
CANADA 
DEPARTMENT OF MINES 

HoN, CHAR.LESSTEWART, MINISTER ; CHARLES CA:>tSELL, DEPUTY MINISTER 

GEOLOGICAL SURVEY 
vV, H. COLLINS, DIRECTOR 

Summary Report, 1922, Part A 

CONTENTS 

ExPLORATIONS IN S o uTAEnN YoxoN: W. E . Coc t< nELD . .• . .. . • •• . •.. 

COAST AN D I s t .\ND8 OF B'(l!TISE C oLU.\1Uio\ DETWEgN DouGLAS C HANJ"ZL o\ND HIE ALASK.,N 
BouNDAnY: V . Dot<~MGE . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

RecoNNA.tSS.,NCE e>:TWEEN' K.tTSAULT RxvEn AND SK.EEN.-\ RIVER, B .C .: G . HANSON.. 35 
ALB!:RN! A"REA, VANCOOVER ISLAND, B.C.: J.D. MACKENZIE. . . . .. .. .. . ........ 51 
PL,\C"R MINING IN C>:DAR CREEK AREA, B .C.: W. A. JOHNSTON.. . .. . . . .. 08 
B£nnocxs AND QuARTZ VEINS or B.,nKEnvnLE MAP-AREA, CAntnoo DISTRICT, B.C.: W. L . 

UGLOW....... 82 

GEOLOG<CA.L EXPLORATIONS IN YALE AND SntiLK.\ME~N MINING DIVISIONS, SoUTHWESTERN 
B"Ritlslf Cotu\lot.-: C. E . CAIRNES . . .. .. . . • . . . . . . . . 88 

LucxY fouu Mil"!NG PnoP!:RTY, CHEAM RA NGE , B.C.: C. E. CAIRNES . . .......... . .. . . ... 127 
INDEX. .. . . . . . . . . . . . • . . . . . • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . . . . . . . . 139 

OTTAWA 
F. A. ACLAND 

P11INTER TO THE KING'S MOST EXCELLENT MAJESTY 
I923 

No. 1989 

kimlove
black



SUMMARY REPORT, 1922, PART A 

EXPLORATIONS IN SOUTHERN YUKON 
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In reviewing the published descriptions of the mineral deposits of 
Whitehorse, Wheaton, and Conrad districts, it was found that wherever 
the genesis of these deposits has been established it is attributed to the 
intrusion of the Coast Range batholith. It was, consequently, considered 
advisable to map the eastern edge of these granitic rocks in order that 
prospectors might know more precisely the location of the zone, adjacent 
to these rocks, in which ore-bodies are likely to occur. With this in view, 
the writer commenced mapping such parts of the area lying between 
longitudes 134 and 136 degrees and latitudes 60 and 61 degrees as had not 
already been mapped. 

Of the area assigned, considerably more than half is now completed. 
A reconnaissance map of this part, on the field scale of 2 miles to the inch, 
to show the drainage and geology, is compiled and waiting for the additional 
fi eld information to complete the area. During the course of the field 
work the writer was ably assisted by N. T . Ellis, T. D. Guernsey, and 
R. H. B. Jones, all of whom performed their duties in a capable and satis­
factory manner. 

TOPOGRAPHY 
The area lies along the junction between Yukon plateau and the Coast 

range1 and contains parts of both these provinces. The Coast range in 
general is an irregular complex of peaks and ridges that possess little 
symmetry other than a rough alignment on a northwesterly trending axis. 
It has everywhere a jagged and precipitous aspect, and consists of rugged 
or even needle-like summits, knife-edged crests, and sharply incised valleys_ 
The summits stand at elevations of from 5,500 to 7,500 feet. 

The Yukon plateau is an upland surface standing at an elevation of 
5,000 to 5,500 feet. Into this surface the streams have cut t o depths 
varying from 1,500 to 4,000 feet, giving a very irregular topography. The 
summits of the unreduced ridges lying between waterways are the remains 
of a gently rolling plain, which is broken only here arnd there by isolated 
residuary masses that rise above the general level. This surface is appar­
ently an uplifted and dissected peneplain. 

1For a. discussion of tho physiographic provinces o( Yukon, See Cairnes, D . D., "Wheaton 
District", Geol. Surv., Ca.n., Mem. 31, 1912, pp. 9- 11. 
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GE)JERAL GEOLOGY 

The area under discussion lies along the eastern edge of the Coast 
Range batholith, and practically the entire area is believed to be underlain 
at some depth by the granitic rocks of this batholith, isolated bodies of 
which outcrop at intervals to the eastward of the main boundary. In 
addition to these granitic rocks the area contains numerous other rock 
types, including igneous, sedimentary, and metamorphic varieties which 
range in age from the Precambrian to the Tertiary or Quaternary. In 
the central part of the area the plateau surface corresponds very closely 
with the original roof of the batholith, so that remnants of the former 
roof of this igneous body are still preserved. In addition there are numer­
ous masses of the rocks invaded by the granites which remain as inclusions 
in the granites. Farther west these masses gradually become less numerous 
and disappear, having most likely been removed by erosion. 

Table of Formations 

Era 
I 
I Period I Formation Lithological characters 

Quaternary ..... _ - . . . . . . . . . . . . . . . . . . - Superficial deposits. Gravel, sand, cla.d, soil, muck, vol· 
canic nsh, groun ice, slide rock, and 
morainic materials 

, Wheaton River vel- Rhyolite, granite porphyry, and 
canics related volcanics with their tuffs 

and breccias 

Tertiary ....... . . ~ . ~ .............. ' Chieftain Hill vol· Andesite, basalt, and related rocks 
cardcs wit.h their ll.Ssociated tuffs and brec-

cias 

Cretaceous to Juras- Coast Range intru- Granitic rocks ranging from granite to 
sic sivcs diorite 

pba.ses 
with a.ssocinted porphyritic 

Probably Lower Perkins volcnnics ... Andesite, diabase, basalt, with asso-
Cretll.ceous ciated tuffs and breccias 

?o.fesozoic ........ Lower Crctac~ous or Laberge series ...... Argillite, metarciJ!ite, shale, sand-
Jurassic swne, conglomerate 

Jurassic ............. Tantalus conglome- Conglomerate and sandstone with 
r£Lt.e (Kootenay?) seams of coal 

Palreozoic ...... TriMsic to ' ' • • • ' • * • ' ' 0 ' I ' ~ I I & • Crystalline limestone 
Carboniferous ....... 

Cherty quartzite, black slate, biotite, 
slate, and limestone 

---
Devonian? .......... . ~ .... ~ ..... ~ ~ ...... Pyroxenite and peridotite 

Precamb1·ian .... • • • • < • ' ' ~ • ' < • I ' 0 < • 0 ' Mt. Stevens group Sericite and chlorite schists. mashed 
(Yukon group?) basic and semi-basic volca.nics,gneiss· 

oid quartzite, hornblende gneiss, and 
crystalline limestone 
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The oldest rocks known to occur in the area are included in the Mt. 
Stevens group, a series of sericite and chlorite schists, mashed basic 
volcanics, gneissoid quartzites, hornblende gneiss, and crystalline lime­
stones. These represent remnants of the roof of the Coast Range bath­
olith or inclusions in it and are really a complex of both igneous and sedi­
mentary rocks which have suffered prolonged dynamic metamorphism. 
These are probably equivalent to the Yukon group 1 and are thought to be 
Precambrian in age. 

More recent than the Mt. Stevens group are certain pyroxenites and 
peridotites which occur only on the southern part of Tally-Ho mountain. 
These are thought to be related to similar rocks in other parts of Yukon 
and in northern British Columbia, and are believed to be of Devonian age. 

Outcropping along parts of Windy arm and Tagish Jake is a series 
of sedimentary rocks; cherty quartzite, black slate, biotite slate, and lime­
stone. They extend toward Atlin lake, and are followed by limestone, 
generally crystalline, from which occasional fragments of fossils are 
obtained. This limestone may be referred either to the Upper Carbon­
iferous or to the Triassic. 

In Mesozoic time a considerable thickness of sediments was deposited 
in this part of Yukon territory, and although a large part of these have beE:n 
removed by erosion, in the central part of the map-area they are still 
preserved, and have an aggregate thickness of from 5,000 to 6,000 feet. 
No complete section of these beds has been obtained. The lower conglom­
erate series (Tantalus conglomerate) bas a thickness of about 1,000 feet 
and on the basis of fossil evidence is referred to the Kootenay. It is coal­
bearing in the lower part. The Laberge beds consist of argillites, metar­
gillites, shales, sandstones, arkoses, tuffaceous conglomerates, and bedded 
tuffs, and these have been referred to the Lower Cretaceous. Much 
of the material forming these beds is of igneous origin. In certain parts 
of the district the division into Tantalus conglomerate and Laberge series 
has not been carried out, as both were included in the one group, the Tutshi 
series, by earlier investigators. 

Contemporaneous with these sediments, and possibly in part more 
recent than they, is a series of volcanic rocks, chiefly andesites, diabases, 
and basalts, with their associated tuffs and breccias. 

Following the volcanics are the Coast Range intrusives, which present 
a number of rock types ranging from granite to diorite or gabbro. These 
rocks have dominantly a granitic habit, and granodiorite is the prevalent 
rock type. The Coast Range batholith, apparently, represents an igneous 
complex formed by a long and probably intermittent period of intrusion. 
Pebbles of granodiorite identical with that of the Coast range are very 
numerous in the Laberge beds; yet even the uppermost of these beds are 
invaded by Coast Range rocks. This would point to several periods of 
intrusion with intervals during which sufficient time elapsed to permit of 
the cooling and erosion of the intrusives. 

The Tertiary and Quaternary are represented by two types of volcanic 
rocks, the earlier consisting of andesites and basalts with their associated 

1Cairnes, D. D., "Yukon-Alaska International Boundary", Geol. Surv., Can., Mem. 67, 1914, 
pp. 38-44. 



4A 

tuffs and breccias. Some of these flows appear to be quite recent, having 
been poured forth since the rivers have cut approximately to their present 
depths. They may consequently be Pleistocene or even Recent in age. 
These are followed by rhyolites, quartz porphyries, and related rocks which 
occur only as dykes and small surface flows. 

Overlying all the consolidated rock formations there is a mantle of 
superficial deposits including sand, gravel, clay, soil, muck, ground-ice, 
volcanic ash, slide rock, and morainal materials. This mantle covers all 
the valley bottoms and in addition extends over large parts of the 
valley walls and upland surface. 

ECONOMIC GEOLOGY 

The mineral deposits of the Conrad, Whitehorse, and Wheaton districts 
have in large part already been describedL . Briefly stated, the mineral 
resources, excluding coal, may be grouped into four classes as follows: 

I. Contact metamorphic deposits. Chiefly copper. 
II. Gold-silver deposits. 

III. Silver-lead deposits. 
IV. An timony-si\ver deposits. 

CONTACT METAMORPHIC DEPOSITS 

The contact metamorphic deposits include all the properties of the 
Whitehorse copper belt, and also the Fleming mineral claim on Carbon 
hill, Wheaton district. These deposits, in the first case, occur in altered 
limestones close to, or in direct contact with, the Coast Range grano­
diorites; and in the second case, in hornblende gneiss at the contact with 
the same intrusives. There can be no doubt as to the close genetic con­
nexion between the ore-bodies and the intrusion of the Coast Range batho­
lith, this connexion being apparent even on the most casual examination. 

GOLD-SILVER DEPOSITS 

The gold-silver deposits include the properties on Stevens, Wheaton, 
and Tally-Ho mountains, Gold hill, Becker creek, and the Big Thing mine 
on Windy arm, all of which have been described,2 and also the Midnight 
group to be described later. Discussing the genesis of these deposits 
Cairnes says in part: urt is, therefore, apparent that if these deposits are 
associated with any of the igneous materials of the district, these must be 
the Jurassic granitic rocks. In the field the veins appear to be everywhere 

1McConnell, R. G., "Whitehorse Copper Deposits,'' Geol. Surv., Can., Sum. Rept., 1900, pp. 
49A-52A. 

"Windy Arm District", Geol. Surv., Can., Sum. Rept., 1905, pp. 30-32. 
Cairnes, D. D., "Explorations in o. Portion of Yukon South of Whitehorse", Sum. Rept., Geol. 

'Surv., Can., 1906, pp. 24-30. 
· "Report on a Portion of Conrad and Whitehorse Mining Districts, Yukon", Geol. Surv., Can·., 

pp. 13-23. 
McConnell, R. G., "Report on the Whitehorse Copper Belt", Geol. Surv., Can., 1909. 
Cairnes, D. D., "Wheaton River District", Geol. Surv., Can., Sum. Rept., 1909, pp. 51-57. 
"Wheaton District, Yukon Territory", Geol. Surv., Can., Mem. 31, 1912, pp. 85-147. 
"Wheaton District," Geol. Surv., Can., Sum. Rcpt., 1915, pp. 43-49. 
:Cairnes, D. D., "Wheaton District", Geol. Surv. , Can., Mem. 31,1912, pp. &7-113. 
Ceo!. Surv., Co.n., Sum. Rept., 1917, p. 36. 



intimately associated with these intrusives so that the genetic relationship 
between them appears certain." The majority of these veins occur in a 
belt 2 to 3 miles wide closely paralleling th~ eastern boundary of the Coast 
Range batholith. 

SILVER-LEAD VEINS 

The principal silver-lead properties which have been described are the 
Union and Nevada mines, Wheaton district, 1 and the Montana, M and M, 
Venus, and Dail Fleming group of Windy Arm district. 2 The Mascot 
group is described in this report. The genesis of these deposits appears to 
be somewhat uncertain. They have been attributed to igneous rocks of 
different ages, but the probability seems to be that they owe their origin to 
the phenomena attending the latest stages of the intrusion and cooling of 
the batholith. 

ANTIMONY-SILVER DEPOSITS 

The most important of the antimony-silver claims are the Porter group 
and Goddell group on Carbon hill, and the Morning claim and Evening 
claim on Chieftain hill. These have all been described3 and their origin is 
ascribed to heated waters ascending from the cooling mass of the Coast 
Range batholith. 

This review will serve to show the importance of the Coast Range 
batholith in connexion with the ore deposits of the district. It may also 
be pointed out that the majority of the ore-bodies occur in connexion with 
outlying bodies of granite rather than with the main mass of the batholith, 
although there are many exceptions. It may also be laid down as a general 
rule that the main mass of the batholith away from its borders is not likely 
to have been the seat of ore deposition, except possibly where there are 
inclusions of the older intruded rocks. 

Only three properties were visited by the writer during the pa.st 
summer. These included both gold-silver and silver-lead veins. The 
silver-lead vein visited lies on the Mascot group at the head of a small 
tributary to Watson river. The vein occurs practically on the divide 
between Berney creek and Watson river. The property is owned by E. 
Johnson and M. Watson of Carcross, but was bonded to J . Moore Elmer 
of the Slate Creek Mining Company during the winter of 1921-22. A 
small amount of prospecting was done on the claims, but the option was 
abandoned in the spring of 1922. 

The outcrop is visible along a cliff face for about 2,000 feet. The vein 
varies considerably in strike, dip, and thickness, being in some places 20 
feet thick and in others less than 1 foot. At the foot of the cliff an adit 
was driven 200 feet on the vein. It was filled with water and ice at the 
time of the writer's visit, and consequently only the surface features could 
be examined. According to information supplied by J. M. Elmer the vein 
pinched to 6 inches towards the end of the tunnel and the values dropped 

!Cairnes, D. D., "Wheaton District", Geol. Surv., Can., Mem. 31, 1912, pp. 129-139. 
•Cairnes, D. D., "Report on a Portion of Conrad and Whitehorse Mining Districts, Yukon," 

Geol. Surv., Can .. 1908, pp. 14-18. 
Sum. Rept., Geol. Surv., Can ., 1917, pp. 36-44. 
3Cairnes, D. D., "Wheaton District", Geol. Surv., Can., Mem. 31, 1912, pp. 113-129. 



to $7 a ton in gold and silver. Assays from the outcrop, it 1s claimed, show 
values of from $15 to $30 a ton in gold and silver. Below the mouth of 
the adit the vein is 6 feet wide, but it narrows to less than 2 feet inside the 
portal. The country rock is a diorite (Coast Range intrusives) and near 
the deposit is a large inclusion of schist (M t. Stevens group). Thelwriter 
took a grab sample across the 6-foot width of the vein immediately below 
the entrance to the adit. This \vas assayed and found to contain: 

Gold ....................................................... 0·11 oz. per ton 
Silver ....................................................... 1·45 " 
Lead ....................................................... (not determined) 

Though the results obtained so far from the prospecting of this property 
have been unsatisfactory it must be remembered that only a small part of 
the vein has been explored by underground workings, and these workings 
do not extend under the widest parts of the vein as shown on the surface. 
The possibility of finding paying ore-shoots on the property has not been 
exhausted. 

The deposit is somewhat unfortunately situated wH.h regard to trans­
portation. There is no road to the property, and the nearest point on the 
railway is Robinson, about 45 miles distant. A road could easily be 
constructed up Watson river to the property, or from the end of vVheaton 
River wagon road at Carbon hill up Berney creek, but in either case the 
distance to the railway would be about the same. 

MIDNIGHT GROUP 

The Midnight group js situated on Midnight gulch, a tributary to 
Wheaton river, about 8 miles above its mouth. The property is read1ly 
accessible from Carcross by a boat across lake Bennett to the mouth of 
Wheaton river, whence a trail leads to the claims. 

The Midnight group consists of six claims, the Midnight, JYiidnight 
No. 1, Midnight No. 2, Anna Frances, Guardsman, and Harrison, owned 
by Matthew Watson and E. Johnson, of Carcross. 

The workings consist of three short adits and a large number of open­
pits or trenches. Two of these adits are situated close to the camp on the 
Midnight No. 1. The third is situated on the Midnight No. 2 near the 
crest of the hill and is known as the ' 1old showing." In addition there are 
a number of open-pits situated on the Midnight, Midnight No. 1, and 
Midnight No. 2. 

The showings are all very similar in character so that only typical 
ones need be described. On the Midnight claim there is some trenching 
known as the "lower workings". Here a dyke of granite porphyry is shown 
cutting schists of the Mt. Stevens group 1 and the dyke itself contains some 
inclusions of schist. Close to the hanging-wall of this dyke is a small dyke 
of basalt that cuts the granite porphyry, and, near the foot-wall, another 
dyke 7 feet wide of the same material. The width of the granite porphyry 
d·yke is 50 feet. The granite porphyry is very much altered and, apparently, 
silicified. Under the microscope it shows large crystals of feldsparlin a 
microgranitic groundmass. The feldspar is highly altered to sericite. 
Running through both the feldspar crystals and the groundmass 
of the rock are small veins of quartz which are taken to represent 
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secondary silicification. The infiltration of secondary silica was 
probably accompanied by deposition of the ore minerals, pyrite, galena, 
and occasional specks of native gold visible to the naked eye. The gold 
occurs both with the sulphides and also in the quartz when the sulphides 
are absent. 

There is a similar occurrence at the "old showing" on the Midnight 
No.2 claim. Here a dyke of granite porphyry 25 feet wide cuts the Perkins 
volcanics. The dyke is well silicified and carries seams of quartz containing 
pyrite, galena, and free gold. The two adits situated near the camp show, 
apparently, two-cross seams, but these are not well exposed. Both of the 
seams are considerably leached and decomposed. Coloms of gold may be 
obtained by panning this material. 

Adjoining the Midnight group are a number of claims, but on only 
two of these, the Gladys S and Sarah J, owned by T. Brooks, has any work 
been done. The occurrences here are similar to those already described. 

These porphyry dykes have been traced for considerable distances 
by means of surface pits and trenches. They are, apparently, broken by 
a series of more or less parallel cross-faults, which would require further 
stripping and an accurate survey of the property to work out. There would, 
however, be no question of the tonnage available if it could be demon­
strated tha t the values were persistent over the width of the dykes. A 
rough sampling of the property indicates, however, that the values in 
gold are not maintained over the mass of the dykes, even where silicifi­
cation is complete, but are confined to small portions where either gold 
or sulphides are visible. These portions form only a very inconsiderable 
part of the whole deposit. It, therefore, remains to be demonstrated 
whether these portions carry sufficient values to form ore-shoots. This 
can be done only by further stripping and systematic sampling. The 
writer is inclined to regard those points where cross-faults or cross-seams 
intersect the main dykes as the most probable locations of ore-shoots. 

The second gold-silver property visit:ed lies on the eastern slope of 
mount Reid, near the junction of Berney creek and Wheaton river. The 
property is situated about 5 miles beyond the end of Wheaton wagon 
road, or 36 miles from Robinson. There are two claims, the Grandview 
owned by A. Birnie, and the Rambler by C. I. Burnside. 

The vein is situa ted in a small gulch tributary to Skookum gulch, 
and the workings consist of a number of trenches. At the time of the 
writers' visit the gulch was largely filled with snow so that very little could 
be seen of the deposit. The country rock consists of the Perkins andesites, 
which at this point form an inclusion in the Coast Range granodiorites. 
The vein is first exposed on the shoulder of the mountain near the top of 
the small gulch. About 500 feet below this is a small open-cut in which 
the vein is partly exposed. At the upper workings the surface trench 
has been filled in with slide rock. The lower workings, however, show a 
vein 3 feet in width with gouge on either side. The vein at this point 
is almost vertical. Mineralization consists of galena., pyrite, stibnite, 
and arsenopyrite in a gangue of quartz. The vein has been exposed on 
the surface over a distance of 1,000 feet by means of pits, but most of these 
were filled with slide rock. 
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COAL 

Coal is known to occur at several localities in the area under discussion. 
Seams occurring on Coal creek near Dugdale and Idaho bill have already 
been descdbedl. The coal occurs in the Jura-Cretaceous Tantalus con­
glomerates, in or immediately below which have been found all the valuable 
coals so far discovered in southern Yukon. It is quite probable that other 
seams exist in addition to those described. by Cairnes. There is, however, 
at present no demand for coal in southelin Yukon, and prospecting for it is 
consequently not being carried on. 

1Cairnes, D. D., "Report ou a Portion of the Co orad and Whitehorse Mining Districts, Yukon'' 
G eo!. Surv., Can., 1908, pp. 20-21. 

"Wheaton District", Geol. Surv., Can., Mem. 31, 1912, pp. 145-147. 
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INTRODUCTION 

The season of 1922 was spent in making a geological map of the coast 
of British Columbia between Douglas channel and the Alaskan boundary. 
This work completes the geological mapping of the British Columbia coast 
which was begun at Vancouver by 0. E. LeRoy 1 in 1905, continued by 
J. Austen Bancroft2 in 1907, by R. P. D. Graham3 in 1908, by R. G. 
McConnell4 in 1912, and by the present writer5 in 1921, and 1922. 

That part of the coast examined in 1922 extends from Estevan island, 
latitude 53, to the head of Portland canal, in latitude 56, a distance of 
almost exactly 200 miles. The British Coumbia-Aiaska boundary extends 
the full length of Portland canal. The entire shoreline, including all the 
inlets and islands of this district except Queen Charlotte islands, was 
examined, and most of the known mineral occurrences within 4 miles of 
the shore were visited. Several days were spent in examining the Hidden 
Creek mine at Anyox. The mapping was confined chiefly to the shoreline, 
but was extended over the entire area of all the islands less than 5 miles 
across. The geology was plotted on the marine charts published by the 
British Admiralty. Much of the mapping was done on charts on a scale 
of approximately 4 miles to the inch. These are fairly accurate except 
for parts of the seaward shores of the outer islands, which were sketched from 
only a cursory examination. However, the area lying between Ogden 
channel and the entrance to Portland inlet is covered by three large 
scale, re~cent charts which are accurate and complete and were of great 
assistance in the work. 

The writer wishes to express his thanks to H . S. Mumoe, general man-
ager of the Granby Consolidated Mining, Smelting, and Power Company, 

1Geol. Surv., Can., Pub. No. 996, !908. 
2Geol. Surv., Can., Mem. 23, 1913. 
3Geol. Surv., Cao.~ Sum. Rept., 1908, p. 38. 
•Geol. Surv., Can., Sum. Rept., 1912, p. 63. 
Twelfth Inter. Gcol. Cong., Guide Book No. 10, 1913. Geol. Surv., Can., Mem . 32, 1913. 
IGeol. Surv., Can., 1921, pp. 22A-49A. 



at Anyox, for permission to examine the Hidden Creek mine and for placing 
at his disposal the maps, plans, and reports of the mine. Thanks are also 
due to Mr. John Flewin, of Port Simpson, for assisting the writer to 
examine the many mineral deposits near Maple bay, Portland canal, and 
for supplying much general information regarding the northern part cf 
the district. W. S. Dyer ably assisted the writer throughout the season, 
and for a short time took charge of the shoreline mapping. 

Previous work had been done in various parts of this area by H. 
Carmichael and W. F. Robertson of the British Columbia Bureau of Mines, 
and by R. G. McConnell of the Geological Survey, Canada. Carmichael1 

examined the mineral deposits of Portland Canal district and of Observ­
atory Inlet district in 1906 and 1909. In 1910, Robertson2, Provincial 
Mineralogist of British Columbia, examined the mineral deposits in the 
Portland Canal district. In 1910 and part of 1911, McConnel[3 mapped 
the Portland Canal district. In 1911, he4 mapped the shores of the northern 
part of Observatory inlet, examined the Hidden Creek mine, and made 
a reconnaissance trip across the Coast range to Nass valley. In 1912, 
McConnell examined the Surf Inlet mine6 on Princess Royal island and 
the shores between Surf inlet and Prince Rupert and in the same year 
made a reconnaissance along the Grand Trunk Pacific railway6 from Prince 
Rupert to Hazelton. In 1913, he made a further examination of the 
Hidden Creek mine7 in Observatory inlet. Certain other parts of the 
district are also described in Guide Book No. 10 of the Twelfth Int erna­
tional Geological Congress. In 1916, J. M. Turnbull examined and 
reported on the section of territory surrounding the head of Alice arm, for 
the British Columbia Bureau of Mines8• The adjoining territory of 
southeastern Alaska is described in a report on the Ketchikan and Wrangell 
mining districts by Fred Eugene Wright and Charles Will Wright9 • 

GENERAL CHARACTER OF DISTRICT 

The district is very similar to that of the section lying to the south 
and described in the writer's report of the previous season 10 • The climate 
is, for such latitudes, rather mild but very wet. The population is much 
larger than in the district to the south. The city of Prince Rupert with a 
population of slightly over 6,000 is the largest community, but t here are 
also the large villages of Anyox and Alice Arm in Observatory inlet, and of 
Stewart on Portland canal and there are many canneries about the mouths 
of Skeena and N ass rivers. Whereas lumbering is the principal industry 

tCarmicha.el, H .. Ann. Rept. of Minister of Mines, B.C., 1906, pp. H 61; 1909, pp. 59. 
•Robertson, W. F., British Columbia Bur. o( Mines, Bull. No.2, 1910. 
•McConnell, R. G., Geol. Surv., Can., Sum. Rept .. 1910, p. 59. 
McConnell, R . G., Geol. Surv., Can ., Mem . 32, 1913, p. 1. 

<McConnell, R. G., Geol. Surv., Can., 19ll, p. 41. 
McConnell, R . G., Geol. Surv., Cnn., Mem. 32, 1913, p. 73. 

•McConnell, R. G., Geol. Surv., Can., Sum. Rept., 1912, p. 53. 
•McConnell, R. G., Geol. Surv., Can., Sum. Rept., 1912, p. 55, Twelfth Inter. Geol. Cong., 

Gui<le Book No. 10. 
'McConnell, R. G., Geol. Surv., Can., Sum. Rept., 1913, p. 55. 
8Turnbull, J. M., Ann. Rept. of Minister of Mines, B.C., 1016, p. K 53. 
•U.S. Geol. Surv., Bull. 347, 1908. 

10Dolroage, V., Geol. Surv., Can., Sum. Rept., 1921, p. 23A. 
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farther south along the coast, in this section it is relatively unimportant 
and is greatly exceeded by both fishing and mining. 

The shoreline is irregular, though less so than in the district to the south. 
Several large channels, such as Principe, Grenville, and Wark, strike north 
45 degrees west, which is parallel to the general trend of the coast and also 
to the principal geological boundaries. Of these channels, the most 
remarkable is Grenville channel, which maintains a perfectly straight course 
for over 50 miles, and with its stP-ep sides, clear channel, and great depth, 
is one of the best inland steamboat channels in the world. Portland canal 
and Observatory inlet parallel one another in a northerly direction and are 
more or less transverse to the trend of the coast-line and the geological 
contacts. The former is about 90 miles long and is one of the grandest 
fiords on the coast. Nass and Skeena rivers, two of the largest on the 
British Columbia coast, enter the sea in this district. For some distance 
from the coast they occupy fiords similar to all the others except that 
they have been filled by sediment deposited by the river. These fiords, 
also, cut across the general trend of the geological formations. 

Almost the entire area is occupied by the Pacific system of the Cordil­
leras of Canada. This system is a great range of mountains extending 
along the mainland shore of British Columbia from Fraser river far into 
Alaska. It was formerly known as the Coast range and has been described 
by Dawson1 and Bancroft2• These mountains occupy over 90 per cent 
of the area (Figures 1 and 2), and in the eastern part they reach elevations 
of 7,000 feet. Towards the west they become gradually lower until a 
line is reached just east of Banks and Estevan islands, where the mountains 
end abruptly and west of which lies a rolling lowland, with elevations gen­
erally less than 100 feet. The lowland has a width of from 10 to 30 miles 
and is composed of numerous islands some of which are hundreds of square 
miles in area. 

GENERAL GEOLOGY 

This district is chiefly occupied by the quartz diorites and granodiorites 
of the Coast Range batholith, a number of large masses of older rocks such 
as greenstone, argillite, crystalline limestone, and schists, which form inclu­
sions in the batholith. The inclusions range from a few feet to over 
100 miles in length and have a marked tendency to form long, narrow bands 
roughly parallel to the trend of the coast, and to the axes of folding. The 
rocks younger than the batholith consist of many relatively small dykes 
varying in composition from lamprophyre to rhyolite, a few small areas of 
stratified sands and boulder clay, and one very small area of recent volcanic 
rocks. 

1Dawson. G. M., "Report on the Northern Part of Vancouver Island and Adjacent Coast", 
Geol. Surv., Can. 

'Bancroft, Austen J., Geol. Surv., Can., Mem. 23, p. 13. 
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Table of Formations 

Age N arne of formation Lithological character 

Recent .. . .. .. ..... .. .. . . . . Volcanic breccia 
Pleistocene ........ . .. .. . 

Post Jurassic to Late 

. . . ... ... . . Stratified sands, gravels, and boulder 
clay 

Tertiary ............................................. . ... Lamprophyre to rhyolite dykes 
Upper Jurassic.... Coast Range batholith ............ Granite, granodiorite, quartz dio-

Jurassic? .... 
rite, and hornblende gabbro 

Kitsault River formation...... . Argilli tes, fine sandstone, conglome­
rate, arkose, and tuffs 

Jurassic?. 
Jurassic? .. . 

... Goose Bay formation ... 
. Bear River formation 

nell's) 

. ...... Argillites, fine sandstone 
(McCon- Massive and fragmental greenstones 

Triassic or Carboniferous. Prince Rupert formation . . Hornblende- garnet- quartz- biotite 
schists, greenstones, and lime­
stones 

PRINCE RUPERT FORMATION 

The Prince Rupert formation is composed of highly metamorphosed 
crystalline schists with, near the base of the exposed sections, some green­
stones, schistified pyroclastics, and narrow bands of limestone and dolo­
mite. The formation was named by McConnell in 1912.1 These rocks 
occur in three fairly large, well-defined bands and also in a number of small 
isolated patches widely scattered in the western part of the district (Figure 
1). The largest of the three bands extends from the southern end of 
Grenville channel far into Alaska. It has a maximum width near Prince 
Rupert of over 20 miles. It strikes north 40 degrees west, which is roughly 
parallel to the trend of the coast as well as to the other bands of schist. 
The second band lies 6 to 10 miles to the northeast. It outcrops along 
both shores of Kutzeymateen inlet and strikes across Somerville and 
Pearce islands into Alaska. The third band lies still farther northeast and, 
in this district, is confined to Pearce island, but extends many miles into 
Alaska. 

The rocks composing this formation are of the following types, begin­
ning with those in the upper part of the formation: quartz-biotite schist; 
hornblende-muscovite-garnet schist; biotite-garnet-quartz-feldspar schist; 
crystalline limestone and dolomite; pyroxenized limestone; chloritic schist; 
schistified volcanic breccia. 

The largest mass of limeston>e occurs on the northwest corner of Smith 
island. Here, beds several hundred feet thick outcrop along the shores of 
a narrow inlet which penetrates the island southeastward for 3 miles, 
parallel to the strike of the limestone. Thick beds of limestone occur also 
on Porcher island and along the west shore of Grenville channel. Several 
beds of dolomite were observed on Banks island just opposite Anger island. 

The greenstones and schistified volcanic breccias and flows are con­
fined to Dunira and Melville islands. These rocks, however, are much 
less metamorphosed than the other rocks of this formation and may possibly 
belong to a younger formation. 

lGeol. Surv., Can., Sum. Rept., 1912, p. 60. 
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The bedding as well as the schistosity of the rocks strikes northwesterly, 
parallel to the general trend of the shoreline and the geological boundaries. 
The average strike is about north 40 degrees west, but it varies locally from 
north 50 degrees west to north 50 degrees east. The dips are mostly to 
the northeast, but in the vicinities of Wark channel and Kutzeymateen 
inlet closely folded synclines occur. 

In what appears to be a continuation of these schists and limestones, 
60 miles north of this district, in Alaska, fossils were found in the limestone. 
These were so poorly preserved that their age could not be satisfactorily 
determined, but they are thought by E. M. Kindle1 to be Upper Palreozoic 
or probably Triassic.2 

GOOSE BAY FORMATION 

The Goose Bay formation consists of a series of metamorphosed 
argillites and other fine sediments which occurs on both sides of Observa­
tory inlet in the vicinity of Anyox. It was named by R. G. McConnelP 
after the small bay on which Anyox is situated but which has since had its 
name changed from Goose bay to Granby bay. 

The format.ion has a maximum width of about 8 miles and maximum 
length, in a north-south direction, of about 10 miles. Except on the west, 
where it is in contact with greenstone, it is completely surrounded by the 
granodiorite of the Coast Range batholith in which it forms an inclusion. 

The contact with the greenstones lies a mile or so west of Anyox and 
is of great importance, because on it is situated the great Hidden Creek 
copper mine. 

The formation consists of highly metamorphosed black, brown, and 
grey, well-bedded sediments, which are steeply folded along axes trending 
in a northerly direction. They consist of argillites, fine grey argillaceous 
and carbonaceous sandstones, and a few thin beds of impure limestone. 
Near the greenstone contact there is much faulting, and the sediments are 
extensively mashed. 

The most abundant variety is a black, very fine-grained, bedded and 
banded sediment composed of nearly equal proportions of quartz, biotite, 
and a black opaque substance that is presmnably carbonaceous material. 
A little feldspar is sometimes found, and considerable talc and iron sulphide. 
Brown varieties with less carbon and more biotite, and grey varieties, in 
which muscovite is abundant, are also found. The quartz forms from 20 
to 40 per cent of these rocks and occurs in the form of small interlocking 
equal-sized grains. Pale brown biotite is nearly everywhere abundant. 
It is frequently segregated in thin parallel lamellre forming a fine banding. 
In many places these highly micaceous sediments are conspicuously spotted 
with closely spaced spots from one-half to one-fourth of an inch in diameter. 
The spots consist of pure black mica much coarser than that forming the 
lamellre. A large amount of opaque material was observed in the thin 
sections. Microscopic examination of polished specimens showed this to 
consist chiefly of pyrrhotite, pyrite, and carbonaceous material, with a 

1Kindle, E. M., "Notes on the Palreozoic Faunas and Stratigraphy of Southeastern Alaska", 
Jour. Geol., vol. XV, No. IV, May-June, 1907. 

1\Vright, F. E. and C. W., U.S. Geol. Surv., Bull. 347, p. 56. 
3 McConnell, R . G ., Geol. Surv., Can., Mem. 32, pp. 82. 
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small amount of chalcopyrite, magnetite, and in places a few flakes of 
graphite. In the brown varieties a small amount of hematite was found. 

A few beds of fine, dark grey sandstone and still fewer and thinner 
beds of impure limestone are intercalated with the metamorphosed argil­
lites. As shown by the presence of the pyrrhotite, pyrite, graphite, and 
probably much of the biotite and some of the quartz, these rocks have been 
intensely thermally metamorphosed, but only very locally have they been 
sheared to form slates. Close to the Hidden Creek mine and other sul­
phide deposits the rocks have been nearly completely silicified by metaso­
matic and pneumatolitic actions. 

There is considerable doubt as to the age of the Goose Bay formation. 
No fossils we're found in it and correlation must, therefore, be made on 
lithological similarities. McConnel]! was inclined to the view that these 
argillites are a part of the Bitter Creek2 formation of Bear River district. 
Because, however, of their close proximity to the Kitsault River formation, 
which outcrops in Alice arm 6 miles to the east, and also their close litho­
logical similarities, the writer prefers to consider them as part of this forma­
tion, which is probably of Lower .Jurassic age. From the descriptions of 
these two formations it will be noted that the Goose Bay is much the more 
highly metamorphosed, but this difference is probably because it forms a 
relatively small inclusion in the Coast Range batholith, whereas the 
Kitsault River formation lies outside the batholith. 

BEAR RIVER FORMATION 

This formation consists of massive and fragmental greenstor,es with a 
few interbedded layers of fine, argillaceous tuff and impure limestone. It 
occurs in three large bands or inclusions in the batholith, crossing Portland 
canal in the vicinity of Maple bay, Round point, and Salmon river. The 
widths of these three bands are respectively 8 miles, 5 miles, and 3j miles. 
They have much greater but unknown lengths. The formation consists 
chiefly of so-called greenstones which in reality are hornblende schist. 
There are also thick, massive flows of coarse andesite, some chlorite schist, 
a few thin beds of quartz-biotite schist, argillaceous tuff, and impure 
limestone. 

The hornblende schists consist largely of fibrous hornblende varying 
from deep greenish blue to almost colourless. Small amounts of quartz, 
andesine, labradorite, biotite, and chlorite constitute the remainder. The 
quartz shows evidence of crushing, and the feldspars are greatly altered to 
sericite. They probably represent metamorphosed andesites and tuffs. 

The less altered and more massive andesites are medium to fine-grained 
porphyries in which andesine forms the phenocrysts as well as much of the 
groundmass. Hornblende constitutes the remaining part of the rock and 
is probably largely a product of metamorphism. The biotite schists and 
tuffs occur chiefly near Maple bay and are described in connexion with the 
Maple Bay copper deposits. 

These rocks are steeply folded along axes trending north by west 
and somewhat parallel to the trend of the contacts of the various bands. 

'McConnell, R. G., Geol. Surv., Can., Mem. 32, p. 82. 
•McConnell, R. G., Geol. Surv., Can., Mem. 32, p. 12. 
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They are clearly older than the Coast Range batholith, which intrudes 
them, but their relation to the Goose Bay formation is somewhat obscure. 
Several large faults occur along their contact, and in the vicinity of the 
contact the argillites are intricately folded and mashed. In places, the 
greenstones appear to intrude the argillites; elsewhere the argillites appear 
to overlie the greenstone. No fossils were found and their correlation 
with the Bear River formation described by McConnell1 is based on lith­
ological similarities and geographic proximity. 

KITSAULT RIVER FORMATION 

Sedimentary rocks similar to those at Granby bay outcrop contin­
uously along both shores of Alice arm for the last 6 miles of its length, 
theirJcontact forming the eastern boundary of the Coast Range batholith. 
These sediments extend east for an unknown d.istance and up Kitsault 
river beyond the limits of exploration. They are fine, argillaceous sedi­
ments thinly bedded and steeply folded, but are considerably less therm­
ally metamorphosed than the Goose Bay argillites. 

These rocks have been studied in theKitsault River district by Hanson2 

who favours correlating them with the Nass formation, which occurs in the 
Salmon and Bear River districts, and also was named by McConnelP. 
In Kitsault River area Hanson4 found in these rocks fossils which deter­
mined their age as Upper Mesozoic, very probably Jurassic. 

COAST RANGE BATHOLITH 

The Coast Range batholith is the main geological feature of the 
British Columbia coast region from Fraser river to Alaska. It occupies 
more than half of the district here considered, the remainder being occupied 
by the inclusions of the older rocks mentioned above. The batholith is, 
however, narrower, and the bands of older rocks are somewhat wider, than 
they are farther to the south, and farther north in Alaska the batholithic 
rocks finally disappear entirely. . 

The batholith is composed of light-coloured, medium coarse, crystalline 
rocks chiefly of the composition of quartz diorite. Large sections, however, 
consist of granodiorite and there are also small amounts of granite, quartz­
monzonite, diorite, and hornblende gabbro. Quartz diorite and grano­
diorite form over 90 per cent of the total exposed bulk of the batholith. 
These two rocks are very similar in appearance and the one often merges 
into the other, making it difficult to map the two types separately. How­
ever, the granodiorite, granite, and quartz-monzonite have sharp intrusive 
contacts with the gabbro. They are lighter coloured, often having a 
pinkish tinge, and contain more biotite and less hornblende than the quartz 
diorites. Using these criteria, an attempt was made to map the grano­
tiiorite, granite, and quartz-monzonite under one colour, the quartz 
diorite and diorite under another colour, and the gabbro under a third. 
A large number of specimens were taken from all parts of the area and 

'McConnell , R. G., Geol. Surv., Can., Mem. 32, p. 14. 
2Hanson, Geo., Geo!. Surv ., Can., Sum. Rept., 1921, p. 11 B. 
•McConnell, R. G., Geo!. Surv ., Can ., Mem. 32, pp. 17 and 64. 
•Hanson, Geo. , op. cit., p. 11. 

58617-2 
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microscopically analysed. As a result it was found that the boundaries 
established in the field required only minor alterations, and they are shown 
on Figures 1 and 2. 

As shown by the map the granodiorite occupies almost all the territory 
adjacent to Portland canal and Observatory inlet; also the greater part 
of Campania island; small areas on the west side of Pitt island; parts of 
Anger and McCauley islands; and a large area on the east side of Grenville 
channel north of Klewnuggit inlet. These more acid types show a general 
tendency to lie towards the central part of the batholith, but there are 
exceptions to this. The gabbro occupies much smaller areas, which are 
irregularly scattered through the batholith and seem to be related to 
inc! us ions of basic schists. 

Quartz diorite is the most abundant variety, not only of this district, 
but of the whole batholith. It is a medium coarse, holocrystalline rock 
varying in colour from grey to nearly white. It consists essentially of 
plagioclase ranging from oligoclase to labradorite, of from 10 to 40 per cent 
of quartz, hornblende, and biotite, with usually a little augite and some 
orthoclase. The common accessories are apatite and sphene. The former 
is invariably present in small but constant amounts, whereas the quantity 
of sphene varies greatly, sometimes being very abundant. Hornblende 
is usually more abundant than biotite, but frequently these minerals are 
about equal. The hornblende found in the northern part of the batholith 
has a strong pleochroism varying from a deep bluish green to almost a 
clear yellow and has extinction angles up to 25 degrees though usually 
not greater than 17 degrees. Orthoclase is almost invariably present, 
but seldom forms more than 2 per cent of the rock. 

The granodiorite, which is the next most abundant rock type, closely 
resembles the quartz diorite, and the two rocks often merge imperceptibly 
into one another. On the whole, however, the granodiorites are lighter 
in colour and sometimes are slightly pinkish. They consist of the same 
minerals as the quartz diorite, and are distinguished from the latter only 
by a higher proportion of orthoclase, ranging from 8 per cent to 20 per cent, 
usually a higher proportion of biotite, and less hornblende. The quartz 
and orthoclase are frequently intergrown to form micropegmatite. The 
granodiorite along Portland canal and Observatory inlet is particularly 
high in potash feldspar, usually having over 12 per cent and an average 
of 20 per cent. At a few localities in this vicinity and also on Campania 
island specimens were taken which contain nearly equal proportions of 
potash and soda-lime feldspars and are, therefore, quartz-monzonites. 

The gabbros are very subordinate in amount. They are black to 
dark grey, and are quite irregular in grain, but mostly rather coarse, with 
hornblendes up to 2 inches in length. In most cases they have a gneissic 
structure and in two localities on Finn island they were found to grade into 
a biotite-hornblende-quartz-schist similar to the Prince Rupert schists. 

