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Abstract 
The Ingerbelle and Copper Mountain deposit* are located 

15 km south of Princeton in southern British Columbia. 
The property is owned by Neivmont Mining Corporation's 
whom/ owned sttbsidiary, Similkameen Mining Company  
Ltd., and includes the Copper Mountain "mine, where produc
tion ceased in 1957. Mining of the Ingerbelle deposit com
menced in 1972 at a rate of 13,600 tonnes per day. Ore 
reserves as of January 1, 1975 were 55,7^9.000 tonnes 
grading 0.53 per cent copper at the Ingerbelle and Convey 
Mountain Pit 1 and Pit 2 ore bodies. 

All of the known copper deposits in this camp lie in a 
1,100 by Ji,500-m belt, of Upper Triassic Kicola volcanic 
rocks that is bounded to the south by the concentrically 
differentiated Copper Mountain stock and to the north 
by the Lost Horse intrusive complex. 

Rock alteration in the camp involves widespread devel
opment of biotite followed by albite and epidote, with 
subsequent local potash feldspar and/or scapoiite meta
somatism. This alteration affects both the volcanic rocks 
and the intrusive rocks of the Lost Horse suite. 

The orebodies are essentially disseminated sulphide de
posits, althotigh fracture i'uiings iti'£ atbo important in 
aiiSiiy l i i ' f t i i i , J. utu.t, aiiijjinuts wntoeat ut uttueraiiy less ihn-n 
5 per cent, hi the Ingerbelle, Pit 2 and most of the Pit 1 
orebodies, the sulphides are chalcopyrite and piyrite; in 
part of Pit 1 and in most of the former underground 
•mine they are chalcopyrite and bornite. 

The Copper Mountain deposits have been classified by 
some workers as complex porphyry deposits of the syenite 
clan, and the Ingerbelle on a skarn deposit gradational 
to a porphyry. Other workers have placed mow emphasis 
on the characteristics that these deposits hare in common 
with the pyrohietatomaUe class. 

Location 

T H E I N G E R B E L L E A N D C O P P E R M O U N T A I N 
deposits are located i n southern B r i t i s h C o l u m b i a , 15 
k m south of P r i n c e t o n and 180 k m east of Vancouver 
( L a t . 49°20', L o n g . 120°SV. N . T . S . 92 H / 7 E ) . H i g h 
w a y 3 crosses the Ingerbelle property , and Copper 
M o u n t a i n lies about 2 k m to the east on the opposite 
side of the S i m i l k a m e e n R i v e r . E levat ions i n the 
v i c i n i t y o f the deposits range f r o m 1,050 to" 1.300 m, 
w i t h the r i v e r i n a canyon-l ike valley at 770 m. 

History 
Copper was f i r s t discovered i n the area i n 1884 by 

a t rapper named Jameson, but i t was not u n t i l 1892 
that R . A . (Volcanic ) B r o w n staked the Sunset c la im 
that la ter became the center of the Copper M o u n t a i n 
mine. E x p l o r a t i o n , development and unsuccessful a t 
tempts at product ion were car r i ed out by var ious 
companies up to 1923, when The G r a n b y Consol idated 
M i n i n g , S m e l t i n g and Power Co. acquired the property . 
G r a n b y extracted 31,552,000 tonnes of ore conta in ing 
1.0S per cent copper f r o m the orebodies east of the 

r i v e r i n the periods f r o m 1925 to 1930 and 1937 to 
1957. M o s t o f th is ore came f r o m glory-hole and 
underground m i n i n g , but inc luded are 1,955,910 tonnes 
of 0.76 per cent copper f r o m several open pi ts mined 
f r o m 1952 to 1957. 

