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GEOLOGY OF THE INGEPBELLE 

AND 
COPPER MOUNTAIN DEPOSITS 

These deposits are "located ten miles south of the vi l lage of 
Princeton in southern Bri t ish Columbia, and 166 miles by road east of 
Vancouver. The Hope-Princeton Highway crosses the Inoerbelle orebody. 
while Conner Mountain l i e s about a mile to the east on the onnosite side 
of the Similkameen River val ley. 

Mineralization was f i r s t discovered at Copper Mountain 80 years 
ago, 'with prospecting and development being carried out during the early 
1900*$. Production by the Granby Mining Company in the period from 1925 to 
1957 amounted to 35 million tons of ore averaging s l i gh t ly more than 1% Cu, 
nearly al l of which came from underground mining. 

In 1966 Nevmont acquired a group of claims opposite Copper 
Mountain, and exploration and development work carr ied out over the next 
three years proved up the Ingerbelle orebody. During this time, d r i l l i n g 
by Granby v/as adding to t h e i r known reserves of open p i t o re , and in December 
1957, Nev/nont purchased t h e i r Copper Mountain property. Both are now held by 
Nev/mont's wholly-owned subsidiary, Similkameen Mining Company Limited. 

Ore reserves recoverable by open p i t mining are estimated at 
76 million tons of 0.53°^ Cu. Of th i s amount a l i t t l e more than half are in 
the Ingerbelle orebody and the remainder are in two Copper Mountain orebodies, 
designated Pits 1 and 2. The grades of al l three deposits are close to the 
0.53% averaoe. The s t r ioninn ra t io a t Innerbelle is 2.6 tons of waste to 
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1 ton of ore, but is less at Copper f'ountain, so that the overall ratio is 
2.2 to 1. A possible third open pit at Copper fountain is the area of the 
old underground nine. 'The Ingerbelle crebodv " i l l be mined f i rs t at a rate 
of 153^00 tons per day, then mining operations '-'ill shift to Copper mountain. 
Pit preparation and mill construction are now veil advanced, v/ith commence
ment of production expected in mid-l°72. 

GENERAL GEOLOGY 

The Nicola Group of Triassic volcanic rocks occur in a belt from the 
U. S. oorder northwards to Kan!oops Lake. The Nicola is covered in places by 
Cretaceous and Tertiary formations, and in the Princeton area i t is bounded by 
younger granitic intrusions. 

Copper mineralization is found in many places within the Mi col a 
Group and in rocks that nave intruded the Nicola, namely: 

(a) the Guichon Batholitn with the Highland Valley deposits, 
and the Craigmont mine near i ts southern end* 

(b) the Conner mountain Intrusions. 

The Ingerbelle and Copper Mountain orebodies l ie vnthin a 14,000 by 
33

r>00 foot belt of Nicola rocks. These rocks are composed of andesitic tuffs 
and agglomerates, lesser amounts of flows, and some lensy si l tstone layers. 
It has not been possible to construct a detailed stratigraphic column for tin's 
area but, nevertheless, the sil tstone and fine-grained bedded tuff have been 
separated. The west end of this belt is in fault contact with other Nicola 
rocks including flows, agglomerates, and a rg i l l i t e s . The volcanic belt is 
bounded on the south by the concentricelly zoned Copper f'ountain stock consist
ing of d ior i te , monzonite, and pegmatitic syenite. Other bodies of undiffer-
entiated diorite are the Voigt stock and the Smelter Lake stock just north of the 
main area. 

Bounding the volcanics on the north is the complex Lost Horse 
Intrusive ranging in composition from syenite to diorite v/ith fine grained and 
oorpnyritic phases. Small masses of the intrusive occur in the volcanics and 
partially assimilated volcanic blocks exist within the intrusive. Contacts 
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are everywhere irregular and generally obscure due to alteration. The only 
phase of i t that can readily be separated in napping consists of distinct 
post-mineral dykes. All of these intrusions have been dated at about lq5 
million years, which is Upper Triassic. The Nicola Group is filso known to 
be Upper Triassic, indicating a relatively short interval between volcanisn 
and emplacement of the intrusions. 

