
CIHM
Microfiche
Series
(Monographs)

ICIMH
Collection de
microfiches
(monographles)

Canadian Institute for Historical Microreproductions / Institut Canadian da microreproductions historiques



Technical and Bibliographic Notes / Notes techniques et bibliographiques

The Institute has attempted to obtain the best original

copy available for filming. Features of this copy which

may be bibliographically unique, which may alter any of

the images in the reproduction, or which may
significantly change the usual method of filming are

checked below.

Q Coloured covers /

Couverture de couleur

D
D

7]

D
D
D
D
D

D

Q

Covers damaged /

Couverture endommagte

Covers restored and/or laminated /

Couverture restaur^ et/ou pellicula

Cover title missing / Le titre de couverture manque

Coloured maps / Cartes g^graphiques en couleur

Coloured ink (i.e. other than blue or black) /

Encre de couleur (i.e. autre que bleue ou noire)

Coloured plates and/or illustrations /

Planches et/ou illustrations en couleur

Bound with other material /

Reli6 avec d'autres documents

Only edition available /

Seule Edition disponible

Tight binding may cause shadows or distortion along

interior margin / La reliure serr^e peut causer de

I'ombre ou de la distorsion le long de la marge

int^rieure.

Blank leaves added during restorations may appear

within the text. Whenever possible, these have been

omitted from filming / Use peut que certaines pages

blanches ajoutdes lors d'une restauration

apparaissent dans le texte, mais, lorsque cela 6tait

possible, ces pages n'ont pas 6\6 film^s.

Additional comments / Various paglngs.

Commentaires suppldmentaires:

L'Institut a microfilmd le meilleur exemplaire qu'il lui a

6\i possible de se procurer. Les details de cet exem-
plaire qui sont peut-dtre uniques du point de vue bibli-

ographique, qui peuvent modifier une image reproduce,

ou qui peuvent exiger une modifk:ation dans la mdtho-

de nonmale de filmage sont indiqute ci-dessous.

I I

Coloured pages / Pages de couleur

I I

Pages damaged / Pages endommag^s

D Pages restored and/or laminated /

Pages restaurdes et/ou pellicul^es

Pages discoloured, stained or foxed /

Pages dteolortes, tachettes ou piques

Pages detached / Pages d^tachdes

[•[ Showthrough / Transparence

I I

Quality of print varies /

D

D

Quality in^gale de I'impression

Includes supplementary material /

Comprend du materiel suppl^mentaire

Pages wholly or partially obscured by errata slips,

tissues, etc., have been refilmed to ensure the best

possible image / Les pages totalement ou
partiellement obscurcies par un feuillet d'errata, une

pelure, etc., ont 6X6 filmdes d nouveau de fa9on h

obtenir la meilleure image possible.

Opposing pages with varying colouration or

discolourations are filmed twice to ensure the best

possible image / Les pages s'opposant ayant des

colorations variables ou des decolorations sont

filmtes deux fois afin d'obtenir la meilleure image

possible.

This Kain is filimd at tha reduction ratio chaclced balow /

Ca documant aat film* au taus da rMuetion indiqu* cislaasous.

lOx 14x 18x 22x 26x 30x

J

12x 16x 20x 24x 28x 32x



Th« copy filmed h«r« ha« b««n reproduced thanks

to tho gortorotity of:

National Library of Canada

L'oxomplairo filmi fut raproduit grica y la

g*n*rosit* da:

Bibliothoqua national* du CanaiTa

Th* imagaa appearing here are the beet quality

poeeible considering the condition and legibility

of the original copy and in keeping with the

filming contrect specificetions.

Ohginel copies in printed paper covers are filmed

beginning with the front cover and ending on

the last page with a printed or illustreted impres-

sion, or the back cover when appropriate. All

other original copies are filmed beginning on the

first page with a printed or illustrated impres-

sion, and ending on the last page with a printed

or illustreted impression.

The last recorded freme on each microfiche

shell contain the symbol —^ (meaning "CON-

TINUED"), or the symbol V Imeening "END").

whichever applies.

Maps, plates, charts, etc.. mey be filmed at

different reduction ratios. Those too large to be

entirely included in one exposure are filmed

beginning in the upper left hand corner, left to

right and top to bottom, as many frames as

required. The following diegrams illustrate the

method:

Les images suivantes ont *ti reproduites avsc Is

plus grand soin. compta tanu da la condition at

do la nettet* do I'exemplaire filmA, at en
eonformit* avec les conditions du eontrat da
filmage.

Lee exemplairee originaux dont la couverture en
papier est imprimOe sont filmAs en commen$ant
par le premier plat at en terminant soit par la

darni^re page qui comporte une empreinte
d'impression ou d'illustration. soit par le second
plat, salon le cas. Tous les autres exemplaires
origineux sont filmOs en commencant par la

premiere page qui comporte une empreinte
d'impression ou d'illustration at en terminant par

la dorni*re page qui comporte une telle

•mprointo.

Un dee symboles suivants apparaitra sur la

darniAre imago da cheque microfiche, salon le

cas: le symbols -^ signifie "A SUIVRE '. le

symbole signifie "FIN".

Les cartes, plenches, tableaux, etc.. peuvent etre

filmte A des taux da reduction diff«ronts.

Lorsque le document eat trop grand pour atra

raproduit en un seul clichi. il est film* * partir

da Tangle supArieur gauche, de gauche A droite.

et de haut en bas. en prenant le nombre
d'imeges n*cessaire. Les diegrammes suivants

illustrent le mOthode.

1 2 3

1 2 3

4 5 6



««CIOCOfY *BOlUTK>N TBT CHART

(ANSI ond ISO TEST CHART No, 2)

_^ APPLIED IM/^GE I

^^^ 1653 East Mam st'«»f

^^ i"6) »82 - 0300 - Phon,SS <"6) 288 - 5989 - Fa.



^5^5^

CA./^l^ZO\
CANADA

DEPARTMENT OF MINES
How. Loots Cob ttm, Mnnani, R. G. McComnox, OiruTY Miniitbi.

GEOLOGICAL SURVEY

I MBMOIR 79 I

Na 65, Geological Series

Ore Deposits of the Beaverdell

Map-Area

T
Leop(M R«inecke

OTTAWA
GoTBXNiisNT PuNTiNa Bu>r^a

1915 Ha 1537





£.;







EXFLASATIO.N c; Vt.Kir. I

The S«tty mint and Bunk hous-!, Wallace mo'ji'-iin





CANADA
DEPARTMENT OF MINES

HOH. LOCIS CODBUB, MINISTER; R. G. McCONNELL, DEPUTY MiNISTBS.

GEOLOGICAL SURVEY

I MEMOIR 79 I

No. 65, Geological Series

Ore Deposits of the Beaverdell

Map-Area

BT

Leopold Reinecke

OTTAWA
Government Printing Bureau

1915 No. 1537





CONTENTS.

CHAPTER I.

Introduction

General stateme.it

Field work and acknowledgments . . .

Location and area

Transportation and communication.

History

Previous work and bibliography ....

PACE

CHAPTER II.

Summary and conclusions

Topography
General geology

Description of formations.

Economic geology

Future of the district

9

9

9

9

14

17

CHAPTER III.

General character of the district.

Topography

Regional

Interior plateaus. .

.

Local

Beaverdell area. . .

.

Climate and agriculture

Animal life

Timber and vegetation

Inhabitants

Commercial possibilities. . .

.

18

18

18

18

19

19

22

23

24

26

27

CHAPTER IV.

General geology

Regional

Geology of the Beaverdell area

.

Table of formations

Wallace group

Distribution

29

29

31

32

3i

33



Lithology and metamorphUm 34
Structure ??

Retatic.iB to other formations
39Age and correlation j-j

Westkettle quartz diorite ..

Distribution .

-

Lithology of the batholith and its related dykes. ... 42
Metamorphism ..

Structure
45

Relation to other formations
46

Age and correlation .,

Beaverdell quartz monzonite ,0

Distribution ..

Lithology of the batholith and its related dykes 4g
Structure

^

Relations to other formations
jq

Age and correlation ,,
Augite syenite porphyry j,

Lithology
^2

Curry Creek series .,

Distribution -,

Lithology ,,

Mptaii.orphism -

.

Structure ,-

Relations to other formations cr
Age and correlation r^

Nipple Mountain series >.

Distribution ..

Lithology
j^

Metamorphism ,„

Structure ._

Relations to other formations jg
Age and correlation ^

Glacial deposits ,,

Distribution ,,

Lithoi )gy ^2
Structure ,,

Ri\er deposits ,,

Distribution ,,
Lithology

g^
Structure -,

Historical geology „
Wallace group ,,

Westkettle batholith '..................[ 64



Beaverdell batholith <>7

Curry Creek series ^
Nipple Mountain series 70

I
.1

CHAPTER V.

Economic geology. Ore deposits

Mineralogy ; •_
•

Table of minerals arranged according to rones of deposition

Detailed description of minerals

The mineralized shear zones

Description

Definition

Distribution

Mineralogy

The country rock

Restriction of the shear zones and galena ores to

quartz-diorite

Variations in the country rock

Dykes in or near shear zones

Structural features of the shear zones

Textural features of the deposits

Paragenesis

Localization of the ore masses within the shear zones.

.

Variations of values in depth

Faults

Surficial alteration and secondary deposition

Genesis of the ores

Agent of deposition

Temperature and pressure of the solutions

Process of deposition

Cavity filling and replacement

Influence of the country rock

Variations of the ore in depth

Processes of secondary deposition

Shallowness of the zone of secondary deposition

Source of the metals and age of the deposits

Development and mining

Production

Future possibilities

Detailed description of mines

Introduction

Sally group

Location

History

Production

73

74

75

77

86

86

86

86

86

87

87

88

89

90

91

91

93

94

95

100

101

102

102

105

105

107

108

109

110

111

113

114

in
115

115

116

116

116

116



iv

PAGE

Development and mining method* 116

Geological relations 1 1'

Character of the ore» H'
Commercial poMibilities 1^"

Rambler claim l*"

Duncan and Bounty Fraction claims 1^2

Geological relations l^''

Bell claim
^^*

Buster claim
J^*

Standard claim '^_

Bounty claim
'"

Wabash claim
^"

Kokomo claim *^*

Gold Drop claim ^^J'

Homestake claim '"j

Carmi mine |
*

History and development ""

Geological relations
'^'

Commercial possibilities
1^'

Butcher Boy claim
J^'

Claims on Arlington mountain 1^'

Stocks
; 12,

Description

Definition

Distribution

Mineralogy

The country rock
J

Structure of the stocks
J

Textural features
J

Secondary oxidation

Genesis of the stocks

The pyrrhotite-bearing stocks 1

^

Future possibilities
"

Prospects located on the stocks
J

Nepanee claim

Tuzo's claim

Ellsworth o' Big Sirike claim j"
St. Johnda.m

"*

Burns' and Larson's claims
''J

O.K. group of claims '

^
Mogul claim

Silver Dollar claim |^°
The contact metamorphic deposits

Description



PACE

Definition 1^^

Location '^'

Mineralogy ''8

Geological relation§ t''8

The ore-body I-'*

Texture 1^8

Secondary alteration I-*"

Genesis '**'

Lottie F. claim '*!

Scheelite l'*^

Serpentine and asbestos •*•'

Road materials !•**

Index I'l

ILLUSTRATIONS.
PAGE

Map 37A, No. 1 183, geological and topographical, Bcaverdell in pocket

Plate L The Sally mine and bunk house, Wallace mountain

Frontispiece

"
II. Ihe forest covered, flat bottom of the Westkettle valley,

and Beaverdell village 1*7

" III. Recently burned area with thick growth of underbrush . . 149

" IV. Banded tuffs of the Wallace group 151

" V. Variations in the Westkettle batholith 15j

" VI. Terraces in the Westkettle valley at Carmi 155

" VII. Banded ore from the Gold Drop claim 157

" VIII. Shaft house and cabin on the Rambler claim 159

" IX. Ellipsoidal cavities in the contact metamorphic ores on

Copper creek 161

" X. Microphotograph showing the occurrence of scheelite in

an altered limestone 163

" XL Boulder of brecciated augite andesite, Wallace group . .
16.S

" XII. Variations in the Beaverdell batholith 1()7

" XIII. Nipple Mountain lavas at the mouth of Copper creek.

Kettle river 16'>

Figure 1. No. 1530. Silver-lead mines on Wallace mountain 90

" 2. Chart showing directions of strike of faultplanes in the

Beaverdell area 96

" 3. Stereogram of the Sally No. 1 tunnel 9S

" 4. Vertical projection and plan of the Sally No. 1 tunnel and stopes 99

" 5. Vertical projection and plan of the Rob Roy No. 7 tunnel. . 117

" 6. Vertical projection and plan of the Rob Roy No. 6 tunnel
.

. 119

" 7. Plan of workings on the Rambler claim 121

" 8. Main workings on the Duncan and Bounty Fraction claims 123

" 9. Sketch map „i the topography and geology of the Lottie F.

claim l-"





Beaverdell Map-Area.

CHAPTER I.

INTRODUCTION.

GENERAL STATEMENT.

The Beaverdell area on the VVestkcttle" river, lies within

a relatively unknown portion of southern British Columbia.

Attention was calle<l to this district through the finding of

promising prospects of silver, gold, and copper about the year

1897. The subsequent development of small but rich bodies of

silver-lead ore upon the Westkettle river indicated that the

valley might become the centre of permanent and extensive

mining activities. In 1909, therefore, the Geological Survey

undertook the mapping of an area including the mining camps,

and a study of the ore deposits, in order that information re-

garding the ores and other natural resources of the district

would be available for the use of those visiting the valley upon

the completion of the railway up the Westkettle river and in

order to extend the knowledge of the geology of this region,

already gained by surveys near the International Boundary.

As the region was practically unmapped a topographic map

was made of an area covering about 165 square miles and upon

it the boundaries of the geological formations were afterwards

laid down.

The results of the study of the ore deposits within this area

are contained in this report and with them has been included

a brief account of the general character of the region and of the

geological formations.

An account of the physiography of the region has been

published in Museum Bulletin No. 11.

' By ruling of the Gncnphic Bovd the nam* "WeatketUc"

"Wen Fork" which hu been uied in preriout reporU and mape.

Kplaca Uie name



In this report it ii pointed out that the silver-lead ores on
Wallace mountain are confined almost exclusively to one for-

mation, the Westlcettle quartz diorite, and an explanation is

advanced for their absence from other rock types. The sugges-

tion is aim) made that the silver-lead ores on Wallace mountain

may change in depth to low grade gold-bearing ores like those

found at Carmi. The faults so far as they could be determined

ha been mapped, and are shown in Figures 1 to 8. The amount
of faulting and the direction of displacement of the ore-bodies

represent the greatest single problem which will have to lie solved

in future mining operations; and it is hoped that this work may
be of some assistance in that respect.

FIELD WORK AND ACKNOWLEDGMENTS.

The work upon the topographic map was begun in the

autumn of 1909 and was completed in the summer of 1910.

The primary control was obtained by transit triangulation from

a measured base, and points in the secondary control were

located by intersection with a plane-table and alidade. Details

were filled in by traverse with a plane-table and 300-foot chain,

the thick underbrush practically pronibiting the use of stadia

for measuring distances; and the aneroid was used to carry

elevations along the traverse lines between secondary control

points, 'oout 10,000 traverse stations, 300 feet apart, were

located in this way on the map. Every fifth station was plotted

upon the working sheets used in the geological mapping, and

surveys along the geological boundaries were in that manner
readily tied to fixed points. The boundaries of the formations

are, therefore, believed to be located as closely as the available

number of outcrops allowed. The geological field work was done

in the summer of 191 1 and the report prepared during the winters

of 1913 and 1914.

The topographic parties included S. I. Wookey, F. H. Mc-
Cullough, and L. W. Berry in 1909; F. H. McCuUough, Charles

Galloway, Ernest Bartlett, William Hughson, Karl M. Clark,

and John Stansfield in 1910. Mr. Stansfield also assisted in

geological work during that season. In 1911, the writer was



auistcd by W. J. Wright. A treM deal of credit i* <luc thc»c

gentlemen for their interest and painstaking work. 1 l.c writer's

thanks are due to many friends in the district who have helpe<i

him in various ways, especially to Mr. E«l. Ci. Smith of Carmi,

from whom he received information reKardintf the history of the

region and several excellent photographs. Mr. ('.. M. Turn»-\ll

of the Granby Consolidatetl Cnnipany at Trail. B.C., kindly

furnished plans and profiles of t ..line tunnels on the Sally and

Rob Roy claims. He is especially indebtetl to Professors L. V.

Pirsson, '. D. Irving, Isaiah Bowman, Joseph Barrell. and Dr.

W. M. Bradley of the Geological staff at Yale university for help

and criticism in the preparation of the general report. The

chapter on "Economic Geology" was prepared under the sup«r-

visionof Professor J. D. Irving, and mineralogical work upon

the ores was done with the help of Dr. W. M. Bradley.

LOCATION AND ARKA.

The mining camps of Beaverdell and Carmi are situated on

the Westkettle river in southern British Columbia. Carmi

lies 5 miles up the river from Beaverdell. Penticton, at the

southern end of Okanagan lake, is alx)ut 25 miles west of Car-ni.

the base of the Midway mv>untains of the Columbia system

15 miles to the east, while 30 miles, as the crow flies, to the south

of Beaverdell, is the International Boundary.

The Beaverdell map embraces an area of 163 square miles

between north latitudes 49''25' and 49''37 -5', and west longitudes

118''55' and IIQ'IO'. The quadrangle takes in a part of the

valley of the Westkettle river and Beaverdell and Carmi lie in

the southwestern coiner of it. The area is on the eastern and

near the southern border of the Interior plateaus of British

Columbia.

TRANSPORTATION AND COMMUNICATION.

Beaverdell and Carmi are connected with Midway by a

wagon road which follows the bottom of the Kettle and

Westkettle rivers from Midway, through Rock creek and

Beaverdell, to Carmi. It is built on a low grade and was in

excellent condition in the summeroi 1911. The distances from



Carmi ami Bcavcrilell to Midway along thi* road are about
SO and 45 miln respectively. At Midway conn-^xion wa. made
with the Canadian Pacific and Great Northern railway*. An-
other road proceeded from thiit one up the main Kettle river to
a pomt almo«t directly ea»t of Beavtrdell. A Hwitchbacic road
connected Bcaverdell with the Sally mine on Wallace mountain,
and government pack trails proceede<l from Bcaverdell to Pentic-
ton. Kelowna. and the Kettle river. In a-tolier of 1910 grading
Ugan upon the Kettle Valley railway which, when completed,
will connect Bcaverdell and Carm: with Midway to the south and
w.th the Okanagan valley and the main line of the Canadian
Pacific railway at Spence Bridge to the west. The building
of this railway wa.H being vigorously carried on in 1911 and 1912.
and it will doubtless be completed before this report is pub-
lished.

HISTORY.'

Although white fur traders had settled in the neighbouring
Okanagan valley early in the nineteenth century, there are no
records of the presence of white men on the Westkettic river
until much later. The district, unlike the Okanagan, lay out-
side the lines of travel and was probably visited only occasionally
by Indian hunting parties or trappers. Following the dis-
covery of gold upon the Thompson in 1857, a great rush of
Cahfornian miners began to the interior of British Columbia,
f.reat numbers of them entered the country by way of the Col-
umbia and Okanagan valleys, often prospecting the creeks as
they passed. In this way streams tributary to the Okanagan were
explored and seven out of nineteen creeks entering the upper
part of the valley were found to contain gold-bearing gravels.
From one of these, Mission creek, which lies to the northwest of

th. ^ilL^^.Vlir'vT^*".'.""
'''\^""«"" "*" "" »'"«'-<l 'or m. partly through

Bancroft. Hubert, H., Htatory of Britith Columbia." 1792-1887

fi'«TTr«'^
".'"'""*' ^'^"' °' ^'""*' Columbia, • Ann. Rep. G«l. Burr.. Can.. Vol. III.

Brock. R^W Preliminary report on the Ronland, B.C. minini dUtrict, Geol. Surr. CanNo. 939. pp. 10-13, 1902.

Brock. R. W.. Preliminary report oi the Boundary diitrirt, Brill.h Columbia. G«ol. Surv
Can., Ann. Rep. 1902-1903, Vol, XV, pp. 136-137,



the Beavrrdcll area, the minrra cleaned up from S2 to S40

per man per day in the leaions of 1859 and 1860. At thU time

aliio (1859-1860) gold was discovered upon Rork creek, which

enters the Kettle about 2 miles north of the International Bound-

ary and 30 miles south ot Ik-avenlell.

Active exploration of the gravcN on RiKk creek continue*!

with some setbacks from 1860 to 1870, and a great deal of gold

was extracte<]. It was probabi during this perimi that the Ket-

tle river and its tributarii-s were prospectwl neaily to their head-

waters, and smu'il quantities of gold were found upon it, as

recorded by Dawson.' Evidences of the working of gravels

upon the Westkettle are to l»e found at China crtrk in the Beaver-

dell area, where parts of an old flume are still in existence. The

name of the creek is highly suggestive, for a great deal of work

upon gold-bearing gravels in southern British Columbia has been

done by the Chinese. Placer mining was carried on in a desul-

tory way in Rock creek for many years after the first rush, but

whatever prospects were found farther up the river were soon

abandoned.

The first lode claim in southern British Columbia was

staked upon Rock creek in 1884. Between that date and 1892

a number of lodes of copper and gold, which later on became

important ore producers, were staked in the Boundary district

and at Rossland. Active development of the gold ores in Ross-

land began in 1894, and the results were so favourable that the

town was connected by railway to the south in 1896. The

success of the Rossland camp started another rush into southern

British Columbia and a s.nall army of prospectors fo . d their

way up the Westkettle river between 1896 and K.a). The

first claims were staked on Wallace mountain in 1889 before

the boom, but were allowed to lapse. All the m re important

claims on Wallace mountain were located lietween 1896 and the

following year, and in the next four j'ears numerous claims were

worked on this mountain, at Carmi, near the Triple lakes, and on

Arlington mountain. Three small settlements sprang up on the

Westkettle at that time, and another on the Kettle river east

' Dawton. G. M.. "Mineral wealth u( Brittth Culumbui. " Ana. Rep.. Geol. Surv., Caa.,

Vol. III. 1887.|li8«, p. IJU R.



of this area: they were called Carmi. Beaverton, and Rendell,
and the one on Kettle river. Canon City. Later, Rendell and
Beaverton, which were only one mile apart, were united under
the composite name Beaverdell. As many as 1,000 prospectors
are said to have come up the river by the pack trail which then
connected Beaverdell with the outside world. They spread
into the hills on both sides of the Westkettle and left evidences
of their occupancy in the numerous prospect holes which are
found on the upland to-day.

Development work began in the Carmi mine in 1899, and
in the Sally group on Wallace mountain in 1900. These two
small properties were more or less continuously developed be-
tween 1900 and 1909. The larger of them was shut down early
in the year 1910. and had not been opened when the writer
left the district in 1911. The Carmi was worked in 1899 and
1900. and again in 1904, but no work was done on it from that
time until 1911.

The slump in mining operations which began at Rossland in
1899 aflfected prospecting on the Westkettle river as well as all
over the southern part of British Columbia. The mining popu-
lation quickly disappeared, leaving empty shacks and abandoned
townsites behind them, and in the summer of 1910 a few of the
dd timers alone remained to await the return of prosperity
During the following year, however, there was another turn of
the tide. The Kettle Valley railway which, when completed,
will connect Beaverdell and Carmi both with Midway to the
southward and the Okanagan and Vancouver to the west was
begun m the autumn of 1910. Its effects began to be felt in
1911. when surveying parties and others engaged in preparing
for railway building began to invade the district. During the
winter of 1911 and 1912 tenants appeared for the deserted cabinsm Carmi and Beaverdell. and the district took on a new lease of
life. The next few years will doubtless sec a great many changes
in the district and it is possible that a permanent town of some
size may grow upon the site of Beaverdell or Carmi.



PREVIOUS WORK AND BIBLIOGRAPHY.

Very little geological information upon this district had been

published before the beginning of the work embodied in this

report. Mr. William Fleet Robertson, the provincial mineral-

ogist of British Columbia, paid a visit to the VVestkettle in the

summer of 1901 He examined the more important claims at the

Triple lakes, upon Knob hill, at Carmi, and upon Wallace moun-
tain, and some valuable data regarding their geology, develop-

ment, and ore values are given in his report.

The district was visited in 1900 by Mr. Horace F. Evans
who published an account of a reconnaissance up the Westkettle,

in the Mining World magazine. Scattered accounts of the min-

eral production of the mines at Beaverdell and Carmi appear in

the publications of the Department of Mines at Victoria, B.C.

The following is a list of the publications upon the geology

of this area:

1. Dawson, G. M., "Mineral Wealth of British Columbia,"

Ann. Rept. Geol. Surv., Can., Vol. Ill, 1887-1888, p.

130R.

2. Roliertson, Wm. Fleet, "Ann. Rep. of the Minister of Mines
of British Columbia for the year 1901," pp. 1135-45, 1902.

3. Ann. Rept. of the Minister of Mines of British Columbia
for the year 1903, p. H. 168.

4. Ann. Rept. of the Minister of Mines of British Columbia for

the year 1904, p. G. 216.

5. Ann. Rept. of the Minister of Mines of British Columbia for

the year 1906, pp. 159-160.

6. Ann. Rept. of the Minister of Mines of British Columbia
for the year 1907.

7. Ann. Rept. of the Minister of Mines of British Columbia
for the year 1909, p. 132K.

8. Evans, Horace, F., "Reconnaissance up the West Fork
of Kettle River," Mining World, Vol. 27, pp. 65,317, 1909.

9. Reineckc, L., "Beaverdell District, W^est Fork of Kettle

River, British Columbia, ' Sum. Rept. Geol. Surv., Can.,
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CHAPTER II.

SUMMARY AND CONCLUSIONS.

TOPOGRAPHY.

The Beaverdell area lies within the southeastern corner of

the Interior plateaus of British Columbia. The district is

drained by the Kettle river and its tributary, the Westkettle, and
the mappc<J area lies nearlyentirely in the basin of the Westkettle.

The maximum relief within the area is 3,250 feet. About two-
thirds of the district is upland and .he remainder consists of

steep sided valleys. The upland is rolling, with average slopes

from hilltops to main drainage lines of about 200 feet to 300 feet

to the mile, and the maximum relief within the upland is nearly

2,000 feet. The main valleys are steep sidtv" with flat terraced

bottoms and the streams within them are of low grade ; evidences

of a recent disorganization of the drainage are plentiful upon the

upland.

GENERAL GEOLOGY.

Description of Formations.

The oldest rocks in the district are those of the Wallace
group, parts of which have been correlated on the ground of

lithological and structural similarities with the Phoenix vol-

canics, and with the Triassic-Jurassic Nicola srric which out-

crops in the Kamloops map-area. The Wallace uiiderlies about
one-third of the Beaverdell area and the greater portion of it

lies upon the higher upland. Two large areas of the Wallace
group lie in the southeastern portion of the map-area and upon
St. John ridge, other and smaller strips occur along the sidco of

the Westkettle valley and in other places.

The series is made up of a complex of rocks of which prob-
ably over 95 per cent are of igneous origin. The oldest are

white to grey, coarse, crystalline limestones, and fine-grained,

grey hornfels. Over these lie banded, dense, hornblende ande-



10

black hornbleS., pwox^ ,°
'^"' ™'^-*™''"' '""^i™'.

partly facies nf th„ ^- .
'°^^'"<^

,
^"^ dacitic composition are

a rusty brown
'^""'J"'" 'he igneous rocks weather to

banded or more massively bedSrfZn^T.L "! """'>'

Hcss was not determined, are in <shpp«- lii,» « .

in dyices and small stoc « Z .f^^^'^'Z
™^' ^o^ietimes

^t::e^i;;-terl'^?^^^^^^
borVnde dpr,,JX:-;;l;;X-^o?dX
^.cryTta IW tdX "i'

^" r™"'^'""^- ""limestti

rt:itdf xt:
-"
-f= -"'"-S

P»5r?f«=7a*V-rSTS::£S
memJer^br^tatrVt T", 1?^ '"" "" "»-^^«^
w^H ba. srLi^ int-nrb:-rL-sr^^^ -!



11

Within the area mapped as Wallace group, the several

units of the group lie scattered in the most haphazard manner
and it was the practical difficulty of separating them in the field

which led to the mapping together in this series of formations
which probably represent at least two geological systems.