To the west of Copper M o u n t a i n , across the S i m i l 
kameen Canyon, the Ingerso l i Bel le and L a Re ine 
c la ims, w h i c h were later proven to contain most of the 
Ingerbelle orebody, were staked in 1897. A d j o i n i n g 
ground was soon staked and a number of adits were 
dr iven to explore the scattered indicat ions of copper. 
F r o m 1951 to 1953, the area was mapped as par t 
of a reg ional study by G r a n b y and seven holes were 
dr i l l ed . I n I960, N e w m o n t M i n i n g Corpora t i on of 
Canada, on the recommendation of t h e i r geologist, 
Dr. R. H . S e r a p h i m , optioned a group of c la ims to the 
west o f the r i v e r , i n c l u d i n g the G r a n b y ground , w h i c h f 
had been assembled and was be ing explored by G . / 
B u r r and E . M u l l i n of P r i n c e t o n . Bul ldozer t r e n c h i n g 
soon p a r t i a l l y delineated the minera l i zed zone i n areas 
of shallow overburden, and d r i l l holes to depth i n 
dicated su f f i c i ent reserves f o r product ion to be con
sidered. D u r i n g th i s t ime . G r a n b y was d r i l l i n g close 
to the old Copper M o u n t a i n mine and add ing to i t s 
known reserves of open-pit ore, and Cumont M i n e s 
wras m a k i n g a v igorous e f for t to develop -ore to the 
n o r t h of Copper M o u n t a i n . I n December, 1967, N e w 
mont purchased G r a n b y ' s ent i re m i n i n g interests i n 
the district, obtaining a much-needed tailings a rea , 
ana with Lbe exercise o i the option on the Burr-
M u l l i n c laims consolidated both propert ies under N e w -
mont 's who l ly owned subs id iary , S imi lkameen M i n i n g 
Company. Geophysical surveys , t r e n c h i n g and d r i l l i n g 
were continued by S imi lkameen for another two years 
before product ion plans for the j o in t development 
were f inal ized , 

Mining 

The combination of rugged t e r r a i n , wide ly separated 
orebodies. t ranspor ta t i on of t a i l i n g s and economic 
considerations required a great deal of invest igat ion 
before the f eas ib i l i t y study was completed. P r o d u c t i o n 
f r o m the Ingerbelle orebody commenced in 1972 at a 
rate of 13,600 tonnes of ore per day, and by December 
31, 1974, 12,188,700 tonnes g r a d i n g 0.46 per cent 
copper had been mi l l ed . P r o d u c t i o n of the camp, i n 
c lud ing the f o rmer Copper M o u n t a i n mine , now totals 
325,523 tonnes of copper, S,081 k g of gold and 146,241 
k g of s i lver . 

The Ingerbe l l e -p i t w i l l have an eventual depth of 
250 m. Bench he ight is 12 m and the f i n a l w a l l slope 
is 45 to 50 decrees. M i n i n g equipment includes shovels 
w i t h 7.6-cu-m buckets, and 91-tonne-capacity t r u c k s . 
A unique grade control pract ice is the use of a mobile 
X - r a y fluorescence analyser f o r r a p i d assays at the 
face. M u c k samples f r o m every f i f t h t ruck load are 
analysed to fac i l i ta te the s o r t i n g of ore ( + .30 per 
cent copper; f r o m low-grade stockpile m a t e r i a l (0.20 
to 0.29 per cent copper) and waste (,-0.20 per cent 
copper) . Other unusual features of th i s operation are 
semi-autogenous g r i n d i n g , the relocation of 4 miles of 
h ighway i n order to mine the Ingerbelle deposit, and 
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FIGURE 1 — Generalized geology of the Copper Mountain area. 
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the plan for a separate crusher and suspension con
veyor to b r i n g the ore f r o m the Copper M o u n t a i n 
deposits to the m i l l . 

Ore reserves on J a n u a r y 1, 1975 were 55,749,000 
tonnes conta in ing 0.53 per cent copper in the Ingerbelle 
and Copper M o u n t a i n P i t 1 and P i t 2 orebodies. A d 
d i t i o n a l open-pit ore w i l l l ike ly be recoverable f r o m 
the caved area of the old underground mine. The 
s t r i p p i n g ra t i o r e m a i n i n g is est imated to be 2.0 waste 
to 1 ore, but i t was h i g h e r i n the early years of the 
operation. 

Concern for the environment has inf luenced the 
design of th is project. T a i l i n g s impoundment in a 
n a r r o w rocky valley we l l out of publ ic v iew required 
the d i f f i c u l t b r i d g i n g of a canyon and the d r i v i n g of 
a pipel ine tunnel . Dams were erected at each end of 
the valley, and the decanted water is recycled to the 
concentrator. E x p e r i m e n t a l seeding w i t h grass has 
commenced on the unused waste rock dumps. 

Geology 

GENERAL 

The volcanic rocks that host the Copper M o u n t a i n 
orebodies were o r i g ina l l y described as part of the W o l f 
Creek F o r m a t i o n (Dolmage. 1934) and they were 
considered to belong to the middle of the N i c o l a Group 
of U p p e r T r i a s s i c age. 