In composition they are irregular. They consist essentially of horn­
blende, biotite, magnetite! and labradorite, with in places augite, epidote, 
andesine, and quartz. The hornblende forms large elongated crystals 
having, in thin section, a pale blue-green to yellowish colour and often 
containing a large amount of black opaque dust which is probably magnetite. 
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They have extinctions up to 18 degrees. The quartz is in places rather 
abundant and forms intergrowths with the hornblende. It is the writer's: 
opinion that some at least of the gabbro represents more or less assim­
ilated inclusions of quartz-hornblende schist. 

The Coast Range batholith is of great economic importance. It is 
well known that most of the mineral deposits of the coast region had their 
origin in the magma which formed this batholith. 

YOUNGER DYKES 

Everywhere throughout the district the batholithic and older rocks 
are cut by numerous dykes of all sizes up to several hundred feet in width 
and of a wide variety of composition. They vary considerably in age, but 
probably are all younger than the ore deposits, which were formed after the 
partial consolidation of the batholith. They have had absolutely no 
metamorphic effect on the rocks they cut. They invariably have chilled 
margins and many of them are spherulitic and even glassy. They are so 
numerous that in the Hidden Creek mine, at Anyox, over one hundred 
separate dykes have been mapped. Though some of them are left in 
position to act as supporting pillars, many more of them have to be mined, 
and have thus considerably lowered the grade of the ore. On the bare 
glaciated slopes of the granodiorite mountains these dykes can be seen for 
miles in great numbers cutting the granodiorite in all directions. They 
consist of a large variety of rock types ranging from acid quartz porphyries, 
granites, and syenites through diorites and andesites to kersantites. Some 
of the varieties identified are malachite, vogesite, garganite, and kersantite. 

PLEISTOCENE DEPOSITS 

At several places along the shores of this district fairly thick deposits 
of fine sands, clays, gravels, and boulder clay were observed. The most 
important of these localities are: the west side of Porcher island, Granby 
bay, at a point on the east shore of Petrel channel, on Tugwell island, and 
along the shore between Tugwell island and Port Simpson. 

These deposits vary in thickness from 20 feet up to 200 feet. They 
cover only small areas and are confined to small basins. The largest areas 
are those on the west shore of Porcher island and on Tugwell island and the 
adjacent mainland. The deposits consist of fine gravel, very fine clayey 
sandstones, and sandy clays, all finely stratified, and in places showing: 
crossbedding. Interbedded with these are thick deposits of fine, bluish, 
clay through which are scattered boulders some of which are tons in weight •. 
These clays are true boulder clays and are conclusive evidence that th€': 
deposits were formed during the Glacial period. Small marine shells inr 
the bedded sands indicate that the deposits were formed in the sea. These 
deposits are now found at elevations of over 200 feet and it follows, there­
fore, that since Glacial times the region has been uplifted to this extent. 

RECENT VOLCANIC BRECCIA 

Though volcanic rocks of Post Glacial age are found at several places 
in Alaska immediately north of this district, and were also found by the 

58617-2! 
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writer1 at several localities in the district to the south, only one occurrence 
of such rocks was found in the district here considered. This occurrence 
occupies only a few hundred square yards on the west side of the most 
northern point of Pearce island, and a thickness of only 20 feet is exposed. 

The rock consists of a light greyish green, fine-grained matrix filled 
with pebbles ranging from a small fraction of an inch up to a foot or more. 
The pebbles consist of granodiorite, and quartz diorite, related to the 
Coast Range batholith; gneiss and schist belonging to the Prince Rupert 
formation; fragments of reddish and brownish tuff of unknown origin; 
and many fragments of porphyrite which were undoubtedly derived from 
the late dykes that are so abundant in the district. The matrix is a fine 
aggregate of a large number of minerals including quartz, oligoclase, ande­
sine, orthoclase, hornblende, chlorite, uralite, sericite, calcite, and micro­
pegmatite. 

The age of this breccia is not positively known, but, since it contains 
fragments of some of the more recent dykes, it must be, at least, very late 
Tertiary and probably even much younger. 

ECONOMIC GEOLOGY 

The district represented in Figures 1 and 2 has important deposits of 
copper, smaller deposits of silver, one of gold, and one of molybdenum. 
It is adjoined on the north by the rich Salmon River and Bear River 
districts, and on the northeast by the rich silver-producing district about 
the head of Alice arm. 

COPPER 

Hidden Creek Mine. The largest deposit of copper is that of the 
Hidden Creek mine at Anyox, owned and operated by the Granby Con­
solidated lVIining, Smelting, and Power Company. This is the largest 
copper deposit in British Columbia and is at prC'sent producing nearly 
3,000,000 pounds of copper per month. A very excellent and complete 
report on tl1e deposit had, shortly before the vv-riter's visit, been finished 
by J. Austen Bancroft, formerly assistant general manager of the company. 
This report, and the geological maps accompanying it, were kindly placed 
at the writer's disposal. With the help of these, and the observations made 
during several days on the premises under the guidance of F. E. Patton, 
the company's mining engineer, a good knowledge of the deposit was 
obtained. The following report is largely a restatement of facts from 
Bancroft's report, with a few observations by the writer. 

The mine is situated about 1 mile north of Granby (formerly Goose) 
bay, on the west side of Observatory inlet just at the junction of Hastings 
and Alice arms. A smelter with a daily capacity of 3,000 tons is situated 
on the shore of Granby bay. The ore, which is very high in sulphur, is 
smelted directly in blast furnaces by a process of partial pyritic smelting 
without previous roasting or concentrating. The matte from the blast 
furnaces is blown to blister copper in converters and the blister copper is 
shipped to the Nichols Chemical Company, New York, where it is refined. 

1Dolmage, V., Geol. Surv., Can., Sum. Rept., 1921, p. 29 A. 
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The ore-bodies are well to the centre of a large body of greenstones 
and metamorphosed argillaceous sediments which forms an inclusion in the 
Coast Range batholith. The contacts of the inclusion with the batholith 
lie about 4 miles to the north and 5 miles to the south of the principal ore­
bodies. The contact between the greenstones and argillaceous sediments 
lies about H miles northwest of Granby bay. The greenstones lie to the 
west and extend to Portland canal and beyond. The ore-bodies lie on or 
adjacent to the contact between the greenstone and argillites. This con­
tact bas a northeasterly trend, but is exceedingly irregular owing partly 
to faulting. The dip of the contact is almost vertical in the upper levels, 
but flattens considerably in the lowest workings. Owing to its irregularity, 
also to the highly folded and mashed condition of the argillites in its vicinity, 
and to the inte:1se hydrothermal alteration, the true nature of this contact 
is difficult to determine. In places, such as on Bonanza creek, the green­
stones and argillites are faulted together. At Maple bay, 7 miles to the 
west on Portland canal, the greenstones are interbedded with similar 
argillaceous sediments. In Bear and Salmon River districts, what appear 
to be the same greenstones are overlain by argillites. The greenstones, 
though massive in places, are fine grained, and, where less altered, have the 
appearance of andesites. They are, moreover, interbedded in many places 
with true volcanic breccias and seem to form a part of a volcanic series. 
Bancroft, however, found the greenstones crosscutting the argillites and 
also found inclusions of the argillites in the greenstones, from which he 
concluded that the greenstones are younger rocks which have intruded the 
argillites. 

The so-called greenstones are really hornblende schists. Throughout 
the whole inclusion they are highly metamorphosed, and consist of 70 prr 
cent to 90 per cent of a pale green hornblende, of a fibrous nat ure but with 
higher indices of refraction than actinolite. The other minerals found in 
the rock are chlorite, andesine, orthoclase, quartz, biotite, talc, epidote, 
and, in many places, small amounts of pyrite. Near the ore-bodies much 
more quartz is present, and Bancroft found also actinolite, tremolite, 
calcite, sphene, and leucoxene. 

The argillites, also, of this inclusion are highly metamorphosed, and 
consist chiefly of biotite, quartz, pyrite, and pyrrhotite, with a considerable 
amount of carbonaceous material. In the vicinity of the ore-bodies, 
however, large quantities of talc, sericite, and quartz are present. In 
places silicification is almost complete. Interbedded with the meta­
morphosed argj]]ites are thin beds of coarse and fine-grained, greyish sand­
stones, and a few thin beds of limestone. 

The Coast Range batholith which surrounds the inclusion and which 
occupies most of the territory in the vicinity of Portland canal and Obser­
vatory inlet, is composed of granodiorite in which quartz forms about 40 
per cent, biotite and hornblende about 10 per cent, and feldspar 50 per 
cent of the rock. The feldspar consists of one-third orthoclase and micro­
cline and two-thirds oligoclase and oligoclase-andesine. 

At 3,200 feet northwest of the mine there is a band of coarse diorite 
about 250 feet wide, striking north 20 degrees to 50 degrees east, and lying 
nearly parallel to the greenstone-argillite contact. 
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The only other rocks in the vicinity s.re the numerons dykes already 
mentioned. As these were virtually all injected after the deposition of the 
ore they have no significance as to its origin; but their abundant presence 
in the ore-bodies has a distinct tendency to lower the grade of the ore, 
since most of them have to be mined. 

There arc seven ore-bodies. Numbers 1 to 5 are clustered close 
together about the apex of a spur of greenstone about 2,500 feet square 
which juts out into the argillites in a northeast direction. The sixth ore­
body lies 1,300 feet to the southwest on the southeast side of the above­
mentioned spur of greenstone. Another ore-body, which is really a separate 
deposit, but is owned by the same company and known as the Bonanza, 
is situated 3! mites to the south on Bonanza creek and 3,200 feet from the 
.shore of Granby bay. This deposit is also on a contact between the argil­
lites and a small mass of greenstone less than a mile in diameter. 

Ore-bodies 1, 4, 5, and 6 lie on the contact of the argillites and green­
stones, where the argillites are much crumpled and the greenstones are 
especially schistose. Numbers 1 and 5 have developed where the turn 
in the strike of the greenstone-argillite contact is most abrupt. These 
ore-bodies are richer"' where the slate contact overhangs the ore. Ore­
bodies 2 and 3 and Bonanza lie in the greenstone, where it is especially 
schistose, and 2 and 3 are so situated that at the time of their deposition 
they were probably roofed by slate. 

The following dimensions will give some idea of the sizes of the ore­
bodies. Ore-bodies 1 and 5 have a combined length on the 530-foot level 
of about 1,240 feet, with an average width of 150 feet. Number 3 is a faulted 
block of Number 2 and they have a combined length of 750 feet with a 
width of 240 feet. Number 4 ore-body lies chiefly above the 530-foot 
level. It is triangular in plan with a length on the 760-foot level of 560 
feet. The present workings extend over a vertical range of 800 feet and 
diamond drilling has proved the ore-bodies to extend still deeper. They 
have a maximum size in cross-section on the 530-foot level, below which 
there is a. gradual decrease in size which becomes more marked below the 
150-foot level and is coincident with a sudden flattening of the green­
.stonc-argill\te contact. 

There has been developed up to date in ore-bodies 1, 2, 3, 4, 5, 6, and 71 

13,215,000 tons of high-grade ore, averaging 2·14 per cent copper, and 
1,5341000 tons of low-grade ore, carrying 0 · 94 per cent copper. The Bon­
:anza deposit contains 488,800 tons of 2·49 per cent ore and 577,300 tons 
of 0·64 per cent ore. 

The chemjcal composition of the ore is very well shown in the following 
tables which are averages of a great many determinations. 
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High-grade Ore 

Ore-body I Gold in Copper Inso- Silica Iron '"\~ I AI"~ I M"J<~ Lime Silver 
oz. per o/o luble % o/o phur mtna nesta o/o in oz. 

too o/o o/o o/o o/o per ton 
---------·- --------·---·---------

No.1.. 0·013 2·08 26·1 22·7 29·8 30·1 4·6 1·2 5·0 0·40 
No.2 .... } 0·006 2·11 37 ·6 31·4 26·0 18 ·2 10·3 3·8 3·2 0·25 
No.3 .... 0·002 1·83 48·4 39·4 21·7 8·1 11·5 6·6 1·8 O·ll 
No.4 ..... 0·008 1·71 8 · 9 1·0 41·5 31·6 1·9 0·5 9·0 0·79 
No.5 .... . 0·012 2·81 17 ·9 16· .'; 34·1 33·3 l· 6 n.d . 5·2 1·00 
No.6 ... 0·0!0 2·44 42 ·3 31·1 27·1 22·0 g ·I n.d. 4·8 0·63 
Bonanza .. . 0·006 2·49 35·2 27·6 26·0 17 ·8 10·1 6 ·3 2·0 0·28 

Low-grade Ore 

No.1. .... 0·004 0·71 4.0·6 35·9 23·6 21·1 5·9 2·0 5·4 0·14 
No.2 ... } 0·002 0·69 4.2 ·8 34·2 24 ·2 16·2 10·8 4·7 3·4 0·08 
No.3 .... 0·002 0·69 50·0 42·2 22·0 7·8 11·5 6·4 1·4 0·11 
No. 4 ... . . 0·002 0·54 9·0 6·8 40·7 36·1 2·2 1·5 7·6 0·25 
N o.5 .. 0·003 0·66 45·8 41·5 24·8 19·0 5·1 n .d. 3·3 0·25 
No.6 .. ... 0·003 0·74 62·3 55·8 14·6 9·6 10 · 1 n.d. 3 ·6 0·19 

The total ore shipped from 1918 to 1921 inclusive from ore-bodies I, 2, 3, 5 yielded 0·008 oz. of 
gold and 0 ·49 oz. of silver to the t.on. 

The mineralogical composition of the gangue and ore is compara­
tively simple and very constant. The gangue consists of silicified argillite 
.and greenstone averaging 50 per cent silica. Scattered among the sulphides 
as loose individual grains are found biotite, hornblende, actinolite, epidote, 
quartz, and calcite; quartz, hornblende, and calcite being by far the most 
abundant. The hornblende of this ore is of a much darker colour than that 
-of the greenstone. The calcite is present in small disseminated p;rains, 
.and seldom occurs as late veinlets cutting the ore, in the manner so common 
to most of the copper deposits of the Pacific region. 

The common metallic minerals are pyrite, pyrrhotite, chalcopyrite , 
zinc blende, magnetite, and arsenopyrite. These constitute nearly 100 
per cent of the ore, but Bancroft found also small amounts of galena, and 
the writer found in some high-grade ore from the Number 1 ore-body, 
on the 530-foot level, a small amount of native silver, associated with some 
.arsenopyrite, and a very small amount of a soft grey mineral which is 
almost certainly argentite. ~umber 4 ore-body is different from the 
others. It is composed almost entirely of pyrite, in the form of small cry­
stals less than one-sixteenth of an inch in size, cemented with calcite. 
Surrounding this central mass is a shell of nearly pure pyrrhotite. The 
copper content is so low that this ore is sold as pyrite ore. 

In general the pyrite, arsenopyrite, and magnetite were deposited 
earlier than the pyrrhotite, zinc blende, and chalcopyrite, but in two speci­
mens veinlets of pyrite were found cutting the pyrrhotite and chalcopyrite. 
The three sulphides-chalcopyrite, zinc blende, and pyrrhotite-were 
deposited simultaneously. The small amount of argentite occurs as rounded 
.blebs of microscopic size in the chalcopyrite. Its age was not indicated 
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but it was probably precipitated at the same time as the chalcopyrite. 
The native silver occurs in a similar manner and is probably of the same 
age. 

Some specimens from each of the ore-bodies were assayed for copper, 
gold, silver, and zinc, to find the association of the various metals and 
minerals. The results of these annlyses are as follows: 

: • • • • • • • • • • • • • • • Oce-body • • • • • • • • • • •• l--c-;-P;_8c_r_
1 
_ __ ~:-0~d_6 __ 1 

_____ 
1 
_____ _ 

Silver Zinc 

O·l2 0·4 
0·30 0·7 

1.................................... . 2·10 0·007 
I........................ . ........... 2·30 0·017 
! ................ . ....... . ....... . ... . 0·70 0·007 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 · 07 0 · 007 
1.................................... . 2·70 0·012 
1 .................................... . 2·00 0·018 

1 .................................... . 
1 .................................... ·. 
2 .................................... . 
2 .................................... . 
3 ....... · . . ........................... . 
3 ............... . .................... . 
4 .................................... . 
4 .................................... . 
4 .................................... . 
4 .................................... . 
5 .......................•............ . 
5 ............................ ' ....... . 
5 .................................... . 
5 ........ . ........................... . 
5 ............................... . .... . 

2·98 
3·80 
0·65 
3·32 
1·14 
1·50 
0·4 
1·12 
1·40 
2·62 
0·2 
0·7 
0·8 
3·01 
5·90 

0·005 
0·005 
0·002 
0·002 
0·001 
0·001 
0·006 
0·007 
0·003 
0·016 
0·003 
0·003 
0·003 
0·016 
0·025 

0·38 
0·16 
0·17 
0·28 
0·60 
1·04 

0·45 
0·92 
0·04 
0·08 
0·05 
0·06 
0·37 
0·32 
0·51 
1·62 
0·13 
0·17 
0·44 
0·96 
1·09 

trace 
0·2 
1·7 
1·3 
0·2 
1·8 Pyrrho-

tite ore 
0·2 
1·1 
0·4 
0·5 
0·2 
0·3 
trace 
0·6 
0·3 
1·1 
traco 
4·4 
0·6 
2·2 
1·6 

These analyses give no indication as to how the gold and silver are 
associated) but it seems clear from the writer's study of polished sections 
that the silver was deposited in the form of silver minerals during the time 
that the chalcopyrite and zinc blencle were being deposited. The higher 
gold values arc associated with high copper values, which appears to imply 
that the gold is associated with the chalcopyrite. But this is contrary to 
the general experience in other mines of the coast region, where the gold is 
found in the pyrite either as submicroscopic particles or in solid solution. 

Regarding the origin of these ores it is Bancroft's opinion that they 
were formed by the replacement of greenstones and argillites by solutions 
that began to circulate towards the close of the intrusion of greenstones, 
and continued during the advance and cooling down of the Coast Range 
batholith. He considers the possibility of there being two periods of 
silicification, one related to the greenstone intrusion, and a later and more 
extensive one related to the invasion of the batholith; but says that the 
field evidence is in favour of one prolonged period of silicification and 
mineralization. This would involve a tremendously long period of time 
for the formation of these deposits. There is no doubt, however, that the 
great bulk of the metal of these deposits, as of all the deposits of the coast 
region, originated in the Coast Range batholith. 

The immediate future for the Hidden Creek mine looks very bright. 
The costs are fairly low and the price of copper is much improved. The 
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cost in May, 1922, of one ton of ore delivered at the smelter was $0.949 
with labour at the following prices: 

Unskilled labour......... . . . . . . . . . . . . . . . ....... . . .... . .. . . .. ......... $3.30 a day 
Blacksmiths and carpenters.............. .. .... . ... . ..... . ...... . . 5.00 " 
Shift bosses............ . . . . . . . . . . . . . . . . . . . ......... . ................ . 5.75 " 
Foreman........ . .. .. ................... . ... . ........ . ............. b.40 " 
:Miners....... .. . .. . . . . . . . . . . . . . . . . . . . . . . . .... . .. . ...... ... .. . . . . 4.25 " 
:Muckers.................. . . ............... . ............. 3.85 " 

Two hundred and eighty-four labourers were then employed, consisting 
of over fifteen different nationalities. 

The ore reserves on July 1, 1922, were: 

Ore-body 

1. .. ' .... ' ......... . ' . . ... ' . . .. . ..... . 
2 ..... ' ....... ' . ... . .. ' '. '.' . .. . ..... . 
3 ..... . . ' ...... ' .... ' . . ..... ' ........ . 
4 ............. ' ......... ' ..... . . . .... . 
5 ....................... ' ..... ' .... . .. 
6 ..... ' .... ' . ' .. ' .... . . ' . ' .. . . . '. '. 
Total. .............. . .. . ..... . . . .... . 
Bonanza ... . .. . . .. .. .. ...... . 

High grade 

Tons 

3,866, 000 
2, 305,000 
1,188, 000 

139,000 
1, 047,000 

255,000 
8,800,000 

488,800 

Copper 
per 

cent 

1·94 
1·87 
1·82 
1·90 
2·90 
2·44 
1·97 
2 ·49 

Low grade 

Tons 

672,000 
269,000 
427,000 
55,000 

111,000 

I, 534,000 

Copper 
per 

cent 

0·87 
0·96 
1·00 
1·20 
0·90 

0·94 

This reserve will last at the present rate of production for about 
thirteen years. 

Outsider Gro1tp and Adjoining Claims. At a place known as Maple 
bay on the east side of Portland canal about 30 miles from its head and 7 
miles due west of Anyox, there are several groups of copper claims situated 
in the same inclusion of gTeenstones as the Hidden Creek mine. The best 
known and most developed of these is the Outsider, from which about 
16,000 tons of 2·9 per cent ore was shipped in 1906 and 1908. It ha~ 
recently been bonded by the Granby Consolidated Mining, Smelting, and 
Power Company, of Anyox. 

This deposit and the others in the vicinity of Maple bay were described 
by G. A. Clothier in the Annual Report of the Minister of Mines of British 
Columbia for 1921. 

The Outsider group is situated at the northern end of Maple bay at an 
elevation of about 1,000 feet and the other groups extend a mile to the south 
at elevations of from about 1,000 to 3,000 feet. All the showings are reached 
by trails which are, excepting at the lower end, in fairly good condition. 

These claims are among the first located in the Portland Canal district. 
In 1896 Lieutenant Mosier of the United States Navy discovered the show­
ing which is now known as the Bluebell. He did not make any attempt to 
develop it and in 1899 it was restaked by John Flewin, of Port Simpson. 
The claim now known as the Eagle was at that time staked by Mr. Collison, 
a missionary from Nass river. These two claims along with others were 
combined into one group, the Bluebell, which is owned by Mr. Collison, 
Wm. Noble, of Stewart, and others. In 1900, John Flewin located the 
Comstock group which lies to the south of the BluebelL It was Crown­
granted in 1912 and is still owned by Mr. Flewin. 
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The Outsider group was located in 1904, and in 1906 was acquired by 
the Brown Alaska Company, which at that time owned and operated a 
smelter at Hadtey, on Kasaan peninsula, Prince of Wales island, Alaska. 

This company developed the property, and during 1906-1908 shipped 
16,000 tons of 2 · 9 per cent ore to the Hadley smelter. Soon after this the 
company failed and the mine was acquired by Martin Woldson and associ­
ates of Spokane, Wash., who several months ago bonded it to the Granby 
Consolidated Min1ng, Smelting, and Power Company. 

In 1913, the Granby Company took an option on this property along 
with all the other claims in the vicinity of Maple bay. The option was 
extended until 1916, when work was commenced. A townsite was sur­
veyed and cleared, several miles of tram-line were built, a wharf was con­
structed, and a tunnel was driven on the Starr claim adjoining the Outsider 
group. From this tunnel about 4,000 tons of heavy sulphide ore, high in 
pyrrhotite, was shipped to Anyox. Considerable diamond-drilling was 
also done, but in 1917 the property was abandoned and the tracks and 
machinery were removed. 

All the copper deposits at lVIaple bay occur under geological conditions 
very similar to those at the Hidden Creek mine, which )s only about 7 miles 
distant. The copper occurs in the same inclusion of greenstone and 
associated rocks. The contacts of the inclusion with the Coast Range 
granodiorite lie 4 miles north and 4 miles south of Maple bay. The green­
stones at Maple bay are, however, less massive than those at Anyox and 
are interbedded with many layers of argillaceous tuff and micaceous schist. 
The ore-bodies occur in large replacement quartz veins which lie between 
the bands of greenstone and metamorphosed tuffs. The strata strjke 
north 10 degrees to 35 degrees east and dip from 40 to 85 degrees to the 
southeast. 

The most abundant rock is a green hornblende schist exactly similar 
to the greenstone of the Hidden Creek mine except that it occurs in rela­
tively thin beds interstratified with tuffs. Other beds of greenstone, 
particularly those near the veins, are altered chiefly to cblodte and to a less 
extent to sericite. They consist, in their present state, of crushed grains 
of quartz, oligoclase, andesine, chlorite, zoisite, sericite, talc, and in a few 
cases small amounts of albite were found. The primary ferromagnesian 
minerals have completely disappeared; the feldspars have remained fairly 
fresh. Several beds of micaceous and carbonaceous schists occur near the 
beach of Maple bay. These consist of a fine-felted network of light brown 
biotite and colourless fibrous hornblende in a still finer-grained mass of 
quartz and feldspar, chiefly the former. Closely associated with this type 
is a similar rock consisting of a fine mixture of quartz, feldspar, carbonaceous 
material, and a small amount of talc and hornblende, with no biotite. 
Hornblende schist constitutes the foot-wall of almost all the veins; the 
banging-wall is mostly a chlorite-sericite schist, high in quartz and feldspar, 
which probably represents a metamorphosed tuff. 

The Outsider mine consists at present of four tunnels at elevations of 
925 feet, 1,100 feet, 1,150 feet, and 1,200 feet respectively. These run 
parallel to the strike of the greenstones and also the strike of the vein, and 
pass through an ore-body from 200 to 400 feet long. lVIost of the ore 
between the 1,100 and the 1,200-foot levels was stoped out by the Brown-
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Alaska Company. The lower tunnel, however, is in heavy sulphide ore, 
and the last 400 feet of the 1,100-foot tunnel follows a well-defined vein 
carrying small, scattered patches of copper ore. The width varies from 8 
to 20 feet and the tenor of the ore varies from 2 per cent to 4 per cent 
copper with combined gold and silver values of about $1 to the ton. The 
best grade of ore is in the foot-wall. 

The ore consists chiefly of chalcopyrite and pyrrhotite in a gangue 
of quartz and country rock. Small amounts of pyrite and zinc blende 
are also present. In the oxidized parts limonite is plentiful and in places 
the pyrrhotite is altered to a later sulphide which is either pyrite or marca­
site, but which is not present in appreciable quantities. 

The tunnel on the Star claim is in a vein consisting chiefly of pyrrhotite 
and quartz but with low values in copper. The average width of this 
vein is 5 or G feet. 

On the Eagle claim of the Bluebell group, which is about half a mile 
southeast of the Outsider and at an elevation of 3,000 feet, a small tunnel has 
been driven 40 feet. It runs north 40 degrees east following a silicified 
and mineralized band that lies parallel to the structure of the greenstones. 
Three bands of rich sulphide-pyrrhotite and chalcopyrite occur in this 
zone, having widths of 12 inches, 15 inches, and 24 inches respectively. 
In a deep gulch to the north a similar band of quartz 10 feet wide is exposed, 
which carries small bunches of metallic sulphides, chiefly zinc blende with 
a little chalcopyrite. 

On the Anaconda and other groups there are five of these parallel bands 
of quartz in the greenstone, that range from 5 to 100 feet in width. One 
has been traced by open-cuts and trenches for 3,000 feet or more. They 
are composed chiefly of fine-grained quartz approaching chert in places 
and having a banded structure parallel to the greenstones. They seem to be 
completely silicified bands of country rock. In these bands of cherty 
quartz there are irregular masses of clear glassy quartz from which veins 
run in all directions. The metallic sulphides occur in greatest abundance 
in these areas of clear quartz, but some also occur in the cherty quartz. 

The only metallic minerals are chalcopyrite, pyrrhotite, pyrite, and 
zinc blende. Chalcopyrite is much the most abundant of these minerals. 
Pyrrhotite is common, but pyrite and zinc blende are rarely seen in hand 
specimens. However, the metallic minerals are not plentiful and the ore 
at best is not high grade. The silicified zones are not metallized, even 
sparsely, throughout the exposed surfaces, but only in certain irregular 
areas which are often widely spaced. Some of these areas are of consider­
able size and might on development prove to be commercial ore-bodies. 

It seems reasonable to suppose that these copper deposits were formed 
by mineralizing solutions which originated in the Coast Range batholith, 
rose through the schistose greenstones, and deposited their mineral content 
where conditions favoured precipitation. If this theory be correct the 
ore may be expected to continue downward for a great distance and may 
even increase in grade. However, the absence of any large masses of 
pyrrhotite, and the presence of such large quantities of quartz, 
are not, in this region, favourable indications of the presence of large copper 
deposits. 
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Bald Mountain Group. A group of copper claims known as the Bald 
Mountain group, owned by the International Copper Company, has 
been well described by A. C. Garde1• 

This properly includes thirty-two Crown-granted claims situated 
on Bald Mountain range in the northern part of Porcher island. The 
showings which are at elevations of from 100 to 1,000 feet are conveniently 
reached by an excellent 2-mile trail from Jap inlet, which is an almost 
perfect harbour for small craft. For the first 1! miles the trail crosses 
a muskeg and is planked. 

This part of Porcher island consists of banded gneiss, micaceous schist, 
and chloritic greenstone interbedded with bands of limestone that are 
seldom more than 150 feet wide. These rocks strike north 50 degrees west 
and extend southeast through Gibson island into Grenville channel. They 
form a part of the Prince Rupert formation. To the west of the group of 
claims they nre cut by a large mass of granodiorite and quartz diorite which 
extends northwest through Prescott and Stephens )slands. These intru­
sives probably also underlie the ore deposits and it is highly probable that 
metals of these deposits were deposited by solutions originating in the 
magma of the granodiorite and quartz diorite. Towards the northeast 
of the ore-bodies there is a large pegmatite dyke 15 to 20 feet wide, com­
posed chiefly of quartz, pink feldspar, and biotite, but it has probably 
no relation to the ore-bodies. The feldspar forms a high proportion of the 
dyke and is chiefly microcline. 

The ore-bodies occur in bands in the schists and gneiss. These bands 
are now composed chiefly of garnet, pyroxene, and calcite with copper­
iron and iron sulphides. They very probably represent original bands 
of limestone which have been completely metamorphosed. These bands 
as well as the sehists strike north 60 degrees west and dip 60 degrees north­
east. Although many lenses of ore were found not one of them is more than 
a few feet long. The widest showing occurs on the E!'lt~nte Cordiale 
claim. It has a width of 74 inches but bas not been traced along the 
strike for more than a few feet. 

The gangue minerals found are red garnet, pale green augite, greenish 
black hornblende, calcite, quartz, and, embedded in the quartz, are large 
ldiomorphic crystals of oligoclase-andesine. The metallic minerals are 
pyrite, pyrrhotite, chalcopyrite, and zinc blende. The showings on the 
Entente Cordiale are said to contain small values in gold and silver, but 
no silver minerals were detected. 

Samples from the 12-inch paystreak on the Little Bull claim as~ayed 
gold 0 · 04 ounce, silver 1· 0 ounce, copper, 4 per cent. A dump of 20 tons 
of ore from a 25-foot shaft yielded a sample carrying over 3 per cent copper 
and $1.50 in gold and silver.2 

The ore in these show1ngs is of fairly good grade and the showings 
are plentiful. The ore is certainly primary and for that reason. may be 
expected to continue downwards. According to Mr. Garde's report the 
25-foot shaft on the Little Bull claim showed that ore-body to widen with 
depth. However, all the ore-bodies so far discovered are rather small in 
area and are far apart. 

tRept. of Minisler of Mines, B.C., for 1916, p. 50 K. 
1Mioister of Mines, B.C., 1016, p. 51. 
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Jitney Group. Three copper claims, called the Jitney group, owned 
by R. G. F:rizzell and associates, of Prince Rupert, are located on the 
north end of Porcher island half a mile east of the northern end of Jap 
inlet. The deposit is in a low, marshy place only a few feet above sea­
level. 

The ore occurs in a considerably sheared greenstone and is composed 
chiefly of pyrite, pyrrhotite, and chalcopyrite. The greenstone consists 
of chlorite, andesine-labradorite, quartz, apatite and-in the neighbourhood 
of the sulphide veins-considerable common green hornblende with a 
little calcite and an r.xtra amount of quartz. 

A small tunnel and some open-pits expose a body of ore about 1 foot 
wide of nearly solid sulphide. A small inclined shaft exposes another 
ore-body 18 inches wide of solid and disseminated sulphide. The ore was 
not traced for any distance along the strike. From the tunnel 4 tons of 
ore was shipped to Anyox and is said to have yielded about $50 worth 
of copper and a slight amount of gold and silver. This is a small but a 
fairly promising showing. The ore is very similar in appearance to tbn..t 
of the Hidden Creek mine. 

GOLD 

On the northwest side of Porcher jsland, near Surf point, there are 
a number of small gold-bearing quartz veins. They are included in three 
groups of showings, one on the Patterson-Gillett group owned by Frank 
Patterson, a second group on the Eagle claim owned by Joe Dawson, and 
a third group on the I.X.L. daim owned by A. E. Wright and partner, of 
Pri.nce Rupert. The Patterson-Gillett group and the Eagle claim are 
described by G. A. Clothier in the Annual Report of the JVIinister of :Mines 
of British Columbia for 1919. The I.X.L. group was only recently staked. 
In 1917, the Patterson-Gillett group was under option to the Bellmont­
Surf Inlet Mines, Ltd., who did considerable exploratory development 
work but dropped the option the same year. 

All these showings occur on the northwest slopes of the Bell range of 
mountains and are less than 3,500 feet distant from an excellent harbour 
just south of Surf point. They are at elevations ranging from 125 to 450 
feet and are reached from the barbour by an easy trail which passes for 
most of the distance through open muskeg country. 

This part of Porcher island is underlain by a wide ba1:d of quartz 
diorite belonging to the Coast Range batholith. Just northwest of the 
Patterson-Gillett group there is a wide band of greenstone older than and 
intruded by the quartz diorite, and belonging to the Prince Rupert forma­
tion. A few very small inclusions of greenstone occur on the I.X.L. 
group, one of which adjoins a mineral vein. All the mineral veins except 
the one on the Eagle claim lie in the quartz diorite. The greenstones 
consist chiefly of pale green, fibrous hornblende with small amounts of 
quartz, andesine, chlorite, and talc. 

The quartz diorite is a grey, medium-coarse, fresh rock consisting 
essentially of andesine, quartz, biotite, and a large amount of dark bluish 
green hornblende. There js less than one per cent of potash feldspar. 
Accessory minerals are apatite and sphene, the latter being quite abundant 
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in places. Near the veins the quartz diorite is sheared and considerable 
sericite and epidote are present. 

On the Patterson-Gillett group there are six more or less parallel 
quartz veins. They vary in width from 3 feet down to a few inches. 
The greatest length to which any vein has been proved is about 300 feet. 
At a distance of a few hundred feet on an adjoining claim a crosscut tunnel 
was driven with the apparent object of tapping this vein. This tunnel 
in the first 15 feet crosses three small quartz veins, each only a few inches 
wide and carrying almost no sulphides. Fifty feet from the portal a 
4-foot quartz vein was penetrated which also is devoid of sulphides and 
consequently carries no gold. It was drifted on to the east for 40 feet and 
in places small amounts of sulphide were discovered. Seven feet beyond 
the drift there is another quartz vein a foot wide that contains much 
pyrite. Eight feet farther is still another quartz vein 17 inches wide 
and also containing much pyrite. This is probably the continuation 
of the main vein exposed in the open-cuts to the west. In a large open­
cut to the south there is still another vein exposed for a vertical range of 
about 30 feet. It is heavily pyrit.ized and a system a tie sample from 
the dump carried 0 · 35 ounce in gold, 1· 02 ounce in silver per ton, and 
traces of copp<'r. 

Sti~l another showing consists of a large, irregular mass of quartz veins 
15 feet to 20 feet 'vide. These veins were so irregular in attitude and 
width that their strike could not be taken. The quartz on the surface 
is only sparingly pyritized. This same quartz mass is reached by a tunnel 
30 or 40 feet lower which runs for 60 feet in a south 80 degrees east d1rec­
tion. From a small raise and shaft a quantity of ore was taken and after 
hand-sorting was shipped. 

Several other small shipments of hand-sorted ore have been made 
from these showings. One shipment of 20 tons yielded 3 · 76 ounces of 
gold and 1· 8 ounces silver per ton. As this shipment carried 40 per 
cent insoluble material it is evident that by milling the ore, concentrates 
of a much higher grade could be obtained. 

On the I.X.L. group thrfle small similar veins occur. The high<'st 
one is at 576 feet. It is about 1 foot wide, is exposed for about 50 feet, 
and carries only a small amount of pyrite. It strikes north 85 degrees 
west and dips south 80 degrees. At elevation 480 feet, and a short distance 
to the west there is a vein 3! feet wide exposed for only a few feet. This 
vein appears to strike about 60 degrees west and dips 85 degrees south­
wrst. It carries considerable pyrite, especially in the altered rock frag­
ments included in the vein quartz. At elevation 300 and still farther 
west, a vein 6 to 8 inches wide and well pyritized is exposed, striking 
north 70 degrees west, and dipping 85 degrees north. On a map of this 
property supplied by l\1r. Wright, the owner, there is another vein marked 
and labelled "big quartz vein". This was not found by the writer. The 
veins on this property have not been sampled, but, being so closely situated 
to the Patterson-Gillett veins and having the same appearance and com­
position, it is likely that the pyrite in them is auriferous. 

The gangue of these veins consists almost entjrely of milky quartz, 
medium fine to very fine grained. In the quartz are frequently found small 
masses of sericite which were originally fragments of quartz diorite. Con-
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siderable sericite of a similar origin is also found along the margins of the 
quartz veins. A very small amount of chlorite and ankerit~ was also 
found. Pyrite is the only metallic mineral visible to the naked eye. Under 
the microscope, minute quantities of chalcopyrite are seen. No gold or 
silver minerals were visible in any of the specimens examined. 

The similarity of these veins in mineral composition, metallic content, 
and geological associations to those of the Surf In!ett mine, 90 miles to the 
south, is extremely close and most striking. As at Surf inlet, the gold is 
present in the pyrite in either submicroscopic particles or in solid solution. 
The chief difference between these and the Surf Inlet veins is one of size, 
the latter being much larger. 

On the Eagle claim a tunnel follows for about 15 feet in a south 60 
degrees east direction an indistinct silicified and mineralized zone which 
appears at this distance to be faulted off. A small crooked tunnel running 
approximately north 30 degrees east from this point appears to be a fruitless 
attempt to find a continuation of the mineralized zone. This deposit is 
in sheared greenstone, and not, as in the case of the others, in quartz 
diorite. 

SILVER, GOLD, AND MOLYBDENUM 

There are several deposits lying east of Anyox and chiefly in the vicin­
ity of Alice arm, which are characterized by the following minerals: pyrite, 
arsenopyrite, pyrrhotite, chalcopyrite, galena, zinc blende, and tetrahedrite. 
Most of them also contain native silver, one contains much ruby silver, 
and two of them have molybdenite, one in sufficient amount to give it value 
as a molybdenite deposit. 

The Golkish is situated on the shore of Deep bay 3 miles south of 
Anyox. It is owned and operated by the Golkish Mines, Limited, under 
the management of H. Heidman. The deposit is worked primarily as a 
supply of siliceous flux for the smelter at Anyox, but it also carries small 
amounts of gold and silver. In 1921, 9,203 tons of ore were shipped which 
yielded 3,518 ounces of silver and 943 ounces of gold. 

The deposit2 consists of a quartz vein averaging about 6 feet in width 
and lying in black argillite parallel to the bedding planes. The strike of 
the aQ:illites and vein is north 5 degrees to 10 degrees east and the dip 
about 52 degrees to the east. Its close proximity to the shore and to the 
smelter, the extreme regularity of the vein, and the steep uniform dip 
make mining and transportation costs very low. 

The vein consists almost entirely of milky-white quartz with a few 
small streaks of argillite and small bunches of metallic minerals irregularly 
scattered through it. The argillites consist of argillaceous and carbonace­
ous material, considerable quartz, biotite, and a small amount of talc. 
Pyrrhotite and pyrite are freely disseminated throughout the argillites and 
a small amount of magnetite is also present. The small bunches of metallic 
minerals in the vein consist of the following minerals named in the order 
of abundance: zinc blende, galena, pyrrhotite, pyrite, arsenopyrite, 
tetrahedrite, chalcopyrite, native silver, native gold, electrum, an 

1Dolmage, V., Geol. Surv., Can., Sum. Rept., 1921, p. 30 A . 
ZClothier, G.A., Ann. Repts., Minister of Mines, B.C., 1920 and 1921. 
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unknown mineral in microscopic quantities probably polybasite. All 
these minerals except the last are plentiful enough to be seen easily 
with a hand lens. 

The pyrite and arsenopyrite were deposited before the other minerals. 
They are in places intimately intergrown so that the colour of one merges 
almost imperceptibly into that of the other. In other places the pyrite 
forms shells around the arsenopyrite grains. In the latter case the pyrite 
is of later origin, but very probably most of the two minerals were deposited 
at the same time. Of the other minerals, pyrrhotite and zinc blende seem 
to be the earlier. The galena, chalcopyrite, tetrahedrite, silver, gold, and 
electrum show no structure which indicates that any one was earlier than 
any other, and it seems probable that they were deposited during the same 
general period of metallization. The native silver is generally found in 
the galena as rounded blebs, and the gold occurs both in the galena and in 
the quartz. 

The Molybdenum Mining and Reduction Company bas developed 
to a small extent a molybdenite property on the north shore of Alice arm 
about 4 miles from the village of Alice Arm. A small power plant and 
concentrating mill are situated on the beach and are connected by an aerial 
tram 4,075 feet long with the mine which is situated at an elevation of 1,100 
feet. This deposit is fully described by J. l\1. TurnbulJl and briefly des­
cribed by R. G. l\:IcConnell.2 Though discovered several years ago 
it made its first and only shipment in 1916, when 383 tons of ore 
carrying 2 per cent molybdenite were shipped. Since then almost no work 
bas been done on the property. 

The deposit consists of a number of nearly parallel quartz veins 
occurring in a series of argillite, arkose, and argillaceous sandstones which 
form a part of the Kitsault River form ation as defined by Hanson.3 The 
argillites at this point strike in a northwest direction and dip vertically. 
At the northern end of the deposit there is a wide band of pink aplite 
striking northeast into which the vein merges. The argillites are cut by a 
great many lamprophyre dykes which strike more or less parallel to the 
veins. The dykes are for the most part younger than the veins. The 
eastern contact of the Coast Range batholith lies slightly less than a mile 
to the west of the deposit. 

The veins are exposed in the steep gulch of a small stream for an 
horizontal distance of about 800 feet and from an elevation of 1,100 feet 
to 1,425 feet. In the creek at the lower workings three persistent quartz 
veins are exposed which contain numerous films of molybdenite lying 
parallel to the vein walls. A system of tunnels, with a total length of 
several hundred feet, exposes several bands of quartz carrying small 
amounts of molybdenite and one large, highly mineralized vein 10 feet 
wide. A short winze was sunk on this ore-body and a raise was driven 30 
feet to the surface, both of which are in good ore. In the creek above these 
workings, the veins are exposed continuously for 400 feet or more, but no 
high-grade ore was found. In the upper workings almost no molybdenite 

1Turnbull, J. M., Ann. Rept. Minister of Mines, B.C., 1916, pp. 6&-68 K. 
Turnbull, J. M. and Gwillim, J . C., Ca.n. Mun. Res. Com. Final Report, pp. 128-131. 

'McConnell, R. G., Geol. Surv., Co.n., Mero. 32, pp. 93. 
•Hanson, G., Geol. Surv., Ca.n., Sum. Rept., 1921, pp. 11 A. 
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is present, but its place is taken by considerable amounts of other metallic 
minerals carrying fair values in silver, zinc, and lead. The amount of com­
mercial ore of this class so far exposed is, however, small. 

The veins exhibit an interesting change in compo:;ition as they approach 
the above-mentioned body of aplite. In its lower parts the large vein 
consists entirely of quartz and molybdenite with a fr.w veinlets of pyrite. 
Farther north it becomes increasingly feldspathic. As the body of aplite 
is approached the proportion of feldspar in the veins exceeds that of quartz 
and the vein becomes an aplite dyke. The feldspar consists chiefly of 
albite and albite-oligoclase with a lesser amount of orthoclase, all of which 
are intensely sericitizeJ. Four hundred feet from the lowest workings the 
large vein consists of quartz, feldspar, and molybdenite, the last in thin 
parallel bands similar to those in the lower workings. At the uppermost 
workings very little molybdenite is present, but other sulphides are fairly 
abundant. These form veinlets of solid sulphides an inch or so in width, 
bordered on either side with quartz and calcite. The sulphides of these 
veinlets also have a banded arrangement, with the pyrite towards the centre 
and the arsenopyrite on the sides. The metallic minerals present named 
in their order of abundance are zinc blende, pyrite, arsenopyrite, galena, 
chalcopyrite, native silver, and, in places, small amounts of molybdenite. 

