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ABSTRACT

Thé7valley Coppef;pofpéyryrdeposit isflocated,in the Highland'Valley of
B.C;;ﬁabout 370km northeast of Vancouver, B.C. Resarves'aret790 million

tonnes of 0.48 percent coppef.

The rocks which host this deposit are mainly porphyritic Bethsaida phase

granodiorites, the most central and youngest phase of the 198 m y old Gu1chon

Creek batholith. Minor dyke phases include: . pre-mineralization granodiorite

and qﬁartz diorite porphyries and aplité, syn-mineralization Tan felsite

porphyry and post-mineralization lamprophyres.

Localization,of the deposit is related to the formation of a zone of intense
fracturlng near the 1ntersectlon of the northerly trending Lornex fault and
the easterly trending Highland Valley fault. Predomlnantrorientations of

faults,tfractures‘and quartz veinlets in the deposit are parallel to these

two regional faults.

The alteration types recognized are: propylitic, pervasive sericitic and
kaolinific, vein ser’:Itic, K~feldspathic, biotitic, silicic and post-
miﬁeralization veining (principally gypsum). K;faldspathic alteration‘is
&ominanﬁ in the central, deeper part of the deposit, where it is intimatély
associated with and enveloped by an extensive zone of moderate to strong
Veia seficitic andlpervaaivebseriéific and‘kaalinitic.alteraﬁian;{whiahv;:'-

grades outward into a zone dominated by weak to moderate pervasive sericitic
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"andgkéglinitic alteration. This latter zone, in turn, gtades outward into-
a_?one;With areas of weak to moderate propylitic alteration and areas with

no}hydrcthermal alteration. A well developed silicic zone (in the form of

Banren‘quattz veinlets) occurs in the‘squtheastern part of the deposit.
Elsewhere quartz veinlets (principally_minerelized but some-barren) are

oniy'mdderately developed within the deposit. The age of hydrothermal altera-

tion,;calculated by averaging several potassium-argon analyses of hydtnthermal

' sericites,vis 191 m y.

The sulfides present in the deposit are, in order of relative abundance:

b'o:r‘."_nite:', chalcopyrite, digenite, covellite, pyrite, pyrrhotite,'lnolybdenite,

spﬁglerﬁte,'galena.andvgudmundite (FeSbs). vThe gteater part of the copper

mineralﬁzation is associated with areas of abundant vein-eericitic alteration
nand;qué;tz-veinlets. Bornite is the doninent sulfide in this sericitic
IAG_aespciatidn,;wheree$;cnelcopy:ite isythe,dbminant sultide'accompanying R-
4.fe1dspethic altetation.:~Bornite/cna1copyrite ratiosvsnow highest values in

thevcentral part of the deposit, where they exceed 3 to. 1l and decrease away

from,the core to the fringes of the depnsit‘where chalcopyrite predominates.

Thevdepbsit has a weakly developed pyrite halo.

Geochemical patterns related to hydrothermal alteration show a decrease in

v " Ca0, Na 0, MgO Sr, ‘Ba and Mn ‘and ‘a correspondlng increase in K20 Sioé, Rb
and’ T10 from the periphery to the centre of the dep051t. Patterns related
vto mlneralization show that the deposit (as defined by copper paluee

exceeding 0.30 percent) is roughly oval in plan, with a broad halo of lower
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copger‘grades around it. Molybdenum and zinc fOrmlennular,:geochemically

enriched zones around the deposit.

Seriéite stabllities and fluid inclusion compositions»as well asnsulfUr,

oxygen and hydrogen isotopic data,’ suggest both that Sulfur in - the sulfldes

is of sub—crustal or magmatic derivatlon and that the dep081t was formed at

- a shalldw depth from saline, hydrothermal fluids. The fluids had-the'

following range in characteristics during the altération sequence:

260 to 480°C

T =
pr = 1.7 to greater than 4.0
~log £5, = 1.5 to 4.5
 -log £0, = 21.6 to 23.4

The maiﬁ period of copper mineralization occurred at about-4OOQC from a
solution of about pH 2. 2 to 3 1 which exhibited log fugac1t1es of oxygen :
and sulfur of 21. 8 to 23 O and l 8 to 2. 7 respect1vely. The controlllng |
factor in the deposition of sulf1des was apparently an increase in the
sulfide ion concenttation° Mixing of magmatic water and seawater probably
occutred throughout the various stages of hydrothermal alteration and is
estiﬁated to be about 25 percent SMOW (Standard<Mean,Ocean Water) during the

main:period of mineralization.

INTRODUCTION

The. Valley Copper porphyry deposit is located in the Highland Val}ey area,
6E

near Ashcroft, B.C., about 370km northeast of Vancouver (NTS 92 I,
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, i&%it&aé 50° 29'N Longitude 121° 02'W). The deposmt has been extensively

explored by drilling and underground ‘workings for testing ‘but. development
has;not been started. Published reserves, ‘to aidepth of 442m, are 790

millién tonnes of 0.48 percent copper. Avhistorical summary of the dis- .

.covery:of the deposit may:be found in Allen and Richardson.(l970). Except

- where otherwise acknowledged data in thlS paper are from Osatenko and

Harris (1973) Jones (1975) and Cominco Exploration files.

T‘The geolegical setting of the Valley Copper dep051t is dealt with in a

regional paper by McMillan (this volume). In this paper the mineralogy

'and-geochemlstry of the Valley Copper deposit and surrounding rocks will

be described w1th special reference to alteration patterns.associated with

-mineralizatlon. Data about the host rocks and alteration assemblages were

derived from an examination of 700 samples of core taken from 46 diamond

drill holes. Specimens show1ng features such as cross—cuttlng veinlets

'tFVfWand fractures were slabbed, ‘stained w1th sodlum cobaltlnitrite and thin-

'sectioned to study alteration mineral relationships. Maps showing distri-

bution of various dykes and major alteration types were constructed using

data from 19,500 metres of drill core (56 holes). The locations of drill

.holes studied are shown in Figure 1. .

“Plots showing distributions of alteration types are given for the 1158m

level and for a vertical section (A—B), which trends northeast through the
exploratory»decline (Figure 1). These particular reference planes were

chosenjto provide the best opportunity to study variations-throughout the
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deposit and into adjacent areas of low-grade miheralization. -Data shown

dnly~apptoximates the true picture on the 1158m level because topographical

. featureé}on the west side and deep overburden on ‘the east side of the deposit

made it necessary to project data from holes in these areas onto the level.

Thé geOCbémicai data on the figures were obtained by analysis ofvaéséy.pulp
cdmpoéités from various percﬁSsion'and vertical diamond drill holes. Per-
cussion hole composites. represent the'bottom 15m of each ﬁole. In the diamond
drill ho;es 30nm composites were made at 76m intervals down the holes. Coppér
sulfide %atiOS and pyrite contents were found by point-counting polished

sections made of sulfide concentrates from the composites.

-.1. ,Bethsaida(é@anodiorite

Thevfocké‘which are host to the Valléy Copper depoéit are maiﬁly porphyritic

grénodiofites of the Bethsaida jphase of the Guichon Creek batholith (Figure l);
These rocks are medium to coarse grained, with coarse phenocfysts of quartz
and biotite. A typical modal compbsitiou (volume percent) is plagioclase 56,
K—féldspér 10, qﬁartz 29 and biotite 4. Accessory hornbiende, magnetite,

hematite, sphene, apatite and zircon make up the remaining 1 percent.

All the major intrusive phases of the Guichon Creek batholith have been dated

VVBy ﬁhe bofassiquargon method and found to group about 198 i;S my (Northcote,.

1969).
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2. Gfénddibrite and quartz diofitewporphynies

Gian;dioriteiand quartz diorite porphyryvdykesgoccur in the western,
.central and southern parts of thé deposit (Figure 1). These dykes,
whicﬁ vary in width from about 0.6vt0’35m; dip steeply eastward in the
wéstérn and central afeas and northwardrin the southern area.
Granodiorite porphyry consistS‘apprOximately of 60 pércent medium to
coarée grained plagioclasé phenocrysts ﬁith minor quaitz in a fine
gfaiﬁed matrix consisting of quartz, K-feldspar and minor-plagioclase

with%trace amounts of magnetite, hematite and biotite. An average modal

chpégition (volume percent) is plagioclase 63, K—feldspér 13, quartz 23

1
1%
1

and iron oxides plus biotite 1.

‘Quarqz diorite porphyry whichvranges from fine to coarse grained contains
”~50 pércé@t‘plégioélase’and 8vpercént.quartz phenocrysts in a fine graihed
matrix of quartz and plagioclase with minor K—feidspaf, magnetite and
hematite. Its modal composition (volume percent)~approximateé plagioclase

(

70, Quartz 28,.K~fe1dspaf 1 and iron oxides 1.

Thése‘dykes are invariably cut by mineralized fractures and quartz vein-

ilets.i~A single potassium-argon determination on biotite'gave an age of

204 + 4 my.
3. Aplite

i

Aplité dykes, upkto 30.5cm in width, occur throughout the deposit. An
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average modal composition (volume percent) is K-feldspar 45, quartz 44,
plagiociase 10 and biotite 1. The aplite dykes are of pre?mineralizatidn

'agéhbecause they are invariably cut by mineralizedéfractures.

4. Tan:felsite porphyry

A;swarm{of,tanvc§lored felsité pprﬁhyfj‘dykes intrﬁde fhe_Bethsaida grano-
diorite;in the northwestern part of thékdeposit. These dykes are up to
4.5h in widfh and are characterized by a higher’pfoportion of matrix (about
80 pércent) thap‘the porphyry dykes of granodiorite and quartz .diorite
compdsiéion. The matrix of the Tan felsite porphyry dykes is light tan in
colo@r énd-consiété primarily of Krfeldspér and quartz. Phénocfysts make
1up ZQ‘p%&cent of the rock and include quartz, Plagiociase, K~feldspar and

| ;
biotite.

Tan-ﬁeléite porphyry dykes may have been intruded during the waning stages 7
of mﬁnefélization.’ Some unaltered dykes contain inclusions of ‘sericite-
veined ﬁethsaida gfanodiorite, but others contain disseminated chalcopyrite

and'ﬂordite and are sparsely veined by mineralized quartz.
. , ,

1

§5.;,Lam2roghzré

Threé types of lamprophyre.dykeé, spessartite,‘hornblende~vqg§sitg'and

vogesitéiare‘intersected in drill holes. Alteration and mineralization are
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cut by'éthese dykes, hence, they post-date mineralization. Further, the

: vogesité lamprophyre.has'a potaesium-argon age of 132 + 3 m y.
STRUCTURE

A su#ma%y of about 14,000 structuralvmeasurementston faults,“fractureS'and
quartz @einlets from the exploratory_declines is given in Table 1. Faults
comprise four distinct sets represented-by the followingrorientations:

N 07 W/75 E, N 04 °E/90, N 72 °w/84°s and N 00° /16°E. Fractures include cor-

| respbnding sets at N 11 W/80 E, N 000 ©/90° and N 72°W/85°S plus additional
setszat 'li[N 73°E/18°S and N 35 E/70 NW. Quartz vemlets show well developed
'tsets;atiN 19 W/80 E and N 69 W/79 S that are parallel to the earlier formed
(McMillan, 1971) pr1nc1pa1 sets of fractures and faults. The main structural

5or1entat10ns that occur in the decllnes are parallel to the Lornex and High—

"¥land Valley faults (Allen and Rlchardson, 1970)
ALTERATION

The altération types recognized at Valley Copper are: propylitic, pervasive
serieiticlaﬁd kaolinitic, vein sericitic, K-feldspathic, biotitic, silicic and
V_»post-mlnerallzatlon velnlng 1 These alteratlon types are often intimately
associatedvaad indeed, several can occur w1th1n a 51ng1e hand'specimen. .A :
(genetalﬁzed diagram of the distribution of dominant alteration‘types, on the
t1097m level,vls deplcted in Figure 2. A major zone of K-feldspathic altera-

tion - occurs in the west-central part of the deposit. This is intimately -

associaqed with and enveloped by an extensive zone of moderate to strong vein
i IS .

u .
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TABLE 1

DOMINANT STRUCTURAL ORIENTATIONS

FROM THE DECLINES OF THE VALLEY COBPERZDEPOSIT

DECLINE A

DECLINE B

DECLINE C

FAULTS FRACTURES ~  QUARTZ VEINLETS

N 07%/75% (1) N 11%/80°%E (1) N 19°w/65°E 1
N 00°/16°E (2) |

N 36°8/20°SE(3)

N 72%/80% (1) N 76%/80°N (2)

N 04°E/90° (1) N 00°/90° (2)

N 20%/50°E (2) N 17°%/75°E (1) N 24°w/65°E
N 72%/84% (1) N 69%/75% (2) N 70%/80°S (2)
N 37°E/42°SE(3)

N 38°E/54NW N 35°E/65°NW(3)

N 00%/90° @)

N 20°w/50°E (2) N 20°W/60°E (1) N 28°W/65°NE(2)

N 72%/84° (1) N 62°w/84% (1) N 69%w/79%s (1)
N 54°W/80NE (3)

N 73°E/18% (2)

| N 35°E/70°NW(2)

N 00°/90° (1)

.

~ N.B.: Ranked in order of relative abundance
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sericitic and pervasive sericitic and kaolinitic alteration,»whieh grades

outwdrdf?nto a zone dominated by weak to moderate’ pervasive sericitic and

kaoliniﬂic alteration. This zone, in turn,. grades -outward into a zone with
areas of weak to moderate propylitic alteration and areas with no hydrothermal'
galteqatﬂpn. This outer zone locally contains.small areas of vein 'sericitic

and perWﬁsive alteration as well as qﬁartztveining. An area of.well

developed barren quartz veinlets occurs in’ the southeastern part of the
deposit,} Elsewhere quartz veinlets (princ1pa11y mlnerallzed but some barren)
are ohlyﬂmoderately developed within the 0.30 percent copper . contour.

L

1. |Propylitic

; |
Propylltic alteration (as defined by Lowell and Gullbert, 1970) occurs in

relatlvely small areas within the dep031t and in zones perlpheral to it.
}
It'isichéracterized by weak to moderate alteration of plagioclase to clay,
1 w

some ser1c1te, epidote, clin0201site and calc1te, and by alteratlon of b10t1te»;:¥'m

'x»

i ‘ N "
to,ch;or;te ‘and epidote. - Thermograv1metr1c analyses of composite- samples,

suggest that a calcite-rich zone, with calcite contents up to 4.2 percent,
»surro?nds the dep051t. By comparison calcite contents within the deposit
are about 1 percent. Despitevthese data, a zone of preopylitic alteration
spatiéllf associated with the Valley Copper deposit is difficult to define
because éropylltic minerals have been developed in the country rocks on a
regional’ scale. | |
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|
2. Pervasive sericitic and kaolinitic

Pervési&e sericitic and kaolinitic alteration. is:- gradational from .the

& o '
propylitlc type. It includeswracks in -which plagioclasevhasﬁbeen‘altered
to a| soft, white or green, very f1ne grained variable mixture of serlcite

and kaollnlte, and biotite which has been chloritized or partly to completely

sericitized.

X—ray and thermogravimetric analyses showed kaolinite to be the dominant
claylmideral species in the deposit, although some montmorillonite occurs

on its %est side (Jones, 1975). Perveeive alteration tends to be strongest -
where fractures are most closely'spaced whereas prepylitic alteratioﬁ -
chareeterizes ereas of little or no fracturing. Where-pervasiVe sericitic
and kaoiinitie alteration is most intense (Figure 5) plagioclese has been -
compietgly altered to a mixture of sericite,'kaoiinite, quartz and calcite.
In these areas biotite has been completely altered to seric1te, siderlte,
kaollnite and quartZ' K—feldspar weakly altered to ser1c1te and kaollnlte,H
and magnetite pervasively“hematltlzed.,,Chalcopyrlte, pyrite and sphalerite
are freéent in trace amOunts;

The distribution of pervasive sericitic and kaolinitic alteration on the
1158@ level is shown in Figure 3. The strongest alteration, with greater
than | 40 percent plagloclase alteratlon, occurs in a horseshoe-shaped zoﬁe‘
vhidhclosely coincides with the distribution of areas of copper content

grearerdthan 0.50 percent.‘ Zones of moderate perva51ve sericitic and kaolini-

tic éltération, plagioclase alteration ranging from 15 to 40 percent, extend
o

I
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an average of 100m beyond the 0.30 percent copper contour. Beyond this
pointwpropylitlc alteration becomes dominant. Thermogravimetric data
suége%ts that kaolinite is preferentially c0ncentrated.relative'to

sericﬂte in the peripheral regions of the deposit.

The vértical section (figure 4) shows moderate to strong pervasive altera—‘
tion in the zone where copper content exceeds 0.30 percent. Pervasive
sericmtic and kaolinitic alteration weakens and is replaced by propvlitlc
alterdtion towards the peripheral regions of the dep051t and, to some extent,
be%owothe 853m level on the west side of the deposit. A»large low-grade

embayqent in the central part of the section corresponds to a zone of

stﬁoné%K—feldspathic alteration (Figure 10).
i i“‘! . .

3. YVein sericitic

Vei;.eericitic alterat1on, manlfested by replacement zones and envelopes.;

A aroLn&ﬂquartz velnlets (Flgure 5), is the most common.alteratlon type.
asshcfated with copper mineralization at Valley Copper. Sericite replace-
ment'zones follow freo~tures and range in width from about 0.5 to 30mm.

They typically show irregular, diffuse contacts with adjacent rock (Flgure 5)
and‘are often vuggy. Occasionally they contain narrow, dlscontlnuous quartz
gveinlets, thus grading into the veinlet envelope type. Sericitic envelopes

margin“l to quartz veinlets range in width from O 5 to 25mm. Envelope widths

do not correlate well with the thickness of associated quartz veinlets.




v
W

Y 14 -12- ®

Sericite replacement zones and veinlet envelopes consist predominantly

of fineggrained quartz and medium grained sericite (2M1 type); Minor

constit@ents are calcite, brick-red hematite, highly sericitized and
kabliniiizedffeldspar,‘sericitized biotite, bornite, chalcopyritesand

o

trace amounts of pyrite and molybdenite.

i n

Lo . . . . . R
The mineralogy and contact relationships between vein sericitic replace-

ment zoées and sericitic envelopes are very similar and transitional -
;ype% aée occasionally observed. It may be that the only difference be-
tween tﬁem is that, in the ease of veinlet envelopes, reopening of the
origina}‘fracture controlling the alteraﬁion zone allowed the passage of
i i .
ylatef s%lutiens which deposited quartz. The sharpness of the contact
between:£he qeartz veinletvand its envelope and the common development of
a thin éelvege of oriented sericite flakes aiong the contact'support thig
I E .
hypothesis.
SR
The.telétionship ef vein sericitic alteration zoneé to the adjacent perva-
sively éltered rock is not entirely clear. It ﬁight be argued that the two
represeﬂt different products of the same process. The fine grained pervasive
seriéitﬂc and kaolinitic alteration zones which grade outward frem areas of
vein segicitic'development might constitute transitional zones be;ween‘vein
serieite and weakly pfopylitiied to unaltered rocks.v However, occasionally
;»reﬁleceéent zones and veinleﬁ envelopes have'sﬁarp~contacts and apparently
crqs&fut pervasivelyalﬁered rock. This suggests that solutions causing
Aﬁérveéiée‘sericitic and kaolinitic alteretion preceded solutions caqsing the
L

coaréer?&rained vein sericitic alteration but both followed the same channel-

ways.
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The disqribution of vein sericitic alteration on the 1158m level is shown

in Figun@ 6. The zone of‘moderate'vein sericitic altergtion (5 t0'15 per- -
ceﬁf%cﬂéself follows the 0.30 percent copper contour but extends slightly
beyodd {f; The areas of strdngest-ﬁein.sericitic alterationfégreater;than
15 pércqht) are closely coincident with’areas of greater.thah"O,SO'percent

copper. , Distributions in the vertical section are;similar‘(Figufe 7.