The reg ional geological se t t ing is character ized by 
major n o r t h - t r e n d i n g high-angle faults w h i c h f o r m an 
ancient, long- l ived r i f t system that extends f r o m the 
U . S . border to at least 160 k m n o r t h . T h i s system was 
the locus of a long, n a r r o w m a r i n e basin i n w h i c h 
N i c o l a rocks were deposited d u r i n g T r i a s s i c t ime , and 
i t then accommodated basins of continental vo lcanism 
and s^dimeiuailun. in E a r l y T e r t i a r y t ime. The central 
par t of the Nicota bas in is marked by an abundance 
of h igh-energy , p r o x i m a l volcanic rocks (coarse brec
cias and f lows) and contains a large number of coeval, 
comagmatic , h igh- leve l plutons w i t h several associated 
copper deposits. A group of such plutons ( F i g . 1) , 
some of w h i c h are d i f f e rent ia ted , are k n o w n as the 
Copper M o u n t a i n In t rus ions (Montgomery , 1967). 

SETTING OF THE COPPER MOUNTAIN CAMP 

The m i n e r a l deposits of the Copper M o u n t a i n camp 
occur chie f ly i n a northwester ly t r e n d i n g belt of N i c o l a 
rocks, approx imate ly 1,100 m wide and 4,300 m long, 
that is bounded on the south by the Copper M o u n t a i n 
stock, on the west by a ma jor normal f a u l t system 
known as the B o u n d a r y f a u l t (Preto , 1972) and on 
the n o r t h by a complex of d i o r i t i c to syeni t i c por 
phyr ies and breccias k n o w n as the L o s t H o r s e com
plex ( F i g . 2 ) . Copper m i n e r a l i z a t i o n d imin ishes 
marked ly to the east, where the Copper M o u n t a i n 
stock and L o s t Horse complex diverge sharp ly . 

The N i c o l a rocks in the v i c i n i t y of Copper M o u n 
t a i n are andesit ic to basalt ic and are composed pre 
dominant ly of coarse agglomerate, t u f f brecc ia and 
tuf f , w i t h lesser amounts of massive f l ow uni t s and 
some lensy layers of volcanic si ltstone. The coarse 
f r a g m e n t a l rocks, w h i c h locally contain clasts up to 
35 cm i n diameter (Preto , 1972, p. 18), r a p i d l y grade 
to the southeast and south into massive f lows, a b u n 
dant w a t e r l a i n t u f f and some p i l l ow lava . T h i s d i s 
t r i b u t i o n of coarse f ragmenta l volcanics, and t h e i r 
spat ia l associat ion w i t h the porphyry breccia complex 
and w i t h the copper deposits indicate that one or 

more N i c o l a volcanic centers w e r e localized close to 
the L o s t Horse complex. It also indicates the close 
re lat ionship between copper m i n e r a l i z a t i o n and N i c o l a 
m a g m a t i s m in this camp. 

West of the B o u n d a r y fau l t , the N i c o l a Group con
sists of intercalated volcanic and sedimentary rocks 
that include massive and f r a g m e n t a l andesites, t u f f 
and general ly w rell-bedded calcareous shale, si ltstone 
and sandstone. These rocks are considered to be 
s t ra t i g raph i ca l l y above those of the W o l f Creek F o r 
mat ion . 

C O P P E R M O U N T A I N I N T R U S I O N S 

The Copper M o u n t a i n in t rus ions include the Copper 
M o u n t a i n stock, the Smelter L a k e and V o i g t stocks, 
and the L o s t Horse complex. M o n t g o m e r y (1967) 
described these plutons as f o r m i n g a continuous 
a lka l i c : ca l c i c rock series r a n g i n g in composit ion f r o m 
pyroxenite to perthosite pegmatite and syenite. The 
Copper M o u n t a i n stock is a concentr ical ly d i f f e r 
entiated i n t r u s i o n e l l ip t i ca l i n plan and approximate ly 
17 sq. k m i n area. Its ma jor axis is 10 k m long and 
str ikes N 60 °W. The stock is zoned, w i t h d ior i te at 
i ts outer edge g r a d i n g t h r o u g h monzonite to syenite 
and perthpsite pegmatite at the core. M o n t g o m e r y 
i,1967» described this zoning as the product of d i f 
f e rent ia t ion by thermal convection, chemical d i f f u s i o n , 
c rys ta l a r m o u r i n g and c rys ta l se t t l ing f r o m a single 
parent magma of d i o r i t i c composit ion. The two smal ler 
satell ites, the Smelter L a k e and V o i g t stocks, show 
no d i f f e rent ia t i on , but are s i m i l a r i n composi t ion to 
the outer phase of the Copper M o u n t a i n stock. 