The pyrite and arsenopyrite were deposited first, and probably at the 
same time, as both minerals are closely intergrown. Closely following these 
came zinc blende and some of the chalcopyrite. Then followed a period of 
intense crushing in which the zinc blende, pyrite, and arsenopyrite were 
fractured. These fractures were then filled with quartz, calcite, chalco­
pyrite, tetrahedrite, galena, and native silver. Some crushing also followed 
the deposition of the galena as its crystals are frequently much bent. The 
native silver occurs in the same veinlets mth galena, chalcopyrite, tetra­
hedrite, and quartz, and also as rounded blebs in the galena and in the 
pyrite. These structures and the entire absence of any other minerals 
characteristic of secondary enrichment lead the writer to conclude that the 
native silver is of primary origin like the other metallic minerals with which 
it is associated. 

Esperanza. The Esperanza.1 is a group of silver claims situated about 
half a mile northwest of Alice Arm, and west of Kitsault river. It is at an 
elevation of 520 feet and reached by a well-graded trail which 
branches off the Dolly Varden railway. 

It is one of the oldest properties in the Alice Arm district and for a 
long time was known as the Roundy property, after Frank Roundy, the 
original owner. It has since changed hands several times and at the time 
of the writer's visit was owned by Mr. Elge who has since sold it. 

As this property is descriued at length on page 46, a complete description 
of the geology and workings will not be repeated here. The deposit con­
sists of quartz veins in argillites of the Kitsault River formation, and is 
similar in many respects to the Golkish deposit. 

For purposes of comparison with the other deposits and because of 
its unusual interest the mineralogy of the deposit will be described here. 

1Tbe deposit is described by J. M. Turnbull in the Annual Report of the Minister of Mines of 
British Columbia for 1016. It is also referred to by G. A. Clothier in the subsequent Annual 
Reports for 1918 to 1921 inclusive. 

58617-3 
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The minerals present, named in order of abundance, are: zinc blende, 
galena, freibergite, ruby silver, pyrite, pyrrhotite, chalcopyrite, native 
silver, and polybasite. All except the native si lver and polybasite can 
be seen in the hand specimens. 

All the sulphides are later than the quartz except some of the pyrite. 
Pyrrhotite and arsenopyrite were not found replacing the pyrite, but 
all the other minerals do replace it. This indicates that the pyrite, 
arsenopyrite, and pyrrhotite are earlier than the other sulphides and 
were probably deposited during the same period . Zinc blende was observed 
as veinlets in the pyrite and is, therefore, in part at least later, but pyrr­
hotite and chalcopyrite were found in finely disseminated particles in 
the zinc blende, suggesting simultaneous deposition. The galena, frei­
bergite, sorr.e of the chalcopyrite, ruby silver, and native silver, occur 
in veinlets cutting the zinc blende and are, therefore, in part later in origin. 
Most of the freibergite is, however, the same age as most of the galena. 
There are no indications that the polybasite, native silver, and ruby 
silver are later than the galena and freibergite with which they are asso­
ciated. Smooth, rounded particles of galena, native silver, and ruby 
silver are found in the freibergite, and rounded areas of the native silver, 
ruby silver, freibergite, and polybasite are found in the galena. All the 
structures suggest that these minerals were deposited about the same time. 

The similarity of this deposit to the Golkish, both in composition 
and geological associations, is very marked, the one main difference 
being that much ruby silver is found in the Esperanza and is absent 
from the Golkish. 

Lynx Group. The Lynx group, 1 which is a re-stake of the Cariboo 
group, is a low-grade molybdenite deposit carrying values in silver, lead, 
and zinc. It is situated on the north fork of Lime creek about 4 miles 
by trail from the east side of Alice arm. The cabin is at an elevation 
of about 2,000 feet. The property is owned by Miles Donald and asso­
ciates, of Alice Arm. 

The deposit occurs in a very highly altered band of granodiorite 
which cuts the Kitsault River sediments. The granodiorite is well exposed 
in the canyon of the creek, and extends for several hundred yards both 
above and below the workings, which consist of a tunnel and several 
open-cuts. In its present highly altered state the granodiorite has a pale 
greenish colour, is medium coarse grained, and quite soft. It consists 
of feldspar almost completely sericitized, quartz, calcite, muscovite, chlorite, 
and disseminated sulphides. The muscovite frequently contains numerous 
fine needles of hornblende arranged in a reticulate pattern. The rock, 
probably, is related to the Coast Range batholith. Lying to the northeast 
about 2 miles and at a considerably higher elevation are some large flows 
of basalt several hundred feet thick. These are much younger than the 
granodiorite and it is hardly probable that the mineral deposits are relat ed 
in any way to them. 

The granodiorite contains disseminated molybdenite and numerous 
veinlets of quartz and calcite which also carry small amounts of molyb-

'Turnbull, J . M., Ann, Rept. of Minister of Mines, B.C., 1916, p. 66. 
Clothier, G. A., Ann. Rept. of Minister of Mines, B.C., 1921, p, 47. 
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denite associated with zinc blende and other sulphides. The molybdenite 
occurs in the granodiorite, but in amounts too small to constitute an ore 
of molybdenum. There are, however, numerous small quartz and sulphide 
veinlets which carry silvr:r values. Most of these veinlets are exceedingly 
small, but in a tunnel which the owners have driven recently, veins of 
sulphide seveml inches in width were discovered. These consist of quartz, 
calcite, and a large amount of zinc blende, with smaller amounts of galena, 
tetrahedrite, and chalcopyrite. Silver is reported to be present. 

Roundy Creek. A silver deposit on Roundy creek, a few miles to 
the south, occurs on a contact between argillite and altered granodiorite 
exactly similar to that just described. This deposit belongs to Mr. Morley, 
of Alice Arm, and is situated at an elevation of 2,200 feet and only about 
11 miles from the beach. It is reached by a good trail 31 miles in leng;th 
starting from Silver City, which is on the east shore of Alice arm, less than 
a mile from its head. The deposit is described by G. A. Clothier.' 

The rocks in the vicinity are very poorly exposed. Both argillites 
and highly altered granodiorite are exposed in the few scattered workings, 
but the direc tion of the contact could not be determined. The main 
eastern contact of the Coast Range batholith lies not very far to the 
southeast, and a large band of granodiorite is reported to lie just east of 
the deposit. 

The veins cut both formations and though fairly numerous are small, 
none exceeding 8 inches in width. They contain a large proportion of 
metallic minerals. A grab sample taken by Clothier assayed $2 to the 
ton in gold and 142 · 5 ounces of silver. The gangue consists of quartz 
and calcite. The metallic minerals named in order of abundance are zinc 
blende, pyrrhotite, galena, arsenopyrite, pyrite, chalcopyrite:, and native 
silver. The pyrrhotite, arsenopyrite, and pyrite were deposited first 
and are replaced by zinc blende, chalcopyrite, galena, and native silver. 
The silvPr occurs in small blebs in the galena. 

All the minerals are cut by calcite veinlets which are quite numerous. 
In one specimen some very minute veinlets of pyrite or marcasite were 
observed cutting the pyrrhotite. These were visible only under high 
magnification. 

SUGGESTIONS TO PROSPECTORS 

The proximity of some of the mineral deposits to the contacts of the 
Coast Range batholith, such as, for example, the Lynx group, the Molyb­
denite group, and Morley's claim on Roundy creek, suggests that their 
metallic content originated in the batholith. This view is strengthened 
by the large number of deposits in other parts of the Coast district, which 
are similarly situated with reference to the contacts of the batholith, 
and also by the absence of other igneous rocks in sufficient amounts 
to be possible sources of these rich accumulations of metals. It is now 
the belief of all those who have worked in this region that the mineral 
deposits were formed by solutions emanating from the magma of the 
batholith. 

In pointing out to prospectors the importance of working along the 
---

•Ann. Rept. of Minister of Mines, B.C., 1921, p. 48 G. 
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contacts of the batholith, attention should also be drawn to the fact that 
many of the deposits are 5 or more miles from any known contact and 
either inside or outside the batholith. Tbe two large low-grade copper 
deposits of the British Columbia coast, the Britannia and the Hidden 
Creek, are situated in shear zones in large inclusions in the batholith and 
the Hidden Creek deposit is 4 miles from the nearest exposed contact 
of the batholith. The deposits at Maple bay are very similar and are 
similarly situated. There are, however, some copper deposits at the 
head of Kitsault river which lie east of the batholith. Within the batholith 
itself, and in no way related to other rocks, are found the pyrite-gold 
deposits such as Surf Inlet and Surf Point, and the former, which is an 
exceedingly rich deposit, is many miles from any known contact. Outside 
the batholith are found the rich silver-gold deposits such as the Premier 
and the rich silver deposits, such as the Dolly Varden and Esperanza. The 
two first are in volcanic rocks and are much larger and richer than the 
I ast type which is found in the argillaceous sediments. 
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INTRODUCTION 

During the field season of 1922 the writer carried on a geological recon­
naissance in the area between Kitsault river and Skeena river. The area 
reconnoitred embraces the Alice Arm district and extends south-southeast, 
as a narrow belt which crosses )Tass river at Aiyansh. From this point, it 
lies in the drainage basins of Tseax and Kitsumgallum rivers and eventually 
reaches SkePna rivrr at Terrace. The possibility of the discovery of petrol­
eum in commercial quantities in Kitsumgallum valley was to be investi­
gated, and a general idea of the economic geology of the whole area was to 
be obtained. Although the contemplated reconnaissance was not finished, 
some information was obtained and is embodieJ in the present report. 
Thr sketch maps (Figures 3 and 4 ) accompanying this report ar.e approxi­
mat<>ly correct lithologically, but of doubtful ac:curacy with respect to the 
age of the formations. · 

Previous geological surveys in the area included detailed work in upper 
Kitsault valley, and a reconnaissance of Alice arm, Nass river, and Skerr-o 
river1, and brief field examinations described in the Annual Reports uf 
the Minister of Mines, British Columbia. 

1Dr>wson, G. M., "Report of an Exploro.tion from Port Simpson on the Pacific Coast t.o Fdmon­
ton on the Saskatchewan, Embracing a Portion of the Northern Part of British Columbia and the 
Peace River Country", Geol. :"urv., <'an., Rept. of Prof'., pp. l B-177 B, 1879--1380. 

j\-fcEvoy, Jamee, Gcol. Surv., Can ., Ann. Rept., 1802-1893, pp. 13 A- 16 A. 
j\'(cConnell, R. G., "Geological Section along the Grand T runk Pacific R ai lway from Prince 

Rupert t.o Aldennere, B.C." 
Geol. Surv., Can., Sum. Rept., 1912, pp. 55-62. 
McConnell, R. G.,' 'Portions of Portland Canal and Skeena Mining Divisions, Shena District, 

B.C.". Geol. Surv., Con., :Mem. 32, 1914. 
Hanson, Geo., "Upper Eitsfl.ult Valley, British Columbia", Geol. Surv., Can., Sum. Rept., 

I 021, pt. A, pp. 7-21. 
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R. W. Goranson rendered very able assistance in. the field. The writer 
wishes to express his indebtedness also to the various agents in charge of 
the cabins along the Government telegraph line, for their many courtesies; 
to the prospectors, and to G. F. Monckton and others, for helpful inform­
ation. 

GENERAL CHARACTER OF THE AREA 

LOCATION AND MEANS OF ACCESS 

Alice Arm is a small town situated at the head of Alice arm, a branch 
of Observatory inlet, and is a regular port of call for steamers of the Union 
Steamship Company of British Columbia; a boat service is maintained as 
well three times a week between Alice Arm and Anyox. The more remote 
parts of the arm can be reached by trails along the larger streams. 

Aiyansh, 35 miles up Na.ss river from Mill Bay-which is on the estuary 
of Nass river-is a port of call for the Union Steamship Company. A boat 
service is maintained twice a month between Aiyansh and Mill Bay. A 
foot trail follows the telegraph line through Ali.ce Arm and Aiyansh. 

Terrace is a small town on the Canadian National railway, 94 miles 
inland from Prince Rupert. A trail suitable for packhorses follows the 
telegraph line between Aiyansh and Terrace. 

RELIEF AND DRAINAGE 

The whole area lies along the eastern border of the Pacific system of the 
Coast mountains, and although the topography in general resembles 
that of the Pacific system, it has also several points in common with that 
of the Interior system. The arm north of Alice Arm is characterized by 
jagged peaks somewhat less rugged than those typical of the region farther 
west, and seldom rising more than 6,000 feet!. The main valleys have steep 
sides, and the streams occupying these valleys have steep grades. The 
tributaries are in their infancy and are simply small streams tumbling down 
the mountain sides. Glaciers are present at the beads of the main streams 
and most of the tributary creeks. 

The reg,ion lying between Alice arm and Nass river is a plateau. 
The surface rises fairly steeply from Alice arm and from Nass river to about 
2,200 feet, and the intervening arra ranges in elevation from 2,100 to 
2,500 feet. The origin ofthisftatuplandsmfaceappearstobe,inthemain, 
the rrsult of Tertiary erosion. The erosion surface is covered locally by 
horizontal flows of basaltic lava, and this lava may have aided in the form­
ation of the plate.au by filling up hollows. 

TheN ass-Skeenadistrictdilffers in many ways from the Alice Arm district. 
The Tseax-Kitsumgallum valley is bordered on the west by the mountains of 
the Pacific system. From N ass river to Lava !alee the mountains to 1 he 
east were not seen. From Lwa lake to the foot of Kitsumg::dlum lakes: me 
of the moulltains to the east are higher than 7,000 feet. The rocks in ~hi:;: 
part of the district have a westerly strike, and the regioll is drained by 
tributary streams flowing west to Kitsumgallum river and east to Skeenf!.. 
river. The mountains with crumbly knife-edge summits lie between the 

1Elevations refened to mean sea-level. 
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tributary streams and consequently have a westerly trend. Above 5,200 
feet the mountain slopes are steep, but between 4,000 and 5,200 feet the 
surfaces are smooth and rounded, and the slope is gentle. The mountain 
slopes higher than 4,000 feet apparently represent a Tertiary erosion surface 
that has been modified by continental glaciation. It is interesting to 
note that the present timber-line practically coincides with the lower edge 
of the gently sloping surface. 

Below the 4,000-foot contour the mountain slopes are the steep sides 
of stream valleys. The tributary valleys were formed during Tertiary 
time by water erosion and were, perhaps, deepened by alpine glaciers during 
the Pleistocene. The most noticeable difference between the drainage 
in this part of the area and in the Pacific system proper is to be seen in the 
tributary valleys. In the Pacific system, these valleys are as a rule small, 
and the grade is approximately the slope of the mountain side; but in the 
region under discussion the tributary streams have large valleys 3,000 
feet deep, where the grade corresponds to that of the main streams of the 
Pacific system. In fact some of the tributary streams of Kitsum­
gallum river, notably Beaver river, are navigable for over 12 miles from their 
mouths for canoes and motor boats. In the lower reaches of the larger 
tributaries the streams meander through fiat-bottomed valleys. 

The Tseax-Kitsumgallum valley is a large, broad valley, 1 to 4 miles 
wide. The bottom of this great depression is approximately 550 feet 
at the divide between Tseax and Kitsumgallum rivers. The valley joins 
N ass valley but crosses Skeena valley and continues to Kitimat arm. 
McConnell believed that it represented an old valley of erosion possibly 
robbed by the Skeena1• The writer did not examine the valley through 
its whole Pxtent, but is of opinion that formerly the water of upper N ass 
river flowed through this valley, was joined by the water of the upper 
Skeena at Terrace, and reached the sea at Kitimat arm. Nass and Skeena 
rivers, below their junctions with this main valley, may have eroded head­
ward sufficiently to rob the valley of its waters before the Pleistocenr; 
in any case, when the glaciers disappeared the robbery was accomplished. 

Alpine glaciers moved along this valley as well as westward to the 
coast along :::-.J"ass and Skeena vallrys. Glacial erosion was not very exten­
sive along Tseax-Kitsumgallum valley, but glacial grooves and trun.::ated 
mountain spurs are present and a scouring action is exemplified at Kitsum­
gallum lake, which fills a rock-scoured basin. Glaciers are absent from this 
part of the area Pxcept on the upper slopes of the highest mountains 

Several lakes lie in Tseax-Kitsumgallum valley. Lava lake, 7 miles 
long, was formed a few hundred yea.rs ago through the agency of a lava 
flow that dammed Tseax river. Sand lake is a smr.Jl bke which has been 
formed by damming of Tseax river by detritus broughc into the valley by 
Poupard river. Kitsumgallum lake, 6i miles long, fills a bssin scoured 
cut by glacierf' . It was formrrly much larger, but the upper end of t.he 
bke has been filled up "vith silt carried by streams entering the he~lcl of 
the hkc. The two small lakes below Kitsumgallum lake have beea separ­
ated from tbP main lake by detritus deposited by streams entering the 
valley from the east and west. 

1Geol. Surv., Can., Sum. Rept., 1912, p. 55. 



GENERAL GEOLOGY 

The rocks in the area are in the main of Jurassic age. They have 
been severely folded in most places and intruded by granitic rocks of the 
Coast Range batholith, which now forms the western border of the area. 
The region to the north, east, and south, immediately adjoining the area, 
has not hP-en explored geologica\ly. The Jurassic formations are overlain by 
Cretaceous sedimentary rocks which have been intruded by granitic dykes 
and stocks. Unconformably above the Cretaceous lie isolated patches of 
Tertiary sedimentary rocks and lava flows. Pleistocene glacial debris is 
found locally; recent gravels and clays are found along the main valleys; 
and a recent lava ftow perhaps 300 years old is present in the central 
part of the area. 

The rock formations in the area have been classified tentatively as 
follows: 

Table of Formations 

Time Fonnation LitholOI!Y 

Recent .. ........... . Lava. flows, stream deposits, 
marine clays ... ..... .. _ Basaltic scoria and lavn .... stratif.ed 

_________ 

1 

I gravel. &lnd, :.~.ncl cla:y 

Pleistocene.. .. .... . ... Gle.ci~l deposits ...... ..... ....... Till, boulders 

Unconformity 

Tertiary . ....... . ....... ·!Sedimentary rocks, lavu. flows andJPoorly consolidated sandstones and 
dyke rocks shales; basaltic lava flows o.nd dykes 

Unconformity 

Post-Lower Cre~eous ... Stocks, dykes . ............. · · · · · . Granitic intrusive rocks 

Lower Cretaceous(?) ... . Skeen a formation(?) .. . ..... ....... Shaly argillites (coal scs,ms), 
stones, and conglomero.te 

sand-

Upper Jurassic .... ... .... Coast Rn.nge batholith ..... . .. . . .. G ranod iori tc, q ~.:artz diorite 

Jura.ssic . ................ . SedimenW.ry rocks .... . .. . .. .... .. At:gillites, argilbceous quartzite~ 
Volcn.nic rocks ..... . . . . . .......... Volcanjc iragmentnl rocks and par-

phyrites 

Pre-Jurassic . .. . . . . .. ... '' Schistose rocks ................ . .. Sericite schists 
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PRE-JURASSIC 

The sericite schists in the table on page 40 are believed to represent the 
oldest formation in the area. They are exposed on Kitsumgallum lake 
and extend eastward in a band one mile wide. The formation is important 
in that it contains mineral deposits. It is made up chiefly by the minerals 
sericite, quartz, epidote, and garnet, and has originated through the 
regional and contact metamorphism of a sedimentary rock. Shearing 
has obliterated most traces of former bedding planes, but it appears that 
the formation, though severely contorted, dips in a northerly direction 
and underlies the Jurassic sedimentary rocks farther north. 

JURASSIC 

Volcanic rocks of probable Jurassic age are exposed on the Kitsault, 
northeast fork of Kitsault, and Illiance rivers. They consist chiefly of 
massive purple and green tuffs and breccias. They are believed to cor­
respond in age to McConnell's Bear River formation in Bear and Salmon 
River districts and to parts of the Kitsalas and Hazelton formations along 
Skeena river. In the upper Kitsault valley these rocks are massive and 
heavy bedded, and structures are difficult to ascertain, but on Illiance 
river they consist in the main of stratified water-deposited tuffaceous 
material containing many water-worn pebbles. South of Alice Arm, 
Jurassic volcanic rocks are not found until Kitsumgallum lake is reached, 
where the rock is exposed on the west shore of the lake. Here the formation 
is again massive and hard and devoid of apparent structure. 

The Kitsalas formation outcrops along the Canadian National railway 
between Amsbury and Kitsumgallum river. The age of the formation has 
not been ascertained, but McConnell has placed it tentatively in the 
Triassic.1 The formation is a heavy-bedded, structureless volcanic 
rock purple and green in colour. It probably extends northward along 
the west side of Kitsumgallum river. The volcanic rocks on Kitsumgallum 
lake correspond lithologically, and probably belong to the Kitsalas. A 
narrow band of the rock extends eastward on the east side of Kitsumgallum 
lake, apparently overlying the sericite schists and underlying the sed­
imentary rocks exposed at the north end of the lake. In Alice Arm district 
the green members of the series are important in that they contain numerous 
mineral deposits. In the Kitsumgallum section, however, the formation 
consists chiefly of the purple members, and apparently contains no mineral 
deposits. 

The Jurassic sedimentary rocks are more widespread than the volcanic 
rocks. In the Alice Arm district they are mainly argillites. On Kitsault 
and Illiance rivers they are argillites; on the northeast fork of Kitsault 
river, quartzites are conspicuous and in the region southeast of Alice 
Arm coarse-grained sandstones and quartzites are common. On Kit­
sumgallum lake the rocks are quartzites and argillaceous quartzites. 
The formation extends eastward from the lake and apparently continues 
to Skeena river, to become there the Hazelton formation. Leach says in 
regard to the Hazelton group, "There seems to have been from south to 

1Geol. Surv., Can., Sum. Rcpt., 1912, p. 59. 
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north a gradual transition from rocks of purely volcanic ongm (chiefly 
porphyrites) to aqueous deposits such as those on Sixmile and Ninemile 
mountains near Hazelton." 1 These Jurassic rocks do not outcrop in 
the valley between Nass river and Kitsumgallum lake, but it seems likely 
that the series is continuous and that the argillites of Alice Arm district 
and the quartzites of Kitsumgallum lake are of the same age. Numerous 
mineral deposits are found in the rocks of the Hazelton group, particularly 
in the harder formations. 

LOWER CRETACEOUS 

Rocks believed to be of Lower Cretaceous age are exposed along N ass 
river and in the valley between N ass river and Kitsumgallum lake. From 
Kitsumgallum lake northward for 6 miles the rocks are coarse sandstones 
and fine-grained conglomerates lying with gentle northerly dips. Between 
this area of sandstone and Nass river the rocks are shales and shaly argil­
lites containing a few coal seams. 

The conglomerates and sandstones are not very bard and the rock 
breaks around pebbles and sand grains. The conglomerate contains 
pebbles of chert, quartz, and argillaceous quartzite, cemented by calcite. 
A thin section of the sandstone showed the rock to be even grained, although 
the grains were irregular in shape. The grains consist of quartz, chert, 
and feldspar, and the cement is calcite. Twisted and bent flakes of biotite 
and muscovite are present. Alteration products are sericite and chlorite. 

The shales and sbaly argillites to the north appear to overlie the 
sandstones and conglomerates, but the contact was not seen. The shales 
are fine-grained black rocks sufficiently fissile to cleave readily in the 
direction of the bedding planes. No marine fossils were found in the 
formation, but plant remains associated with coal beds were seen in a 
few places. The fossils have not yet been identified. It is plain that 
the formation is not as a rule closely folded, but the presence of numerous 
faults and dykes indicates some complexity of structure which could not 
be determined owing to the covering of drift and timber. The dip of the 
rocks is vertical in a few places, but in general it is less than 45 degrees. 

INTRUSIVE ROCKS 

Granodiorite of the Coast Range batholith outcrops along the western 
side of the area. From Alice Arm to the northern edge of the mapped area 
the eastern contact of the granodiorite has a northerly trend. At Alice Arm 
the contact swings eastward and between Alice Arm and Nass river the trend 
is south-southeast. Throughout this extent the contact is regular, no 
outlying stocks are found, and granitic dykes are seldom if ever seen. 

From Nass river to Skeena river the contact has in general a south­
southeast trend, but is very irregular; large spurs project eastward and 
northward from the main contact; outlying granite stocks occur; and 
granite dykes are fairly common. North of 1\ass river smalllamprophyre 
dykes are very plentiful, whereas in the district between Nass river and 
Skeena river, although such dykes are present, they are of rare occurrence. 

1Geol. Surv., Can ., Sum. Rept., 1909, p. 53. 
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The granodiorite in the Alice Arm district has hitherto been considered 
as of Upper Jurassic age. Between Nass river and Skeena river, however, 
outlying stocks, associated granitic dykes, and what appear to be spurs 
from the main batholith, are intrusive into sedimentary rocks believed 
to be of Lower Cretaceous age. No fossil evidence is available to prove 
the age of the supposed Lower Cretaceous sedimentary rocks, but the 
rooks contain coal seams, and resemble those of the Skeena formation 
(Lower Cretaceous) to the north and east. 

Thin sections from the main body of granodiorite and from the asso­
ciated spurs show that the rock is very uniform from one end of the area 
to the other. It ranges in composition from granodiorite to quartz diorite. 
It contains quartz, varying amounts of orthoclase, plagioclase, ranging 
in composition from oligoclase to andesine, biotite, hornblende, apatite, 
magnetite, and varying amounts of titanite. Products of alteration are 
sericite, caleite, chlorite, and epidote. 

The granitic dykes are as a rule pink. A thin section of one of them 
shows that the rock consists chiefly of plagioclase and hornblende, but 
quartz is rare. The alteration products, which are rather plentiful, are 
chlorite, sericite, and calcite. The thin section contains a good deal of 
prehnite in interstitial spaces between primary minerals. 

TERTIARY 

Lava flows covenng an area of several square miles are exposed a 
few miles southeast of Alice Arm. The lava is in horizontal beds 10 to 
50 feet thick, making a total thickness of several hundred feet, and it 
overlies the older sedimentary rocks unconformably. Thin sections show 
that the rock contains phenocrysts of enstatite and labradorite in a finer­
gTained groundmass consisting of plagioclase, augite, enstatite, olivine, 
and magnetite. Amygdules of calcite occur. The plagioclase pheno­
crysts are approximately of the composition Ab35 An66 , but the plagioclase 
of the groundmass is somewhat more acid and occurs in long slender laths. 
Augite and olivine are rare. The rock in its more basic facies is a basalt, 
but in general it is more properly named enstatite andesite. The lava is 
quite solid and massive and breaks into rude hexagonal pillars. Near the 
lava flows are several basaltic dykes, and it is probable that the lava 
flowed out onto the surface from these dyke feeders. The age of the 
lava has not been determined, but is probably Pleistocene or Tertiary. 

On the north bank of a creek bed northeast of Lava lake, poorly 
consolidated sediments are underlain by lava flows. The creek bank at 
this point is a cliff 400 feet high and this is the only place where the rocks 
were examined. The area covered by the rocks is probably very small. 
The lava flows are vesicular in places and approximately 100 feet thick. 
A thin section of the lava shows it to be an enstatite andesite; the plagioclase 
laths seen in the section are of the composition of andesine. A basic 
dyke cuts the lava but does not penetrate the overlying sediments. The 
sediments are friable sandstones, shaly sandstones, and conglomerates. 
The pebbles and boulders in the conglomerate consist of vesicular lava, 
granite, slate, argillite, and quartz. The formation dips northward at 
an angle of 30 degrees. No fossils were found here, but from the general 
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appearance of freshness and imperfect consolidation of the rocks it is con­
cluded that they are of Tertiary age. 

PLEISTOCENE AND RECENT 

Although scattered glacial boulders are found over the whole area, 
boulder clay is not common. Local areas of boulder clay 50 feet thick 
were noted on Kitsault river, and its northeast fork, Cedar river, and Douglas 
creek. 

Sediments and hard rocks of Recent age are plentiful. Terraces 
are present along the N ass, Tseax-Kitsumgallum, and Skeen a valleys, 
and at the head of Alice arm. The terraces along the valleys do not 
extend more than about 200 feet above the present streams and represent 
gravels deposited along the stream beds and left as terraces by deepening 
of the channels. Some of the gravels at Terrace were deposited as delta 
deposits in a larger hody of water such as a larger stream, an arm of the 
sea, or a lake. At Alice Arm a fiat extends inland 2 miles from the head 
of the arm. It rises 50 feet in t his distance and at its inner edge east of 
the northeast fork of Kitsault river is surmounted by three terraces, the 
highest of which is 275 feet. The fiat was formed by sediment carried 
by streams entering the arm, but whether the terraces represent sea beaches, 
or whether they are rivet· terraces formed along the northeast fork of 
Kitsault river is not known. 

Marine clays of Recent age occur along Bear river at an altitude of 
400 feet. Similar clays, but devoid of fossils, occur at the same elevation 
on Salmon river, Kitsault river, and its northeast fork. Clay beds are 
present in the gravel terraces at Termce, but it is not likely that these are 
marine. The clay in the t erraces is in thin beds layered with gravel, and 
dips gently downstream. On the terrace north of the town of Terrace 
there are at least two of these clay beds; the upper one is about 3 feet 
thick and lies about 50 feet below the top of the terrace; the main bed is 
at the base of the terrace. The top of each clay bed is a water horizon. 
As the clay is impervious, groundwater flows through the pervious gravels 
along the top .of the cla.y bed. 

The youngest solid rocks in the area occur along the valley between 
Lava lake and Nass river . This is a lava flow 20 miles long covering an 
area of 20 to 25 square miles, and is the youngest lava flow so far recognized 
in British Columbia. The Indians on N ass river believe that the flow came 
down about 200 yea.rs ago, but it is probable that the lava is not less than 
300 years old. The stream poured out of a crater situated northeast of 
Lava Jake and on the south side of a creek flowing westward to Tseax river. 
The lava dammed the creek and thus formed a small lake in the valley. 
The molten rock then flowed down the creek bed, reached Tseax river and 
dammed that stream, forming Lava lake. The flow from this point fol­
lowed the Tseax valley, becoming several miles wide on reaching Nass river. 
Had the flow been restricted to a narrow channel on its way to the Nass,. 
doubtless it would have dammed that river, but the volume of lava was then 
spent and Nass river forms the northern boundary of the flow. -

There is no evidence to show that there was more than one eruption 
of lava, but after the lava had escaped from the crater, scoria was erupted~ 



45 A 

building up a small cone around the main crater. After a period of quies­
cence sufficient to permit the formation of a levrl floor in the crater, there 
wa.s a further explosion resulting in a smaller scoria cone and crater within 
tbe larger earlier crater. 

The lava was not examined along the Nass nor on the lower part of 
Tseax river, but wherever it was seen it occur~, not in a flow with an 
even surface, but as lava fragments. Occasionally there are areas 50 feet 
long, which represent part of the original surface of the flow and which 
are fairly level, but almost all the rock ]s in fr2-gments 15 feet or less in 
diameter. The lava flowed along creek and river valleys, and it may be 
that explosions from superheated steam had a good deal to do with the 
breaking up of the solidifying lava. In places the flow is welt crystallized, 
but in general it contains a good deal of glass. The rock is vesicular and 
dark brown to black. Thin sections show that it is an enstatite andesite. 
The nu1in part of the flow is devoid of vegetation, but trees have grown 
up along its margin and on the scoria cones. 

STRUCTURE 

The structure over the central part of the area seems to be a large 
syncline striking in an easterly direction and plunging to the east. From 
Rosswood northward to a few miles north of Lava lake, the prevailing dip 
of the rocks is northward at angles of 10 degrees to 45 degrees. At Aiyansh 
the dip is steep in a southerly direction, and along N ass river the rocks are 
commonly vertical or dip steeply either to· the north or south. It would 
appear, however, that easterly trending structures are local and have been 
aided in their development by spurs projecting eastward from the Coast 
Range batholith. The syncline is appa.rently a local downwarp or cross­
fold in formations having a northwesterly str~ke and northeasterly dip. 

ECONOMIC GEOLOGY 
The area under discussion lies along the eastern border of the Coast 

Range batholith. It is 95 miles long, and, naturally, contains several types 
of mineral deposits. :Ylost of those in upper Kitsault valley have been 
described recently,t and will not be again described here. The mineral 
deposits could be divided into groups on a basis of form or mineral content, 
but it is more convenient here to describe the few that were examined 
according to the locality in which they occur. All of them were formed by 
ascending mineral-bearing solutions emanating from some underlying 
source-probably the Coast Range batholith and associated outlying 
stocks. In a few instances the primary mineral deposits thus formed have 
been modified by superficial agencies. In addition to metallic mineral 
deposits, coal seams occur in the area. 

ALICE ARM DISTRICT 

This district has undoubted economic possibilities. The m1n1ng of 
high-grade silver ore appeals to .the prospector, because ore can be mined 
with practically no outlay of capital. A prospector cannot, however, 

1Hanson, Georg~, ~'Upper :Kit~ault Valley, B.C.", Geol. Surv., Can., Sum. Rept.. 1921, pp. 
7-21. 
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afford to build wagon roads, or even pack trails, for the purpose of taking 
out his ore; consequently, wagon roads through the more promising mining 
districts would be of very great aid. 

Mining might also be canied out on a moderately large scale, and lower 
grades might be used, if the ore were concentrated instead of being shipped 
direct. This might be done by a r-ompany controlling several properties 
within easy reach of the mill. Thrre are a few properties with good surface 
showings and others where hopes of discovering good ore seem well founded. 
A few of these properties may Jevelop into mines. 

Exceptin~ the properties in the upper Kitsault valley described last 
year, only two properties in the Alir-e Arm district have shipped ore. 
These are the Esperanza and the La Rose. The La Rose bas made two 
shipments amounting to 33 tons, carrying 0 ·12 ounces gold and 235 ounces 
of silver per ton. The Esperanza has made small shipments for a number 
of years, the ore containing up to 0·2 ounces gold and about 200 ounces 
silver per ton. 

H omeguard. This property is located 14 miles from Alice Arm on the 
east side of Kitsault river. The ore consists of large boulders up to 30 feet 
in diameter that lie in mixed talus and morainal matter. They contain 
disseminated chalcopyrite, pyrite, and galena. The good grade of ore in 
the boulders has instigated search for the source. The boulders probably 
came from a belt of rocks known locally as the "copper belt". The western 
contact of this belt crosses Kitsault river between Homestead and Miner 
creeks, and if the direction of contact were projected for a mile it would 
cross the Homeguard; consequently, it is exper-ted that the ore zone will 
be found very close to the boulders. Little is known of the structure or 
the persistence of the ore zones in the copper belt, and, therefore, very 
careful study of any surface exposures should precede underground 
exploration. 

La Rose. The La Rose mine is located on the west side of Kitsault 
river about 6 miles from Alice Arm. The mineral deposit is a narrow 
quartz vein in a country rock of argillite, and contains rich silver ore. 

Esperanza. This property was one of the first to be staked in the area 
and is located one mile from Alice Arm. The vein is narrow, contains 
rich silver minerals in a quartz gangue, and lies in a country rock of 
argillite. 

R. W. Goranson, who assisted the writer in the field, has given the 
following description of the mine: 

Esperanza mine is situated on the steep eastern slope of Kitsault 
River valley, about one mile north of the town of Alice Arm. The main 
adit of the mine is at an elevation of 460 feet. This property is now 
operated by a syndicate of Anyox men. 

The country rock consists of black argillite which strikes north 25 
degrees west, and dips to the west at 45 degrees. Three lamprophyre 
dykes, the largest 15 feet wide, are later than a major period of faulting, 
but are cut by a still later series of faults. 

An undulating fault which strikes about 5 degrees east of north and 
dips east at 45 degrees, has acted as the channel and place of deposition 
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for the ascending ore solutions. The vein varies from 3 feet to u. mere 
streak in width, 8 inches being a good average width. It has been faulted 
by later normal faults which strike mostly northwest and dip to the south­
west. Since the vein dips with the hillside, sufficient depth should be 
ascertained before doing any extensive mining, because movement along 
these laterfaults could very easily throw the lower block out enough to cause 
it to be removed with the eroded part of the mountain. This would mean 
the loss of the lower part of the rich silver zone down to the valley bottom. 
The southern extension of this vein, still undeveloped, will make good 
prospecting ground. . 

The main fault, being a zone of weakness, has been subjected 
since the deposition of the ore to minor movements which have made it a 
good watercourse. Minor fissures, which include gash, bedded, and minor 
fault veins, almost undisturbed since the formation of the mineral veins, 
are not rich in silver minerals. 

The vein contains quartz, pyrite, arsfmopyrite, and a little siderite 
200 feet above the main adit. The economically important minerals 
are argentite, pyrargyrite, polybasite, a little native silver, galena, and 
sphalerite. In places the vein material is roughly banded, parallel to the 
walls. The best ore is in the narrow part of the vein where gouge is plentiful. 

The paragenesis appears to be quartz, pyrite, sphalerite, galena, and 
the silver minerals. The ruby silver, pyrargyrite, is the most plentiful of 
the valuable minerals. 

Carbonaceous matter, present as graphite in the gouge, may have 
played an important role in the precipitation of these silver sulphides. 

PROPERTIES ON NORTHEAST FORK OF KlTSAULT AND ILLIANCE RIVERS 

On the northeast fork of Kitsault river the San Diego aud Red Bluff 
properties lie in a fine-grained grey rock apparently of sedimentary origin, 
but similar in many ways to the "copper belt" rocks farther north. The 
properties farther upstream lie in sedimentary rocks that are chiefly 
argillites of the Jurassic sedimentary series. 

On upper Illiance river the tuffaceous sediments and tuffs have a north 
to north-northwest strike. On the east and also on the west side of the 
river the rocks dip gently to the west, but in a zone which is followed 
by the stream they dip steeply to the west. There appears to be a sharp 
flexure in the formation, the west side having moved downward in relation 
to the east side. Along the flexure the rocks are sheared and along this 
sheared zone ore solutions have ascended and formed a number of mineral 
deposits. The Bellevue, United Metals, Silver Bell, and half a dozen other 
mineral properties, have been staked along this zone. The mineral zone is 
strongly defined and may contain rich and perhaps extensive shoots of ore. 
The mineralization is of the silver-lead type. The Monarch is one of the 
few properties which have been staked on Illiance river outside this main 
zone. It is located at the headwaters of the 1·iver in a country rock of tuff. 
The mineral deposit is a quartz vein containing silver-bearing grey copper. 
The vein strikes north and dips west. Two blocks of the vein offset by a 
cross-fault are exposed, and to trace the vein and to obtain a better idea 
where it will be encountered at depth, surface work should be done. 

58617-<_ 
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A number of mineral claims have been staked in the area between 
the northeast fork of Kitsault and Illiance rivers, but this locality was not 
visited. 

PROPERTIES ON LIME AND ROUNDY CREEKS 

The Cariboo is one of the groups of mineral claims in the region southeast 
of Alice Arm. The country rock is argillite and sandstone intruded by 
numerous sills and dykes of granitic material. The whole is extensively 
weathered. Molybdenite is present over a zone several hundred feet 
wide, but no commercial body has been exposed . Assays show gold and 
silver values, and these metals are probably contained in pyrite, galena, 
and other minerals, disseminated through the rocks and quartz veins. It 
is interesting to note that immediately northeast of the property, lavas 
cover the older rocks. If the lava flows are of pre-Pleistocene age it is 
likely that products of Tertiary weathering such as secondary mineral 
deposits will not have been scoured off by Pleistocene glaciers in the area 
immediately surrounding the Java flows. 

NASS-SKEENA DISTRICT 

A different type of mineral deposit is found in this district. Some 
of the properties are of the silver-lead type, but the majority are gold 
deposits. Coal also is found in this part of the area. Only a few of the 
mineral claims were visited and none of those west of Tseax-Kitsumgallum 
valley was seen. The metallic mineral deposits here are chiefly narrow 
quartz veins wher~ mining in a small way may be possible. There may be, 
also, large low-grade mineral deposits, but unfortunately, development has 
not proved the existence of any of this type. The future of coal mining 
in the district remains in doubt and no workable tonnage has been 
proved. Drilling for oil will evidently not prove to be a successful venture. 

Silver Dollar. This property, formerly known as the Iona, is located 
in the main valley 12 miles north of Rosswood. The property is covered 
with drift that has not been cleared sufficiently to expose the trend and 
size of the ore-body, but from present developments it would appear 
the good ore is present in small shoots. One of the open-cuts exposes ~Tey 
copper ore rich in silver. The country rock is argillite. 

Relief. Located on Egan creek, a tributary of Cedar river, 8 miles 
northeast of Cedar River crossing. Two other claims, the Blue Grouse 
and Hunter, adjoin the R elief. A good deal of surface work has been done 
on the R.elief in tracing a quartz vein for a distance of 1,000 feet. The 
country rock is n,rgillite intruded by p;ranitic dykes. The vein outcrops 
on the left bank of Egan creek and dips under the creek. In some places 
the vein is 8 feet wide, but in most places the hanging-wall is under water, 
and the width could not be determined. The gangue minerals consist 
of quartz and calcite, and the metallic minerals, which arc confined within 
a width of 3 feet a long the foot-wall, are chalcopyrite and galena. 

Sunlight. Located at an a lti tude of 3,800 feet, 4 miles east of Rosswood 
on the north side of Hall creek. The country rock is argillaceous quartzite 
intruded by granitic dykes. The vein varies in width from 2 to 12 feet, 
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but in several places it is split up into numerous closely-spaced gash veins 
over a greater width. The mineralization consists of pyrite, galena, and 
zinc blende, in a gangue of quartz, and the metal sought for is gold. 

Bear Group. Located south of Hall creek, 5 miles from Kitsumgallum 
lake. A narrow bed vein of quartz lies in country rock of argillaceous 
quartzite and contains good gold ore. The strike of the vein is east­
northeast and the dip is to the south. The vein is honeycombed on the 
surface through the oxidation of sulphides. 

Treadwell Group. Located on the east shore of Kitsumgallum 
lake. The country rock is a quartz-sericite schist. The ore zone strikes 
east and dips north, paralleling the shearing planes of the enclosing rock. 
The lateral extent of the ore-body is not known and it is, therefore, impos­
sible to obtain a clear idea of the merits of the property. The metals 
sought for are copper and gold, and the ore is rich enough to warrant careful 
exploration of the strike, length, and width of the zone. 

PLACER GOLD 

Douglas creek was worked in the ea.rly years of placer mining in British 
Columbia, and the creek still yields wages to a few men. The quantity 
of gold now taken out is not great, but gravel benches on the lower reaches 
of the creek and on the shores of Kitsumgallum lake near the mouth of 
the creek, might be tested to ascertain whether the gravels could be worked 
profitably on a large scale. 

COAL 

Coal seams on the banks of Cedar river were described in 19141• The 
seams outcrop on the steep banks of the river, but are in many cases 
covered by small landslides. Some of the coaly material was obtained, 
but only from the weathered parts of the seams, and this material was 
chiefly graphite. Similar material was obtained from poorly exposed 
seams on Little Cedar river. If the material obtained can be used as 
evidence at all it tends to show that any coal found will be anthracite 
and will probably contain a good deal of graphite and schungite. 

PETROLEUM 

One of the principal purposes of the writer's visit to the Kitsumgallum 
valley was to inquire into the possibility of finding petroleum in commercial 
quantities. No evidence was found to indicate the presence or former 
presence of petroleum in the valley. The sericite schists, Jurassic volcanic 
and sedimentary rocks, and the granitic rocks of the Coast Range bath­
olith, need not be considered as probable containers of commercial pet.roleum. 
The shaly argillites of probable Cretaceous age remain. These rocks have 
been intruded by dykes and small stocks, and in some places are faulted 
and steeply folded. lVIarir.e fossils are scarce if they are present at all. 
K o seepages and no residues from the fermer escape of oil were found. 
The absence of any evidence favouring the presence of petroleum, and the 
unfavourable geological evidence combine to discourage search for petroleum 
in the valley. 

'Brewer, W. M ., "Skeena Mining Division", Ann. RE>pt.. Minister of Mines, B.C., 1914, pp. 
K 108-K 109. 

58617-4~ 
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KISPIOX VALLEY 

A few days were spent in the Kispiox valley to investigate the prob­
ability of petroleum in commercial quantities. Although the time spent 
was brief it was sufficiently long to convince the writer that there is a 
dearth of any favourable indications. 

