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H i g h l a n d V a l l e y C o p p e r 

M I N E G E O L O G Y I N F O R M A T I O N 

• Geology and Ore Deposits of the Highland Valley Area 

• Geology of the Valley Deposit 



GEOLOGY AND ORE DEPOSITS OF THE HIGHLAND VALLEY AREA 
(W.J. McMil lan) 

1 INTRODUCTION 

The Highland Va l l ey d i s t r i c t , known fo r i t s large low-grade open p i t porphyry copper -
molybdenum mines, i s s i t u a ted in south-centra l B r i t i s h Columbia about 350 k i l o m e t r e s 
northeast of Vancouver ( F i g . 1 ) . 
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F igure 1. D i s t r i b u t i o n of porphyry copper deposits of the c a l c - a l k a l i n e and a l k a l i n e 
c l a s se s in the Canadian C o r d i l l e r a r e l a t i v e to t e c t on i c b e l t s . Most are 
i n the Intermontane Belt.. 

- 1 -



ASHCROFT 

TERTIARY 

VOLCANIC AND SEDIMENTARY ROCKS 

CRETACEOUS (?) 

"Sfcl VOLCANIC AND SEDIMENTARY ROCKS 

JURASSIC 

( i i l i s t S E D I M E N T A R Y R O C K S 

INTRUSIVE ROCKS OF THE BATHOLITH 
YOUNGER PHASES 

BETHSAIDA PHASE 

SKEENA VARIETY 

BETHLEHEM PHASE 

OLDER PHASES 

HIGHLAND VALLEY 

CHATAWAY VARIETY 

GUICHON VARIETY 

INTRUSIVE ROCKS OF UNCERTAIN AFFILIATION 

COYLE GRANITE 

UPPER TRIASSIC 

VOLCANIC AND SEDIMENTARY ROCKS 

KRAIN 
SOUTH SEAS 
BETHLEHEM 
J . A 
VALLEY... 
ALWIN ... 
LORNEX.. 
H1GHMONT 
CRAIG MONT. 
ORE DEPOSITS , IMPORTANT 
AREAS WITH SWARMS OF PORPHYRY DYKES ® & 
FAULTS i MAPPED.INFERRED. 

...S 
\B 

"jA 
V 

..A 
L 

"!*> 

F i gu re 2 . Geology and major mineral deposits of the Guichon Creek b a t h o l i t h 
(modif ied a f t e r McM i l l an , 1976). 
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F i gu r e 2a Geology, ore deposits and major prospects of the Highland V a l l e y area 
( f o r legend see F i g . 2 ). 

- 3 - ( 

file:////QutttantonLakeh


SECTION A , LOOKING NORTHWEST CONTACT FROM GRAVITY 
MODEL 

INFERRED GEOLOGICAL 
CONTACT 

FAULT. INFERRED 

F igure 3 Grav i ty p r o f i l e and geolog ica l model showing rock type d i s t r i b u t i o n and the 
i n te rp re ted shape at depth of the Guichon Creek b a t h o l i t h ( a f t e r Ager, et 
a l . , 1972). For l o c a t i o n see Figure 2a. 

GEOLOGY 

The o ldes t rocks in the b a t h o l i t h l i e at i t s edge; the youngest in i t s core. Large 
segments of the b a t h o l i t h (F i g s . 2, 2a) cons i s t of mappable 'phases ' w i t h d i s t i n c t i v e 
m ine ra l og i ca l and tex tu ra l features (Northcote, 1969). From edge to core these 
phases are: Border, Highland V a l l e y , Bethlehem, and Bethsa ida. Mappable subun i t s or 
1 v a r i e t i e s 1 occur w i t h i n some phases: the Highland Val1ey phase c on s i s t s of the 
Guichon and Chataway v a r i e t i e s ; the Bethlehem phase has subareas that are mapped as 
the Skeena v a r i e t y . 

Contacts between phases are genera l ly gradat ional and r a re l y c h i l l e d ; l o c a l l y , how
ever , they c ros scut . Contacts between the older Border and Highland V a l l e y phases 
are everywhere g rada t i ona l . The younger Bethlehem and Bethsaida phases seem to cut 
the o lder phases but, again, contacts can be g radat iona l . E v i d e n t l y , s ucce s s i ve 
phases were often i n j e c t e d before the preceding phase was completely s o l i d i f i e d 
(Northcote, 1969; McM i l l an , 1976). 