The Wallace group has been intruded by a batholith of

quartz diorite here called the Westkcttle batholith. Partly
because of the metamorphism it has undergone, and largely

because of its similarity to Jurassic batholiths in the great
Okanagan composite batholith to the southwest, it has been re-

ferred to the Jurassic. The Westkcttle quartz diorite underlies

a wide area along the Westkcttle river and smaller patches of it

occur in the hills up the Beaver valley and east of Goat peak.
The average quartz diorite is a medium and even-grained

grey rock of granitoid texture in which biotite, hornblende,
feldspar, and quartz can usually be determined with ease in the
hand specimen. Locally it varies from this type to one in which
there is less biotite and more feldspar or more hornblende and
less feldspar and quartz. On the tops of certain hills and especi-

ally near its contact with the Wallace series a fine-grained type
is developed (Plate V). Four types of dykes: light coloured,
granitic aplites; grey porphyritic, quartz latite-porphyries;

rather even textured, quartz monzonite porphyries; and horn-
blende, andesite porphyries are apparently offshoots from this

batholith; some of them cut the batholith itself and all of them
are intruded into the Wallace group. The Westkcttle batholith
is gneissic, that is, has a foliated or banded structure in certain
places. The gneissic phase occurs near many of the contacts of
the younger Beaverdell quartz monzonite batholith and in such
cases the direction of foliation is generally roughly parallel to
the line of contact. Gneissic phases ol the batholith are also

developed near its centre, far from the intrusion of Beaverdell
quartz monzonite. Along certain shear zones it has been severely
metamorphosed, with the development of sericite, epidote, and
chlorite. The batholith is extremely irregular in outline, with
numerous lateral projections into the nearby Wallace group,
and small wedge-shaped masses of Wallace in places lie inside the
quartz diorite, far from the outside contact. It has been faulted
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lakes. It is a chocolate to grey, porphyritic to holocrystailine

rock. The bulk of the rock is a dark coloured porphyry which

contains phenocrysts of greenish augite and biotite, in a dense

groundmass; the coarser fades is grey, holocrystallinc, and com-

posed of feldspar, biotite, and augite. The rock mass has been

brecciated but is comparatively unmetamorphosed.

Unconformably over the VV.-Uace group and Westkettle

batholith lies the Curry Creek series of sediments which carry

pebbles of the Wallace group as well as Westkettle and Bea\ erdell

batholiths. Plant remains of Tertiary age are found in this

series and it is so similar to the Oligocene Kettle River series

of Midway and similar series in the Boundary Creek district,

from IS to 30 miles to the south, that there can be no doubt

that it is of Oligocene age.

The series outcrops on an area of about 4 to 5 square miles

on Wallace mountain, and on the ridge south of Canon creek.

It is composed of about 2,500 feet of coarse, thick-bedded con-

glomerates, with interbeds of finer material, overlain by 200 feet

of exceedingly thin-bedded, dense, white dacitic tuffs. The
conglomerates dip westward at angles of 45 degrees at their base

and flatten higher up in the section. The tuffs lie practically

flat. They have both been severely faulted but are not intensely

metamorphosed

.

The tuffs of the Curry Creek series and some of the older

formations are overlain unconformably by the Nipple Mountain
series of lavas which resemble part of the Midway lavas to the

south that ha^e been tentatively classed as Oligocene. The
lavas of the Beaverdell area are placed in the Miocene because of

ihe unconformity with the Curry Creek series.

This series outcrops in a large area upon Nipple and Ferroux

mountains and in smaller patches on Wallace mountain, near

Lassie lake and at other places. It is composed of trachyte,

biotite andesite, dacite, hornblende andesite, augite andesite,

and basalt, which were extruded more or less in the order named.
They ^.e all somewhat porphyritic with phenocrysts lying in

a groundmass which is often glassy, but sometimes wholly or

partly crystalline. The trachyte, biotite andesite, and dacite

are in many cases white or light coloured, the hornblende and
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the ore. The shear zones consist of partly replaced fragments

of country rock, quartz, and the ore minerals, lying between two
well-defined walls. They are from 1 to 10 feet wide, strike

east and west, and dip to the south at angles var> ing from 50

degrees to vertical. The ore is partly a replacement of the country

rock, but the greater part of it forms, with quartz, the filling

between fragments of altered country rock in the shear zones.

The order of formation of the minerals in the silver-bearing

deposits is sericite, quartz, barite, pyrite; then sphalerite, galena,

and tetrahedrite, accompanied by more quartz and pyrite;

then pyrargyrite; and, lastly, native silver accompanied by chlor-

ite, iron oxiile, and calcite. Sericite has been formed by re-

placement of the country rock: quartz, and pyrite partly by
replacement but largely as cavity fillings- he other minerals

were seen only as cavity fillings, never as replacements. Native
silver, calcite, kaolin, and iron oxide were formed long after the

rest of the minerals. The paragenesis of the minerals in the shear

zones at Carmi and other places was not determined.

The ore-bodies are tabular in shape, and their outlines

are largely determined by the closely spaced fault planes which
displace them. They are pockety, that is, they vary rapidly

in value in a lateral direction; in certain places they carry as

much as $200 to the ton in silver. It is believed that the galena

ores on Wallace mountain change in depth to deposits resembling

those at Carmi. The ores have been displaced by a great number
of closely spaced faults; these strike from north by west to

northeast and generally dip to the west. The faults with low
dip appear to have caused the largest amount of displacement.

The portion of the ore-body east of the fault plane is generally

offset to the south.

The depth of the zone of oxidation is not great, but surface

alteration proceeds farther down along fault planes. Glacial

action is thought to be responsible for the practical absence of

oxidized material on the surface.

The ore-bodies in the mineralized shear zones were formed
by hot ascending solutions derived from the magma of Beaverdell

quartz monzonite. Those at Wallace mountain were deposited

within a few thousand feet of the surface; at Carmi they were
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mangancflc, sodium, aluminum silicate occurs as a lining to

ellipsoidul cavities in the rock body. The country rock is lime-

stone and diorite of the Wallace group. The deposit is probably

the result of the intrusion of a large igneous mass Ih'Iow the

present ore-body. This mass wis not seen, but it is inferred to

be Beavcrdell quartz monzonite.

Occurrences of scheelite on Arlington -nountain, and as-

bestos on the west side of Hall creek, arc o' ...lerest rather than

of immediate value.

Future of the District.

It is probable that the rich but pockety ores in the shear

zones on Wallace mountain and the lower grade ores at Carmi

may both be mined at a r,i ifit. The mineralized shear zones

have been displaced along closely spaced fault planes and the

chief problem in mining is the location of these faulted blocks

of ore. Exploration for faulted ore-bodies will probably be

costly, but they should be found more easily as the faulting

becomes better understood. If enough ore can be found on

Wallace mountain it should be possible to mine and transport

it to the Kettle Valley railway at a comparatively low cost.

At the Carmi mine the cost of mining will be increaseti by the

cost of pumping from the start of operations. Tht- ores run

much lower in value than those on Wallace mountain and mining

will have to be rarefully done in order to show profits.

The orer n the "stocks," and the contact metamorphic

deposit at Copper creek have been prospected, but not mined.

They are nearly all at some distance from the new railway, and

their future depends upon the opening up of larger bodies of ore

than have been uncovered so far.

The non-metallic products of the district have not proved

of value up to this date. The discovery of scheelite and asbestos

is interesting, but not as yet of economic importance. The

altered augite-andesites and tuff of the V.allace series will make

good road material, and so will nearly all members of the Nipple

Mountain lavas.
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CHAPTER Id.

GENERAL CHARACTER OF THE DISTRICT.

TOPOGRAPHY.
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Coast range*; to the east the Columbia system; on the north

it is bounded by a groufi of irri-gulur raiigfA, which lie Ix-twvcn

the Coast range and the RcKky Mountain system and whose

southern limits are near the 56ili narallelof latitude tothe!U)uth

it ends in wedgc-shaiicd torn against the Hozaniecn, SkaKit,

and Okanagan ranges of the Cascade system, and the C'olvillc

mountains of the Columbia system.'

In the southern (lart of the plateaus the uplands lie I'r im

4,000 to 6,000 feet above sea-level. They are said to decrease in

general elevation to the north. The main valleys lie from a

few hundred to over 4,(X)0 feet below the upland, and a few

rugged hills rise several hundre<l feet alwvc the curface. The

total relief within areas of a few hundred s(|uasc miles is pro-

bably nowhere over 5,000 feet, and is generally less than 4,(KX),

The greater part of the Interior plateaus drains south and

west into the Pacific by way of the Fraser and its tributary, the

Thompson. A portion at its northern end drains into the Skeena

river. The southern and southwestern end is drained by the

Similkameen, Okanagan, and Kettle rivers, whose waters all

flow into the Columbia.

The walls of the deep valleys which separate the Interior

plateaus into irregular blocks have much steeper slo|)es than those

prevailing on the uplands between them. The junction of up-

land and valley wall is generally abrupt, and the plateaus are

thus divided into upland and valley portions which are topo-

graphically distinct. Shallow valleys also occur ui)on the up-

land but these are considered as forming a part of that surface.

The areal ratio of upland to valley is abou*. three to one.

LOCAL.

Beaverdell Area.*

The part of the Interior plateaus included within the Beaver-

dell map-area consists of a rolling upland with a relative relief

of 2,000 feet. It is drained for the greater part by the West-

' Daly. R. A., "The nomtnclaturt of thf North American Cordillera between che 47th

and 5Jrd parallels of latitude"; The Geographic Journal, vol. 27. No. 6. June. l';oi>, pp. 5H6-606.

1 map.
* A more detailed description of the Beaverdell topography and of the physiographic

development of the Interior plateaus is published in Geological Survey Museum Bulletin No. 1 1.

Rc%.<^
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cuts across contact surfaces between the formations older than

the Tertiary lavas at all angles. Tertiary lavas, however,

generally occupy higher ground than the adjacent, older rock

formations; very many of the contacts occur at the base of a

lava cliff, cliffs of thi -baracter being the rule rather than the

exception.

To the wes th'^ upland si.r* ice appears to rise gradually

to the watersh,- 1 httween the- Okanagan and Kettle rivers;

on the east of tht • .la-'ran.Tle it -nds at the canyon of the Kettle

river; northward it appears t become less rugged ; but about

20 miles north of the quadrangle, the flat surface is interrupted

by a high ridge coming from the northeast, known as the Black

ridge, with Ptarmigan mountain apparently near its southwest

end; to the southwest the upland is rugged and apparently

much broken by canyons, while to the southeast the Plateau

surface ends or merges into the Midway mountains.

The Westkettle rivtr occupies a steep sided, flat bottomed

valley which crosses the western half of the quadrangle in a

north-south direction. It falls from an elevation of over 3,000

feet on the northern to about 2,500 feet at the southern end of

the quadrangle. Its tributary, Beaver creek, drains a large

part of the quadrangle to the east and occupies the same type

of valley in the lower 5 miles of its course. Numerous streams

coming from the broad troughs on the upland surface flow

through V-shaped canyons into the larger valley bottoms of

the Westkettle and the Beaver. The upland valleys resemble

a flattened V, in cross section, and are a part of the upland

surface. The change from valley side to upland slope is abrupt

and forms a distinct knee in profile. Corresponding to this

there is a steepening of stream grade upon going from upland to

canyon bottom.

The Westkettle Valley floor is made up of a series of terraces

which occur in irregular patches upon its bottom, or as frag-

ments perched far up on the valley sides; similar terraces occur

in the tributary valleys. The terraces are complicated or

obscured by alluvial fans, where side streams enter the valley,

by rock outcrops, and by morainal deposits and kettle holes.

Unmodified glacial deposits are rarely met with. A number of
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63 • 7, September 54-8; the average October temperature was
44'8. T c extreme highest temperatures attained during these

years were 96 in July and 95-4 in August, and the extreme

lowest 8-6 below zero in November, 3 below zero in December,

22 below zero in January, 18 5 below zero in February, and 5 -5

below zero in March. In no other month did the temperature

attain the zero mark, but in all of them except June and July it

reached the freezing point. It should be remembered that the

extreme temperatures mentioned may have been reached only

once or twice during the thirteen recorded years.

The Westkettle valley is decidedly cooler in summer than

the region near Kelowna on Okanagan lake, and such is especially

the case on the upland where there is a delightful summer climate.

On the other hand the winters are much colder and th tempera-

ture undoubtedly falls down to thirty and even forty below zero

for a day or so in the winter months.

Apples and other fruits have been successfully grown at

Rock creek, about 35 miles south of Beaverdell in the Kettle

valley, and large apple orchards were laid out there a few years

ago. On the Westkettle, fruit raising is in the experimental

stage. The occurrence of summer frosts and rather low average

temperatures are the obstacles with which pioneer fruit growers

have to contend. Hay, wheat, and vegetables have been

successfully grown along the Westkettle and Kettle River bot-

toms, within, and just east of, the mapped area. The amount of

land which he fanned is not, however, vcr>' great, for only

about one-i t is valley bottom and a great deal of that is

stony, so tha • acreage of tillable ground is restricted. The
upland and steep valley sides are in general unsuited for cultiva-

tion, both because of lack of soil and great elevation. While,

therefore, a certain amount of farming will probably be done in

this district in the future, it will be confined to a vur>' small

acreage along the river flats.

ANIMAL LIFE.

Before the ar . of the railway the watershed of the West-
kettle river was well stocked with game, especially deer and
grouse. Fur-bearing animals are steadily decreasing in numbers
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level, the tree ^Towth becomes stunted. Along the Westkettle

and its tributaries, however, these conditions obtain only very

locally. The thinning out of the forest trees can be seen on south-

ern hillsides as on the south nose of King Solomon mountain,

and the gentle slopes of Knob hill; but otherwise areas recently

burned over are the only breaks in the forest cover. The timber

line must be over 6,000 feet within this district, an altitude which

is not reached by any of the ridges within the map-ai a.

The principal varieties of the larger trees are the bull pine

{Pinus ponderosa), fir or Oregon pine (Pceudotsuga mucronata),

tamarack (Larix occidentnlis) , spruce {Picea engelmannii),

balsam {Abies lasiocarpia) , cottonwood (Populus tricocarpa),

birch (Betula papyrifera), and quaking n.spen {Populus tremu-

loides) are occasionally met with. The bull pine grows in the val-

ley bottoms and on southern hill slopes up to an elevation of

about 3,600 feet. Some of the trees are 3 or 4 feet through at

the butt; they attain a height of perhaps 80 feet and make
excellent lumber. Very few of these trees were seen north of

the town of Carmi. Firs grow upon the high ridges as well as in

the valleys, and are found everywhere but in the swampy
flat areas which exist in parts of the upland. They rival the pines

in size. The tamaracks grow with firs upon the hillsides and in

the dry valley bottoms. They are tall, straigh' trees and often

grow to great size in the valleys. Spruces are found in numbers
only in swampy portions of the upland, like the area in tne upper

part of Maloney valley, and on the edges of small lakes. They
attain a height of 30 to 50 feet and form a thick forest in the wet

bottoms. Balsam and cottonwood trees are rare, the balsam

occupying high and cool ground like the north slopes of the higher

peaks, and the cottonwoods small flats in the low valleys.

Birches grow in the valley bottom of the Kettle river to the east.

They are practically absent from the upper Westkettle.

Probably more than half of the country drained by the

Westkettle has been burned over in the last fifteen years and these

burned areas are generally thickly grown over with jack-pines

which attain heights of 60 feet in places, but are rarely a foot

through at the butt.
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in from Okanagan lake in seasons when the deer were plentiful.

White men have probably trapped through this country since

about 1860, and have prospected more or less actively in the

neighbouring hills for the last twenty years. Between 1896 and

1900 there are said to have been nearly 1,000 prospectors in the

hills on both sides of the river. In 1911, the population had

dwindled to about 50, but the buiitling of the Kettle Valle.,

railway up the Kettle and U'estkettle valleys brought about a

turn of the tide and the forerunners of a fresh influx of railway

workers and others began to reach Beaverdell and Carmi in the

autumn of 1911.

The majority of the white men who lived in the Westkettle

before the building of the railway were engaged in trapping and

prospecting or mining. Many of them staked out rrnches and
worked these more and more as the returns from furs or prospects

became smaller. A number of them are typical frontiersmen

who came to the valley during the boom and stayed on, partly

because of the attractiveness of the country and their liking for

the frontier conditions which obtained there, and partly through

a dogged desire to stay until prosperity should return.

COMMERCIAL POSSIBILITIES.

The upper reaches of the Westkettle valley do not hold

out very great promise of agricultural development. The area

of land that can be *illed is small, and the climate is too severe

for any but hardy crops. The dense forest and consequent

scarcity of good grass will also place a limit upon the quantity

of stock which can be raised. The district does, however, pos-

sess more than the average acreage of unburnt timber. It is a

natural haunt for game, and several of its smaller lakes swarm
with fish. The scenery around some of the lakes is exquisite,

and the climate in summer delightful.

Mining is still in the prospective or, rather, exploratory

stage. Small bodies of rich ore have been found upon Wallace

mountain, and one is justified in believing that other bodies of the

same type will be found there. The chief obstacle to profitable

mining has been the cost of exploring for blocks of ore which

M
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CHAPTER IV.

GENERAL GEOLOGY.

REGIONAL.

The cordilleran system in s<juthern British Columl)ia may
be divided, upon gfological grounds, into two belts which have

been called the Eastern and Western geosynclinal belts re-

spectively. Tl ; exaci dividing line between the two has not

been definitely determined; it probably lies within the Selkirk

range. The Eastern belt is made up nearly entirely of sediments

which range from the Pre-Cambrian Beltian system to the

Permian. The total thickness of the sediments is more than

50,000 feet, and only a few local unconformities have been found

between the formations within the section. The Western belt

consists of discontinuous areas of metamorphosed sediments

and lavas, of great batholithic intrusives, and cf later unmet-

amorphosed sediments and lava flows. The Beaverdell area

lies within the Western geosyncline, which stretches for hun-

dreds of miles north and south along the cordillera. This general

account is confined to t.iat portion of the belt which lies between

the Selkirk mountains on the east and the Coast ranges, and

between the United States boundary and the main line of the

Canadian Pacific railway.

The oldest rocks known within this belt are a series of

Pre-Cambrian metamorphosed sediments and greenstones called

the Shuswap series. Their total thickness is at least 30,000

feet, of which the younger greenstones form about one-third.

They are typically developed at Shuswap lake on the Canadian

Pacific railway arid underlie large areas in the Columbia and

Selkirk mountains.

Scattered through the Interior plateaus and along the

International Boundary south of the Selkirk and Columbia

mountains are a number of detached areas of metamorphosed

rocks, in several of which Pennsylvanian fossils have been
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in a small area 30 miles to the cast of Bea^-crrle!l, and more

extensive surveys have licen made along the lK)Uiidary to the

south and southwest, but to the north there is a long stretch of

which nothing is known. Gu the Canadian Pacific railway in

that direction the Shusv/ap series covers a wi<le area. Pawson'

in a reconnaissance along Olcanagan lake describes rocks there

which resemble certain of the Beaverdell formations. It is

probable that the country for 30 or 40 miles to the south, east,

and west, and for some distance to the north, is underlain in the

main by the rock types outcropping in the Beaverdell area, and

in addition perhaps by representatives of the Cache Creek

group.

GEOLOGY OF THE BEAVERDELL AREA.

Within the Beaverdell area occurs the Wallace group of

volcanic rocks with subordinate sediments, schists, and coarse-

grained intrusives, the greatest part of which has been tentatively

referred to the Mesozoic. They have been intruded and met-

amorphosed first by the Westkettle quartz diorite batholiih

of Jurassic age, and later by the Beaverdell quartz monzonite

batholith probably of Eocene age. The Curry Creek series of

Oligocene conglomerates and tuffs lies unconformably over the

older rocks. The youngest rocks are a series of lavas probably

of Miocene agt which overlie the Curry Creek as well as the

other formations unconformably. A blanket of unconsolidated

glacial drift overlies the upland, and terraces of river alluvium

are found upon the valley floors.

The following table includes the various formations met
with in this area. The main divisions have been mapped as

separate units except in the case of the glacial deposits. The
latter, when found near the bottom of river valleys, were in-

cluded with river alluvium in the recent deposits, and outside

the immediate river bottom.s they were mapped only when
thick and extensive enough to cover rock outcrops over a con-

siderable area.

Damon. G. M., "Prellmliian' report on the phyilcml and geological featurea o( the

aouthera Interior portion of Britlih Columbia. 1877": G«ol. Sunr.. Can.. Ann. Rep. for UT7.
187S, pp. 101-105 B.

HP
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Miocene

White dacitir tuffs.,.,

Conglomerates, with some sandi
•tones and agglomerates

Augite syenite

porphyry.

Wuartz

moMonite

Quartz diorite

Hornblende diorite porphyries.|

Andesite and dacite schists

Basic intrusives:

Olivine
gabbro.saxonite.saxon,

IL r'lV"'"' P3^o«niteJ
and hornblendite.

Augite and hornblende-andesite

Hornblende andesite tuffs with
some augite andesite tuffs and
non-volcanic sediments.

Hornfcls

Limestone.

200+
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WALLACK JiROl'P.

The Wallace is a complex compcwtl largfly of an(Ic*itc«

and aiuli'sitic tuffs accompanied by basic intriD'ivcs which occur

in dykes and small stocks. AmoiiK thesi- igneous rocks are

found small and irregular ImxHcs of crystalline limestone and

hornfcls. The greater part of the formation is more or less

intensely metamorphosed. The prccedinK t.d)le gives in de-

Bcending order the formations which make up this group and

the approximate thickness of the sediments and tuffs.

Limestone appears to lie the ol<lest formation present and

after it came hornfels and tutls which are in places interl)edded.

Both se<iiments and tuffs are cut by andesite dykes and they

in turn arc intruded by hornblende diorite porphvries. Certain

of the schists are also intruded by hornblende diorite porphyries,

others grade into them. From their manner of occurrence and

position, the basic intrusives are thought to form the deep-

seated and more coarsely crystalline portion of a large botly of

augite andesite ; but the evidence upon this point is not definite.

Distribution.

The Wallace group occupies about one-third of the map-

area. The greater part of it outcrops upon the higher u{)land

and it is especially well developed in the soutlieastern part

of the area. Two large areas lie between Cedar creek and the

Kettle river and on St. John and Mosher ridges; another oc-

cupies the south side of Curry mountain and part of the west

flank of Wallace mountain. Smaller detached areas are found

on both sides of the Wcstkcttle valley north of King Solomon

mountain. All of these areas are extremely irregular in outline.

Within the Wallace areas the different units of the series are

grouped in a very haphazard and patchy manner. Andesites

and tuffs occupy about 80 per cent of the area mapped as Wal-

lace, while the combined areas of the sediments would probably

be less than 5 per cent of the whole.
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Lithology and Metamorphism.
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Basic Intrusives. The basic intrusives in this group are

defined as pyroxenite, hornblendite, saxonite, saxonite porphyry,

and olivine gabbro.

The pyroxenites are greenish black, coarse-grained, granular

rocks. They are occasionally foliated and grade into a black

schist. Pyroxene, hornblende, and feldspar may be seen in

certain outcrops and occasionally the rock is entirely without

feldspar. A thin section from Arlington mountain consisted

of magnetite, apatite, titanite, green augite, secondary horn-

blende, and epidote. Nine-tenths of the mass was made up of

augite and secondary hornb'ende.

The hornblendites are black, coarse-grained rocks made up

almost entirely of hornblende and biotite. The hornblendes

are lath shaped and often 2 inches lon^. A thin section of the

rock consisted of magnetite, titanite, biotite, hornblende, and

plagioclase. The hornblende occupies 90 per cent of this section.

The saxonite is a coarse-grained, black rock with large

glistening faces of hypersthene containing a few grains of olivine.

It is made up of magnetite, spinel, olivine, hornblende, hypers-

thene, phlogopite, pyrite or pyrrhotite, chlorite, serpentine, and

sericite.

The only occurrence of saxonite porphyry in the area has

been very largely altered to serpentine. It is a grey black fine-

grained rock with bands of green serpentine and in places veinlets

of fibrous serpentine or asbestos running through it. The

banding is generally horizontal and the asbestos veins more

noticeable near the weathered surface. None of the asbestos

veins seen were over one inch in thickness. Under the micro-

scope the rock appears to consist of partly altered olivine and

enstatite lying in a dense groundmass which has been entirely

altered. The alteration products are serpentine, magnesite,

chlorite, talc, and magnetite.

The olivine gabbro is dark grey, coarse-grained, and weathers

to a characteristic rusty brown. In this regard, it resembles

the coarser phases of the augite andesites. It is made up of

magnetite, bytownite, olivine, phlogopite, hornblende, pyrr-

hotite or pyrite, and serpentine. Crystals of hornblende in-

clude grains of the bytownite feldspar, of olivine and of augite,
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finely granulated, but the rock is never foliated. The augites

are as a rule partly or wholly altered to secondary hornblende

and the feldspar to biotite and to dirty looking masses probably

largely epidote. The metamorphism is such as would be pro-

duced by accessions of pressure and heat accompanied by cir-

culating waters, and can best be explained as the result of the

intrusion of the huge Beaverdell quartz monzonite batholith,

which has broken up and partly altered the andesites and has

caused rock flowage and foliation in less resistant masses of

quartz diorite near the andesites.

Schist. The schists are more or less thinly foliated rocks

genera' gi or grey in colour. They are made up of feldspar,

hornb. . and other minerals in varying proportions.

They split • c-..^ dlong their foliation planes and one may dis-

tinguish feldspar, hornblende, and biotite, when the latter is

present, upon the cleavage faces. One type of the schists

from King Solomon mountain, consists of about 50 per cent

andesine feldspar, 35 per cent hornblende, 10 per cent of quartz,

and 5 per cent of magnetite. Other types contain 80 per cent

of hornblende with feldspar and no quartz.

The foliated appearance of the schists is caused by the

arrangement of the hornblendes and biotites with their longer

axes lying in parallel planes and by the segregating of the black

and white minerals into parallel bands. They are all meta-

morphosed rocks which have been subjected to intense pressure

and heat. This caused recrystallization of the biotites and

hornblendes with their long axes parallel and the granulation

and slicing of the feldspars and quartz.

Hornblende Diorite Porphyry. These rocks are dull grey on a

fresh surface and weather to a brown grey. They are holo-

crystalline, fine-grained, and inclined to be porphyritic. In the

hand specimen large crystals or clusters of hornblende and biotite

lie in a groundmass in which the individual crystals are seldom

recognizable. The whole rock surface has a dull appearance and
individual crystals a blurred look and in that respect they differ

from the fine-grained facies of quartz diorite which has a clean

cut "pepper and salt" appearance. A thin section of a specimen

from the Idaho claim on Wallace mountain, consisted of 50
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In places there are large stocklike masses of augite andesite,

notably one at China and another at Cafion c'ck. The augite

andesite at China creek appears to grade into a number of basic

intrusives which outcrop 1,000 feet below the andesites, and they

may form part of the same mass; if that be the case the augite

andesite has been intruded as an irregular stock. The Canon
Creek occurrence is also stock-like in form.

Ail the andesites are thoroughly brecciated (Plate XI), and

the planes of fracture are in many places so closely spaced that

it is difficult to get a fresh surface of any extent from an outcrop.

They are never foliated.

The coarse-grained, basic intrusives are dykes, sheets, and

irregular bodies of rock which generally lie in detached patches.

They are all more or less brecciated and occasionally schistose.

This applies to the hornblende diorite porphyries as well as

to the ultra basic rocks like pyroxcnite, hornblende, saxonite,

and olivine gabbro.

The schists occur in small bodies, in many instances near

the contact of a large intrusive mass. They are in many places

made up of several original rock units now all metamorphosed

together and not separable without microscopic study. They
are characteristically thir" iated with individual bands, at

times less than one-fiftieth inch in thickness. The strike

of the planes of foliation is ii ist instances roughly parallel

to the line of contact of a nearuy younger intrusive mass. If

the schists are far from intrusive masses the foliation planes appear

to have a general trend to the northwest or not far from it. This

corresponds to the trend of foliation planes in certain parts of the

VVestkettle batholith and may indicate regional metamorphism.

The planes of the foliation generally dip at high angles in the

greater number of outcrops. The amount of schistose rocks in

the whole area is very small.

Relations to Other Formations.

The Wallace group comprises the oldest rocks within the

area. The hornblende diorite porphyries may closely precede

the intrusion of the next succeeding quartz diorite batholith,

while the limestones are much older. Into this group there has
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the upper part of the Rossland group in the Rossland mountains

and the Phoenix volcanic group of the Boundary district both in

their lithological characters and in the degree of metamorphism

they have undergone. The upper part of the Rossland group and

the Phoenix volcanic group are placed in the Mesozoic by Daly.