Kispiox river beads in the divide between Nass and Skeena rivers, and 
flows in a southerly direction, joining Skeena river 8 miles north of Hazelton. 
Rocks of Cretaceous age are exposed on the Kispiox and Skeena north of the 
junction.1 It is not known how far up the Kispiox the Lower Cretaceous 
rocks extend, but black shales are present as far as 50 miles from Hazelton, 
the most northerly point reached on this visit. As no break in the sedi­
mentary series was noted, these shales are probably of Lower Cretaceous age. 
Gentle folds and dome-like structures are present, but the shales appear 
to be devoid of fossils. No evidence was found to indicate that petroleum 
existed in the rocks. Until positive indications of the presence of petroleum 
are discovered, the idea of drilling for oil should not be entertained. 

1Malloch, G. S., Geol. Surv., Can., Sum. Rept., 1911, pp. 78-90. 



51 A 

ALBERN! AREA, VANCOUVER ISLAND, B.C. 

By J.D. MacKenzie 

CONTENTS 
PAGE 

Introduction................ . . .... .. .... . ..................... . .. . ...... . .. . ...... ... ..... 61 
Topography........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
General geology. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
Structural geology......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 

Illustration 

Figure 5. Geological map of the Alberni area, Vancouver island, B.C............... . . . . .. . 62 

INTRODUCTION 

Alberni canal is a narrow fiord extending in a northeasterly and 
northerly direction more than halfway across Vancouver island from its 
west coast. The depression, which below sea-level is occupied by the 
waters of the canal, continues northward and then northwestward as the 
Somass and Stamp River valleys. At the head of the canal there is a 
low uneven area, rising gradually to the eastward in a distance of 2 or 3 
miles to a height of about 500 feet. Above this elevation the slope suddenly 
increases, and the lowland is abruptly surmounted by the steep, rugged 
western slopes of the Beaufort range. Southward, the area of lowland 
occupies a depression parallel to Alberni canal. In this direction the low­
land rises and narrows, until it is merged in the hills bordering China 
Creek valley. "Cnderlying this topographic depression is a basin of Upper 
Cretaceous sediments, whose lesser resistance to erosion has caused the 
lowland to form. The surrounding, steep mountains are composed of 
much more resistant, pre-Cretaceous rocks. The area shown on the map 
as underlain by Upper Cretaceous rocks is approximately 30 square miles. 

In connexion with the investigation of the N anaimo series, as the 
Upper Cretaceous coal-bearing rocks of southeastern Vancouver island 
are termed, the Alberni area was visited for purposes of comparative study. 
The largest single area of Upper Cretaceous rocks on southern VancouvP.r 
island, outside of the Comox-Nanaimo-Cowichan basin, occurs in this 
district, and it has long been known that seams of coaly shale occur in 
these sediments. A particular interest attaches to the investigation of 
the Alberni area, therefore, in that it throws some light on the probabilities 
for the occurrence of workable seams of coal in this basin. Six days were 
spent in field work, during five of which Mr. J. E. Gill acted efficiently 
as assistant. 

There are two towns in the area. Port Alberni, with a population of 
about 1,200, is at the head of navigation on the canal, and Alberni, with 
about 600 inhabitants, is situated at the end of the canal, where Somass 
river enters, less than 2 miles north of Port Alberni. There are a number 
of scattered farming settlements in the rolling, fertile country northward 
and northwestward from the head of the canal. 



The area may be reached in several ways, the most convenient of 
which is by motor road from Nanaimo, 53 miles from Port Alberni. The 
Esquimalt and N anaimo railway runs a train three times a week from 
Parksville Junction, and the "Princess Maquinna" of the Canadian Pacific 
Railway Coast Steamship Service makes regular calls at Port Alberni on 
hPr trips up and down the west coast of Vancouver island from Vancouver 
and Victoria. 

Sawmilling, logging, fishing, and farming are the principal industries 
of the district. There is a large amount of excellent timber, principally 
fir and cedar, in the vicinity, and the splendid stand of magnificent trees 
along the Island highway west of Cameron lake, just east of the area 
reported on, is well known. In the canal, the salmon and herring fisheries 
are of much importance. Stream and lake fishing attract many tourists 
and sportsmen in the summer season. 

PREVWUS WORK 

No detailed examination of the Alberni area has been made by officers 
of the Survey until the present time. However, in 1909, C. H. Clapp 
outlined the boundaries of the basin in connexion with a reconnaissance 
of southern Vancouver island. 1 The shores of Alberni canal and Barkley 
sound have been studied by V. Dolmage, who has also examined the 
whole of the west coast of Vancouver island north of Barkley sound.2 

The "Geology of the Nanaimo Map-Area" 3 and "The Coal :Yieasures 
of Cumberland and Vicinity, Vancouver Island"\ are two publications 
containing material of some interest in connexion with the Upper Creta­
ceous rocks of the Alberni area. 

TOPOGRAPHY 

The area surrounding the head of Alberni canal exhibits two strongly 
contrasted types of topography. One of these is the topography developed 
on the area underlain by the Cretaceous sediments, and the other is formed 
in the areas of pre-Cretaceous rocks. The first type is a generally low, 
irregular surface, for the most part below 400 feet in elevation, with 
moderate slopes and no pronounced hills. Seen from an elevation it 
appears nearly flat, but there are considerable minor diversities of surface. 
The second type consists of steep, rough hills rising abruptly above the 
low-lying Cretaceous area, these hills being formed of pre-Cretaceous 
volcanic rocks. A transition between the two types of surface occurs 
in the pass over which the Alberni-:Nanaimo road runs, and this pass is also 
utilized by the railway. Here, the basal Cretaceous sediments are found 
at elevations up to 1,500 feet, from which height the land underlain by 
them slopes downward to the lower country. The principal elevation 
within the low-lying area itself is formed by a ridge of pre-Cretaceous 
rocks that project through the Upper Cretaceous sediments. It runs 
in a direction a few degrees west of north along the Esquimalt and Nanaimo 

'Clapp, C. H., Geol. Surv., Can., Mem. No. 13, 1912, pp. 132-135, and Map No. 17 A. 
•Dolmage, V., Geol. Surv., Can., Sum. Repts., 1918-1919. 
•Clapp, C. H., Geol. Surv., Can., Mt>m. 51, 1914. 
•MacKenzie, J. D., Bull. Can. Inst. Min. and Met., June, 1922. 
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railway in the north-central part of the area. Northward, near the large 
bend in the railway, this ridge flattens into the surrounding lowland, of 
which the even surface here is enhanced by a veneer of stratified sand 
and clay. 

The contrast between the generally even lowland carved on the 
Upper Cretaceous sediments and the steep, rough upland formed by the 
pre-Cretaceous metamorphosed volcanic rocks is most vividly seen in the 
northeastern part of the area. There the Beaufort range rises steeply 
in a rugged rampart running in a straight line northwesterly for miles. 
Against this ra.mpart the flat floor of the valley stops suddenly, and the 
high wall starts up with scarcely any transition zone. Even more pro­
nounced, but perhaps less evident, is the contrast between the towering 
cliffs of mount Arrowsmith, the highest point in southern Vancouver 
island, which rises to an elevation of nearly 6,000 feet, and the low area of 
sedimentary rocks at the head of the canal. 

The origin of these two types of topography seems due obviously to 
differential erosion acting on rocks of markedly differing resistant powers. 
The hard, tough, massive, meta-volcanic and plutonic pre-Cretaceous 
rocks survive the action of processes that soon wear down the soft, inco­
herent, laminated, Upp~r Cretaceous sediments. 

GENERAL GEOLOGY 
Table of Formations 

Age Formation Lithology 

Pleistocene and Rocent . . Superficial deposits .... ..... Glacifl.l till, and strn.tified, unconsol­
idated gravel, sand, and clay. 
Marsh 11nd delta deposits 

Unconformity 

Tertiary(?) . . . . ...... . . ·!Intrusive(?) porphyry . ... .. ..... · !Probably quartz diorite porphyry 

l nlru.s-ive Contact (?) 

Upper Cretaceous ....... . ~a.naimo series ...... . ....... . 

U nwnfllTmity 

Upper Jurassic. 11.nd, pos-1 I 
sibly, Lower Cretaceous Saanich granodiorite .......... . . . . 

lntrusine wntact 

Shale, sandstone, a.nd conglomerate; 
carbonl!ceous l!nd coaly shale; thin 
coal seams 

L~ke~ .J~~sic. ~nd ~ri~~~ Vancouver group .... . ......... .... IMetn-volcanics. argillites. and schist 
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The detailed classification of the formations of the Alberni area is as 
given in the above table, but from the point of view of this report they fall 
naturally into three divisions: (1) Pre-Upper Cretaceous; (2) Upper Cre­
taceous; and (3) Post-"L;pper Cretaceous. Of these the Upper Cretaceous 
rocks are the most important and v.rill be given the most consideration here. 
The other formations will be described in less detail, sufficient only to 
indicate tbejr general characteristics and their relations to other occurrences 
of similar rocks on Vancouver island. 

PRE-UPPER CRETACEOUS ROCKS 

Vancouver Group 

The rocks of the Vancouver group are well exposed in the rugged 
mountains already described as surrounding the lowland underlain by the 
Cretaceous sediments. In particular they can be studied in cuts on the 
Alberni-Nanaimo highway, east of its summit; in numerous cuts along the 
·Esquimalt and Nanaimo railway; at the highway bridge over Somass river; 
McCoy creek; and along Sproat river above and below the bridge on the 
road to Great Central lake. 

For the roost part the rocks of the Vancouver group are of volcanic 
origin. They are dark greenish and bluish, dense, hard, tough rocks of 
effusive and pyroclastic types, possibly with some intrusives. On the 
shore of the canal, 150 yards south of the old slope south of the Port Alberni 
wharves, an outcrop of typical agglomerate of the Vancouver group occurs. 
It consists of sharply angular, irregular, unsorted fragments of dense and 
porphyritic, vesicular lava, ranging from -i inch to 8 jnches in size, set in a 
n1atrix of smaller fragments of similar material. In a railway cut about a 
mile northwest of the summit there ·are outcrops of fine, wavy, laminated 
arg1llites overlying a purplish micaceous schist, the whole overlain appar­
ently conformably by a rock resembling a sheared tuff. These strata strike 
north and south and dip 60 degrees west. Less than a mile to the north­
west along the raihvay, similar rocks strike north 20 degrees west and dip 
85 degrees northeast. It is possible that these relations indicate a steep, 
closely folded syncline in the pre-Cretaceous rocks. 

East of the summit on the railway, and also around the headwaters of 
Roger creek, are greenish-grey to black, very dense) hard, siliceous flaggy 
argillites. They are greatly contorted, fractured, and faulted. 

Ordinarily it is difficult to detect any" sign of bedding in the massive 
volcanic rocks of the Van,couver group. They are, however, greatly 
jointed, fractured, and sheared, and minor slips and faults are commonly 
observed. The structural relations to the younger rocks of the area will 
be given in connexion with the description of those rocks. 

These rocks can be traced continuously eastward across the island 
until they join lithologically similar rocks of the Vancouver group on the 
east coast. They have also been correlated, by Clapp, with the Vancouver 
group.! 

1Cla.pp, C. H., Geol. Surv., Can., Mem. 13, 1912, Map 17 A. 
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Saanich Granodiorite 
A small point on the shore of Alberni canal less than half a mile south 

of the wharves at Port Alberni is formed of a whitish weathering, fine to 
medium-grained granitic rock consisting essentially of plagioclase and 
quartz, with subordinate hornblende and biotite. This rock also forms 
the steep hill bounding the Cretaceous basin on the southwest. It is 
mapped by Clappt as Saanich granodiorite, and as no detailed study has 
been made of it in connexion with the preparation of this report, that 
classification of it is given here. The relation between the Saanich grano­
diorite and the Vancouver group is not exposed in this area, but it is known 
to intrude the Vancouver rocks elsewhere. It is considered to be of Upper 
Jurassic, and possibly Lower Cretaceous age. 

UPPER CRETACEOUS ROCKS 

N anaimo Series 

The Upper Cretaceous rocks of the Alberni area form a basin, the 
outlines of which follow in general those of the topographic lowland 
described above. These outlines can most readily be understood by 
reference to Figure 5. The rocks consist of various conformable sediments 
which are markedly unconformable on the older formations, and which 
have been folded into a syncline, complicated by subsidiary folds and faults. 

Basal Conglomerate. In most places where the basal sediments have 
been observed they are conglomerates, though occasionally a sandstone or 
even a shale appears to be the basal member. The conglomerates are grey 
or greenish gTey, consisting of rounded to sub-rounded pebbles of the 
subjacent pre-Upper Cretaceous rocks; which are usually volcanics, though, 
as already noted, argillites and granodiorite also occur. The conglomerates 
are variable in text me; the pebbles range from a fraction of an inch to 
several inches in size, and the proportion of pebbles to matrix is variable. 
At the base, angular boulders up to 2 and 3 feet across have been noted. 
Gradations between conglomerates, grits, and pebbly sandstones occur. 
Individual beds range from a few inches to a score or so of feet in thickness. 

The largest area of conglomerate caps the divide in the pass over 
which the Alberni-Nanaimo road and the railway run. The subjacent 
rocks are here siliceous argillites, volcanics, and schist, and there are many 
pebbles of these rocks in the overlying sediments. The conglomerate 
underlies the ear-like area of some 2 square miles projecting eastward from 
the main body of the Upper Cretaceous rocks. Near its eastern boundary 
it has southeasterly dips up to 10 degrees. The dip flattens farther to the 
west, and westerly and northwesterly dips prevail toward its western 
boundary, where it finally disappears beneath the overlying shales. Asso­
ciated with this conglomerate are some very siliceous sandstones, in beds up 
to 10 feet thick, which are virtually wholly composed of clear quartz grains. 
In a cut on the Nanaimo road, about a mile west of the summit and within 
a few feet of the base of the measures, beds of coarse, greenish conglomerate 
alternate with lenticular beds up to a foot thick, of purplish, maroon, and 
claret-coloured coarse sandstones. These red beds are noteworthy because 
strata of this colour are very rare in the N anaimo series. 

JLoc. cit. 
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In McCoy creek, a quarter of a mile above the Sproat Lake road, a 
basal conglomerate of very irregular texture is exposed lying on dark green, 
hard, volcanic rocks of the Vancouver group, which, it is evident, here 
formed part of an irregular surface. In the hollows of this pre-Upper 
Cretaceous surface the pebbles and boulders of the volcanics accumulated, 
and were consolidated to form a basal conglomer:1te. Above, in the bank, 
are coarse arkosic sandstone beds composed largely of debris of the older 
volcanic rocks. 

In thickness this basal conglomerate member ranges from a few inches 
to more than 300 feet, the latter thickness being found south of the summit 
on the Alberni-Nanaimo road. 

The relation of this basal conglomerate to the pre-Cpper Cretaceous 
rocks is clearly pronounced unconformity. The older rocks are vastly 
more metamorphosed; they dip at higher angles ; their strike is discordant 
in several places with that of the conglomerate; they are much more broken, 
jointed, and sheared, and, as already described, the conglomerate is largely 
formed of detritus derived from them. The relation of the conglomerate 
to the overlying shales and sandstones is not so evident, because the relative 
softness of the latter rocks causes their contacts with the conglomerate 
to be obscured. The general relations observed, however, leave no doubt 
that the conglomerate underlies the shale and sandstor.e that make up 
the great bulk of the Upper Cretaceous rocks of the Alberni basin. Appar­
ently the conglomerate does not form a continuous sheet at the base, 
but was collected only in the deeper hollows of the basin, or in other 
localities where coarse sediment was readily supplied. Local, lenticular 
sheets of conglomerate thus occur, varying in thickness and area with 
local conditions at the time of their formation. This state of affairs is 
similar to that obtaining in the Comox and ~anaimo basins of the 
Nanaimo series on the east coast of Vancouver island. 

Sandstone. Besides the sandstone interbedded with the conglomerate, 
other sandstones occur in several parts of the area, always near the base, 
and in places where the basal conglomerate is thin or absent. In railway 
cuts 1 to 2 miles southeast of Bainbridge station beds of massive quartzose, 
olive grey, grey, and whitish sandstones and grits overlie coarse arkosic 
grits and conglomerate made up of fragments of the pre-Cpper Cretaceous 
volcanic rocks upon which the whole is unconformable. These strata 
strike north 50 to 60 degrees west, parallel to the Beaufort range, and dip 
45 to 60 degrees southwest. 

About a mile north of Alberni station, sandstones at the base of the 
measures are exposed in railway cuts. Here there are massive and fiaggy 
beds, coarse, greenish grey, and calcareous, and interstratified with sedi­
mentary breccias composed of angular fragments of the underlying volcanic 
rocks, averaging a quarter of an inch across. The strata here strike north 
20 degrees west, parallel to the low ridge of underlying volca nic rocks 
that rise above them to the northeast, and they dip up to 10 degrees 
off the flank of this ridge to the southwest. 

In a low ridge forming the northeast wall of the valley of the small 
creek bounding the area underlain by sediments on the south, about a mile 
southeast from the wharves at Port Alberni, somewhat over 10 feet of 
brownish weathering, calcareous, coarse to medium fl.aggy sandstone 
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strikes about north 60 degrees east and dips 15 degrees northwest. This 
sandstone is full of impressions of stems and other obscure plant markings, 
and one 6-inch layer is crowded ·with pelecypod internal moulds, the species 
of which have not yet been determined. These were the only fossils 
discovered in the area, except fragments of shells that have bePn noted occa­
sionally in the sandstones. This sandstone is near the base of the measures, 
and is probably one of the bands recorded in the log which is given on page 
64 of the drill hole put down in 1878. Of the 154 feet of strata sectioned 
by this hole, various bands of sandstone up to 40 feet thick account for 
104 feet. 

On the shore south of the wharves at Port Alberni, about 10 feet of 
green, fine, ftaggy and shaly sandstone, containing dense, hard, brownish­
weathering calcareous bands, is well exposed. The strike is north 75 
degrees west and the dip 15 deg,Tees northeast, dipping under the bank 
of shale exposed in the cliffs farther south. 

Shale. With the exception of the areas occupied by conglomerate 
and sandstone as noted above, the whole of the sedimentary area is under­
lain by shale. The best and most continuous exposure is in Roger creek 
and its tributary, Fourmile creek, which together give a fairly complete 
section of the Upper Cretaceous basin. The shale is also well exposed 
in a cliff southward for over a quarter of a mile from the Port Alberni 
wharves, where it ovPrlies the sandstone occurring there. Shale is also 
found in Dry creek; in cuts and as debris along the Alberni-Nanaimo 
road; in the headwaters of Cherry creek, and farther down the same 
stream; and it is reported from various excavations in Port Alberni. For 
the most part, however, the shale does not outcrop, and the area underlain 
by it is drift covered. 

The characteristic rock of this shale member of the Nanaimo series 
is a black, dense, homogeneous, very ftne-grained mud rock, occurring 
in massive beds, as much as 15 feet thick. This massive shale is well 
exposed in Fourmile creek, near the eastern edge of the sedimentary basin, 
and it can also be seen in a cutting on the Alberni-Nanaimo highway, 
where it affords an excellent example of pronounced concentric weathering. 
Toward the western half of the basin, the shale, though still dominantly 
black and massive, contains thin sandstone interbeds. A striking exposure 
of them is found in Roger creek, where a bank 60 to 80 feet high extends 
for 150 yards along a curve of the stream, exhibiting a large number of 
even, regular, continuous, fine, greyish sandstone bands, running the 
whole length of the exposure. They range from t inch to 2 inches thick, 
and are spaced from 3 inches to 3 feet apart in the shale. 

In the cliff exposure along the shore south of the Port Alberni wharves, 
the shale is stained and rusty, and the bedding lamination has been 
accentuated by weathering. Yellowish and buff-weathering, very hard 
and tough calcareous and siliceous concretions, from 1 inch to 6 inches, 
are occasionally found in the shale, usually concentrated in certain 
beds. Many of these concretions were broken open in a search for fossils, 
but none was found. 

Two vertical sandstone dykes, 1, 2, and the other' 4, inches thick 
have been observed cutting the shale on Fourmile creek. 
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Two samples of this shale were collected and sent to the ceramics 
laboratory of the Mines Branch for testing. The following report thereon 
has been supplied by Mr. Howells Frechette: 

"Laboratory number 785 =Field number 1347. 

From a borrow-pit in shale on Alberni-Nanaimo road, about 3 miles 
from Alberni, B.C. Upper Cretaceous (Nanaimo Series). 

This is a bard, dark grey shale, non-calcareous, rust films on some 
fragments. 

Fusion temperature: cone 5 (1230° C.). 

When ground and tempered with 14 · 5 per cent water it is low in 
plasticity and could not be used alone for making hollow-ware. 

Wet moulded bricklets behaved as follows: 

"' 4) 0 

"' 
Q) ~ 

. .., 
t{) P. 

t{) .. ~ ... .. ~ "' 0 
~ Firing 0 ... "' Colour Body .., c: ·.: ..c ..0 

~ ·c temperature ..c "' .. 
--" ..c "' ] $ 0 "' ~ ·c ... 0 

., 
>'I :.;: iS E-< :t 

-- -- - -

% % % % 
l. .. 4 Cone 09 (970°C) . 0 4 15 Pinkis~ buff, s~umm,~d . Stro~.g, fair!~ hard 
2 .. 4 " 09 (970'G). 0 4 15 ... 
3 .. 4 " 06 (1030'C). 0 4 14 ·; " " " " hard 
4 .. 4 " 03 ( 1090' C ) .. ~ 4} 13 Light buff, scummed . . . " " 

Two bricklets were made by the semi-dry press method, and on firing 
gave the following results: 

Bricklet Firing Water Colour Body 
temperature absorption 

% 
I. ... . .... Cone 06 (1030°C) . .. . 14 Light pinkish buff .... Fairly hard, friable on edges 
2 .... . . . . " 03 (1090°C) . .. . 13 Pinkish buff .......... Hard, friable on edges 

In order to use this shale for brickmaking it should have a plastic clay 
added to it and some re-agent to prevent scumming. 

Laboratory number 786 = Field number 1349. 

From bank of Puntledge river, in city of Courtenay, B.C. Shale 
from Trent River formation of the Nanaimo series. 

Fusion temperature: cone 3 (1190°C). 

When ground and tempered with 15 · 5 per cent water it has fair 
plasticity and will flow through a hollow-ware die. 
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Wet moulded bricklets behaved as follows: 

Brick let Air Firing Fire Total Water 
I 

shrink- temperature shrink- shrink- absorp- Colour Body 
age age n~e tion 

------
% % % % 

1.. .... I 5 Cone09 (970°C). I 6 12 Buff ........ Hard, ~trong; 
2 .... . .... 5 " 09 (9700C) .. 1 6 12 " ........ 
3 .... . ... . 5 " 06 (1030•C) .. 1 6 12 " " 
4 ........ ·I 5 " 03 (!090°C) .. 6~· 11} 3 Dark brown Very hard, strong 

Two bricklets were made by the semi-dry press method and on firing 
gave the following results: 

Brick let Firing W'-ltcr Colour Body 
temperature absorption 

% 
1. .. .. ...... Cor.e 06 (J030•C) .... 13 Reddi5h buff .. . .... Hard and strong 
2 .... ···· ·· ·· 

,, 
03 (1095•C) ... 4 Brown ..... Very hard nnd strong 

This shale is suitable for the manufacture of building-brick and hollow 
fireproofing by the plastic prot:ess and for dry pres::;ed face brick." 

The general relations and attitude::; of the exposures of the shale 
indicate that it is conformable on the sandstone and conglomerate already 
described. It is probably intruded; by the porphyry described below, and 
it is unconformably overlain by· the Pleistocene and Recent superficial 
deposits. If younger members of the Nanaimo series formerly existed in 
this area, there is now no evidence of them. 

The shale has been deformed both by folding and faulting, but a con­
sideration of the features produced by these forces will be deferred until 
the structural p;eology of the area is described. 

K o undisturbed section of this shale has been found that would afford 
evidence as to its thickness. The folded section on Fourmile and Roger 
creeks, referred to above, indicates that there is in this area a thickness of 
at least 1,200 feet, and possibly more, though t he total present thickness is 
not likely to be over 2,000 feet. There is no doubt that erosion has removed 
a considerable thickness of strata from this area, leaving only a part of that 
originally present, but how much has been removed is only a matter of 
conjecture. The question of the thicknes::; of the measures will be further 
discussed when their structure is considered. 

The sedimentary rocks just described, pending the definite evidence 
to be obtained when the fossils obtained from them will be determined, are 
tentatively correlated with the Upper Cretaceous N anaimo series of the 
east coast of Vancouver island. This correlation is based on the lithology 
of the sediments, their degree uf induration and deformation, their relations 
to the rocks of the Vancouver group and to the younger formations. The 
basal conglomerate in particular is identical in type and in its relations to 
the underlying rocks, with the basal conglomerates of the Nanaimo sPriPs. 
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The sandstones and shalf' are generally clcsely similar to, and are indurated 
to the same degree as, the rocks of the Nanaimo series. The presence of 
coaly shale is another point of similarity. The deformation is relatively 
of the same order of magnitude as that suffered by the Nanaimo series, and 
similar effects have been caused by it. It is concluded that these sediments 
are a separate basin of the Nanaimo series, a conclusion which agrees with 
that of Clapp.t 

There is no direct evidence, however, to indicate with what particular 
formation of theN anaimo series these sediments of the Alberni basin should 
be correlated. Though the Alberni and the Comox basins are now separ­
ated by an axis of pre-Cretaceous rocks, they may well have formed a 
single basin originally. The occurrence of the basal conglomerate on the 
highest part of the divide between the two basins suggests this. The 
thickness of at least 1,200 feet that is indicated for the shale in the Alberni 
basin affords some ground for the suggestion that it is possible that this 
shale is the analogue of a thick shale formation occurring on the east coast 
of the island, a.nd well exposed in French creek and in Little Qualicum 
river, only 8 or 9 miles east of the Alberni basin. In Little Qualicum river 
dense, very black, massive carbonaceous shale has a resemblance to that of 
Roger creek. On French creek, it is rrported that more than 1,800 feet of 
shale was penetrated by a drill without passing through the formation, 
and another hole was 1,100 feet deep. Homogeneous shale formations of 
this thickness are unknown in the N anaimo series, except at this locality, 
so it is possible that these two thick shalP- formations are to be correlated. 
Thin streaks of coal are reported on good authority from the shale on 
French creek. This is another similarity to the rocks of the Alberni basin. 

It would be of much interest with respect to t he possibilities of work­
able coal in the Alberni area if this question could be definitely settled. 
The drill holes on French creek, mentioned above, did not find any coal 
seams. The strata penetmted by the drill are almost certainly strati­
graphically beneath the Comox formation which contains the coal seams 
of the Cumberland area, and are very different from it lithologically, so it 
is not to be expected that they would contain coal. 

The question of the correlation of the rocks of the Alberni basin can 
be summarized by stating that they are almost certainly members of the 
N anaimo series, and possibly belong to an horizon immediately below the 
Comox formation of the Comox area. 

POST-UPPER CRETACEOUS ROCKS 

Tertiary Intrusive (?) Porphyry 

))'early 2 miles from Port Alberni, and ltbout i mile south of China 
Creek road, a hilly ridge rises a few score feet above the surrounding 
country, which is probably largely underlain by shale. On this ridge are 
numerous rnD.ssive outcrops of a light grey, speckled porphyry. '1'he 
phenocrysts are plagioclase, which occurs in sharply crystallized e<.J.ui­
dimensional grains up to one-eighth inch across, set in a dense matrix. 

•Clapp, C. H., Geol. Surv., Can., ~'lem. 13, 1912, p. 135. 
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The rock is not greatly broken by joints, and though badly weathered it 
is clearly not metamorphosed. This porphyry does not in the least resemble 
any of the volcanic rocks of the Vancouver group, but it is much like a 
porphyry which intrudes the Comox formation of the Nanaimo series at 
Anderson hill, near Cumberland, and which has been termed by Clapp a 
dacite. 1 Though the contact.s and relations of the Alberni porphyry are 
not exposed, its appearance and lithology strongly support the inference 
that it is to be correlated with this intrusive near Cumberland, which is 
probably of Tertiary age. In composition it is probably a diorite or 
quartz diorite porphyry. In mode of occurrence it is probably intrusive, 
and the shape and distribution of its outcrops suggest that it may be a sill, 
or an irregular body with sill-like characteristics. 

Superficial Deposits 

Till. Till, or boulder clay of glacial origin, occurs in numerous 
exposures in the area examined. It is well exposed near the wharves at 
Port Alberni, in railway cuts near Alberni, and in Roger creek. An exten­
sive sheet apparently forms much of the surface cover south of Roger 
creek, and also forms the principal surface deposit above the 400-foot 
contour throughout the area. 

Stratified Drift. North of Roger creek, and exposed in many road 
cuts, ditches, and stream banks, the surface covering is largely st ratified 
drift. It consists of well-bedded yellow sand, gravel, and clay, the two 
first frequently false bedded, and variable in nature. A distinctive, 
yellowish, tough, silty clay, markedly resistant to the weather, is frequently 
exposed in banks of this stratified drift. This clay resembles greatly a 
similar material noted on the east side of the island in the vicinity of 
Cumberland. 

These stratified beds are clearly waterlain sediments, and have evi­
dently been hastily accumulated in shallow basins of deposition. No careful 
study has been made of them, but they have been observed to an eleva­
tion of about 400 feet, and are unconformable on top of the till. Their 
appearance and relations indicate that the sediments composing them 
were derived from the till, and washed into lakes caused by glacial damming, 
or into estuaries when the land stood lower than at present. It is possible 
that these stratified beds are to be correlated with the Wreck Bay formation2 

of the west coast of Vancouver island. 

STRLCTCRAL GEOLOGY 

It is ordinarily difficult to detect evidence of s tructure in the pre­
"Cpper Cretaceous rocks of the Alberni area, beyond the fact that they 
have been recrystallized, compressed, shattered, sheared, and jointed. 
Mostly, they are massive volcanics, in which metamorphism has destroyed 
any evidences of their original attitudes. Along the eastern rim of the 

1Clapp, C. H., Geol. Surv., Can., Sum. Rept., 191!, p. 95. 
2Dolmage, V. , Geol. Surv. , Can. , Sum. Rept., pt. B, 19!9, p. !G. 
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Upper ~n~taceous basin, however, argillites and schists which are appar­
ently conformable with the massive volcanic members strike northerly 
and northwesterly, and dip at high angles both to the northeast and south­
west. As they are unconformable under the deformed L'pper Cretaceous 
rocks, it is evident that they have be0n deformed more than once. 

In spite of the meagre exposures of the rocks of the Nanaimo series, 
a considerable amount of information has been obtained concerning their 
structure. They form an elongated syncline, complicated by one principal 
anticline and other lesser folds, and by some faulting. Tbe principal 
elongation of the area is northwesterly, and the basin extends from across 
the valley of China creek on the south, where it is relatively narrow, 
northwesterly to within 5 miles of Comox lake, a total distance of over 
30 miles. Within the area covered by Figme 5 the sediments dip 
southwestward from their northeastern contact, and northeastward from 
their southwest boundary. As already described in detail, the boundary 
of the basin is an unconformity. 

The best evidence bearing on the internal structure of the L'ppcr 
Cretaceous basin is to be seen in Roger creek, and its tributary, Fourmile 
creek, which together give a nearly continuous series of exposures across 
the sedimentary area. From the information afforded by these outcrops 
the section on Figure 5 bas been constructed. This section illustrates 
the most reasonable conception of the underground structure of the basin, 
and though it is, perhaps, not correct in every detail, it certainly illustrates 
the general structure of the basin in this locality, and also the degree 
of deformation that the measures have undergone. 

In upper Fourmile creek black massive shale strikes north 45 degrees 
west, and at first dips 5 degrees or less to the southwest. Farther down 
the creek, the strike remains constant, but the dip gradually increases for 
half a mile, until it is almost vertical. Dips of from 60 to 70 degrees 
southwest then prevail for another quarter mile, until the creek takes a 
right-angle turn to the northwest. For the next quarter mile along this 
course similar high southwest dips prevail. The stream then swings back 
to a southwesterly course, and for about 300 yards tbe shale, which here 
contains a few sandstone banks, lies in pronounced minor open folds, 
several of which are well exposed in the bed and banks of the creek. A 
few score yards above the junction of Fourmile and Roger creeks a normal 
fault, s triking nearly north and south and dipping 75 degrees east, with a 
downthrow on the east, is well shown in the bank of the stream. This 
fault is also exposed in Roger creek. The amount of downthrow of this 
fault is not known, but it marks a significant displacement of the measures, 
for westward from it the measures are less disturbed and lie in undulating 
open folds, with a general strike of north 60 degrees wes t, and dips not 
exceeding 30 degrees. 

The relatioos summarized above are illustrated by the section on the 
accompanying map. There are no distinctive strata or horizon markers 
of any kind that can be used with assurance to interpret the stmcture, 
so that at least two interpretations of the dips east of the fault are possible, 
of which the more likely one is shown in the section. 
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The zone of steep southwestward-dipping strata on Fourmile creek 
is considered to be the southwest limb of a closely folded syncline, of which 
the flatter strata farther east form the northeast limb. This interpretation 
indicates a thickness of about 1,200 feet for the shale. The other possible 
interpretation is to consider the dips in Fourmile creek as representing a 
gradually steepening homocline cut off on the west by the fault already 
described. In this case a thickness around 2,000 feet is required for the 
shale. On the whole there is little to choose between these two inter­
pretations; they both indicate an unusually thick shale formation for the 
N anaimo series, and a pronounced deformation of the eastern part of the 
basin. 

Westward of the fault there is less difficulty in interpreting the atti­
tudes seen in the stream. They obviously represent moderate folding which 
has disposed the measures in two synclines, of which the eastern one is cut 
off by the fault near the junction of Fourmile and Roger creeks. These 
two synclines are separated by a low anticline. A mile or so to the north­
west of the position of this section, on the strike of the axis of this anticline, 
the underlying pre-Upper Cretaceous rocks emerge in the . low ridge 
describeJ. above. This anticlinal ridge is flanked on either side by synclines 
of Upper Cretaceous rocks. West of Bainbridge station the ridge dis­
appears under the covering of stratified drift, and the anticline which 
causes its emergence plunges probahly northwestward carrying the pre­
Upper Cretaceous rocks again beneath the veneer of the sediments of the 
N anaimo series. 

ECONOMIC GEOLOGY 

COAL 

In the remaining section of this report t he evidence for the supposed 
occurrence of workable seams of coal in the Alberni basin will be stated, 
and then it will be discussed in the light of the known geologic data that 
have been accumulated concerning the occurrence of coal in the N anaimo 
series, in this as well as in other districts. The historical information is 
derived from a report on the Alberni area made to the Ron. Wm. Sloan, 
Minister of Mines for British Columbia, by Mr. George Wilkinson of 
Victoria, formerly Chief Inspector of Mines in British Columbia, in :May, 
1922. The following statements are essentially as given in Mr. vVilkinson's 
report: 

11The first prospecting on this property was done by the Alberni Land 
Company, who employed one Archibald Muir to supervise the work. A 
drill was put clown in the southerly part of lot 1, on the banks of a small 
stream which is locally known as Coal creek. This drill bole was put down 
to a depth of approximately 155 feet, at which point it penetrated the 
pre-Upper Cretaceous volcanic rocks, having passed through the coal 
measures. Seven seams of coal and shale mixed, running from 1t to 6 
feet in thickness, were penetrated by this drill hole. It was started on 
)Tovember 21, 1877, and finished September 21, 1878, but there was a 
period when work on the hole was suspended. The type of machine used 
in drilling this hole is not known. 

58617-5 
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Mr. Swayne, Manager of the Alberni Land Company, very kindly 
allowed me to look through the records of the early developments, and to 
copy the log of the drill hole, which is given below: 

Thickness 
of strat:L 

Feet 

Nature of rock 

6 ............ :::ihnle and coal mixed..... . ...... . ..... . ..... . . ... .............. .. . 
1 ........... . Sandstone . . . . . . . . . . . . . . ....... . .. . . . . . . 
4 . . .. Shale.... . .............. .. .. ... .. . . ... .. ..... .. ... . ...... .... . 
1 . . . . .. . Sandstone .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. .. . . . . .. . . ... . 
1 ~ .... . .. .. .. Coa l mixed with sh a le . ..... .. ..... .. ..... .. .. .. . ...... . .. .. . . .. .. 
5~ . Sand ~t,one . . . . 
I ~. . . . . . . . . Shale and coal. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . ....... . ... . . . 
2. . . . . . . . . . Sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . .. .. . . 
3... Shale and coaL.. . . . .............. .. . . . .. .......... . . . 
1. .. . Sands to ne ........ 
1... . Shale and ~oal. 
2. Sandstone . 
l.fl~·.. . . Shnle and wal. 
1,\ . Sha le .. .. . . . . . .. .. .. ...... .. 
1 ~. Sands tone .. .. ... . .. . .. .. . .. 
26. . . Sha~ . .. .. . . .. . . 
~ .. .. .. . . . .. . Sandstone . 
3.. . ... Shale. 
2. Sandsto ne . . ... . 
1. Shale. 
T11'·. .. . . Coal. 
2. . . Shn~ . ........ . . 
} . . . . .... Sand;;tone. 
3. Shnle . .. . . . 
} . s,lods tonc . 
Jl.r.. .. Cby . 
-h. . .. . Coal. 
2-f, .. .. .. .... Sandstone . 
2 . ......... Shn le .... .. .. .. 
T"''r······· .... C la.y . 
1'1\- .. . . . . . . . Sandst t •t!e. 
2... Light sh:~ le ... 
~ . . . . . Soft s hnle . 
1>... Hard shale . 
2. .. .. Shale. 
4 .. .. Snnd~tone .. .. ... 
6 ... . . . .. ... Sha le . 

~ : : : ·· ~~~y;~n~f~·~ai · · :···· ·· · · · ··· · ·· · · · · ··: · : :: : : : : : : : : · · · ·· ···· · · ·· · ·· ···· · 
1-}t Sandstone... ... . . .... . . . . . 
1.. . ... Shale. . . . . . . . . . . . 
6r\ ...... . .... Sands tone ........ . 
4~-... C onglom erRte. 
7}.... Grey sa.ndstone. 
1. . . ... I.ip:ht s ha le .. 
39r'1 Li~ht sa ndstone . 
1.,\: . F reestone . ... 
~ - Light shale .. . . . . . .. . . ... ... . ..... ... ........... .. . .. . . 
17. Grey sa nd s tone .. .. .. .. .. .. .. 
} . . . So£t st.one. . ........ .. . .. . 
n ...... . . Quartz and gra-nite . . . . . . . 0 •• • •• • • • • • •• • • •• • • • • • • • • • • ••••• • • •••• •• • • •• 

D epth 

Feet 
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After the prospecting in 1877 and 1878, there does not seem to have 
been any more work done until 1911 and 1912. During this period a slope 
was driven on a seam that outcropped in a railway cut of the Esquimalt 
and Nanaimo railway about a quarter of a mile south of the wharves at 
Port Alberni. This slope is said to have been driven in some 200 feet, 
and it is reported that the seam is about 3 feet. thick. No records or 
sections of the seam were kept. It was not possible to locate any of the 
men who worked in this slope, so any information gathered about it is 
only hearsay. The work was done under the supervision of the late 
Archibald Dick, formerly a Government Inspector of ='Aines. The slope 
is located about 1,500 feet in a northwesterly direction from the drill-hole 
that was put down in 1878, and is no doubt in one of the seams that was 
penetrated by the drill-hole. It is now full of water, caved at the entrance, 
and inaccessible, so no first hand information could be obtained regarding: 
it, but some samples of the coal were obtained by digging into the old 
dump at the entrance to the slope. Although this dump has been exposed: 
to the elements for 10 years, the coal shows no signs of weathering, being 
firm in structure, clean, and of a bright lustre. 

An analysis made by the British Columbia Government analyst 
gives the following composition for samples "A" and "B". 

Analyses of Coal from Prospect Tunnel at Port Albemi 

Moisture .................... . . ........ . .......... . 
Volatile comb. matter ................. . ......... . . . . 
Fi~ed carbon ... . 
Ash . . .. .. ........ .. .. ... .. . ..... . ... . . . . . .. . . 

Sample 
"A" 

0·9 
4·9 

72·1 
22·1 

Sample 
"B" 
0·6 

12·8 
72·3 
14 ·3 

100·0 100·0" 

The lower part of the cliff of shale into which the old tunnel was 
driven is now covered by talus, and there is no trace of the seam that 
caused the prospecting. As Mr. Wilkinson states, there is no definite 
information obtainable about this seam. The dump in front of the opening 
is formed largely of black, carbonaceous shale containing very numerous 
plant markings which have been changed to coal, as well as thicker 
coaly lenses ranging from -h inch to It inch in thickness, and up to 
12 inches long by 4 inches wide. They are bright, bard, light "glance" 
coal, and break with a cubic fracture. A smaller dump beside the first 
consists of carbonaceous shale with a higher proportion of coaly lenses. 
Pieces of bright glance coal up to 2 inches thick can be found in this shale, 
and it is probably material of this sort that is represented by the analyses 
quoted above from Mr. Wilkinson's report. There is nothing on these 
dumps to indicate how much, if any, of the reported 3 feet of thickness 
of the seam consists of coal. 

The analyses do not resemble any of the coals known from Van­
couver island, and represent coals of an anthracitic variety-a higher 
class of coal than one would expect from an inspection of the coal on the 
dump. 
58617-5~ 
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The evidence for the occurrence of workable coal seams in the Alberni 
basin may be summarized as follows: 

The fact that the sedimentary rocks of the area are almost certainly 
members of the Nanaimo series, which in part is coal bearing on the east 
coast of Vancouver island. 

The occurrence of seven seams described as "shale and coal" ranging 
up to 6 feet in thickness, and discovered in the bore-hole of which the log 
is given above. 

The occurrence of two seams of coal, one 2 inches and the other 1 
inch thick, in the hole. 

The occurrence of the seam in the railway cut on which the prospect 
tunnel was driven. 

It remains to examine critically this evidence in order to decide on 
the probability of the occurrence of workable coal in the Alberni area. 

Coal occurs in several localities on the east side of Vancouver island, 
but these occurrences can all be referred with a high degree of certainty 
to three zones of coa.l-bearing strata. These zones in descendi ng order 
are: (1) the Comox formation, which is coal bearing in parts of the Comox 
basin; (2) the Newcastle formation, containing the Newcastle and Douglas 
seams of the N anaimo area; and (3) theW ellington seam of the N anaimo 
area. 

These three relatively restricted zones contain all the workable seams 
now known on southern Vancouver island, though coal does not ev..cry­
where occur in these zones. The remainder of the Nanaimo series is 
thoroughly known both from numerous natural exposures and many 
bore-holes, but except for the zones mentioned it is barren of coal. 

Unless, therefore, the Alberni rocks can be correln.ted with one of 
the three coal-bearing zones of the N anaimo series, the fact that they 
belong t o that series is not of itself significant as indicating a probability 
of coal. It has been shown above that the only correlation that can be 
even suggested between the Alberni strata and those of the Nanaimo 
series indicates that the shales at Alberni are equivalent to a shale 
formation on the east side of the island that is below the coal-bearing 
Comox formation, and which, furthermore, bas been proved barren of 
workable coal by bore-holes. 

Even when all due allowance is made for the supposedly crude nature 
of the tools with which the bore-bole of 1878 was put down, it can hardly 
be considered that the natme of the seams passed through is much better 
·.than the "shale and coal" recorded in the log. The bole is not a. deep 
one, and thicknesses of strata of as little as one inch are recorded singly, 
with other thicknesses stated to inches in several instances. Though 
possible, it is not at all likely, that if a thick seam of pure coal had lJeen 
penetrated it would have escaped attention. It may safely be assumed 
that drillers of 50 years ago were as anxious to find coal as are their des­
cendants of today. 

The evidence from the log of the hole, therefore, is that several zones 
of shale with streaks of coal were passed through. As the log records 
separate thicknesses of coal of 2 inches, and even of 1 inch, it is a fair 
inference that the strJaks of coal in the shale were less than an inch in 
thickness. 
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The uncertain value of thin coal seams as indicaiors of thicker seams 
in any given area has been well summarized by G. A. YoungJ. in his report 
on coal seams in Gloucester county, New Brunswick, and what Young 
says of the Carboniferous in Gloucester country is equally applicable to 
the Cretaceous of the Alberni area. The thin coal seams of this area indi­
cate merely that geologic conditions when they were formed were only 
partly favourable to the formation of coal seams. They do not indicate 
either the presence or absence of thicker seams of coal 

Pretty much the same sort of considerations apply to the occurrence 
of the seam on which the prospect tunnel was driven. It is probable 
that this seam is one of those recorded in the log of the 1878 drill hole. 
If not one of these, the material on the dump, the fact that there is no 
record of a workable seam having been found, that the prospecting opera­
tions were abandoned and the workings have been allowed to cave, indicate 
that it was of similar nature, and not a seam of workable thickness. 

