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ABSTRACT 
e 

The’ Valley Copper,porphyry deposit is located iin the Htghland 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‘youngestphase of the 198 m y old Guichou 

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 

fqa)?turing near the intersection of the northerly trending Lornex fault and 

the easterly trending Highland Valley fault. 

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

Predominant orientations of 

two regional faults. 

The alteration types recognized are: propylitic, pervasive sericitic and 

kaolinitic, vein ser’ ::tic, K-feldspathic, biotitic, silicic and post- 

mineralization veining (principally gypsum). 

dominant in the central, deeper part of the deposit, where it is intimately 

K-feldspathic alteration is 

associated with and enveloped by an extensive zone of moderate to strong 

vetn sericitic and pervasive sericitic and kaolinitic alteration, which 

grades outward into a zone dominated by weak to moderate pervasive sericitic 
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and, k a o l i n i t i c  a l t e r a t i o n .  This  l a t te r  zone, i n  turn,  grades outward i n t o  

a zone wi th  areas of weak t o  moderate p r o p y l i t i c  a l t e r a t i o n  rand areas wi th  

no hydrothermal a l t e r a t i o n .  A w e l l  developed s i l i c i c  zone ( i n  t h e  form of 

bar 'ren qua r t z  v e i n l e t s )  occurs i n  t h e  southeas te rn  p a r t  of t h e  depos i t .  

Elsewhere quar tz  v e i n l e t s  ( p r i n c i p a l l y  mineral ized bu t  some .barren)  are 

onXy moderately developed wi th in  t h e  depos i t .  The age of hydrothermal altera- 

t ion,  ca l cu la t ed  by averaging several potassium-argon ana lyses  of hydrothermal 

ser;icites, i s  191 m y. 

The s u l f i d e s  present  i n  t h e  depos i t  are, i n  o rde r  of relative abundance: 

bornite,, chalcopyrite, digenite, covellite, pyrite, pyrrhotite, molybdenite, 

sphhlerb te ,  galena and gudnundite (FeSbS). The g r e a t e r  p a r t  of t h e  copper 
, 

mineral$zat ion i s  assoc ia ted  wi th  areas or' abundant ve in  s e r i c i t i c  a l t e r a t i o n  

and qua r t z  v e i n l e t s .  Borni te  i s  t h e  dominant s u l f i d e  i n  t h i s  s e r i c i t f c  

a s soc ia t ion ,  . whereas cha lcopyr i te  is t he  dominant s u l f i d e  accompanying K- 

f e l d s p a t h i c  a l t e r a t i o n .  Borni te /cha lcopyr i te  r a t i o s  show h ighes t  va lues  i n  

t h e  c e n t r a l  p a r t  of t he  depos i t ,  where they exceed 3 t o  1 and decrease away 

f rom, the  core  t o  t h e  f r i n g e s  of the  depos i t  where cha lcopyr i t e  predominates. 

The depos i t  has a weakly developed p y r i t e  ha lo .  

if 
/ 

l 

Geochemical p a t t e r n s  r e l a t e d  t o  hydrothermal a l t e r a t i o n  show a decrease  i n  

CaO, Na20, MgO, S r ,  B a  and m? and a corresponding i n c r e a s e  i n  K 0, S i 0 2 ,  Rb 2 

and T i 0  from t h e  per iphery t o  the  c e n t r e  of t h e  depos i t .  P a t t e r n s  r e l a t e d  2 

t o  mine ra l i za t ion  show t h a t  t h e  depos i t  (as def ined  by copper va lues  

exceeding 0.30 percent )  i s  roughly ova l  i n  p lan ,  w i t h  a broad ha lo  of lower 
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copeer grades around it e 

enriched zones around the deposit . 
Molybdenum and zinc form annular, geochemically 

, 

Sericite stabilities and fluid inclusion compositions as well as sulfur, 

oxygen &-id hydrogen isotopic data, suggest both that sulfur in the sulfides 

is of sub-crustal or magmatic d'er'itat'i"0"n aria tWat the deposit was formed at 

a shallow depth from saline, hydrothermal fluids. 

following range in characteristics during the alteration sequence: 

The fluids had the 

T = 260 to 48OoC 

pH = 1.7 to greater than 4 . 0  

-log f S 2  1.5 to 4.5 

-log f02 = 21.6 to 23 .4  

0 
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. 

occurred throughout the various stages of hydrothermal alteration and is 

Mixing of magmatic water and seawater probably 

estimated to be about 25 percent SMOW (Standard Mean Ocean Water) during the 

main period of mineralization. 

INTRODUCTION 

The Valiey Copper porphyry deposit is located in the Highland Valley area, 
/& t2 

near Ashcroft, B.C., about 370km northeast of Vancouver (NTS 92 I, 
A 
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tude 50' 29'N Longitude 121' OZ'W). The deposit has been extensively 

ed by drilling and underground workings for testing but development 

t been started. Published reserves, to a 

million tonnes of 0.48 percent copper. 

covery; of the deposit may7be found in Allen and Richardson (1970). 

A historical summary of the dis- 

Except 

cotherwise acknowledged data dn this paper are from Osatenko and 

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

The geological setting of the Valley Copper deposit is dealt with in a 

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

and geochemistry of the Valley Copper deposit and surrounding rocks will 

be described with special reference to alteration patterns <associated with 

mineralization. Data about the host rocks and alteration assemblages were 

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

drill holes. Specimens showing features such as cross-cutting veinlets 

fractures were ed, stained with sodium cobaltinitrite 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 €or a vertical section (A-B), which trends northeast through the 

exploratory decline (Figure 1). 

chosen to provide the best opportunity to study variations throughout the 

These particular reference planes were 
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depos i t  and i n t o  ad jacent  areas of low-grade minera l iza t ion .  Data shown 

only-approximates t h e  t r u e  p i c t u r e  on t h e  1158x11 l e v e l  because topographical  

f e a t u r e s  on t h e  w e s t  s i d e  and deep overburden on t h e  east s i d e  of t h e  depos i t  

made i t  necessary t o  p r o j e c t  d a t a  from holes  i n  these  areas onto  t h e  l e v e l .  

The geochemical d a t a  on t h e  f i g u r e s  were obtained by a h a l y s i s  of assay  pulp 

composites from var ious  percuss ion  and vertical  diamond d r i l l  holes .  

cussion ho le  composites r ep resen t  t h e  bottom 15m of each hole .  

Per- 

In  the diamond 

d r i l l  ho le s  30m composites w e r e  made a t  76m i n t e r v a l s  down t h e  holes .  Copper 

s u l f i d e  r a t i o s  and p y r i t e  con ten t s  were found by point-counting pol i shed  

sec t ionqmade  of s u l f i d e  concent ra tes  from t h e  composites. 

1. Ae thsa ida  

The rocks which are hos t  t o  t h e  Valley Copper depos i t  a r e  mainly p o r p h y r i t i c  

g ranod io r i t e s  of t h e  Bethsaida phase of  t h e  Guichon Creek b a t h o l i t h  (Figure 1). 

These rocks are medium t o  coarse  grained,  wi th  coarse  phenocrysts  of qua r t z  

and b i o t i t e .  A t y p i c a l  modal composition (volume percent )  i s  p l a g i o c l a s e  56, 

K-feldspar 10, qua r t z  29 and b i o t i t e  4 .  Accessory hornblende, magnet i te ,  

hemati te ,  sphene, a p a t i t e  and z i r con  make up t h e  remaining 1 percent .  
. . .  

. . .  . . .  . .  , . .  . .  _ .  . . 

. .  
. 'I 

. .  . .  
. . .  . 

. .  
. . .  _ .  .- , . .  . . . .  . . . .  . .  

A l l  t he  major i n t r u s i v e  phases of t h e  Guichon Creek b a t h o l i t h  have been da ted  

by t h e  potassium-argon method and found t o  group about 198 - + 8 m y [Northcote, 

1969). , 

/ 
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2. Granodiorite and quartz diorite porphyqies 

Granodiorite and quartz diorite porphyry dykes occur in the western, 

central and southern parts of the deposit (Figure I) .  

which vary in width from about 0.6 to 35m, dip steeply eastward in the 

westkm and central areas and northward in the southern area. 

These dykes, 

Granodiorite porphyry consists approximately of 60 percent medium to 

coarse grained plagioclase phenocrysts with minor quartz in a fine 

grained matrix consisting of quartz, K-feldspar and minor plagioclase 

with'trace amounts of magnetite, hematite and biotite. 
I 

An average modal 

sition (volume percent) i s  plagioclase 63,  K-feldspar 13 ,  quartz 23 

ron oxides plus biotite 1. 

\ 

Quartz diorite porphyry which ranges from fine to coarse grained contains 

50 percent plagioclase and 8 percent quartz phenocrysts in a fine grained 

matrlx of quartz and plagioclase with minor K-feldspar, magnetite and 

hematite. Its modal composition (volume percent) approximates plagioclase 

70, quartz 28, K-feldspar 1 and iron oxides 1. 
I I 

These dykes are invariably cut by mineralized fractures and quartz vein- 
I 

lets., A single potassium-argon determination on biotite gave an age of 

204 5 4 m y. 

3. Aplite 

I 

A p l i t e  dykes, up to 30.5cm in width, occur throughout the deposit. An 
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average modal composition (volume percent) is K-felds\par 45, quartz 4 4 ,  

plagioclase 10 and biotite 1. The aplite dykes are of pre-mineralization 

age,because they are invariably cut by mineralizedGfractures. 

4. Tawfelsite porphyry 

A swam'of  tan colored felsite porphyry dykes intrude the Bethsaida grano- 

diorite in the northwestern part of the deposit. 
, 
I , 

These dykes are up to 

4.5m in width and are characterized by a higher proportion of matrix (about 

80 percent) than the porphyry dykes of granodiorite and quzrt~diorite 

composition. 
. i  

The matrix of the Tan felsite porphyry dykes is light tan in 

colour and consists primarily of K-feldspar and quartz. Phenocrysts make 

up 20 1 ,  peircent of the rock and include quartz, plagioclase, K-feldspar and 
I 

biotite. 

Tan eelsite porphyry dykes may have been intruded during the waning stages 

of mineralization. Some unaltered dykes contain inclusions of sericite- 

veined Bethsaida granodiorite, but others contain disseminated chalcopyrite 

and domdte and are sparsely veined by mineralized quartz. 
8 :  

I 

i 

I 

:5. Lamprophyre 

Three types of lamprophyre dykes, spessartite, hornblende vogesite and 

vogesite: are intersected in drill holes. Alteration and mineralization are 
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these dykes, hence, they post-date mineralization. Further, the 

lanprophyre has a potassium-argon age of 

STRUCTU~ 

I 

I 

A sdmasry of about 14,000 structural measurements on faults, *fractures and 

quartz veinlets from the exploratory declines is given in Table 1. 

comprise four distinct sets represented by the €allowing orientations: 

Faults 

I 

N O7yW/2S0E, N 04"E/90, N 7ZoW/84OS and N 00°/160E. fractures include cor- 

responding sets at N lloW/8O0E, N OOOo/900 and N 72OW/85OS plus additional 
SI 

sets 1 at  73°E/180S and N 3S0E/700NW. Quartz veinlets show well developed 
' ;!I 

I sets  at iN 19'W/80°E and N 69'W/79'S that are parallel to the earlier formed 
I ( /  

(McMillan, 1971) principal sets of fractures and faults, 

orientations that occur in the declines are parallel to the Lornex and High- 

The main structural 
1 I( 

and- Richardson, 1970). 

The alteration types recognized at Valley Copper are: 

sericitic and kaolinitic, vein sericitic, K-feldspathic, biotitic, silicic and 

propylitic, pervasive 
I 

I 

post-mineralization veining. These alteration types are often intimately 

associat'ed and, indeed, several can occur within a single hand specimen. A 

zed diagram of the distribution of dominant alteration types, on the 

vel, is depicted in Figure 2. A major zone of K-feldspathic altera- 

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

associated with and enveloped by an extensive zone of moderate to strong vein 
' :  
I 



14 -9- 

TABLE I 

DOMINANT STRUCTURAL ORIENTAT IONS 
FROM THE DECLINES OF THE VALLEY COPPER DEPOSIT 

Q U k Z  VEINLETS FAULTS FRACTURES 

N 07%/75% (1) N lloW/8O0E (1) N 19°Pi650E (1) 

N 00'/16'E (2) 

W M 34°E/200SE (3) 

N 76'W/80°N (2) d 81 W 
N 72'W/8OoS (1) 

i=il 
N 04°E/900 (1) N OOo/900 (2) 

N 24°W/650E 

N 7OoW/8O0S (2) 

N 2OoW/5O0E (2) N 17°W/750E (1) 

N 72°W/840S (1) N 6goW/75OS (2) 

w N 37'E/42'SE(3) 
4 u 

F9 

w 
I3 N 38'E/54NW N 35'E/6S0NW(3) 

N OOo/900 (1) 

N 28°W/650NE (2) N 2OoW/5O0E (2) N 20°W/600E (1) 
I 

N 69'W/79OS (1) N 72'W/84'S (1) N 62OW/84OS (1) 

"I N 54OW/80NE (3) 

N 73'E/18'S (2) 

N 35'E/70°NW(2) 

w 

8 w 
F1 

N OOo/900 (1) 

N . B . :  Ranked in order of relative abundance 
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I 1  

sericitic and pervasive sericitic and kaolinitic alteration, ,which grades 

outward {into a zone dominated by weak to moderate pervasive sericitic and 

c alteration. This zone, in turn,. grades outward into a zone with 
I 

areas of;, weak to moderate propylitic alteration and areas with no hydrothermal 
I 
I 

altedatiion. This outer zone locally contains small areas of vein serieitic 

and p,ervasive alteration as well as quartz veining. 

develope8 barren quartz veinlets occurs in the southeastern part of the 

An area of well 
I 
I 

deposdt.; Elsewhere quartz veinlets (principally mineralized but some barren) 

are onlyimoderately developed within the 0.30 percent copper.contour. 

I ;I 
1. :I! Propylitic 

c alteration (as defined by Lowell and Guilbert, 1978) occurs in 
, t  

re1atlveh.y small areas within the deposit and in zones peripheral to it. 

racterized by weak to moderate alteration of plagioclas'e to clay, 

some sergcite, epidote, clinozoisite and calcite, and by alteration. of biotite 
I, 

1 1 .  

to chlorite and epidote. Thermogravisetric anafyses of composite samples, 

suggest that a calcite-rich zone, with calcite contents up to 4.2 percent, 
I 1  

the deposit. By comparison calcite contents within the deposit 

Despite these data, a zone'of prcpylitic alteration are about 1 percent. 

spatially associated with the Valley Copper deposit is difficult to define 
1 1  

because propylitic minerals have been developed in the country rocks on a 
I 

regional ~ scale I. 
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, 2 .  Pervas ive  s e r i c i t i c  and k a o l i n i t i c  
I 

I 1  

Pervaside se r ic i t ic  and k a o l i n i t i c  a l t e r a t i o n ,  i s  gr(adationa1 from t h e  

i c  type.  It inc1udes;rocks i n  which p l ag ioc la se  has  been a l t e r e d  

t o  a , s o 5 t ,  wh i t e  o r  green, very f i n e  grained va r i abse  mixture  of sericite 

and kaoPin i te ,  and b i o t i t e  which has been c h l o r i t i z e d  o r  p a r t l y  t o  completely 

s e r i c i t i z e d .  

X-ray arid thermogravimetric ana lyses  showed k a o l i n i t e  t o  be t h e  dominant 

c l a y  mineral s p e c i e s  i n  t h e  depos i t ,  al though some montmori l loni te  occurs  

on its west side (Jones,  1975). 

where f r a c t u r e s  are most c lose ly  spaced whereas p r o p y l i t i c  a l t e r a t i o n  

I 

Pervasive a l t e r a t i o n  tends t o  be  s t r o n g e s t  
I 

c h a r a c t e r i z e s  areas of l i t t l e  o r  no f r a c t u r i n g .  Where pervas ive  se r ic i t ic  
l 

and k a o l i n i t i c  a l t e r a t i o n  i s  most i n t e n s e  (Figure 5) p l a g i o c l a s e  has  been 

completely a l t e r e d  t o  a mixture of s e r i c i t e ,  k a o l i n i t e ,  qua r t z  and c a l c i t e .  

I n  these  areas b i o t i t e  has been completely a l t e r e d  t o  sericite,  s i d e r i t e ,  

k a o l i n i t e  and qua r t z ;  K-feldspar weakly a l t e r e d  t o  se r ic i te  and k a o l i n i t e ;  

and magnet i te  pervas ive ly  hena t i t i zed .  Chalcopyri te ,  p y r i t e  and s p h a l e r i t e  

are present  i n  trace amounts. 
r 

The d i s t r i b u t i o n  of pervasive s e r i c i t i c  and k a o l i n i t i c  a l t e r a t i o n  on the  
, 

1158m l e v e l  i s  shown i n  Figure 3 .  The s t r o n g e s t  a l t e r a t i o n ,  w i th  g r e a t e r  

percent  p l ag ioc la se  a l t e r a t i o n ,  occurs  i n  a horseshoe-shaped zone 

s e l y  co inc ides  wi th  the  d i s t r i b u t i o n  of areas of copper content  

g r e a t e r  ' than  0.50 percent .  

t i c  a l t e r a t i o n ,  p l ag ioc la se  a l t e r a t i o n  ranging from 15 t o  40 percent  , extend 

Zones of moderate pervas ive  s e r i c i t i c  and kaol in i -  

I (I! 
d 

1 '  



rage of l O O m  beyond t h e  0.30 percent  copper contour.  Beyond t h i s  

po in t  rpropyl i t ic  a l t e r a t i o n  becomes dominant. Tliermogravimetric d a t a  
I 

suggests  t h a t  k a o l i n i t e  i s  p r e f e r e n t i a l l y  concentrated relative t o  

sericate i n  t h e  p e r i p h e r a l  regions of t h e  depos i t .  

The veatical s e c t i o n  (Figure 4 )  shows moderate t o  s t r o n g  pervas ive  altera- 
I 

tion 4n t h e  zone where copper con ten t  e.xceeds. 0.30 percent .  

sericD;tic and k a o l i n i t i c  a l t e r a t i o n  weakens and i s  replaced by p r o p y l i t i c  

Pervas ive  

I 

a l t e r a t i o n  towards the pe r iphe ra l  reg ions  of t h e  depos i t  and, t o  some ex ten t ,  

he 853m level on the w e s t  s i d e  of t h e  depos i t .  A l a r g e  low-grade 

embayment i n  t h e  c e n t r a l  p a r t  of t h e  s e c t i o n  corresponds t o  a zone of 
il 

s tr& K-f e l d s p a t h i c  
I !'I 

al t era t f on (F'igure 10) 0 

3,. Vein s e r i c i t i c  

r i c i t i c  a l t e r a t i o n ,  manifested by replacement zones and envelopes 

qua r t z  v e i n l e t s  (Figure 5) ,  is t h e  most- common a l t e r a t i o n  type 

assoc5ated wi th  copper mine ra l i za t ion  a t  Valley Copper . 
menk zones fol low f rpT tu res  and range 

They t h p i c a l l y  show i r r e g u l a r ,  d i f f u s e  con tac t s  w i th  ad jacen t  rock (Figure 5) 

and are o f t e n  vuggy. Occasional ly  they conta in  narrow, d iscont inuous  quar tz  

S e r i c i t z  replace-  

i n  width from about 0.5 to 30mm. 

v e i n l e t s ,  thus  grading i n t o  t h e  v e i n l e t  envelope type. Ser ic i t ic  envelopes 

marginhl t o  qua r t z  v e i n l e t s  range i n  width from 0.5 t o  25mm'. Envelope wtdths 

do no t  c o r r e l a t e  w e l l  w i th  t h e  th ickness  of a s soc ia t ed  quartz v e i n l e t s .  
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S e r i c i t e  replacement zones and v e i n l e t  envelopes c o n s i s t  predominantly 

of f i n e l g r a i n e d  quar tz  and medium grained ser ic i te  ( 2 M  type) .  Minor 
I 1 
ents are c a l c i t e ,  brick-red hemati te ,  h i g  s e r i c i t i z e d  and 

k a o l i n i t i z e d  f e ldspa r  , s e r i c i t i z e d  b i o t i t e ,  b o r n i t e ,  cha lcopyr i t e  *\and 

trace +aunts of p y r i t e  and molybdenite. 
I I1 

I i  

The k n e r a l o g y  and contac t  r e l a t i o n s h i p s  between v e i n  se r ic i t ic  replace-  

ment zopes and s e r i c i t i c  envelopes are very  similar and t r a n s i t i o n a l  

t ypes  a$e occas iona l ly  observed. 

tween t k e m  is t h a t ,  i n  t h e  case of v e i n l e t  envelopes,  reopening of t h e  

o r i g i n a l  f r a c t u r e  c o n t r o l l i n g  t h e  a l t e r a t i o n  zone allowed t h e  passage of 

later s d l u t i o n s  which deposi ted quar tz .  The sharpness  of t h e  con tac t  

It may be  t h a t  t h e  only d i f f e r e n c e  be- 
l 

I, 

between t h e  qua r t z  v e i n l e t  and i t s  envelope and t h e  common development of 

a t h i n  se lyage  of o r i en ted  s e r i c i t e  f l a k e s  a long t h e  con tzc t  support  t h i s  

hypothesis .  
I ’  

I 

The r e l a t i o n s h i p  of ve in  s e r i c i t i c  a l t e r a t i o n  zones t o  t h e  ad jacen t  perva- 

s i v e l y  a l t e r e d  rock i s  not  e n t i r e l y  clear. It might be argued t h a t  t h e  two 

r ep resen t  d i f f e r e n t  products of t h e  same process .  The f i n e  grained pervasive 

sericit4c and k a o l i n i t i c  a l t e r a t i o n  zones which grade outward from areas of 

v e i n  s e r i c i t i c  development might c o n s t i t u t e  t r a n s i t i o n a l  zones between ve in  

ser ic i te  and weakly p ropy l i t i zed  t o  una l t e red  rocks.  However, occas iona l ly  

,I 

replgcement zones and v e i n l e t  envelopes have sharp  c o n t a c t s  and apparent ly  

cross-cut  p e r v a s i v e l y a l t e r e d  rock. This  sugges ts  t h a t  s o l u t i o n s  causing 

pervas iqe  s e r i c i t i c  and k a o l i n i t i c  a l t e r a t i o n  preceded s o l u t i o n s  causing the  

coa r se r  !grained ve in  s e r i c i t i c  a l t e r a t i o n  b u t  bo th  followed the  same channel- 

ways. 

I 

I I  

I 
/.., 
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I t  
1 . e  d i s t r i b u t i o n  of ve in  s e r i c i t i c  a l t e r a t i o n  on t h e  1158m l e v e l  i s  shown 

i n  Figux,e 6 .  The zone of moderate ve in  se r ic i t ic  a l t e r a t i o n  (5 t o  15 per- 

I 

I 

s e l y  fol lows t h e  0.30 percent  copper contour  b u t  extends s l i g h t l y  

. The areas of s t ronges t  vein ser ic i t ic  a l t e r a t i o n  ( g r e a t e r  than 

15 percent )  are c l o s e l y  coincident  wi th  areas of g r e a t e r  than -0.50 percent  

copper. ,, D i s t r i b u t i o n s  i n  t h e  vertical  s e c t i o n  are similar (Figure 7). 

4 .  K-feldspathic  

I 

thic  a l t e r a t i o n  i s  common a t  Val ley Copper, e s p e c i a l l y  a t  deeper 

levels. 1 It occurs  i n  a s soc ia t ion  wi th  ve in  s e r i c i t e  i n  some replacement 

veinlet envelopes, a long f r a c t u r e s  and disseminated i n  qua r t z  

- 

I 

' I  

K-fel:dspar a s s o c i a t e d  wi th  ve in  se r ic i t ic  a l t e r a t i o n  t y p i c a l l y  forms t h i n ,  

discont inuous se lvages -  (about l m  t h i ck )  a t  t h e  o u t e r  margins of s e r i c i t i c  
. I  

replalcement zones where i t  apparent ly  r ep laces  s e r i c i t i z e d  p l a g i o c l a s e  o r  

vein sericite.  Secondary K-feldspar a l s o  occurs  as thin, f r ac tu re -con t ro l l ed  

replacement zones (Figure 8) b u t  is  more common i n  q u a r t z  v e i n l e t s .  

l a t t e r  K-feldspar i s  e i t h e r  disseminated i n  the  v e i n l e t  o r  forms well-defined 

I n  the  
< 

envelopes marginal t o  i t  (Figure 9) .  

K-fel,dsp'ar, 1 5  percent  quar tz ,  10  percent  s e r i c i t i z e d  p l a g i o c l a s e ,  4 percent  

medium gra ined  ser ic i te  and minor amounts of anhydr i te .  

is t i p i e ' a l l y  spa r se  wi th  t h i s  type of a l t e r a t i o n  and c o n s i s t s  of cha lcopyr i t e  

The envelopes c o n s i s t  of 70 percent  
1 :  

Copper mine ra l i za t ion  

wi th  t r a c e  amounts of b o r n i t e  and molybdenite. 

t 



The cdmposition of secondary K-feldspar in the Valley Copper deposit 
I 

1. 
ranlges!;lfrom Or to Org8. This is very similar to the compositional 

1 88 , I I  

I 1  I 

ranke of primary K-feldspar of the host rocks (Or t o  Or ). 85 95 I f  

The1 distribution of K-feldspathic alteration in vertical section is 

s h o F  in Figure 10. Here the upper part of the zone of moderate I 
K-feldspathic alteration (5 to 15 percent), which forms a lensoid or 

mushrokp-shaped body with an upper surface largely below the 1036m level, 

confod$ closely to the gypsum line. Within the lense are found scattered 
I (1 

areas of more intense alteration (15 to 35 percent). 

zone 1; the central part  of the section is a clear expression of the poor 

tion of copper mineralization and K-feldspathic alteration . 

The low grade copper 

I, 
1 

I 

' 5 m :  Quartz veinlet stockworks and silicic alteration - 
I '  

. .  j/ . - -  
Quartz veinlets in the form of a stockwork are a common feature at Valley I 

~ 

Copper and typically are about one to two centimetres in width, although 

some! ar4e up to 25cm. 

produced by the sericitization and kaolinitization of plagioclase. 

1 

Silicic alteration is restricted to secondary quartz 

1 

The quaktz stockwork consists of two main classes of quartz veinlets. The I 
first, hhich'is commonly vuggy, usually has envelopes of medium grained 

sericite, intergrown sericite/K-feldspar or K-feldspar. 

class are closely associated with mineralization. 