A series of post-ore felsi te dykes occur at Copper fountain. They 
are quartz and feldspar porphyries of late Cretaceous or early Tertiary in 
age. 

Capping some of the higher ground in the area are Tertiary lavas and 
agglomerates of the Princeton Group. A small trough cf Tertiary conglomerate 
covers parts of the Pit 1 and 2 orebodies. 

STRUCTURAL GEOLOGY 

In an area with sue!) an intrusive history, i t could be expected that 
the volcanic rocks caught between various intrusions would suffer considerable 
deformation. Due to the lack of a good through-going marker bed, the folding 
and faulting puzzle is only partially solved. 

Observations made on the various bedded units show the gentle to 
moderate dips prevail, and that folding probably presents an uneven, undulating 
pattern. Fold axes, in the few places where they can be postulated, trend in 
a northwest-southeast direction approximately parallel to the intrusive contacts. 

Extensive faulting has taken place, with several periods of movement 
being indicated from pre-mineralization through to Tertiary time. The faults 
nay be classified into the following categories: 

(1) E-W faults . The Gully Fault is an important structure that 
slices through the Ingerbelle orebody. At Pit 2 certain 
E-W faults and crushed zones could be earlv structures also. 

(2) f!u-SF faults - T.ie Main Fault at Copper fountain had consid
erable influence en trie location of ore and also appears to 
have had PU extended history. 
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(3) NE-SW faults , forming a series of "breaks" through the 
area, also influenced ore location and were involved in 
the structural adjustments along the sain Fault. 

(4) The ;i-S Boundary Fault has been traced for 7 miles and 
has been shewn by drilling to die 60°W. It is important 

/ because i t cuts off the belt of Nicola'rocks containing 
copper mineralization. The rocks to the west of this 
fault dxa virtual!v barren, they have a higher proportion 
of sedimentary units, and they exhibit only low-grade 
metamorehism. They bear l i t t l e resemblance to the 
intruded, highly-altered and mineralized volcsnics to the 
east. 

In addition to numerous faults, the volcanic rocks have also been 
extensively fractured. Detailed study at Ingerbelle has shown the fractures to 
be mainly steeoly dioping v/ith random orientation. Preferred trends are 
present locally but rarely oersist over larger areas. I t is evident that these 
rocks were thoroughly shattered prior to alteration and mineralization. 

Fracturing at Copper Mountain has long been recognized as an important 
ore control. The "ore fractures" in the mine area strike northeasterly at 
rioht angles to the stock contact and dip steeply northwest. The larger fractures 
may carry considerable K-feldspar, bioti te and coarse chalcopyrite-bornite, 
while the finer ones may carry only a film of sulphides. In the hard fine-grained 
tuffs these parallel fractures may be quite numerous, but in the more granular 
volcanics and intrusives they are not as plentiful and are more irregular. 

Breccias occur to a minor degree at several locali t ies within the 
Lost Horse Intrusive complex. They are characterized by a dark matrix containing 
magnetite and usually a l i t t l e chalcopyrite-pyrite. 

The lower bedded unit which was the host for the important Contact 
orebodies at Copper Mountain, is folded down aaainst the Conner fountain stock. 
The Pit 1 orebody l ies adjacent to the stock and is centered on the Main Fault. 
Pit 2 l ies on a highly altered and irregular contact zone with the Lost Horse 
Intrusive, and includes a small breccia nine at the north side. 
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A north-south section through the Ingerbel le orebody, from the 
Copper Fountain stock on the south to the Lost Horse In t rus ive on the north 
shows that the bedded s i l t s t one is nearly f l a t - l y i n g on th i s sec t ion , and 
that numerous dykes and i r r egu la r masses of Lost Horse int rude the volcanics. 

MINERALIZATION 

The Ingerbel le mineralized zone is crudely L-shaped. The southwest 
arm is about 1 ,000 feet v/ide and t a i l s o f f to a narrow e r r a t i c zone of low-
grade minera l i za t ion . Narrowing as i t wraps around the noint of the L, the 
zone broadens to a width of 1,500 feet as i t trends southeast to the Similkameen 
River. A ono foot v id th of f l icola volcanics l y i ng between the orebody and 
the Copper Mountain stock is p rac t i ca l l y devoid of cooper. On the northwest 
side minera l izat ion terminates abruptly against h ighly a l tered vo lcanics, but 
small patches of i t are scattered through the less a l tered volcanics fu r ther 
to the north and east. 

