to the 
northward. This strike is at a slight angle to the strike of the 
contact, which in the eas tern part is N 70° W and in the western 
part verJ'. nearly east and west. The strike of the r ocks of the Leech 
River formation is more variable, but corresponds in general with 
that of the southern contact. The angles of dips of the formation, 
are usually steep to the north. 

All of the evidence which has been obtained goes to prove that 
the contact is a fault.' The fault is very persistent, and is doubtless 
of considerable throw. 

There is little doubt as to the relative ages of the two forma­
t ions. The Metchosin volcanics are not so much deformed. They 
have the appearance, even in the £eld, of being less metamorphosed 
than the Leech River slates and schists, and this difference in meta­
morphism and alteration is shown by petrographic study to be very 
great. In most cases the l\fe tchosin volcanics have suffered only 
slight regional, and relatively slight contact metamorphism. The 
alteration is that produced by circulating waters under surface con­
ditions, or those of moderate temperature and pressure. The Leech 
River formation has, on the other hand, suffered from intense 
regional metamorphism. The Metchosin Yolcan ics are, therefore, 
~-ounger than the Leech River formation . 

Relat·ion to yoimger fonnations .-Along the southern boundary 
the basalts are in contact with two distinct forma tions, both of 

'This explanation was preferred by Da,wwn . Geol. Survey of Gan nd'l . 
Rep. of Progress, 1876-77, p. 97. 
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which are clearl;y younger. One, the Sooke gabbro, is intrusive into­
the Metolwsin volcanics. The other, the Sooke and Carmanah , 
occurs in small basins along the west coast, and the basal member is 
a coarse 1conglomera te with included cobbles of the 'basaltic r ocks·. 
The actual contact is exposed in many places, the basal on­
glomerate resting directly on an eroded surface of the volcanic­
rocks. A marked unconformity, t herefore. separates the two for-­
mations. 

Mode of 01'igin.-The llfetchosin volcanics were formed by the­
accumulation of succcssirn basf!ltic flows. The eruptions were prob­
ably fo r the greater pflr t of a qu iet nature, flUd from numerous 
fissu res. Actual Yents are doubtless represented in many cases by 
the diabase dykes which cut the bas::ilt. Thflt the eruptions were in 
part explosfr e is fu lly substantiated by the neck and part of the cone· 
exposed on Albert head, and by the bedded aggfon~erates and tuffs. 

The base of the fo rmation is not exposed, so that it is impossible 
to tell over what kind of a surface the basalt flowed. The entire 
absence of sediments suggests that they were bu ilt up in deep \rater, 
far remoYed from any continental mass . The existence of such 
cones as that ex.posed on Albert head, \Yith the surrounding agglo­
merates, which contain fragments t hat are· probably waterworn, 
indicates that enough lava "·as erupted to form a thick platform 
which reached nea rly to the surface of the water, on wh 'ich were Lui] t 
the cones which actually projected above the surface. The probable 
conditions existing at the time of formati on were therefore similar 
to those existing during the formation of the greater part of the 
volcanic rocks of the Y ancouyer group. 

Age and correlalion.-Thc only definite eYidence as to the ugc 
of the Metchosin Yolcan ics is that they are much older than · the 
Sooke and Carmanah formations, and are, therefore, pre-Tertia 1·y. 
If the Sooke gabbro is correctly correlated with the llpper Jurassic 
batholiths, then the rnlcanics are certainly either Triassic or 
Jurassic in age, since they are hardly older than Yolcanic rocks of 
the Yancouver group. They appear to be younger, as they are muc-h 
less altered and rnetfllnorphosed than the greater par t of the Van­
couver Yolcanics, but are proYisionally placed, ho"·ever, in the Van­
couver group. They are also rnry different in their lithological 
characters, and another striking difference is the absence of inter­
bedded limestones in the ~\Ietcho;::in volcanics. 
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The :M:etchosin ophitic basalts are similar structurally and petro­
graphically to some of the volcanics of the main coast of British 
Columbia, occurring to the north of P owell river, seen in the labor­
atory by the writer and described to him by Mr. J. Austen B an­
croft.' Mr. Bancroft has determined the age of some of his vol­
canic rocks by the fo ssils included in interbedded sedimentary 
deposits, to be upper Triassic in age, and considers all the volcanics 
to belong to one group. The Metchosin basaits are correlated in a 
general manner with the ophitic basalts of the coast r egion and arc, 
therefore, consi<lered as upper Triassic or lower Jurassic in age. 
They arc, t herefore, included i11 the Yancouver group. They are 
either one of the ;youngest members of the group, or else Jrnye e0 capetl 
from the general rnetamorphi sm, possibly largely contact meta­
morphism, which h as affected t he g re•1ter por tion of the volcai1 ic 
rocks of the \T ancouver group. 

B.\ 'l'IIOLITIHC .IX D DY b:E JXTHlJ SI\"ES. 

Intrus i1·e into the r,eech H iYer sla tes and the Vancouver group, 
1r ith the exception of the Metcho$in Yolcan ics, are large masses (If 
pluton ic rocks and their accompanying dykes. It is probable t l! nt 
all t he plutonic rocks were en 1pteu durin ~· one general period of 
batholi thic intr usion, but in deta il thc.v may he diYid ecl into the 
t hree main t ;ypes which 11·ere er upt-eel in a defin i te sequence. Tlic 
three types are, in the probable order of t heir eruption : \V,irk 

diorite and quar tz diori te gneisses, B eale Llior i te, and Saan ich gra110 -
diori te and quartz diorite. B esides the three ma in t ypes whicl1 
occur i11 large batholi th ic masses, dykes of basic porphyrit e'>. :tl](l 
clJ·kes and small int r usi 1·e bod ies of acid porphyr i tes occur. The 
gabbro-cliorite porphyri tes of the Sicker ser ies may be related to the 
ma in batholithic rocks, but as they are restr icted t o and mapped 
with the S icker series, they haV'e alreaJ ,y been describe(l under the 
Sicker series. T wo occurrences of a rather simil ar gabbr o ha1·e 
been observed in the Highland and J\folahat districts, and are dPs­

cribed under this section . Int rusive into the 2\fe tchosi n Yolca11ic-c; 
are small sto\:kS of a very charac teri stic gabhro, which has Leen 

called the Sooke gabliro . 
In the fol1011·ing description the di stri but ion an<l l ithologi<:al 

characters of the three main batholi th ic types arc first descr ibed ; 

1 See .T . • 'l.u sle n Bancroft . Geol. Suney Cana<l a , Summary Rep ,i rt, 
1907, p . 16 . 
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followed by a description of the intrusive masses of acid porphyrites 
and dykes of basic porphyrites. Then the structural relations, mode 
of origin, and correlation of the igneous rocks are considered as a 
whole. The Sooke gabbro, which is isolat ed from the other plutonic 
rocks, is described and discussed separately. 

WARK DIORITE AND QUARTZ DIORITE GNEISSES. 

Distribution.-The Wark diorite and quartz diorite gneisses 
form virtually a single batholith, although the quartz diorite gneiss 
is intrusive into the diorite gneiss, often brecciating it, along tlrn 
contacts; but the two types cannot be mapped separately on the 
accompanying small scale map, and are, therefore, considered 
together. The batholith that the two types compose extends in a 
northwest direction from the vicinity of Victoria, the easternmost 
exposures occurring on the small islands in Haro strait to near 
J ordan meadows, a distance of 30 miles. Its greatest width occurs 
in the eastern part of :M:alahat di strict, and is about 10 miles. 

The gneisses are well exposed for the greater part, forming 
monadnocks, which surmount the lowland developed by the pre­
Glacial cycle in the southeastern part of \T ancouver island: such as 
mount Wark in the Highland di s t~·ict, where the diorite gneiss is 
typically exposed; and \Va~·k has, therefore, been chosen as the 
distinctive geographic term to designate the gneisses. On detailed 
mapping the diorite and quartz dioT.ite gneisse1s will l0e separated, 
and the quartz diorite given a distinctive geographic name. The 
boundaries of the batholith have been well Locat ed in the ea.stern 
part, whe1re detailed mapping has !been done, and fairly well located 
in the wes.tern part. 

Lithological characters. - Diorite gneisses. - Normal. - The 

normal Wark diorite gneiss is a rather dark greenish coloured, holo­
crystalline rock, of medium to coarse grain, and of gneissic texture. 
The essential minerals are andesine feldspar, and green hornblende, 
ai;d the accessory minerals, quartz, magnetite, and titanite. The 
deYelopment of the gneissic texture bas destroyed the original tex­
ture, but it appears that the andesine occurred in euhedral grains. 

Secondary minerals, sericite, muscovite, biotite, chlorite, ser­
pent ine, saussurite, and limonite are numerous, as the alteration has 
been fa irly l arge. The gneiss is commonl y cut by qu artz veinlets, 

and impregnated with pyrite. 
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Fine grained plia.ses.-Fine grained phases occur especially nea r 
t he intrusive quartz diorite gneiss, ::n:id quaTtz diorite and grm10 -
diorite of the Saanich type. In them, fibrous arnphiboles and secon­
dary feldspar, probably albite, have been developed in addition to 
the other secondary minerals. 

Femic facies.-Associated with the fine grained phase'ii near con­
tact s with intrusive rocks are l10rrrblende rich facies. These facies 
are commonly fine grained, and almost schistose. They are similar 
in composition to the normal diorite gneiss, but are much richer in 
horn bl en de. 

Coarse grained femic facies occur in which the hornblende has 
been more or less recrystallized. It forms large euhedral crystals in 
a rather fine grained altered feldspathic groundmass. Epidote is a 
Yer.\- common alteration product in these partially recrystallized 
phases, and occurs' in the groundrnass with the altered andesine 
feldspar. Secondary quartz is, as a rul e, more abundant in these 
phases. 

A diorite which is virtually identical with this type occurs near 
the contact of the Saanich gTanodiorite and the Sicker series on foe 
ridge north of the east end of Cowichan lake_ There is not, how­
ever, any large body of it, and it cannot 'be mapped separately from 
the Saanich granodiorite. 

Poikililic phascs.- A peculiar phase of the diorite with reery­

stallized hornblendes is fairly common. The homblende of this 
phase forms large crystals, which include the older minerals, espe­
cially the altered feldspar, poiki1itica1ly. The poikilitic horn'blendes 
are somet imes very large, as in the diorite exposed near :Millstream 
road in the Highland district, south of Lost lake, in which the horn­
'blendes are 6 to 8 cm. in diameter. 

Hornulenditcs.-Rarely coarse grained phases occur, composed 
almost entirely of secondary hornblende of coarse grain, similar to 
the hornblcnd'ite zones in the metamorphosed quartz d iori te gneiss. 

Augite diorite gneiss.-Exposed on the high ridges to the north­
east of Jordan meadows is a gneissic rock, similar in appearance to 
the normal diorite gneiss and apparently related to it, which con­
tains essential augite besides essential hornblende and basic ande-

sine. 
9871-7 
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Ua.b·ln·o.- Two uccurrences of a gab bro aTe known. ln both cac5cs 
it is d oscl;v assof'iatc'd with the clioritc gnei·, s, with 'd1ich it h as been 
mapped. One occunence is in the Highland distri~t to the north­
east of Thetis l ake, and the other in lifalahat district, exposed in 
a cut on the E squ im al t and N anaimo raihrny, on the west slope of 
the valley of Finia~·son arm of Saanich inlet, where the g.abbro is _ 
intrusive in the dacite t uffs of the Vancouver vo1canies. The 
gabbros are medium to coarse grained, and consist essentially of 
labradorite and augite. They aTe not gneissic, and arc only slightly 
to moderately altered. 

Alteration and m .. etamorphism.- The dior ite gneisses are u rnally, 
as noted, moderately altered; and they are often altered very 
g reatly, passing in to schi stose varieties composed almost entirely of 
secondary minerals such as uralite, chlorite, epidote, and scri cite, 
\\'ith replacements and ''cinlets of quartz and calci t~. 

(ji1adz Jio 1i/.c g11eiss.- Nonnal.- Thc normal quartz Jiori te 

gnei ss is a grey, holocrystallinc rock of medium grain and gneissic 
texture. It consists essentially of oligoclase-anclesine, quartz, and 
green hornblende, with accessory biotite, magnetite, and more rarely 
titri nite. It has been moderately altered to scricite, sometimes 
saussuri t ic minerals, and chlori tc, and is commonly cu t by veinlets 
of quartz and epidotc. 

:::i'a.lic fac i•es.- 111 t he ·:11c1t rnnorpb i ·m uf t he qu :1rtz <T iuri tt' it hn ~ 

bl'en recrystallized, and the sal ic and femic minerals ha ve been 
seg1regated in separa te zon e~, from a fra ct ion of an inch up to 
seve1·al feet in \\'idth, so that the gneiss has usurilly a characteristic 
banded appearance. The salic focies arc light coloured, medium 
grained, and gneissic to schi stose in texture, and consist essentially 
of feldspar and quartz. 

Jlicroscopic.- Thc feldspar · is an acid plag ioclase, probably 
alb ite-oligoclase, and is usually in larger- amounts than the quartz. 
H ornblende is accesso1T, but usuall;y p resent in small amounts, and 
has altered exte11 siw l.r to chlor ite and cpicl ot e. The feldspar as a 
rul e is more ·al tered than iu the normal quart.z-diorite gneiss, alter­
ing ~hie-fly to sericite, al th ough it sometimes occurs witl~ quartz in 
<:rushed, interl ocki11g, clear grains. B ioti t2 is a relatirely r::i1·e ~ec -

011dnr,- 111incrnl. C':il<' it" :\1\d qu n1·tz '"om111 onl.' - 01·e1ll' i n y e'inl Pt~ , 
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and pyrite occur:; as disseminated grains, and has usLtalJ~; been 
somewha't altered to limonite. 

F'emic facies (71ornblendite).-Associated with the salic faciesc 
are the complementary fernic facies. They are dark ~reen, fine to· 
coarse gruined, the larger zo nes being virtually always coarse· 
gruined, and consist essentially of hornblende, with accessory magne­
tite. The hornblende is usually of two generations, a primary horn­
blende and a light coloured, somewhat foliated or fibrous, secondary· 
hornblende. 

rlpophysal phases.-Cutting t he Lliorite gneis:; are apophyses,. 
\\'h.ich arc cloulbtless related to t he <1uurtz d'iorite gneiss. They are· 
light coloured, sometimes white, fine grained, gneissic rocks, con~ 
sisting essentially of quartz and feldspar. The feldspar, which pre­
dominates, is chiefly plagioclasc, probably albite-oligoclase, with 
some microperthite. The accessor~· minerals are hornblende, magne­
tite, and titanite. The alteration has usually been large, forming 
sericite, chlorite, and epidote. Pyrite is nearly always present, and 
weathering to Jimonite, has stained the exposed surfaces brown. 
These brown sta ined np.ophyses have been mistaken for quartz veins, 
and, in the Yicinity of Victoria, hrn-e been frequently prospected. 

BE.I LE DTOHlTE. 

Distribution.-Closely associated with the granodiorite, of the 
Saanich type, \Yhich is intru sive into the Nitinat formation, are 
marginal facies of diorite. :\Jthough doubtless restricted to the 
margin or peripherJ' of the granodiorite batholith, the diorite occurs­
in large masses, which can, for the greater part, be mapped separ­
ately, as the boundaries where located are very definite, the grano­
diorite being intrusive into the diorite. The diorite is typically 
developed at Cape Beale, and i'l very well exposed along the shore 
in that vicinity, so that Beale is used as a distinctive geographic 
term for the diorite. The diorite is also well developed and exposed· 
i11 the Yicinity of Gordon river , forming the highest mountain in 
Renfrew district, Mount Edinburgh, which is about 3,700 feet high. 

Diorite similar to the Beal e diorite sometimes occurs near the· 
contacts of the Saanich granocliorite with the Vancouver volcanics­
and Sutton limestones; but is not in sufficient amount to map• 

scpara tely. 
!'JS71 - 7} 
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Lithological characters.-Q·uartz bearing diorite.-The normal 
Beale diorite is a medium to I'ight colomed bolocrystalline rock, of 
fine to medium grain, 

J[icroscopic.-lt consist;; e::isenti~Llly of andesine feldspar, about 
.Ab. 60, An. 40, and common green hornblende. Quartz is present, 
and is sometimes an essential constituent. The accessory minerals 
·include biotite, magnetite, p~·ri'" " apatite, and titanite. The tex­
ture is subhedral, with euhe<lral aJlllesine and hornblende, and inter­
i!titial quartz. The hornblende at times includes the andesine 
poikilitically. Two or three different hornblende individuals are 
sometimes poikilitically intergrown; and it seems as if the pleo­
chrism of the hornblende were more or less compensated by the 
irregular intergrowth, so that rnany hornblende grains occur which 
have nearly colourless centres and stro11gly pleochroic rims. This 
phenomenon may be due in part to alteration, but no other evi­
dences of alteration are alwa;vs present. The diorite is slightly to 
moderately altered, the secondar,v minerals being uralite or actino­
lite, biotite, chlorite, epidote, and sericite. 

Diorite.-Facies similar to t he normal Beale diorite occnr in 
w.hich quartz is virtually absent, and which are, therefore. true 
diorites. These diorites, which sometimes have a porpb~Titic ten­
dency, are richer in hombknd f' t11:m the quartz bearing di ori tes. 

Contact facies.-Ji'emic.-Xear the contacts with the Nitinat 
formation what appear to be hybrid types occur. Near the pure 
marbles fernic facies inrnriabJy occur, wh ile salic faci es sometimes 
occur in contact with the amphibolites of the Nitinat formation . 
The femic facies are similar to the cl iorites, only finer grained and 
more basic, con taining more hornble11de and more basic feldspars, 
which occur in lath-shaped crystals. They are also more sheared 
and altered, but the alteration products are . similar. 

Salic facies.- Tbe salic faci es are ligh ter coloured, much finer 
grained rocks than the normal quartz bearing Beale diorite; and 
consist chiefly of andesine feldspar, with hornblende, biotite, and a · 
colourless pyroxene, probably diopside. The texture of the ground­
mass i;; irregular, although so:-netimes euhedral feldspars occur, 
about 1 mm. in lengi:h. while the !lYeTage grain is about 0.1 mm. 
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Segregations or inclusions.-The Beale diorite, as well as the 
Saanich granodiorite, frequently, especially near its contacts, 
contains numerous rounded to sub-angular segregations or inclu­
siens, ,of r lati-rnly ·small size, r arely more than a few incht>s in 
diameter. The segregations or inclus ions in the Beale diorite closely 
resemble the diorite mineralogically, and are best classified as segre­
gations. They are darker coloured and much fi.ner grained than the 
diorite. sometimes with a larger percentage of femic minerals, and 
more altered. The feldspar commonly occurs in lath-shaped (!'rains 
with dirnrse arrangement. nnd \\'ith intersertal hornblendes. 

A.iteration and metcimorphism.--B esides the ordinary alteration 
described above, the Beale diorite bas occasionally, especially near 
the contact deposits of magnet ite of the Nitinat formation and certain 
mineralized shear zones, been so greatly sheared and slickemided 
as to resemble a chlorite schist, but the originally gTanitic texture 
is seen if the rock is broken at right angles t o the shear planes and 
smoothed or polished. On rn icroscopic es:amination the feldspars 
are seen to be bent, and almost opaque with sericite. The hornblende 
has alte red to urali'tP, :iml l >ioti t:R-. Othel' se.condm·y mineral,-; are 
chloi-i te, epid0te, serpentine. nnfl ca lci te, and rninlets of quartz and 
secondar.r feldspar occur. 

SAAKIO lI ORA NO DIORl'l' E AN D QUAR'l'Z DIORITE. 

The plutonic rocks of the Saanich type range from a _gTanit.e 
t o a qu::irtz diorite. The main type is transi tional !between a grano­
diorite and a quartz diorite, and cann.ot be definitely classified with­
out a chemical :rnal~· s i s, bu t ''ill be referred to ordinaril y as a grano­
diorite. 

Distribution.- The Saanich granodiorite, which is the principal 
batholithic rock of southern Vancouver island, is widely distributed, 
but the larger batholiths are confined to two main but very broad 
axes, a southern and a northern. The ~outhern axis extends from 
Saanich peninsul a, where one of the larger individual batholiths 
occurs, westward to the Renfrew district, where again relatively large 
batholiths are exposed, and which doubtless continue irregularly, 
but 'iY ithout complete interruption, to Barkley sound. Between 
Saanich and Renfr0,,· clistriets small granodiorite stocks occur 
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intru~ i,·e 'in to the Wark CLiorite anJ quartz diori te gneisses, and 
Vancouver volcanics and Sutton limestones, and small stocks occur 
i.n Victoria and Esquimalt districts. Tw-0 areas of granodiorite are 
::reported in the belt of the Leech River formation in Renfrew, and 
the western part of :'.\falahat di stricts. The northern axis extends 
·from Saltspring island, although a small stock occurs on :Moresby 
'island, north"ll·est to Alberni canal. In the Somenos, Seymour, and 
larger part of Chemainu s districts, there is. however, no grano­
diorik exposed. To the west of Chcmaim.i s distri ct, irregular batho­
liths, probably more or Jess continuous, occur. 

The Saanich gra nodiorite is fairly well exposed, especially "\\·ell 
along the shore, and creek and rivet· 'beds, and on the monadnocks 
which surrnonnt both the pre-Glacial and Tertiary erosion surfaces. 
The n01·thern and easte rn part of the Saanich peninsula batholith 
is, however, almost entirely covered with drift. The contacts of the 
Saanich peninsula, E squimalt and Victori~, and Saltspring island 
·s tocks and batholiths have been well located, but the contacts of the 
•otl1e:r s tocks and· batholiths have ]Jeon determined only Ly traxerscs ; 
·and as the contacts are irregular, the widely separated, determined 
·contacts cannot be extended to join each other with any great 
·assurity; and little attempt hns been maflc to do so on the nccom­
panying map. 

f,i liwlogical chamc/.ers.- Uranodiori:f.e and qnarf.z diorz'.t e.­
Maaoscopic.- Th c Saanich granodioritcs and qunrtz diorites are 
;light coloured, medium grained rocks, with a characteristic granitic, 
·:and frcquentl:r somewhat gneiss ic texture, which is rare],, pro­
'Ilouneed. The weathered surface is as a rul e much lighter coloured 
than the freshly broken surface. They consist of feldspar and 
q11artz, ·with essential hornblende, and with accessory biotite and 
magnetite. Pyrite is also common and is probably original. The 
ieldspar at times weathers both pink and greenish white, the latter 
·occurring in euhedral cry::-tals. The hornblende sometimes occurs, 
-especially near contacts, in large enhedral crystals, which give the 
·rock a characteristic porphyritic or 'speckled ' appearance.' The 
·.granodiorite usually contains numerous small, rounded segregations 
·or inclusions of a darker colour. 

Ji icroscopic .- The essential mineral s are plagioclase, orthoclase, 
·frequently microperthite, and rarely microcline, quartz, and horn-

•James R.ichardson. Rept. of Progress, 1871~'(2. Geol. Survey, Canada, 
·p . 90. 
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blende; the acce~sory minerals are biotite, magnetite, pyrite, and 
titanite; and the secondary minerals are biotite, chlorite, epidote, 
sericitc, muscovite, limonite, and kaolin. The plagioclase is the 
chief feldspai:, and occurs in eubedral grains; It is chiefly oligo­
clase-andesine, but varies in composition and is often zonal, rang­
ing from Ab. 55, ·An. -±5, to Ab. 90, An. 10; . :The quartz, orthoclase, 
microperthite, and where present microcline, are interstitial to the 
plagioclase and bomblende. The quartz and potash feldspars are 
sometimes graphically intergrown; and quartz more rarely ' oc·curs 
in large grains which include the plagioclase crystals. The quartz 
has a wavy extinction, and many of the quartz grains are greatly 
fractured. The microperthite when present is a very irregulai: inter­
growth, probably of orthoclase and albite. It rarely . occurs in large 
grains 1vhich include the earlier crysta11ized minerals. In some 
facies potash feldspar is in very small amount, or absent. The horn- . 
blende was of the common variety, but is now largely altered. The 
perccntag·e amount of the essc>ntial minerals is approximately as 

' fol101~s:-

Oligoclase-andesine. 
Quartz.. . . . . 
Potash feldsvar .. 
Hornblende. . . . . . . . 

'W to 50 per cent. 
20 " 35 " 
0 " 15 " 

10 " 20 " 
It is seen from the above description that the rock ranges from 

a typical gTanocliorit.e to a rather typical quartz diori to. It is prob­
able, however, that even where the potash feldspar fails, that potash 
replaces soda in the plagioclase molecule isomorphously. The rock 
is, therefore, best classed as a granodiorite. 

Alteration.-The granocli.orite is usually alteroo · aud rn 
the shear~d varieties the alterntion is large. The feldspar has 
alrered to sericite, and epidote ~ s sometimes an alteration pro­
duct of the plagioclase feldspars. The hornblende is largely altered 
to brown biotite, chlorite, and an iron rich epidote. This alteration 
is very characteristic, not only of the granodiorites of Vancouver 
islaud, but of the Pacific Coast region. 

Granite.-True granite facies are of very rare occurrence in the 
batholiths of Saanich gTanodiorite, and as far as known are res­
tricted to batholiths intrusive into the Nitinat formation . They are 
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very similar to the normal gmnodiorite in appearance, but are some­
what lighter coloured, and weather to a more reddish colour. The 
femic minerals are in smaller amount, and biotite predominates . 

.Mic1·oscopic.- 1[icrosc6pica11y, the granite is seen to consi~ 

essentially of rnicroperthite, albite-oligoclase, am.I quartz, with acces­
sory biotite, and probably hornblende, now altered to biotite and 
epidote. The albite-oligoclase occurs in euhedral crystals, while the 
microperthite and quartz form a microgTaphic intergrowth. The 
feldspar is so largely alkaline that these fac: ies a re best classed as a 
calci-alkaline granite. 

A.pophysal phases.-Apopbysal phases of tbe Saanich grano­
<liorite are very similar in mineral composition to the granite des­
cribed above; they are finer grained, and apli tic in texture. I n 
certain related types, occurring near the contacts, feldspar is in 
great excess over the other constituents, chiefly quartz. 

Segregations or inclusions.-Throughout t he granodiorite, but 
more abundantly near the contacts, are numerous small, rounrkJ , 

darker coloured seg·regations or inclusions. The contact bet,,-een 
them and the granodiorite is sharp, although cr_ystals of the one 
penetrate into the other. As the mineral composition is also related 
to the gTanodiorite, until they can be proved definitely to be inclu­
sions they had best be considered as segregations. The segregations 
are fine grained, with a few small phenocrysts of feldspar and horn­
blende. 

Microscopic.- The essential minerals a re andesine-oligoclase, 
Ab. 60, An. 40, to Ah. 80, An. 20, hornblende, bio.tite, and sometimes 
quartz. Magnetite is sometimes present in large amounts, and other 
accessory minerals are titanite and apatite. The gToundmass of the 
segregations has a rather char acteristic texture, as it is composed 
of lath-shaped feldspars with prismatic hornblendes, with poikilitic 
biotite and interstitial quartz. The amount of the various minerals 
varies greatly, but hornblende and feldspar predominate. The alter a­
tion products are similar t o those of the gr:modiorite, chiefly chlorite. 

epidote, and seri citc. 

Contact and hybrid plw.ses.-Ncar the contacts, especially near 
limestone contacts, the granodiori te become~ more basic and pa;oses 
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into types in which quartz is absent or only an accessory, and which 
are therefore diorites. Orthoclase or microperthite is retained in 
these diorites, and occurs interstitial to euhedral oligoclase-andesine, 
rarely including them poikilitically; so that the contact diorites are 
rnonzonitic in composition and texture. 

When in immediate contact with pure marbles or contact meta­
morphosed limestones the monzonitic diorite, and more rarely grano­
diorite, invariably contain pyroxene, sometimes augite, but usually 
diallage or diopside. Calcite is a common secondary mineral in 
these contact phases. It seems as if the pyroxene had been formed 
by the recrystallization of material derived by the ass imil ation of 
the limestones, and if so these facies are hybrid rocks. 

Qtiartz gabb1·0.- Intrusive into the limestones, near the contact 
deposits of the Kiug Solomon and Blue Bell miner.al claims on 
Kokasilah ridge in Helmcken district, and apparently associated 
with the Saanich granodiorite, is a quar tz g·abbro. It is a rather 
dark coloured, medium grained r ock, consisting of lath-shaped labra­
dorite, euhedral hornblendes, and interstitial quar tz, the latter in 
small amount. The accessories are magnetite and pyri te. The rela­
tion of the quartz gabbro to the Saanich granodioritc is not knO\rn. 

CONTACT, OR GllANODIOlll'fE PORPHYRI'£ES. 

At the contacts of the granodiorite are frequently developed 
dyke-like and irregular masses .of parphyritic rocks, which are some­
times intrusive into the granodiorite as well as into the intruded 
foTmation, ibut at othe·r t imes they are not clearly intrusive into the 
g rano<lioTite. 

Quartz-feldspar porphyrite.- The most common type is a light 
greenish grey rock with an aphanitic to fine gTained groundmas 
and medium sized pbenocrysts of feldspar, quartz, and hornblende. 
The phenocrysts niry in number from very few into phases in \Yhich 

they are dominant. 

.Mic1·oscopic.- Th e feldspar phenocrysts are albite-oligoclase. 
The hornblende pbenocrysts, where still preserved, have an olive to 

brownish green pleochrism, but. are usually altered to biotite. chlo­
rite, and epiclote. The groundmass consists of ver;y £ne irr:0gular 
gTains, rarely intergrown micrographically, of albite-oligocJa,.,P. an 
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untwinued f~ldsptfr, probably orthoclase, quartz, and hornblende, the 
hornblende usually accessory. :Magnetite is the only other accessory 
mineral, although pyrite usuall~· occurs in disseminated grains, but 
may be seC'ondary. 

Rounded segregations, similar to those in the granodi0rite, are 
:fairly frequent, ·espedially in the coarser grained phases, in which 
the fomic constituents and plagioclase are more abundant. 

1l liemtion.- Tl1e porphyrites are slig-htly to greatly altered, the 
alteration bcing; usually rather large. As mentioned the hornblende 
is usrn1'ily J'eplaced 'by biotite, chlorite, and epidote, and other secon­
·dary minerals ai·e se:ricite, calcite, and limonite. The porpbyrites 
have rather rarely, excep t when they are intn1sive into the Sicker 
series, a schistose texture. 

As niily be lleen from the lithological description, and as noted, 
th<' quartz-feldspar porphyrites are closely related to the similar 

·porpl1~· rites whicl1 are intrusive into the Sicker series in great 
numbers, a·n.a wl1ich have already been described.' 

Feldspar porphyrite.-Similar and transitional porphyrites 
·occur i'n wh.ich quartz does not form phenocrysts. Otherwise, these 
types are similar to the quartz-feldspar porphyrites, although they 
'are rather more basic, augite being present in some occurrences, and 
there is more variation in texture. 

Both the quartz-feldspar and fe1dspar porphyrites are closel;i· 
related to the granodiorite. Litbo1ogica11y they are similar to 
dellenite or dacite porphyrites, or as they are more commonly called, 
quartz porphyrites. Their close· relationship to the granodiorite may 
be indicated by calling them p:ranodiorite porphyrites. 

DYJrns. 

A.ugite bearing, andesile porphyrites .- D'iSt1'i/mlion.-Confined 

for the greater part to the batholiths of Saanich granodiorite, and 
more numerous near the contacts of the granodiorite, are dykes of 
basic porpbyrites. Tl1e dykes are seldom very numerous at any one 
locality. They are we11 defined, regular dykes, from a few inches up 

to 30 feet in width. 

1 Soo pa.ge 77. 
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Lithological i;liaraclers.- 'l'he w·incipal dyke rock is an augite 
bearing, andesitc porph,Hite. -~fegascopically it is a greyish green 
porphyritic rock, with an aphnnitic groundmass, allCl medium sized 
phenocrysts of feldspar. 11 nd ~mnll er :rnd finer phenocr,,~ts of horn­
blende. 

Jficrnscopic.- The pbenoc rysts arc seen microscop ically to be a 
basic andesine about Ab. 50. A.11. 50, hornblende, and augite. The 
groundmass cousists es~entiall.\- of a rather acid andesine1 about 
Ab. 65, An . 35, which is in excess, nnd common green h ornblende; 
and magnetite is the only important accessory mineral. The ande­
sine of the groundmass occurs in lath-shaped crystals. :md the horn­
blende is interstitial. The d>·ke rocks are usually considerably 
altered, the chief secondary mineral s being epidote. chlorite, ser1-
cite, and quartz. 

ilndes1:te porphyrite.- lntrusive into the Beale diorite, in the 
vicinit~· of Cape Beale, are a few dykes. One of these dykes, occur­
ring on the east shore of Barkley sound, about 2 miles north of 
Cape Beale, 50 feet wide, and stTiking N 4o!0 W, is an andcsi te por­
phyrite; but not o:f the a ugite bearing type. It is a dark grey 
apl1anitic rock, with small but numerous phenocr,yst:s of prismatic 
hornblende, whi ch haw• a pm·n11el arrangcmcn t. 