Veinlets of this 
I 

They vary in grain size 

to 2.5m (average 1m5~). The veinlets often contain minor amounts 
I 

I 
1 
I 

--- I -L 
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of s'eraicite, s e r i c i t i z e d  p l ag ioc la se ,  secondary K-feldspar, c a l c i t e ,  

hematite,  bo rn i t e ,  cha lcopyr i t e ,  p y r i t e ,  molybdenite, d i g e n i t e  and 
I / I  

' '11 

nd class of qua r t z  v e i n l e t s  have no a l t e r a t i o n  envelopes and 

s e n t i a l l y  no s u l f i d e s .  Vein le t s  of t h i s  class are most abundant 
I 
I 

i n  t h e  southeas te rn  p a r t  of t h e  depos i t  where they comprise two types:  

ra ined  variety, vary ing  i n  g ra in  s i z e  from 0.2 t o  l.-Oxmn (average 

d a medium gra ined  v a r i e t y  (Figure 11) wi th  g r a i n  s i z e s  from 1.0 

(average 1.3mm). Both types have sharp con tac t s  w i t h  t h e  una l t e red  

They usua l ly  conta in  minor K-feldspar 
I I  

or  pervas ive ly  a l t e r e d  country rocks. 

b u t  medgum grained sericite i s  notably absent .  
I 

r i b u t i o n  of s i l i c i c  a l t e r a t i o n  and qua r t z  v e i n l e t s  on t h e  1 1 5 8 m  

i g u r e  12)  i s  based on t h e  abundance of secondary quar tz .  Quartz 

are expressed as t h e  a c t u a l  percentage minus the  background primary 
I ;< 

quar tz  content  of t h e  una l t e red  country rock (29 percent ) .  

secondary qua r t z  contour o u t l i n e s  the  depos i t .  

O.SO/percent copper l e v e l s  of secondary quar tz  range up t o  about  20 percent .  

The veri l o w  grade zone i n  t h e  southeas te rn  corner  of t h e  depos i t  i s  h igh ly  

s i l i c i c r w i t h  secondary qua r t z  conten ts  ranging from 19  t o  27 pe rcen t .  

The 10 pe rcen t  
I 

I n  areas of g r e a t e r  than  
I 

1 
1 

It 

e s t r e s s e d  t h a t  t h e s e  secondary qua r t z  percentages comprise both  

nd mineral ized qua r t z  v e i n l e t s  and a component, which i s  approximately 

arters of t h e  t o t a l  secondary quar tz  content ,  formed by t h e  l i b e r a -  
I 

t i o n  of 'S i02  dur ing  a l t e r a t i o n  of p l ag ioc la se  t o  ser ic i te  and k a o l i n i t e .  

, 



t 

! 
_ _  

6 .  B i o t i t i c  

Minori adounts of "secondary b i o t 2 t e  (brown t o  green) ,replace primary 

biatipe ,and l e s s x o m o n l y  p l ag ioc la se ,  o r  form t h i n  ve in1e ts :and  re- 

patches.  Secondary b i o t i t e  does n appear t o  form d i s t i n c t  

$7. /!Post-mi-neralization ve in ing  

' j  
1 ,,I 

Late s t a g e  gypsum, anhydr i te ,  k a o l i n i t e  and f l u o r i t e  veinlets occur at 

pper.  Gypsum v e i n l e t s ,  which are t h e  commonest type,  are 

f i l l i n g s  gene ra l ly  less than 2xm i n  width. They form whi t e  t o  

orange, + ibrous ,  c r y s t a l  aggegates which are o r i en ted  perpendicular  t o  
' I  

I1 

w a l l  rocE contac ts .  I !j 

I 

Gypsum is most common i n  a r e a s  wi th  K-feldspar altera- 
L 

tfon. I I$ is rare above t h e  1036m l e v e l  (See Figure 10). 
~ :, 

I 

8. 

!I 

!Al t e ra t ion  .h i s to ry  
11, 

I 

I 

The main a l t e r a t i o n  types a t  the  Valley Copper depos i t  d i s p l a y ,  t o  some 

extenti, oiverlapping per iods  of formation. 

I 

However, c e r t a i n  genera l  t r ends ,  

as i n d i c a t e d  by c ross -cu t t ing  relat ionships , ,  can be defined: 

! i) f r ac tu re -con t ro l l ed  ve in  s e r i c i t i c  a l t e r a t i o n  appears  t o  

be  youngeF than pervas ive  se r ic i t ic  and k a o l i n i t e  a l t e r a t i o n  bu t  is  sons is -  

t e n t l y '  cross-cut  by qua r t z  v e i n l e t s  wi th  ve in  s e r i c i t i c  a l t e r a t i o n  envelopes. 
I . I  
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' 'I ii) pervasive s e r i c i t i c  and k a o l i n i t i c  a l t e r a t i o n  and ve in  
I 

sericit ic a l t e r a t i o n  are t y p i c a l l y  c u t  by q u a r t  e i n l e t s  wi th  a s soc ia t ed  

y K-feldspar . 

1 1  ' iii) gypsum v e i n l e t s  cut.  a l l  a l t e r a t i o n  types. 

I 

The age I'of barren quar tz  v e i n l e t s  wi th  no a l t e r a t i o n  envelopes is  uncer ta in .  

, They /genera l ly  cut both v e i n  ser ic i t ic  and K-f e ldspa tb i c  replacement zones, 

That is, t h e r e  are 
I 

but 3n glome cases are c u t  by v e i n  ser ic i t ic  a l t e r a t i o n .  
I 

two generat ions of ba r ren  qua r t z  v e i n l e t s .  

Potas,siu&argon ages of hydrothermal a l t e r a t i o n  from hydrothermal sericites 

m 198 5 4 9 y (Jones, 1975) t o  189 5 6 m y and 186 5 8 m y 

ower, 1971. and R. Wanless pers .  corn. ,  1971 r e spec t ive ly ) .  These 

r e s u l t s  suggest t h a t  t he  age of the  hydrothermal a l t e r a t i o n  (average 191  m y) 

althoughlilislightly younger i s  no t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  age of 

c rys t a l l ' i z a t ion  of t h e  b a t h o l i t h  which i s  198 - + 8 m y (Northcote, 1969). 

I 

I 

SULFIDE MINEWLOGY 

I 

i n  t h e  Valley Copper depos i t  occur c h i e f l y  as d i s s e m i n a t i m s  i n  

i n l e t s  and i n  ve in  se r ic i t ic  and K-feldspathic a l t e r a t i o n  zones. ' 

er p a r t  of t h e  copper mine ra l i za t ion  i s  i n  a reas  wi th  abundant 

c i t i c  a l t e r a t i o n  and a s soc ia t ed  qua r t z  v e i n l e t s .  Borni te  i s  t h e  

s u l f i d e  i n  t h i s  se r ic i t ic  a s s o c i a t i o n ,  whereas cha lcopyr i t e  i s  t h e  

s u l f i d e  assoc ia ted  wi th  K-feldspathic  a l t e r a t i o n .  

I 

I 
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1. iPrimary sulfides 

I 
1 ;il 

Primary sulfides in the Valley Copper 
I 

I 

covellite, pyrite, pyrrfiotite, moly- alonglwith minor amounts of digenite, 

deposit are bornite and chalcopyrite 

bdeniqe,l,sphalerite and galena. 

pyrite have simple mutual boundary relationships, as well as atoll-like 

In polished sections bornite and chalco- 

textures ,in which bornite surrounds a core of chalcopyrite. 

lameliae ,of chalcopyrite in bornite are common. 

Exsolution 
1 :  

Digenite and covellite occur 

as irre&lar rim-like replacements of bornite and, to a lesser-degree, of 

chalcopyrite. 

pyrite. Pyrrhotite, sphalerite and galena often occur together and exhibit 

mutual boundary relationships. 

Some pyrite grains are brecciated and cemented with chalco- 

Molybdenite occurs chiefly with chalcopyrite 

with or yithout pyrite in quartz veinlets which cross-cut zones of vein serici- 
I 

tic alte4ation (M. Casselman, pers. comm. 1975) . Petruk (1970) reported minor 
,I 

amounts q/f gudmundite (FeSbS) and native gold. The sequence of the sulfide 

formatlion based on cross-cutting, filling, and rimming relationships is as 

follows: pyrite I; chalcopyrite I; bornite; molybdenite, pyrite I1 and chalco- 

pyrite 111,; sphalerite with minor pyrrhotite and galena; digenite and covellite. 

The po'sit$on of sphalerite,'pyrrhotite and galena in the sequence is not 
I 

certain. 

alcopyrite ratios and pyrite content on the 1158x11 level plan are 

igures 13 and 14. 

tinct high zone (greater than 3.0) i.n the central part of the 

Smaller highs occur in the southern and southwestern parts of the 

ornite/chalcopyrite ratios decrease progressively away from the 

he mineralized zone until outside the 0.30 percent copper contour 

Bornite/chalcopyrite ratios on the 1158m level 

I 

bornite i,s uncommon 
' I  
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bundance on t h e  1158m l e v e l  i n  the  c e n t r a l  p a r t  of t h i  depos i t  

14)  is less than 5 percent  of t he  t o t a l  s u l f i d e s .  There is, 

howevern, a pronounced ha lo  around the  per iphery of  t h e  depos i t  where 
I 

p y r i t e  ranges up t o  62 percent  of t h e  t o t a l  s u l f i d e s .  

p y r i t e  :Fare ly  exceeds one volume percent  of t h e  rock. 

11 

2.1 Oxidized zone 

I 
1 

Even fn t h i s  ha lo  

The t y p i c a l  minera l  assemblage i n  t h e  oxidized zone consists of l imoni te ,  

malachite, p y r o l u s i t e ,  d igen i t e ,  n a t i v e  copper and p o s s i b l y  t e n o r i t e .  It 

I 

1 

I 

I 4 l  

g e n e h l $ y  varies i n  th ickness  from 0.3 t o  14m and averages  4.5m. However, 1 A' 
I 

in t b  sou theas t e rn  corner  of t h e  depos i t  where t h e  thickness ranges from 

18 to  98m i t  averages 33m. Profiles of copper grades i n  the southeastern 

w a s l i g h t  dep le t ion  of copper from 0.45 t o  0.35 percen t  i n  t h e  

ed and oxidized zones r e spec t ive ly .  Grades range rap t o  0.65 percent 

a zone 3 t o  6m t h i c k  t h a t  occurs  j u s t  below the oxid ized  zone; 

ab ly  r ep resen t s  a poorly developed zone of supergene enrichment. 

The ched ica l  uniformity of t h e  hos t  rocks of t h e  Valley Copper depos i t  

aci l i ta tes  the  s tudy oft chemical vari.ati-ons r e s u l t i n g  from 

a t i o n  and hydrothermal a l t e r a t i o n ,  Gains and losses af var ious  

are descr ibed  i n  t h e  fol lowing s e c t i o n  as weight percent  v a r i a t i o n s  

an  t h e  more conventional gm/cc, because only  p a r t i a l  ana lyses  are 

Densi ty  v a r i a t i o n s  throughout t h e  depos i t  range  only  from 

2.67 igm/;,,cc f o r  f r e s h  Bethsaida g ranod io r i t e  t o  2.62 gm/cc f o r  t y p i c a l  a l t e r e d  

zones arid are no t  considered s i g n i f i c a n t .  
1 
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shows the  conten ts  of major and t r a c e  eleme s i n  f r e s h  Bethsaida 

o r i t e ,  r e l a t i v e  t o  those i n  composite samples of d i f f e r e n t  altera- 

es from var ious  p a r t s  of t he  depos i t .  
1 1  

Geochemical p a t t e r n s  r e l a t e d  t o  hydrothermal a l t e r a t i o n  

I 

i) Elements depleted i n  t h e  depos i t  

CaO,l Nil 0, MgO, Sr ,  B a  and Mn decrease  from t h e  pe r iphe ra l  zone of t h e  

depqsi t , ,  where p r o p y l i t i c  and pervas ive  se r ic i t ic  and k a o l i n i t i c  a l t e r a t i o n  

I2 

e n t ,  t o  t he  c e n t r a l  area where v e i n  ser ic i t ic  and pervas&ve ser ic i t ic  

i n i t i c  a l t e r a t i o n  are. besit  developed ( s e e  Table 2). The percentage 

i s  4.5 t o  2.4 f o r  N a  0 ,  2 . 9  t o  1 .5  for C a O  and 588 t o  396 ppm f o r  2 
'I1 

Sr. ~ d n g a n e s e  forms a d i s t ' i n c t  ha lo ,  about 30Om wide, p e r i p h e r a l  t o  t h e  
1 1  

, i n  which va lues  are double those  i n  t h e  c e n t r a l  p a r t  of t h e  depos i t  

o one and a ha l f  t i m e s  those  of una l t e red  Bethsaida g ranod io r i t e s .  

The dislj tr ibution of CaO and Na 0 on the  1158m l e v e l  and i n  vertical  s e c t i o n  
I 2 
i shown i n  Figures  15 and, 16 r e spec t ive ly .  These diagrams c l o s e l y  

t h e  d i s t r i b u t i o n  diagrams fo r  pervas ive  ser ic i t ic  and k a o l i n i t i c  

a l t e r a t i o n  (Figures 3 and 4 )  and demonstrate t h a t  t h i s  type of a l t e r a t i o n  

ex tendq up t o  30Om beyond t h e  0.30 percent  copper contour.  

d e p l e t i b n  and minera l iza t ion  bottom a u t  on t h e  western s i d e  o fe the  depos i t  

I, 

I 
CaO and Na20 

(aroundi,!hole 68-4)  whereas on the  e a s t e r n  s i d e  (between holes  68-30 and 68-18), 

t h e  zo& of s t rong  CaO and Na 0 dep le t ion  and copper mine ra l i za t ion  extends 2 

downward below the  792m l e v e l .  



., . 
CHEMICAL VARIATIONS OF SELECTED ELEME3TS 

-IN--ALTERATICIN ZONES OFFTHE VALLEY-COTER DEPOSIT (1097 and 1158m l eve l s )  
- - 

Silicic 
( sou theas t  

K-Feldspathic barren quar tz  
Pervas ive  se r ic i t ic  

P r o p y l i t i c  and k a o l i n i t i c  
(pe r iphe ra l )  (marginal)  

Fresh  Bethsaida 
g r a n o d i o r i t e  

( t y p i c a l  values) 
V e i n  sericitic 

(cent  L a 1  ) ( cen t r a l )  v e i n l e t s  

2 5 6 N u m b e r  of composite 

(weight percent) 

samples 8 8 

71.2* 
(69.1-73.3) 

71.6 
(68 . 8-74.4) 

68.9 

1.5 

73.1 
(71.7-74.5) 

74.9 77.0 
(74.6-78.4) , 

4 

1. Si02 

Fe 1.6 
(1.2 - 2.0) 

1.5 1.5 % 1.3 
( 1 . 0  - 1.6) 

2. 1.7 
(1.5 - 1.9) (1.2 - 1.8) 

3 .  

4.  

5. 

6. 

7. 

8. 

0.4 
(0.3 - 0.5) 

I t  0.5 0.5 
(0.4 - 0.6) 

2.9 
(2.6 - 3.2) 

4.5 
(4 .2  - 4.8) 

0.5 
(0.4 - 0.6) 

0.4 0.3 
(0.2 - 0.4) 

1.3 2.1 
(1.7 - 2.5) 

CaO 3.2 2.6 
(2 ,2 - 3.0) 

1.5 
(0.9 - 2.1) 

2.9 3.1 
(2.5 - 4.a 

Na20 II 4 .8  2.9 
(2.3 - 3.5) 

2.4  
(2.0 - 2.8) 

2.0 
(1.7 - 2.3) 

3.7 2.0  
(1.2 - 2.8) 

K2° 
t I  1.9 2.7 

(2.3 - 3.1) 
3.8 

(3.7 - 3.9) 

3550 2300 
(900-3690) 

26 40 
( 8 - 72) 

(PPm) 10 4456 
(3535-5415) 

640 
(380 - 900) 

2060 
(1210-2910) 

cu 

95 
( 45 - 145) 

Mo I t  1 72 
( 4 1  - 151) 

36 
( 24 - 48) 



Sil ic ic  
Fresh Bethsaida 

granodiorite Propy lit i c  
(typical values) (peripheral) 

(PPrn) 29 - - -  427 - 
( 4  1-1055) 

(southeast, Pervasive s e r i c i t i c  
and kaol init ic  Vein sericitic 

(marginal) (central) 
K-Feldspathic barren quartz 

(central) veinlets)'  

. - 32- -- 

370 380 " 

(310 - 452) 
. 520 
(350 - 690) 

297 
(293 - 401) 

340 
(195 - 485) 

2.4 I@ 0 . 1 t o  0.6** 

Number of composite samples 

(1 

6 

1.5 2.3 

10 

1.0 

7 0  
11. Ag 

11 1 2  

5 

- _ - _ _  

3000 

15 

520 

36 

732 

, 

10 

188 

8 
( 5 - 13)  

6 
( 4 -  9) 

1640 
(1110-2420) 

7 
( 4 - 12) 

12. B 5 9 
( 4 - 19)  

~ ___ ~ 

13. Ti02 

I 
14. V 

- .- 

980 1450 
(1140-1800) 

24 
( 17 - 33) 

s 1930 
(1350-2730) I 

h, 
w 
1 24 

( 17 - 33) 

1660 
(1120-2420) (650 -1140) 

31 
( 2 1  - 44) 

15 
( 10 - 20) 

34 
( 24 - 40) 

564 
(447 - 711) 

535 
(446 - 541) 

15. Ba 520 
(500 - 700) 

556 
(470 - 659) 

481 
, 0 8 9  - 594) 

II 

II 

(PPb 

57 
, ( 4 5  - 71) 

641 
(418 - 980) 

69 
( 62 - 75) 

61 
( 46 - 76) 

617 
(391 - 975) 

45 16. Rb 

17. S r  

18. Hg 

19. F 

35 
( 33 - 37) 

588 
(550 - 627) 

396 
(161 - 969) 

529 
(420 - 665) 

nod. 
, 

3 
( 1 -  8.) 

2 
( 1 -  4) 

3 
( 1 -  8)' 

2 
( 1 -  4 )  

384 
(257 - 573) 

nod. 301 
(219 - 415) 

428 347 
(236 - 510) (334 - 547) 



Fresh Bethsaida Pe mas ive se ri c i t i c 
granodiorite Propylitic and kaolinitic Vein sericitic 
(typical values) (peripheral) (marginal) (central) 

Footnotes: 

* Figures given are arithmetic mean and (in brackets) range of 1 standard deviation 
** B r d x c  (1973) 

* + '  Elements 12-20 Olade (1974) 
n o d .  No data 

Silicic 
(southeast, 

K-Feldspathic barren quar.tz 
(central ) veinlets 1- i. 

0 

I 

N.B. Coefficient of variations for analyses of rnajor'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). 
Olades values for B, Ti, V, Ba, R b ,  Sr, Hg, F and C1 are given to supplement data of Osatenk d ''Harris (1973) 
on chemical variations in different areas and alteration zones within the Valley CopRer deposit (central and 
western parts). 
of the  deposit which has remarkably similar major element contents. 

These data are not from the same samples as the major element data, but are from a similar part 

I ' .  
I .  

! . .  
, '. . 

b 

rr s- 
I 
h) *. 
I 
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ii) Elements enr iched i n  the  depos i t  

I 

S i 0 2 ,  K 0, Rb and’TiO inc rease  from the  p e r i p h e r a l  .regions of t h e  depos i t  2 2 

to i ts  cent re .  

from% t o  69 ppm show t h e  most pronounced increases .  

K 0 which varies from 2.0 t o  3.8 per:c.e;lst and Rb which varies 2 
I 

I 

n t s  on t h e  1158m level (F igure  17)  show a s t rong  c 

t h e  h ighes t  K 0 contents  gene ra l ly  correspond to areas of b e s t  copper 

This  c l e a r l y  r e f l e c t s  t h e  c l o s e  a s s o c i a t i o n  of copper s u l f i d e s  wi th  

2 

I/j 

‘!jj 2 
1/11 

vein s e r d c i t i c  a l t e r a t i o n  zones. 

(Figure $8) shows a s t rong  enrichment extending below the  792m level. 

The K 0 d i s t r i b u t i o n  i n  v e r t i c a l  s e c t i o n  

The 

of t h e  K 0 enriched zone are s u b p a r a l l e l  t o  the o u t e r  con tac t s  of 

I I/ 

2 

I 

I 

The contents  of S i 8  r ise from 71.2 percent  i n  t h e  per iphery t o  75.6 percent  

e zone co inc ident  wi th  good copper grades and reaches 77.0 pe rcen t  

2 

i n  t h e  aqea wi th  abundant bar ren  qua r t z  v e i n l e t s  i n  the sou theas t e rn  p a r t  of 

t h e  depos i t  (Figures  19 and 20).  
~ j// 

I ’  
! I  

1 %  I 

,Chemical p a t t e r n s  r e l a t e d  to minera l i za t ion  2 .  

i )  Ore elements 

of copper d i s t r i b u t i o n  f o r  t h e  1158m l e v e l  (Figure 21) shows t h a t  

containing g r e a t e r  than 0.30 percent  copper is roughly ova l  i n  p l an  

I 914m, long axis s t r i k i n g  130 ). 0 
Severa l  a reas  of g r e a t e r  than 0.50 

pper occur wi th in  t h e  0.30 pe rcen t  copper contour and a zone about 
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300m i n  width containing between 0.10 and 0.30 percent  copper is  p e r i p h e r a l  

to it .  1 In  v e r t i c a l  s e c t i o n  (Figure 22) t h e  zone of g r e a t e r  than 0.30 per- 
1/1 

cent copper shows two d i s t i n c t  ex tens ions  t o  depths  around a west-central  

low grqde zone. 

I 

~ 

1 

Molybde,num and zinc (Figures  23 and 24 r e spec t ive ly )  form d i s t i n c t  halos 

marginal  t o  and genera l ly  ou t s ide  t h e  0.30 percent  copper contour. Values 

i n  theimolybdenum halo  range from 50 t o  530 ppm over a width of 30Om whi le  

I 

valuesl t in  t h e  z inc  ha lo  range from 50 t o  1700 ppm. 

bde?umi(averages about 30 and z inc  20 ppm respec t ive ly .  

Within t h e  depos i t  moly- 
I !  
1 .  

I 

1 1  

S i l v e r  :!values are less than  1 ppm o u t s i d e  the depos i t  and range t o  2.4 ppm 

i n  t h e  'zone of s t rong  ve in  ser ic i t ic  a l t e r a t i o n .  Analyses of s u l f i d e  con- 

I 
I 

cent , ra tps  suggest t h a t  s i l v e r  i s  concentrated i n  bo rn i t e ,  which conta ins  

about  2170 ppm, r e l a t i v e  t o  cha lcopyr i te  wi th  30 ppm. 

- -_  1 .  

ii) Pathf inder  elements 

Elements r e fe r r ed  t o  by Olade (1974) as "pathf inder"  elements are Hg, B,  C 1  

and IF. Mercury va lues  range from 1 t o  52 ppb and average 3 ppb. Boron 

d i spe r s ion  i s  e r r a t i c ,  al though va lues  exceeding 11 ppm are genera l ly  con- 

f i n e d  t o  t h e  ou te r  margins of t h e  d e p o s i t ,  e s p e c i a l l y  a long i t s  northwestern 

Chlorine va lues  are genera l ly  i n  t h e  range of 160 t o  350 ppm whereas 

onal  background is  115 ppm; however, t h e  few e r r a t i c  va lues  which 

Fluor ine  va lues  exceeding 564 exceed ppm are confined t o  t h e  depos i t .  

r p r i n c i p a l l y  in t h e  a r e a  immediately northwest of t h e  depos i t ;  else- 

I ' I  
backlgroiund is .  about. 188 ppm. 

1 .  
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3. ' " Isotopic  s t u d i e s  

i) Su l fu r  i so topes  

The 6 S 3 4  permil  va lues  of 1 2  s u l f i d e  and 4 s u l f a t e  

follows: p y r i t e  - 3 . 0 8 ,  s p h a l e r i t e  - 4 . 1 1 ,  chalcopyr i te  - 3.30 t o  + 1.53; b o r n i t e  

- 0 . 9 4  t o  + 1 . 4 5 ,  molybdenite + 0.50, anhydr i te  + 11.76 and + 1 4 . 4 8  and gypsum 

+ 1 3 . 1 3  and + 1 5 . 2 2 .  

1 

I 

I 

The i s o t g p i c  composition of Valley Copper s u l f i d e s  are c h a r a c t e r i s t i c  of 
I 

an hydrothermal depos i t s  w i th  magmatic a s soc ia t ions  which formed a t  

'I re1ative:y high temperatures i n  having near  zero permil mean va lues  and small 
I /  

standard /deviat ions (F ie ld ,  1966; Jensen, 1967 and F ie ld  and others ,  1971). 
I 1  

I I  A deep or,  mantle source ( t y p i c a l  range of 6 S 3 4  values  f o r  mantle s u l f u r  i s  

- 0.3 t o  + 3.0 permil)  f o r  t h e  s u l f u r  i n  s u l f i d e s  i s  cons i s t en t  wi th  t h e  probably 

deep source of t h e  Guichon Creek magma based on Sr87/Sr86 r a t i o s  (Chrismas and 

~ 

I i t  

o the r s ,  1969) . 1 .  

The 6 S34 va lue  of about + 13.6 permil  i n  t h e  s u l f a t e s  precludes t h e i r  deriva- 

t i o n  by s,upergene oxi& t i o n  of  s u l f i d e s .  More l i k e l y  t h e  s u l f a t e s  prec ipa ted  

from a hydrothermal s o l u t i o n  t h a t  contained seawater s u l f a t e .  This  i s  substan- 

t i a t e d  by t h e  6 S value  of + 13.1 permil €or la te  Triassic seawater (Holser 34 

and Kaplan, 1966 and Sangster ,  1 9 7 1 ) .  

ii) Oxygen and hydrogen i so topes  

I 

The 6 !  O q 8  permil  va lues  of hydrothermal mineral. concent ra tes  from 9 qua r t z ,  

6 K-fdidsbar, 6 ser ic i te  anci 4 k a o l i n i t e  samples show the foi lowing respective 
I ;I 
1 . 1  
1 1 '  ranges:: k 8 . 7 4  t o  + 12.51, + 7.65 t o  + 8.74, + 6.60 t o  + 7.56 and + 6 . 7 3  to 
I 
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. .  
. .  
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andi2 .@rimary  b i o t i t e  samples are - 64.8 t o  - 53.1, - 116.0 to' - 95.2 

Corresponding .ranges of 6 D permil va lues  of 6 sericite,  3 k a o l i n i t e  

j 1:i 

and - 74.5 t o  - 73.6 respec t ive ly .  