The hornblende diorite porphyries of the vVallace group are

younger than the other formations in that group. They resemble

the Westkettle quartz diorite batholith which follows them and

may be a part of the general intrusion which produced the batho-

lith. This intrusive is tentatively placed in the Jurassic.

The members of the Wallace group may, therefore, belong

to three different geological periods.

Correlations based on lithological similarities and the degree

of metamorphism which formations have undergone, are not

wholly conclusive, but it seems probable that further work will

prove that the Phoenix Volcanic group and a portion of the

Wallace group 30 miles from them, belong to the same formation.

The Nicola series of the Nicola valley, described by Dawson,

which is partly Triassic and partly Jurassic, resembles the

Wallace group lithologically. Similar series are described from

the Oroville-Nighthawk' mining district in the Okanagan

valley just south of the International Boundary and from the

Blewett' mining district in the Cascade mountains in central

Washington.

WESTKETTLE QUARTZ DIORITE.

The Westkettle quartz diorite is a grey, granular rock

resembling granite. It outcrops along the greater part of the

valley bottom of the Westkettle river from Trapper creek to

the south end of the map, and underlies about one-third of the

area of the Beaverdell quadrangle. It is of especial interest

because it contains the silver and gold ores of the district, and

is in fact the only formation in \ Mch commercially valuable

ores have been found up to the present time.

* Umpleby, Jo*., "Geology and ore depoiit* of the OroTille-Nighthawk mlnlnc dlatrlct,"

Waihlngton, Geol. Sunr. Bull. S, pp. 67-68. 1911.

> Weaver, Chas. E., "Geology and ore depotltt of the Blewett mining dliulct, WadUngton."
Wadilngton, Geol. Surr. BuU. No. 6, pp. 30, 31, 1911.
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4 per cent, magnetite and apatite less than 1 per cent. The

chemical analysis of this rock, made by Mr. M. F. Connor of

the Department of Mines in Ottawa, is given below.

SiO, AlfOi Fe,0, FeO MgO CaO Na,0 K,0 H,0 TiOi MnO
64-80 15-74 2-29 2-44 2-09 520 3-55 2-17 1-40 0-40 010

—100-18

The rock at the Sally mine on Wallace mountain is of a

more acid type and contains 17 per cent of orthoclase feldspar,

and 10 per cent less biotite than the average medium-grained

rock.

The fine-grained type is more generally found on the tops

of the hills or near a contact with rocks of the Wallace group,

as is the case at the Buster mine. The fine-grained phase is made

up of the same minerals, but their proportions differ from those

given for the coarser types. Labradorite, orthoclase, and quartz

exist in nearly equal amounts and form about 75 per cent of the

rock by weight; hornblende and biotite make up the rest.

Other conspicuous variations of this batholith are a black

basic variety on Arlington mountain and a gneissic phase genei-

ally found near the contact with the Beaverdell batholith. The
three principal phases are illustrated in Plate V.

Four varieties of dykes occur with the batholith and are

evidently related to it. They are granitic aplites found near

the edge of the batholith, quartz latite porphyries cutting the

batholith but older than the next Beaverdell batholith; quartz

monzonite porphyries and hornblende andesite porphyries, both

of which cut the Westkettle batholith, but are from their position

believed to be related to it, rather than to the Beaverdell quartz

monzonite batholith.

The aplites are distinguished by their white colour and the

absence of ferromagnesian minerals. They consist mainly of

orthoclase and quartz, the ferromagnesian minerals being present

in very small amount. The quartz-monzonite porphyries cannot,

in the hand specimen, be distinguished from the fine-grained

phases of the quartz diorite, and the microscope work shows that
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Structure.

The batholith has an almrst fanUstically irregular outline.

It seems to consist of a central body from which numerous Ir-

regular fingers and knuckle-like masses protrude upward and

laterally into the surrounding rocks. Small domes have de-

veloped locally in the roof and wedges of the upper rocks pro-

ject downward into the batholith. There is no indication of the

forceful pushing aside of the older rocks to make way for the

intruding quartz diorite, but a great many smaller roof blocks

have evidently been pried off and have sunk in the molten

batholithic mass as it moved upward.

The variations in texture and composition within the batho-

lith do not appear to have affected the deposition of the ore-bodies

in the district and they are, therefore, not discussed any further

in this report.

The foliation or banding of the quartz diorite along the

edges of the mass has been mentioned in a preceding paragraph

dealing with the metamorphism of the rock body.

Faulting. In certain localities the batholith has been

intensely faulted and faulting in a lesser degree has proceeded

throughout the mass. The absence of datum planes prevents

the measurement of the displacement of these faults, except at

the mines of the Sally group on Wallace mountain, where under-

ground work has opened up certain persistent veins which h^ve

been displaced by faulting. These furnish datum planes,

although somewhat unsatisfactory ones. The faulting in the tun-

nels of the Sally group is described in detail in the chapter on

"Economic Geology", page 95, and is illustrated in Figures 3, 4,

5, 6. Three systems of faults have been recognized there and it

is probable that the same systems are found in other parts of

the batholith. The oldest is an east and west system dipping

from 40 to 90 degrees to the south. The fault zones in this system

have smooth walls within which lie zones of crushed and altered

rock with quartz and mineral filling. The silver ores of Wallace

mountain are found in the "shear zones."

A second system with strikes varying from 5 degrees west

of north to 50 degrees east of north, displaces the first east-west
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approaches closely to the Beaverdell area. Since the West-

kettle batholith is nearly the exact equivalent of the Remnel and

Osoynos members of the Okanagan batholith in composition,

it is, if we take the vastness of batholithi" 'todies in this region

into account, not far fetched to assume thi.( these three igneous

bodies are derivatives from the same magma. The supposition is

strengthened by the fact that all three are precede<l by intrusions

of hornblendite, peridotite, and gabbro, and succeeded by more

acid butholiths. The Osoyoos and Remnel batholiths are

thought to have been irrupted nearly simultaneously and are

placed by Daly as pre-("rctaceou9 and probably Jurassic.

The fact that the planes of foliation of certain gneiss«'s in

the VVestkettle batholith trend northwesterly like certain of the

Wallace schists and that these foliated areas cannot be ascril)ed

to igneous intrusions or other local causes, indicates that the

region was subjected to stresses of regional magnitude at a period

after the batholith had been intruded and cooled. Vast dis-

turbances of the earth's crust at the end of the Cretaceous

severely mashed the Okanagan batholith or that portion of it

situated along the International Boundary. According to a well

known law of mechanics we arc justified in assuming that such

widespread forces acting over the cordillera would cause intense

shearing and mashing along certain zones and leave other large

rigid blocks of the crust comparatively unaffected. Reasoning

upon the basis that the east-west mountains on the International

Boundary are zones of weakness in the crust and that the broad

upland at Beaverdell and east of it is underlain by comparatively

rigid blocks, we may ascribe the slight regional metamorphism

in the Westkcttle batholith to the same forces which mashed

the batholiths on the Boundary at the end of the Cretaceous,

and, therefore, assume that the Westkettle batholith antedates

the end of the Cretaceous.

Because of its lithological similarity to the Remnel and Oso-

yoos batholiths, which lie not far from it, and of the probability

of its having been affected by the same regional disturbances,

this batholith is tentatively correlated with them and, therefore,

placed in the Jurassic.
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quartz 14 per cent, biotite 5 per cent, and magnetite and titanite

less than 1 per cent. An analysis of the specimen upon which

these measurements were made and which comes from about

one-quarter of a mile southeast of the Beavcrdell post-office, is

given belsw It was made by Mr. M. F. Connor, of the Depart-

ment of Mines.

SiO» Al/)i Fe,Oi FeO MgO CaO NaiO K,0 H,0 TiO, MnO
70-20 15-40 100 1-02 0-60 200 4-58 4-67 0-30 0-25 0-03

—100-05

South of the Collier lakes, a portion of the fine-grained

roof of the batholith has been exposed by erosion. This is a

pink fine-grained holocrystalline, even-grained to porphyritic

rock. The grains are quite small, the average being less than

one-fiftieth of an inch in diameter. The mineral proportions

of a thin section measured from near Collier lake are as follows:

feldspar 79 per cent, quartz 18 per cent, biotite 2 per cent,

magnetite 1 per cent, and hornblende and titanite together

about one-third of one per cent. The feldspars are all a perthitic

intergrowth of albite and orthoclase in nearly equal proportions.

This rock is a quartz syenite-aplite and it grades through a

rather sudden transition into the normal type of quartz mon-

zonite. The following anaKsis of the specimen whose mineral

proportions are given above, was made by Mr. M. F. Connor,

of the Department of Mines.

SiO, AIiO, Fe,0, FeO MgO CaO Na,0 K,0 H,0 TiO, MnO
69-16 15-92 1-54 0-92 0-33 0-64 5-06 5-97 0-60 0-20 006

—100-40

Dykes with the Batholith. A few dykes of quartz latite

porphyry radiate out from the main mass. They are porphyritic

with phenocrysts of pink feldspar and quartz in a grey ground-

mass.

Sheets and dykes of quartz syenite-aplite and porphyry are

intruded into the fine-grained roof of the batholith near Collier

lakes. They are nearly the exact equivalents of the rocks

which they intrude. Pegmatite dykes, the offshoots of the bath-

olith, are often seen near its edges.

m
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Structure.
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it lay over a mass of green Wallace schist and carried inclusions

of the schist. It includes fragments of quartz diorite, becomes

fine-grained near their mutual contact, sends dykes into it,

and seems to have produced foliation in it. Both Wallace and

quartz diorite are, therefore, older than the quartz monzonite.

The mass of augite syenite porphyry on Lake ridge contains

inclusions of quartz monzonite, in which are dykelets of augite

syenite porphyry. The augite syenite in turn has been intruded

by aplite dykes related to the quartz monzonite. We can,

therefore, consider quartz monzonite and augite syenite to be

of very nearly the same age. Quartz monzonite pebbles are

found in the Curry series and dykes related to the Tertiary

lavas- penetrate the batholith. The quartz monzonite is evi-

dently older than both the conglomerates and the lavas.

i

Age and Correlation.

The Beaverdell quartz monzonite is older than the Oli-

gocene sediments of the Curry Creek series and younger than

the Westkettle batholith, which has been doubtfully referred to

the Jurassic. Certain considerations make it probable that

the quartz monzonite was intruded much later than the quartz

diorite of the Westkettle batholith. The conglomerates of tlie

Oligocene Curry Creek series carry many pebbles of quartz

diorite but very few pebbles of the younger quartz monzonite.

This means that a very large area of quartz diorite was exposed

at the time the conglomerates were formed and a correspond-

ingly small area of quartz monzonites, for a large mass of quartz

monzonite lies near the conglomerates, and large numbers of its

weathered fragments would have been incorporated in the

conglomerate if the batholithic body had been exposed at the

surface. The Beaverdell quartz monzonite was then either a

much later intrusion or it solidified much farther from the surface.

But its roof is finer grained than that of the quartz diorite and

is more likely to have solidified at the same depth or nearer

the surface. We, therefore, conclude that a period of erosion

separated the two intrusives. Moreover, the Beaverdell bath-

olith shows no signs of banding or foliation and we may presume



52

it is. therefore, plL^ 1^ the p- '^?- O" these grounds
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CURRY CREEK SERIES.

Distribution.

A series of sediments and tulTs is found upon the high

southwestern portion of Wallace mountain, and a smaller patch

lies on Kloof ridge south of CaAon creek. Together they

occupy between 4 and 5 square miles of the map-area, and

probably extend beyond the southern limits of the area. Small

outliers of the same type were seen on the northern nose of

Curry mountain and below oi'tcrops of volcanic flows on the

eastern slopes of Hall creek. The sediments and tuffs are best

developed on the broad top of the Wallace Mountain block.

They are well exposed at the headwaters of Curry creek on

Wallace mountain and are here called the Curry Creek series.

Lithology.

The series consists of 200 feet of very fine-grained white

tuff overlying about 2,500 feet of conglomerates. Within the

conglomerates are occasional beds of arkosic sandstones and

clastic material of volcanic origin. In certain places the series

rests upon breccias. Dykes and sills of andesite cut across

breccias, conglomerates, and tuffs at various angles.

The breccias lie under the conglomerates at the western

edge of the area. They are grey or brown in colour, and are

made up of angular fragments of the underlying Wallace series.

The fragments are of all sizes, but generally not over 2 inches

across; they lie packed together in a groundmass of finer material

of the same kind, and are in most cases bound into a solid mass
with iron oxide or some other type of cement. The composition

of the fragments in the breccia varies with the particular type of

the older series they overlie.

The conglomerates consist of rounded pebbles and boulders

and of more angular fragments lying emoeddcd in a matrix of

finer material. The rock varies in colour from grey to brown,

sometimes mottled by the differing colours of the pebbles. The
pebbles consist of Westkettle quartz diorite; diorite, metamor-
phosed andesites, tuffs, and sediments of the Wallace series, and
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certain contacts with intrusive dykes, the tuffs are baked to

a flinty grey rock, but the series as a whole is unaltered.

Structure.

On Wallace mountain the series lies upon an uneven weath-

ered surface. The breccia exposed in places below the conglom-

erate is evidently talus or badly disintegrated material and was

traced in several instances to solid rock under it. The solid

rock was andesite or tuff of the Wallace series and the breccia

was of the same material and had evidently not moved far from its

source near Curry creek. The talus lies at steep angles on the solid

rock suggesting that the original surface was hilly, but folding

has taken place since the series was deposited and one can draw

no safe conclusions from the present attitude of the old floor.

The conglomerates consist of unsorted beds sometimes 50

feet thick with thinner and better sorted beds of fine material in

between. The tuffs at the top of the series are conformable upon

the conglomerates, they are thin bedded and well stratified.

The conglomerates dip eastward at angles up to 45 degrees, but

their dip diminishes as one ascends in the series and goes west-

ward; the tuffs lie practically flat. To the west of them are a

number of eastward dipping Wallace tuffs and they all together

form an irregular synclinal fold with its axis striking north and

south.

The series has been faulted in many places, the most notice-

able fault being in the bottom of Crystal creek east of the con-

glomerate area, where there has been a relative downthrow on the

west side of at least 500 feet.

Relations to Other Formations.

The Curry Creek conglomerates hold pebbles of all the mem-
bers of the Wallace group, of the Westkettle quartz dioritc, and in

lesser degree of the Beaverdell quartz monzonite. The con-

glomerates are, therefore, younger than these three latter. The
Nipple Mountain lavas overlie it and dykes and sills related to

them are intruded into it. The Nipple Mountain series is the
5

1
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younger. UT,ether or not a period of erosion intervened between

lavas ,s not clear, for the.r contacts were seen at a few olace!only and at those the evidence upon that point was conflict"^!

Age and Correlation.

One fossil land plant was found in a lens of tufT lyine inU^e conglomerate This was referred to the Tert a.^ XymW. J. Wilson' of the Geological Survey and bv Dr F u v .

o the United States Geological Su^y but'a^ tl a nt'^'r
W Brr[» h"T"'S' °' ^''^ ^«« '^""'d ^ arri^eS^fTW. Brock' has described a series in the Boundary Creek distrirfabout 35 miles southwest of Beaverdell. which conSte of cTn

can" flows tJ "'"^'T^'^ «"d *"« are succeeded by vol-canic flows. They are of Tertiary age. With this series R ADaly, correlates his Kettle River formation, whicTTonuin,abundant plant remains and is of Oligocene ;gr The Se
n^rtTc::^'" 1 '^ ^^^ of%rkosic1,recc?;vSl^

fl. V A
^ conglomerate which is followed by 1 000

Sain""tr= °"^
^ir "^ ^ ""- °^ -•-- flows ofwScmam members resemble the flows found in the Beaveriell

The Boundary Creek series corresponds closely to the Currv

KmfeRrr
'"'^^

"^''?'''^''^^' ^''^^^^^-- I* differs fr^m^t^

do not t """f r"'^ '" ^''^ P^^^"^^ °^ the fine tuffs wh ch

Rock cS;wo"".
""'^ '""''^ ^'^^•- -"^^ --" "-

m^nta r Th^ R ^T
'' ^" ^ '*'^'8''* ""« ^'"'h °^ Wallace

Rocrs:^k in'd^ fottr^omr s'xr r "^^- °^

withmtheseriesintheBoundrry'U^:;:^^^^^^^^^^
dell areas resemble each other closely enough tc warrant th.Placmg of the Curry Creek series in the Oligocene

' Brorlr R VV "t. 1- ' ^^ '"'"•• Can.. No. 1240. DD 87.8X ion
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NIPPLE MOUNTAIN SF.RIES.

Distribution.

The scries is made up of lava flows and dykes of which

six main types were encounterecl. These are olivine basalt,

augite andesite, hornblende andesite, biotite andesite, dacite,

and trachyte. Olivine basalt occurs in small areas in the block

of country between the Westkettle river and Beaver creek, and

two small knobs of olivine basalt lie on Curry mountain. The plug

forming Goat peak is an olivine-free basalt. Basic volcanic flows

lie northeast of Collier lake and may well be olivine basalt.

Augite hornblende andesites, biotite andesites, and dacitcs occur

together on Nipple mountain, and also on Wallace mountain; a

light coloured flow which has, from its microscopic appearance,

been called trachyte, occurs with the other four types on Wallace

mountain. Crystal butte is made up of more than one type of

volcanic flow, generally of andesitic character. Numerous

dykes of Tertiary material resembling the flows cut the older

rocks ti the area; they are especially abundant on Crystal

mountain. All but one of them, examined microscopically,

proved to be augite-andesite.

Tertiary volcanic rocks are also found upon the western side

of the Kettle River valley, just east of the map-area; they

occupy the lower end of Copper creek at a point about 5 miles

from the northeastern corner of the map. At this place they lie

at the level of the present bottom of the Kettle River valley,

and ftom there south they may be seen both near the valley and

capping hills on the eastern side (Plate XIII).

Lithology.

The lavas range in colour from black through shades of

brown and red to white. Olivine basalt is quite black, and so

are certain outcrops of the augite andesites and hornblende

andfisitfs. ( olivine basalt can be distinguished from the andesites

in that it is never glassy, and phenocrysts of green olivine are

generally visible through the rock. The black andesites generally

have a glas?y looking groundmass in which phenocrysts of white

feldspar and augite or hornblende can be distinguished. The
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with fairly gentle slopes. The filling of such low valleys aa

that of the main Kettit' river (Plate XIM) by lava flows pr«»vc»

that deep valleys like the Kettle existed at the time of their

extrusion.

The lava flows were quite probably small in extent. We
can infer this from the diversity of types met with in a small

lava area like that on Wallace mountain, which indicates dif-

ferentiation from a small magma chamber.' That basalt is

found alone on China and St. John ridges, while four other

types of lava, but no basc't, occur upon Nipple mountain 4 to

5 miles away, seems a conclusive proof of the small areas ori-

ginally covered by the flows. It is doubtful whether all of the

district was entirely covered by Tertiary lava at any one time.

Biotite andesite, dacite, hornblendo andesite, and augite

andesite were extruded in the order named beginning from the

oldest. The relative positions of trachyte and basalt are un-

certain, although basalt is believed to be the last product of

volcanic activity.

The lavas upon Nipple mountain have been folded into a

syncline pitching west of south; another such synclinal fold

exists at Copper creek on the Kettle river. We have no direct

evidence of faulting although it has probably taken place.

Brecciated lavas occur at Goat peak and other places. Those
found with the basalt contain scoria and are evidently related

to the extrusion of the basalt, others may be due to faulting.

Columnar jointing is well developed in many outcrops of

the more basic lavas such as in Goat peak and in the mesa
west of Lassie lake. In other places the lavas are platy, that is

separated into very fine plates parallel to the original surface

of the flows.

Relations to Other Formations.

Dykes of material resembling the Tertiary lavas and in

places radiating away from such lavas intrude the Wallace series,

the Beaverdell quartz-monzonite, and the Curry Creek series.

For aa aplaiution of the nuon* why a gnat degree o( differentiation ii to be ezpectcd
from the produm of a •mall body of magma, Ke Harker. Alfred. "The natural hiitory of igBaou
tocka." p. tU, the Macmillan Co., New York. 1909.
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formity with the OligtKene Kettle •erie» below. The Ni|it>le

Mountain leriet are either Oligocene or, if unconformahii- with

the- Curr>- leriet, a point on which there is wnc doubt, they

are Miocene.

GLACIAL DEPOSITS.

Two types of Quaternary deposits arc found in tb*" district.

They are the irregular blanket of glacial dritt which is npreiid

over the greater part of the upland but varies greatly in thick-

ness from one place to another, and river alluvium which is

found in sheets upon the valley bottoms or in irregular terraces

hanging on the valley sides.

Because the river alluvium is ver> largely composed of

re-sorted glacial depostits, ami some typi' al glacial deposits are

found near the bottom of the valleys', the i wo types often blend

into each other. In the mapfiing of tlii.-* area no attempt was

macJe to separate them, tvn were tiihir >( them mapped where

outcrops of bed-rock were plentiful The area* denoted as

recent deposits upon the maji are ihr.sL' upci vvtirh uncon-

solidated materials were widespread and nek enough to rover

the bed-rock over appreciable aria . Wh'i sik ! areas lie

upon or near the valley bottoms they arc in nca Iv ai! cases

river deposit. Where they extend out of the \ilky iMjttoms

they may be taken as more or less modifieil ^;lacial deposit.

A good deal of glacial drift lies upon certain parts of the upland,

but very little of it has been mapped.

Distribution.

All of the upland within the map-area is covered to a greater

or lesser extent with drift, which contains boulders foreign to

the underlying rock and is, therefore, presumabh of glacial

origin. Thus on rocky points like Goat peak one may find a

few such boulders and the higher ridges in the area are in places

very thickly covered with unconsolidated glacial material.

An attempt to enumerate all such drift covered areas would

be of no particular value. A thin blanket of drift is found every-

where upon the upland, but it is probably thicker in upland valleys
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occurs in Wallace Zle°^
tje „„ , „, ^ ^^

Lithology.

The glacial material is comoosed nf .„
or elongated boulders mixedwS^ ! '^ °' '^^ '°""ded
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Structure.

thickIL'sotfthe';pLST:.''?' '°™^ ^ '"^'^^^^ °^ '-gular
vjjley. a nu.befofltld'r.Xa:^^^^^^^^^^ "''^^"-
g«.ng an end moraine; long narrow It ''°'^!.°^^"'' «"?-

moraines are seen in other places
^ resembling lateral

point?o?rit.ie'tSir: ?^^"/^ ^^-^ ^ ^°-
southeast except in one outcmo 1 \^,"^'=*'°" ^'"o™ «outh to

direction was west of south '^
''"^°" ''•" *''^'« the

I3rocra;dtai;X;The;;te'"?'°",*°n*''°- ^^^^--^d by
One may assum'e that the/hTveTnl^"";?'^ *° '""^ -"*"
tinental ice sheet and that fh.T /"^'^ ^^ ^^^ ^^e con-
them, formed fn the P,efst^:„',^^^^ °' ^'^'^'^^ ^"^^ --• "ke

RIVER DEPOSITS.
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upon the nearby valley sides. These terraces lie from a few

feet to nearly 300 feet in elevation above the beds of the present

streams. Plate VI shows the valley floor and at least two dis-

tinct terraces at Carmi; one lies at the foot of the first line of

timber, and the other can be seen in the snow covered strip which
lies just over the tops of the first line of trees in the picture.

Lithology.

The character of the river deposits varies very much from
place to place on the valley floor. In certain localities it con-

sists of large rounded boulders in a matrix of finer pebbles and
sand ; in other localities the material is finer and in certain spots

clayey. Its thickness is variable but must be nearly 100 feet

in parts of the Westkettle River bottom.

Structure.

The river deposits are more or less tabular shaped bodies

with their upper surfaces sloping slightly toward the present

streams. They lie in terraces one above the other, the vertical

distances between terraces varying from a few feet to nearly 100.

They are very irregular in plan, as one may see by following

any particular terrace either up or down stream. Stratification

is at times well developed in the alluvium, but a great deal of

the material is unstratified.

HISTORICAL GEOLOGY.

The following is an account of the origin of the various
formations and their structures with a summation of the evidence
upon which the conclusions given here are based. The forma-
tions and their members are considered in order bcginn'ng from
the oldest.

WALLACE GROUP.

The limestones and hornfels of the Wallace were laid down in

quiet waters cither in a large lake or arm of the sea. They were
followed by the tuffs of the Wallace, which were laid down in the
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same manner immediately following them or after an interval

fine asts Thr ^''/.r'""'-
^^P^- and were blown ouTa.

and olivine gabbro. Thettp..roJ7:;ornT ^^^^^^^^^
n the Mesozoic and has probably continued in certain pi; solthe cordillera until the present time, began in this region a torthe extrusion of either the lavas or the tuff<; Fnt,, •

r ..

blende dioH.e porphyHe. i„ ,he Jur^iifwe^" ZS^X
The absence of conglomerates, the carbonaceous bands inthe hmestone and the fine-grained and thin-beddeS cha"a« ^

dl-lt . r ''"^""''" '^^' '^' ^d™^"^^ -i the Wallace were

bnd The texture of the hornblende andesite tuffs indicatestha they were the products of volcanoes of the explos ve t^^
Tnlll^'lH .r^"" ^"' '"™ °f '""^ -«'te andesite lavalwhSfollowed them prove that they flowed quietly out of fiLurJs orthrough .rregular cavities in the crust. Some of iTaTin

Most of the schists wJre oflg^stri^ranXltn^.t^"
nto unfohated members of the Wallace group. The orie n ^fthe greater part of the schists is in doubt The hnmhL ^ i^
.te porphyHes occur near the WestJtt baTt I'rand^^^^^^to ,n con,pos>t.on. They are the youngest mem^r of the

^£^r' ^"' '-' '-''''' '^ »- -^'"^ of thTweUett

WESTKETTLE BATHOLITH.

rocks. .Near u, contact „ ™c,j,talli2ed the limestones and ho™?
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fels and M>nt out feldspathic dykes and stringers of quartz into

them. Certain of the limestones were not only recrystallized

hut many »»»ntact metamorphic minerals, garnet, «T)idotp, cer-

tain «ulplii(l«^, «H» ., were fiirmcd 'n them. It mashed certain

ill Ihf f'i ks near its conta* l , but not extensively. As the batho-

lith ((/oled lis ftiDima liwame difT«-rentiated by fractional crys-

tallization, the pfocess fieini nvnUhed by local assimilation or

Portia/ assimilation of ifiM blocks.

flit Wcstkettle batholith is very irregular 'n shape

with numerous knuckle-like masses projecting into the sur-

roiimJing rocks. Within some of these projecting arms the prod-

ucts of the marginal assimilation of crust blocks by the magma
afi- found. The basic phase of the quartz diorite, on Arlington

fjtiountain lying near outlying blocks of pyroxcnites and other

basic rocks «f the Wallace group, is probably a product of such

assimilation. Marginal assimilation has not play ed an important

part m the intrusion of the batholith except within such finger-

like projections as the one upon Arlington mountain. The

absence of extensive faulting along the margin of the batholith or

of foliation in the neighbouring rock formations, the absence of

evidence of doming of the overlying rocks and the projection of

numerous wedges of the crust down into the batholith prove that

the quartz diorite lx)dy did not make a place for itself by mechani-

cal thrust, such as would be exerted by a viscous body moving

either upward or laterally through the upper earth crust. Local

evidences of mechanical thrust are found such as the foliation

planes in the Wallace group parallel to the quartz diorite contact

on Crystal butte and small domes in the quartz diorite loof on

Knob hill, but these merely emphasize the absence of such evi-

dence around the remainder of the mass.

Ihe hypothesis of magmatic sloping accounts best for the

facts observed. Numerous fragment^; of the original crust

lying in the roof of the batholith and wedge-like portions pro-

jecting down and laterally into the igneous mass from the older

rocks outside, together with the general irregularity of outline of

the quartz diorite mass, suggest that it made its way upward and

laterally by prying off small sections of the crust at one time.

A crust block found in the batholith near Beaverdv='ll 1 ,000 feet
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top of the magma chamber and the two crystallize in that posi-

tion giving a symmetrical arrangement of the two varieties of

the mass in a vertical direction, with a rather sharp contact

between them.

There is no evidence of any kind to show that "liquation"

took place in the magma of this batholith. The most probable

explanation of the variations observed is that the mass dif-

ferentiated by "fcactiowal crystallization" and that this pro-

cess was modified bw the occasional sinking of crust blocks into

the magma during the process, and the partial assimilation of

such blocks in outlying arms of the magma chamlK'r.

BCAVEBDELL BATHOLITH.