Jficroscopic.- Tbe hornblellde phenocr.v~ts arc seen 0 11 micro­
scopic cxaminatioll to be a light brown, common variety. The essen­
tials of the groundmass aTe basic andesine, about Ah. 55, An. 45, 
and small gra ins of hornblende. The accessory minerals are quartz 
and magnetite, and possibly hioti te, which may, however, be entirely 
secondary, although the rock is otl1erwise almost unaltered. The 
andesinn of the grou ndrnass occurs i n lath-shaped crystals with a 
sub-parallel arrangement, often bent around the hornblende pheno­
crysts. which occasionnll,\- include the minerals of the groundmass. 

S'l'RUU1'U HAL HEL.\ T IO:o;f; 01' T l []o'. BATHOHT lllO AND DYKE JN'l' IHJSI\TES. 

Internal.-The plutonic rocks haYc all been subjected to more or 
less dynamo-metamorphism, which has produced a somewhat gneissic 
texture in the di orites nnd g:rm1 odiorites of the Beale and Saanich 
types, and a pronounced gneissic texture in the dioritcs and quartz­
diorite:: of the W11rk t_,·pe. ;\ll of the granitic roclrn are commonly 
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greatly jointed and fra ctured, with more regular large joints, and 
smaller irregular fractures. They bave also been more or less 
sheared, often very g·reatly, developing wide shear zones. The 
fracturing and shearing has in most instances rendered the grnnitic 
rooks unfit for building purposes; although the granodiorite c-xposed 
on Alberni canal, near Franklin river, is in places regularly jointed, 
and nearl y free from small fractures and shear zones, and "\\Ould 
doubtless be suitable for building purposes. Along· the shear zones 
the granitic rocks are more or less mineralized , and cut by small 
and irregular quartz, and qual"tz-cpidote ve ins. 

R elations of types to each other.-The Saanich granodiot·ite is 
clearly in trusirn into the ViY ark diorite ru1d quartz diorite gem·i, ~E:S 

and Beale diorite, brecciating them both along the contacts, and 
sending irregular, apli tic apophyses into them for long distances. 
The relation of the -wark and Beale diorites is not exposed, but the 
Wark diorites are, with considerable certainty, considered to be rhe 
older, since they are gneissic, and not so closely related 1ithologi­
cal1y and structurally to the Saanich granodiorite as the Beale 
diorite is. The probable sequence of eruption is, therefore, a_s gh' en : 
·wark dioritc and quartz diorite gneiss, Beale diorite, and Sncmich 

granodiorite. 
Although the vVark diorite and quartz diorite gneisses fo 1·m 

Yirtually a single batholitb, the quartz diorite is intrusive into the 
Wark diorite. Although relatively large masses of typical diorite 
gneiss occur, it is nearly everywhere cut by numer ous apophyses of 
quartz diorite and aplitic gneisses, often forming a complex 0f 

diorite and quartz-diorite gneisses, that could not be mapped separ­
ately, even on large scale detailed mapping. The quartz di, •r ite 
gneiss generally occurs in long lenticular ma ses, so that a series of 
alternating, irregular belts of the two rooks is formed. In the soutb­
east portion of the batholith the series has a strike of N 50° \\- to 
N 60° W. 

The relation of the gahbro noted in the Highl and and 1falahat 
districts with the W ark diorite is not known. 

As described, the Beale diorite is usually the contact phase of 
the batholiths which are intrusive in the N itinat formation, and 
:Which are composed chiefly of Saanich granodiorite. Since the two 
rocks are closely related litbologicall;r. it is suggested that the Beale 
diorite is a ma rg-inal or pcri11h f' rnl differei1tiate of the Rannii:h 
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granodiorite. The virtual restriction of the Beale diorite to the 
batholiths intrusive into the Nitinat formation is pecnlinl' : and 
since it forms relatively large masses which are brecciated along the 
contact, sho,,.;·ing that it must have been well crystnllized when the 
granodiorite was intruded, and f' ince there are no 1Yel1 marked 
transitional types, the Beale diorite and Sa::mich granodiorite may 
we1l be in detail separate intrusions. 

The contact and h;ybrid focie:; of the Sarmich grnnodiorite, best 
developed near the contacts with the Sutton limestones, are cut by 
apo]ilhyses of granodioritc and aplite. Rmall and irregnJar aplite 
veins are also quite common throughol1t the µ;ranodi orite. 

The granodiorite porr>hyrites arc restricted in their occurrence 
to the vicinity of the contacts of the Saanich granodiorite with the 
invaded formations, other than the older pl utonic rocks. They are, 
as stated, in some irn:tances intrusive into the granodiorite; very 
frequently the r elations are not clear. The quartz-feldspar porphy-­
rites, intrusive into the Sicker seri c~, which on account of thci r 
lithological identity are almost assureclly one of the phases of tlw 
granocliorite porph,vrites, are apparently older than the Raanich 
g:ranodiorite. 

As alread.)· discussed under Sicker series,1 Hie relations of the 
Saanich granodiorite and the Sicker grubbro-diorite porphyrites are 
not known; but the gabbro-diorite porphyrites may be younger. 

The dyke rocks, the augite bearing· andesit~ porphyrite, and 
andesite porphyrite with the parallelly arranged phenocrysts of 
hornblende, are clearly later than the p1utonic rocks, cutting the 
Beale diori te and Saanich grnnodioritc in well defined, regular 
dykes. 

Exlernal.- Relafion to older formations.--The granitic rocks 

are, as stated, reported to be intrusive into the suppo:<ed oldest 
formation of southern Vancouver island, the Leech River slates; 
and the numerous quartz veins which occur in the slates may be 
referred to the after effects of the granitic intrusion. 

The granitic rocks are intrusive into the formations of the Van­
couver group, developing narrow zones of shatter breccias along the 
contacts, _ and sending apophyses and granocliorite porphyrite dykes 
into the invaded rocks. As stated, diorite or monzonitic diorite is 

' See pagoe 83. 
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rirtuall y always the contact facies, even of the granodiorite ba tbo· ­
liths, with limestone. The invaded rocks have been characteristi­
cally contact metamorphosed, and in some instances, notably near 
limestone contacts, deposits of metallic minerals have been formed. 
Inclusions or xenoliths occur in the granitic rocks, usually altered 
to amphibolites. 'l 'he xenoliths are commonly ang·ular and well de­
nned. hut occasionall J- the~- have indefinite boundaries, and are 
impregnated with material from the intrusive magma. Rarely 
hybrid types, such as those occurring near t.he Sutton limestone con­
tacts, are de,·elopecl. 

Relations to younger f onnations.--The gran it ic rocks are con­
formably overlain by the sediments of the Co"·ichan g rm1p and of the 
Sooke and Carmanah formations . The unconformity is u sually 
marked by coarse basal conglomerates. I n some instances1 the con­
tacts of the Saanich granodiori tc imd the Co,,-ichan l!;ronp are faults. 

Jf ode of origin o.f batholithic and dylce intrusives.- The batho­

liths and dykes have been crystallized from a molten state under 
deep-seated conditions. They ha1·e been erupted into a great series 
of volcanic and sedimentary r ocks, and now occupy a la.rge vol ume 
formerly occupied by the invaded rocks. Little m-idence is seen in 
the field as to the manner in which t he batholiths hnve reached thei r 
present posit ion. They have certainly replaced. a ver;v large mass of 
the country rock; apparentl;r in a relativel;i;· quiet manner, "·ithout 
disturbing the strike and clips of the invacled formations. The in­
vading batholiths, even during their last acti1-e stages, shattered. the 
countn · rock along tl1e contact into angular fragments . These frag­
ments, which were 'stopccl' off from the cotmtry r ock, disappear 
within a few yards of the contact, and have either been shattered 
to smaller fragments and assimilated by the· magma, 6f which there 
is some evidence in restricted localities, or else have sunk in the 
liquid. magma to abyssal depths.' 

The batholiths were erupted (luring two main JHJriods, which 
we may call the W ark and Saanich periods. Each period was 
divided into two sub-periods, the first sub-period in each case being 
cha rac terized by the eruption of more basic magma than that 
erupted during· the second sub-peri od: The close lithological and 

1 See page 130. 
2 Cf. R. A. Daly. Mechanics of Igneous Intrusion Three papers. Am . 

.Journ. Sci., Vol. 15, HJ03, p. 269; Vol. 16. 1903, p 167; Vol. Z6, 1908, pp . 17-50. 
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structural relationship of the basic and acid mugmas erupted during 
the t~ro sub-periods apparently shows that the. two sub--magmas 
were d ifferentiates of a common parent magma .. 

The Wark batholitb, which was evi.~lently erup.ted fir st, is closely 
related to the · Saauich batholiths structurall,y. It is also, except -
that it is gneissic, ver~· similar lithologically. \-Ve may, therefore, 
consider the Wark and SaaniC'h mag1pas as differentiates of a 
co1n1non magma. As a \\·hole the 'l\Tark rnagma .. was .rnore' ba ~ i c than 
t he Saanich magma. 

The assoc iation of similar sub-alkaline ro~ks, exhibiting a 
similar sequence of eruption from basic to , acid magmas, is very 
common, both in :EuroJJe anll America .' Tbc association a ud the 
sequence of eruption is very g·enerally accepted to .be due to mag­
matic differentiation. In the case of .' plutonic complexes,' such as 
th '.lt of Vancouver island, i t has seldom or 1ieYer been shown that 
the differentiation ha~ been ' in pla ce,' that is, ' laccolithic' in 
Bragger's' sense, but the various rock type~ haye rather been separ­
ately intruded. The ·differentiation p1·oducing the various types has 
been, therefore, deep seated.3 Consequently the differentiation cannot 
be easily studied, and h as been but little discu ssed. A further dis­
cussion would be out of place in t b i ' repor t. 

The close magmatic relation of the granodio1·ite porphyrites and 
Saanich granodiori te :s clearly ~howu by the close . similarity of 
their mineral, and presumablJ' chemical, COU1posibon. The signifi­
cant features of the granod ioritc poi:p\1yrites are their rest r iction to 
the. eyntacts, their long pcriotl of cruptjon, as .some arc pr. 1\Jabl,y 
old.L"r a11<l o<u rn c el' d<1i 1il y youug1.·1· thn 11 th.,: gnlllod ioritc, trn •.1 theii­
texture, which shows that they c:r,y~ballized lllOf'e , i:aviJly t htm the 
granodiorite. It seems most pr.obable, therefore, that they are in a 
.sense apophysal phases of the granodiori tes which were .erupted in 
p;tr t in adrnnce of t he main Latbol ithic intru sion, ;rnd 11lso· after the 

batholith had begun to cr~rs tallize. 

A very common feature of batholithic intrusion. i;; the later 
intru sion of basic roek s usuall y a5 dykes OL' 'minor intrusions," 

1 Cf. A. Harker. The Natural History of Igneous Rock s, Mac~illan; 
19()9, pp. 12.5-131. A good example is the compo,ite., Okanagaµ ba.thohth c,,f 
t he Cascade Mount·a in ~ystem. R. A. Daly, Bull. Geol. Soc. Arn., Vol. 11, 
1906, pp. 329-3i6. . . . 

z W. C. Bri:igger. Eruptivgestein des Kristianiage~1ietes,_ Vol. 1, 1894, 
pp. 178-179. . . . -

3 ·Prhna.ry or "deepcmagmati? "' cf . Bri:igger Loe. c1t. 
• A. Harker. Th e Natural His tory of Igneous R-Ocks, Macmillan , 1909~ ·. 

p . 25. 
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and the basic dykes accompan;ying tbe Saanich batho1iths a re doubt­
less of this nature. It i3 possible that the gabbro-diorite porphy­
r ites of the Sicker series also represen t ' minor in trusions ' accom­
panying the batholithic infrusiou. 

It ma~- be well to emphasize lwre t1 1e conformity of the eruptive 
cycle represented by the igneous r ocks of Vancouver island (in 
g·eneral, this is, the meta-andesites of the Vancouver group, the 
diorites and granodiorites of the batholithic intrnsions, and the 
andesite and gabbro-diorite porph,yrites of the dykes and minor in-
1trusions) to the general eruptive cycle, which has licen firmly estab­
lished b.r observations all over the world and which has been 
recen t l.r emphasized by Harker.' It consist& of throe phases of 
igneous activity in the following sequence, the ,-olcanic phase, the 
ba tholithic phase, and the phase of minor intrusions. 

The g:neissic structure of the Wark batholith, and the virtual 
absence of pronounced gncissic structure in tlrn $:rnnich batho1i th~. 

may be explained by supposing the Wark batbolitb to lrnve been in­
truded during the orogenic movements, which generally accompany 
or precede batho1itbic intrnsion. That the Wark batholith is some­
what older than the Saanich batholith has been dearly shown. 

Both batholithic types have been dynaino-metamorphosed by 

later orogcnic movements, probably during the Laramide revolution. 
The Wark batholith has not only been dynamo-metamorphosed, but 
since it has been intruded by the Saanich batholiths, also contact 
metamorphosed. This contact metamorphism has apparently caused 
the partial recrystallization af the diorite gneiss, and the segrega­
tion ,of the quartz diorit.e into salic and femic zones. 

Mentio1i has already been made of the types developed near 
limestone contacts. Their restriction to limestone contacts, and the 
pl'esence of p;vroxcne. especially diopside. i::ee1m: to sl1 ow that tl1ey 
are h~·brid rock~. 

Age and c01nlation.-The batholiths are intrusive into lower 
Jurassic rocks, and upper Cretaceous sediments rest unconformably 
upon a subdued erosion surface of granitic rock!' . They are, there­
fore, correlated with considerable certainty with the Coast Range 
batholith of British Columbia, wl1ich is composed of similar rocks, 
and which is considered to be upper Jurassic in age. 

1 A. Harker. The Natural Hi.story of Igneous Rocks, Ma.cmillan, 1909. 
p. 95. 
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The Vancouver range differs from the Coast Range of British 
Co1umbia in that the granitic rocks of the Vancouver range do not, 
as exposed, occur in one 1arge batholith, but occur in re1ative1y 
sma]], irregularly outlined batho1iths. In southern Vancouver 
island the batholitbs, as noted under distribution, occur along the 
main axes, separated by a wide central area, in which few granitic 
rocks occur, and which may be synclinal. The great lithological and 
structural similarity of the individual stocks and batholiths, their 
ver,y irregular outlii1es, and the occurrences, noted most clearly in 
Cowiclrnn district along t he K ::maimo, Chemainus, Rol\.Jertson, a'nd 
Kolrnsilah i·ivers, of granitic rocks in valleys with mountains on 
either side capped by the invaded rocks, indicates that the granitic 
rocks form one or two large batholitlis, not yet completely unroo£ed. 

This hypothesis suggests a reason for the predominance of 
granitic rocks in the south eastern part of Vancouver island, where 
the pre-Glacial erosion cycle reachea late maturity or old age, reduc­
ing the general level far below the Tertiary peneplaiu. The true 
difference, therefore, between the Vancouver and Coast ranges may 
be, that in the Coast range erosion has removed a large part of the 
roof of the batholith, so tha~ the remaining sedimentary rocks are 
in a large sense mere 'roof pendants' and downfolds,1 while the 
,. m1t>ouver range may be composed of a large Coast Range-like 
batholith, not yet largely unroofed, of which tl1e expO'Sed batholiths 
m·0 rnere protuberances or 'cupolas.' 

SOOKE GABBRO. 

Distribution.-Along the southwestern coast are two stocks of 
basic p]utonic rocks, which are chiefly composed of gabbro. The 
larger stock underlies the greater part of the East Sooke peninsulu. 
It is elipsoidal in form, the major axis being about 5 miles in length, 
and the minor axis a little more than 2 miles. The stock forms the 
country rock of the Sooke copper d~posits, and the gabbro is, there­
fore, not only best developed on the Sooke peninsula, but is best 
known there. It seems advisable, therefore, to use the name Sooke 
as the distinctive geographic term for the gabbro. The smaller stock 
occurs on Rocky point, south of Peck1er inlet. Its greatest diameter 
is about 2 miles. Small isolated knobs or bosses also occur west of 

1 J. Austen Bancroft. Summary Report for 1907. Geol. Survey, Can­
ada, pp. 16-17. 

~·1f'j1-S 
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Sooke harbour along -the coast, notably on Sheringham point, and 
between Jordan river and Boulder point. 

The stocks and bosses are well exposed aloug the shore; and on 
the East Sooke peninsula the gabbro forms bold ridges and hills. 

Lithologica.l charaCters.-:The rocks which compose the stocks 
are all closely related to the gabbro family, but otherwise vary con­
siderably. The.}· rang·e fr-0m an augite-olivine gabbr o to a salic 
gabbro, and even to a true :morthosite. The feldspathic types are­
confined to small bosses and veins. The principal rock body is a 
more or less gneissoid amphibole-augite gabbro, which resembles a 
basic diorite in the hand specimen. There are also apophysal types 
,which range in composition from a ho01·111blendite to a quartz diorite, 
and in rare cases to a quartz-feldspar pegmatite in which the feld­
spar grratl;r predominates. 

Amph-ibole gabbro.-lliacroscopic.-Thc amphibole gabbro is a 
greenish crystalline rock normally of rather coarse grain, usually 
with a gneissic t_cxture, consisting of plagioclase feldspar and large­
bladed hornblendes. It varies in grain, however, to a :inedium, and 
in some cases, to a fo1e grained rock, which types appear to be truly 
transitional. 

Ali'c1·oscopic.-::M.icroscopicall,y the rock is seen to consist essen­
tially of plagiodase, hornblende, and augite. In the coarser grained 
varieties augite is less abund.ant and often lacking. The femic and 
salic minerals are present in about equal amounts. The feldspar is 
labradorite, Ab. 40, An. 60. The hornblende is a light green, weakly 
pleochroic Yariet;y of eommon hornblende. ·This hornblende is Yery 

characteristic of all the gabbroid rocks. It is seemingl,y an original 
constituent, the perio<l. of crystallization of the feldspar and the 
liornblende overlapping to some extent. Some of the amphibole in 
the rocks is a fibrous uralite which has been formed by the altera­
tion of the original augite. Magnetite or ilmenite arc the onl~· im­
portant accessories, and are not commonly abundant. 

Fine grained aug,ite gabbro.-In some of the gabbros, notably 
the finer grained, hornblende, except as a secondary mineral, is only 
accessory or lacking. The feldspar in these rocks is more basic, 
Ab. 35. 1\ n. 6!l. The aug·ite is sometimes light gfoen and sl ightly 
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pleochroic. The augite and plagioclase occur in about equal amounts. 
and are more or less contemporaneous, although the feldspar is some-­
times lath-shaped with interstitial grains of augite. 

Ophitic gabbro.- The fine grained, augite gabbro is transitionar 
into a rock which has a true intersertal and ophitic texture. Th& 
ophitic gabbro also contains occasional phenocrysts of plagioclase in 
a finer grained cQ·stalline groundmass. At times the ophitic gabbro 
contains olfrine as a prominent accessory, which, however, rarely­
becomes an essential constituent. The olivine has been largely 
altered to serpentine and iddingsite. The augite gabbros are all 
more or less altered, the augite being chiefly affected, having· altklred 
to 11ralite. The feldspars are usually fresh and clear. 

Columnar te:-cln1·ed gabbro .-A vei';y peculiar looking gabbro is 
found on Rocky point and also on Shcring·ham point. The. rock is. 
medium to coarsely cr~'stalline, with an almost perfect euhedral tex­
t ure. It consists of plagioc1ase and arnphibole. The amphibole­
occurs in long columnar crystals, 10 mm. long by 1 to 2 mm. wide. 
The plagioclase also occurs in lath-shaped crystals. The two 
minerals form. an interlacing mat, which gives the rock a very 
pecul iar texture. Thi s peculiar tcxtme is especiall.v striking on an 

11npolished 1\-eathcred snrfacc . 

. Microscopic.-Thc columnar mineral is seen under the micro­
scope to be an intergrowth of light brownish green, weakly pleo­
chroic hornblende with a diallagic augite. The feldspar is >cry 
basic, bytownite, Ab. 25, A1i. 7fl. The salic and fcmic minerals are 
in about equal proportions. They are nearly contemporaneous· Ill . 

their crystallization, but feldspar fills the interstitial spaces. 

Apophysal phases.--The more basic varieties of the gabbro are­
CtJt by small bosses and dykes of a more salic gabbro, and by pegma­
tites and aplites, and also by d;vke-like masses of almost pure horn­

blende. 

Olivine anorthos,ite (all-ivalite).-The largest mass of salic­
gabbro occurs on the nol"thwest slope of 1fount :Maguire, and is about 
400 yards across. The rock is light coloured, . coarsely crystalline,.. 
and of subhedral texture. 

\1871-8:1 
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11£-icroscopic.-It consists of <tbout 85 per cen t of a clear plagio· 
clase, the variety b;rtownite, Ab. 35, An. 75, 10 per cent of olivine, 
and about 5 per cent of augite, with a ver~· little magnetite. The 
bytownite occurs in large euhedral grains, the olivine usunlly in 
rounded grains, and the augite as small interstitial crystals. Mag· 
netite is original, but also occurs with serpentine on· the borders, and 
in the cracks of the olivine grains. The olivine as a whole is but 
slightly altered. The i·ock i ~ clearly related to the gabbro, but is 
approaching an anorthosite. It closely resembles the olivine·anor· 
tlwsit.e rocks {lescl'ilbcd by Harker from the island of Rum, the 
feldspathic member of which he calls allivalitr.1 

Anorthosite.-Anorthositic rocks also occur as apophyses which 
cu t the more normal femic gabbro. On Beechy head the feldspathic 
veins which brecciate the normal gabbro lose virtually all of their 
femic constituents. The vein rocks are light coloured, weathering 
greyish-white, of medium grain, and composed of about 95 per cent 
of feldspar and 5 per cent of augite, and a little magnetite. The 
feldspar is all basic, Ab. 25, An. 75, to Ab. 35, An. 65. The augite is 
interstitial, and is altering somewhat to amphibole. The rock is nn· 
doubtedly a derivative of the gabbro magm a, but is nevertheless a 
true anorthosite. 

Pegmatites.-Other types of apophyses are pegmatites. A 
common pegmatite is one consisting of coarsely crystallized feldspar 
and hornblende. The feldspar occurs in the central part of the vein, 
and the hornblende is more or less confined to the wal1s, although it 
frequently forms a band through the middle of tlie vein. 

illicroscopic.-The feldspar, which is the chief constitne11t, is 
unaltered labradorite, Ah. 30, An. 70. The hornblende is of the light 
coloured variety, and sometimes includes the feldspar<', developing a 
poikilitic texture. A few grains of magnetite nrc also .present. Epi­
dote is a common secondary mineral and occurs replacing the plagio· 
clase, and in veinlets. 

riplites.-The ~plites are light coloured, fine grained holocry· 
stalline rocks with an aplitic texture, and with large crystals of 
bladed hornblende. The~' are composed of quartz, orthoclase, and 

' .1. Harker. Geology of the Small Isles, Mem. Geol. Survey; 1908, pp. 
69-77 . 
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plagioclase, probably anclesine, with small amounts of augite and 
hornblende. The large crystals of hornblende are of the characteris­
tic light coloured variety. 

C/-a.Ubro porphyrite.-Anotber rock which occurs in distinct d~·kes, 

cutting both the gabbro and the feldspatbic veins, appears to be 
related to the other gabbroid rocks. It is a gabbro porphyrite, and is 
exposed on Beechy head. It is a dark, finely crystalline rock of 
plagioclase and augite with a few pbenocrysts of feldspar. 

Jficroscopic.-It is seen microscopically to consist of a fine 
granular mixture of contemporaneous labradorite and augite. The 
plagioclase phenocrysts show zonal growth and range from Ab. 25, 
An. 75, to Ab. 40, An. 60. The augite occurs intergrown with and 
interstitial to the plagioclasc. Magnetite and pyrite are accessories. 

'Diorites.-Midway between the mouth of Jordan river and 
Boulder point the Metchosin volcanics are cut by small irregular 
masses of diorite, which is apparently related to the Sooke gabbro. 
The diorite itself is brecciated by more acid, aplitic veins of quartz 
bearing diorite. The diorite is rather fine grained, and consists of 
hornblende and andesine feldspar, with accessory magnetite and 
apatite. The texture is anhedral to subhedral, the feldspar and 
homblende having crj·stall izcd nearlj· simultaneously. The rock is 
but sli g·htb7 altered, the feld spar altering to sericite, an<l the l11\r11-
blencle to biotite. 

In the more acid apopb3·ses, the feldspar, which occurs in large 
euhedral crystals, predominates. It has a pronounced zonal growt-h, 
and ranges from andesine to oligoclnse. The hornblende also occurs 
in euhedral crystals, while t1ie interstices are filled with crushed 
gra ins of quartz. ?iiagnetitc is accessory, and biotite, epidote, and 
scricite are secondary products. 

ilfetamorpl1ism.- The Sooke· g:1bbro hns ~uffered from consider­
able metamorphism, rendering th e rock gneissic, and shearing it 
along \Yell marked and often extensive zones. The original consti­
r:uent minerals in these shear zones have undergone an almost 
complete change. The first step in the alteration is the formation of 
large poikilitic hornblendes. This hornblende is light greenish and 
weakly pleochroic, and has douhtlPss hePn formed from the original 
augite. It is Yery simi lar to the homb]f'ml P- which in some instances 
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·appears to be original. The formation of this hornblende is charac­
teristic eve1 of the more altered rocks, and is in many cases an 
undoubted secondary mineral. 

The more sheared rocks consist ::ilmost entirely of l abradorite 
llnd the light yellowish green hornblende, the augite having · been 

-entirely replaced. Both of the essential minerals show the effects of 
·-movement. The feldspars have been broken, granulated, and even 
~mJled! out int•) \'Cinld-likc forms, and to some extent recT~·stallizc d. 
Much of the hornblemlc has go11c o\·er to a £brous amphibole, actino­
lite, or more likely to an alurninous amphibole such as strahlstein. 
The arnphibole sometimes occurs in radiating groups, and veinlets 
of actinolite are also present. The arnphibole has altered '!ilightly to 
chlorite, and the feldspar is clouded somewhat, but otherwise is un­
altered. The change is such as would take place only at high 
-temperatures and pressures. 

The more completely altered rock consists of a £ne mat of small 
·fibrous amphibole, weakly pleochroic, with larger needles of the light 
yellowish green hornblende. Scattered through the rock are patches 
and grains of a clouded feldspar, with a little secondary albite. 
Zeolites occur, £Hing· minute ca\7 ities, and in Yeinlets. Di~seminated 

through sheared rocks is very often found con$iderable amounts of 
magnetite and pyrrhotite. 

Hornblendit es.-The sheared rn eta-gubbro$, J eseribeJ above, are 
-closely related to and ussocia ted with masses composed almost 
entirely of arnphibole. These amphibolites or hornblendites occur in 
shear zones. They are coarse grained, and consist of a bladed and a 
-fibrous amphibolc, with small segregations of feldspar and magne­
tite. The bladed amphibole is hornblende, and occurs chiefly in large 
irregular grains, massed closcl.v together. The fibrous amphibole 
occurs in fine needles and in radiating groups. It is doubtless 
actinolite, and occurs in bands associated with the remaining 5 or 6 
per cent of feldspar, and with magnetite. 

Associated with the hornblendites is a light, greyish green rock, 
which consists of a fine grained, crystalline groundmass with narrow 
zones of actinolite or tremol ite in divergent groups. 

11tlicroscopic.-Microscopicall.r the rock is seen to consist almost 
entirely of amphibole and augite. The augite forms about 50 per 
oeent of the whole rock nnd occurs in small irregular to prismatic 

.. 
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grams. The amphibole is of two varieties, the characteristic light 
yeJlowish green hornblende, and a light green, weakly pleochroic 
actinolitc. . The actinolite was formed later than -the more massive 
hornblende. 

Associated with the last two types described, are the ores of the 
East Sooke peninsular. These .ores are composed chiefly of chalcopy­
,ritc, which occurs a.s ,·cinlets, although often of large size, 3 or 4 
inches in width, in a matrix composed entirQly of bladed and needle­
like hornblendes. The chalcopyrite is clearly younger than the horn­
blende, and not only cuts tho hornblende in veinlets, but has grown 
around the amphibolo grains. 

Strucl-ural relalions.- Inlenial.- The Sooke gabbro has suffered 
considerable dYJrnmic metamorphism. The rock has yielded to some 
extent by folding, as is shown by its gneissic structure. The prin­
cipal relief, however, has been by faulting and sl1earing. The 
abundant sheer zones doubtless represent a very considerable move­
ment, as they are often very wide, haYing a maximum width of over 
100 feet, and· may be traced along the strike for considerable dis­
tances, in one case for nearly a mile. The rock is also slickensided, 
and has been altered and impregnated by ore-bearing solutions. It 
is impossible to tell, in any one case, just how much the displacement 
may have been, as there are no satisfactory means to correlate the 
rock on the opposite sides of the shear zone. Although the movement 
along these shear zones may have been very considerable, it is not 
probable that the actual displacement has been large. In the East 
Sooke stock there appear to be two, quite well developed, sets of 
shear zones, one having a strike near N 40° E and the other near 
N 75° E. 

The joints in the Sooke gabbro are numerous and are rnlated to 
the shear zones, and their strikes are approximately the same. . They 

. \ f are doubtless due to the same causes, that is, to compressive orces. 

The Sooke gabbro is cut by dykes of two kinds, one a diabase, 
and the other a gabbro porphyrite. The diabase is not closely related 
to the gabbro, and may represent igneous activity of a much later 
date. Only two dykes of this series were noted, one on Woodward 
point, 4 feet wide with .a strike of N 15° W, and one 7,5 feet wide, 
exposed along the southern shore" of the Sooke peninsula a mile west 
from Beechy head. The gabbro porphyrite is ·related: petrograpni; -
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cally to the gabbro, but is ;younger than the solidification of the 
gabbro and its accompan;ying salic Yeins and differentiates, as it cuts 
them all in well defined, narro\\· dykes. The dykes were only seen 
on Beechy head. There are three exposed there, respectively 2~, 1, 
and l} feet wide, the strike of all of them being about N :30° W. 

Along ,the coast the d3·kes and shear zones have been eroded by 
the waves into narrow chasms. On the bold southwestern shore. 
where the rocks are ~ubject to ,·ery powerful wave action, these 
chasms are very large, and form a striking feature of the coast. 

As already noted, the gabbro shows a marked Yariation in com­
position and texture. One of the most common variations is that of 
grain. The ga.bbro is normaHy medium grained, but grades on one 
hand into a coarse grained rock, and on the other into a very fine 
grained, almost slaty material. These variations may all be found 
in the same outcrop, and occur in distinct narrow streaks, and thus 
accentuate the gneissic structure. These bands may have been pro­
duced b.r movement, with local shearing and recrystallization. As 
they also differ in composition, the finer grained containing more 
augite, it is more probable that they represent an original structure 
in the gabbro. Similar banding is a well recognized feature of 
gabbro.1 

The more alkaline or salic t3·pes of gabbro, and the pegmntite 
and aplitic forms occur in distinctly intrusi,,e dykes which cut the 
normal gabbro. The sequence of rocks is exposed in many places. 
On Rocky point, the peculiar gabbro with the columnar crystals is 
ellt Yel'y irregubrly by an int0nn('(]i ary nwk. \1·ith 01·0r 50 per cent 
of feldspar. This in turn is included in and cut h a more acid, 
coarse grai ned pegmatite. All of these three rn~ ieties are inter­
sected by aplitic veins. These various t~· pes are all consanguineous, 
but range from basic to acid, free quartz occurring in the aplites. 
'l'he more acid 'types always cut the more /basic. The contact15 of the 
various types are not ahrnys sharp, but to some degree grade into 
each other, by the penetration of acid material into the basic, and the 
recrystallization of the included basic minerals in the acid magma. 

The only large mass of anorthositic gabbro is found, as already 
described, on the northwest slope of Mount :Maguire. It is intru­
si,-e into the more femic gab bro . and even brecciates it alonf!" the 

1 Geikie and Teall. Banded Igneous R-0e.ks of Skye. Quart. Jon 1·11 • 

Goo!. Soo., Vol. 50, 1894, p. 645. 
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contact. A contact breccia of this nature is also well exposed on 
Beechy head. The gabbro is here brecciated in Yery similar manner 
to that characteristic of plutonic contacts, by material ranging from 
an almost pure hornblende to a true anortbosite, the more feldspathic 
veins always cutting the more hornblendic. The contacts of the 
veins here, are sharp. 

Pegmatite veins are very common throughout the g·abbro. The 
veins are never •ery large or extensive or the crJ'stallization ,-ery 
coarse. They are essentially fcldspatbic, although hornblende is often 
present. In most of the veins quartz is lacking, but in a few it 
occurs. These veins are composed chiefly of feldspar, but in tbe­
central part are lenses, more or less disconnected, of a pure white 
quartz. 

The relation of the hornblende veins anu the large masses of 
hornblendite to the normal gabbro is not clear. They are, of course, 
younger than the gabbro, since they cut it. The smaller irregular 
veins often form a net1rnrk intersecting the gabbro. The hornblende 
of these veins occurs in large bladed crystals, up to 6 inches in 
length. 'l'hese veins are cut by the more acid, feldspathic pegma­
tites and aplites. They appea r themselrns to be intrusive, and are 
most probably basic pegmatites formed by the differentiation of the 
eriginal magma. The larger masses of coarse g-raine<l hornblcndite, 
such as occur in the shear zones, do not, however, . appear to be 
intrusive. They are very large, and are only rarely cut b~- felds­
pathic veins, although theJ' are cut b;r numerous quartz veins and 
veinlets. The hornblende seems to be largely secondar:-, the material 
having been de1irnd from the sheared gabbro. 