The L o s t Horse complex is approx imate ly 4,300 m 
long and 760 to 2,400 m wide, and consists of por 
phyr ies and porphyry breccias w h i c h range i n com
posit ion f r o m d ior i t e to syenite and show widespread 
out var iao i c u n i t i z a t i o n . sau.ssuri l igat ion anu p ink 
feldspar a l terat ion . These porphyr ies are not a con
t inuous mass, but are a complex of dykes, s i l l s and 
i r r e g u l a r bodies, d i s p l a y i n g var ious and complex con
tact re lat ionships w i t h rocks of the W o l f Creek F o r 
mat ion . Some phases of the complex are minera l i zed , 
but others, such as some m a j o r dykes, are c lear ly 
post -minera l . 

RADIOMETRIC AGES 

The close genetic re lat ionships that are evident 
i n the f i e ld between N i c o l a vo l canism, Copper M o u n 
t a i n in t rus ions and m i n e r a l i z a t i o n are borne out by 
rad iometr i c ages. The rad iometr i c age of the Copper 
M o u n t a i n stock ( S i n c l a i r and W h i t e , 1968) was o r i g i n 
al ly determined as 193 ± 7 ray. F u r t h e r de te rmina 
tions (Pre to , et al, 1971) on the L o s t H o r s e complex, 
the Smelter L a k e and V o i g t stocks, and on sulphide-
bear ing pegmatite veins produced a series of con
cordant apparent ages, the average of w h i c h is 195 ± 
8 m y. These results indicate that the apparent age 
of a l l Copper M o u n t a i n i n t r u s i o n s and of the as
sociated m i n e r a l i z a t i o n is U p p e r T r i a s s i c , the same as 
the age determined f r o m fossi ls f or the N i c o l a Group . 

M E T A M O R P H I S M 

N i c o l a rocks near Copper M o u n t a i n e x h i b i t sec
ondary m i n e r a l assemblages w h i c h are charac ter i s t i c 
o f subfacies B 1.1 and B 1.2 of the greenschist facies, 
or of albite-epidote hornfe ls ( W i n k l e r , 1965). T h i s 
is ind icated in the volcanic rocks by the widespread 
occurrence of epidote, chlor i te , t remol i te -ac t ino l i te , 
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seric i te , carbonate and, local ly , b iot i te and prehni te . 
In the immediate v i c i n i t y of the Copper M o u n t a i n 
stock, a n a r r o w aureole of contact metamorph ism, 
general ly less than 60 m wide, overpr ints the above 
assemblages and is character ized by a widespread 
development of granoblast ic d iopsidic pyroxene, green 
hornblende, b r o w n to reddish brown b iot i te , abundant 
epidote, intermediate plagioclase and some quartz . 

In the n a r r o w belt of N i c o l a rocks between Inger 

belle and Copper M o u n t a i n , the a l terat ion d i f f e r s and, 
where best developed, involves widespread development 
of b iot i te followed by albite-epidote, w i t h subsequent 
local potash feldspar a n d / o r scapolite metasomatism 
in both N i co la rocks and L o s t Horse in t rus ions . The 
feldspar and scapolite metasomatism is character ized 
by intense v e i n i n g and is control led by the presence 
and in tens i ty of f ractures and by the p r o x i m i t y of 
large bodies of Lost Horse i n t r u s i v e rocks. 

FIGURE 3 —- Geological sections — Copper Mountain and Ingerbelle deposits. 
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STRUCTURE 

The area near Copper M o u n t a i n is character ized 
by br i t t l e de format ion w h i c h produced a large number 
of fau l ts and , locally, intense f r a c t u r i n g . V e r y broad, 
nor ther ly t r e n d i n g folds have been recognized o r 
postulated at w ide ly spaced localities (Pre to , 1972; 
F a h r n i , 1966), but these folds decrease qu i ck ly i n 
ampl i tude up and down section. 

The area is dominated regional ly by well-developed, 
nor ther ly t r e n d i n g , high-angle fau l ts w h i c h are best 
described as f o r m i n g a r i f t system. The genetic r e 
lat ionship of th i s type of fau l t system w i t h basins of 
E a r l y T e r t i a r y sedimentation and volcanism i n south-
central B r i t i s h Co lumbia and n o r t h e r n W a s h i n g t o n 
has l ong been known ' C h u r c h , 1973; C a r r , 1962; 
P a r k e r and C a l k i n s . 1964 ). Recent work by one of the 
authors i P r e t o , 1975. in press' ' i n the area between 
M e r r i t t and Pr ince ton indicates that these fau l ts 
were active in U p p e r T r i a s s i c t ime and influenced 
the d i s t r i b u t i o n of volcanic centers in the X i c o l a belt. 
E a c h center w i t h i n the belt, however, is character ized 
by its own s t r u c t u r a l complexities. Copper M o u n t a i n 
is dominated by s t rong easterly and northwester ly 
f a u l t i n g . 

