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ABSTRACT 

The Ingerbelle and Copper Mountain deposits are located 
near Princeton in southern British Columbia. They are 
owned by Newmont Mining Corporation's wholly owned 
subsidiary, Similkameen Mining Company L t d . The prop
erty includes the Copper Mountain mine, a former produ
cer. 

Ore reserves recoverable by open-pit mining are estim
ated to be 76 million tons containing 0.53% copper. Pro
duction commenced during 1972 at a rate in excess of de
signed capacity (15,000 tpd). 

A l l of the known major copper deposits in this area lie 
in a 14,000- by 3,500-foot belt of Triassic volcanics (Nicola 
Group) that is situated between a well-defined syenite-
monzonite-diorite stock on the south and a variable intru
sive complex on the north. The Nicola rocks consist of 
andesitic tuffs and agglomerates with lesser amounts of 
flows and some lensy siltstone layers. 

The orebodies are essentially disseminated sulphide de
posits, although fracture-fillings are also important in 
many areas. Total sulphide content is usually less than 
5%. A t Ingerbelle, and at Pit 2 and most of Pit 1 at Cop
per Mountain, the sulphides are chalcopyrite-pyrite. In 
part of Pit 1 and most of the former underground mine 
they are chalcopyrite-bornite. 

A t Ingerbelle the predominant alteration associated 
with mineralization is a pale greenish-gray bleaching of 
the dark andesitic rocks. This has been identified as 
albitization. with lesser amounts of epidote, chlorite, bio-
tite, scapoiite and calcite. This bleaching is plentiful at 
Pi t 2, but K-feldspathization is also evident here. 

These orebodies can better be classified with pyrometa-
somatic deposits than with typical porphyry coppers. Their 
relationship to intrusives, the probably extensive meta-
somatie replacements, tlie evidence of pneumatolytic ac
tivity, the formation and redistribution of magnetite, and 
the irregular distribution of mineralization are all charac
teristic of this class. Deep-seated faults probably acted as 
channelways for mineralization; fracturing, faulting and 
rock contacts influenced ore localization in detail. 
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INTRODUCTION 

T H E INGERBELLE AND COPPER M O U N T A I N DEPOSITS are 
located 10 miles south of the v i l lage of P r i n c e t o n i n 
southern B r i t i s h Co lumbia , and 112 miles east o f 
Vancouver . The H o p e - P r i n c e t o n H i g h w a y crosses the 
Ingerbelle property , and Copper M o u n t a i n l ies about 
1 mi le to the east on the opposite s ide of the S i m i l k a 
meen R i v e r . E levat i ons i n the v i c i n i t y of the deposits 
range f r o m 3500 to 4300 feet, w i t h the r i v e r s i tuated 
i n a steep-sided val ley at the 2500-foot elevation. 

Copper m i n e r a l i z a t i o n was f i r s t discovered at Cop
per M o u n t a i n 80 years ago, w i t h explorat ion and de
velopment be ing car r i ed out d u r i n g the ear ly 1900's. 
I n the periods 1925 to 1930 and 1937 to 1957 The 
G r a n b y M i n i n g Company extracted 34,780,000 tons 
of ore c o n t a i n i n g 1.08% C u . M o s t of th i s ore came 
f r o m glory hole and underground m i n i n g , but also i n 
cludes 2,377,000 tons at 0.76% C u f r o m several open 
p i t s operated d u r i n g the last f i ve years . P r o d u c t i o n 
amounted to 613,139,846 lbs of copper, 187,294 oz of 
gold and 4,384,800 oz of s i lver . 

I n J a n u a r y , 1966, N e w m o n t acquired a group of 
c la ims opposite Copper M o u n t a i n , and explorat ion and 
development w o r k car r i ed out over the next three years 
proved up the Ingerbel le orebody. D u r i n g th i s t ime , 
d r i l l i n g by G r a n b y was a d d i n g to t h e i r known reserves 
o f open-pit ore, and i n December, 1967, N e w m o n t 
purchased t h e i r Copper M o u n t a i n property . B o t h 
propert ies are now held by N e w m o n t ' s who l l y owned 
subs id iary , S i m i l k a m e e n M i n i n g Company L t d . 

Ore reserves recoverable b y open-pit m i n i n g are 
estimated at 76 m i l l i o n tons of 0 .53% C u . O f th i s 
amount , s l i g h t l y more than h a l f is i n the Ingerbel le 
orebody and the remainder is i n two Copper M o u n t a i n 
orebodies, designated P i t s 1 and 2. The grades of a l l 
three orebodies are close to the 0 .53% average. The 
s t r i p p i n g r a t i o at Ingerbel le is 2.6 tons of waste to 
1 ton of ore, but i t is less at the shal lower Copper 
M o u n t a i n orebodies, so that the over-al l rat io is 2.2 to 
1. A possible t h i r d open p i t at Copper M o u n t a i n is the 
area o f the old underground mine . The Ingerbelle 
orebody is be ing m i n e d f i r s t at a rate in excess of 
15,000 tons per day, and then m i n i n g operations w i l l 
s h i f t to Copper M o u n t a i n . 