Z.l‘K—feldgpathic

L
K—feﬂdspathic alteration is common at Valley Copper, especially at deeper
levels. It occurs in association with vein sericite in some replacement

zones, as veinlet envelopes, along fractures and disseminated in quartz
veinlets.

K-feldspar associated with vein sericitic alteration typically forms thin,

discoptiﬁupus se;vages” (about,lmm-thick) at the outer#margins of sericiﬁic
repldcemént zones‘where>it‘appérén;1§ répiaces ééfiéitiéédvﬁiaéioélase o} i
vein seﬁicite. Sgcondary:K—feldspar also occurs aé thin, fracture-controlled
repl@ce@ent zones (Figure 8) but is more common in quartz veinlets. 1In the

latter K-feldspar is either disseminated in the veinlet or forms well-defined

envelopes marginal to it (Figure 9). The envelopes consist of 70 percent

|
1

K—feﬂdsgér, 15 percent quartz, 10 percent sericitized plagioclase, 4 percent
medium g&ained sericite -and minor amounts of anhydrite. ~Copper mineralization-
is txbiéglly sparse with this type of alteration and consists of chalcopyrite

withitrice amounts of bornite and molybdenite.
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Theicd%position of secondary K—fa;dspar in the Valley Copper deposit

rangeé%from Or88 to Oigs, Thig is very similar to the compositional

rangé:?f primary K-feldspar of the host rocks (Ors5 to Or95).

Thejdi%tribution of K-feldspathic alferation in vertical section is
shoﬁn in Figure 10. Here the upper part of the zone of moderate
Krfeldspathic alteration (5 to 15 percent), which forms a lensoid or

mushroourshaped body with an upper surface largely below the 1036m level

|
conforgs closely to the gypsum line. Within the lense are found scattered

|
i

areas'éf more intense alteration (15 to 35 percent). The low grade copper

zoné,i‘xi the central part of the section is a clear expression of the poor

R . ' : . ‘
corﬁelatlon of copper mineralization and K-feldspathic alteration. -
o

|
5. Quartz veinlet stockworks and silicic alteration

bQuartz‘weialets in the form of a stockwork are a common feature at Valley _
Copper'and typically are about one to two centimetres in width, although
somé{aﬁé up to 25cm. Silicic alteration is restricted to secondary quartz

produced by the sericitization and kaolinitization of plagioclase.

The,hua%tz stockwork consists of two main classes of quartz veinlets. The
'ffirst;‘ﬁhich”ia,commoﬁly‘vdgg?; uaually has eﬁVélopes of medium grained

sericité, intergrown sericite/K—feldspar or K-feldspar. Veinlets of this:

class are closely associated with mlneralizatlon. They vary in grain size

]

fromlO 4 to 2.5mm (average 1. 5mm) The veinlets often contain minor amounts
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of sFrﬂ%ite, sericitized plagioclase, secondary K*feldspar,ﬂcalcite,

ki

hematiqé, bornite, chalcopyrite, pyrite, molybdenite, digenite and

covellite.

The second class of quartz veinlets have no alteration envelopes and
ro

carry e%sentially no sulfides. Veinlets of this class are most abundant
x

b i ’

in the §outheastern part-of the -deposit where they comprise two .types:

a fihe érained variety, varying in grain size from 0.2 to 1.0mm (average
i '

0. 5um) ?nd a medium grained variety (Figure 11) with grain sizes from 1.0

Id
to lLSmﬁ (average 1.3mm). Both types have sharp contacts with the unaltered

’ 1 ) .
. or pgrvésively altered country rocks. They usually contain minor K-feldspar

but @edium grained sericite is notably absent.

=
! '

1
oL :
The dis%ribution of silicic alteration and quartz veinlets on the 1158m
o @ - ‘ _ ' o
level (?igure 12) is based on the abundance of secondary quartz. Quartz
' S

| i . .
contents are expressed as the actual percentage minus the background primary
ool : I :

quaf;z content of the unaltered country rock (29 percent). The 10 percent

i
secondary quartz contour outlines the deposit. 1In areas of greater than

| “ .
0.50|percent copper levels of secondary quartz range up to about 20 percent.
The Verﬁ low grade zone in the southeastern corner of the deposit is highly
siliciciwith secondary quartz contents ranging from 19 to 27 percent.. It

[ ‘
should ﬁe stressed that these secondary quartz percentages comprise both

| i
' barrén %nd mineralized quartz veinlets and a component, which is approximately

4

three q@arters of the total secondary quartz content, formed by the libera-
3 ’;r .
.“tionfof§SiO during alteration of plagioclase to sericite and kaolinite.

Il
\
1

2




6. Biotitic

P ' ~ : v
Minoria@%untsfofisecondaxy-hiotite (brown to'green) ireplace primary

biotiﬁeﬁknd less;commonly plagioclase, 9r £orm thin'weinletsfand re-

place#en@epatches. Secondary biotite does not appear to form distinct
alteréti%n zones.

| i

1

7. @Posc-mineralization veining

|
T |
Late stage gypsum, anhydrite, kaolinite and fluorite veinlets occur at
AVéllé§'C$pper. Gypsum veinlets, which are the commonest type, are

[ :
fractdre%fillings generally less than 2mm in width. They form white to

orange, ﬁibrous, crystal aggegates which are oriented perpendicular to

by :
| & : . . N
wall rock contacts. Gypsum is most common in areas with K-feldspar altera-

tion.; I% is rare above the 1036m level (See Figure 10).
|

ool
L

' 8. /Alteration history
i '
The‘mdiﬁ%alteration types at the Valley Copper deposit display, to some
extenﬂu d@erlapping periods of formation. However, certain general trends,

as indicated by cross-cutting relationships, can be defined:

Shd) fracture-controlled vein sericitic alteration appears to

be youhgé? than pervasive sericitic and kaolinite alteration but is consis-
4 i .
tently;cfPSSecut by quartz veinlets with vein sericitic alteration envelopes.
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: ﬁ i1). pervasive sericitic and kaolinitic alteration-and vein

' sericitic alterationtare‘typically cut by'quét;z»veinlets with associated

B

};é ‘ ' secoﬁdaﬁy K-feldspar.

l':l:l:l)_'g»'gyps‘um veinlets cut-all alteration types.

i :
L , . ; . »
The age ‘of barren quartz veinlets with no alteration envelopes is uncertain.

_ They;gederally cut both vein sericitic and K-feldspathic replacement zones,
2 H} ’ .
but in some cases are cut by vein sericitic alteration. That is, there are
L _ , ‘

at léas@\two generations of barren quartz veinlets.

Pot3831uurargon ages of hydrothermal alteration from hydrothermal sericites
*augé frﬂm 198 + 4 m y (Jones, 1975) to 189 + 6 m y and 186 +8my

(Blan%hﬁ@ower, 1971 and R. Wanless pers. comm., 1971 respectively). These

] .
results éugges; that the age of the hydrothermal alteration (average 191 m y)

' althobgmﬁsiightly younger is not significantly différent from the age of

crystallﬁzation of the batholith which is 198 + 8 m y (Northcote, 1969).

i " i
SULFIDE MINERALOGY

Sulfidesiin the Valley Copper deposit occur chiefly as disseminations in

Ay . e e - . :
- quartz veinlets and in vein sericitic and K-feldspathic alteration zones.

. i - .
The greaﬁer part of the copper mineralization is in areas with abundant

i 4
| .
: L :
vein sericitic alteration and associated quartz veinlets. Bornite is the

dominantﬂsulfide in this sericitic association, whereas chalcopyrite is the

domlnant sulfide associated with K-feldspathic alteration.

o
o
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‘1 ‘Primary sulfides

4
Primaéf ;ulfides in the Valley Copper deposit are bornite and chalcopyrite
along‘wiwh mlnor,amounts of digenite, covellite, pyrite, pyrrhotite,vmoly-
bdenlte, sphalerite and galena. Ih pblished sections bornite and chalco-
pyrite have 31mple mutual boundary relatlonshlps, as well as atell—llke
textqﬁesﬁln whichvbornlte surrounds a core of chalcopyrite. Exsolutlon
V lameiﬁae;bf chalcopyrite in bornite.are.common.‘ Digenite and covellite occur
as 1rregqlar rim-like replacements of bornite aﬁd, toia lesser~degree, of
‘ chalcepyﬁite. Some pyrite grains are breceiated and cemented with chalco-
'pyrite. Pyrrhotlte, sphalerite and galena often occur together and exhlbit
- mutual bOMndary relationships. Molybdenlte occurs chiefly with chalcopyrite
. with ar ﬁﬁthout pyrite in quartz Velnlets which cross—-cut zones of vein serici-
tic alter%tlon M. Casselman, pers. comm. , 1975). Petruk (1970) reported minor
ameunts q& gudmundite (FeSbS) and native gold. The sequence of the-sulfide
formation based on cross- cuttlng, filllng, and rlmmlng relationshlps is as
follows.‘prrlte I;. chalcopyrlte I; bornlte, molybdenlte, pyrite II and chalco—.
pyrite3IL5 sphalerite with minor pyrrhotite and galena; digenite and covellite.

The positﬁon of sphalerite, pyrrhotite and galena in the sequence is not

certain. |

Botnit?/eﬁalcopyrite ratios and pyrite content on the 1158m level plan are

shown in‘%igures'l3.ahd 14. Bornite/chalcopyrite ratios on the 1158m level .
. n|
show a dﬂ%tinct high zone (greater than 3.0) in the central part of the

f\

deposit. ;Smaller highs occur in the southern and southwestern parts of the

deposit. ﬁBornite/chalcopyrite ratios decrease progressively away from the
o ’ .
centre‘ofﬂthe mineralized zone until outside the 0.30 percent copper contour

bornite is uncommon.
& X
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Pyrite %bundance on the 1158m level in the central'part of the deposit

(Fighreﬂl4) is less than 5 percent of the total sulfides. There is,

. however@ a pronounced halo -around the periphery of the deposit where

pyrite ranges up to 62 percent of the total sulfides. Even in this halo

pyritetrarely exceeds one volume percent of the rock.

2. Oxidized zome
o ,
b
The typical mineral assemblage in the oxidized zone consists of limonite,
malachite, pyrolusite, digenite, native copper and possibly tenorite. It
| !

’generalfy varies in thickness from 0.3 to 14m and averages 4.5m. However,

in the southeastern corner of the deposit where the thickness ranges from

18 to 98m it ‘averages 33m. Profiles of copper grades in the southeastern

vl

'area|shcw a sllght depletlon of copper from 0. 45 to 0 35 percent in the

1

unoxidized and oxidized zones respectlvely. Grades range up to 0.65 percent

coPP?r ﬂn a zone 3 to 6m thick that occurs just below the oxidized zone;

, A . N T - N

this probably represents a poorly developed zone of supergene enrichment. .
! N R ; . c : . e oo . R

i
GEOCHEMISTRY -

T
|

i b
: ‘ . é
| W

The chemical unlformity of the host rocks of the Valley Copper dep031t

greatlyrfacilitates the study of chemical variations resulting from
minenalﬁ%ation and hydrothermalralteration, Gains and losses of various
elements?are described in the following section as ueightbpercentivariations 3
rather than the more conventional gm/cc, because only part1a1 analyses are
available Density varlations throughout the deposit range only fromx"‘

2.67 gm&pc for fresh Bethsaida granodiorite to 2.62 gm/cc for typical altered

zones and are not considered significant.

l
1 :‘ﬂ'
J
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Table % shows the contents of majorfand trace elements;in fresh Bethsaida

granodﬂorite, relative to those in composite samples of different altera-

L :
tion tﬁpes from various parts of the -deposit.

1. Geochemigai patterns related to hydrothermal .alteration

i) Elements depleted in the deposit o | -

Ca0; Nééo, MgO, Sr, Ba and Mn decrease from the peripheral zone of the

deﬁdsiq, where propylitic and pervasive sericitic and kaolinitic alteration

{ \ ° . - » ‘ 2 »
are @resent, to the central area where vein ser1cit1c~and pervasive sericitic

andlkaoalnltic alteratlon are best developed (see Table 2) The percentage

decreasb is 4.5 to 2.4 for Na,0, 2.9 to 1.5 for CaO and 588 to 396 ppm for

2
Sr. MaLganese forms a distinct halo, about 300m wide, peripheral to the

depo%iﬁl in which values are double those in the central part of the deposit

and hpito'one.and a halfhtimesgthose of unaltered Bethsaida granodiorites.

The diskribution of Ca0 and Na20 on the 1158m level and in vertical section

A-B are*shown in Figures 15 and 16 respectively. These diagrams closely
-
resemble the distribution diagrams for pervasive sericitic and kaolinitic

alteration (Figures 3 and 4) ‘and demonstrate that this type of alteration
extendSMup to 300m beyond the 0.30 percent copper contour. Ca0 and Na20
.depleti?n and mineralization bottom out on the western side.df-the deposit.-
(aroﬁndﬂhole 68-4) whereas on the eastern side (between holee 68-30 and 68-18),
the zone of strong CaO and Na 0 depletion and copper mlnerallzation extends

downward below the 792m level.
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.. TABLE 2

CHEMICAL VARiATIONS OF SELECTED ELEMENTS

IN ALTERATION ZONES OF THE VALLEY COPPER DEPOSIT (1097 and 1158m lévels)

S ‘ : . 'Silicic
“Fresh Bethsaida Pervasive sericitic (southeast,

~ granodiorite Propyliﬁic and kaolihitic . Vein sericitic K—Eeldspathic barren quartz
(typical values) (peripheral) (marginal) (central) (central) veinletsi
Number of composite samples : 6ft' 8 8 2 o 5
$i0, (weight percent). 68.9 C71.2% 71.6 73.1 74.9 77.0
: - (69.1~73.3) (68.8-74.4) (71.7-74.5) (74.6-78.4)
Fe " N 1.5 1.5 1.6 1.7 1.5 1.3
' e (1.2 - 1.8) (1.2 - 2.0) (1.5 - 1.9) - (1.0 - 1.6)
MgO e . 0.5 0.5 0.4 0.5 0.4 0.3
' (0.4 - 0.6) (0.3 - 0.5 (0.4 - 0.6) ' (0.2 - 0.4)
ca0 n o 3.2 2.9 2.6 1.5 1.3 2.1
- (2.6 = 3.2) (2.2 - 3.0) (0.9 - 2.1) - (1.7 - 2.5)
Na,0 " K 4.8 4.5 " 2.9 2.4 2.9 3.1
' ' (4.2 - 4.8) (2.3 - 3.5) (2.0 - 2.8) 2.5 - 4.4
K,0 " 1.9 2.0 2.7 3.8 3.7 2.0
; | (1.7 - 2.3) (2.3 - 3.1) (3.7 - 3.9) (1.2 - 2.8)
Cu (ppm) : 10 . 640 2060 4456 3550 2300
' o (380 - 900) (1210-2910) (3535-5415) (900-3690)
Mo " . 1 72 95 36 26 a0
' : (€1 - 151) ( 45 - 145) (24 - 48) o (8- 72)



 silicic
(southeast,
K-Feldspathic barren quartz

" Pervasive sericitic
and kaolinitic

'F'résh Bethsaida

. granodiorite Propylitic Vein sericitic

(typical values) (peripheral) (marginal) (central) (central) veinlets) _
o. zn  (ppm) 29 ) 427 95 3331 .
(¢ 1-1055) (< 1- 227) (<1 - 85) (12 - 62) .
10. Mn " S - 370 380 520 297 320 340
(310 - 452) (350 - 690) (293 - 401) (195 - 485)
11. Ag e 0.1 to 0.6%* (1 1.5 2.4 2.3 1.0
Number of composite samples 6 11 12 10 7 .
12. B {ppm) *** 5 5 ‘ 9 8 _ 6 7
( 4- 19 ( 5- 13) ( 4- 9) ( 4- 12)
13, fEEb;" "o - 3000 - 980 1450 1660 1640 1930 3
(650 -1140) (1140-1800) (1120-2420) (1110-2420) (1350-2730) J
14. Vv " 15 15 24 31 34 24 !
( 10 - 20) (17 - 33) (21 - 44) (24 - 40) (17 - 33)
15. Ba " 520 520 556 481 564 535
| ~ (500 - 700) (470 - 659) (389 - 594) (447 - 711) (446 - 541)
16. Rb " 36 35 57 69 61 45
( 33 - 37) (45 = 71) (62 - 75) (46 - .76) (39 -
17. sr " 732 588 - 641 396 617 529
(550 - 627) (418 - 980) (161 - 969) (391 - 975) (420 - 665)
18. Hg (ppb) | 10 n.da. 3 : 3 y 2 -2 :
. o (1~ 8y, (1- 8 ( 1- 4 ( 1- 4)
19. F  (ppm 188 n.d. 301 428 384 347
' (334 - 547) (236 - 510)

- (219 - 415)

(257 - 573)
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. Silicic
Fresh Bethsaida Pervasive sericitic ‘ (southeast,
granodiorite Propylitic and kaolinitic Vein sericitic K-Feldspathic barren quartz
(typical values) (peripheral) - (marginal) {central) _(central) _veinlets)
207_'___‘9’];"”7%4 - _(ppm) - . 7_1-;5___,7,»”“4 - ‘ ng,do 264 — ,‘ ‘ 312 . ‘ 223 ‘ I ’ A,2445_,A.,;_, .:,_"fg R
' ‘ : (207 - 335) (233 - 418) (186 - 276) (174 - 344). .
Footnotes:
* Figures given are arithmetic mean and (in brackets) range of 1 standard deviation o v .
Brakec (1973) - ’

Elements 12-20 Olade (1974)
No data

Coefficient of varlatlons for analyses of major elements do not exceed 5.8 percent and in general are about 2.4
percent. Trace and minor elements show coefficients of variation of up to 15 percent (1 standard deviation). y
Olades values for B, Ti, V, Ba, Rb Sr, Hg, F and Cl are given to supplement data of Osatenko and Harris (1973)
on chemical variations in dlfferent areas and alteration zones within the Valley Copper deposit (central and
western parts). These data are not from the same samples as the major element data, but are from a similar part
of the deposit which has remarkably s1m11ar major element contents. :

=92 =yl
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- The contents of $i0

ST o o

fii) Elements enriched in the deposit

2, KZO Rb and ’I‘102 increase from the peripheral :regions ofithe'depoéit

to its centre. K20,whichovaries from 2.0 to 3.8 perceat and Rb which varies'

§io0

from“35 to 69 ppm show the most pronounced increases.

K20 conténts on the 1158m level (Figure 17) show a strong concentric pattern
in whlch‘the highest K20 contents generally correspond to areas of best copper

'grades. ;This clearly reflects the close association of copper sulfldes with

vein ser1c1t1c alteration zones. The K20 dlstrlbution in vertlcal section

W
..(Flgure 18) showe a strong enrlchment extendlng below the 792m level. The

; contac*s‘of the K, O enrlched zone are subparallel to the outer contacts of

the- dep031t. '

2’rise from 71.2 percent in the periphery to 75.6 percent

’ “rfih&thé.cdrejzone;coiocident"wirh good,copper grades and reaches 77.0 percent

- Lo . . ) L :
~in the aﬁea with abundant barren quartz veinlets in the southeastern part of

h i
[ \V

-the dﬁposat (Figures 19 and 20).

2. Chemical patterns related to mineralization

_i) Ore elements

The diagﬁam of copper distribution for the 1158m level (Figure Zl)shows that

he zone contalnlng greater than 0.30 percent copper is roughly oval in plan

(1372? b§l914m, long axis str1k1ng 130° ). Several areas of greater than 0.50
v\

percent copner occur within the 0.30 percent copper contour and a zone about

o
i
i
|

i . '
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300m in width containing between 0.10 and O. 30 percent copper is peripheral

h‘
i

to it

cent copper shows two distinct extensions to depths around a west-central

low grade zone.

