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Abst rac t 

T h e wri ter wou ld like to stress the i m ­
portance of the detailed geological m a p p i n g 
on p r i m a r y porphyry copper or porphyry 
mo lybd enum deposits i n the inconclusively 
explored area. It is a useful tool for del ineating 
irregular zones of concentrated minera l izat ion 
for targets to be checked i n the advanced 
exploration stage a n d also, for revealing the 
structural control for the purpose of a more 
accurate evaluation. 

T h e case of the Ingerbelle deposit is dis­
cussed i n this paper as a n example of t ime-
saving and efficient explorat ion work for the 
assessment of areal minera l potential by means 
of the writer 's special m a p p i n g technique, as 
wel l as the geologically interesting features of 
the deposit. 

1. Introduct ion 

Exp lo ra t i on on the optioned Ingerbelle 
property w i t h known weak minera l izat ion was 
commenced i n February 1966 by the N e w -
mont M i n i n g C o r p . of C a n a d a L t d . T h e 
wri ter was assigned to execute a program of 
detailed geological m a p p i n g d u r i n g the per i ­
ods of early 1966 a n d the whole of 1968, w h i c h 
resulted i n the del ineation of the Ingerbelle-
R e d Buck deposits a n d the successful analysis 
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of the structural control o f i rregular shaped, 
p r i m a r y sulphides zones, respectively. Extent 
of the deposit out l ined o n the surface could be 
projected to depth as a pipe- l ike body due to 
the nature of contro l by steeply d i p p i n g 
fractures, developed i n the intensely deformed 
metavolcanics as host. 

Those who wish to have further details on 
exploration, geological geophysical, petrolog-
i ca l works and radiometr ic dat ing ,may refer to 
the l iterature listed as references because, i n 
this paper, the wr i ter wishes to discuss main ly 
the pract i ca l theme i n detai led geological 
m a p p i n g a n d structural control of the m o d i ­
fied occurrence of porphyry copper deposits 
i n assimilated metavolcanics. 

It is a significant feature that the radio ­
metric dat ing for the Copper M o u n t a i n 
Intrusives a n d the associated minera l i zat ion 
indicated U p p e r Triassic age, w h i c h is earlier 
than most parts of the Coast Range Batho -
l i th ic complex. 

2. Loca t i on a n d Phys iography 

T h e Ingerbelle M i n e s of the S imi lkameen 
M i n i n g C o . L t d . (a subsidiary of the N e w m o n t 
M i n i n g C o r p . , U . S . ) is located at the southern­
most part o f the eastern porphyry copper-
mo lybdenum belt i n Br i t i sh C o l u m b i a and 
184 k m east of V a n c o u v e r (49°20' north 
latitude and 120°33' west longitude) (F ig . 1) 

T h e S imi lkameen R i v e r flows northerly i n 
the deeply incised val ley w h i c h separates the 
new Ingerbelle P i t a n d the dormant Copper 
M o u n t a i n M i n e , l y i n g approx imate ly 1.5 k m 
east of the former. 

A blanket of g lac ia l t i l l of several meters 
thick on average, l imits natura l bedrock ex­
posures to more or less 1 % of the total mapped 
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180 Exploration of the Ingerbelle Deposit, Canada 

area. C a n y o n walls a n d steep slopes provide 
most o f the fair-sized exposures w i t h very 
meager copper minera l i zat ion (F ig . 2) 

T h e mine lies i n the semi-arid Interior 
Plateau Belt w i t h typica l continental c l imate. 
M i n o r snowfall d u r i n g winter barely m a i n ­
tains sparse growth of conifers. D u e to the lack 
of underground water, water supply to the m i l l 
depends on the S imi lkameen R i v e r w h i c h is 
under strict internat ional control as a t r i b u ­
tary of the C o l u m b i a R i v e r i n the U n i t e d 
States. 

3. P a r t i c u l a r V iewpo in t i n Geological 
M a p p i n g 

E v e n when classifying rocks on the basis of 

units w h i c h have been wel l established by the 
o l d G r a n b y geologists, detailed geological 
m a p p i n g i n the Copper M o u n t a i n area is very 
difficult for the fo l lowing reasons: 

(a) Occurrence of major copper m i n e r a l i ­
zat ion i n the h igh ly fractured meta­
volcanics w h i c h display neither p r o m i ­
nent alterat ion zoning nor minera l 
zoning. 