The geology of the Copper M o u n t a i n area and the 
f o r m e r mine is we l l documented in the references c i ted 
at the end of th i s paper. However , a considerable 
amount of new i n f o r m a t i o n has been made avai lable 
t h r o u g h the recent explorat ion w o r k , r e q u i r i n g re 
vis ions i n some of the ear l ier geological i n t e r p r e t a 
t ions . 

GENERAL GEOLOGY 

Wolf Creek Formation, Nicola Group 

The geology of the Ingerbelle - Copper M o u n t a i n 
area is shown i n F i g u r e 1; f o r coverage of a some
what larger area see the maps produced by Rice 
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(1947) a n d P r e t o , W h i t e and H a r a k a l (1971) . The 
U p p e r T r i a s s i c W o l f Creek F o r m a t i o n of the N i c o l a 
G r o u p f o r m s the oldest rocks and is also the host f o r 
m o s t o f the copper ore. I t is composed of t u f f s and 
agg lomerates , a lesser amount of f lows and some s i l t -
s tone layers . T h e volcanic uni ts are o f andesit ic com
p o s i t i o n and some show evidence of h a v i n g been w a t e r -
l a i n . T h e t u f f is usual ly a massive, m e d i u m - to f i n e 
g r a i n e d , greenish-black rock cons i s t ing mostly of sand -
s i z e d part i c les of plagioclase and pyroxene suspended 
i n a m a t r i x of c lays, chlor i te and nondescript s i l t p a r t 
i c les . W i t h i n c r e a s i n g f ragment size the t u f f can grade 
i n t o agglomerate . The f ragments may be up to 4 inches 
i n d iameter , sub-rounded to sub -angular i n shape, 
a n d composed of volcanic rock of var iab le composit ion 
a n d t e x t u r e . The andesites are dark-coloured, f i n e 
g r a i n e d p o r p h y r i t i c rocks, usual ly character ized by 
phenocrysts of plagioclase and augite i n a mic roc rys -
t a l l i n e groundmass . 

T h e s i l ts tone at the Ingerbel le property is a very 
f i n e g r a i n e d , l ight-co loured rock usual ly possessing 
excel lent bedding . T h e m a i n bed is 50 to 120 feet t h i c k 
a n d under l i es an area of 2500 by 1200 feet. T h i n d i s 
c o n t i n u o u s beds of si ltstone are also found at depth 
i n t h i s area . A t Copper M o u n t a i n these rocks are 
somewhat more var iab le , but s t i l l appear to be e i ther 
w a t e r - l a i n t u f f o r si ltstone der ived f r o m volcanic 
r o c k s . 

C o r r e l a t i o n of i n d i v i d u a l uni ts i n the W o l f Creek 
F o r m a t i o n over any appreciable distance is usual ly 
q u i t e d i f f i c u l t , as t h e i r recogni t ion is often obscured 
b y intense a l t e ra t i on , in t rus ions or f a u l t i n g . I t is also 
a p p a r e n t t h a t many of these uni ts are of l i m i t e d ex
t e n t a n d t h a t t h e i r character is t i cs may change i n a 
l a t e r a l d i r e c t i on . Therefore , i t is impossible to con
s t r u c t a s t r a t i g r a p h i c column for the whole area , or 
to corre late u n i t s across the S i m i l k a m e e n valley. 

W e s t o f the B o u n d a r y F a u l t are f ound a r g i l l i t e , 
agg l omerate and f lows f r o m h i g h e r i n the N i c o l a 
ser ies . 

Copper Mountain Intrusions 

C u t t i n g the N i c o l a rocks are the Copper M o u n t a i n 
I n t r u s i o n s , best k n o w n t h r o u g h the w o r k of Dolmage 
(1934) a n d M o n t g o m e r y (1967) . T o the south of the 
orebodies l ies the Copper M o u n t a i n stock, m e a s u r i n g 
about 5 by 2 % miles i n size. I t is concentr ical ly d i f 
f e r e n t i a t e d , w i t h d ior i t e and m i n o r gabbro f o r m i n g 
t h e outer zone, monzonite the intermediate zone, and 
s y e n i t e a n d perthosite pegmatite the core. The smal ler 
S m e l t e r L a k e and V o i g t stocks, composed of und i f 
f e r e n t i a t e d d i o r i t e , l ie about 1 mi l e to the n o r t h and 
n o r t h w e s t of the orebodies. 

B o u n d i n g the volcanic belt on the nor th , and ex
t e n d i n g f o r 3 miles f r o m the V o i g t stock to the B o u n 
d a r y F a u l t , are the L o s t Horse Intrus ions . They are 
mappab le over widths of 2000 to 4000 feet before 
d i s a p p e a r i n g under T e r t i a r y f o rmat ions , but reappear 
i n s evera l w indows f a r t h e r n o r t h near Smelter L a k e . 
These i n t r u s i o n s f o r m a h i g h l y var iab le complex 
r a n g i n g i n composit ion f r o m syenite to d ior i te , and 
a r e most ly med ium- f ine -gra ined and p o r p h y r i t i c . 
C o n t a c t s w i t h the volcanics are usual ly i r r e g u l a r or 
obscured by a l terat ion . Dykes , s i l l s and i r r e g u l a r 
masses of i t are found w i t h i n the N i c o l a rocks, and i n 
c lus i ons o f volcanics w i t h i n the complex are in var ious 
stages of a s s i m i l a t i o n . The only phase that can be 
r e a d i l y separated in mapp ing over the entire extent 
o f the complex consists of d i s t inc t , post -minera l dykes. 

