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M.J. OSATENKO 



ABSTRACT 

The V a l l e y Copper porphyry deposit i s l o c a t e d i n the Highland V a l l e y 
of B.C., about 370km northeast of Vancouver, B.C. Reserves are 790 
m i l l i o n tonnes of 0.48 percent copper. 

The rocks which host t h i s deposit are mainly p o r p h y r i t i c Bethsaida phase 
g r a n o d i o r i t e s , the most c e n t r a l and youngest phase of the 198 m y o l d 
Guichon Creek b a t h o l i t h . Minor dyke phases 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 quartz d i o r i t e porphyries 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 the deposit i s r e l a t e d to the formation of a zone of 
intense f r a c t u r i n g near the i n t e r s e c t i o n of the n o r t h e r l y trending Lornex 
f a u l t and the e a s t e r l y trending 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 quartz v e i n l e t s i n the deposit are 
p a r a l l e l to these 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 types recognized are: p r o p y l i t i c , pervasive 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 post-
m i n e r a l i z a t i o n v e i n i n g ( p r i n c i p a l l y gypsum). K - f e l d s p a t h i c a l t e r a t i o n i s 
dominant i n the c e n t r a l , deeper par t of the 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 an extensive zone of moderate to strong 
v e i n s e r i c i t i c and 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 , which 
grades outward i n t o a zone dominated by weak to moderate 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 . This l a t t e r zone, i n t u r n , grades outward 
i n t o a zone w i t h areas of weak to 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 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 the 
form of barren quartz v e i n l e t s ) occurs i n the southeastern part of the 
d e p o s i t . Elsewhere quartz 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 but some barren) 
are only moderately developed w i t h i n the deposit. The age of hydrothermal 
a l t e r a t i o n , c a l c u l a t e d by averaging s e v e r a l potassium-argon analyses of 
hydrothermal s e r i c i t e s , i s 191 m y. 

The s u l f i d e s present i n the deposit are, i n order 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 , molybdenite, 
s p h a l e r i t e , galena and gudmundite (FeSbS). The greater part of the copper 
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 quartz v e i n l e t s . B o r n i t e i s the 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 the 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 highest values i n 
the c e n t r a l part of the d e p o s i t , where they exceed 3 to 1 and decrease away 
from the core to the f r i n g e s of the deposit where c h a l c o p y r i t e predominates. 
The deposit has a weakly developed p y r i t e halo. 



Geochemical patterns r e l a t e d to hydrothermal a l t e r a t i o n show a decrease 
i n CaO, Na^O, MgO, Sr, Ba and Mn and a corresponding increase i n K^O, 
SiO , Rb and TiO^ from the periphery to the centre of the d e p o s i t . 
P a t t e r n s r e l a t e d to m i n e r a l i z a t i o n show that the deposit (as defined by 
copper values exceeding 0.30 percent) i s roughly o v a l i n p l a n , w i t h a 
broad halo of lower copper grades around i t . Molybdenum and z i n c form 
annular, geochemically enriched zones around the deposit. 

S e 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 compositions as w e l l as s u l f u r , 
oxygen and hydrogen i s o t o p i c data, suggest both that s u l f u r i n the 
s u l f i d e s i s of s u b - c r u s t a l or magmatic d e r i v a t i o n and that the deposit 
was formed at a shallow depth from s a l i n e , hydrothermal f l u i d s . The 
f l u i d s had the f o l l o w i n g range i n c h a r a c t e r i s t i c s during the a l t e r a t i o n 
sequence: 

T = 260 to 480°C 

pH = 1.7 to greater than 4.0 

- l o g f S 2 = 1.5 to 4.5 

- l o g fO = 21.6 to 23.4 

The main p e r i o d of copper m i n e r a l i z a t i o n occurred at about 400°C from a 
s o l u t i o n of about pH 2.2 to 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 to 23.0 and 1.8 to 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 the d e p o s i t i o n of s u l f i d e s was apparently an increase i n the 
s u l f i d e i on c o n c e n t r a t i o n . Mixing of magmatic water and seawater probably 
occurred throughout the v a r i o u s stages of hydrothermal a l t e r a t i o n and i s 
estimated to be about 25 percent SM0W (Standard Mean Ocean Water) during 
the main p e r i o d of m i n e r a l i z a t i o n . 