(b) Trans i t i ona l facies changes i n the host 
a n d over lapping alterations i n c o m p l i ­
cated combinat ion w h i c h produces n u ­
merous varieties o f derivatives. 

(c) O b l i t e r a t i o n of o r ig ina l texture of 
rocks by assimilation or intense alter­
at ion . 
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(d) Extreme paucity of bedrock expo­
sures a n d weathering of rocks i n semi-
a r i d c l imate. 

A n attempt was made by the wri ter to select 
a specific series o f derivatives as a composite 
mappable uni t so as to grasp the habit of cop­
per occurrences i n the detailed mapp ing . 

F r o m the contact of almost barren monzo-
nite intrusives, altered pale green coloured 
rock often develops as flooding replacement 
toward the remnant core of dark coloured 
metavolcanics w i t h abundant biotite a n d 
magnetite disseminations, a n d extends further 
into the host as in f i l t rat ion through numerous 
fine fractures. 

F i e l d observation supported the fact that 
this pale green coloured zone is the most 
favourable location for the concentrated cop­
per minera l izat ion when intr icated w i t h 
enclosed masses of dark metavolcanics of 
various size. 

D u r i n g a two m o n t h detailed surface m a p ­
p i n g program i n a previously unmapped area 
of 4 k m 2 , the above rule-o f - thumb proved 
instrumental i n out l in ing the Ingerbelle 
(300m x 600m) a n d R e d Buck ( l O O m x 
250m) deposits. 

4. Progress ive E x p l o r a t i o n W o r k a n d 
Resul ts 

Commencement of the Bethlehem Copper 
M i n e i n 1962 st imulated the explorat ion 
activities on the porphyry copper type minera l 
occurrences i n Br i t i sh C o l u m b i a . T h e dormant 
Copper M o u n t a i n M i n e had the record of 
being the first open p i t mine of low grade cop­
per deposits i n B . C . i n the early 1950's, a n d it 
drew attention to the potential o f the sur­
round ing area. 

i) Bul ldozer T r e n c h i n g and S a m p l i n g 
( F e b r u a r y - M a r c h 1966) 

U p o n the recommendation of D r . R . H . 
S E R A P H I M , consulting geologist, N e w m o n t 
M i n i n g C o r p . of C a n a d a L t d . optioned the 
Ingerbelle property from M r . G e r a l d I . B U R R 
et a l . i n Pr inceton , B . C . a n d started trenching 
by bul ldozer over the k n o w n area of scattered, 
weakly mineral ized showings. 

S a m p l i n g o n the bedrock exposures i n d i ­

cated a mineral ized zone w i t h north-south a n d 
east-west axes of 200m a n d 500m respectively. 
Copper minera l i zat ion consists o f chalcopy-
rite w i t h m i n o r malachite , chrysocolla, a z u -
rite a n d covellite. Assays gave a n average 
grade of sl ightly over 0 . 3 % C u w i t h consid­
erable fluctuation i n grade distr ibut ion. 

ii) Deta i led Geolog ica l M a p p i n g 
( A p r i l - M a y 1966) 

T h e wri ter was assigned to execute a 
program of detailed geological m a p p i n g on a 
scale of 1/1,200 over the area of 4 k m 2 . M a i n 
purpose was to assess the minera l potential i n 
the Ingerbelle area. A systematic compi lat ion 
of the l imi ted amount of data delineated two 
deposits-Ingerbelle a n d R e d Buck , w i t h a n 
estimated average grade of anyth ing over 
0 . 3 % C u . 

ii i ) A d v a n c e d E x p l o r a t i o n W o r k 
(Summer 1966-Fall 1968) 

A program of percussion and d i a m o n d 
d r i l l i n g proved the better average grade a n d 
the outl ine of the Ingerbelle deposit very 
closely, as predicted. I n December 1967, 
N e w m o n t purchased a l l the holdings of C o p ­
per M o u n t a i n M i n e s , owned by the G r a n b y 
M i n i n g C o . L t d . a n d then carr ied out exten­
sive survey programs such as ground a n d 
airborne magnetometer, airborne electro­
magnetic a n d Induced Po lar izat ion survey, i n 
order to gather supplementary data for the 
fol low-up explorat ion work i n the Copper 
Mounta in - Ingerbe l l e area ( D O L A N et a l . , 
1975). 