Erosion continued after the intrusion of the Westkettle

batholith and lasted throughout the Cretaceous. At the end of the

Cretaceous there were orogenir disturbances throughout the Cor-

dillera, which , however, affected the rocks in this area only slightly.

The forces acting on the crust probably came from the south-

west, forming <;a8t-west shear zones and local foliation trending

in a northwesterly direction. The period of disturbance was

followed by the mtrusion of the Beaverdell batholith, directly

a^ttr which the intrusive body of augite syenite porphyry came
into place. The B*raverdell batholith worked its way upward

while still liquid, partly by prying the crust aside, partly by

thrusting the older rocks upward, and partly by magmatic stop-

iag. It split up>on cooling into two liquids and the lighter, more

alkalic and more fluid liquid, rose to the surface and solidified

ac a fine and kv en-grained roof. The intrusion of the batholith

m«K»hed and Ijr^cciated the older rocks near its contact and prob-

ably was respoftwble for the ..rcattr part of the metamorphism

observed in the Wallace and quartz diorite. It may also have

been the primary c^use of the f<>rmation of the silver-lead ore-

bodies.

The Beaverdell qttartz monzonite batholith has compara-

tively sriiooth outlines and at Collier lakes a portion of it.s roof i.s

dome-shaped. Very few crus^*^ blocks are found witliin the mass;

but it has evidently caused foliation, brecciation,and alteration
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gravity of the rock variations themselves decrease from the

bottom to the top.

It may be supposed that as the magma moved slowly up-

ward the first minerals to form, oligoclase and some of the

biotite, lagged behind and the lighter liquid residue moved up-

ward past them and accumulated toward the top. The upper

thin roof facies must have separated out before crystallization

commenced, for its constituents all crystallized together and are

sharply differentiated from the material below. The hypothesis

is, therefore, practically that of liquation and gravitative adjust-

ment, the gifater part of the differentiation being supposed to

have taken place while the magma was still fluid.

The difference in the manner of differentiation of the West-

kettle and Beaverdell batholiths may be explained by the com-

paratively smooth-walled chamber of the latter which allowed

of gravitative adjustment such as could not take place in the

irregular cavity holding the magma of the Westkettle batholith.

CURRY CREEK SERIES.

In Oligocene time local deposits of coarse conglomerates

were laid down at the foot of steep slopes, probably in the form

of alluvial fans in mountain valleys. Later on volcanic erup-

tions took place and dense tuffs were laid down in small lakes on

top of the coarse conglomerates; probably, therefore, in the bot-

tom of mountain valleys choked with detritus. The Oligocene

was followed by disturbances which faulted the conglomerates

and older rocks and provided channels for the extrusion of the

later lavas. The system of faults trending north to northeast

was probably formed at this time.

The brecciated material lying in places below the conglom-

erates of this series is made up of angular fragments which in

many instances grade down into solid rock of the same type as the

fragments. The greater part of the breecia has not been formed

by faulting and is believed to be a consolidated talus, that is a

land deposit.

The breccias were seen in one case lying on the side of a steep

canyon, where they appear to have been originally formed. This,

together with the great total thickness of the scries and the un-



70

oT'riht?ro7,t:ir' '^^-7"^ *>»»•»" -•^
laid down as allnv^T i

' c«nBlonicrates were probably

of mountain rates tZ^ZToT'^T'' °^ "•'^^'^'^ ^~'

volcanic y^ntTinthJt r I ^ °^ '^^"^ "'^'^ ^''o'^" <>"» of

beddi chlract "
and he"" ' "'.^i''"^

'""*• '^'^^'^ ^h'"-

dicate that thty wert JL S"- °V'u^
P'""^' '" '''«^'" '"

-ight be for.3;ir^.tTa;:;'ch:k^^^^^^^^^
of faultine foIlowoH .h„ r ^ '" ^''^"^- ^ Period

NIPPLE MOUNTAIN SERIES.

of volcanicS. S' ' H "7 "" '?,°"''" '» ™''' ">» 'i'"

cipitou, .^r Goat °7l r T" '^

'^'
'" "'*"""' ""

inward toward the igneous mas, Tl?« • ^ ^* °'' "^'P

almost a sheer cliff on al^icTes and the cSlff'""
*"'"

? '^^P'
between its contacts with t£' Stel onT '" '''^"'''°"

western side of the peak is about 50oTe a„d h tV^rthf
^tIS nearly 300 feet higher than the higher contact Th. T'^

locally toward the basalt ?h. u-
^^""*^"t« dipping in

on .op a„<, ,o, .o-ri.?,^'i: -;rI'LZX't

J



71

veloped columnar structure, the columns lying nearly flat ami

with no definite direction. For a hundred feet Mow well-

defined vertical columns are seen, and below that the tikIc on the

west side of the peak is banded, the bands dipping south. About
20() feet lx;low this banded area on the other side of the mountain

the basalt is badly brecciated.

That Goat peak is an intrusive of neck-like form is suggested

by its lining up with three other bodies of the same shape. The
fact that it is strongly brecciated in parts, its porphyritic texture,

the form of its ground plan, and its sheer and precipitous sides

lead to the same conclusion. The relations of the tuffs and sedi-

ments to the basalt body and their dipping toward it indicate

that the basalt was intruded into them and that hot gaseous or

lava emanations preceded the intrusion.

That the basalt occupies the site of a vent through which

lavas came to the surface and is not merely an intrusive which

cooled below the surface, is indicated by the arrangement of its

columnar structure, flat columns above indicating an escape of

heat upward to the surface and vertical columns below indicating

lateral cooling, that is, the upper and lower parts of the rock

body cooled under different conditions. Remnants of lavas on
the neighbouring mesas, which approach the olivine free basalt on
Goat peak in composition, tend to confirm the supposition that

Goat peak is the site of a Miocene volcano. Some of the

smaller necks in this area are probably also located in old

volcanic vents.

The numerous dykes of this series, however, suggest that a
very large portion of the lavcis made their way to the surface

through fissures rather than volcanic vents.

The distribution of the olivine basalts with respect to the

other members of the series indicates that the flows were local

in their exte it. The small areas covere<i by the lavas and flie

diversity of types met within one area aigue that they were d<;-

rived from small magma chambers, and the short lateral extent

of many of the fissures suggests that these small chambers were

situated near the surface.

The series was, therefore, derived from sm;ill m.ij;nia cham-
bers situated near the surface. The lavas made their wa> up-
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CHAPTER V.

ECONOMIC GEOLOGY. ORE DEPOSITS.

Three ty;iea of ore deposits are found within the BeaverdeU

area. Each < >t these can be distinguished from the others without

much difficulty, partly because of their form, and largely because

of their difference in the groups ot minerals of which they

are made up. They are, therefore, treated separately here

and may conveniently b« classed as

(1) Mineralized shear zones;

(2) Stocks;

(3) Contact metamorphic deposits.

By "mineralized shear zones" are meant a series of more or less

tabular bodies of brecciated rock, quartz, and ore minerals

vSich lie between well-defined walls. They include the galena,

sphalerite, pyrite, silver-bearing ores, and the chalcopyrite

gold-bearing ores. Among the formtr are the only ore-bodies

in the district which have up to the present time been worked
at a profit.

By "stocks" are meant a number of ore-bodies of irregular

form within which the i>hattered country rock has been impreg-

nated with metallic minerals and sometimes with quartz. Al-

though in places approaching a tabular form they do not have
the two well-defined Aalls of the "mineralized shear zones."

With the stocks have been in( luded irregular bodies of ore

occurring in quartz veins. These ore-bodies do not belong to

the well-defined mineralized shear zone or the contact meta-
morphic types and, since in places they carry the same minerals

as the St -cks, they are for convenience classed with them.
The "sttK:ks," therefore, include more than one type of ore-body.

The typical ore minerals of the stocks are pyrrhotite, chalcopy-

rite, and pyrite, but pyrrhotite does not occur in all of them.
They carry values in gold.

By "contact metamorphic deposits" are usually meant
mineral deposits formed in limestones or other calcareous





IMOOCOrt RtSCHUTUN TBT CHART

(ANSI ond ISO TEST CHART No 2)

^ APPLIED IfVMGE In

jSC '65 J EasI Moin Street

S'jS "©Chester, Ne«r fork 14609 USA^S ('16} 482 - 0300 - Phone^S '^16) 288 - 5989 - Fo«



74

rocks by the intrusion of an igneous body. Such deposits
are characterized by very definite associations of minerals.
Only one contact metamorphic deposit is described here. It
occurs largely but not entirely in limestone, and no intrusive
igneous body was found nearby to which its origin could be rea-
sonably ascribed; but because of the typical association of con-
tact metamorphic minerals of which it is composed it is classed
as a contact metamorphic deposit.

The minerals which are found in these three types of deposit
are treated together at the beginning of this chapter. They are
described together in order that the groups of minerals which
form the different deposits may be more easily compared. The
section on mineralogy is intended for reference rather than for
general reading, since it is made up largely of detailed descriptions
of minerals. It may, therefore, be found an advantage to omit
this section and proceed at once to the description of the three
types of ore deposits which follow; they are treated in the follow-
ing sequence: (1) mineralized shear zones; (2) stocks; (3)
contact metamorphic deposits.

After the general description of each of the three types
there is a section devoted to the description of the individual
mines and prospects.

MINERALOGY.

In this section all the minerals found in the ere deposits
described in this chapter are treated together. They are first
arranged in a table of zones of mineral formation, and later
described in alphabetical order.

The minerals which occur with the ore-bodies in this area are
conveniently divided into two groups: those which formed part
of the original country rock, and those which were introduced
later and form part of the ore-bodies. It is with the latter type
that we are chiefly concerned. The minerals which together
made up the country rock before the introduction of the ore
will be only very briefly described.

In order to compare the association of minerals which go
to form the three types of ore deposits, on the basis of the con-
ditions of temperature and pressure under which they were
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formed, the minerals are arranged together in the following

table. The table is based upon the study of ore deposits in

many different localities by Lindgren,' W. H. Emmons,' and

others.

Table of Minerals in the Beaverdell Area Arranged According to

Zones of Deposition.

I II III

Deposits at

IV
Secondarj

V

moderate or minerals in Secondary

Contact Deposits of shallow the zone of minerals in

metamorphic the deep depths. secondary the oxidation

deposits. vein zone. igneous rocks

nearby.

sulphide

enrichment.

zone.

Ankerite Ankerite Ankerite Ankerite

Arsenopyrite Arsenopyrite

Barite ( ?)

Arsenopyrite

Barite

Azurite Azurite

Bcmite Somite Bornite

Calc:te Caldte Calcite Calcite

Chalcopyrite Chalcopyrite Chalcopyrite Chalcopyrite

Chlorite ( ?) Chlorite (?) Chlorite Chlorite

Epidote Epidote

Galena Galena Galena

Kaolin

Galena (?)

Malachite

Kaolin

Molybdenite Molybdenite Molybdenite

Pyrrhotite Pyrrhotite

Pyrite Pyrite Pyrite

Pyrargyrite

Pyrite

Pyrargyrite

Quartz Quartz

Sericite

Quartz

Sericite

Quartz

silver

Sphalerite Sphalerite Sphalerite
> Tetrahedrite Tetrahedrite ?

Turgite and Turgite and Turgite

Amorphous Amorphous
Hematite Hematite

Wollastonite

> Lindr r., Waldemar, "The relatioru of ore depotiu to phyiical conditioiu." Economic

Geology, March-April, 1907, pp. 105-127.

Emmons, W. H., "A genetic dauification of mluerala." Economic Geology, Vol. Ill,

pp. 611-627.

> Tetrahedrite hai in very rare initancei been found in Teini farmed at great depth. It

la found in the deep lerels at Butte, Mont. (The enrichment of nilphide oret, W. H. Emmonlt
Bull. United Statu Geol. Surv., No. S29, p. 175), anu In copper gold, tourmaline depoait*

(Lindgren, Waldemar, Mineral depotiu, pp. 654-655.)
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The table includes only those minerals which form part of
the ore deposits.

The minerals of this area which are known, from studiesm other places, to occur in contact metamorphic deposits are
placed m column 1

. Contact metamorphic deposits are generally
found m limestones not far from an intrusive igneous mass
They are presumed to have been formed under conditions of
high pressure and of especially high temperature, and certain
minerals are found associated only in deposits of this kind.

Deposits of the deep vein zone are those formed under
very high pressures and temperatures, but not necessarily
close to or immediately as the result of the intrusion of, an
Igneous body. They are supposed to have formed at 12,000
feet or more from the surface, but may in exceptional cases
have been formed at much shallower depths. Lindgren» esti-
mates that they were formed at temperatures between 300 and
575 degrees Centigrade. The amount of pressure is uncertain,
but probably over 300 atmospheres.

Deposits formed at moderate or shallow depths gradem places into those of the deep vein zone, but have certain
characteristics of their own, and certain minerals never foundm the deep vein zone often occur in them. The temperatures
and pressures under which they were formed are presumed
to have been much lower than those which prevailed during the
deposition of minerals of the deep vein zone or of the contact
metamorphic deposits. Lindgren' has estimated these tempera-
tures to be from 175 to 300 degrees Centigrade for intermediate,
and about 100 to 300 degrees for shallow depths, and the pressures
140 to 400 atmospheres for intermediate, and less for shallow
depths. '

Columns IV and V are devoted to secondary minerals which
have been formed from the ores first deposited by the action of
water solutions. They are generally formed by the action
of percolating water near the surface of the ground. At a cert- 'n
distance from the surface all the pores in the rocks are filled
with water. This is known as the ground water, and its upper

Lindgren. W«Idemar. "Mtoenl depciti." pp. 444. 513-514. 61M14.
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surface the ground water level. Above this level the ground

water disintegrates and dissolves the minerals and forms oxides,

hydroxides, and native metals; below the ground water level,

with some minor exceptions, the action is one of deposition,

and secondary sulphides as well as other minerals are formed.

The temperatures and pressures at which these reactions occur

are uniformly low.

It is evident from a glance at the table that a great many
of the minerals are found in deposits which have formed under

widely divergent conditions. Thus ankerite, calcite, chalcopy-

rite, pyrite, and quartz, are found in contact metamorphic

deposits which have been formed under high temperatures

and pressures and they are also in other places secondary minerals

which have formed by the action of cold surface waters under

quite low pressures. Other minerals, such as kaolin on the one

hand, or pyrrhotite on the other, are restricted to certain zones

only, and the presence of these restricted minerals helps to

classify the deposits in one or another of these zones, and thus

furnishes a clue to the conditions under which they were formed.

The table will be referred to again in the discussion upon the

genesis of the ores.

DETAILED DESCRIPTION OF MINERALS.

Ankerite, or ferruginous dolomite. Composition generally

2CaC08,MgCOi,FeCO». In rhombohedral crystals also crystal-

line massive, granular, compact. Colour, white, greyish, or

reddish. Hardness about 4. Specific gravity about 3.

Well crystallized brown ankerite was seen at the Carmi

mine where it occurs in a roughly banded fissure vein associated

with sphalerite, pyrite, and quartz.

Arsenopyrite. FeAsS. Orthorhombic, crystals prismatic or

flattened vertically, also massive. Metallic lustre. Colour,

silver white inclined to steel grey, streak dark greyish-black.

Hardness about 6. Specific gravity 6-0.

Arsenopyrite is occasionally seen in the "stocks" found

in *"» VValhce series. It is said to occur in the silver-lead

sh .ones on Wallace mountain, but was not identified in

any of the ores from that locality. A test upon partly decom-
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posed, earthy, ore from the Rob Roy mine, however, revealed
the presence of arsenic and sulphur together, in amounts which
strongly indicate the presence of arsenopyrite. It is, therefore,
probably also to be found within the unoxidized ore-bodies!

Azurite. 2CuCO,.Cu(OH)j. Monoclinic. Crystals varied
in habit, massive, and also earthy. Lustre vitreous. Colour,
azure blue to berlin blue. Streak blue, lighter than the colour.
Hardness 3-5 to 4. Specific gravity about 3-8.

Azurite is found in small amount as an alteration pro-
duct of the contact metamorphic copper ores in the Lottie F.
claim on Copper creek.

Barite or heavyspar. BaS04. Orthorhombic crystals gen-
erally tabular, also massive and earthy. Lustre vitreous to pearly.
Colour, generally white, streak white. Hardness 2-S to 3-5.
Specific gravity about 4-5.

Barite \. s detected in one instance in an ore-bearing vein
on the Gold Drop claim. It occurs associated with quartz,
sphalerite, and galena, and was formed after part of the quartz
and probably before sphalerite and galena.

5orm7e or purple copper ore. CujFeSi. Isometric. Habit,
cubic, with faces often roughly curved, and massive. Lustre
metallic. Colour, copper red to brownish on a fresh surface,
tarnished quickly to an iridescent colour. Streak greyish-
black. Hardness 3. Specific gravity about 4 -9-5 -4.

Bornite was seen only in the contact metamorphic deposits
at the Lottie F. claim on Copper creek where it apparently
forms the principal ore mineral. It is in fome instances inter-
grown with chalcopyrite.

Cakite. CaCOs. Rhombohedral, crystal habit varied, also
fibrous, granular, compact, or earthy. Cleavage perfect in
three directions. Lustre vitreous to earthy. Colour, white
or colourless, sometimes coloured in various shades. Streak
white or greyish. Hardness 3. Specific gravity 2 • 7.

Calcite is found in nearly all the shear zones on Wallace
mountain; it occurs there as an alteation product of the labra-
dorite in the quartz diorite constituting the country rock, and
as veinlets in the ore-bearing shear zones and the faults cutting
the shear zones. The veinlets of calcite appear to have been
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formed after the rock had been partly altered to sericite and

chlorite, and after the formation of the ore minerals galena, etc.

Calcite occurs in the disseminated deposits in the Wallace series

where it is again a later prod-ct than chlorite or sericite. When
ores are found in or near limestones it occurs as part of the

original country rock in greater or less amount. Calcite is

not an important gangue mineral in any of the ores occurring

in fissure veins.

Chakopyrite or yellow copper ore. CuFeSj. Tetragonal

sphenoidal, often massive. Metallic lustre. Colour, brass

yellow often tarnished, streak greenish-black.

Chakopyrite is a constituent of the ores at Carmi, and of

veins upon Arlington mountain. It is rccasionally seen upon

Wallace mountain; a vein on the Wabash claim for instance,

carries chalcopyrite with pyrite, but it is not a common mineral

on the mountain. It occurs with pyrrhotite at the Big Strike

and in others of the disseminated deposits, and with bornite

in the contact metamorphic deposit at the Lottie F. mine on

Copper creek. No large bodies of chalcopyrite were seen at any

place in this area, nor does chalcopyrite appear to be a prom-

inent constituen' ^f any of the ores. At the Lotf'e F. mine

on Copper creek it is apparently intergrown with boinite.

Chlorite. The chlorites are silicates of aluminum with

ferrous iron, magnesium, and chemically combined water;

they are monoclinic and generally in scales, thin leaves, or

fibres. Lustre somewhat pearly, colour deep grass green or a

paler green, seldom white or red. Hardness about 2. Specific

gravity about 2-7.

Chlorite is found in small flakes as an alteration product

of the crushed quartz-diorite in the shear zones in which the

fissure veins of Wallace and Arlington mountains occur. The

green colour of the crushed and altered material is probably

largely due to finely disseminated chlorite.

Epidole. A hydrous orthosilicate of calcium, aluminum,

and iron, with varying proportions of aluminum and iron,

often HCaj (Al.Fes) SisOi;. Monoclinic. Lustre vitreous.

Colour, yellowish-green to black, streak uncoloured. Hardness

6 to 7. Specific gravity about 3-5.
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Epidote if an altentton product of bbtite and hornblende
and to a lener extent of the feUspan in the country rock near

the thear zones on Wallace mountain and at other placet. It it

never an important gangue mineral and cannot be taid to form
an integral part of the ore depont on Wallace mountain, becauae
it if equally as well developed away from the ahear zones aa it ia

near or in them.

FMspar. Feldapar fomu a large percentage of the original

minerala of the country rock of the shear zones veins and of

some of the stocks. The feldspars in the shear zones on Wallace
moimtain are labradorite and orthodase, the latter carrying

about 10 per cent of albite in microperthitic intergrosrth and
occurring in smaller amounts than the labradorite; at Carmi
and Arlington mountain the rock carries feldspars of the same
types except that orthodase is not always present. Those
found near the stocks are in general basic pUigioclases.

Galena. PbS. Isometric. Massive or in cubes and com-
binations of cubes and octahedrons. Perfect cubic cleavage.

Metallic lustre, colour and streak lead-grey. Hardness 2-5.

Spedfic gravity 7-5.

This is the most important ore of silver in the lodes upon
Wallace mountain. It has also been found in small amount at

the Carmi mine and perhaps in othei' prospects within the area.

It is sometimes massive, very often in rather large cubic crystals,

and upon one or two occasions well developed crystals were
seen with a combination of cubic and octahedral faces. A
qualitative test made upon about 3 grams of galena from the

Bounty claim by s >lution in nitric add, precipitation in hydro-
chloric add, and thorough washing in hot water, yidded a strong

curdy predpitate of silver chloride, thus proving a fairly high

content of silver in the galena. Probably all galena occurrences

on this mountain are argentiferous. Just how the silver occurs

in the galena is not known, the spedmen tested appeared to be
fresh and the silver content is probably not due to any secondary

process.

Kaolin or KaoUnite. HiAWSiiOb. Monodinic, gerierally

in thin scales forming day-like masses. Lustre pearly to earthy;

nn
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colour white, grey, or brownish. Hardness 2 to 2 5. Specific

gravity about 2*6.

In certain of the cross faults which cut across the ore-bodies

a mass of soft, grey, clayey, decomposed rock is often found

iModated with greenish material, fragments of ore, quartz,

native silver, and caldte. It is probable that this soft, clayey

material is partly composed of kaolin formed by ordinary

weathering, for these "slips" are often wet and the ground water

is percolating through them.

MaiackUt. CuCOtCu(OH)i. Monodinic. Rarely crystal-

Une, often massive, earthy. Coteur, bright green, streak

paler green. Hardness 3-5-4. Specific gravity 3 -9-4 -03.

Malachite is an alteration product of the copper ores at

the Lottie F. claim on Copper creek. It is to be expected in

the altered portion of any chalcopyrite or bomite ore.

Mol^demU. MoS|. Crystals hexagonal in form, commonly

foliated, massive or in scales. Lustre metallic; colour, pure

lead-grey, gives a bluish-grey trace on paper, greasy feel. Hard-

ness 1 to 1-5. Specific gravity 4-8.

Molybdenite occurs in a quarU vein outcropping on Captain

Gordon'scbum on Arlington mountain, and in a number of other

places. It is of no value as an ore of molybdenke imless found

in large amount.

PyrargyrUe or ruby silver. AgiSbSt. Rhombohedral, hemi-

morphic, crystalline or massive. Colour, black; by transmitted

light deep red. Streak purplish-red. Transparent in very

thin splinters, aniwtropic. Hardness 2-5. Specific gravity

about" <

*
' , f ruby rilver were seen at the Sally, Rob Roy,

and ' n . runes; it is to be looked for in any of the galena

lodei "! i mountain. The specimens seen occurred with

galena omepyrite; in certain places it occurs with perfectly

fresh galena and pyrite and is, in all probability, a primary

mineral. Sometimes, however, the ore is crumbly suggesting

that disintegration had taken place. A specimen from the Rob

Roy was tested to detect the possible presence of proustite or of

argentiferous tetrahedrite (freibergite). The test proved the

absence of copper and arsenic, and the presence of silver, anti-

i
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mony, and sulphur; it was, therefore, pyrargyrite. The mineral
was found to be anisotropic, but no interference figure could
be obtained in it. It had a deep red colour and very high index
of refraction. Pyrargyrite carries very nearly 60 per cent of
silver and is, therefore, a most valuable silver ore.

PyrUe. FeS«. Isometric in - ubes and pyritohedrons, faces
often striated, often twinned, frequently massive. Lustre
metallic. Colour, pale brass yellow, streak greenish-black or
brownish-black. Hardness 6-6-5. Specific gravity 5.

Pyrite is a constant constituent of the ores upon Wallace
mountain. It is found in the shear zones at Carmi, and upon
Arlington mountain, and in the stocks of the St. John and Triple
Lakes region. The pyrite varies in colour from very light yellow
to a much deeper shade; the lighter variety when massive
may be mistaken for aisenopyrite.

Pyrrhotite. FeiiSw. Hexagonal, rarely crystalline, com-
monly massive. Metallic lustre. Colour bronze yellow to
reddish, easily tarnir''ed, streak dark grey to black. Hardness
3-5 to 4-5. Specific gravity about 4-6. Generally somewhat
magnetic.

Pyrrhotite is found only in the stocks which occur in the
Wallace series. It was seen at the Big Strike claim on St. John
ridge, on one of the Larstn and Burns' claims on Kloof ridge,
and on the O.K. a..J Silver Dollar claims in the Triple Lakes
region.

Quartz. SiOt. Hexagonal in prismatic crystals terminated
by rhombohedrons, or massive. Colour generally white or
colourless, lustre vitreous, streak white. Hardness 7. Specific
gravity 2-6.

Quartz forms the principal gangue mineral in the fissure
veins on NVallace mountain, at Carmi, or upon Arlington moun-
tain. It is a prominent i-imary constituent of the quartz-
diorite which form? the country rock for these fissure veins,
but is found in much larger amount as a secondary miiieral
within the veins, either as a fissure filling or replacing fragments
of altered quartz diorite. It quite often constitutes the outside
band in fissure veins and was evidently one of the first of the
secondary minerals to crystalline. The quartz of the fissure
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veins is generally white, seldom colourless or glassy, the crystals

often arranged with their longer dimensions perpendicular to

the wall of the vein, and in such cases the ends projectinK toward

the interior of the vein sometines terminate in rhomlx>hcdrons

or pyramids, giving rise to comb texture. Sometimes the

quartzes project into a cavity or druse in the vein, in one case

at the Sally mine the first generation of vein quartz had been

corroded, and secondary quartz gr^ vr over it, the two genera-

tions having the same optical orientation.

Sericite. Scaly or fibrous muscovitt. An orthosilicatc of

aluminum and potassium of varying composition, often HjK,

All (Si04)i. Lustre vitreous to pearly or silky. Colourless to

light shades of brown, green, violet, and yellow. Streak un-

coloured. Hardness 2 • 2 to 5. Specific gravity about 3.

Se'icite occurs as an alteration product in the fissure veins

on Wallace mountain, at Carmi, and on Arlington mountain.

It replaces both feldspar and primary quartz in the crushed

quartz-diorite and in later fine-grained dykes intruded into the

east and west fissures. In a thin section of altered quartz diorite

from the lodes of the Sally mine, needle shaped crystals of sericite

may be seen cutting into and across grains of primary quartz

and feldspar. In certain thin sections practically all the original

material has been replaced by sericite.

Silver. Ag. Isometric, in a circular or net-like form, also

massive, and in plates. Ductile and malleable. Colour and

streak silver white, grey to black when tarnished. Hardness

2-5 to 3. Specific gravity 10-5.

Native silver is found in a number of mines on Wallace

mountain chiefly in or near the later fault planes, where it is

associated with calcite fragments, decomposed rock, or "gouge,"

and green material wb^'-h is probably largely chlorite. »t is

generally in thin leave- hackly scales and they often lie on a

smooth surface of the .ck, probably in most cases the edge

of a break. Native silver was not seen except in the later cross

faults or very close to them. It was in places evidently deposited

in these fault planes and its formation, therefore, took place

after the primary ore had been formed and faulted. It i? a
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•ccondary product and was probably formed by the cold lurface
watcrii which now percolate through the fault planet.

SphakriU or zincblende. ZnS. Igomctric. In tetrahe-
droM cr matsive. Perfect dodecahedral cieavagc. Lu*tre reain-
ou« to adamantine. Colour yellow, various shades of brown
to black, sometimes white or green. Streak brownish to light
yellow and white. Hardness 3 • 5 to 4. Specific gravity 4.

Sphalerite in greater or less amount generally accompanies
'.he galena on Wallace mountain; it is found well developed
in a tunnel on the bank of the river at Carmi. The sphalerite
on Wallace mountain is not mined for zinc, and a large percentage
of it in ih? ores is considered a distinct disadvanUge. Specimens
of sphalerite from the Bounty mine on Wallace mountain and
from the Carmi mine wtre tested for iron and manganese. lion
was present and manganese absent from both spednwna.

TetrakedriU or grey copper ore. Cu(Ag)iSb(As)A. Iso-
metric tetrahedral, often granular or massive. Lustre metallic.
Colour, flint grey to iron black with the same streak. In silver-
bearing tetrahedrite the streak is often reddish. Hardness 3-4.
Specific gravity 4 • 4- 5 • 1

.

