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GEOLOGY OF THE IMCEPRELLE
EHD

CPPER HOUNTAIN DEPOSITS

—

These denosits ara located ten miles south of the villaos of

Princeton in southern Britisi Columbia, and 165 miles bv road east of

-

Jancouver, The Hone-Princeton Highway crosses the Incerioelle orabodv,
wnile Copper Pountain lies about a mile to the east on the onnosite side
of tha Similkameen Pivar vallav.

b

neralizetion was first discovered at Copner lHountain 80 vears

iy

aao, vith nrospecting and develonment beinag carriad out durinag the early
1900's.  Production by the Graniy lHining Company in the period from 1925 tn
1957 amounted to 35 million tons of ora averaging slightly mere than 1% Cu,
nearly all of waich came from underaround minina.

In 1756 Newmont acquired a groun of claims onposite Copper
liountain, and exnloration and development work carried out over the next
three vears nroved up the Ingarbelle orebodv. During this time, drilling
by Granby wvias adding to tneir known reserves of open pit ore, and in December
1947, Newmont purchased their Copoer lountain pronerty. Both are now held by

Newmont's wiholly-ovmed subsidiary, Similkameen iining Comnany Limited.

Ore reserves racoverahble by open pit mining are estimated at
7¢ million tons of 0.53% Cu. Of this amount a 1ittle more than half are in

3

the Tnogerbelle orebody and the remainder are in two Copper iHountain orebodies,
designated Pits 1 and 2. The crades of all three dencsits are close to the

mao

0.53% averace. The strionina ratic at Incerbelle is 2.5 tons of waste to
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1 ton of ore, but is la2ss at Conpar Jountain, so thet the overall ratio is
2.2 to 1. I possitle taird onen nit at Cornzr Pountein is the arza of the
old undararound mine. Taz Incerbzlla eratedy 111 ba mined first at a rate
of 12,77 tons ner dav, than minina orerations will shift to Conper iountain.
Pit praparatinn and mill constructicn arz now vell advencad, with commance-

ment of nroduction exracted in mid-1772.

GENEFRPL ZEOLOCY

The Hcola CGroun of Triassic volcanic recks occur in a halt from the
U. S. tordar nerthvards to Kamleons Leke,  The Micela is coverad in nlaces by
Cretaczous and Tertiary formations, and in the Princeten area it is bounded by

vounoay granitic intrusions.

Coprar minaralization is found in rmany nlaces within the Micela

Croun and in roclks that have intruded the Micola, namelv:

(2) th= Guichon Batholith with the Hiahland Va]]nv denosits,
d the Craiomont mine near its southern end,

(5) the Conner Pountain Intrusionc.

The In 211e and Conner Fountein orebodias Tie within a 14,000 by
3,090 foot halt f Micola rocks. Thes2 rocks are cormmosad of andesitic tuffs
and agglomerates, lesser amounts of flows, and sore lensy siltstone lavers.
It has not bean nossible to construct a detailed stratiograpnic column for this
arca hut, nevertheless, the siltstone and fine-arainad bedded tuff have been
separated. The wast end of this belt is in fault contact with other Micola
rocks including flowvs, aacglomerates, and argillites. The volcanic balt is
poundad on the south Ly the concentricelly zoned Corper HMauntain stock consist-
ing of diorite, menzonite, and pagratitic svenite. Otner bodies of undiffer-

entiated diorita are the Voigt stock and the Smelter Lake stock just north of tne

main area.