I n 1968, fo l lowing complet ion of the under­
ground tunnel l ing , a long w i t h bu lk a n d c h a n ­
nel sampl ing schemes for the Ingerbelle 
deposit, detai led geological m a p p i n g (scale 
1 /240) by the wri ter , a n d a program of under­
ground d i a m o n d d r i l l i n g were executed to 
determine the detailed occurrence, extent a n d 
grade of the minera l ized zone at depth. 

Genera l geology was compi led i n a new 
m a p (scale 1/4,800) w h i c h covers the area o f 
8 k m 2 i n c l u d i n g the Ingerbelle, P i t 1 a n d P i t 
2, on both sides of the S imi lkameen R i v e r 
(F ig . 3). 

T h e internal structure a n d deformation o f 
the metavolcanic complex, the progressive 
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Table 1 Summary of exploration work in the 

Ingerbelle area. 

(Summer 1966-Fall 1968) 

Type of Work Amount Note 

Percussion Drilling 236 holes 18,823 m 
Diamond Drilling 306 holes 55,286 m 
Underground Tunnelling 1,696 m (Horizontal) 
Geological Mapping 8 km2 (Surface) 
Geological Mapping 1,696 m (Underground) 

Table 2 O r e reserve recoverable by open pit 

mining. 

Pit Area Tonnage 
(Metric Tons) 

Average Grade 
(Cu %) 

Ingerbelle Pit , 
Pit 1 and Pit 2 69 million 0.53 

(Ingerbelle Pit Only) (41 million) 0.53 

development of fracture pattern a n d the 
structural control o f concentrated copper 
mineral izat ion were discussed ( T A K E D A , 
1969). 

Tables 1 a n d 2 show the summary of ex­
plorat ion work a n d the ore reserves respec­
tively. 

I n J u l y 1970, a decision was made by 
N e w m o n t to put the property into product ion 
by open pit m i n i n g method. O p e r a t i o n com­
menced officially i n September 1972 at a 
product ion rate of 13,600 metric tons/day o f 
ore a n d then i n October 1975, concentrator 
capacity was expanded to 20,000 metric 
tons/day of ore averaging slightly less than 
0 . 5 % C u . F o r the calendar year 1974, metal 
product ion i n concentrate amounted to 19,140 
metric tons o f copper, 905 k g of gold a n d 
3,664 kg of silver. 

5. Genera l Geology 

Geological m a p is shown i n Figure 3. 
Geological age for some of the units is m o d i ­
fied by the wri ter i n reference to the latest 
Potass ium-Argon age dat ing at Copper M o u n ­
ta in ( P R E T O , 1972; P R E T O et a l . , 1971; 

S I N C L A I R a n d W H I T E , 1968). 

i) W o l f Creek F o r m a t i o n (Pre -Upper 
Triassic) ( D O L M A G E , 1934; R I C E , 

1947). 

T h i s non-fossiliferous, eugeosynclinal 
basaltic complex o f submarine volcanic or ig in 

is the oldest i n the area and also is the most 
favourable host for copper mineral izat ion . Due 
to the later assimilation and alterations, it was 
modif ied into meta volcanics a l though or iginal 
structures and textures are fair ly we l l preser­
ved. Intense deformation a n d fracturing prior 
to the monzonit i c intrusion suggest that the 
earlier geologic age should be given to the 
formation than the U p p e r Triassic . 

ii) Copper M o u n t a i n Intrusives ( U P P E R 
Triassic) ( P R E T O , 1972; P R E T O et 

a l . , 1971; R I C E , 1947) 

T h i s group comprises the Copper M o u n ­
tain Stock w i t h a characteristic concentric 
zoning of rock facies ranging from gabbro, 
diorite a n d monzonite to pegmatitic perthite 
core ( D O L M A G E , 1934; S I N C L A I R a n d W H I T E , 

1968), the Lost Horse Intrusives w i t h very 
obscure textures w h i c h are possibly the result 
of assimilation a n d alteration a n d its intensely 
p ink feldspathized equivalents, a n d also the 
dyke swarms of " p i n k syenite porphyr ies" of 
slightly later age. 

Average age of 193.5 ± 8 m i l l i o n years is 
given by Potass ium-Argon dat ing to this 
group as U p p e r Triassic ( P R E T O , 1972). 
193 zb 7 m i l l i o n years is for the Copper M o u n ­
ta in Stock only ( S I N C L A I R a n d W H I T E , 1968) 
a n d 195 8 m i l l i o n years for the Lost Horse, 
V o i g t a n d Smelter L a k e Intrusives ( P R E T O 
et a l . , 1971). 