Equi1i~;ration temperatures ca l cu la t ed  from oxygen i so tope  p a i r s  of co- 

e x i k t i n g  minerals (Jones,  1975) sugges ts  a range of temperatures  from 260 C 

y pervas ive  s e r i c i t i c  a l t e r a t i o n  t o  480 C f o r  IC-feldspathic altera- 

0 

I 0 

tiod. llmemperatures ca l cu la t ed  from t h r e e  s u l f u r  i so tope  p a i r s  range from 
I ; ; l /  

I 

0 " 266 IC qor py r i t e - spha le r i t e  i n  a zone of pervas ive  ser ic i t ic  and k a o l i n i t i c  

on t o  48OoC f o r  anhydri te-borni te  i n  secondary K-feldspar. The bulk 

s i n  s e r i c i t i c  a l t e r a t i o n  and mine ra l i za t ion  apparent ly  took p l ace  a t  

O°C, with  a range from 370 C t o  5OO0C, over  a depth i n t e r v a l  of 550m. 

ures  ranged from about 500 C i n  t h e  deeper ,  c e n t r a l  p a r t  of the 

0 

0 

'I depos&t;l, t o  about 3OO0C near  t h e  per iphery.  
I 

~ 

The iso'jtopic compositions of hydrothermal f l u i d s  and average magmatic water 
I 14 

I 

. . . . . . .  . . . .  . . . .  : .  . . . .  . . . . .  . . .  . . . . . .  . . .  . . .  . . . . . . .  . . .  . . .  . . . . .  
. .  . .  . .  

. .  .. : . _  ' .  . - ' .  
. .  

. .  
~ 

. .  ~ 

, . .  
. .  

. .  
. .  . .  . .  

The psofopic compositions of hydrothermal f l u i d s  and average magmatic water 
I 14 

y Copper were ca l cu la t ed  from t h e  oxygen and hydrogen i s o t o p i c  

va lues  of 6 samples of s e r i c i t e  and 2 samples of primary b i o t i t e ,  r e spec t ive ly .  
I d  

c i t e  and f l u i d  compositions, along wi th  t h e  i s o t o p i c  compositions of 

, ocean (SMOW) and moomatic waters (Craig,  1966, 1969; Taylor ,  1967) 

t ed  i n  Figure 25. The i s o t o p i c  compositions of Val ley Copper hydro- 
1:) 

aters p l o t  on o r  near  a l i n e  t h a t  connects SMOW wi th  the  average 

compgsiGion of primary magmatic water. That i s ,  t h e  hydrothermal f l u i d  w a s  

apparent ly  a mixture  of seawater and magmatic waters. The degree of mixing 

is est imated t o  range from 16 t o  44 percent  SMOW f o r  t h e  main per iod  of 

s u l f i d e j d e p o s i t i o n  (average i s  about 25 percent ) .  

,!\I 
1 I ( /  

1 

1 

1 

I 
I 
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I '  

It is  noteworthy t h a t  a mixing model of meteoric  and magmatic waters i s  

d f o r  some porphyry copper depos i t s  i n  Arizona (Sheppard and o t h e r s ,  

1969 apd Sheppard, 1971). 

I 

4.  Geochemistry of t h e  hydrothermal f l u i d  

I 

i) Fluid  i n c l u s i o n s  

;I 

Fluid i nc lus ions  i n  minera l ized  qua r t z  v e i n l e t s  from t h e  Val ley Copper 

depos i t  are 'extremely s m a l l ,  about 0.005min diameter, and tend t o  occur  

i n  plaJar  c l u s t e r s  and l i n e a r  zones. 

~ !I 

I I 

Most are composed of 70 t o  80 percent  
I 

and 20 to 30 percent  gas phases,  a l though daughter c r y s t a l s  of 

chloridje and carbonate  have been o p t i c a l l y  i d e n t i f i e d .  

as ind ika ted  by f r e e z i n g  techniques i s  5 weight percent  (R. Schmuck, pers .  

Average s a l i n i t y  
//I/ 

comm., 11975). 

t o . 1 0 O k o  300 b a r s  and a depth of formation of about 1 t o  2 km. 

A f e w  i n c l u s i o n s  con ta in  l i q u i d  CO i n d i c a t i n g  p res su res  up 2 

The Is tq ;uc tura l ly  dependent arrangement and l o w  homogenization temperatures  

( c 200'C) of t h e  f l u i d  i n c l u s i o n s  suggest  formation by dominantly secondary 

proeesdes,  perhaps dur ing  t h e  waning s t a g e s  of hydrothermal a c t i v i t y  

(R. 'Schmuck, pers .  comm., 1975). 

I 
I 

I 

'I/ 

1 1  

' ii) S e r i c i t e  s t a b i l i t y  

, 
The ; three p r i n c i p a l  a l t e r a t i o n  minera ls  a t  Valley Copper are k a o l i n i t e ,  

serilcitk and K-feldspar. 

j ' I /  

O f  t he se  ser ic i te  i s  the  most d i r e c t l y  a s soc ia t ed  
I 

with;  cobper mine ra l i za t ion  and accordingly,  t he  chemical environment dur ing  the  

mainipebi.od of copper depos i t i on  must have been i n  t h e  s t a b i l i t y  f i e l d  of 
)I/ 
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_ -  
sericite. Conditions of fO f S  and pH of the hydrothermal fluid that 

deposited sericite are estimated from a diagram by Field and others (1971) 
2’  2 

and shown in Jones (1975) on page 219. This diagram is for the system 

Cu-Fe-S-0 and shows the stability fields of alteration silicates 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 f02 = 21.8 to 23.0 

- log f S 2  = 1.8 to 2.7 

p H  = 2.2 to 3.1 

Ranges over the whole of the alteration sequence are: - log fO of 21.6 2 

to 23.4, - log fS2 of 1.5 to 4.5 and a pH of 1.7 to greater than 4.0.  

-.- . 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 pro- 

bably derived from it by processes of differentiation. It is likely, 

however, that seawaterwas contributed to the magmatic hydrothermal system. 

The purpose of this part of the paper is  to summarize the sequence of major 
I 

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.tt 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 tempera- 

ture of about 26OoC, pH about 1.7 and -log fS 

fluid reacted with and ieached Na 0 and CaO while adding K 0 and H 3 

to the wall rocks. This stage of alteration produced extensive per- 

of about 4.5. This 2 

2 2 2 

vasive sericitic and kaolinitic alteration with associated trace 

amounts of pyrite and chalcopyrite. -_ 

A continued influx ef magmatic hydrothermal fluids and seawater gave 

rise to a hydrothermal fluid with a temperature about 4OO0C, slightly 

higher pH of 2.2 to 3.1, and a lower - log fS2 of 1.8 to 2.7. These 

fluids reopened many of the access channelways used by previous hydro- 

thermal fluids and produced vein sericitic alteration. 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 . 
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I n  t h e  main p a r t  of the depos i t  a f u r t h e r  i n f l u x  of f l u i d s  aga in  

reopened t h e  o ld  channelways and formed qua r t z  v e i n l e t s  conta in ing  

vugs U n e d  by or  f i l l e d  with b o r n i t e  and cha lcopyr i te ,  

Continued f r a c t u r i n g  of t h e  rock mass occurred along wi th  formation 

of quar t z  v e i n l e t s  with disseminat ions  and envelopes of secondary 

K-feldspar. The pH of t h e  hydrothermal f l u i d  at t h i s  s t a g e  probably 

continued t o  inc rease  t o  about 4.0, whi le  - l o g  fS probably increased  2 
s l i g h t l y  t o  about 3.5. Minera l iza t ion  of t h i s  s t a g e  w a s  l i m i t e d  t o  

minor amounts of cha lcopyr i te ,  probably as a r e s u l t  of f u r t h e r  de- 

creased sulfur fugacity.  Chemically, t h i s  stage i s  characterized by 

a pronounced inc rease  of K 0 and S i 0  and a marked decrease of H 0, 
2 2 2 

relative t o  zones wi th  pervas ive  and v e i n  s e r i c i t i c  a l t e r a t i o n .  

Further  f r a c t u r i n g  occurred followed by depos i t ion  of e s s e n t i a l l y  bar ren  

quar tz  v e i n l e t s  from hydrothermal f l u i d s  of s t i l l  f u r t h e r  increased  pH 

and - l o g  fS2. 

I n  c l o s e  s p a t i a l  a s s o c i a t i o n  wi th  prev ious ly  formed secondary K-feldspar 

f r a c t u r e s  were re-opened and gypsum deposi ted.  The hydrothermal s o l u t i o n s  

were r i c h  i n  seawater s u l f a t e .  

Lamprophyre dykes w e r e  in t ruded  about 132 2 3 rn y ago. 

During subsequent u p l i f t  and e ros ion  t h e  over ly ing  rocks and t h e  upper 

part o f  the  d e p o s i t  w e r e  removed and an oxidized zone and weak supergene 
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blanket  developed. Glac ia t ion  followed by g l a c i o f l u v i a l  depos i t ion  

and continued eros ion  produced t h e  p re sen t  day su r face .  
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J .  M. A l l e n  

Mr. A l l e n  was born i n  Tsronto and grew up i n  Southern 
Ontario.  A f t e r  b r i e f  service w i t h  the  R .  C .  A .  F .  i n  
World War I1  he entered Queens U n i v e r s i t y  graduat ing 
w i t h  a B.Sc. (Geology) i n  1949. On leav ing U n i v e r s i t y  
M r .  A l l e n  went t o  work f o r  Dominion Gul f  Company and 
worked i n  various pa r t s  o f  Quebec and Ontar io  u n t i l  
1953. I n  1953 tak ing  the oppor tun i ty  t o  work i n  A f r i c a  
he accepted a p o s i t i o n  w i t h  Union Carbide and Carbon 
Corp. and f o r  the next  two years worked i n  Angola and 
Surinam. On r e t u r n i n 4  from South America i n  9955 Mr. 
A1 len  entered Syracuse U n i v e r s i t y  graduat ing w i t h  an 

Yale U n i v e r s i t y  where he earned the Ph.D. Degree i n  1959. 

On graduation from Vale M r .  A l l e n  accepted a p o s i t i o n  
w i t h  Steep Rock I r o n  Mines and remained w i t h  t h a t  company 
u n t i l  1963 when he l e f t  t o  j o i n  Cominco L im i ted  i n  B r i t i s h  
Col umbi a a I 

$ 

M. A. i n  1956. This was fol lowed by three years a t  i 

. 

, 

M r .  A l l e n  became associated w i t h  the Oldley Copper pr03ect 
in 8965 and has remained w i t h  4t t o  the present develop- 
mental stage. 

MY, A l l e n  i s  marr ied and has a 87 '  year o l d  daughter. 
fami l y  1 i v e s  i n  Mest Vancouverr and theds main hobby 8" s 
vapPc0uv@r. 
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During the  pas t  f i v e  years,  t h e  Highland V a l l e y  area o f  B r i t i s h  
Columbia has been t h e  s i t e  of two major  copper d iscover ies ,  V a l l e y  
Copper and Lornex. A t h i r d  d iscovefy ,  Highmont, may a l so  prove 
t o  be of major importance. Taken w i t h  t h e  e x i s t i n g  producers, 
Bethlehem and Craigmont, these p o t e n t i a l  orebodies suggest t h a t  
the Highland V a l l e y  area may become one o f  t he  major  copper areas 
o f  the wor ld.  

The l o c a t i o n  o f  t he  major  d iscover ies ,  c u r r e n t  producers and 
more promising showings i s  shown on the  accompanying sketch (F ig .  1 ) .  
All o f  these a re  w i t h i n  o r  a t  the  contac t  o f  t h e  Guichon b a t h o l i t h ,  
a c o n c e n t r i c a l l y  zoned body of qua r t z  d i o r i t e  cornposi t i o n  empl aced 
about 200 m i l l i o n  years  ago i n  Upper T r i a s s i c  time. 
and showings d iscovered t o  date have many fea tu res  i n  common and 
a l l  are g e n e t i c a l l y  l i n k e d  t o  magmatic processes i n  the  Guichon 
ba tho l i t h .  The purpose o f  t h i s  paper i s  t o  comment on t h e  d i s -  
covery of one o f  them, V a l l e y  Copper, and t o  descr ibe what i s  
p resent ly  known about t h e  deposi t o  

The depos i ts  

GEOLOGICAL S E T T I N G  

The Guichon b a t h o l i t h  i s  a rough ly  oval  body a t  l e a s t  240miles 
long and up t o  15 m i l e s  wide. I t s  l o n g  a x i s  s t r i k e s  345 e The 
b a t h o l i t h  i s  bounded on the  eas t  and west by major  n o r t h  t rend ing  
f a u l t s  and accord ing t o  Car r  these f a u l t s  d e l i m i t  an up- fau l  t e d  
block o f  Cache Creek and N ico la  rocks i n t o  which t h e  b a t h o l i t h  
has been in t ruded,  The rocks o f  the  b a t h o l i t h  a r e  o v e r l a i n  by 
four  l a t e r  groups c o n s i s t i n g  l a r g e l y  o f  vo lcan ics  rang ing  i n  age 
from Middle Ju rass i c  t o  Eocene. The age o f  the  b a t h o l i t h  i s  on 
geological '  evidence l i m i t e d  t o  the  i n t e r v a l  between e a r l y  Upper 
T r i a s s i c  and Middle Jurass ic .  

0 

b 

I s o t o p i c  ages on rocks o f  t h e  b a t h o l i t h ,  55 o f  which have now been 
published, show a remarkable concordance. The average f o r  a l l  o f  
these ages i s 196 m i l  l i o n  * 8 M.Y. and the  >spread;i s f rom 184 t o  
206 M.Y. Most o f  these ages were done by the  K/A method and t h e  
p o s s i b i l i t y  o f  Argon loss has t o  be considered, howevero s i x  
Rb/Sr ages from the  Craigmont mine agree very  c l o s e l y ,  L e .  200s 
2 M.Y. and t h i s  p lus  the  l a c k  o f  evidence o f  metamorphism which- 
might  have caused Argon loss shows t h a t  the  ages are probably  
r e l i a b l e .  On the  absolute t ime scale,  t h i s  would p lace  the  t ime 
o f  conso l i da t i on  o f  t h e  Guichon rocks in the  Upper T r i a s s i c ,  

The i s o t o p i c  ages a l so  show that  the re  i s  no s i g n i f i c a n t  o r  system- 
a t i c  d i f fe rence i n  age among the  var ious  phases o f  t h e  i n t r u s i v e ,  
I t  would appear t h a t  a l l  o f  t h e  phases c r y s t a l l i z e d  w i th in  a s h o r t  

been over  a s h o r t  pe r iod  as w e l l .  
i n t e r v a l  and t h a t  m u l t i p l e  i n t r u s i o n ,  i f  i t  d i d  occur, must have d 



INTERNAL STRUCTURE OF THE BATHOLITH 

The gross s t r u c t u r a l  p a t t e r n  i n  t h e  b a t h o l i t h  i s  shown, b e s t  by t h e  
d i s t r i b u t i o n  o f  i n t r u s i v e  phases. 
concent r i c  p a t t e r n  around a c e n t r a l  core o f  Bethsaida quar t z  monzonite. 
The Witches Brook phase d i sp lays  c r o s s - c u t t i n g  r e l a t i o n s h i p s ,  b u t  t h i s  
rock  type occurs o n l y  i n  d ikes  and r e l a t i v e l y  smal l  i r r e g u l a r  masses 
and s ince  i t s  d i s t r i b u t i o n  was probably  c o n t r o l l e d  by l o c a l  s t ruc tu re ,  
i t  does n o t  r e a l l y  d i s r u p t  t h e  o v e r a l l  p a t t e r n .  

These phases a r e  arranged i n  a 

The type and d i s t r i b u t i o n  o f  phases i s  shown on the  accompanying 
f i g u r e .  I n  a l l ,  there  a r e  seven d i s t i n c t  phases, two o f  which a re  
subdiv ided i n t o  f i v e  v a r i e t i e s  and a l a t e  p o r p h y r i t i c  phase. 
i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  abso lu te  ages o f  t h e  phases, 
however, there  i s  geo log ica l  evidence t h a t  age increases from t h e  
core outward. The ou te r  o r  h y b r i d  phase, i s  t h e  o l d e s t  and forms 
a s h e l l  up t o  f i v e  m i l e s  t h i c k  between the  i n t r u d e d  rocks and the  
younger phases o f  t he  b a t h o l i t h .  
d i o r i t i c  b u t  t h i s  i s  v a r i a b l e  and c h a r a c t e r i s t i c a l l y  t h i s  phase contains 
p a r t i a l l y  ass im i la ted  b locks  and fragments o f  t h e  count ry  rock.  
con tac ts  o f  t he  h y b r i d  phase a r e  g e n e r a l l y  g rada t iona l  g rad ing  ou t -  
ward t o  N ico la  o r  Cache Creek rocks and inward t o  t h e  Guichon v a r i e t y  
of t h e  i n t r u s i v e .  The h y b r i d  s h e l l  i s  much t h i c k e r  on t h e  western 
s ide  o f  t he  b a t h o l i t h ,  i .e.  3 t o  5 m i l e s  vs. % - I m i l e  and t h i s  
suggests t h a t  the whole b a t h o l i t h  may have been t i l t e d  eastward by 
d i f f e r e n t i a l  movement on the  bounding f a u l t s .  

There 

I t s  composi t ion i's general  l y  quar t z  

The 

The l a t e r  phases are  a l l  g ranod io r i t es  o r  quar tz  monzonites and 
d i s t i n c t i o n  o f  them i s  based p r i m a r i l y  on t e x t u r a l  and m ine ra log i ca l  
f ea tu res  and n o t  on bulk ,  composi t ional  d i f f e rences .  There i s ,  however, 
a decrease i n  s p e c i f i c  g r a v i t y ,  i . e .  f rom 2.80 t o  2.64 f rom, the  h y b r i d  
t o  t h e  Bethsaida phase t h a t  cou ld  r e f l e c t  i nc reas ing  d i f f e r e n t i a t i o n .  
With the  except ion o f  t he  contaminated h y b r i d  s h e l l  , the va r ious  phases 
are ve ry  s i m i l a r  and t h e  d i f f e r e n c e s  among them probably  r e s u l t e d  
most ly  f rom changing pressure and temperature cond i t i ons  du r ing  i n t r u -  
s ion.  

Small e r  s t r u c t u r e s  w i  t h i n  the  ba tho l  i t h  i nc lude  fatlo1 t s  
b recc ia  and s h a t t e r  zones. 
probably  r e f l e c t  another  type  o f  s t ructu ' re .  The most common d i r e c t i o n  
f o r  l i n e a r  s t r u c t u r e s  i s  nor th -south  and t h e  m a j o r i t y  o f  d ikes  f o l l o w  
t h i s  t rend.  The most no tab le  o f  these s t r u c t u r e s  i s  the  Lornex f a u l t  
which b i s e c t s  the  Bethsaida quar tz  monzonite. Fau l t s  and shear zones 
s t r i k i n g  no r theas t  are l ess  common and a. t h i r d  s e t  s t r i k i n g  no r th -  
wes ter ly ,  though n o t  obv iouso i s  impor tan t  i n  l o c a l i z i n g  orep e.g. 
Alwin,  V a l l e y  Copper. Brecc ia zones such as those a t  Bethlehem, 
Tro jan  and on Gnawed Mountain may o r  may n o t  be r e l a t e d  t o  f a u l t i n g ,  
s ince  the  b recc ia  types vary.  However9 t h e  T ro jan  and Bethlehem 
brecc ias  occur i n  areas where str'ong nor th-south f a u l t i n g  i s  common 
and a combinat ion o f  s u i t a b l e  s t r u c t u r a l  openings and access to.  
v o l a t i l e  charged f l u i d s  i s  c e r t a i n l y  suggested as a cause. Sha t te r  
zones much as those a t  V a l l e y  Copper, K r a i n  and p o s s i b l y  Lornex 
occur  w i t h i n  o r  ad jacent  t o  major  f a u l t s  and a t  l e a s t  i n  t h e  case 
o f  V a l l e y  Copper near  t h e  i n t e r s e c t i o n  o f  two major  s t ruc tu res .  

shears 
Dikes .and d i k e  swarms, which are common, 
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pr inc ipa l  d i f fe rence between t h e  s h a t t e r  zones and the  brecc ias  appears 
t o  be t h a t  i n  t h e  s h a t t e r  zones there  was n o t  s u f f i c i e n t  space prov ided 
by stress re lease t o  pe rm i t  the  broken b locks  t o  r o t a t e .  

MINERALIZATION I N  THE BATHOLITH 

Copper m i n e r a l i z a t i o n  may occur anywhere i n  t h e  b a t h o l i t h  and i n  
any o f  the var ious  phases. 
be t te r  known prospects i s  shown i n  t h e  accompanying f i g u r e .  A l l  
o f  these l i e  c lose  t o  a nor th -south  l i n e  which b i s e c t s  the  b a t h o l i t h  
and the l a r g e r  ones except f o r  Craigmont a r e  on o r  ad jacent  t o  a 
contact of the  Bethlehem phase o f  t he  i n t r u s i v e .  This  l a t t e r  i s  
suggestive of a gene t i c  r e l a t i o n s h i p  w i t h  t h i s  phase, however, t h i s  
i s  probably more apparent than r e a l .  
a r e  s t r u c t u r a l l y  c o n t r o l l e d  and the  m i n e r a l i z a t i o n  i n  them i s  conta ined 
i n  open space f i l l i n g s  formed a f t e r  t he  conso l i da t i on  o f  the  h o s t  rock.  
The s i g n i f i c a n c e  of the Bethlehem phase and i t s  con tac t  i s  t h e r e f o r e  
l i m i t e d  t o  the in f luence each has had on the  development o f  s t r u c t u r e s  
su i tab le  f o r  o re  depos i t ion .  S i m i l a r l y ,  t he  nor th-south zoning may 
r e f l e c t  a concent ra t ion  o f  deep seated n o r t h  t r e n d i n g  s t r u c t u r e s  formed 
a f t e r  d i f f e r e n t i a t i o n  had proceeded f a r  enough t o  c rea te  a r e s e r v o i r  
o f  copper bear ing so lu t i ons .  That t h i s  r e s e r v o i r  has been tapped by 
other  s t r u c t u r e s  i s  apparent f rom the  wide d i s t r i b u t i o n  o f  copper 
w i t h i n  the b a t h o l i t h ,  however, s t r u c t u r e s  l a r g e  enough and cont inuous 
enougR t o  con ta in  s i zeab le  orebodies appear a t  t h i s  t ime t o  be l i m i t e d  
t o  the c e n t r a l  zone. 

The d i s t r i b h t i o n  o f  producing mines and 

A l l  o f  these mines and prospects 

The m i n e r a l i z a t i o n  i s  q u i t e  s i m i l a r  f rom one mine o r  showing t o  another,  
Cha lcopyr i te  i s  the  most common copper minera l  however, w i t h  t h e  excep- 
t i o n  o f  Craigmont, the one produc ing-p ine  (Bethlehem) and a l l  o f  t h e  
p o t e n t i a l  producers con ta in  b o r n i t e  i n  amounts s u f f i c i e n t  t o  determine 
the v i a b i l i t y  o f  t h e  opera t ion .  P y r i t e  i s  a common assoc ia te  o f  
copper, b u t  i t s  amount va r ies  considerably ,  e.g. a t  Bethlehem the re  
i s  a heavy p y r i t e  zone on t h e  southwest s ide  o f  the  Jersey orebody 
w h i l e  a t  Craigmont and Va l l ey  Copper p y r i t e  i s  ext remely scarce. 
The most common i r o n  minera l  i n  terms o f  occurrence i s  hemat i te.  
This minera l  i s  ub iqu i tous  i n  copper occurrences9 b u t  r a r e l y  does 
i t  occur i n  amounts g r e a t e r  than 3 percent,  Craigmont be ing a no tab le  
except ion.  The widespread occurrence o f  hemat i te  suggests t h a t  t h e  
m i n e r a l i z i n q  s o l u t i o n s  had a r e l a t i v e l y  h igh  Eh such,& m igh t  be 
expected i n  a h i g h l y  aqeous environment. What e f f e c t  t h i s  may have 
had i n  the  p a r t i t i o n  o f  Fe, S and Cu i s  unknown, b u t  fn many depos i ts  
i t  appears t h a t  i n  the competion f o r  su lphur ,  Cu was favoured over  
i r o n  and perhaps the  o x i d a t i o n  s t a t e ’ i n f l u e n c e d  t h i s .  The source o f  
su lphur  has been t h e  sub jec t  o f  two recen t  pub l i ca t i ons .  Christmas, 
Baadsgaard, e t  a1 conclude from a s tudy 0 f  S, C and 0 iso tope r a t i o s  
o f  Craigmont o re  t h a t  t h e  su lphur  of  t he  o re  i s  0 f  mant le  o r i g i n  and 
there fore  f rom a deep source. M. P. Schau i n  a r e p l y  t o  t h i s  says 
t h a t  su lphur  from ass im i la ted  N ico la  b a s a l t s  i s  j u s t  as l i k e l y  a 
source s ince  t h i s  su lphur  would have mant le  r a t i o s  too. As i t  now 
s tands ,  t h e  source o f  the  su lphur  i s  open t o  quest ion,  however t h e  
na ture  o f  t h e  copper depos i ts  and t h e i r  r e l a t i o n s h i p  t o  deeply pene- 
t r a t i n g  s t r u c t u r e s  suggests t h a t  t he  copper and su lphur  d i d  cane 
f rom some depth and cou ld  we1 1 be o f  mant le  o r i g i n .  