Moljbdﬁnum and zinc (Figufes 23 and 24 respectively) form distinct halos
marginei to and gemerally outside the 0.30 percent copper contoﬁr. Values

in theimolybdenum halo range from 50.to 530 ppm over a width of 300m while

‘values‘in the zinc halo range from 50 to 1700 ppm. Within the deposit moly-

bdenumﬁaverages about 30 and zinc 20 ppm respectively.

E

SilGeré&alues are less than 1 ppm outside the deposit and range to 2.4 ppm
in che}zone of strong vein sericitic alteration. Analyses of sulfide con-

centraﬁes suggest that silver is concentrated in bornite, which contains

~about 290 ppm,‘relative to chalcopyrite with 30 ppm.

| d '

ii) Pathfinder elements .

Ele&ents referred to by Olade (1974) as "pathfinder" elements are Hg, B, Cl

and F. . Mercury values range from 1 to 52 ppb and average 3 ppb. Boron

_dispersion is erratic, although values exceeding 11 ppm are generally con-

fined to the outer margins of the deposit, especially along its northwestern

frlnge.‘ Chlorine values are generally in the range of 160 to 350 ppm whereas

the regional background is 115 ppm; however, the few erratic values which

exceedWﬁOO ppm are confined to the deposit. Fluorine values exceeding 564

Ppm pccPr principally in the area immediately northwest of the deposit; else-

i i '

where fluorine contents are more typically between 250 and 500 ppm. Regional
L

i ( -

background is about 188 ppm.
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3. ‘Isotopic studies

.f i) Sulfur isotopes

The § S34 pefmll values of 12 sulflde and 4 sulfatewmlneral concentrates are as
follows:f pyrite - 3.08, sphalerlte - 4 ll, chalcopyrlte - 3 30 to + 1.53;5. bornlte
- 0.94 te + 1.45, molybdenlte + 0.50, anhydrlte + 11 76 and + 14.48 and gypsum

+ 13 13 and + 15.22.

The~isotgpic composition of Valley Copper sulfides are characteristic of
vCordlileﬁan hydrothermal dep051ts with magmatic assoc1at10ns which formed at
felatlveﬂy high temperatures in having near zero permil mean values and small
standa:lrd “{deviations (Field, 1966; Jensen, 1967 and Field and others, 19-71).-

A deep orfmantle source (typical range of § 534 values for mantle sulfur is

- 0.3Jto\; 3.0 permil) for the sulfuf in sulfides is consistent with the probably

deep source of the Gulchon Creek magma based on Sr /Sr86 ratios (Chrismas and

others, 1969)

The § S3V4 value of about + 13.6 permil in the sulfates precludes their deriva-
tioncby supergene oxié.tion of sulfides. More 11ke1y the sulfates preclpated
from a hydrothermal solution that contained seawater sulfate This is substan-
tiated bx the § 534 Value of + 13.1 permil for late Triassic seawater (Holser

and Kaplan, 1966 and Sangster, 1971).

ii) Oxygeh-and hydrogen isotopes

; wl
The Gg O%F permil values of hydrothermal mineral concentrates from 9 quartz,

6 K—féldé&ar, 6 sericite and 4 kaolinite samples show the following respective
|
i \“

ranges: - 8.74 to + 12.51, + 7.65 to + 8.74, + 6.60 to + 7: 56 and + 6. 73 to

\ ]
|
1K
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o+ ll.Bﬂa. Corresponding.ranges of § I)permil values of 6 sericite, 3 kaolinite

L/!

and . 2 primary biotite samples are -.64.8 to - 53.1, - 116.0vtd - 95.2

and;- 94.5 to - 73.6 respectively.

Equiliﬂration temperatures‘calculated from oxygen isotope pairs of co-

j ' _
exiétiﬁg minerals (Jones, 1975) suggests a range of temperatures from 260°C
fortearly pervasive sericitic alteration to 480°C for K—feldspathic altera-

tioq.gumemperatures calculated from three sulfur isotope pairs range from

' 266 C ﬁor pyrite-sphalerite in a zone of pervasive sericitic and ‘kaolinitic

; W
alterat%on to 480°C for anhydrite—bornlte in secondary K—feldspar. The bulk

. of the‘vein sericitic alteration and mineralization apparently took place at

|

abowtldPO C, with a range from 370°C to SOOOC, over a depth interval of 550m.
R '
Tempbrakures ranged from about 500°C in the deeper, central part of the

depositito‘about 300°c nearvthe periphery.

S
F
A

‘The isomoplc compos1t10ns of hydrothermal flulds and average magmatic water

at Valley Copper were calculated from the oxygen and hydrogen isotopic

values pf 6 samples of sericite and 2 samples of primary biotite, respectively.
| o

Lo . - . . ‘s
The sericite and fluid compositions, along with the isotopic compositions of

meteeric, ocean (SMOW) and magmatic waters (Craig, 1966, 1969; Taylor, 1967)
g

are mlo%ted in Figure 25. The isotopic compositions of Valley Copper hydro—

hd
\
oy

«thermal waters plot on or near a line that connects SMOW with the average.

compositlon of primary magmatic water. That is, the hydrothermal fluid was

‘apparently a mixture of seawater and magmatic waters. The degree of mixing

is estimated to range from 16 to 44 percent SMOW for the main period of

‘ ‘.l
sulfidetdepos1tion (average is about 25 percent)

|
[

i
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Itv;s botéworthy that a mixing model of meteoric and magmatic waters is
proﬁos%d for some porphyry copper deposits in Arizona (Sheppard and others,
| i : : : o v

1969 and Sheppard, 1971).

4, Geochemistry of the hydrothermalkfluid

i) Fluid inclusions

i
i

. | . . . .
Flu%d~%nclusions in mineralized quartz veinlets from the Valley Copper

_ depésié are ‘extremely small, about 0.005mnin diameter, and tend to occur

in éiaéar clusters and linear‘zones.‘ Most are composed of‘70 tb 80 percent
liquidiand 20 to 30 percent gas phases, although daughter crystals of
Chlqriie and carbonate have been optically idenfified. Average salinity

as indﬁcéted by freezing techniques is 5 weight percent (R. Schmuqk, pers.

comm.,j1975). A few inclusions contain liquid CO2 indicating pressures up

tb?ioom&o 300 bars and a depth of formation of about 1 to 2 km.

The;stﬁpcturally dependent arrangement and low homogenization temperatures
Cod
(4;200%b) of the fluid inclusions suggest formation by dominantly secondary
processes, perhaps during the waning stages of hydrothermal activity
Y |

-
(R.YSchuck, pers. comm., 1975).

ii1) Sericite stability

The fhr%e principal alteration minerals at Valley Copper are kaolinite,

sericit% and K~feldspar. Of these sericite is the most directly associated

! 3 ) .
with copper mineralization and accordingly, the chemical environment during the
i :
i

main pe%iod‘of copper deposition must have been in the stability field of -

|
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sericite. Conditions of f02, sz and pH of the hydrothermal fluid that
deposited sericite are estimated from a diagram by Field andiothers (1971)
and shown in Jénes (1975) on page 219. This diagram is for the systembv
Cu-Fe-5-0 and éhows the stability fields of alteration silicateé and

sulfides contoured for pH (Figure 26).

A summary of the apparent conditions of the hydrothermal fluid during the

main period of copper mineralizationis as follows:

]

- log fO 21.8 to 23.0

2

- log fS 1.8 to 2.7

2
pH = 2.2 to 3.1

Ranges over the whole of the alteration sequence are: - log fOz_Of 21.6

“to 23.4, - log £S, of 1.5 to 4.5 and a pH of 1.7 to greater than 4.0.

GENETIC SYNTHESIS O o

The copper-rich magma of the Guichon Creek batholith was probably derived
from a subcrustal source with the ore metals and hydrothermal fluids pro-

bébly derived from it by prbcesses of differentiation. It is likely,

however, that seawater was contributed to the magmatic hydrothermal system.

The purpose of this part of the paper is to summarize the sequence of major
. : L ‘ ,

events leading to formation of the Valley Copper deposit. They are believed

to have been as follows:
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The Bethsaida granodiorite was intruded in Upper Triassic time

about 198:+ 8 m 'y ago.

Movement on the Lornex and Highland Valley faults initiated a zone
of .intense fracturing in Bethsaida granodiorite near the?fault

intersection.

Pre-mlnerallzatlon apllte, granodlorlte and quartg diorite porphyry

dykes were injected along northerly and easterly trends.

Hot, saline fluids moved upward in the zone of fracturing and mixed
with downward percolating seawater to produce a fluid with a tempera-

ture of about 260°C, pH about 1.7 and -log £5, of about 4.5. This

20'and Cal0 while adding KZO and HZO

to the wall rocks. This stage of alteration producedbextenéive per-

fluid reacted with and léached Na

vasive sericitic and kaolinitic alteration with associated trace

amounts of pyrite and chalcopyrite;‘

A continued influx of magmatic hydrothermal fluids and seawater gave

rise to a hydrothermal fluid with a temperature about 40000, slightly

" higher pH of 2.2 to 3.1, and a lower - log f£S, of 1.8 to 2.7. These

2

fluids reopened many of the access channelways used by previous hydro-
thermal fluids and produced vein sericitic alteration. Déposition'of
main stage copper mlnerallzation occurred durlng thlS stage, probably

as the result of increased sulfur ion concentratlon.

Tan felsite dykes, of syn-mineralization age, were also intruded at

this time;
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In the main part of the deposit a further influx of fluids again
reopened the old ChannelwaYs and formed quartz veinlets containing

Vﬁgsllined by or filled with bornite and chalcopyrite.

COHtinued'fraéturing of the rock mass occurred élong‘withéfonmation

of quartz veinlets with disseminations and envelopes of secondary

K-feldspar. The pH of the hydrothermal fluid at this stage probably

continued to increase to about 4.0, while - log fS, probably increased

2
slightly to about 3.5. Mineralization of this stage was limited to

minor amounts of chalcopyrite, probably as a result of further de-

‘creased ‘sulfur fugacity. Chemically, this Stage is characterized by

a propounged increase of K20 and SiO2 and a marked decrease of HZO’

relative to zones with pervasivé and vein sericitic alteration.

",vFurtherlfractufing;bécﬁrréd follqﬁedfby deposition of essentially barren

quartz veinlets from hydrothermal fluids of still further increased pH
and - log sz.
In close spatial association with previously formed secondary K-feldspar
fractures were re-opened and gypsum deposited. The hydrothermél solutions

were rich in seawater sulfate.
Lamprophyre dykes were intruded about 132 + 3 m y ago.

During subsequent uplift and erosion the overlying rocks and the upper

part of the deposit were removed and an oxidized zone and weak supergene
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blanket developed. Glaciation followed by glaciofluvial deposition

and continued erosion produced the present day surface.
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Figure 1. Geology of the Valley Copper deposit, showing distribution
of drill holes studies, location of -underground workings
and location of vertical section A-B.

Figure 2. Map of dominant alteration types on -the 1097m level.

Figure 3. Distribution of pemyasive-sericitic;andukaolinitic
alteration on the 1158m‘1evel.

Fignre 4. 'Distribution of pervasive seric1tic and kaeolinitic alteration
in vertical section (A-B).

Figure 5. Mﬁtually intersecting quartz veinlets with sericite envelopes

. that cross-cnt'several,‘nafrowvfraCtures containing sericite. °
Pervasive sericitic and kaolinitic alteration is developed in
areas between fractures and quartz ve1nlets. From.decline,
stained slab, scale x 1.2. : '

Figure 6. Distribution of vein sericitic alteration omn the 1158m
level.

Figure 7. Distribution of vein sericitic alteration in vertlcal
section (A-B).

Figure 8. Secondary K-feldspar as replacement veinlets along fractures,
as disseminations in and enveloping quartz veinlets. Stained
slab, scale x 0.8. ‘ '

Figure 9. Quartz ve1nlet with K-feldspar envelope cutting vein
sericitic replacement zones. Stained slab, scale x 0.8..

. Figure 10. Distribution of K-feldspathic alteration in vertical
' section (A-B), the "gypsum line'" represents the upper
surface of the zone containing gypsum veinlets.

Figure 11. Barren medium grained quartz veinlets cutting a vein
sericitic zone. Stained slab, scale x 1.5.

Figure 12. Distribution of secondary quartz (weight percent) on
the 1158m level.

Figure 13. Distribution of’ bornlte/chalcopyrlte ratlos (welght
percent) on the 1158m level.

Figure 14. Dlstribution of pyrite (weight percent) relative to total
' o " sulfides on the 1158m level. :

‘Figure 15. Distribution of Ca0 + Na,0 (welght percent) on the
: . , 2
: :1158m level.

Figure 16. Distribution of Ca0 + Na 0 ‘(weight percent) in vertical
section (A-B).
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Figure 17. Distribution of K20l(weight percent) on the»liSBm“level.

Figure 18. Distribution of K20 (weight percent) in vertical section
: (A-B). » : :

% ‘ - Figure 19. Distribution of SiO2 (weight percent) on the 1158m level.

Figure 20. Distribution of'SiOZ.(weight percent) imn vertical.section _
‘ (A—B) . ' )
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Figure'le Distribution of Cu (weight'perceﬁt) on the 1158m ievel.

Figure 22. Distribution of Cu (weight percent) in vertical section
o (A-B). | . |

Figure 23. Distribution of Mo (ppm) on the 1158m level.
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;- ' v Figure 24. Distribution of Zn (ppm) on the 1158m level.

Figure 25. Diagram showing probable degree of mixing of seawater
(SMOW) and magmatic waters during the formation of the
Valley Copper deposit. : '

Figure 26. Phase stability diagram for the Cu-Fe-S-0 system contoured
for pH and showing alteration silicate and sulfide stability
fields (after Field and others, 1971).  Solid line indicates
the trend for the Valley Copper deposit (1, 2 and 3 refer to
pervasive sericitic and kaolinitic, vein sericitic and K-
feldspathic alteration fields respectively).
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Mr. Allen was born in Toronto and grew up in Southern
Ontario. After brief service with the R. C. A, F. in
World War II he entered Queens University graduating

with a B.Sc.

Mr. Allen went to work for Dominion Gulf Company and
worked in various parts of Quebec and Ontario until

1953. In 1953 taking the opportunity to work in Africa

he accepted a position with Union Carbide and Carbon '
Corp. and for the next two years worked in Angola and
Surinam. On returning from South America in 1955 Mr.
Allen entered Syracuse University graduating with an '
M. A. in 1956.
Yale University where he earned the Ph.D. Degree in 1959.

On graduation from Yale Mr. Allen accepted a position
with Steep Rock Iron Mines and remained with that company
until 1963 when he left to join Cominco L1m1ted in British

Columbia.

Mr. Allen became associated with the 931?ey Copper project
in 1965 and has remained with it to the present deve?op-

mental stage.

Mr. Allen is married and has a 17 year old daughter. The
family lives in West Vancouver and their main hobby is

Vancouver.
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(Geology) in 1949. On leaving University

This was followed by three years at b




During the past five years, the Highland Valley area of British
Columbia has been the site of two major copper discoveries, Valley
Copper and Lornex. A third discovery, Highmont, may also prove

to be of major importance. Taken with the existing producers,
Bethlehem and Craigmont, these potential orebodies suggest that
the Highland Valley area may become one of the major copper areas

of the world.

The location of the major discoveries, current producers and

more promising showings is shown on the accompanying sketch (Fig. 1).
A11 of these are within or at the contact of the Guichon batholith,

a concentrically zoned body of quartz diorite composition emplaced
about 200 million years ago in Upper Triassic time. The deposits
and showings discovered to date have many features in common and

all are genetically linked to magmatic processes in the Guichon
batholith. The purpose of this paper is to comment on the dis-
covery of one of them, Valley Copper, and to describe what is
presently known about the deposit.

GEOLOGICAL SETTING

The Guichon batholith is a roughly oval body at Teast 24 miles
Tong and up to 15 miles wide. Its long axis strikes 345°. The
batholith is bounded on the east and west by major north trending
faults and according to Carr these. faults delimit an up-faulted
block of Cache Creek and Nicola rocks into which the batholith
has been intruded. The rocks of the batholith are overlain by
four later groups consisting largely of volcanics ranging in age
from Middle Jurassic to Eocene. The age of the batholith is on
geological evidence limited to the interval between early Upper
Triassic and Middle Jurassic.

Isotopic ages on rocks of the batholith, 55 of which have now been
published, show a remarkable concordance. The average for all of
these ages is 196 million # 8 M.Y. and the spread-is from 184 to
206 M.Y. Most of these ages were done by the K/A method and the
possibility of Argon loss has to be considered, however, six

Rb/Sr ages from the Craigmont mine agree very closely, i.e. 200+

2 M.Y. and this plus the lack of evidence of metamorphism which
might have caused Argon loss shows that the ages are probably
reliable. On the absolute time scale, this would place the time
of consolidation of the Guichon rocks in the Upper Triassic.

The isotopic ages aiso show that there is no significant or system-
atic difference in age among the various phases of the intrusive,
It would appear that all of the phases crystallized within a short
interval and that multiple intrusion, if it did occur, must have
been over a short period as well.
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INTERNAL STRUCTURE OF THE BATHOLITH

The gross structural pattern in the batholith is shown, best by the
distribution of intrusive phases. These phases are arranged in a
concentric pattern around a central core of Bethsaida quartz monzonite.
The Witches Brook phase displays cross-cutting relationships, but this
rock type occurs only in dikes and relatively small irregular masses
and since its distribution was probably controlled by local structure,
it does not really disrupt the overall pattern.

The type and distribution of phases is shown on the accompanying
figure. In all, there are seven distinct phases, two of which are
subdivided into five varieties and a late porphyritic phase. There
is no significant difference in the absolute ages of the phases,
however, there is geological evidence that age increases from the
core outward. The outer or hybrid phase, is the oldest and forms

a shell up to five miles thick between the intruded rocks and the
younger phases of the batholith. Its composition i's generally quartz
dioritic but this is variable and characteristically this phase contains
partially assimilated blocks and fragments of the country rock. The
contacts of the hybrid phase are generally gradational grading out-
ward to Nicola or Cache Creek rocks and inward to the Guichon variety
of the intrusive. The hybrid shell is much thicker on the western
side of the batholith, i.e. 3 to 5 miles vs. % - 1 mile and this
suggests that the whole batholith may have been tilted eastward by
differential movement on the bounding faults.

The later phases are all granodiorites or quartz monzonites and
distinction of them is based primarily on textural and mineralogical
features and not on bulk ‘compositional differences. There is, however,
a decrease in specific gravity, i.e. from 2.80 to 2.64 from the hybrid
to the Bethsaida phase that could refiect increasing differentiation.
With the exception of the contaminated hybrid shell, the various phases
are very similar and the differences among them probably resulted
mostly from changing pressure and temperature conditions during intru-
sion.

Smaller structures within the batholith inciude faults, shears,
breccia and shatter zones. Dikes -and dike swarms, which are common,
probably reflect another type of structure. The most common direction
for linear structures is north-south and the majority of dikes follow
this trend. The most notable of these structures is the Lornex fault
which bisects the Bethsaida quartz monzonite. Faults and shear zones
striking northeast are less common and a third set striking north-
westerly, though not obvious, is important in localizing ore, e.g.
Alwin, Valley Copper. Breccia zones such as those at Bethlehem,
Trojan and on Gnawed Mountain may or may not be related to faulting,
since the breccia types vary. However, the Trojan and Bethlehem
breccias occur in areas where strong north-south faulting is common
and a combination of suitable structural openings and access to
volatile charged fluids is certainly suggested as a cause. Shatter
zones much as those at Valley Copper, Krain and possibly Lornex -
occur within or adjacent to major faults and at least in the case

of Valley Copper near the intersection of two major structures. The
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principal difference between the shatter zones and the breccias appears
to be that in the shatter zones there was not sufficient space provided
by stress release to permit the broken blocks to rotate.