The n a r r o w belt of X i c o l a rocks between Ingerbelle 
and Copper M o u n t a i n , conf ined between the Copper 
M o u n t a i n stock and the L o s t Horse complex, is h i g h l y 
fauited and f rac tured , but does not appear appreciably 
folded. The s t rata are mostly f lat l y i n g or very 
gently d i p p i n g where m a r k e r beds exist , and the few 
areas of steep dips can best be explained as blocks 
t i l ted by f a u l t i n g . F a u l t s in th i s area have been 
grouped (Preto , 1972, p. 53) in order of decreasing 
re lat ive age of t h e i r latest movement i n t o : easterly 
fau l ts ( 'Gully, P i t ) , " m i n e breaks" , northwest faults 
("Main I, northeast f au l t s i T r e m b l a y , Honeysuckle) 
and B o u n d a r y fau l t . O f these, the B o u n d a r y fau l t is 
part of the reg iona l r i f t s y s t e m ; the others appear 
to be local s t ructures the genesis and h i s tory of w h i c h 
are closely related to the evolution of the Copper 
M o u n t a i n i n t r u s i o n s . 

Mineralization and Alteration 

GENERAL 

The known orebodies are conf ined to a 1,100- by 
4,300-m belt. N u m e r o u s other occurrences of copper 
m i n e r a l i z a t i o n related to the Copper M o u n t a i n i n 
trus ions are found over an area w i t h m a x i m u m d imen
sions of 10 by 11 k m . The deposits may be subdiv ided 
as fol lows (Dolmage, 1934; P r e t o , 1972 ) : 

(a) D isseminat ions and stockworks, most ly of chalco-
p y r i t e - p y r i t e , but also local ly impor tant bornite , i n 
altered N i c o l a volcanic a n d / o r L o s t Horse i n t r u s i v e 
rocks. T h i s group includes a l l the past and present 
producers. 

(b) Hemat i te - cha lcopyr i te , w i t h m i n o r magnet i te and 
pyr i t e , replacements i n the V o i g t stock. These are 
locally h i g h e r grade i n copper and gold than deposits 
of group (a ) , but the res t r i c t i on of m i n e r a l i z a t i o n to 
narrow zones of shear ing and brecc iat ion has to date 
rendered them uneconomic. 

(c) Born i te - cha l copyr i te concentrations associated w i t h 
pegmatite veins i n rocks of the Copper M o u n t a i n 
stock. T h i s group includes several prospects w i t h 
smal l h igh-grade lenses, and numerous m i n o r occur
rences. 

FIGURE 4 — P l a n of copper ^distribution, 3370 bench, Inger
belle orebody. 

(d'\ M a g n e t i t e breccias and replacements in Lost 
Horse in trus ive rocks, w i t h copper sulphides general ly 
scarce or lack ing . 

P r i m a r y suiphide m i n e r a l i z a t i o n extends to the 
present surface and ox idat ion is l imi ted to the upper 
15 m of fau l t and f rac ture zones. N o secondary e n r i c h 
ment has taken place since Pleistocene g lac iat ion . 

INGERBELLE 

The Ingerbel le orebody is crudely L-shaped, w i t h 
3J'mS nrifiTltpH n m - * r i O - ) a t <inH n n r t l i n - a i f o r i H w i n 1MYT]. i rr> 

dimensions of 520 by 760 m. It s traddle* the east-
w e s t - s t r i k i n g G u l l y f a u l t and can be d iv ided into 
three zones. T h e southwest zone is a steeply nor ther ly 
p l u n g i n g pipe- l ike body on the south side of the f a u l t . 
The southeast zone dips steeply to the south and also 
lies immediate ly south of the G u l l y f au l t . The n o r t h 
zone includes al l ore n o r t h of the f a u l t , and may be 
the down-faulted extension of the southeast zone ( F i g . 
3 ) . The host rocks are m a i n l y altered t u f f s and 
f r a g m e n t a l andesite, but approx imate ly 15 per cent 
of the ore is f ound in smal l , i r r e g u l a r masses of 
L o s t Horse monzonite or d i o r i t e . Subtle s t r a t i g r a p h i c 
contro l is evident i n that f r a g m e n t a l andesite is the 
most favourable host rock. The fau l ts shown on F i g u r e 
2, as we l l as numerous discontinuous shears and i n 
tense minera l i zed f rac tures , indicate that thorough 
s h a t t e r i n g occurred p r i o r to a l terat ion and m i n e r a l i z a 
t i on . A n impor tant feature of Ingerbelle is the very 
i r r e g u l a r d i s t r i b u t i o n of copper m i n e r a l i z a t i o n , r e 
q u i r i n g the cont inual s o r t i n g of inter -ore waste d u r i n g 
m i n i n g ( F i g . 4 ) . 