A g e - d a t i n g by S i n c l a i r and W h i t e (1968) and 
Preto , W h i t e and H a r a k a l (1971) gives an average 
age of 1 9 3 ± 8 m i l l i o n years ( U p p e r T r i a s s i c ) f o r both 
the Copper M o u n t a i n and L o s t H o r s e in t rus ions . A s 
the N i c o l a G r o u p is also known to be U p p e r T r i a s s i c , 
a re lat ive ly short i n t e r v a l between vo lcanism and e m 
placement o f the in t rus i ons is ind i cated . 

Felsite Dykes 

A group of f e l s i t e dykes, local ly r e f e r r e d to as 
" M i n e " dykes, cut the T r i a s s i c rocks and the orebodies 
at Copper M o u n t a i n . T h e y are U p p e r Cretaceous or 
E a r l y T e r t i a r y i n age. T h e y are ch ie f ly c reamy-
coloured quartz and fe ldspar porphyr ies , a l o n g w i t h 
a few more basic var ie t i es . 

Princeton Group 

L a v a s , agglomerates and sed imentary rocks of the 
P r i n c e t o n G r o u p (Eocene) overl ie the T r i a s s i c rocks 
to the n o r t h a n d southwest of the m i n e area . A s m a l l 
t r o u g h of basal conglomerate l ies a long a f a u l t over 
par ts o f the P i t 1 and 2 orebodies. 

STRUCTURAL GEOLOGY 

Folding 

The lack of a d i s t inc t ive m a r k e r bed that can be 
traced t h r o u g h the area has made i t d i f f i c u l t to get a 
good s t r u c t u r a l p i c ture of the N i c o l a rocks . However , 
the si ltstone and bedded t u f f are use fu l local ly . A t I n 
gerbelle the bedding general ly d i p s ; 1 5 to 25 degrees 
to the n o r t h and northeast , w i t h some areas of f l a t 
d ips i n the southeast por t i on o f the deposit ( F i g . 2 ) . 
A t Copper M o u n t a i n the N i c o l a rocks general ly f o r m 
an uneven u n d u l a t i n g pat tern . T h e lower bedded u n i t 
is almost f la t i n the area between P i t s 1, 2 and the 
underground mine , but w a r p s steeply d o w n w a r d near 
the contact o f the Copper M o u n t a i n stock ( F i g . 3b) 
a n d lies para l l e l to the l o n g i t u d i n a l section ( F i g . 3 a ) . 
N o r t h and west of P i t 1, some steep f o l d i n g w i t h N W -
S E axes has occurred i n an area complicated by several 
f a u l t blocks. 

Faulting 

E x t e n s i v e f a u l t i n g has taken place, w i t h several pe
r iods of movement be ing indicated f r o m p r e - m i n e r a l -
i za t i on t h r o u g h to T e r t i a r y t ime . T h e fau l t s may be 
c lass i f i ed into the f o l l o w i n g categories. 

(1) E - W f a u l t s o r i g i n a t i n g i n p r e - m i n e r a l i z a t i o n 
t ime , but w i t h la ter movements and open ing t h r o u g h 
to T e r t i a r y t ime . The G u l l y F a u l t is an impor tant 
s t ruc ture that slices t h r o u g h the Ingerbel le orebody. 
A t P i t 2 cer ta in E - W fau l t s and crushed zones could 
also be ear ly s t ruc tures . 

(2) N W - S E fau l t s . T h e M a i n F a u l t at Copper M o u n 
t a i n , be ing the p r i n c i p a l example, had considerable i n 
f luence on the location of ore and also appears to 
have had an extended h i s t o r y . 

(3) N E - S W f a u l t s , f o r m i n g a series of " b r e a k s " 
t h r o u g h the area , also inf luenced ore locat ion and were 
involved i n the s t r u c t u r a l ad justments a long the M a i n 
F a u l t . 

(4) The N - S B o u n d a r y F a u l t has been traced for 7 
mi les and has been shown by d r i l l i n g to d ip 60 degrees 
west. I t is impor tant because i t cuts o f f the belt of 
N i c o l a rocks c o n t a i n i n g copper m i n e r a l i z a t i o n . The 
rocks to the west of th i s f a u l t are v i r t u a l l y b a r r e n , 
they have a h igher propor t i on of sed imentary un i t s 
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and they exh ib i t only low-grade metamorphism. They 
bear l i t t l e resemblance to the in t ruded , h i g h l y altered 
and minera l i zed volcanics to the east. Ev idence sug 
gests a normal (west side down) movement on th i s 
faul t , and an unknown la tera l displacement. 

Fracturing 

Detai led study at Ingerbelle has shown that f r a c 
tures are m a i n l y steeply d i p p i n g but of random or i en 
ta t i on . P r e f e r r e d trends are present locally, but rare ly 
persist over larger areas. I t is evident that these rocks 
were thoroughly shattered p r i o r to a l terat ion and m i n 
era l i za t i on . P o s t - m i n e r a l f rac tures are coated w i t h 
calcite and traces o f p y r i t e . 