MINERALIZATION IN THE BATHOLITH

Copper mineralization may occur anywhere in the batholith and in

any of the various phases. The distribiution of producing mines and
better known prospects is shown in the accompanying figure. A1l

of these lie close to a north-south line which bisects the batholith
and the larger ones except for Craigmont are on or adjacent to a
contact of the Bethlehem phase of the intrusive. This latter is
suggestive of a genetic relationship with this phase, however, this

is probably more apparent than real. A1l of these mines and prospects
are structurally controlled and the mineralization in them is contained
in open space fillings formed after the consolidation of the host rock.
The significance of the Bethlehem phase and its contact is therefore
limited to the influence each has had on the development of structures
suitable for ore deposition. Similarly, the north-south zoning may
reflect a concentration of deep seated north trending structures formed
after differentiation had proceeded far enough to create a reservoir
of copper bearing solutions. That this reservoir has been tapped by
other structures is apparent from the wide distribution of copper
within the batholith, however, structures large enough and continuous
enough to contain sizeable orebodies appear at this time to be 1imited
to the central zone.

The mineralization is quite similar from one mine or showing to another.

Chalcopyrite is the most common copper mineral however, with the excep-
tion of Craigmont, the one producing mine (Bethlehem) and all of the
potential producers contain bornite in amounts sufficient to determine.
the viability of the operation. Pyrite is a common associate of
copper, but its amount varies considerably, e.g. at Bethiehem there
is a heavy pyrite zone on the southwest side of the Jersey orebody
while at Craigmont and Valley Copper pyrite is extremely scarce.

The most common iron mineral in terms of occurrence is hematite.

This mineral is ubiquitous in copper occurrences, but rarely does

it occur in amounts greater than 3 percent, Craigmont being a notable
exception. The widespread occurrence of hematite suggests that the
mineralizing solutions had a relatively high Eh such ds might be
expected in a highly aqeous environment. What effect this may have
had in the partition of Fe, S and Cu is unknown, but in many deposits
it appears that in the competion for sulphur, Cu was favoured over
iron and perhaps the oxidation state influenced this. The source of
sulphur has been the subject of two recent publications. Christmas,
Baadsgaard, et al conclude from a study of S, C and 0 isotope ratios
of Craigmont ore that the sulphur of the ore is of mantle origin and
therefore from a deep source. M. P. Schau in a reply to this says
that sulphur from assimilated Nicola basalts is just as likely a
source since this sulphur would have mantle ratios too. As it now
stands, the source of the sulphur is open to question, however the
nature of the copper deposits and their relationship to deeply pene-
trating structures suggests that the copper and sulphur did come
from some depth and could well be of mantle origin.
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The sequence of events leading to the discovery of the Valley Copper

~ Limited. This company, at that time, held various groups totalling

- This rather speculative interpretation needed further support and
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STRUCTURAL SYNTHESIS

orebody started in 1964 with the formation of Va]ley Copper Mines

425 claims. Evaluation of these groups began immediately and during
1964, 1965, and 1966 various kinds of exploration programs were
carried out on all of them. By 1966, a considerable amount of informs-
tion had been gained from this work and this was used along with
published data to produce a geological compilation of the batholith
area. To supplement this, a study of aerial photographs was made

and this was combined with ithe known geology to provide a structural
interpretation.

The Lornex discovery in 1966 served to draw attention to the Lornex
fault and at about the same time new aerial photographs of the area
became available. These photographs clearly show the southern exten-
sion of this fault for some eight miles, along Skuhost Creek valley.
The northern extension beyond Lornex is obscured by steep topography
but clearly if the fault is string straight for eight miles, its
northern extension should be as well. Thus projection of the fault
north through Divide Lake seemed reasonable. Intersection with an
inferred structure under Highland Valley was more conjectural for there
was not then and there is not now any direct evidence of faulting
under Highland Valley. In any case, however, the area adjacent to

the conjectured intersection of two large fault structures was cons1demd
to provide a worthwhile exploration target. g

Another possibility suggested by the Tocation of the Lornex orebody
in or adjacent to the Lornex fault was that the orebody might have
a displaced portion somewhere along the west side of the fault.

At that time, neither the sense nor amount of movement along the Lornex .
fault was known, however, the occurrence of copper mineralization on
the Bethsaida claims suggested a relationship. If indeed the Lornex -
and Bethsaida mineralization were related, then right-hand movement

of about 2 miles was indicated. Particularly suggestive of this was
the low grade copper mineralization south of the Lornex orebody and :
in the southeastern part of the Bethsaida group :as indicated by drilling!
in 1966. If these two areas of low grade-mineralization were correlativy
then the same spatial relationship could pertain on the Bethsaida group :
as did at Lornex. In this case, ore grade mineralization should be

to the north or northeast.

this was provided by the information compiled in 1966. This compila-
tion in view of the possible importance of the Lornex fault was . !
directed toward trying to find supporting evidence for the supposed
right-hand movement of some 2 miles. It was found that the south
contact of the Bethsaida quartz diorite had an apparent northward
displacement on the west side of the Lornex fault. The amount of
this displacement could not be measured accurately but was dqf1n1te1y
of the same order as the distance between Lornex and the Bethsaida
group.
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This supporting evidence made the faulted offset hypothesis a good
deal more tenable and suggested that the northeast quarter of the
Bethsaida group would be a good exploration target. A second and
supporting indicator was the possibility of a major fault intersection
directly east of this same area under Divide Lake.

A number of factors have contributed to the discovery of the Valley
Copper orebody. One of the most important of these was the realization
early in the Valley Copper program that mineralization is always
related to structure, particularly open space fillings. In the

Guichon batholith there is little, if any, truly disseminated sulphides
and with the exception of Craigmont, no replacement of host rock.
Orebodies and showings, big or small, are invariably contained in
breccias, shear zones, veins, shatter zones, etc. of obvious structural

origin and the inference is clear that without the structurally prepared

plumbing system there would be no mineralization. Also important is
the distribution of copper mineralization within the batholith. Any
of the major rock units may contain copper showings and in every case
the mineralization is younger than the host rock. It thus becomes
difficult to prove a genetic relationship to any rock unit and the
importance of structure is further emphasized.

Thus the recognition of the possible significance of the Lornex
fault and the Highland Valley fault zone was a very 1mportant element
in the discovery of the Valley Copper orebody.

PERCUSSION DRILLING

Percussion drilling played a very important role in the discovery
of Valley Copper and a few comments;gbout the method follow.

In both 1967 and 1968, percussion drii?ing was done in the Bethsaida
group. In both years, the purpose of this drilling was to test a -

~broad area quickly and cheaply simply to see if copper mineralization

was present. In each case, the percussion drill accomplished this
purpose at about one-third the cost of diamond drilling.

Thus, for the same cost, three times as many holes can be drilled

as with a diamond drill and herein Ties the real virtue of ‘the percus-
sion drill. Most orebodies are irregular in shape and variable in
grade. One hole drilled through an orebody may, because of geometry
or grade distribution, miss the ore grade section completely. Even
two or more holes may do the same. ' The obvious solution is to drill
a lot of holes and often this may be uneconomic with a diamond drilil,
but less likely to be so with percussion drilling. However, the

depth Timitation of 300 feet poses restrictions for the percussion
drill.

THE OREBODY
The Valley Copper orebody is roughly oval in plan with its long axis

striking about 3100. Its Tong dimension is at least 4,500 feet and
the shorter 3,000 feet. The deepest hole yet drilled in the orebody

was still in ore at 2,340 feet. The tonnage potential easily qualifies .
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it as the largest orebody yef found in Highland Valley and work is
still proceeding to actually delimit the area of mineralization.

Reserves are currently estimated to be of the order of 600,000 ton/vgtt

feet grad1ng 0.46% Cu. ‘ U

The geology of the orebody is quite simple for there is only one % "
major rock type, the Bethsaida quartz monzonite. At least two types f B

of porphyry dikes and a variety of Lamprophyre dike cut the orebody,

but these are generally narrow and do not bulk large in the geological * =
picture. The geology does not, therefore, offer much insight into the !

genesis of the ore and geo]og1ca1 controls, e.g. contacts, do not

appear to have been important in localizing ore. ;

Structure on the other hand appears to have been a dominating 1nf1umme'

Almost all of the rock in the orebody has been strongly sheared and
fractured and there seems ample evidence that the mineralizing and

alter1ng solutions were introduced along a structurally prepared sysmmx

of openings. Two steeply d1pp1ng structural directions predominate,

2900 - 3100 and 340 - 360°. It is along these directions that quartz ?
veins, shears, faults and linear alteration zones are most commonly

found. Other subsidiary systems occur and the pattern of quartz vein- g

ing and fracturing may change across the orebody, however, the two

dominant directions are always present. It is probably no coincidence :

that of the two dominant directions, one (2900 - 3100) is parallel to ?

the Highland Valley fault zone and the other (340 - 360°) is parallel
to the Lornex fault. This also applies to the dike system. Both
fault systems seem therefore to have had some influence on structural
development. In addition, there is a set of flat quartz veins and

§

shears which perhaps resu]ted from the interaction of the two fault ;

systems.

The oré mineralogy is relatively simple. Two copper su1ph1qes,

3
1

bornite and chalcopyrite, are present and molybdenite, though ub1qu1mm.

is scarce. Hematite in amounts to 2% is the most common iron mineral,
magnetite occurs in rare small patches and pyrite at less than .5%
of total sulphide is remarkable for its scarcity. The relative
proportions of bornite and chalcopyrite vary within the orebody, but
generally bornite predominates in a ratio of about two to one.

The alteration types associated with ore are of the classic kind
occurring in porphyry copper deposits in other parts of the worid.

The most common alteration type is argillic which is pervasive through-:

out the deposit and appears to be early in the mineralizing sequence
since it is cut by quartz veins, sericitic and potassic alteration.
Argillic alteration is characterized by a chalky, slightly greenish
appearnace of the feldspars and by the alteration of the biotite to
a pale green mixture of chlorite and sericite. Potassic alteration
is next in the sequence and this is marked by the development of

potash feldspar. This type of alteration, though widespread, is

generally restricted to zones fifty to one hundred feet wide. Mlnerabj?

ization associated with the potassic alteration tends to be largely
chalcopyrite. , s N

Sericitic alteration shows the closest relationship to copper mineral- !

ization and it may occur in two distinct ways. Copper-bearing quartz
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veins almost always carry a selvage of coarse sericite. These veins
may as they narrow become fine stringers of sericite, granular quartz
and copper sulphides, dominantly bornite. Alternatively, sericite and
granular quartz may occur in irregular zones up to 20 feet wide
impregnated with bornite and chalcopyrite. In general, when sericite
is present, copper sulphides are as well.

Silicification is a prominent feature of.the orebody as shown by

the great number of quartz veins and the presence of irregular siliceous
patches. The amount of quartz observed is in excess of what might be
expected from the remobilization of silica originally present in the
fresh Bethsaida quartz monzonite and suggests that a good part of

it must have been introduced with the mineralizing solutions. Several
generations of quartz veins are present including a late barren type.
This too might be construed as evidence supporting an epigenetic rather
than syngenetic origin for the quartz. Propylitic alteration which
commonly occurs on the periphery of porphyry copper deposits, is notable
by its absence. Similarly, there is very little pyrite in the orebody
and no evidence of a pyritic halo.

In summary, the Valley Copper orebody displays many of the characteristics
ascribed to the better known porphyry copper deposits. The lack of a
propylitic alteration zone and a pyrite halo probably reflect differences
in fluid composition rather than in process and there seems to be

little doubt in assigning the deposit to the prophyry copper class.

- TESTING PROGRAM

Since May of 1969, a comprehensive testing program has been under
way. This program was designed to bulk sample the orebody and to
fill in gaps with additional surfaceiand underground drilling.

The underground testing has consisted of driving three inclined
headings into the orebody and sampiing on a round by round basis.

The underground headings were driven at -20% using rubber tired .
diesel equipment and in plan these headings form an arrowhead point-
ing southwest. The total footage driven was 4100 feet and the ends

of the declines are 500 feet below the portal. -

The size of the opening driven was 14' x 11' with an arched back.

Each round was mucked, crushed and sampled separately,  In order to
provide a comparison with diamond drilling, two holes were drilled
ahead of the face and the core from these matched to the round lengths
to provide three separate sampltes. This comparison sampling will

be done over the entire length of the declines.

|
Surface diamond drilling has been going on almost continuously since

August, 1968, and to date some 90,000 feet have been drilled, aimost

all of it N.Q. size. Underground drilling started in July, 1969,

as soon as working places were available. This program on completion
will total 36,000 feet, all B. Q. size. '

The testing program is now completed and the information gained from ¢ -

it is currently being assessed. A1l of this information and the assess-
ment of it will be incorporated into a feasibility study now in progress.
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. THE GEOLOGY OF THE VALLEY COPPER OREBODY

~; Dﬁfiné tﬁé pas£ five4jearé,vthe Highlénd Valley.area'of‘

‘British Columbié has_beén the site of two maior copper diséoveries,
- Valley Copper and Lornex. A third discovery, Highmont,‘may

also prove to be of major.impbrtance. Taken with the existing
f producers, Befhléhem-andncraigmdnt: these potential orebodies
suggest that thé‘Highland Vailey'area may become one of the

) maj;r copper afeés of the'WOfld.; .

The loéatioq §f the major discoveries, current producers and

more promi;ing Shbwings.is Shown on the accpmpanying sketch
k(Fig..I). All of thgse are within or at the contact of the

. Guichon bathdlith; ajéoﬁcentrically zoned body of qﬁartz diorite
composition emplaced’about 200 ﬁillion years ago in Upper Triaséic
time. 'Thg deposits and showinés:discovered to date have many
features in>comﬁon'aﬂd éii are genetically linked to magmatic
'procesées in‘the»Guichoﬁ batholith. Thé purpose ofvthis paper

is to comment én the discovery of one of them, Valley Copper,

© ‘and to describe what is presently known about the depoéit.

GEOLOGICAL SETTING

. The Guichoﬁ gatholith is a roughly‘oval body at lgast‘24 ﬁiles
long énd up'ﬁo 15 miles wide. Tts long axis'st;ikesV34S°. The
b'Abathélith is‘bounded‘on the east and west by mafbr north ffending
 »fa91ts and aécording to-Carr'thesé fauits deiimit an up-faulted

‘block of Cache Creek and‘Nicéia'rocksinto which the batholith
has beenbintruded.: The. rocks of the batholith aré overlain by’
four latef groups éonsisting‘iafgely of volcanics rangingvin age
ffrom'Miédle JurassiéytolEocéné. The age of the baﬁholith is on
'geoiogicalevidean limited t6 the interval between early Upper

" Triassic to Middle Jurassic.




Isotopic ages on rocks of the batholith, 55 of which have now been

publiéhed, sﬁow a remarkable conéordance.» The avérage forball of
'.;1these ages is 196 hi;lion + 8 M.Y, and the spread is from 184 |
to 206 M;Y. Most‘of?;ﬁese agés werevdone 5y the K/A methqd.and
the possibility of:Aréén loss hgs to be considered, howeve;, six
Rb/Sr'ageé from the Craigmbﬁt ﬁihe agree very closely, i.e.
2004i.21M;Y. and thi; piﬁghthé lack of g&idence of metamorphism
which might have caﬁsed Afgén loss shows that the ages are
probabiy réliable. bn the‘épsolute time scale, this would place
the time Qf ¢onsolidati§n 6f the.Guichon rocks in the Upper
Triéssic. | N
The isotopic ages al;d show that there is no significant or'
systématic differénce in'age among the various phases of the
"intrUSive.’_It would:appear_that all of.thé phases crystailizéd
within a short interval ahd that mﬁltiple'intrusiqn, if it did

occur, must have been over a short period as well.

INTERNAL STRUCTURE OF THE BATHOLITH

The éross strdcturalipatfern ih the batholith is shown,best by.the
%-?. - distribution of iptrﬁsive-phases; These‘phases are arrangéd in
a conceﬁtric paﬁtérniaround a central core of Bethsaida quartz
-monionité."The witcﬁes Brook phése aispiays cross-cutting relation-
sﬁips, but this rockityée occurs.énly in dikes‘and re;atively
1§15y, : ;smallvirregﬁlar mass;s and siﬁce‘its distribution was probably
cdﬁﬁrolléd by local'étructure, it does not really disru?t the
overall péttern. |
lThe type and distribﬁtion of‘phasesuis shown on the accompanying
;figure. Injall,:thefe are éeveh distincﬁ éhases, tW9 of which are
sﬂbdivided into five‘varieties and a late porphyritié phase. There
vig no significant aifference in thefabsoluté ages of the phases,.

however, there is geological evidence that age increases from the

'cdré.outWard. - The outer or hybrid phase, is the oldest and fomms
a shell up to five miles thick between the intruded rocks and the

i . . e . . . e -
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younger phases of the batholith. 1Its composition is generally

quartzydioritic but thisfisvvériable and cha:acteristically
this-phase contains partially assimilatéd blocks and fragments of
'thébcounffy rock. The conﬁacts of thé hybrid phase afe‘geherally
' _gradaiioﬁal gradinglbutwérd éo Nicola or Cache Creek rocks and
inwérd to the Guichon variety of the intrusive. The hybrid
‘shell is much thicker on ;he western side of the batholith, i.e.

3 to 5 miles Qs. %‘; 1 mile and this suggests that the whole
batholith may have beeﬁ tiltea eastward by differential movement

on thé bounding faulﬁg;

The létér Phases a{e all g;énodiorites or quartz monzonites and
vdistinction of_them is based primarily on texturél and mineralogical
fegtures and not on buik compositional differences. There is,
however, a decrease ih specific graviﬁy, i.e. from 2.80 to 2.64
from7£he hybrid to the Bethsaida phase that could reflect»
.ihcréa$ing differentiatioﬁ. :With the exception of the contaminated
hybrid shell; the ;;rious phases aré very similér and the differences
among them probablyhresultéd mostly from changing pressure and
temperature.cohditions dufing intrusion,

Smaller structures within the batholith include faults, shéars,
breécia and shatéer‘zoneg.A Dikés and dike swarmé, which are commbﬁ,
brobably;reflect another type of structure. The most common direction
for linear structures is north-south and the majority of dikes
follow this trehd;»'Tﬁe most notable of these strﬁctufes is the
%Lofnex faulglwﬁich bisecps thé Betbsaidavquartz}monzonité.7 Faults
fand shear zonesstriking_northeast are less common and a third

sét striking no%thwesteriy,.though not Obvioﬁs, is important in
:lbealizing oré, e;g. Alwin:'Valley Copper;' Breccia zones such

as those at»Bethlehem,_Trdjan'and on Gnawed Mountain may or may not
;be reiated £o.faulting, since'the bfecciaAtypes'vary.f However,
- the Trojén and Bétﬁléhem'breccias occur in areas whefe strong
_ ndréh-soutﬁ faulting is common and a combination of suitable
strﬁctural dpenings'and access:to vdlatile chargedkfluids is

-.3';




- certainly suggested as a cause. Shatter zones much as those at
. Valley Copper, Krain and possibly Lornex occur within or adjacent
~to major faults and at least in the case of Valley Copper near the

" intersection of two major structures. The principal difference

between the shatter zones and the breccias appears to be that in
“the shatter zones there was not sufficient space provided by stress

release to permit the broken blocks to rotate.