Exte1·na.l.-Relations to older formations.-The Sooke gabbro and 
its related rock's are i11trusivc into the Metchosin volcanics. The 
i·elatiou is sho1n1 along the southern shore of Sooke harbour. 011 

Mill head the contact is exposed, but the relation is somewhat 
obscured by abundant, minute faulting. In places the gabbro pene­
trates the rnlcanics in small apophyses, which pinch out as they go 
away from the contact. A flow structure has been developed in the 
gabbro near the contact and parallel to it. Farther to the west along· 
the coast a few inclusions of greenstone are to be found in the gabbro. 
The general contact can be readily traced eastward, even at a dis­
tance, by the difference in appearnnce of the weathered surfaces and 
ledges of fo e two rocks. The gabl,ro forms rounded, massive ledges,. 
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while the greenstone ledges are rougher and more angular, and the 
rock has been more sheared. The actual contact, however, is not 
aga in exposed on the peninsula. It is marked by a valley which is 
filled with drift, forming at the shore a pebbly beach. The boundary 
extends eastward along a narrow, although deep valley, having a 
trend of about N 60° W for a mile from the shore. It then follows 
a much larger valley, with a strike of N 30° W, for a mile and a 
half to Becher bay. Anotl1er similar va11ey, having nearly the same 
t rend, niarks the western contact of the Rocky Point stock. The 
gabbro and volcanics occur on opposite sides of these depressions at 
the same elevations, which are considerable, about SOO feet on the 
Sooke peninsula. The width of the unexposed zone ~n Rocky point 
is only a few ~'ards . These facts suggest tJrnt contact occurs along 
a fa ult. This is almost to be expected since both formations have 
been faulted and sheared to such a large extent. 

On Sheringham point a little boss of gabbro is exposed which is 
intrusive into the basalt, with the usual contact features such as is 
shown on the shore of Sooke harbour. 

The dioritc masses exposed along the coast between Jordan 
river and Boulder point arc alRo clear];> intrusive into the Metchosin 
volcanics. 

Relat·ion to 1JO't£1tlje 1· for mationo .- Diabasc dykes, which are 
apparently unrelated to t11e gabbro, arc intrus ive into it. It is at 
present impossible to correlate these dykes definitely. 

On Sheringham point the little boss of gabbro has been eroded, 
and is overlain by the conglomerate of the Sooke formation. This 
conglomerate contains large boulders of the gabbro, and is clearly 
younger than and unconformable upon it . 

Mode of origin .-The Sooke gabbro and related rocks, except as 
they have been the result of secondary processes, have an been 
crystallized from a molten state under plutonic conditions. As a 
whole the rocks form small stocks arnl bosses, which may or may not 
be protuberances of a larger body of gabbro which underlies the 
southern part of the district. 

The various types are due principally to magmatic differentia­
tion. The original magma was doubtless basic, and gave on solidifi­
cation the normal, fine to medium grained, augite gabbro, sometimes 
olivine bearing. The apophysal types, which cut the normal gabbro, 
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grow, in general, more salic iu successive intrusions. This is due to 
the separation of the femic minerals, and a consequent enrichment 
of the magma in salic constituents. The original salic mineral 
being a basic plagioclase, the salic differentiate was an anorthosite. 
The separated femic pole may be represented in part by the horn­
blende veins and by the gabbro porphyrite dykes. 

The 11ornblendites of the shear zones, as was suggested, appear 
to have been formed by the recrJ'stallization of the femic constitu­
ents .of the sheai;ed gabbro. The production of large hornblende 
crJ'Stals shows that this recrystallization must have taken place under 
conditions of very high temperature and pressure.1 The occurrence 
of aplitic yeins and numerous quartz veins cutting the shear zones, 
and the fact that the hornblende is similar or identical to that which 
is characteristic of the amphibole g·abbro, suggest that the horn­
blendites were formed directlJ· following . the solidification of the 
gabbro. Hot soh1tions, liquid or gaseous, penetrated the shear zones, 
removed the feldspar more or less completely and recrystallized the 
femic constituents into hornblende. The same solutions appear to 
have introduced the metallic minerals, which have been formed ncarl ,v 
contemporaneousl.r with the large hornblende cr:ystals. It is also 
possible that through the influence of the same solutions, the horn­
blendes of the amphibole gabbro, especially the large poikilitic horn­
blendes, were fo rmed by the alteration of original augite. 

An . alternative hypothesis is that the hornblendites are truly 
hornblende pegma ti te veins, similar to the smaller, irregular horn­
blende veins which cut the gabbro throughout the stock. The objec­
tions to this hypothesis are the large size of the hornblendites, and 
their restriction to nearly str aight shear zones. 

Age and co l'relaiion.-The onl;v definite evidence as to the age 
of the Sooke gabbro is that it is much older than the Sooke and 
Carmanah formations, and is, therefore, pre-Tertiary .. It is intru­
sive into the l\fetchosin volcanics, which have been correlated with 
the Vancouver group, and is, therefore, probably later than lower 
Jurassic in age. The other batholithic rocks of !'outhern Vancouver 
island are all clearly related, and are almost definitely correlated 
with the Coast Range batholith of British Columbia, which is con­
sidered by most geologists to have been intruded in late Jurassic 

1 Cf. W. H. Emm-011s. A Genetic Classification of Minerals. Econo­
mic Geology, Vol. III, 1908, p . 620. 
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time. This batholith, although chiefl y compo<oed of more acid types,. 
contains gabbros ;1 although none have been described which are 
identical with the Sooke gabbro. The diorites of the Sooke type, 
especially those which occur along the coast bet" een J Qrdan river 
and Boulder point, have some lith ological similari ties with the other 
basic plutonic rocks of southern \7 ancouver island. From a con­
sideration of t he data above gi>en, tJ1e intrusion of ·the Sooke 
gabbro is best correlated, in a general way, with the upper JurRssic 
period ,of batholi thic intrusion. 

COWICHAN GROU P. 

T he unmetamorphoscd scdirn entnr~· rocks of ::\Iesozoic, m1d 
possibly 10\rnr Ceuozoic (Eocene) age in southern Yancournr island·, 
belonging· to at least two unconformable formations, cannot be dis­
tinguished lithologically, or at present ~tructurall ;s·, and are, tlie re­
fore, grouped together provisionally under the general name of 
Cowichan group.2 The lal'ger part of t he grou p do n btlcss belongs tu 
the N anaimo formation or series as defi ned by Richardson, 'Vhi t­
eaves and Dawson.' 

Distr·ibution.-The Co"·ichan group occurs in three principal 
areas and basins, which were outlined by Hiclin r1l son,' and called by 
him the Comox, Nanaimo, and Co,1·ichan basim. T he boundaries of · 
the Comox and N anaimo ba~ ins are about as R ichardson describes .. 
and in mapping the southern part of the Comox and northern par t 
of the N anaimo basins, R.ichardson's boundar ie,, ha..-e been used with 
minor modifications. The Cowichan basin is much larger than 
R.ichardson supposetl, as he did not trace it inland. All three basins 
occur along the eacit coast of Vancou>er island. The Comox basin 
is the northern one, and onl;r the southern port ion is shown on the 
accomp ::m~·ing map. The :;[ anaimo basin is separated from the 
Comox basin by an axis of Vancouver volcnnics which occur to the 

1 See 0. E. Le Roy. Prelimin°ary Repor t on a portion of the Ma~n' 
Coast of British Columbia and Adjacent Islands. Gool. Survey of Canad"\, 
Publication No. 996. 1908, pp. 17-00. 

•C. H. Clapp. Summary Report, 1909, Geol. Sun-ey, Canada. p. 89. 
•James Richardson. Report on the Coal Fields of Nanaimo, Comox, 

Cowichan, Burrard inlet, and Sooke, B.C. R.ept .. of Progress, 1876-77, Geol. 
Survey, Canada, P.P· 160-192. 

J.F . Whiteaves . Mesozoic Fossils, Vol. 1, Par t 2, Goo!. Survey, Can- ­
ad a, 1879, pp. 93-190. 

G. "\[. Da11·so1i. The Nanaimo group. Am. Journ . Sci., Vol. 39, 1890, . 
p p. 180-183. 

4 Ibid. 
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·north and south of N anoose harbour. The N anaimo basin on Van­
<!OUYer island extends sontheast from Departure bay, north of 
N anaimo, to Crofton, a distance of about 30 miles. Its greatest in­
land extent, south of K anaimo, is about 10 miles. It extends; how­
ever, much fa r ther ea~t nnd sou theast, comprising t he northern part 
of SaJtspring island, and the islands to the east and north; extend­
ing still farther southeast to the islands of the State of Washington. 
Its greatest exposed length and width in Canadian territory is 55 
and 15 miles respcctiYely. T he Cowichan basin occurs to the south 
of the N anairno basin, being separated from it by a narrow axis of 
crystalline rocks of the Sicker series, south of Crofton; and extends 
northwest fr.om the east coast at Oowichan bay, where the basin is 8 
miles wide, to the west end of Oowichan lake, a distance of about 40 
miles. In the western portion it is divided into two parts by an axis 
of the underlying rocks fonning a ridge between the Cowichan and 
Ohemainus valleys. The Oowie11an basin extends some 20 miles to 
the sontheast frmn Cowiclrnn ba~· , being exposed on the northern end 
of Saanich peninsula, and on se\·eral of the small islands between 
Saanich peninsula and the islands of the State of Washington. 

A small basin occurs in the upper portion of Kokasilah valley, 
10 miles west of Shawnigan lake, in the :Malahat district; and a 
much larger basin, separated from the Oomox basin, to the east, by 
a wide axi.s of Vancouver volcanics, occurs in the vicinity of Alberni, 
nnderlying the wide Alberni valley. 

T he rocks of the Cowichan group, being less resistant than the 
underlying crystalline rocks, were, as described under tupograph~·, 

greatly eroded by the pre-Glacial cycle, and lowlands hare ~ecn 
-developed on them. Thesr lowlands were coYcred by drift during the 
Pleistocene period, and the rochs are, therefore, rather poorly exposed, 
except along the shore, and iirer beds. ::1forth of Oowichan bay and 
Cowichan valley, and on Saltspring j,;Jand, thick, gently northeast­
ward dipping basal conglomerates form low mountains with steep 
obsequent scarps, such as :Mount P reYost in Somenos district, and 
Mount Tzouhalem in Cowichan district. Since the boundaries of 
the Oowichan gToup follO\Y closely the boundaries of the pre-Glacial 
lowland, they h:we been located with considerable aeeurac~·, with the 
exception of the interior boundaries of the northern N :rnaimo and 
southern Oomox basins, which, as mcntionf'cl. hnve b0e11 m0dified 
from those drnwn by Rir.hardson. 
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Lithological characters.-The rocks of the Cowichan grou~ 

consist of conglomerates, sandstones, aIJd shales, the sandstones pre­
dominating near the coast, and the shales in the interior. The 
shales are arenaceous, and many of them carbonaceous, especially in 
ihe lower part of the group; and coal occurs near the base of the 
Nanairno formation. Distinctly calcareous rocks are rare. 

The conglomerates usually consist of fairly well rounded, water­
worn fragments of the underlying erystalline rocks of the vicinity, 
in a sandy matrix. The;y range from very coarse basal conglomerates 
to fine grained phases, and from phases in which there is · very little 
matrix, to those in which the nrntrix is do1ninant. The conglomer­
ates of the farther inland portions of the Cowichan basin are com­
monly green coloured, and consist almost entirely, both fragm ents 
and matrix, of detritus of the volcanic rocks of the Vancouver 
group; which detritus has apparently been formed by mechaIJical 
rnther than chemical .disintegration. },fore rarely, as on the south 
slope of }fount Sicker, the conglomerates consis t of angular to sub­
angular fragn;ients, which are not clearly stratified. 

The saiidstones are S'ellowish (especially the upper members of 
the N anaimo basin) to grey or grey ish green in colour, and many of 
the sandstones of the Oowichan basin arc dark olive green. Quartz 
is the most abundant constituent, and occurs with other mineral and 
even small rock fragments, in angular to sub-angular grains with an 
argillaceous matrix. '.L'he other minerals present are, in abont the 
order of their relative abundance, feldspar, chiefly plagioclase, mus­
covite, biotite, chlorite, epidote, and more rarely serpentine, mag­
netite, and other ir~n oxides, and calcite. Ilmenite altering to 
leucoxenc occurs in the sandst ones near thP p;a.b~J ro-rliorite porphy­
rites of the Sicker series. 

The sandstones are commonly massive, forming with conglomer­
ates thick bedded s·trata. They grade into arenaceous shales through 
thin bedded shaly sandstones, and the arenaceous shales are very 
commonl;y interbedded with thin beds of sandstones, a few inches 
thick, which are very numerous, seldom more than u foot or two 
apart. Fine grained, laminated sandstones occur, but as a rule the 
ordinary sandstones are quite uniform in composition, and no colour 
lamination is seen . The sandstones are commonly concretionary, 
the numerous concretions ranging from an inch to several feet in 
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diameter. The cement of the concretions is ferruginous and cal­
careous. S_un cracks and ripple marks are i·arely seen. 

The shales are commonly dark, olive grey or c1rab coloured, seen 
on· microscopic examination to consist of sma11 angular quartz graim; 
in a fine argil1aceous grouhdrnass, which is brown from the presence 
of carbonaceous matter. The carbonaceous matter occurs in micro­
scopic, rounded clouds, which are ·darker near the centre. Calcite is 
fr_equently present, sometimes as_ veinlets, although rarely in lurge 
amounts. Muscovite occurs in small quantities. 

The shales have very seldom a well developed shal,y parting, but 
are relatively massive; although the finer grained, less arenaceous 
shales weather into small flakes. The shales, far more commonly, 
weather concentrically; and where calcite is fairly abundant in the 
g'l'oundrn ass, rapidly, to a light brown clay. Sandstone concretions 
are very numerous, and in the fine grained shales, associated with 
the coal, small rounded calca1·eous concretions also occur. 

In the small basin of the upper portion of Kokasi1ah river, asso­
ciated with an argillaceous sandstone, is a dark coloured, almost 
black, homogeneous rock, which consists of fine, rounded calcite or 
limestone grains in a carbonaceous and argillaceous matrix. Other 
calcareous rocks, which are, however, highly fossilifero us, occur 
near the base of the Nana irn o formation, in the nouhern part of the 
N anaimo basin.1 

Jlf etamorphism.-The rocks are not cornmou]y metamorphosed, 
although they have been extensively folded. As described under 
Sicker series, along the Ohemainus river south of ]lfom{t Sicker, un­
metamorphosed sha]es grade northward into the metamorphoserl 
rocks of the Sicker series. At Cowichan lake, the steeply clipping 
rocks along the northern side of the basin arc somewhat metamor­
phose.cl, and are sheared to some eJo..i:ent , and cut by qua1·tz veinlets. 

Structural relalions.- lntemal.- The rocks of the Cowichan 
group have been folded and faulted rather extensively, and the 
present basins in which the rocks occur are in general synclinal, 
with minor folds, and sometimes boundary faults . The correlation 
of single horizons in the Cowichan group over wide areas is at 
present impossible, and exact correlations may be impossible even on 

1 James Richard<on . Re.pt. of Progress, 1876-79. Geol. Survey, Canada, 
p. 172. 
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·detailed work on account of the apparent large vertical distribution 
-Of identical fossils, and the rapid variation in the lithological char· 
acters 0£ the beds in both vertical and lateral directions. The present 
investigation has also been confined largely to the Oowichan basin, 
so that a discussion o:f the stratigraphy is necessarily very incom­
plete. 

Stratigrapliy.-The rocks o:f the Comox and N anaimo basins, 
which are all, as far as kno,.,"11, members of the Nanaimo or higher 
formations, have been subdivided by Riclrnrdson' on lithological 
grounds, as follows :-

Comox Basin--

G. Upper conglomerate .. 
F. Upper sliaks .. ..... .. . 
E. :Middle conglomerate. . . . . . 
D. Middle shales . .......... . 
C. J_,o'l>er cong·1ornera te . . . . . . . 
B. Lower shales ......... . . . 
A . Productive Conl l\feasmes .. . 

T ota l .. 

N anaimo Basin--

320 feet. 
776 

1,100 

76 
" 
" 

900 " 
1,000 " 

739 " 

. . 4-,9i2 " 

G to C. Sand~tonng, conglomerates an1l 
shales.. . . . . . . . .. . 

B. Shales ......... ... ... . 
.A. Productive Coal ~fpas urP~ .. . 

Total ..... .. . .. . .. . 

3,llilO feet. 
660 " 

1,366 " 

.. 5,266 " 

The Cowichan basin cannot at present be subdivided lithologi­
-cally into general divi sions, as it consists of rapidly alternating beds 
-0£ conglomerates, sandstones, and shales which, as mentioned, grade 
laterally as well as vertically into beds of different texture, the .indi­
vidual beds being, therefore, lens-like in shape; and it a],:o contains 
at least two unconformable formations, which have not as yet been 
-distinguished. The lower formation where rec0gnized consists chiefly 

1 James Richardson, Rept. of Progress, 1876-77. Geol. Survey, Can~da, 
p . 162. p. 172, and p. 186. 
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of shales and sandstones. In the upper formation, which is largely 
or entirely part of the N anaimo formation, there is a tendency for 
the rocks to grow finer grained upwards, and the basal conglomerate 
is, in places, very thick. No estimate as to the thickness of the 
lower formation can be made, but the upper formation is at least 
6,000 feet thick. The N anaimo basin is more extensive than 
was thought by Richardson, and the thickness of the sediments of 
the N anaimo basin is probably near 10,000 feet. 

Folding and faulting.-Oomox basin.-The folding and faulting 
of the rocks of the Cowichan group is best taken up by discussing 
the various basins individually. The Comox basin is mapped by 
Richardson1 asi a simple ·open syncline, with a few minor rolls 
between Vancouver island and Texada island. The southwest flank 
of the syncline rests on Vancouver island, and forms virtually a 
simple monocline, dipping to the northeast at relatively small angles. 
Only the southern part of this basin is shown on the map accom­
panying this report. Richardson' records only one fault, a strike 
fault, in the Comox basin. 

N anaimo basin.-The northern part of the N anaimo basin is 
mapped by Richardson' as a simple open syncline, with a northwest­
southeast strike, the axis of which occurs on Gabriola island; but 
farther to the southeast occurs under the Strait of Georgia. Strike 
and dip faults of small displacement are known to occur. 

In the southern part of the N anaimo basin there are closed 
folds, some of which are overturned to the southwest; and it is prob­
able that there are a few strike faults of considerable displacement. 
The lower members of the N anaimo basin, near the southern 
boundary, conform more or less closely with the uneven surface upon 
which they were laid down, and have in general dips of about 30° 
away from the basal co}1tact. 

Oowichan basin.-The apparent structure of the eastern part of 
the Cowichan basin is shown in :figure 2; which represents a dia­
grammatic section across the Cowichan basin in the vicinity of 

1 James Richardson. Rept. of Progress, 1876-77. Gool. Survey, Canada, 
pp. 160-192. 

'James RichardEon, Rept. of Progress, 1872-73. Geol. Survey, Canada, 
p. 48. 

•James Richardson, Rept. of Progress, 1876-77. Geol. Survey, Canada, 
pp. 160-192. 

9871-9 



130 GEOLOGICAL SURVEY, CANADA 

Cowichan and Maple bays. The structure is, briefly, a southern 
close-folded syncline, with a strike of N 70° W, which is slightly 
overturned to the southwest, with the northern limb broken by an 
overthrust fault, which brings up the underlying Sicker series 
against the folded rocks of the N anaimo formation. The Sicker 
series are overlain by the basal members of the N anaimo formation 
which form the southern limb of another parallel syncline, which 
also is broken by an overthrust fault-the northern boundary of the 
basin. 

The evidence upon which this structure is based is fairly 
complete. From the southern contact, which at the northern end of 
Saanich peninsula is complicated by smaller infolds to the south and 
by some faulting, the rocks of the southern syncline may be traced 
northward with increasing northward dip, which, in the central part 
of the supposed syncline, becomes nearly vertical. On southern 

. Saltspring island the beds which arn exposed dip to the north against 
the Sicker series, but are apparently again the lower beds of .the 
syncline, since they contain conglomerates with coarse, angular frag­
ments of the underlying rocks of the Sicker series. To the west, at 
the head of Cowichan bay, similar sediments are exposed, whose 
attitude is undetermined, north of which occurs the Sicker series 
exposed on the south slope of Mount Tzouhalem. Mount Tzou­
halem is capped with basal conglomerates of the N anaimo formation 
resting unconformably on the Sicker series. The conglomerates have 
a northerly dip, which increases to the northward, the conglomerates 
grading upward into predominating sandstones, which in turn grade 
upward into predominating shales. Near the north west shore of 
Maple bay, where the,y have a dip of about 7-0° to the north, the 
:;bales are terminated abruptly by the underlying Sicker series. 

The southern syncline extends west to Cowichan lake, appar­
ently preserving its structure, for at Cowichan lake a similar faulted 
syncline is observed, although tl;.e upthrown southern limb of the 
nbrthern syncline is absent. Conglomerates and sandstones occur 
along the soutl.!_ern contact, unconformable upon the Vancouver vol­
canics, although along the actual contact some faulting has taken 
place. The conglomerates and sandstones have dips of about 40° to 
the north. The dips increase northward, and along the northern 
contact with Vancouver volcanics are shales with nearly vertical 
dips. The contact is, therefore, a fault , probably an overthrust fault , 
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with the upthrow side to the north. On the high ridge composed of 
the volcanic rocks, north of the east end of the lake, are remnant 
patches of the unconformable conglomerate, at elevations of 1,000 to 
1,500 feet above the lake. The fa ult, w.hich forms the northern 
boundairy of the syncline in the eastern part of the basin, has not 
been traced across the low, drift-covered area to the northwest of 
Cowichan bay in Quamichan, Sahtlam, Somenos, and Seymour dis­
tricts, but presumably it does extend across the low area to join with 
the fault described above as occurring in the upper part of Cowichan 

valley. 

V.sn couve.1-' 
Vo! c a/JLCJ 

Jlo~':JortLa L Jccr! e ""ttdes 

Veriic.:t! .scc:dc c.xaggeYcti~d 2 X 

Frn. 2.-Diagrammatic structure section of the eastern portion of the Cowwh:m basin. 

The nor th boundary fault of the Cowichan basin, which inter­
rupts the northern syncline, may be traced westward from :Maple bay 
across Comaiken district for about 4 miles. Then in Somenos and 
Seymour districts there are vertically dipping sha.les and thin beds 
of sandstones which are apparently transitional into the Sicker series, 
but definitely transitional in part, as along the Chemainus river 
south of :Mount Sicker.1 These vertically dipping shales are over­
lain on :Mount Prevost by conglomerates which have a northward 
dip of only 30°, similar to those of :Mount Tzouhalem. The contact 
between the shales and the conglomerates is not exposed, but may be 
located within 100 or 200 feet, and both horizons preserve theii, 
characteristic attitude as far as seen and show no evidence of over­
thrust faulting which might explain the structural r elations. Since 
the shales in the one instance are transitional into known older 

1 .See pages 84-85 . 
9871-n-
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1:ocks, it is virtually assured that the conglomerates are unconform­
:able on the lower shales. The lower shales, as stated, cannot be 
<listinguished lithologically from the shales of the N anaimo forma­
>tion, and since the structure has not yet been worked out in the low, 
.-drift-covered region to the northwest of Cowichan bay, the two 
·formations cannot be mapped separately at present. The middle 
-part of the Chemainus valley is underlain by sediments apparently 
<>f the N anaimo formation, which have a dip of about 30° to the 
north and which form a part of the southern limb of the northern 
: yncline of the Cowichan basin. Evidences of an unconformity 
:between these greatly dipping sediments and the steeply dipping 
l ower shales of the Cowichan group, have been noted. 

Besides the two major folds, minor folds occur and, doubtless, 
t here are also many smaller faults, most of them probably strike and 
t hrust faults. 

Mino1· basins.-A small basin occurs in the upper part Gf the 
(Jhemainus valley, and it seems as if it was originally a part of the 
southern limb of the northern syncline of the Cowichan basin, once 
-continuous with the easterly portions, but now separated by erosion. 

A similar area occurs in the upper part of the Kokasilah valley: 
but in this instance all other evidence of a large downfold to the 
s outh of Cowichan valley has been removed by erosion. 

The Alberni basin has not been examined, except along the con­
tacts with the underlying cry~talline rocks. The dips are low, about 
10°, and away from the contacts, so that it appears as i£ the basin 
were an open syncline. 

External.-Relation to older formations.-The lowest horizon of 
t he Cowichan group is apparently conformable with the Sicker series 
.and another horizon of the Cowichan group appears to be uncon­
formable upon it. The overlying horizon, the conglomerates of 
Mount Prevost, is similar to the lower horizons of the N anaimo 
formation, which formation, with conformable overlying formations, 
-makes up the larger part of the Cowichan group. The N anaimo 
formation is clearly unconformable upon the rocks of the Vancouver 
g roup and upon the igneous rocks of the batholithic and dyke intru­
s ions, since the base is marked by coarse basal conglomerates. 

The Nanaimo formation was deposited on a subdued erosion 
urface, which, however, was one of considerable relief. Small irre-
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gularities are directly observed in some instances m the exposed' 
unconformity, as on Mount Tzouhalem and on Tongue point in 
N anoose district.1 It is also found that the contacts of the N anaimo· 
formation with the underlying rocks, where not disturbed by intense­
folding and faulting, follow the contours of the present elevations 
very closely in a manner otherwise unexplainable except by far more 
irregular and complex folding than is elsewhere observed. The best 
example of such a contact occurs west of Crofton, around the 
northern slopes of Mount Richards and Mount Sicker, and is shown 
in £gure 3. It is also found (shown diagrammatically in £gure 3), 
that the sediments occur in bays in the softer underlying rocks, while 

:F1G. 3. -Contact of N anaimo formation with underlying Sicker series, west of Crofton . 
Contact mapped by J, A. Allan. Geology of Sicker series, diagrammatic. 

,the harder rocks evidently formed monadnocks as they do at present. 
The basal sediments near the old monadnocks are coarser grained, 
the fragments are more angular, and the matrix as well as the frag­
ments are composed of undecomposed and unsorted detritus of the 
underlying rocks. The amount of relief in the unconformable 
surface is, at present, doubtful; but to judge from the contacts 
around Mount Sicker, the maximum relief may have been as much 
as 1,000 feet. 

Mode of origin.-The Nanaimo formation, shown by its fauna, 
is in large part of marine origin'; and since it was deposited on a 

1 James Richardson. ·Rept. of Progress, 1876-77. Geol. Survey, Can.ada,. 
p. 67. 

'J. F . Whiteaves. Mesozoic Fossils, Vol. I. Geol. Survey, Canada. 
Part V, 1903, p. 312. 
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surface of considerable relief and under varying conditions, shown 
by the rapid lateral and vertical gradation of the sediments, is prob­
ably of estuarine origin. It also contains land plants and coal, which 
are most probably of fresh water accumulation, so that conditions of 
brackish or fresh water alternated with marine conditions. The 
upper part of the Nanaimo formation or the conformably overlying 
horizons contain few or no marine organisms, the only fossils being 
a few obscure plants, so that it is possible that varying marine and 
terrestrial conditions recorded in the lower part of the N anairno 
formation were finally replaced entirely by t errestrial conditions. 
The lithological character of the sediments, the sandstones being 
composed of angular to sub-angular fragments, and a large per­
centage of easily decomposed minerals such as feldspa r, indicates a 
very rapid accumulation and deposition in relatively sma1l basins 
where the detritus was not subject to severe wave action. 

The conditions under which the lower beds of the Cowichan 
group were deposited are at present unknown. 

Age and correlations.- The known fossiliferous horizons of the 
Cowichan group, which include the four lower subdivisions of the 
Comox basin and the two lower subdivisions of the Nanaimo basin, 
as subdivided by R ichardson,1 have been grouped together by G. M. 
Dawson' and designated the N anaimo group. But since the fauna 

is identical throughout, the strata are best considered as belonging 
to one formation, the N anaimo formation. This formation is corre­
lated with the Chico of the California Cr etaceous, and approximately 
;wi:th t he Pi erre of the Great P lains . 

The upper horizons of the eastern part of the Cowichan basin 
contain a fauna ident ical with that of the N anaimo formation. The 
following fossils have been identified:-

T ellina sp.-North shore, Saanich peninsula. 

T rigonia, cf. evansm~a, Meek-Moresby island. 

Trigonia tryoniana., Gabb-:Mount Tzouhalem. 

Axinea veatchii, Gabb-Head of Cowichan bay. 

I rvocer111mi"8 sagensis, Owen-Piers island. 

lnoceramus cf. barabini-Piers island and north shore of Saanich 
peninsula. 

1 See page 128. 
2 G. M. Dawson. The Nanaimo Group. Am. Journ. Sci. 3rd series, 

Vol. 39, 1890, pp. 18-0-183. 
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They are, therefore, definitely upper Cretaceous m age and are 
members of the Nanaimo formation. 

The lower horizons of the eastern Cowichan basin are uncon­
formably below the N anaimo formation and are apparently conform­
able with the Sicker series. They are, therefore, presumably of 
Triassic or more probably J umssic age. 

It has been suggested that the interior basins of Vancouver 
island, the western part of the Cowichan basin and the Alberni basin, 
are also unconformably below the N anaimo formation, and if so, 
since they rest nnconformab].y upon the Vancouver group and batho­
lithic intrusives, should be lower Cretaceous or Comanche in age. 
The r.eason for this suggestion has been the appearance of greater 
metamorphism of the rocks, and the virtual absence, as far as known. 
of coal. However, the rocks of the western part of the Cowichan 
basin appear to be continuous and conformable with the upper 
horizons of the eastern part, which, as shown above, are members of 

the N anaimo formation. Indications of coal are found in the 
Alberni basin and the rocks are not greatly disturbed or more meta­
morphosed than the rocks of the Comox and N anaimo basins. They 
are, therefore, best correlated, provisionally, with the N anaimo 
formation or at least considered as upper Cretaceous in age. 

The upper horizons of the Comox and Nanaimo basins are con­
formable with the N anaimo formation but are virtually unfossil­
iferous. It has been suggested by Dawson1 that these upper horizons 
may be correlated with the Eocene, Puget formation of Washing­
ton' and the mainland of British Columbia in the vicinity of the 
Fraser River delta .3 It is probable, however, that the rocks of the 
N anaimo formation were folded during· the Laramide revolution, at 
the close of the upper Cretaceous, since at least the lower members 
apparently have been folded to a greater .extent than the rocks of the 
Puget formation . This conclusion is supported by the occurrence 
of a widespread unconformity between the Eocene and the Creta­
ceous on the Pacific coast of North America.' But, as Arnold points 
out,5 the uncomformity between the Eocene and Cretaceous is not 

1 G. M. Dawso.'n. Am. Journ. Sci. 3rd s er. Vol. 39, 1890, pp. 180-183; 
and Bull. Geol. Soc. Am., Vol. 12, 1901. p. 79. I 

'Bailey Willis, Tacoma Folio, No. 54, U.S . GeoL Survey, 1899. 
3 0. E. LeR-0y. Publication No. 996. Geol. Survey. Canada, pp. 23-24. 
4 Ralph Arnold. T ertiary faunas of the Pacific Coast. Journ. of Geol. 

Vol. 17, 1909, p. 512. 
6 Loe. cit. 



136 GEOLOGICAL SURVEY, CANADA 

always angular, and with one exception, at San Diego, California, 
the Eocene beds rest upon the Chico, which is equivalent to the 
Nanaimo, without an angular unconformity.. ~e also states that as 
far as the stratigraphic evidence goes, the two formations repre~ent 
an apparently uninterrupted period of sedimentation. It is, there­
fore, from analogy perhaps possible, as far as the geological history 
of the Pacific Coast region is known, for the uppermost members of 
the rocks mapped as belonging to the Cow~chan group, apparently 
conformable with the Nanaimo formation, to be Eocene in age. 

CARMANAH AND SOOKE FORMATIONS. 

Fringing the west coast of Vancouver island is a group of 
marine sediments of Tertiary age. This group has been subdivided 
by Merriam1 on palooontolog,i{jal evidence into the Carmanah and 
Sooke formations. The two formations cannot be subdivided on 
lithological or structural evidence, and as the fossils collected by the 
writer have not yet been determined, the two formations are mapped 
and described as one in this report. 

Distribution.-The Tertiary sediments occur m small, isolated 
basins, which fringe the west coast, between Pachena bay to the 
northwest and Becher bay to the southeast. They underlie relatively 
low, flat areas, 150 to 200 feet above the prese.nt sea-level. The larger 
basins extend for several miles parallel to the coast, but rarely extend 
inland for much over a mile. Besides the larger basins, there are a 
great number of very small basins, a few of which are shown on the 
map, which occur between promontories of the underlying crystalline 
rocks. 