F r a c t u r i n g at Copper M o u n t a i n has long been 
recognized as an important ore control . The "ore f r a c 
t u r e s " in the old m i n e area s t r ike northeaster ly at 
r i g h t angles to the stock contact and d ip steeply N\V. 
I n some places they may have considerable associated 
K - f e l d sp ar , b iot i te and coarse cha lcopyr i te -born i te ; 
i n others they may c a r r y only a f i l m of sulphides. I n 
the h a r d f i n e - g r a i n e d t u f f s these para l le l f ractures 
may be quite numerous , but in the more g r a n u l a r 
volcanics and i n t r u s i v e s they are not as p l e n t i f u l and 
are more i r r e g u l a r . 

Breccia tion 

Brecc ias occur to a m i n o r degree at several local it ies 
w i t h i n the L o s t H o r s e I n t r u s i v e complex. T h e y are 
character ized by a d a r k m a t r i x c o n t a i n i n g magnet i te 
and usua l ly a l i t t l e chalcopyr i te -pyr i te . The largest 
k n o w n is a pipe 300 feet i n diameter and at least 500 
feet deep at the n o r t h side o f the P i t 2 orebody. 

MINERALIZATION 

Ingerbelle 

The Ingerbel le minera l i zed zone is crudely L-shaped. 
The southwest a r m is about 1000 feet wide and ta i l s 
of f to a n a r r o w e r r a t i c zone of low-grade m i n e r a l 
i za t i on . A f t e r n a r r o w i n g as it wraps around the angle 
of the L , the zone broadens to a w i d t h of 1500 feet as 
i t trends southeasterly to the S imi lkameen R i v e r . A 
900-foot w i d t h of N i c o l a volcanics l y i n g between the 
orebody and the Copper M o u n t a i n stock is pract i ca l ly 
devoid of copper m i n e r a l i z a t i o n . On the northwest 
side minera l i za t i on terminates abrupt ly against h i g h l y 
altered volcanics, but smal l patches of i t are scattered 
t h r o u g h the less a l tered volcanics extending to the 
north and east. 

The Ingerbel le orebody, l y i n g w i t h i n this large m i n 
eral ized area , can be d iv ided into three zones. The 
Southwest zone measures 800 by 900 feet at i ts top and 
decreases to 250 by 700 feet at a depth of 650 feet. 
S t r a t i g r a p h i c contro l is exerted here where (a) the 
ore tops aga inst the base of the m a i n si ltstone un i t at 
a depth of 100 to 200 feet and (b) a th i ck h igher -grade 
section occurs at depth w i t h the same gentle nor ther ly 
dip as the host rocks. The N o r t h zone includes a l l of 
the ore l y i n g n o r t h of the G u l l y F a u l t , and has m a x i 
m u m dimensions of 1700 by 900 feet. The top of th i s 
zone contains some of the better m i n e r a l i z a t i o n found 
d u r i n g the early explorat ion, but aga in the bulk of the 
ore l ies 200 to 700 feet below surface. The Southeast 
zone l ies south of the G u l l y F a u l t and is the lowest-
grade port ion of the Ingerbelle orebody. I t m a y r e 
present the downward cont inuat ion of the N o r t h zone, 
i n d i c a t i n g a n o r m a l displacement on the G u l l y F a u l t 
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of 700 feet ( F i g . 2 ) . T h i s in terpre ta t i on envisages 
two large lenses o f ore s t r i k i n g E - W and d i p p i n g 
steeply south. However , explorat ion has not been 
c a r r i e d deep enough to determine i f the N o r t h zone 
de f in i t e ly terminates aga inst the fau l t . In s u m m a r y , 
i t can be sa id that the over-a l l shape of the Ingerbel le 
ore zones is crude ly pipe- l ike i n some areas and lens
l ike i n others. 

A n impor tant feature of th i s orebody 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 w i t h i n 
these zones. A l t h o u g h much of the orebody has been 
dr i l l ed o f f at 100-foot spac ing , i t i s often d i f f i c u l t to 
correlate i n d i v i d u a l ore intersect ions f r o m one hole 
to another. A n analys is of ver t i ca l , inc l ined and f l a t 
d r i l l holes, and 5000 feet of d r i f t i n g , w i t h i n the ore-
body wixz made to see i f m i n e r a l i z a t i o n fol lowed a p r e 
f e r r e d or i entat i on that had not been recognized (Table 
1 ) . 

TABLE 1 — Ingerbelle Ore Intersections 

Number of 
Inter Average 

Type of Hole Bearing sections Feet Grade Length 

Vertical 333 23,818 0.68 71.5 
Surface Angle N54W, N25E 85 6,368 0.75 74.9 
U.G. Angle N — S 70 4,314 0.62 61.6 
U.G. Angle E - W 9 641 0.91 71.2 
U.G. Flat N — S 32 2,882 0.65 90.1 
U.G. Flat E - W 36 2,269 0.70 63.0 
Drift Flat Various 19 1,912 0.72 100.6 

TOTAL 584 42,204 0.69 72.3 

T h e c r i t e r i a of 30 feet f o r a m i n i m u m ore l ength 
and 0.30% C u cuto f f were used. T h i s s tudy ind icated 
that no matter f r o m w h i c h d i r e c t i o n t h i s orebody 
was d r i l l e d , the results approx imated the average ore 
l ength of 72 feet at a grade of 0 .69% C u . W a s t e sec
t ions between the ore intersect ions average only 0 .15% 
C u , a n d a f t e r d e t e r m i n i n g bench grades and a l l o w i n g 
f o r l a t e r a l d i l u t i o n the average grade expected i n 
m i n i n g is reduced to 0 .53% C u . Ore boundaries are 
usual ly sharp , w i t h l i t t l e m a r g i n a l m a t e r i a l noted i n 
dr i l l - core samples. 