The Ingerbel le orebody can be divided in to 3 zones. The southwest 
zone measures 80O' by 900' at i t s top and decreases to 250' by 700' at a depth 
of 650 fee t . The top of the ore terminates against the bedded s i l t s t o n e oand 
at a depth of TOO to 2^0 feet and only weak mineral izat ion was exnosed in 
trendies in th i s area. 

The north zone includes $11 of the ore l y ing north of the Gully Faul t , 
and has maximum dimensions of 170n* by 9001 . The top of th i s zone contains 
some o f the bet te r minera l izat ion found durino the ear ly exp lo ra t ion , but 
again the bulk of the ore l i e s 20^' to 7n0' below surface. 

The southeast zone l i es south of the Gully Fault ana is the lowest 
grade port ion of the Ingerbel le orebody. I t may represent the downward cont in 
uation of the North zone, ind ica t ing a normal displacement on the Gully Fault of 
700 fee t . However, explorat ion has not been carr ied deeo enough to determine 
i f the flortn zone d e f i n i t e l y terminates against the f a u l t . The southeast zone 
is la rge ly overburden-covered and i t s potent ia l *'as not recognized u n t i l a f te r 
we had been working on the property for a year. - •• 

In summary, i t can be said t i a t the overal l shape of the Ingerbel le 
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ore zones is crudely p ipe - l i ke in some areas and lens - l i ke in others. However, 
an important feature of th i s orebody is the very i r regu la r d i s t r i b u t i o n of 
copper mineral i za t ion " i th in these zones. Although nuch of tha orebody has 
been d r i l l e d o f f at a 10° foot snacing, i t is often d i f f i c u l t to corre late 
ind iv idual ore in tersect ions from one hole to another. An analysis of a l l the 
diamond d r i l l holes w i th in the orebody v/as made using the c r i t e r i a of 30 feet 
fo r a minimum ore length and ^.30°' cu to f f . This shoved that the average ore 
in tersect ion vras 72 feet long dn^ the average grade vas 0.6Q*? Cu. Waste 
sections between the ore average 0.15°: Cu, and a f te r determining bench grades 
and allowing fo r l a t e ra l d i l u t i o n , the average grade expected in nin ing is 
reduced to 0.53? Cu. Ore boundaries are usual ly sharp, with l i t t l e marginal 
material noted in d r i l l core samples. 

Mineralogy of t h i s ore is r e l a t i ve l y simple. Chalcopyrite and 
py r i t e are the dominant sulphides, but the r a t i o can change abruptly from 
predominantly chalcopyr i te to predominantly p y r i t e . Total sulpnide content 
of the ore varies from 2 to 5?3 but some of the more p y r i t i c material on 
the f r inge carr ies TO to 12% sulphides. Pyrrhot i te occurs in the southeast 
zone. The "-/hole area from t h * Copper Mountain stock to the north edge of the 
orebody is geophysically anomalous, v i t h trie highest chargeabi l i t ies occurr ing 
over the heavier ny r i t e -ny r rho t i t e on the south sides of the ore zones. 

Sulphide minera l izat ion at Incieroelle occurs large ly as f ine dissem
ina t ions , accompanied by f i ne discontinuous 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 ick are rare . The host 
rocks are mainly a l tered t u f f s and agglomerates. Massive andesite, although 
mineral ized, i s less favourable for ore-grade mater ia l . Less than 10% of the 
ore is in small masses of monzonite or d i o r i t e . 

At P i t 2 , more of the sulphides are in f r a c t u r e - f i l l i n g s and 
coarser veins. At P i t 1 the bulk of the ore is very f i n e l y disseminated 
pyr i te -cha lconyr i te in a massive coarse t u f f . 