P 
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STRUCTURAL SYNTHESIS 

The sequence o f  events l ead ing  t o  the d iscovery  o f  t he  V a l l e y  Copper 
orebody s t a r t e d  i n  1964 w i t h  the  fo rmat ion  o f  V a l l e y  Copper Mines 
L imi ted .  Th is  company, a t  t h a t  time, h e l d  var ious  groups t o t a l l i n g  
425 c la ims.  Eva lua t ion  o f  these groups began immediately and dur ing 
1964, 1965, and 1966 var ious 'k inds  o f  e x p l o r a t i o n  programs were 
c a r r i e d  o u t  on a l l  o f  them. By 1966, a cons iderable amount o f  informa. 
t i o n  had been gained from t h i s  work and t h i s  was used a long w i t h  
Fubl ished data t o  produce a geo log ica l  compi la t ion  o f  the  b a t h o l i t h  
area. To supplement t h i s ,  a s tudy o f  a e r i a l  photographs was made 
and t h i s  was combined w i t h  t h e  known geology t o  p rov ide  a s t r u c t u r a l  

The Lornex d iscovery i n  1966 served t o  draw a t t e n t i o n  t o  the  Lornex 
f a u l t  and a t  about the  same t ime  new a e r i a l  photographs o f  t he  area 
became ava i l ab le .  These photographs c l e a r l y  show the  southern exten- 
s ion  o f  t h i s  f a u l t  f o r  some e i g h t  mi les ,  a long Skuhost Creek va l ley .  
The nor thern  extens ion beyond Lornex i s  obscured by steep topography 
b u t  c l e a r l y  if the f a u l t  i s  s t r i n g  s t r a i g h t  f o r  e i g h t  mi les ,  i t s  
nor thern  extens ion should be as w e l l .  Thus p r o j e c t i o n  o f  the  f a u l t  
n o r t h  through D iv ide  Lake seemed reasonable. I n t e r s e c t i o n  w i t h  an F 
i n f e r r e d  s t r u c t u r e  under Highland V a l l e y  was more c o n j e c t u r a l  f o r  there ; 
was n o t  then and there  i s  n o t  now any d i r e c t  evidence o f  f a u l t i n g  7 

under Highland Va l ley .  I n  any case, however, the  area ad jacent  t o  pi 

the  con jec tured  i n t e r s e c t i o n  o f  two l a r g e  f a u l t  s t r u c t u r e s  was considered 
t o  p rov ide  a wor thwh i le  e x p l o r a t i o n  t a r g e t .  k 

Another p o s s i b i l i t y  suggested by t h e  l o c a t i o n  o f  t h e  Lornex orebody 
i n  o r  ad jacent  t o  the  Lornex f a u l t  was t h a t  the  orebody m igh t  have 
a d isp laced p o r t i o n  somewhere a long t h e  west s i d e  o f  t h e  f a u l t .  
A t  t h a t  time, n e i t h e r  the  sense no r  amount 0 f  movement a long the  Lornex 
f a u l t  was knowno however, t h e  occurrence o f  copper m i n e r a l i z a t i o n  on 
t he  Bethsaida c la ims suggested a r e l a t i o n s h i p .  I f  indeed t h e  Lornex 
and Bethsaida m i n e r a l i z a t i o n  were re la ted ,  then r i gh t -hand  movement 
o f  about 2 m i l e s  was ind i ca ted .  P a r t i c u l a r l y  suggest ive o f  t h i s  was 
t h e  low grade copper m i n e r a l i z a t i o n  south o f  t h e  Lornex orebody and 
i n  the  southeastern p a r t  o f  t h e  Betbsaida group bas i n d i c a t e d  by dr i l l ing5 
i n  1966. I f  these two areas o f  low g r a d e - m i n e r a l i z a t i o n  were correlative; 
then the same s p a t i a l  r e l a t i o n s h i p  cou ld  p e r t a i n  on t h e  Bethsaida group i 
as d i d  a t  Lornex. 
t o  the  n o r t h  o r  nor theas t .  1 

This  r a t h e r  specu la t i ve  i n t e r p r e t a t i o n  needed f u r t h e r  suppor t  and 
t h i s  was prov ided by, t he  i n fo rma t ion  compiled i n  1966. 
t i o n  i n  view o f  t h e  p o s s i b l e  importance o f  t he  Lornex f a u l t  was 
d i r e c t e d  toward t r y i n g  t o  f i n d  suppor t ing  evidence f o r  the  supposed 
r igh t -hand movement o f  some 2 m i les .  
con tac t  o f  t h e  Bethsaida quar tz  d i o r i t e  had an apparent northward 
displacement on the  west s ide  o f  t h e  Lornex f a u l t .  
t h i s  displacement cou ld  n o t  be measured accu ra te l y  b u t  was d q f i n i t e l y  
of.  t h e  same o r d e r  as t h e  d i s tance  between Lornex and the  Bethsaida 
group. 3 
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I n  t h i s  casep ore grade m i n e r a l i z a t i o n  should be 
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This  suppor t ing evidence made the  f a u l t e d  o f f s e t  hypothesis a good 
deal niore tenable and suggested t h a t  the  nor theas t  qua r te r  o f  t he  
Bethsaida group would be a good e x p l o r a t i o n  t a r g e t .  A second and 
suppor t ing i n d i c a t o r  was the  p o s s i b i l i t y  o f  a major  f a u l t  i n t e r s e c t i o n  
d i r e c t l y  eas t  o f  t h i s  same area under D iv ide  Lake. 

A number o f  f a c t o r s  have con t r i bu ted  t o  the  d iscovery  o f  t h e  V a l l e y  
Copper orebody. One o f  the  most impor t6n t  o f  these was t h e  r e a l i z a t i o n  
e a r l y  i n  the  Va l l ey  Copper program t h a t  m i n e r a l i z a t i o n  i s  always 
r e l a t e d  t o  s t ruc tu re ,  p a r t i c u l a r l y  open space f i l l i n g s .  I n  the  
Guichon b a t h o l i t h  the re  i s  l i t t l e ,  i f  any, t r u l y  disseminated su lph ides 
and w i t h  the  except ion o f  Craigmont, no replacement o f  hos t  rock.  
Orebodies and showings, b i g  o r  s m a l l ,  a r e  i n v a r i a b l y  conta ined i n  
brecc ias,  shear zones, veins,  s h a t t e r  zones, e t c .  o f  obvious s t r u c t u r a l  
o r i g i n  and the  i n fe rence  i s  c l e a r  t h a t  w i t h o u t  t he  s t r u c t u r a l l y  prepared 
plumbing system there  would be no m i n e r a l i z a t i o n .  
the d i s t r i b u t i o n  o f  copper m i n e r a l i z a t i o n  w i t h i n  the  b a t h o l i t h .  
of the  major  rock  u n i t s  may con ta in  copper showings and i n  every case 
the  m i n e r a l i z a t i o n  i s  younger than the  hos t  rock.  I t  thus becomes 
d i f f i c u l t  t o  prove a genet ic  r e l a t i o n s h i p  t o  any rock  u n i t  and t h e  
importance o f  s t r u c t u r e  i s  f u r t h e r  emphasized. 

A lso  impor tan t  i s  
Any 

Thus the  recogn i t i on  o f  t h e  poss ib le  s i g n i f i c a n c e  o f  t he  kornex 
f a u l t  and the  Highland V a l l e y  f a u l t  zone was a very  impor tan t  element 
i n  the  d iscovery  o f  t h e  V a l l e y  Copper orebody. 

PERCUSSION DRILLING f 

THE QREBQDY 

Percussion d r i l l i n g  p layed a ve ry  impor tan t  r o l e  i n  the  d iscovery  
o f  V a l l e y  Copper and a few comments:about the  method Po l lowo 

I n  bo th  1967 and 1968, percussion d r i l l i n g  was done i n  t h e  Bethsaida a 

group. I n  bo th  years,  the  purpose o f  t h i s  d r i l l i n g  was t o  t e s t  a 
broad area q u i c k l y  and cheaply s imply  t o  see i f  copper m i n e r a l i z a t i o n  
was present .  I n  each case, t he  percuss ion d r i l l  accomplished t h i s  
purpose a t  about one - th i rd  the  c o s t  o f  diamond d r i l l i n g .  

’p 

Thus, f o r  the  same costp th ree  t imes as many holes can be d r i l l e d  
as w i t h  a diamond d r i l l  and he re in  l i e s  t h e  r e a l  v i r t u e  s f e t h e  percus- 
s i o n  d r i l l ,  
grade. 
o r  grade d i s t r i b u t i o n ,  miss t h e  o re  grade sec t i on  comp’9eteIy. Even 
two o r  more holes may do the  same. The Q ~ V ~ O U S  solution i s  t o  d r i l l  
a l o t  o f  ho les and o f t e n  t h i s  may b i  uneconomic w i t h  a diamond d r i I 8 ,  
bu t  l e s s  l i k e l y  t o  be so w i t h  percussion d r i l l i n g .  However9 the 
depth l i m i t a t i o n  o f  300 f e e t  poses r e s t r i c t i o n s  for t he  percuss ion 
d r i l l o  

Most orebodies a r e  i r r e g u l a r  i n  shape and v a r i a b l e  i n  
One ho le  d r i l l e d  through an orebody mayp bedause o f  geometry 

The V a l l e y  Copper orebody i s  rough ly  oval  i n  p lan  w i th  i t s  l ong  a x i s  
s t r i k i n g  about 310°. 
the  s h o r t e r  3,800 f e e t .  The deepest h o l e y e t  d r i l l e d  i n  the orebody 
was s t i l l  i n  o r e  a t  2,340 f e e t .  

Its long dimension i s  a t  l e a s t  4,500 f e e t  and 

The tonnage p o t e n t i a l  e a s i l y  q u a l i f i e s  
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3 
i t  as the  l a r g e s t  orebody y e t  found i n  Highland V a l l e y  and work i s  
s t i l l  proceeding t o  a c t u a l l y  d e l i m i t  t h e  area o f  m i n e r a l i z a t i o n .  
Reserves a r e  c u r r e n t l y  est imated t o  be o f  t he  o rde r  o f  600,000 ton/v& 

The geology o f  the  orebody i s  q u i t e  s imple f o r  t he re  i s  o n l y  one 
major  rock  type, the  Bethsaida quar t z  monzonite. A t  l e a s t  two types 
o f  porphyry d ikes  and a v a r i e t y  o f  Lamprophyre d i k e  c u t  the orebody, B 
b u t  these a r e  g e n e r a l l y  narrow and do n o t  b u l k  l a r g e  i n  the  geological - 
p i c t u r e .  
genesis o f  the  ore and geo log ica l  con t ro l s ,  e.g. contacts ,  do n o t  
appear t o  have been impor tan t  i n  1 oca1 i z i n g  ore.  

8 

f e e t  g rad ing  0.46% Cu. 5 

The geology does no t ,  there fore ,  o f f e r  much i n s i g h t  i n t o  the 

a 

S t r u c t u r e  on the  o the r  hand appears t o  have been a dominat ing influence,' 
Almost a l l  o f  the  rock i n  the  orebody has been s t r o n g l y  sheared and ' 

f r a c t u r e d  and there  seems ample evidence t h a t  t he  m i n e r a l i z i n g  and 
a1 te l r ing s o l u t i o n s  were in t roduced a long a s t r u c t u r a l l y  prepared system 
o f  openings. Two s teep ly  d i p p i n g  s t r u c t u r a l  d i r e c t i o n s  predominate, 
290° - 310° and 340 - 360°. I t  i s  a long these d i r e c t i o n s  t h a t  quartz 
ve ins,  shears, f a u l t s  and l i n e a r  a l t e r a t i o n  zones a re  most comnonly ; 
found. Other subs id ia ry  systems occur  and the  p a t t e r n  o f  quar tz  vein- 
i n g  and f r a c t u r i n g  may change across t h e  orebody, however, t he  two  
dominant d i r e c t i o n s  are always present .  It i s  probably  no coincidence 
t h a t  o f  the  two dominant d i r e c t i o n s ,  one (2900 - 310°) i s  p a r a l l e l  t o  
t he  Highland Va l l ey  f a u l t  zone and the  o the r  (340 - 360') i s  para l le l  
t o  the  Lornex f a u l t .  
f a u l t  systems seem the re fo re  t o  have had some i n f l u e n c e  on s t ructura l  
development. I n  add i t i on ,  there  i s  a s e t  o f  f l a t  qua r t z  ve ins and ; 
shears which perhaps r e s u l t e d  from t h e  i n t e r a c t i o n  o f  t he  two f a u l t  5 sys terns. - \  

Th is  a l s o  app l i es  t o  the  d i k e  system. B o t h  

The ore minera logy i s  r e l a t i v e l y  s imple.  
b o r n i t e  and cha lcopy r i t e ,  a re  p resent  and molybdeni te,  though ubiquitous;> 
i s  scarce. Hemati te i n  amounts t o  2% i s  the  most common i r o n  mineral, 
magnet i te  occurs i n  r a r e  smal l  patches and p y r i t e  a t  l ess  than .5% f 

! 
p ropor t i ons  o f  b o r n i t e  and c h a l c o p y r i t e  vary w i t h i n  the  orebody, but 
genera l l y  b o r n i t e  predominates i n  a r a t i o  o f  about two t o  one. 

f 

Two copper sulphiqes, 

6 o f  t o t a l  su lph ide  i s  remarkable for  i t s  s c a r c i t y .  The r e l a t i v e  

5 The a l t e r a t i o n  types associated w i t h  && a r e  o f  t h e  c l a s s i c  k i n d  

o u t  the  depos i t  and appears t o  be e a r l y  i n  t h e  m i n e r a l i z i n g  sequence i 

6 
occur r i ng  i n  porphyry copper depos i ts  i n  o the r  p a r t s  o f  t h e  wor ld.  'I 

The most comon a l t e r a t i o n  type  i s  a r g i l l i c  which i s  pervas ive through-H 

s ince  i t  i s  c u t  by qua r t z  v e i n s g  s e r i c i t i c  and po tass i c  a l t e r a t i o n .  i 

A r g i l l i c  a l t e r a t i o n  i s  cha rac te r i zed  by a chalky,  s l i g h t l y  greenish 
appearnace o f  t he  fe ldspars  and by  the  a l t e r a t i o n  o f  t h e  b i o t i t e  t o  1 
a pa le  green m i x t u r e  o f  c h l o r i t e  and s e r i c i t e .  Potass ic  a l t e r a t i o n  

$ i s  nex t  i n  t h e  sequence and t h i s  i s  marked by t h e  development o f  F 

potash fe ldspar .  T h i s  type  o f  a l t e r a t i o n ,  though widespread, i s  
g e n e r a l l y  r e s t r i c t e d  t o  zones f i f t y  t o  one hundred f e e t  wide. Mineral- E 
i z a t i o n  associated w i t h  the  po tass i c  a l t e r a t i o n  tends t o  be l a r g e l y  1 
cha lcopy r i t e .  Q b I 

i 
S e r i c i  t i c  a1 t e r a t i o n  shows t h e  c l o s e s t  r e l a t i o n s h i p  t o  copper mineral- f 
i z a t i o n  and i t  may occur I n  two d i s t i n c t  ways. Copper-bearing quartz i I 



e 
veins almost always carry a selvage o f  coarse ser ic i te .  
may as they narrow become fine stringers of s e r i c i t e ,  granular q u a r t z  
and copper sulphides, dominantly bornite. A1  ternatively, se r ic i te  and 
granular q u a r t z  may occur i n  irregular zones up  t o  20 feet  wide 
impregnated ; . r i i h  bornite and  chalcopyrite. I n  general , when se r i c i t e  
i s  present, copper sulphides are as well. 

These veins 

Silicification i s  a prominent feature of.the orebody as shown by 
the great number of qua r t z  veins and the presence of irregular siliceous 
patches. 
expected from the remobi l iza t ion  of s i l i c a  originally present in the 
fresh Bethsaida qua r t z  monzonite and suggests t h a t  a good p a r t  o f  
i t  must have been introduced w i t h  the mineralizing solutions. 
generations of q u a r t z  veins are present including a l a t e  barren type, 
This too  m i g h t  be construed as evidence supporting an epigenetic rather 
t h a n  syngenetic origin f o r  the qua r t z .  
commonly occurs on the periphery o f  porphyry copper deposits, i s  notable 
by i t s  absence. 
and no evidence o f  a pyri t ic  halo. 

The amount o f  q u a r t z  observed i s  in excess o f  w h a t  m i g h t  be 

Several 

Propylitic alteration which 

Similarly,  thepne i s  very l i t t l e  pyrite i n  the orebody 

I n  sumary9 the Valley Copper orebody displays many o f  the characteristics 
ascribed to  the better known porphyry copper deposits. 
propylitic alteration zone and a pyrite halo probably ref lect  differences 
i n  f l u i d  composition rather than i n  process and there seems to  be 
l i t t l e  d o u b t  i n  a s s i g n i n g  the deposit t o  the prophyry copper class. 

The lack o f  a 

TESTING PROGRAM 

Since May of 1969, a comprehensive testing program has been under 
way. This program was designed t o  b u l k  sample the orebody and to  
f i  11 i n  gaps with additional surface :a.nd underground dr i  11 i ng.  

The underground testing has consisted o f  d r i v i n g  three inclined 
headings i n t o  the orebody and sampling on a round by round basis, 
The underground headings were driven a t  -20% using rubber t ired 
diesel equipment and  i n  plan these headings form an arrowhead point- 
i n g  southwest. 
of the declines are 500 fee t  below the p o r t a l .  

b 

P 

* 

The total  footage driven was 4100 fee t  and the ends 

The size of the opening driven was 14 '  x 91' w i t h  an arched back. 
Each round was muckedp crushed and sampled separately; In order t o  
provide a comparison w i t h  diamond dr i l l ing ,  two holes were dr i l led 
ahead o f  the face and the core from these matched t o  the round lengths 
t o  provide three separate samples 
be done over the entire length o f  the declines. 

T h i  s compari son sampl i ng w i  11 

Surface diamond d r i l l i n g  has been g o i n g  on almost continuously since 
August, 1968, and  t o  date some 90,000 feet  have been dr i l led,  almost 
a l l  of i t  N . Q .  size. Underground d r i l l i n g  started i n  July, 1969, 
as soon as working places were available. 
will t o t a l  36,000 feet ,  a l l  B. Q. size.  

Th is  program on completion 

The testing program i s  now completed and the information gained from 6 

i t  i s  currently being assessed. 
ment of i t  wi l l  be incorporated into a feas ib i l i ty  study now i n  progress. 

All o f  this Information and the assess- 
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THE GEOLOGY OF THE VALLEY COPPER OREBODY 

During the  p a s t  f i v e  years ,  t he  Highland Valley a rea  of 
4 

B r i t i s h  Columbia has  been the  s i t e  of two major copper discoveries ,  
8 

Valley Copper and Lornex. A t h i r d  discovery,  Highmont, may 

also  prove t o  be of major importance. Taken with t h e  e x i s t i n g  

producers, Bethlehem and. Craigmont , these  p o t e n t i a l  orebodies 
\ 

suggest  t h a t  t he  Highland Valley area may become one of the 

major copper a reas  o f  t h e  world. 

The l o c a t  ion Of t h e  major d i scover ies  c u r r e n t  producers and 

more promising showings i s  shown on the  accompanying sketch 

(Fig. of t hese  a r e  within or a t  t h e  contact  of the  

Guichon batho'l i th,  a concent r ica l ly  zoned body of quartz  d i o r i t e  

composition emplaced about 200  mi l l ion  years  ago i n  Upper Tr i a s s i c  

t i m e .  The depos i t s  and showings discovered t o  da t e  have many 

f ea tu res  i n  common and a l l  a r e  gene t i ca l ly  l i nked  t o  magmatic 

processes i n  t h e  Guichon ba tho l i th .  The purpose of t h i s  paper 

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

and t o  descr ibe what i s  p resen t ly  known about t he  deposi t .  

GEOLOGICAL SETTING 

The Guichon b a t h o l i t h  is  a roughly oval body a t  l e a s t  24 m i l e s  

long and up t o  15 m i l e s  w i d e .  Its long axis s t r i k e s  345 . The 

b a t h o l i t h  is bounded on t h e  e a s t  and w e s t  by major north t rending 

' f a u l t s  and according t o  Carr these f a u l t s  d e l i m i t  an up-faulted 

block of Cache Creek and Nicola rocks i n t o  which t h e  b a t h o l i t h  

has been in t ruded .  The rocks of t h e  b a t h o l i t h  are over la in  by' 

four  l a t e r  groups cons is t ing  l a rge ly  of volcanics  ranging i n  age 

from Middle Ju ras s i c  t o  Eocene. The age of t h e  b a t h o l i t h  i s  on 

geological  evidence l imi ted  t o  t h e  i n t e r v a l  between e a r l y  Upper 

Tr ia s s i c  t o  Middle Jurass ic .  

. 

0 
.. 



I so topic  ages on rocks of t h e  ba tho l i th ,  55 of which have now been 

published, show a remarkable concordance. The average for a l l  of 

. these  ages i s  196 mi l l ion  5 8 M,Y. and t h e  spread i s  from 184 

to 206  M,Y. Most of these  ages w e r e  done by the  K / A  method and 
, ’  

t h e  p o s s i b i l i t y  of Argbn loss  has t o  be Considered, however, s i x  

Rbhr ages from t h e  Craigmont mine agree very c lose ly ,  i .e,  

200 2 2 M.Y. and t h i s  p lus  the  lack of evidence of metamorphism 

which might have caused Argon loss shows t h a t  t he  ages a r e  

probably r e l i a b l e .  On the  absolu te  time sca le ,  t h i s  would p lace  

the t i m e  of consol idat ion of t h e  Guichon rocks i n  the Upper 

Tr iass ic .  

The i so top ic  ages a l s o  show t h a t  t he re  is no s i g n i f i c a n t  o r  

systematic d i f fe rence  i n  age among t h e  var ious  phases of t he  

in t rus ive .  

within a shor t  i n t e r v a l  and t h a t  m u l t i p l e  in t rus ion ,  i f  it d id  

occur, must  have been over a shor t  period a s  well .  

It would appear t h a t  a l l  of t h e  phases c r y s t a l l i z e d  

, 

INTERNAL STRUCTURE O F  THE BATHOLITH 

The gross  s t r u c t u r a l  pattern in the ba tho l i th  is shown,best by the  

d i s t r i b u t i o n  of in t rus ive  phases. These phases a r e  arranged i n  

a concentr ic  p a t t e r n  around a c e n t r a l  core  of Bethsaida quar tz  

.monzonite. 

sh ips ,  b u t  t h i s  rock type occurs only i n  d ikes  and r e l a t i v e l y  

s m a l l  i r r e g u l a r  masses and s ince  i t s  d i s t r i b u t i o n  was probably 

cont ro l led  by l oca l ’ s t ruc tu re ,  it does not r e a l l y  d i s rup t  t h e  

The Witches Brook phase d isp lays  c ross -cu t t ing  r e l a t ion -  
I 

o v e r a l l  pa t te rn .  

The type and d i s t r i b u t i o n  of phases i s  shown on t h e  accompanying 

, f i g u r e .  I n  a l l ,  there a r e  seven d i s t i n c t  phases, two of which a r e  

subdivided i n t o  f i v e  v a r i e t i e s  and a l a t e  porphyr i t ic  phase. There 

is no s i g n i f i c a n t  d i f fe rence  i n  t he  absolu te  ages of t h e  phases, 

however, t he re  is geological  evidence t h a t  age increases  from t h e  

core  ‘outward. The outer  o r  hybrid phase, i s  the  o ldes t  and forms 

a s h e l l  up t o  f i v e  miles  th ick  between t h e  intruded rocks and the  



younger phases of t h e  b a t h o l i t h ,  I t s  composition i s  genera l ly  

quartz  d i o r i t i c  b u t  t h i s  is var i ab le  and c h a r a c t e r i s t i c a l l y  

t h i s  phase conta ins  p a r t i a l l y  ass imilated blocks and fragments of 

~ t h e  country rock, The con tac t s  of t h e  hybr id  phase are genera l ly  
! -. 

grada t iona l  grading outward t o  Nicola o r  Cache Creek rocks and 

inward t o  the Guichon v a r i e t y  of t h e  in t rus ive ,  The hybrid 

s h e l l  i s  much t h i c k e r  on t h e  western s i d e  of t h e  b a t h o l i t h ,  i , e ,  

3 to 5 m i l e s  vs. 4 - 1 m i l e  and t h i s  suggests t h a t  t h e  whole 

b a t h o l i t h  may have been t i l t e d  eastward by d i f f e r e n t i a l  movement 

on t h e  bounding f a u l t s ,  

The l a t e r  phases a r e  a l l  g ranod io r i t e s  o r  quar tz  monzonites and 

d i s t i n c t i o n  of  them is  based pr imar i ly  on t e x t u r a l  and mineralogical 

f ea tu re s  and not on bulk compositional d i f fe rences ,  There is ,  

however, a decrease i n  specific g rav i ty ,  i , e ,  from 2-80 t o  2 - 6 4  

from t h e  hybrid t o  the  Bethsaida phase t h a t  could reflect  

increasing d i f f e r e n t i a t i o n ,  

hybrid shell, t h e  var ious  phases a r e  very s i m i l a r  and t h e  d i f f e rences  

among them probably r e su l t ed  mostly from changing pressure and 

With t h e  exception of t h e  contaminated 
. .  

tempera.ture condi t ions during in t rus ion .  