ﬁINERALIZATION IN THE BATHOLITﬁ

Copper mineraiization max_occuf anywherekin the batholith and in
‘any of the'varieuskphases.r The distribution of preducing'mines and
beeter known prospects is shewn‘in the accompanying figure. All
4of’these lie‘close to a'nofth—south line which bisects the batholith
and the lerger ones except‘fer Craigmoht are on or adjacent to

a centact of the Bethlehem phase of the intrusive. This latter
is suggestive of a geneﬁic>relationship with thisvphase, however,
this is probebly more'apparent.than #eal. All of these mines and
prospects are sfructurally conﬁfoiled and the’mineralizatiohAin
them is contained in’ .op.env eéace fillings formed after the con-
solidation of the host rock. The significance of the Bethlehem
phase end its.contaeﬁ ;s'therefore limitedvto the influence
”each‘has had on the deQelopmeﬁt of structures suitable fer ore
'depositioh; Similarly, the north-south zoningcmay refleeﬁ ;'
scencentratioh of}deep seated north trending structures formed
after differentiatien had proceeded far enoqgh to create.a.
reeervoir»of‘copéer bearihg solutions. That this reservoir

has been tapped by‘othef strﬁctures is apparenﬁ froﬁ the wide
distribution of eepper withih the batholith, however, structures
~large enough'end continuous'enough to contain'sizeable ofebodies

appear at this time to be 1imited:to the central zone.




. The mineralization is qﬁite similar from-ong mine or showing

.to anéther._ Chalcopyfite is the most common copper mineral
n{‘howeve;, with the exception of Craigmont, the one producing mine

(éethlehem) and all of the poﬁential producers contain bornite in

amounts sufficient to determine the &iability of tﬁe operation.,  Pyrite

is a common associate of copper, but its amount varies considerably,

e. g. at Bethlehem there is a heavy pyrite zone on the southwest

side of the Jersey orebody wﬁile at Craigmont aﬁd Valley Copper

pyrite is extremely scarce. The most common iron mineral in terms

of occurrence is hematite. This mineral is ubiquitous in copper

occurrences, but rarely does it occur in amounts greater than

3 pércent,fCraigmont being a notable exception. The widespread

occurrence of hemati£é suggésts that the mineralizing solutions

had a relatively high Eh such as might be expected in a highly

aqueous environment, What éffect this may ﬂave had in the

partition of Fe, S and Cu is unknown, but in many deposits it

appears that in the competion for sulphur, Cu was favoured

over iron and perhaﬁs the oxidation state influenced this.

The source of sulphur has been the subject of two recent publications.

Christmas, Baadséaard, et al conclude from a study of S, C and

O isotope ratios of Craigmont ore that the éulphur of the ore is of

mantle origin and therefore from a deep source. M. P, Schau in a

reply to this says that sulphur from assimiiated Nicola basalts

is just as likely a source since this sﬁlphur would have mantle

ratios too. 'As if now stands, the source of the sulphur is open

tovquestion, however the nature of the copper deposits and‘their

relationship to deeply penetrating structures suggests that the

copper and éulphur did come from some depth and couid well be of

mantle origin.




STRUCTURAL SYNTHESIS

_‘The séquence-ofAevénts leadiﬁg tb the discovgry of the valley Copper
orébddy.started‘in 1964 with:tﬁe formation of Valley Cépper Mines’
Ltd. This company, at that ﬁime, held various groups totalling
425 claims. Evaluation of these groups began iﬁmediately and
during 1964, 1965, and 1966 various kinds of explofation programs
were carried out on all éf them. By 1966, a considerable amount
of information had been gainéd from this work and ﬁhis was used
along with published data to produce a geological compilation
of the batholith area. To supplement this, a study of aerial
photographé was made and this was combined with the known
geology to provide a structural interpretation. .

: ? 1964 .
The Lornex discovery in 1966 served to draw attention to the Lornex
fault and at abouf the same time ﬁew aerialrphotographs of the
area became available. These photographs clearly show the soutﬁern
extension of this faﬁlt for some eight miles,_along Skuhost Creek
valiey. The northern extension beyond Lornex is obscured by steep
topography but clearly if the fault is string straight for eight
miles, its northern extension should be as well., Thus projection'
of the fault north through Divide Lake éeemed reasonable., Inter-
section wifh an inferred structure under Highland valley was more
conjectural for there was not then and thereAis not now any
direct evidence>of faulting under Highland Vvalley. In any case,
hdwever, the area adjacent tb the conjectured intersection of two
large fault structures was considered to provide a Qorthwhile
exploration target,
Another possibility suggested by the location of the Lornex orebody in
or adjacent té the Lornex faﬁlt was that the orebody might have
é~displaced portion somewhere along the west sidé of the fault.

At that time, neither the sense nor amount of movement along the



Lornex fault was known, however, the occurrence of copper
mineralization on ﬁhe Bethsaida claims suggested a relationship.
If indeed the Lornex-and Bethsaida mineralization were related,

\then left~hand movemegg_of about 2 ﬁiles was indicated. Particularly
suggestive 6f this was the low grade copper ﬁineralization south

of the Lornex orebody and in the southeastern part of the Bethsaida

gréup as indicated‘by drilliﬁg in 1966.‘ If these two areas of 16w

grade miﬁeralization were correlative, then the same spatial

relationship could pertain on‘thekBethsaida group as did at

Lornex. In this case, ore grade mineralization shéuldvbe to the

north or northeast. - |

This rather specplative interpretation needed further support and

this was provided by the information compiled in 1966. This

compilation‘in view of the possible importance of the Lornex fault

was directed toward trying to find supporting evidence for the

supposed left-hand movement of some 2 miles. It was found that the

south contact of the Bethsaida quartz diorite had an apparent

northwardAaisplacement on the west side of the.Lornex fault,

The amount of this displacement could not be meésured accurately

but was definitely of the same order as the distance between

Lornex and the Béthsaida group. |

This supporting evidence made‘the faulted offset hypothesis a good

deal more tenable and éuggestéd that the northeast quarter of the

- Bethsaida group would be a gobd exploration target. A second and
supporting indicator was the possibility of a major fauit inter-

section directly east of this same area under Divide Lake.

A number of factors have contributed to the discovery of the valley
Cobper'orebody. One of the most important of these was the
realization early in the valley Copper program that mineralization
is always related to structure, particularly open gpace filliﬁgs.

In the Guichoﬁ batholith there is little, if any, truly disseminated




sulphides and with Ehe exceétion of Craigmont, no replacement of
host rock. Oreboaiés and showings, bigvor.small, are invariably
contéined in brecéias, shear zones, veins, shatter éones, etc, of
ogvious structural Q;igiﬁ.and.the inference is clear that without
the st?uéturally prepared plumb}ng system thererwould be no
mine;aliza#ion. Also Himportant is thé distribution of copper-
‘mineralizationvﬁithin tﬁe Bathqlith.' Any of‘the major ;ock units
may containléopper showings and in every.case the mineralization -
" 'is youﬂger than thé hds£ ro¢k.n It thus becomes difficult to prove
a genetic relationship £6 ahy rock unit and the importance‘of
_st}ucture is furtﬁer emphasized;

'Thué the reéoghitiéh of the poSéible significancé'of the Lornex
ifault and the Highlénd Valley4faﬁlt zone was a Qery important

element in the discovery of the_Vailey Copper orebody.

" PERCUSSION DRILLING o,

Percussion drillinglplayed a Vefy important role in the

discoverf of'ValieyCdppér’énd a few comments about the

‘method foilow.

~ In both 1967 'an'd 1968, p'ercus.s,io'n drilling was done in the

" Bethsaida group. In both yéaré; the purpose of this drilling was
to teét a broad afeé quickly and cheaply simply tovsee if cbpper
miner;lizétiéﬁ was'presentﬂ} In;eéch case, the percﬁssion’drili
_aécomplishgd this purpose at about-ohe—thi;d‘the cost 6f diamond 
drilling{ | -A e

Thus, for the same cost,.tﬁree timés és many holes can be drilled
as with a diamohd drill énd herein liesﬁﬁhe real virtue of the

- percussion drii1,  Mosﬁ orébédies aré ifreguiar in shape and
variabié in grade. Oné'ﬁolé'drilied through éa orebody may,

because of geometry'or grade distribution, miss the ore grade:
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‘section completeiy.' Even two or more holes may do the same. The
obviogs solution iséto drill a iot of hdles.and often thi§ may
_Be upeconomic with a diamogd arill, but iesé likely to be so with
percﬁssion drilling. Hqﬁever, the depth limitation of 300 feet -

- poses restrictions for the percussion drill,

'THE OREBODY

-fihe Vailey Copper'ofebédy is roughly oval in plan with its long
gxis striking about 310°, 1Its long dimension is at least 4,500
feét and the’shorte; 3,000 feet. The éeepest hole yet drilled in
the drebody'was still in ore at 2,340 feet. The tonnage potential
éasily quaiifies it as the iargest orebody yet found ih Highlan@
jVailey and work is étill.proceeding to:actuélly deliwit the area
of mineralizétibn-

'Thg geoiogy 6f’the orebody is'quite simple for theie is only one
-major réck type, the Bethsaida quarti monzonite. At least two
'typesof porthry dikes'and_a variety oé’Lamprophyre dike cut the

- orebody, 5ut thése are generallyrnarrow and do not bulk large

~in the geologicai picture. Tﬁe‘geolpgy does not, therefore, offer
ﬁuch insight intb the genesis pf the'oré and geological controis,
e. g. cohtacts,.do not appéér ﬁo have been impogtant in localizing
. ore.

Structuré on the othef hand appears to have been a dominating
infiuénce. Almost all of the rock in the orebody has been strongly
~sheared and fractufed ahd there‘seems ample evidence that thé
.mineralizing and aitering golutions wére introduced along a
structurally prepared system of openings. Tﬁo steepiy dipping

structural directions predominate, 290 - 310° and 340 - 3600.




" It is along these directions that quartz veins, shears, faults

and linear alteraﬁion zones are most éommonly found. Other

- subsidiary systems occur and the pattemof quartz veining and

. fracturing may change across the orebody, however, the two dominant

directibns are always present, It is probably no coincidence

‘jthét of-the two dominant directions, one (290o -~ 3100) is parallel
:to the Highland Valley fault 2zone and the other (340 - 3600) is
?parallel to the Lornex fault;' This also applies to the dike

:systém. Both fault'systems seem therefore to have had some

‘influence on structural development. In addition, there is a set

- lof flat quartz veins and shears which perhaps resulted from the
interaction of the two fault systems,
'The ore mineralogy is relatively simple. Two copper sulphides,

bornite and chlcopyrite, are present and molybdenite, though

ubiquitous, is scarce. Hematite in amounts to 2% is the most
common iron mineral, magnetite occurs in rare small patches and
pyrite at less than .5% is remarkable for its scarcity. The

relative proportions of bornite and chalcopyrite vary within the

orebody, but genérally bornite predominates in a ratio of about

" two to one.

The alteration types associated with ore are of the classic kind_

occurring in prophyry copper deposits in other parts of the world.
The most common alteration type is argillic which is pervasive
throughoﬁt the depoéit and appears to be early in the mineralizing

seguenge since it is cut by quartz veins, sericitic and potassic

;'alteration. Aréiilic alteration is characterized by a chalky,

slightly greenish appearance of the feldspars and by the alteration
‘ ‘ . . , ‘
of the biotite to a pale green mixture of chlorite and sericite.
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Potassic_alteratibn is next in the sequence and this isvmarked
by the developmehtvof potash feldspar. This type of alteration,
though widespread, is generally restricted to zones fifty to one

hundred féet wide.‘.Mineraiization associated with the potassic
élteration»ténds to be largely chalcopyrite. .

Sericitic alteration sﬁpws thegclosest relationship to copper
'mineralizaéion and it may occur in two dist;nct ways. Copper-
‘beafing quartz veins élmbst always carry a selvage of

coarse séricite. These veins may as they narféw become fine
ﬁtringefs of ééricite; grénular quartz and copper sulphides,
’do@inantly Borhite- Aiternatively,bsericite.and grénular quartz
may occur in;irrégular zonesvup to 20 feet wide impregnated with
bornite.and'chalcopyrite. In general,;when sericite is.present,'
copper sulphides are as we}l.

‘8ilicification is a promineﬁt feature of the orebody asAshown by
’thé gréat number of quartz veins and the presence of irregular
silice&us patches.. The aﬁéunt of quartz observed is in excess

of what might bé expected ffom the remobilization of silica originally
Vpresent in the f;esh.Bethsaida éuartz ﬁonzonite and suggests that

' a good part of it must ha&e been introduéed with thermineralfzing
solutions.l Sevéral generation§ of.quaftz Qe;ns-are present
{Ecludingra late barfen type. This too éight be construed as
'evideﬁce sﬁppdrting‘én‘épigénetic ratherAEhan syngenetic origin for
'the quartz. vPropylitic altération which commonly occurs on the
‘periphery of porphyry copper deposits, isbnotable by its absehce.
Similarly, there is very liﬁtié'pyrite in the orequy and no

evidence of a pyritic halo;‘

In suﬁmary, the Valley Coéper orebody displays_many of the character-
- isticsvascribed to>thévbettef known porphyry copper deposits. The
lack of a propylitic alteratiéh zone and a pyrite halo probably
feflect d%fférenéeé’invfiﬁia'composigiop rather than in process

and there seems to be littie doubt in assiéning the dposit to the

pProphyry copper class.



TESTING PROGRAM

Since May of 1969, a comprehensive testing program has been under
way. This program was designed to bulk sample the orebody and to £fill

in gépé with additional surface and underground drilling,

.,The underground testing has consisted of ariving three inclined(
‘headings inﬁé the orebddﬁ énd sampiing on é round by round basis,
:fhe undergrohnd headinéélQere driven at f20% using rubber tired
aiesel equipment and in plaﬁ tﬁese headings form an arrowhead
,:pointiﬂg southyest. Thé ﬁotal footage driven was 4100 feet

~and the ends of the declines are 500 feet below the portal.

The size of the opening driven was i4' x 11' with an arched

1bacg. Each_round was hucked, crushed and sampled separétely., In
order to provide a comparison‘with.diamond drilling, two holes

were drilled ahead of the facé and the core from these matched

to the round lengths ﬁo provide three separate samples. This
comparison sampling_will be done over tﬁe entire léngth ofvthe
decliﬁes. |

Surface aiamond drilling has been going on almost cphtinuously since
August, 1968, and to date sbme 90, 000 feet have been drillea, almost
all of it y;Q.Vsize. ‘Undergrdund dril;ing started in July, 1969,
'aé soon as workingvplaces were a§ailable. lThis‘program.On

»

completion will total 36,000 feet, all B. Q. size.

The testing program ié now virtually completed and the information
géined from it is currehtly béing assessed.  All of this information
and théassessment.of.it will be incorpofaﬁed into a feasibility
study‘now in progress. . | |

JMAllen/nc
April 8, 1970
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Valley Copper - General Data

10 million shares issued, Cominco has 69.7% and
spent roughly $1.5 million (George Cross Newsletter
No. 40, 1970). I think they own considerably more
than 69.7% now.

Bethlehem owns rights to 20% of the orebody.

Underground exploration roughly 3000', surface and
underground drilling 60 000'.

Reserves 600 000 Tons/vertical foot, grade 0.48%

Cu (MoS., negligable). Ore carries minor silver.
values.“ (In the 1971 report, they announced reserves
of 700 million tons).

GCNL, 1975, No. 74 copper price of 80-85¢/lb was
said to be needed to make the deposit economic
(in 1975 dollars). '

To the end of 1976, Cominco has advanced the Company
$11 million.
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ABSTRACT

The Valley Copper porphyry deposit is located in the Highland Valley
of B.C., about 370km northeast of Vancouver, B.C. Reserves are 790
million tonnes of 0.48 percent copper.

The rocks which host this deposit are mainly porphyritic Bethsaida phase
granodiorites, the most central and youngest phase of the 198 m y old
Guichon Creek batholith. Minor dyke phases include: pre-mineralization
granodiorite and quartz diorite porphyries and aplite, syn-mineralization
Tan felsite porphyry and post-mineralization lamprophyres.

Localization of the deposit is related to the formation of a zone of
intense fracturing near the intersection of the northerly trending Lornex
fault and the easterly trending Highland Valley fault. Predominant
orientations of faults, fractures and quartz veinlets in the deposit are
parallel to these two regional faults.

The alteration types recognized are: propylitic, pervasive sericitic and
kaolinitic, vein sericitic, K-feldspathic, biotitic, silicic and post-—
mineralization veining(rincipally gypsum). K-feldspathic alteration is
dominant in the central, deeper part of the deposit, where it is intimately
associated with and enveloped by an extensive zone of moderate to strong
vein sericitic and pervasive sericitic and kaolinitic alteration, which
grades outward into a zone dominated by weak to moderate pervasive serici-
tic and kaolinitic alteration. This latter zone, in turn, grades outward
into a zone with areas of weak to moderate propylitic alteration and areas
with no hydrothermal alteration. A well developed silicic zone (in the
form of barren quartz veinlets) occurs in the southeastern part of the
deposit. Elsewhere quartz veinlets (principally mineralized but some barren)
are only moderately developed within the deposit. The age of hydrothermal
alteration, calculated by averaging several potassium-argon analyses of
hydrothermal sericites, is 191 m y.

The sulfides present in the deposit are, in order of relative abundance:
bornite, chalcopyrite, digenite, covellite, pyrite, pyrrhotite, molybdenite,
sphalerite, galena and gudmundite (FeSbS). The greater part of the copper
mineralization is associated with areas of abundant vein sericitic alteration
and quartz veinlets. Bornite is the dominant sulfide in this sericitic
association, whereas chalcopyrite is the dominant sulfide accompanying K-
feldspathic alteration. Bornite/chalcopyrite ratios show highest values in
the central part of the deposit, where they exceed 3 to 1 and decrease away
from the core to the fringes of the deposit where chalcopyrite predominates.
The deposit has a weakly developed pyrite halo.




2.

Geochemical patterns related to hydrothermal alteration show a decrease
in Ca0O, Na,0, MgO, Sr, Ba and Mn and a corresponding increase in KO,
Si0,, Rb and TiO, from the periphery to the centre of the deposit.
Pat%erns related”to mineralization show that the deposit (as defined by
copper values exceeding 0.30 percent) is roughly oval in plan, with a
broad halo of lower copper grades around it. Molybdenum and zinc form
annular, geochemically enriched zones around the deposit.

Sericite stabilities and fluid inclusion compositions as well as sulfur,
oxygen and hydrogen isotopic data, suggest both that sulfur in the
sulfides is of sub-crustal or magmatic derivation and that the deposit
was formed at a shallow depth from saline, hydrothermal fluids. The
fluids had the following range in characteristics during the alteration
sequence:

T = 260 to 480°C

pH = 1.7 to greater thanva.O
-log sz = 1.5 to 4.5
-log f02 = 21.6 to 23.4

The main period of copper mineralization occurred at about 400°C from a
solution of about pH 2.2 to 3.1 which exhibited -log fugacities of oxygen
and sulfur of 21.8 to 23.0 and 1.8 to 2.7 respectively. The controlling
factor in the deposition of sulfides was apparently an increase in the
sulfide ion concentration. Miking of magmatic water and seawater probably
occurred throughout the various stages of hydrothermal alteration and is
estimated to be about 25 percent SMOW (Standard Mean Ocean Water) during
the main period of mineralization.

GENETIC SYNTHESIS

The copper-rich magma of the Guichon Creek batholith was probably derived
from a subcrustal source with the ore metals and hydrothermal fluids
probably derived from it by processes of differentiation. It is likely,
however, that seawater was contributed to the magmatic hydrothermal system.

The purpose of this part of the paper is to summarize the sequence of major
"events leading to formation of the Valley Copper deposit. They are believed
to have been as follows:

A



The Bethsaida granodiorite was intruded in Upper Triassic time
about 198 + 8 m y ago.

Movement on the Lornex and Highland Valley faults initiated a
zone of intense fracturing in Bethsaida granodiorite near the
fault intersection.

Pre-mineralization aplite, granodiorite and quartz diorite
porphyry dykes were injected along northerly and easterly trends.