The sediments are fairly well exposed along the shore, wl10re 
they usually form a young cliff 100 to 150 feet high. The larger 
basins are partially covered with stratified drift, exposed at the shore 
in steep, wave-cut cliffs, except where eroded to the present sea-level 
by the larger streams, where coarse boulder beaches occur. The sedi­
ments, except in one or two instances, were not traced inland, but 
their inner boundary can be located fairly well from the shore as the 
underlying crystalline rocks surmount steeply the low areas under­
lain by the relatively soft sediments. 

1 J. C. Merriam. Bull. Univ. Cal. Geol., Vol. 2, No. S, pp. 101-108. 
1896. 
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Lithological characters.-The Sooke and Oarmanah formations 
consist chiefly of sandstone and conglomerate, with thin beds of 
sandy shale and marl. There is very little difference lithologically 
between the two formations, but the sandstones of the northwestern 
basins are seemingly more indurated than those of the southeastern. 
basins. 

The sandstones are yellow to grey in colour, more rarely darker 
coloured from included carbonaceous matter, usually rather coarse 
grained, the fragments being sub-angular to angular, and have a 
calcareous cement. The fragments are essentially of quartz and 
plagioclase feldspar. The accessories are numerous and in large 
amount, and include brown stained mica, hornblende, epidote, mag­
netite, chlorite, serpentine, sericite, and limonite. Small rock frag­
ments also occur, and the sandstones pass rapidly from pebbly 
sandstones into coarse conglomerates. The sandstones are sometimes 
cross bedded, and are frequently, especially in the northwestern 
basins, concretionary. The concretions consist essentially of the 
same material as the matrix, but have been cemented more firmly. 
In certain horizons fossils, composed of their original material, are 
very abundant. 

The conglomerates are as a rule coarse, the included fragments 
predominating over the matrix. The basal conglomerates are often 
exceptionally coarse, containing fragments up to 30 feet in diameter. 
The fragments are rounded to sub-angular, and consist almost en­
tirely of the immediately underlying crystalline rocks, that is Leech 
River slates and schists, :M:etchosin meta-basalt, Saanich granodio­
rite, Beale diorite, and Sooke gabbro. The matrix is similar to the 
sandstone, and also has a calcareous cement. The conglomerates are 
also fossiliferous, rather more so than the sandstones, although the 
greater number of the fossil shells are broken. 

In the southeastern basins there are frequent beds and lenses in 
which there is considerable argillaceous material, but there is very 
little true shale, as all of the argillaceous beds contain a great deal 
of sand. In certain of the more argillaceous beds the fossils are so 
abundant as to form an indurated marl. In certain sandstones 
lignite occurs in thin layers seldom more than 1 to 2 inches thick, 
and also in thin, cigar-shaped lenses. 

The sandstones and conglomerates usually alternate rather 
rapidly. A conception of the character of the sedimentation may be 
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gained from type sections exposed along the coast. The sedimems 
of the basin at Sooke harbour have been described by Richardson,1 
and he also gives a section exposed at Parsons point, with a drill 
record obtained while prospecting for coal. The upper member of 
Richardson's column is of Pleistocene age. 

The following section is exposed near the mouth of Coal creek, 
and is representative of the basin between Otter and Sheringham 
points:-

, 

20 feet unconsolidated, str atified sand and gravel. (Pleistocene.) 

10 

5 

65 

4 
10 

" 

" 

" 

" 
" 

sandstone, soft, ferruginous, banded yellow and red, and 
concretionary. 

conglomerate, fossiliferous. 

sandstone, coarse to medium grained, buff coloured, 
cross-bedded, and concretionary. 

sandstone, argillaceous, grey, and fossiliferous. 
alternating soft sandstone and marl. 

Higher beds are exposed on the east bank of Coal creek above 
Kirby's ranch. The exposed section is 70 feet thick, and consists 
chiefly of conglomerate and yellow ferruginous sandstone. There are 
also two thin beds of sandy shale which contain a large amount of 
pyrite and limonite, and thin lenses of a poor lignite.2 

The following· section of the Jordan river basin is exposed at the 
shore near the northwestern boundary:-

Stratified Pleistooene deposits-

40 feet sandstone, few thin pebbly layers and lenses of marl, and 
lignite ·~ inch thick. Sandstone chiefly yellow and 
ferruginous, but some of it is dark and carbonaceous. 

6 

25 

" 
" 

sandstone, yellow and cross-bedded. 

sandstone, yellow, with thin lenses of pebbly marl, con­
sisting of broken peleeypod shells. 

Exposed 100 yards to the west, on the western and upthrow side 
of a transverse fault, are the following lower beds:-

1 James Richardson. Geol. Survey of Canada. Rept. of Progress, 
1876-77, pp. 190-191. . . 

•The section is oontinued downward for about 300 feet m a drrll hole, 
but it has not been possible to obtain a record of the bore. 
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10 feet sandstone, yellow ferruginous. 
20 " basal conglomerate, containing' large sub-angular to 

angular boulders of the underlying· meta-basalt. 

The sediments of the large Carmanah basin consist almost en­
tirely of yellow, concretionary sandstones, with three or four pebbly 
layers, which contain broken shells. There are occasional interbeds 
of conglomerate, and a basal conglomerate 0 to 50 feet in thickness. 

Structiiral relations.-Internal.-The rocks of the Carmanah 
and Sooke formations are not greatly disturbed. They have a 
general strike parallel to the shore, that is about N 70° W, and low 
dips to the south west, usually under 10°, probably averaging less 
than 5°. The rocks of the northwestern basins have a slightly higher 
dip than those of the southeastern. The individual basins have a 
broad synclinal structure, the average dip toward the centre of the 
basin being about 2° or less, and there are also low undulations in 
the larger basins. The beds have been broken by faults, usually 
normal faults of slight displacement, seldom more than 10 to 15 feet 
in amount. The boundaries of the larger basins are sometimes faults 
and it is probable that they are of greater although not of large dis­
placement. 

Since the maximum inland extent of the largest basins is about 
8,000 feet, and the average dip about 5°, the thickness of the sedi­
ments in any one basin is not more than 700 feet, and probably not 
more than 500 feet. However, since the sediments of the south­
eastern basins contain a stratigraphically higher fauna than those 
of the northwestern basins, the total thickness of the Carmanah and 
Sooke formations is unquestionably more than 500 feet. 

E xternal.-Relation to older formations.-The Carmanah and 
Saoke forma.tions are clearly unconformaible upon the Leech River 
formation, the :Metchosin volcanics, the Saanich granodiorite, Beale 
diorite, and the Sooke gabbro, the unconformity being well exposed 
in many places. The basal conglomerate not only contains boulders 
of the underlying rocks, but rests on an eroded surface. The char­
acter or this surface shows clearly that it has been formed by marine 
erosion. Under the conglomerate are exposed rounded, wave-polished 
ledges of the crystall ine rocks, and old dyke or shear-zone chasms 
occur filled with sandstone and conglomerate, which resemble dykes 
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of sedimentary material. What were seemingly small coves and bays 
in the Tertiary shore also occur, filled with coarse conglomerate and 
sandstone. The ridges intervening between the smaller basins, and 
probably to some extent between the larger basins, are not upfolds, 
but bold promontories which projected into the Tertiary ocean. Near 
these promontories the sediments are composed of large angular 
boulders with a sandy matrix, the initial dip of which, away from 
the promontory, is very steep; so that they resemble modified talus 
deposits. 

The underlying crystalline rocks steeply surmount the basins of 
relatively soft Tertiary sediments to an elevation of at least 1,000 to 
2,000 feet. Since the Carmanah and Sooke formations are relatively 
thin, and as no remnants of Tertiary sediments have been found in­
land, it is very probable that the Tertiary sediments never extended 
inland over the present upland. 

Relation to younger formations.-The Carmanah and Sooke 
formations are overlain by stratified, unconsolidated or only partially 
consolidated gravels, sands, and clays. The overlying sediments are 
sometimes conformable with the Tertiary sediments, but their differ­
ence in age is always shown by the relative amount of consolidation. 
Pleistocene fossils are also found in tl10 overlying sediments. 

Mode of origin.-The sediments of the Carmanah and Sooke 
formations are shown by their character and enclosed fauna to be of 
marine origin. They were laid down on an eroded surface of the 
crystalline rocks, which formed the mountainous coast of the Ter­
tiary ocean. The present young coast with its bold promontories, the 
large angular and sub-angular boulders of the modern beache~,. and 
the characteristic wave-worn dyke and joint chasms of to-day filled 
with sand and coarse gravel, are strikingly parelleled in the uncon­
formity and basal conglomerate of the Tertiary sediments. The thin 
layers of lignite have been formed by the accumulation of carbona­
ceous matter along the coast, and it is very probable that the thin, 
cigar-shaped lenses and C~'lindrical masses of lignite were drift logs 
which were buried by the Tertiary sands and have been converted, 
more or less completely, into lignite. 

Age and correlation.-The Carmanah and Sooke formations are 
of Tertiary age. Merriam' after listing the fossils collected from 

1 J. C. Merriam. Bull. Univ. Cal. Dept. of Geol., Vol. 2, pp. 101-108, 
1896. 
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the Carmanah basin and from the Coal Creek basin, and correlating 
the respective fauna, arrives at the conclusion that the sediments of 
the former basin are best correlated with those of Miocene age in the 
vicinity of Astoria, Oregon, as interpreted by Conrad; while those 
of the latter basin are of middle Neocene age, that is, upper Miocene 
or lower Pliocene, and that the time of their deposition was con­
siderably later than that of the sediments of the Carmanah basin. 
Upon this palreontological evidence, therefore, the Tertiary sediments 
are divided into two formations, those of the northwestern basins 
belonging to the Carmanah formation, and those of the southeastern 
basins belonging to the Sooke formation. As stated, there is no 

- apparent structural unconformity. The sediments to the northwest 
of Port San Juan are more indurated than those to the southeast, 
and massive, thick bedded sandstones are more prevalent. Their 
further separation must depend, however, solely on their included 
fauna.' It is probable that the Carmanah formation should be cor­
related with part of the thick series of Tertiary sediments, exposed 
along the southern shore of the Strait of Juan de Fuca, the Clallam 
formation, which Arnold' considers as Oligocene-Miocene, stating 
that the basal portion of the series is possibly Oligocene in age, while 
the upper part is certainly Miocene. Arnold' places the Sooke forma­
tion in the upper Miocene, separated from the lower Miocene, by an 
unconformity, which appears to be the best determination of age, 
since no other Pliocene sediments are recorded in western Wash­
ington. 

SUPERFICIAL DEPOSITS. 

The greater part of southern Vancouver island is covered with 
drift. The drift is varied in character, and has been deposited in its 
present condition by various agencies, but by far the larger part is 
primarily of glacial origin; for during the Glacial period Vancouver 
island was covered by an ice cap, and valley glaciers filled the larger 
valleys. The original glacial till has, however, been modified by 
sliding on the steep slopes, and in the larger valleys a,nd on the low 
flreas in the vicinity of the coast glacial detritus h:as been de­
posited •by river, lake, and marine agencies. 

'The collectio.ns of fossils made by the writer have not yet been 
worked up. 

2 Ralph Arnold, Geological Reconnaissance of the Coast of the Olympic 
Peninsula, Washington. Bull. Geol. Soc. Am., Vol. 17, p. 406, 1906. 

'Ralph Arnold. Tertiary Faunas of the Pacific Coast. Journ. of 
Geology, Vol. 17, 1909, pp. 509-533. Table of correlations. 
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Character of devosits.- Unmodified glacial till is for the greater 
part restricted to the upland of Vancouver island. The character of 
the till and the form of the till deposits are usually obscured by heavy 
timber and thick underbrush. Deposits with a simple constructional 
form are rarely seen. Where the timber has been burned, and espe­
cially near the heads of the larger valleys, as at the head of San Juan 
valley, ground moraines, in certain instances esker-like in form, are 
seen, and along the sides of the valleys, well shown along the north 
side of Cowichan valley, what appear to be lateral moraines occur. 
On the steep slopes the till, which is often composed of sub-angular 
to angular fragments, is rudely stratified as if modified sl ightly by 
sliding and the removal by the run-off of its :finer grained material. 

The superficial deposits of the lowland areas of the east and west 
coasts and in the vicinity of Victoria, although composed of glacial 
detritus, are largely stratified. Stratified deposits also occur in the 
larger inland valleys. Eor the gi·eater part the stratified deposits 
.occuT at elevations less than 4'00 feet above sea-level, well exposed 
along the coast in steep, wave-cut cliffs, although in the interior they 
occur at much higher elevations. The stratified deposits are of two 
chief types, estuarine and lake deposits, and river and delta deposits. 
The estuarine deposits consist largely of stratified clay, sand, and 
gravel; the deposits in a general way growing coarser grained up­
wards. Irregularly distributed through the deposits are glacial 
boulders, varying from small pebbles to boulders 10 feet in diameter. 
The deposits often rest directly upon the glaciated . surface of the 
underlying crystalline rocks, and sometimes, as noted by Dawson,1 
upon a hard, stony boulder clay, which occurs wedged into the 
crevices of the glaciated rocks. The presence of marine organisms 
in many of the deposits shows that they were formed under marine 
conditions, and since the deposits occur between ridges of crystalline 
rocks they were probably formed in estuaries. It is, however, prob­
able that some of the higher, but similar deposits, now covered with 
a thin layer of silt, such as occur in the larger valleys of the interior 
and in the large basins such as Jordan meadows, were deposited in 
lakes. .Also, bog deposits, such as occur in Sooke district along 
Demaniel river to the south of Young lake, give evidence of deposi­
tion in transient lakes in post-Glacial time. 

1 G. M. Dawson. On the Su·perficial Geology of British CO!lumbia. 
Quart. Journ. Geol. Soc. Vol. 34, 1878, p. 95. 
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The river and delta deposits consist chiefly of stratified sand and 
gravel, often showing cross bedding, contemporaneous erosion and 
deposition, and other structures characteristic of deposition in 
currents; and the delta deposits have top-set and fore-set beds. One 
oj the best examples of the river and delta deposits occurs in Esqui­
rnalt district, where the deposit forms a broad plain, known as Ool­
wood plain, with 'two well-marked longitudinal terraces about 10 feet 
in height. A gold-bearing deposit of stratified sand and gravel, 
apparently a river or delta deposit, occurs along the west coast near 
the mouth of Sombrio river. 

The above deposits are largely of Pleistocene age, since they are 
commonly strewn with large glacial erratic boulders, and in a few 
instances are overlain by unstratified glacial till, which shows also 
that they were deposited before-a second period of glaciation. Besides 
the above deposits, delta and river deposits occur which have been 

·deposited by existing rivers, and ma1;iy of the smaller lakes and ponds, 
whose waters collected in the undrained hollows of the drift mantle, 
have been filled up in recent time with alluvium. 

Mode of origin.-From the character of the deposits described 
above, it is seen that they are in l arge part glacial detritus, so that 
a discussion of their origin is closely linked with the Glacial history 
of Vancouver island. From the widespread distribution of the glacial 
till, even on the upland, and from the severe glaciation of _tj:ie up­
land, mountains nearly 5,000 feet high having been glaciated, it is 
seen that southern Vancouver island was at some time during the 
Glacial period nearly smothered by a thick ice-cap. Although 
r ounded and smoothed glaciated outlines still remain, striations are 
seldom observed on the higher m ountains, on account of the rapid 
scaling off of the exposed rock surfaces, owing in several instances 
to abnormal heating of the rock during forest fires. Local moun­
tain glaciers occurred in the valley heads of the higher peaks, and 
excavated small cirques; while relatively rapid moving valley glaciers 
filled the larger valleys,, widening and deepening them by glacial 
scour. Theiir prese1rce is shown by polished roche mtoutonees, and 
deep, sometimes undercut, grooves. The great glacier, described by 
D awson,1 which filled the Strait of Georgia, evidently flowed west-

1 G. M. Dawson. On the l ater physiograpbica.l geology in the Rocky 
Mountai:n region in Canada. T ra ns. Royal &Jc. Canada, Vol. 8, 1890, sec. 
4., p. 29. 
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ward through the Strait of Juan de Fuca, for traces of glaciation 
are evident along the coast of Vancouver island as far west as the 
entrance to Nitinat lake. But since there is little evidence of glacia­
tion still farther to the west at Cape Beale, it is to be presumed that 
the farthest advance of the great Juan de Fuca glacier was to a 
short distance east of Cape Beale. However, marine erosion has 
been progressing very rapidly near Cape Beale, and the traces of 
glaciation may have been destroyed even on the crystalline rocks, as 
they have been farther to the east where the Tertiary sandstones are 
exposed to marine erosion. 

On the retreat of the earliest and largest glaciers, the land stood 
some 200 to 400 feet lower than it is at present, and ju the lowlands 
developed by the pre-Glacial erosion cycle, estuarine sediments were 
deposited, while large, rivers :flowing from the retreating glacieTs 
formed the river and delta deposits. A second glacial advance, which 
has also been noted by several observers, Dawson,1 Willis," LeRoy;• 
and others, is recorded by the till overlying the stratified deposits. 
This second period of glaciation was far less intense than the :first 
period and eroded merely portions of the stratified deposits. The 
drift in the lea of the monadnocks on the lowland of southeastern 
Vancouver island was protected by the monadnocks from erosion, 
and now extends southward from them in long, ridge-1ike trains. 
Other similar drift ridges, esker-like in form, which are from 100 to 
200 feet high, i of a mile wide and 2 to 4 miles long, and almost 
straight, with their axes parallel to the glacial movement, have 
also, for some reason, escaped erosion. 

A comparatively recent uplift of s.ome 250 to 400 feet has taken 
place, possibly ·before the retreat of the second glader, since the till 
,which overlies the stratified chift is unmodified even at a few feet 
,above the present sea-level. The uplifted stratified drift deposits 
have been retrograded during the present marine cycle, resulting in 
.steep, wave-cut cliffs. Also many of the present rivers in the large, 
drift-filled valleys have cut deeply into the Pleistocene stratified 
deposits. 

1 G. M. Dawson. Trans. R-Oyal Soo. Canada, Vol. 8, 1800, sec. 4, pp. 
i3-44. 

• Bailey Willis, Drift phenomena in Puget Sound. Bull. Geol. Soc. 
Amer. Vol. IX, 1898, pp. 112-162. 

1 O. LeR-Oy. Geological Survey of Ca11ada, Pub. 996, 1908, p. 27. 
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STRUCTURAL GEOLOGY, 

In the present attitude of the rocks of southern Vancouver island 
evidences are recorded of two periods of pronounced deformation, 
of large uplifts of al1 epeirogenic character unaccompanied by fold­
ing, and of lesser movements. The result of all these, especially of 
the first, has been to form a series of roughly parallel belts, which 
have a strike conforming in general to that of the whole island. In 
the southern portion of the island the strike is about N 65° W, or 
more nearly due west. The oldest formations, the Leech River forma­
tion and the Vancouver group, have been closely folded and dynamo­
metamorphosed throughout their entire extent. The general strike 
of the Vancouver group is from N 55 ° W to N 65 ° W, but of the 
Leech River formation and Metchosin volcanics the strike is more 
nearly east-west, about N 80° W. The dips of these formations are 
all steep, and generally to the northeast in the southern part of the 
island and to the southwest in the northern part. 

The non-conformity of the Leech River formation and the 
Metchosin volcanics with the Vancouver group cannot be satisfa~: 
torily explained, for the structural relations are obscured by later 
boundary faults of the Leech River formation. In the eastern por­
tion of its northern contact the Leech River formation is apparently 
interfolded with the Vancouver group. Farther west, the two forma­
tions are separated by an extensive fault, which is parallel to the 
strike of the Leech River formation, but which · is transverse to the 
strike of the Vancouver group: The character of the fault is un­
known, but if the Leech River formation is, as supposed, the older, 
the upthrow side is to the south. The southern boundary of the 
Leech River formation, with the Metchosin volcanics, is also an ex­
tensive fault. It is approximately parallel to the north boundary 
fault, but with the apparent upthrow to the north, the Metcl;iosin 
volcanics being the 3'0tmger. The character of this fault also is 
unknown. Although its date is unknown the faulting may II.ave 
taken place during the second period of deformation or at some time 
between the first and second periods. 

The date of the first period of deformation is probably upper 
Jurassic, as it can be correlated with considerable certainty with the 
great deformation which outlined the Pacific Coast ranges . It is 
generally considered that in the northern portion of the Coast region 

9871-10 
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this great deformation took place in the uppermost Jurassic, wliile 
in the southern portion it seems to have occurred in the lowermoS'.t 
Cretaceous. 

Accompanying the deformation or closely following it, the 
granitic rocks were erupted, and they replaced large masses of the 
folded rocks, apparently without disturbing them noticeably. These 
granitic rocks now occur in small stocks and batholiths, which may 
be mere protuberances of one or more much larger batholiths. 

Unconformable upon the folded and granitic rocks are the upper 
horizons of the C-Owichan group, which were involved in the second 
period of deformation. They were apparently first deposited in a 
basin of deformation off the east coast of Vancouver island, which 
basin was formed during the first period of deformation, and which 
is a part of the great marginal downfold of North America, known 
as the Pacific Coast downfold. At the time of their deformation the 
sediments of the Cowichan group extended far inland over the de­
nuded older rocks, but whether they covered the greater part of the 
island or were restricted to large depressions is not known. Pre­
sumably they covered the greater part of the northeastern portion 
of southern Vancouver island. During the deform.ation, which 
cannot be dated very closely since the age of the uppermost beds 
involved in the folding is doubtful, but which is best correlated with 
the very general and widespread Laramide revolution, the sediments 
of the Cowichan group were extensively folded and faulted. In the 
northeastern portion of southern Vancouver island they were de­
formed into rather broad open folds in a major syncline, but in the 
central portion of the island, in the southern part of the sedimentary 
basin, they were closely folded and even overturned and overthrust. 
The axes of the open folding correspond in general with the 1:1trike 
of the island, and the dip of the sediments is in general to the north­
east. The axis of the major syncline occurs below the waters of 
the Strait of Georgia. The axes of the closed folds strike more 
nearly east and west, about N 70° W. These folds are overturned 
and overthrust to the southwest, which fact indicates that the forces 
causing the deformation acted from the northeast and probably had 
their origin below the basin between Vancouver island and the main­
land. The pre-Cretaceous rocks were involved in the deformation, 
being overth1·ust a;gairu;t the 0Tetaceous or sedimentary rocks. It is 
possible, as indicated above, that the boundary faults of the Leech 
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River formation, which correspond roughly in strike with the axes 
of close folding and overthrust faulting, were formed at this time. 
The great downfold separating Vancouver island and the Olympic 
mountains of Washington, now occupied by the Strait of J nan de 
Fuca, corresponds in strike with the closed folds and was probably 
first depressed during this period. 

Sediments were deposited in the Juan de Fuca basin of deforma­
tion and along the west coast in Tertiary time, forming the Tertiary 
coastal plain, which was uplifted with very little folding but with 
rather extensive minor and usually normal faulting. The recent up­
lift of 200 to 400 feet appears to have been nearly uniform through­
out southern Vancouver island; although there may have been a 
slight tilting to the west, since the uplift appears to have been 
mDre on the east coast than on the west coast. 

HISTORICAL GEOLOGY. 

The oldest rocks of southern Vancouver island, the Leech River 
formation, are a series of what were originally shale~ ~.nd shaly sand­
stones, chiefly quartzose; and since the series is very thick and 
lithologically uniform throughout, it must have been deposited under 
uniform conditions which prevailed for a long time and which were, 
therefore, probably marine. The time of deposition is supposed to 
have been Carboniferous. 

It is probable that at the close of their deposition the rocks of 
the Leech River formation were folded, since they appear to have 
suffered greater dynamo-metamorphism than any of the other rocks 
of southern Vancouver island. It is certain that a pronounced 
change of conditions took place in Mesozoic time, for during the 
Triassic and Jurassic the rocks comprising the Vancouver group 
were formed. They consist chiefly of volcanic rocks, mainly ande­
sites with both flow and fragmental types, the flow types predom­
inating. With the exception of a rather limited series of rocks, the 
Sicker series, partly of sedimentary origin, possibly occurring in the 
upper part of the Vancouver group, the volcanic rocks are excep­
tionally free from sedimentary rocks other than limestones. These 
limestones usually occur in relatively small intercalated lenses. They 
were form ed largely by the accumulation of marine organisms, which 
were, as far as determined, of lowermost Jurassic age, and provincial 
since they have apparently nothing in common with the other known 

9871-10~ 
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lower J mas sic faunas of North America. Since the organisms are 
marine, it is to be presumed that the volcanic rocks were largely 
submarine, and the comparative rarity of tu:ffs and agglomerates and 
of interbeds of terrestrial material supports this conclusion. It is 
probable that some of the old vents were above sea-level since frag­
mental varieties and a few conglomerates composed of rounded vol­
canic fragments interstratitfied with tu:ffs are known. The old vent! 
were probably islands, ·and it was on these volcanic islands, far 
removed from the mainland to the east, that the provincial organisms 
lived. 

Following a very thick accumulation of the volcanic rocks, 
perhaps marked by a transitional period in which terrestrial material 
was deposited with the volcanics, the entire group was greatly de­
formed, probably during upper Jurassic time, the main axes of 
deformation corresponding roughly with the present trend of the 
island. Batholithic rocks were then intruded, penetrating far into 
the roof along two main a.'>:es, a southern and a northern, separated 
in the central part of the island by a wide, possibly synclinal, area. 
The batholithic rock.s were subsequently exposed by the erosion cycle 
initiated by the mountain-building deformation, since boulders and 
pebbles of them occur in the unconformably overlying sediments. 
Although further exposed by later erosion cycles, the batholithic 
rocks as exposed to-day, do not form large, uniform bodies of regular 
outline, such as are characteristic of the Coast Range batholith of 
thr- mainland of British Columbia. On the contrary they occur in 
relatively small masses, which are, however, very numerous, espe­
cially along the two main axes mentioned above. Hence it appears 
as if erosion if carried somewhat deeper would expose one or more 
vm·~ largE; and continuous bodies of plutonic rocks similar to the 
Coast Range 1batholith. If so, the masses exposed to-day on Van­
couver island are merely protuberances, or as Professor R. A. Daly 
calls them, ' cupolas.' 

The erosion cycle initiated by the upper Jurassic deformation, 
although exposing the granitic rocks, did not reduce the area to a 
lowland, since the surface upon whic\i the sediments of Cretaceous, 
the upper members of the Cowichan group, were deposited was one 
of considerable relief, varying in elevation to more than 1,000 feet. 
It is at present impossible to state whether or not the sedimentation 
represented lby the upper members of the Cowichan group began in 
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upper Cretaceous time, since there is a possibility that some of the 
sediments are of lower Cretaceous or Comanche age, having been 
formed at the same time as similar rocks on Queen Charlotte islands. 
It appears, ho\\ever, as if the greater part of the sedimentation began 
in upper Cretaceous time, at a stage corresponding with the Chico, 
or the Pierre, and it looks as if the sediments were first deposited in 
a marine basin between the mainland and Vancouver island, which 
basin was probably one of deformation and was depressed at least as 
early as the upper Jurassic folding. In the process of sedimentation 
the marine conditions alternated with those of brackish water and 
were finally replaced by terrestrial conditions, since the lower beds 
nf the group are fossiliferous, above which is a horizon in 
which coal is found, which in turn is overlain by very thick, unfos­
siliferous deposits of coarse sandstone and conglomerates, with a few 
beds of sandy shale. The different beds vary rapidly in both vertical 
and lateral directions, indicating a great variation in the conditions 
of deposition. During the deposition, the sedimentation trans­
gressed inland, at first filling up the irregularities of the pre-upper 
Cretaceous erosion surface, and then covering the higher residual 
elevations. The total thickness of the Cretaceous deposits, which 
may include s-0me of Eocene age, 'was, toward the close of their 
deposition, probably near 10,000 feet. At this time they extended far 
inland over the denuded crystalline rocks, perhaps covering the 
greater part of the island, or perhaps restricted to large depressions. 

They were later subjected to great orogenic movements, which 
cannot be dated very definitely, but which probably occurred during 
the very general and widespread Laramide revolution. The orogenic 
movements warped the sediments into broad open folds in the north­
eastern part of the basin, but in the southern part into closed, over­
t urned folds, brokeIJ. by overthrust faults. It is also probable that 
~he Juan de Fuca downfold, separating Vancouver island from the 
Olympic mountains to the south, was depressed at this time. 

A new erosion cycle, which has been called the Tert iary cycle, 
was initiated by the revolution described above, and the detritus 
from the eroded deformed rocks was deposited under marine condi­
tions to the west and south off a mountainous region. Since there 
is no evidence that the Tertiary deposits extended inland over the 
underlying crystalline rocks, this mountainous region must have been 
exposed t o erosion. As erosion and deposition continued, the region 
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as a whole was probably depressed, until at the end of the cycle, a 
coastal plain had been built up against a submerged_ mountainous 
.i!ope. It seems as if this coastal plain formed a virtually continuous 
plain with the old age surface d'eveloped during the erosion cycle on 
the deformed rocks. This erosion surface was a peneplain in the 
southern part and subdued in the northern part, with, however, high 
residuals and residual divi~es. 

The :first Tertiary sedimentation recorded on Vancouver island 
(the Carma~ah formation) is of Oligocene or more probably lower 
Miocene age. Also Arnold1 states that there were probably no high 
mountains in the Pacific Coast region, except in a few locali­
ties, in Oligocene time. It is possible, therefore, that the peneplain 
w'as formed during an early Tertiary cycle. If so, in Oligocene time 
it was uplifted and retrograded, forming a steep mountainous coast, 
against which the Miocene sediments were deposited. It seems prob­
able, therefore, that if such an early Tertiary peneplain was 1:1plifted, 
it would have been again peneplained by the close of the deposition 
in late Miocene or early Pliocene times. The steep, mountainous 
coast against which the Miocene sediments were deposited, must have 
been protected from erosion, since it is now exposed, apparently, in 
almost its original steepness; and it is most reasonable to suppose 
that it was protected by depression and sedimentation against it. 
The net result would be the same, therefore, as if there had been only 
one period of peneplanation, the deformed rocks having been subject 
to erosion throughout the lower and middle Tertiary, although doubt­
less with changes of level. The peneplanation would then have been 
completed in the upper Miocene or Pliocene times, at which time it 
is probable, as stated above, that the peneplain and the coastal plain 
formed a virtually continuous surface. Arnold' believes that the 
peneplain of the Klamath and Sierra Nevada wa;s also completed in 
upper Miocene time; and Willis and Smith3 date the peneplain of 
the Cascade mountains of Washington as Pl'iocene. 

The uplift of the Tertiary peneplain probably took place during 
the Pliocene and possibly the early Pleistocene.' Before the Glacial 

1 Ralph Arnold. Tertiary Fauna of the Pacific Coa<St. Journ. of 
3eol., Vol. 17, 1909, p. 518. 

2 Ralph Arnold Journ. of Goo!., Vol. 7, 1909, pp. 526-527. 
•G. 0. Smith and Bailey Willis. Contributions to the Geology of 

Washington. ProfessiO:nal Paper, No. 19, U.S. Gool. Survey, 1903. 
• Cf. Ralph Arnold. .Journ. of Geology, VoL 17, 1909, pp. 528-531. 
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period it was maturely dissected, and along the east and west coasts, 
where underlain by soft rocks, was reduced to a lowland. An old-age 
surface was also developed on the crystalline rocks in the extreme 
southeastern portion. Following mature dissection, the region was 
apparently d'epressed, at least in the eastern and southeastern por­
tion, forming the drowned shore-line characteristic of that portion of 
southern Vancouver island. 

During the Glacial period Vancouver island was covered by an 
ice-cap, and valley glaciers flowed west into the Pacific ocean and 
east into the Piedmont glacier, which flowed southw.ard through the 
Strait of Georgia, overriding the southeastern lowland of Vancouver 
island, and then westward to the Pacific ocean through the Strait of 
Juan de Fuca. 

On the retreat of the earliest and largest glaciers, the land stood 
,some 200 to 400 feet lower than at present, and on the lowlands 
developed by the pre-Glacial erosion cycle, marine sediments were 
deposited, while large rivers flowing from the retreating glaciers 
formed extensive fluviatil and delta deposits. A second period of 
glaciation is recorded by the till overlying these deposits, but it wa& 
far less intense than the first period, and merely eroded portions of 
p1e stratified deposits. So.on after, or possibly !before the retreat of 
,the later glaciers, an uplift of .gome 200 to 400 feet took place, uplift­
ing the stratified deposits, whi~h have been ,sub-maturely retrograded 
,during the present maxine cycle. 

CORREL&TION. 

The supposed oldest rocks of southern Vancouver island, the 
Leech River formation, are correlated with the lower part of the 
Cache Cre·~k group of British Columbia and with the Peshastin 
formation of Washington, and are, therefore, considered to be of Car­
boniferous age. This correlation rests chiefly on the facts that the 
Leech River formation is apparently older than the known Mesozoic 
rocks of southern Vancouver island, being more dynamo-metamor­
phosed, and that it is similar lithologically and structurally to the 
i;laty rocks of Carboniferous age, which have a very wide distribution 
in the Pacific Coast region. It has also been suggested that the 
Nitinat marbles, since they are not definitely conformable with the 
Vancouver group and are apparently more metamorphosed than the 



152 GEOLOGICAL SU!WgY, CANADA 

Sutton limestones, may be . correlated with the upper part of the 
Cache Creek group, the Marble Canyon limestones. However, it has 
seemed best to consider them provisional1y as members of the Van­
couver group. 