Cha lcopyr i te and p y r i t e are the dominant sulphide 
minera l s , but the i r rat ios change abrupt ly f r o m place 
to place. T o t a l sulphide content var ies f r o m 2 to 5 
per cent, but soma of the more p y r i t i c m a t e r i a l on the 
southern side of the ore zones carr ies up to 10 per 
cent sulphides. P y r r h u t i t e is f ound i n the southeast 
zone. Sulphide m i n e r a l i z a t i o n occurs as f ine d i s s e m i n a 
t ions and t h i n discontinuous f r a c t u r e f i l l i n g s , and 
less commonly as coarser blebs or veinlets of appre
ciable thickness . Sphaler i te and other rare minera l s 
have been enumerated by Johnson ( i n press ) . M o l y b 
denite, i n sub-economic quant i t i es , is f ound most 
commonly i n the n o r t h zone of Ingerbel le and very 
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rare ly at Copper M o u n t a i n . Prec ious metals recover
able w i t h the copper have averaged 0.18 g / tonne gold 
and-0.81 g / tonne s i lver . 

A l t e r a t i o n at Ingerbelle involved pervasive devel
opment of b iot i te , fol lowed by albite , epidote and 
chlor i te , w h i c h were , i n t u r n , fol lowed by the develop
ment, most ly along f rac tures , of p ink feldspar and 
then scapolite. Secondary pyroxene, garnet and sphene 
are found in some places and appear to have formed 
d u r i n g the albite-epidote stage. The two later stages 
of a l terat ion , and especially the f ormat ion of scapolite, 
contr ibuted to the hea l ing of a large number of 
f rac tures and in many places produced a pale grey 
to p i n k i s h grey , h a r d rock w h i c h is near ly devoid of 
sulphides. T h i s rock is res i s tant to w e a t h e r i n g and 
forms prominent r idges and c l i f f s on the steep slopes 
overlooking the S i m i l k a m e e n R i v e r . Sulphide m i n 
era l i zat ion favours the in terven ing , less altered, softer, 
greenish grey albite-epidote hornfels , w h i c h has only 
smal l amounts of p i n k feldspar and scapolite v e i n i n g . 
Clay minera ls and m i n o r calcite are developed ex
tensively along the G u l l y fau l t . The ma jor di f ference 
between rock a l terat ion at Ingerbelle and that at Cop
per M o u n t a i n is the extensive ve in ing and f looding by 
p ink fe ldspar and scapolite at Ingerbelle. M o s t of the 
p i n k fe ldspar is a lbite , w i t h potash feldspar apparent ly 
l i m i t e d to a later phase at the center of some of the 
veins. The a l terat ion does not f o r m a concentric 
pattern about the Ingerbelle orebody, but ra ther ap
pears to be centered on the Lost Horse in t rus i ons and 
d iminishes in in tens i ty w i t h increas ing distance away 
f r o m the complex. The zone of volcanic rocks. 270 m 
wide, that lies between the orebody and the Copper 
M o u n t a i n stock has some of the least altered and 
most b a r r e n rocks in the area. 

C G r P r t n f v l G L i N T A i N 

The geology of the f o rmer underground mine is 
best known through the w o r k of Dolmage (1934 ) and 
F a h r n i (1951). A zone of copper minera l i za t i on ex
tends for 1,160 m along the contact of the Copper 
M o u n t a i n stock, and reaches a m a x i m u m wid th of 330 
m. ft was mined f r o m surface at ls300-m elevation 
down 450 m to the 850-m elevation. W i t h i n thj$ zone, 
the orebodies were concentrated at intersect ions of 
e i ther the nor thwes tward - t rend ing d ior i te contact or 
the M a i n fault and i ts branches, or a series of steeply 
d i p p i n g east-west L o s t Horse porphyry dykes w i t h 
nor theast - t rending breaks and pegmatite-sheeted zones. 
M i n e r a l i z a t i o n penetrated only a meter or so into 
the d ior i t e of the stock. The f o r m of the orebody 
segments was pipe- l ike in* many places, as a result 
of the i r control by steep planar elements and d iv i s i on 
by a series of barren north -south- t rending felsite 
dykes. The diameter of the segments that were mined 
ranged f r o m about 15 to 60 m. The contact orebody, 
w h i c h produced about ha l f of the underground ore, 
was m i n e d over w id ths of 9 to 3S m. a long a length 
of 900 m and a m a x i m u m depth of 400 m. The i n 
fluence of s t r a t i g r a p h y on the location of ore became 
evident to F a h r n i when mapp ing showed that the 
most productive areas of the mine consisted main ly 
of sequences of f ine -gra ined bedded t u f f s . These 
rocks, be ing more b r i t t l e than the adjacent f lows, 
tu f f s and agglomerates, shattered readi ly and yielded 
more "ore f r a c t u r e s " . The lower bedded un i t warped 
downward near the contact of the stock, so that i t 
also formed a host rock on deeper levels of the contact 
orebody. In addi t ion , L o s t Horse in t rus ions whi ch 
occurred w i t h i n the less favourable massive f lows 