Wi th in the b a t h o l i t h , ep i sod ic dyke emplacement began a f t e r i n t r u s i o n of the 
Bethlehem phase. The Bethlehem ore deposits and,South Seas and Kra in prospects are 
a s soc i a ted with a swarm of north- t rend ing dykes that have r e l a t ed exp lo s i on b r e c c i a s 
(Car r , 1960) and cut Bethlehem and older rocks north of Highland V a l l e y . T e x t u r a l l y 
and chemica l ly ( t h i s study; B r i skey and Bellamy, 1976; B r i s key , 1981) these dykes 
have a f f i n i t i e s to the Bethlehem phase. They represent l a te - s t age i n t r u s i o n s tapped 
from Bethlehem phase magma and are re la ted in time to the f i r s t major pe r i od of ore 
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fo rmat ion in the b a t h o l i t h . In a younger event dykes and plugs were emplaced that 
t r e n d not only northward p a r a l l e l to the o lder dyke swarm but also no r thwes te r l y ; 
most are in or south of Highland V a l l e y . They represent offshoots of Bethsaida phase 
magma and l a t e r , more evolved magmas. The l a r ge s t ore deposits in the b a t h o l i t h were 
depo s i t ed dur ing and a f t e r t h i s younger event. 

PETROLOGY 

Rocks of the b a t h o l i t h are composed of vary ing proport ions of p l a g i o c l a s e , amphibole, 
b i o t i t e , q u a r t z , and potas s i c fe ld spar with the ubiquitous accessor ies magnet i te, 
a p a t i t e , and sphene (Table 3) . In the o ldest rocks, amphibole l o c a l l y conta ins cores 
o f pyroxene; in the youngest rocks b i o t i t e may be the only ferromagnesian m i n e r a l . 
The rocks are oversaturated with respect to quartz , hypersthene normative, and 
e q u i v a l e n t to an a n d e s i t i c rock se r i e s (Johan, et a l . , 1980). From border to core, 
normat ive composit ions range from d i o r i t e or quartz d i o r i t e through quartz monzo-
d i o r i t e to g r a n o d i o r i t e . Late-stage porphyry dyke compositions extend i n t o the 
g r a n i t e f i e l d ( F i g . 4 ) . Older phases are medium grained and r e l a t i v e l y equ i g ranu la r , 
younger phases are coarser and more p o r p h y r i t i c . 
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F i g u r e 4. Ternary p l o t of normative compositions of rocks of the Guichon Creek 
b a t h o l i t h (numbers in brackets i nd i ca te number of analyses of each phase 
o r v a r i e t y ) . 
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VALLEY COPPER DEPOSIT 
(W.J. McMi l lan) 

GEOLOGY 
• 

The rocks that conta in the V a l l e y Copper depos it are mainly p o r p h y r i t i c quartz inonzo-
n i t e s and g r anod i o r i t e s of the Bethsaida phase of the Guichon Creek b a t h o l i t h ( F i g . 
31). These rocks are medium to coarse grained with coarse phenocrysts of quartz and 
b i o t i t e . Accessory minera l s are hornblende, magnetite, hemat i te, sphene, a p a t i t e , 
and z i r c o n . 

' F i g u r e 31. P lan view showing the geology and the ore o u t l i n e in the V a l l e y Copper 
depos i t ( a f t e r Osatenko and.Jones, 1976). 
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ALTERATION 

A l t e r a t i o n types recognized at Va l l e y Copper are: s i l i c i c , p o t a s s i c , p h y l l i c , a r g i l -
l i c , and p r o p y l i t i c . In genera l , a l t e r a t i o n types are assoc iated i n t i m a t e l y , even at 
hand specimen s c a l e . A gene ra l i z ed diagram of the d i s t r i b u t i o n of dominant a l t e r a 
t i o n types i s dep i c ted on F igure 32. A major zone of potass ic f e l d spa r a l t e r a t i o n in 
the we s t - cen t r a l par t of the depos it i s assoc iated with and enveloped by an extens i ve 
zone of moderate to strong p h y l l i c and- pervas ive. a r g i l l i c a l t e r a t i o n . These grade 
outward i n to a zone dominated by weak to moderate pervasive arg i U i c a l t e r a t i o n 
f r i n g e d by a pe r i phe ra l zone of weak to moderate p r o p y l i t i c a l t e r a t i o n . L o c a l l y t h i s 
pe r i phe r a l zone conta ins minor amounts of p h y l l i c and pervasive a l t e r a t i o n as we l l as 
quartz v e i n i n g . An area of wel l developed barren quartz v e i n l e t s occurs in the 
southeastern part of the depos i t . 
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F i gu re 32. P lan view showing the d i s t r i b u t i o n of major a l t e r a t i o n types in the 
V a l l e y Copper depos it ( a f t e r Osatenko and Jones, 1976). 
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MINERALIZATION 

Su lph ides in the Val1ey Copper depos it occur c h i e f l y as d i s seminat ions in quartz 
v e i n l e t s and in p h y l l i c and potas s i c a l t e r a t i o n zones. The greater part of the cop
per su lph ides are in areas with abundant p h y l l i c a l t e r a t i o n and a s soc i a ted quartz 
v e i n l e t s . B o r n i t e i s the dominant sulphide in t h i s 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 sulphide assoc iated with potas s i c a l t e r a t i o n . 
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F igure 34. P l an view showing hypogene sulphide zoning in the V a l l e y Copper depos i t 
( a f t e r Osatenko and Jones, 1976). 
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