Bounding tha vnlcanics on the north is the comnlax Lost Horse
Intrusive ranging in comnosition from svenite to diorite with fine qrainad and

nornivritic nhases. Small masses of the intrusive occur in the volcanics and
partially assimilated volcanic blocks exist within the intrusive. Contacts
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are everywhare irrecular and genera]iy obscure due to alteration. The only
nhase of it that can readi]ﬁ be senareted in manpinc consists of distinct
nost-mineral dvkes. A11 of these intrusions have been dated at about 195
million vears, which is Upper Triassic. The flicola Grour is also known to
be Upner Triassic, indicating a relatively short interval betveen volcanism

and zrplacement of the intrusions.
P series of nost-orae felsite dvkes occur at Cooner Mountain. Theyv

are quartz and feldspar norphrries of late Cratacecus or early Tertiary in

Capnino som2 of the hioher cround in the area are Tertiary lavas and
acglomerates of the Princeton Greup. 2 small trouch of Tertiary conclomerate
covars narts of the Pit 1 and 2 orelodies. ‘

STRUCTURAL CECLOGY

In an arza with such an intrusive history, it could be expected that
the volcanic rocks caucht detween various intrusions would suffer considerable
deformation. Due to the lack of a cood through-going marker bed, the folding
and faultina puzzle is only nartiallv so1ved.‘

Observaticns made on the various beddad units show the centle to
moderate dins prevail, and that folding nroiably nresznts an uneven, uncdulating
pattern. Fold axas, in the few nlacas where they can be postulated, trend in
a nortavwest-southeast direction apnreximatesly narallal to the intrusive contacts.

Extensive faulting has teken nlace, with several neriods of movement
0 indicated from pre-minaralization thrcuch to Tertiary tire. The faults
mav b2 classifiad into th2 follewing cat=aaories:

(1) E-U faults. Thz Gully Fault is an important structure that
slices tharount tiz Ingeriellc oreconds. At Pit 2 certain
E-1 faults and crusied zonns could be early structuras also.
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(3) NKE-SW faults, forming a series of "breaks" tihrough the
area, also influenced ove locatien and were involved in

the structural adiustments along the fain Fault.

"
e
o

Tho =S Boundary Fault has been traced for 7 rmiles and
has heen shewn by drilline to din 62°4, It is immortant

[3

because it cuts off the belt ola rocks containinc

0 C

connayr minzralization. The rocks to the west of this
fault are virtuallv CLarren, they have a hidier propértion
of sadinentary units, and thev oxnibit only low-crade
metamorniism.  Taev bear Tittle resariilance to toe
intrudad, high]v-a1tefed and minaralizad volcanics te the
east. '

In addition to nurerous faults, the volcanic recks have also beoen
extensivaly fracturad. Detailed studv at Incerielle has shown the fractures to
be rainly steenly dinoing with random orientation. Preferred trends are
nrzsent locally tut rarelv nersist ovor laraer areas. It is evident that these

rocks were thoroucily sihatterad orior to alteration andlminera1ization.

Fracturina at Copnper Fountain has lona been recognizsd as an important
ore control. The "ore fractures" in tiie mine area strike nortieasterlv at
riacht anales to the stock contact and din steenlv nortivest. Tne laraer fractures
may carry considerable K-feldspar, biotite and coarse chalconvrite-bornite,
vwnile the finer ones may carry only a film of sulphides. 1In the hard fine-grained
tuffs these parallel fractures may be auite numerous, but in the more cranular
volcanics and intrusives tney are not as plentiful and are more irreqular.

Braccias occur to a minor dearze at several localities within the
Lost Horse Intrusive comnlex. Thev are characterized bv a dark matrix containing
racnatite and usuvally a Tittle chalconyrite-pyrite.

The lower bedded unit wnich was the host for the important Contact
orechodies at Conner iountain, is folded down anainst the Copper FMountain stock.
The Pit 1 orebodv 1ies adiacent to the stock and is centerad on the !Main Fault.
Pit 2 1ies on a nianly altared and irrecular 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 Ingerdelle orebodv, from the
Copper Mountain stock on tie south to the Lost Horse Intrusive on the north
shovus that the bedded siltstone is nearlv flat-lvina on this section, and
that numerous dykes and irrecular masses of Lost Horse intrude the volcanics.