and coarse tu f f s contained more f rac tures , and copper 
minera l i za t i on was concentrated in the contact areas 
of these i r r e g u l a r masses. Ore minera ls were bornite 
and chalcopyrite in roughly equal proport ions , w i t h 
most of the bornite o c c u r r i n g w i t h i n 60 m of the 
stock contact. M i n o r chalcocite occurred w i t h the 
best bornite ore of the contact orebody. P y r i t e existed 
in areas of chalcopyrite m i n e r a l i z a t i o n , but was absent 
in areas where bornite was present. The sulphide 
content of the rocks general ly decreases sharply at the 
l i m i t s of the mine area. 

The P i t 1 orebody lies i n a chalcopyrite zone i m 
mediately northwest of the underground mine. It is 
700 m long and up to 270 m wide, w i t h open-pit ore 
extending to a m a x i m u m depth of 170 m. The bulk 
of the ore was emplaced along the M a i n f a u l t in 
massive and f ragmenta l volcanic rocks above the lower 
bedded t u f f hor izon ( F i g . 3 ) . Recognizable pre-ore 
porphyr i t i c in t rus ive rocks are scarce. Sulphides oc
cur m a i n l y as f ine disseminations of chalcopyrite and 
pyr i te and only rare ly as blebs and s t r ingers . M i n 
era l izat ion at the west end of the orebody, between 
the stock contact and the faul t , consists typ ica l ly of 
t h i n f rac ture coatings of bornite and chalcopyrite in 
a f ine -gra ined t u f f bed. 

The P i t 2 orebody is 900 m long, 90 to 360 m wide 
and appears to have a m a x i m u m mineable depth of 
170 m. It lies along an i n d i s t i n c t and i r r e g u l a r contact 
of volcanic rocks w i t h L o s t Horse i n t r u s i v e rocks, 
both rock types be ing host to ore ( F i g . 3 ) . F a u l t s 
control the boundaries of the orebody to a considerable 
degree, but other imperceived factors are also i m 
portant . The nor thern boundary is f ormed i n par t by 
a zone of f a u l t i n g and c r u s h i n g ; the southern, a l 
though re lat ive ly s t ra ight , has not. been related to 
any s tructure to date. To the west, the ore d iminishes 
in graUc in the v i c in i ty of a s t rong nor tner ly f a u l t ; 
to the east, the outl ine of the orebody becomes most 
i r r e g u l a r and minera l i za t i on grades to predominant 
pyr i te w i t h minor chalcopyrite . W i t h i n the orebody, 
ore-grade m a t e r i a l is d i s t r ibuted i r r e g u l a r l y , but 
several local trends and centers of copper m i n e r a l i z a 
t ion occur. The sulphides are predominant ly chalco
p y r i t e and pyr i t e . B o r n i t e is rare . The largest known 
breccia pipe in the area , 90 m i n diameter and at 
least 150 m deep, lies in the north -centra l part of 
the orebody. A l t h o u g h f ine d isseminat ions and f rac 
ture coatings of sulphide are common, the P i t 2 ore-
body has a much greater proport ion of coarse blebs 
and veinlets than have Ingerbelle or P i t 1. 

Gold values are expected to decrease f r o m Ingerbelle 
to P i t 2 to P i t 1, whereas the s i lver content var ies 
inversely to gold, be ing highest at the underground 
mine. 