T h e m i n e r a l o g y o f t h i s ore is re la t ive ly s imple . 
Cha l copyr i te and p y r i t e are the dominant sulphides, 
but the r a t i o can change a b r u p t l y f r o m predominant ly 
chalcopyr i te to predominant ly p y r i t e . T o t a l sulphide 
content o f the ore var ies f r o m 2 to 5 % , but some 
of the more p y r i t i c m a t e r i a l on the f r i n g e carr i es 10 
to 1 2 % sulphides. P y r r h o t i t e occurs i n the southeast 
zone. Su lph ide m i n e r a l i z a t i o n at Ingerbelle occurs 
large ly as f ine d isseminat ions , accompanied by f ine 
discont inuous f r a c t u r e - f i l l i n g s and some coarser blebs. 
Sulphide veins up to several inches th i ck are rare . A 
later generat ion of epidote-pyr i te veins cut the chalco
p y r i t e . The host rocks are m a i n l y altered t u f f s a n d 
agglomerates. M a s s i v e andesite, a l though minera l i zed , 
is less favourable f o r ore-grade m a t e r i a l . Less t h a n 
10% of the ore i s i n s m a l l i r r e g u l a r masses o f L o s t 
H o r s e monzonite or d ior i te . 

Pit 1 

The P i t 1 orebody at Copper M o u n t a i n measures 
2300 feet l ong and up to 900 feet wide , w i t h open-pit 

lore ex tend ing to a m a x i m u m depth o f 550 feet. P r e v i 
ous product ion f r o m t h i s deposit amounted to 1,066,000 
tons at 0 .86% C u . Severa l types o f ore and d i f f e rent 
controls are evident here. The bulk of the ore is s i t u a 

ted a long the M a i n F a u l t i n coarse t u f f s and f ine a g 
glomerates, w i t h m i n o r f lows and vague p o r p h y r i t i c 
in t rus ives . T h e orebody appears to terminate at the 
lower bedded t u f f s . A post-ore normal of fset of 250 
feet is indicated on the T r e m b l a y F a u l t ( F i g . 3 b ) . 
M i n e r a l i z a t i o n in th is centra l par t of the deposit con
sists of f ine ly d isseminated p y r i t e and chalcopyrite , 
w i t h lesser blebs and s t r i n g e r s . A l o n g the Copper 
M o u n t a i n stock and i n the bedded t u f f s at the west end 
of the orebody, the ore is the t y p i c a l contact type con
s i s t i n g of f ine bornite -chalcopyr i te f r a c t u r e - f i l l i n g s 
w i t h some adjacent d isseminat ions . T h e divergence 
of the M a i n F a u l t and the stock contact may account 
f o r the d i m i n i s h i n g amount of ore toward the west end 
of the deposit. 

Pit 2 
P r e v i o u s open -p i t t ing i n t h i s deposit extracted 

1,221,000 tons c o n t a i n i n g 0 .77% C u . The orebody as 
now known is 3000 feet long, 300 to 1200 feet wide , 
and appears to have a m a x i m u m mineable depth of 
about 550 feet. I t l ies a long a vague i r r e g u l a r contact 
zone between the L o s t Horse in t rus ive complex to the 
n o r t h and the volcanics to the south. P a r t of the n o r t h 
ern boundary of the orebody is f ormed by a broad 
zone of c r u s h i n g and a r g i l l i c a l terat ion termed the 
A d a F a u l t , and ore-grade m i n e r a l i z a t i o n f ingers out 
to the west i n the v i c i n i t y of the T r e m b l a y F a u l t . T h e 
southern m a r g i n is f a i r l y s t r a i g h t , but is not related 
to any known geological s t ruc ture . W i t h i n the l i m i t s o f 
the orebody, the ore-grade m a t e r i a l is i r r e g u l a r l y 
d i s t r i b u t e d w i t h v a r y i n g amounts of inter -ore waste , 
but several local trends and centers of copper m i n e r a l 
i zat ion occur. The sulphides i n th i s deposit are almost 
ent i re ly cha lcopyr i te -pyr i te , w i t h bornite o c c u r r i n g 
i n only a f ew places where the p y r i t e content 
d imin ishes to zero. A s i n the other deposits, sulphide 
d isseminat ions are e i ther associated w i t h m i n u t e 
healed f rac tures or d i f fused t h r o u g h the m i c r o c r y s -
ta l l ine groundmass i n the altered volcanics. However , 
a much greater proport ion of the sulphides at P i t 2 
are i n the f o r m of coarse blebs and veinlets . 

ALTERATION 

A l t e r a t i o n o f the volcanic rocks and the L o s t H o r s e 
complex var ies f r o m moderate to extreme. I n general , 
the f i n e r - g r a i n e d t u f f s and si ltstones have been " h o r n -
fe lsed" , w i t h re c rys ta l l i za t i on of the fe ldspar and the 
development o f b iot i te . Some secondary pyroxene has 
also f o rmed at the contact of the Copper M o u n t a i n 
stock. 