Smaller s t r u c t u r e s  within t h e  b a t h o l i t h  include f a u l t s ,  shears ,  

breccia and s h a t t e r  zones, Dikes and dike swarms, which a r e  common, 

probably r e f l e c t  another type of  s t r u c t u r e ,  

for l i n e a r  s t r u c t u r e s  is north-south and t h e  majori ty  of d ikes  

folIow t h i s  t r e n d ,  The most notable  of these  s t r u c t u r e s  is t h e  

Lornex f a u l t  which bisects t h e  Bethsaida quar tz  monzonite. Fau l t s  

and shear  zones s t r i k i n g  nor theas t  are less common and a t h i r d  

The mos't common d i r e c t i o n  

set  s t r i k i n g  northwesterly,  though not obvious, i s  important i n  

l oca l i z ing  o re ,  e.g. A l w i n ,  Valley Copper, Breccia zones such 

as those a t  Bethlehem, Trojan and on Gnawed Mountain may o r  may not 

be r e l a t e d  t o  f au l t i ng ,  s i n c e  t h e  brecc ia  types  vary,  However, 

t h e  Trojan and Bethlehem breccias occur i n  a r e a s  w h e r e  s t rong 

north-south f au l t i ng  is common and a combination of s u i t a b l e  

s t r u c t u r a l  openings and access  t o  v o l a t i l e  charged f l u i d s  i s  

- 3 -  



. '  

c e r t a i n l y  suggested a s  a cause. Sha t te r  zones much a s  those a t  

Valley Copper, Krain and possibly Lornex occur w i t h i n  o r  adjacent  

t o  major f a u l t s  and at l e a s t  i n  the  case of Valley Copper near  t he  

in t e r sec t ion  of two major s t ruc tu res ,  The p r inc ipa l  d i f fe rence  
- _  

between t h e  s h a t t e r  zones and t h e  brecc ias  appears t o  be t h a t  i n  

the  s h a t t e r  zones there was not s u f f i c i e n t  space provided by stress 

re lease  t o  permit the  broken blocks t o  r o t a t e ,  

MINERALIZATION IN THE BATHOLITH 

Copper minera l iza t ion  may occur anywhere i n  t he  b a t h o l i t h  and i n  

.any of  t h e  var ious  phases, The d i s t r i b u t i o n  of producing mines and 
I 

better known prospec ts  i s  shown in t h e  accompanying f igure .  All 

of these l i e  c lose  t o  a north-south l i n e  which b i s e c t s  t h e  b a t h o l i t h  

and t h e  l a r g e r  ones except f o r  Craigmont a r e  on o r  adjacent  t o  

a contac t  of t h e  Bethlehem phase of t he  in t rus ive .  This l a t t e r  

is suggestive of a gene t ic  r e l a t ionsh ip  with t h i s  phase, however, 
B 

t h i s  is  probably more apparent than real. A l l  of these  mines and 

prospec ts  a r e  s t r u c t u r a l l y  cont ro l led  and the  minera l iza t ion  i n  

t h e m  is c o n t a i n e d  i n  open space f i l l i n g s  formed after t h e  con- 

so l ida t ion  of t h e  hos t  rock. The s igni f icance  of t h e  Bethlehem 

phase and i t s  contact  i s  therefore  l i m i t e d  t o  t h e  inf luence 

each has  had on t h e  development of s t r u c t u r e s  s u i t a b l e  f o r  ore  

deposi t ion,  S imi la r ly ,  t he  north-south zoning may r e f l e c t  a 

concentrat ion of deep seated north t rending s t r u c t u r e s  formed 

a f t e r  d i f f e r e n t i a t i o n  had proceeded f a r  enough t o  c r e a t e  a 

reservoi r  of copper bearing so lu t ions .  That t h i s  reservoi r  

has been tapped by o ther  s t r u c t u r e s  i s  apparent from the  w i d e  

a d i s t r i b u t i o n  of  copper within t h e  ba tho l i th ,  however, s t r u c t u r e s  

l a rge  enough and continuous enough t o  contain s izeable  orebodies 

appear a t  t h i s  time t o  be l imi ted  t o  t h e  c e n t r a l  zone, 



The mineral izat ion i s  q u i t e  s imi l a r  fran one mine o r  showing 

t o  another. Chalcopyrite is t h e  most common copper mineral 

. however, with t h e  exception of Craigmont, t h e  one producing mine 

(Bethlehem) and a l l  of t h e  p o t e n t i a l  producers contain bo rn i t e  i n  

amounts s u f f i c i e n t  t o  determine t h e  v i a b i l i t y  of the operation. Py r i t e  

i s  a common as soc ia t e  of copper, b u t  i t s  amount v a r i e s  considerably,  

e. g. a t  Bethlehem the re  i s  a heavy p y r i t e  zone on t h e  southwest 

s ide  of t h e  Jersey  orebody while a t  Craigmont and Valley Copper 

p y r i t e  i s  extremely scarce.  The most common i ron  mineral i n  terms 

of occurrence is  hematite. This mineral i s  ubiquitous i n  copper 

occurrences, b u t  r a r e l y  does it occur i n  amounts g r e a t e r  than 

3 percent, Craigmont being a notable  exception. The widespread 

occurrence o f  hematite suggests t h a t  t h e  mineralizing so lu t ions  

had a r e l a t i v e l y  high Eh such a s  might be expected i n  a highly 

aqueous environment. What e fgec t  t h i s  may have had i n  t h e  

p a r t i t i o n  of Fe, S and C u  i s  unknown, b u t  i n  many depos i t s  it 

appears t h a t  i n  t h e  cornpetion f o r  sulphur, Cu was favoured 

over iron and perhaps t h e  oxidation state influenced t h i s .  

The source of sulphur has  been t h e  subject  of t w o  recent  publ icat ions.  

Chr-istmas, Baadsgaard, e t  a1 conclude from a study of s, C and 

0 isotope r a t i o s  of Craigmont ore  t h a t  t h e  sulphur of t h e  ore i s  of 

mantle o r i g i n  and the re fo re  from a deep source. M. P. Schau i n  a 

reply t o  t h i s  says t h a t  sulphur from ass imi la ted  Nicola b a s a l t s  

i s  j u s t  as  l i k e l y  a source s ince t h i s  sulphur would have mantle 

r a t i o s  too. As it now stands,  t h e  source of t h e  sulphur i s  open 

t o  question, however the  nature  of t h e  copper depos i t s  and t h e i r  

r e l a t ionsh ip  t o  deeply penecratipg s t r u c t u r e s  suggests t h a t  t h e  

copper and sulphur d i d  come from some depth and could w e l l  be of 

mantle o r ig in .  



STRUCTURAL SYMTHES IS 

-... The sequence of events  leading t o  t h e  discovery of t h e  Valley Copper 

orebody s t a r t e d  i n  1954 with t h e  formation of Vatley Copper &lines 

Ltd. T h i s  company, a t  t h a t  time, held var ious groups t o t a l l i n g  

425 claims. Evaluation of these  groups began imvediately and 

during 1964, 1965, and 1966 var ious kinds of  explorat ion programs 

were ca r r i ed  out on a l l  of them,' By 1966, a considerable amount 

of information had been gained from t h i s  work and t h i s  was used 

along with published da ta  t o  produce a geological  compilation 

of t h e  ba tho l i th  area,  To supplement t h i s ,  a study of a e r i a l  

photographs was made and t h i s  was combined with t h e  known 

geology t o  provide a s t r u c t u r a l  i n t e rp re t a t ion ,  

The Lornex discovery i n  1966 served t o  draw a t t e n t i o n  t o  t h e  Lornex 
? 1964 

f a u l t  and a t  about t h e  same time new a e r i a l  photographs of t h e  

area became ava i lab le .  These photographs c l e a r l y  show t h e  southern 

extension of t h i s  f a u l t  f o r  some e ight  miles,  along Skuhost Creek 

valley, The n o r t h e r n  e x t e n s i o n  beyon'd Lornex i s  obscured  by steep 

topography b u t  c l e a r l y  i f  t h e  f a u l t  i s  s t r i n g  s t r a i g h t  f o r  e ight  

m i l e s ,  i t s  northern extension should be a s  w e l l .  Thus projec t ion  

of t h e  f a u l t  north through Divide Lake seemed reasonable, I n t e r -  

sec t ion  with an infer red  s t r u c t u r e  under Highland Valley was more 

conjec tura l  f o r  t h e r e  was not then and t h e r e  i s  not now any 

d i r e c t  evidence of f au l t i ng  under Highland Valley. I n  any case,  

however, ,the a rea  adjacent t o  t h e  conjectured in t e r sec t ion  of two 

l a rge  f a u l t  s t r u c t u r e s  was considered t o  provide a worthwhile 

explorat ion t a rge t .  

Another p o s s i b i l i t y  suggested by t h e  loca t ion  of the Lornex orebody i n  

o r  adjacent t o  t h e  Lornex f a u l t  was t h a t  t h e  orebody might have 

a8displaced port ion somewhere along t h e  w e s t  s ide of t h e  f a u l t .  

A t  t h a t  t i m e ,  n e i the r  t h e  sense nor amount of movement along t h e  



Lornex f a u l t  w a s  known, however, t h e  occurrence of copper 

m i n e r a l i z a t i o n  on the  B e t h s a i d a  claims s u g g e s t e d  a r e l a t i o n s h i p .  

If i ndeed  t h e  Lornex and B e t h s a i d a  m i n e r a l i z a t i o n  were r e l a t e d ,  

t h e n  l e f t - h a n d  movement of a b o u t  2 miles w a s  i n d i c a t e d .  P a r t i c u l a r l y  
--. 

s u g g e s t i v e  of t h i s  was t h e  l o w  g r a d e  coppe r  m i n e r a l i z a t i o n  s o u t h  

of t h e  Lornex orebody and i n  the s o u t h e a s t e r n  pa r t  of the  Be thsa ida  

g roup  as i n d i c a t e d  by d r i l l i n g  i n  1966. I f  t h e s e  t w o  areas of l o w  

g r a d e  m i n e r a l i z a t i o n  w e r e  c o r r e l a t i v e ,  t h e n  t h e  same s p a t i a l  

r e l a t i o n s h i p  c o u l d  p e r t a i n  on the B e t h s a i d a  g r o u p  as  d i d  a t  

Larnex. In  t h i s  c a s e ,  ore g r a d e  m i n e r a l i z a t i o n  shou ld  be t o  the  

n o r t h  o r  n o r t h e a s t .  

T h i s  r a t h e r  s p e c u l a t i v e  i n t e r p r e t a t i o n  needed f u r t h e r  s u p p o r t  and 

this was p r o v i d e d  by t h e  i n f o r m a t i o n  compiled i n  1966. T h i s  

c o m p i l a t i o n  i n  view o f  the  p o s s i b l e  impor tance  of t h e  Lornex f a u l t  

was d i r e c t e d  toward t r y i n g  t o  f i n d  s u p p o r t i n g  e v i d e n c e  f o r  the  

supposed l e f t - h a n d  movement of some 2 m i l e s .  It w a s  found t h a t  t he  

s o u t h  c o n t a c t  of t h e  B e t h s a i d a  q u a r t z  d io r i t e  had an  a p p a r e n t  

nor thward  d i s p l a c e m e n t  on t h e  w e s t  s ide of t he  Lornex f a u l t .  

The amount of t h i s  d i s p l a c e m e n t  c o u l d  n o t  be measured a c c u r a t e l y  

but w a s  d e f i n i t e l y  of the  same o r d e r  a s  the d i s t a n c e  between 

Lornex and the! B e t h s a i d a  group.  

T h i s  s u p p o r t i n g  e v i d e n c e  made the f a u l t e d  o f f s e t  h y p o t h e s i s  a good 

d e a l  more t e n a b l e  and s u g g e s t e d  t h a t  the  n o r t h e a s t  q u a r t e r  of the  

B e t h s a i d a  g r o u p  would be a good e x p l o r a t i o n  t a r g e t .  A second and 

s u p p o r t i n g  i n d i c a t o r  w a s  the  p o s s i b i l i t y  of a major f a u l t  i n t e r -  

s e c t i o n  d i r e c t l y  eas t  of t h i s  same area unde r  Div ide  Lake, 

A number of f a c t o r s  have  c o n t r i b u t e d  t o  t h e  d i s c o v e r y  of t he  V a l l e y  

Copper orebody.  One of t h e  most i m p o r t a n t  of these w a s  the  

r e a l i z a t i o n  e a r l y  i n  t he  V a l l e y  Copper program t h a t  m i n e r a l i z a t i o n  

is a lways  re la ted t o  s t r u c t u r e ,  p a r t i c u l a r l y  open space f i l l i n g s .  

In t h e  G u k h o n  b a t h o l i t h  there i s  l i t t l e ,  i f  any, t r u l y  d i s s e m i n a t e d  



. .  

sulphides and w i t h  t h e  exception of Craigmont, no replacement of 

hos t  rock. Orebodies and showings, b ig  o,r small, a r e  invar iab ly  

contained i n  breccias, shear  zones, veins ,  s h a t t e r  zones, etc. of 

obvious s t r u c t u r a l  o r i g i n  and the  inference is clear t h a t  without 
. -- 

t he  s t r u c t u r a l l y  prepared plumbing system t h e r e  would be no 

mineral izat ion.  A l s o  important i s  t h e  d i s t r i b u t i o n  of copper 

mineral izat ion within t h e  ba tho l i th .  Any of the major rock u n i t s  

may contain copper showings and i n  every case the  mineral izat ion 

is younger than the hos t  rock. It thus  becomes d i f f i c u l t  t o  prove 

a gene t i c  r e l a t i o n s h i p  t o  any rock u n i t  and t h e  importance of 

s t r u c t u l r e  i s  f u r t h e r  emphasized. 
. 

Thus t h e  recognition of t h e  poss ib le  s ign i f icance  of t h e  Lornex 

f a u l t  and t h e  Highland Valley f a u l t  zone was a very important 

element i n  t h e  discovery of t h e  va i l ey  Copper orebody. 

PERCUSS ION DRILLING 8 

Percussion d r i l l i n g  played a very important r o l e  i n  t h e  

discovery of Valley Copper and a few comments about the 

method follow. 

I n  both 1967 and 1968, percuss.ion d r i l l i n g  was done i n  

. Bethsaida group. In both 

t h e  

years ,  t h e  purpose of t h i s  d r i 1 1 ing was 

to tes t  a broad a rea  quickly and cheaply simply t o  see i f  copper 

minera l iza t ion  was present. I n  each case,  t h e  percussion d r i l l  

accomplished this purpose a t  about one-third t h e  cost of diamond 

d r  ill ing. i .. 
. .  
I 

Thus, f o r  t h e  same Cost, t h e e  t i m e s  as many holes can be d r i l l e d  

as with a diamohd d r i l l  and here in  l i es  t h e  real v i r t u e  of t h e  

percussion d r i l l .  M o s t  orebodies are i r r e g u l a r  i n  shape and 

va r i ab le  i n  grade. One hole  d r i l l e d  through an orebody may, 

because of geometry o r  grade d i s t r i b u t i o n ,  m l s s  t h e  o r e  grade 

I... ' 

- . _  . . .  . 
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sec t ion  completely. Even two o r  more ho le s  may do t h e  same, The 

obvious so lu t ion  i s  t o  d r i l l  a l o t  of ho le s  and o f t en  t h i s  may 

be uneconomic w i t h  a diamond d r i l l ,  b u t  less l i k e l y  t o  be so with 

percussion d r i l l i n g .  . .  However, t h e  depth l i m i t a t i o n  of 300 feet 

poses r e s t r i c t i o n s  f o r  t h e  percussion d r i l l .  

THE OREBODY 

The Valley Copper orebody is roughly oval i n  plan w i t h  i t s  long 

a x i s  s t r i k i n g  about 310°. Its long dimension i s  a t  l e a s t  4,500 

feet  and t h e  s h o r t e r  3,000 f ee t .  The deepest ho le  y e t  d r i l l e d  i n  

the  orebody was s t i l l  i n  o re  a t  2 ,340  feet. The tonnage p o t e n t i a l  

e a s i l y  q u a l i f i e s  it a s  t h e  l a r g e s t  orebody y e t  found i n  Highland 

Valley and work is s t i l l . p r o c e e d i n g  t o  a c t u a l l y  d e l i m i t  t h e  a rea  

of mineral izat ion.  

The geology of t h e  orebody i s ' q u i t e  simple f o r  t h e r e  i s  only one 

major rock type, t h e  Bethsaida quar tz  monzonite. At l e a s t  two 

typesof porphyry d ikes  and a v a r i e t y  of Lamprophyre d ike  c u t  the 

-orebody, but these a r e  genera l ly  narrow and do not b u l k  l a rge  

i n  the  geological  picture,  The geology does not,  therefore ,  offer 

much i n s i g h t  i n t o  the  genes is  of the ore and geologica l  con t ro l s ,  

e.. g. contac ts ,  do not appear t o  have .been important i n  l oca l i z ing  

ore. 

S t r u c t u r e  on t h e  o t h e r  hand appears t o  have been a dominating 

influence.  Almost a l l  of t h e  rock i n  t h e  orebody has  been s t rongly  

sheared and f rac tured  and t h e r e  seems ample evidence t h a t  t h e  

mineralizing and a l t e r i n g  so lu t ions  w e r e  introduced along a 

s t r u c t u r a l l y  prepared system of openings, Two s t eep ly  dipping 

I 

0 -  s t r u c t u r a l  a i r e c t i o n s  predominate, 290  - 310 and 340 - 360°. 

1 
. *  I 
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It i s  along these  d i r e c t i o n s  t h a t  quartz  veins ,  shears,  f a u l t s  

and l i n e a r  a l te ra t ' ion  zones a r e  most commonly found, Other 

subsidiary systems occur and t h e  p a t t e m o f  quar tz  veining and 

f r ac tu r ing  may change across  t h e  orebody, however, t h e  two dominant 

d i r e c t i o n s  a r e  always present. It i s  probably no coincidence 

t h a t  o f ' t h e  two dominant d i r ec t ions ,  one (290° -' 310°) is  p a r a l l e l  

to t h e  Highland Valley f a u l t  

p a r a l l e l  t o  t h e  Lornex f a u l t .  This a l s o  app l i e s  t o  t h e  dike 

system, Both f a u l t  systems seem the re fo re  t o  have had some 

zone and t h e  o the r  (340 - 360°) i s  

inf luence on s t r u c t u r a l  development. I n  addi t ion ,  t h e r e  i s  a se t .  

iof f l a t  quar tz  ve ins  and shears  which perhaps r e su l t ed  from t h e  

i n t e r a c t i o n  of t h e  two f a u l t  systems, 

The ore.mineralogy i s  r e l a t i v e l y  simple. Two copper sulphides,  

bo rn i t e  and ch lcopyr i te ,  a r e  present  and molybdenite, though 

ubiquitous,  is scarce,  Hematite i n  amounts t o  2;G i s  t h e  most 
I 

common i ron  mineral, magnetite occurs i n  r a r e  small patches and 

pyrite at less t han  ,SC:/, is remarkable for its scarcity, T h e  

r e l a t i v e  proport ions of bo rn i t e  and cha lcopyr i te  vary wi th in  t h e  

orebody, b u t  genera l ly  b o r n i t e  predominates i n  a r a t i o  of about 

t w o  t o  one, 

The a l t e r a t i o n  types associated with o re  are o f ' t h e  c l a s s i c  kind 

occurring i n  prophyry copper depos i t s  i n  o the r  p a r t s  of t h e  world, 

0 

c .  

The most common a l t e r a t i o n  type i s  a r g i l l i c  which i s  pervasive 

throughout t h e  deposi t  and appears t o  be e a r l y  i n  t h e  mineral iz ing 

, sequence s ince  it i s  c u t  by quartz  veins ,  s e r i c i t i c  and p o t a s s i c  
\ 

a l t e r a t i o n .  

s l i g h t l y  greenish appearance of t h e  f e ldspa r s  and by t h e  a l t e r a t i o n  

A r g i l l i c  a l t e r a t i o n  i s  charac te r ized  by a chalky, 

of t h e  b i o t i t e  t o  a 
I 

pa le  green mixture of c h l o r i t e  and s e r i c i t e ,  
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Potassic  a l t e r a t i o n  i s  next in t h e  sequence and t h i s  is marked 

by t h e  development of potash feldspar .  T h i s  type of a l t e r a t i o n ,  

though widespread, i s  genera l ly  r e s t r i c t e d  t o  zones f i f t y  t o  one 

hundred f e e t  wide .  Mineralization assoc ia ted  with t h e  po ta s s i c  

a l t e r a t i o n  t e n d s  t o  be l a rge ly  chalcopyri te .  

I 

I 

I 

-.. 

I 

6 

Serici t ic  a l t e r a t i o n  shows t h e  c l o s e s t  r e l a t i o n s h i p  t o  copper 

mineral izat ion and it may occur i n  two d i s t i n c t  ways. 
t 

Copper- 

bearing quartz  ve ins  almost always ca r ry  a selvage of 

coarse  sericite.  These ve ins  may a s  they narrow become f i n e  

.. s t r i n g e r s  of s e r i c i t e ,  g ranular  quar tz  and copper sulphides ,  

dominantly born i te .  Al te rna t ive ly ,  ser ic i te  and granular  quartz  

may occur i n  i r r e g u l a r  zones up t o  20 f e e t  wide impregnated with 

bo rn i t e  and chalcopyri te .  In general ,  when ser ic i te  i s  present ,  

copper sulphides a r e  a s  w e l l .  

S L l i c i f i c a t i o n  i s  a prominent f ea tu re  of t h e  o rebody a s  shown 
f 

I 

the g r e a t  number of quartz  ve ins  and t h e  presence of i r r e g u l a r  

s i l i c e o u s  patches. The amount of quartz  observed is i n  excess 

of what might be expected from t h e  remobilization of s i l i c a  o r i g i n a l l y  

I . present  i n  the, f resh  Bethsaida quar tz  monzonite and suggests t h a t  

a good p a r t  of it must  have been introduced with t h e  mineralizing 
. 

solut ions.  Several  generat ions of quar tz  ve ins  - a r e  present 

including a l a t e  barren type. This too  might be construed a s  

. evidence supporting an ep igenet ic  r a t h e r  t han  syngenetic o r i g i n  for 

the quartz .  P ropy l i t i c  a l t e r a t i o n  which commonly occurs on t h e  

periphery of porphyry copper depos i t s ,  i s  notable  by i t s  absence, 

Similar ly ,  t h e r e  i s  very l i t t l e  p y r i t e  in t h e  orebody and no 

evidence of a p y r i t i c  halo.  

In  summary, t h e  Valley Copper orebody d i sp lays  many of t h e  character-  

i s t ics  ascr ibed t o  t h e  better known porphyry copper depos i t s ,  The 

lack of a p r o p y l i t i c  a l t e r a t i o n  zone and a py r i t e  halo probably 

r e f l e c t  d i f f e rences  i n  f l u i d  com2osition r a t h e r  than i n  process 

and t h e r e  seems t o  be l i t t l e  doubt i n  ass igning the dpos i t  t o  the 

I 

prophyry _ -  copper c l a s s ,  
_. 
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I TESTING P3OGR9M 

t e s t i n g  program has  been  unde r  S i n c e  May of 1969, a comprehensive 

way, T h i s  program was d e s i g n e d  t o  f i l l  b u l k  sample t h e  orebody and to 

i n  gaps w i t h  a d d i t i o n a l  s u r f a c e  and underground d r i l l i n g .  

The underground t e s t i n g  h a s  c o n s i s t e d  of d r i v i n g  t h r e e  i n c l i n e d  

h e a d i n g s  i n t o  t h e  orebody and sampl ing  on a round by round basis, 

The underground h e a d i n g s  w e r e  d r i v e n  a t  -20% u s i n g  r u b b e r  t i r e d  

d i e s e l  equipment and 

p o i n t i n g  sou thwes t .  

i n  p l a n  these h e a d i n g s  form a n  arrowhead 

The eo ta l  f o o t a g e  d r i v e n  w a s  4100 feet  
0 . 

I n  

and the e n d s  of the d e c l i n e s  are  500 feet  below the p o r t a l ,  

The s i ze  of t h e  opening  d r i v e n  was 14' x 11' w i t h  a n  a r c h e d  

back. Each round w a s  mucked, c r u s h e d  and sampled s e p a r a t e l y .  

o r d e r  t o  p r o v i d e  a comparison w i t h  diamond d r i l l i n g ,  two holes 

- w e r e  d r i l l e d  ahead  of t he  face and t h e  c o r e  from t h e s e  matched 

to the round lengths  t o  p r o v i d e  t h r e e  separate samples. T h i s  

comparison sampling w i l l  be done o v e r  t h e  e n t i r e  ler,gth of the 

decl i n e  s , 

S u r f a c e  diamond d r i l l i n g  has been  g o i n g  on 

August, 1968, and t o  d a t e  some 90,000 feet  

almost c o n t i n u o u s l y  s i n c e  

have  been d r i l l e d ,  almost 

a l l  of it N:Q, s i z e ,  Underground d r i l l i n g  

as soon as  working places were available, 

b 

*L. 
n" 

s t a r t e d  i n  J u l y ,  1969, 

This 'program on 

comple t ion  will t o t a l  36,000 feet ,  a l l  Bo Q. +size.  

' The t e s t i n g  program is now v i r t u a l l y  comple ted  and the i n f o r m a t  i o n  # 

g a i n e d  from it i s  c u r r e n t l y  b e i n g  assessed. 

and t h e  a s ses smen t  of it w i l l  be i n c o r p o r a t e d  i n t o  a f e a s i b i l i t y  

All of t h i s  i n f o r m a t i o n  

s t u d y  now i n  p r o g r e s s .  

.. 
J W l l e n / n c  
A p r i l  8, 1970 



E F E  R E N  C E S  

~ 1, 

2. 

' 3. 

- 

4, 

Northcote, K. E. (1969), Geology and Geochronology of the 
Guichon Creek Bathol i th ,  B. .C. Dept, of Mines and Petroleum 
Resources, Bull, 356.  

Christmas L., Baadsgaard H. ,  Folinsbee R. E . ,  F r i t z  P., 
Krouse  H, R, and Sasaki A . ,  (1969), Rb/Sr, S and 0 Isotopic 
Analyses ind ica t ing  source and Date of Contact Metasomatic 
Copper Deposits, Craigmont, B r i t i s h  Columbia, Canada, 
Economic Geology,-.Vol, 64, N o .  5, P. 479 - 488. 

Schau M. P., (1970):  A criticism of Rb/Sr, S and 0 Isotopic 
Analyses ind ica t ing  source and Date of Contact Metasomatic 
Copper Deposits, Craigmont, British Columbia, Canada - 
Economic Geology ,  Vol, 65, gl, P. 62 - 63, 

Folinsbee, ROE,, f o r  ,Christmas e t  a 1  (1970), A rep ly  t o  
M O P ,  Schau 
Economic Geology, Vol, 65, #1, P, 6 3  - 64 

. 
I 

. .  
. .  



e V a l l e y  Copper - Genera l  D a t a  d 
- 1 0  m i l l i o n  shares i s s u e d ,  Cominco h a s  6 9 . 7 %  and 

s p e n t  rough ly  $1.5 m i l l i o n  (George C r o s s  N e w s l e t t e r  
N o .  4 0 ,  1 9 7 0 )  . I t h i n k  t h e y  own c o n s i d e r a b l y  more 
t h a n  6 9 . 7 %  now. 

- Bethlehem owns r i g h t s  t o  20% o f  t h e  orebody.  

- Underground e x p l o r a t i o n  roughly  3 0 0 0 ' ,  s u r f a c e  and 
underground d r i l l i n g  6 0  0 0 0 ' .  

- Reserves  6 0 0  0 0 0  T o n s / v e r t i c a l  f o o t ,  g rade  0 . 4 8 %  
Cu (MoS2 n e g l i g a b l e ) .  O r e  ca r r ies  minor s i l ve r>  
v a l u e s .  ( I n  t h e  1 9 7 1  r e p o r t ,  t h e y  announced r e s e r v e s  
of  700  m i l l i o n  t o n s )  . 

- GCNL, 1975, N o .  74  copper  p r i c e  of 80-85C/lb w a s  
s a i d  t o  be needed t o  make t h e  d e p o s i t  economic 
( i n  1975 d o l l a r s ) .  

- T o  t h e  end  of 1 9 7 6 ,  Cominco h a s  advanced t h e  Company 
$11 m i l l i o n .  
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ABSTRACT 

The V a l l e y  Copper porphyry d e p o s i t  i s  l o c a t e d  i n  t h e  Highland V a l l e y  
of B . C . ,  abou t  370km n o r t h e a s t  of Vancouver, B .C .  Reserves are 790 
m i l l i o n  t o n n e s  of 0.48 p e r c e n t  coppe r .  