MIMERFLIZATION

Tae Ingerbelle mineralized zone is crudely L-spaped. The southwest
arm is about 1.000 feet wide and tails off to a narrow erratic zone of lowu-
arade mineralizaticn. Harrowinc as it wraps around the ncint of the L, the
zonz broadens to a wridth of 1,507 feet as it trends southeast to the Similkameen
River. £ 2N93 foot width of Mlicola volcanics lving betreen the orebodv and
the Copner Mountain stock is nractically devoid of conner. On the northwest
side mineralization terminates abruntlv acainst hioihly alterad volcenics, but
- small natcnes of it are scattered throuch tne less alterad volcanics furtiher
to thie north and east.

The Inaerbells oreshbody can be dividad into 3 zones. Tne soutnwvest
zone neasuraes 8MM' hy 99N' at its top and decrecasas to 250 by 700" at a denth

of &850 feet. The top of the ors terminates acainst the bedded siltstone pand

aa
at a denth of 1290 to 27N feet and onlv weal minaoralizetion was exnosed in

trenciies in this area.

Trhe north zone includes 211 of the ore lving north of tae Gully Fault,
and nas maxinum dimensions of 17°7' by 997',  Ths top of this zone contains
somz of the battar mineralization found durinag the early exnleration, but
acain the Hulk of th2 cre 1ies 277! to 779" below surface.

The scutheast zone lies south of the Gully Feult and is tihe lowest
agrade nortion of the Inasrielle orebodvy. It mav renresent the dovmvard contin-
uation of the Hortin zone, indicating a normal disnlacement on the Gully Fault of
770 fazt., Heover, axcloration ias not boen carried deen znouch to detormine
if the lortn zone d:finitely terminates anainst the fault. Taa ssoutheast zone
is larczly ovariurdan-covarad and its notontial vas not roceonizad until after

. i B . PR I 'y - ~
tzoad seon voriddnn on tho nranerty foroa vear,

In sumrarey, it cen b2 said tiat tiz overall shane of th2 Innarsalle



ore zenzs is crudely oine-1i%> in somz areas and lens-lik= in others. Hevever,
an intortant featurz of tihis eorciody is the very irrag u1 r o distribution of
connar minzralization »ithin these zonzs. Altsouah nuch of the oraebhody hias
boon drilled off at a2 12" foot snacing, it is often difficult to correlate

i
individual ora intersactions from one hele to anothar. /n analvsis of all the

diamond 4rill noles vithin the orebody vas made using the critaria of 20 foot

for a mininum ore lencth and 2.30Y cuteff. Tais shoved that the averace cre
interscction vas 72 fast Tong and tao avoran2 arade was 7,6¢% Cu. Maste
soctions hotreen tha ore averaca 1,15 Cu, and after dotarminina bench grades
and alloing for Tataral dilution, tha avaraca arade axnacted in mining is
reducad to 7537 Cu. Mre boundaries ars usually sharp, with 1ittle rmarginal
material noted in drill cora samnles.

Mneraloav of this orc is relatively simnle.  Chalconvrite and
n/rite are the dominent suln , but the ratio can chanoe abruptly from

predohinan 1y chalconvrite to prodominant]y nvrite,  Total sulniaide content

of tne ore variss frem 2 to 5?, put som2 of the more nyritic metorial en

L)

the fringz carries 17 to 12% sulnphides. Pyrriotite occurs in the southeast
zona, The vhole area from the Conper i‘ountain stock teo tihz2 north adge of the
orehody is geophysically ancralous, with the hinhest charaeabilities occurring
over the heavier prrite-pyrriotite on the south sides of the ore zones,
Sulniride mineralization at Incerbelle occurs laraely as fine dissem-
inations, accornaniad by fine discontinuous fracture-fillings and some
coarser blets. Sulnhide veins up to several inches thick are rare. The host
rocks are mainly altered tuffs and aqglomerates. lassive andesite, althouch
mineralized, is less favourable for ore-crade material. Less than 17% of tiae

orz is in small massas of menzonite or diorite.

At Pit 2, more of the sulnhides are in fracture-fillings and
coarsar veins. At Pit 1 the Lulk of the cre is vary finely disseminated
nvrite-chalconvrite in a massive coarse tuff.