A t Ingerbel le the most prominent a l terat ion as
sociated w i t h copper m i n e r a l i z a t i o n i s a pale greenish 
b leaching of the dark andesit ic volcanics. T h i s a l t e r a 
t i on involves a conversion of andesine plagioclase to 
albite , together w i t h the f o r m a t i o n of considerable 
epidote and lesser amounts of chlor i te , scapolite, c a l -
cite and occasionally hornblende. The recrys ta l l i za t i on 
has converted the host rock into a f a i r l y h a r d , tough 
rock, w i t h m a n y of the o r i g i n a l f rac tures healed 
together. 

Po tash fe ldspathizat ion is very m i n o r at Ingerbelle , 
despite the occurrence o f large amounts of p i n k -
coloured a l terat ion , m a i n l y at the n o r t h side of the 
orebody. A l b i t e i s the chie f m i n e r a l af fected by th i s 
p i n k co lorat ion, and s t a i n i n g techniques have shown 
that actual K - f e ldspath i za t i on is l i m i t e d to late-stage 
f racture-coat ings . P i n k fe ldspath izat ion is also intense 
in some areas at Copper M o u n t a i n , but here a major 
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Ipar t o f i t is potash fe ldspathizat ion . Ingerbel le ore 
contains only IV2 or 2 % potash versus 5 % at P i t 2. 

A l i t t l e secondary biot i te i s noticeable i n the altered 
volcanics and in trus ives o f the Ingerbelle area. Coarse 
b iot i te is f ound i n m a n y o f the pegmat i t i c ore f r a c 
tures a t Copper M o u n t a i n , where i t is at the center 

! o f the v e i n and m a y be i n t e r g r o w n w i t h borni te o r 
/ chalcopyrite . The age o f t h i s latter b iot i te has been 
1 shown to be v i r t u a l l y the same as the p r i m a r y b iot i te 
1 i n the in t rus ions , w i t h i n the l i m i t s of exper imenta l 
\ e r r o r [ S i n c l a i r and W h i t e (1968) ; P r e t o , W h i t e a n d 

H a r a k a l (1971 ) ] . A r g i l l i c a l terat ion on a subs tant ia l 
/scale i s evident adjacent to some of the m a j o r f a u l t 

/ and fe ls i te dyke zones. A t Ingerbel le , the G u l l y F a u l t 
/ has a wide zone o f heavy a r g i l l i c a l terat ion and p i n k 

fe ldspathizat ion . M i n e r a l i z a t i o n is usual ly weak or 
absent where th i s type of a l terat ion is most intensely 
developed. 

E p i d o t e i s prevalent i n the Ingerbelle and P i t 2 
deposits, and occurs to a lesser extent f a r beyond the 
confines of the minera l i zed areas. Scapol ite occurs at 
Ingerbel le as networks of n a r r o w steeply d i p p i n g veins 
w i t h m i n o r replacements i n the a d j o i n i n g rock. I t i s 
most common a long the heav i ly altered northwest side 
o f the orebody and is f ound s p a r i n g l y elsewhere 
t h r o u g h the minera l i zed zone. Scapolite is r a r e l y rec
ognized a t Copper M o u n t a i n . Q u a r t z i s absent f r o m 
most of the rocks i n the area , but traces of i t have 
been seen i n t h i n sections and i n the scapolite-albite 
veins at Ingerbelle . T h e pale a l terat ion often described 
as " c h e r t y " i s p r i m a r i l y very f ine a lb i te . 

Accessory magnet i te is present i n the in t rus ives and 
less-altered volcanics, but magnet i te of secondary 
o r i g i n also occurs i n a var i e ty of f o rms . Bleds or v e i n -
lets o f i t , sometimes c a r r y i n g a l i t t l e p y r i t e o r rare ly 
chalcopyrite , are found over the whole Ingerbelle -
Copper M o u n t a i n area , but are not common. L o c a l 
concentrations are known w i t h i n the L o s t H o r s e com
plex, sometimes w i t h associated copper. M a g n e t i t e is 
usual ly absent f r o m the pale a lb i t i zed volcanics t h a t 
comprise most o f the host rock f o r copper m i n e r a l 
i za t i on , and i t is to ta l ly absent i n the most intensely 
a l tered rocks . 

MINERAL ZONING 

M i n e r a l z on ing i n and around these deposits can 
only be crudely def ined, but the f o l l owing points are 
o f interest . Chalcopyr i te is the m a i n copper-bearing 
m i n e r a l at Ingerbelle , and is the predominant one at 
P i t s 1 and 2. O n l y a trace o f bornite is found at P i t 2, 
but impor tant concentrations of i t were mined along 
the contact of the Copper M o u n t a i n stock. M i n o r c h a l -
cocite was also reported i n some of the contact ore. 
A t Ingerbelle, pyr i t e concentrations occur outside the 
south and west sides of the orebody, but not the 
more intensely altered nor th side. A t Copper M o u n 
t a i n , smal l amounts of chalcopyrite , p y r i t e and occa
s ional ly pyr rho t i t e are found a l l through the volcanics, 
but do not f o r m haloes to the orebodies. 