Hot, saline fluids moved upward in the zone of fracturing and
mixed with downward percolating seawater to produce a fluid with
a temperature of about 260°C, pH about 1.7 and -log fS, of about
4.5. This fluid reacted with and leached Na,0 and CaO while
adding K20 and H,0 to the wall rocks. This Stage of alteration
produced extensive pervasive sericitic and kaolinitic alteration
with associated trace amounts of pyrite and chalcopyrite.

A continued influx of magmatic hydrothermal fluids and seawater
gave rise to a hydrothermal fluid with a temperature about 400 C,
slightly higher pH of 2.2 to 3.1, and a lower -log fS_, of 1.8 to
2.7. . These fluids reopened many of the access channe%ways used by
previous hydrothermal fluids and produced vein sericitic altera-
tion. Deposition of main stage copper mineralization occurred
during this stage, probably as the result of increased sulfur ion
concentration.

Tan felsite dykes, of syn-mineralization age, were also intruded
at this time.

In the main part of the deposit a further influx of fluids again
reopened the old channelways and formed quartz veinlets containing
vugs lined by or filled with bornite and chalcopyrite.

Continued fracturing of the rock mass occurred along with formation
of quartz veinlets with disseminations and envelopes of secondary
K-feldspar. The pH of the hydrothermal fluid at this stage probably
continued to increase to about 4.0 while -log fS,_ probably in-
creased slightly to about 3.5. Mineralization of this stage was
limited to minor amounts of chalcopyrite, probably as a result of
further decreased sulfur fugacity. Chemically, this stage is
characterized by a pronounced increase of K,0 and SiO, and a marked
decrease of HZO’ relative to zones with pervasive and vein sericitic
alteration.
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Further fracturing occurred followed by deposition of
essentially barren quartz veinlets from hydrothermal
fluids of still further increased pH and -log sz.

In close spatial association with previously formed
secondary K-feldspar fractures were re-opened and gypsum
deposited. The hydrothermal solutions were rich in sea-
water sulfate.

Lamprophyre dykes were intruded about 132 + 3 m y ago.

During subsequent uplift and erosion the overlying rocks

and the upper part of the deposit were removed and an oxidized

zone and weak supergene blanket developed. Glaciation followed
by glaciofluvial deposition and continued erosion produced the

present day surface.
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59. DISTRIBUTION AND ORIGIN OF THE "GYPSUM LINE" IN THE VALLEY COPPER
PORPHYRY DEPOSIT, HIGHLAND VALLEY, BRITISH COLUMBIA

Project 700041

J. L. Jambor1 and W.Jd. McMillan2
Regional and Economic Geology Division

Introduction

Gypsum and anhydrite have been reported to occur
in several porphyry copper deposits in the United States
(Meyer, 1965; Lowell, 1968; Sheppard and Taylor,
1974; Phillips et al., 1974; Corn, 1975), in Puerto Rico
(Cox et al., 1973), in Chile (Howell and Molloy, 1960;
Sillitoe, 1973), in the Philippines (Bryner, 1969), and
in Canada (e.g., Barr, 1966; Carson and Jambor, 1974).
Occurrences of anhydrite seem to be much more common
than those of gypsum, and where mention is made of
either mineral, the association seems to be most
commonly with the zone of potassic alteration in
porphyry deposits. In the compilation by Lowell and
Guilbert (1970), anhydrite appears only in the "Inner
Zone" of hydrothermal alteration at one deposit, and
in the "Innermost Zone" at eight deposits. Although
the mineral has not been found in the outer zones of
alteration, detailed studies of the El Salvador (Chile)
orebody by Gustafson and Hunt (1975) have shown that
the sulphate zone overlaps several of the major hydro-
thermal alteration zones.

To the writers' knowledge, the distribution of
sulphates in porphyry deposits has not been studied
in detail except at El Salvador. This paper presents
the results of a study of gypsum distribution in the
Valley Copper porphyry deposit, Highland Valley,
British Columbia. The deposit is about 55 km southwest
of Kamloops and is entirely in Bethsaida quartz monzonite
of the Triassic Guichon Creek batholith. Reserves in
the deposit are approximately 850 million tons grading
0. 48 per cent copper to a depth of 1450 feet. The
largest part of the copper zone is in Valley Copper
proper, which is controlled by Cominco Ltd., but part
extends into claims held by Bethlehem Copper Corporation
(Fig. 59.1). Bethlehem has named its part of the
deposit the Lake Zone. No date has been set for
bringing the Valley Copper deposit into production.

Gypsum at Valley Copper

Although gypsum in porphyry deposits of the
Highland Valley was recognized several years earlier,
the spatial distribution of the mineral was first
published by McMillan (1971). In two vertical cross-
sections through the Valley Copper deposit, McMillan
demonstrated that the initial appearance of gypsum
down the drillholes is not erratic but occurs at a fairly

1J.L. Jambor, CANMET, 555 Booth Street, Ottawa,
K1A 0G1

2W. J. McMillan, British Columbia Department of Mines

and Petroleum Resources, Victoria, B.C.

Geol. Surv. Can., Paper 76-1B

constant topographic elevation that can be projected
form hole to hole to form a "gypsum line". Below this
"line" gypsum is common. Subsequently, J.L. Jambor
logged all the drillholes in the Cominco part of the
deposit in order to define more precisely the distribution
of gypsum both in the copper zone and peripheral to it.
Drill core from the Lake Zone was sampled, but the
L-series holes (Bethlehem Copper) were not logged.
Therefore, the vertical distribution of gypsum in
L-holes is based on laboratory samples and is not
accurate.

Recently, Jones (1975) established the position
of the gypsum line in the deposit in 12 surface drillholes
not logged by McMillan (1971). These independently
determined results are generally in excellent agree-
ment with the more extensive data reported here.

Description of Sulphates

Most gypsum is white to orange and fibrous, but
plates up to 5 mm long are present locally. The
principal occurrence is in veinlets from less than
1 mm to about 5 mm thick. The maximum width is
8 cm (Jones, 1975), but veinlets more than 1 cm wide
are rare. Veinlet abundances are variable, but
several occurrences per foot are common in some drill-
holes. The veinlets extend at least 2500 feet below
surface, but the general impression is that widths
decrease near the bottoms of the deepest holes. Gypsum
veinlets cut all hydrothermal alteration types, and all
quartz and sulphide-bearing veinlets in the deposit.

In addition to its presence as veinlets, gypsum
also occurs as patches disseminated in potassic-altered
rocks and is present in minor amounts as interstitial
grains in both mineralized quartz and K-feldspar-
quartz veins. No gypsum has been found near the
surface of the deposit, and its distribution is not
related to the oxidation zone which is only locally
developed and rarely more than 50 m deep.

Anhydrite is common as microscopic grains
associated with K-feldspar and sericite in rocks which
have intense potassic-alteration but no significant
argillic alteration. Rare megascopic anhydrite grains
are pale purple and have been noted in masses up to
2 by 2 ecm. Although anhydrite veinlets have not been
observed, Jones (1975) reported that anhydrite is
present in gypsum from moderately argillized rock,
and in sulphide-bearing quartz and quartz-sericite
veins. According to Jones, virtually all the anhydrite
is below the 3400-foot level.

G5 o 8 (6€)
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Copper Zone and Gypsum Line

The gypsum line and the copper zone at Valley
Copper are shown in plan in Figure 59.1. The position
of the 0. 3 per cent copper isopleth for the Lake Zone
is based on assay data for several of the earliest drill-
holes (Bethlehem Copper Corporation, 1968, 1969;
Northern Miner, Nov. 21, 1968, Dec. 19, 1968), but
information is not available for most later drillholes,
and thus the isopleth for part of the Lake Zone is partly
interpreted. The copper zone on the remainder of the
Valley Copper deposit is better defined because it is
based on assay data for 40 percussion drillholes and
19 diamond-drill holes (Allen, 1969).

Almost all the approximately 90 000 feet of core
from surface drilling on the Cominco portion of the
deposit was logged for information about mineralization-
alteration zoning, and the position of the gypsum line.
However, core from only a few holes in the Lake Zone
was logged and the position of the gypsum line in this
area is approximate because it is based primarily on
data from core samples selected for laboratory study.

Core logs and assay data indicate that the copper
zone is roughly elliptical in plan (Fig. 59.1), but the
eastern part of the deposit is narrow and truncated by
the Lornex fault. The pronounced inward deflection
of the 0. 3 per cent copper isopleth in the southeastern
part of the deposit reflects the presence of a stockwork

> > > Y > $ N
A & S A & >
—_—— $ $ $ n S 5 &
e aL-2s ‘;é <
= Py — i)
» Elé oL-20 LAKE Fw — éé\
| & 52 P e
{ ela
//, #S_’/
< z Ky
= “
Z feesetan o &
| : .5 DIVIDE
aL-28 T v,
016 LAKE
15 BETHLEHEN >,
— VALLEY COPPER - &
o33 3 .,-’ c_go
"5
al-15
g >
o ¥ A
17 § cgé'
= a1 .
= o,
E A
/ : { 4
20 7 ’
S BL-8
o32 5
!
oL-10 =~
- a2
o slC
o S e
<< w |
u_‘ 4 E ;
>< =ha
w : | =
= Y
- 2|2
c66-1 — E
oL-17 oL-18
5 inches ; c66-2 r ,
| | | (o] 500 1000 FEET
[T VERTICAL DIAMOND-DRILL HOLES
0 1 2 663 = D.D.H, 68~ (GYPSUM PRESENT) |
D o D.D.H. 68  (evesun AsseNT) £ APPROXIMATE OUTLINE OF DRILL-INTERSECTED
Pas b 1ot INCLINED DIAMOND-DRILL HOLES """ GYPSUM. PROJECTED TO SURFACE
\ original image. It wil C66-4 < D.D.H., 69- , C66-  (GYPSUM PRESENT) (—b -
| as the image, therefore < D.D.H, 63- . C66-  (GYPSUM ABSENT) ESTIMATED LIMITS OF 0.3% Cu
/ efarence for” the
original size.
Figure 59.1. Distribution of gypsum in surface diamond-drill holes in the Valley Copper porphyry copper deposit.
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of late-stage, barren quartz veins and associated
silicification. The most intensely veined and silicified
part of this zone forms an elongate dome which extends
from the Lornex fault toward the core of the deposit.
Rocks within the dome commonly consist of up to 50 per
cent barren quartz. The contacts of the dome are
gradational. The highest grade part of the copper zone
(> 0.5 per cent copper) is centrally located in the
deposit and is wrapped around the northwestern part
of the quartz-rich dome.

The three-dimensional shape of the copper zone is
not precisely known. However, near the Lornex fault
(Section 9, Fig. 59.1), the copper zone appears to have
a steep or vertical dip whereas the western side of the
deposit dips inward at a moderate angle.

In plan, the drill-intersected gypsum line conforms
fairly closely with the copper zone. Cross-sections of
the deposit (Fig. 59.2) show that the gypsum line has
the following features:

1. At the southeastern end of the deposit, gypsum is
absent in Sections 9 and 10 and comprises only a
thin band in Section 11 in diamond drill holes 68-14
(Fig. 59.2). Gypsum-bearing samples in holes
L-7 and L-12, which are southeast of the section,
are approximately 250 feet lower. Because the
holes were not logged in detail it is not certain
whether the gypsum line is almost horizontal, is
offset by faulting between holes 68-14 and L-12, or
plunges steeply southeastward.

2. The gypsum zone broadens and thickens northward.

The elevation of the top of the gypsum line rises
from about 3200 feet in Section 11 to 3500 feet in
Section 12, beyond which its elevation remains
fairly constant to Section 17. Gypsum in this
extensive central area of the deposit persists to the
bottoms of the deepest drillholes.

3. In Section 17, the elevation of the gypsum line
southwest of the reference line decreases to about
3100 feet elevation, and in Section 18 the gypsum
zone pinches out to the southwest.

Relationship to Hydrothermal Alteration

Hydrothermal alteration at Valley Copper has been
described by McMillan (1971), Jones (1975), and in
less detail by several others. Additional studies by
J. L. Jambor are still in progress, but some generaliza-
tions with respect to gypsum and hydrothermal
alteration can be made.

The copper zone at Valley Copper is roughly
centrally located within a zone of potassic alteration,
the outer limits of which are marked by the disap-
pearance of hydrothermal biotite. In the core of the
deposit, K-feldspar is abundant and at depth the
potassic assemblage is K-feldspar-sericite-biotite-
anhydrite. Within the copper zone, argillic alteration
is locally extremely intense to the point where large
masses of rock in the deposit are cream coloured and
chalky in appearance; in such material the feldspars
are largely obliterated, and primary and hydrothermal

biotite commonly is completely replaced, though
sericite and quartz are not visibly affected. Areas in
which intense argillic alteration of this type predominate
are shown in several cross—sectionﬁsa(flji . 59.2). Such
areas are not laterally continuous ewutsiee the copper
zone and are rare outside it. Significantly, these
intense argillic zones decrease with depth; the change
is seen best in Sections 16 and 17 (Fig. 59.2) because
this area is distant from the zone of late-stage silicifica-
tion. These sections show a downward change from
intense argillic to potassic alteration at depth. Within
the deep core of the deposit, pink K-feldspar is a
conspicuous megascopic constituent, sericite is coarse
but not demarcated as well-defined selvages, and
sharply-bounded discrete quartz veins are rare. In
the potassic zone peripheral to the K-feldspar-rich
core, hydrothermal biotite predominates and relatively
linear quartz-poor sericitic veinlets occur. These
veinlets clearly cut the pervasively biotized rock.

The so-called transition zone (Section 16 and 17)
consists largely of the K-feldspar-rich potassic
assemblage, but contains minor zones of argillic
alteration. Below the lower boundary of this transition
zone, pervaéive argillic alteration is negligible. Rare
argillized sections of core, which are not demonstrably
related to faults, show that the clay alteration has been
superimposed on the gross pattern of potassic alteration.
This trend is also evident throughout the deposit
because vestiges of potassic alteration are locally
perserved in the upper argillic zone.

The distribution of hydrothermal alteration
assemblages and gypsum show a clear spatial relation-
ship. Intense argillization and gypsum veining are
generally antithetic whereas gypsum and "deep"
K-feldspar-rich potassic zones are sympathetic. There
are indications that the gypsum zone deepens and
pinches out at the periphery of the copper zone, and
this too is correlative with the decline in overall
intensity of potassic alteration.

Origin of the Gypsum Line

A hypogene origin is accepted for the Valley Copper
sulphate zone. The top of the zone is a gently undulating
surface below which primary anhydrite is present.

A similar sulphate distribution also appears to be
present in the porphyry deposit at El Salvador, Chile.
Because of the presence of tiny relict grains of
anhydrite preserved in quartz, Gustafson and Hunt
(1975) concluded that the original sulphate zone at

El Salvador probably extended at least several hundred
feet above its present level. Although sulphates have
not been noted above the gypsum line at Valley Copper,
the studies to date have not been sufficiently detailed

to exclude their presence. The microscopical studies,
however, do indicate that some disseminated interstitial
anhydrite has been partly hydrated to gypsum, and that.
disseminated gypsum increases at the expense of
anhydrite near the gypsum line.

The interpretation of the origin of the gypsum dis-
tribution is inextricably related to the interpretation
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Figure 59.2. Vertical cross-sections of the Valley Copper deposit. Horizontal and vertical scales are identical in
all sections. Section lines are shown in Figure 59. 1.

Section 11: gypsum zone is shown in solid black; limits of the zone in hole L-12 are not known, and the
single occurrence in hole L-7 is designated by an X. Only local, intense argillic alteration
is present in the section.

Section 12: argillic alteration, designated by shaded pattern, is more intense in the area on the right side
of the diagram than on the left. Strong K-feldspar alteration is not present in sections 11 or 12.

Section 14: solid line beneath the area of intense argillic alteration marks the upper limit of the potassic zone

(opposite) 1in which only local, minor argillic alteration is present. Moderate K-feldspar alteration occurs
between D.D.H. 68-4 and D.D.H. 68-1. The alteration down D.D.H. 68-5 is from intense argillic
at the top, through a transition zone in which numerous, discontinuous argillic zones are present
in a K-feldspar-bearing potassic zone, and to a deep potassic zone in which argillization is
quantitatively insignificant.

Section 16, 17: argillic alteration is weaker on the extreme left sides of the diagrams than on the right.
(opposite) Moderate-K-feldspar alteration noted in section 14 is continuous to section 16 and declines sub-
stantially by section 17. Gypsum in section 18 (not shown) is absent to the left of the reference line.
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of the sequence of formation of the major hydrothermal
alteration facies. In contrast to the generally prograde
sequence advocated by Jones (1875) and Osatenko and
Jones (in prep.), the present writers conclude that,
although there was considerable overlap, the potassic
zone was formed in the initial stage of the development
of the deposit and was followed by sericitic (phyllic)
and argillic alterations. Although much of the potassic
zone in the upper part of the deposit has been
obliterated, the innermost residual parts seem to differ
only in that they lack the anhydrite present at depth.
Thus, the pronounced vertical zonation in the Valley
Copper deposit is interpreted to be largely the result
of superimposed alteration.

The trend of superimposition appears to have
followed the sequence: phyllic » argillic » late-stage
silicification >~ gypsum veining. Although the last two
do not have an intimate spatial relationship, a close
genetic association between argillic alteration and
gypsum veining probably exists. Pervasive argilliza-
tion and phyllic alteration would release large amounts
of calcium to the late-stage hydrothermal system;
however, because sulphides do not seem to have been
affected, an alternative source or sulphur must be
found. Jones (1975) has established from isotopic data
that the percentage of ocean water in the Valley Copper
hydrothermal system reached its maximum at the time
of gypsum deposition. It could be assumed that the
residual sulphate-rich magmatic fluids were rapidly
cooled by the influx of oceanic water, causing gypsum
deposition from the hydrothermal mix. However, this

model requires that the residual solution be unreasonably

sulphate-rich. The alternative favoured here is that
the late-stage influx of ocean water accelerated the
temperature decline in the partly cooled hydrothermal
system which was already rich in calcium and sulphate
derived by leaching of the upper part of the potassic
zone during argillic alteration. The assumption that
anhydrite initially extended above its present position
is supported by the apparent abruptness of the change
into anhydrite-bearing rock and the lack of comparable
vertical zonation in other minerals of the potassic
assemblage. Thus, the top of the gypsum zone is con-
sidered to represent the horizon at which significant
hydrothermal activity ceased. Although lateral
migration of the late fluids could distort the model, the
gypsum zone at Valley Copper should ideally pinch

out at the extreme periphery of the potassic zone
because this area lacked anhydrite and was cooler
during the last stages of hydrothermal alteration.
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| During the past five years, the H1gh1and Valley area of British

Columbia has been the site of two major copper discoveries, Valley
Copper and Lornex. A third discovery, Highmont, may also prove

" to be of major importance. Taken with the existing producers,

Bethlehem. and Craigmont, these potential orebodies suggest that
the Highland Valley area may become one of the major copper areas -
of the world.

The location of the maJor discoveries, current producers and

more promising showings is shown on the accompanying sketch (Fig. 1).
- A11 of these are within or at the contact of the Guichon batholith,

a concentrically zoned body of quartz diorite composition emplaced
about 200 million years ago in Upper Triassic time. The deposits

~ and- showings discovered to date have many features in common and-

all are genetically Tinked to magmatic processes in the Guichon
batholith. The purpose of this paper is to comment on the dis-
covery of one of them, Valley.Copper, and to describe what is
presently known about the deposit. :

GEOLOGICAL SETTING

The Guichon batholith is a roughly oval body at least 240m11es
long and up to 15 miles wide. Its long axis strikes 345-. The

~ batholith is bounded on the east and west by major north trending

faults and according to Carr these faults delimit an up-faulted
block of Cache Creek and Nicola rocks into which the batholith
has been intruded. The rocks of the batholith are overlain by
four later groups consisting largely of volcanics ranging in age

- from Middle Jurassic to Eocene. The age of the batholith is on

geological evidence limited to the interval between early Upper
Triassic and Middle Jurassic.