This consideration of the evidence bearing on the question leads 
to the conclusion that up to the present neither the natural exposures 
nor the prospecting operations have afforded definite indications of work­
ahle coal seams in the Alberni area. It is not impossible that such seams 
do exist, but there is no evidence of their presence. Their existence can 
be definitely ascertained, or their absence demonstrated, only by a core 
drill of not less than 2 inches in diameter ir> the hands of a competent 
driller. Before such expensive means of prospectiug are resorted to, 
it would be well to ascertain the character of the seam on which the prospect 
tun:rel w:1s driven, by clearing away the talus which has obscmed the Pxpo­
sure. The top seam in the old bore-bole could be uncovered at probably 
relatively snail expense. By these operations some of the points dis­
cussed above as matters of inference could be speedily decided, a:>cl just 
so rr.uch more informD,tion would be available for those who might co'lsider 
the financin~?; of a bore-hole t.o test the measures finally. 

'Young, G. A., Geol. Sm·v .. Can., Sum. Rept., 1920, pt. E, p. 4 E. 
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PLACER MINING IN CEDAR CREEK AREA, BRITISH 
COLUMBIA 

By W. A. Johnston 

CONTENTS 

Introduction ............ . 
General character of the district. 
General geology........ . ................ .. ............ . 
Economic geology. . . . . ........ . 

Illustrations 

Plate I. Placer mining on the left hank of discovery draw, Cedar Creek area, Cariboo, 

PAGE 
68 
69 
73 
76 

B.C. . ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 
Figure 6. Quesnel Forks district, B.C., showing the location of Cedar creek. 69 

7. Placer deposits, Cedar creek, Cariboo district, British Columbia....... . ...... .. 72 

IKTRODL'CTION 

The discovery in the autumn of 1921 of placer gold near Cedar creek 
in the Cariboo district, British Columbia, caused a rush of prospectors to 
the area in the spring of 1922. Considerable prospecting was carried on 
throughout the area during the spring and early summer in an attempt to 
extend the known area of placer ground, but by midsummer most of the 
prospectors, disappointed in their search for gold, had left the area. No 
important new discoveries were made outside the original area, but mining 
and prospecting in the vicinity of the original discovery resulted in the 
finding of pay gravels '.vhich n.re much richer than, and of different character 
from, those originally found. This discovery \vas made late in the summer, 
and has served to revive interest in the area, and to show that the deposits 
are of considerable importance. The fact, also, that the pay gravels are 
found at a high level above the bottoms of the present main valleys renders 
the occurrence of exceptional interest, for few, if any, similar occurrences 
were formerly known in the region. Prospecting for placer gold, and placer 
mining have been carried on in this general region, intermittently, since 
1859, but nearly all the prospecting has been confined to the bottoms of 
the present valleys and to buried channels and benches not far above the 
present drainage. The finding of rich pay gravels at a high level near 
Cedar creek gives encouragement to the belief that other similar occur­
rences will be found when the region is thoroughly prospected. 
I' The writer examined and mapped the Cedar Creek area in September, 
1922. Acknowledgments are due to Mr. Colin Muir, Major M. S. Day, 
Mr. R. K. Campbell, Mr. E. G. Stevens, :Mr. J. E. Graham, and other 
mining men and prospectors for information regarding placer mining opera­
tions and prospecting in the area. J. A. Maguire acted as assistant and 
fulfilled his duties efficiently. 
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GENERAL CHARACTER OF THE DISTRICT 
ACCESSIBILITY 

Cedar creek is a small stream flowing into Quesnel lake from the east 
about 3 miles above the old dam at the foot of the lake. The lake is situated 
in the south-central part of Cariboo district. A road, passable for auto­
mobiles, runs from Williams Lake station on the Pacific Great Eastern 
railway to the dam, where a townsite has been laid out and a new post 
office, named Likely, has been established. The road passes through 
Quesnel Forks at the junction of the north and south forks of Quesnel river, 
and thence along the north side of the south fork to the dam, the distance 
from Williams Lake to the forks being 64 miles, and from the forks to the 

~. 
Geological Survey, Canada 

to . 

FiGURE 6. Quesnel Forks d istrict, showing location of Cedar creek. 

dam 7 miles. Another road, which ends on the south side of the river at 
the dam, runs from near Bullion, 4 miles from the dam, and is shorter than 
the road via Quesnel Forks, but there is no bridge across the river at the 
dam and the Forks road is generally used. Boats are employed for trans­
portation from the dam to the delta at the mouth of Cedar creek, and a wagon 
road is being built from the delta up to the mines. An hotel, a general 
store, and a number of residences have been built at the t ownsite and along 
the shores of the lake, and there are a number of motor boats on the lake. 
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CLIMATE 

Records of climatic observations1 at Bullion are available from 1897 
to 1905. Bullion is situated on the •vest side of the South fork of Quesnel 
river, about 6 miles northwest of Cedar creek. Climatic conditions are 
similar at the two places, except that on the upland near Cedar creek the 
snowfall is, probably, somewhat greater, and the rainfall slightly less, 
because of the greater altitude. It should be noted that the records are 
for a period of only 8! years. A period of at least 10 years is necessary to 
afford an approximately correct estimate of the true mean temperature 
and precipitation. This is especially the case in Cariboo district because 
of the wide variation in climatic conditions from year to year. The amount, 
given below, of the mean precipitation, may vary from the true mean as 
much as 15 or 20 per cent. The variation of the mean temperature, as 
given, from the true mean, is probably not so great, since temperature 
conditions from year to year do not vary as much as precipitation. 

The mean annual temperature at Bullion is 40 degrees, being 4 degrees 
higher than that of Winnipeg in southern Manitoba, and 9 degrees less than 
that of Vancouver. The temperature extremes throughout the yen-r are 
greater than at Vancouver, because of the inland situation of the area, but 
not as great as at Winnipeg or at other places in the Great Plains. The 
mean temperature for July is 59 degrees, whereas at Winnipeg it is 66 degrees 
and at Vancouver 63 degrees. The mean temperature at Bullion for 
January, the coldest month, is 20 degrees, whereas at Winnipep; it is -4 
degrees and at Vancouver 35 degnes. Temperatures as low as -28 
degrees and as high as 95 degrees (in June or August) have been recorded. 
Extreme high or low temperatures persist for only short periods in the year. 
In some years frequent thaws occur throughout the winter. In other years 
few thaws occm in Decembt>r, January, or February and most of the 
snowfall remains until March or April. 

The average annual precipitation (rainfall and melted snowfall) at 
Bullion is 24 inches, and varies from 17 to 30 inches. At Barkerville, 
north of the area, it is 34 · 5 inches. Precipitation is well distributed 
throughout the year, but is slightly greater in summer than in wintPr, the 
mOJ:thly averrge for June, July, and August being 2·3 inches. June is the 
wettest month, the avera~e rainfall being 2 · 8 inches. 

The average winter's Si1owfall is 92 inches, that of Barkerville being 
185 inches. It varies greatly frum year to year. In the winter of 1R97-98 
it was 142·6 inches; in the winter of 1904-05 it was only H·O inches. The 
snow comes as a rule in November and laf'ts until .\.pril. 

PHYSICAL FEATURES 

The topography of the Cedar Creek area is in general similar to that 
of the Quesnel River and western part of the Quesnel Lake districts. The 
present stream valleys are, for the most part, narrow and deep and steep­
sided. Some of the valleys, in their upper parts-for example, Cedar 
Creek valley-are broad and Bat-bottomed, and parts of the upland about 
1,000 feet above the lowest parts of the main valleys are nearly level. - •Reports of the Meteorological Service of Canada, Toronto, Ont. 
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This shows that streams formerly flowed at about the level of the upland 
and that the present valleys have been cut down below the old drainage 
level, probably because of uplift of the region. The general altitude of the 
upland surface in the Cedar Creek area is about 3,200 feet, the altitude of 
Quesnel lake being 2,250 feet as determined by Amos Bowman in 1885. 
In places only small remnants of the old plain-like surface at a high level 
are preserved; in other places they are quite extensive. Isolated hills and 
ridges-for example, Spanish mountain east of the headwaters of Cedar 
creek-rise 1,500 feet or more above the plateau level. These hills are 
erosion remnants, and prove that a great thickness of the bedrock has been 
worn away. The recognition of the old plain-like surfftce at a high level 
is of importancP: in prospecting for pla.cer gold, for it is reasonable to suppose 
that parts of the channels of the ancient streams would be preserved and 
that they may be gold-bearing. The plateau in this region is quite distinct 
from that of Barkerville area, in the north-central part of the Cariboo 
district, which is about 3,000 feet higher. 

Cedar creek for r..bout 1~ miles up from the delta at its mouth is a 
narrow, V-sbaped rock gorge. It has a gradient of over 600 fe.et in H miles. 

In places the gorge is 400 feet deep. The sides are not vertical, l>ut in 
roost places are too steep to be climbed easily. In its upper part t he creek 
flows in a broad flat-bottomed valley, which extends southeast for several 
miles, and is nearly parallel to the lower part of Quesnel hke. The creek 
divides in the broad, upper part of its valley, one branch brading in a small 
pond near the southeast side of the valley, and the other extending towards 
Spanish mountain, which lies between the valley and Spanish Lake valley 
on the east. A broad, nearly flat-topped ridge, forming a remnant of the 
old plain-like surface, lies between the wide upper part of Cedar valley and 
Quesnel Jake on the west. The ridge for a mile or so south of Cedar r,reek 
is 900 to 1,000 feet above Quesnel lake, and is about 100 feet above the 
lowest part of the broad valley of Cedar creek on the east. Thr ridp;e is 
about 1 mile from the lake and rises gradually towards the south, where it 
passes into a high hill near where Quesnel lake turns towards the east. 
N ortb of Cedar creek the summit ridp;e is somewhat lower and declines 
towards the north, but rises again near Poquette creek, 3 miles north . 
Small tributaries of Ceclai creek, on one of which the recent discovery of 
pla.cer gold was made, have low gradients in their upper, and very steep 
gradients in their lower, parts. The upper parts of the tributary valleys 
are mostly shallow trenches in the drift deposits, and have no visible rock 
rims. The broad upper part of Cedar valley continues south to the head 
of Hemlock creek, a tributary of Quesnel lake, and occupies a narrow, deep 
valley somewhat similar to the lower part of Cedar creek. The summit 
valley at the heads of the two creeks is broad and fiat bottomed and con­
tains a number of small marshes and ponds. 

A delta and alluvial fan at the mouth of Cedar creek represent the 
amount of material eroded by the creek since the clisappea.rance of the 
glacier from Quesnel Lake basin. The inner part of the delta or the alluvial 
fan, near where t.he stream issues from the rock gorge, is about 70 feet 
above the level of the lakr. The outer part of the delta is nearly a.t lake level. 
The outer edge of the delta falls away steeply into the water, which bas a 
maximum depth of 50 to 55 feet in the channel opposite the end of the delta. 
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The area is well timbered with white spruce, western cedar, westeru 
hemlock, balsam fir, lodgepole pine, aspen and balsam poplar, paper birch, 
and alder and willow. Trees 2 to 3 feet in diameter are common, but 
most of the trees are smaller. Windfalls occur in places, but the timber, 
generally, is gTeen. The dense underbrush and fallen trees render travel 
difficult except where trails have been cut. 

HISTORY OF MINING 

Cedar creek was prospected, and mined to some extent, in the early 
days of placer mining in Cariboo. It was first ascended by a prospecting 
party in 1862, but-apparently because of the important discoveries in 
the deep ground of Williams creek, early in that year-was abandoned 
until 1865. The discovery of Cedar creek is credited to J. E. Edwards, 
one of the prospectors of the famous Aurora claim at the mouth of Conklin 
gulch, a tributary of Williams creek. Bancroft states1 "The Cedar Creek 
diggings proved to be valuable, yielding steadily as well as largely for some 
time. The Aurora claim, with flumes and sluices costing $8,000, yielded, 
mostly in 1866, $20,000; the Moosehead claim, costing $2,000 to open, 
paid $7,000 the first year; the Barker claim, also located in 1866 and costing 
$7,000 to open, paid $2,000 in a year; and the Discovery claim was yielding, 
in September 1866, $15 to $20 a day at a point where it was shallow. In 
August 1867, the Aurora was paying 100 ounces a week, and other claims 
from $10 to $20 a day to the man". All these claims were, apparently, 
in the bed of the creek in its lower part above the delta. G. M. Dawson 
states2 that in 1886 the creek was largely in the hands of Chinese miners, 
who worked it for several years by the hydraulic method on a fairly large 
scale. From 1883 to 1891 the creek produced from $2,000 to $6,300 a year.3 

The total production of the creek is not definitely known: it probably 
did not exceed $100,000. Only the lower part of the creek was found to be 
gold bearing and, judging by the old workings, little or no gold was found 
above the junction of the small tributary on which the recent discovery was 
made. In a few places, benches up to about 100 feet above the creek were 
worked, particularly on the north side of the creek about 1 mile from the 
mouth. There are no records of gold having been found on Hemlock creek, 
but Poquette creek has been mined for many years. The bars and flats 
along the North fork of the Quesnel produced large amounts of placer gold 
in the early days, and the benches have been known since the sixties to be 
gold-bearing, but the lack of an adequate supply of water prevented their 
being worked except on a small scale. On the west side of the North 
fork, about halfway between the Forks and the outlet of the lake, is the 
well-known Bullion property, a deep buried channel mined for many years 
by Hobson and associates. The dam at the foot of the lake was built 
in 1898 by the Golden River Quesnel Company fo r the purpose of holding 
back the waters of the lake and mining the bed of the river. It was partly 
demolished in 1921. 

1Bancroft's Works, vol. XXXIr, "History oi British Columbia". p. 4SS. 
•Geol. Surv., Can., Ann. Rept., vol. III, pt. II, 1887-88, p. 125 R. 
3Ann. Repts. of Minister of Mines, B.C. 
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The recent discovery of placrr gold was made by two propectors, 
A. E. Platt and John Lyne. It is stated that Lyne was told by John Likely, 
an old time prospector. of Cariboo now living at Kamloops, B.C. (after 
whom the new post office has been named), that gold bad been found 
in the early days at about the locality where Platt and Lyne made their 
discovery. However, if gold was known, in the early days, at high levels 
above the creek, the occurrence apparently was not considered to be of 
importance. The discovery, or rediscovery, by Platt and Lyne, was made in a 
shallow draw or depression near the head of a small stream flowing into 
the canyon of Cedar creek from the south and about one-half mile south 
of Cedar creek. The discovery pit is 910 feet above Quesnel lake and 550 feet 
above Cedar creek at the point where the tributary creek joins it. I tis distant 
from Cedar Creek landing about l~ miles, but is less than a mile in a direct 
line from the lake. The discovery draw is on the east side of the summit 
ridge, but is only a few feet lower than the actual summit. Since the 
original discovery, gold-bearing gravels have been found at a number of 
points for about 2,000 feet along the course of the supposed channel. Almost 
all the area has been staked, the placer claims consisting of creek and 
bench leases having a maximum area of 80 acres. Some of the claims and 
the location of the gold discoveries are shown in Figure 7. 

GENERAL GEOLOGY 

BEDROCK 

The bedrock is well exposed in the canyon of Cedar creek for about lt 
miles above its mouth. A few small outcrops occur on the upland, and 
small patches of the bedrock have been uncovered by placer mining opera­
tions in the discovery draw. 

The rocks are mostly, if not entirely, volcanic and consist of inter­
bedded flows and fragmental rocks. In places they are highly vesicular and 
amygdaloidal. The rock at the discovery draw is an amygdaloidal andesite 
porphyry1• The rocks are somewhat altered and are deformed by folding 
and faulting. The bedding is mostly massive a nd is not well shown because 
of the jointed, shattered, and weathered character of the rock. A massive, 
firmly-cemented conglomerate outcrops at the outlet of Quesnel lake 
and in places along the west side of the lake between Cedar creek and the 
dam. It probably overlies unconformably the series of volcanic rocks 
exposed on Cedar creek. 

Fossils collected by Bowman in 1885, on the south shore of Quesnel 
lake, near Hazeltine creek and at Big Wheel fiat, 2 miles below the outlet 
of Quesnel lake, showed that the rocks at these places are probably of Lower 
Cretaceous age2 • Bowman mapped the rocks in the vicinity of the lower 
part of Quesnel lake, including the Cedar Creek area, and along the North 

.,j 
"14 

1Microscopic examinations of rock specimens were made by V. Dolmnge, of the Geological 
Survey . 

'"Report on the Geology of the Mining District of Cariboo, British Columbia," Ann. Rept. 
Geol. Surv., Can. , 1887, pt. C, p 19 C. 
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fork of the Quesnel as Mesozoic. Part of the senes was considered by 
him to be definitely Lower Cretaceous and a part older and possibly 
Jurassic. As Bowman's work was largely reconnaissance, and as no special 
study of the rocks of the Quesnel district has been made, little is definitely 
known regarding the age of these volcanics and their relationship to older 
and younger rocks in the region. 

SURFACE DEPOSITS 

The unconsolidated deposits overlying the bedrock consist of Recent 
(post-glacial) alluvium, glacial drift formed during the Ice Age immediately 
preceding the present period, and gold-bearing gravels, parts of which are 
pre-Glacial (Tertia.ry). 

The Recent deposits have been formed mainly by streams eroding the 
drift deposits, and, to some extent, the bedrock. The delta of Cedar creek 
represents the material eroded by Cedar creek, and deposited in the lake 
since the disappearance of the glaciers from the region. The great size 
of Cedar Creek canyon ns compared with the delta, and the presence 
of glacial drift in places on the sides of the canyon, show that it was not 
entirely cut in post-Glacial time. It was, probably, formed in part during 
the Ice "\ge, by streams issuing from the ice, and may be in part inter­
glacial or even pre-Glacial. It is generally held that only 10,000 to 20,000 
years have elapsed since the disappearance of the glaciers of the Ice Age, 
ant.! this is not sufficient time for much weathering or erosion of the bedrock. 
The Recent gravel deposits formed in the beds of the streams are in pln.ces 
gold bearing, but, except where the streams have eroded older gold-bearing 
gravels, they are not likely to be of much importance. The Recent gravels, 
formerly mined in the bed of Cedar creek, derived their gold probably 
mainly from erosion of pre-Glacial gold-bearing gravels which had been 
caught up in the glacial drift, and only in small part from erosion of the 
bedrock or of pre-Glacial gravels in place. The gold in the bench deposits 
at Quesnel dam and along the South fork of the Quesnel was mainly derived 
in the same way. 

The glacial drift consists in part of boulder clay, formed by the grinding 
and plucking action of the glaciers and deposited when the ice melted. 
A part consists of rudely stra.tified gravels deposited by streams issuing 
from the ice. The boulder clay rarely contains any gold, but, in places, 
may cont::tin masses of gold-bearing gravels caught up by the ice. The 
glacial outwash gravels are not gold bearing except where they have been 
formed, in part at least, by erosion of older gold-bearing gravels. 

Glacial drift occurs abundantly from lake level up to altitudes of 
at least 3,300 feet. It forms a blanket over most of the area, and, because 
of its irregular deposition and water-holding capacity, renders prospecting 
difficult. The glacial drift on the upland in the vicinity of the discovery 
draw forms low ridges and knolls separated by shallow depressions that 
are frequently undrained. The drift is uneven in thickness, and the 
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character of the surface gives little or no indication of the character of 
the surface of the bedrock, for a hill of drift may overlie a depression in 
the bedrock, or vice versa. The maximum thickness of the drift on the 
upland, as shown by shafts, is at least 35 feet. It may be more in places 
but it probably averages less. 

The presence of glacial drift at high levels shows that the whole area 
was, at one time, covered by the ice-sheet, but the presence of pre-Glacial 
gravels beneath the drift on the upland shows that comparatively little 
erosion of the bedror,k, at least in places, was accomplished by that sheet. 
This is, probably, because when the ice-sheet was thick enough to com­
pletely fill the valleys and to cover the upland it was nearly stagnant 
because of its low surface gradient. The main avenue of drainage of the 
ice was by way of the Quesnel Lake trough, and there is evidence that 
considerable erosion of the bedrock in the lake basin was accomplished 
by the ice. The sides of the lake would be remarkably straight if the 
Recent deltas were removed; the banks rise steeply and are steeper in 
their lower than in their upper parts, and the tributary valleys are hanging, 
that is, they are not graded to the bottom of the main valley. These 
features are characteristic of valleys that have been widened and deP.pened 
by glacial erosion, and are not characteristic of stream-eroded valleys. 
It is, therefore, probable that the Quesnel Lake basin was partly formed 
by ice erosion, and, therefore, it is not likely that gold-bearing gravels 
will be found in the bed of the lake. 

Terraces cut in the drift deposits along the sides of Quesnel Jake occur 
near the mouth of Cedar creek and at various places between the creek 
and the outlet of the lake. They are found at various levels up to about 
400 feet above the lake. They are not continuous and are much better 
defined in some places than in others. They were, probably, formed by 
streams fiowin!!; along the edge of the ice at the time when the Jake basin 
was partly filled by a glacier. The terrace gravels are, in places near the 
outlet of the lake, gold-bearing. The gold was, probably, derived from 
gold-bearing gravels included in the drift, and was concentrated in the 
terrace gravels as the result of stream erosion of the drift. The bench 
deposits near the outlet of the lake, and along the North fork for some 
distance below the outlet, are mainly coarse gravels that are concentrates 
formed by the wearing away of a considerable thickness of drift by the 
powerful stream issuing from Quesnel lake. 

~--~ 

The glacial drift, except near the surface, which is mostly reddened by 
weathering, is distinguished from the older gravels by its greyish colour 
and unweathered character, and by the occurrence in it of foreign boulders 
and glacially striated and faceted stones and boulders. The boulder 
clay is unstratified and is a heterogeneous mixture of rock fragments of 
various sizes and shapes in a matrix of fine silty or clayey material. Its 
clayey character renders it very retf'ntive of water so tha t even on steep 
slopes the groundwater level is usually near the surface. Dense vegetation 
also helps to retain the rr.oisture and althou~h, in the autumn, the surface 
over most of the area is quite dry, wn.ter is usually found in shallow exca­
vations. 
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ECONOMIC GEOLOGY 

PLACER DEPOSITS 

Placer gold occurs in different ways, and varies somewhat iP character, 
at different places in the area. In the discovery pit only a small thickness 
of muck a.nd broken and partly disintegrated bedrock overlies the solid 
bedrock, the gold occurring in the broken bedrock and in crevices in the 
solid bedrock. The gold is coarse and nuggety and not greatly worn. 
Gold has been found at various places in the discovery draw for about 
500 feet downstream from the head. It is mostly on or in the bedrock. 
In places there is an overburden of several feet of barren glacial drift, 
and where the boulder clay is tight on the bedrock the gold is absent. 
Several test pits sunk in the lower part of the draw failed to show pay 
gravels, but a 13-foot shaft on the left bank just below Platt's cabin showed 
good values in gravels beneath or in the boulder clay. The gravels are 
apparently glacial outwash or reworked ancient stream gravels, for they 
are only slightly weathered. A drive was run from the shaft for 18 feet 
into the bank. Mr. Muir, Superintendent of the Cedar Creek Mining 
Company, stated that good prospects were found both in the shaft (except 
near the surface), and in the drive. The discovery draw ends abruptly 
about 800 feet above Platt's cabin at a low ridge of drift 20 feet high. 
Farther up stream, near the Platt-Stevens line, a small marsh occurs, 
and here also gold has been found in test pits. On the Platt ground it 
occurs at intervals in a shallow draw in the drift deposits for a distance 
of about 400 feet. The overburden of glacial drift is 6 to 10 feet deep 
and the pay gravels are 1 to 5 feet thick. Gold was being mined here in 
September at the rate of 2 to 3 ounces a rocker a day. The pay gravels 
are yellowish or red because of the presence in them of oxidized clay. They 
appear to be, in part at least, re-sorted, probably by glacial waters. Finer 
gold is found in the surface wash farther down the draw, and is probably 
the result of concentration from the drift by Recent streams. Gold has 
also been found in test pits in a continuation of the draw into the Sheridan 
ground . A series of small depressions or channels extends along the north 
side of the trail leading to the pond in which one branch of Cedar creek 
heads. They occur along the slope of the southwest side of the broad 
upper part of Cedar valley and are thought by the prospectors to mark the 
continuation of the gold-bearing channel. This supposition is not universal, 
for it is evident from a study of the map that a broad channel extends 
southeast at about the same level as that of the known gold occurrences. 
Small prospects are said to have been obtained at one or two places along 
the supposed course of the channel above the Sheridan claim, but apparently 
the finds so far are not of much importance. It cannot be said, however, 
that the area has been thoroughly prospected. 

Mining development and prospecting during the summer resulted in 
the discovery of a body of remarkably rich gravels on the left banlc of the 
Discovery diaw about 600 feet above Platt's cabin (Plate I). The pay 
gravels rest on bedrock and are overlain by 1 to 10 feet of barren glacial 
drift and muck. They are reddened by the presence of clay, derived 
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probably from weathering of fragments of the country rock included in 
the gravels. Most of the gravel is angular, but some worn pebbles occur. 
No glaciated stones were seen in the gravel. The bedrock is fairly smooth, 
but is soft and easily excavated. It is apparently not glaciated. The pay 
gravels average about 3 feet in thickness and were exposed by mining 
operations for a width of 25 feet and shown by test pits to extend for a 
distance of at least 70 feet. Subsequent operations have shown that they 
have a width of at least 50 feet. They trend northwest, and into the bank 
on the west side of the draw. The gold is well distributed through the 
gravel. In places little if any occurs on or in the bedrock. In other 
places it is found in cracks and crevices in the bedrock to a depth of 2 feet. 

Cedar Creek delta also was prospected to some extent for placer gold, 
and early in 1922 it was proposed by the Del Ecuador Company to install 
a dredge. A number of test pits were sunk in the delta down to about 
water-level. It is reported that only low values in fine gold were found. 
There is no doubt that a certain amount of gold occurs here, for the delta 
has been formed by the material brought down from Cedar valley, which 
is known to have been gold-bearing for a distance of about one mile above 
the delta. The gTadient of the stream is steep and in times of flood the 
volume and current of the stream are sufficiently great to transport fine 
gold. On the other hand it is improbable that much gold occurs below 
water-level, for it would be deposited as soon as the current of the stream 
was slackened by the still waters of the lake. The bedrock beneath the 
delta may be below dredgeable depth and it is unlikely that gold will be found 
on bedrock, because of the effects of glacial erosion. Furthermore, a part 
of the materials forming the surface of the delta is tailings which contain 
no appreciable amounts of gold, and the delta is heavily timbered. It is 
doubtful, therefore, whether dredging would be a profitable undertaking. 
At least, borings should be made to test the delta before dredging is under­
taken. 

Character of the Gold 

The gold found in the discovery draw and in the workings on the west 
side of the draw is coarse and nuggety and as a rule not greatly worn. The 
pieces average perhaps 2 or 3 cents in value but nuggets up to 3t ounces 
have been found. The gold is mostly dark red, apparently due to a surface 
film of iron oxide. Many of the nuggets are irregular in shape; the pro­
tuberances are somewhat rounded or worn and the depressions frequently 
contain fragments of quartz embedded in the gold. Others are well worn. 
There is, therefore, no doubt that the gold is placer gold in the sense that 
it has suffered some transportation and wear after being released from the 
parent vein. 

The gold found on the Platt ground is finer than on the discovery 
ground. The pieces average about six to the cent and are fairly uniform 
in size. Much of the gold is flattened and worn. The worn character and 
fairly uniform size indicate transportation and sorting by streams, at least 
to some extent. 

The assay value of the gold from the Stevens ground varies from 
$17.05 to $17.16 an ounce. The assay value of the finer gold from the 
Platt ground varies from $16.99 to $17.21. A few nuggets nearly silvery 
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white have been found. They are high in silver and probably approach 
electrum in composition. Small nuggets obtained by prospectors from 
bench deposits near Poquette creek were thought by them to be platinum, 
but proved on examination to be alloys of silver and gold. 

Mining Operations 

Some prospecting and mining were done on the discovery ground and 
on adjoining properties in the autumn of 1921 and during the winter, but 
little was done in the spring of 1922, partly because of litigation. Owing 
to faulty location on the part of A. E. Platt, who staked the discovery 
ground, the actual discovery proved, when the claims were surveyed, to 
be on E. G. Stevens' claim. The dispute was finally settled by Stevens 
retaining the ground and receiving half the gold that bad been taken out. 
In April, 1922, six of the original claim owners, E. G. Stevens, F. :'\1cMabon, 
Mike Sheridan, Dan McCallum, and the Grogan Bros. pooled their interests 
and later bonded their claims to the Cedar Creek Mining Company of 
Vancouver, of which Mr. F . S. :.vfunson is president and Mr. Colin Muir 
superintendent. This company began mining operations on July 1 and 
employed about thirty men in building a road to bring in machinery, erect 
buildings, and in mining and prospecting. Later, the working force was 
increased to about seventy men. Owing to the scarcity of water all the 
mining up to the end of September was done with rockers. About the end 
of September two pumps were installed, storap;e dams built, and the water 
used repeatedly for sluicing, the water being pumped up through 300 feet 
of 6-inch pipes by a 4-inch centrifu~al pump. A fortnight's severe weather 
at the beginning of Decrmber prevented sluicing, but it was resumed during 
the latter part of December and part of January. Most of the mining by 
the Cedar Creek Mining Company has been confined to the discovery draw 
and adjacent ground on the left bank on the Stevens claim, but some 
prospecting has been done on the Sheridan claim. Mining was begun in 
August on the Platt claim which Messrs. R. McCaskill and R. Wright have 
bonded. Ten men under the direction of Mr. R. N. Campbell were 
employed. Rockers only were used as the water supply was limited. 
Work had already been done on the Platt claim during the previous autumn 
and winter. Prospecting at other phtces in the area was being carried on 
by a few individual miners. Numerous pits and shafts, the deepest about 
35 fert, prospect the area at widely separated points, but in many places 
the gold-bearing ground was found to be deep, and as soon as the level of 
the groundwater was reached-usually only a few feet from the surface­
the prospectors found they could not control the water, even, in some cases, 
with the aid of a small pump operated by a gasoline engine. Prospecting 
is also beinp; carried on during the present winter of 1922-23. It is reported 
that values averaging about $1 a yard for a depth of 12 feet have been 
found by Mr. Finlayson, whose claim is about 4 miles up the Cedar Creek 
valley, and that some small values have been found on the Rickinson lease. 
On the Platt ground drifts are being run and a dump is being piled up for wash­
ing in the spring. It is stated by Mr. R. N. Campbell that the pay gravels 
are 4 feet thick and are increasing in value as the left rim is approached. 
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Output of Gold 

The production of gold by the Cedar Creek ::v:Iining Company from 
July 1, 1922, to January lti, 1923, amounted to $133,922 (the gold being 
reckoned at Sl7 an ounce). The output from December 16, 1922, to 
January 16, 1923, was 2,180 ounces, the result of six days rocking and the 
remaining time sluicing. For this output 300 cubic yards were handled, 
giving an average value of £120 per cubic yard for a depth of 6 feet. In 
the six days from October 25 to October 30, 697 ounces, 10 pennyweights, 
16 gra.ins were produced with three rockers. The production on the 
Stever.s' ground in May and Juile, 1922, amounted to S2,838, and in the 
autumn of 1921 and following winter $4,100, of which Platt took out $3,400 
and Stevens ~.;900. The production of the Platt ground is not definitely 
known. 

Source of the Gold 

The remarkable richness of the gravels on the Stevens ground and the 
fact that they lie on bedrock beneath the glacial drift show that they are 
pre-Glacial in age. The concentration of such large quantities of gold in 
the gravels could have been accomplished only by the gradual weathering 
and wearing away by streams of considerable quantities of the country 
rock and, presumably, of the veins in which the gold was originally con­
tained. The erosion and weathering which freed the gold from the parent 
rock could not have been the result of glaciation, for glaciers erode either 
by grinding the bedrock into a powder, which is carried away by streams, 
or by plucking out masses of the rock which become included in the ice 
and are transported by it. Furthermore, the concentration of the gold in 
the gravels must have been accomplished before the glaciers came into 
existence. It is possible that the gold-bearing gravels have been moved 
somewhat from their original position by the action of the glaciers, but 
since they are not mixed with the glacial drift and rest on an unglaciated 
rock surface they could have been transported by the ice only a short 
distance, if at all. 

The coarseness and angularity of much of the gold shows that it was 
not transported by streams far from its original source. It would be 
impossible for streams having as low a gradient as the ancient streams had, 
to transport nuggets weighing 1 to 3f ounces. The presence of quartz in 
some of the nuggets suggests that they were derived from quartz veins. 

No quartz veins are known in the immediate vicinity of Cedar creek, 
but few rock outcrops occur except in the canyon of the creek. Quartz 
veins, which are reported to be gold-bearing, occur in the vicinity of 
Poquette creek 3 miles north of Cedar creek. Some prospecting and 
development work was done during 1922 by John Creagh on a small vein 
outcropping on the north side of Cedar creek about 1 mile above its mouth. 
The mineral of the vein is mainly pyrrhotite, but contains also galena, 
chalcopyrite, zinc blende, and pyrite. The gangue is small in amount and 
is mainly calcite and chlorite. .\. sample from the dump, assayed by the 
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Mines Branch, Department of Mines, wa.s found to contain: gold 0 · 20 
ounce a ton and silver 1·06 ouncP.s a ton. There was no platinum. It is 
evident, therefore, that gold-bearing veins occur in the area and it is 
probable that the placer gold was originally derived from these veins. 
A mineral location, covering parts of the Stevens and Platt placer leases, 
has been made by K. C. Laylander and associates, who believe that the 
placer gold is residual and was derived directly from the weathering of 
lodes. No mineralized veins in the bedrock have been uncovered in the 
placer mining operations near the discovery draw, but only a small part 
of the bedrock has been exposed. 

The fact that the rocks in the Cedar Creek area, which are quite 
different in character and age from those of Barkerville area to the north, 
contain mineralized veins, is of interest as showing the possible occurrence 
of other placers derived from the wearing away of these rocks and of 
workable lode deposits. It does not necessarily follow, however, that 
rich placer deposits indicate the presence of workable lode deposi ts, for 
the placer gold may be the result of concentration from the weathering 
and wearing away of a large amount of vein material, which contained 
comparatively little gold per ton of vein material. 

Water Supply 

The question of an adequate supply of water for mmmg purposes 
is of considerable importance for the mining of both the rich gravels and 
the low-grade gravels. At present only sufficient water is available for 
rockers and desultory sluicing. The rich gra.vels can be profitably mined 
in this way, but would be more economically mined if a better supply 
of water were available. Considerable bodies of low-grade gravels, vvhich 
would pay well for byclraulicki'ng if sufficient water were available, are 
known to occur and excellent facilities fer disposal of the tailings are pro­
vided by the canyon of Cedar creek. Little can be said regarding the 
possibilities of obtaining an adequate supply of water, however, as no 
thorough investigation has been made. Good supplies are available in 
Johnston creek and Rapid river, 10 to 15 miles to the east, but whether 
the divide at the bead of Spanish lake is too low to permit of the water 
being brought across it at a sufficiently high level is not known. The 
summit level of the valley of Cedar creek near its head is a few feet below 
the highest part of the workings on the Platt and Sheridan claims. If 
water were brought across the valley from the east, it would have either 
to be siphoned across or fiumed over at a high level, in order to provide 
sufficient bead for bydraulicking at the workings. A small supply would 
be obtainable for part of the workings by bringing a ditch from the ponds 
in the upper part of Cedar Creek valley. A large supply could be obtained 
by extending a ditch around the highland area lying between the broad 
valley at the head of Cedar creek and Quesnel Jake on the east, and by 
means of storage reservoirs conserving the run-off, which is most abundant 
in the spring. 
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Summary of Conclusions 

The rich pay gravels being mined on the west side of the discovery 
draw are older than the glacial drift. They are distinguished from the 
glacial drift by their reddish colour and weathered character. They appear 
to be in place, but this is open to question. If they are in place they 
indicate the occurrence of an old stream channel at the level at which 
they lie. The continuation of the channel, therefore, should be looked 
for at about the same level. It is possible that the pay gTavels extend 
through the greater part of the Stevens claim, for the ground is only 
gently sloping. If so, and provided the present values hold, they may 
contain upwards of a million dollars in gold. It is not to be expected 
that they extend towards Cedar creek and Quesnel lake much beyond 
the Stevens claim, for here the ground drops away rapidly. The ancient 
valley probably extended from the Stevens ground towards the present 
outlet of Quesnel lake and nearly coincided with the present valley of the 
lake in its lower part from Cedar creek to the outlet. In this stretch 
the ancient valley was first lowered by stream erosion and was later deepened 
by ice erosion, so that the gold which it contained became mixed with the 
drift, and was later concentrated by stream action in the bars and benches 
near the outlet of the lake. Above the Stevens claim the ancient valley 
probably extended along the west side of the broad upper part of Cedar 
valley, the main part of the valley being below the level of the gold occur­
rences. On the other hand, it is possible that the gold-bearing gravels 
have been moved to some extent by the glacial ice that moved across the 
region. The general direction of ice movement in the area is not 
definitely known, but judging by observations in the region lying to the 
north it was towards the southwest or across the upper part of Cedar 
valley. This movement, however, was slight, the main movement being 
in the direction of the Quesnel Lake valley, toward its outlet. The failme 
to find pay gravels along the valley :.;,bove the lower part of the Sheridan 
claim may be due to lack of prof;pecting, or to the effects of glaciation, 
or to the fact that the ancient gravels are gold-bearing only in places. 
Whether the gold-bearing gravels that are being worked are in place 
can be definitely determined only by observing, during mining operations, 
whether the bedrock is glaciated, whether the gold extends down into 
the bedrock, and whether the pay gTavels are mixed with the drift . It 
cannot be said that the uppPr part of the supposed chann~l has been 
thoroughly prospected. This can, probably, be done only by drilhng. 
because of the difficulties-in sinki:1g -of controlling the water. Since 
rich pay gravels occur at a high level above the present drainage in the 
Cedar Creek area and since occurrences of this sort were not known, 
nor looked for to any great extent, while this general region was being 
prospected for placer gold, intermittently since 1859, the Cariboo district 
is evidently still worth prospecting. 
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The fabulous richness of the placers which have been mined from 
restricted sections of the creek valleys of the Barkerville district since 
1860 naturally directed attention towards the source of the gold, and led 
to the exploration of the very prominent quartz outcroppings as the prob­
able mother lode. For fifty years prospectors, miners, and geologists 
have sought, with little success, to discover the source of the gold. The 
writer was instructed to devote the field season of 1922 to a systematic 
survey of the bedTock geology of the area to ascertain, if possible, whether 
a solution of this problem might be obtained. 

Three and one half months were spent in the field, efficient assistance 
being rendered by C. 0 . Swanson and G. C. Lipsey. During the latter 
part of the season, ::\1r. Swanson was in charge of the areal mapping. 

A full report on this area is in course of preparation in co-operation 
with W. A. Johnston who investigated the placer deposits. Only a brief 
outline of the geology and of the results of the work is, therefore, given 
here. 

PREVIOUS WORK 

The first systematic investigation of the rocks, veins, and placers 
was carried out by Amos Bowman1 in 1885- 1886. W. Fleet Robertson 
made an exhaustive study of the veins and placers in 1902.2 In 1918 
and 1919 B. R. MacKay3 undertook a reconnaissance geological survey 
of the district, and in 1920 D. A. Nichols completed a topographical 
base map covering about 225 square miles on a scale of 3,000 feet to 1 
inch. In 1921 W. A. Johnston4 commenced a detailed study of the placer 
deposits. The annual reports of the Minister of Mines for British Columbia 
from 1874 to the present give further information relating to the mining 
operations. 

1Geol. Surv., Can., Ann. Rept., 1887, pt. III. 
2Aon. Rept. of Minister of Mines, B.C., 1902. 
3Geol. Surv., Can., Sum. Repts., 1918, 1919, pt. B. 
•Geol. Surv., Can., Sum. Rept., 1921, pt. A. 
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GENERAL GEOLOGY 

The area consists of an uplifted and deeply dissected plain-like surface 
of erosion. The uplands maintain a fairly uniform level, varying between 
5,800 and 6,500 feet, sloping downwards towards the west. The streams 
have incised their valleys to depths of 2,000 to 2,500 feet into the plateau 
surface. The country is well timbered, mainly on the valley slopes; 
timber-line is about 6,500 feet. The fiat and rolling uplands are covered 
with drift so that in only a small proportion of the area is bedrock actually 
exposed. 

Table of Formati ons 

Period Series Formation Lithology 

Jurassic ? ..... . . . . . .... . .... . ... . . ..... . ... Mt. Murray sills and 
dykes........ . . .. Diabase, diorite 

I nlrusive contact 

Carboniferous .......... . .... Bear Riverl .......... . ......... . Chert, argillite, crinoidal lime-

Unc<mjormily 

stone, bn.sic volcanic flows and 
breccias, basal conglomerate 

!Proserpine dykes IQuat·tz porphyry 
and sills .......... Felsite 

I nlrusive contact 

Precambrian? .. . . . . . .. . ... .. Cariboo .. . .. . . . . . . .. . ... . . . . . .. . . . Quartzite, quartz pebble conglo-

CARIBOO SERIES 

merate, micaceous quartzi~ 
sericite schist, quartz slate, 
black graphitic slate, a rgillite, 
limestone 

This series underlies about nine-tenths of t he map-area, occupying all 
except its northern part. It consists of a series of regionally metamor­
phosed sediments whose upper members are argilla.ceous and calcareous, 
and whose lower members are arenaceous or derivatives therefrom. These 
rocks were called the Cariboo schists by Dawson, Bowman, and others, but 
within the Barkerville area true schists are present only to a small extent. 

1Not R. G. McConnell's Bear River series of the Portland CMal district. 
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PROSERPINE DYKES AND SILLS 

Large numbers of buff and brownish-weathering fine-grained to 
medium-grained intrusive rocks occur in the Cariboo series. They do not 
all belong to one intrusive period, as some of them are partly schistose, 
whereas others are granitoid and cut across the regional structures. All 
are considerably replaced by siderite and ankerite, so that their petrography 
is in many cases obscure. Their field relations afford the best evidence of 
their igneous origin. The less altered types are quartz porphyries and 
felsites. 

Owing to the scarcity of exposures, it was found inadvisable to attempt 
to map these rocks separately. 

BEAR RIVER SERIES 1 

Slide mountain, mount Murray, mount Greenberry, mount Howley, 
and mount Guyet, and the country northeast of a line joining them, are 
underlain by the Bear River series of conglomerate, argillite, crinoidal 
limestone, chert, and basic volcanics. There are no schists in the series; 
the rocks preserve their original bedding structures and show an absence 
of foliation due to regional metamorphism. Lithologically they resemble 
the Cache Creek group of Dawson 2, but there are no cherty quartzites. 
There is primary chert, however, in thinly-bedded form, associated with 
indurated fissile shale or argillite. 

Fossils collected from mount Greenberry and Two Sisters mou ntain 
were submitted to E. M. Kindle, who states that he is reasonably sure they 
are of Carboniferous age. 

The rocks of this series are separated by a marked unconformity from 
the underlying Cariboo series. This unconformity has been located at 
various points along an extent of 15 miles. In the basal conglomerate 
there are many boulders of medium to coarse-grained acid igneous rock, 
which indicate a pre-Carboniferous period of intrusion . 

MOUNT MURRAY SILLS AND DYKES 

Diabase sills are very abundant in the cherts and argillites of the Bear 
River series. There is a very large number of them, and they vary in 
thickness from a few inr,hes up to several hundred feet. The sills are so 
widespread, with lit-par-lit injection structure through the cherts and 
argillites, that it was found impossible to map them separately on the scale 
of 3,000 feet to 1 inch. 

Dykes of diorite and hornblende porphyrite, which are believed to 
occupy the feedirg fissures for the sills, are found cutting the Cariboo 
"Series. 

tNot R. G . :-.fcConnell's Bear River series of the Portland Canal district. 
'Geo\. Surv., Can., Ann. Rept., val. VII, pt. B, pp. 37-49. 
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STRUCTURE 

The structure of the area is simple and consists of an anticlinorium, in 
which both series of rocks are involved. The main axis of the fold strikes 
north 55 degrees to 65 degrees west and crosses the map-area through 
mounts Burdett, Agnes, Pinkerton, Amador, and Nelson. On the south­
west Oank of the anticlinorium the beds dip from 10 degrees to 50 degrees 
southwest, but on the northeast side the dips vary up to 90 deg,Tees. The 
softer and less competent beds of the Cariboo series are intimately folded 
between the more competent quartzites, in which folding of an open 
character prevails. The rocks of the Cariboo series are much more severely 
deformed than are those of the Bear River series. This indicates a period 
of folding between the times of the formation of the two series. 