F a r t h e r away f r o m the orebodies, widespread but 
I weak occurrences of chalcopyr i te -pyr i te -magnet i te are 

k n o w n in the L o s t Horse complex and i ts incorporated 
I volcanic inclusions. S m a l l but better-grade deposits o f 

chalcopyrite-hematite are associated w i t h a long brec-
c iated zone in the V o i g t stock. The Copper M o u n t a i n 
stock carr ies much less sulphide than the L o s t H o r s e 
in t rus ions , and i t usually occurs as chalcopyr i te -
bprnite pods or fracture-coat ings associated w i t h the 
K- fe ldspath i za t i on . E v e n f a r t h e r away f r o m the ore 

deposits, traces o f chalcopyrite i n the N i c o l a volcanics 
have an a f f i n i t y f o r p y r r h o t i t e r a t h e r t h a n p y r i t e . 

Molybdeni te , i n sub-economic quant i t i es , is most 
prevalent i n the heavi ly a l tered n o r t h end of the I n g e r 
belle orebody, m u c h less common to the south and v e r y 
r a r e at Copper M o u n t a i n . G o l d values, recoverable 
w i t h copper, are highest at Ingerbel le , less a t P i t 2 
and lowest at P i t 1. S i l v e r content shows a n inverse 
re la t ionship to gold, be ing h ighest a t P i t 1 a n d the 
underground mine. A credi t o f 25 cents per ton o f 
ore is ant i c ipated f o r gold and s i l ver . 

ORE GENESIS 

I t is believed that these copper deposits are related 
spat ia l ly and genet ica l ly to the Copper M o u n t a i n I n 
trus ions . However , a l l o f the i n f o r m a t i o n now avai lable 
suggests tha t the L o s t H o r s e i n t r u s i v e complex has 
had a m u c h more impor tant p a r t i n the f o r m a t i o n of 
these deposits t h a n had prev ious ly been recognized. 

Z o n i n g at Ingerbel le appears to be i n a d i re c t i on 
outward f r o m the L o s t H o r s e complex. A zone o f h i g h 
a l te ra t i on separates the i n t r u s i v e f r o m the orebody, 
then there is the n o r t h p a r t o f the orebody w i t h chalco
p y r i t e predominant , then the south p a r t w i t h p y r i t e 
predominant , then some p y r i t i c areas a r o u n d the f r i n 
ges on a l l but the n o r t h s ide , then decreas ing a l t e r a 
t i o n into the d a r k volcanics w i t h some secondary 
magnet i te , and then into the Copper M o u n t a i n stock 
w i t h no k n o w n copper m i n e r a l i z a t i o n on the contact. 
T h e heavi ly a l tered G u l l y F a u l t zone, w h i c h appears 
to have been a channelway f o r m i n e r a l i z a t i o n , dips 
70 degrees n o r t h towards the L o s t H o r s e complex. 

A t Copper M o u n t a i n , the P i t 2 deposit l ies on the 
i n d i s t i n c t contact zone w i t h the L o s t H o r s e , a n d has 
no a l terat ion or m i n e r a l i z a t i o n t i e - ins w i t h the P i t 1 
deposit 1,000 feet to the southwest . T h e importance 
of f a u l t i n g and f r a c t u r i n g as ore controls f o r those ' 
deposits close to the Copper M o u n t a i n stock has a l 
ready been mentioned. The stock i t se l f shows l i t t l e 
s i g n o f the f r a c t u r i n g , a l t e ra t i on and m i n e r a l i z a t i o n 
present i n the volcanics, and i t probab ly acted as a 
b a r r i e r to m i n e r a l i z i n g f l u i d s m o v i n g a long the v a r i 
ous fau l t s . The orebodies end on the east side ap 
prox imate ly where the L o s t H o r s e complex and the 
Copper M o u n t a i n stock diverge . The apparent absence 
of orebodies around the east and south sides o f the 
Copper M o u n t a i n stock can perhaps be re lated to the 
absence o f the L o s t Horse rocks i n those areas. 

I t could be argued that the source of the copper 
m i g h t be the volcanic rocks that have undergone ex
tensive a s s i m i l a t i o n and a l terat ion by the L o s t H o r s e 
i n t r u s i v e complex. However , the amount o f m e t a -
somatic replacement that the volcanics have undergone 
is not we l l k n o w n ; perhaps a rock geochemical s tudy 
now i n progress w i l l shed more l i g h t on t h i s . 

These deposits are not r e a d i l y c lass i f i ed into com
monly accepted systems. However , they appear to l ie 
closer to pyrometasomatic deposits t h a n to t y p i c a l por 
p h y r y coppers. T h e i r re la t ionship to in t rus ives , the 
probably extensive metasomatic replacements, the 
evidence of pneumatolyt ic a c t i v i t y , the f o r m a t i o n a n d J 
r e d i s t r i b u t i o n of magnet i te , and the i r r e g u l a r d i s t r i - \ 
but ion o f m i n e r a l i z a t i o n are a l l charac ter i s t i c o f t h i s 
class. 
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W. J. Tough Elected President of B. C. Mining Association 
W . J . T O U G H , v ice -pres ident of 

W e s f r o b M i n e s L t d . , has been 
elected pres ident o f T h e M i n i n g 
A s s o c i a t i o n of B r i t i s h C o l u m b i a . 
H e succeeds W . C l a r k e G i b s o n , 
c h a i r m a n of the board of G i a n t 
Masco t M i n e s L t d . T h e election 
took place at the a n n u a l mee t ing 
of the A s s o c i a t i o n i n V a n c o u v e r on 
F e b r u a r y 26. 