It has been generally supposed that the Mesozoic volcanic rocks 
of the Coast region of British Columbia were involved not only with 
slaty rocks, such as the Leech River formation of Palreozoic age, but 
also with metamorphosed volcanic rocks and limestones of Palreozoic 
age.' The reason for this supposition was chiefly the occurrence of 
fossils in the limestones intercalated with the volcanic rocks, which 
although undeterminable resembled Palreozoic forms. The fossils 
collected by the writer in 1908 at Cowichan lake, were collected 
rather hurriedly, and the fauna represented by the imperfect collec­
t ion was determined at first as Devonian, then as probably Devonian. 
On the strength of this determination, and from the occurrence of 
supposed Palreozoic fossils in the limestones in the vicinity of Vic­
toria, farther north in Vancouver island, and on Texada island, and 
in the neighouring coast region, a group was erected embracing the 
metamorphic volcanic rocks and coarsely crystalline marbles in the 
southeastern portion of the island, and called, using a term earlier 
employed by Dawson for the same rocks, the Victoria group.' A 
much more complete and more perfect col1ection of fossils from 
Cowichan lake has shown that the fauna is lowermost Jurassic. 
Obscure fossils in other of the limestone lenses intercalated with the 
volcanic rocks re emble the Sutton fauna, and are presumably, there­
fore, of Jurassic age. The volcanic rocks in which the Jurassic lime­
stones occur are virtually continuous and are all apparently conform­
able, and are, therefore, considered with a good deal of certainty to 
be Jurassic or possibly Triassic in age, and to be members of the 
Yancouver group as defined by Dawson. Dawson' maps all of the 
pre-Cretaceous rocks of Vancouver and Queen Charlotte islands and 
of the neighbouring portion of the Coast range as the Vancouver 
group. On the evidence of the obscure Palreozoic fossils, LeRoy and 

1 G. M. Dawson. Bull. Geol. Soc. Am., Vol. 2, 1901, p. 72. 
0. E. LeRoy. Publication No. 996. Geol. Survey, Canada, 1908, pp. 

1.2-17. 
R. G. McConnell. Summary Report for 19-09. Geol. Survey, Can,ada, 

pp. 69-70. 
C. H. Clapp, .Summary Report for 1908. Geol. Survey, Canada, pp. 

54-~. Summary Report for 1909, Geol. Survey, Canada, pp. 87-89. 
2 C. H . Clapp. Summary Report for 1908. Geol. Survey, Canada, p. 55. 
8 G. M. Dawson. Northe·rn Van~ouver island and adjacent coasts. 

A,'nn. Repor t , 1886, Part B. Geol. Survey, Canada. 
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McConnell subdivide these rocks into Palmozoic and ~Iesozoic 

members. It seems most probable, however, since the rocks mapped 
as Palmozoic are identical in appearance, and as far as known, in 
structure, with those of the Vancouver group on Vancouver island, 
that the obscure fossils are Mesozoic. If so, the great bulk of the 
pre-Cretaceous rocks of the Coast region are Mesozoic, with occa­
sional infolds of Palmozoic rocks, such as the Leech River forma­
tion and possibly the Niti11at formation appear to be. 

The correlation of the younger formations on Vancouver island 
has been generally accepted for some time, and the present investiga­
tion has merely served to add details and corroborate the earlier 
investigations. 

ECONOMIC GEOLOGY. 

Groups of deposits.-There are in southern Vancouver island 
mineral deposits valuable, or possibly valuable, for gold, copper, iron, 
fluxes, and pigment; also important structural materials including 
lime amd cement, ~lay, sand anld gravel, and stone. The various 
deposits are grouped on an economic or metallurgical basis, 
'that is-, according to the product for which they are valuable. 
This classification also serves fairly well to group together 
t hose deposi tJs twihich are of like origin. In some instances, how­
ever, deposits valuable for different metals are of identical 
or1gm. Under copper deposits are also described certain deposits 
which contain silver bearing gaJena and sphalerite, but these 
minerals are usually subordinate to copper bearing minerals. The 
deposits chiefly valuable for metals are first described in the follow­
ing order: gold, copper, and iron. Under each of these divisions the 
deposits are subdivided according to their origin. Some of these 
deposits are possibly valuable for sulphur and are briefly cons idered 
from this standpoint. The :i:ion-met.allic resources are then con­
sidered in the £allowing order: fuels, including coal and oil, lime, 
cement and fluxes, pigments, clays, sand and gravel, and stqne. 

GOLD. 

Placer deposits.-Placer deposits are the chief source of gold in 
southern Vancouver island, and the only source which has produced 
gold in paying quantity. Gold is reported from a large number of 
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rivers and creeks on southern Vancouver island, and 'colours' can 
doubtless be obtained by panning in most of the streams. With two 
or three exceptions, the principal deposits all occur, however, in the 
streams which flow for a considerable part of their course over the 
Leech River formation. The gravels and sands near the mouth of 
Sombrio river have been ]mown as a source of gold since the Span­
iards explored the Pacific coast in the latter part of the eighteenth 
century. In the sixties the deposits in the Leech ·and Jordan rivers 
were discovered and worked, the yield being estimated at from 
$100,000 to $200,000; and, somewhat later, coarse gold was found in 
the upper part of the San Juan river. For a number of years China­
men have worked on Leech river, and one or two more extensive 
attempts have been made recently to obtain gold from Leech river 
and its north fork. At present, a partnership has been formed to 
work a large deposit of sand and gravel near the mouth of Sombrio 
river. Besides these deposits, which occur in the belt of the Leech 
River slates, small amounts of gold have been obtained from China 
creek and Franklin river, emptying into Alberni canal, and also from 
N anaimo river. 

Virtually all of the streams which occur in the belt underlain 
by the Leech River slates contain more or less coarse gold. With the 
exception of the two large valleys which occur along the northern 
and southern boundaries of the formation, the San Juan valley, and! 
the valley which has been ca.lled Leech River valley (but which is 
occupied by several streams besides , Leech river, notably J ord~n river 
'and its tributaries Bear creek and Y creek, and Lost river), the 
valleys are narrow and the grade steep. The amount of gravel in 
these streams is, therefore, small. It is very possible that relatively 
large amounts of auriferous gravel may be found on the wide, com­
paratively smooth, interstream areas. These interstream areas are as 
a rule drift covered, and heavily timbered, so that prospecting is 
carried on with considerable difficulty. 

The amount of gravel, even in the Leech River valley, is not 
large throughout the greater part of its extent, but special conditions 
have existed in certain portions, which have caused its accumula­
tion in large amounts. The conditions are not at present well under­
stood. The largest known deposit occurs in the lower part of the 
valley, extending to the coast near the mouth of the Sombrio river. 
Lost river, which occupies the western part of the Leech River valley, 
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does not cross these gravels, but turns abruptly to the south, over a 
mile from the shore, and finds its way to the sea through a narrow 
canon. The gravelS are underlain by Tertiary conglomerate and 
sandstone, which are exposed at the shore and at the bend of Lost 
river at 320 feet above sea-level. Near sea-level the Tertiary rocks 
are directly overlain by a sandy clay of indefinite thickness, but 
probably not more than 10 or 15 feet, which contains marine Pleisto­
cene fossils. The overlying sand and gravel is from 300 to 500 feet 
thick; and the deposit is i to i mile wide, and extends inland beyond 
the bend of Lost river, for a distance reputed to be over 2 miles. On 
top of the gravels is a yellow garnet-bearing sand, 10 to 20 feet thick, 
occurring at elevations of from 450 to 500 feet above sea-level, 
although near the shore it occurs much lower, probably on account 
of local slips in the deposit. The sand consists largely of rounded 
quartz grains, and resembles a beach sand. Mr. R. S. Gallop, one of 
the partners who own the deposit, in a recent letter to the writer 
states that the mining engineers who have examined the deposit 
estimate the amount of gravel at 155,000,000 cubic yards, and the 
gold contents at 12 cents per yard. 

The origin of the gravels is not at present clear. A large part 
of the gravel contains pebbles of many different rocks, and appears 
from its heterogeneous character to be composed of glacial detritus. 
It seems probable, therefore, that the gravel was deposited by a large, 
post-Glacial river flowing westward in the Leech River valley before 
~he recent uplift. This uplift dive'rted the river into its present 
course, that of the Lost river. The gold, if deposited under these 
:conditions, was probably derived from a much larger quantity of 
glacial gravels. 

, A large amount of gravel occurs also in San' Juan valley, !but is 
probably low grade, as it is chiefly of glacial origin, and any gold 
that it may contain does not appear to have been especially concen­
trated, except very locally. 

The gold in ihe above mentioned gravel deposits has doubtless 
peen derived f110m the quartz veins which oocur in the Lee>ch River 
slates.1 These .quartz veins, or more correctly small stringers and 
~enses, are vro:y numerous, but they seldom attain any great s'ize. 
The quartz of the veins is associated with a little albite, which in the 

1 See G. M. Dawson. Report of a Reoonna.issanoo of Leooh River and 
Vicinity. Gool. Survey of Canada, Rept. of Progress, 1876-77, p. 100. 
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,sheared veins has altered to ·sericite. The only metallic minerals are 
a little pyrite or chalcopyr'ite, andi free gold. The veins are, as far 
as known, very low grade, and are too small and! too bal'l'en to 'be 
profitably mined, and all attempt; which have been made to work the 
veins have been unsuccessful. 

The only development of the gold deposits of the Leech River 
belt going on at the present time is that of the large deposit of 
sand and gravel occurring along the west coast near the mouth of 
Sombrio river. Messrs. R. S. Gallop, D. W. Hanbury, and W. H. 
Kirkbride have nearly finished the construction of a hydraulic plant 
to work these gravels. It is possible that other gravel deposits, suffi­
ciently large to pay for the establishment of a plant, occur in other 
parts1 of the Leech River valley. As far as known these deposits are 
small, but the western portion of the valley has never been thor­
oughly explored. Although the deposits of the San Juan valley are 
low grade, thorough examination may reveal enough gravel to 
warrant the establishment of a plant designed to work large quanti­
t ies of low grade material. More thorough prospecting of the gravels 
on the upland between the two m1ajor valleys is also advised. 

The uppe11 part~rnf the Franklin river, China creek, and N anaimo 
river flow in a mountainous district formed of the Vancouver meta­
volcanics, with intercalated lenses of limestone, both of which have 
been invaded by large granitic batboliths. Considerable mineraliza­
t ion has taken place near the contacts, and it is probable that the 
small amount of gold in the above-named streams has been derived 
from mineral deposits of this character. As far as seen, the gravel 
deposits of these streams, which are likely to be gold bearing, are 
very bouldery and restricted in amount. 

Along the west coast of Vancouver island, except where fringed 
by the Tertiary deposits, black sands which carry gold occur in the 
beaches. The gold, however, is quite flaky and would probably be 
saved only with considerable difficulty, as has proved to be the case 
farther north along the west coast of the island. The actual amount 

of black sand in the beaches of southern Vancouver island does not 
appear to be large. Mr. Gallop, who has prospected the gravels and 
sands in the vicinity of Sombrio river, reports the occurrence of 
native mercury in the sands. The mercury was probably derived 
from such deposits as are known to occur on Cinnabar creek, near 
Sechart, on the northwest side of Barkley sound. 

I 
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Vein and impregnated deposits.-In the southeastern part of 
Vancouver island many of the quartz-feldspar veins, which were 
1Jrobably formed during the intrusion of the upper Jurassic granitic 
rocks, have been prospected for gold, entirely without success. The 
true nature of these veins, or apophyses, has apparently not been 
recognized. For since the feldspar has altered to sericite, it resem­
bles on the weathered surface white milky quartz, and the veins have, 
therefore, the appearance of ordinary quartz veins. The veins also 
contain pyrite, which altering to limonite has stained the exposed 
surfaces, still further hiding the true character of the veins. On 
microscopic examination, feldspar -is always seen to be present, and 
usually in excess. Such veins as these have not been shown else­
where to be gold bearing, and it is not likely, therefore, that they 
contain gold in commercial quantities in southern Vancouver island, 
and their prospecting should be discouraged. 

Mineralized shear zones occur throughout the limestones and 
meta-volcanics of the Vancouver group, but are best developed near 
the contacts with the intrusive granitic rocks. Similar mineralized 
shear zones also occur in the granitic rocks themselves, especially 
near the contacts. Deposits of this character are usually more im­
portant as possible sources of copper, but they also carry small 
amounts of gold. A typical example is the deposit on the Alfreda 
claim, situated on the east slope of Gordon River valley, 3 miles 
above the mouth. Here the diorite has been tremendously sheared, 
forming a shear zone about 25 feet in width, which strikes N 50° W. 
The sheared diorite has the appearance of a chloritic or amphibole 
schist, but its true nature is readily recognized on microscopic exam­
ination. Although · traces of the original minerals and texture are 
retained, the sheared rock is composed chiefly of secondary minerals, 
which include sericite, uralite, biotite, muscovite, chlorite, and a 
little epidote. In the shear zone quartz lenses have been developed 
partly by replacement. The quartz of the lenses occurs in irregular, 
usually very small grains, up to 2 or 3 mm. in diameter. Associated 
with the quartz is a very little -plagi-oclase feldspar and sericite, The 
quartz contains di'sseminaited grains of pyrite and magnetite, which 
have altered s'Omewhat to limonite, and is cut by later veinlets of 
quartz and calcite. ' The quartz rock is ·sa'id by the owner of the 
claim, Mt. 1T. /M. Baird, to assay $2 a ton in gold and 5 oz. of silver. 
Unless consideralbly larger hodies of higher grade are found, these 
depo'sits are of little or no commercial importance. 
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COPPER. 

The copper deposits of southern Vancouver i,sland, although 
rather varied in character, are all more or less closely connected with 
the igneous r0cks erupted during the upper Jurassic period of batbo­
lithic and dyke intrusion. They were, however, deposited under 
different conditions in different kinds of rock, and may be subdivided 
into three main types, as follows : (1) contact deposits, (2) impreg­
nated and replaced shear zones with accompanying quartz veins, 
under which is tbe special type occurring on the East Sooke penin­
sula, which has been called the Sooke type, and (3) a large lens of 
ore formed in a syncline in the Sicker schists on Mount Sicker, 
which has been called from the largest mine developed on the ore 
body, the Tyee type. The contact deposits, which are developed 
chiefly in metamorphic limestones near their contact with intrusive 
igneous rocks, are the more numerous, but oddly enough the Tyee 
ore body, which is the only example of the Tyee type known to occur 
on Vancouver island, is the only deposit from which there has been 
a commercial production. The contact deposits will be described 
first, then the impregnated and replaced shear zones, with a separate 
description of the special Sooke type, and lastly the Tyee type. 
Since there is at present no commercial production of copper from 
southern Vancouver island, a special description of mines and pros­
pects is 'given only in special instances. 

Contact Deposits. 

The contact deposits as mentioned, have been developed in 
contact metamorphosed rocks, chiefly limestones, near intrusive 
granitic rocks. In a few instances limestone was not present, or was 
present in relatively small amounts, so that there is now little or no 
evidence of its original presence, the 'country rocks' being contact 
metamorphosed volcanics and tufaceous slates of the Vancouver 
group. The contact deposits developed in the limestones appear to 
be capable of subdivision into two sub-types, which, however, merge 
into each other. They are those which occur at the coutacts, and 
those which occur in the zone of contact metamorphism at some 
distance from the actual contact. The former are characterized by 
11 higher percentage of magnetite and pyrrhotite, and the latter by a 
higher percentage of pyrite and chalcopyrite, these four minerals 
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being the principal metallic minerals of the contact deposits. The 
Cleposits developed in the higher and lower zones of the contact meta­
morphosed limestones are first described separately. Following this 
is a description of the depoffits apparently developed in contact 
metamorphosed volcani.cs and tufaceous slates of the Vancouver 
group. Finally, tl1~ genesis of the various types is considered. 

Deposits developed in contact metamorphosed limestones at or 
near the intrusive granitic roclcs. General character and distribu­
tion.- rhe de'pOsits developed at or near the intrusive granitic rocks 
in the contact metamorph-0sed limestoneSI are typically exposed 
on Mount Malahat, in the Malahat district. They occur in the 
metamorphosed Sutton limestones, which, on Mount Malahat, are 
little more than large inclusions in the intrusive Wark diorite 
gneiss, near later intrusions of Saanich granodiorite, which bas 
monzonitic diorite facies near the contact. The deposits consist of 
irregular masses of magnetite, pyrrhotite, and pyrite, with dissem­
inated grains and veinlets of chalcopyrite. Occasionally, as in the 
deposits exposed near the east fork of Robertson river in Cowichan 
Lake district, chalcopyrite occurs in fairly large masses. The 
deposits -0n the east fork of Robertson river also occur in the ·contact 
metamorphosed limestones of the Sutton formation near diopside­
bearing granodiorites of the Saanich type. Similar deposits occur 
in the contact metamorphosed limestones of the Nitinat formation, 
near the intrusive Beale diorite on Santa Maria island in Numa­
kamis bay of Barkley sound, and on the south bank of Sarita river, 
one mile from its mouth. All of these deposits have been opened up 
only by shallow pits, small shafts and short drifts. There has been 
no commercial production, but some of the deposits, such as those 
near the east fork of Robertson river, are of considerable prospective 
value. 

Mineralogy.-The metallic minerals occurring in the deposits of 
this type, in the order of their relative abundance, are: pyrrbotite, 
magnetite, chalcopyrite, and pyrite. Oxidized minerals are not abun- , 
dant, although limonite is virtually always present, and the exposed 
surfaces of the deposits are stained with malachite, and sometimes 
with the black, earthy, copper oxide, melaconite. The non-metallic 
gangue minerals are those derived by the contact metamorphism of 
the limestones,-garnet, diopside, and epidote, with secondary actino-
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lite, serpentine, and kaolin; and those 'of later introduction-feld­
spar, quartz, and calcite. 

Chalcopyrite is virtually the only copper-bearing mineral. It is 
massive and occurs in disseminated grains or small lenses and vein­
lets in the other metallic minerals and in the contact metamorphosed 
limestone. It is sometimes irregularly intergrown with pyrrhotite. 
But more rarely, as mentioned, it occurs in relatively pure and large 
masses, 1 to 10 feet in width, one of which is exposed near the 
discovery post on the Alpha claim, near the east fork of Robertson 
river. Chalcopyrite is usually the last of the metallic minerals to 
have crystallized, and when large masses of pyrrhotite and chalcopy­
rite are seen replacing older minerals of the contact metamorphosed 
limestones (see Plate 14) it is usually closely associated with the 
inclusions of the older minerals, penetrating them in small veinlets. 
The chalcopyrite has altered somewhat to limonite, and more rarely 
to malachite and melaconite, which form merely surface stains. 

Pyrrhotite is usually the most abundant of the metallic minerals. 
It is massive, and occurs in relatively large, irregular masses, re­
placing the ' contact rock.' 

Magnetite is usually present, and is one of the most abundant 
minerals. It is more or less complementary to pyrrhotite, for where 
either one is the chief mineral the other occurs in rather small 
quantities. It is finely granular to massive, usually occurring, where 
present in large quantities, in fairly large, irregular masses, which 
may contain only a 'small amount of the sulphide minerals, grading 
toward the magnetite type of contact deposits of the Nitinat form a­
tion, exploited as sources of iron.1 

Pyrite occurs in small amounts, either intergrown and associ­
ated with pyrrhotite and chalcopyrite, or in later veinlets cutting the 
magnetite and pyrrhotite, and at times the chalcopyrite. 

The character of the contact metamorphosed limestones and the 
occurrence of the minerals comprising them has already been given.' 
Quartz, epidote, and calcite also occur as veinlets cutlting the gangue 
and metallic minerals. 

Texture and p:ar:agenesis.-It may be well to emphasize 
characteristic textures more fully than has been done in the ,descrip­
tion of the minerals, especiall.v those t extures 'sh0wn on polished 

1 See page 187. 
2 Pages 63-64. • I 
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ore su rfaces, which indicate' the probable paragenc, i-· of tlw 
minerals comprising the ores or which throw light on the origin of 
the ores. Where pynhotite is the principal metallic mineral, chal­
copyrite is usually associated with it in lens-like masses, varying 
from almost microscopic size to S inches, the greatest width noticed. 
These two minerals are commonly seen including fragments of the 
rnutact rnetamorphosccl Jin1esto11 c, or as it rna~· be convenieutl~­

"alled, 'contact rock.' As seen on the polishecl surfaces, the sul­
phides appear to be replaciug the rounded and irregulm· inclusions 
of 'contact rock' apparently Ly i mpregnn ting along the contacts . 
and by penetrating them i11 tin.\· inegular apoph,yses and veinlets. 
The veinlets of chalcopyri te iu the pyrrhotitc are more abundant 
near the inelusions, which the chalcupyrite pen etrates and impreg­
nates more freely than docs the pynhotite (Plate 1.4) . A polished 
sample from the depo~it on the so uth bank of Sarita river, a mile 
from its mouth, sho11-s the silicates of the 'contact rock' in irregular 
grains, a 11d seco ndary quartz i 11 elongate, irregular masses, intcr­
grown "·i th an cl pos~ il.Jly rcplaccrl by clrnlcopyrite and p;yrrhotite. 
The pyrrhotite occurs horcl crillg .the included quartz masses, also in 
grains included in the cha 1copyri te, so that it looks as if it had 
entered with the cbalcop:yri te solutions but had crystallized first, an cl 
then Jrnd Leen clilllinated in part from the cbalcop~'ritc during the 
crystallizat ion of the chalcop,1Tite, thu s forming the border zones . 
In thi s imtance both the pyrrhotitc and the chalcop:yrite arc cut by 
later ,·c iulcts of pyrite, . probably along incipient fractures. These 
\'Cinlets cut abruptly !'!cross the inclusions of 'contact rock' also. 

In the samples from the 1dcposi ts near tihe cast fork of Robert­
son ri vcr the relation of the rnetnll ic minerals to the garnet is shown. 
The garnet occurs rnassi vc and in relatively coarse grained dodeca­
hedral cr~·~tals, probabl,y of two generations·. In the massive garuet 
are irreg ular patches of com·0 c grained garnet, magnetite, and chal­
copyrite. The ch alcopyritc c:uts the massive garnet in veinlets and 
occurs in the interstices between the garnet cry.stah. The magnetite 
has appare11tly replaced the massive garnet, fanning irrcgubr vein-
1ike masses, in which garnet crystals occnr i11 such a manner as to 
suggest that they crystallized somewhat l ater than the magnetite. 

· The paragenesis of the metallic minerals is apparently magne­
tite, pyrrhotite (the relatious b0twecn magnetite and pyrrhotite not 

!iring clearly S'hown), pyrite, and cha lcopyrite, nlthough pyrite occurs 

()811-11 
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also, as described, in later veinlets. The minerals of the contact 
metamorphosed limestones are all earlier, with the exception of the 
well crystallized garnets, which appear to be of a later generation, 
and to have cry;stallized after or with the magnetite, occurring m 
well formed crystals possibly because of their greater power of 
crystallization; but even the recrystallized garnets appear to be 
older than the chalcopyrite. The veinlets of quartz, epidote, and 
calcite may be of several generations, but arc found cu tting all the 
other minerals. 

Character of deposits.-The exact shape and size of any single 
ore body has never been determined. The bodies appear to be irre­
gular masses, usual1y more or less elongate and rudely lenticular, 
probably vertically as well as lateral1y. As far as they have been 
examined they are not more than 8 or 10 feet wide, and are usually 
less. In general the percentage of chalcopyrite is low and the 
deposits of very low grade. 

As noted, they occur in contact metamorphosed limestones, near 
intrusive granitic rocks, the mineralization usual1y being greater 
along shear zones. They are virtually restricted to the contact meta­
morphosed limestones of the so-called • garnetite' variety, and this 
rnriety is usually in close association with relatively pure, unaltered 
limestones. The mineralization of the amphibolites formed by the 
contact metamorphism of the limestones is very mall. 

Deposits developed in contact metamorphosed limestones at some 
distanc•e from the intrusive granitic rocl.:s. General character and 
distribution.-The deposits developed in contact metamorphosed lime­
stones at some distance from the contact with the main body of the 
intrusive granitic rock arc well exposed on Mount Gordon southwest 
of Cowiohan Lake narrows, at the Gladys mine on the south slope 
of Alberni canal near the entrance, and at the King Solomon and 
Blue Bell mines on Kokasilah ridge in Helmcken district. They arn 
all developed in small limestone lentils of the Sutton formation, 
greatly contact-metamorphosed and sheared, and so intimately asso­
ciated with metamorphic and sheared volcanics that the two types 

of metamorphic rocks cannot always be distinguished. The deposits 
consist chiefly of impregnations of magnetite, pyrite, and chalcopy­
r ite in the sheared metamorphic rocks. The metallic mineral s occur 
also in sma1l lenses and irregular shaped rnas3es, as at the Gl arl;y,; 



PLATE xv. 

Magnetite (mg) and pyrrhotite {pyrr) including and replacing "contact rock " 
(C' r) and cut by irregular veinlets of pyrite {p). Mt. Malahat. {Specimen 
371). l !x. 

!1871- p. 162 
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111rne. Quartz and calcite veinlets and lenses, up to 6 inches in 
width, frequently containing chaloopyrite, occur cutting the sheared 
rocks. The deposits at the Gladys mine and at the King Solomon 
and Blue Bell mines have been developed by shafts and drifts, but 
rnry little ore has been produced . The deposits on Mount Gordon 
have been opened up by drifts and shallow pits, but no ore has been 
produced. The deposits as a whole are low grade, but owing to the 
relative absence of magnetite and pyrrhotite, they are the most 
promising of the contact ore bodies. 

11lineralogy.-The metallic minerals occurring in the deposits of 
this type are, in the order of their relative abundance, pyrite, chal­
.copy1·ite, magnetite, and pyrrhotite, and more rarely, as in the Ki11g 
Solomon and Blue Bell depos its, sphaleri te and galena. The first 
named minerals are very similar to the same minerals in the contact 
deposits developed near the intrusive granitic rocks, the chief differ­
ence between t he two types being in t he relative amounts of the 
different minerals. They occur more commonly as impregnating 
grains· and small lenses in t he ·sheared country rock:, and less com­
monly as relatively large lenses composed almost entirely of metallic 
minerals. The sphalerite and galena occur in fine grains and irre­
gular veinlets intimately as~ociatcd with the _pyrite ancl chal copy­

rite. 
The non-metallic min eral s a re those forming the contact meta­

morphosed limestones and volcanic rocks, and are virtually identical 
with those already described. At the Gladys mine there is a rather 
peculiar rock composed almost entirely of large-bl aded actinolite in 
parallel arrangement. Uhalcopyri te occurs in the interstices, in 
elongate grains parallel to the bladed texhrre, and the rock is cut by 
small quartz lenses. 

Texture and paragenesis.- The texture of the more massive ores 
is similar to the texture of those already described. The paragenesis 
is less readily dcterminecl, e;:;pceiall3r when the ore minerals occur 

disseminated through the sheared metamorphic rocks, hut appears to 
be simHar to that of the other types, that is, magnetite, pyrite, and 
chalcopyrite. The galena and sphalerite appear to be later than the 
chalcopyrite. The minerals of the metamorphic rocks are generally 

earlier than the metallic minerals, and are being replaced by the 

98'71-111 
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metallic mi11 crals. The ores have been sheared and broken by post­
rnineral movements, and reeemented by calcite and quartz veinlets. 

Charac/.er of the deposits.-As noted, the ore minerals occur 
chiefly as impregnations and replacement~ of sheared metamorphic 
limestones and volcanics, and are, therefore, of irregular and indefi­
nite size and shape, following in a general way more 01· less well 
defined shear zones. As noted, the impregnated zone- arc relatirnl_,. 
small, not more than 4 or 5 feet wide, and seldom traceable along the 
outcrop for more than 100 or 200 feet. Large masses of pure ore are 
i1ot exposed, but a relatively large mass is said to have been mined 
out near the surface at the Gladys mine. The ores arc low grade, 
but if larger ma ~es were located the.'· could doubtless be mined at a 
fair profit. 

Although the country rocks have been metamorphosed by con­
tact agencies, the granitic rocks in the immediate neighbourhood o:f 
.the three deposits are confined to granodiorite porphJTite dykes and 
irregular masses. The larger batholiths of granodiorite are usually 
exposed at some distance from the deposit, commonly at a lower 
lc,·el, and doubtless occur directly belo\v the deposits at no very grerit 
(leptb. 

Deposits apparently develop ed in conlact metam-orphosed vol­

canic rocb.-Contact deposits very similar t o those described above 
occur developed in contact metamorphosed rocks, also similar to 
tl1ose already described, near intrusive granitic rocks. The contact 
metamorphosed rocks arc so ill tirnately and irrcgu1arly associated 
\Yith volcanic rocks, that it is supposed. since there is no direct evi­
dence of the original presence of limestone, that the metamorphic 
rncks " ·ere deri,·ecl bJ· the contnet metamorphism of original Yolcanic 
rocks. 

General characler and dislrilmtio 1i.- The depo3its which are 
devC'loped in the contact metamorphosed Yolcanic rocks are similar 
ill r·lwrnder tu tl1e c-ollt.1d (k•po~it~ cle~eriLeL1 abo\·C'. They usually 
occur in silicified nnd shea red Yolcanics, near intrusive granitic 
rocks. Deposits of this character are genera11y small , of indefinite 
extent, and low graL1e, and arc of scientific ra ther than commercial 
interest. They have been noted in the Penton mineral claim, one 
mile C'ast of Tod inlet in South Saan iC' h cli~tri ct, and on the Iron-
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mask mineral claim on the south slope of Mill hill in Esquirna lt 
district. A similar deposit occurs on the Sterling and Glen Apa 
claims, on the upper Kokasilah river, in the southern part of Helmc­
ken district, which appears to be related to the type developed at n 
(li ::;tm1ce from the actual contact, similar to that at the King Solo­
:iµon and Blue Bell mines, sin ce galena and sphalerite arc among tlw 
principal metallic mineral s. On the divide bet~rnen Cottonwoo(l 
creek and Chemainus river in Oowichan Lake district is a rathC'r 
peculiar type developed in the silioified and tufaceous slates of the 
Sicker series. 

Jfineralogy.-The metalli c minerals occurrmg in the depos itc 
are similar to those in the limestone contact deposits. Chalcopyri tl' 
i;; the only copper-bearing mineral, other than the relatively unim­
portant oxidized minerals, and is associated with magnetite, pyrite, 
and pyrrhotite. }\fore rarely, as in the deposits 011 t he Sterlinµ; 
claim, galena and spl1 alerite occur, and molybdenite occurs in the 
quartz veins associated with the deposits on the divide between 
Cottonwood creek and Chema inus river. The occurrence of tl1C' 
minerals is similar to that of the limestone contact deposits. The 
ga ugue minerals arc also similar to those of the li mestone contact 
deposits, although epidote and chlorite, as \Yell as secondary quartz, 
arc more abundant. In the deposits of the Sterling clrrim galena and 
chalcopyrite, with a little sphalei•ite, occur, irregu l a r]~- interbancled 
with a light brown, flat rhombohedral dolomite. All of the deposits 
:irf' cut b,y veinlets and lenses of qtrnrtz, and of calcite, which carry 
•·lrnlcvipyritc, nncl, ns mr nti o1iccl., in nnc inst:::mc<', rnol _yli(ll' nite. 

Charad er of th e deposils.- The metallic minerals, as s tated. 
occur chiefl;y as impregnations and roplncernents of sheareLl meta-
111orphic rock$ usually along· fairly "·ell defined but irregular shea1: 
zones. The shear zones :we as a rule narrow and not extensive. The 
conditions prevailing 011 the divide between Cotton wood creek anr1 

Chernainus river arc rather peculiar. There the silicifiecl tufaceous 
slates of the Sicker series are cut b~· dykes of andesito or basalt 
porphyrite' and granodiorite porpl1yritc, near a lnrge intn1sivo mas~ 

of granodiorite, which is exposed on the slope north to the Chemainus 
river, about 300 feet below the deposits. Irregulnrly interbedded 
with the tufaceous slates are beds "·hich ban• lwcn replacecl .almost 

1 See par:e SL 
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entirely by andraclite garnet associated with actinolite.1 The alter­
nation of beds is usually rapid, the individual beds ranging from 2 
to 30 inches in thickness. They also thin out laterally in a short 
distance. The mineralization has been confined almost entirely to 
the · garnetiferous beds. These are frequently replaced to such an 
extent as to form ore, which, though of a fa ir grade, is seldom in 
large amounts. 

Genesis of the contact deposits .-"I!'rom the occurrence of the 
deposits described above, it is clear that they are intimately con­
nected with the granitic rocks which were erupted into the lime­
stones and volcanics of the Vancouver group in upper Jurassic time. 
Similar deposits have been recognized in many parts of the world, 
and are classified as contact deposits, the invariable feature being the 
development of metallic minerals in contact metamorphosed rocks 
near intrusive igneous rocks, which are usually granitic. The con­
tact metamorphosed rocks are chiefly altered limestones, and are 
characterized by such minerals as garnet and diopside. The metallic 
minerals also are those which characterize the Vancouver island 
deposits, chiefly magnetite, pyrrhotite, pyrite, and chalcopyrite. 
There can be little doubt, therefore, that the Vancouver island de­
posits are contact deposits. 