Tetrahedrite was identified in ore from the Buster sh..':

and is reported from a number of mines on Wallace mountain.
At the Buster shaft tetrahedrite is intergrown with galena, and
to a larger extent with sphalerite. It is undoubtedly a primary
mineral there and was formed with galena immediately after
the first generation of quartz in the vein. A small portion of
this mineral, which is fine grained and dull grey in the hand
specimen, was segregated and tested by Doctor W. M. Bradley
of the Mineralogical Department at Yale university. Satis-
factory tests were obtained from the same carefully segregated
sample for silver, antimony, copper, and -ulphur. Arsenic was
not present. The mineral is, therefore, -gentiferous tetrahe-
drite.

Turgite or amorphous hematite. Deposits of very fine
grains of iron oxide were detected under the microscope, lying
in veinlets with quartz, chlorite, and calcite in material from the
Sally mine. Very small ve<v, .)f iron oxide were also seen in a
number of specimens fro... her mines on Wallace mountain.



and a red(li»h deposit of iron oxide it being dcpoiiite<l on the walli

of the mine workingt to-day. Only a very small ainount of the

material was obtained for testing; this had a light red s* oak and

when tested with chemical reagents definitely proved ihe pres-

ence of iron. This is probably an oxide of iron with the com-

position of hematite oi* turgitc.

Unkntmm Species. An aluminous silicate of calcium, man-

ganese, iron, and sodium. It contains no potash or r-mbined

water. Isometric. Lustre non-metallic, colour, pinkis. -white,

in transmitted light colourless. Irotropic. Index of refraction

about I 59. Fuses to a shiny brown, blebby glass ; fusibility about

4, and the fused mass is slightly magnetic. It gives an orange

flame. Hardness about 5 • 5 or over. Fracture conchoidal.

This material occurs in the contact metamorphic deposits

on Copper creek ; it is found lining ellipsoidal cavities and appears

to have formed after the ore sul; ''ides (see Plate IX). Tests

made in the mineralogical laboratoi i a' Yale university by Doctor

W. M. Bradley proved the presence of silica, alumina, iron,

calcium, manganese, and sodium, but no potassium or combined

water. The index of refraction was measured by Profeswr W.

E. Ford and found to be 1 • 59. This mineral does not a^ree with

any description seen in Dana's Manual of Mineralogy or other

standard books, but because of the small amount available, and

the fact that it carries inclusions of bornite, and is hard to obtain

pure, no quantitative analysis could be made of it. This may

be what has been called edelforsite, an impure, noncrystalline,

wollastonite.'

WoUastonite. CaSiOi. Monoclinic, commonly tabular, usu-

ally cleavable; massive to fibrous, also compact, cleavage perfect,

parallel to the axis o. Lustre vitreous, colour white inclin^id to

yellow, red, or brown. Streak white, optically negative.

Wollastonite was detected in thin section among t" ore

minerals from the contact metamorphic dipo<-'t on Coprwr

creek. It is possible that the unknown silicate i.n.ntioned above

is the compact, noncrystalline variety of wollastonite.

' Dana. E. S., "A ayttem of mineraloiy." p. 373. 6th edition, 1909.
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THE MINERALIZED SHEAR ZONES.

DESCRIPTION.

Definition.

In order to clearly indicate the types of ore-bodies which
are described under this heading, the term "mineralized shear
zones" will be again defined. The particular kind of "mineralized
shear zone" in which the ores treated of in this section occur
consists of a roughly tabular body of brecciated and partly
altered country rock, quartz, ore minerals, and in places, in-

truded and altered dyke rock. These lie between comparatively
solid, unaltered, and well-defined walls of country rock. The
amount of broken up country rock within the shear zones varies;
in places there is not much brecciated rock and the material
between the walls is nearly all quartz; and at other localities

altered dyke rock takes up most of the space between the walls.
The "stocks" in which the second type of ore-bodies occur are in

places also found in shear zones, but they are seldom well defined,
and since they carry a different type of ore, they are called

"stocks" in this report.

Distribution.

Mineralized shear zones carrying values in silver are found
over an area of about 3 square miles on Wallace mountain, and
at the town of Carmi they carry values in gold and small quan-
tities of silver. Ore showings have also been obtained from
shear zones on Arlington and King Solomon mountains; those
on Arlington mountain are said to carry values in gold and
copper.

Mineralogy.

The ore deposits on Wallace mountain consist of pyrite,

galena, sphalerite, tetrahedrite, pyrargyrite, native silver, and
perhaps argentite, in a gangue made of sericite, quartz, barite,
iron oxide, and calcite. Of the ore sulphides pyrite, galena, and
sphalerite are more commonly found, and argentite was not
seen in specimens collected by us, and is probably not very com-

-'*^—»»>4^^„ . ^^^
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mon. Sericite and quartz form the principal gangue minerals

and barite was seen in one place only. Native silver, iron

oxide, calcite, and chlorite are in general later than the sulphides.

The ores at Carmi are made up of sphalerite, pyrite, chal-

copyrite, galena, molybdenite, sericite, quartz, and ankerite.

Galena and molybdenite occur in comparatively small amount

and ankerite was seen in one place only.

On Arlington mountain the shear zones carry chalcopyrite,

pyrite, and occasionally molybdenite in a gangue of quartz,

sericite, and calcite. Magnetite is present in certain altered

brecciated fragments of pyroxenite, but this may be a product

of the original pyroxenite magma and not a part of the later

mineral deposit which formed the ores.

The Country Rock.

The typical "mineralized shear zones" are found only in the

Westkettle quartz diorite which is a grey rock resembling a

granite and made up of feldspar, quartz, biotite, and hornblende.

A description of this rock body and its variations is to be found

in the chapter on general geology. The silver-bearing galena

ores occurring in the mineralized shear zones were seen in older

rocks of the Wallace group in two instances only, and were then

poorly developed ; they have never been found in the Beaverdell

quartz monzonite. The gold-bearing pyrite chalcopyrite ores

such as occur in the mineralized shear zones in quartz diorite at

Carmi, are, however, also seen in the Wallace group at that place,

on Arlington mountain, and in other places.

The practical restriction of the galena ore-bodies to the

Westkettle quartz diorite is a matter of great economic import-

ance if true, and the evidence upon that point is, therefore, given

at some length here.

Restriction of the Shear Zones and Galena Ores to Quartz

Diorite. The shear zones, which in their typical development

strike east-west and dip south, are found in the greatest number

in the quartz diorite upon Wallace mountain; but although the

area of rocks of the Wallace group which lies to the east of the

quartz diorite upon the mountain contains a great deal of shat-

7
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tcred rock, and occasionally the shattering lies in zones or belts,

the well-defined shear zones with clean cut walls which are

found in the quartz diorite appear to be absent. In one place

at the Buster shaft a shear zone crosses from quartz diorite to a
porphyry of the Wallace group. In the quartz diorite it has

well-defined walls, but not in the Wallace. Although partly

covered it could be traced in the quartz diorite area, by means
of test pits sunk in it, nearly up to the contact, and if continued

along its strike it should have crossed the contact, at about

right angles. On the other side of the contact, however, in the

Wallace porphyry it was slightly offset to the north and appeared

as an indefinite zone of shattered rock. Some galena, sphalerite

ore was found in this zone, but it did not appear to be

present in any quantity.

Galena ores were seen in one other place in a shear zone of

the Wallace group ; that is, at the Washinpi on and Idaho shafts,

but the ore does not have the coarse texture of that found in the

quartz diorite, and occurs in small amount. It is possible

that there are other silver-bearing galena deposits in the Wallace

group, but careful prospecting all over Wallace mountain and
other parts of the district has failed to bring them to light.

The clean cut shear zones in the quartz diorite appear to have

furnished more space for the deposition of the galena ores than

the shattered areas in the Wallace group.

The shear zones appear to be absent also from the Beaver-

dell quartz monzonite, although they were looked for in the area

at Beaverdell and in the larger areas elsewhere. In like manner
the ores which occur in these shear zones are, as far as we know,
absent from the Beaverdell quartz monzonite, although thequartz

monzonite rock bodies have been thoroughly prospected and,

because of their light colour, ore would be easily seen in them.

The reasons for the absence of the ores from the quartz

monzonite, and their small development, in the Wallace group,

is discussed more fully in the section dealing with the genesis

of the ores.

Variations in the Country Rock. Within the quartz diorite

batholith itself there are a number of variations in the character

of the rock, but as far as we know these variations have not
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affected the character or value of the ores. The quartz diorite

varies from medium-grained to fine, and from light coloured,

add, rock, to a dark, basic variety. At Carmi and on Arlington

mountain it is generally gneissic; on Wallace mountain massive.

The difference in character between Carmi and Wallace Mountain

ore (see pages 86, 87) is explained, however, as due not to a change

in country rock but to a difference in the depth of formation.

In other words, the ores at Carmi are thought to represent the

deeper parts of the shear zones, w'.iile the ores so far found on

Wallace mountain represent the snallower. If true, that would

mean that at a certain depth below the present surface the ore-

bearing shear zones on Wallace mountain carry ores similar in

character to those found near the surface at Carmi. The evidence

on which this supposition is based is presented under the discus-

sion of variations of the ore in depth (pages 108, 109).

Dykes In or Near the Shear Zones. At an open-cut on the

Sally No. 2 vein, a fine-grained grey dyke has been intruded along

the east-west shear zone. Dykes of similar appearance occur in

the east-west shear zones at the Carmi mine on the Bounty

Fraction claim. They occur near the ore-bodies on the Rambler

and Buster properties. In the hand specimens these rocks are

grey to greenish-grey, very dense, and generally somewhat brec-

dated ; they weather to a rusty brown colour. The dyke on the

Bounty claim proved on microscopic examination to be an

andesite with trachytic texture, nine-tenths of it being made up of

andesine feldspar, and the remainder of biotite, orthoclase, and

possibly a few grains of quartz. The dykes at the Sally mine,

and also at Carmi, were almost completely altered to sericite, but

appeared to have formerly been fine-grained and probably

largely feldspathic. Because of the resemblance of hand speci-

mens of all these dykes to the andesite dyke on the Bounty

Fraction, and their almost universal occurrence within east-west

shear zones, they are taken to be contemporaneous intrusions

of the same type. Ore is found developed within these dykes

at the Sally and Carmi mines and they were, therefore, intruded

after the formation of the east-west shear zones and before

the formation of the ore. Since they were formed long after

the intrusion of the Westkettle batholith, occur near but not in
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the Beaverdell batholith, and are more highly altered than that

body they are believed to be satellites of the Beaverdell batho-

lith preceding its intrusion.

Prnk dykes of aplite are found in the tunnels of the Rob
Roy and Homestake claims, both of which lie east and uphill

from the outcrop of Beaverdell quartz monzonite (Figure 1).

The Homestake tunnels are close to the quartz monzonite, and
the Rob Roy about one-half mile away. A dyke of quartz
porphyry in the quartz diorite near one of the Homestake
tunnels, an undoubted offshoot of the mass of quartz monzonite
below it, resembles the pink aplite dykes found in the mine tunnels

very closely in composition and general appearance. Both are

made up almost entirely of quartz and orthoclase feldspar

with a subordinate amount of plagioclase and a little biotite. The
granite aplite dykes may, therefore, both because of their

composition and their position, be regarded as offshoot*- from
the intrusive body of Beaverdell quartz monzonite. They
have been slightly, but not entirely sericitized and are believed

to have been intruded at the time of the deposition of the ores.

Structural Features of the Shear Zones.

On Wallace mountain, at Carmi, and on Arlington mountain
the typical mineralized shear zones are from 1 to 10 feet wide
and with minor exceptions they strike east and west, and dip

to the south. At the Rob Roy and Kokomo workings on
Wallace mountain the strike is southeast, while at the Bell

it is west of south. The zones are, however, often displaced

by cross faults, and the strike of blocks of the same zone is not

always the same. The dip is generally to the south and varies

from about SO degrees to the vertical; occasionally it is to the

north, but on Wallace mountain northerly dips are in most
places very evidently the result of tiltini; incident to later faulting,

or otherwi'-e the amount of dip is nearly 90 degrees.

The smooth walls of the zones and the large amount of

brecciated material found in them indicates that their formation

must have caused a considerable displacement of the quartz

diorite; but the amount of displacement cannot be determined

because of lack of datum planes.
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Textural Features of the Deposits.

The material in the zones is either vein filling or altered and
replaced country rock and dyke matter. The filling may be in
distinct single, parallel, or linked veins within the shear zone,
but it is often an irregular filling between brecciated fragments
with occasional \einlets into the walls of the shear zone. In
like manner, one occasionally finds well banded veins in which
successive bands succeed each other with some regularity, and
in which there is a definite sequence of minerals from the margin
toward the centre; but more often the banding is very irregular

or absent, and the veins are made up of aggregates of coarse
interlocking crystals which appear to have crysullized together.
In the better banded veins good crystal faces are often developed
on that part of the minerals projecting toward the centre of the
vein, and this is especially true of the quartz, and gives rise to
what is known as comb structure (Plate VII). Occasionally
the ends of the crystals project into a cavity and form druses
in which all the free crystal faces are well developed.

The altered rock within the shear zones consists of frag-
ments of quartz diorite which have been more or less intensely
altered by the ore-bearing solutions. The quartz diorite of the
walls is comparatively fresh. When alteration of the fragments
has not been intense the original texture of the quartz diorite

may be recognized, but the more highly altered pieces are a mass
of greenish white, rather soft material, traversed by veinlets
and irregular areas of quartz and chlorite, more rarely of the
sulphide ore minerals pyrite, galena, and sphalerite.

The texture of the deposits at Carmi is similar to that of
the deposits on Wallace mountain, although in the few out-
crops which are exposed there is more quartz filling and loss

brecciated quartz diorite. In Carmi also, an altered aplitic

dyke in places occupied neariy the whole width of the shet^r

zone. The texture of the zones on Arlington mountain does
not seem to have any striking peculiarities which differentiate

it from the texture of the zones on Wallace mountain.
Paragenesis. ^he principal ore and gangue minerals in

the shear zones on Wallace mountain were probably formed in
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the following chronological sequence: aericite, quartz, barite,

pyrite; then sphalerite, galena, and tctraheclrite, accompanied

by more quartz and pyrite; pyrargyrite; and, lastly, native

silver accompanied by chlorite, iron oxide, and calcite. Sericite

has in 'Jaces replaces! both feldspar and quartz of the original

rock, at it is seldom seen in vein quartz and then only in one

or two flakes near the outer edges of the veins. Although quartz

may have begun to form in these veins before sericitization

ceased it is evident that most of the sericite was formed before

the quartz, for secondary quartz sometimes cuts across flakes

of sericite. Barite was seen in one vein only; it lies there in-

side quartz on the outside of a vein of quartz, sphalerite, and

galena. It is possible that barite is the filling of a secondary

opening in the outside quartz band of this vein and may, there-

fore, be later than galena and sphalerite; but since its occur-

rence is very rare its relative age is not of great importance.

Pyrite was seen in many instances replacing not only altered

quartz diorite including flakes of the secondary sericite, but

also vein quartz, for the smooth face of one pyrite crystal was

seen to cut cleanly across more than one crystal of vein quartz;

in a great many instances also it was formed on top of the quartz

crystals in banded veins. It was, therefore, formed later than

the first gf 'ration of quartz. In banded veins on the Wel-

lington, Bounty, Buster, Rambler, and Gold Drop claims bands

of quarts form the outside of the veins; they are succeeded in

one or two cases by bands of pyrite, and sometimes by sphalerite

or galena and tetrahe^irite. The relative succession of the pyrite,

sphalerite, and gale.ia is not clear. It is probable that pyrite

was formed in some cases ahead of sphalerite and galena. Sphal-

erite and galena were probably formed at about the same time

and were accompanied in very many instances by more pyrite

and quartz. Tetrahedrite was found at the Buster shaft in-

timately intergrown with galena in a vein in which the bulk of

the tetrahedrite and galena formed ahead of the sphalerite. It

is here undoubtedly a primary ore and one of the first to form

in the vein. In several cases quartz and galena are clearly

the last minerals to crystallize, for they form drusy linings to

cavities in the veins. In ' - -pecimen pyrargyrite appears in
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a banded vein ; it is accompanied by sphalerite, pyrite, and galena

all of which appear fresh and unaltered. PyrarRvrite is l>flii'ved

to be primary in this vein, and one of the last minerals to form.

In a vein in the Sally No. 2 tunnel the following succession was
seen: (1), quartz; (2), iron oxide, probably hv ' -lus, defKJsitcd

on the corroded ends of the ciuartz crystals; (3), « second genera-

tion of quartz followed in places by a deposit of iron oxide;

(4), chlorite; (5), calcite. Pyrite appears in this vein after the first

generation of quartz; its relation to the chlorite and calcite

was not seen, but the formation of iron oxide before chlorite

and calcite indicates that the pyrite crystallized before they did.

Veinlets of calcite cut the altered rock and the other vein

minerals, and are found traversing individual crystals of galena

and sphalerite; where seen in the same vein with chlorite they

were the younger. Calcite was probably the last mineral to

form in the veins. In certain fault planes which cut across the

veins and displace them, native silver is found accompanied

by clayey gou^e chloriU' and calcite. Native silver was evidently

the last ore mineral to form.

The paragenesis of the minerals at Carmi and on Arlington

mountain was not studied ; it is probable, however, that sericite

preceded quartz and the ore minerals. From what could be

learned from one banded vein it seemed that ankerite and sphal-

erite preceded in that place the formation of pyrite and quartz,

but the evidence is not very clear.

Localitation of Ore Masses Within the Shear Zones.

Very little has been learned in the course of this work
rei^ding the shape of the bodies of paying ore within the shear

zones. The lack of extensive underground work, the absence

of definite records, and the fact that no mines were being worked
in 1911 prevented the obtaining of data on that point. Since

the shear zones are roughly tabular bodies it is to be presumed
that the ore-bodies were also more or less tabular or slab-like;

their thickness does not appear to exceed 10 feet and is in most
cases one foot. Their original lateral extent is hard to estimate

for the shear zones and the ore-bodies ir. them have been cut



acroM and displaced by a large tiumber of faulu. A glance at
the vertical projection of the stopea in the Sally No. 1 tun-
nel. Figure 4, indicates that many ore-bodies are now bounded
on more than one side by fault planes. Although no returna
arc available on that point, it may be taken for granted that
stoping in the Sally No. 1 tunnel did not proceed far beyond
the limita of rich ore and, on the other hand, the backs of the
stopes sho^' that little or no rich ore was kft in them. The
shape of tnc stopes in Figure 4, may, therefore, be taken as
tlw approximate shape of the ore-bodies as they existed before
mining commenced. That is, they were Ubular bodies generally
bounded on two or more sides by fault planes. Since the struc-

tural conditionc are the same in the other mines on Wallace
mountain, and in the one at Carmi, that is, the ores are in tabular
shear lones which have been displaced by a large number of
closely spaced fault planes, one may look for ore-bodies of the
same shape in the other mines; that is, roughly triangular
or four or more sided slabs bounded by fault planes.

VanatioHs of Values in Depth. It is locally reported that
particular ore-bodies vary very greatly and rapidly in value
in a lateral direction, but we have no definite data on that point.
The variations in depth of eny one ore-body are also still prob-
lematic, for no one shear zone has been mined through a depth
of even 200 feet, and in most of them the depth attained ha^ been
less than 100 feet. Such variations would not be easy to trace
very far, even if underground work had opened up the ore-bodies
to greater depths, because of the faulting and displacement
of ore-bodies which have occurred.

It is probable, however, that the ores at Carmi represent
the type of ore which is to be found in depth below the Wallace
' res, and in that case the ore-bodies will vary from rather rich

silver-lead ores to somewhat low grade gold-bearing ones. Since
the evidence upon which this assumption is grounded is of a
somewhat theoretical nature it is given in the section devoted
to the genesis of the ores, under the heading, "variations of the
ore in depth" (pages 108, 109).
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A large number of faults oflTiet the ort-bearinK ihcar tones.

They are found in every mine where the ore-l)odic» have been
developed to any extent, not only on Wallace mountain but alto

at Carmi. They have been the greatest sing obsucle to the
development and mining of these ore-bodies and their study is,

therefore, of importance. Ir. i'ijure 2 the strikes of all the
faults encountered in the Beaverdell area have been plotted

on a projector chart, the zero of which indicates true north.
Those marked with arrows were not found upon Wallace moun-
tain; many of those not so marked indicate the strike of more
than one fault plane, some of them not on Wallace mountain.
Four or five fault planes were sometimes found to strike in the
same direction and have then been indicated by one line only;
five out of every six lines on the chart represent fault planes
cutting across the ore-bearing shear zones on Wallace mountain.
In Figui-e 1, those faulu are indicated which were actually seen
^n the surface; and of the faults seen underground only those
were plotted which, from their dip and strike, were believed

to have reached the surface. The large number of faulu which
have broken across the ore-bodies is indicated by Figures 3 and 4.

Figure 3 is a perspective view of the underground workings
of the Sally No. 1 tunnel, and Figure 4 is a vertical projection

of the stopes in a plane lying in a direction parallel to the general
direction of the tunnel; that is, south of east. The major
faults on Wallace mounuin trend from a direction slightly west
of north to northeast. Figure 2, indicates that they fall roughly
into four groups which lie within about 10 degrees of each
other and which include a great many smaller faults. What
the relations between these groups are is not known, for the
homogeneity of the body of quartz diorite prevents the tracing

of fault lines from one mine tunnel to another.

There seems to be no general relation between the direction

of fault planes in any particular mine and the amount of dis-

placement they have occasioned. There is, however, a relation

between their dip and the displacement along them. In the
Sally No. 1 tunnel for instance. Figures 3 and 4, faults dipping
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at angles of from 30 to 40 degrees to the west have caused the

larger displacements, and the blocks between them have been

broken up by a large number of minor faults, most of which are

nearly vertical or dip steeply to the west or east. In the Rob
Roy No. 7 tunnel, Figure 5, the major fault planes dip about

40 degrees to the west but vary at least 30 degrees in strike.

Although the larger and flatter fault planes generally cut across

the steeper ones, the reverse is often the case (Figures 3 and 4).

The amount of displacement along the faults could be

measured with accuracy in one or two instances only. The

direction of lateral displacement is generally a relative offset

of the eastern part of the shear zone to the south. In the

Sally No. 1 tunnel an ore-bearing shear zone dipping south at an

angle of from SO to 60 degrees has had its eastern end offset

about 50 feet to the south along the fault plane (Figure 3).

An offset of the same character and magnitude occurs in the

Rob Roy tunnel. Numerous small ofTsets of from 1 to 10 feet

can be measured in nearly all the mine workings, and larger

offsets are indicated in many of them(Figure 1), but variations

in the character of the same shear zones from point to point

make their identification along these faults and the measurement

of their displacement, a matter of guesswork.

Some indication of the probable amount of throw or vertical

displacement which has obtained along the faults is given in

Figure 4. In order to make such measurement we must assume

that the upper limits of the stopes shown in the figure indicate

the upper limit of an ore-body which, before faulting had taken

place, formed a continuous tabular body with its upper surfaces

roughly parallel to that of the ground water and, therefore, to

the surface of the ground. We must further assume that the

surface of the ground, and consequently of the ore, sloped to

the west toward a probable ancient stream course rather than

eastward. If such an assumption is justifiable the part of

the ore-body east of fault B, Figures 3 and 4, was not only offset

50 feet to the south, but also thrown down at least 100 feet.

Fault B is, therefore, a reverse fault, while the flat fault between

it and fault C appears to have been a normal fault. The same

condition appears to have held in the Rob Roy (Figure 5).
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To sum up: a series of east-west shear zones upon Wallace

mountain with a generally southerly dip has been displaced

by numerous faults, the majority of which trend in directions

varying from west of north to northeast, and dip to the west.

The larger of these faults generally have flat dips of from 20

to 60 degrees and the blocks between them have been broken

by steeper fault planes; occasionally, however, a steeper fault

plane cuts across a flat one. The displaiement along the faults

is generally a lateral offset of the eastern end of the vein to the

south, and sometimes but not always a downthrow of that side

along the fault plane.

No relation was discovered between the direction of fault

lines and their time of formation, and it is possible that they

were all formed at the same time. The detailed relations which

obtain in the Sally and Rob Roy mines seem to hold for all the

other mines on Wallace mountain and also at Carmi. At Carmi
the ore-bearing shear zone striking er.st and dipping south is

offset at frequent intervals by cross breaks. In most cases

the east side of the shear zone is relatively displaced to the south.

The shear zones on Arlington mountain and those on King Solo-

mon mountain, in which indications of ore have been found, are

of the same general character as those upon Wallace mountain;

cross faulting has probably affected them in the same way.

Surficial Alteration and Secondary Deposition.

Very little leached and oxidized surface material or gossan

is found with these ores. The zone of intense surface alteration

is seldom more than a few feet thick, and unaltered ore is found

very close to the surface. The depth of the ground water level

upon Wallace mountain varies from about 15 to 40 fee: from the

surface ; that is, in disused shafts from which there was no outlet,

water stands at about that level. It probably varies from place to

place as the topography changes and would also vary from one

season to another. Surficial alteration by means of the dissolving,

oxidizing, and hydrating action of surface waters may be expected

down to the ground water level, and it may extend below that

level in and near breaks in the rocks. Such alteration has, in
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many other silver deposits, caused the formation of native

silver, silver chlorides, and silver bromides in the zone above,

and the deposition of secondary sulphides below the ground

water level, but in this area its effects have evidently been very

slight.

Some of the oxidized material which is said to occur to depths

of 70 feet from the surface at the Rob Roy No. 7 tunnel and to

contain silver chlorides was tested in the laboratory, but gave

no tests for silver or chloride and apj^eared, in fact, to be made

up nearly entirely of silica and iron oxide. The ore has in some

cases altered to a crumbly greenish mass and such masses

are often very rich in silver, perhaps because of the leaching

away of pyrite in the ore. Along the fault planes a great deal

of clayey gouge, chlorite, and calcitc, accompanied by some

native silver and partly altered ore, are to be seen, and these

re probably products of surficial alteration and secondary

deposition. It is possible that some of the pyrargyrite is due

to secondary deposition, but some of it is believed to be primary.

The reason for the small amount of oxidized ore present is dis-

cussed under "processes of secondary' deposition," page 110.

The only suggestion of extensive secondary enrichment

is the shape of the upper limits of the stopes in Figure 4, which

as stated on page 97 may be due to the control of the upper

limits of the ore-bodies by the ground water, or in other words,

their upper limits were affected by surficial alteration. With

no independent evidence to prove such alteration or enrich-

ment, not much weight can be given the suggestion.

GENESIS OF THE ORES.

The following hypothesis is put forward to account for the

formation of the ores on Wallace mountain and at Carmi. The

ores upon Wallace mountain were deposited in the shear zones

in which they are found, by hot ascending solutions v^'hich partly

replaced the brecciated country rock and partly filled cavities

between the broken fragments. The depth at which they were

formed is less than 2,000 feet. The hot waters were probably

derived from the intrusion of the stock-like mass of Beaverdell
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quartz monzonite which crops out on both sides of the town of

Beaverdell. The ores at Carmi were probably formed in the

same way, but at greater depth from the surface.

Agent of Deposition.

That the deposits were formed from aqueous solutions is

proven by the fact that the greater part of them exist as fissure

fillings, the veins being in many cases well banded, and sometimes

exhibiting comb and druse texture (Plate VII). The mineral

sericite occurs abundantly with the ore minerals, and appears

to have been formed in the same general process. The formation

of sericite in ore-bodies is in nearly all cases due to hot ascending

waters*. In the only instance in which sericite has been ascribed

to the action of cold solutions, it is described as a product of the

decomposition of potash feldspar. In the ore deposits described

here the potash feldspars are very often less badly altered to sericite

than the plagioclases, and the process of alteration is evidently

not dependent on them. Primary tetrahedrite such as occurs in

this deposit is also never found except in deposits where igneous

rocks are nearby to furnish hot solutions for its formation.

The association of a number of minerals, all of which may be

formed by hot ascending solutions, with primary tetrahedrite

and sericite, which are practically always formed by hot solutions

only, proves that the ore-bodies were formed by hot ascending

solutions. Since sericite occurs with the Carmi ores also,

which at the time of deposition were at least 1,000 feet farther from

the surface than some of the Wallace ores, we may say that they

were formed by the same agency; and the same reasoning

applies to the sericite-bearing ore-bodies on Arlington mountain.

Temperature and Pressure of the Solutions. Some idea of the

conditions of temperature and pressure which obtained during

the formations of the minerals may be gained from the asso-

ciation of minerals in the lodes, and also from the probable

depth of tne ores from the surface at the time of their formation.