Vice -pres idents elected were J . 
D . L i t t l e , executive vice-president , 
P l a c e r Development L t d . , and E d 
g a r K a i s e r , J r . , executive vice-pres
ident , operations, K a i s e r Resources 
L t d . 

M r . T o u g h graduated as a m i n 
i n g engineer f r o m the U n i v e r s i t y 

of B r i t i s h C o l u m b i a i n 1935 and 
has been involved i n m i n i n g i n sev
era l provinces of Canada , as w e l l 
as Green land , A f r i c a , South A m e r 
i ca and the S o u t h P a c i f i c . 

I n 1942, he jo ined V e n t u r e s , 
w h i c h is now Fa l conbr idge N i c k e l 
M i n e s , a company he has w o r k e d 
w i t h ever since, and began a career 
of m a n a g i n g a n d developing new 
mines i n several parts of the w o r l d . 
H e came back to Vancouver i n 
1961 and , i n add i t i on to be ing v i ce -
pres ident of W e s f r o b M i n e s , i s also 
an o f f i cer and director o f several 
other m i n i n g a n d explorat ion com
panies w i t h i n the F a l c o n b r i d g e 
group. 

The a n n u a l meet ing also elected 
12 members to the M i n i n g A s s o c i a 
t ion 's executive committee. T h e y 
a r e : J . D . C h r i s t i a n , C a s s i a r A s 
bestos Corpora t i on L t d . ; J o h n H a l l , 
B r e n d a M i n e s L t d . ; R . E . H a l l -
bauer, Teck Corpora t i on L t d . ; P . R . 
M a t t h e w , T h e G r a n b y M i n i n g 
Company L t d . ; J . H . P a r l i a m e n t , 
S i m i l k a m e e n M i n i n g Company 
L t d . ; M . E . P r a t t , U t a h I n t e r n a 
t i o n a l I n c . ; P . M . Reynolds , B e t h l e 
hem Copper Corporat i on L t d . ; S. M. 
R o t h m a n , Cominco L t d . ; J . F . Oik, 
A n v i l M i n i n g C o r p o r a t i o n L t d . ; 
A . C . R i t c h i e , S i l v e r S t a n d a r d 
M i n e s L t d . ; A r n o l d W a l k e r , T e x a d a 
M i n e s L t d . ; and C . W . Reno, L o r -
nex M i n i n g Corpora t i on L t d . 

Queen's to be Centre for Resource Policy Studies 
A C E N T R E F O R R E S O U R C E S T U D I E S to 

c a r r y out research and analys is on 
i m p o r t a n t questions of C a n a d i a n 
resource po l i cy w i l l be establ ished 
at Queen's U n i v e r s i t y , K i n g s t o n , 
O n t a r i o . T h i s was announced j o i n t 
ly by T h e Honourab le Dona ld S . 
Macdona ld , M i n i s t e r o f E n e r g y , 
M i n e s and Resources, D r . J . J . 
Deutsch , P r i n c i p a l of Queen's U n i 
v e r s i t y , a n d F . F . Todd , the r e 
t i r i n g pres ident of the M i n i n g A s 
sociat ion of Canada , on the occa
s i on o f the Assoc ia t i on ' s 29th a n 
n u a l genera l meet ing . 

T h e basic f u n d i n g f o r the Centre 
w i l l be prov ided b y the G o v e r n 
ment o f C a n a d a and the C a n a d i a n 

m i n i n g i n d u s t r y . Queen's U n i v e r 
s i t y w i l l supply the required acade
m i c capabi l i t i es and phys i ca l f a c i l 
i t i es . The Centre w i l l be established 
under U n i v e r s i t y procedures and 
directed by a board to include r e 
presentatives f r o m the F e d e r a l 
Government , i n d u s t r y and the U n i 
v e r s i t y . 

The studies to be c a r r i e d out at 
the new Centre w i l l make a v a l u 
able c on t r ibut i on to the develop
ment o f f u t u r e resource pol ic ies , 
p a r t i c u l a r l y those h a v i n g a s i g n i f 
i cant b e a r i n g on the husband ing of 
resources a n d on the nature a n d 
d i rec t i on o f m i n i n g and i ts related 
ac t iv i t i es . F o r some considerable 
t i m e , i t has been the f ee l ing both 

of the Depar tment of E n e r g y , 
M i n e s and Resources and the m i n 
i n g i n d u s t r y that a great deal more 
i n t e r d i s c i p l i n a r y research is needed 
to measure accurately such i m p o r 
tant matters a s : the n a t i o n a l i m 
pact o f m i n i n g ; i t s l inkages to 
and effect on other s i g n i f i c a n t sec
tors o f the economy, on the e n v i 
ronment , and on employment i n 
secondary m a n u f a c t u r i n g a n d serv 
ice i n d u s t r i e s ; and i t s effect on 
reg ional development, and on C a n 
ada's balance of payments . 

The Centre w i l l concentrate i n 
i t i a l l y on studies r e l a t i n g to me-
tal l ies , non-metal l ics , and some 
i n d u s t r i a l minera l s such as asbes
tos a n d potash. 
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