ALTERATION 

Alteration of the volcanic rocks and the Lost Horse Intrusive varies 
from moderate to extreme. 
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In general^ trie f iner -gra ined t u f f s and s i l ts tones have been 
"hornfelsed" with the r e c r y s t a l l i z a t i o n of the fe ldspar , development of b i o t i t e , 
and some secondary pyroxene (a t least along the contact of the Copper Mountain 
s tock) . Tne other volcanic rocks consist essent ia l l y of augite and p lagioc lase, 
and t h e i r a l te ra t ion products. 

At Ingerbel le the most prominent a l te ra t ion associated wi th copper 
minera l izat ion is a pale greenish bleaching of the dark volcanics. This 
a l te ra t ion involves a conversion of andesine plagioclase to a l b i t e , together 
wi th the formation of considerable enidote and lesser amounts of c h l o r i t e , 
scapo l i t e , c a l c i t e , and occasionally hornblende. The rec r ys ta l l i za t i on has 
converted the host in to a hard, tough rock wi th many of the or ig ina l f ractures 
healed together. 

Potash fe ldspath izat ion is very minor at Ingerbe l le , desoite the 
occurrence of large amounts of pink-coloured a l t e r a t i o n , mainly at the north 
side of the orebody. A!b i te is the ch ief mineral af fected by th is pink 
co loura t ion , and s ta in ing techniques hdMa sho"n tha t actual K-fe ldspathizat icn 
is l im i t ed to la te-stage f rac ture-coat ings. 

Pink fe ldspath izat ion is also intense in some areas at Copper 
Mountain, but here a major part of i t is potash fe ldspa th iza t ion . Ingerbel le 
ore contains only 1-1/2 to V! potash versus 5C- at P i t 2. Hoi/ever, without 
being ai.le to re ly on colour in f i e l d mapping, the extent of K-feldspathizat ion 
in the whole area of the Lest Horse In t rus ive and the volcanic be l t is not wel l 
fcno-TK A rock geochemistry study now in progress w i l l give us much more 
ana ly t ica l data on tin's area. 

A l i t t l e secondary b i o t i t e is noticeable in the a l tered volcanics 
and in t rus ives of the Ingerbel le area. Coarse b i o t i t e is found in many of 
the pegmatit ic ore f ractures at Cooeer foun ta in , \fher2 i t is at the centre 
of the vein and nay'be intergrown with borni te or chalcopyr i te . The age of 
th is l a t t e r b i o t i t e has been shown to be v i r t u a l l y the same as that in the 
i n t rus i ves . 

A r g i l l i c a l te ra t ion of the feldsoar on a substant ia l scale is 
evident adjacent to some o f . the major fau l ts ^nd f e l s i t e dykes, and occurs 
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to a minor degree throughout many of the mineralized zones. However mineral
ization is usually weak or absent in zones of heaviest a rg i l ! i c a l terat ion. 
Ser ic i te , which is nov/here obvious in hand specimen, accounts for some of 
the feldspar al terat ion at Copper Mountain but appears to be absent at 
Ingerbelle. 

Scapolite is a unique alteration mineral at Ingerbelle, occurring 
as steep networks of narrow veins and as minor replacements through much of 
the adjoining rock. I t is most common along the heavily altered northv/est 
side of the orebody and occurs sparingly elsewhere through the mineralized 
zone. I t is rarely recognized at Copper Mountain. 

Quartz is s igni f icant ly absent from most of the rocks in the area, 
but traces of i t have been seen in thin section. I t is occasionally seen 
at Ingerbelle as a mipor constituent in the scapolite-albite veins. 

Magnetite of secondary origin occurs in a variety of forms. Blebs 
and veinlets sometimes carrying a l i t t l e pyrite or rarely chalcopyrite, 
are found over the v/hole Ingerbelle-Copper Mountain area but are not common. 
Local concentrations are known within the Lost Horse Intrusive, sometimes 
with associated copper. Magnetite is usually absent from the bleached 
volcanics and is to ta l l y absent in the most intensely altered rocks. 