The r o c k s  which h o s t  t h i s  d e p o s i t  are  ma in ly  p o r p h y r i t i c  B e t h s a i d a  p h a s e  
g r a n o d i o r i t e s ,  t h e  most c e n t r a l  and younges t  phase  of t h e  198 m y o l d  
Guichon Creek b a t h o l i t h .  Minor dyke p h a s e s  i n c l u d e :  p r e - m i n e r a l i z a t i o n  
g r a n o d i o r i t e  and q u a r t z  d i o r i t e  p o r p h y r i e s  and a p l i t e ,  s y n - m i n e r a l i z a t i o n  
Tan f e l s i t e  porphyry and p o s t - m i n e r a l i z a t i o n  lamprophyres .  

L o c a l i z a t i o n  of t h e  d e p o s i t  i s  r e l a t e d  t o  t h e  f o r m a t i o n  o f  a zone of 
i n t e n s e  f r a c t u r i n g  n e a r  t h e  i n t e r s e c t i o n  of  t h e  n o r t h e r l y  t r e n d i n g  Lornex 
f a u l t  and t h e  e a s t e r l y  t r e n d i n g  Highland V a l l e y  f a u l t .  Predominant 
o r i e n t a t i o n s  of f a u l t s ,  f r a c t u r e s  and q u a r t z  v e i n l e t s  i n  t h e  d e p o s i t  are  
p a r a l l e l  t o  t h e s e  two r e g i o n a l  f a u l t s .  

The a l t e r a t i o n  t y p e s  r ecogn ized  are:  p r o p y l i t i c ,  p e r v a s i v e  s e r i c i t i c  and 
k a o l i n i t i c ,  v e i n  s e r i c i t i c ,  K - f e l d s p a t h i c ,  b i o t i t i c ,  s i l i c i c  and p o s t -  
m i n e r a l i z a t i o n  v e i n i n g b r i n c i p a l l y  gypsum). 
dominant i n  t h e  c e n t r a l ,  d e e p e r  p a r t  of t h e  d e p o s i t ,  where i t  i s  i n t i m a t e l y  
a s s o c i a t e d  w i t h  and enveloped by a n  e x t e n s i v e  zone of moderate  t o  s t r o n g  
v e i n  s e r i c i t i c  and p e r v a s i v e  s e r i c i t i c  and k a o l i n i t i c  a l t e r a t i o n ,  which 
g r a d e s  outward i n t o  a zone dominated by weak t o  moderate  p e r v a s i v e  s e r i c i -  
t i c  and k a o l i n i t i c  a l t e r a t i o n .  T h i s  l a t t e r  zone,  i n  t u r n ,  g r a d e s  outward 
i n t o  a zone w i t h  areas of  weak t o  moderate  p r o p y l i t i c  a l t e r a t i o n  and areas 
w i t h  no hydro the rma l  a l t e r a t i o n .  A w e l l  developed s i l i c i c  zone ( i n  t h e  
form of  b a r r e n  q u a r t z  v e i n l e t s )  o c c u r s  i n  t h e  s o u t h e a s t e r n  p a r t  o f  t h e  
d e p o s i t .  Elsewhere q u a r t z  v e i n l e t s  ( p r i n c i p a l l y  m i n e r a l i z e d  b u t  some b a r r e n )  
are  o n l y  modera t e ly  developed w i t h i n  t h e  d e p o s i t .  The a g e  of hydro the rma l  
a l t e r a t i o n ,  c a l c u l a t e d  by a v e r a g i n g  s e v e r a l  potassium-argon a n a l y s e s  of 
hydro the rma l  s e r i c i t e s ,  i s  1 9 1  m y. 

K - f e l d s p a t h i c  a l t e r a t i o n  i s  

The s u l € i d e s  p r e s e n t  i n  t h e  d e p o s i t  a re ,  i n  o r d e r  of r e l a t i v e  abundance: 
b o r n i t e ,  c h a l c o p y r i t e ,  d i g e n i t e ,  c o v e l l i t e ,  p y r i t e ,  p y r r h o t i t e ,  mo lybden i t e ,  
s p h a l e r i t e ,  g a l e n a  and gudmundite (FeSbS). The g r e a t e r  p a r t  of t h e  coppe r  
m i n e r a l i z a t i o n  i s  a s s o c i a t e d  w i t h  areas of abundant  v e i n  s e r i c i t i c  a l t e r a t i o n  
and q u a r t z  v e i n l e t s .  B o r n i t e  i s  t h e  dominant s u l f i d e  i n  t h i s  s e r i c i t i c  
a s s o c i a t i o n ,  whereas  c h a l c o p y r i t e  i s  t h e  dominant s u l f i d e  accompanying K- 
f e l d s p a t h i c  a l t e r a t i o n .  B o r n i t e / c h a l c o p y r i t e  r a t i o s  show h i g h e s t  v a l u e s  i n  
t h e  c e n t r a l  p a r t  of  t h e  d e p o s i t ,  where t h e y  exceed 3 t o  1 and d e c r e a s e  away 
from t h e  c o r e  t o  t h e  f r i n g e s  of t h e  d e p o s i t  where c h a l c o p y r i t e  p redomina te s .  
T h e  d e p o s i t  has  a weakly developed p y r i t e  h a l o .  



2. 

Geochemical p a t t e r n s  r e l a t e d  t o  hydro thermal  a l t e r a t i o n  show a d e c r e a s e  
i n  CaO, N a  0 ,  MgO, S r ,  B a  and Mn and a co r re spond ing  i n c r e a s e  i n  K 0 ,  
S i 0  , Rb and T i 0  from t h e  p e r i p h e r y  t o  t h e  c e n t r e  of  t h e  d e p o s i t .  
P a t g e r n s  r e l a t e d  t o  m i n e r a l i z a t i o n  show t h a t  t h e  d e p o s i t  ( a s  d e f i n e d  by 
copper  v a l u e s  exceed ing  0.30 p e r c e n t )  i s  rough ly  o v a l  i n  p l a n ,  w i t h  a 
broad  h a l o  o f  lower copper  g r a d e s  around i t .  Molybdenum and z i n c  form 
a n n u l a r ,  geochemica l ly  e n r i c h e d  zones  around t h e  d e p o s i t .  

2 2 
2 

Se r i c i t e  s t a b i l i t i e s  and f l u i d  i n c l u s i o n  compos i t ions  as  w e l l  as s u l f u r ,  
oxygen and hydrogen i s o t o p i c  d a t a ,  s u g g e s t  b o t h  t h a t  s u l f u r  i n  t h e  
s u l f i d e s  i s  of  s u b - c r u s t a l  o r  magmatic d e r i v a t i o n  and t h a t  t h e  d e p o s i t  
w a s  formed a t  a sha l low d e p t h  from s a l i n e ,  hydro the rma l  f l u i d s .  The 
f l u i d s  had t h e  f o l l o w i n g  r a n g e  i n  c h a r a c t e r i s t i c s  d u r i n g  t h e  a l t e r a t i o n  
sequence  : 

T =' 260 t o  48OoC 

pH = 1 . 7  t o  g r e a t e r  t h a n  4 .0  

- log  fS2  = 1.5  t o  4 . 5  

- l o g  f02  = 21.6 t o  23.4  

0 
The main p e r i o d  o f  copper  m i n e r a l i z a t i o n  o c c u r r e d  a t  abou t  400 C from a 
s o l u t i o n  of  abou t  pH 2 .2  t o  3 .1  which e x h i b i t e d  - l o g  f u g a c i t i e s  of oxygen 
and s u l f u r  of  21.8 t o  23.0 and 1 .8  t o  2.7 r e s p e c t i v e l y .  The c o n t r o l l i n g  
f a c t o r  i n  t h e  d e p o s i t i o n  of  s u l f i d e s  w a s  a p p a r e n t l y  a n  i n c r e a s e  i n  t h e  
s u l f i d e  i o n  c o n c e n t r a t i o n .  Mixing o f  magmatic water and seawater p robab ly  
o c c u r r e d  throughout  t h e  v a r i o u s  s t a g e s  of  hydro the rma l  a l t e r a t i o n  and i s  
e s t i m a t e d  t o  be  abou t  25 p e r c e n t  SMOW (S tanda rd  Mean Ocean Water) d u r i n g  
t h e  main p e r i o d  o f  m i n e r a l i z a t i o n .  

GENETIC SYNTHESIS 

The coppe r - r i ch  magma o f  t h e  Guichon Creek b a t h o l i t h  was p robab ly  d e r i v e d  
from a s u b c r u s t a l  s o u r c e  w i t h  t h e  o r e  metals and hydro thermal  f l u i d s  
p robab ly  d e r i v e d  from i t  by p r o c e s s e s  of d i f f e r e n t i a t i o n .  It i s  l i k e l y ,  
however,  t h a t  seawater w a s  c o n t r i b u t e d  t o  t h e  magmatic hydro thermal  sys tem.  

The purpose  of t h i s  p a r t  o f  t h e  pape r  i s  t o  summarize t h e  sequence  of major  
e v e n t s  l e a d i n g  t o  f o r m a t i o n  of  t h e  Va l l ey  Copper d e p o s i t .  They a re  b e l i e v e d  
t o  have  been  as f o l l o w s :  



5 
e e 

3 .  

1. The B e t h s a i d a  g r a n o d i o r i t e  w a s  i n t r u d e d  i n  Upper Triassic  t i m e  
abou t  198 + 8 m y ago. - 

2.  Movement on t h e  Lornex and Highland V a l l e y  f a u l t s  i n i t i a t e d  a 
zone of i n t e n s e  f r a c t u r i n g  i n  Be thsa ida  g r a n o d i o r i t e  near t h e  
f au 1 t i n t e r  s e c t  i o n .  

3 .  P r e - m i n e r a l i z a t i o n  a p l i t e ,  g r a n o d i o r i t e  and q u a r t z  d i o r i t e  
porphyry  dykes were i n j e c t e d  a l o n g  n o r t h e r l y  and e a s t e r l y  t r e n d s .  

4 .  Hot,  s a l i n e  f l u i d s  moved upward i n  t h e  zone of  f r a c t u r i n g  and 
mixed w i t h  downward p e r c o l a t i n g  seawater t o  produce  a f l u i d  w i t h  
a t e m p e r a t u r e  o f  abou t  260°C, pH abou t  1 . 7  and - l o g  f S  o f  abou t  
4 . 5 .  T h i s  f l u i d  r e a c t e d  w i t h  and l eached  N a  0 and C a O  w h i l e  
add ing  K20 and H 0 t o  t h e  w a l l  r o c k s .  
produced e x t e n s i v e  p e r v a s i v e  s e r i c i t i c  and k a o l i n i t i c  a l t e r a t i o n  
w i t h  a s s o c i a t e d  trace amounts of p y r i t e  and c h a l c o p y r i t e .  

2 
2 T h i s  s t a g e  of  a l t e r a t i o n  2 

A con t inued  i n f l u x  of magmatic hydro thermal  f l u i d s  and seawater 
gave r i s e  t o  a hydro the rma l  f l u i d  w i t h  a t e m p e r a t u r e  abou t  400 c ,  
s l i g h t l y  h i g h e r  pH of 2 . 2  t o  3 .1 ,  and a lower  - l o g  f S  of  1 .8  t o  
2 . 7 .  
p r e v i o u s  hydro thermal  f l u i d s  and produced v e i n  s e r i c i t i c  a l tera-  
t i o n .  D e p o s i t i o n  of  main s t a g e  copper  m i n e r a l i z a t i o n  o c c u r r e d  
d u r i n g  t h i s  s t a g e ,  p robab ly  as  t h e  r e s u l t  of  i n c r e a s e d  s u l f u r  i o n  
c o n c e n t r a t i o n .  

0 
5. 

These f l u i d s  reopened many of  t h e  a c c e s s  channelways used  by 

Tan f e l s i t e  dykes ,  of s y n - m i n e r a l i z a t i o n  age ,  w e r e  a l s o  i n t r u d e d  
a t  t h i s  t i m e .  

6. 

7. 

I n  t h e  main p a r t  of  t h e  d e p o s i t  a f u r t h e r  i n f l u x  of f l u i d s  a g a i n  
reopened t h e  o l d  channelways and formed q u a r t z  v e i n l e t s  c o n t a i n i n g  
vugs  l i n e d  by o r  f i l l e d  w i t h  b o r n i t e  and c h a l c o p y r i t e .  

Continued f r a c t u r i n g  o f  t h e  r o c k  mass o c c u r r e d  a l o n g  w i t h  fo rma t ion  
of q u a r t z  v e i n l e t s  w i t h  d i s s e m i n a t i o n s  and enve lopes  of  secondary  
K- fe ldspa r .  The pH of  t h e  hydro the rma l  f l u i d  a t  t h i s  s t a g e  p robab ly  
con t inued  t o  i n c r e a s e  t o  abou t  4.0 w h i l e  - l o g  f S  p robab ly  in -  
c r e a s e d  s l i g h t l y  t o  a b o u t  3 .5 .  M i n e r a l i z a t i o n  of  t h i s  s t a g e  w a s  
l i m i t e d  t o  minor amounts of  c h a l c o p y r i t e ,  p robab ly  as  a r e s u l t  of 
f u r t h e r  dec reased  s u l f u r  f u g a c i t y .  Chemica l ly ,  t h i s  s t a g e  i s  
c h a r a c t e r i z e d  by a pronounced i n c r e a s e  of K 0 and S i 0  and a marked 
d e c r e a s e  o f  H 0 ,  r e l a t i v e  t o  zones  w i t h  p e r v a s i v e  and v e i n  s e r i c i t i c  
a l t e r a t i o n .  

2 

2 2 
2 
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4 .  

8. 

9 .  

F u r t h e r  f r a c t u r i n g  o c c u r r e d  fo l lowed by d e p o s i t i o n  of 
e s s e n t i a l l y  b a r r e n  q u a r t z  v e i n l e t s  from hydrothermal  

2 '  f l u i d s  of s t i l l  f u r t h e r  i n c r e a s e d  pH and - l o g  f S  

I n  c l o s e  s p a t i a l  a s s o c i a t i o n  w i t h  p r e v i o u s l y  formed 
secondary  K-fe ldspar  f r a c t u r e s  were re-opened and gypsum 
d e p o s i t e d .  The hydro thermal  s o l u t i o n s  were r i c h  i n  sea- 
water s u l f a t e .  

10. Lamprophyre dykes were i n t r u d e d  abou t  1 3 2  - + 3 m y ago.  

11. Dur ing  subsequen t  u p l i f t  and e ros , ion  t h e  o v e r l y i n g  r o c k s  
and t h e  upper  p a r t  of t h e  d e p o s i t  w e r e  removed and an  o x i d i z e d  
zone and weak supe rgene  b l a n k e t  deve loped .  G l a c i a t i o n  fo l lowed  
by g l a c i o f l u v i a l  d e p o s i t i o n  and con t inued  e r o s i o n  produced t h e  
p r e s e n t  day s u r f a c e .  
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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 a l . ,  1974; Corn, 1975), in Puerto Rico 
(Cox et a l . ,  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. 
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 coppel- zone is in Valley Copper 
proper, which is contr'olled 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. 
bringing the Valley Copper deposit into production. 

In the compilation by Lowell and 

N o  date has been set for 

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 
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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 1 2  surface drillholes 
not logged by McMillan (1971).  
determined results are generally in excellent agree- 
ment with the more extensive data reported here. 

These independently 

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. 

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. 

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 cm. 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. 

In addition to its presence as  veinlets, gypsum 

Anhydrite is common as  microscopic grains 
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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. l ) ,  but the 
eastern part of the deposit is narrow and truncated by 
the Lornex fault. 
of the 0 . 3  per cent copper isopleth in the southeastern 
part of the deposit reflects the presence of a stockwork 

The pronounced inward deflection 
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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. l ) ,  the copper zone appears to have 
a steep or vertical dip whereas the western side of the 
deposit dips inward at a moderate angle. 

fairly closely with the copper zone. 
the deposit (Fig. 59 .2)  show that the gypsum line has 
the following features: 

In plan, the drill-intersected gypsum line conforms 
Cross-sections of 

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. 

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. 

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-sectionzGgg 59.2).  Such 
areas are not laterally continuous e&a 
zone and are  rare  outside it. 
intense argillic zones decrease with depth; the change 
is seen best in Sections 16 and 1 7  (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. 

consists largely of the K-feldspar-rich potassic 
assemblage, but contains minor zones of argillic 
alteration. Below the lower boundary of this transition 
zone, pervasive 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. 

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. 

the copper 
Significantly, these 

The so-called transition zone (Section 16 and 1 7 )  

The distribution of hydrothermal 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 
E l  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. 

tribution is inextricably related to the interpretation 
The interpretation of the origin of the gypsum dis- 
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ical scales arf Fi&re 59.2. Vertical cross-sections of the Valley Copper deposit. Horizontal and vert  ? 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 

is present in the section. 

Section 12: argillic alteration, designated by shaded patt 
of the diagram than on the left. Strong K-feld 

Section 14: solid line beneath the area of intense argillic 
(opposite) in which only local, minor argillic alteration 

between D.D.H. 68-4 and D.D. H. 68-1. The alteration down D.D.H. 68-5 is from intense BrgllllC 
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 deeD Dotassic zone in which arcillization is 
quantitatively insignificant. 

Section 16,  17: argillic alteration is weaker on the extl=...= olucu 6AUL..- .lly. -.. the right. 
(opposite) ModerateK-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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ern, is more intense in the area on the right side 
spar alteration is not present in sections 11 or 12. 

alteration marks the upper limit of the potassic zone 
is present. Moderate K-feldspar alteration occurs 
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of the sequence of formation of the major hydrothermal 
alteration facies. 
sequence advocated by Jones (1975) 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. 

In contrast to the generally prograde 
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c 
. Dur ing the  pas t  f i v e  years,  t h e  Highland Va l l ey  area o f  B r i t i s h  / 

Columbia has been the  s i t e  o f  two major  copper d iscover ies,  V a l l e y  
Copper and Lornex. A t h i r d  discovery,  Highmont, may a l so  prove 
t o  be of major importance. 
Bethlehem and Craigmont, these p o t e n t i a l  orebodies suggest t h a t  

‘ 

the Highland Va l l ey  area may become one o f  t h e  major  copper areas 
o f  the  wor ld.  

* 

Taken w i t h  t h e  e x i s t i n g  producers, 

The l o c a t i o n  o f  t he  major d iscover ies ,  c u r r e n t  producers and 
more promising showings i s  shown on the  accompanying sketch (F ig .  1) .  
A l l  of these a re  w i t h i n  o r  a t  t he  contac t  o f  t h e  Guichon b a t h o l i t h ,  
a concer t t r ica l  l y  zoned body o f  quar tz  d i o r i t e  composi t ion emplaced 
about 200 m i l l i o n  years  ago i n  Upper T r i a s s i c  t ime. The depos i ts  . 
and-showings discovered t o  date have many fea tures  i n  common and- 
a l l  a re  g e n e t i c a l l y  Tinked t o  magmatic processes i n  the  Guichon 
b a t h o l i t h .  The purpose o f  t h i s  paper i s  t o  comment on t h e  d i s -  
covery o f  one o f  them, Va l l eyLopper ,  and t o  descr ibe  what i s  
p resen t l y  known about the  deposi t .  

GEOLOGICAL SETTING 

The Guichon b a t h o l i t h  i s  a roughly  oval  body a t  l e a s t  240miles 
long and up t o  15 m i les  wide. I t s  l ong  a x i s  s t r i k e s  345 . The 
b a t h o l i t h  i s  bounded on the  east  and west by major  n o r t h  t rend ing  
f a u l t s  and according t o  Carr  these f a u l t s  d e l i m i t  an up- fau l  t ed  
b lock o f  Cache Creek and N ico la  rocks i n t o  which the  b a t h o l i t h  
has been in t ruded.  The rocks o f  the  b a t h o l i t h  a r e  o v e r l a i n  by 
fou r  1 a t e r  groups consi  s ti ng 1 a rge ly  o f  vo l  cani cs rang i  ng i n  age 
from Middle Jurass ic  t o  Eocene. The age o f  the  b a t h o l i t h  i s  on 
geological ’  evidence 1 i m i  t e d  t o  the  i n t e r v a l  between e a r l y  Upper 
T r i a s s i c  and Middle Jurass ic .  

I 

I so top i c  ages on rocks o f  t h e  b a t h o l i t h ,  55 o f  which have now been 
published, show a remarkable concordance. The average f o r  a l l  o f  
these ages i s  196 m i l l i o n  + 8 M.Y. and the  spread i s  f rom 184 t o  
206 M.Y. Most o f  these ages were done by the  K/A method and t h e  
p o s s i b i l i t y  o f  Argon loss  has t o  be considered, however, s i x  
Rb/Sr ages from the  Craigmont mine agree very c lose ly ,  L e .  200+ 
2 M.Y. and t h i s  p lus  the  l a c k  o f  evidence o f  metamorphism which- 
might have caused Argon loss  shows t h a t  the ages are probably  
r e l i a b l e .  On the  absolute t ime scale,  t h i s  would p lace the  t ime 
of conso l i da t i on  o f  t h e  Guichon rocks i n  the  Upper T r i a s s i c -  

~ 

The i s o t o p i c  ages a l so  show t h a t  there  i s  no s i g n i f i c a n t  o r  system- 
a t i c  d i f f e r e n c e  i n  age among the  var ious  phases o f  t h e  i n t r q s i v e ,  
I t would appear t h a t  a l l  o f  t h e  phases c r y s t a l l i z e d  w i t h i n  ij s h o r t  
i n t e r v a l  and t h a t  m u l t i p l e  i n t r u s i o n ,  if i t  d i d  occur, must have 
been over a s h o r t  pe r iod  as w e l l  . 



INTERNAL STRUCTURE OF THE BATHOLITH 

The'gross s t r u c t u r a l  p a t t e r n  i n  t h e  b a t h o l i t h  i s  shown, bes t  by t h e  
d i s t r i b u t i o n  o f  i n t r u s i v e  phases. These phases a r e  arranged i n  a 
concent r i c  p a t t e r n  around a c e n t r a l  core o f  Bethsaida quar t z  monzonite. 
The Witches Brook phase d i sp lays  c ross -cu t t i ng  r e l a t i o n s h i p s ,  b u t  t h i s  
rock  type occurs o n l y  i n  d ikes  and r e l a t i v e l y  smal l  i r r e g u l a r  masses 
and s ince  i t s  d i s t r i b u t i o n  was probably  cont ro l l led  by l o c a l  s t ruc tu re ,  
i t  does n o t  r e a l l y  d i s r u p t  t h e  o v e r a l l  p a t t e r n .  

The type and d i s t r i b u t i o n  o f  phases i s  shown on the  accompanying 
f i g u r e .  I n  a l l ,  there  a re  seven d i s t i n c t  phases, two o f  which a re  
subdiv ided i n t o  f i v e  v a r i e t i e s  and a l a t e  p o r p h y r i t i c  phase. 
i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  abso lu te  ages o f  t h e  phases, 
however, there  i s  geo log ica l  evidence t h a t  age increases from t h e  
core outward. The ou te r  o r  h y b r i d  phase, i s  t he  o l d e s t  and forms 
a s h e l l  up t o  f i v e  m i l e s  t h i c k  between the  i n t ruded  rocks and the  
younger phases o f  t he  b a t h o l i t h .  I t s  composi t ion i s  genera l l y  qua r t z  
d i o r i t i c  b u t  t h i s  i s  v a r i a b l e  and c h a r a c t e r i s t i c a l l y  t h i s  phase conta ins  
p a r t i a l l y  ass im i la ted  b locks and fragments o f  t he  count ry  rock.  ThT 
contacts  o f  t he  h y b r i d  phase a r e  g e n e r a l l y  g radat iona l  grading ou t -  
ward t o  N ico la  o r  Cache Creek rocks and inward t o  t h e  Guichon v a r i e t y  
of t h e  i n t r u s i v e .  The h y b r i d  s h e l l  i s  much t h i c k e r  on t h e  western 
s ide  o f  the  b a t h o l i t h ,  i .e.  3 t o  5 m i les  vs. % - 1 m i l e  and t h i s  
suggests t h a t  the whole b a t h o l i t h  may have been t i l t e d  eastward by 
d 3 f f e r e n t i a l  movement on the  bounding f a u l  t s .  

e 

Theve 

The l a t e r  phases are  a l l  g ranod io r i t es  o r  quar tz  monzonites and 
d i s t i n c t i o n  o f  them i s  based p r i m a r i l y  on t e x t u r a l  and m ine ra log i ca l  
fea tures  and n o t  on bu lk  composi t ional  d i f f e rences .  There i s ,  however, 
a decrease i n  s p e c i f i c  g r a v i t y ,  i . e .  f rom 2.80 t o  2.64 f rom t h e  h y b r i d  
t o  the  Bethsaida phase t h a t  could r e f l e c t  inc reas ing  d i f f e r e n t i a t i o n .  
With the except ion o f  the  contaminated h y b r i d  she l l ,  the  var ious  phases 
are very  s i m i l a r  and t h e  d i f f e rences  among them probably  r e s u l t e d  
most ly  f rom changing pressure and temperature cond i t i ons  dur ing  i n t r u -  
s ion.  

Smal ler  s t r u c t u r e s  w i t h i n  the  b a t h o l i t h  i nc lude  f a u l t s ,  shears, 
b recc ia  and s h a t t e r  zones. 
probably  r e f l e c t  another type o f  s t r u c t u r e .  The most common d i r e c t i o n  
f o r  l i n e a r  s t ruc tu res  i s  nor th-south and the  m a j o r i t y  o f  d ikes  f o l l o w  
t h i s  t rend.  The most no tab le  o f  these s t r u c t u r e s  i s  the Lornex f a u l t  
which b i s e c t s  the  Bethsaida quar tz  monzonite. Fau l t s  and shear zones 
s t r i k i n g  nor theas t  are l e s s  common and a t h i r d  s e t  s t r i k i n g  no r th -  
wes ter ly ,  though n o t  obvious, i s  impor tan t  i n  l o c a l i z i n g  ore, e.g. 
Alwin,  Va l l ey  Copper. 
Tro jan and on Gnawed Mountain may o r  may n o t  be r e l a t e d  t o  f a u l t i n g ,  
s ince the  b recc ia  types vary.  
b recc ias  occur i n  areas where str'ong nor th-south f a u l t i n g  i s  common 
and a combination o f  s u i t a b l e  s t r u c t u r a l  openings and access t o  
v o l a t i l e  charged f l u i d s  i s  c e r t a i n l y  suggested as a cause. Sha t te r  
zones much as those a t  Va l l ey  Copper, K ra in  and poss ib l y  Lornex 
occur w i t h i n  o r  ad jacent  t o  ma jor  f a u l t s  and a t  l e a s t  i n  t h e  case 
o f  Va l l ey  Copper near the  i n t e r s e c t i o n  o f  two major  s t ruc tu res .  