PLTERATION

Alteration of the volcanic rocks and the Lost Horse Intrusive varies

from modarate to extrame,
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In general, the finer-aqrained tuffs and siltstones have been
"hornfelsed" with the recrvstallization of the feldsnar, develorment of biotite,
and some secondary pvroxene (at teast along the contect of the Conper Mountain
stock). The other volcanic rocks consist essentiallv of auaite and plaaioclase,
and their alteration products.

Et Incerbelle the most prominent alteration associated with copper | »
mineralization is a nale creenish dleachina of the dark volcanics. This ///
alteration involves a convarsion of andasine nlagicclase to albite, toaether
vith the fermation of considerable enidotzs and lesser amounts of chlorite,
scanolite, calcite, and occasionally hornblande. The recrvstallization has
convertad the host into a hard, touch rock with many of the oriainal fracturss

Potash feldsnathization is verv minor at Incerbelle, desnita the
occurrance of larce arounts of pink-colourad altaration, mainly at the north
side of the araboay. Albite is the chief rineral affocted by this pink

coleuraticn, and staining teciniques have shom that actual K-feldspathization

is Timited to late-stace fracture-coatines.

Pink feldsnathizaticn is also inten

s
D
—do

n scre areas at Copper
s notasn feldsnatnizaticn. Incerbelle
t Pit 2

«—F
-

ountain, Lut here a major nart of i

orz contains enly 1-1/2 to 2% notash varsus &Y . Howaver, vithout

—

2
seine asl2 to rzly on colour in fiald manning, the axtent of ¥-feldsoathization
in the /ele arza of the Lest Horsa Intrusive and the volcanic helt is not well
knem, foreck geoch% stry study nov in procress will give us much more

analvtical data on thi area.

A 1ittla seconcary hiotite is noticealkl2 in the altered volcanics
and intrusives of the Inaerizlle area. Coarse hictitz is found in many of
tae naanatitic cre fracturas at Conner ‘lount2in, tmare it is at ths centre
of tiz vain and mar be ints

a roveen with cornit2 or chelconvrite. Thre ane of
this latter bictite has 5Hoon shom to ho virtually the sape 2s that in the

Fraillic alteration of the feldsnar on a substantial scale dis
A

evidont adjacent to seme of the rajor faults and faleite dvkes, and
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to a minor degree throughout many of the mineralized zones. However mineral-
jzation is usually weak or absent in zones of heaviest argillic alteration.
Sericite, which is nowhere obvious in hand specimen, accounts for some of
the feldspar alteration 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. It is most common along the heavily altered northwest'_
side of the orebody and occurs sparingly elsewhere through the mineralized
zone. It is rarely recognized at Copper Mountain.

Quartz is significantly absent from most of the rocks in the area,
but traces of it have been seen in thin section. It is occasionally seen
at Ingerbelle as a minor constituent in the scapolite-albite veins.

Magnetite of secondary origin occurs in a variety of forms. Blebs
and veinlets sometimes carrying a little pyrite or rarely chalcopyrite,
are found over the whole 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 totally absent in the most iﬁtense1y 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 bornite is found at Pit 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 all
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 its
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 it 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 affinity for pyrrhotite rather than pyrite.

Molybdenite, in sub-economic quantities, 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 Pit 2, and lowest at Pit 1. Silver shows an inverse relationship
to gold, being highest at Pit 1 and the underground mine. A small credit
per ton of ore is anticipated for gold and silver.

ORE GENESIS -

It is believed that these copper deposits are related spatially and
genetically to the Copper Mountain Intrusions. However, all 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-
ization, dips 70° towards the Lost Horse.

At Copper Mountain, the Pit 2 deposit lies on the indistinct contact
zone with the Lost Horse, and has no alteration or mineralization tie-ins
with the Pit 1 deposit 1,000 feet to the southwest. The importance of faulting
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 repiacements, 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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