Zones of shearing striking nen,rly parallel to the axis of the fold cut 
across the map-area. Cross-range fractures and faults striking north 15 
degrees to 25 degrees east are exceedingly common and pass through all 
the rocks of the area. They are so closely spaced in many cases as to 
produce a fracture cleavage in this direction in the argillites. 

ECONOMIC GEOLOGY 

QCARTZ VEINS 

Descriptions of the various veins on which exploration and develop­
ment work has been done are given by Bowman1, W. Fleet Robertson2 , 

Macpherson3, and others and need not be repeated here. The history of 
quartz mining activity is given in the various Annual Reports of the Minister 
of Mines for British Columbia from 1876 to the present. 

The following classification and vein relationships are the outcome of 
the season's work\ and are here given only in summary form. 

"A" Veins. These veins constitute one of the most conspicuous 
features of the camp. They are mostly large bodies of white quartz up 
to 100 feet wide, and of unknown length. They are especially prominent 
in a broad zone of shearing which strikes about north 35 degrees t o 40 
degrees west, nearly parallel to the trend of the formations. This zone, 
which varies in width from one-quarter of a mile to one mile or even more, 
has been traced from Round Top mountain on the southeast to Sugar 
creek on the northwest-a distance of over 25 miles. The quartz outcrops 
conspicuously on the grassy uplands of the plateau sw-face- in places 
standing as much as 10 feet in relief. It seems probable that individual 
bodies of quartz in this zone are discontinuous and lenticular, but the 
country rock in their vicinity is mostly well charged with small bunches 
and stringers of quartz of the same character. 

1Geol. Surv., Can .. Ann . Rept., 1SS7, pt. C. 
'Ann. Rept. of !\linister of Mines. B.C .. 1902. 
3Min. and Eng. Record, vol. XXIV, 1919. 
•Uglow, W. L .• "Quartz Veins of Barkerville, Cariboo District, B.C.", Bull. C.I.M.M., Nov. 

1922, pp. 1165-1175. 
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These veins are abundantly intersected by crossing closely-spaced 
fractures, so that the quartz is exceedingly friable and even tends to break 
into plate-like pieces. This fact and the en echelon or step-like arrange­
ment of adjoining lenses indicate that these veins are of pre-shear-zone 
origin; that is to say, after their formation, they were involved in the 
stresses that formed the shear zone. 

Veins of this class are only sparsely mineralized with sulphides. In 
places, they appear to be quite barren, whereas in other places they are 
impregnated with pyrite, which is found as a rule in cubical development. 
Other sulphides are typically absent. The country rock in the vicinity of 
the pyritized parts of the veins is mostly richly studded with pyrite crystals. 

No primary or originally free gold was found in these veins. Assays 
of the white quartz which constitutes most of the vein material show no 
gold; and of the pyrite, the only other mineral present in quantity, show 
from traces up to about half an ounce of gold per ton. These results · 
practically eliminate the large quartz "blow-outs" as possible producers. 

"B" Veins. The "B" veins are inconspicuous features of the district, 
but they are, apparently, those with which the precious metals are pre­
dominantly associated and to which mining developments will be con­
fined. The cross-fractures and cross-faults mentioned above intersect and 
pass through the "A" veins. These northeasterly-trending fractures are 
mostly sealed with quartz, perhaps only of the thickness of a sheet of 
paper. Quite commonly, however, the quartz fillings are 12 to 15 inches 
wide, varying up to 5 feet. In many places series of multiple veins occur, 
consisting of parallel veins close together. 

The quartz of the "B" veins being massive and unsheared is easily 
distinguishable from that of the "A" veins. The margins of these veins 
are characterized by narrow comb-like bands of siderite and ankerite 
which are weathered to a yellow or dark brown near the surface. The 
veins are commonly well mineralized with galena, pyrite, and arsenopyrite, 
with minor amounts of sphalerite, barite, and scheelite. The sulphides 
in many cases carry high gold values. Selected samples of arsenopyrite, for 
example, assayed as much as 135 ounces of gold to the ton of pure mineral. 

Intersections of the 11 A" and 11 B" Veins. Veins of the 11B" type are 
post-shear-zone in origin. They crosscut the foliation of the schistose 
quartzites and are not involved in any shearing. They are found cutting 
through and meeting the "A" veins. From a study of these intersections 
it is inferred that mineralizing solutions travelling along the 11B" set of 
joint fissures not only mineralized the fissures themselves but impregnated 
the veins of the "A" type near their int rsections with the group of 
sulphides above mentioned. A sufficient number of these intersections 
was seen to establish the fact that definite shoots of ore of fair size may 
be found at these points. 

Continuation of Values with I ncr easing Depth. The coarse nuggety gold 
of the gravels has only to an exceedingly limited extent been encountered in 
the veins. There is a popular conception among the placer miners, and 
even among those interested in the lode deposits, that this is because erosion 
has removed the upper primarily rich parts of the lodes in that only the 
roots remain. This hypothesis, though containing an element of truth, 
is founded on a misconception, as will appear from a subsequent section. 
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A diagnosis of the mineralogy and structure of the veins proves that 
there is no apparent reason for any rapid change in the character of the 
primary minerals or in their gold content within minable depths. The 
presence of scheelite and minor amounts of pyrrhotite and tourmaline 
in the veins of the 11B" type strongly suggests that the solutions which 
deposited the minerals were of intermediate to high temperature, and there 
is no indication of near-surface conditions of depcsition. The solutions 
certainly owe their origin to deep-seated intrusive rocks, evidence of whose 
existence is given by the occurrence of numerous quartz-porphyry and 
aplite dykes and sills. The veins are found to be genetically associated 
with these minor intrusions. 

The misconception mentioned above is due to the failure to differen­
tiate between the primary or original gold content of the veins as present 
in the sulphides, and the free visible gold of the upper parts of the veins, 
which is a secondary enrichment clue to the oxidation of the sulphides. 

Relationship of the Free Crystal Gold of the Upper Parts of the Quartz 
Veins to the Auriferous Sulphides at DEpth and to the Gold of the Placers. 
Fine to coarse-grained crystalline gold, frequently in the form of definite 
single crystals, groups of crystals, wires and plates, has been recovered 
by washing the upper oxidized parts of many of the quartz veins. Two 
masses of this type of gold, said to have been worth $120 and $80, were 
obtained from the veins of Burns mountain about the year 1880. Today 
the chief method of locating auriferous lodes is by panning the disintegrated 
and decomposed country rock and vein matter. In many cases the amount 
of gold so obtained is very small and is in the form of exceedingly fine 
colours. In other cases, very encouraging amounts of coarse, ragged 
gold, associated with small grains of quartz, are recovered in the pan. 

Several times during the past season the writer had occasion to visit 
the Rainbow prospect on the east slope of Cow mountain, where Mr. 
A. W. Sanders was opening up a prospect. This prospect consists of 
the intersection of a few shattered and disintegrated quartz stringers in 
decomposed and broken schistose quartzite. There are two small open­
cuts on the property, and from these several panfuls of broken and rotten 
rock were taken in the presence of the writer. The material was rapidly 
and roughly panned without being crushed. The gold in two pans was 
weighed and found to have a value of $1.57. Other pans were estimated 
to contain upwards of $2 each. 

From the vein material below the zone of oxidation, where it has been 
encountered in the old shafts and in one new one on the Warspite claim, 
no such free gold was recovered. The reason is, doubtless, that the 
sparsely disseminated gold which was originally present in the iron sulphides 
of the unaltered vein material was released by the oxidation of the sulphides 
and appeared as free gold in the upper disintegrated parts of the veins. 
By an alternating process of solution and re-deposition, the gold grew 
into fairly large-sized grains, crystals, wires and plates, whereas the pyrite 
and other iron sulphides were partly changed into iron and arsenic oxides 
and partly carried away in solution. Accumulations of gold of this char­
acter in the upper parts of the veins supplied the material for the Tertiary 
placers. 
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INTRODl"CTION 

The field season of 1922 was spent by the writer in a geological recon­
naissance of sections of southwestern British Columbia in the Yale and 
Similkameen mining divisions (Figure 8). The work was done to obtain 
a general idea of the trend and relation of the geological formations between 
areas which had already been studied in more or less detail, and at the 
same time, to ascertain the economic possibilities of these intermediate 
areas. In the field work able assistance was rendered by Carl Tolman 
and J. S. Godard. 

In Figure 8 those areas which had been previously mapped are differen­
tiated from those which were explored in 1922. The latter are three in 
number. The most northerly, "A", includes a strip along the Kettle Valley 
railway between Canon House and Ccquihalla station, a distance of nearly 
24 miles. It extends eastward from Coquihal\a station to include the 
Independence copper camp at the northern end of Coquiballa map-area. 
The intermediate section "B" lies chiefly between the Coquiballa and 
Tulameen map-areas. It includes Summit camp at the heads of Amberty 
and Sutter creeks, tributaries of Tulameen river. A detailed report 
is given on the silver-lead deposits at this camp. The most southerly 
section "C" follows along the trail from Hope to Princeton between Beaver 
Jake at the eastern edge of the Coquihalla map-are(), and Ninemile creek 
in the Similkameen map-area. It includes Twentythreemile mining camp 
and certain mineral claims on Whipsaw creek. 
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FIGURE 8. Index map of a part of southwestern British Columbia, showing areas A, B, and C 
(in horizontal shnd in g) dealt with in this report, and other areas previously mapped 
(in oblique shading) as follows: 1, Coquihalla map-area; 2, Tulameen map-area; 
3, Similkameen map-area; 4, Skagit Valley map-area; 5, Hedley map-area; 
6, Guide Books 8 and 9, Twelfth International Geological Congress, 1913. 

All three sections lie in a physiographic transition zone between 
Cascade mountains and the Interior Plateau region of British Columbia 
(Plate II A and II B). In section A the transit ion from the northern end of 
Hope mountains, which form a unit in the Skagit range of the Cascade 
system, into the Plateau brlt, is very gradual. l<'arther south, in section 
B, there is a more noticeable difference in the topography on either side 
of the divide between Tulameen and Coquihalla rivers. This divide 
forms a part of the Hope range. The descent on either side is abrupt, 
but to the east it fetches out into the lower, more rolling, topography 
of the p1ateau, whereas to the west the ruggedness of the Hope range is 
continued in other units of the Coast mountains. In section C the 
line of physiographic division falls along the divide between the heads 
of Skaist river and Whipsaw creek (Plate II A). The hills on either side 
show no great difference in elevation but there is a marked distiimilarity 
in relief, the abrupt westerly descent of 8kaist river forming a noteworthy 
contrast to the gentle easterly grade of Whipsaw creek. 
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The physiographic histories and characteristics of the Coast moun­
tains and Interior Plateau region of British Columbia have been dealt 
with in previous reports.! The regional geology has also been discussed in 
these reports and will be referred to only where it may throw some li12:ht on 
problems encountered in the particular sections under discussion . 

SECTION A: KETTLE VALLEY RAILWAY BETWEEN CANO~ 
HOUSE AKD COQ~IHALLA 

Section A includes a strip of territory along the Kettle Valley railway 
between Canon House on Otter creek and Coquihalla station at the head 
of Coquihalla river (Figure 9). The geology and physical chara.cteristics 
of Otter Creek valley on either side of Canon House are referred to in an 
earlier report.2 West of Otter creek and nearly 8 miles from Canon House 
is Coldwater river, a stream which drains northward into Kicola river at 
Merritt. The Coldwater is nearly parallel to Otter creek, but flows in an 
opposite direction. It beads in Anderson River mountains near the 
northern end of Coquiballa map-area. ~orth of t his area the geology of 
Coldwater valley has not been studied in recent years except in the vicinity 
of Merritt, where a basin of Oligocene (Coldwater) sediments contains coal 
seams of commercial importanc0. In 1877, howrver, Dawson traversed 
this stream and recorded his observations on the geology and general 
characteristics of the val!Py.3 The present section includes only the upper 
part of the Coldwatrr between \oquihalla station and the mouth of Brook 
creek, H miles below Brodie junction, a distance of 15 miles. 

General Geology 
The geological formations of SPction A may be tabulated as follows: 

Glacial and st;·eam deposits­
Te:rliary-

Porphyritic intrusives, chieAy syenite and diorite 
Oligocene ?-Spence Bridge series 

Porphytitic volcanic rocks including rhyolite, trachyte, andesite, and basalt; tuffs, brec­
cias, and tuffaceous sediments 

Crelaceou.s-
Granite porphyry 
Eagle granodiorite 

Tria.ssic--
Tulameen series : massive and schistose greenstones; quartzite, slate, limestone. 

Triassic (Tulameen Sei'ies). The oldest rocl<s of this section have been 
correlated with the Tulameen series of the adjacent Coquihalla and Tula­
meen map-areas. They occur in a belt averaging 3 miles or more in width 
which extends across Coldwater river in a nort'herly direction on either side 
of Juliet station. They are composed dominantly of green schistose rocks 
of igneous origin , but include some intercalated sedime11ts. The green­
stones are certainly in part volcanic, but may include later intrusives. 
Some of the effusive members are somewhat massive, but in general they 
are schistose and often greatly deformed. The schists are all greatly 

'Dawson, G. !1-[., Rept.. of Prog., 1877-78. 
Camsell, C ., Ceol. Surv., l":Ln., Mem . 26. 

'Int. (:eo!. Cong., Gu ide Book No.9, pp. 126-127. 
3 Hcpt. of Prog., 1877 78, pp. 38 B-40 B; 69 B-70 B. 
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altered and their original composition has been judged principally from 
that of the more massive greenstones in which decomposition has not 
proceeded as far. These less altered rocks have the general composition 
of andesites. Associated with them are members of coarser grain in which 
crystals of hornblende are specially conspicuous. ThPse are equally 
deformed with the rest of the series and are probably, therefore, not very 
different in age. Their contacts with the finer-grained greenstones are in 
certain instances sharply defined and suggest intrusive relations, whereas 
at other points there appear to be every gradation from the finer-grained 
andeRites to these coarser-grained hornblende porphyrites. This transition 
of the two types, combined with an intricate intercalation, rendered it 
impracticable to map them separately. 

The Tulameen series includes a minor proportion of sediments. These 
are chidly slaty and limy rocks, but include some quartzites. Their inter­
calation with the volcanic rocks suggests a submarine accumulation for 
the entire series.I The limy rocks include distinct limestone beds which, 
however, may be only a few inches in thickness. 

The trend of the series varies from a few degrees north of east to 
nearly north and south. Abrupt changes in attitude occur, and are, in 
part, the result of faulting. The rocks dip both to the southwest and 
northeast usually at angles of 50 degrees or less. Along the railway above 
Juliet the dip is to the northeast, but below this station the beds incline to 
the southwest suggesting therehy a general synclinal structure in the series. 
On the ridge north of Independence camp the dips are again predominantly 
southwesterly and it is probable that an anticlinal axis extends to the 
northwest across this ridge from a point on the railway near the grano­
diorite contact. 

The main contacts of the Tulameen series are with the Spence Bridge 
volcanic rocks to the northeast and the Eagle granodiorite to the southwest. 
The contact with the former crosses the railway less than a mile above 
Brodie junction. Here, the older schistose members of the Tulameen 
series are overlain unconformably by younger volcanic rocks, and a number 
of dykes or sills of feldspar porphyry, much resembling extrusive types of 
the Spence Bridge series, intersect the Tulameen rocks near the contact. 
To the southwest the Tulameen rocks are intruded by a batholithic forma­
tion, probably of Cretaceous age, which has been correlated with the 
Eagle gTanodiorite of the Coquihalla and Tulameen map-areas. Near 
their contact with this intrusive the Tulameen rocks are cut by a great 
number of sills whose width, in proportion to that of the intervening belts 
of older rock, becomes greater and gTeater as the main body of granodiorite 
is approached. Within the zone of heat metamorphism induced by the 
granodiorite the older rocks are impregnated with igneous materials, and 
partly recrystallized. A very considerable mineralization by iron and 
copper sulphides was observed in some of the more limy members of the 
Tulameen series near this granodiorite contact. The Tulameen series is 
also penetrated by a large dyke of granite porphyry; by a number of bodies 
of syenite and diorite porphyry; and by many minor intrusives too small 
to map. The dyke of granite porphyry occurs at the southwestern corner 
of the section and contains the ore-bod1es of the Independence copper mine. 

1Camsell , C harles , Geol. Surv. , Can., Mem. 26, p. 42. 
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It is intrusive in both Tulameen rocks and granodiorite, but is in turn 
intersected by many small dykes of the syenite and diorite porphyry group. 
This group occupies a considerable part of the belt otherwise represented 
by members of the Tulameen series. A few of the larger porphyry out­
crops have been roughly outlined. 

The Tulameen series has been placed tentatively in the Triassic, 
following the discovery by Camsell of plant fossils in certain sedimentary 
members of the group in Tulameen map-area.1 No fossils were found in 
these rocks in the present section, but they are continuously exposed to 
the west across Coldwater valley into Tulameen area and are consequently 
grouped with the Tulameen series and accorded the same age classification. 

EAGLE GRANODIORITE2 

This intrusive is a northerly extension of the Eagle granodiorite of 
both the Coquihalla and Tulameen map-areas. It is a moderately coarse­
grained, light grey to pinkish rock showing in the hand-specimen an 
abundance of glassy quartz, white to pinkish feldspars, and considerable 
biotite. Hornblende may also be a conspicuous mineral and muscovite is 
sometimes the predominating mica. The composition is very nearly that 
of an average granodiorite as given by Daly. Commonly, a distinct 
foliation is observed running about north 25 degrees west, a direction 
closely parallel with the longer axis of the body. This granodiorite is very 
similar to and probably continuous with, the granodiorite exposed on the 
Hope-Princeton trail at the head of Whipsaw creek and described in the 
report on section C. It is intrusive in the Tulameen series and in 
Coquihalla area is apparently intrusive in sediments regarded as Lower 
Cretaceous. In its general form this body of granodiorite much resembles 
a huge sill, between 4 and 5 miles wide, extending in a direction a few degrees 
west of north through Coquihalla and Tulameen map-areas and probably 
continuous with the granodiorite at the head of Whipsaw creek. South of 
Hope Summit or north of Coldwater river its extent is unknown. In con­
nexion with this resemblance to a sill it is of interest to observe that both 
in Coquihalla area and in section C there are more basic types along the 
western flank of the gnnodiorite which are regarded as practically of the 
same age and belonl!;ing to the same period of intrusion. They are suffici­
ently distinct in Coquihalla are& to be mapped separately as the Eagle 
diorite formation. 

GRANITE PORPHYRY 

A single large dyke of granite porphyry intersects both the Tulameen 
series and Eagle granodiorite near the extreme southern edge of the section. 
It is, in turn, intruded by dykes of feldspar porphyry similar lithically to 
those porphyritic intrusives farther north. The granite porphyry contains 
the ore-bodies of the Independence copprr mine. It extends into both 
Tulameen and Coquihalla map-areas and is described at length in reports 
on those areas. A discussion of the ore deposits a.t Independence camp is 
also included in these reports . 

tGeol. Surv., C'an., llfem. 26, p. 40. 
'Cnmsell, Charles , Geol. Surv .. Can., J\-l em . 26, pp . 76-82. 
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TERTIARY 

Spence Bridge (Volcanic Series?) 

A series of volcanic flows and fragmental types is exposed along Kettle 
Valley railway between Canon House and Brodie junction. From a study 
of their structure and lithology these rocks have been correlated, provi­
sionally, with the Spence Bridge group which is exposed along Thompson 
river on either side of Spence Bridge. 

Between Canon House and Brookmere this group includes a prepon­
derance of pyToclastic rocks of intermediate or andesitic composition. 
These mostly contain a variety of foreign fragments of coarse-grained 
plutonic and finer-grained rocks of both igneous and clastic origin. The 
bulk of these tuffs and breccias form massive beds which appear to have 
accumulated rapidly under water without suffering much reassortment. 
To a minor degree normal sedimentary detritus is interbedded with the 
effusive materials, forming thinly-bedded, shaly rocks containing here and 
there thin seams of coal a fraction of an inch in thickness. 

Intercalated with the fra~Smental beds are flow rocks, commonly 
porphyritic, in which white or pinkish phenocrysts of orthoclase or acid 
plagioclase stand out prominently in a fine-grained groundmass varying 
in colour from black to grey with intermediate shades of red and pink. 
These porphyritic rocks become more prominent near Brodie junction and 
are the prevailing rocks exposed on the summits to the northwest of the 
head of Bear creek. They are there associated with a minor proportion 
of pyroclastic beds and are intersected by feldspar porphyry dykes probably 
of the same age as the porphyries that intrude the Tulameen rocks farther 
to the >vest. 

About a mile below Brodie junction a.re outcrops of dark green tuffac­
eous sediments in which a few plant fragments were observed. Under 
the microscope these rocks have a remarkably fresh appearance. They 
are composed chiefly of clear, angular feldspar crystals and large lava frag­
ments. Very little quartz is present. Calcite is a variable constituent. 
These sediments have been likened to those accompanying the coal at 
the mouth of Cold'lvater river,l near the present town of ::\1erritt. 

Neither top nor bottom of this series was exposed within the section 
examined. The members are folded into a series of anticlines and synclines 
whose general trend is nearly east-west. Dips of 40 degrees or more are 
common, and the beds sometimes reach a vertical position. The section 
is also complicated by faults, and most of the members are traversed by 
innumerable fracture planes which have been subsequently filled with calcite 
and chalcedonic quartz. These minerals together with zeolites are also 
found in the vesicles of the amygdaloidallavas of the series. 

These rocks have been correlated, provisionally, with the Spence 
Bridge group, which Drysdale2 referred to the Jura-Cretaceous. Such 
plant remains as were discovered by the present writer in Coldwater valley 
were of no determinative value. Structurally the rocks of the typical 

1Dawson, G. M., Rept. of Prog., 1877-78, p. 39 D. 
2Geol. Surv., Can ., Sum. Rept., 1912, p. 137. 
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Spence Bridge series and those from the present section appear to have 
been about equally deformed, and lithically there is a distinct resemblance 
between the series from these two localities. This resemblance is pro­
nouncr:d in the abundance of distinctly porphyritic flows in the seriPs; 
in their great variability in composition but predominance of rhyolitic 
and andesitic types; in the large proportion of highly coloured rocks in 
which various shades of red are most conspicuous; in the occurrence 
of vesicular flows in which the amygdules are filled with zeolites, calcite, 
and chalcedony; in the intercalation of thinly-bedded, shaly sediments 
with the more massive tuffs of the series; and in the discovery of plant 
fragments in certain tuffaceous beds from both Thompson and Coldwater 
valleys. 

In spite, however, of this resemblance the writer doubts that the rocks 
in the present section are pre-Tertiary. The fragmental members are 
fresher than any rocks of known Mesozoic age he has observed in south­
western British Columbia. In addition, the tuffs contain many frag­
ments of granitic rocks identical in appearance with certain Cretaceous 
intrusives in the adjoining Coquihalla area. The general trend of deform­
ation of this series, too, running nearly east and west, is at a marked angle 
to the major axis of deformation of other Mesozoic rocks in this region. 
Nor is this deformation, on the whole, as great as that in the presumably 
Cretaceous and Jurassic rocks farther to the south. The deformation is, 
in fact, not more excessive than that shown by rocks of early or mid­
Tertiary age in neighbouring areas, and there is a great resemblance 
lithically to rocks of Oligocene age in these areas. The series under 
consideration is, accordingly, assigned tentatively to this period. 
It is almost certainly not younger, but may be older, and from 
the many points of resemblance to the Spence Bridge series is 
correlated provisionally with those rocks. 

Syenite and Diorite Porphyries 

Numerous porphyritic intrusions, many of which are too small to 
map, intersect all other formations in section A. A few of the larger ones 
have been roughly outlined. They are markedly porphyritic, acid plagio­
clase forming the conspicuous phenocrysts. The groundmass is commonly 
fine-grained to aphanitic and, as a result, the rocks have that spotted 
appearance to which the term "bird's-eye porphyry" is commonly applied. 
In the larger bodies more holocrystalline types also occur, but, even in these, 
crystals of feldspar usually stand out prominently in a finer-grained gTound­
mass. 

The composition of these rocks is variable, but the great proportion 
of them are characterized by an absence or scarcity of free quartz, by an 
abundance of acid plagioclase, and by minor proportions of mafic minerals. 
Orthoclase may be an essential constituent, in which case the rocks approach 
a syenite in composition. Hornblende and biotite are usually present, 
the former generally in excess. 
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These rocks include the youngest consolidated rocks in section A. 
They definitely intrude the Tulmaeen series, the Eagle granodiorite, and 
th~ granite porphyry. Dykes of very similar porphyritic rocks cut the 
series of volcanic rocks provisionally correlated with the Spence Bridge 
series. It is not improbable, however, that they may range in age from a 
period antedating Tertiary time, for there seems to be some relation both 
in composition and disposition between them and the larger bodies of 
Creatceous intrusives in this and t1djoining areas. This relation is probably 
not as well shown in this section as in section 11B" where very similar por­
phyritic rocks are encou 11tercd. 

GLACIAL AND STREAM DEPOSITS 

Evidences of glaciation are Pverywhere abundant in this section. The 
upland surfaces have been smoothed by an ice-sheet which, at one time, 
covered the entire area. None of the summits appear to have escaped 
erosion, their maximum elevations not reaching above 6,500 feet, which, 
in the adjoining Coquihalla map-area, was regarded the approximate 
upper limit of continenta.l glaciation. 

The glacial debris accumulated in the valleys by the action of this 
ice-sheet, and by subsequent erosion of valley glaciers, was reasserted 
under water to form a series of terraces, remnants of which still fringe the 
valleys above the present stream beds. A number of such terrace deposits 
were observed along the railway beLween Brookmere and Coquihalla 
station. They occur at f'levations of about 50, 70, and 250 feet above 
and 20 feet below the track at points within 2 miles west of Brookmere. 
Raihvay cuttings through terrace deposits also occur near CoquihaUa 
station and at other points above Juliet. St.ill others were observed below 
Brodie junction. 

The present streams have cut through these older terrace deposits into 
the underlying bedrock or have accumulated more rec~nt sand ancl grn.vc>l 
deposits along their courses. 

As far as is known, howev2r, 110 placer deposits occur \vithin the limits 
of the section. 

SECTION B: HOPE YrO"C)lTA.INS BETvVEE)I COQUIHALLA 
STATION AND TULAMEEN MOUNTAIN 

Section B includes the triangular strip of territory lying between 
the northeastern edge of Coquihalla map-area and the western boundary 
of Tulameen area (Figures 8 and 10). 

Tho gren.ter part of this section falls along the eastern slope of the 
drainage divide between Coquihalla and Tulameen rivers. The divide 
itself forms the northern end of Hope range and has an average elevation 
of about 6,000 feet. It includes such prominent peaks as Tulameen and 
Coquihalb mountains. The streams tributary to Tulameen river have a 
more gentle gradient than those flowing west into the Coquiballa, and 
the topography east of the divide grades into the type characteristic of 
the Interior Plateau region, whereas to the west it forms a part of the rugged 
Coast mountains. 

58617-7 



96 A 

General Geology 

The rock formations of this section may be subdivided as follows: 
Glacial and Recent Deposits­
Miocene-

Coqtiihal!a series-consisting of rhyolite and basalt flows; tuffs and breccias 
PoslrCrelaceous-

Porphyritio intrusives, chiefly syenite and diorite, but including intermediate types 
Crelace()US-

Cbiefly quartz diorite (may be Tertiary) 
Granite porphyry 
Eagle granodiorite and diorite 

Lower Cretaceous (in parl)-
Cong!omerate, arkose, shale, slate. tuffs, and breccias (the pyroclastic rocks are probabl:v 

either late or post Cretaceous) 
Jura.ssi~ 

Dewdney series (may be Lower Crct.a.ceous) chiefly tuffa.ceou9, fossiliferous rocks 
Pyroxenite 

Triassic (probably Upper Tria.ssic)-
Tulameen series--greenstones, quartzite, slo.te, 11rgil!ite, limestone. 

TULAMEEN SERIES 

The oldest rocks in this section belong to the Tulameen series. Their 
exposures in this section are included in part within the limits of Tulameen 
and Coquihalla map-areas and in part in section A of the present report. 
They are discussed at some length in the preceding report on section A 
and will only be briefly referred to here. They are composed chiefly of 
altered andesitic flows mcstly somewhat schistose and referred to, in 
general, as greenstones. Intercalated with these are normal sediments 
including quartzites, argillites, slate, and limestone. 

The Tulamcen rocks are intruded by the pyroxenite, Eagle granodiorite, 
and granite porphyry. Ore deposits of value have been developed along 
or near these intrusive contacts and have been described in earlier reports 
on the Tulameen and Coquihalla map-areas. 

PYROXENITE 

Only one small area of pyroxenite is included in section B. It 
falls within Tulameen map-area and is fully discussed in the report on 
that area. 1 

The pyroxenite is composed chiefly of a pyroxene (diallage) and 
magnetite with varying but minor proportions of plagioclase and, occa­
sionally, biotite. The pyroxene is commonly partly or completely altered 
to hornblende, and hornblende schist is the usual product of deformation 
of the pyroxenite. The latter resembles that occurring in the basin of 
Whipsaw creek and is referred to in discussing the geology of section C. 
It is not improbable that these two areas of pyroxenite are parts of a single 
intrusion and may be continuously exposed between sections B and C. 

The age of the pyroxenite has been assigned, provisionally, by Camsell 
to the Jurassic2

• The pyroxenite cuts the Tulameen rocks, and is in turn 
intersected by the Eagle granodiorite. Its relation to the Dewdney 
series is not definitely shown, for no contacts between the two formations 
occur. 

lGeol. Surv., Can., Mem. 26, pp. 50-68. 
2Geol. Surv., Can., Mero. 26, p. 68. 
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DEWDNEY SERIES 

Rocks of this series occupy the southwestern corner of th~ section, 
and are continuous into Coquihalla map-area. They consist in part 
of thinly bedded, and in part of more massive, tuffaceous rocks striking 
about north 30 degrees west and dipping generally at high angles to the 
southwest. With the tuffaceous beds are other more normal sedimentary 
types, chiefly fine-grained, argillaceous rocks sometimes slightly calcareous. 
The basal member of the series along its northeastern contact with the 
Lower Cretaceous rocks is a massive, dark green andesite flow. The struc­
ture of these rocks is complicated by faulting on both a large and small 
scale, and by high dips which frequently vary but little from the perpen­
dicular. 

The Dewdney rocks are cut by many intrusive bodies the largest of 
which have the composition of quartz diorite. The Dewdney series is 
also intersected by a number of hornblende lamprophyre sills and by other 
less basic feldspar porphyry dykes. 

Nearly all members of the series contain scattered fossil s which, 
from collections made in Coquiballa area, were regarded as either Jurassic 
or Cretaceous in age, but more probably Jurassic. 

Several of the mineral properties at Summit Camp occur in these 
Dewdney rocks but are not confined to them. 

LOWER CRETACEOUS? 

Adj oining the D ewdney rocks to the northeast is a series of sedimentary 
and volcanic rocks which have for lack of more specific data been grouped 
together. They are in part continuous with Lower Cret aceous sediments 
from Coquihalla area and form a belt about 4 miles wide, extending in a 
general north-south direction between the Middle fork of Sutter creek 
and the divide between Railroad and Kelly creeks. The basal member 
along the western flank of the series is a coarse conglomerate containing 
well-rounded cobbles of granitic, volcanic, and sedimentary rocks. The 
plutonic cobbles are chiefly of massive granite or granodiorite and are 
very abundant. The sedimentary cobbles a re principally of dark cherty 
rocks, but include occasional fragments of argillite and slate. The volcanic 
detritus is chiefly from somewhat massive, dark green, andesitic rocks. 
This conglomerate dips to the east at an angle of 70 degrees, and Emggests 
that these Cretaceous rocks are faulted against the Dewdney series. A 
similar relation was observed between these rocks farther to the northwest 
in Coquiha lla area. 

Another conglomerate bed very similar to the last was observed on 
the crest of Treasure mountain about a mile farther east. It dips 45 
degrees in the opposite direction. T he structure between these two 
conglomerate beds is apparently synclinal, the intermediate strata being 
composed largely of grey arkose with a smaller proportion of shaly sedi­
ments. East of this syncline t he rocks dip t o the east again, but are, 
for the most part, poorly exposed. In this direct ion they are intersected 

58617- 7} 
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by a number of both large and small feldspar porphyry dykes. On the 
Railroad-Kelly Creeks divide, the rocks dip again to the west at angles 
which seldom exceed 30 degrees. The basal bed is a purplish-red volcanic 
breccia interbedded with grey, feldspathic beds. The peculiarly fresh 
appearance of these rocks on this divide, their evident unconformable 
relation with the older granodiorite, their undoubted relation to vulcanism, 
and their generally low dips differentiate them from the more deformed 
series of arkoses, shales, and conglomerate on Treasure mountain. These 
sediments, too, are continuous with the Lower Cretaceous rocks from 
Coquihalla area, where they were considered to be older than and intruded 
by the Eagle granodiorite. By reason, however, of ahsence of fossils 
and sufficient structural data, no attempt has been made to map them 
separately. All are included with the Cretaceous rocks of this section. 

Some of the more important properties of Summit Camp are located 
. in these Cretaceous rocks on the western slopes of Treasure mountain. 

EAGLE GRANODIORITE A}.lD DIORITE 

A large part of the section is occupied by an intru ive referred to as 
the Eagle granodiorite. This intrusive extends in a general northerly 
direction across both Tulameen and Coquihalla map-areas. How much 
farther it extends to the north and south is uncertain, but in the latter 
direction it is, probably, continuous with granodiorite exposed at Hope 
Summit on the Hope to Princeton trail (section C of this report). Its 
occurrence as a. lon~ and comparatively narrow belt suggests the form of 
a huge sill rather than a batholith in the generally accepted sense of this 
term. It is, ho\vever, referred to as a batholithic rock by reason of its 
size and texture rather than its particular shape or mode of origin. 

The Eagle granodiorite has been fully described in an earlier report 
and also referred to more particularly in the preceding discussion of the 
geology of section A. Briefly, it is a moderately coarse-grained intrusive 
varying in colour from dark grey to slightly pinkish and possessing the 
average mineral and chemical composition of a granodiorite. :iYiore basic 
as well as more acid variations do, however, occur. In the present section 
and on the Coquiballa side of the divide part of the Eagle diorite formation 
of Coquiballa map-area is included with the Eagle granodiorite. These 
two batholithic intrusives are regarded as of almost the same age, although 
the diorite may have been intruded slightly in advance of the larger bulk 
-of granodiorite. The pof\sibility, however, of the more basic formation 
being a differentiate in place, developed near the base of the huge s)ll-like 
body of the granodiorite, has also be<'n suggested in section A of this 
report. Both Eagle diorite and granodiorite frequently exhibit a strong 
foliation in the general direction of the ~r longer a .. xes, and, both jn the outcrop 
and under the microscope, show evidence of very considerable deformation. 

Near the contact of the Eagle granodiorite with older rocks ore deposits 
have been discovered. These are valuable chiefly for their copper content. 
They include the properties at Independence and Laws camps and on 
Britton mountain, a.ll of which are described in Camsell's report on TuJa­
meen map-area. 
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QUART?: DIORITE 

Two areas of quartz diorite occur in section B. The larger area near 
the head of Dewdney creek, and the greater part of the smaller area, are 
included in Coquihalla map-area. This quartz diorite is so similar litho­
logically and structurally to the quartz diorite exposed in Skagit valley 
north of Sumallo river and west of Canon creek, that it has been correlated 
with that intrusive and is referred to again in discussing the geology of 
section C. In Coquihalla area, the position and composition of the quartz 
diorite bodies with reference to larger batholithic intrusive bodies suggest 
them to be satellitic stocks. They are dominantly light-coloured rocks 
containing quartz, plagioclase, hornblende, and biotite as their essential 
constituents. Some orthoclase is usually present. Hornblende commonly 
forms comparatively large rectangular crystals, which stand out conspicu­
ously in a finer-grained holocrystalline groundmass. 

These rocks intrude members of the Dewdney series as well as Lower 
Cretaceous sediments. They are, consequently, either late or post Lower 
Cretaceous in age, but, from their interpretation as satellitic stocks to 
Cretaceous batholithic roclcs, have been regarded as pre-Tertiary. This 
quartz diorite is considered to be related to the ore deposits at Summit 
Camp and will be referred to later in this connexion. 

PORPHYRITIC INTRUSIVES 

Within a mile or so of the Eagle granodiorite contact the sediments 
included with the Cretaceous rocks are intersected by porphyry dykes 
which become both larger and more abundant in approaching the grano­
diorite, and lend some support to the view that they represent a late phase 
in the intrusion of this granodiorite. They are commonly distinctly 
porphyritic and, due to the development of large feldspar phenocrysts in a 
comparatively fine-grained groundmass, are, in a general way, referred to 
as "bird's-eye porphyries". Less frequently t he porphyritic texture is 
obscured by a more bolocrystalline development of the constituent minerals. 
With few exceptions quartz is not an important con::;tituent. Feldspar, 
and in particular plagioclase, of acid or intermediate composition, is the 
most r,.bunclant mineral. Hornblende is the more common mafic con­
stituent. Pyroxene is less characteristic of these rocks. Biotite may or 
may not be present in macroscopic flakes. 

These rocks are very similar to those porphyritic intrusives which 
occur in section A, and may be provisionally correlated with them. In 
both areas they have a similar mineral composition and as far as their 
relations with other formations were observed, are apparently of about the 
same age, although this age cannot be precisely fixed. They are, however, 
probably pre-Miocene and, perhl'.ps, post-Cretaceous. 

COQUHALLA SERIES 

The members of this series are discussed in som(' detail in the forth­
coming report on Coquihalla map-area and will only be briefly referred to 
here. They are chiefly basalt and rhyolite flows with later tuffs and 
breccias, the whole intersected by a few basalt dykes. Th<" core of Coqui­
haJla peak is composed of pyroxene gabbro, and marks the site of a volcanic 
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crater that supplied much of the matPrial for the series. This core rock is 
probably of the same age as the basaltic dykes cutting the other members 
of the series, and it is possible that much basaltic material was extruded in 
the late stages of accumulation of this series only to be removed by sub­
sequent erosion. 

The series is gently folded and overlies eroded surfaces of the Eagle 
granodiorite and diorite formation. Fragments of the gTanodiorite are 
common in the tuffaceous members of the series. 

No sediments were observed intercalated with the volcanic members 
of this series nor were any indications of deposition under water discovered. 

The age of the Coquihalla series has been referred, tentatively, to the 
Miocene. 

GLACIAL AND RECENT DEPOSITS 

With the exception of the higher peaks, the entire upland surface of 
section B bas been scored by a regional ice cap which moved over the area 
in a southwesterly direction. The records of this movement are preserved 
in strire, roches moutonnees, and the position of erratics and other glacial 
debris. A thin mantle of unassorted glacial materials lies over a large part 
of the section up to an elevation of about 6,500 feet, the approximate upper 
limit of regional glaciation for this section. 

In the period of mountain and valley glaciation succeeding the retreat 
of the ice cap much material was eroded from the valleys and deposited in 
the lower stream courses. The reworking of these deposits by the streams 
resulted in the formation of terrace deposits, remnants of which still fringe 
the valleys above the present stream beds. Such deposits occur along the 
Kettle Valley railway on either side of Coquihalla station, but are absent 
from the greater part of section B because of the steeper stream gradients 
and the narrow and somewhat precipitous character of the valleys which 
did not favour either the accumulation or preservation of such terrace 
deposits. For a similar reason there has been but little accumulation of 
stream gravels in this section and, partly at least, on this account, no 
placer deposits of economic importance have been worked within the limits 
of section B. 

Economic Geology 

With the exception of the Independence copper mine and the silver­
lead deposits at Summit Camp no ore deposits of economic importance 
have been discovered in section B. The copper deposits at Independence 
camp have been fully described in reports on both the Tulameen and 
Coquihalla areas and require no further discussion at present. 

SUMMIT MINING CAMP 

Summit Camp lies chiefly on the eastern slope of the divide between 
the headwaters of Amberty and Sutter creeks, t ributaries of Tulameen 
river, and of Dewdney creek, which flows wrstward into the Coquihalla. 
A few claims have been staked and some mineral deposits discovered on 
the summit of the divide. Still oth~rs occur on the Dewclney Creek slope, 
but are not included in Summit Camp. 



Coguihalla P 

Miocene(?) 

(?) 