There are two general hypotheses 0£ the origin of the minerals 
of contact deposits. The first is that the garnet, diopside and other 
uon-metallic minerals, and in part at least, the metallic minerals 
were derived from the recrystallization of an impure rock, usually a 
limestone, which contained, before metamorphism, enough of the 
ingredients of the deposits to form by. rearrangement and recrystal­
lization, through the heat and mineralizers escaping from the intru­
sive magma, the minerals of the present . deposits. The second 
hypothesis is that the limestones were relatively pure, and that addi­
tions 1of silica, iron, -copper, and sulphur were received from the 
intruding magma, ·which entered the limestones in hot gaseous solu­
tions, well above the critical temperature of water, and metasomati­
cally replaced them. 

The limestones of southern Vancouver island were, to judge 
from the unaltered portions remaining to-day, very pure carbonates 
of lime with some magnesia, and were comparatively free from 

1 See pa~e 77. 
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sedimentary material other than organic fragments.' That they have 

been subject to very great alteration near the intrusive granitic 

rocks is shown by the universal occurrence of a metamorphosed zone 

in contact with the granitic. rocks, which are never, except in small 

dykes, in direct contact with pure limestone or marble. The infer­

ence 'is, therefore, that addit~ons of silica, iron, copper, and sulphur 

were received from solutions derived from the invading magma. The 

nature of the mineralization al so supports this conclusion, as it is 
greatest where solutions would most easily circulate, that is, along 

shear zones, frequently being confined to them. Also in the mag· 

netite type of contact deposits occurring in the Nitinat limestones, 

irregular, apophysal-like veins of magnetite cut and brecciate nearly 

pure marble, suggesting that they have been form.ed by the intrusion 
of very concentrated magnetite solnt ions.' 

Some of the deposits also appear to have been developed in 

contact metamorphosed volcanic rocks, although the contact meta­

morphosed rocks are very similar to those derived from limest-Ones. 

As noted, if limestone was originally· present it has been entirely 

converted into metamorphic varieties. The metamorphic varieties 

are apparently confined to irregular shear zones in the recognizable 

volcanics near intrusive granitic rocks. They may r epresent old 

limest one inclusions, which are found in the volcanic rocks, and 

which have been sheared and completely metamorphosed. But since 

the shape of the metamorphic portions is very irregular, and since 

they are so intimately associated with the volcru1ics, it is strongly 

suggested that the metamorphic portions have been formed by the 

alteration of sheared volcanic r ocks by solutions derived from the 

invading gi·anitic magmas. The chemistry of the alteration cannot 

be satisfactorily discussed at present owing to lack of analyses. The 

chief difficulti es appear to be the introduction of lime to form andra­

di te gamet and a loss oi alumina, which does not appear to be 

present in the garnet . If the contact zone as a whole is considered, 

there has probably not been any great loss in alumina, and possibly 

no very great gain in lime, a.s minerals such as e,pidote and chlorite 

are probably more abundant than gru·net. The non-aluminous 

' See page 67. 
'See pages 192-193. 
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pyroxene, diopside, is not an abundant meta morphic produc_t in the 
deposits of this type. In the metamorphism there appears to have 
'been a general rea rrangement of the mineral s. 

The production of andraditc garnet by contact metamorphism 
in igneous rocks intruded by later eruptions is uncommon , but has 
been noted by Brock' in Yolcanic rockR, and even in granodiorite, 
which were intruded by ;younger granitic rocks. It appears that in 
this instance a large part of the con'·tituents 'of tho garnet wa~ 
introduced by solutions derived from the younger, intrusive rocks. 
In the deposits on the divide bctll"eea Cottonwood creek and Che­
mainus river the g·arn.etiferous and mineralized beds occnr inter­
bedded with the tufaceous slntes of the Sicker series, the ill"o form­
ing, as mentioned, a rapiclly alternating series. Although a small 
inclusion or lentil of limestone was noted by Mr. Allan, associated. 
with the rocks of the Sicker series on Mount Brenton,' in 110 instanCl' 
has limestone been noted intcrbedded with the stratified rocks of tho 
Sicker series, and it 1seems improbable that at the one locality lime­
stone originally occurred in thin beds rapiclly alternating with rocks 
identical with those exposed in several other parts of southern Van­
couver island, and tha,t it was entirely destroyed by contact me,ta­
morphism. It seem s more probable that certain beds in the series 
consisting largely of stratified, tufaceous sediments were more porous 
or more readily altered than other beds, and that these were con­
verted, by so]ut.ions uprising from the granitic magma below at the 
time of batholithic intrusion, into the garn;tiferous and mineralized 
beds exposed to-day. 

Further proof ·Of•de'position from solution is fourn1 in the ra ther 
definite order of crystallization of the metallic minerals and to a 
less extent of certain of the non-metallic minerals of the deposits. 
The earliest mineral s appear in virtually all cases to l1ave been 
those formed by the action of solu.tions on the original minerals of 
the invadc<l count.ry rocb, notably diopside, epidote, and garnet. 
Garnet and, to a less extent, epiclote also appear to ha.vc been formed 
later, after some mineralization had taken place. The order of 
crystallization, or paragenesis of the metallic rnineralR np.pea1~s to 
lrnve been n1agneiite, pyrrhotite, i1yri te, and chalcopyrite. A similar 
paragenesis is of Vett'Y general occurrence in all maJSsiv0 ores, and 

-------------·-
1 "R,. W. Brock. Preliminary Report on the Boundary Cr\)ek district, 

B.C. Summary Report fo r 1902. Geol. Survey. Ca.nada, pp. 108A-109A. 
'See pa~ S!l. 
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has been noted by many obsen·er :> in many different ore deposit$,' 
and is probably due to a definite order of crJ·stallization from the 
metal-bearing solutions according to a Llefinitc solution law not at 
present well uncforstood, since thfJ various factors controlling the 
crystallizat ion of these minerals from sol ution have not been deter­
mined. However, magnetite aml pyrrhotite were deposited first, 

. "·hile p~' rite and chalcopyrite were usually deposited l ater . This law 
appears to have be€n of considcntblc importance, not only in deter­
mining the te.id:ure of the ores, but i11 determi11ing· their cha racter. 
'Dhose nea;r the sources of the solutions., t;hat is near the contacts 
with the granitic rocks, which were formed during the early i;tages 
of deposition, were rich in magnetite and pyrrhotite; while those 
formed during the later s tages of deposition, depositfld from solu­
tions enriched in pyrite and chalcopyrite through the loss of magne­
t ite and lJyrrhotite, usua1ly at some distance from the source of the 
solutions, in the upper portior of the contact metamorphosed zone.s, 
were relatively ri ch in pJTite and chalcopyrite. A similar circula­
tion of solutions has been emphas ized by recent writers , notably 
Lindgren," and explains most plausiblJ' the zonal cl istribu tion of 
different types of ore deposits, ranging from those form ed wider 
igneous and deep-se'ated conditions to those formed under surface 
conditions. 

Co ncl'Usions and classification.- The conclusions reached regard­
ing the deposits are that they were deposited in contact metamor­
phosed and shear ed limestones an<l Yolca.nics of tbe Vancouver group 
from solutions emanating· from tbe mag·mas erupt€d during the 

upper Jurassic period of batholithi c intrusion. The solutions pene­

trated the contact metamorphosed rocks more readily along shear 

zones or more porous beds, and the metalli c minerals, and to some 

extent ga_rnet, actinolite, qua.rtz, and calci te replaced the older meta·· 

morphic minerals. Near th€ intrusive igneous rocks and in the lime-

1 W. Lindgren. 'l'he copper deposits of the Clifton-Morenci district, 
Arizona . Professional Paper No. 43, U.S. Geol. Survey, 1905, p . 194. 

l<'. L. Ransome . Geology and or·e deposits of the Bisbee quadrangle, 
Arizona. Professional p ,aper No. 21, U.S. Geol. Survey, 1904. 

J. E. Spurr. The ore deposits o.f Monte Cristo, Wash. 22nd Ann. 
Rept. U.S. Geol. Survey, Part II, 1901, p. 838. 

R. W. Brock. Prelim inary Report on the Boundary Creek d istr ict, 
B.C. Summary Report for 1902, Geol. Survey o.f Canada, p 107A. 

2 W. Lindgren. The r elation of 01·e-depositio n to physical condition., .. 
Econ. Geology, Vol. 2, 1907, pp. 105-127. 

Prese:nt tendencies in t h e s tudy of ore depooits. Econ. Geology, Vol. 
2. 1907, pp . 743-7GQ 
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stones, th: replacements were largest. The metallic minerals first 
deposited were magnetite and pyrrhotite, so that tihe deposits found 
near the granitic rocks are not only larger but are characterized by 
a larger percentage of those two minerals. By the removal of mag­
netite and pyrrhotite the solution.a were enriched in pyrite and 
chalcopyrite which deposited farther away from the actual contact 
with the granitic rocks, forming smaller deposits which are charac­
terized by a higher percentage of pyrite '3.Ild chalcopyrite, and 
occasionally by splrnlerite and galena. The deposits thus formed 
have been fractured and recemented by quartz and calcite veinlets 
and lenses which frequently carry chalcopyrite. But there has been 
no notable rearrangement and enrichment of the original ores, and 
all oxidized ores if ever present were removed by tJhe recent glacial 
abrasion during the Glaciai period, so that no oxidired ores are 
exposed near the surface. As a whole the deposits are classified as 
belonging to the magnetite-pyrrhotite-chalcopyrite type of contact 
deposits, but the two sub-types should not be ignored. 

General status and future possibilities.-There has boon no com­
mercial production from the contact deposits, and as a rule they are 
to.o small and too low grade to be probable sources .;f copper ore in 
the near future. They are very similar, as has been indicated, to a 
well recognized! type of copper deposits which have been notable 
producers of copper ore. The productive deposits are much larger 
than the known deposits of .southern Y ancouver island, and in most 
cases they have been enriched by secondary processes forming higher 
grade copper minerals, bornite, and chalcocite. Except in rather 
rare instances the deposits of southern \Ta,ncouver island <level~ped 
in the contact metamorphosed limestones near the granitic rocks are 
too high in magnetite and pyrr:hobite, which could not be chea.ply 
separated from the chalcopyrite, for them to be of any great value 
as sources of copper ore. The deposits in the metamorphic volcanic 
rocks are a.s a rule too small ·and irregular to be of value. The most 
promising type is that in which mag·netite and pyTrhotite are sub­
ordinate to the pyrite and chalcopyrite, and which are normally 
developed in the contact metamorphosed limestones at some distance 
from the actual contact with the granitic rocks. 
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General character and distr-ibutvon.-Throughout the volcanic 
rocks of the Vancouver group are .schi stose or ·sheared zones which 
are more or less mineralized, chiefly with pyrite and chalcopyritc. 
Pyrrhotito and magnetite a.re frequently present, and more rarel.v 
bornite and chalcocite. Associated wit11 the mineralized shear zones 
are small veins and lenses of quartz which frequently contain chal­
copyrite ·and the other metallic minerals. Several cl aims have been 
taken up on the.so mineralized shear zones, and some of them 
appeared to be quite promising prospects, but in no instance has an y 
large body of payable ore been located. 

A large number of the deposits occur in the schistose roeks of 
the Sicker series, throughout the belt underlain by them. The prin­
cipal deposits occur on M.ount Sicker, Mount Richards, and Mount 
Brenton, and rure more or less ·Closely related to the Tyee ore 
body, which also occurs in t110 Sicker schists. The metallic minerals 
consist chiefly of chalcopyrite and pyrite, but bornite and chalcocitc, 
11s well as sphaleri te occur sparingly. Pyrrhoti te is frequentl y 
abundant, and magnetite is sometimes present. The gangue mineral s 
are chiefly quart;;:, but barite also occurs, showing the relations of 
these deposits to that of the Tyee type.' The gabbro-diorite porphy­
rite which is intrusive into the schists of the Sicker series frequentl y 
contains finely disseminated grains of chalcopyrite, and possibl.v 
some chalcocite. A l arge area of the gabbro-diorite porphyrite­
about 2 square mile -exposed on Mount Richards to the north of 
the Lenora, railway is r~portecl to assay as high as one per cent of 
copper. 

Similar impregnated schists occur on the south slope of Mount 
Skirt, a mile to the northeast of Goldstream station, in the schistose 
phases of the Vancouver volcanics.2 The mineralized zone is cut by 
small irregular lell!Ses of quartz with more or less chnlcopyritc and 
pyrrh-0tite. On the 'BTass' mineral claim of the Jubilee grou11 , 
which is situated nea.r the headwaters of Green river in Dunsmuir 
district, an impregnated shear zone in the Vancouver volcanics is 
cut by a quartz vein 18 inches wide, striking N 10° E and traceable 

1 See page 182. 
2 See page 56. 
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for about 50 feet along the outcrop. Th() yein ca rri ei'l pyrite and 
chalcopyrite, pyrite being· g-rcatly in excess. 

}\fineralized shear zones occur in the Vanco uver volcanics, ex­
posed along the upper part of t lic GorJon and Nitin ::it rivers, in 
which pyrite is the principal metallic minernl. The she::ired rock is 
usually groatly altered, commonly to a fine grained agg·regatc of 
qum·tz and sericite. On the surface the whole impregnated zone 
weathers to deep reddish-brow11, so that the min~ralization a.ppea rs 
superficially to be much more extensive than it really is. 

In the 1\fotchosin volcanics, shear zo nos with accompa11;vi 11 g -
quartz stringers which carry metallic miner als occur, although the~· 

are not numerous except nem· the intrusive stocks of Sooke gabhro. 
Those which !I.re apparently related to the Sookc ga bbro arc ck~­

cribed under the special Sooke type. An example of the deposits 
which -are not closeily associated with the Sooke gab bro, is exposed 
on a small tributary which entcirs the J ordan river from the east 
about 3 miles from its mouth. Pyrite with some pyrrhotite and 
chalcopyrite occurs, impregnating, and to some extent replacing 

narrow shear zo1ies, the strikes being N 25° E and N G0° W. The 
Hheared rock con.sists chiefh of fote grained, prismatie uralitc ancl 
chlorite, with very fine grains of quartz and clear , recrystalli:r.erl 
feldspar. Cutting the shear zones arc quartz stringers up to 4 
inches wide, whi ch ·carry rnrnll crystals of p,yrite and chalcopyr ik. 

In the Sooko g·abbro are wirlo shc:ar zones which have been 
impregnated and partly replaced by chalcopyrite and other mchallic 
minerals. . The type has nrn.ny characteri stic features, and is more 
important than any of the other shea r zone deposits, and is de~cribcd 

'lepa.rately as tho Sooko type. 
A large number of claims have been staked on a group of 

deposits near the henrhvaters of F ran klin river and China creek, in 
Alberni, Dunsnrnir, and Barkley di strict . These claims were not 
visited, so that tihefr character is not known. Some of them may he 

contact deposits, but it is probable that the~' arc chiefly impl'egnatod 

nnd partially replnccd sben r zone~. 

Genesi·s.-The a'sociation of metallic minerals and the char­

acter of the altera.tion of the original minerals of the sheared rocks 

indicate that the mineral ization ~ook pla<:e under con rlitions of high 

tem<per ature and pressm·e. The elate of the mineralizat ion can ho 
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determined qui te dc£11 i tel.'· since the rocks of the Y ancouYer gronp, 
in pa rt of lower Jurassic age, arc mineralized, and fragments of the 
rn ineralizcd r ocks· arc found in tho basal conp;lome r~1tos of the 
N anaimo formation of upper Cretacrous age. Ilencc, the mineral­
ization is post-lo1Ycr Jurassic and vrc-upper Crefa.ccous. It is, there­
fo re., more or le1:s contcn~ porm1eous ll'ith the uprier Jurassic and 
possibly lower Cretaceous pn iod of batholithic and c11ykc intrusion , 
:md since the mineralization took pl ace at high t emperature and 
presSLl'l"C, i t is almost crr tainh· closely connecte.d \Yith the bath oli ths 
and dykes which arc inhusive into the rocks of the Vancouver 
group. Doubtlr8~ the larger number of the dopo.sits arc relat ed t o 
t.lie bathol iths of t he W a.rk, Beale, and Saanich t~·pcs . 1 nnd sinc0 
lhern bathuliths are widespread and very numerous, tl10 mi1wraliza­
tion is correspon'dingly exten sive. The cl epos•its in the S i<'kcr rnries 
are probably related to the gabbro-diorite porphyrite in trusions, 
,y]1ich themsehcs contain such a notable percentage of m c.ta1lic 

miuerals . Since the mineralization of t he Siclrnr ~cries is g-reator 
than tha t of any othm formation, and since i t is char acterized by 

the occasional presence of bornite and chalcoci tc and of bari t-0, it 
is probnbly related not .onl y to the gabbro-diorite por11hyrite;; intru­
~i1·c int0 t he Sicker seri e~,' hut nl::<o to the T;vcc ore deposit. -

Genoral sial'lts and /1.dul'e 71oss1:bililies .--Altho ugh a great 

number of cl aims have been taken up on the shear zone deposit~ and 
eome of them developed slightly, there h as been, as mentioned, no 
rnmmcrcinl production, and no lnrgc persistent bodies of ore han· 

been located. The low grade clrnr ac'ter of the ore, pyrite and pyrrho­
tite greatly pre>(lominn ting o,·cr t he co pper-bcnr ing minerals, a)}(l the 

irregular character of the deposits, make them i n most insbmces 
improbable so urces of . copper ore, and their futu re prospecting 
cannot be recomrneJ1ded. '.Phe presence of bornite and ehalcod tc in 

the sheaTc:d and , chi stose zo.n es of the Sicker seri eE, and the grea ter 
extent of the min eralization make the area underlain by the Sicker 
ser ies more favourable prospecting . It is doubtful if ever tho shear­
zone type of depoEJit will be found of economic n il uc. but further 
i1rospecting may lead to the di scovery of anotlwr lens of or e of t lie 
Tyee type. 1~he associa.ted gabbro-diorite porphyri t·c3 with th0ir 
small P.ercentage of chalcop:vritc nn<l posRibh c-l1a1cocit0. nrc nh:o n 

' See pag~ 95. 
' See JJ Rge 78. 
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possible source of copper ore, for although the percentage of copper 
is small, yet the ore is of such a character a<i to be readily and 
cheaply concentrated by ore dressing. 

SOOirn 'l'YPE. 

Genet.al character and distribution.-On the East Sooke penin­
sula, developed usually in shear zones of the Sooke gabbro and dis­
tributed throughout the gabbro stock, are deposits of low grade 
copper ores. The ore mineral is chaicopyrite. Associated ~ith it 
are pyrite, p;yrrhotite, and magnetite. Pyi·ite, pyrrhotite, and mag­
netite occur chiefly in large masses which are composed almost 
entirely of metallic minerals. Chalcopyrite occurs chiefly in wide 
shear zones, through which it is disseminated as small patches, 
1ensos or veinlets. The only important gangue minera,1 is horn­
blende. Since the chalcopyrite is usually disseminated through wide 
zones of sheared rock, the deposits are low grade. ·rhe ore mineral 
could, however, be easily concentrated, hence the deposit.a are of 
great prO'Spective value. At present but little development vrn1·k has 
been done. 

Jllineralogy.-The metall ic minerals present are chalcopyrite, 
magnetite, pyrrhotite, and pyrite, and native copper. The non­
metallic, gangue minerals are amphibole, chlorite, feldspar, and 

. quartz. Chalcopyrite is the e1nly impo1•tant copper-bearing mineral, 
as the iron sulphides probably do not contain any appreciable amount 
of copper. Chalcopyrite occurs in small disseminated grains, minute 
veinlets, and in larger veins and masses. In the shear zone deposits 
it is nearly free from the other sulphides, although magnetite is 
present. The chalcopyrite bas crystallized later than the associated 
hornblende, cutting the hornblende in veinlets and also including 
it. It also includes grains of an untwinned feldspar, probably albite­
oligoelaise. The massive chalcopyrite was not assayed, but appears 
to ·be nearly pure. In the large masses 01f metallic minerals, chal­
copyrite is very subordinate. It occurs in vein1ets, cutting enclosed 
masses of hornblende, or disseminated through the massive magne­
tite and pyrrhotite. The chalcopyrite bas orysta1Jized later than the 
,magnetite and pyrrhotite, and with the exception of quartz, has been 
the last mineral to form in both types of cl~sits . 
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A little native copper is occasionally found near the surface. 
No oxidized copper mineral s are found to any great extent, although 

the green copper stain due to the carbonate is of common occur­
rence. 

Fine granular to massive magnetite is of almost universal 
occurrence in the deposits. In the shear-zone type, magnetite occurs 
in small, elongated segregations closely associ·ated with feldspar. In 
the massive type of deposit, magnetite is one of the chief compo­
nents, and has been one of the first of the metallic minerals to 
crystallize. 

Pyrrhotite is common, but is present in large amounts only in 
the massive type of deposits of which it is the chief conS<tituent. It 
is a yellowish bronze, finely granular va riety. It occurs as irregular 
masses and also as veinlets cutting magnetite, pyrite, and the in­
cluded silicates. The contact of the pyrrhotite and the included 
silicates is very irregul ar, tiny RPOlJli;l·ses of the former entering the 
latter. 

Pyrite is not abundant, and is found chiefly in the massive type 
of deposit closely associated with pyrrhotite. 

The aibove metallic mine1•als are but slightly oxidized near the 
surface, and only a very small amount of gossan, composed l argely 
of limonite is found. The appa rent order of crystallization of the 
metallic rniinerals is magnetite, pyrite, pyrrhotite, and chalcopyrite. 

The chief gangue is arnphibole, which is of two varieties, a 
bladed, common green hornblemle, and a fibrous or n eedle-shaped, 
slightly pleochroic variety. The hornblende occurs in large irregular 
grains, some of which are sheared 'and frayed on the edges. The 
fibrous amphibole o,ccm s in rooiating groups in narrow zones, and is 
closely associated with mag1ietite. Some of the amphibole is altered 
to chlorite. The ampbiboles occur chiefly in the shear zones, so that 
the shear zones resemble coarse hornblendites. In the masses of 
nearly pure metallic minerals the amphibole has been reduced to a 
few included grains. In a few of the shear zones, augite in small 
irregular to prismatic grains is as abundant as the amphibole. 

Other silicates in the shear zones are feldspar (probably albite­
oligoclase<), and zeolitic minerals. Feldspar foTms only a small per­
centage Of the rock, and is associated with the chalcopyrite and not 
with the l arge bladed hornblendes. Quartz occurs in sm all stringers 
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th'r oughou t the shear zones, but is absent or insignificant 111 the 

massive type of deposits. 

Oltai'lbclel' of deposits.--Relations to country rock.-The Sookc 

deposits are of ~wo types, disseminated chalcopyrite in shear zones, 
aud large irregular masses of m etallic minerals. The form er is of 
the greater importance. Most of the shear zones throughout the 
gabbro stock are more or less impregnatecl with chalcopyrite, bu t 
only the larger have any commercial importance. These are well 

clcfined, ancl vary iu width from a few feet up t o one which is at 
least 250 feet wide. They arr. i1ersistent and c<tn usually be follo1vec1 
for several lrnndred feet. The l a1·gest, that exposed on the :Margaret, 
Copper E iug, and Emeka clai1m, is t rucea·ble for at l east 4,500 feet. 
The strike of the larger shear zoiies varies widely, but there .are t1vo 
vri11c ipal sets, 01ie h aving a s trike near N 40° E and the other nenr 
~ 15° E. There is every rcnson to hcliern that these shear zones 
exteml to considerable depths. Erosion has progressed more rapidly 
along the shear zones so t hat they are marked b;y small valleys, and 
nlong tbo shore by narrow, wave-eroded chasms. This erosion is 
probaLJ~, llue more to the shearecl character of the rock than to the 

presence of easily decomposed sulphides, so that hear-zone chasms 
c:annot be taken as any indication of the prcsonco of ore minerals. 

Chalcopyrite occurs cli s tributecl throughout the entire shear 
zone, but the percentage in the whole shear zone is small: rarely 
more than 5 per cent. The amount of clwlcopyrite vari es greatly in 
different shea r zones and different portions of the same zone. Then· 
appear to be better values, in most cases, near the walls. In 01ily 
one case, on the Willow Grouse cla im, \ms a specia1ly enriched shoot 
noted. Th is shoot, as exposed b.1- rt snrnll shaft and drift is about 
·7 feet \\·ide. rtnd carries a rcl::tti1·cly high percentage of ch alcopyritl'. 
This enriched deposit occ ur~ nt the junction of two well definer] 
shear zones. It nlso occurs near a n intrnsive mass of the oli vine 
;morthosite. 

Only tll'o types of the ma,siYe t;ype fire kn oll'n : one 011 a claim 
on section 83, and the other at Iron rn oun tni11 (section 7D), n eflr 
O'Brien point. These two deposits lwrn been supposed to be con­
tinuous, but this is very dou:btfol. At Iron m ountain the m etallic 
minerrtl have been dcveloperl in a shear zone, 30 to 40 feet wi<lc, in 
a. basic ophi tic gahbl'O. I,argc bl::tded hornblendes are the onl~- sili­
c:ate mi11orals that arc promi11ent, and tlw.0 e m·c incluclcrl ancl are 
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apparently being replaced by magnetite and p,yrrho tite. This appar­
ent replacement has gone on to such an extent that large masses of 
relatively pure metallic minerals occur. 

In the shear zones of the J\fetchosin volcanics which arc in­
truded by the Sooke gabbro, in the neighbourhood of the gabbro 
stock, deposits of di sseminated s ulphides of iron and copper also 
occur. 

G enesis.- The association of minerals, especially the pre~ence of 
the hornblendes, proves conclusively that the deposits were formerl 
under conditions of high temperature and pressure. The dissem­
inated chalcopyrite is so intimately connected with the large bladed 
and fibrou s amphiboles of the shea r zones that the two minerals have 
doubtless been formed hy a similar and continuous process. 

The conclusions reached regarding the origin of the ' hom­
blendites' of the shear zones' is that they were probably formed 
directly following the solidification of the gabbro, through the influ­
ence of hot solutions, either liquid or gaseous, acting on the sheare<.l 
rock, recrystallizing the basic constituents into amphibole. Follow­
ing or virtually contemporaneous with the above changes, solutions 
carrying· magnetite and sulphides of iron and copper were intro­
duced and their contents were deposited as disseminations through 
the .shear zones. The metallic minerals may have been more abun­
dant in the origi11nl gabhro alo11g certnin of these zones, formed by 
segregation in the primary gabbro magma. The only field evidence 
of such segregation or basification of the gabbro was noted in the 
neighbourhood of the Iron mountain deposit, and i t is very possible 
that the ma.ssfr e type of deposit 01res its existence in part to original 
segregation, but it a.lso has lloubtless been enriched in metallic 
minerals by subsequent processe~ . 

Metasomatic replacement has gone on to a very considerable 
extent, as is shown by the silicates with jagged, irregular or obscure 
outlines, that ai:e included in the metallic minerals, even in the 
ma.ss ive chalcopyritc. The large rna.sses of sulphides and magnetite 
have apparently 'been :formed in part where this process has been 
most efficient. Ju the cbalcopyrite deposits marked replacement of 
the hornblende h ns taken place only near the walls or at the intersec­
tio11 of two shear zones. Replacement of the feldspar has, however. 
g-one on to a ver ,Y considerable extent. 

1 See origin of Sooke gabhro, page 1122. 
9871--12 
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Even after the formation of the 'hornblendites' in the shear 
zones slipping has occurred, as is ·shown by the abundant slicken­
sides. This movement continually opened up new passages for the 
solutions, so that the metallic minerals continually worked their way 
farther into the sheared rock, aud more and more completely filled 
the small inter'Stices between the hornblende crystals. 

The ;paragenesis of the mi.nerals of the deposits always shows 
chalcopyrite to have been formed last. This feature is not charac­
teristic of the ores of this district only, but is of very general occur­
rence in ·similar ores,1 and has been explained as due to a definite 
order of crystallirntion from metal-bearing solutions. On this 
a·ssumption the most probable explanation of the shear-zone type, 
which is comparatively free of the valueless s ulphides, pyrite, an<l 
pyrrhotite, appears to be as follows : The metal-bearing solutious 
deposited the greater part of their contents early in their progress 
upward through the sheared gabbr.o, or as they radiated out from 
segregated masses of metallic minerals, and replaced the silicates 
readily and formed such masses as that exposed on Iron mountain. 
The deposition of the iron minerals, and the replacement of the 
silicates, left the solutions em iched in copper and silica. These 
penetrating farther into the ~hear zones, deposited nearly pure chal­
copyrite and quartz. Where the solutions were especially vigorous 
in their action, along the main channels of circulation, that is near 
the walls of the shear zones, and along their intersections, replace­
ment of the hornblende occurred and the enriched deposits of chal­
copyrite were thus formed. Solutions of this same character seem 
to have penetrated also the shear zones in the oYorJ~·ing and inva.ded 
Metohosin basalts . 

General status (J;nd fuliire possibilities.-Several claims have 
been taken up on the Sooke deposits, and numerous prospect pits 
have been made, but no mining has been carried on, and only a very 
meagre amount of development work has been done. Ore from the 
Willow Grouse and Blue Bird claims has been tested in large quan­
tities, and the resul'ts are said to be satisfactory. A few attempts 
h::we been made to mine the Iron mountain deposit, and s_ome of the 
ore has been shipped . A road was built to a deposit on the southern 
coast several yea rs ago, and presumably some ore was obtained, but 
the project has long since been abandoned. 

1 See pages 168-169. 
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The massive deposits are too low grade in copper to be even 0£ 
prospective value. 'l'hey are ri ch in the valueless metallic minerals, 
and it would be difficult and expensive to separate the chalcopyrite 
from them. The deposits have been exploited· for iron as weH as 
for copper, but the sulphur is too high for the deposit to be a possible 
source of iron with the ·present conditions existing in the iron in­
<lustry of this continent. A sug'gestion is made under sulphur that 
the deposits may have some future value for the manufacture of 
~mlphuric acid. Their chief value has been as an iron flux in copper 
smelting. 

The shear-zone type of deposit, with the local enrichments, is 
of very great prospective value. The deposits as a whole are very 
low grade, but the chalcopyrite could easily be concentrated by ore­
dressing machiner3r, without transpo1~tation of the low grade ore. 
S ince the deposits are in such well defined shear i-,ones, ru1d are of 
deep-seated origin, there is every reason to believe that they arc 
continuous in depth. There is, however, no reason for believing 
them to increase in value with depth. They will rather decrease 
gradually in value, and if the hypothesis suggested holds, the amount 
of pyrite and pyrrhotite will probably increase. The small amount 
of native copper found frequently at the surface is d'l.ie to surface 
alteration, and cannot be expected more than a few feet from the 
surface. 

Description of prospects.-The prospect on the Willow Grouse 
and Blue Bird claims is one of the two or three more important 
ou es. It is situated on the nortbwest slope of Mount Maguire, on 
section 111. The ore is developed in a shear zone about 60 feet wide 
having a strike of N 40° E. An enriched body of chalcopyrite 
occurs at the junction of the wide ·shear zone with a narrow one 
having a strike of N 3° W an<l a dip of 80° W. The crossing of 
the shear zones, the large one being approximately vertical, has 
formed a so-callecu 'horse' of ga'bbro, which is exposed in the short 
'llrift. Directly to the south is a body of olivine anortbosite, about 
1-±(10 yards across, which is intrusive into the normal gabbro. 

The ore mineral is chalcopyrite and occurs disseminated 
through the wide shear zone, although •best developed along the north 

wall. The enriched body, which occurs at the intersection of the 
two shea1· zones, is about 7 feet wide and follows the smaller zone. 

9871-12i 
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It carries a good percentage of chalcopyrite, with vein-like masses 
'0£ the pure _mineral over a foot in width. 

The deposit has been opened up by a shaft 40 feet deep, "·ith a 
·40 foot drift running west across the bod.r from the bottom of the 
-shaft. 

On the southern slope of Mount Maguire are three claims, the 
Margaret, Copper King, and Eureka, located on a wide ~hear zone 
some 200 feet wide, having a strike of N 43° E, which is traceable 
for the whole length of the three claims. As a rule, the metallic 
'minerals. chiefly chalcopyri te, arc disseminated through the entire 
shear zone, with the best values along tho northwest wall. Occa­
sionally the chalcopyrite occurs in small lenses and veins. Quartz 
stringers are Yery abundant. The deposit is opened only by four or 
five small pits or shafts. 

Another prospect, half a mile northwest of the Willow Grouse 
claim, is on a small shear zone having a strike of N 80° ·w. Good 
ore is exposed close to the wall rock of gabbro. 

Sern1·al other prospects have been started in the shear zone 
deposits. One, the a-called 'old copper mine,' is located ou the 
southern coast, a mile east of O'Brien point, and is in a shear zone 
50 feet wide, striking N 15° W. 

At the head 'Of Becher IJ:>ay a shaft, said to be 90 feet deep, 
from which ore is said to ha_ve been shipped, is located on a shear 
zone in the Metchosin basalts. The ore consists of dis-seminated 
patches and veinlets of chalcopyrite associated with Yein-like masses 
of epidote, and with quartz veinlets. Another prospect was started 
on a deposit in the sheared basalt to the southeast of Sooke harbour. 