And here there is a marked difference between the ore-bodies on

1 Emmons, VV. H., "The enrichment of aulphide ore)," Bull. U.S.G.S., No. 329, pp. 152-153.
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Wallace mountain and those at Carmi; the latter were formed

at decidedly greater depth and, therefore, under higher tem-

peratures and pressures. The presence of tetrahedrite as a

primary constituent in the Wallace Mountain ores indicates that

they were formed at moderate or shallow depths (see tiie table

on page 75). Tetrahedrite has, however, in rare instances been

found at great depths. Barite also, although occasionally found

in deep veins, is more commonly formed at shallow depths.

Pyrargyrite, which was found at the Rob Roy tunnel inter-

grown with perfectly fresh galena and pyrite, is apparently there

a primary mineral and as such has never been found in the deep

vein zone. The presence of these minerals points to the forma-

tion of the ores at moderate or shallow depths. The other

minerals present in the ore-bodies teach us nothing, for most of them

may be formed at all depths from the surface. Epidote is

formed in the deep vein zone or near igneous contacts only,

but epidote is not a part of these deposits, for it is formed in

almost any portion of the quartz diorite batholith, and quite

probably before the ores. From the minerals present there we
may, therefore, infer that the ores on Wallace mountain were

formed at moderate or shallow depths.

At Carmi the mineral associations are somewhat different;

tetrahedrite, pyrargyrite, and barite are missing; chalcopyrite

and molybdenite are present at Carmi but not on Wallace

mountain, and galena, the principril ore mineral on Wallace

mountain, is present in small amount only. None of the minerals

in the deposit at Carmi unmistakably indicate that the formations

were formed at shallow or moderate depths; on the other hand,

all the minerals present may have been formed either at great

or moderate depths. The absence of minerals deposited at

shallow depth in the Carmi ores and their presence in the nearby

Wallace mountain ores, -'''ich have apparently been formed

under the same geological and structural conditions, indicates

that the Carmi ores were deposited at greater depth from the

surface. This supposition is proved by their relative topographic

[Ktsition.

A detailed study' of the topography of this district has

shown that in early Pliocene times this region was a rolling.

> Bulletin No. 11, G«ol. Surr., Can.
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hilly country with comparatively gentle slopes, and that a

broad valley with gently sloping sides existed where the West-

kettle is to-day; moreover, areas like the top of Wallace mountain

and other places back of the deep valleys have been compara-

tively unchanged since then, and exist to-day as an upland repre-

senting the remnants of the old land surface. The deep trough of

the Westkettle has been dug out since late Pliocene times, and

one can, by projecting the upland surface to meet the trough, see

that at Carmi it has been deepened at least 700 feet. Now the

ores on Wallace mountain crop out on the old upland surlace

and, therefore, Carmi ores were in early Pliocene times at least

700 feet deeper than those on Wallace mountain. The ores were

formed in late Eocene or early Oligocene times, however (pages

111, 112) and we know less regarding topographic conditions in

those times. It is certain that the ore-bodies both on Wallace

mountain and at Carmi were much more deeply buried then than

in the Pliocene, and the marked difference in the mineralogy of

the ores at the two localities indicates that the present site of

Carmi was very much farther from the surface than the present

top of Wallace mountain. The actual difference in depth was

probably comparable to their present difference in elevation,

namely: between 1,300 and 2,000 feet.

The floor of the Curry Creek series of Oligocene age, which

outcrops to the east of the Wallace Mountain ores (Figure 1)

probably represents the surface of the land at the time the ores

were formed. Unfortunately, folding has warped this floor and

faults have displaced blocks of the conglomerates and of all the

other rocks to a very large extent, and hence measurements of

the depth of the ore at deposition cannot be made. The amount

of downthrow of the conglomerates is in one case at least 500

feet, and may be much greater. Part of the old floor near Curry

creek is to-day at least 600 feet below the ore-body at the Buster

shaft on Wallace mountain. The conglomerates directly east

of the Buster lie about 350 feet above it, and the topography

there indicates that faulting has not been very intense. If a

throw of about 1,000 feet has accompanied faulting at this

point the ores on Wallace mountain were formed at about 1,400

feet beneath the old surface. The ores at Carmi were at least
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700 and probably 1,000 feet deeper. Lindgren's' description

of the mineralogy and form of ore-bodies which have originated

at intermediate depths fits the ore-bodies on Wallace mountain

and Carmi very closely. Lindgren, however, states that such

deposits are formed from 4,000 to 12,000 feet from the surface.

If that were the case on Wallace mountain, we must either

assume that a long erosion interval existed between the formation

of the ores and the deposition of the Oligocene conglomerates,

which is not likely, as will be shown in the discussion of the age

of the ores; or that faulting must have displaced the floor, on

which the conglomerates lie, about 5,000 feet, a supposition f'""

which there is no foundation. The ores on Wallace mountain

although characteristic of the intermediate zone must be assumed

to have formed at a depth much less than 4,000 feet, probably

less than 2,000 feet. Lindgren suggests temperatures of from

175 degrees to 300 degrees Centigrade, and pressures of from

140 to 400 atmospheres for ore-bodies formed at intermediate

depths. These high temperatures and pressures at such shallow

depths may be accounted for by supposing that the Wallace

series formerly overlay the silver-bearing, quartz diorite shear

zones and that by preventing the upward escape of the hot,

rising solutions, caused an abnormal increase of pressure and

heat in the shear zones.

Process of Deposition.

The chemical changes involved in the deposition of the

ores were probably large additions of potash and silica, and the

loss of calcium and sodium. This is indicated by the alteration

of the labradorite feldspar in the country rock to sericite, and

further not only by partial replacement of breccia pebbles by

quartz, but also by the large quantity of quartz which exists as

cavity filling in the shear zones. Sulphur and the metallic

metals have been added in lesser amounts.

Cavity Filling and Replacement. The process of deposition

was apparently partly a simple filling of cavities; but this was

accompanied by a replacement of fragments of the country rock.

Undgreo, Waldemar, "Mineral depoaiu." pp. St3-515.
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Banded veins, often showing comb structure (Plate VII) and

druses or cavities left unfilled in the veins, are the proofs of

cavity filling. The evidences of replacement are best seen in

thin section. In a section from the Sally No. 1 tunnel narrow,

needle-shaped blades of sericite were seen to replace not only

the primary feldspar but also the quartz. The needle-shaped

sericites extend from one mineral of the original rock into the

other, without the sligiitest change in the outside faces of the

sericite blades. The clean cut way in which the sericite blades

"pierced" the primary quartz without a sign of a break -.n either

side of them, was especially noticeable. Perfectly formtd

crystals of pyrite were seen cutting across feldspar, quartz,

and biotite in fragments of the quartz diorite. The sides of

the pyrite crystals were perfectly straight, and cut from one

replaced mineral to another without deviation. The pyrite was

in this case secondary, for it occurred close by in large quantity

as a vein filling, while it was absent from the country rock at a

short distance away from the shear zones. In other places

crystals of pyrite were seen to cut across blades of sericite and

well crystallized individuals of vein quartz; it was, therefore,

also replacing sericite and quartz.

Quartz is probably also partly a replacement product;

it was seen in hand specimens forming irregular areas with

wavy doundaries in the altered country rock, but proof of me-

tasomatic replacement is not so evident in thin sections. No
cases of replacement of the country rock by galena, sphalerite,

or tetrahedrite were recognized in thin sections nor in the hand

specimens. Since, therefore, sericite, quartz, and pyrite were in

a great many cases the first minerals to form it is possible that

the solutions at the time of their deposition were under greater

pressure and higher temperature than when the later minerals

were formed and that metasomatic replacement took place,

which was not possible later.

Replacement appears to be confined nearly entirely to

the shear zones, for although sericitization extends beyond them,

the rock in the walls is decidedly more fresh than the brecciated

fragments between them, and replacement by pyrite is not

known to have taken place far from the shear zones. Detailed
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tudies may prove that this statement is not entirely correct,

but the impression that was gathered from examining nearly

all the shear zones on Wallace mountain was that there is a

sharp line of division between rather intensely altered rock

fragments in the shear zones and comparatively fresh rock i'

the walls.

Influence of the Country Rock. The effect of the country

rock on the ores has already been described. The different

facies of quartz diorite do not appear to have caused any variation

in the character of the ores, and if they exerted any chemical

influence upon the deposition of the sulphides it is not very

apparent. The formation of the ore-bodie«> i" quartz diorite

and not in the Wallace group must be ascribed rather to the

different way in which the rock bodies sheared than to differences

in their chemical character. The shearing which affected the

quartz diorite batholith must also have affected the older Wal-
lace series; but while well marked shear zon?s with dean cut

walls formed in the quartz diorite these zones upon entering the

Wallace group resulted in masses of broken rock with indefinite

boundaries. The more distinct shear zones in the quartz

diorite formed easy and effective passages for the ore-bearing

solutions, and the greater part of the ore was deposited as cavity

fillings within them. The indefinite shear zones in the Wallace

group overlying the quartz diori^*, seem to have stopped the

ascending solutions, and the valuable ore minerals, which appear

to have formed rather by fissure filling than replacement, are

not present in that series to any great extent. This seems to

be proven where a shear zone was actually traced from quartz

diorite into the Wallace group, as in the case of the shear zone

on the Buster claim. These considerations make it seem prob-

able that the upper limit of the larger ore-bodies was the original

roof of the quartz diorite batholith ; that is, its upper cont - ct

with the Wallace group which has now been largely eroded away.
This probably holds true for that part of the roof which originally

lay over Wallace mountain.

Whether the reasons given here for the presence of the ore

in quartz diorite rather than in the Wallace group are correct

or not, the fact remains that the ores are almost exclusively
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in the quartz diorite batholith. In prospecting for galena orea,

therefore, areas underlain by quartz diorite should be examined

before and more carefully than those underlain by other types

of rock, and when shear zones of the type seen on Wallace

mountain are discovered they should be carefully examined for

signs of ore.

Variations of the Ore in Depth. The variations of ores in a

venical direction on any shear zone is a matter of great practical

in^portance, and since it is largely governed by the manner or

process of ore deposition it may be further discussed here. Un-

fortunately, no mines on Wallace mountain have uncovered

any one ore-body over a vertical range of more than 200 feet

;

it is, therefore, necessary to compare shear zones which outcrop

at different levels, and draw conclusions from them. We
propose to show that the deeper and still uncovered parts of the

silver-bearing shear zones on Wallace mountain resemble the

gold-bearing ores at Carmi.

It has been shown that the Carmi ores, which occur in the

same types of east-west shear ;.3ne8 as those on Wallace moun-

tain , and were formed at a greater depth from the surface, prob-

ably from 700 to 2,000 feet farther down, are made up of a dif-

ferent group of minerals. Although the ore-bodies at both

places carry a great deal of quartz and scricitc, the ores on

Wallace mountain are typically silver-bearing and carry ! ige

quantities of galena, sphalerite, and pyrite, with subordinate

tetrahedrite, pyrargyrite, and native silver; the ores at Carmi

carry gold, with a very little silver, and the sulphides sphalerite,

pyrite, chalcopyrite, with a little molybdenite and very little

galena. Chalcopyrite is very rare, and molybdenite is absent

from the Wallace Mountain deposits; tetrahedrite and pyrar-

gyrite from those at Carmi. Since chalcopyrite and molyb-

denite are often found in deep veins, tetrahedrite very seldom,

and pyrargyrite never, and since the ores at Carmi were

formed under the same geological and structural conditions

as those on Wallace mountain, it is believed that the Carmi

ores represent the deeper parts of ore-bodies whose upper

parts have been eroded away; or in other words, that the

deeper parts of the shear zones on Wallace mountain carry

ores which resemble those at Carmi. Sericite, quartz, and
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pyrite were the fir»t mineral* to form in the dcpf^it* on Wallace

mountain, and they are common to the ores both local*

itiei. The fact that they formed first proves that they were

capable of crystallizinit with more ease from the solutions than

the galena, tetrahetlrite, etc. They coukl, therefore, Ix! pre-

cipitate<l under fairly high temperatures and pressures in the

lower parts of the shear zonos, while the other minerals did not

crystallize until they reached the higher portions of the veins

or shear zones where temperatures and pressures were lower.

This accounts for the difference in mineralogical makeup be-

tween the Carmi and Wallace Mountain ores.

The exact depth at which the change from the silver-lead

ores to the gold-bearing pyrite ores would take place is, of course,

hard to estimate. The change will in all probability be a gradual

one, and it may take place at considerable depth. Judging

from the ditTerence in elevation between the Carmi mine and the

Sally on Wallace mountain, the change should come within 1,300

feet below the level of the Sally, but it may, and probably

does, take place much nearer the surface.

Processes of Secondary Deposition.

It has been established, chiefly through a consideration of the

mineralogical associations in the ores, that the metallic sulphides

were deposited by hot ascending solutions. Wc come now to a

class of minerals that were deposited later than the sulphides

and that were formed largely by the action of cold surface waters.

Calcite and native silver and soft clayey material, which is

probably largely kaolin and chlorite, often appear in the cross

faults which offset the ore-bodies, and veinlets of calcite and

chlorite are found cutting across the ore-bodies. Calcite, chlorite,

and iron oxide were seen in veinlets in the sericitized country

rock, and the rock immediately next to these veinlets seems to

have been subjected to further alteration of a type different

from the original scricitization and siliciiication. In one instance

where chlorite and calcite appeared in the same vein with pyrite

and quartz they were formed after the qi:artz and pyrite. The
occurrence of calcite, chlorite, kaolin, and native silver in the



no

cross touus proves that they are of later origin than the ores.

They were in all probability formed by cold surface waters.

Pyrargyrite may in some instances have been deposited by cold

descending waters, but evidence on this point is not clear. Since

quartz is sometimes found deposited upon a coating of iron

oxide in the veins it is quite probable that some of the quartz

has been deposited by surface waters.

Secondary alteration and deposition are suggested by the

shape of the stopes as illustrated in Figure 4 (see also page

101), but no independent evidence is available to support this

suggestion.

Shallowness of the Zone of Secondary Deposition. Except in

the fault planes secondary alteration by surface waters is seldom

seen more than a few feet from the surface and one may find

fresh ore sulphides in places right at the surface. The shallow-

ness of the zone of oxidation or weathering is interesting, for it

holds not only for the ore deposits, but for the rocks themselves

and is wide-spread phenomenon in southern British Columbia.

One finds, for instance, that except where they are badly brec-

ciated the rocks are not very deeply weathered; and if a block

of rock be broken from an outcrop at the surface it will be coated

with a thin weathered film on the surface and along the joint

planes, but this film will seldom be more than an inch or a few

inches thick, and inside the rock will be fresh and unaltered.

Residual soil, that is, rotten rock which has formed in place

by weathering, is absent or very sparingly developed in this dis-

trict.

Since this phenomenon is very wide-spread and is true of

a great many different rock types, it cannot be ascribed to the

density, or any other characteristic, of the rocks themselves;

nor can it be ascribed t^ he topography of the district, for it is

common to regions in which the topographic forms are very

different. The wide-spread action of the glaciers which covered

all except the highest peaks in British Columbia in recent geological

time does, however, furnish an explanation which appears to

fit the facts. There is evidence to prove that glaciers cut out

the rock basins now occupied by lakes on the uplands and

remoulded the beds of the deeper valleys. It is, therefore.
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reasonable to suppose that the moving glaciers which were
powerful enough to cut out basins in the solid rock would re-

move any partly disintegrated mate ;' overlying the rock,

with comparative ease. The lac5 ri wcithcre'I material over-

lying the ores is, therefore, ascrib il to recent glac i action and
the small amount of altered material which is foii (d is believed

to have formed largely since glac .>: 'iries. Thi period which
has elapsed since glacial times is comparatively .hort, if figured

in the geological time scale, and the amount of alteration which
has taken place in that period is, therefore, also comparatively

small.

Source of the Metals and Age of the Deposits.

It has been shown that the deposits on Wallace mountain
were formed by hot ascending solutions; it is believed that these

solutions were magmatic waters derived from the stock of quartz
monzonite which outcrops at Beaverdell, nearby, and west of the

ore deposits. The reasons for ascribing the ores to this intrusion

are its position in respect to the ore-bodies, and the relative age
of the ores. The mines which have produced most of the ore

on Wallace mountain lie directly over the body of quartz monzon-
ite and it is likely that the other ores on Wallace mountain are

underlain by it, for it outcrops again to the southeast, south,

and southwest of them, and not far away. No outcrop of quartz

monzonite was found near the ore-bodies at Carmi, but a body
of quartz monzonite lies close to the smaller occurrences on
Arlington mountain, which resemble those at Carmi mineralogi-

cally.

The shear zones in which the ores are found have never

been seen either in the quartz monzonite body at Beaverdell

or in other quartz monzonite bodies in the map-area, notwith-

standing the fact that such shear zones were looked for in them

;

moreover, ore of the type discussed here is, so far as we know,
absent from that rock body. The shear zones were, therefore,

formed after the intrusion of the Westkettle quartz diorite and
before or during that of the Beaverdell quartz monzonite ; that

is, betr _-en the Jurassic and the Eocene. It is possible that they
were formed during the Post Laramie revolution, at the end
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of the Cretaceous. The ores were, however, formed just after the

intrusion of quartz monzonite, for they occur after intense

sericitization in the shear zones, an alteration which has affected

the quartz monzonite to a very slight extent, if at all. The

ore is found, moreover, in dykes which follow along the shear

zones and which are, therefore, very probably satellites of the

quartz monzonite intruded before the main mass came to place,

see page 89. In addition to this evidence we find that aplite

dykes, which are undoubtedly offshoots of the q. .rtz monzonite,

occur near the ore-bodies and have been partly but not completely

sericitized, proving that the ore came after their intrusion.

It has been proven, moreover, that north-south faulting of the

type which has offset the ores began not later than the end of the

Oligocene and the ores must, therdore, have been formed either

in the Eocene or Oligocene. The only large intrusive which came

to place within that time was the Beaverdell quartz monzonite,

and since the metamorphism it induced in the older rocks was

very marked, and since the latter are generally more intensely

sericitized than the quartz monzonite, which is practically un-

affected by sericitization, we may safely assume that sericitiza-

tion and, therefore, ore deposition was caused by magmatic

waters emanating from the quartz monzonite shortly after it

had been intruded and had cooled.

To sum up: the ore-bodies in the shear zones on Wallace

mountain, at Carmi, and on Arlington mountain were formed

by ascending solutions of hot waters and at depths of probably

not over 2,000 feet on Wallace mountain, and 1,000 feet farther

from the surface at Carmi. Their mineralogical make-up and

mode of occurrence, however, reseniole that of deposits formed

at much greater depths, 4,000 to 12,000 feet. This anomaly is

ascribed to the influence of the Wallace group which probably

overlay the quartz diorite at the time the ores were formed,

and because the clean cut shear zones in the quartz diorite died

out in the Wallace, that rock series acted as a tight blanket

which prevented the hot solutions from rising to the surface

and increased their pressures and temperatures very greatly.

The temperature and pressure at which they were formed

probably compares with that of ores formed at depths of from
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4,000 to 12,000 feet; that is, temperatures of from 175 degrees to

300 degrees Centigrade, and pressures of from 140 to 400 at-

mospheres. The process of deposition appears to have involved

the addition of a great deal of potassium and silica to the rock,

and of lesser amounts of the metals, and of sulphur. The

country rock had apparently no chemical effect upon ore deposi-

tion, but the quartz diorite, by permitting the formation of

distinct fissures, enabled large and continuous ore-bodies to

form within itself. In the Wallace group on the other hand,

circulation was retarded by the irregular shattering of the rocks,

and no large ore-bodies are found.

The ores have been formed partly by replacement, more

largely by cavity filling. Replacement has been confined to

a large degree to fragments of broken quartz diorite within the

shear zones, and sericite, quartz, and to a lesser degree pyrite,

have replaced the rock much more actively than the other miner-

als which seem to have been formed nearly entirely as cavity

fillings. The hot metal-bearing solutions were derived from

the magma of Beaverdell quartz monzonite. The chronological

sequence of intrusion and ore formation is approximately as

follows

:

(1.) The formation of east-west shear zones in the West-

kettle quartz diorite;

(2.) The intrusion of '" Meaverdell quartz monzonite

preceded by the intrusion of c ndesitc, and accompanied

by intrusions of aplite dykes;

(3.) The formation of sencite in the shear zones during

the intrusion of the quartz monzonite;

(4.) The formation of quartz and pyrite, and the other

metallic sulphides;

(5.) Faulting and offsetting of the ores;

(6.) The formation of native silver, iron oxide, chlorite,

calcite, and kaolin.

DEVELOPMENT AN «NG.

The work done upon the various ore-bodies on Wallace moun-

tain consisted in 1911 of open-cuts and a few shallow shafts, and

tunnels. From the shafts drifts were run along the shear zones and
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the ore above the drifts stoped out. In a few cases the ore was taken

out by underhand stoping. The amount of development work

is very small and in r o case have the workings reached a depth

of more than 200 feet. The details of the development in each

case may be obtained in the descriptions o' mines which follow.

The plan has been to follow the ore-bodies m closely as possible

and to mine all the ore in sight. The process is known as "go-

phering" and was probably justified in view of the pockety

nature of the ores, and the lack of sufficient capital for develop-

ment work. Drilling was done by hand, the broken ore trans-

ported to the mouths of the tunnels by hand-cars or wheelbar-

rows, and out of the shafts by bucket and windlass. It was hand

sorted on the surface and rich ore, that is, ore running over $90

to the ton, shipped by rawhide trail to the nearest wagon road,

and from there by wagon or sleigh to Midway. Wagon reads

are built up to the principal producing mines. The low grade

ore was stored in open bins near the mine openings.

At the Carml a steam hoisting plant and Cameron pump
were installed in 1901, and a ten stamp mill erected in 1904.

Some low grade ore was treated in this mill by amalgam plates

and the cyanide process. The sheds which covered the equip-

ment at the Carmi were '" « jor repair in 1911 and the equipment

was consequently exposed and in danger of being ruined.

Production.

The total value of the ores shipped from the district at

the end of the year 1911 was about $100,000. Nearly $99,000

worth was sent from the mines on Wallace mountain between

1900 and 1909, and between $1,000 and $2,000 worth from the

low grade ores at Carmi in 1901.

FUTURE POSSIBILITIES.

Small bodies of rich ore have been found on Wallace moun-

tain, and there is reason to believe that there are other e-

bodies of the same kind which have not been discovered. The

problem of finding these bodies is a difficult one because of the

faulting and displacement which the shear zones have Uiider-
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gone, and the cost of exploratory work is apt to be greater than

the profits derived from the ores. If mining on a large scale

is to be carried on exploration by diamond drilling may prove

economical, but in drilling from the surface blocks of ore with

steep dips are apt to be missed.

The continuation and character of the ores in depth is best

proven by exploration or actual mining. The length of out-

crop of the shear zones on Wallace mountain, however, indicates

that they may continue for several hundred and even a thousand

feet in depth. It is probable that in the deeper part of such

shear zones the silver-lead ores found upon the mountain change

in character to the low grade gold ores as seen at Carmi (see

page 108).

If the question of exploration for displaced ore-bodies can

be satisfactorily solved there should be no insurmountable

difficulties in the actual mining of the ores. Timber is plentiful

and the rough topography should permit of adequate drainage

of the mines and economical extraction by tunnelling. The
problem of transportation is solved by the presence of the

Kettle Valley railway in the Westkettle valley. The West-

kettle valley is from 1,500 to 2,000 feet below and 1 to perhaps

3 miles in a horizontal distance, from the silver mines on Wallace

mountain.

The mine at Carmi is a low grade property, but the length

of outcrop of the shear zone in which its ores lie indicates that

the shear zone may continue to a depth of 1,000 feet or more.

Whether the ore continues to that depth is, of course, another

question. It is also possible that exploration by diamond drill-

ing may prove successful at this mine. The Kettle Valley rail-

way crosses over this property within a few hundred feet of the

shaft.

DETAILED DESCRIPTION OF MINES.

Introduction.

The description of the mines and prospects in this

district applies to conditions which obtained up to the end of

the year 1911. F"urther work has been done on some of the claims

since then and the records of development and production are,
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therefore, not complete in every case. Many mines also were

abandoned when the field work was done, and as the shafts were

then filled with water no examination of their underground

workings could be made. Records of assays of abandoned pros-

pects are difficult to get, and in this work no special attempt was
made to secure complete records of production of any but one

or two of the larger mines.

The mines on Wallace mountain are described together

here; they are followed by a description of the Carmi mine, of

two claims on Arlington mountain, and of the Butcher Boy;

other prospects in the district are described after the general

description of the stocks and contact metamorphic deposits.

Saliy Group.

Location. The Sally group of mines comprises eleven

claims upon the eastern face of Wallace mountain. The prin-

cipal ore-bodies have been found upon the Sally and Rob Roy
claims. The property was operated until the beginning of the

year 1910 by the Vancouver and Boundary Creek Development

and Mining Company, Limited, and most of the actual mining

was done under the supervision of Mr. Robert Wood of Green-

wood.

History and Production. The first claims in this group

were probably staked between 1896 and 1900, and from that year

until February 1910 mining work was more or less continuously

done on the veins of these prop)erties. The mines were shut

down in 1910 and had not re-opened in the autumn of 1911.

About 644 tons of ore were shipped from the Sally group, pre-

sumably all to the smelter at Trail. The gross value of the ore

shipped was $71,818.56, or an average of about $111 to the ton;

the charges for railway freight and smelting were $8,887.09, and

the net returns $62,933.47. Besides the ore shipped there is some-

thing over 2,000 tons of second-class ore separately stacked out-

side the Sally and Rob Roy tunnels. Some of this is shown within

the cribbing in Plate I. This ore is thought to average about

$25 to the ton.

Development and Mining Methods. The ore-bodies on

this property have been explored by drifts run along the veins



m

V)

I

1^'

I >

u

5

-0



118

and by cross-cuts along the fault planes cutting the veins. They
have also been prospected by a number of open-cuts, and by a

shaft in one instance. The frequency with which the veins are

displaced by fault planes has given these drifts a correspondingly

crooked course (Figures 4, 5, and 6). The largest amount of

development and mining has been done upon the Sally No. 1

and the Rob Roy Nos. 6 and 7 tunnels. The ore has been mined

by overhead stoping from the tunnel levels and occasionally by

winzes and small underhand stopes. The total amount of tun-

nelling on these properties is said to have been about 2,000 feet.

Practically no ore was seen in the backs of the overhead stopes

in the Sally No. 1 tunnel, but some ore was evidently left in the

Rob Roy tunnels.

The ore was conveyed on small trams operated by hand

to the mouth of the tunnel, where it was hand sorted and

shipped by sleighs and wagons to Midway 48 miles away;

from there it was transported by rail to the smelter. As long

as the ore had to be shipped to Midway, freight and smel-

ter charges amounted to the large total of about $30 to the

ton; the cartage to Midway alone being about $16 per ton.

This has prevented the shipping of any but very rich ore, aver-

aging about $100 to the ton, fro.m these or any other mines in

the district. The only case in which low grade ore was shipped

from the district proved, according tr local report, a financial

failure.

A large, well constructed bunk house and some outhouses,

as well as ore sheds, have been constructed oithe Sally and Rob
Roy claims (Plate I, Frontispiece).

Geological Relations. The ores occur in shear zones in rather

acid Luartz diorite. The shear zones dip in general about 60

degrees to the south on the Sally and Wellington claims, and

generally to the south on the Rob Roy. Ore has been

shipped from three veins, the Rob Roy Nos. 6 and 7, and the

Sally No. 1. The shaft on the Wellington claim is possibly

on the same vein as the Sally No. 1 tunnel. The shear zones

are displaced by numerous faults striking from north to north-

east and dipping west. The relation of the faults to each other,

and the character and amount of displacement they have caused
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are described in the general discussion of the geological relations

of the ores on Wallace mountain, pages 95 to 100. An idea of
the character may be obtained from Figures 1, 2, 3, 4, and 5.

y^

' $hQm/n thut

Fig 6. Vertical projection and plan of the
thbR<^ IVe tunnel

«_
Salt of feet

After a.M. Tjrnb^'ll

Character of the Ores. The ores in the Sally and Rob Roy
tunnels consist of galena, pyrite, sphalerite, tetrahedrite, and
pyrargyrite in a gangue of sericite, quartz, and altered rock.
Native silver is found near the fault planes and occurs in a gangue
of chlorite, kaolin, calcite, altered rock, and iron oxide. The
ore at the Wellington shaft several hundred feet below these
tunnels contains more sphalerite and much less galena. Very
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little was learned about variations of the ore-bodies, either later-

ally or vertically, except that they are reported to vary greatly

in value from place to place. The oxidized zone where it exists

is very thin, probably a few feet thick, but surface alteration has

penetrated to greater distances along fault planes and has prob-

ably caused the formation of native silver. Pyrargynte may

in certain cases be a product of secondary sulphide enrichment,

but if such a process obtained here it was not a very ger.cral one^

Commercial PcssiMUies. The success of mining here and

elsewhere upon Wallace mountain will depend largely upon an

understanding of the systems of faulting which have offset the

ore-bodie.. for the cost of exploring for displaced ore-bodies is

apt to be very great. Rich ore has been taken out of the tunnels

nn the Rob Roy and Sally claims, and there are probably other

..bodies of the same type which have not yet been discovered.