Cret;aceous 
(in par{; or entire) 

Triassic 
(may be 

in part :Jurassic) 

Legend 

{IEJ 
@3 

HiN! 4 

_§5 

~~ 6 

{• 9f 

Coquihal/a series 
r':yolite, basalt, tuFFs, breccias 

Porphyritic intrusives, 
chier!J' syenite and diorite 

ChieFly quartz-diorite 

Granite porphyry 

Eagle J[ranodiorite 
and diorite 

Conelornerate, arkose, shale, 
furfS, and br eccies 

Dewdn~ series 
chieFly_ 'tuFFaceous 

' rossiffFerous rocks 

Tularneen series 
greenstone , quartzite, 
slate, limestone 

t--------1 Geological bounda;y 

I ---:soo I Dip and strike 

t-------~ Trail-

Scale oF M iles 
~~~~--~----~2L_ ________ ~4~--------~6~---------8~----------'0 

FIGURE 10. - Geology of Hope mountains between Coquihalla (Kettle Valley railway) and Tulameen mountain (Area B). 

58617-To fa ce p. 100. 



101 A 

The camp is traversed by a number of trails, the chief of which leads 
up Tulameen valley from Tulameen village. This trail follows around the 
southern shoulder of Treasure mountain and up the divine between Sutter 
and Amberty creeks to the head of Dewdney creek distant 25 miles from 
Tulameen. Thence it follows down the valley of Dewdney creek for about 
11 miles to Coquihalla river. From there the distance to Hope by the 
Kettle Valley railway is approximately 15 miles. It is most desirable that 
the trail down Dewdney creek, which is at present impassable for pack 
horses, be cleared for transportation, as it would not only be a much 
shorter route to the railway but would encourage further prospecting on 
the Coquihalla side of the divide where similar geological conditions and 
mineral deposits occur. The height of the divide at the head of the 
Dewdney Creek trail is approximately 5,800 feet. In the first mile the 
trail descends nearly 1,500 feet and in the next 2 miles about 1,300 feet. 
From this point to the mouth of Dewdney creek, a distance of 8 miles, the 
grade is uniform and averages 225 feet to the mile. This section of the 
trail is still in fair condition. 

His tory and Previous Geological Work 

Summit Camp was discovered in 1895 by Fred Sutter, and in the 
following year he and John Amberty staked the Vigo, Lulu, Sutter, and 
Skyline claims for people of Terre Haute, Indiana1• Although considerable 
excitement was caused by their discoveries, resulting in the staking of the 
entire camp, no work of consequence was done until 1910. In this year 
a partnership of Spokane people began work on the Silver Chief group of 
claims, located by Andy Jensen, and in the succeeding years development 
work was done on a number of groups of which the Silver Chief, Indiana, 
Stevenson, Queen Bess, and Morning Star are the more important. 

The camp was visited by Camsell in 19102, and in 1913 Galloway 
made a more detailed examination of the ore deposits3• During his work 
in the adjoining Coquihalla area the present writer had an opportunity 
to pay the camp a brief visit in 1920 and in the summer of 1922 he made 
a more detailed investigation. The present report is based chiefly on these 
examinations and earlier reports, together with the results acquired from 
a study of the geolog-y in this and adjoining territory. 

The geology of the camp has already been included in a general way 
with that of section B. A study of Figure 10 will show that the properties 
at Summit Camp occur in two geological formations. The older of these 
is the Dewdney series. These rocks are commonly thinly bedded, but 
include an abundance of more massive strata. Exposures are numerous, 
and measurements of the beds for attitude were taken at a number of 
points. They strike from 10 to 40 degTees west of north and dip at high 
angles to the southwest. They are intersected by many dark, coarse­
grained hornblende lamprophyre sills and by dykes of more siliceous and 
feldspathic composition. The younger formation is composed of a series 
of sediments ranging from coarse conglomerates to calcareous shales. The 
basal bed is the coarse conglomerate already referred to in discussing the 

!Jensen, A .. Personnl communication. 
2Geol. Surv., Can., Sum. Rcpt., 1910, pp. 118-119. 
'Galloway, J. D., Rept. of iVIinisler of Mines, B.C., 1913, pp. 226-232. 
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general geology of section B. It dips to the northeast at a high angle and 
appears, consequently, to ma.rk a faulted or unconformable relation with 
the underlying Dewdney rocks whose adjoining member is a dark green, · 
massive andesite. Above the conglomerate are finer-grained sediments 
composed principally of massive arkose but including some thinly-bedded 
shaly rocks. No fossils were found in these rocks, but they are continuous 
to the northeast into the Coquihalla area where their age was referred to 
the Lower Cretaceous. These rocks are intersected by a _number of por­
phyry dykes, but none of the hornblende lamprophyre sills so common 
in the Dewdncy series was observed cutting them. 

Ore Deposits 

The ore-bodies at Summit Camp are fissure-vein deposits of the silver­
lead type and are fairly high grade. The lines of fissuring run from north­
east and southwest to east and west and, in some instances, are persistent 
over hundreds and possibly thousands of feet. An apparent continuity 
in certain cases for a mile or more has not been proved by continuous 
expoi'ures and it.s semblance may be due to alignment of a series of shortC'r 
fissures. The fissure veins themselves rarely exceed a few inches in width, 
but replacement of the wall-rock by m]neralizing solutions ha.s, under 
favourable conditions, extended for several feet on either side. The zone 
of 1·eplacement is, however not often of economic value for more than a 
few inches on either side of the fissure walls. In certain cases the fissures 
follow the walls of intrusive dykes and the fracturing, in the case of the 
younger feldspar porphyry dykes, may have accompanied or even preceded 
their intrusion. The hornblende-lamprophyre sills of the Dewdney series, 
however, are involved with the rocks they intrude in this fracturing, and 
are consequently regarded as older than the ore deposits, and not connected 
with them in origin. 

The principal ore minerals include galena, sphalerite, chalcopyrite, 
pyrrhotite, and pyrite. Magnetite, arsenopyrite, and tetrahedrite are 
less frequently observed. The principal gangue mineral is quartz, but 
calcite, ankerite, and zeolites have been observed. Galena and sphalerite 
are the prominent minerals in the ore-bearing fissure veins themselves. 
Pyrite is more common in the zone of replacement on either side of the fissure. 

The more important mining properties examined by the writer at 
Summit Camp are located on the following claims: Blue Bell, Blue Bell 
Frac.tion, Sutter, Queen Bess, Summit, Ylorning Star, Silver Chief, Why-not 
Fraction, Eureka. 

Bl11e Bell Czm:m 

The showings on this claim lie in well-bedded rocks of the Dewdney 
series striking north 45 degrees west and dipping 65 degrees southwest. 
The ore occurs in a fissured zone that stands almost vertically and strikes 
north 60 degrees east. Along this zone, at an elevation of 5,150 feet, an 
adit haf; been driven for 130 f~et. A couple of hornblende lamprophyre 
sills are cros:;;ed by the ore vein and appear to bear no special relation to the 
orf' minerals. The fissure' vein varies in ·width from a couple of inches to 
nearly a foot.. A series of small faults were observed which appear to 
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antedate the ore mineralization. The principal ore minerals are sphalerite, 
galena, arsenopyrite, and limonite. Quartz and calcite are the chief 
gangue minerals. A polished specimen of the ore, studied under reflected 
light, showed comparatively large areas of sphalerite intersected by veinlets 
of pyrite and chalcopyrite. Minute specks of chalcopyrite are abundantly 
scattered through the zinc blende. 

Blue Bell Fraction 

Two hundred feet below and to the east of the adit on the Blue Bell 
claim two fissure veins come together, although their actual point of inter­
section is not exposed. One of these fissures trends north 60 degrees east 
and dips at a high angle to the southeast. The other strikes north 85 degrees 
west and dips 60 degrees south. The latter shows 4 inches of ore consisting 
chiefly of a mixture of lead and zinc sulphides and pyrrhotite. The other 
fissure is apparently a continuation of the one on the Blue Bell claim 
farther up the hill, and a second adit has been driven 100 feet below the 
portal of the other and for a distance of 100 feet. This adit exposes 
a vein of ore from 6 to 8 inches wide carrying a large proportion of galena. 
An open-cut 30 feet above the portal of this adit has exposed the ore 
over a width of 10 inches and has uncovered a set;ond vein 3-! feet to the 
south showing 3 inches of ore. There has been much slipping and slicken­
siding of the wall-rock in these lower workings, but most of it, at least, ante­
dates the ore deposition. 

Sutter Claim 

Some of the earliest discoveries at Summit Camp were made on this 
chtim. The principal showing has been developed by the old "Indiana 
tunnel" whose portal stands at an elevation of about 5,100 feet . It has 
a total length, including its two underground branches, of 300 feet. The ore 
vein is approximately in line with that on the Blue Bell Fraction and about 
1,500 feet to thP southwest. The country rock is represented principally 
by massive bands of tuffaceous rocks, but includes some more thinly bedded 
strata. These rocks strike north 30 degrees west and have almost vertical 
dips. They are intersected by a couple of small basic sills, one, 2 feet, 
and the other, 5 feet, wide. The ore occurs in narrow stringers in a fractured 
zone running nearly east and west and dipping at high angles to the south. 
The width of the main stringer or fissure vein along which the adit is driven 
is variable, but does not average over 4 inches, and appears to be greater 
near the surface. There are still narrower stringers on either side of the 
main vein, but the intermediate rock is nearly barren of ore minerals, 
the principal of which are galena, sphalerite, pyrrhotite, chalcopyrite, 
and pyrite. A polished specimen of the ore was studied in which these 
minerals were present. In this sprcimen pyrrhotite appeared to be the first 
to have formed and chalcopyrite the last. Sphalerite preceded t he galena, 
and is filled with minute specks and veinlets of the chalcopyrite. A sample 
obtained by J.D. Galloway over a length of 10 feet along the main ore vein 
from the face of the tunnel back assayed gold 0·08 ounce; silver 23·8 
ounces; lead 3 · 6 per cent!. 

1Rept. of Minister of i\Iines, B.C., 1913, p. 228. 
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Queen Bess 

The showings on the Queen Bess claim represent some of the later 
discoveries in this camp and are still in the prospect stage. They occur 
in well-bedded rocks of the Dewdney series, running north 20 degrees west 
and dipping 75 degrees southwest, and consist of a series of small stringers 
nearly parallel and occupying a fracture zone which is from a few inches 
to several feet wide and cuts nearly east and west across the formation. 
Assays across 7 feet of this zone were said by the owner to average 8 per 
cent in lead, and 8 ounces in silver. The solid ore from the narrow stringers 
has an assay value of between $100 and ~150. Considerable replacement 
of the wall-rock on either side of the stringers was observed. The principal 
ore mineral is galena) but arsenopyrite is a notable constituent of the entire 
mineralized zone. The chief gangue minerals are quartz and calcite. 

Summit Claim 

This claim, as its name implies, lies on the divide between Sutter and 
Dewdney creeks. The country rock is represented by massive beds of the 
Dev,rdney series. The main vein is, apparently, closely in line with that 
from the Indiana tunnel on the Sutter claim and has been exposed by a 
couple of open-cuts, in the lowrr of which a hole h~s been sunk about 8 feet 
on the ore vein, which is here from 6 to 8 inches wide. The ore is chiefly 
galena., and assays about 15 ounces in silver. At 75 feet above this showing 
is another open-cut, apparently on the same zone of fracturing, and showing 
a number of very narrow stringers of almost pure galena across a width of 
5 or 6 feet of sparsely mineralized rock. 

Morning Star 

The showings on the Morning Star claim are located near the head of 
the ~iddle fork of Sutter creek, in a massive andesite and tuffaceous 
members of the Dewdney series. At an elevation of 5,200 feet an adit has 
been run to the south for 60 feet, where it intersects an ore vein running 
east and west and dipping at 40 degrees to the south. Along this vein, 
whose width varies up to 3 or 4 inches, a drift has been run west for 80 feet, 
whence a crosscut to the north 27 feet long cuts a mineralized fracture zone 
about 5 feet wide. This zone is exposed at the surface by the portal of the 
main adit and cuts north 60 degrees east across the hillside. The ore occurs 
as small stringers in this fracture zone and is reported to be exceptionally 
high grade. Galena is the most important and abundant mineral. Ass::-1ys 
of the solid sulphide were stated to run as high as 613 ounces in silver. A 
amaH percentage of grey copper) or tetrahedrite, is associated with the lead 
sulphide, and a little chalcopyrite is also present. Gold values up to $2.50 
a ton are reported from this showing. Quartz is the chief gangue mineral. 
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T1·easure J11 ountain Properties 

Silver Chief Claim. The Silver Chief claim lies wholly within the belt 
of Cretaceous sediments which include conglomerates of varying coarseness, 
arkoses, and shfJJes. The finer-grained sediments are in part quite cal­
careous, but no distinct limestone beds were observed. 

At an elevation of 5,150 feet an important showing has been developed 
by the Mary-E tunnel (first known as the Uppr,r Treasure :\1ountain 
tunnel). The main adit, driven in a northerly direction, struck the ore­
body about 60 feet from the portal. The ore follows very nearly the 
hanging-wall of a feldspar porphyry dyke which strikes about J;orth 50 
degrees east and dips 65 degrees southeast. A drift has been run for 152 
feet exposing an ore vein varying in width from 2 to 8 inches exclusive of 
the hanging-wall rock, which from 1 to 4 feet out from the main ore vein is 
impregnated with ore minerals. Much soft, decomposed material has 
form<'d along the walls on either side of the ore vein and ha.s been stained 
by oxidation of the iron sulphides present. A sample of this decomposed 
product assayed by the Mines Branch, Ottawa, gave 0 · 20 ounce silver, 
0 ·10 per cent lead, and 4 · 00 per cent zinc. The principal ore minerals are 
galena and sphalerite. The former is coarsely crystalline, and a sample of 
the pure sulphide assayed gave 242 ·15 ounces in silver. Both sphalerite 
and galena tend to occur in pockets along a line of fissuring, and either 
sulphide may be present almost to the exclusion of the other. 

Whynot Fraction and Silver Chief Claim. About 400 feet below the 
portal of the Mary-E tunnel another adit has been driven for over 700 feet 
north 25 degrees east, and at 630 feet from the portal meets the same dyke 
encountered in the upper tunnel. The dyke here strikes north 70 degrees 
east and dips 65 degrees southeast. It has a width of 24 feet. Ore on both 
walls of this dyke has been followed by drifts aggregating 300 feet in length 
and by a raise of 50 feet on the south side of the dyke. On this side a drift 
200 feet long was carried to the northeast and at 100 feet from the main 
adit the raise of 50 feet was made. Between the main adit and this raise 
the ore vein averaged 6 to 8 inches in width and showed in some places 
nearly solid galena and in others a large proportion of zinc blende. Beyond 
the raise the ore seems to pinch out. On the north side of the dyke two 
short drifts, each about 50 feet in length, were run in both directions from 
the main adit. Toward the west the ore is close to the hanging-wall of 
the dyke, but to the east the main ore fissure lies nearly 3 feet from this 
dyke. 

Eureka Claim. A few feet below the main trail and at an elevation of 
about 4,600 feet an adit has been driven to the northwest for 50 feet, where 
it encou;1tered a couple of small fissure veins running nearly north and 
south. These were followed for 230 feet. The ore veins rarely exceed 3 
inches in width, but the wall-rock is slightly mineralized for a thickness of 
2 to 6 feet. The fissure veins are, in pl<Lces, compo::;ed of nearly solid galena 
associated with a quartz and yellowish ankerite gangue. under reflected 
light and at high magnification the galena fro;n t his property showed when 
etched with hydrogen peroxide, innumerable minute specks of a white 
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mineral that is presumably argentite.1 Some tetrahedrite was also observed 
in this specimen. The zinc blende was characteristically filled with fine 
threads and specks of chalcopyrite. The chalcopyrite also appears to be, 
for the greater part, later than the galena. A number of perfect quartz 
crystals through the sphalerite suggests that this gangue mineral was, at 
least in part, formed before the zinc sulphide was precipitated. 

About 100 feet above this adit, and on the upper side of the trail, the 
outcrops of Cretaceous sediments, cbicfl.y conglomerate at this point, are 
much decomposed and iron-stained and so leached as to resemble an iron 
cap beneath which some concentration of mineral sulphides may occur. 
This minC'.raliza.tion occurs within a few feet of the base of the Cretaceous 
series; and a porphyry dyke, probably a continuation of the one from the 
Silver Chief claim, cuts across both these rocks and the adjacent members 
of the Dewclney series. 

General Remarks 

The ore deposits at Summit Camp occur at a number of widely separate 
points and under a variety of geological associations. There is, however, 
a rather remarkable uniformity in the character of the ore-bodies at the 
different showip.gs, a uniformity embracing not only their physical but also 
th~ir mineralogical characteristics. At each porperty the ore occurs in 
veins rarely over a few inch~s wide but which may fall within a wider and 
more sparsely mineralized zone containing other such veins. The entire 
zone of mineralization constitutes the potential ore-body. It may have a 
width of several feet, and the whole of it, in at least certain cases, consti­
tutes concentrating ore. On examination, it is found that the mineralized 
veins are following either lines of fracture or of movement and that, depend­
ing upon the character of the rock traversed, there is some replacement of 
the wall-rock by mineralizing solutions. The most abundant ore minerals 
are galena and sphalerite. They commonly occur in nearly equal propor­
tions, but either may be presrnt almost to the exclusion of the other. The 
galena is commonly coarsely crystalline and af::says of the pure sulphide 
run between 150 and 600 ounces in silver. Polished specimens of the 
galena show that the silver values occur as argentite minutely dissrminated 
through the lead sulphide. No argentite or other silver mineral was 
observed in the sphalerite. This zinc sulphide is dark, lustrous, and either 
coarsely crystalline or massive and, underground, is sometimes difficult to 
distinguish from the lead sulphide. Following these minerals, pyrite is 
probably the most abundant metallic constituent and with it may be 
associated the small gold values) usually under a dollar to the ton. 

The ore veins extend indifferently across the strike of both Lower 
Cretaceous and the Dewdney series. They also follow lines of fracturing 
or faulting involving the basic hornblende lamprophyre sills that intersect 
the Dewdney rocks, and consequently belong to a later period than these 
intrusives· -a deduction ·which supports the view that these sills are pre­
Lower Cretaceous, for they have nowhere been observed to interf!P-Ct those 

1Ba.stin, E. S., Econ. GcoL, vol. XI, No.7, 1916, p. 691. 
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sediments assigned to this period. The ore-bearing fissures, however, do 
not appear to cross the feldspar-porphyry dykes which include the Lower 
Cretaceous rocks, but may, as in the case of the ore showings on the Silver 
Chief claim, follow either wall of these dykes. The dykes appear, in certain 
cases at least, either to follow lines of weakness in the sediments they 
intrude or to be themselves the immediate cause of the fracturing of the 
rocks in their vicinity. The ore is regarded as being derived either from 
the great body of Eagle granodiorite to the east of Treasure mountain or 
from the smaller bodies of quartz diorite occurring near the main divide at 
the head of Amberty apd Sutter creeks and also near the headwaters of 
Dewdney creek on the western slope of the divide. The greater abundance 
of ore veins in the direction of this divide, rather than towards the east, 
favours this quartz diorite as being the principal source of the ore, a theory 
strengthened by observation of the very noticeable pyritic mineralization 
of the older formations almost everywhere in the vicinity of this intrusive. 

The order of deposition of the ore and gangue minerals is to some 
extent variable. The gangue is commonly composed of quartz and calcite, 
but ankerite and stilbite have been observed. These gangue minerals 
tend to form along the walls of the fissures, leaving the more central portion 
to be filled, subsequently, chiefly by the ore minerals, of which the most 
important are galena and sphalerite. Chalcopyrite is sometimes a conspicu­
ous vein mineral and appears to have been the last sulphide precipitated. 
Pyrrhotite and pyrite, also, are locally abundant, and not only occur 
within the fissure deposits but commonly impregnate the wall-rock on 
either side or may be found disseminated through the rock formation 
far from any fissure deposit. Both of these iron sulphides precede the 
galena and chalcopyrite, but in one instance at least the zinc blende was 
observed to be intersected by veinlets of pyrite. Arsenopyrite is noticeably 
abundant in certain of the properties, and appears to precede the lead and 
copper sulphides. Its order with respect to the iron sulphides is less 
certain. There is, probably, however, much overlapping of all the ore 
minerals, but the order in which they each begin to precipitate seems to be 
pyrrhotite, pyrite, sphalerite, arsenopyrite, tetrahedrite, galena, chal­
copyrite. 

The association of ore and gangue minerals at Summit Camp, and the 
character of the ore deposits suggest that the solutions from which these 
minerals were precipitated were of intermediate or in the case of some of 
the properties possibly of high temperature and that, consequently, the 
source of these solutions was at no great distance from the ore-bodies. 
It has been shown that the quartz diorite intrusive bodies near the main 
divide afford the most likely source for the mineralizing solutions and, 
in this connexion, it is of interest to note that near these intrusives, and 
within the zone of contact metamorphism, the older formation is heavily 
impregnated with pyrite and, to a less extent, pyrrhotite and magnetite, 
but does not include the other ore minerals so common in the fissure veins 
at a greater distance from the intrusives. 



108 A 

SECTION C: DEWDNEY TRAIL BETWEEN BEAVER LAKE AND 
NINEl\1ILE CREEK 

Section C connects the Similkameen and Coquiballa map-areas and 
includes part of the Skagit Valley map-area. It follows the pack trail 
leading from Princeton to Hope, a distance of about 65 miles, and coincides 
nearly with the old Dewdney trail built in 1860, by a party of Royal 
Engineers, between Hope and Osoyoos lake. Parts of the old road-bed 
constructed for 25 miles from Hope, or to Canon Creek crossing, still 
remain, but over other sections rock slides have narrowed it to the width 
of a trail. This route from Lower Fraser valley into the interior of the 
province has received recent careful consideration as affording a possible 
solution for the site of a transprovincial highway. The abrupt descent 
from Hope Summit down Skaist valley (Plate II A) would, however, 
render construction over this section difficult and costly, and the elevation 
of the pass, about 5,850 feet, is such that the abundant snowfall of the 
late autumn and winter months would, probably, close the road during 
part of each year. A more practicable route leaves the Dewdney trail 
at Cedar fiats a short distance above the mouth of Cedar creek and about 
30 miles from Hope. This route follows up Cedar Creek valley and over 
Allison pass at an elevation of about 4,400 feet into Similkameen valley 
and thence northward to connect with the Dewdney trail near the mouth 
of Ninemile creek. 

Little geological work bas previously been done on this section. 
In 1877 Dawson followed the route over Hope Summit in his reconnaissance 
of a large section of southwestArn British Columbia. 1 Camsell2 made a 
few observations on the mining properties in Whipsaw Creek district. 
'rhe Skagit Valley sheet includes a section of the trail on either side of the 
mouth of Sumallo river. Near the junction of this stream with Skagit 
river are a number of mining properties collectively referred to as Twenty­
threemile Camp. 

In addition to the ore deposits of Twentythreemile Camp some 
mineral showings on Vlhipsaw creek were visited by the writer, and, 
from the character and relation of the geological formations over a large 
part of the section, there seems every likelihood that with more careful 
prospecting other discoveries of importance may be made. Some placer 
mining was done a number of years ago on \Vhipsaw and Ninemile creeks, 
but the productive bars have been worked out and no important discoveries 
have since been made. 

'Geol. Surv., Can., Rcpt. of Prog., 1877-78. 
2Geol. Surv., Can., Sum. Rept., lOU, p. 123. 
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General Geology 

The geological formations include representatives of the Carboni­
ferous; of, probably, all periods in the Mesozoic; of the Oligocene and later 
Tertiary time; and of the Quaternary. 

Table of Formations 

Quaternary....... . . Glacial and Recent deposits 
Post-Olioocene.. . . . .. . . . . .... Porphyritic andesites, trachytes, and basalts; tuffs and breccias 
Olioocene....... . . . . .. , . . .. Shales, and sandstones with seams of lignite 
Post Lower Cretaceous .. .. , .... Hornblende diorite and diorite porphyry 

Quartz diorite 
Biotite granodiorite 

Late or Post Lower Cretaceous . . Eagle granodiorite?-foliated in part-may be pre-Cretaceous 
Lower Cretaceous ..... ......... Conglomerate, arkose, shale 
Upper Jurassic (may be Lower Cretaceous) 

Dewdney series; tuffaceous beds; feldspathic sediments; shale and 
slate 

Jurassic.,,..... . . Basic intrusives; diorite, gabbro, pyroxenite 
Triassic.... . . .. . Tulameen series? 

Chlorite and hornblende schists; conglomerate, greywacke, lime­
stone 

Carbonijer(llls ......... . . . .. . .. . Cache Creek (Hozameen) 
Andesite flows and pyroclastic rocks both schistose and massive 

and including later intrusives; chert, argillite, slate, limestone. 

CARBONIFEROUS 

The Carboniferous rocks occur chiefly in the basin of Sumallo river. 
They are continuous into Coquihalla area where they were referred to 
the Pennsylvanian period a.nd correlated both with the Cache Creek rocks 
of Thompson valley and with the Hozameen series at the International 
Boundary. They are composed of volcanic and sedimentary rocks. The 
volcanic members are chiefly dark green andesitic rocks referred to in a 
general way as greenstones. They consist dominantly of flow types, 
but include some pyroclastic beds. In part these rocks are massive and 
of these some, probably, represent later intrusions. A large proportion, 
however, of these greenstones exhibit some degree of schistosity and, in 
part, have a very slaty structure. The more deformed members show 
much alteration to chlorite and, in some cases, to sericite. The sediments 
include chert, slate, and limestone. The limestone occurs in small pro­
portion compared with either the chert or slate, but is of economic import­
ance in that the ore deposits of the section are commonly associated with it. 
The siliceous material composing the chert was, probably, derived from a 
magmatic source associated with the volcanic extrusions, but the slates 
are composed of normal sedimentary detritus. 

Near igneous intrusions these older rocks are all metamorphosed in 
varying degrees. The limestone suffers the most complete change, and its 
identity may be completely obscured in the process. The cherty and 
slaty rocks may also be greatly altered in composition and appearance. 
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Near the junction of Sumallo and Skagit rivers, and alongside the Dewdney 
trail, outcrops of a peculiar mottled rock may be seen. This rock was 
originally a chert interbedded with thin layers of slate or argillite. It 
bas been irregularly bleached by the nearby intrusion of quartz diorite, 
and recrystallized to form a much coarser-grained rock than that from 
which it was derived. 

These Carboniferous (Cache Creek) rocks have a general trend of 
north 30 to 40 degrees west; and, north of Sumallo river, dip at an average 
angle of 50 to 60 degrees to the southwest. South of the river several 
dips in the reverse direction were observed. The structure, however, 
includes probably more than one major fold and is complicated by faulting, 
thrusting, and overturning to the northeast. 

The ore deposits of Twentythreemile Camp occur in these rocks 
and will be referred to more fully in discussing the economic geology of 
this section. 

TRIASSIC 

Tulameen Series 

Exposures of rocks correlated provisionally with the Tulameen series 
occur in the belt, averaging 2 miles in width, ·which crosses \Vhipsaw creek 
between 31 and 6~ miles below Hope Summit. The section of sedimentary 
rocks exposed on the ridge to the cast of Whipsaw creek has also been 
included in this series. Remnants or inclusions, pre~umably of 1 he same 
rocks, were observed at other points in 'Vhipsaw valley. Many are too 
small to map, and others, replaced largely by batholithic material, are 
mapped with these intrusives. The series is composed in part of green­
stone schists representing greatly altered flow and fragmental volcanic rocks 
of general andesitic composition, and in part of sedimentary rocks including 
fine conglomerate, greywacke, argillites, and occasional beds of limestone. 
The occurrence of the limestone strata between volcanic flows and pyro­
clastic beds suggests deposition of the whole series beneath the surface 
of the sea. 

The volcanic members of the series are most abundantly represented 
in the belt previously referred to. They vary in character according to 
their original constitution and their subsequent metamorphosis. The 
principal varieties include mica and hornblende schists. The latter are 
abundantly exposed in the zone of contact metamorphism of the bath­
olithic intrusives and, in certain cases, represent products of complete, or 
nearly complete, recrystallization. Both varieties of schist may be 
chloritized or sericitized, depending upon their original mineral composition. 
Calcite is frequently an important secondary mineral. The fragmental 
beds as a rule are difficult to separate in the field from the flow types, and 
even under the microscope alteration has sometimes proceeded so far as 
to render doubtful the original character of the rock. In general these 
volcanics are of intermediate or andesitic composition. Hornblende is 
the predominating mafic mineral, but pyroxene may also be present. 
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The sedimentary members of the series occur most prominently on 
the ridge east of Whipsaw creek above the junction of Ninemile creek. 
Here a number of exposures were observed over a distance of about 2 
miles. These outcrops, however, threw but little light on the structure 
of these beds. Some fine conglomerate was observed in the more southerly 
outcrops, but the bulk of the rocks are fine-grained greywackes and slates 
containing a considerable proportion of calcite. No hmestone beds were 
noted. These rocks are probably of the same age as other smaller remnants 
still remaining in the main valley of Whipsaw creek. Of these an import­
ant exposure crosses Whipsaw creek about 7 miles above the mouth of 
Ninemile creek. It is surrounded by intrusive diorite and has been 
metamorphosed to a dark grey, massive hornfels. On close examination 
it shows banding, but the attitude is very irregular. These are probably 
the rocks in which Dawson1 found a few poorly preserved fossils doubtfully 
identified with the Triassic pelecypod M onotis subcircularis. 

A few limestone beds were observed associated with greenstone schists 
farther up Whipsaw creek. Near their contact with the belt of grano­
diorite these beds have been greatly metamorphosed and, in certain local­
ities, mineralized by a variety of metallic sulphides carrying values in 
copper, silver, and gold. 

The general trend of these Triassic rocks, about 20 io 30 degrees 
west of north, together with their association with basic intrusives on 
the one side and a large body of granodiorite on the other, tends to correlate 
them with the Tulameen series of Tulameen area, where similar relations 
were observed. The Tulameen series has been placed tentatively in the 
Triassic2 , and the Trial:isic fossil M onotis subcircularis has been discovered 
in the rocks of Whipsaw valley. In addition there is a very great lithical 
resemblance between the members in Tulameen area and those in the present 
section. 

L"PPER JURASSIC? 

Dewdney S eries 

To the northeast the Cache Creek rocks are in unconformable contact 
with a series of younger sediments referred tentatively to the Upper 
Jurassic, but possibly Lower Cretaceous. These have been correlated 
on lithical and faunal grounds with the Dewdney series from Coquihalla 
area, and may also include some representatives of the Ladner series in that 
area. To the south they are continuous with members of the Pasayten 
series3 at the International Boundary. With the Pasayten series would 
also be included the Lower Cretaceous rocks from the present section . 
The latter, however, seem to tbe writer to be distinct from the members of 
the Dewclney series, not only lithically but also in age. The distinction 
is not as evident in this section as in Coquihalla area where the division 
was first made and it is quite possible that the series mapped as Dewdney 
or Upper Jurassic in section C may include members which more detailed 
study would correlate with the Lower Cretaceous rocks. 

1Geol. Surv., Can., Rept. of Prog., 1877-78 , p. 66 B. 
•Camsell, C. , Gco l. Surv., Can., Mem. 26, p. 42. 
' Daly, R. A., Geol. Surv .. Can., Mem. 38, p. 479. 

58617-8 
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The rocks included with the Dewdney series in section C form a belt 
about 5 miles wide extending across Skagit and Skaist rivers in a general 
north 15 degrees west direction above the mouth of Canon creek. This 
trend corresponds closely with the average strike of the series. The 
structure is, apparently, synclinal, complicated by minor folding and by 
much faulting. A large part of the series is thinly bedded in shades of brown 
and black and some distinctly slaty strata are included. Massive beds 
are also abundant and from these in particular and at a number of localities 
poorly preserved fossils were discovered. The most important collection 
was made from the southern shoulder of Hopeless mountain (Plate II B), 
overlooking the valley of Canon creek. The fossils were regarded as belong­
ing to the same fauna as that obtained from the Dewdney series of Coqui­
halla area. The similarity in lithology and structure of the rocks from 
these two fossiliferous localities makes their correlat ion even more certain. 

In a general way the members of the Dewdney series in section C 
are notable under the microscope for their tuffaceous appearance, a charac­
teristic obtaining even in those members which in the outcrop and hand 
specimen strongly resemble normal sediments. The coarser rocks are 
all highly feldspathic. Their constituents under the microscope include 
plagioclase of intermediate composition, a minor proportion of quartz 
grains, and abundant fra@:ments of lava, the whole in an almost isotropic 
ashy groundmass. The proportion of crystal to lithic fragments varies 
greatly and the groundmass usually constitutes a large proportion of the 
slide, differi;tg in this respect from the felclspathic greyws~ckes and arkoses 
of the Lower Cretaceous. Occasional sills of hornblende lamprophyre 
were observed in this section. They have been referred to iil discussing the 
geology of the Dewdney series in section B and, as noted there, do not 
appear to cut the Lower Cretaceous rocks . Exposures uf slate occur at 
Skagit bluffs between 2 ancl 3 miles above the mouth of Canon creek, 
and also on the divide west of Skaist river, a short distance above the 
junction of th:1t stream with Cedar creek. These slates are much softer 
and more argillaceous than the bulk of l!ner-grained members of the se;·ies. 
They ;:re sparingly fossiliferous. 

LOWE R CRETA CEOUS 

Rocks rderable to the Lower Cretaceous form a belt between 4 and 
5 miles wide crossing Skaist river in a direction a few degrees west of north 
about 3 miles above the mouth of Cedar creek. 

These rocks comprise conglomerates, ~ukases, and shales, but no 
distinct limestone beds were observed in the series. The conglomerates vary 
in coarseness and in scme the constituent cobbles average ns much ~•s 3 
or 4 inches in diameter. These are well rounded and include a variety 
of rock types among which representatives of granitic and dense cherty 
rocks are most conspicuous. The coarsest and thickest conglomerate 
belt observed in this series is exposed in rock-cuttings along the trail down 
Skaist river beginning about half a mile below that point where the trail 
first crosses the river below Hope Summit. This conglomerate has an 
estimated thickness of about 700 feet . It strikes north 60 degrees west 
across the valley and dips to the southwest at 45 degrees. On the line of 
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its strike it is carried up onto the hills on either side of Skaist river. 
Towards the west the belt rapidly diminishes in width and coarseness, 
but on the east side of the valley it extends more uniformly, as far, appar­
ently, as the granodiorite contact. Other narrower bands of conglom­
erate were observed in the series and fine conglomerate beds occur near 
the contact of these rocks with the Dewdney series. 

The bulk of the serie" is composed of coarse to fine-grained grey 
arkoses often so massive and crystalline as at first glance to be mistaken 
easily for plutonic rocks. Very similar types occur in Coquihalla 
area and are mentioned in section B of the present report. They are 
composed largely of the detritus of acid plutonic rocks. The constituent 
grains are very angular. Feldspar is prominent and is noticeably fresh. 
Quartz is the most abundant mineral and in this respect these rocks differ 
from the Dewdney series where feldspar and lithic fragments predominate. 

The finer-grained types include dark slaty and shaly rocks, which, 
however, constitute a much smaller proportion of the series than the coarser 
sediments. 

These Cretaceous rocks are in contact to the southwest with members 
of the Dewdney series and to the northeast with a belt of granodiorite 
that occupies a wide stretch of the trail on either side of Hope Summit. 
They are, in addition intersected by an abundance of porphyry dykes 
and by one large body of diorite porphyry. The general structure of 
the series is, apparently, monoclinal with an average dip of about 50 
degrees to the southwest, and in this direction it might appear as if these 
rocks dipped under the Dewdney series. Their attitudes, however, where 
observed near their contacts, did not coincide, and the change in the 
chamcter of the rocks from the massive conglomerates and arkoses of the 
Cretaceous to the tuffaceous members of the Dewdney is abrupt. More­
over, in other areas farther to the northwest, the Lewdney series has been 
shovm to underlie the Cretaceous rocks. It is probable, therefore, that 
the relation betvveen the two series is here a faulted 0110. 

INTRUSIVE ROCKS 

Intrusive rocks occupy a large proportion of section C. They range 
in age from Jurassic or Jura-Cret<:Lceous to Tertiary and in composition 
from pyroxenite to granite. 

Jurass1:c? 
Pyroxenite Diorite Complex. The intrusives included in this group 

are the oldest in the section. They are exposed at a number of points along 
and on either side of Whipsaw Creek trail. Pyroxenite is best exposed 
on the hills on both sides of Whipsaw creek within a mile or so of the large 
belt of Triassic (Tulameen) rocks. Farther down the valley the intrusives 
are less basic in appearance and are more nearly allied in composition to 
diorite. Occasional small outcrops of these intrusives occur higher up 
Whipsaw valley within the area mapped as Triassic, but are too small to 
map. 
58617-8 ~ 
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The rocks included in this group have a sheared and in part, a distinctly 
gneissic appearance. The most abundant typr is a dark green hornblende 
diorite merging in its more basic phases to gabbro. The exposures farthest 
up Whipsaw creek include a considerable proportion of almost pure pyrox­
enite which appears, without reasonable doubt, to form a part of the same 
complex as the diorite. There is a great resemblance betlveen this pyrox­
enite and that observed in Tulameen area, and although the former was not 
studied microscopically its general appearance and associations and its 
occurrence almost in line with the basic rocks from Tulameen area have 
suggested its correlation with these more northerly exposures. 

The age of the pyroxenite in Tulameen area has been regarded as 
Jurassic. That in Whipsaw valley cuts sediments containing fossils of 
presumably Triassic age and is, in turn, intersected by a belt of granodiorite 
whose age has been referred to the Cretaceous, following a tentative correla­
tion with the Eagle granodiorite of Coquihalla area. This pyroxenite, 
and consequently the basic complex as a whole, is, therefore, placed in the 
Jurassic, but it may be of late Cretaceous age. 

Eagle Granodiorite 

· Extending across the trail on either sidp, of Hope Summit for a total 
width of over 5 miles is a crystalline complex with the average composition 
of granodiorite but including more acid as well as more basic phases. This 
intrusive is, in part, distinctly foliated. Banding is particularly pronounced 
near the more easterly contact with Triassic greenstone schists and seems 
to be due, in some degree, to replacement of these schists by batholithic 
material which still preserves the laminated structure of the older rock. 
The general trend of foliation corrf'sponcls closely vvith that of the schist­
osity in the adjacent greenstones, being north 30 to 50 degrees west, with 
dips of 35 to 90 degrees southwest. Over a large part of the central part 
of the granodiorite belt east of Hope Summit this intrusive is more massive, 
although even in thit~ section foliation is sometimes obsf\rved. Between 
Hope Summit and the contact with Cretaceous rocks on Skaist river this 
intrusive is more generally gneissic and the composition in part more nearly 
allied to diorite than granodiorite. 

The essential minerals composing the granodiorite include quartz, 
orthoclase, plagioclase, mica, and hornblende. Glassy quartz is usually 
conspicuous, but in the more basic phases may be very subordinate to 
either plap;ioclase or hornblende. Orthoclase is less abundant than plagio­
clase and is commonly slightly pink in colour. Plagioclase is the predominant 
feldspar and ranges in composition from albite-oligoclase to andesine. 
Biotite is the common mica, but muscovite is more abundant in some sections 
of the belt and the composition of the rock in such instances more nearly 
approaches that of a ?;ranite than a granodiorite. Hornblende is a vadable 
constituent. Apatite, magnetite, and titanite are common accessory 
minerals. Secondary minerals include epidote, chlorite, and sericite. 

The age of this granodiorite cannot be definitely fixed. No actual 
contact with the Lower Cretaceous sediments to the southwest was observed, 
but the general trend of these sediments is at an angle to the line of foliation 
in the granodiorite, and suggests either an intrusive or faulted relation. 
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In view of the probable correlation of this granodiorite with the Eagle 
granodiorite of Tulameen and Coquihalla areas it seems to the writer 
that the relations observed in Skaist valley are indicative of intrusion. 
Subsequent faulting, may, however, also have occurred. 

Biotite Granodiorite 

To the north of Sumallo river and on either side of Eighteenmile creek 
are two areas of intrusive rocks so similar in lithological and structural 
cbaractrristics as to admit of correlation. The more westerly body is 
much the larger and extenclf; into Coquihalla map-area, where it was corre­
lated with the later Cre~ aceous intrusives and referred to as an acid grano­
diorite. The principal constituents are abundant glassy quartz, white 
to pinkish feldspars, and hiotite. The proportion of orthoclase in specimenE 
examined microscopically is considerably less than that of plagioclase. 
The latter is about albite-oligoclase in composition. Some hornblende is 
usually present, but in smaller proportions than biotite. These intrusives 
are moderately coarse and massive. They have, however, bef'n crushed 
and sheared to a certain degree and the constituent minerals show strain 
under the microscope. 

Quartz Diorite 

An intrusive body of the general composition of quartz diorite is exposed 
near the mouth of Rumallo river and extends northerly between this stream 
and Canon creek. It is referred to by CamseJJt and is almost identical 
lithically and structurally with thf' quartz diorite at the head of D ewdney 
creek, described in section B of this report. It is typically a light-coloured 
massive rock of medium grain in which large rectangular crystals of horn­
blende are often conspicuous. Its northerly exposures in section C are 
more basic. Glassy quartz, plagioclase, hornblende, and biotite are the 
more important constituents. Some orthoclase is present. Magnetite, 
titanite, chlorite, and calcite constitute the common acces::;ory and second­
ary minerals. 

With this quartz diorite is included a nother intrusive hody exposed 
on the hills east of thr mouth of Sumallo rivrr and south of Skagit river 
above the mouth of Canon creek. It has been called a "granophyre" by 
CamseiP >vho described it as "a fresh, light-eoloured rock of medium grain 
containing quartz, feldspar, biotite, chlorite, and titanite ;vith much 
secondary calcite". It is regarded by the present writer s,s of probably 
the same age and origin as, and very similar in composition to, the quartz 
diorite body west of Canon creek. 

These intrusives cut both the Carboniferous (Cache Creek) and 
D ewdney series. The quartz diorite in Coquihalla area intersPcts sediments 
regarded as Lower Cretaceous and was assigned tentatively a late or post­
Lower Cretacrous or possibly Tertiary age. The intrusives in section C 
cannot be placed more closely than this. 

1Geol. Surv., Can., Sum. Rept., 1911, p. 110. 
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Hornblende Diorite and Diorite Porphyry 

Intersecting the Cretaceous sediments on either side of Skaist river 
are a number of hornblende and feldspar porphyry dykes which, unless 
closely observed, are easily confused with the sediments themselves. 
These dykes appear to radiate from a locality to the north of Skaist river 
where a large body of diorite intrusive forms the body of some of the larger 
peaks on the divide between Skaist river and Canon creek. These rocks 
vary somewhat in colour and texture, but have the general composition of 
a diorite. Hornblende is usually a conspicuous mineral, occurring in the 
more porphyritic varieties as comparatively large phenocrysts. Plagio­
clase is always abundant. It may form even larger and more numerous 
phenocrysts than the hornblende and usually constitutes the bulk of the 
groundmass. A little quartz is usually present. Both hornblende and 
feldspar show some alteration, the former to chlorite, and the latter to 
sericite and calcite. Calcite is sometimes quite an abundant secondary 
mineral. 

These rocks intersect sediments, presumably of Lower Cretaceous age. 
Their comparatively fresh appearance and massive structure point to a 
later period in geological time than that represented by the granodiorite of 
Hope Summit. No definite intrusive relations, however, were observed 
near the contact of these two formations and no dykes similar to those 
intersecting the Cretaceous sediments were found cutting the granodiorite. 
From such negative evidence it is considered that the diorite and diorite 
porphyry intrusives may be faulted against the granodiorite. Such faulting 
would be on a large scale and referable, therefore, to an orogenic activity in 
late ::viesozoic or early T ertiary time. Consequently, these intrusives are, 
perhaps, of Cretaceous age and are, probably, related to the quartz 
diorite intrusions already described from farther down Skagit valley. 

TERTI ARY ROCKS 

Oligocene 

A very small area of Oligocene sediments occurs at the extreme north­
western end of this section. It is included within the preliminary map and 
report on Similkameen districtl and will only be briefly referred to here. 
In section C these rocks are mainly of thinly-bedded shales containing an 
abundance of plant remains. Fossil insects, also, have been obtained from 
this locality.2 

On palreontological grounds these rocks have been assigned to the 
Oligocene period and correlated with the Coldwater group of the ~icola 
River country. Some coal prospects have been located in these rocks on 
Ninemile creek.3 

'Camsell, C., Geol. Surv., Can., Rept. No. 986, pp. 27-31. 
'D;J.wson, U. }[., Geol. Surv., C:l.n., Rept. o( Prog .. 1877-78, p. 130 B. 
'Camsell, C., "Preliminary Report on n Part of the Similkameen district, B.C.," Pub. No. 086. 

p. 30. 
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Post-Oligocene Volcanic Rocks 

Under this heading is gTouped a series of extrusive rocks which overlie 
the Oligocene sediments. They cover a considerable area within the 
present section and are widely exposed farther to the east and north. 
They include both pyroclastic and flow types, and many of the dykes 
cutting both these volcanic rocks and older formations in this general 
locality belong probably to about the same period of igneous activity. 

These volcanic rocks range from rhyolites to basalts with a preponder­
ance of intermediate or andesitic types. The flow rocks are nearly all 
porphyritic and the majority of them show prominent phenocrysts of more 
than one mineral, usually feldspar and hornblende, in an otherwise dense 
groundmass. The pyroclastic types also show embedded crystals cau~ht 
up in fragments of lava, and suggest that the development of these pheno­
crysts took place prior to the eruption of the volcanic materials. The flow 
rocks are commonly vesicular and the amygdules are partly or completely 
filled with cbalcedonic qua.rtz, calcite, or zeolites. Thin sections of these 
rocks are mostly fresh, and flow structure .is often pronounced. Plagioclase 
commonly shows well-developed zonal structure. 

QUATERNARY 

Evidences of glaciation are everywhere abundant in section C. In 
the more mountainous areas glacial strire pointing southwestward were 
observed up to heights of about 6,500 feet. Mountain glaciation has been 
pronounced, and on the northeastern flanks of Seventeenmile hill a small 
glacier still remains, a tiny remnant of a once great field of ice which swept 
over the entire area in Pleistocene time. The plateau country was entirely 
covered by this ice field and its upland topography has consequently been 
subjected everywhere to ice erosion. Glacial strire were observed at 
certai11 points on Whipsaw creek running approximately parallel to the 
valley. 

Superficial deposits are relatively scarce in the western mountainous 
part of section C and are chiefly confined to the lower stream valleys where 
the more gentle gradients permitted their accumulation. Their almost 
complete absence from the valley of Skagit river was commented upon by 
Dawson1 following his reconnaissance work along the D ewdney trail in 
1877. On the less rugged plateau country drained by Whipsaw creek, 
deposits are more widespread and include both unmodified and modified 
types. The former include patches of boulder clay which are found 
clinging to the more gently sloping valley walls. The modified deposits 
include the numerous remnants of terrace deposits formed in the more 