The massive type of deposit ha been developed at Iron moun­
tain, and on section 83. The Iron mountain deposit is fairly well 
exposed in several pits, and in a drift 50 to 60 feet long. Some of 
the ore has been shipped.' 

'l'YF.E TYPE. 

General character and distri.uutvon.- The only copper deposit 
known of the Tyee type occurs at Mount Sicker. It is virtual1y 
a single lens of ore extending through three claims, from east to 
west, the Richard III, the T~·ee. and the Lenora. The ore is chal-

1 See E. Lindeman. Publication No. 47, Mines Branch, Department of 
Mines, Canada, 1910, p. 9. 
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copyrite associated with pyrite, sphalerite, and some galena, 111 a 

ganguc consisting chi efly of bari te, with some quartz and calci te. 
Outside of the lens are massive veins consisting chiefly of 
quartz and dolomite. The lens occurs in a synclinal trough of the 
quartz-talc and graphite schists of the Sicker series. The produc­
tion from the deposit has been large, and during it5 activity the 
Tyee mine was the most important copper producer of the Coast 
region of British Columbia.. At present the ore has been worker] 
out and the mines are shut clown. All of the three mines giving 
access to the ore-body are now, and were at the t ime of the writer's 
vi sit inaccessible, so that i t has been impossible to make an exa m­
ination underground. The T;yee Copper Compm1y ke pt a very care­
ful record of their" regular developmen t work, and by cxtensirn 
dia.rnoud drilling and by sinking and drifting have gained a full 
lrnowledge of the extent of the ore-body and of the geological struc­
tu re.. Some of the r esults of their work h ave been made public in 
!oCYeral papers, tl1c most important of which are li sted in the biblio­
graphy. With the exception of a few details concerning· the chal'­
acter of the ore and the general geological relations, little can be 
added in the present instance to the already existing knowledge of 
ihe district. The writer ha,s been compelled to draw his knowledge 
of the deposit from the alreaicly published accounts, and so a short 
:rnmmary is all that is advisable. The chief sources haye been an 
article by l\fr. vY. H. '\\T eecl ·on the Tyee mine, published in the 
Engineering and 11f ini11 g J 011r11al, January 25, 1908, pp. 199-201, a.ncl 

one in the smnc mag·azine b.v Mr. R obert Musgrave, Vol. 78, 1904, 
pp. G73-674 . 

. Mineralog y.- The number of mineral s found in the ore is com­
paratively small. The complete li st is :-

:Metallic minerals. 
Chalcopyrite, 
Pyrite, 
Sphuleritc, 
Galena, 
Pyrrhotite. 

Non-m etallic minerals. 

Quartz, 
Ba.rite, 
Calcite, 
Al bite, 
Dolomite. 

Oxidized minerals. 
I~imonite, 

Tmgite. 

Chalcop;yri te is the only copper-bearing mineral. It occurs 
ma.ssive and in mall grains. It is sometimes intergrown with pyrr­
hotite, both mineral.s including small grains of pyrite. It is more 
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rarely intimately intergrown with pyrite. Grains of chalcopyrite 
are commonly surrounded by sphalerite. 

Pyrite usually occurs as small grains either with the gangue 
minerals or in 'the massive chalcopyrite. Sometimes tJ1e pyrite and 
clialcopyrite are foiely disseminated one in the other. 

The sphalerite, which is dark coloured and high in iron, is 
nearly always present in the ores in which the non-metallic minerals 
occur, which ores are usually banded, but in the massive sulphide 
portionlS it is less common or absent. It occu rs as grains dissem­
inated through the banded ore and al.so surrounds chalcopyrite in 
the more massive parts. In general, it has been one of the last 
minerals to crystallize, and sometimes occurs interstitial to calcite. 
Occasionally sphalerite . extends through the ore, forming a sort of 
matrix for the other minerals, with the exception of quartz and 
calcite. 

Galena is not veTy abundant, is not always present, and occurs 
as disseminated grains in the banded ore. 

Pyrrhotite occurs intimately intergrown with massive chalco­
pyrite, and both minerals include small grains of pyrite. 

Quartz is nearly always present, occurring intergrown with 
calcite and barite in the banded ores, and in veinlets cutting the 
massive sulphides. It also ocrurs in the veins outside of the Tyee 
ore-body. 

Barite is the most abundant non-metallic mineral of the normal 
ore. It occul\S with quartz in a fine grained mixture, apparently 
having crystallized first in small grains of rounded or crystalline 
outline. 

Calcite occurs in veinlcts cutting the massive sulphides, and 
also as one of the non-metallic constituents of the banded ore. 

Albite, which is nearly always present although not in large 
amount, occurs with the other non-metallic minerals in the banded 
<ires, in ir:regular grains. Some of the grains are :b'roken, and are 
penetrated by veinlets of the metallic minerals, notably sphalerite. 

Dolomite is confined to the quartz veins and occurs in rhombo­
hedral crystals surrounded by the quartz. It is of a light yellowish 
colour and resembles ankerite, but contains scarcely more than a 
trace of iron. It is sometimes penetrated by little veinlets of chal­
oopyrite. 
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Limonite and turgite occur in the gossan associated with resi­
dual sulphides. There are virtua1ly no oxidized copper minerals 
present. 

The ores of the lens may be considered as of two kind'-l, a 
banded -0re consisting of both metallic and non-metallic mineTals, 
and a massive ore consisting solely of metaHic minerals, although 
brecciated by veinlets of quartz and calcite. The paragenesis of the 
banded ore appea rs to be albite, pyri te, barite, chalcopyrite and 
galena, ,sphalerite, quartz, and calcite. The .relation of the metalli c 
and non-metallic minerals is not always clear, but otherwise the 
paragenesis as g iven is fairl.v definite and -holds generally. The 
banded ore is not crust ified, ar{cl the miner als compri sing it are 
virtually contemporaneous, the definite paragenesis a.pparently being 
due to a defini te order of crystallization. The banding appears to 
be due in part to a slight crushing and movement afteT the minerals 
of the ore had been crystallized. The massive ore consists of cha]­
copyrite, some of which is intimately and irregularly intergrown 
with pyrrhotite, these minerals including pyrite. The ore is com­
monly broken and cu t by veinlets of quartz and cafoite. The para­
genesis is, therefore, pyrite, pyrrhotite and olialcopyrite, quartz and 
calcite. 

The composition of the ore is shown in the following table1 
: -

Copper .. 
Iron .... .. .. 
Zinc.. .. .. .. .. 
Silica .. . . . . . . . . 
Alumina .. .. .... ....... . 
Baryta ........... .. .. . . . 
Lime ........... . .... . . . 
Magnesia ........ . .... .. .. . 
Sulphur ........ .. .. ... . 

I. 
4.55 

11·9J 
6·60 

13·50 
3.95 

37.30 
. . 2·20 

. . . . fra.ce 
16-62 

II. 
4·08 
10·4~ 

7.36 
13·48 
7-01 

37·63 
2·04 

trace 
15·65 

'fotal.. . . .. . . .. .. .. .. .. .. 96-67 97.7,1, 

Silver ... ... .... . .... . oz. per ton. 2-87 
Gold . . .. .. . . .. .. . . .. .. " " O· LI 

I. Average of analyses made by the company. 

2-67 
0·1 3 

II. Average comp06ition -of the ore mined in 1905. 

III . 
4·50 

12-50 
7-00 

12-50 

38·00 

2-80 

III. Average of 150,000 tons shipped up to the middle of 1905. 

C'haracte1· of deposit; relat·ions to conntry rock-Ur. Weed' 

describes the deposit as follows : ' The ore-body is a large but 

1 W. H . Weed. Notes on the Tyee copper mine. Eng. & M.in. J ourn. , 
Jan. 25. 1908, n. 2-00. 

"W. H. W0('d. Notes on the Tyee copper mine. Eng. & Min. Journ ., 
Jan . 25, 1908, p. 2-00. 

• 
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irregular lens with a proved length of 2,800 feet, a mean width of 
20 feet, and a depth of 150 feet. It is 40 to 50 feet wide in man_y 
places. In the Lenora and Tyee mines, where its limits are known, 
it containE in all over 300,000 tons of ore. Extensive cross-cutting, 
drifting r.11d diamond drilling from the various levels of a shaft 
1,200 fe.:it deep show that the ore-body does not go down, but that 
the shear zone, with its peculiar ba·rytic impregnation, extends 
through the folds, showing pa.tches of low grade copper-bearing rock 
at one or two points in other and lower saddles.' 

This lens has been developed in a closed syncline, striking abou t 
N 90° W, the north leg being the steeper, of graphitic, quartz-talc 
:rnd quartzose schists in c'hloritic schists of the Sicker series. The 
syncline is about 100 yards wide, and cpn oo traced along its axis 
for 2 :miles. It widens toward the west and therefore apparentl~' 

pitches in that direction. 
The trough of .schi sts is delimited on both sides by gabbro­

diorite porphyri te d.ykes. The southern wall is rr very persistent 
strike fault. This fault is of post-mineral develo1m1ent, since it ha s 
brnken and slig·htly di splaced the lens of ore. 

The ma in lens is located on the southern s ide of the trough 
adjacent to the talco8e and graphitic schists. Another smaller body 
' of low rtnd ver.r irregular grade' occurs along the northern side. 

About 100 feet to the north of the main deposit is the vein 
mentioned abo\·e' of quartz aml dolomite, carrrying chalcopyrite. 

The schistose zone or syncline is very generally impregnated 
with chalcopyrite and othei: sulphides. This is also true of a large 
number of other shear zones throughout the entire extent of the 
Sicker series.' 

Weed .states that in some p'.aces the copper content of the irn­
pregrwted shca.r zones reaches 0.5 to 1 per cent. No other distinct 
lenses of the ore are known. 

Genesis.-- :Mr. Weed's conclusion as to the origin of the ore-bod.v 

is as follows : ' The T;yee ore-body resembles in fe:atures and occur­

rence the lenticular bodies of iron ore of the Lake Superior ranges, 

the origin of which has been so clearly disclosed by Van Hise, 

Leith, aml others. Tlie hypothesis that the coppeT is a concentration 

1 R. Musgrave. Copper Deposits of Mt. Sicker . J~ ng. & :Min. Journ. 
Vol. 78, pp. 673-674, 1904. 

' See page 171. 

.. 
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by shallow ground-water circulatiom of material extracted from 
spa rsely disseminated particles of chalcopyr ite and pyrite of the 
schi sts, libcra eel chning gradual eros ion of the counlr,,·, gathered in 
shear zone cracks or trunk channels and precipitated by graphitic 
matter with co i nciclent replacement of crushed material, appears at 
first sight to be an adequate explanation for this and many other 
deposits. The chief objection to thi s, and apparently an insuperable 
one, is the fa ct that the Tyce deposit consists largely of barium 
sulphate, \\'hil e the surrounding rock's are entire]~· free from it ; 
showing that l ateral moving waters have not furni shed the ore. It 
is, therefore, evident that we must look to deep:seated waters as the 
so urce of the ore in this deposit.' 

The gen eral impregn~tion of the schi st with chalcopyrite and 
pyrite has certainly taken place cluri:i.g the metamorphism and altera­
tion of the country rock. The alteration has been shown' to be clue 
largely to contact and thermal agencies, which were active during 
the intrusion of the g,aibbro-di orite porphyrites. After the field exam ­
ination the writer felt that 'shallo"· ground-water circulations' 
concentlrating the material of the shear zone deposits w.as a sufficient 
explanation of the origin of the ore lens. The presence of barite is 
not n. conclusirn argument that the deposit wa.s formed by deep­
SElated waters, since its absence in the suri'ouncling rock might be 
explained by the thoroughness of the leaching. v..r. H. Ernmon lists 
it as being characteristic of deposits of rnodern.te depth,' and the 
chief barite deposits of the United States, "·hich nre those of thf' 
:Mi ss iss ippi vall ey, are corl1Illonly conceded b_y most geologists to 
have been formed by circulating meteoric waters at moderate or 
shallow depths. Furthermore, cases are k11own in Tennessee and 
Nova Scotia where barite is the product of surface decomposition. 
The presence of talcose schi sts, wh ich were mapped by :M:r. Living-­
ston, the late man ager of the Tyee Copper Company, as being the 
immediately ad jacent country rock to the ore Jens, also favours the 
hypothesis that it was formed at shallow depths, since talc is com­
monly, t hough not alwa~'s , form ed by surface weathering. The 
shallow depth to which the o:e extends also favours this conclusion. 

But what appears an i11 surmountahle obstacle to the accep1·ancP 
of the hypothes·is of concentration by shallow cireulating waters, is 

- .. ---- - -- . -----
1 See page 85. 
2 Genetic Cla&5ification of Minerals. Economic Goology, Vol. III, 1908. 

p . 618. 
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the massive character of the ore, the minerals of which have appar­
ently formed more or less contemporaneously, crystallizing out of the 
solution in a definite order. The presence of pyrrhottte and a1bite, 
minerals characteristic of deposibs formed in the deep zone, also 
argues strongly against the hypothesis. It seems, therefore, to the 
writer that it is very possrble that the deposit was formed by deep­
seated waters. 

The shape of the ore-body is of great interest. It is suggested 
by }\fr. Musgrave' that the ore was deposited in a pre-existing 
cavity formed by the dislocating forces which caused the intrusion 
of the gabbro-diorite porphyrite (diabase) dykes. He also states 
that metasomatism may have taken place to a small extent, but that 
no evidence h:as been noted. A definite amount of metasomatic 
replacement is seen in the shear zone deposits. The study ·made by 
the writer of the Tyee deposit has been under such unsatisfactory 
conditions that it would be very inadvisable to dispute Mr. Mus­
grave's statement. However, the banded character of the massive 
ore is perhaps explained in some degree by the replacemerut of an 
original banded rock. 

If the hypothesis of concentration by shallow circulation be 
accepted, the graphitic schist offers a very convenient precipitating 
ag·ent for the ore minerals. If the other hypothesis is granted, there 
is no need to search for a precipitating agent, since the change in 
physical conditions is sufficient to explain the deposition of the 
minerals. 

General stafos and fidure possibilities.-At present the Tyee 
ore-body is apparently worked out. The very thorough prospecting 
of the Tyee Company virtually precludes the :finding of any other 
lens in the trough in which the Tyee body is located. Possibly 
similar lenses occur in the Sicker series. The location of these 
bodies from the surface exposures is almost imposs~ble. If it had 
not been for a happy a;ccident, the Tyee ore-body might have re­
mained undiscovered for a long time. Prospecting is also greatly 
hampered by the thick layer of drift and by the heavy forest. The 
:only suggestion that can be given to aid the prospector iis that he 
should pay special attention to the tight, infolded syndines of 
•schists. 

1 R. Musgrave. Copper Deposits of Mt . .Sicker. Eng. & Min. Journ., 
VoJ. 78, p. 674, 190.i 
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Description of mines and prospects.-Since the description of 
the only important mines is so bound up with the description already 
given of their deposits, and as the history and development of the 
d istriet has been quite fully dealt with in several papers in various 
magazines and in the reports of the Minister o! Mines of British 
Columbia, a further description need not be given here. 

Production.-The production of the Tyee mine to April 30, 1907, 
after which time but little ore was d1ipped, is give111 as 166,000 tons 
.of ore carrying 14,715,336 pounds iof copper, 415,446 ounces of 
silver, and about 26,000 ounces of gold. The production from the 
Lenora mine 'is estimated' as 80,0'00 tons of ore averaging 4.77 per 
cent copper; 3 -28 ounces silver; and 0 · 188 ounces gold per ton . 
The production from the Richard III has been approximately 4,000 

tons. 

IRO:N.3 

General ch11J1·acter and distribiition.-The iron ore deposits· of 
southern Vancouver island are of folllr typelS, contact deposits, im­
pregnated schists, r eplacement or segregation deposits in gab'bro, and 
bog ore deposits. The contact deposits are most important, and will 
be taken up in more detail in the following sections. The other 
three types have little or no value as sour CE!s of iron in the near 
future, and may be briefly described here and then dismissed. 

The only representative of the impregnated schist type exam­
ined is on Saltspring island;' but other deposits of the same type 
occur in the same belt ·of schiist farther to the west, on the northeast 
slope of Mount Brenton, and probaibly elsewhere. The deposit on 
Saltspring island is developed in the Sicker schists, on the north­
west slope of Mount Sullivan, opposite Sansum narrows, at an eleva­
tion of about 825 feet a.hove sea-level. The unmineralized schists in 
the immediate neighbourhood of the deposit are quartz-chlorite and 
quartz~biotite schists, and have be0n intruded by large masses of 
gabbro-diorite 'POrpliyrite. The impregnated zone is about 100 fee~ 

wide and in places. the ordina.ry schists have been converted into u 

1 Rept. on Mining and Metallurgical Industries of Canada. 1907-8. 
Dept. of Mines. Mi:nes branch, p. 171. 

' Ibid. p. 173. 
8 The iron deposits of Vancouver island are excellently treated by Mr. 

Einar Lindeman from a oommercial rather than geological view point in 
a report published by the Department of Mines, Mines Branch, .Publica­
tion No. 47, 1910, 29 p. with 5 maps, two of them magnetic surveys. 

•The examinati-On was made by Mr . J. A. Allan. 
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dark red, jaspery schist, consil;ting of very fine grains of quartz, 
iuregularly intergrown, of an average diameter of about 0·05 mm., 
with 10 to 15 per cent of magnetite, wh ich occurs in small grains, 
rarely over 0 -02 mm. in diameter. The magnetite is a.rranged in 
roughly parallel streaks and lem-like masses, with a few large 
grains, with crystal outlines, 0·1+ mm~ in diameter. It is partly 
altered to hematite, which gives the rock its red colour. Toward 
the cent1·e of the zone in particular, veinlets of magnetite occu r, up 
to 3 inches in width, parallel to the schistosity, ·but sending tin.v 
apophyses out into the jaspery schist. Quartz veinlets oocur and 
a.ppear to be later than the magne tite. Metallic suJphides are vir­
tually absent. The deposit has .apparently been formed by solutions 
of quartz and magnet:ite, derived from the neighbouring gabbro­
diorite porphyrite intrusion, impregnating the schist and to a certain 
extent replacing it. The deposit is exposed in a:n open cut 75 feet 
long. The ore is of good gTade in places, and much of the richer 
po1·tions of the impregnated schist could be readily concentrated to 
a high grade product. It does not seem, however, that the deposit 
on Saltspring island is large enough to warrant an attempt at 
mining. Similar but larger deposits may occur elsewhere m the 
S icker schists, so that the type is of great prospective value. 

The replacement or ·scgr~»ltion deposits which occur in the 
Sooke gabbro, and which con'sist of massive pyrrhotite, magnetite, 
pyrite, and chalcopyrite, \rith very little gangue, have been exploited 
as sources of iron ore. The only known examples of this type iu 

· southern Vancouver island occur on the East Sooke peninsula, and 
have been deiscribed a.lready · under the Sooke type of copper de­
posits.' The chief metallic mineral of these deposits is pyrrhotite, 
and although magnetite is present in considerable quantity, it could 
be concentrated only at a large cxpenso, ~o thnt the deposits nrc 
unlikely sources of iron ore. 

In the Sooke district, in the vicinity of Demaniel river occm s 
a deposit of yellow ochreous clay,2 which is similar to the bog ore 
deposits occu1-ring north of the West arm of Quatsino sound in the 
northern part of Vancouver island.' In the Sooke deposit, the bog 
ore, limonite, is mixed with n large urmount of clay, so that the iron 
content is only 15.5 per cent, which is too low gi·.ade for an iron ore. 

1 See pages 176-177. 
2 Described in more detajJ under Pigments. ' See page 198. 
•See E. Lindeman. Publication No. 47, Mines Branch , 1910, pp. 17-18 
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Conta ct deposits.-General character and distribiii'ion.-Many of 
the southern Yancouver island contact deposits, that is, those de­
posits developed neur the contact of granitic rocks with the invaded 
country rocks, usually limes tone, contain notable amounts of mag­
n etite ; while the other 11~ ctallic minerals, pynhotite, pyrite, and 
chafo0pyrite, which are usually present, occur only in rclativ~ J.,­

sma.ll amounts. These deposits arn, therefore of much ·more vulue 
as sources of iron than of copper. In aH of the contuct deposits of 
'the southern part or the island, with the cxceplio11 of the type 
developed in the higher zones· of the contact metamorphosed lime­
stones of the Sutton :formation of the Vancom·er group, magnetite 
is one of the principal metalli c minerals. However, the deposits, in 
so for as they have been exa1tnined in southern Vancouver i;;land, 
which OCC tlr in the Sutton limestones near the contact with the 
intrusive rocks, such as those on Mount Ualahat, contain large 
amotU1ts of pyrrhotite, are irregul ar in shape and of relatively »mall 
extent. They are not, therefore, prohable sources of iron ore. ·Linde­
man,' ho,rnver, describes a fairly large deposit on the Darby and 
Joan mineral claims, situated a quarter of a mile from the east shol'e 
·of Alberni canal, opposite the mouth of Nuhmint river, which appar­
ently occurs in one of the Sutton limestone lenses near an intrusive 
granocliorite contact, and which is composed ch'.efly of magnetite. 
The anuhsis of an a 1-erage sumple of the ore <lump is givC'n us :-

Iusoluble matter . . . 25.95 per cent. 
Iron .... . . 50·9G " 
Phosphorus . . 
Sulphul' .... 

0-004 
0-083 

" 
" 

In the central and northern parts of Vancouver island, large 
ore bodies ulso oceur in the Sutton limestone$, intercalated with vol­
canic rocks, such as those at Head bay, N ootka sound. 

In the southern part of Vancouver isla ncl the largest bodies of 
magnetite occur in the Nitinat limestones ; and• the foll owing di scus­
sion applies to these bodies rather than to those developed in the 
Sutton limestones, which ham been described already under copper 
deposits.2 The depo>;its r,f the Nitinat formation occur in the con­
tact metamorphosed limes tones at tho contacts with intrusive 

'Publication No. 47, Mines Branch, 1910 p. 14. 
" See pages 158-170. 
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plutonic rocks, diorite always being the contacting phase of the 
eruptive bodies. The largest and best known deposits occur in the 
vicinity of Gordon river and its tributary, Bugaboo creek, which 
empties from the west into the main river, about 6 miles above the 
mouth; and also near Sarita river, a mile from the mouth of the 
l'iver and a quarter of a mile to the south. These de.posits have not 
been opened up to any great ex tent, lbut are apparently of g.ood size 
and the ore is of fair grade . 

.ilfineralogy.-The only ore mineral is magnetite, which is 
massive to finely granular. Closely associated with the magnetite 
occurs pyrrhotite, pyrite, and chalcopyrite. Pyrrhotite occur3 as 
small, irregular grains interstitial to the magnetite, and as small 
stringers. The magnetite and pyrrhotite are commonly cut by vein-
1ets of pyrite, with which is associated a little ipyrrhotite and chal­
copyrite. The veinlets sometimes occur in shear planes in the more 
massive magnetite and pyrite. Pyrite and chalcopyrite rarely eccur 
as disseminated grains. Included grains of calcite and silicate 
minerals occur, and veinlets of calcite are quite frequent. The para­
genesis of the above minerals appears to be fairly definite, but their 
respectiv.e periods of crystallization doubtless overlapped. The para­
genesis is apparently, calcite and silicate minerals of the contact 
metamorphosed limestone, magnetite, pyrrhotite, pyrite, vein.lets of 
pyrite, pyrrhotite and cbalcopyrite, and veinlets of calcite. With 
the exception of the small amount of included calcite and: silicates, 
and the calcite veinlets, the deposits consist almost entirely of 
metallic minerals, .as can be seen from the following average of the 
three analyses of ores from the Gordan river di strict given b~r 

Lindeman':-

Insoluble matter .. 
Iron .... . . 
Sulphur ... . 
Phosphorus . . 

7.30 per cent. 

60·85 " 
2 .55 
o.04s 

" 
" 

Relations to cou.ntry roclc.-The meta.Hie minerals occur usua1ly 
in closest association with the sheared, contact metamorphosed lime­
stone, in which are occasional lenses of residual marble. The marble 
is similar to that characteristic of the Nitinat formation, and is 
composed essentia1ly of calcite, in medium to coarse grains. The 

1 Publication No. 47, Mines Branch, 1910, pp. 10-11. 
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marbles often conta in irregular veinlets of quartz, sericite, biot ite, 
::md serpentine, especially near veins of magnetite; which occasion­

ally cut nearly pure marbles. Pyrite is usually present in the 
marble as disseminated grains. The marble has been metamorphosed 
in places to a typical 'contact rock,' similar to those descri·bed 
under contact copper depos its, composed essentially 'Of massive !brown 
garnet, the variety andradite, and small grains of green di,op­
·side. More commonly the marble has been metamorphosed even 
'more profoundly t o amphibolites, dark green, fine grained, foliated 
/rocks, composed of hornblende and feldspar, with accessory titanite 
'and magnetite, and secondary minerals such as sericite and limonite. 
Tn most cases the amphiboli tes are clearly derived from the meta­
morphism of limestone,1 but in a few cases, as eX')Josed in the gorge 
1of Bent]y creek, on the Conqueror cfairn, the nearly pure marble is 
but by narrow dykes of amphibolite, in which are traces of an 
origin al porphyritic texture. The amphib-Olite dykes have pro'babl~' 
been derived by the metamorphism of andesite or basalt porphyrite 
'tlykes, which were injected into the limest ones before the granitic 
'rocks. 

The contact zone is cut rather rarely by small, irregular Yeins 
"of quartz. On the Iron Master's claim, one of the more westerly 
·claims on Bugaboo creek, tihere is a vein of a dense, reddish brown , 
'Siliceous looking rock, seen on microscopic examination to consist 
'of very fine grained quartz and feldspar, and shreds of brown biotite, 
•with accessory hornblende, and secondary sericite, and dissemiuated 
'grains of pyrite. The vein is apparently related to the intrusive 
•plutonic rocks in some such manner as are the granodiorit~ porphy­
•rites which are charact eri stic of the contacts of the p1utonic rqcks. 

The intrusive plutonic rocks are the Saanich granod iori te and 
t he Beale diorite, the latter invariably form~ng the contacting phase 
·against the limestone, although it is brecciated by apophyses of 
1granodiorite. The diorite in the vicinity of t!he deposits is a.s a rule 
·richer in hornblende and poorer in quartz, and is also more sheared 
mid altered. Nea r the contact the <liorite passes into homblende 
rich phases, fi ne grained, and sometimes porphyritic in t exture. 
These phases are very commonly sheared and slickensided to such an 
¥3X tent as to resemble a chlorite schist, which is often in direct con-
1tRct with the magnetite body. 

1 See di s<!u.ssiou u nder Nitinnt fo rmation, pages 46 and 49. 
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The contact of the granitic rocks and marbles is virtually always 
marked by more or less mineralization, but the greater number of 
magnetite bodies are small and irregular. The more promiising 
deposits are apparently of fair size, although in no case h~s enough 
development work has been done to fully outline one of the larger 
bodies of magnetite. The largest known deposit of southern Van­
couver island occurs in the Baden-Powell and Little Bobs mineral 
claims on the south side of the valley of Bugaboo creek. It is ex­
lposed along the outcrop for about 500 feet, and its width, as shown 
in the upper tunnel on the claim, i about 125 feet wide. 

Uenesis .-As the occurrence of the magnetite bodies is restricted 
to the contacts of the marble and the intrusive plutonic rocks, there 
can be little question that they owe their origin to the contact action 
bf the plutonic rocks on the marble. This conclusion or tlheory has 
been substantiated by observations in many parts of the world. The. 
original limestones, to judge from the residual lenses now rem.ain­
'ing, and from the absence of other sedimentary rocks in the Nitinat 
'formation, were comparatively 'Pure carbonates of lime and mag-
1nesia. Although the Nitii~at marbles have been invaded by the 
granitic rocks to such an extent that the present masses are virtually 
large 'roof pendants' in the batholiths, in no case do pure marbles 
occur in actual contact with the plutonic rocks. They must, there­
!fore, have been subjected to profound alteration. The magnetite 
bodies are usually developed in the altered or metamorphosed marble, 
n)ut are occasionally in contact with the basic and schistose diorite, 
land more rarely with the unaltered marble. An exceptionally good 
'contact of the magnetite with pure marble occurs on the Conqueror 
claim on Bently creek (see Plate 18) . There the magnetite body, 
1which forms a cliff 30 to 40 feet high over which the creek falls, is 
'in contact with a mass of white crystalline marble, at least 100 yards 
~n width, which occurs down stream, that is to the north. Irregular 
magnetite veins or apophyscs extend from the magnetite body into 
the pure marble, brecciating it and including blocks of marble much 
as apophyses of an igneous rock would brecciate and include frag­
ments of an invaded formation. 

:From the above evidence,' it is seen that the magnetite deposits 
of the Nitinat formation not only owe their origin to the intrusion 

1 The origin of the contact deposits is more fully discussed under the . 
contad copper depo.sits, see pages 166-169. 
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of the plutonic rocks, but, since it seems as if the original limestones 
were pure, the minerals of the deposit have apparently been derived 
from the intruding batholith. After the limestones had been more 
or less contact metamorphosed, as inclusions of silicates occur in the 
magnetite, solutions of magnetitte, with small amounts of sulphides, 
penetrated the contact zone, and replaced it in part. The solutions 
were apparently very concentrated, virtually magnetite magma, since 
they intruded and brecciated the sheared diorite and unaltered 
marbles in much the same manner as rock magma intrudes and 
brecciates. Very large deposits of magnetite supposed to have been 
formed in a similar manner, that is by the intrusion of concentrated 
magnetite solutions or magnetite magma, occur in Norway, the 
famous deposits at Kiirunavaara.1 Similar contact deposits have 
been recognized by several observers, and in recent classifications of 
ore bodies have been made a separate type of contact deposits, the 
magnetite type. 

General staitus and fufore possibilities.- The deposits on the 
Gordon river and Bugaboo creek, and those to the south of Sarita 
river, are the only ones on which any development work has been 
done. The development work to date has not been large, so that it 
is impossible to arrive at definite conclusions in regard to the eco­
nomic value of the ore bodies. The more promising of the indivi­
dual deposits have been described by Lindeman, so that the descrip­
tion need no.t be repeated here. It appears that the deposits, are 
fairly large, but that a high percentage of sulphides will .always be 
present. The percentage is not so high, a<!cording to Lindeman, as 
to render the ores unfit for smelting. Doubtless other similar de­
posits occur in the area underlain by the Nitinat formation and the 
intrusive granitic rocks. The greater part of the area has not been 
prospected at all thoroughly. In prospecting, the bodies of pure 
marble may be easily recognized, the contacts of which should be 
prospected thoroughly. Little attention need be given to the large 
nreas underlain by the amphibolites and granitic rocks. 

SULPHUR. 

The large deposits of massive sulphides in gabbro, such as those 
which occur at Sooke, and the contact deposits which are rich in 

1 Per Geijer, Igneous Ro<Jks and Iron Ores of Kiirunavaara, Luossa­
vaara, and Tuolluva-ara, Economic Geolo·gy, Vol. V, 1910, pp. 699-718. 

9871- 13 
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sulphide minerals, especially pyrite and pynhotite, similar to those 
of Mount Malahat, are possible sources of sulphur. These deposits 
consist of large irregulnr masses of pyrrhotite, pyrite and magnetite, 
with small amounts of chalcopyri te. The only gangue minerals are 
the primary silicates, which the sulphides' have more or less com­
pletely replaced, and a li ttle secondary quartz. These deposits have 
been prospected for copper and iron, although they are too low grade 
for the one and too high in sulphur for the other. They have been 
described under copper deposits in some detail and so need not be 
redescribed here. 

These deposits are possible but not probable sources of sulphur, 
since the sulphur content is low, and since the deposits are relatively 
small, and the contact deposits irregular in form. They would be 
useful only in the manufacture of sulphuric acid, and if sulphuric 
acid were manufactured locally on a large scale, it is doubtful if 
these depo"its could compete with other deposits that are richer in 
copper or the precious metals. 

FUELS : COAL AND OIL. 

Coal at present is the chief source of mineral wealt.h of Van­
couver isl-and. The coal mined is a high grade bii..uminous variety, 
and is obtained near the base of the N anaimo formation of the 
Cowichan group. It is mined in large amounts along the east coast 
from the northern part of the N anaimo basin and from the Comox 
basin. These deposits were ;not examined during the present investi­
gation and are not considered further. 

Other basins of sedimentary rocks of the Cowichan group1 have 
been considered as possible sources of coal, because of the frequent 
indications of coal which have been found, and on account iof their 
proximity and li thological similarity to the coal-bearing measures 
of the N anaimo and Comox basins. A large part of the rocks of the 
Cowichan group belong to the Nanaimo formation, but an exact 
correlation of the coal horizon in the various basins cannot be made 
at present. Although the rocks are well exposed, no thick or exten­
sive seams are known; but small lens-like seams are exposed in the 
southern part of the Nanaimo basin and eastern part of the Cowi­
chan basin. They are rarely more than a foot thick, although beds of 
impure, sandy and shaly coal occur from 3 to 6 feet thick. Fossil 

' See pages 124-125. 
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coal plants and thin seams of coaly material, seldom more than one­
quarter of an inch thick, are foU'Ild in the western part of the 
Cowichan basin and in the minor basins exposed in the upper 
Chemainus and Kokasilah valleys. Thin seams of coal are reported 
to occur also in the A1berni basin. 