Concentric patterns of rock a l terat ion about i n 
d iv idua l orebodies at Copper M o u n t a i n are not evident. 
A l t e r a t i o n appears to be related m a i n l y to the i n 
t rus ive bodies and also control led in d i s t r i b u t i o n by 
faults and f ractures . B i o t i t e is wel l developed along 
the stock contact i n the underground mine , appears 
to be associated w i t h the orebodies and f orms selvages 
on b igger veins. The pale green b leaching of both 
volcanic and i n t r u s i v e rocks is best developed at P i t 
2, but also occurs, and is locally intense, at several 
other localities throughout the camp — such as along 
the L o s t Horse contact, in port ions of P i t 1 and i n the 
outer par t of the underground mine . I t appears to 
fol low the biot i te stage and involves the development 
o f a lb i t i c plagioclase and epidote, and the destruct ion 
of b iot i te and disseminated magnetite . P i n k potash 
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fe ldspar developed along f rac tures in the latest stage 
of a l terat ion and is often accompanied by pegmatite 
veins. These " v e i n s " , f ound i n most orebodies and 
elsewhere at Copper M o u n t a i n , consist of potash fe ld 
spar, b iot i te , calcite, f luor i te , apatite , and also some 
chalcopyrite and borni te . T h e y are usually less than 
0.3 m t h i c k and have formed i n par t by replacement 
of the w a l l rock. Closely spaced t h i n pegmatite veins 
f o r m the northeast sheeted zones of ore f ractures . A s 
at Ingerbelle, copper m i n e r a l i z a t i o n appears to have 
occurred d u r i n g the intermediate and late stages of 
a l terat ion . 

Synthesis 

The three most important factors to be considered 
in s t u d y i n g the f o r m a t i o n of these deposits are as 
follows. 

(1) S p a t i a l Relationship to 
Copper Mountain Intrusions 

The four orebodies lie i n a narrow belt of volcanic 
rocks that is almost surrounded by the Copper M o u n 
t a i n in t rus ions . 

(2) Genet ic R e l a t i o n s h i p 
W i t h the P o r p h y r y Complex 

Of the Copper M o u n t a i n intrus ions , the Lost Horse 
complex is considered to have been more important 
i n loca l iz ing the orebodies than the Copper M o u n t a i n 
stock. L o s t Horse rocks at Ingerbelle and P i t 2 occur 
w i t h i n the orebodies and f o r m part of the ore. 
V i r t u a l l y none of the Copper M o u n t a i n stock hosts 
any ore. A l t h o u g h s i m i l a r rocks, a l terat ion and fau l t s 
are found at other places along the per iphery of the 
Copper M o u n t a i n stock, L o s t Horse rocks are not 
present and copper m i n e r a l i z a t i o n of an extent and 
grade comparable to that of the Copper M o u n t a i n - I n 
gerbelle area has not been found. 

(3) Faulting and Fracturing 

N u m e r o u s fau l t s are f ound w i t h i n the conf ined 
belt of N i c o l a rocks, and they are commonly best 
developed and intersect one another i n the ore zones. 
F a u l t s i n places bound the orebodies and are p a r a l -

* leled by n a r r o w zones of minera l i za t i on . Some of the 
" deep-seated fau l ts apparent ly acted as channelways 

for ore-bearing and a l t e r a t i o n - f o r m i n g solutions, and 
lesser fau l ts and f rac tures influenced ore deposit ion 
in detai l . 

Genesis 

The we l l -d i f f e rent ia ted Copper M o u n t a i n stock is 
thought to have been emplaced at the roots o f an 
active volcanic center. The var ious phases of the L o s t 
Horse complex were in t ruded , w i t h r a p i d u p l i f t and 
erosion, as a series of separate in ject ions f r o m a d i f 
f e r e n t i a t i n g magma . T h e i r shallower, sub-volcanic 
level of emplacement is indicated by t h e i r f i n e r -
grained p o r p h y r i t i c texture, the i r h igh ly variable con
tact re lat ionships , i n c l u d i n g chi l led marg ins , and the 
pipes and i r r e g u l a r bodies of breccia . The var ious 
character is t i cs of the orebodies suggest that they 
formed d u r i n g the later stages of th is m a g m a t i s m . 
The Copper M o u n t a i n stock was probably not the 
immediate source of hydro thermal f lu ids at that t ime, 
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but i t most l i k e l y was s t i l l a hot mass and could 
easily have provided a temperature grad ient as we l l 
as a phys i ca l and chemical b a r r i e r to the sulphide-
b e a r i n g f lu ids w h i c h probably came f r o m the same 
source as the Lost Horse rocks. T h i s hypothesis m i g h t 
expla in , at least i n par t , the crude sulphide z o n i n g 
noted at Copper M o u n t a i n , w h i c h is character ized by 
a predominance of bornite and chalcopyrite near the 
Copper M o u n t a i n stock, and by a sharp decrease of 
bornite and an increase of p y r i t e t oward the L o s t 
Horse complex. 

The Copper M o u n t a i n deposits have been c lass i f i ed 
as complex porphyry deposits of the syenite c lan , 
and the Ingerbelle as a s k a r n deposit g radat i ona l to 
a porphyry (Suther land B r o w n , et al., 1971). Others 
(Dolmage, 1934, Macauley , 1973) have placed more 
emphasis on the character is t i cs that these deposits 
have in common w i t h the pyrometasomatic class. 
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