Dikes and d i ke  swarms, which are  common, 

Brecc ia zones such as  those a t  Bethlehem, 

However, t he  Tro jan  and Bethlehem 

The 
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principal difference between the shatter zones and the breccias appears 
t o  be t h a t  i n  the shatter zones there was n o t  sufficient space provided 
by stress release t o  permit the broken blocks t o  rotate. 

MINERALIZATION IN THE BATHOLITH 

Copper mineralization may occur anywhere i n  the  b a t h o l i t h  and i n  
any of the various phases. 
better known prospects i s  shown i n  the accompanying figure. All 
of these l i e  close t o  a north-south line w h i c h  bisects the b a t h o l i t h  
and the larger ones except for  Craigmont are on o r  adjacent t o  a 
contac t  o f  the 13ethlehem phase o f  the intrusive. This l a t t e r  i s  
suggestive of a genetic relationship w i t h  th is  phase, however, this  
is  probably more apparent t h a n  real .  
are structurally controlled and the mineralization i n  them i s  contained 
i n  open space f i l l ings  formed a f t e r  the consolidation of  the host rock. 
The significance o f  the Bethlehem phase and i t s  contact i s  therefore 
limited t o  the influence each has had on the development of structures 
suitable for  ore deposition. S imi la r ly ,  the north-south z o n i n g  may 
reflect a concentration of deep seated nor th  trending structures formed" 
after differentiation had proceeded f a r  enough t o  create a reservoir 
of copper bearing solutions. T h a t  th is  reservoir has been tapped by 
other structures i s  apparent from the wide distribution of copper 
w i t h i n  the b a t h o l i t h ,  however, structures large enough and continuous 
enough t o  c o n t a i n  s i z e a b l e  orebodies appear a t  t h i s  t i m e  t o  be l i m i t e d  
t o  the central zone. 

T h e  mineralization i s  quite similar from one mine or showing t o  another. 
Chalcopyrite i s  the most common copper mineral however, w i t h  the excep- 
t i o n  of Craigmont, the one producing mine (Bethlehem) and a l l  of the 
poten t ia l  producers contain bornite i n  amounts sufficient t o  determine 
the v i a b i l i t y  of the operation. Pyrite i s  a common associate o f  
copper, b u t  i t s  amount varies considerably, e.g. a t  Bethlehem there 
is  a heavy pyrite zone on the southwest side of  the Jersey orebody 
while a t  Craigmont and Valley Copper pyrite i s  extremely scarce. 
The most common i ron  mineral i n  terms o f  occurrence i s  hematite. 
This mineral i s  ubiquitous i n  copper occurrences, b u t  rarely does 
i t  occur i n  amounts greater t h a n  3 percent, Craigmont being a notable 
exception. The widespread occurrence of hematite suggests t h a t  the 
mineralizinq solutions had a relatively h i g h  Eh such as  m i g h t  be 

What effect  this  may have 
had i n  the partition of  Fe, S and Cu i s  unknown,  b u t  i n  many deposits 
i t  appears t h a t  i n  the competion for sulphur, C u  was favoured over 
iron and perhaps the o x i d a t i o n  s ta te  influenced this .  The source of 
su lphur  has been the subject of two recent publications. Christmas, 
Baadsgaard, e t  a1 conclude from a study of S, C and 0 isotope ratios 
of Craigmont ore t h a t  the sulphur of the ore i s  of mantle o r i g i n  and 
therefore from a deep source. M. P.  Schau i n  a reply t o  this  says 
t h a t  sulphur from assimilated Nicola basalts i s  jus t  as l ikely a 
source since this  sulphur would have mantle ratios too. As i t  now 
stands, the source o f  the sulphur i s  open t o  question, however the 
nature of the copper deposits and their  relationship t o  deeply pene- 
t r a t i n g  structures suggests that  the copper and sul p h u r  I d i d  come 
from some depth and could well be o f  mantle o r i g i n .  

The distribution of producing mines and . 

All of these mines and  prospects 

I 

'expected i n  a highly aqeous environment. 
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STRUCTURAL SYNTHESIS 

The sequence o f  events leading t o  the discovery of the Valley Copper 
orebody started i n  1964 w i t h  the formation of Valley Copper Mines 
Limited. 
425 claims. Evaluation of these groups began immediately and  d u r i n g '  
1964, 1965, and  1966 various kinds of exploration programs were 
carried o u t  on a l l  o f  them. 
t i o n  had been gained from this work and th i s  was used along w i t h  
published d a t a  t o  produce a geological compilation o f  the b a t h o l i t h  
area. To supplement th i s ,  a study o f  aerial photographs was made . 
and th i s  was combined with the known geology t o  provide a structural 
interpretation. 

This company, a t  t h a t  time, held various groups total l ing 

By 1966, a considerable amount of informa- 

- 

The Lornex discovery i n  1966 served t o  draw attention t o  the Lornex 
fau l t  and a t  a b o u t  the same time new aerial photographs o f  the area 
became avai lab'le. These photographs clearly show the southern exten- 
sion of this  f au l t  for  some eight miles, along Skuhost Creek valley. 
The northern extension beyond Lornex i s  obscured by steep topography 
b u t  clearly i f  the f a u l t  i s  str ing s t r a i g h t  for  eight miles, i t s  
northern extension should be as well. Thus projection of the f au l t  
n o r t h  t h r o u g h  Divide Lake seemed reasonable. Intersection w i t h  an 
inferred structure under Highland  Valley was more conjectural for  there 
was n o t  then and there  i s  n o t  now any d i r e c t  evidence of  f a u l t i n g  
under Highland Valley. In  any case, however, the area adjacent t o  
the conjectured intersection of two large fau l t  structures was considered 
t o  provide a worthwhile exploration target. 

- 

Another possibility suggested by the location of  the Lornex orebody 
i n  o r  adjacent t o  the.Lornex f a u l t  was t h a t  the orebody m i g h t  have 
a displaced por t ion  somewhere a,long the west side of the faul t .  
A t  t h a t  time, neither the sense nor  amount of movement along the Lornex 
f a u l t  was known,  however, the occurrence of  copper mineralization on 
the Bethsaida claims suggested a relationship. I f  indeed the Lornex 
and Bethsaida mineralization were related, then r i g h t - h a n d  movement 
of about  2 miles was indicated. Particularly suggestive of this was 
the low grade copper mineralization south of the Lornex orebody and 
i n  the southeastern p a r t  of the Bethsaida g roup  as indicated by d r i l l i n g  
i n  1966.. 
then the same spatial relationship could pertain on the Bethsaida group 
as d i d  a t  Lornex. 
t o  the nor th  o r  northeast. 

I f  these two areas of low grade mineralization were correlative, 

I n  this case, ore grade mineralization should be 

This rather 'speculative interpretation needed further support and , . 
this  was provided by. the information compiled i n  1966. 
t i o n  i n  view o f  the possible importance o f  the Lornex f a u l t  was 
directed toward t r y i n g  t o  f i n d  s u p p o r t i n g  evidence for  the supposed 
r i g h t - h a n d  movement of some 2 miles. I t  was found t h a t  the south 
contact of the Bethsaida qua r t z  dior i te  had an apparent northward , 

displacement on the west side o f  the Lornex fau l  t. The amount of 
this  displacement could no t  be measured accurately b u t  was definitely 
of the same order as the distance between Lornex and the Bethsaida 
group. 

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

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

A number of factors have contributed t o  the discovery o f  the Valley 
Copper orebody. One of the most important of these was the realization 
early in the Valley Copper program tha t  mineralization i s  always 
related t o  structure, particularly open space f i l l ings .  I n  the 
Guichon batholith there i s  l i t t l e ,  i f  any, truly disseminated sulphides 
and with the exception o f  Craigmont, no replacement of host rock. 
Orebodies and showings, big ,or small, are invariably contained in 
breccias, shear zones, veins, shat ter  zones, e tc .  of obvious structural 
origin and the inference i s  clear t h a t  without .the structurally prepared 
plumbing system there would be no mineralization. 
the distribution of copper mineralization within the batholith. 
of the major rock units may contain copper showings and in every case 
the mineralization i s  younger than the hos t  rock. 
diff icul t  t o  prove a genetic relationship t o  any rock unit and the 
importance o f  structure i s  further emphasized. 

, 

Also important i s  
Any 

I t  thus becomes I * 

, 
T h u s  the recognition of the possible significance of the Lornex 
fault  and the Highland valley f au l t  zone was a very important element 
in the discovery o f  the Valley Copper orebody. 

PERCUSSION D R I L L I N G  

Percussion dr i l l ing played a very important role i n  the discovery 
of Valley Copper and a few comments about  the method follow. 

I n  b o t h  1967 and 1968, percussion dr i l l ing was done in the Bethsaida 
group.  
broad area quickly and cheaply simply t o  see i f  copper mineralization 
was present. I n  each case, the percussion d r i l l  accomplished this  
purpose a t  about  one-third the cost o f  diamond dr i l l ing.  

T h u s ,  for  the same cost, three times as m'any holes can be dr i l led 
as with a diamond d r i l l  and herein l ies  the real virtue of the percus- 
sion d r i l l .  
grade. 
or grade distribution, miss the ore grade section completely. 
two or more holes may do the same. The obvious solution i s  t o  d r i l l  
a lo t  of holes and often this may be uneconomic w i t h  a diamond d r i l l ,  
b u t  less likely t o  be so w i t h  percussion dr i l l ing.  
d e p t h  limitation of 300 feet  poses restrictions for the percussion . 

dri l l .  

In b o t h  years, the purpose of th i s  dr i l l ing was t o  t es t  a 

Most orebodies are irregular in shape and variable in 
One hole dril led t h r o u g h  an orebody may, because of geometry 

Even 

However, the 

I 

THE OREBODY 

The Valley Copper orebody i s  roughly oval i n  plan w i t h  i t s  long a x i s  
striking about  310°. 
the shorter 3,000 feet .  The deepest holemyet dr i l led i n  the orebody 
was s t i l l  i n  ore a t  2,340 fee t .  

I ts  long dimension i s  a t  least  4,500 fee t  and 

T h e  tonnage potential easily qualifies 
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4 
i t  as the largest orebody yet found i n  Highland Valley and work i s  
s t i l l  proceeding t o  actually delimit the area of mineralization. 
Reserves are currently estimated t o  be of the order of 600,000 ton/vert. 
f ee t  g r a d i n g  0.46% C u .  

The geology of the orebody i s  quite simple for there i s  only one 
major rock type, the Bethsaida q u a r t z  monzonite. A t  least  two types 
o f  porphyry dikes and  a variety of Lamprophyre dike cut the orebody, 
b u t  these are generally narrow and do  not  b u l k  large i n  the geological 
picture. The geology does n o t ,  therefore, offer much insight i n t o  the 
genesis o f  the ore and geological controls, e.g. contacts, do n o t  
appear t o  have been important i n  localizing ore. 

Structure on the other hand appears t o  have been a dominating influence; 
Almost a l l  of the rock i n  the orebody has been strongly sheared and 
fractured and there seems ample evidence t h a t  the mineralizing and 
altering solutions were introduced along a structurally prepared system 
of openings. 
290° - 310° and 340 - 360'. 
veins, shears, faul ts  and linear alteration zones are most comonly 
found.  
i n g  and  .fracturing may change across the orebody, however, the two 
dominant directions are always present. 
t h a t  o f  the two dominant d i rec t ions ,  one (2900 - 310°) i s  parallel t o  
the Highland Valley fau l t  zone and the other (340 - 360°) i s  parallel 
t o  the Lornex faul t .  
f a u l t  systems seem therefore t o  have had some influence on structural 
development. 
shears which perhaps resulted from the interaction of  the two f a u l t  
sys tems . 

, 

Two steeply d i p p i n g  structural directions predominate, 
I t  i s  along these directions that  quarts-  

Other subsidiary systems occur and the pattern of q u a r t z  vein- 

I t  i s  probably no coincidence 

' 

This also applies t o  the dike system. 

In a d d i t i o n ,  there i s  a se t  o f  f l a t  q u a r t z  veins and 

Both 

The ore mineralogy i s  relatively simple. 
bornite and chalcopyrite, are present and molybdenite, though  ubiquitous, 
i s  scarce. 
magnetite occurs i n  rare small patches and pyrite a t  less than .5% 
of t o t a l  sulphide i s  remarkable for  i t s  scarcity. 
proportions o f  bornite and chalcopyrite vary w i t h i n  the orebody, b u t  
generally bornite predomin.ates i n  a r a t i o  of about  two t o  one. 

Two copper sulphides, 

Hematite i n  amounts t o  2% i s  the most common iron mineral, 

The relat ive 

, The alteration types associated w i t h  ore are o f  the classic k i n d  
occurring i n  porphyry copper deposits i n  other parts of the world. 
The most corrunon alteration type i s  a rg i l l i c  which i s  pervasive t h r o u g h -  
ou t  the deposit and  appears t o  be early i n  the mineralizing sequence 
since' i t  i s  cut by qua r t z  veins, s e r i c i t i c  and potassic alteration. 
Argillic alteration i s  characterized by a chalky, s l ight ly  greenish 
appearnace of the feldspars and by the alteration o f  the biot i te  t o  
a pale green mixture o f  chlorite and se r ic i te .  Potassic alteration 
i s  next i n  the sequence and this  i s  marked by the development o f  
potash feldspar. T h i s  type of a1 teration, t h o u g h  widespread, i s  
generally restricted t o  zones f i f t y  t o  one hundred fee t  wide. 
ization associated w i t h  the potassic alteration tends t o  be largely , 

chal copyri te.  

Mineral- 

. Serici t i c  a1 teration shows the closest relationship t o  copper mineral- 
ization and i t  may occur i n  two dist inct  ways. Copper-bearing quartz 
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veins almost always c a r r y  a selvage o f  coarse s e r i c i t e .  
may as they narrow become f i n e  s t r i n g e r s  o f  s e r i c i t e ,  g ranu la r  qua r t z  
and copper sulphides, dominant ly b o r n i t e .  A1 t e r n a t i v e l y ,  s e r i c i  t e  and 
granu lar  quar tz  may occur i n  i r r e g u l a r  zones up t o  20 f e e t  wide . 

impregnated ;?Ji t h  bo rn i  t e  and chal  copyr i  t e .  I n  general ,  when s e r i  c i  t e  
i s  present, copper su lph ides are as w e l l .  

S i l i c i f i c a t i o n  i s  a prominent fea tu re  o f  the  orebody as shown by 
the g r e a t  number o f  quar tz  ve ins and the  presence o f  i r r e g u l a r  s i l i c e o u s  
patches, 
expected from t h e  r e m o b i l i z a t i o n  o f  s i l i c a  o r i g i n a l l y  present  i n  the  

i t  must have been in t roduced w i t h  the  m i n e r a l i z i n g  so lu t i ons .  
generat ions o f  quar tz  ve ins a r e  present  i n c l u d i n g  a l a t e  bar ren  type. 
This too  m igh t  be construed as evidence suppor t ing  an ep igene t i c  r a t h e r  
than syngenet ic o r i g i n  f o r  t h e  quar tz .  
commonly occurs on the  per iphery  o f  porphyry copper deposi ts ,  i s  no tab le ,  
by i t s  absence. 
and no evidence o f  a p y r i t i c  ha lo.  

These ve ins 

e 

The amount o f  quar tz  observed i s  i n  excess o f  what migh t  be 

Several 
' f r e s h  Bethsaida quartz monzonite and suggests t h a t  a good p a r t  o f  

P r o p y l i t i c  a l t e r a t i o n  which 

S i m i l a r l y ,  t h e r e  i s  very  l i t t l e  p y r i t e  i n  t h e  orebody 

i' I n  sumnary, the Va l l ey  Copper orebody d isp lays  many o f  t he  c h a r a c t e r i s t i c s  
ascr ibed t o  the  b e t t e r  known porphyry copper deposi ts .  
p r o p y l i t i c  a l t e r a t i o n  zone and a p y r i t e  ha lo  probably  r e f l e c t  d i f f e rences  
i n  f l u i d  composi t ion r a t h e r  than i n  process and there  seems t o  be 
l i t t l e  doubt i n  ass ign ing  the  depos i t  t o  the  prophyry copper c lass.  

i 
I 

The l a c k  o f  a 
' . 

, .  

TESTING PROGRAM 
9 

Since May o f  1969, a comprehensive t e s t i n g  program has been under 
way. This program was designed t o  bu l k  sample the  orebody and t o  
f i l l  i n  gaps w i t h  a d d i t i o n a l  sur face and underground d r i l l i n g .  

The underground t e s t i n g  has cons is ted  o f  d r i v i n g  th ree  i n c l i n e d  
headings i n t o  the orebody and sampling on a round by round bas js .  
The underground headings were d r i ven  a t  -20% us ing  rubber  t i r e d  
d iesel  equipment and i n  p lan  these headings form an arrowhead p o i n t -  
i ng  southwest. 
o f  the  dec l ines  a r e  500 f e e t  below the  p o r t a l .  

\ 

The t o t a l  footage d r i ven  was 4100 f e e t  and the  ends 

The s i z e  o f  the  opening d r i v e n  was 14 '  x 11' w i t h  an arched back. 
Each round was mucked, crushed and sampled separate ly .  
provide a compari son w i  t h  diamond d r i  1 1 i ng, two hol  es were d r i  11 ed 
ahead o f  the  face  and the  core from these matched t o  t h e  round lengths  
t o  p rov i  de three separate sampl es. 
be done over  the  e n t i r e  l eng th  o f  the  dec l ines .  

Surface diamond d r i l l i n g  has been going on almost cont inuous?j t  s ince  
August, '1968, and t o  date some 90,000 f e e t  have been d r i l l e d ,  Zlmost 
a l l  o f  i t  N.Q. s ize .  
as  soon as working places were a v a i l a b l e .  
w i l l  t o t a l  36,000 fee t ,  a l l  B. Q. s i ze .  

I n  o rde r  t o  

Thi s compari son sampl i ng w i  11 

Underground d r i l l i n g  s t a r t e d  i n  Ju ly ,  1969, 
Th is  program on complet ion 

The t e s t i n g  program i s  now completed and the  i n fo rma t ion  gained from 
i t  i s  c u r r e n t l y  be ing assessed. 
ment o f  i t  w i l l  be incorpora ted  i n t o  a f e a s i b i l i t y  study now i n  progress. 

A l l  o f  t h i s  i n fo rma t ion  and the assess- 

i I, 
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I THE GEOLOGY OF THE VALLEY COPPER OREBODY 

During t h e  p a s t  f i v e  years ,  t he  Highland Valley a rea  of 

B r i t i s h  Columbia has  been the  s i t e  of two major copper discoveries ,  . 
Valley Copper and Lornex. A t h i r d  discovery,  Highmont, may 

also prove t o  be of major importance. Taken with t h e  e x i s t i n g  

producers, Bethlehem and Craigmont, these  p o t e n t i a l  orebodies 

suggest t h a t  the Highland Val ley-area  may become one of the  

major copper a reas  of t h e  world. 

\ 

. 

The loca t ion  of t h e  major discoveries ,  c u r r e n t  producers and 

more promising showings i s  shown on the  accompanying sketch 

(Fig. I ) ,  A l l  of these a r e  within o r  a t  t he  contact  of the 

Guichon ba tho l i th ,  a concent r ica l ly  zoned body of quartz  d i o r i t e  

composition exnplaced about 200 mil l ion years ago i n  Upper T r i a s s i c  

t i m e .  The depos i t s  and showings discovered t o  da t e  have many 

f ea tu res  i n  common and a l l  a r e  gene t i ca l ly  l i nked  t o  magmatic - 

processes i n  t h e  Guichon ba tho l i th .  The purpose of t h i s  paper 

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

and t o  descr ibe what i s  p resen t ly  known about t he  deposi t .  
1 .  

1 

GEOLOGICAL SETTING 

The Guichon b a t h o l i t h  is  a roughly oval  body a t  l e a s t  24 m i l e s  

long and up t o  15 m i l e s  w i d e .  Its long a x i s  s t r i k e s  345 . The 

b a t h o l i t h  is  'bounded on t h e  e a s t  and w e s t  by malor north t rending 

' f a u l t s  and according t o  Carl: these  f a u l t s  de l imi t  an up-faulted 

b 

0 
.. 

block of Cache Creek and Nicola rocks i n t o  which t h e  b a t h o l i t h  

has been intruded. The rocks of t h e  b a t h o l i t h  are over la in  by'  

four  l a t e r  groups cons is t ing  l a rge ly  of volcanics  ranging i n  age 

from Middle Ju ras s i c  t o  Eocene. The age of t h e  b a t h o l i t h  i s  on 
i .  

geological  evidence l imi ted  t o  

Tr i a s s i c  t o  Middle Jurass ic .  

t h e  i n t e r v a l  between e a r l y  



I so topic  ages on rocks of t h e  b a t h o l i t h ,  55 of which have now been 

publ ished,  show a remarkable concordance, The average f o r  a l l  of 

these  ages i s  196 mi l l i on  5 8 M.Y. and t h e  spread i s  from 184 

to 206 M,Y, 

. t h e  p o s s i b i l i t y  of 'Argon l o s s  has  t o  be considered, however, s i x  

m/Sr ages from t h e  Craigmont mine agree very c lose ly ,  L e ,  

200 2 2 M,Y. and t h i s  p l u s  t he  lack  of evidence of metamorphism 

Most oE t hese  ages w e r e  done by the  K / A  method and 

rl 

-which might have caused Argon loss shows t h a t  t he  ages a r e  

probably r e l i a b l e ,  

the t i m e  of consol idat ion of the  Guichon rocks i n  the Upper 

On the absolu te  t i m e  s ca l e ,  t h i s  would p lace  . 

f- 

The i s o t o p i c  ages also  show t h a t  t h e r e  i s  no s i g n i f i c a n t  or 
I 

systematic  d i f f e rence  i n  age among t h e  var ious  phases of t h e  

' .  i n t r u s i v e ,  It would appear t h a t  a l l  of t h e  phases c r y s t a l l i z e d  
3 .  
! .  
i 

~ 

j within a shor t  i n t e r v a l  and t h a t  m u l t i p l e  i n t rus ion ,  i f  it d i d  
! 
t 

I 1. 
occur, must  have beer, over a shor t  per iod a s  w e l l ,  

INTERNAL STRUCTURE O F  THE BATHOLITH 

The g ross  s t r u c t u r a l  p a t t e r n  i n  the  b a t h o l i t h  is shown,best by t h e  

d i s t r i b u t i o n  of i n t r u s i v e  phases. 

a concentr ic  p a t t e r n  around a c e n t r a l  co re  of  Bethsaida quartz  

,monzonite. 

sh ips ,  b u t  t h i s  rock type occurs only ih dikes  and r e l a t i v e l y  

! 

These phases a r e  arranged i n  

The Witches Brook phase d i sp lays  cross-cut t ing r e l a t ion -  
I 

small  irrecular masses and since i t s  d i s t r i b u t i o n  was probably 

con t ro l l ed  by l o c a l ' s t r u c t u r e ,  it does not r e a l l y  d i s r u p t  t h e  

o v e r a l l  pa t t e rn .  i 

The type and d i s t r i b u t i o n  of phases is  shown on t h e  accompanying 

f igure ,  I n , a l l ,  there a r e  seven d i s t i n c k  phases,  two of which a r e  

- ages of t h e  phases, 

evidence t k  

the o l d e s t  and forms 

between t:- r-kruded rocks and the 



" .  
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a 
younger phases of t h e  b a t h o l i t h ,  Its composition is  genera l ly  

quartz  d i o r i t i c  b u t  t h i s  is var i ab le  and c h a r a c t e r i s t i c a l l y  

t h i s  phase conta ins  p a r t i a l l y  ass imilated blocks and fragments of 

T h e  con tac t s  of t h e  hybrid phase a r e  genera l ly  -. t h e  country rock, 
I .  

grada t iona l  grading outward t o  Nicola or Cache Creek rocks and 

inward t o  the Guichon v a r i e t y  of t h e  i n t r u s i v e ,  The hybrid 

s h e l l  i s  much th i cke r  on t h e  western s i d e  of t h e  b a t h o l i t h ,  L e ,  

3 to 5 . m i l e s  vs ,  % - l m i l e  and t h i s  suggests t h a t  t h e  whole 

b a t h o l i t h  may have been t i l t e d  eastward by d i f f e r e n t i a l  movement 

on t h e  bounding f a u l t s ,  

The l a t e r  phases a r e  a l l  g ranod io r i t e s  o r  quar tz  monzonites and 

d i s t i n c t i o n  of them is  based pr imar i ly  on t e x t u r a l  and mineralogical 

f ea tu re s  and not on bulk compositional d i f fe rences .  There is, 

however, a decrease i n  s p e c i f i c  g rav i ty ,  i.e. from 2.80 t o  2.64 

from t h e  hybrid t o  t h e  Bethsaida phase t h a t  could ref lect  

increasing d i f f e r e n t i a t i o n .  With the  exception of t h e  contaminated . .  
. hybrid s h e l l ,  t he  var ious  phases a r e  very s i m i l a r  and t h e  d i f f e rences  

among them probably r e s u l t e d  mostly from changing pressure  and 

t emperap re  condi t ions during intrusion, . 

Smaller s t r u c t u r e s  within t h e  b a t h o l i t h  i n c l u d e  f a u l t s ,  shears ,  

breccia and s h a t t e r  zones. 

probably reflect  another type of s t r u c t u r e .  

for l i n e a r  s t r u c t u r e s  i s  north-south and t h e  majori ty  of  d ikes  

follow t h i s  t r e n d .  The most notable  of these  s t r u c t u r e s  i s  t h e  

Lornex f a u l t  which bisects t h e  Bethsaida quar tz  monzonite. Fau l t s  

and shear  zones s t r i k i n g  nor theas t  a r e  less common and a t h i r d  

Dikes and dike swarms,  which a r e  C O I M I O ~ ,  

The mos't common d i r e c t i o n  

set s t r i k i n g  northwesterly,  though not obvious, i s  important i n  
. 

l oca l i z ing  ore ,  e , g ,  A I w i n ,  Valley Copper. Breccia zones such 

as those a t  Bethlehem, Trojan and on Gnawed Mountain may o r  may not 

be r e l a t e d  t o  f au l t i ng ,  s i n c e  t h e  brecc ia  types  vary. However, 

the Trojan and Bethlehem b recc ia s  occur i n  a r e a s  where strong 

north-south f au l t i ng  is  common and a combination of s u i t a b l e  . 

s t r u c t u r a l  openings and access  t o  v o l a t i l e  charged f l u i d s  i s  

- 3 -  
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c e r t a i n l y  suggested a s  a cause. Sha t te r  zones much a s  those a t  

Valley Copper; Krain and poss ib ly  Lornex occur within or adjacent 

t o  major f a u l t s  and a t  l e a s t  i n  the  case of Valley Copper near  the.  
- 

i n t e r sec t ion  of two major s t ruc tures .  

between t h e  s h a t t e r  zones and t h e  brecc ias  appears t o  be t h a t  i n  

the s h a t t e r  zones t he re  was not  s u f f i c i e n t  space provided by stress 

The p r inc ipa l  d i f fe rence  . 