The coal, so far as known, occurs near the base of the N anaimo 
formation. Since it is known that the rocks of the Nanaimo forma­
tion were deposited on a surface of considerable relief,1 and that 
sedimentation probably first began in the down-warped area off the 
east coast, it seems probable that part of the area now covered with 
the rocks of the N anaimo formation was above the depositional level 
during the period of coal formation. The Nanaimo formation all(]. 
confiormably overlying formations are very thick-6,000 to 10,000 

feet ;2 and since the rocks of the southern part of the N anaimo basin 
·and of the Cowichan basin have ·been closely folded, the coal horizon, 
1occurring as mentioned near the base of the N anaimo formation, 
lmust occur chiefly at great depths. The folding and faulting in­
c reases the difficulty of prospecting, and in the southern N anaimo 
and Cowichan basins is so extensive as to preclude mining. As far 
as known the structural relations of the Alberni basin are not un­
favourable to prospecting and mining. 

Considerable prospecting has been done and some attempts at 
mining have been made, especially in the eastern portion of the 
Cowichan basin, as yet without success. The probability of finding 
coal which colrld be mined profitably, in the southern N.anaimo, 
Cowichan, and minor basins, with the exception of the Alberni basin, 
is slight. 

The Carmanah and Sooke formations of the west coast have 
also been considered as possible sources of coal and oil, and have 
been prospected at Sooke, Jl.fuir creek, Co.al creek, and Carmanah. 
The only indications of coal are thin seams of lignite and lignitic 
sandstones, with occasional cigar-shaped lenses and cylindrical 
masses of lignite. The Carmanah and Sooke fo~mations consist 
largely of coarse detritus which was deposited off a mountainous 
coast under marine conditions.3 The conditions were, therefore, 
very unfavourable for the formation of coal.· It seems as if the 
carbonaceous matter present was of drift origin, that is, c=posed 

1 .See pages 132-133. 
2 See pages 128-129. 
'See page 140. 
9871-13~ 
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of logs and other vegetable waste, which accumulated along the 
shores of the Tertiary ocean during the deposition of the Oarmanah 
and Sooke formations. No thick shale horizon occurs, rich in 
organic matter from which oil might have been derived, and since 
the bedis are coarse grained and porous, without impervious layers, 
and are not folded, the structural conditions are unfavourable for 
the accumulation of oil. The rocks of the formations, which in any 
single basin are probably not more than 500 feet thick,1 are well 
exposed, and no indications of coal and oil other than those which 
have been described are known. The formations are also broken by 
numerous small fauloo, which, although of small dis'Placement, would 
interfere greailly with mining. It is, therefore, with considerable 
assurance that any attempt at mining or even prospecting for coal 
and oil in the Oarmanah and Sooke formations is discouraged. 

LIME, CEMENT, AND FLUXES. 

The crystalline limestones of the Nitinat and ~::lutton formations 
are among the most valuable of the mineral resources of southern 
Vancouver island, since they furnish excellent material for the 
'manufacture of lime and Portland cement, and for fluxing. They 
are rarely of value in southern Vancouver island as a building or 
ornamenta!l stone. The large deposits of pyrrhotite and magnetite 
such as occur at Sooke, and of magnetite, the magnetite type of 
contact deposits, are also available as sources of iron flux in copper 
!:;melting. 

The distri'bution and extent of the Limestones has already been 
given,' and is shown on the accompanying map. The Sutton lime­
•stones occur as relatively small lentils in the Vancouver volcanics, 
and the majority are of little value on account of their small size, 
metamorphic character, or numerous porphyrite dykes, but the 
-larger and purer lentils furnish abundant material for the establish­
ment of a large industry, and are at present the bases of a consider­
·able industry in the southeastern portion of the island. The lime­
>stones of the Nitinat formation are largely altered to amphibolites, 
ibut relatively large masses of pure marble occur, such as that ex­
IJosed on the west shore of Nitinat lake near the southern end. 

1 See page 139. 
' See pages 44 and 61. 
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As may be seen from the lithological descriptions and chemical 
analyses,' the purer limestones are largely o.f excellent material for 
the manufacture of lime and cement, and for flux in lead and iron 
-smelting, even when it is proposed to utilize the slag for the manu­
facture of slag cement. They are as a rule low in magnesia and 
insoluble material, and virtually free from phosphorus. Sulphur in 
the form of pyrite is in variable amount, but in the less altered 
,varieties, as may be seen from the analyses, is usually very low. 

The limestones of tJbe Sutton formation are, as mentioned, 
quarried extensively fo r the manufacture of lime in the southeastern 
portion of Vancouver island, near the west shore of Esquimalt 
harbour, by the Rosebank Lime Company, Thomas Atkins, and the 
Silica Brick and Lime Comrpany, and on the west shore of Saanich 
inlet in :Malahat district by Elford and Company. Lime bas been 
manufactured in the Highland district also, but the cost of trans­
portation to the railway and salt water was too large for the plants 
to compete successfully with those more favour·aibly located. Lime­
stone bas been quanied in the western part of the district near 
Aiberni canal, at Smiths landing, but apparently no lime was 
burned. The Silica Brick and Lime Company' also manufa<:tuns 
hydrated lime and sand-lime brick, the sand• 'being obtained from the 
Colwood delta. 

The Vancouver Portland Cement Company, whose plarnt is 
situated on Tod inlet, in South Saanich district, is the only company 
manufacturing Portland cement.' The limestone is obtained from 
one of the lentil s of the Sutton formation, and the clay which is 
mixed with the limestone is obtained from the stratified superficial 
deposits on the smne property. The capacity of the plant is about 
300,000 barrels, and during 1909, 238,000 barrels were produced, 
valued at about $3·60,000.4 

At present none of the limestones are used as a flux. · On 
account of their comparative freedom from phosphorus and sulphur, 
and their low magnesia content, they are, as mentioned, of good 
'quality for flux in both lead and iron smelting, and could be used 
even when it is intended to uti'1ize the slag to manufactUII'e slag 

1 See pages 45 and 62-63. 
2 For a description of the pla!nt and character of the product, see 

ReJ>t . Min. of Mines, B.C., for 1907, pp. L155-L157. 
•For a description of the plant see Rept. ¥in. of Mines, B.C., for 1904, 

pp. G256-G260. 
· • Rept. Min. of Mines, B.C., for 1909, p. K25. 
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cement. The l arger lentils afford an abundant supply, so that any 
'demand for limestone flux could be readily supplied. 

At present none of the deposits availa:ble as an iron flux in 
'copper smelting are mined, but the massive type of depos,it occurring 
at Sooke1 has been utilized to some extent. If there is ever a 
demand for a flux of this nature, it can be supplied from the Sooke 
'deposits and the magnetite type of contact deposits. 

PIGMENTS. 

In the Sooke district there is exp?sed in t~e bed of Demaniel 
river, half a mile south of Young lake, a deposit of yellow ochreous 
'Clay, or impure 1bog iron ore. It is traceable for some distance, and 
has an exposed thickness, of 4 feet. l\fr. Dan. Campbell, who holds 
a claim on the deposit, states that it extends as -far north as Young 
llake, and that he has bored through it for a depth of 12 feet. The 
'deposit consists pf a very fine grained clay, with which is mixed, 
:fairly uniformly, bog iron o.re or limonite. Limonite a1so occurs in 
small concretions. An analysis of a sample from t he deposit showed 
ithe iron content to be 15 .5 per cent. Near the surface the deposit 
'Contains angular fragments of the Metchosin volcanics, but these 
have doubtless been washed in by the Demaniel r:iver during times 
of high water, and they do not continue in depth. The material has 
been deposited during late Pleistocene or recent times in a bog 
'which pTohably 1re-presented the end stage in the filling up of one of 
the transient lakes which collected in the hollows of the drift mantle 
'at thB close of the period of glacial occupation. The material could 
'readily be washed and purified, and the product, although valueless 
•as an iron ore on account of its low iron content, would make a good 
ibase for coloured paints . 

CLAYS .
2 

There are two types of clay deposits 111 soutbe1·n Vancouver 
:island, the shales of the N anaimo formatioo, and the clays of the 

1 See pages 176-177. 
2 The clav deposits and olay industry will be treated more fully in 

a report to be published shortly by the Geological Survey Branch_9n the 
clays of Western Canada, by Heinrich Ries. 'rhe clay industry is fully 
described by Herbert Carmichael, the P.rovi:ncial Assayer, and analyses 
of ten glacial clays and one analysis of the Nanaimo clay shale are g·iven, 
in a report on the clay of the southern coast district of British Columbia, 
in the Report of the Minister of .Mines of British Columbia for 1908, 
pages 182-188. 
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superficial deposits. The greater part of the shales of the Nanaimo 
formation are sandy and ferruginous, and frequently contain a high 
:Percentage of lime. They are also very commonly interbedded with 
thin layers of sandstone which average less than a foot apart. In 
the northern basins, in the vicinity of N anaimo and C-Omox, there 
·are, however, near the base of tlhe deposit, and more or less closely 
associated with the ooal seams, relatively thin beds of clay shale, 
'Up to 3 to 5 feet in thickne s. The shale, although 1.'ather sandy, 
becomes fairly plastic when ground and pugged, and is moderately 
•refractory. It is not, however, as it is often locally called, a fire­
:clay. Carmiolrnel' gives m1 analysis of the shale from the Exten­
'Sion mine, as follows:-

Silica, SiO, .... 
Alumina, Al,O, .. 
Iron oxide, Fe,O, .. 
Lime, CaO ....... . 
:Magnesia, MgO .. 
Water and loss. . . . . . 

59 .4 per cent. 
19-7 " 
s.7 et 

1.3 
0.1 

10.4 

" 
" 
" 

Fusibility. . . . . . . . . . seger cone 8, ea. 2350° F. 

These shales have ·been mined only by the coal companies where 
they occur in association with the coal. The entire product has, to 
the present date, been utilized by the British Columbia Pottery 
Company, whose plant is located in Victoria west. The shale is 
mixed with the clays of the superficial deposits to bring up the plas­
ticity, and is manufactured chiefly into sewer pipe. 

The clays of the superficial deposits occur chiefly in the strati­
fied Plei;stocene drift of lacusitrine or estuarine origin. They usually 
occur near the< base of these deposits and are found in beds up t-0 10 
or 15 feet thick. The clays are chiefly sandy, but are fairly plastic. 
Fat blue clays also occur, especially underlyi11g the sandy clays, and 
often resting directly upon glaciated rock surfaces. Disseminated 
through the clays are glaciated pebbles and boulders of crystalline 
rocks, rarely more than 2 or 3 feet in diameter. The clays are all 
of rather low fusibility. They are fairly uniform in character 
tlu-oughout the southern part of the island, and are also uniform in 
composition, as may be seen from the following analy.ses :-

1 Herbert Carmichael, Rept. of Min. Mines, B.C. for 1908, p. 188. 



T
A

B
L

E
 N

o
. 

3.
 

N
o.

 
L

oc
at

io
n.

 

1 
!B

re
th

o
u

r'
s 

R
o

ad
, 

S
id

ne
y 

..
..

..
..

..
.

..
..

..
..

..
..

.
..

.
..

..
..

..
..

.
..

. 
. 

2 
S

id
n

ey
 B

ri
ck

 a
nd

 T
il

e 
C

om
pa

ny
's

 c
la

y
 p

it
s .

..
..

..
..

..
..

.
..

..
..

..
..

 . 
3 

A
tk

in
's

 l
ot

, 
E

sq
ui

m
a
lt

 ..
..

..
..

.
..

..
..

..
.

..
..

..
..

..
..

..
..

..
..

..
..

. 
. 

4 
D

un
ca

n 
..

..
..

..
..

..
..

..
..

..
..

..
..

.
..

.
..

..
..

..
..

..
..

.
..

.
..

..
..

.
..

. 
. 

5 
R

o
g

er
 c

re
ek

. ,
A

lb
er

ni
 d

is
tr

ic
t .

..
..

.
..

.
..

.
..

..
..

..
..

..
..

.
..

..
..

..
.

. .
 

6 
L

o
t 

7,
 A

lb
er

ni
 d

is
tr

ic
t .

..
..

..
..

..
..

..
..

.
..

.
..

..
..

..
..

..
.
..

..
..

..
..

 . 
7 

S
m

it
h

s 
L

an
di

ng
, 

A
lb

er
ni

 d
is

tr
ic

t .
..

.
..

..
..

.
..

..
..

.
..

..
..

.
..

..
..

. 
. 

8 
V

an
co

uv
er

 P
o

rt
la

n
d

 
C

em
en

t 
C

o
m

pa
ny

's
 c

la
y

 
pi

ts
 

a
t 

T
o

d
 

in
le

t,
 

S
aa

ni
cb

 d
is

tr
ic

t .
..

..
..

..
..

..
..

.
..

..
..

..
.
..

.
..

..
..

..
..

 , 
..

..
..

.
..

 . 

0 w
 ... ~
 w
 

-
-

60
.0

 
60

.2
 

63
.6

 
67

.6
 

5
6

.8
 

57
.5

 
57

.5
 

65
.0

 

0 
0 

.;; ~
 

~ 
o)

 

:S
l 

... " 
... 

·9 
0 " 

E
 

0 .... 
~
 

H
 

-
-
-
-

2
0

.8
 

15
.5

 
19

.0
 

13
.6

 
17

.5
 

2
2

.8
 

20
.2

 

10
.0

 

7
.6

 
9

.4
 

7
.6

 
8

.8
 

10
.8

 
9

.2
 

9
.2

 

14
.0

 

0 O
il 

::E
 

0 o!
 

... 
0 

-;;
; 

o)
 

Q
) " 

.§
 

O
il 

o!
 

::E
 

>-<
 

-
-
-
-

4
.6

 
5.

3 
3

.6
 

3
.6

 
3.

1 

4
.0

 I 
7

.0
 

5 

0
.7

 
1.

5 
0

.2
 

0
.2

 
0

.3
 

0.
5 

3
.2

 

1.
1 

N
os

. 
1-

7 
H

er
b

er
t 

C
ar

m
ic

h
ae

l 
an

al
. 

H
er

b
er

t 
C

ar
m

ic
ha

el
 R

ep
t.

 M
in

is
te

r 
of

 M
in

es
, 

B
. 

C
.,

 f
or

 1
90

8,
 p

. 
18

8.
 

N
o

. 8
 f

ur
ni

sh
ed

 b
y

 M
r.

 A
do

lp
h 

N
eu

, 
ch

em
is

t 
w

it
h

 t
h

e 
V

an
co

uv
er

 P
o

rt
la

n
d

 C
em

en
t 

C
o

m
p

an
y

. 

0 ~
 +
 

.,; 
0 

"' .3 
o!

 z 
'"O

 " 
"' 

o!
 

.9:
l 

.... 
Cii

 
$ 

~
 

o!
 

I:::
 

~
 

__
 , _

_ 

tr
. 

5.
1 

6
.8

 
6

.0
 

5
.6

 
6

.8
 

6
.0

 
2

.9
 

.... Q
) O
il 

Q
) "' >; ~
g
 

·
~
 

0 
:-9

 Q
 

U
l 

::
l 
~
 

-
- 3 3 

>. .~
 >
 s O

il " <d ·c:
; 

Q
) "' w 

-
-



SOuTHERN VANCOUVER ISLAND 201 

The clays are used for the manufacture of common brick at 
Victoria, Sidney, Sidney island, and Somenos. At Sidney island 
the stiff-mud process is used, but at all the other plants the wet-mud 
process is used for the manufacture of the brick, although at Vic­
toria drain-tile is moulded in an auger machine. The glacial clay 
is used by the Vancouver Portland Cement Company in the manu­
facture of Portland cement. 

SAND AND GRA \'EL. 

Sand and gravel are quarried rather extensively from the upper 
portion of the Pleistocene estuarine deposits, and from the river and 
delta deposits; and the sand has been utilized by the Silica Brick 
Company in the manufacture of sand-lime brick. The largest 
amount of material is obta ined from the Colwood delta. It is also 
quarried in northeast Victoria, south of Mount Tolmie in Victoria 
district, and on the west shore of Saanich inlet. 

STONE. 

The fractured and sheared character of the rocks of southern 
Vancouver island render most of them-with the exception of the 
sandstone& of the Cowichan group occurring in the less folded 
basins- 1m£t for building purpo.ses. A few of the marbles of the 
Nitinat formation, for example, those exposed on the west shore of 
Nitinat lake near the southern end, appear to be fairly free from 
large joints and shear zones, and although they are fractured con­
siderably near the surface, b1ocks· of fair size could apparently be 
obtained at shallow depth , and with increased depth the ;size and 
quality of the blocks would imrprove. As is shown by their litho­
logical character and cheinical analysis,' the quality of the marbles 
is excellent. .Although the quality of the more compact, crystalline 
limestones or marbles of the Sutton formation is also of a fair 
grade, the ;Sllilall size of the individual deposits, their metamorphic 
and often greatly fractured and siheared character, and the presence 
of porphyrite dykes, render the deIJosits of southern Vancouver 
island virtually useless. The granitic rocks are also broken not only 
by large joints, but by numerous irregular fractures, and are fre­
quently sheared to a very great extent. Near the Alberni canal, to 
the north of Franklin ri'ver, the basic granite or granodiorite i:s 

1 See page 63. 
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fairly regularly jointed and comparatively free from small fractures, 
and moderately large and sound blocks could probably be quarried. 

The sandstones of the N anaimo basin have been quarried at 
J ack point near N anaimo, near the Esquimalt and N anaimo railway 
north of Cowichan station in Quamichan district, and at Maple bay, 
and also on Newcastle, Gabriola, ru1d Saturna islands, and1 on 
Saltspring island at Vesuvius bay. Some of the sandstones of the 
moTe folded portions of the N anaimo basin and of the Cowichan 
basin are of good grade lbut are' more fractured. FurtheTmore, the 
steep dip of the bec1s makes the quarrying more difficult and causes 
great variation 'in the exposed stone. 

The sandstones of the Carmanah and Sooke formations are as 
a rule of coarse and varying grain, very commonly concretionary, 
and rather great1y fractured, and are, therefore, unsuitahle for 
building stone. 

The volcanic rocks are too greatly fractured and too dark 
coloured to make desirable building srtone, but t'he less altered and 
more basic varieties, especially the Metchosin volcanics, furnish 
excellent and plentiful material for crushed stone for road metal 
and concrete and for similar uses. The Metchosin volcanics are 
quarried at Albert head in Esquimalt district by the British Colum­
bia Trap Rock Company. Crushed stone is obtained also near 
Victoria and within the city limits, the :fine grained phases of the 
Wark diorite being quarried. 
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Quebec, by J. A . Dresser. 

NEW BRUNSWICK. 
218. Western New Brunswfok and Eastern Nova Scotia, by R. W. Ells. 

1885. Map No. 230, scale 4 nL=l in. 

• Pnblioations ma1:ked thus are out of print. 
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219. Carleton and Victol'ia counties, by L. W. Bailey. 1885. Map No. 
231, scale 4 ID. = 1 in. 

242. Victoria, RestigoU<Jhe, and Northumberland rounties, N .B., by L . 
W. Bailey and W. Mcinnes. 1886. Map No. 254, scale 4 ID. = 
1 in. 

2(;-9. Northern portion and adjacent areas, by L . W. Bailey and W. 
Mcinnes. 1887-8. Map No. 290, scale 4 m . = 1 in. 

330. Temiwouata and Rimouski counti ~., by L . W. Bailey and W. 
Mcinnoo . 1890-1. Map No . 350, scale 4 m .= 1 in. 

661. Mineral rewurces, by L . W . Bailey . 1897. Map No. 675, scale 10 m 
= 1 in. N ew Brunswick geology, by H. W. Ells . 1887. · 

799. Carboniferous system, by L . W. Bailey. 1900. 5 B d t th 
8-03 . Coal prospects in, by H. S. Poole. 1900. 5 oun oge er. 
983. Mineral r esources, by R W. Elle·. Ma p No. 969, scale 16 ID.=1 in . 

1034. Mineral resources, by R W. Ells. (French). Map No. 969, scale 
16 m. = 1 in. 

1113. Memoir No. 16- E: The Clay and Shale deposits of Nova Scotia and 
portion.s of New Brunswick, by H. Hi es and J. Keele. Map No. 
1153, scale 12 m.=1 in. 

NOV A SCOTIA. 

243. Guysborough, Antigonish, Pidou, Colchester, and Halifax counties, 
by Hugh F letcher and E. R Faribault. 1886. 

331. Picton and Colchest er counties, by H. Fletch er. 1890-1. 
358 . .Southwei:.tern Nova Scotia (prelimin a ry), by L. W. Bailey. 1892-3. 

Map No. 362, scale 8 m. = 1 in. 
628 . .Southwestern Nova Scotia, by L. W. Bailey. 1896. Map No. 641, 

scale 8 m. = 1 in. 
685. Sydney ooal-field , by H. Flet ch er. Maps Nos. 652, &53, 654, scale 

1m.=1 in. 
797. Cambrian rocks of Ca pe Breton, by G. F. Matthew. 1900. 
871. Picton coal-field, by H. S. Poole. 1J02. Map No. 833, scale 25 eh .= 

1 in. 
1113. Memoir No. 16-E: 'fhe Clay and Shale deposits of Nova Scotia and 

portion.;; of New Brunswick, by H . Ri es and J . Keele. Map 
No. 1153, scale 12 m. = 1 in. 

MAPS. 
10:12. Dominion of Canada. Minerals. Scale 100 m. = 1 in. 

YUKON. 

"805. Explorations on Macmillan, Upper Pelly, and Stewart rivers, scale 
8 m. = 1 in. 

891. Portion of Duncan Creek Mining dis tri ct, scale 6 ID. = 1 in. 
894. Sketch Ma p Kluane Mining district, scale 6 m. = 1 in. 

*916. Windy Arm Mining district, Sketch Geological Map, scale 2 m . = 
1 in. 

990. Conrad and Whiteh orse Mining · districts, scale 2 m. = 1 in . 
991. 'fantalus and Five Fingers coal m ines, scale 1 m. = 1 in. 

1011. Bonanza and Hunker creeks. Auriferous gravels. Scale 40 ch ains 
= 1 in . 

1033. Lower L ak e Laberge and vicinity, scale 1 m.=l in. 
1-041. Whitehorse Copper belt, scale 1 m. = 1 in. 
1000. 1044-1049. Whitehorse Copper belt. Details. 
1099. P elly, Hoss, and Gravel r ivers., Yukon and North West T erritories. 

Scale 8 m. = 1 ' n. 
1103. T antalus Coal area, Yukon. Scale 2 m. = 1 in. 
1104. Braeburn-Kynocks Coal area, Yukon. Scale 2 m. = 1 in. 

•Publications marked thus are out of print. 
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BRITISH COLUMBIA. 

278. Cariboo Mining district , scale 2 m. = 1 in. 
604. Shuswap Geological sheet, scale 4 m. = 1 in. 

•771. Preliminary Edition, East Kootenay, scale 4 m. = 1 in. 
767. Geological Map of Crowsnes.t coal-fields, scale 2 .m. = 1 in. 

"791. West Kootenay Minerals and Strim, scale 4 m. = 1 in. 
*792. West Koote.nay Geological sheet, scale 4 m. = 1 in. 
828. Boundary Cree-k Mining district, scale 1 m. = 1 in. 
890. Nicola coal ·basin, sc(l.le l m. = 1 in. 

. , 

941. Preliminary Geological Map of Rossland and vicinity, scale 1,60() 
ft. = 1 in. 

987. Pl'inceton coal basin and Copper Mountain Mining camp, scale 40 
eh.= 1 in. 

989. TelkW>a river and vidnity, scale 2 m. = 1 in. 
997. Nanaimo and New Westmin.o.ter Mining division, scale 4 m . = 1 in. 

1001. Special Map of Rosslancl . Topographical sheet. Scale 400 ft. = 1 in. 
1002. Special Map of Rosslancl. Geological sheet. Scale 400 ft. = 1 in. 
J.003. Rosslancl Mining crum p. Topographical sheet. Scale 1,200 ft. = 1 in. 
1004. Rossland Mining camp. Geological sheet. Scale 1,000 ft . = 1 in. 
1068. Sheep Creek Mining camp. Geological sheet. Scale 1 m. = l in . 
1074. Sheep Creek Mining camp. Topographical sheet. .Scale 1 m . = 1 in. 
1095. IA-Hedley Mining district. Topographical sheet. Scale 1,000 ft . 

= lin. 
1096. 2A-Hedley Mining district. Geological sheet. Scale 1,000 ft. = 

1 in. 
1105. 4A- Golden Zone Mining camp. Scale 600 ft. = 1 in. 
1106. 3A- Mineral Claims on Henry creek. Scale 800 ft . = 1 in. 
1123. 17A- Reconnaissance geological map of southern Vancouver island. 

Scale 4 m. = 1 in. 
1125. Hedley Mining "istrict: Structure Sections. Scale 1,000 ft. = 1 in. 

Dead1rnod Mining camp. Scale 400 ft. = l in. (Advance sheet.) 
1164. 28A- Portland Canal Mining di strict, scale 2 m. = 1 in . 

Beaverdell E·heet, Yale di strict, scale 1 m. = 1 in. (Advance 
sheet.) 

Tulameen sheet, scale 1 m. = 1 in. (Advance sheet.) 
1136. 16A- Phoenix Boundary district. Geological sheet. Scale 400 

ft. = 1 in. 
1136. 16A- Phoenix Boundary district. Geological sheet. Scale 400 

ft. = 1 in. 
ALBER'l'A. 

594-596. Peace and Ath >baska rivers, scale 10 m . = 1 in. 
•so8. Blairmore-Fr.ank ooal-fi elds, scale 180 eh. = 1 in. 

892. Costigan coal basin, scale 40 eh. = 1 in . 
929- 936. Ca.scade coal basin. Scale 1 m. = 1 in. 
963-966. Moose Mountain regi·on. Coal Areas. .Scale 2 m. = 1 in. 

1010. Alberta, Saskatchewan, and Manitoba. Coal Areas. Scale 35 m. 
= 1 in. 

1117. 5A- Edmonton. (Topography). Scale ! m. = 1 in . 
1118. 6A- Edmonton. (CloYElr Bar Coal Seam). Scale ! m . = 1 in. 

Portion of J asper Park, scale 1 m . = 1 in. (Advance sheet.) 
1132. 7A-Bighorn coal-field. Scale 2 m. = 1 in. 
1201. 51A- Geological Map of Portions of Alberta, Saskatchewan, and 

Manitoba. Scale, 35 m. = 1 in. 

SASKATCHEWAN. 

101-0. Alberta, Saskatchewan, and Manitoba. Goal Areas. Scale 35 m. 
= 1 in. 

1201. 51A-Geological Map of Portions of Alberta, Saskatchewan, and 
Manitoba. Scale, 35m. = 1 in. 

MANITOBA. 
804 Part of Turtle mountain showing coal areas . Scale H m. = 1 in. 
1010. Alberta, Saskatchewan, and Manitoba. Goal Areas. Scale 35 m. = 

1 in. 

•Publications marked thus are out of print. 
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1201. 51A- Geological Map of Portions of Alberta, Saskatchewan, and 
Manite>ba. Scale, 35 :m . = 1 in. 

NORTH WEST T ElRRITOlUES. 

1089. Explored routes on Alban y, Severn, and Winisk river s. Scale 8 m . 
= 1 in. 

1099. Pelly, RC>SS, and Gravel river s, Yukon and North West Territorie-i 
Scale 8 m. = 1 in. 

ONTARIO. 

227. Lake of the Wood s sheet , ·sca le 2 m. = 1 in . 
"288. Ra iny Lake sh eet, scale 4 m. = 1 in-. 
"342. Hun ter Island sheet, scale 4 m. =1 in . 

34-3. Sudbury sheet, Ecale 4 m . = 1 in . 
"373. Rainy River shoot, scale 2 m. = 1 in. 

560 . .Seine River sh eet, scale 4 m . = 1 in . 
570. French River sheet, scale 4 n1. = 1 in. 

'"589. Lake Shebandowan sh eet , scale 4 m. = l in. 
59n. Timiskaming sheet, scale 4 m . = 1 in. (New Edition, 1!)07). 
605. Manitoulino fa land sh eet, scale 4 m. = l in . 
006. Nipi S>Sing sheet, Ecal e 4 m. = 1 in. (New Edition, 1907) . 
660. P embroke sh eet, scale 4 m. = 1 in. 
663. lgnace sh eet, s<:ale 4 m. = 1 in. 
708. Haliburton sh eet, scale 4 m. = 1 in. 
720. Manitou Lake sheet, scale 4 m. = l in. 

"750. Gr enville sheet, scale 4 m. = 1 in. 
770. Bancrof.t sheet, scal e 2 m . = 1 in . 
775. Sudbury district, Victoria mines, soole 1 m. = 1 in . 

"789. P erth sheet, scale 4 m. = 1 in . 
820. Sudbury dis.tr i<lt, ·Sudbury, scale 1 m. = 1 in. 
824-82..5. Sudbury district, Copper Cliff m lnes, scale 400 ft. = 1 in. 
852. Northeast Arm of Vermilion Iron r anges, Timaga mi, scale 40 eh. ~~ 

1 in. 
864. Snabury district, Elsie and Murray mines, scale _400 ft. = 1 in. 
903. Ottawa and CorI11Wall sheet, scale 4 m. = 1 in. 
944. Preliminary . Map of Timagami and Rabbit lakes, scale 1 m. = 1 in . 
964. Geological Map of parts of Algoma and Thunder bay, scale 8 m. = 

1 in. 
1023. Corundum Bearing Rocks. Central Ontario. Scale 17! m . = 1 in. 
1076. Gowganda Mining Division, scale 1 m . = 1 in. 
1090. Lake Nipigon, Thunder Bay district, scale 4 m. = 1 in. 

QUEBEC. 

"251. Sherbrooke sheet, Eastern Townships Map, scale 4 m. = 1 in. 
287. Thetford and Coleraine Asbestos district, scale 4-0 eh. = 1 in. 
375. Quebec sheet, Eastern Townships Map, scale 4 m. = 1 in. 

"571 . Montreal sheet, Eastern 'l'ownshipe Map, scale 4 m. = 1 in . 
•665. Three Rivers sheet, Eastern Townships Map, scale 4 m. = 1 in . 
667. Gold Areas in southeastern part, scale 8 m . = 1 in . 

"668. Graphite district in Labelle county, scale 40 eh. = 1 in. 
91 8. Chibougamau region, scale 4 m. = 1 in. 
976 . The Older Copper-bearing Rocks of the Eastern Townships, scal.e 

8 ID. = 1 in. 
1007. Lake Timiskaming r egion, scale 2 m. = 1 in. 
1029. Lake Megantic and vicinity, scale 2 m. = 1 in. 
1066 . Lake Timiskaming r egi-0n. .Scale 1 m. = 1 in. 
111 2. 12A- Vicinity -0f the National Transcontinental railway, Abitibi 

district, scale 4 m. = 1 in. 
1154. 113A-Thetford--Black Lake Mining dis·trict, scale 1 m . = 1 in. 

Larder lake and Opasatika lake, scale ,?. m. = 1 in. (Advan ce 
sheet.) • 

Danville Mining distriot, scale 1 m. = 1 in. (Advance sheet.) 

• Publications ma rked thus are out of print. 
9871-15 
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NEW BRUNSWICK. 

"675. Map of Princiv al Mineral Occurrences . S cale 10 m. = 1 in. 
969. Ma p of Principal Miner al Localiti es . Scale 16 .m. = 1 in . 

1155. 2M- Millstrearn Iron deposits, N.B., scale 400 ft. = 1 in. 
1156. 25A- Nipisiguit Iron deposits , N.B., scale 400 ft . = 1 in. 

NOV A SCOTIA. 

"812. Preliminary Map of Springhill coa l-field .. scale 50 eh. = 1 in. 
833. Pictou coal-field, scale 2.5 eh. = 1 in. 
897. Preliminary GeoJ.ogical Plan of Nictaux and Tor brook Irou district, 

scale 25 eh. = 1 in. 
927. General Map of Provin ce showing gold district s, scale 12m. = 1 in. 
937 . Leipsigate Gold district, scale 500 ft. = 1 in. 
!).J.5. Harrigan Gold di strict, scale 400 ft. = 1 in. 
995. Malaga Gold district, scale 250 ft . = 1 in. 

1012. Brookfield Gold di strict, scale 250 ft. = 1 in. 
1019. Halifax Geologi cal sheet. No. 68. Sca le 1 m. = 1 in. 
1-025. Waverley Geological sh eet . No. 67. Sca le 1 m. = I in . 
1036. St. Margaret Bay Geological sheet . No . 71. Scale 1 m. = l in. 
1037. Windsor Geologi cal sh eet . No . 73. Scal e 1 m . = 1 in . 
1043. Aspotogan Geological slH•et. No . 70. Sca le 1 m . = 1 in. 
1153. 22A- Nova Scotia, scale 12 m.= 1 in. 

NoTE.- Individual Maps or R eports will be furni shed free to bona 
(!de Canadian applioants . 

Reports and Maps may be ordered by the numbers prefixed to titles 
Applications should be add1»essed to The Dime.tor, Geological Survev, 

Department of Mines, Ottawa. · 

•Publications marked thus are out of print. 