MINERAL ZONING 

Mineral zoning in and around these deposits can only be crudely 
defined but the following points are of interest. Chalcopyrite is the only 
copper-bearing mineral at Ingerbelle, and is the predominant one at Pits 1 
and 2. Only a trace of bomite is found at Pi t 2 but appreciable amounts 
were mined along the contact of the Copper Mountain stock. At Ingerbelle, 
pyrite concentrations occur outside the south and west sides of the orebody, 
but not near the more intensely altered northwest and northeast sides. At 
Copper Mountain, small amounts of pyrite and chalcopyrite are found a l l 
through the volcanics but cannot be described as haloes. 
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Further away from the orebodies, widespread but weak occurrences of 
chalcopyrite-pyrite-magnetite are found in the Lost Horse complex and i t s 
volcanic inclusions. Small but better-grade deposits of chalcopyrite-hematite 
are associated with a shear in the Voigt stock. The Copper Mountain stock 
carries much less sulphide than the Lost Horse intrusions, and i t usually 
occurs as chalcopyrite-bornite pods or fracture-coatings associated with the 
K-feldspathization. 

Even further out from the ore deposits traces of chalcopyrite in the 
Nicola volcanics have an a f f i n i t y for pyrrhotite rather than pyr i te . 

Molybdenite, in sub-economic quanti t ies, is most prevalent in the 
heavily-altered north end of the Ingerbelle orebody, much less common to the 
south, and very rare at Copper Mountain. 

Gold, recoverable with copper, is highest at Ingerbelle, somewhat 
less at Pi t 2 , and lowest at Pi t 1. Silver shows an inverse relationship 
to gold, being highest at Pi t 1 and the underground mine. A small credit 
per ton of ore is anticipated for gold and s i lver . 

ORE GENESIS -

I t is believed that these copper deposits are related spat ia l ly and 
genetically to the Copper Mountain Intrusions. However, a l l of the information 
now available suggests that the Lost Horse Intrusive complex has had a much 
more important part in the formation of these deposits than has previously 
been recognized. 

Zoning at Ingerbelle appears to be in a direction outward from the 
Lost Horse complex rather than from the Copper Mountain stock. The heavily-
altered Gully Fault zone, which appears to have been a channelway for mineral
iza t ion, dips 70° towards the Lost Horse. 

At Copper Mountain, the Pit 2 deposit l ies on the ind is t inct contact 
zone with the Lost Horse, and has no alteration or mineralization t ie- ins 
with the Pit 1 deposit 1,000 feet to the southwest. The importance of faul t ing 
and fracturing as ore controls for those deposits close to the Copper Mountain 
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stock has already been mentioned. The stock itself shows little sign of the 
fracturing, alteration and mineralization found in the adjacent volcanics, 
and it probably acted as a barrier to mineralizing fluids rising along the 
various openings. 

The orebodies terminate on the east approximately where the Lost 
Horse complex and the Copper Mountain stock diverge. The apparent absence 
of orebodies around the east and south sides of the stock can perhaps be 
related to the absence of Lost Horse rocks in those areas. 

It could be argued that the source of the copper might be the 
volcanic rocks that have undergone extensive assimilation and alteration by 
the Lost Horse Intrusions. However, the amount of metasomatic replacement 
that the volcanics have undergone is still speculative at this stage. 

These deposits are not readily classified into commonly accepted 
systems. However, they appear to lie closer to pyrometasomatic deposits than 
to typical porphyry coppers. Their relationship to intrusives, the possibly 
extensive metasomatic replacements, the evidence of pneumatolytic activity, 
the formation and redistribution of magnetite, and the irregular distribution 
of mineralization are all characteristic of pyrometasometism. 

GENERAL 

Because of the erratic nature of the chalcopyrite mineralization 
some 89 miles of drilling (63% diamond drilling) plus extensive earlier drilling 
by Granby at Copper Mountain, was done prior to a production decision making 
this probably one of the most thoroughly drilled open pit properties in the 
world. One mile of adit workings were driven at Ingerbelle to obtain good 
exposures, provide drilling sites, and a source of bulk samples for metallur
gical testing. 

Considerable computer work was done in attempting to assess the ore 
content but final ore reserves were basically founded on the manual polygon 
concept. 
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