. 

' r e l ease  t o  permit t h e  b2oken blocks t o  ro t a t e .  
e .  

MINERALIZATXON I N  THE BATHOLITH 

*. Copper mineral . ization may occur anywhere i n  the  ba tho l i th  and i n  

any of t h e  var ious  phases. 
. .  . -  

The d i s t r i b u t i o n  of producing mines and 
0 

better known prospec ts  i s  shown i n  t he  accompanying f igure.  All , 

of these  l i e  c lose  t o  a north-south l i n e  which b i s e c t s  t h e  b a t h o l i t h  

and t h e  l a r g e r  ones except f o r  Craigmont a r e  on or adjacent  t o  

a contact  of t h e  Bethlehem phase of t h e  in t rus ive .  This l a t t e r  

- is suggestive of a gene t ic  r e l a t ionsh ip  with t h i s  phase, however, 
I 

f t h i s  .is probably more apparent than real ,  ,911 of these mines and 

prospec ts  a r e  s t r u c t u r a l l y  cont ro l led  and t h e  minera l iza t ion  i n  
r 
I . .  . .  
, them i s  contained i n  open space f i l l i n g s  formed a f t e r  t he  con- ; 
I 

l s o l ida t ion  of t h e  hos t  rock. The s igni f icance  of t h e  Bethlehem 

I I phase and i t s  contact  i s  ' t he re fo re  l i m i t e d  t o  t h e  inf luence 
l 

each has  had on the'development of s t r u c t u r e s  s u i t a b l e  f o r  ore  

deposi t ion.  Similar ly ,  t h e  north-south zoning may r e f l e c t  a 

' concent ra t ion  of deep seated north trending s t r u c t u r e s  formed 

t 

e \  

. .  
after d i f f e r e n t i a t i o n  had proceeded f a r  enough t o  c r e a t e  a 

reservoi r .  of copper bearing so lu t ions .  

. _  . .  

That t h i s  reservoi r  

has  been tapped by o ther  s t r u c t u r e s  i s  apparent from the  w i d e  

a d i s t r i b u t i o n  of copper wi th in  th'e ba tho l i th ,  however, s t r u c t u r e s  

l a rge  enough' and continuous' enough t o  contain s izeable  orebodies 
. -  . f  

- appear a t . t h i s  time t o ' b e  l imi ted  t o  t h e  c e n t r a l  zone. 

. . .  

. 
* *  ' . .. 

. . . .. . . . . . . . .  - ' 4  - 
. .  . .  
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The m i n e r a l i z a t i o n  is q u i t e  s i m i l a r  r'rm one  mine o r  showing 

t o  a n o t h e r .  C h a l c o p y r i t e  i s  the most common copper m i n e r a l  

- however,  w i t h  the  e x c e p t i o n  of Craigmont,  the one  p roduc ing  mine 

(Bethlehem) and a l l  of the  p o t e n t i a l  p r o d u c e r s  c o n t a i n  b o r n i t e  i n  

amounts s u f f i c i e n t  t o  d e t e r m i n e  t h e . v . i a b i l i t y  of the o p e r a t i o n .  P y r i t e  

is a common associate of copper, b u t  i t s  amount varies c o n s i d e r a b l y ,  

e. g. a t  Bethlehem there i s  a heavy p y r i t e  zone  on'  the sou thwes t  

side of t he  Jersey orebody w h i l e  a t  Craigmont and V a l l e y  Copper 

. pyri te  i s  extremely scarce. The  most common i r o n  m i n e r a l  i n  terms 

of o c c u r r e n c e  i s  hematite,  T h i s  m i n e r a l  i s  u b i q u i t o u s  i n  copper 

o c c u r r e n c e s ,  b u t  ra re ly  does it o c c u r  , i n  amounts greater  t h a n  

3 p e r c e n t ,  Craigmont b e i n g  a n o t a b l e  e x c e p t i o n .  The widespread 

o c c u r r e n c e  of hemati te  s u g g e s t s  t h a t  the m i n e r a l i z i n g  s o l u t i o n s  

had a r e l a t i v e l y  high Eh such  as  might be expected i n  a highly 

aqueous  envi ronment ,  VJhat e f fec t  t h i s  may have  had i n  the 

p a r t i t i o n  of Fe, S and Cu i s  unknown, but in many d e p o s i t s  it 

appears t h a t  i n  the cornpetion for  s u l p h u r ,  Cu w a s  f avoured  

o v e r  i r o n  and perhaps the ox ida t ' i on  s ta te  i n f l u e n c e d  t h i s .  
I 

The s o u r c e  of s u l p h u r  has been  the s u b j e c t  of t w o  r e c e n t  p u b l i c a t i o n s .  

Christmas, BaadsGaard, e t  a1 conc lude  from a s t u d y  of S ,  C and 

0 isotope r a t io s  of Craigmont ore t h a t  the  s-ulphur  of the ore i s  of ' 

m a n t l e  o r i g i n  and therefore from a deep source .  M. P. Schau i n  a 

reply t o  t h i s  s a y s  t h a t  s u l p h u r  from assimilated Nicola b a s a l t s  

is j u s t  as l i k e l y  a s o u r c e  s i n c e  t h i s  sulphur would have  m a n t l e  

r a t i o s  too. As it now s t a n d s ,  the  s o u r c e  of the s u l p h u r  i s  open 

t o  q u e s t i o n ,  however the n a t u r e  of t he  copper deposi ts  a n d ' t h e i r  

r e l a t i o n s h i p  t o  deeply p e n e t r a t i n g  s t r u c t u r e s  s u g g e s t s  t h a t  the . 

copper and s u l p h u r  d i d  come from some depth and  c o u l d  w e l l  be of 

m a n t l e  o r i g i n .  

5 



FTRUCTURAL SYNTHESIS 

- The sequence of events leading t o  t h e  discovery of t h e  Valley Copper 
. .  

orebody s t a r t e d  i n  1964 with t h e  formation of Valley Copper 11' ines  

Ltd. This company, a t  t h a t  time, held var ious groups t o t a l l i n g  

425 claims. Eyaluation o f  these  groups began immediately and 

during 1964, 1965, and 1966 var ious kinds of exploration programs 

were ca r r i ed  out on a l l  of them. By 1966, 2 considerable amount 

. of information had been gained from t h i s  work and t h i s  was used 

along with published data  t o  produce a geological  compilation 

of t h e  ba tho l i th  area,  To supplement t h i s ,  a study of a e r i a l  

photographs was made and t h i s  was combined with t h e  known 

geology t o  provide a s t r u c t u r a l  i n t e rp re t a t ion .  

The Lornex discovery i n  1966 served t o  draw a t t e n t i o n  t o  t h e  Lornex 

. f a u l t  and a t  about t h e  same t i m e  new a e r i a l  photographs of t h e  

area became ava i lab le .  These photographs c l e a r l y  show the southern 

extension of t h i s  f a u l t  f o r  some e igh t  m i l e s ,  along Skuhost Creek 

va l ley .  The northern extension beyond Lornex is obscured by s teep  

topography b u t  c l e a r l y  i f  t h e  f a u l t  i s  s t r i n g  s t r a i g h t  f o r  e igh t  

m i l e s ,  i t s  northern extension should be a s  well. Thus pro jec t ion  

of  t h e  f a u l t  north through Divide Lake seemed reasonable. In t e r -  

sec t ion  with an in fe r r ed  s t r u c t u r e  under Highland Valley was more 

conjec tura l  f o r  t h e r e  was not  then and t h e r e  i s  not now any 

d i r e c t  evidence of f au l t i ng  unde r  Highland Valley, I n  any case,  

however, t h e  a rea  adjacent t o  t h e  conjectured in t e r sec t ion  of two 

l a r g e  f a u l t  s t r u c t u r e s  was considered t o  provide a worthwhile 

explorat ion t a r g e t  . 
Another p o s s i b i l i t y  suggested by t h e  loca t ion  of  the Lornex orebody i n  

or adjacent t o  t h e  Lornex f a u l t  was t h a t  t h e  orebody might have 

a displaced por t ion  somewhere along t h e  w e s t  s i d e  of the f a u l t ,  

A t  t h a t  t i m e ,  n e i the r  t h e  sense nor amount of movement along t h e  

- .  6 
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Lornex f a u l t  was known, however, t h e  occur rence  o f  copper  

m i n e r a l i z a t i o n  on. t h e  Be thsa ida  claims sugges t ed  a r e l a t i o n s h i p .  

I f  indeed  t h e  Lornex and Be thsa ida  m i n e r a l i z a t i o n  were related, 
. -  

t h q n  l e f t - h a n d  movement of abou t  2 m i l e s  was i n d i c a t e d .  ' P a r t i c u l a r l y  
--__ 

s u g g e s t i v e  of t h i s  was t h e  low grade copper  m i n e r a l i z a t i o n  s o u t h  

of the  Lornex orebody and i n  t h e  s o u t h e a s t e r n  p a r t  of the  Be thsa ida  

g r o u p  as i n d i c a t e d  by  d r i l l i n g  i n  1966. I f  these two areas of l o w  

g r a d e  m i n e r a l i z a t i o n  w e r e  c o r r e l a t i v e ,  t h e n  t h e  same spat ia l  

r e l a t i o n s h i p  c o u l d  p e r t a i n  on t h e  Be thsa ida  g roup  as  d i d  a t  

Lornex. I n  t h i s  c a s e ,  ore g r a d e  m i n e r a l i z a t i o n  shou ld  be t o  the  

n o r t h  o r  n o r t h e a s t .  

This rather s p e c u l a t i v e  i n t e r p r e t a t i o n  needed f u r t h e r  s u p p o r t  and 

t h i s  was p r o v i d e d  by t h e  i n f o r m a t i o n  compiled i n  1966. T h i s  

c o m p i l a t i o n  i n  view o f  t h e  p o s s i b l e  impor tance  of t h e  Lornex f a u l t  

was directed toward t r y i n g  t o  f i n d  s u p p o r t i n g  e v i d e n c e  for  t h e  

supposed l e f t - h a n d  movement o f  some 2 m i l e s .  It w a s  found t h a t  the  

s o u t h  c o n t a c t  of t h e  Be thsa ida  q u a r t z  d i o r i t e  had zn a p p a r e n t  

northward displacement on t h e  w e s t  s i d e  o f  the  Lornex f a u l t .  

The amount or" t h i s  d i sp lacemen t  cou ld  n o t  be measured a c c u r a t e l y  

b u t  was d e f i n i t e l y  of the  same o r d e r a s  the d i s t a n c e  between 

Lornex and t h e  Be thsa ida  group.  

T h i s  s u p p o r t i n g  e v i d e n c e  made the f a u l t e d  o f f s e t  h y p o t h e s i s  a good 

dea l  more t e n a b l e  and sugges t ed  t h a t  the  n o r t h e a s t  q u a r t e r  oE t h e  

Bethsaida group would be a good e x p l o r a t i o n  t a r g e t .  

s u p p o r t i n g  i n d i c a t o r  w a s  the p o s s i b i l i t y  of a major  f a u l t  i n t e r -  

A second and 

s e c t i o n  d i r e c t l y  east  o f  t h i s  same a r e a  unde r  Div ide  Lake, 

A number of f a c t o r s  have  c o n t r i b u t e d  t o  t h e  d i s c o v e r y  of the V a l l e y  

Copper' orebody. 

r e a l i z a t i o n  e a r l y  i n  t h e  V a l l e y  Copper program t h a t  m i n e r a l i z a t i o n  

is always r e l a t e d  t o  s t r u c t u r e ,  p a r t i c u l a r l y  open space  f i l l i n g s .  

One of t h e  most i m p o r t a n t  of these was t h e  

I n  t h e  Guichon b a t h o l i t h  there is l i t t l e ,  i f  any, t r u l y  d i s s e m i n a t e d  



. 
. . .  . .  

. .  

sulphides and with the  exception of Craigmont, no replacement of 

hos t  rock, Orebodies and showings, big 0.r small, a r e  invariably 

conta ined ' in  breccias ,  shear zones, veins,  s h a t t e r  zones, etc, of 

obvious s t r u c t u r a l  o r ig in  and t h e  i n f e r e n c e  is clear t h a t  without 

t h e  s t r u c t u r a l l y  prepared plumbing system the re  would be no 

mineral izat ion,  A l s o  important i s  t h e  d i s t r i b u t i o n  of copper 

mineral izat ion within the  ba tho l i th ,  

- _  

Any of t h e  major rock u n i t s  

. .  

every case t h e  mineral izat ion - may contain copper showings and i n  

is younger than the  hos t  rock, It 

a gene t ic  r e l a t ionsh ip  t o  any rock 

. .  .. 

. .  
thus  becomes d i f f i c u l t  t o  prove 

u n i t  and t h e  importance of 
e 

s t r u c t u r e  is f u r t h e r  emphasized. 
. .  

Thus t h e  recognition of t h e  poss ib le  s ign i f icance  of the.Lornex 

f a u l t  and t h e  Highland Valley f a u l t  zone was a very important 
- .  

element i n  t h e  discovery of t h e  m i l e y  Copper orebody. 

PERCUSSION DRILLING r, 

. ... 
! 

Percussion d r i l l i n g  played a very important r o l e  . .  i n  t h e  

discovery of Valley Copper and a few comments about t h e  

method follow, 

I n  both 1967 and 1968, percussion d r i l l i n g  was done i n  t h e  

Bethsaida group. 

t o  tes t  a broad area  quickly and cheaply simply t o  see i f  copper 

In both years ,  t he  purpose of t h i s  d r i l l i n g  was 

mineral izat ion w a s ' p r e s e n t ,  In each case, the percussion drill 

.accomplished t h i s  purpose at about one-third'  t h e  c o s t  of diamond 

d r i l l i n g ,  

Thus, f o r  t he  same cos t ,  t h ree  t imes as many ho le s  can be d r i l l e d  

.. 
.. 

- 1  

. '  

a s  with a diamo-nd d r i l l  and here in  l i e s  t h e  r e a l  v i r t u e  of the' 

percussion d r i l l ,  Most orebodies a r e  i r r e g u l a r  i n  shape and . 
var i ab le  i n  grade. One hole  d r i l l e d  through'an orebody may, 

because of geometry o r  grade d i s t r i b u t i o n ,  m i s s  t h e  ore  grade. 

a -  

, . . . .  . 

. .  8 -  
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s e c t i o n  c-ompleteiy.  

obv ious  s o l u t i o n  i s  t o  d r i l l  a l o t  of holes and o f t e n  t h i s  may 

5e'uneconomi.c w i t h  a diamorfd d r i l l ,  but less  l i k e l y  t o  be so w i t h  

Even two o r  more h o l e s  may do  the same, The 

p e r c u s s i o n  d r i l l i n g .  However, the  depth l i m i t a t i o n  of 300 feet  . .  
. .  

p o s e s  r e s t r i c t i o n s  for  the p e r c u s s i o n  d r i l l .  
.. . , 

: '  . !  

THE OREBODY 

I . 
The v a l l e y  Copper orebody i s  rough ly  o v a l  i n  p l a n  w i t h  i t s  long  

a x i s  s t r i k i n g  a b o u t  310°. Its long  dimension i s  a t  l e a s t  4,500 

feet and t h e  s h o r t e r  3,000 feet. The deepest h o l e  y e t  d r i l l e d  i n  

t h e  orebody was s t i l l  i n  ore a t  2,340 feet. The tonnage  p o t e n t i a l  

e a s i l y  q u a l i f i e s  it a s  t h e  l a r g e s t  orebody y e t  found i n  Highland 

V a l l e y  and work i s  s t i l L p r o c e e d i n g  t o  a c t u a l l y  d e l i m i t  t h e  area 

1 

I 

I 

I 

i 
+ 

! 
I 
i 

* .  

I 

! 

. .  
. of m i n e r a l i z a t i o n .  

The geo logy  of t h e  orebody i s ' l q u i t e  sifnple fo r  t h e r e  i.s o n l y  one 

.major rock t y p e ,  the  B e t h s a i d a  q u a r t z  monzonite.  At least  two 
> 

typesof porphyry  d i k e s a n d  a v a r i e t y  of Lamprophyre d i k e  c u t  the 

orebody, b u t  t h e s e  are g e n e r a l l y  narrow and do n o t  b u l k  l a r g e  

. .  
/ 

in the  g e o l o g i c a l  p i c t u r e .  The geo logy  d o e s  n o t ,  t h e r e f o r e ,  o f f e r  . 
: much i n s i g h t  i n t o  the g e n e s i s  of the 'o re  and g e o l o g i c a l  c o n t r o l s ,  

e-., g.. c o n t a c t s ,  do n o t  appear t o ' h a v e  been i m p o r t a n t  i n  l o c a l i z i n g  . 

ore. 

*- . .  

S t r u c t u r e  on t h e  o t h e r  hand a p p e a r s  t o  have  been a dominat ing  

i n f l u e n c e .  

s h e a r e d  and f r a c t u r e d  and there seems ample e v i d e n c e  t h a t  the 

Almost a l l  of the  rock  i n  the orebody h a s  been  s t r o n g l y  

. .  . m i n e r a l i z i n g  and a l t e r i n g  s o l u t i o n s  w e r e .  i n t r o d u c e d  a long  a 

s t r u c t u r a l l y  prepared system of openings .  Two s t e e p l y  d i p p i n g  

s t r u c t u r a l  ? i i r e c t i o n s  predominate ,  290 - 310° and 340 - 360°. 
. ,  
. 

' .  . .. 
, . .  

. .  . .  

. .  
.. 

. .  i '  
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1 

It i s  along these  d i r ec t ions  t h a t  quartz veins,  shears,  f a u l t s  

and l i n e a r  a l terat ' ion zones a r e  most commonly found, Other . -  

. subsidiary systems occur and t h e  p a t t e m o f  quartz  veining and 

f rac tur ing  may change across  t h e  orebody, however, t he  two dominant 

d i r e c t i o n s  a r e  always present .  It is  probably no coincidence 

' tha t  o f ' t h e  two dominant d i r ec t ions ,  one (290° -' 310°) i s  p a r a l l e l  

t o  t h e  Highland Valley f a u l t  

p a r a l l e l  t o  t h e  Lornex f a u l t ,  

system, 

I 
I 

zone and t h e  o ther  (340 - 360°) i s  

T h i s  a l s o  app l i e s  t o  t h e  d ike  

Both fau l t ' sys tems seem therefore  t o  have had some 

, in f luence  on s t r u c t u r a l  development. In  addi t ion,  t he re  is  a set .  

. 'of f l a t  quartz  veins  and' shears  which perhaps r e s u l t e d  from the  

' i n t e r a c t i o n  of the  two f a u l t  systems. . 
The ore  .mineralogy is r e l a t i v e l y  simple. Two copper sulphides,  

born i te  and chlcopyri te ,  a r e  present and molybdenite, though 

ubiquitous,  is  scarce,  Hematite i n  amounts to.226 is t he  nost 

common i ron  mineral, magnet'ite occurs i n  r a r e  small patches and 

p y r i t e  a t  less than .50//, i s  remarkable for i t s  scarc i ty .  The 

r e l a t i v e  proportions of  bo rn i t e  and chalcopyri te  vary within t h e  

. .  e .  

I 

orebody, b u t  genera l ly  bo rn i t e  predominates i n  a r a t i o  of about 

t w o  t o  one, . .  

b . .  . . .  * .  

* .  * .  
. .  

' .  
* 

* . .  . .  
' .  . 

The a l t e r a t i o n  types associated with ore  a r e  o f ' t h e  c l a s s i c  kind 
2 -  . 

occurring i n  prophyry copper depos i t s  i n  o the r  p a r t s  of t h e  world, 

The most common a l t e r a t i o n  type i s  a r g i l l i c  which i s  pervasive 

throughout t h e  deposi t  and appears t o  be e a r l y  i n  t h e  miner*alizing 

! sequence since it i s  c u t  by quartz  veins ,  ser ic i t ic  and po ta s s i c  

a l t e r a t i o n ,  

s l i g h t l y  .greenish appearance of t h e  feldspa'rs- .and by the a l t e r a t i o n  

of t h e  b i o t i t e  t o  a pa l e  green mix tu re  of c h l o r i t e  and s e r i c i t e .  

$ 

A r g i l l i c  a l t e r a t i o n  i s  character ized by a chalky, 

1 '  

. .  

. .. . 

- 
. .  . .  .. . 

. .  . .  

. .  
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i 
Potassic  a l t e r a t i o n  i s  next i n  t h e  sequence and t h i s  i s  marked 

0 -  

by t h e  development of potash feldspar .  This type of a l t e r a t i o n ,  

though widespre.zd, i s  general ly  r e s t r i c t e d  t o  zones f i f t y  t o  one 
. .  

1 

hundred feet  wide, Mineralization associated with t h e  po ta s s i c  

a l t e r a t i o n  t e n d s  t o  be l a rge ly  chalcopyrite.  

Ser ic i t ic  a l t e r a t i o n  shows t h e  c l o s e s t  r e l a t ionsh ip  t o  copper 

mineral izat ion and it may occur i n  two d i s t i n c t  ways, Copper- 

bearing quartz  ve ins  almost always ca r ry  a selvage of 

coarse  sericite.  These ve ins  may as  they narrow become f i n e  

s t r i n g e r s  of s e r i c i t e ,  g ranular  quartz  and copper sulphides,  

.. 
I 

I .  

dominantly born i te .  Al te rna t ive ly ,  sericite and granular  quartz  
. .  

may occur i n  i r r e g u l a r  zones up t o  20 f e e t  wide impregnated wi th  

bo rn i t e  and chalcopyrite.  

copper sulphides a r e  as  w e l l .  

I n  general ,  when s e r i c i t e  i s  present, 

.- 
S X i c i f i c a t i o n  i s  a prominent f e a t u r e  o f  t h e  orebody as  shown by 

t h e  g r e a t  number of quartz  ve ins  and t h e  presence of i r r e g u l a r  

s i l i c e o u s  patches. Th'e amount of quar tz  observed is i n  excess 

I 

* 

of what might be expected from t h e  remobilization of s i l i c a  o r i g i n a l l y  

present  i n  the. f resh  Bethsaida quar tz  monzonite and suggests t h a t  

a good p a r t  of it must  have been introduced with t h e  mineralizing 
I 

so lu t ions ,  Several  generat ions of quar tz  v e i n s - a r e  present  
I 

including a l a t e  barren type. This t oo  might be construed a s  
r- 

. evidence supporting an ep igenet ic  r a t h e r  khan syngenetic o r i g i n  f o r  

the  quartz.  

per iphery .of porphyry copper deposi ts ,  i s  notable  by i t s  absence. 

Similar ly ,  t h e r e  i s  very l i t t l e  p y r i t e  i n  t h e  orebody and no 

evidence of a p y r i t i c  halo. 

P r o p y l i t i c  a l t e r a t i o n  which commonly occurs on the 

1 

I n  summary, t h e  Valley Copper orebody d isp lays  many of t h e  character-  

ist ics ascr ibed t o  t h e  better known porphyry copper .deposi ts ,  

lack of a p r o p y l i t i c  a l t e r a t i o n  zone and a p y r i t e  halo probably 

The 
- .  

. .  
r e f l e c t  d i f f e rences  i n  f luid*coz,?osi t ion r a t h e r  than i n  process 

1 

. . -  and t h e r e  seems t o  be l i t t l e  doubt i n  assigning the d p s i t  t o  the 

.. 
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; TESTING PROSRW 

Since 'May of 1969, a comprehensive t e s t i n g  program h a s  been unde r  

way. T h i s  program w a s  d e s i g n e d  t o  b u l k  sample the  orebody and t o  f i l l  

i n  gaps w i t h  a d d i t i o n a l  su rEace  and underground d r i l l i n g .  
! 

,The underground t e s t i n g  has c o n s i s t e d  of d r i v i n g  three i n c l i n e d  

' h e a d i n g s  i n t o  t h e  orebody and sampling on a round by round basis. 

The underground h e a d i n g s  w e r e  d r i v e n  a t  -20% u s i n g  r u b b e r  t i r e d  

.. 
a .  

. 

. .  

diesel equipment and i n  p l a n  these h e a d i n g s  form an arrowhead 

p o i n t i n g  southwes t .  The eo ta l  f o o t a g e  d r i v e n  w a s  4100 feet  

and t he  e n d s  of the  d e c l i n e s  are 500 feet below the p o r t a l .  

1 .  . 

. .  

I 

. 7 .  

. .  

The s ize  of the  opening  d r i v e n  w a s  1 4 '  x 11' w i t h  an  arched 

back.  Each round w a s  mucked, c r u s h e d  and sampled s e p a r a t e l y .  I n  . 

order t o  p r o v i d e  a comparison w i t h  diamond d r i l l i n g ,  t w o  h o l e s  

w e r e  d r i l l e d  ahead of t he  face and the core from these matched 
. .  

t o  the round l e n g t h s  t o  p r o v i d e  three separate samples .  T h i s  

comparison sampling w i l l  be done o v e r  the  e n t i r e  l e n g t h  of t h e  

d e c l i n e s .  
. .  

S u r f a c e  diamond d r i l l i n g  has been  g o i n g  on almost c o n t i n u o u s l y  s i n c e  

August,  1968, and t o  d a t e  some 90,000 feet  have  been  d r i l l e d ,  a l m o s t  

a l l  of it N:Q. size. Undergrdund d r i l l i n g  s t a r t e d  i n  J u l y ,  1.969, 
b .  

as soon as  working places were a v a i l a b l e .  

comple t ion  w i l l  t o t a l  36,000 feet ,  a l l  B. Q. 'size. . 

This ' p rog ram on 
. .  r \ .  

U 

. .  

. .  

The t e s t i n g  program i s  now v i r t u a l l y  comple ted  and the  informat . ion  

g a i n e d  from it i s  c u r r e n t l y  b e i n g  a s s e s s e d .  .All of t h i s  i n f o r m a t i o n  
. %  

and -the' a s ses smen t  of .it w i l l  be i n c o r p o r a t e d  i n t o  a f e a s i b i l i t y  

i 

s t u d y  now i n  p r o g r e s s .  t I 

. .  
JMA11 e n h c  

* -  . .  

. . . .. . . . . . . 
. .  . . . , .  

. .  

. .  
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