Metavolcanics are intruded by these sil ica 
deficient monzonit i c rocks w i t h complicated 
or obscured contact where diopside and 
actinolite are often formed after or ig inal 
augite a n d hornblende respectively. 

i i i ) " M y l o n i t e ( U p p e r Triassic) 

A type of crushed granular rock occurs i n 
the northwest corner o f the Ingerbelle deposit. 
H e a v y l imonite stain characterizes the colour 
of the rock o n the surface. It is mineral ized 
w i t h considerable amount o f magnetite i n 
patches, stringers a n d fine disseminations a n d 
m i n o r malachite . U n o x i d i z e d core specimens 
showed a magnetite bearing p ink feldspathic, 
granular rock, crushed a n d healed w i t h heavy 
interstit ial pyrite . Geologic m a p p i n g indicates 
that the Boundary a n d G u l l y Faults were i n 
existence before the emplacement of this 
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minera l ized , crushed rock. 

iv) G r a d e d Bedded Sedimements and 
P i l l o w L a v a (Pre -Upper C r e t a -
aceous ?) 

M i n e r a l i z e d metavolcanics of the Ingerbelle 
deposit are abrupt ly terminated by the 
Boundary F a u l t i n north-northeasterly d i ­
rection. A series of graded bedded argi l l i te 
a n d fl inty sediments, p i l l ow lava , a n d a m y -
gdalo idal a n d aphanit ic greenstone extends to 
the west of the fault. 

A p p a r e n t l y a l l the rocks i n this unit show 
that the lack of assimilation, alteration and 
minera l i zat ion seen i n the metavolcanics, a n d 
are suspected to be of pos t -Upper Triassic 
age. Intrusion of the " M i n e D y k e s " into the 
graded bedded argi l l i te defines the upper 
l i m i t of the geologic age as p r e - U p p e r C r e t a ­
ceous or p r e - E a r l y T e r t i a r y . 

v) M i n e Dykes ( U p p e r Cretaceous-
E a r l y Tert iary ) ( P R E T O , 1 9 7 2 ; 
P R E T O et a l . , 1 9 7 1 ) 

D y k e swarms of quartz porphyry a n d 
felsite, quartz feldspar a n d feldspar porphy­
ries-called " M i n e D y k e s " by G r a n b y geolo­
gists-are wide ly distributed on the Copper 
M o u n t a i n side, whereas only a few grey 
dykelets along w i t h a lamprophyr i c variety 
occur a long weak open fractures i n the Inger­
belle area. T h i s contrast suggests the funda­
mental difference of fracture patterns between 
the two areas. 

vi) Pr inceton G r o u p ( M i d d l e Eocene) 
( R I C E , 1 9 4 7 ) 

Basaltic-andesite effusives consist of flow 
banded lavas and scoria of sub-aerial or ig in . 
Reg ional ly the group surrounds the Inger-
bel le -Copper M o u n t a i n area as a w i n d o w 
opened by the glac iat ion. A smal l trough of 
loosely bound basal conglomerate is correlated 
to the one i n the Princeton C o a l Basin. 

6. O r e M i n e r a l s and A l t e r a t i o n 

T h e Ingerbelle deposit consists of the 
p r i m a r y sulphide zone, devoid of secondary 
supergene enrichment i n noticeable amounts. 
I n the order of abundance, ore minerals are, 
magnetite, pyrite , chalcopyrite , pyrrhotite a n d 
m i n o r occurrences of hematite, bornite, 

molybdenite a n d microscopic sphalerite. G o l d 
and silver are found i n the concentrate i n 
commerc ia l quant i ty . 

R a r e occurrence of molybdenite is k n o w n i n 
the underground tunnel , m a i n l y on the north 
side of the G u l l y F a u l t , either as smears or i n 
quartz stringers several m m wide . C r a c k 
f i l l ing anhydr i te is noted i n the d r i l l core at 
deeper part o f the Ingerbelle deposit. 

Extensive alterations occur i n messy aggre­
gate without sizeable separate zon ing i n 
part ia l ly assimilated host rocks. 