If exploratory work should uncover enough of these blocks ot

ore there should be no great difficulty in the actual mining of

them Timber is plentiful and the steep topography, with the

outcrops of the shear zones running down hill, should permit of

driving adits along the s. ...r zones and ensuring good drainage

as well as economical er . ... cion. Transportation of the ore to

the railway near Beaverdell should present no great difficulties.

The question of the continuation of the ores in depth is dis-

cussed on page 108.

Rambler Claim.

The Rambler claim lies on the southern slope of Wallace

mountain south of the upper part of Dry creek (Figure 1).

The claim has been worked for a number of years by Mr. W. H.

Rambo, who is a part owner; it is mentioned in the report of

the provincial mineralogist in 1901. and is said to have had ore

ready for shipment at the time.'
. „ t.i

About 75 tons o' ore have been shipped from the Rambler,

with a gross value of between $9,000 and $10,000. The workings

consist of two shafts, one of them 35 feet and the other about

95 feet deep, a cross tunnel about 240 feet long, and al>out 100

^berMon. W. F.. Annual Report of the MU;Uter of Min« of Briti* Columbia (or Uie

y«ar 1901, pp. lOSg and 11*4. Victoria. B.C., 1902.
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feet of drifts. An ixcellcnt cabin, two .haft«. and a .tabic are

on thi. claim (Plate VIM). The ore occur. '" ^^ y^'"" *';;^

nearly vertical dip. which are off«.t by .cveral fault. Figure

7) It is possible that the two main vems were ongmally one

and were displaced by the strong fault A. strikmg m a northerly

Sl^cTion as shown on Figure 7. The country rock .s the u.ua

quartz diorite accompanied by aphte dykes.
J*!".'^"'

"

marked on the surface by a little escarnment wh.ch .s shown

Tyond the cabin on Plate VIll. The ore was obta.ned from

the westerly shaft whose shaft house is shown m the plate. The

chut^ from which it was taken extended from near the surface

down for about 65 feet, and the ore was taken from a triangular

area in the vein lying between the southerly mclined shaft and

the westerly dipping fault plane. The upper side of the chute

was^rhapl40 feet'wide. More ore with high silver content

Lurs across the fault plane from this chute and immediately

at the surface.

This is a promising claim.

Duncan and Bounty Fraction Claims.

The Duncan and Bounty Fraction claims lie on the north

side of Dry creek between the Sally mines and the Rambler;

they were acquired by the Wallace Mountain Mmmg Company

in 1904. The property was shut down in 1911. ine

greater part of the development on this claim has been done

by that company. In 1909 the property was managed by Mr

Tom Henderson.and according to him 160 tons of ore had then

been shipped from the two claims, with a gross value of from

$15,000 to S16,000. Some second-class ore has also been pro-

''"^Five small shafts were seen on the Duncan and Bounty

Fraction claims, the deepest of them 100 feet. Two of them

were filled with water. The dry workings are situated togeth

on the upper northern edge of Dry Creek canyon. About

340 feet of drifting, and some sloping, had been done in these

workings and a total of 600 feet is said to have been done on

the property. The drifts are extremely irregular in plan anU



123

profile ami here, a» in a good many of the other small mine* on the

mountain, the plan haH fjcen to follow the ore an closely as po»-

sibk Two cabins, and a shaft house in good repair are built

on the claims.

Geological Relations. All but one of the shafts seen lie in a
more or less east-west direction from each other, and it is prob-
able that they are on the same vein, but cross faulting has
offset this vein repeatedly (Figure 8) and the ore-bodies are as

usual limited by fault planes. Veins or shear zones are from 1

fsuits

y —__ -) Tunnsl sbtiy* di^i-^tt

Fig a Main workings on the Duncan and Bounty fraction cl/^ims

icale ofTeet

to 4 feet wide; they sometimes branch into two, and in one case
two parallel veins lie within 16 feet of each other. Their
position may, however, have been brought about by cross fault-

ing. Their dips are nearly vertical on the eastern side of the
property, ana in one case 60 degrees to the north. A plan of

the main workings is shown in Figure 8, which also shows the
position of the veins and faults. Some faulting has occurred
near the shaft lying a few hundred feet north of the main work-
ings, and near the one which is about 800 feet west of them.
The main shear zone on this property is nearly in line with one
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about 2,000 feet to the west, on top of the ridge overlooking

Beaverdell, and they may be parts of the same original shear

zone. If that is the case veins on this property may continue

in depth to nearly 2,000 feet. From a commercial point of view

not much dependence can be placed on such a possibility, for

it is based on the unproved assumption that the veins on the

two ridges are the same, and, moreover, the intense faulting

which has taken place through this mountain makes all under-

ground conditions more than usually uncertain.

Bell Claim.

The Bell claim is situated to the northwest of the Rob Roy.

Ore is said to have been shipped from it in the spring of 1909.

It was abandoned in 1910 and 1911. The workings seen were

three shafts, two filled with water, several prospects, and a

cross-rut tunnel about 390 feet long. Whether further work

was done from the shalts is not known. There are two cabms

on the property. A mineralized shear zone was seen in only

one place in the cross-cut, but several outcrops of ore-bearing

zones were seen on the surface. The relations of the shear

zones and the larger faults are shown in Figure 1

.

Buster Claim.

The Buster claim lies to the east of the Rambler. It is

said to have been located about 1899, and was acquired by the

Alaska Mining Company in 1909, which issued 250,000 shares

of stock. Some development was done on this property m
1909 and 1910. The workings consist of an incline shaft and a

number of prospects on an east-west lead. There is a very

excellent cabin, and also a stable on this property. The lead

extends from quartz diorite at the shaft to the Wallace series

several hundred feet east of the shaft. It is about 1 to 4 feet

wide in the quartz diorite, dips about 60 degrees to the south,

and strikes about 10 degrees north of west; in the Wallace it

has apparently l>ecome a rather indefinite zone of shattered rock.

The ore is of the usual Wallace Mountain type, and contams
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tetrahedrite intergrown with galena and sphalerite, and also

pyrite and native silver in the usual quartz-sericite gangue.
Six tons, averaging over $90 a ton, had been taken out in 1909.
More ore was sacked and ready for shipment in 1910.

Standard Claim.

The Standard claim lies on Dry creek north of the Buster.
The Standard had been operated for a number of years by Mr.
Patrick Kennedy of Beaverdell. Three inclined shafts were
seen on the property; how much drifting has been done was not
ascertained. A good cabin is situated near one of the shafts.

Ore is said to have been ready for shipment from this claim in

1903. The country rock is a rather fine-grained quartz diorite.

Bounty Claim.

The Bounty claim lies to the east of the Bounty Fraction.
The claim was not being worked at the time of our visit; it

had been located at least 10 years before. The workings consist

of a tunnel about 100 feet long, from the end of which there is a
90-foot inclined raise to the surface. Ore occurs in a narrow
vein near the foot of the shaft, and again in the tunnel. It has
been displaced by three faults (Figure 1). The country rock is a
rather fine-grained quartz diorite.

Wabash Claim.

The Wabash claim lies north of the Bounty. The workings
consist of several prospect holes and a shaft. The shaft is said
to be 25 feet deep and to have a 60-foot drift at its bottom. It

was filled with water to within IS feet of the surface in the autumn
of 1911. Ore is said to have come from the end of the shaft.

Galena and pyrite ore were in one of the prospects northwest
of the shaft; another vein carried chalcopyrite and pyrite.

Kokomo Claim.

The Kokomo lies north of the Wabash (Figure 1). Mr.
George Barrett of Beaverdell is part owner of this claim. Ac-
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cording to Mr. Barrett the shaft on the claim is 80 feet deep

and 75 feet of drifting has been done from it. Two branching

veins striking south of east and dipping steeply to the southwest

are cut by two parallel northeast trending faults, and offset as

shown in Figure 1.

Gold Drop Claim.

The Gold Drop claim lies to the south of the Buster and not

far south of the southern border of the map-area. The workings

consist of a tunnel 37 feet long, a shaft perhaps 50 feet deep

400 feet from the tunnel, and several open-cuts. The mouth

of the tunnel is about 130 feet below the collar of the shaft.

The shaft, tunnel, and one of the open-cuts lie on an east-west

shear zone which dips at a little less than 90 degrees to the south.

The ore occurs in rather acid quartz diorite, in places m an

aplite or quartz porphyry which is intruded into the east-west

shear zone. It shows fine banded texture (Plate VII) and

consists of the usual Wallace mountain ore minerals in a gangue

of quartz, barite, and chlorite. This is the only place where barite

was seen on Wallace mountain in the course of this work.

Homestake Claim.

The Homestake claim lies to the west of north of the Sally

group (Figure 1). A good deal of tunnelling has been done

on this claim, and a shear zone with quartz veins was seen near

the portal of two of the tunnels. The tunnels are very crooked,

with branches in many places. They follow fault planes more

often than such parts of the shear zone as are crossed in the tun-

nels. There does not appear to have been any very definite

plan in their development.

Carmi Mine.

History and Development. The Carmi mine is situated

directly south of and close to the town of Carmi. The claim was

located in 1896 by Mr. J. C. Dale, who is also the founder of the

town of Carmi. The property was sold in 1900 to the Carmi

Mining Company of London, England, and was then managed by

Mr. E. H. Throuston. The mine was worked between 1899 and
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1900 and again in 1904. It has been shut down since then.

In 1901, 885 tons of ore were shipped to the smelter at Green-
wood. It averaged over $20 to the ton in gold, and carried about
4 ounces of silver.'

An incline shaft 183 feet deep has been sunk on the level,

and over 250 feet of drifting done from it. There is also a tunnel

85 feet long with a winze in it near the bank of the Westkettle
river; the depth of the winze is not known. In 1901 the equip-

ment consisted of a steam ho'^ting plant and a Cameron pump,
and in 1904 a ten stamp n-' .v.. ided. Four hundred tons of

waste were treated in the i amation and the cyanide
process: it did not stay in oper.i.i,.. .ong. When seen in 1911

the board sheds covering the equipment near the shaft were in

sad disrepair, some of them fallen down, and the machinery was
in danger of being ruined by exposure.

Geological Relations. Since the shaft was filled with water
at the time of our visit, the information given here is such as

could be learned from the surface. The ore consists of sphalerite,

chalcopyrite, pyrite, galena, and some molybdenite, in a gangue
of quartz, ankerite, and in places intensely sericitized dyke
material. The ores lie in an east-west quartz vein which dips

from 45 to 60 degrees to the south and is in places accompanied
by a dense grey dyke, probably of andesite. The country rock
at the shaft is a fine-grained somewhat gneissic quartz diorite.

At the mouth of the tunnel on the river it is a dense banded rock
of the Wallace group, probably a tuff or sediment. The vein

has been frequently offset between the shaft and tunnel by cross

faults. It seems to be the same vein as that found in the shaft

of the Butcher Boy, which is about 500 feet to the west of the
Carmi shaft; but between these also there are frequent offsets

of the vein
; at least so it appears from the openings where pits

have bared the lead.

Commercial Possibilities. If the numerous fragments of the

east-west shear zone between the tunnel on the Westkettle and the
Butcher Boy shaft are parts of what was one lead before faulting

took place, as there is good reason to believe, the shear zone

' Robertson, W. F.. Annuil Report. Miniiter of Mines of British Columbia for 1907,
pp. 1058-1140.
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must have been over 1,800 feet long at the level of the present

surface of the ground. It is generally assumed, that a fissure

may extend in depth for the same distance as it outcrops on the

surface, although it does not by any means always do so. There

is, therefore, reason to believe that the shear zone will continue

in depth for a good many hundred feet, although it probably

does not go down to 1,800 feet. Faulting does not, moreover,

appear to have displaced it to so large or irregular an extent as

was the case in many of the shear zones on Wallace mountain

and it should, therefore, be rather easier to find the faulted ore-

bodies underground. There is a possibility, therefore, of making

a mine out of the Carmi if enough ore exists in the shear zone.

On the latter point no opinion can be expressed, for the shaft

and drifts from it were inaccessible at the time of our visit,

and no idea could be obtained of the character of the ore-bodies

nor their size. It is not, however, very probable that the ore

will prove richer in depth. Since the shear zones in which

the ore is found may be located at frequent intervals on the flat

which intends from the river to the present shaft, and its dip

is in phices not very steep, it should be possible to carry on ex-

ploration for ore-bodies with the diamond drill, a method by

which the presence or absence of ore-bodies can be proven in a

fairly satisfactory manner if the dip of the shear zone does not

become too steep, and which is more economical if used exten-

sively than tunnelling or shaft sinking.

An item of cost at Carmi, which a number of the mines

on Wallace mountain will not have to face, is that of drainage.

It is evident from the map (in pocket) that the level of the river

is not over 140 feet or so below the collar of the shaft, and since

it
•- one-quarter mile away, it is not probable that any effective

urainage can be obtained from cross-cut tunnels. The cost of

pumping will, therefore, have to be reckoned on, all through

the life of the mine.

Butcher Boy Claim.

The Butcher Boy was mined at one time by Mr. J. C. Dale

of Carmi; it is not known who the present owner is. There

is an incline shaft on the property which lies 500 feet west of
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the Carmi shaft and is probably on the same shear zone, although
this shear zone has been frequently displaced by cross faults be-

tween the two. The shear zone carries values in gold, silver,

and copper. It contains quartz, pyritc, and the same type of

aplitc dyke material as is found on the Carmi property. The
shear zones strike roughly east-west and dip to the south.

Claims on Arlington Mountain.

Certain prospects on Arlington mountain occur in somewhat
the same type of shear zones as those at Carmi. On what
is known as Captain Gordon's claim on the top of Arlington
mountain a 70-foot trench has exposed an east-west vein of

quartz which occurs with altered quartz diorite in what seems
to be a shear zone in gneissic quartz diorite. The veins cut
across the planes of foliation. The ore consists of pyrite, chal-

copyrite, and some molybdenite in a gangue of quartz, sericite,

calcite, chlorite, and partly altered quartz diorite.

The Arlington claim is said to belong to tb' Bank of Mon-
treal. A bhaft 30 feet deep, a trench 40 feet nd numerous
prospect holes are found on this claim. Theo.e lid to carry
values in silver and copper. About 10 tons of • were lying

near the shaft in 1911. Ore minerals are found in an east-west
shear zone in pyroxenite of the Wallace series and a north-south
quartz vein is found to the east of the shaft. Chalcopyrite,

pyrite, calcite, and quartz were seen lying in brecciated pyroxen-
ite on the claim.

Prospects have also been located on shear zones of this type
on King Solomon mountain and several small shafts and tunnels
driven.

STOCKS.

DESCRIPTION.

Definition. The term "stocks" is applied in this report
to a number of ore-bodies of irregular form, within which the
shattered country rock has been impregnated with metallic

minerals and sometimes with quartz. Although in places

approaching a tabular form, they do not have the two well-
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defined walls of the shear zones. With the stocks are included

irregular bodies of ore occurring in quartz veins. These ore-

bodies do not belong to the well-defined "mineralized shear zone"

or to the contact metamorphic types, and since in place they carry

the same minerals as the stocks, they are for convenience classed

with them. The stocks, therefore, include more than one type

of ore deposit.

Distribution. Prospects which carry ores of this type have

been examined upon the eastern side of Wallace mountain, in

Curry creek, on St. John ridge, and in the region near the Triple

lakes. They are probably to be found in many other places

within the Wallace group.

Mineralogy. The minerals associated in the stocks vary

from place to place. Pyrite is found in nearly all of them, and

pyrrhotite is associated with pyrite in most places. Chalco-

pyrite, arsenopyrite, and molybdenite are the other sulphides.

The gangue •= generally quartz, sometimes calcite, and epidote.

In places the sulphides are finely disseminated through the rock

and appear to replace it, and in such cases the gangue is country

rock.

The Country Rock. The country rock is generally some mem-

ber of the Wallace group, but not always the same rock type.

In the greater number of cases it is composed of dense grey

Wallace rock, probably a tuff or sediment, and this often has

some limestone associated with it. This is the country rock

on the Ellsworth and St. John claims on St. John ridge, in several

claims near the Triple lakes, and a number of others. At the

Nepanee shaft the ore is in diorite porphyry of the Wallace

group, and in the claims of Larson and Burns it is sometimes

found in a white porphyry, and in one instance at a contact

of quartz diorite and Wallace, it was found in both. Tertiary

volcanic dykes sometimes cut acro-5s the country rocks near

the ore-bodies and since they were never found carrying metallic

sulphides it is presumed that they were later than the o'es.

Structure of the Stocks. The stocks very often occur in

belts of shattered rock which have on occasions a well-defined

wall, but two clean cut walls are as a rule not present. Their

dip and strike vary from place to place; some of the stocks occur

•¥',
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as large masses or veins of quartz; these may be very wide and

persistent for a considerable distance, as in the Ellsworth claim,

but they are generally irregular in outline and rather short.

Textiiral Features. Sometimes the ore minerals occur i-

quartz veins, as in some of the prospects on Burns' and Larson's

claims; more often they are irregularly disseminated through

broken up country rock; in such cases the pyrite is generally

well crystallized with well formed crystal faces which cut across

the grain of the rock, and seem to be replacing it. Pyrrhotite

and pyrite are in places developed in nearly solid masses of sul-

phide.

Secondary Oxidation. The processes of oxidation have af-

fected a number of these masses and formed a conspicuous

iron cap or gossan of leached rock. This cap is probably not

very deep and the products of the leaching are doubtless deposited

below the leached zone.

GENESIS OF THE STOCKS.

The stocks vary in their mineral makeup and to some extent

in their geological occurrence; it is, therefore, possible that they

may not all have been deposited in the same way or by the same

agencies. The pyrrhotite-pyrite bodies are, however, distinctive

;

they occur in the same rock types and the presence of pyrrhotite

argues conditions of great pressure and heat at the time of their

formation (see table on page 75). Certain of the stocks, on

the other hand, which carry chalcopyrite and pyrite, but no

pyrrhotite, resemble the shear zone deposits at Carmi in their

mineral makeup and may, therefore, have been formed under

conditions of moderate temperatures and pressures. They

have probably been formed by agencies entirely different from

those which formed the bodies of pyrrhotite.

The Pyrrhotite-bearing Stocks. The genesis of the pyrrhotite

stocks as well as of the other ore-bodies included under the

heading of stocks cannot be proven with satisfaction until

more of the deposits are opened up by underground work and

further studies have been made. The pyrrhotite ores which

were studied in the field were all in rocks of the Wallace group
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although some of the stocks which did not carry pyrrhotite were

seen in Westkettle quartz diorite. The pyrrhotite ores may,

therefore, be assumed to have formed either before or during the

intrusion of the Westkettle quartz diorite. At the Silver Dollar

claim pyrrhotite was found in a white porphyritic rock which is

probably a late member of the Wallace group, or a dyke connected

with the intrusion of the Westkettle batholith. It is therefore,

probable that the time of their formation was very close to the

intrusion of the batholith. Since the mineralogy of the pyr-

rhotite stocks indicates that they were formed under great pres-

sures and temperatures, such pressures and temperatures as

would obtain at depths greai r than 12,000 feet, we may assume

that they were formed either at great depth or at shallower

depths where the pressures and temperatures had been abnor-

mally increased by an igneous intrusion. They were evidently

formed by hot rising solutions which were possibly derived from

the quartz diorite magma.

Others of the stocks, such as that at the Mogul claim, which

occurs in quartz diorite, may have been formed by waters rising

from an underlying body of Beaverdell quartz monzonite; but

since in the case of the Mogul the nearest outcrop of the quartz

monzonite is about a mile away, we have no good means of prov-

ing the supposition.

FUTURE POSSIBaiTIES.

No ore-bodies large or rich enough for extensive mining

have been opened up in these stocks. Their future depends

upon the discovery of large bodies of ore, for they are situated

at some distance from the new railway and are as a rule low-grade

properties.

PROSPECTS LOCATED ON THE STOCKS.

The following claims which are located on stocks are de-

scribed here: the Nepanee claim, Tuzo's claim, the Ellsworth

or Big Strike, the St. John, Burn's, and Larson's claims, the O.K.

Silver Dollar, and Mogul claims.

^t I
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Nepnnee Claim.

The Nepanee claim lies toward the southeastern part of

Wallace mountain and southeast of the Buster (Figure 1).

Mr. M. J. Cummings of Beaverdell is a part owner of this prop-

erty. The workings consist of an incline shaft 70 feet deep;

300 feet to the northwest is a 30-foot shaft and two prospect

holes with some drifting. Assays from the incline averaged

about $14 in gold, silver, and copper, and carried about 3-3 per

cent of copper. A sample from the northern workings ran $16
per ton in gold and $2 in silver. The shaft is in a zone of shattered

hornblende diorite porphyry of the Wallace group; it has a well

defined hanging-wall, but not a marked foot-wall; the direction

of the lead is about 20 degrees south of east, and it dips about
AS degrees to the north. The northern workings are in a some-
what indefinite zone of brecciated Wallace rock. The ores con-

sist of pyrite, and arsenopyrite, disseminated through the broken

Wallace group. It is accompanied by veins of quartz.

Tuto's Claim.

A claim owned by Mr. J. Tuzo of Midway lies about one
mile up Curry creek from the mouth of the canyon. A tunnel

on the claim is situated about 200 feet in elevation above and
north of the creek bed. There is a trail up the canyon to the

claim. The ore consists of pyrite disseminated through dense

fine-grained rock of the Wallace group, and it is accompanied
by stringers of quartz.

Ellsworth or Big Strike Claim.

This claim lies on top of St. John ridge between Spout
and St. John creeks at an elevation of over 4,600 feet, and is

marked on the map by three prospect holes. It was probably
first staked in the year 1900 by Doare and Harris' and was
restaked in 1911 by Mr. P. J. Kennedy. Assays made in 1901

' RobertKn W. F., Ann. Report Minister of Minet of British Columbia for 1907.

pp. 10SS-lt40.
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gave 50 cents in gold and 3 ounces of silver to the ton. The work-

ings consist of two prospects and one shaft tying within 50 feet

of each other; the shaft was filled with water to within 15 feet of

the surface in 1911. The ore consists of pyrite, pyrrhotite, and

a little chalcopyrite, in a gangue of quartz, epidote, and calcite.

The epidote and calcite are sometimes in veinlets through the

sulphides. The sulphides lie in a wide vein of quartz which

apparently outcrops again 300 feet from the prospects; it ap-

parently strikes south 10 degrees west and dips to the west.

The country rock is limestone in the eastern prospect; dense

Wallace rock, probably a quartzite, is found in 'he western pros-

pect, and under the liriestone in the eastern |
rosoect. It is

possible that the vein on the Ellsworth continues to *he St. John

to the south, for the strike is in that direction, but the inter-

vening country is dtift covered, ind this supposition has not

been verified.

St. John Claim.

The workings of the St. John lie a little more than one-half

mile south of the Ellsworth at an elevation of about 4,500 feet

on St. John ridge. The St. John belonged at one time to Collier,

Thompson, and Sterling; the present owners are unknown.

There are three prospects on a north-south line on this claim.

There appears to be a vein of quartz in dense Wallace rock, prob-

ably a sediment. The northern hole has an exposure of 15 feet

of quartz in it; the southern is in a shear zone with not much

quartz showing.

Burns' and Larson's Claims.

: S

Mose Burns and John Larson own and operate four claims

on the side hill overlooking Beaver creek, one-half mile east

of Larsen creek. Larsen creek is named after John Larson,

but the name was misspelt on the map. The four claims are in

succession from northwest to southeast the Gateway, Golden

Dawn, Moonlight, and Alameda. These claims were worked

practically every summer from ?903 .) 1911, and a great many

prospect holes have been opened up. The workings on the Gate-

way claim are a short t. lel, a prospect, and a shallow shaft;
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on the Golden Dawn a shaft 30 feet deep and a tunml 30 feet

long; on the Moonlight five or more prospect holes; on the Ala-

meda one shaft and two prospect holes. The ore in the Gateway,
Golden Dawn, and Moonlight claims carries values in copper
which vary from low up to, occasionally, 5 per cent. The values

in the Alameda ire in gold, and are said in one case to have run
over $14 per ton.

The ores in the Gateway, Moonlight, and Golden Dawn
consist of pyrite and chalcopyrite in a gangue largely of quartz.

The country rock is metamorphosed limestone, argillite, and
diorite porphyry of the Wallace group; this has been intruded

by acid binary granitic dykes which are porphyritic and aplitic

in character, and seem to havo been accompanied by the in-

jection of a great deal of quartz into the surrounding sediments.

A number of Tertiary, rather basic, dark dykes also cut the

rocks near the ore-bodies. The granitic dykes are thought to

be offshoots from the large mass of quartz diorite which lies

down hill and close below the claims; its contact is seen in the

lower tunnel of the Gateway. The position of the claims and
of the quartz diorite is shown on the map (in pocket). The
ore is most often found in quartz veins near the white porphyritic

dykes, and its character does not seem to have been greatly

influenced by the presence of either the limestones or the Ter-
tiary dykes.

The sulphides on the Alameda are pyrrhotite and pyrite,

which are in stringers or finely disseminated through dense

Wallace rock, probably an altered sediment. Arscnopyritc is

also said to be found on this claim, and it was seen on top of

the hill to the east of it. Hornblende diorite porphyry was
seen near the ores, but no sulphides were found in it, although

they are said to be present.

Very little can be said regarding the possible occurrence of

paying ore-bodies on these claims. At the time of our visit

no large bodies of ore had been opened up, and until fairly large

bodies are found the cost of transporting the ore to the nearest

railway station, which will probably be near Beaverdell, about

8 miles away, will prevent the mining of the rather low-grade

ores.

10
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Mo<inl Claim.

The Mogul claim lies on Lake ridge about one-half mile

cast of tlie upper of the Triple lakes. It is said that this claim

is, or was at one time, owned by R. Rolierts of Greenwood, and

others. Assays of ore from the dump on the surface gave

S20.40 in gohl and 10 ounces of silver to the ton.' The couiitrv

rock is a fine-grained quartz diorite which has been sheared in

a number of places and intruded by dykch of aplite and basic Ter-

tiary volcanic dykes. Quartz and pyrite stringers occur in

the aplite, and pyrite is found in drusy cavities in the quartz

veins.

This occurrence has features which ally it with the mineral-

ized shjar zone deposits at Carmi and on Arlington mountain.

Silver Dollar Claim.

The Silver Dollar lies on the northern end of Lake ridfie

about one-half mile south of the divide between Ueer creek and

Ibid, r 11.17.

Ibid. p. U37.
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the Triplf Lakes valley. It in marked by a shaft on the map.
The claim wan at one line owned by ('. Newman and Josef
Peterson. Ore fron a dump near the workiriKs tarried $16.4(1

in g'4d and ft ounces of silver to the ton.' The workinRs con-
xi-it of a shaft a'M>ut 40 feet dii'p with a cross-r lit tunnel coming
into it 20 feet from the surface; the shaft was filled with water
up to aljout 35 feet frr)m the surface. The country rock is a
dense tuff, or sediment, of the Wallace group and an acid

granitic dyke cutting the tuflf. The shaft ha.i been sunk in a
»ht ir zone alwut 5 feet wide, striking nearly due north and dip-

ping nearly 90 <lcgrees. A break near the mouth of the tunnel

strikes slightly east »f north and dips 4.S degrees to the south-

west. The ore, which consists of pyrite, pyrrhotite, and arseno-

pyrite, was seen in both the dense tuff-like rock and the light

coloured granitic rock. It apfiears to be disseminate<l through
the shattered countrv rock in an irregular manner.

THE CONTACT METAMORPHIC DEPOSIT.

DESCRIPTION.

Definition.

By "contact mctamorphic deposits" is meant here mineral
deposits which have been formed in intruded limestones close

to the contact of the intrusive body, and directly as the result

of the intrusion. Such deposits are characterized by very
definite associations of minerals.

Location.