Isotopic ages on rocks of the batho]ifh, 55 of which have now been
published, show a remarkable concordance. The average for all of

~these ages is 196 million + 8 M.Y. and the spread is from 184 to

206 M.Y. Most of these ages were done by the K/A method and the
poss1b111ty of Argon loss has to be considered, however, six
Rb/Sr ages from the Craigmont mine agree very closely, i.e. 200+
2 M.Y. and this plus the lack of evidence of metamorphism which
might have caused Argon loss shows that the ages are probably
reliable. On the absolute time scale, this would place the time
of conso]1dat1on of the Guichon rocks in the Upper Triassic.

The isotopic ages also show that there is no significant or system-
atic difference in age among the various phases of the intrusive,
It would appear that all of the phases crystallized within & short
interval and that multiple intrusion, if it did occur, must have
been over a short period as well.
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INTERNAL STRUCTURE OF THE BATHOLITH

The ‘gross structural pattern in the batholith is shown, best by the.
distribution of intrusive phases. These phases are arranged in a
concentric pattern around a central core of Bethsaida quartz monzonite.
The Witches Brook phase displays cross-cutting relationships, but this
rock type occurs only in dikes and relatively small irregular masses .

and since its distribution was probably controlled by local structure, -

it does not really disrupt the overall pattern.

The type and distribution of phases is shown on the accompanying
figure. In all, there are seven distinct phases, two of which are
subdivided into five varieties and a late porphyritic phase. There
is no significant difference in the absolute ages of the phases,
however, there is geological evidence that age increases from the
core outward. The outer or hybrid phase, is the oldest and forms
a shell up to five miles thick between the intruded rocks and the
younger phases of the batholith. Its composition is generally quartz
~dioritic but this is variable and characteristically this phase contains
partially assimilated blocks and fragments of the country rock. The
contacts of the hybrid phase are generally gradational grading out-
~ward to Nicola or Cache Creek rocks and inward to the Guichon variety
of the intrusive. The hybrid shell is much thicker on the western
side of the batholith, i.e. 3 to 5 miles vs. % - 1 mile and this
suggests that the whole batholith may have been tilted eastward by
differential movement on the bounding faults.

The later phases are all granodiorites or quartz monzonites and
~distinction of them is based primarily on textural and mineralogical
features and not on bulk compositional differences. There is, however,
a decrease in specific gravity, i.e. from 2.80 to 2.64 from the hybrid
to the Bethsaida phase that could reflect increasing differentiation.
With the exception of the contaminated hybrid shell, the various phases
are very similar and the differences among them probably resulted
mostly from changing pressure and temperature conditions dutring intru-
sion.

Smaller structures within the batholith include faults, shears,
breccia and shatter zones. Dikes and dike swarms, which are common,
.probably reflect another type of structure. The most common direction
for linear structures is north-south and the majority of dikes follow
this trend. The most notable of these structures is the Lornex fault
which bisects the Bethsaida quartz monzonite. Faults and shear zones
striking northeast are less common and a third set striking north-
westerly, though not obvious, is important in localizing ore, e.qg.
Alwin, Valley Copper. Breccia zones such as those at Bethlehem,
Trojan and on Gnawed Mountain may or may not be related to faulting,
since the breccia types vary. However, the Trojan and Bethlehem
breccias occur in areas where strong north-south faulting is common
and a combination of suitable structural openings and access to
volatile charged fluids is certainly suggested as a cause. Shatter
zones much as those at Valley Copper, Krain and possibly Lornex

occur within or adjacent to major faults and at least in the case .
of Valley Copper near the intersection of two major structures. The
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principal difference between the shatter zones and the breccias appea?s
to be that in the shatter zones there was not sufficient space provided
by stress release to péermit the broken blocks to rotate.

MINERALIZATION IN THE BATHOLITH

’Copper mineralization may occur anywhere in the batholith and in
. any of the various phases. The distribution of producing mines and

better known prospects is shown in the accompanying figure. All

of these lie close to a north-south line which bisects the batholith
and the larger ones except for Craigmont are on or adjacent to a
contact of the Bethlehem phase of the intrusive. This latter is
suggestive of a genetic relationship with this phase, however, this

~is probably more apparent than real. A1l of these mines and prospects

are structurally controlled and the mineralization in them is contained
in open space fillings formed after the consolidation of the host rock.
The significance of the Bethlehem phase and its contact is therefore -
Timited to the influence each has had on the development of structures
suitable for ore deposition. Similarly, the north-south zoning may
reflect a concentration of deep seated north trending structures formed™
after differentiation had proceeded far enough to create a reservoir

of copper bearing solutions. That this reservoir has been tapped by
other structures is apparent from the wide distribution of copper
within the batholith, however, structures large enough and continuous
enough to contain sizeable orebodies appear at this time to be Timited
to the central zone. '

The mineralization is quite similar from one mine or showing to another.

" Chalcopyrite is the most common copper mineral however, with the excep-

tion of Craigmont, the one producing mine (Bethlehem) and all of the
potential producers contain bornite in amounts sufficient to determine
the viability of the operation. Pyrite is a common associate of
copper, but its amount varies considerably, e.g. at Bethlehem there

is a heavy pyrite zone on the southwest side of the Jersey orebody

~ while at Craigmont and Valley Copper pyrite is extremely scarce.

The most common iron mineral in terms of occurrence is hematite.
This mineral is ubiquitous in copper occurrences, but rarely does
it occur in amounts greater than 3 percent, Craigmont being a notable

~exception. The widespread occurrence of hematite suggests that the

mineralizing solutions had a relatively high Eh such as might be

“expected in a highly aqeous environment. What effect this may have

had in the partition of Fe, S and Cu is unknown, but in many deposits
it appears that in the competion for sulphur, Cu was favoured over
iron and perhaps the oxidation state influenced this. The source of
sulphur has been the subject of two recent publications. Christmas,
Baadsgaard, et al.conclude from a study of S, C and O isotope ratios
of Craigmont ore that the sulphur of the ore is of mantle origin and
therefore from a deep source. M. P. Schau in a reply to this says
that sulphur from assimilated Nicola basalts is just as likely a
source since this sulphur would have mantle ratios too. As it now
stands, the source of the sulphur is open to question, however the
nature of the copper deposits and their relationship to deeply pene-
trating structures suggests that the copper and sulphur did come
from some depth -and could well be of mantle origin.
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STRUCTURAL SYNTHESIS

The sequence of events leading to the discovery of the Valley Copper
orebody started in 1964 with the formation of Valley Copper Mines
Limited. This company, at that time, held various groups totalling

425 claims. Evaluation of these groups began immediately and during’
1964, 1965, and 1966 various kinds of exploration programs were

carried out on all of them. By 1966, a considerable amount of informa-
tion had been gained from -this work and this was used along with
published data to produce a geological compilation of the batholith
area. To supplement:this, a study of aerial photographs was made

*and this was combined with ithe known geology to provide a structural
interpretation.

The Lornex discovery in 1966 served to draw attention to the Lornex
fault and at about the same time new aerial photographs of the area
became available. These photographs clearly show the southern exten-
sion of this fault for some eight miles, along Skuhost Creek valley.
The northern extension beyond Lornex is obscured by steep topography
but clearly if the fault is string straight for eight miles, its
northern extension should be as well. Thus projection of the fault -

-~ north through Divide Lake seemed reasonable. Intersection with an
inferred 'structure under Highland Valley was more conjectural for there
was not then and there is not now any direct evidence of faulting

under Highland Valley. In any case, however, the area adjacent to

the conjectured intersection of two large fault structures was considered
to provide a worthwhile exploration target.

Another possibility suggested by the location of the Lornex orebody

in or adjacent to the-Lornex fault was that the orebody might have

a displaced portion somewhere along the west side of the fault.

At that time, neither the sense nor amount of movement along the Lornex
fault was known, however, the occurrence of copper mineralization on

the Bethsaida claims suggested a relationship. If indeed the Lornex

and Bethsaida mineralization were related, then right-hand movement

of about 2 miles was indicated. Particularly suggestive of this was

the low grade copper mineralization south of the Lornex orebody and

in the southeastern part of the Bethsaida group as indicated by drilling
in 1966. If these two areas of low grade mineralization were correlative,
then the same spatial relationship could pertain on the Bethsaida group

as did at Lornex. In this case, ore grade mineralization should be
to the north or northeast.

This rather‘spetu]at1ve interpretation needed further support and
this was provided by the information compiled in 1966. This compila-
tion in view of the possible importance of the Lornex fault was
directed toward trying to find supporting evidence for the supposed
‘right-hand movement of some 2 miles. It was found that the south
contact of the Bethsaida quartz diorite had an apparent northward
displacement on the west side of the Lornex fault. The amount of
this displacement could not be measured accurately but was definitely

of the same order as the distance between Lornex and the Bethsaida
group. :

24 -

This

deal 1
Beths
suppo
direc

A num

.Coppe

early
relat

~Guich

and w
QOrebo
brecc
origi
plumb
the d
of th
the m
diffi
impor

Thus
fault

in th

Percu
of Va

In bo
group
broad
was p
purpo

- Thus,

as wi
sion
grade
or gr
two o
a lot
but 1
depth
drill

The V
strik
the s
was s




per
ng

ing
forma-

th

ral

2X
2a
ten-
ay.
>hy

It
1
there

)
isidered

This supporting evidence made the faulted offset hypothesis a good'
deal more tenable and suggested that the northeast quarter of the
Bethsaida group would be a good exploration target. A second and

supporting indicator was the possibility of a major fault intersection
directly east of this same area under Divide Lake.

A number of factors have contributed to the discovery of the Valley
Copper orebody.. One of the most important of these was the realization
early in the Valley Copper program that mineralization is always
related to structure, particularly open space fillings. In the

Guichon batholith there is little, if any, truly disseminated sulphides
and with the exception of Craigmont, no replacement of host rock.
Orebodies and showings, big or small, are invariably contained in
breccias, shear zones, veins, shatter zones, etc. of obvious structural

~origin and the inference is clear that without .the structurally prepared

plumbing system there would be no mineralization. Also important is

the distribution of copper mineralization within the batholith. Any

of the major rock units may contain copper showings and in every case
the mineralization is younger than the host rock. It thus becomes _
difficult to prove a genetic relationship to any rock unit and the

' importance of structure is further emphasized.

Thus the recogn1t1on of the possible significance of the Lornex
fault and the Highland Valley fault zone was a very important element

in the discovery of the Valley Copper orebody.

PERCUSSION DRILLING

Percussion drilling played a very important role in the discovery.
of Valley Copper and a few comments about the method follow.

In both 1967 and 1968, percussion drilling was done in the Bethsaida
group. In both years, the purpose of this drilling was to test a
broad area quickly and cheaply simply to see if copper mineraiization
was present. In each case, the percussion drill accomplished this
purpose at about one-third the cost of diamond drilling.

Thus, for the same cost, three times as many holes can be drilled
as with a diamond drill and herein lies the real virtue of the percus-
sion drill. Most orebodies are irregular in shape and variable in

‘grade. One hole drilled through an orebody may, because of geometry
.or grade distribution, miss the ore grade section completely. Even

two or more holes may do the same. The obvious solution is to drill
a lot of holes and often this may be uneconomic with a diamond drill,
but less Tikely to be so with percussion drilling. However, the
depth Timitation of 300 feet poses restrictions for the percuss1on

Cdrill.

THE OREBODY

The Va]]ey Copper orebody is roughly ova] in plan with its long axis
striking about 3100. Its Jong dimension is at least 4,500 feet and
the shorter 3,000 feet. The deepest hole yet drilled in the orebody
was still in ore at 2,340 feet. The tonnage potential easily qualifies
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it as the largest orebody yet found in Highland Valley and work is
still proceeding to actually delimit the area of mineralization.

‘Reserves are currently estimated to be of the order of 600,000 ton/vert.
feet grading 0.46% Cu.

The geology of the orebody is quite simple for there is only one
major rock type, the Bethsaida quartz monzonite. At least two types
of porphyry dikes and a variety of Lamprophyre dike cut the orebody,
but these are generally narrow and do not bulk large in the geological
picture. - The geology does not, therefore, offer much insight into the
genesis of the ore and geological controls, e.g. contacts, do not
appear to have been important in localizing ore.

Structure on the other hand appears to have been a dominating influence.
Almost all of the rock in the orebody has been strongly sheared- and
fractured and there seems ample evidence that the mineralizing and
‘altering solutions were introduced along a structurally prepared system
of openings. Two steeply dipping structural directions predominate,
2900 - 3100 and 340 - 360°. It is along these directions that quartz-
veins, shears, faults and linear alteration zones are most commonly
found. Other subsidiary systems occur and the pattern of quartz vein-
ing and fracturing may change across the orebody, however, the two
dominant directions are always present. It is probably no coincidence
that of the two dominant directions, one (2900 - 3100) is parallel to
the Highland Valley fault zone and the other (340 - 360°0) is parallel
to the Lornex fault. This also applies to the dike system. Both ‘
fault systems seem therefore to have had some influence on structural
development. In addition, there is a set of flat quartz veins and

shears which perhaps resulted from the interaction of the two fault
systems. , :

The ore mineralogy is relatively simple. Two copper sulphides,

bornite and chalcopyrite, are present and molybdenite, though ubiquitous,
is scarce. Hematite in amounts to 2% is the most common iron mineral,
magnetite occurs in rare small patches and pyrite at less than .5%

of total sulphide is remarkable for its scarcity. The relative
proportions of bornite and chalcopyrite vary within the orebody, but
generally bornite predominates in a ratio of about two to one.

, The alteration types associated with ore are of the classic kind
occurring in porphyry copper deposits in other parts of the world.

The most common alteration type is argillic which is pervasive through-
out the deposit and appears to be early in the mineralizing sequence
since it is cut by quartz veins, sericitic and potassic alteration.
Argillic alteration is characterized by a chalky, slightly greenish
appearnace of the feldspars and by the alteration of the biotite to

a pale green mixture of chlorite and sericite. Potassic alteration

is next in the sequence and this is marked by the development of
potash feldspar. This type of alteration, though widespread, is
generally restricted to zones fifty to one hundred feet wide. Mineral-

ization associated with the potassic alteration tends to be largely .
cha]copyrite,

. Sericitic alteration shows the closest relationship to copper mineral-
ization and it may occur in two distinct ways. Copper-bearing quartz
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veins almost always carry a selvage of coarse sericite. These veins
is may as.they narrow become fine stringers of sericite, granular quartz
and copper sulphides, dominantly bornite. Alternatively, sericite and
on/vert. - granular quartz may occur in irregular zones up to 20 feet wide .
‘ impregnated with bornite and chalcopyrite. In general, when sericite
is present, copper sulphides are as well.
ypes ~Silicification is a prominent feature of the orebody as shown by .
ydy, the great number of quartz veins and the presence of irregular siliceous
sgical patches, The amount of quartz observed is in excess of what might be
to the expected from the remobilization of silica originally present in the
E . fresh Bethsaida quartz monzonite and suggests that a good part of
it must have been introduced with the mineralizing solutions. Several
: generations of quartz veins are present including a late barren type.
luence. ~ This too might be construed as evidence supporting an epigenetic rather
ind than syngenetic origin for the quartz. Propylitic alteration which
d commonly occurs on the periphery of porphyry copper deposits, is notable
system by its absence. Similarly, there is very little pyrite in the orebody
te, ~and no evidence of a pyritic halo.
?;tz In summary, the Valley Copper orebody displays many of the characteristics
vein- ascribed to the better known porphyry copper deposits. The lack of a
o propylitic alteration zone and a pyrite halo probably refiect differences
dence in fluid composition rather than in process and there seems to be
1 to little doubt in assigning the deposit to the prophyry copper class.
el TESTING PROGRAM
:ra] Since May of 1969, a comprehensive testing program has been under
t way. This program was designed to bulk sample the orebody and to
fill in gaps with additional surface and underground drilling.
" The underground testing has consisted of driving three inclined
uitous, headings into the orebody and sampling on a round by round basis.
ral, The underground headings were driven at -20% using rubber tired
diesel equipment and in plan these headings form an arrowhead point-
~ ing southwest. The total footage driven was 4100 feet and the ends
it of the declines are 500 feet below the portal.
The size of the opening driven was 14' x.11' with an arched back.
Each round was mucked, crushed and sampled separately. In order to
provide a comparison with diamond drilling, two holes were drilled
ugh- ahead of the face and the core from these matched to the round lengths
e to provide three separate samples. This comparison sampling will
be done over the entire length of the declines.
Surface diamond drilling has been going on almost continuously since
~August, 1968, and to date some 90,000 feet have been drilled, almost
all of it N.Q. size. Underground drilling started in July, 1569,
as soon as working places were available. This program on completion
ral- will total 36,000 feet, all B. Q. size.
The testing program is now completed and the information gained from
it is currently being assessed. All of this information and the assess-
1= ment of'jt will be incorporated into a feasibility study now in progress.
4
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GEOLOGY OF THE
GUICHON CREEK BATHOLITH
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. THE GEOLOGY OF THE VALLEY COPPER OREBODY

’ Dﬁriné the pést‘fiveiyearé; the Highland Valley area of

\British Columﬁia has.been'the.site of two major cdpper discerries,
Vélley Copper and Lorne#. A third diséoVery, Highmont,.may
aiso.prove to be of major impértance. Taken with the existing

. pfoduceré, Eeﬁhléhem'and=¢raigmont2 these potential orebodies
squest that tﬁe Highland Vailey‘area may become one of the

_ maj;r cbpper areés of the wald.'

The locatiqn §f the majbr discoveries, current producers énd

more promi;ing ghbwihgs is shown on the aécpmpanying skétch

(Fig. I). Aall offthése are within or at the contact of the

. Guichon bathdlith; akcoﬁcentrically zoned boay of q@artz diorite
_composition emplaced about 200 ﬁillion years ago-in Upper Triassic
time. Thg depgsits,énd showinés discovefed to date have many.
features in comﬁon aﬁdvéli are:genetica11y linked to magmatic
ptoces;es in the Gﬁiéhoh bétholith. The purpose of this pépe:
--isb to éomment on thé idiscovery of one of i:hem, Va;ley Copper,

k_'and to describe what is presently known about the deposit.

TGEOLOGICAL' SETTING |

?jjhe Guichoh'gathdlith is a roughly oQal body‘af lgast 24 miies
‘long énd up éo.lsvmiles wide. Iﬁs lbng axis”s;;ikes\345°. The
{béthélith is_boundéd'on the east and west by majbr north trénding
‘faults and accofding'to Carr‘tﬁese faulﬁs‘deiimit an up-faulted
‘block of Cache Creek and.Nicoia‘rocks into which the bathoiith |
,ha$ béen’intruded.l The rocks of the batholith are overlain bY"b
’fou; laﬁef groups.consistingfiaréely of volcanics ranging in age
ffrom Middle Jurassic ﬁo'Eéceng.' The age of the batholith is on
bgeéiogical eviaén¢e limitéd't6‘tBéiﬁterval bet&een early‘Upper

. Triassic to:Middle‘Jurassic.
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:?fiIsotoplc ages on rocks of the batholith, 55 of which have now'been 1"

_publlshed show a remarkable'concordance ; The average for all of ”_qfh?
githese ages 1s 196 mrlllon + 8 M. Y and the spread is from 184 |
‘:“Tfto 206 M. Y Most oE these ages were done by the K/A method and‘hv
'rﬁthe p0551b111ty of Argon loss has to be con51dered however, six :
- Rb/Sr’ages from the Cralgmont nrne agree very closely, l e. |
”'h,f“200 + 2 M.Y. and thls plus the lack of ev1dence of metamorphlsm
‘;f}:whlch mlght have caused Argon loss shows that‘the ages agé' :

5fprobably rellable On the absOlute time ‘scale, this would place

':h'the time of consolldatron of the Gulchon rocks in the Upper

"«fTr1a551c,

Lo~

*if@pThe;isotoplc ages also'shou~that there is no Significant or
Q?lg;_irifsystematlc dlfference.ln age among the varlous phases of the

ejlntru31ve, It would appear that all of the phases crystalllzed o
':Qithin a'short 1ntervalvand that multlplefintrusion,;if it did

Iy

- occur, must have been over a short period as well,

INTERNAL STRUCTURE OF THE BATHOLITH

'-‘The gross structural pattern ln the bathollth is shown best by the
~d1str1but10n of 1ntru51ve phases. These phases are arranged in

~f;a concentrlc pattern around a central core of Bethsalda quartz

tﬁj.monzonlte. The Wltches Brook phase dlsplays cross-cuttlng relatlon-afs“

i

X

w’f;_shlps, but thls rock type occurs only in dlkes and relatlvely
’”fausmall 1rregular masses and s1nce its dlstrlbutlon was probably
',f' controlled by local structure, lt'does notvreally,disrupt-the

overall.pattern.