F looded " a l b i t i z a t i o n " w i t h secondary 
growth of feldspar grains, diopside a n d act i -
nolite after subhedral or ig inal mafics, epidote-
zoisite-chlorite patches or aggregate, pep­
pering of biotite specks a n d scattered grains of 
apatite, lesser garnet and sphene are common 
i n metavolcanics a n d i n some part o f the Lost 
Horse Intrusives. R a d i a t i n g crystals of green­
ish tourmal ine are sometimes seen i n cracks. 
R a t h e r regional metamorphism along w i t h 
assimilation is postulated pr ior to the alter­
at ion-mineral izat ion stage. 

Intense scapol it ization, " a l b i t i z a t i o n " and 
" p i n k fe ldspathizat ion" as veinlets i n closely 
spaced fracture zones represent the early 
alteration stage i n the Lost Horse Intrusives 
and metavolcanics, whereas b iot i t izat ion and 
chlor i t izat ion i n widespread hairlines and 
stringers occur w i t h lesser epidote-zoisite, 
carbonates a n d argi l l i c alterations d u r i n g the 
fol lowing minera l i zat ion stage of magnetite 
a n d sulphides, m a i n l y confined i n meta­
volcanics. Rad iometr i c dat ing on two speci­
mens from biotite-sulphide bearing " p e g m a ­
t i t e " ve in gave 1 9 4 ± 7 a n d 1 8 9 ± 8 m i l l i o n 
years respectively, as possible age of the 
minera l i zat ion epoch ( P R E T O et a l . , 1 9 7 1 ; 
S I N C L A I R a n d W H I T E , 1 9 6 8 ) . 

7. Interna l Structure o f the M e t a ­
volcanics C o m p l e x 

Reasonable interpretation of internal struc­
ture of metavolcanics became possible as the 
result of the detai led underground m a p p i n g of 
geology. 

T h i c k pile o f metavolcanics is composed of 
repetitive cycles of submarine eruptions and 
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are s imi lar to other eugeosynclinal volcanic 
complexes w i t h w h i c h the wri ter is famil iar . 

A s a rule, each cycle consists o f a sequence 
of four layers w i t h transit ional change at the 
contact: 

i) Bot tom layer of pyroc last ics—Subangu-
lar , paler fragments enclosed i n the darker 
matr ix o f s imi lar composit ion, but of slightly 
granular texture. D imens ion of fragments 
occasionally reaches up to several tens of cms 
i n diameter and becomes larger near the bot­
tom as i f formed by auto-brecciated lava flow. 

ii) M i d d l e layer of " p o r p h y r i t e " — M e d i u m -
grained or ophit ic textured rock of possible 
slow cooling, basaltic l ava flow or ig in . I f one 
fails to recognize transit ional contacts the 
layer w o u l d be, a n d often is, mistaken for a 
diorite si l l because of uni formly distr ibuted 
t iny specks of secondary biotite i n apparent 
holocrystalline rock. Some layers show t ran ­
sitional change to " A u g i t e p o r p h y r y " w h i c h 
contains gigantic augite phenocrysts up to 15 
m m i n diameter, part ly or completely re­
placed by diopside. 

i i i ) U p p e r layer of pyroc last i cs—Simi lar to 
the bottom layer except for smaller fragments 
and increasing tuffaceous fragments towards 
the top. 

iv) Uppermost l a y e r — D a r k grey-brownish 
coloured fine-grained tuff, often revealing 
graded band ing of l ight grey a n d pale green 
layers i n alteration w i t h occasional p inkish 
tint. Often, lap i l l i - l ike rounded pebbles of 
" A u g i t e p o r p h y r y " are conformably enclosed 
i n the graded band ing of the tuff. Seemingly 
this layer represents the quiescent period 
between two erupt ion cycles. U n d e r g r o u n d , a 
series of intermittent lenses w i t h c rumpled 
graded banding indicates the possible discon-
formity a n d disturbance near the base of the 
succeeding eruption cycle. 

Genera l ly speaking, each erupt ion cycle 
may have a surprisingly extensive coverage i n 
spite of the thickness of more or less 50 meters. 
However , lateral changes i n facies a n d i n 
thickness of each layer as wel l as mult ip le 
repetition of cycles vert ical ly , make it difficult 
to find a definite marker hor izon i n the C o p ­
per M o u n t a i n — I n g e r b e l l e area. 

8. De fo rmat i on o f the Metavo lcanics 

T h e Copper M o u n t a i n Stock a n d the Lost 
Horse Intrusives bound the north a n d south 
side of a narrow metavolcanics belt of 800 
meters wide . U n d u l a t e d deformation patterns 
are indicated by the subdivided layers across 
the belt as shown i n Figure 3. 