A contact mctamorphic deposit carrying values in copper
has been opened up on the Lottie F. claim on Copjx;r creek a
few miles north of the area. The workings lie on the west
side of the creek about 300 feet above its bed, and 2 miles from
where it joins the Kettle river. Its junction with the Kettle
river is about 40 miles north of Westbridge.

This is the only ore deposit of the contact metamorphic
type found in the district.

>Ibid. p. 1138.
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Mineralogy.

The minerals in the deposit on Copper creek are chalco-

pyrlte, bornite, malachite, azurite, and pyrite, and with them

garnet, an unknown silicate, epidote, woUastonite, quartz, and

probably calcite. These do not include the minerals which made

up the original country rocks. Bornite and chalcopyrite are

the principal ore minerals, and garnet forms the greater part

of the gangue. A pinkish calcium, manganese, iron silicate,

which is described in detail in the section on mineralogy, occurred

as a lining of certain cavities in the ore.

Geological Relations.

The country rock in which the ores are found is limestone

and hornblende diorite of the Wallace group. The limestone

outcrops over a somewhat circular area about 500 feet across

and in places hornblende diorite lies close to the surface under it.

Mostof the ore is in the limestone, but some ore was seen indiorite.

The diorite outcrops to the north of the limestone area, and a

quartzitic member of the Wallace to the east (Figure 9). The

quaruite seems to underlie the limestone. The area occupied

by these three members of the Wallace group is somewhat oval

and about 1,500 feet across. It is completely surrounded by

Tertiary lava flows. Dykes of the same material as the lavas

cut through the rocks of the Wallace group. Both limestone and

diorite of the Wallace series are badly brecciated at their con-

tacts.

The Ore-Body.

Very little could be learned regarding the structural relations

of the ore-body, for the workings were abandoned and filled

with water. It appeared to be of irregular shape and confined

largely to the limestone, although found in the underlying

diorite.

Texture. The ores seemed to be massive in places. In

certain specimens collected from the dump of one of the shafts

they contained peculiar ellipsoidal cavities (Plate IX) and around
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these cavities the ore and gangue minerals were in concentric

bands; the cavities were about 1 inch across. The succession

which held from the outside to the centre was, in one case,

bornite, an unknown silicate perhaps wollastonite, quartz,

and a light coloured weathering product. In another instance

it seemed to be chalcopyrite, bornite, the silicate mentioned

above, and quartz. Bornite occurs in places lying in fine vein-

lets through chalcopyrite, suggesting that it is later. Garnet

was found in skeletal crystals intergrown with bornite and v/as,

therefore, formed at the same time. Wollastonite occurs in

well shaped crystals within masses of bornite, and is thought to

be older than bornite. The relative time of crystallization

of the epidote is not known. The order of crystallization is

probably somewhat as follows: chalcopyrite, wollastonite,

bornite, and garnet, and perhaps epidote, the unknown calcium

silicate, quartz, and later calcite, malachite, and azurite.

Secondary Alteration. The only signs of secondary alteration

which were observed were a slight alteration of bornite to

azurite and malachite in the ellipsoidal cavities which occur

in the ore, and a change of the calcium silicate to what appeared

to be kaolin. There were also veinlets of calcite which were

probably of secondary origin.

GENESIS.

The mineral associations of the sulphide ores with garnet,

wollastonite, and epidote are typical of contact metamorphic

deposits. The association has in so many other regions been

proven to be typical of the deposits which have been distinctly

formed by contact metamorphism that it is only necessary

to decide in this case as to the intrusive which caused the meta-

morphism. Three possibilities may be discussed here: first, that

the deposits were due to the access of heat and mineralizers

brought about by the Tertiary lavas; second, that they were due

to the intrusion of the Wallace diorite; or, third, that they are

the result of the intrusion of a large batholithic mass which is

covered and was, therefore, not seen. The first hypothesis

may be dismissed as contrary to general observation,' for ef-

> Undcren, Wtldemor, "Mineral depodtt," p. 664.
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fusive rocks very seldom exert any very great tnetamorphic

effect upon the surrounding rocks. The hornblende diorite of

the Wallace group is the only intrusive seen near the ores,

but it is not very likely that its intrusion caused their formation,

for the hornblende diorite itself contains ore which was introduced

after it had solidified. The ores were, therefore, formed after the

diorite had cooled and not at the time of its intrusion. Since

in contact metamorphic deposits the formation of the ores seems
to have taken place during intrusion and while the intrusive

was hot, it is evident that the ores must have been caused by
an intrusive later than the hornblende diorite. The last hypo-
thesis is that contact metamorphism is due to a large igneous

body intruded below the deposit but not outcropping on the sur-

face. It seems quite probable that such an igneous body, or

part of one, actually exists below Copper creek, for the Beaverdell

quartz-monzonite batholith outcrops 3 miles to the east, and a

few miles to the west, of this place and covers large areas in

both cases. It seems quite possible then, that the ores were

formed by contact metamorphism induced by a large mass of

Beaverdell quartz monzonite intruded below them. It is

presumed that this mass is not far below, but its actual depth
is a matter of surmise.

LOTTIE F. CLAIM.

The contact metamorphic deposit described above, lies

on the Lottie F. claim. The workings on the claim consist

of a shaft perhaps 50 feet deep and a number of prospect holes.

The shaft was filled with water to about 35 feet from the surface

at the time of our visit. About 20 tons of ore were lying on the

dump of the shaft at the time, and from its general appearance
it was estimated to carry between 5 and 10 per cent of copper

to the ton. The geological relations at this claim have been
described in the general section on contact metamorphic deposits.

The commercial possibilities of the claim will depend on
findinga large body of ore. The limestone, which probably carries

the greater part of the ore-body or bodies, occupies a small

area on the surface and although it may underlie the surrounding
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younger volcanirs that is still unproven. The problem of trans-

portation will be the most difficult to solve. The most convenient

railway station should be Westbridge on the KetUe Valley

railway. WestV.ridge is between 35 and 40 miles from the mouth

of Copper cioek. In 1911 there was a wagon road from West-

bridge for about 20 miles up the river, and a survey had just

been made for a road which was to go the rest of the way. From

the mouth of Copper creek to the mine is about 2 miies up the

creek, and the creek bed rises over 300 feet in that distance.

The collar of the shaft lies about 700 feet in elevation above the

floor of the Kettle River valley and the end of the proposed wagon

road. There is enough timber and water for mining purposes

and it is probable that the rough topography can be utilized

in the draining of the mine workings and in general develop-

ment, if sufficient ore is found to make development work

feasible.

SCHEELTTE.

Scheelite, the tungstate of calcium, occurs in a prospect hole

near the western side of the broad top of Arlington mountain.

The prospect, which is not marked on the map, lies from 300 to

400 feet west of the trail to Arlington lakes, between the 3,500

and 3,600-foot contour lines on the map, arid near the boundary

between the Wallace group and quartz diorite.

Scheelite is an ore of tungsten and as such is valuable if

found in quantity. The mineral was only seen in thin section

under the microscope. It lay in veinlets about one-twenty-fifth

of an inch wide, within a limestone altered to garnet and epidote.

None of it could be detected in the hand specimen brought from

the field, and its presence was not suspected until revealed by

the microscopic work.

The rock in which this mineral is found is a reddish-white

garnetiferous limestone with numerous veinlets of quartz through

it. Fifty feet to the north is the contact of the quartz diorite

batholith and the Wallace group of which the limestone forms a

member. Petrographic study of the scheelite bearing rock

indicates that it was originally a siliceous limestone; that it had

been partly replaced by garnet and epidote. and that scheelite.



143

calcitc, and quartz lin in vi-inU'ts which cut throuRh the rcplaceci

rock and penetrate the garnets. Under the microscope (Plate

X) the scheelite is grey, uniaxial, {Mjsitive, hirefrinKence approxi-

mately 0()15 and refraction higher than Kfossuiar garnet.

From the occurrence of the scheeHte it may J)e inferred that

it was formed after the garnet and epiclote. (jarnet and epidote

are undoubtedly products of the intrusion of the quart/ diorite,

and the fissures in which the scheelite occurs were probably

formed upon the cooling of the replaced limestone which had Ijcen

heated to a high tcmtx.'rature by the intrusion. The simplest

explanation for the origin of the mineral is that it was formed by

li(iuids and vapours given off by the quartz diorite magma after

the magma had come to rest and partially cooled.

Concentrates carrying 60 per cent tungsten trioxide, that

is, the equivalent of about 75 per cent of scheelite, sold in 1910

at from $400 to S500 to the ton.' It is probable that there is

more scheelite in the quartz veins in this prospect hole and that

there are other occurrences in thf garnetiferous limestone near

the contact of the quartz diorite batholith. Such a garneti-

ferous limestone lies east of the Westkettle river and south of

Trapper creek, quite close to the old Kelowna pack trail, and

there are a number of other outcrops of the same type of rock.

However, at present the occurrence of scheelite is of more

miueralc 'ical irciost than of commercial importance.

SERPENTINE AND ASBESTOS.

Sirpcntine and asl)estos were seen on the west side of Hall

('reek canyon south of the lower end of the long swamp and just

fxlow an escarpment of white andesite. They occur in the lower

10 feet of a tlat sill-like mass of black saxonite porphyry which

is about 60 feet thick and which lies immediately under the cliff

of white andesite. The serpentine lies in green bands tiircjgh

the black rock and the asljestos in little veinlets through the

serpentine.

The bands and veinlets lie more or less parallel to the hnver

contact of the sill and the asbestcjs veins apjiear to be larger

'LlndKroD. Waltleniar. "Mineral rtei-oaits." p. ^'<4.

Ill*
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near the surface of the Rround than away from it. It is thought

that the aslicstcsaml serpentine were formed from the saxonitc

-,3rphyry by waters percolating downward through the sill, and

that the growth of the flat veins of asbestos was hastened by

the removal of the rock cover over the sill by erosion.

Probably not one-half of the lower 10 feet of the sdl is

changtKl to serijcntine and the asbestos veins are seldom over

an inch thick. The occurrence described here is not. therefore,

of commercial importance, but it indicates that asbestos is

present and that it may be expected to occur in many of the

black basic intrusive rocks which are found in various places

in the district. The profitable mining of asbestos, like that of

a number of other non-metallic minerals, requires that the

material exist in large amount and that transportation charges

should not l)e very high.

ROAD MATERIALS.

The altered andesites of the Wallace group should make very

excellent material for surfacing wagon roads, and so should any of

the Nipple Mountain lavas. Any dense or porphyritic igneous rock

which is rather dark coloured will generally make good road metal.

Such material should be looked for where areas of the Wallace

group cross the valleys. Quartz diorite, quartz monzonite, and

all coarse-grained rocks resembling granite are mferior to the

denser and darker igneous rocks for use on roads. The lime-

stones and schistose rocks which are found in this district should

not be used at all.
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KXPI. '.NATION 0¥ I'l.ATK V.

Variations in tlit- W.stltcttlc balholith (I natural aize). (I'aRe 42).

:i. lint- urained i<i<>f facies (quart/, nionzonin).

1) .\v«iaK«' iiMtliiiiii K""-'''"'' f'^"^* (<l""ir'» Jiurit*;)'

c. Aciilii (nits from I he Sally mine (Kran.Kli<»ril«).
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Exr;-*NATios or Plate VI.

T.rrace. -.n .he WV.tkettle valley at Carmi Page 63.
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HXPLANAIION OF pLATE \'1I.

Banded urc irom the Gold Drop claim ^Pages '1, 12 >
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KxH.ANATioN or IYatk IX.

Rlli|»«>i<lal tavilira in ihrninlacl m«Miiim>r|>hii-iinM«<>nCi>|>|iPrrr«'k (rnlarui-il

U tiliieu). (raKCtHS. 140)

K. (luriiet.

1>. Bornile.

X. Hiikiiiiwn MiliiMlP.
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Explanation ok Pi.atk X.

Mirriipliiiii>gra|)h of a vein <J schet'lito <|uarlz and raU-ilc in an .ilditd limc-

'iloMc (enlarRcd 20 limes). (Pages 142, 14.?).

1'. Caloitc.

(|. Quartz.
s. Schcelitc.

ii. (larnct,
I*. Epiduie.
i. [AnBicnali'iif rnicgrainRof calritoand f|narU, |iriil':i|ply.i remnant

of the original limestone.



If)J

Plate X.



1"* >i*|





U>4

, f

^m|'

Explanation ok Pi.atf. XI.

,U...Uler of ..rocla... ..«>..- an.[.si.e. VVallaco «n.„p; .....crops on ... 1,..,
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txPLANAiioN 1)1 Plate XH.

Variations in the Beaverdell batholith (| natural lilt). (Page 48).

a. Fine-grained roof facie* (quart»-»yenite-apUte).

b. Medium to coarse-grained facies forming the greater part ol the

batholith (quarti monionite).

c. Coarse-grained porphyritic facies forming the stock at Beaverde.l

(quartz-monionite porphyry).
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EXI'LANATIDN OF I'LATE XIII.

Nipple Mouniain lavas at the mouth of Copiicr creek, Kettle river. I'he

la\as lie on the floor of the rivrr valley at an elevation of about J.S'IU

f.ri. M'anes .i7, S9).
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LIST OF RECENT REPORTS OF GEOLOiilCAL
SURVEY

Since 1910, reports issued by the Geological Survey have

been called memoirs p.nd have been numbered Memoir 1 , Memoir

2, etc. Owing to delays incidental to the publishing of reports

and their accompanying maps, not all of the refwrts have been

called memoirs, and the memoirs have not been issued in the

order of their assigned numbers and, therefore, the following

list has been prepared to prevent any misconceptions arising

on this account. The titles of all other important publications

of the Geological Survey are incorporated in this list.
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MEMOIRS-GEOLOGICAL SERIES.

Memoir 4. No. 7, Geolocuul Series. Geologiral reconnaissance along the
line of the National Transcontinental railway in western
yuebec—by W. J. Wilson. • » ^ i- •:.

Memoir 8. No. 8, Geologiral Series. The Edmonton coal field, Alberta—
by D. B. Uuwiing.



Ui

MiMOii 9. N9.9,CMlnkalS*fiit. Bigboni coal buin, Alberta—by G. S.

MaJloch.

MittOii 10. S». 10, C*ot»tU(U StrUt. An limrumental wrwy ol the

thore-Uim o( the ntlnct laket Algonquin and Nipiiaing in

•outhwwicrn OnUrlo-by J. W. CoWthwait.

MtHoii 12, No. It, Gtototicoi S*riti. Iniecti from th« Tfrtiarv Uke
depodti ol the louthcrn Intrriur of Britiah Culumbiu, col-

Itcted by Mr. Lawrence M. Lambe, in 190fr-by Anton

Handlirach. _ _ . , . ,

Memoir 15. No. 12, Utolotital Stritt. On a Trenton Echinoderm fauna at

Kirkfield, Ontarlo-by Frank Springer.
, , .,

MSMOta 16. No.lS.Ctolotiial^t'it' The cUy and thalc depo»ln of Nova

Scotia and portionn of New Brunawick—by Heinrich Rie«

awiited by JoMph Kecle.

MEMOIRS -BIOLOGICAL SERIES.

XIkmoik U. No. I, BiolotitJ Seriti. New ipeciee ol aMIi rnllected by

Mr. John Macoun at Barkley aound, Vancouver wland.

BritiA Columbia—by William H. Dall and Paul Bartich.

Memoln and Reports PublUhed During 1912.

REPORTS.

Summary Report for the calendar year 1911. No. 1218.

MEMOIRS-GEOLOGICAL SERIES.

Memou 13.

Memoir 21.

Memoir 24.

Memoir 27.

Mfmoir 28.

Southern Vancouver isbnd—by

geology and ore depoaitt of

Britiah Columbia—by O. E

No. 14, Gtohncal Series.

Chartea H.Clapp.
No. IS, Geohpcof Series. The

Phoenii, Boundary district,

No. 16, Geological Series. Preliminary report on the clay and

thale depouti of the western provinces—by Heinrich Rie»

and Joseph Keele.
. . ^ . ,

No. 17, Geological Series. Refiort of the Comm * ion appointed

to investigate Turtle mountain, Frank, Alberta, 1911.

No. IS, Geological Series. The Geology of Stecpn^k lake,

Ontario—by Andrew C. Lawson. Notes on fossils from

limestone of Steeprock lake, Ontario—by Charles U.

Wnlcott.

Memoirs and Reports Publislied During 1913.

REI-ORTS, ETC.

Museum Bulletin No. 1: contains articles Nos. 1 to 12 of the Geological

Series of Museum Bulletins, articles Nos. 1 to 3 of the Biological Series of

Museum Bulletins, and article No. 1 of the Anthropological Series of Museum

"
r.'^de Book No. 1. Excursions in eastern Quebec and the Maritime

Provinces, parts 1 and 2.



Guide Book No. 2. Excursions in the Eastern Townships of Queliec and
the eastern part of Ontario.

Guide book No. 3. Excursions in the neighbourhood of Montreal and
Ottawa.

Guide Book No. 4.

Guide Book No. 5.

Manitoulin island.

Guide Book No. 8.

Excursions in southwestern Ontario.
Excursions in the western peninsula of Ontario and

Toronto to Victoria and return via Canadian Pacific
and Canadian Northern railways; parts 1, 2, and 3.

(juide Book No. 9. Toronto to Victoria and return via Canadian Pacific,
Grand Trunk Pacific, and National Transcontinental railways.

Guide Book No. 10. Excursions in Northern British Columbia and
Yukon Territory and along the north Pacific coast.

MEMOIRS—GEOLOGICAL SERIES.

No. 2S, Geological Series. C>eology and economic resources of
the Larder Lake district, Ont., and adjoining portions of
Pontiac county. Que.—by Morley E. Wilson.

No. 19, Geological Series. Bathurst district. New Brunswick—

Memoir 17.

Memoir 18.

Memoir 26.

Memoir 29.

Memoir 31.

Memoir 33.

Memoir 3.S.

Memoir 37.

Memoir 38.

by G. A. Young.
No. 34, Get4ogical Series.

the Tulameen district,

No. 32, Geological Series

Geology and :nineral deposits of

B.C.—by C. Camsell.
Oil and gas prospects of the north-

west provinces of Canada—by W. Malcolm.
No. 20, Geological Series. Wheaton district, Yukon Territory

—

by D. I). Cairnes.
No. 30, Geological Series. The geology of Gowganda Mining

Division—by W. H. Ccllins.

No. 29, Geological Series. Reconnaissance along the National
Transcontinental railway in southern Quebec—by John A.
Dresser.

No. 22, Geological Series. Portions of Atlin district, B.C.—by
D. D. Cairnes.

No. 31, Geological Series. Geology of the North American
Cordillera at the forty-ninth parallel. Parts I and II—by
Reginald Atdworth Daly.

Memoirs and Reports Published During 1914.

REPORTS, ETC.

Summary Report for the calendar year 1912. No. 1305.
Museum Bulletins Nos. 2, 3, 4, 5, 7, and 8 contain articles Nos. 13 to 22

of the Geological Series of Museum Bu'letins, article No. 2 of the Anthro-
pological Series, and article No. 4 of the Hi.ilogical Series of Museum Bulletins.

Prospector's Handbook No. 1: Notes on radium-bearing minerals—by
Wyatt Malcolm.

MUSEUM GUIDE BOOKS.

The archaeological collection from the southern interior of British Colum-
bia—by Harlan I. Smith. No. 1290.

MEMOIRS—GEOLOGICAL SERIES

Memoir 23. No. 23, Geological Series, 'ieology of the Coast and island
l> cween the Strait of i .orgia and Queen Charlotte sound,
B.C.—by J. Austin Bancroft.



Memoir 25.

Memoir 30.

Memoir 20.

Memoir 36.

;>iK»:r>ip, 52.

M'lMOlK J i.

Memoii 44.

:.Ji.MO.R 22.

Memoir 32.

Memoir 47.

Memoir 40.

Memoir 19.

Memoir 39.

Memoir 51.

Memoir 61.

Memoir 41.

Memoir 53.

Memoir 55.

No. 21, Ceoloiical Siries. Report on the clay and shale He-

posits of the western provinces (I'art II)—by Hcinrich Ries

an<l Joseph Kcele.

No. 40, Oeolonital Series. The basins of Nelson antl Churchill

rivers—by William Mclnnes.
No. 41, Gedogical Series, (iold fiehls of No%a ficotia—by VV.

Malcolm.
No. 33, GeoliiRical Series Geoloi{y of the \'ictoria and Saanich

map-areas, Vancouver island, B.C.—by C. H. Clapp.

No. 42, Geological Series. CienloKical notes to accompany map
of Sheep River gas and oil field, Alberta—by D. B. Dowling.

No. 36, Geological Series. Si. Hilaire (Beloeil) and Rougemont
mountains, Quebec—by J. J. O'Neill.

No. 37, Geological Series. Clay and shale deposits of New
Brunswick—by J. Kifle.

No. 27, Geological Series. IVeliminary report on the serpentines

and associated rocks, in southtTii Queliec—by J. A. Dresser.

No. 25, Geological Series. I'orlions of fort land Canal and

Skeena Mining divisions, Skeena district, B.C.—by R. (J.

McConntll.
No. 39, Geological Series. Clay and shale deposits of the

western provinces, I'art III—by Heinrich Ries.

No. 24, Geological Series. The Archaan geology of Rainy lake

—by Andrew C. Lawson.
No. 26, Geological Series. Cieology of Mother l.ode and Sunset

mines. Boundary district, B.C.—by O. I.e Roy.

No. 35, Geological Series. Kewagama Lake map-area, Quebec

—by M. E. Wilson.
No. 43, Geological Series.

by C. H. Clap().

No. 45, Geological Series.

Geology of the Nanaimo map-area

—

Moose Mountain district, southern

Alberta (second edition)—bv D. D. Cairnes.

No. 3S, Geological Series. The "Fern Ledges" Carlioniferous

flora of St. John, New Brunswick—by Marie C. SiofK-s.

No. 44. Geological Series. Coal fields of Manitoba, Saskatche-

wan, AltxTta, and eastern British Columbia (revised edition)

—by P. H. rjowling.

No. 46, Geological Series. Geology of Field map-area. Alberta

and British Columbia—by John A. Allan.

Memoir 48.

Memoir 45.

Memoir 49.

Memoir 42.

MEMOIRS—ANTHROPOLOGICAL SERIES.

No. 2, Anthropological Series. Some myths and tales of the

Ojibwa of southeastern Ontario—collected by Paul Radin.

No. 3. Anthropological Series. The inviting-in feast of the

Alaska Eskimo—by E. W. Hawkes.
No. 4, Anthropological Series. Malecite tales—by W. H.

Mechling.
No. I, Anthropological Series. The double curve motive in

northeastern Algonkian art—by Frank G. Speck.

MEMOIRS—BIOLOGICAL SERIES.

Memoir^S4. No. 2, Biological Series. Annotated list of flowering plants

and ferns of Point Pelee, Ont., and neighbouring districts—

by C. K. Dodge.

i



Memoirs and Reports Published During 1915.

REPORTS, ETC.

Summary Report for the calendar year 1913, No. 1359.

Summary Report for the calendar year 1914, No. 1503.

Report from the Anthropological Division. Separate from Summary
Report 1913.

Report from the Topographical Division. Separate from Summary
Report 1913.

Report from the Biological Division: Zoology. Separate from Summary
Report 1914.

Museum Bulletin No. 11. No. 23, Ceolo.rr. Series. Physiography of

the Beaverdelt map-area and the southern part of the Interior plateaus, B.C.
—by Leopold Reinecke.

Museum Bulletin No. 12. No 24, Geohgical Series. On Eoceratops
canadensis, gen. ' :v., with remarks on other genera of Cretaceous horned
dinosaurs—by L. M. Lambe.

Museum Bulletin No. 14. No. 25, Geological Series. The occurrence
of Glacial drift on the Magdalen islands—^by I. W. Goldthwait.

Museum Bulletin No. IS. No. 26, Geological Series. Gay Gulch and
Skookum meteorites—by R. A. A. Johnston.

Museum Bulletin No. 17. No. 27, Geological Series. The Ordovician
roclj of Lake Timiskaming—by M. Y. Williams.

Museum Bulletin No. 6. No. 3, Anthropological Series. Pre-historic

and present commerce among the Arctic Coast Eskimo—by N. Stefansson.

Museum Bulletin No. 9. No. 4, Anthropological Sertes. The glenoid

fossa in the skull of the Eskimo—by F. H. S. Knowles.
Museum Bulletin No. 10. No. 5 Anthropological Series. The social

organization of the Winnebago Indians—by P. Radin.
Museum Bulletin No. 16. No. 6, AnthropologiccU Series. Literary

aspects of North American mythology—by P. Kadin.
Museum Bulletin No. 13. No. 5, Biological Series. The double crested

cormorant (Phalacrocorax auritus). Its relation to the salmon industries

on the Gulf of St. Lawrence—by P. A. Taverner.

MEMOIRS-GEOLOGICAL SERIES.

Memoir 58. No. 48, Geological Series. Texada island—by R. G. McCon-
nell.

Memoir 60. No. 47, Geological Series. Arisaig-Antigonish district—by M.
Y. Williams.

Memoir 67. No. 49, Geological Series. The Yukon-Alaska Boundary be-

tween Porcupine and Yukon rivers—by D. D. Cairnes.

Memoir 59. No. 55, Geological Series. Coal fields and coel resources of

Canada—by D. B. Dowling.
Memoir SO. No. 51, Geological Series. Upper White River District, Yukon

—by D. D. Cairnes.

Memoir 65. No. 53, Geological Series. Clav and shale deposits of the
western provinces. Part IV—^by H. Ries.

Memoir 66. No. 54, Geological Series. Clay and shale deposits of the
western provinces, Part V—by J. Keele.

Memoir 56. No. 56, Geological Series. Geology of Franklin mining camp,
B.C.—by Chas. W. Drysdale.

Memoir 64. No. 52, Geological Series. Preliminary report on the clay and
shale deposits of the Province of Quebec—by J. Keele.

f



Memoir 57.

Mbhoib 68.

Memoir 69.

Memoir 72.

Memoir 73.

Memoir 74.

Memoir 76.

Memoir 46.

Memoir 62.

Memoir 63.

Memoir 75.

No. SO, Geohgical Seriet. Corundum, its occurrence, distii-

bution, exploitation, and uiea—by A. E. Barlow.

No. 59, Geological Series. A geological reconnaissance between

Golden and Kamloops, B.C., along the line of the Canadian

Pacific railway—by R. A. Daly.

No. 57, Geological Series. Coal fields of British Columbia—
by D. B. Dowling.

No. 60, Geological Series.

C. L. Cumming.
No. 58, Geological Series.

The artesian wells of Montreal—by

The Pleistocene and Recent deposits

of the Isiand of Montreal—by J. Stansfield.

No. 61, Geological Series. A list of Canadian mineral occur-

rences—by R. A. A. Johnston.

No. 62, Geological Series. Geology of the Cranbrook map-area

—by S. J. Schofield.

MEMOIRS—ANTHROPOLOGICAL SERIES.

No. 7, Anthropological Series. Classification of Iroquoian

radicals and subjective pronominal prefixes—by C. M.
Barbeau. .

No. 5, Anthropological Series. Abnormal types of speech m
Nootka—by E. Sapir.

. . . -
No. 6, Anthropological Series. Noun reduplication m_ Comox,

a Salish languafte of Vancouver island—by E. Sapir.

No. 10, Anlhrofological Series. Decorative art of Indian tribes

of Connecticut—by Frank G. Speck.

Memoirs and Reports in Press, July 29, 1915.

Memoir 70. No. 8, Anthropological Series. Family hunting territories and
social life of the various Algonkian bands of the Ottawa
valley—by F. G. Speck.

Memoir 7L No. 9, Anthropological Series. Myths and folk-lore of the

Timiskaming Algonquin and Timagami Ojibwa—by F. G.

Speck.
Memoir 34. No. 63, Geological Series. The Devonian of southwestern

Ontario—by C. R. Stauffer.

Memoir 77. No. 64, Geological Series. Geology and ore deposits of Rossland,

B.C.—by C. W. Drysdale.

Memoir 78. No. 66, Geological Series. Wabana iron ore of Newfoundland—
by A. O. Haves.

Memoir 79. No. 65, Geolopcal Series. Ore deposits of the Beaverdell

map-area—by L. Reinecke.

Museum Bulletin No. 18. No. 28, Geological Series. Structural relations

of the Pre-Cambrian and Palaeoroic rocks north of the Ottawa and St. Law-

rence vai.cys—^by E. M. Kindle and L. D. Burling.

Museum Bulletin No. 19. No. 7, Anthropological Series. A sketch of

the social organiration of the Nass River Indians—by E. Sapir.
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