important valleys by the reassortment under water of glacial debris left, 
principally, durinp; the retreat of the glacier ice. A number of such ter­
races were observed in the valley of Whipsaw creek. Their elevations 
above the mouth of Ninemile creek are given by Dawson2 as 2,956, 3,078, 
3,237, 3,252, and 3,845 feet. The last of these stands 200 feet above the 
present stream bed. 

'Dawsvn, G . M., Geol. Surv. , Can. , Rept. of Prog., 1877-78, p. 43 B . 
2Geol. Surv., Can .. Rept. of Prog., 1877-78 , p. H7 B . 
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Since the deposition of -these terrace deposits they have been deeply 
incised or entirely cut through by the streams. A large part of the original 
terrace deposits bas been carried away and has mingled in the lower reaches 
of the val!C'y with products of more recent stream erosion. 

Both the present stream deposits and older bench gravels have been 
explored for placer deposits, but no claims are at present being worked 
within the limits of the section. 

Economic Geology 

PLACER DEPOSITS 

Reference has already been made to the occurrence of placer deposits 
in the valleys of vVhipsaw and Kinemile creeks. It was pointed out that 
such productive bars as were discovered a number of years ago are worked 
out and that no recent placer work ha.s bePn done in these creeks. The 
occurrence of basic intrusive rocks very similar to, and probably continuous 
with, some of those from Tulameen area suggests that these may have 
contributed any platinum values occurring in these stream deposits, but 
that the more acid intrusives and the patches of either sedimentary or 
volcanic rocks metamorphosed and mineralized by these intrusives con­
stitute a more likely source of placer gold. The basic intrusives were not 
observed to include any of the platiniferous peridotite like that occurring 
in Tulameen area and its absence from sectjon C accounts, probably, for 
the lack of important platinum deposits there. 

LODE DEFOS.TTS 

The lode deposits of this section fall into two groups: (1) contact 
metamorphic deposits in limestone containing values in guld and copper; 
and (2) silver-lead deposits. The deposits of the first class are the more 
numerous. They usually indude small stringers of argentiferous galena. 
in very minor proportions to thosr mineralg with which the gold and copper 
value:::; are associated. These d'eposits are invariably low grade and depend 
for their economic importance on their bulk, which is in certain cases large, 
and on transportation facilities, which, up to thP present, have been poor. 
If a transprovincial highway were built through this section, an impetus 
would doubtless be given to both prospecting a11d development work. 

The bulk of the properties at Twentythreemile Camp and lower down 
Skagit river, and the ore deposits on the Marian group of claims on vVhip­
saw creek, may be included in the first group. The ore .occurs in members 
of both the Carboniferous (Cache Creek) and Triassic (Tulameen) rocks. 
The limestone beds affected by heat and mineralizing solutions are not 
as a rule over a few feet thick and in some cases have been entirely recry­
stallized. The ore minerals include various sulphides of which pyrrhotite 
is the most generally abundant and characteristic. Others are pyrite, 
arsenopyrite, galena, sphalerite, and molybdenite. Magnetite also occurs 
in these deposits. In addition to calcite the gangue includrs various lime 
silicate minerals of which andradite and grossularite, garnets, epidote) 
tremolite, wollastonite, and diopside, are most common. 
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The deposits of thP second, or silver-lead, class are not as common 
as the other, and appear, from their geological association and mode of 
occurrence, to have originated under somewhat lower trmperaturr con­
ditions. They occur as comparatively narrow veins or stringers cutting 
rocks of both Carboniferous and Triassic age irrespective of the particular 
composition of the members of these series. Galena is the m.ost abundant 
and important ore mineral, but sphalerite, chalcopyrite, and pyrrhotite 
may be associated with the lead sulphide. The Silver Daisy mine at 
Twentythreemile Camp and the showings on the S. and ::vi. group on 
Whipsaw creek may be included in this class. 

S. and J!f . and Marian Groups 

A brief reference to these properties is given by Camsell in his report 
on the Whipsa"v Creek clistrict. 1 The S. and ::vi. group con~ists of eight 
claims on the north side of Whipsaw creek about 4 miles below Hope 
Summit and mainly east of the tributary stream known as Fortyfivemile 
creek. The property lies about 45 miles east of Hope and 20 miles west 
of Princeton. It adjoins the :Marian p;roup of fivr claims lying on :Marian 
mountain between Fortythreemile and Fortyfivemile creeks. .\. trail 
bas been constructed through these properties a short distance above the 
main trail down Whipsaw creek. Geologically, these two groups lie on 
either side of the contact between a belt of greenstone schist~ and another 
of intrusive granodioritP correlatrd provisionally with the Tulameen 
series and Eagle granodiorite of Tulamcen area. 

S. and J1. Group. The S. and :VI. group falls almost entirely within 
the greenstone belt of soft chloritic schists and others less altered . A 
thin section from GlH' of the latter proved under thr microscope to be 
completely recrystallized and composed principally of clear crystals of 
plagioclase and quartz of about equal size and arranged in rows parallel 
with others of greenish hornblende. Included in the slide were some 
grains of iron sulphide and numerous specks of Llack carbonaceou~· 
material. 

Development work on this group includes four short adits, two shafts, 
and five large open-cuts. A large part of the work has been done on the 
S. and M. claim near the middle of the group. Tbr ore occurs in a decom­
posed green chloritic schist which forms a belt from 200 to 250 feet wide 
running about east and w~st between walls of more massive hornblende 
schists. The entire belt is more or less sparingly mineralized with iron 
and copper sul~hides and, according to the owner, has assayed ~2.50 
in gold. The principal values are, however, regarded as occurring in a 
number of stringers of ore from a fraction of an inch to 2 or 3 inches wide. 
These are composed chirfty of galena. A picked sample of the ore assayed 
by the Mines Branch, Ottawa, gave 151· 8 ounces silver, 48 · 5 per cent 
lead, and l · 70 per cent zinc. The best ar:;say of a sample of ore selected 
by the owner gave, per ton, 325 ounces silver, 68 per cent lead, 2 per cent 
copper, and 60 cents in gold. 

>Geol. Surv., Can., Sum. Rept., 1911, p. 123. 
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Although galena is the most important ore mineral on this property, 
sphalerite is an important or even dominating constituent in some of the 
showings. Chalcopyrite and pyrite are also present in smaller proportions. 
Quartz is the chief gangue mineral. Calcite is less common. 

Both ore and wall-rock are greatly decomposed by surface waters and as 
none of the workings have penetrated below the zone of oxidation it is 
impossible to obtain reliable figures as to values in the primary ores beneath. 

Marian Grmtp. The Marian group consists of five claims adjoining 
the S. and M. group to the west and located along the contact of the 
granodiorite with greenstone schists and intercalated limestone beds. 
The latter, from a few inches to several feet thick, form a large part of 
a zone between 300 and 400 feet wide adjoining the granodiorite contact. 

The ore deposits are associated with the limestone beds and are of 
contact metamorphic origin. A variety of admixed sulphides occur, 
including pyrrhotite, pyrite, sphalerite, galena, and molybdenite. Mag­
netite is also conspicuous. The gangue includes calcite and quartz together 
with an abundance of garnet, epidote, pyroxene, and other lime silicates. 

The principal workings are located on the Marian No. 1 claim and 
include a shaft, large open-cuts, and an adit, in all of which a very similar 
type of ore is encountered. A composite picked sample from the different 
showings was obtained by the owner and on assay gave: 30 per cent lead, 
2 per cent copper, and $12 gold and 8 ounces silver per ton. 

The occurrence of the ore is, as is characteristic of this type of deposit, 
very irregular. The total zone of mineralization includes a belt 300 to 
400 feet wide adjoining the granodiorite. Only in relatively small sections 
of this, however, is mineralization sufficiently heavy to be of economic 
importance and even in these the values are low. The zone of mineraliza­
tion follows the intrusive contact for a mile or more and is confined chiefly 
to the different limestone beds within this belt. The ore-bodies, even 
'within these beds, are very irregular in outline and variable in mineral 
composition. At one locality, on the Defiance claim, a ledge of pyrrhotite 
50 feet wide was reported to occur. 

Twentythreemile Camp 

The properties at Twentythreemile Camp were visited by the writer 
in the summer of 1920,1 since which time no new properties have been 
opened up and only a little additional development work has been done 
on the old. The present report must, therefore, be considered merely 
a supplement to what has already been written. It contains a few addi­
tional observations based chiefly on a more int imate knowledge of the 
areal geology in the vicinity of the camp. 

Prospecting and development work at Twentythreemile Camp has 
been more or less active since 1910 when, follo·wing the ill-advised stampede 
caused by the reputed discovery of rich gold ore at Steamboat mountain2, 

more systematic prospecting of Skagit valley resulted in opening up a 
number of properties north of the International Boundary, of which those 
at Twcntythreemile have attracted particular attention. 

1Geol. Surv., Can ., Sum. Rcpt., 1920, pp. 30-41 A . 
'Camsell, C ., Gcol. Surv., Can., Sum . Rept., 1911, p. 120. 
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An idea of the general geology in the vicinity of the camp may be 
obtained from the map accompanying this report (Figure 11). All the 
properties occur in reported rocks of presumably Carboniferous age which 
have been correlated with the Cache Creek series of Thompson valley and 
with the Hozameen rocks from the International Boundary. These rocks 
include great thicknesses of greenstones and sediments. The former are 
represented chiefly by old schistose volcanic flows of andesitic composition, 
but include other more massive and more coarsely crystalline members 
which are probably younger and intrusive in the Carboniferous rocks. 
The sediments include banded and more massive cherty rocks, slates, 
thinly banded argillites, and massive limestone beds. The latter are of 
particular importance in connexion with the ore deposits of the camp. 
These older rocks are intruded by a couple of comparatively l"arge bodies 
of quartz diorite and by a number of dykes of varying composition. In 
addition, there are massive andesite members included with the Carboni­
ferous rocks which are in part intrusive. 

As defined in the general discussion of the economic geology of section 
C, the ore deposits at Twentythreemile Camp fall under two groups: 
(1) contact metamorphic and high temperature replacement deposits 
chiefly in limestone, whose principal values are in gold and copper; (2) 
lead-silver vein deposits. 

Under group (1) are included the principal ore deposits on the Mammoth, 
Bell, Defiance, and, in part, the Rainbow groups of claims. Group (2) 
would include the Silver Daisy, Star, and, in part, the Rainbow group of 
claims. A more particular discussion of some of these properties follows. 

Mammoth Group. No considerable development work has been done 
on this property since last reported upon. 1 This showing is chiefly notable 
for the presence of the lime tungstate, scheelite, associated with lime 
silicate, carbonate, and sulphide minerals resulting from the metamorphism 
and mineralization of an original limestone bed about 50 feet thick. Of the 
lime silicate minerals the most remarkable is anorthite which occurs in 
coarsely crystalline masses associated with the scheelite and clusters of 
green crystal aggregates of fibrous actinolite. The ore minerals include 
an abundance of nickeliferous pyrrhotite and dark ferruginous sphalerite. 
Pyrolusite and molybdenite are less common constituents. 

It was at first thought that the metamorphism and mineralization 
of the limestone on this property resulted from the intrusion of the body 
of quartz diorite nearly a mile to the east of the showings on these claims. 
Although this distance seemed great considering the metamorphism dis­
played it was believed that a plunging contact of the quartz diorite towards 
the west would bring it much closer to the ore deposits in a vertical than 
in an horizontal direction and that the hot solutions arising from this intru­
sive would be sufficient to effect the metamorphosis now apparent. A 
more recent study of the geology of this camp has, however, tended to 
throw some doubt on this hypothesis and favours an alternative view that 
the more massive hornblende andesite and diorite porphyrite rocks included 
with the greenstones of the Carboniferous rocks are, in part, intrusive and 
have effect ed the metamorphism and mineralization not only in this but 
in other properties of this camp. ~. ~.-.J 

1Geol. Surv. , Can., Sum. Rept., 1920, p. 40 A. 
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Bell Group. The Bell group of eight claims bas been described in an 
earlier report, where it was referred to as the Diamond group1. Additional 
development work has been confined to further surface stripping and to 
the driving of a short adit on the principal showing about 360 feet above 
the bed of Rkagit river. 

More recrnt examinations of this prop<'rty have, as in the case of the 
Mammoth group, led the writer to the conclusion that the metamorphism 
displayed by the several limestone beds has re::.ulted from the intrusion 
of many dark green andesite dykes which, along the hillside farther to the 
north, coalesce to form larger, more irregular bodies. On the Bell group a 
srri0s of such andesite dykes, striking approximately parallel with Skagit 
valley, are encountered on the way to the summit. Where these come in 
contact with limestone beds the latter are metamorphosed to more 
compact garnetiferous lime silicate rocks containing a variety of metallic 
minerals of which pyrrhotite, arsenopyrite, sphalerite, and chalcopyrite are 
the most abundant. 

About 600 feet above the river a small irregular body of white 
quartz-porphyry was encountered , but, as far as could be determined, it 
is post-mineral in ag~> and of no Pconomic importance. 

For a more detailed description of the ore deposits on this property 
the reader is referred to the earlier report! . 

Rainb01o r.roup. The Rai11bow group of three claims lies east of the 
Mammoth group and, like all other properties at this camp, or.curs in 
Carboniferous rorks. These are rhiefly banded chert and argillite, with 
a smaller proportion of greenstonrs. To the east of this proprrty is the 
area of quartz diorite which, top;ether with a number of porphyry dykes that 
are probably off-shoots from the larger intru~ive, is regarded as the particular 
sourer of the mrtamorphism and mineralization on this group of claims. 

Development work on the Rainbow group consists of a number of 
open-cut~ and a couple of short adits on a series of narrow ort> veins and 
on less regular replacement deposits. The veins are mostly less than half 
a foot wide, but, occasionally and for short distances, are a foot or more. 
Although irregular in detail the majority of the:;e veins have a general 
parallelism, running about north 60 degrees rast. They stand almost 
vrrtically. On the whole the vein deposits have well-defined walls, but the 
ore-bodies may occupy a zone of fracturin g along which mineralization has 
occurred, and on either side of which the rocks are impregn ated for a 
variable distance without limiting walls. 

It would appear that at no grrat elate preceding the intrusion of quartz 
di01·itr and othPr dykP rocks, the older formation had been subjertecl to 
considnable fracturing and deformation, and that the resultant lines of 
weakness furnished suitable channels for ascending hot solutions geneti­
cally related to the intrusives. 

A variety of ore minerals are present in these deposits, chief among them 
being galena, sphalerite, chalcopyrite, pyrite, pyrrhotite, and arsenopyrite. 
Other minerals include sulphantimonide and sulpharsenide salts of lead 
and copper, but these are present in very minor proportion. Quartz 
is the chief gangue mineral. It may be either white, massive, and sugary 
in texture or may occur in clusters or as individual clear crystals. The 

1Geol. Surv., C:a.n., Sum . Rept., 1920, p. 39 A. 
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principal values on this property are in silver, but in certain of the showings 
copper minerals, chiefly chalcopyrite, are most important. A shipment 
of 8!1- tons of ore sent to Trail smelter in 1914 returned per ton 0 · 06 ounce 
gold and 15·7 ounces silver; 0·70 per cent copper, and 2·8 per cent zinc. 

HEDLEY AREA 

About a week of the field season was spent in Hedley mining area in 
an examination of the ::\iclcel Plate mine and of several smaller properties 
nearby. The writer wishes to convey his thanks to Mr. G. P. Jones, General 
Superintendrnt, and to Mr. B. W. Knowles, Mine Superintendent, at the 
Nickel Plate mine, and to other mine officials, prospectors, and property 
owners of the district for the many courtesies extended to him during his visit. 

The Hedley mining area, embracing about 16 square miles near the 
town of Hedley, and the Nickel Plate mine were reported on in detail by 
Camse!Jl following his investigations in 1907 and 1908. In this report 
both the areal and economic geology were fully discussed and to it the 
readrr is referred for the nomenclature :1nd relations of the geological 
formations and for the discussion of the ore deposits. The following 
remarks relate chiefly to developments since 1910. 

Nickel Plate Mine 

The work of the Hedley Gold Mining Company is at present confined 
to the deposits at the Nickel Platf mine. The underground workings 
have been extended to the 1,200-foot level in which distance six ore-bodies 
have been discovered. In all, somr $8,000,000 worth of ore averaging 
about ~9.50 a ton has bren extracted. The general trend of the ore-bodies 
with depth is towards the northwest. They follow the limestone beds of 
the Nickel Plate formation, but obliquely to the Jip of these rocks which 
is, in general, towards the west, so that the inclination, or pitch of the ore­
bodies, is somewhat less than that of the enclosing formations. They may 
occur on either side, but favour the hanging-wall of a series of gabbro­
porphyry sills intersecting the older limestone beds. The several ore­
bodies underlap each other with depth. They show a peculiar echebn 
arrangement by which each ore-body, commencing below the lower end 
of the preceding, plunges farther and fa rther below the surface. No 
definite walls limit the width of the ore-bodies, but they grade laterally 
into material too low in values to be of present economic importance. 
The factors controlling the echehn arrangement of the ore-bodies are not 
clearly understood, but its occurrence seems verified by systematic drilling 
on all sides. The view taken by the management, and the one which 
seems best to conform to the facts, is that the ore-bodies have formed 
along a zone of weakness through which ascending mineralizing solutions 
found a more ready passage than elsewhere. These solutions are regarded 
as originating with the gabbro-diorite intrusive complex. A gabbro stock 
of considerable size is believed to be represented by gabbro outcroppil).gs 
at Climax Bluff, and it is credited with being the centre of distribution of 
both the mineralizing solutions and the many gabbro porphyry sills which 

•C:o.mscll , C., Geol. Surv., Co.n ., Mem. 2. 
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penetrate the surrounding formations. In the Nickel Plate mine the course 
of these solutions may have been very materially directed by a persist ent 
and nearly vertical gabbro porphyry dyke that cuts across the ore-bodies 
nearly east and west and may have succeeded in deflecting the bulle of the 
ore-bearing solutions towards the south and into the zone of weakness now 
occupied by the ore-bodies. Some of these solut ions, however, were 
apparently able to work their way around the western end of this dyke, 
for some ore has been discovered to the north of it, although not in such 
quantity nor as high grade as that occurring to the south of the dyke. To 
some extent, also, the smaller values in the lower ore-bodies and the more 
meagre mineralization beyond them, as determined from drilling records, 
are related to the smaller proportion of gabbro sills to intercalated limestone. 

On the assumption that Climax Bluff represent s the top of a gabbro 
stock from which originated the many gabbro porphyry sills intersecting 
the limestone beds of the Nickel Plate formation, it is to be expected that 
sills of like character to the west and south of this bluff originated from 
the same source and should also favour an association with ore deposits 
similar to those at the Nickel Plate mine. The formations, however, dip 
west and it is probable that such mineralizing solutions as originated from 
the vicinity of Climax Bluff \\·ould tend to rise along, rather than follow 
down, the bedding planes or the sill walls. Consequently it might be expected 
that t he bulk of the ore should occur to the east rather than west of Climax 
Bluff. The gabbro at Climax Pluff, however, forms only a part of the 
gabbro-diorite complex of this area and most of t he diorite itself occurs 
to the west of Climax Bluff. This is a fact of special economic signifi­
cance when it is observed that ore deposits related to diorite rather than 
gabbro do occur on either side of Twentymile creek in rocks not only of 
the Nickel Plate but of other formations. It justified the writer's belief 
that important ore deposits related to these diorite intrusives will yet be 
developed within, as well as at points beyond, the map-area. The ore 
deposits on the Kingston group of claims described by Camsellt, as well 
as those on the Rawhide, Cyclone, and Crackerjack claims and on the 
Nelson p;roup, appear to owe their mineral content t o dimite rather t bn.n 
to gabbro intrusives. A description of some of these properties follows. 

Rawhide and Cyclone Claims 

The RHwhide and Cyclone claims are situa ted on the eastern slope 
of Stemwinder mountain outside, but near the edge of, Hedley map-area 
and overlooking the valley of Hedley creek. 

The principal workings on the Rawhide claim occur in a body of 
crystalline limestone, a member of the Aberdeen fo rmation. The average 
strike of these rocks along the slope of the mountain seems to be nearly 
north and south with moderate to high clips to the west. The limestone 
forms a very massive bed ncar the workings, but is apparently only a small 
remnant of a once more extensive stratum that bas been reduced by erosion 
and cut off, below, by a diorite int rusive. The ore mineralization occurs 
near contacts with the diorite, and is of a type similar to that encountered 
elsewhere in Hedley dit;trict. At an elev2.tion of about 3,750 feet an adit 
has been driven for 50 feet alan!!: a metamorphosed zone in this limestone. 

1Camscll , C ., Ceo!. Sun·., ('nn . , M em . 2, pp. 193-202. 
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Here, heavy mineralization occurs across a width of several feet and marks 
the position of an ore-body pitching into the hill, or to the west, at from 60 
to 70 degrees. The ore-body is, however, irregular in outline and has been 
subjected to minor faulting near the face of the tunnel. 

Arsenopyrite is the most abundant ore mineral near the centre and 
towards the hanging-wall of the ore-body. Pyrrhotite is also abundant 
near this wall but nearer the foot-wall chalcopyrite is most conspicuous 
and is associated with a smaller proportion of zinc blende. Polished speci­
mens of this ore show that the order of deposition of these mineral sul­
phides begins with sphalerite and passes through pyrrhotite and arseno­
pyrite to chalcopyrite. Calcite is the chief gangue mineral and is coarsely 
crystalline. Garnet, epidote, and pyroxene are also characteristically 
developed in the zone of metamorphism. The surface exposure of this 
ore deposit is only a few square yards. The depth is a less certain factor, 
but from the angle of pitch into the hill and the occurrence of coarse intrusive 
outcrops a few yards above the present workings, it is prchably not great. 

Gold values are associated with the arsenopyrite, and chalcopyrite 
is the only important copper mineral. Picked samples containing the 
latter were said to run as high as 13 per cent copper, and a more general 
s:1mple taken along 16 feet of the foot-wall averaged 3~ per cent. No 
assays were made for gold, but it is probable, from a general similarity in 
the character and location of the ore, that these values will not be very 
different from those obtained on the adjoining Cyclone group. 

The principal showings on the Cyclone group occur on the Cyclone 
claim about one-half mile south of and 300 feet below those on the Rawhide 
claim. 

An adit 30 feet long has been driven into a dark green, massive lime 
silicate rock which was originally a limestone bed. A thin section of this 
rock was seen to be composed chiefly of scapolite, secondary hornblende, 
and arsenopyrite. The arsP.nopyrite appeared, in part, to precede the 
other in order of crystallization, as it was intersected by veinlets of these 
minerals. The variety of scapolite, as determined from its indices of 
refraction, proved to be wernerite. Narrow, irregular veins of calcite 
intersect this rock and both it and the vein materials are impregnated with 
arsenopyrite. A well-defined system of vertical jointing intersects these 
rocks in a north 70 degrees east direction. Less altered limestone occurs 
immediately below, and on either side of the portal of the adit, and is inter­
calated with fine-grained greenstone of volcanic origin. The general 
attitude of the whole is approximately north and south vvith westerly dips 
!1t varying angles. 

A large body of coarse-grained pyroxene diorite intersects these bedded 
rocks a few feet west of the adit, and is, probably, responsible for both 
the metamorphism and mineralization of the limestone. 

The ore-body has no definite walls, but has the general lenticular 
outlines of an ore-shoot pitching into the hill to the southwest and following 
the limestone bed, which thus forms the enclosing rock. Near the portal 
of the tunnel mineralization is particularly heavy for a width of about 7 
feet. Arsenopyrite is the only ore mineral of importance. It occurs both 
in massive and in long acicular stri:?"ted forms. A picked sample of heavily 
mineralized ore was said to have assayed 7 ·56 ounces in gold. 
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Nelson Group 

The Nelson group consists of five claims and one fraction located on 
Indepmdencr mountain between the heads of Sixteenmile creek flowing 
south into Similkameen river 16 miles above Keremeos, and Dry Gulch 
creek draining to the northeast into Keremeos creek. This property is 
about 9 miles by wagon road and trail from the Nickel Plate mine. From 
the west shoulder of Independence mountain to Lookout mountain in 
Hedley map-area is about north 70 degrees west, and probably under 5 
miles in a direct linr. 

The principal showings lie on the northern slope and near the top of 
Independencr mountain at elevations of from 7,300 to 7,400 feet, on the 
upper rim of the basin drained by Dry Gulch creek. The rocks here 
include a variety of mrmbers very similar lithical\y to those classed else­
where with Carboniferous rocks and correlated with the Cache Creek 
series. Prominent among them are banded, dark blue cherts with thin 
partings of argillite or slate. Some conglomerate was also observed, and 
included with the other sediments are beds of limestone a few feet thick. 
The limestone is of special significance in connexion with the ore deposits. 
The series also includes dark green flow and fragmental volcanic rocks 
together with massive hornblende, andesite members. The latter occur 
in part as dykes varying in width from a fraction of an inch to several 
feet and are, probably, related to the coarse diorite intrusive so promi­
nently exposed elsewhere on this mountain. The older rocks are greatly 
disturbed, but the general trend seems to be about north 55 degrees east 
with dips of over 40 degrees southeast. Jointing is prominent in a north 
45 degrees west direction with a high dip of from 70 to 80 degrees northeast. 

A couple of open-cuts and one short aclit have exposed three different 
ore-bodies, each of which has resulted from the metamorphism and mine­
ralization of a narrow stratum of limestone. To a minor extent the adjoin­
ing rocks are also metamorphosed and impregnated with ore minerals. 
The source of the ore is attributed to the great body of diorite of which 
extensive exposuri'S were observed on the western and southern flank of 
Independence mountain. This diorite forms probably the bulk of the 
hill, the older Carboniferous rocks being remnants that have escaped 
erosion. A specimen of the intrusive examined microscopically was seen 
to be composed chiefly of hornblende and plagioclase feldspar, the latter 
about andesine in composition. The specimen also contained a small 
proportion of interstitial quartz. 

The principal ore minerals are arsenopyrite and chalcopyrite, the 
former carrying from a fraction of an ounce to several ounces of gold to the 
ton. A polished specimen of high-grade ore showed a great deal of arseno­
pyrite. No free gold was observed. Several specks of chalcopyrite 
were disseminated through the gangue, but in particles too small to be 
seen with the unaided eye. No other sulphide minerals were noted in 
this ::;pecimen. Not much of this high-grade ore has yet been exposed 
and although the type is similar to that occurring in the Hedley map-area 
there is comparatively little limestone exposed along this slope of Inde­
pendence mountain and, consequently, large ore-bodies of the type of those 
developed by the Hedley Gold Mining Company are not to be expected. 



127 A 

LUCKY FOUR MINING PROPERTY, CHEAM RANGE, B.C. 

Topoitfaphy ............ . 
Geology ....... . . . ..... . 

By C. E. Cairnes 

CONTENTS 

Illustrations 

PAGE 
127 
128 

Plate III A. Looking southwc5t towards Foley mountain . ............... . .. . ....... .. .... 137 
B. Principal showing on the Lucky Four mining property............ . . . 137 

The Lucky Four mining property is situated in Cheam Range section 
of New Westminster mining division, B.C., near the summit of the divide 
between Fraser and Chilliwack rivers. A good pack trail less than 15 
miles long leads from the property down the northern slope of Cheam ran~e 
to Fraser river where, at Jones siding near Laidlaw, it connects with the 
Canadian National railway 80 miles east of Vancouver. The group of 
twelve claims and several fractions comprising the Lucky Four property 
includes about 700 acres extending on either side of the divide to the east 
of the main peak of Foley mountain. The divide at this point bas an 
elevation of over 6,400 feet and is the site of the most important ore-body. 
Development work has been conducted at elevations over 400 feet below 
the divide on the northern slope and over 1,200 feet below on the southern. 

TOPOGRAPHY 

Cheam mountains are approximately 20 miles long and extend from 
Chilliwack river north towards the junction of Fraser river and Silver creek 
near Hope. They are conspicuous for their superior elevations and relief 
and for their extremely rugged and picturesque topography. About mid­
way along this mountain chain are a number of peaks ranging from 7,500 
to 8,000 feet in elevation. The most northerly, called Foley mountain, has 
a height of 7,550 feet and Stuart mountain to the southwest stands 7,930 
feet above sea-level. These peaks have in their upper 1,000 feet or more 
been unscored by a regional glaciation which rounded off the summits of 
the divide below a level of 6,500 feet. Their northern and northwestern 
flanks are, however, the sites for steeply pitching and highly crevassed 
mountain glaciers. To the northeast of Foley mountain the divide drops 
within half a mile to an elevation of about 6,500 feet. Near the junction 
of this crest-line with the steep slope of Foley mountain, and extending on 
either side of the divide, lies the mineralized belt of the Lucky Four 
property (Plate III A). 

The streams on the northern flank of the divide are tributary to Jones 
(Wahleacb) lake which is drained by Jones (Wahleach) creek into Fraser 
river. Those on the southern slope are drained by Granite creek into 
Ford creek, a tributary of Chilliwack river which, in turn, empties into 
Fraser river near Chilliwack about 23 miles below the mouth of Jones creek. 

58617-9 
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GEOLOGY 
The break in the divide below the peak of Foley mountain is, in 

addition to being a feature of topographic significance, also one of geological 
importance, for it marks a position on the contact between a series of 
stratified rocks and an area of batholithic intrusives (Plate III A). Foley 
mountain, and probably other peaks to the south, are composed of a series 
of bedded rocks so similar to that of the Hozameen series1 of the Skagit 
River basin that the writer bas little hesitation in correlating it with that 
group. These rocks strike about south 80 degrees east magnetic, which 
would bring them practically in line with the Hozameen series of the Inter­
national Boundary, and it is possible that they are continuous between 
these points. In the vicinity of the Lucky Four property these rocks are 
black reddish-weathering slates, thinly bedded cherts with shaly partings, 
and interbedded limestones. One conglomerate bed was also observed, 
and is of some stratigraphic importance in determining the position of the 
ore-bodies. These rocks all stand almost vertically or at high angles 
to the southwest. They are regarded as of Carboniferous age. 

The Hozameen rocks have been intruded by a large batholith of 
massive granodiorite. This intrusive is fresh looking, light grey to slightly 
pink, and moderately coarse. The principal salic constituents are, in 
their order of abundance, andesine feldspar with a composition of Ab3 An2, 
quartz, and pink orthoclase. The ferromagnesian minerals include a dark 
green lustrous hornblende and a smaller proportion of black biotite. 
Together they constitute between 15 and 25 per cent of the rock. This 
granodiorite probably forms a part of the Chilliwack batholith tentatively 
regarded as of Miocene age.2 

Near the contact with the Hozameen rocks the granodiorite has devel­
oped a somewhat gneissic structure and contains, fur at least several 
hundred yards from the contact, innumerable rounded darker ellipsoidal 
masses mostly less than a foot in length. These may represent inclusions 
from the Hoza.meen rocks which have been absorbed by igneous material. 

CONTACT METAl\IORPHISM 

Contact metamorphism of the intruded Hozameen rocks provides an 
interesting example of the effects of batholithic intrusion on a series of 
stratified rocks of variable composition. It indicates to what distance 
from the contact these rocks may be noticeably affected, and to what 
extent certain members are more or less metamorphosed than others of 
different character. It is also of economic importance in that the deposits 
of the Lucky Four group owe their origin to contact metamorphic processes. 

The batholithic contact on the Lucky Four property closely follows the 
strike and dip of the Hozameen rocks. Adjoining the intrusive is a belt, 
25 feet or more in width, of a highly metamorphosed rock whose original 
character has been largely masked by recrystalli zation, but which was 
probably a fine-grained impure sandstone or greywacke. This has been 
changed to a moderately coarse mica schist, of somewhat purplish hue 
because of many small, coloured mica scales. Under the microscope this 
rock is seen to be composed chiefly of quartz grains which from their lack 

>Daly, R. A., Geol. Surv., Can., Mem . No. 38, p . 500. 
2Daly, R. A., Gcol. Surv. , Can .. i\fem . No. 38, p. 534. 
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of strain shadows or any considerable fracturing, their abundance of small 
inclusions, and their crystalline interlocking texture, are evidently the 
product of entire recrystallization of the rock, in the course of which the 
outlines of the original constituent minerals have been lost. Associated 
with the quartz is a subordinate amount of feldspar, including both alkalic 
and calcic varieties, of which some of the latter at least are as basic as 
andesine. The feldspars are mostly beautifully clear, and show both 
Carlsbad and albite twinning. They are frequently intersected or replaced 
by thin, colourless shreds of a mica resembling muscovite, but which may in 
part represent a sericitic alteration product. The most noticeable con­
stituent of the rock and the one, next to the quartz, present in greatest 
abundance is a biotite occurring in small red scales and shreds that show 
strong absorption from a pale brown to a deep brownish red. Large 
granular masses of brown tourmaline are occasionally seen. This rock is 
best exposed on the south side of the divide near the portal of a tunnel at 
an elevation of 5,200 feet. Its continuation across the summit is obscured 
by the edge of a glacier which occupies the northern slope. 

Adjoining the mica schist is a mineralized belt al>out 50 feet wide which 
contains the ore deposits of the Lucky Four property. It marks the original 
position of a limestone whose general composition and character were 
probably not essentially different from those of less metamorphosed lime­
stone strata lying farther from the contact. Its entire width was not stud­
ied in any one section. Its contact with the mica schist is exposed on the 
southern slope of the divide near the tunnel mentioned above. This 
contact is hidden on the summit of the divide, where, however, the best 
section, including the most important ore deposit, was obtained. 

Contact metamorphism of this limestone belt has resulted in the re­
crystallization of its original constituents and the introduction of much 
fresh material. The predominating minerals formed are, in their present 
order of abundance, pyroxene, garnet, calcite, epidote and zoisite, quartz, 
amphibole, and feldspar. This order will, however, doubtlessly vary in 
other sections and at different horizons in each section. Other accessory 
minerals include apatite, hydrated micas, and talc. Among the metallic 
minerals chalcopyrite is the only one of present economic importance; 
but molybdenite, magnetite, pyrrhotite, and pyrite were also observed. 

Within this highly metamorphosed belt there appears to be a diminution 
of certain minerals and an increase of others, according to the distance 
from the granodiorite intrusive. Nearest the batholith, or ~djoining the 
mica schists, the principR-1 mineral is a beautifully recryst allized calcite, 
whose large, lustrous cleavage surfaces are penetrated by innumerable red 
andradite garnets up to one-quarter inch or more in diameter, but mostly 
much smaller. Thanks are due to Prof. A. H. Phillips who analysed a 
sample of this garnet and found it to have the following composition: 

SiO, ...... . .. . .. . ............. . .... 34 ·66 
F e,O, .. . .. . .... .. ............... . .. 27 ·39 
l'vigO ...... ... .... ...... . . .. . . . .. .. . 0 ·45 
MnO . . . . . . . . . ... . . . . . . . .. . . .. . .. . .. 0 ·36 
AhOa . ... . .. . . ....... . ........ . .. . . 4·49 
FeO ... . . . .... . . . . . .. .. . ........... 1·07 
CaO .... . . ........ . .. .. . .. .. . . . .... 31·08 
TiO, ............................... 0·32 

Total ......... . .... . ......... . .. .. . 09 ·82 
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These garnets are as a rule somewhat distorted, and their faces are 
slightly striated. The only crystal forms recognized were the tetragonal 
trisoctahedron and the rhombic dodecahedron. Under the microscope 
the garnet shows anomalous birefringence and complex zonal growth. It 
often forms skeleton crystals which are in part intergrown with a green 
pyroxene and in part replaced by orthoclase feldspar. 

Other minerals associated with the calcite and andradite garnet in this 
section of the metamorphosed belt are a green pyroxene which has partly 
altered to amphibole, and a black, fibrous, iron-rich zoisite. A few small 
grains and crystals of apatite were observed and appear to belong to a some­
what later period of crystallization than the pyroxene. Magnetite and 
pyrrhotite also occur locally in considerable abundance, the oxide both 
massive and in well-developed octahedrons, and the sulphide without 
crystal form. Zoisite appears to have been one of the last minerals to form, 
its fibres penetrating both the metallic and non-metallic constit,uents. 
Clear prisms of quartz are often abundant in this zone. They replace 
calcite and are in turn penetrated by zoisite fibres. Chalcopyrite is com­
mon but irregularly distributed and seems to have been introduced even 
later than the zoisite. Pyrite is an earlier constituent and occurs in very 
minor proportions as compared with the other minf\rals. 

Farther from the batholith, a different group of minerals predominates. 
In place of the red andradite there occur massive beds a foot or more thick 
of a brownish-yellow garnet, whose indices of refraction are about those for 
grossularite. This garnet is intergrown with a pyroxene identified by its 
refraction as diopside. The intergrowth is not visible to the naked eye. 
Between the beds of garnet are others almost equally wide composed of a 
green pyroxene, masses of black fibrous zoisite, and yellowish-green areas of 
granular epidote. Molybdenite is distributed through the pyroxene as 
small, irregular clusters of flakes. It is in this zone that the principal show­
ing of chalcopyrite ore occurs. 

Still farther from the granodiorite the metamorphosed belt becomes 
predominantly pyroxene, which has in part been further altered to a soft 
talcose rock resembling soapstone. Crushed fragments of the pyroxene 
show under the microscope as a fibrous and almost colourless mineral with 
indices of refraction about those for tremolite. A small percentage of calcite 
is present as an original constituent. 

The enti1 ::: width of the belt just described probably exceeds 50 feet. 
Its lower contact is with the belt of mica schist; above it lies a moderately 
coarse conglomerate bed about 40 feet thick containinf); well-rounded 
pebbles up to 3 or 4 inches in diameter, some of which are plutonic. Both 
pebbles and matrix bear the marks of regional deformation and are to 
some extent affected by heat metamorphism, but in nothing like the same 
degree as the underlying rocks. 

Above the conglomerate the rocks are chiefly banded cherts with ar­
gillaceous partings. The cherts are bleached and may be coarser than their 
unmetamorphosed equi valents. 
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At about 200 yards from the metamorphosed limestone belt is another 
limestone bed 10 feet wide which has suffered very little from contact 
metamorphism. It is still dark coloured, composed almost wholly of 
calcite with some carbonaceous impurities, and when struck with the ham­
mer gives off a very fetid odour. There has been some recrystallization 
of the limestone since its deposition, but this alteration may well have 
been effected by dynamic rather than by heat metamorphism. 

ORE DEPOSITS 

The ore deposits of the Lucky Four lie in the highly metamorphosed 
garnetiferous limestone belt already described. Chalcopyrite is the only 
ore mineral of importance. It occurs sparingly disseminated through the 
entire width of the belt, and is sufficiently concentrated in at least one 
locality to provide a deposit of commercial value. This showing lies on the 
summit of the divide, and is best exposed around the base of a small nub 
which rises sharply to about 50 feet above the general level of the ridge. 
Here (Plate III B) the chalcopyrite occurs as a vein mineral between massive 
beds of yellowish-brown (grossularite) garnet rock and others composed 
chiefly of epidote, zoisite, and pyroxene. The ore veins pinch and swell 
in a most irregular fashion, and vary in width from a fraction of an inch to 
several inches of almost pure chalcopyrite in which are scattered numerous 
small crystals of garnet. Such a vein is exposed along its strike on the 
eastern flank of the nub mentioned above, and forms a wall of nearly solid 
ore several yards long and of unknown thickness. Other veins closely 
parallel to this one were observed on the southern face of the nub and across 
the strike of the beds. Some of these may coalesce within the body of 
the nub, or at greater depth, to form an ore deposit of greater volume. 
A sample of pure chalcopyrite prepared by the writer and assayed under 
the direction of Prof. A. H. Phillips was found to contain 23 · 46 per cent 
copper. This sulphide in polished sections shows under high magnification 
numerous minute irregular areas of a darker mineral which is probably 
zinc blende. No other copper minerals were observed in these sections, 
but a little bornite was seen in hand specimens of ore from this property. 
It is probably of secondary origin and not sufficiently abundant to enhance 
greatly the value of the ore. 

The course of the principal ore-body down the northern slope of the 
divide could not be ascertained because of the precipitous character of the 
hillside and the occurrence of a glacier overlying the deposit a couple of 
hundred feet below the summit. Between the top of the ridge and the 
glacier, the trend of the chalcopyrite veins could be observed by the rich 
carbonate stains on the surface of the outcrops. The course of the veins 
b eneath the glacier has been partly investigated by drilling, and appears 
to continue in a fairly regular manner for at least 500 feet below the summit. 

On the southern slope of the divide no important ore deposits were 
observed, but the country rock is locally sufficiently impregnated with 
chalcopyrite to warrant the expectation that with mort" careful prospecting 
some ore will be found. 
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Genesis of the Ore 

The ore deposits are undoubtedly of contact metamorphic origin. Those 
processes which resulted in the complete metamorphism of the original 
limestone and its extensive replacement by calcium silicate minerals also 
provided the solutions from which the chalc ' pyrite and the less abundant 
iron sulphides were precipitated. The chalcopyrite appears to have 
formed in the later stages of metamorphism. Hand specimens and micro­
scopic enlargements of polished surfaces show the copper sulphide replacing 
the gangue minerals. Calcite has suffered most in this respect; the garnet 
appears to have offered greatest resistance, as indicated by the presence 
of innumerable well-preserved crystals in an otherwise solid mass of chal­
copyrite. Fractures in the garnet are frequently filled with the chalcopy­
rite, and the sulphide has also worked its way around the borders of the 
garnet crystals. There is, too, a distinct tendency for the chalcopyrite 
to occur as irregular veins between beds of different mineral composition, 
or to occupy small, irregular cavities left during the earlier replacement 
of the original limestone by the more compact silicate minerals. The 
metamorphism was apparently accomplished at high temperatures, in­
volving recrystallization of the original constituents of the limestone belt 
and the introduction of fresh material from hot magmatic solutions in 
which, from the occurrence of such minerals as apatite and tourmaline, 
gaseous activity may have been pronounced. 

Development Work 

Development work at the Lucky Four has been confined to some tunnel­
ling and open-cut work on the southern slope of the divide and to drill­
prospecting on the northern flank. 

In spite of the difficulties of the northern slope a diamond drill was set up 
in two places on the glacier, over 400 and nearly 300 feet respectively 
below the principal showing on the crest of the divide. From the lower 
site one hole 576 feet long was driven at an angle of 23 degrees below the 
horizontal towards and under the summit; from the upper drill site five 
holes aggregating in all about 850 feet were driven at various angles through 
the ice and underlying rock towards the same ore deposit on the divide.1 

Although the results of this drilling were regarded as satisfactory, the 
operation was attended by so many engineering difficulties that it was 
suspended in favour of an exploration of the southern slope of the divide. 

Here an adit about 200 feet long2 was driven at an elevation of 1,200 feet 
below the summit of the divide. The rock at the portal of the tunnel is 
the mica schist which has already been described as lying between the 
granodiorite and the garnetiferous limestone belt. This tunnel caved in 
near the portal and neither its direction nor the character of the rock 
traversed could be determined. The purpose of this adit was to ascertain 
the position and character of the mineralized ground at this depth below the 
principal ore-body on the divide. 

'Report of Minister of Mines of B.C., 1918, p. 285. 
•Report of Minister of }lines of B.C. , \919, p. 234. 
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This southern slope affords a very convenient location for future pros­
pecting and development work because of its southern exposure, its compar­
atively low gradient, and the ease with which the mineralized rocks can 
be followed and prospected. 

GENERAL REMARKS 

The potential ore ground of the Lucky Four property may be regarded 
as coincident with the metamorphosed belt in which the abundant develop­
ment of garnet affords a convenient means of recognition. This belt is 
regarded as having an average width of probably over 50 feet, and dips in 
general at high angles to the southwest. It has already been explored at 
widely separated points and at elevations of over 1,000 feet below the sum­
mit of the divide, where the principal ore-body is located. Its persistence 
in depth and length may be regarded as equivalent to that of any one of 
a series of strata which here compose the Hozameen series, but its intensity 
of metamorphism and mineralization will depend largely upon its prox­
imity to the granodiorite intrusive. Other limestone beds have been noted, 
and it has been observed that less than 300 yards from tbe batholith they 
are practically uninfluenced by contact metamorphic processes. 

The entire width of the metamorphosed limestone belt is sparingly 
mineralized by chalcopyrite, but only where this sulphide is concentrated 
in veins, pockets, or shoots can profitable extraction be made. Sufficient 
development work has been done to show that there is no regularity in 
such occurrences, and no specific rules can be set down as to where in this 
belt they are most likely to occur. The presence of slight mineralization 
with chalcopyrite is too general to afford any direct clue to the position of 
ore-bodies. The occurrences of vrins or pockets of this sulphide are, 
however, regarded as of more value in this respect. 

Alt,hough the Lucky Four is essentially a copper property, a sample 
obtained by Brewer1 across the face of an open-cut 20 feet wide on the 
southern slope of the divide assayed 2 ounces in silver and a trace of gold. 
A little molybdenite is also locally present. 

•Report of Minister o[ Mines of B .C., JOJP_ p. 286. 
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P L AT E II 

A . Looking east up Skaist. valley toward> Hope ~ummit. showing uniformity of summit level 
along the western border of the fnterior Plnte:\u. (Page 89.) 

B. Looking north across the valley of Sumallo rive r and up Twentymile creek towards Hopeless 
mountain (left cent re background), showing Cascade Mountain topography near h ead­
waters of Skagit river. (Page 89.) 
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PLATE III 

A. Looking southwest towards Foley mountain, showing rugged topography in the Che11m 
range, Cascade mountains. The saddle to the left of the peak marks the position of an 
intru;;ive formational contact and also the location of a zone of ore mineralization in 
which the Lucky Four mining properly is situated. (Pages 127, 128.) 

• 

B . View of the principal showing on the Lucky Four minio~ property. This cliff is shown 
immedie.tely belm1• point "X" in Plate III A. (Page 131.) 
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