It is the most interesting feature that a l l 
the deposits of the Ingerbelle, P i t 1 a n d P i t 2 
occupy the anomalously flexed port ion of 
layers i n W N W - E S E direct ion from the 
warped regional trend of N N E - S S W a n d 
N E - S W . T h e latter is s imi lar to the attitude of 
sedimentary formations of Triassic or earlier 
age w h i c h are located 30-50 k m to the east of 
deposits ( L I T T L E (1958, 1959). 

T h e northern contact of the Copper M o u n ­
tain Stock dips southerly so as to form over­
hang w i t h vert ica l d i p p i n g near the surface 
a n d then becomes gentler to 40 ° w i t h gradual 
dicrease ( F A H R N I , 1951). A s far as interpreted 
from the interna l structure of the meta­
volcanics, a l l the layers are flexed to west-
northwesterly near the contact of the stock 
a n d discordantly d ip away to the north , so 
as to emplace the C o p p e r M o u n t a i n Stock i n 
the local dome structure (F ig . 3). 

9. Development a n d H e a l i n g o f F r a c ­
ture Pat terns 

Deformat ion of the alternate piles of compe­
tent lava flow a n d incompetent tuffaceous 
layers may be accounted for the development 
of major fractures i n a regular pattern and 
subordinate dense, fine fracturing i n a l l a v a i l ­
able directions. 

Bo th lateral a n d vert ical changes are seen 
i n the manner of fracturing when a major 
fracture intersects different layers i n the 
metavolcanics. A s a rule , competent layers 
have wider fractures now healed w i t h 
scapol i te - "a lb i te" veinlets, whi le incompetent 
tuff can only develop paral le l hairlines w i t h 
local messy shattering. I n the Ingerbelle 
area, pyroclastic layers are prevai l ing a n d 
probably more favourable to develop dense 

[ fracturing w h i c h often forms intricate mixtures 
of the remnant volcanics a n d pale green 
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altered rocks. 

Because some of the major fractures were 
filled or healed at one stage a n d re-opened 
later, repeatedly, chronological changes are 
summarized i n T a b l e 3. Genera l attitude of 
each fracture system is shown below: 

T y p e I — S t r i k e W N W - E S E . D i p 40 °S? 
(Loca l o ld thrust plane?) 

T y p e I I — S t r i k e N N W - S S E . N e a r l y ver t i ­
cal . 

T y p e I I I — S t r i k e N 8 0 ° E - S 8 0 ° W , N e a r l y 
vert ical . 

T y p e I V — S t r i k e N N E - S S W . D i p steeply 
to East. 

T y p e V — S t r i k e N E - S W . N e a r l y vert ical . 

I n each mineral ized area of R e d Buck , 
Ingerbelle a n d P i t 1 - P i t 2, there are obvious 
differential development of major open frac­
tures for the intrusion of the p ink syenite 
porphyry dykes as the forerunner of the 
alteration and copper mineral izat ion . 

D u r i n g the period of alteration and miner ­
a l izat ion (Stage 3, 4, 5), however, develop­
ment of open fractures had almost identical 
patterns i n the area a, b a n d c. 

T h e " M i n e D y k e s " i n the post-miner­
a l izat ion stage filled a few large fractures 
d iscr iminat ingly re-opened i n each miner ­
al ized area. 

10. S t r u c t u r a l C o n t r o l o f Deposits 

Surf ic ia l a n d underground m a p p i n g of 
detailed geology disclosed that a l l the deposits 
occupy the anomalously flexed port ion of 
metavolcanics where most intense fracturing 
might have occurred (F ig . 3 & 4). 

A t this scale it was seen that the abundant 
steeply d i p p i n g fractures were the major 
control for concentration of copper miner ­
al izat ion and its attendant alteration, rather 
than, as appeared to be the case on a regional 
scale, the selective minera l izat ion of a specific 

layer of the host rock. T h i s may be the 
reason why the extent of deposit outl ined on 
the surface could be projected to depth as a 
pipe-l ike body (Fig . 5). 

I n detai l , favourable location for the con­
centrated copper minera l i zat ion is usually 
found where the pale green altered rock is i n 

T a b l e 3 Development of open fractures. 