GENETIC SYNTHESIS 

The c o p p e r - r i c h magma of the Guichon Creek b a t h o l i t h was probably derived 
from a s u b c r u s t a l source w i t h the ore metals and hydrothermal f l u i d s 
probably derived from i t by processes of d i f f e r e n t i a t i o n . I t i s l i k e l y , 
however, that seawater was c o n t r i b u t e d to the magmatic hydrothermal system. 

The purpose of t h i s part of the paper i s to summarize the sequence of major 
events l e a d i n g to formation of the V a l l e y Copper deposit. They are b e l i e v e d 
to have been as f o l l o w s : 



The Bethsaida g r a n o d i o r i t e was intruded i n Upper T r i a s s i c time 
about 198 + 8 m y ago. 

Movement on the 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 intense f r a c t u r i n g i n Bethsaida g r a n o d i o r i t e near the 
f a u l t i n t e r s e c t i o n . 

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 quartz d i o r i t e 
porphyry dykes were i n j e c t e d along n o r t h e r l y and e a s t e r l y trends. 

Hot, s a l i n e f l u i d s moved upward i n the 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 to produce a f l u i d w i t h 
a temperature of about 260°C, pH about 1.7 and - l o g f S ^ of about 
4.5. This f l u i d reacted w i t h and leached Na^O and CaO while 
adding K^O and Ĥ O to the w a l l rocks. This stage of a l t e r a t i o n 
produced extensive 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 
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 . 

A continued i n f l u x of magmatic hydrothermal f l u i d s and seawater 
gave r i s e to a hydrothermal f l u i d w i t h a temperature about 400 C, 
s l i g h t l y higher pH of 2.2 to 3.1, and a lower - l o g fS of 1.8 to 
2.7. These f l u i d s reopened many of the access channelways used by 
previous hydrothermal f l u i d s and produced v e i n s e r i c i t i c a l t e r a ­
t i o n . D e p o s i t i o n of main stage copper m i n e r a l i z a t i o n occurred 
during t h i s stage, probably as the r e s u l t of increased s u l f u r i on 
c o n c e n t r a t i o n . 

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, were a l s o intruded 
at t h i s time. 

In the main part of the deposit a f u r t h e r i n f l u x of f l u i d s again 
reopened the o l d channelways and formed quartz 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 or 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 of the rock mass occurred along w i t h formation 
of quartz v e i n l e t s w i t h disseminations and envelopes of secondary 
K - f e l d s p a r . The pH of the hydrothermal f l u i d at t h i s stage probably 
continued to increase to about 4.0 w h i l e - l o g f S ^ probably i n ­
creased s l i g h t l y to about 3.5. M i n e r a l i z a t i o n of t h i s stage was 
l i m i t e d to minor amounts of c h a l c o p y r i t e , probably as a r e s u l t of 
f u r t h e r decreased s u l f u r f u g a c i t y . Chemically, t h i s stage i s 
c h a r a c t e r i z e d by a pronounced increase of 1^0 and SiO^ and a marked 
decrease of H^O, r e l a t i v e to zones w i t h pervasive 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 d e p o s i t i o n of 
e s s e n t i a l l y barren quartz 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 f S ^ . 

In 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-feldspar f r a c t u r e s were re-opened and gypsum 
deposited. The hydrothermal 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 . 

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

During subsequent u p l i f t and e r o s i o n the o v e r l y i n g rocks 
and the upper part of the deposit were removed and an o x i d i z e d 
zone and weak supergene blanket developed. G l a c i a t i o n followe 
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 continued e r o s i o n produced the 
present day surface. 
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F i g u r e 1. Ge o l o g y o f the V a l l e y Copper d e p o s i t , showing d i ; ; t t i b u t i o n 
o f d r i l l h o l e s s t u d i e s , l o c a t i o n o f u n d e r g r o u n d w o r k i n g s 
and l o c a l ; i o n o f v e r t i c a l s e c t i on A - B . 
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F i g u r e 2. Map o f dominant: a l t e r a t i o n t y p o s on the 1097m 1 eve 