1The type and dlstrlbutlon of phases is shown on the accompanylng
‘;"flgure , In all there are seven dlstlnct phases, two of whlch are

’usubd1v1ded lnto flve varletles and a lats1wﬁrphyritic ‘phase. There> n

ﬂﬁls no 51gn1f1cant dlfference'in the absoi a‘agesfof the phases,
'3ﬁsﬂhowever,,there ls geologlcal ev1dence th:  .je increases from theps
"7f core outward &t The outer or hybrld phaseg ~ the oldest and formms -

;fa shell up to flve mlles thlck between £t ;ntruded‘rocks and the5"




younger phaseS‘of the batholith. Its composition is generally

quartz dlorltlc but thls is. varlable and characterlstlcally

«this phase contalns partlally as51m11ated blocks and fragments of
the country rock. The contacts- of the hybrid phase are generally

’ "gradatlonal gradlng outward to NlCOla or Cache Creek rocks and.

inward to the Guichon variety of the intrusive. The hybrid

shell is much thicker on the western side of thekbatholith, i.e.

j.:3 to 5 miles Qs. L - 1 mile and this suggests that the whole
:'bathelith may have beeh tilted eastward by differential mevement
. on the bounding faults.
The later pPhases are all granodiorites or quartz monzonites and

_distinction of them,is based primarily on textural and mineralogical

features and not on bulk»eompositional differences. There is,
however, a decrease in specific'gravity, i.e. from 2.80 to 2.64

from the hybrid to the Bethsaida phase that could reflect

increasing differentiation. With the exception of the contaminated

hybrid shell; the various phases are very similar and the differences

among them probably resulted mostly from changing pressureeand

temperature conditions during intrusion,

- Smaller structures within the batholith include faults, shears,

breccia and shatter zones. Dikes and dike swarms, which are common,

vprobably'reflect anbther type of structure, Thé‘most‘eommon direetion
'for linear structures is north-south and the majorlty of dlkes

' follow thls trend The most notable of these structures is the
fLornex fault whlchtbisects the‘Bethsaida‘quartz'monzonite.v Faults

:.fand shear zones striking northeast are less common and a third

set striking northwesterly, though not obvious, is important in

_loealizing ore, e.g. Alwin:'Valiey Copper. Bredcia zones such

-as those at Bethlehem, Trogan and on Gnawed Mountain may‘or may not
'_ibe related to faulting, sxnce'the‘brecc1a tyées vary However,
)[the Trojan’andvBethlehemkbreecias occur in areas where strong

ndrthfsouth faulting is common and a éombination of suitable

struqtural openings and access to volatile charged fluids is
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certainly suggested as a cause. Shatter zones much as those at

.Valley Copper, Krain and possibly Lornex occur within or adjacent

to major faults aﬁd at least in the case of Valley Copper near the.

‘intersection of two hajor structures. The principal difference
between the shatter zones and the breccias appears to be that in

the shatter zones there_was not sufficient space provided by stress

release to permit the broken blocks to roEate,

MINERALIZATION IN THE BATHOLITH

Copper mineralization may occur anywhere in the batholith and in
any of the Qaripus phasés.. fhe distributién of préducing mines and
begter known proépects is shbwn.in the accompanying figure., All
~of these 1ie.clo$eAto a_nofth—south line which bisects the batholith
and the larger oheé except fpr Craigmoht are on or adjacent to

a céntact of the Betblehem pPhase of the infrusive. This latter

is suggestive of é généfielrelationship'with this phase, however,
this is probably more.apparentAthan ;eal. All of these mines and
prospects are:sfructﬁral}yvconfroiled and the miheralizatiohAin
them is containedlinlbéenhééacg fillings formed after the con-
solidation of the hogﬁrrock. The significance of the Bethlehem
phése énd its'éonfaﬁﬁ §s.therefore limited'to the influence
“eachvhas had on the'development‘of structures suitable.for ore
dgpoé}tioﬁ; Similarly, the north-south zoning may refleci»;
§concentratioﬁ of deep seated north trending structures formed
'affer differentiatibn had proceeded far enough to create av
5réé;rvoirj§f'copéer bearﬁng éolﬁtions. Tﬁat this reser§oif |
hasAbeen tapped by otheﬁ strﬁctures is apparenE froﬁ thé wide
distriﬁution of ébpper wiﬁhiﬁ the batholith, however, structures
.large-enough'gnd_coﬁtinuous'gndugh éo coﬂtain‘siéeable orebodies

appear at. this time to be limited to the central zone.
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The mineralization is quite similar from one mine or showing
to another. Chalcopyrite is the most common copper mineral
“however, with the exception of Craigmont, the one producing mine

(éethlehem) and all of the potential producers contain bornite in

amounts sufficient to determine the viability of the operation. P&rite

is a common associate of cépper, but its amount varies coﬁéiderably,
e. g, at Bethiehem there is a heavy pyrite zone on the southwest
side of the Jersey orebody wﬁile at Craigmont and Valley Copper
pyrite is extremely scarce. The most common iron mineral in terms
of occurrence is hemétite. This mineral is ubiquitous in copper
occurrences, but rarely does it occur in amounts greater than

3 pércent, Craigmont being-a notable exception. 'The widespread'
occurrence of hematite sﬁggests that the mineralizing solutions

had a relatively high Eh such as might be expected in a highly
agueous environment. What effect this may have had in the
paxtition of Fe, S and Cu is pnknown, but in many deposits it
appears that in the competion for sulphur, Cu was favoured

over iron and perhaps the oxidation state influenced this.

The source of sulphur has been the subject of two recent publications.
Christmas, Baads&aard, etial conclude from a study of S, C and

O isotope ratios of Craigmont ore that the éulphur of the ore is of r
mantle origin and therefore from a deep source. M. P. schau in a
reply to this says that sulphur from assimiiated Nicola basalts

is just as likely a source since this sulphur would have mantle
ratioé foo. »As it now stands,‘the'sdurcé of the sulphur is 6pen

to question, however the nature of the copper aeposité(and'their
felationship to deeply pénetrating structures suggests that the
cbpper and sulphur did éome from some depth ahd“could well be of

mantle origin.




STRUCTURAL SYNTHESIS

_tThe sequence of events 1ead1ng to the dlscovery of the Valley Copper
orebody started in 1964 w1th the formation of Valley Copper Mines
Ltd. This company, at that time, held various groups totalling

425 claims. Evaluation of these groups began inmediately and
during 1964, 1965,'and 1966 various kinds of egploration programs
were carried out on all of.them. By 1966, a considerable amount

of information had been gained from this work and this was used
along with published data to produce a geological compilation

of the batholith area. To supplement thls, a study of aerial
photographs was made and this was combined with the known

geology to provide a structural interpretation.

The Lornex discovery in 1966 served to draw attention to the Lornex
fault and at abont the same time new aerial photographs of the'
area became available. These photographs clearly show the southern
extension of this fanlt for some eight miles,‘along Skuhost Creek
'valley. The northern extension beyond Lornex is obscured by steep
topography but clearly if the fault is string straight for eight
miles, its northernfextension should be»as well., Thus projection
of the fault northhthrough Divide Lake'seemed reasonable. Inrer—
section with an inferred structure under Highland Valley was more
conjectural for there was nor then and there‘is'not now any

direct evidence of faulting under Hithand Valley. In any case,
however, the area adjacent to the conjectured intersection of two
large fanlt structures was considered to provide a worﬁhwhile
exploration target.

Another possibility suggested by the location of the Lornex orebody in
or adjacent to the Lornex fault was that the orebody might have

a displaced portion somewhere along the west side of the fault,

At that time, neither the sense nor amount of movement along the
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. Lornex fault was known, however, the occur;ence of copper
mineralization on,the Bethsaida claims suggested a relatioﬂship.
If indeed the Lornex ana Béthéaida.miﬁerélization were related,
‘thep left-hand mbvemenﬁngf about 2 miles was indicated. Particularly
suggestive of tﬁis was the low grade copper mineralization south

of the Lorngx orebody and»in the southeastern part of the Bethsaida
group as indicated by drilliﬁg in 1966.  If these two areas of 1$Q
grade miﬁeralization were correlative,»then the same spatial
relationship could pertain on the Bethsaida group as did at

ILornex. In this case, 6re grade mineralization shéuld.be to the
north or northeast. |

This rather specplative interpretatioﬁ needed further support and
this was provided by the information compiled in 1966. This |
compilation in view of the possible importance of the Lornéx fault
was directed toward trying to find supporting evidence for the
supposed left-hand movement of some 2 miles. It was founhd that the
south contact of the Bethsaida quartz diorite had an apparent
northward displacemen£ on the west side of the'Lornex fault.

The amount of this displacement could not be meésured accurately
but was definitely of the same order-as the distance between

Lornex and the Béthsaida éfoup. |

This supporting evidence made the faulted offset'ﬁypothesis a good
deal more tenable and éuggestéd that the northeast qguarter of the
Bethsaida group would be a good exploratioﬁ-target. A second and
supporting.indiéator was thé possibility of a major fauit inter-

section directly east of this same area under Divide Lake.

A number of factors have contfibuﬁed‘to the discovery of the Valley
Copper'orebody._ One of the most importaﬁt of these was the
:éalizatiog éarly in the Valley Copper program that ﬁineralization}
is always related to structure, partiéularly §pen épaée fiilings.

In the Guichon batholith there is little, if any, truly disseminated
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sulphides and with the exception of Craigmont, no_reélgéement of
host’fock. érebodiés and showings, big_qr.small, are invariably
contained in brécéiés, shear zones, veins, shattef éohes, etc;bof"
obvious ét;uctural ;;igiﬁAand'the inference is clear that without
the stfuéturallj preparedvplumb}ng sysﬁem thgre would be no
ﬁine;alization. Also »important is the qistributiqn of cbpper
mineralization'within tﬁe-batholith. Any of‘the major rock units
may‘contain'copper showingsAand in every‘case the mineralization :
"is youﬁéer than tﬁe hésgirpck. It thus bécomes difficult to prove
a genetic ;elationship gé ahy rock unit and the importance-of
‘st}ucture is fu;tﬁer emphgsized.

" Thus the reéogﬁi;ion of-thevppséible significance.of the Lornex
‘fault and the Highland,Valley.faﬁlt zone was a &ery important

element in the discovery of the Vailey Copper orebody.

PERCUSSION DRILLING : R

‘fPercussion drillingiplayed a very important fole in the
diécovery of Valleyicdpéér‘énd a fey comments about the
method foilow. )

In both 1967 éné.1968, percuésién drilling was done in the
iBethsaida Qrpup. In both years, the purpése of this drilling was
to teét a broad areé quickly and cheaply §imply to see if cbpper
mineralization was'pre;enta In each case, the percﬁssion drill
.adcomplishgd this purpose at about‘one—third'the cost of diamond
drilling. | | ..A_r |
Thﬁs, for the same cost, tﬂree timéslés'many holes één be‘dfiileﬁ‘
as with a diamond drill and herein lies the real virtue of the
percussion driil. Most oreb&dies aré ifteguiar in shape and
variablé ih grade.' One hole drilled through'a;_brebOGYjﬁay;

because of geometry or grade distribution, miss the ore grade
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section qompleteiy.; Even two or more holes may do the same. The
obviogs solution is:to drill a iot of holesAand often thig may

;Be'uqeconomiq Qith é diamoqd arill, but iess likely to be so with
berdussion drilling, H9wever, the depth limitation of 300 feet'

poses restrictions for the percussion drill,

i
v,

'THE OREBODY

‘ ihe Vailef Coppér o¥ebody‘islrough1y'oval in plan with its long
4;xis étriking abouﬁIBlbo. Its long dimension is at least 4,500
feet and the'shorter B;QOO feef. The éeepest hole yet drilled in
fhe‘srébody was stiil in oré at 2,340 feet. vThe tonnage potentigl
easily quaiifies it as'the'large§ﬁ orebo@y yet found iﬁ Highlan§ |
:Vailey and work is étill.prbceeding to:actuéily deii@it the area
.of mineralizétién.

bThg geoiogy ofnfhe orebody is'quite sihple for thefe is only one
- major réck'tYpe; thé Bethsaida quarté monzonite. At least two
ﬁtypesof porphyfy.dikeslané.é variety oé Lamprophyre dike cut the
orebody, but thése'are generaiiyfﬁarrow and do not bulk large |
in the geologicai piéture;’ The'geolggy does not, therefore, offer
;huch insight intb'the ggnesié pf the'oré and geological-controls,_
e. g. céntaéts, dé not appear ﬁo'have been'impoétant in localizing
:.ofe. ’ |

Structure on the'othef hand appears to have been a doﬁinating
infiuénée. Alﬁost éli‘of the rock iﬁ th; orebody has been strongly
sheared and fractﬁréd aﬁd the:e‘seemé ampie'evidence that'thé
mineralizing and aitering'solutions were . introduced ﬁlong a
strﬁcturally preba?ed sttéﬁ of opehings. 'Two‘steeply dipping

'Strﬁctﬁral directions preaominate, 290.~‘310°,énd 340 - 3600. |
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- It is aloﬁg these directions that quartz véins, shears, faults.

and liﬁear a1tera€fon zoheé are'most'gdmmoﬁly féund. Other‘

" subsidiary sYstemsioccur and the pattemof quartz veining and
fractqring may chaﬁge acroé$ the orebody, howéver, the tﬁo dominant
:directiéns are always pfésent; ‘It is probably no coincidence

2thét Qf‘the two doﬁinant'directions,'one (290o -~ 3100) is parallel
1 . i . .. v ) . .

fto the Highland Vailey faglt 'zone and the other (340 - 3600) is
@aralle1 to the Lorhex fault. .This also applies to the dike
fsystém. Both faul£fsystem§ seem therefofe'to have_had some
;influence on s?ructural development; in‘addition,'thefe is a set
';of‘flat qﬁartz veins.aﬁd"shéars which perhaps.resulted ﬁrom thé
;interaction of the two féult systems, |

The ore.mine:alogy,is relativeiy simple. Two copper sﬁlphides,'
'bornite and‘chléopyritg, ére présent and molybdenite, though
ubiquitoué,-is séarcé..Aﬁemaﬁite in amouﬁts.to-z% is the most
.cdmmon'ifoﬁ mineral, magnétite occurs in fare small patches and
.'éyrite at less than'.S% is remarkable for its scarcity. The

relative proportions of bornite and chalcopyrite vary within the

orebody, but generally bornite predominates in a ratio of about

two to one.
The alteratiqn.typeé'associatéd witﬁ are are‘of'tﬁe ciassic kind_
occurriﬁg in prophy:y coppér deposits in other parts pf the worldg.
The most common‘aitération_type i; argillic which is pervasive

‘Aéﬁroughout thé depbéit and appearslto.be eariy in the mineralizing
seqﬁenée since it i; cut by q&artz veins, sericitic and_potassi¢ '
'alteration; Aréiilic élteration is cha:gcteiiiea by a chaiky,

slightly~greeﬁi$h appearah;e of the feldspérshg

. - i
of the biotite to a pale green mixture of chlorite and sericite.

nd by the alteration
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Potassic alteratiéq is next in the sequence and this is marked
by the developmeht;of potash feldspari This type of.alteration,
_thoﬁgh widespreéd,»is generally reétricted to zones fifty to one
hundred feet wide..iMineraliéa£ion associated with the potassic
alteration tends to be largely chalcopyrite.

Sericitic alteratioﬁ shows the closest relationship to copper
hiheralizaéion and it may éécur in two dist;nct ways. Copper-
beafing Quartz veins almést always carry a selvage of

'
coarse sericite. These veins may as they narrow become fine

stringers of sericite, granular quartz and copper sulphides,

dominantly Borniteﬁ Aiternatively, sericite and grénular quartz
may occur in.irregular zones up to 26 feet‘wide impregnated with
borniﬁe'and.chalcopyrite. »In general,;when sericite is'present,‘
copper sulphides are as we%I. |

Silicification is a prominéﬁt feature of the orebody as shown by

3
4

thé great numberlof quartz veins and the presence of irregular
siliceéus patghes.. The aﬁount of quartz observed is in excess
of what might bé expécted from.the remobilization of silica originally
present in the fresh Bethsaida éuartz ﬁohzbnite and suggests that
a good part of ié'must ha&e‘béen introduéed with the.mineralizing

solutions. Several generations of quartz veins-.-are present

ipcluding a late barren type. This too might be construed as

'evideﬁce supporting an epigenetic rather than syngenetic origin for
the guartz, Propylitic alteration which commonly occurs on the

“periphery of porphyry copper deposits, is_hotable by its absence.

Similarly,-fhere is very 1itt1e'pyrite‘in'the orequy and no
evidence of a pyritic halo:. ' |

In summary, the Vallef Coéper orebody displays.many of the character-
istics'ascribed to'thé betﬁe? known porphyry copper deposits. The

lack of a propylitic alteratioﬁAzone and a pyrite halo probably

reflect differences in fluid‘compdsition rather than in process

and there seems to be little doubt in assigning the dposit to the

prophyry copper class. ‘
| - 11 -
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TESTING PROGRAM

;Since‘May of 1969, a comprehensive testing.program has been under
way. This program was designed to bulk sample the orebody and to f£ill

in gépé with additional surface and underground drilling.

.;The underground testing has conéisted of ariving three inclined‘
fheadings into the orebédy.éhd sampiing on é.round by ro;nd basis.
the undergroﬁnd headingé:were driven at -20% using rubber tired
diesel equipment an@ in blaﬂ these headinés form an arrowhead

_Tpointigg séuthyést.' Tﬁé'ﬁotallfootage driven was 4100 feet

and the ends of the declines are 500 feet below the portal.

The size of the openiﬁg driven was 14' x 11' with an arched
bac#. Each.round was ﬁucked,bcrushed énd sampled ;eparately. In
order to provide a comparisdn with'diamond driliing, two holes |

- were drilled ahead bf the face.and the core from these matched
to the round 1ength§ Eo provide three separate samples. This
comparison sampling:will be done over tﬁe entire léngth of.the
decliﬁes. | |
Surface diamond dril;ing has been going on almost cpﬁtinuously since
August, 1968, and to date some 90,000 feet have been drilled, almost
all of it y;Q. sizé; Undergrdﬁnd drillinglstarted in July, 1969,

‘as soon as working places were available, This ‘program on
s . , -

- .

complétion will total 36,000 feet, all B. Q. size.

The testing program is now virtually completed and the information

N

e gained-from'it ié.currently being assessed. . All of this infbrmation 

: and-theiasseSsﬁgnt of it will be incorporated into a feasibility
study now in progress. /

JMAllen/nc .
april 8, 1970
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