Stage T f e 
Type 

II 
Type 

III 
Type 

IV 
Type 

V 

1. Copper Mountain Stock @ - - - -
2. Pink syenite porphyry 

dykes 

a. Red Buck area e o o -
b. Ingerbelle area o o o o 

c. Pit 1 & Pit 2 area - <a o o 

3. Scapo1ite-"albite" 
veining 

& o o o 

4. Copper mineralization (3 o o -
5. Pebble dykes & mineral 

passages with argi l l i e -
alteration 

(3 o -

6. "Mine Dykes" - o o o 

@ Prevai l ing, o Common, - Poorly developed 

intricate contact w i t h biotite-magnetite r i c h 
remnant masses of metavolcanics. 

W h e r e the metavolcanics have been i n ­
tensely fractured, there is a local tendency 
that the open fractures w i l l be filled or healed 
successively i n the order of major to minor 
ones, by the fo l lowing progressive alterations 
a n d mineral izat ions : 

i) Barren " a l b i t e " - s c a p o l i t e veinlets to 
stringers. 

ii) " P i n k fe ldspathizat ion" - b iot i t izat ion 
patches and stringers w i t h magnetite. 

ii i ) " A l b i t e " - chlorite - epidote - zoisite -
carbonate i n remain ing fractures and 
hairlines w i t h sulphides. 

Regardless of the dimensions, this sequence 
is constant. Pale green altered rock as a 
composite mappable uni t comprises G r o u p i) 
representing pre -mineral izat ion stage and 
G r o u p i i i ) representing sulphide stage. C o ­
existence of G r o u p i) and i i i ) w i t h or without 
the lesser important G r o u p ii) indicates 
sulphide occurrence w i t h i n narrow range. 
M u l t i p l e repetit ion of this sequence i n close 
spacing forms a low grade, massive minera ­
l ized zone as a whole. 

A l t h o u g h complicated a n d difficult, a 
porphyry copper type deposit of Ingerbelle 
type can be out l ined geologically by pursuing 
a structural control of concentrated copper 
minera l i zat ion of p r i m a r y sulphides. H o w ­
ever, there w i l l be no regular pattern of 
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alteration a n d minera l i zat ion zon ing as com­
monly seen i n the typical one w h i c h occurs i n 
a un i form host such as quartz porphyry or 
monzonite stock. It is therefore not feasible to 
explore a n Ingerbelle type i n meta-volcanics 
by means of conventional geological mapp ing . 

11. Genesis 

Part of the genesis has been solved up to the 
structural control of the Ingerbelle deposit. 

Determinat ion of radiometric ages on 
biotite ( P R E T O et a l . , 1971; S I N C L A I R a n d 

W H I T E , 1968) indicated emplacement o f 
sil ica deficient Copper M o u n t a i n Intrusives 
a n d ore-bearing "pegmat i tes" occurred at 
approximately the same period, d u r i n g U p p e r 
Triassic age, earlier than most parts of the 
Coast Range Bathol i thic complex ( S I N C L A I R 
a n d W H I T E , 1968). 

F i e l d observation by the writer suggests 
that assimilation of metavolcanics was 
introduced by the Copper M o u n t a i n I n t r u ­
sives a n d then alteration a n d minera l izat ion 
spread through numerous zones o f m i n o r 
fractures w h i c h were developed after the 
intrusion of dyke swarms of " p i n k syenite 
p o r p h y r y " . 

L a t e r a l minera l zoning on a large scale is 
roughly defined from the assemblage o f 
magnetite-pyrite-lesser chalcopyrite- local pyr -
rhotite a n d trace bornite at Ingerbelle to 
bornite -minor chalcopyrite-pyrite-magnetite-
local pyrrhotite at Copper M o u n t a i n 
( D O L M A G E , 1934; M A C A U L E Y , 1973). 

V e r t i c a l change i n minera l assemblage is 
not yet known i n the block of mineral ized 
metavolcanics w i th undetermined depth, bet­
ween the Lost Horse Intrusive and Copper 
M o u n t a i n Stock. 

T h e radiometric age given to the meta­
volcanics is in close agreement w i t h a n age of 
200 ± 5 m i l l i o n years for the G u i c h o n Batho -
l i th ( S I N C L A I R and W H I T E , 1968), located i n 
the eastern porphyry copper belt w h i c h 
includes the productive Bethlehem and Lornex 
M i n e s i n the H i g h l a n d V a l l e y , B . C . A n 
important metallogenetic epoch i n the U p p e r 
Triassic age is suggested i n the Western 
Cord i l l e ra region. 
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