
affecting the s tab i l i ty of a n al terat ion or sulphide phase, 
but on a megascopic scale temperature gradients have con
trol led the relat ive abundance of m i n e r a l assemblages i n the 
orebody area. 

Conclusions 

The E n d a k o stockwork was localized w i t h i n an early-
quartz monzonit ic phase of the Topley batho l i th by wrench-
fau l t ing and doming generated by cool ing of the batho l i th 
and intrus ion of pre-ore dykes. H y d r o t h e r m a l f luids effect
ing a l terat ion and minera l izat ion of the stockwork were 
generated contemporaneously w i t h the cooling of the E n d a k o 
pluton. Abundant early potassic a l terat ion and relat ively 
h i g h f lu id- inc lus ion temperatures attest to the paramag-
mat ic a f f i l ia t ion of ve in and alterat ion m i n e r a l assemblages. 
Crosscutt ing relations indicate a relative age sequence 
among the al terat ion stages w h i c h is i n agreement w i t h a 
chemical control based p r i m a r i l y on the ac t iv i ty rat io of 
K T / H T , Concurrent north-south zonation of stockwork 
mineralization, p r inc ipa l a l terat ion types, f lu id inclusion tem
peratures, a n d * m i n o r element content of pyr i te indicate 
thermal gradients d iminished southward across the orebody 
f rom a " h i g h " centred over the potash feldspar zone. 

D A Y 6 < > ^ « / < > 
G I B R A L T A R : B y A . D . D r u m m o n d . 1 ^ / / 
L O C A T I O N : L a t 52° 31 ' — L o n g . 122° 17' — N e a r l y 160 

k m south of P r i n c e George on the western slopes of 
Gran i te M o u n t a i n , and near McLeese L a k e . 

O W N E R S H I P : P lacer Development L i m i t e d (71 per cent) . 

The adjoining G i b r a l t a r and Polly anna properties have 
been developed independently as small vein deposits since 
the i r discovery around 1920. Since 1969, the two properties 
received combined explorat ion programmes w h i c h led to the 
recognit ion of a major p o r p h y r y copper deposit. O n N o v e m 
ber 6, 1970} placer Development L i m i t e d announced its 
intention .o :̂ o.ce the co-mingled properties into production 
at 30,000 tons per day. Target date for production is sche
duled for June 1972. C u r r e n t ore reserves are 358 million 
tons gradirs ; 0.37 per cent copper w i t h a 0.25 per cent cut-off 
and 0.016 per cent molybdenite. F o u r ind iv idua l pits are plan
ned and 55 m i l l i o n tons of ore grading 0.44% C u w i l l be 
available in the early years of operations. 
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Regional Set t ing 

The region around McLeese L a k e is over la in i n par t by 
L a t e T e r t i a r y flood basalts w h i c h al low l i m i t e d perception 
of ear l ier geology and tectonics. I t is a region of major 
northwest fau l t ing that bounds the eastern side of the P l n c h i 
geanticl ine w h i c h is dominated by Carboni ferous and P e r 
m i a n basic volcanic rocks, chert, and limestone (Cache 
Creek G r o u p ) . F l a n k i n g the geanticl ine are troughs contain
ing Mesozoic volcanic and clastic rocks covered i n part by 
Cenozoic volcanic rocks. South of the region, the F r a s e r 
R i v e r follows major faults, and strands of these l ike ly con
t inue through the region to connect w i t h the P i n c h i fault 
system east of the geanticline. 

A north-south trending line of isolated bathol i thic rocks 
outcrop along the eastern side of the probable F r a s e r R i v e r 
fault system. In the immediate v i c i n i t y of Grani te M o u n t a i n , 
a regional ly fol iated and metamorphosed quartz dior i te (the 
Gran i te M o u n t a i n pluton) has intruded the Cache Creek 
Group. 

L o c a l Geology 

The copper-molybdenum deposits of G i b r a l t a r occur en
t i re ly w i t h i n the fol iated and regional ly metamorphosed 
Grani te M o u n t a i n quartz dior i te pluton, a body about 16 k m 
i n diameter (see F i g . 17). 

The quartz dior ite host is extremely u n i f o r m i n its 
m i n e r a l assemblage. The rock is composed of quartz (25 to 
30 per cent), "plagioclase" w h i c h is presently a m i x t u r e of 
albite-epidote-muscovite (50 to 55 per cent) , chlor ite (20 
per cent) which or ig ina l ly was biotite w i t h m i n o r horn
blende and disseminated magnetite (1 per cent or less). 
G r a i n size is general ly 1 to 2 m m . T h i s rock m a y be classi 
f ied as a saussurit ized quartz diorite . The present si l icate 
assemblage is comparable w i t h those of the greenschist 
facies of regional metamorphism. 

The only rocks encountered i n the Grani te M o u n t a i n 
pluton w h i c h were not regional ly metamorphosed are a 
quartz feldspar p o r p h y r y and an aplite. These rocks both 
occur as dykes intrusive into the saussurit ized quartz dior i te 
ma in ly i n a central core, where they are only weakly 
mineral ized. 



+ + + + + 
+ + + 4- + 

+ + + 4- + 
+ + + 4- + 

+ + + + 4-

• • : : : : \ 4 + + + + ' + • + + + + + 
: : : : ; . . + + + + 4. + jf + + 4 . + 

+ + 4- 4- 4- + 
: : : ; : : ! . + 4- + + + + 
; : : : : : \ . 4. + + + + + 

4 - 4 - 4 - 4 4-
+ + + + + + 

::::::::::V .*....+ 4 - 4 - R 4 - f - + 4- + + 4-
i i : \ + '"\ A " " " > + + 4- - Granite Mtn. 4¬

> J. 4 . 4 . 4 . 4 . 4 . 

+ 4 - 4 - 4 - 4 -
^ - 4 - 4 - 4 - 4 - 4 - 4 -

4 - 4 - 4 - 4 - 4 ¬
- -GRANITE LAKE 4- 4¬

4 1 1 f- 52°30'-

GRANODiORITE 

( jJ^Tj GRANITE MOUNTAIN PLUTON CORE 

['-- ' V| METAMORPHIC R O C K S , CACHE CREEK GROUP 

Figure 17 Geological Sketch cf Gibraltar 
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Structure 
The major s t ruc tura l feature associated w i t h the meta -

morphism is the fo l iat ion w h i c h s tr ikes about 110° and dips 
20 to 30° southerly. F o l i a t i o n is a result of cataclastic de
format ion w i t h i n the Grani te M o u n t a i n pluton. L o c a l l y , 
w i t h i n shear zones, the fo l iat ion becomes extremely con
torted and at times completely obliterated. 

Mineralization 
F o u r stages of mineral ized stockwork are superimposed 

on the preminera l fo l iat ion that is developed i n the saussuri 
t ized quartz dior ite . I n addi t ion to being superimposed on 
the regional fo l iat ion the stages are superimposed on each 
other sequentially, hence indicat ing a complete separation 
of the two geological events. 

A central weak ly mineral ized or barren core i n and around 
w h i c h the unfol iated p o r p h y r y is found, is elongated ap
prox imate ly paral le l w i t h the regional fo l iat ion. M i n e r a l i z a 
t i on and fracture intensity increase outward f r o m th is core 
area i n such a manner that the overal l size of the e l l ip t i ca l -
shaped area of s tockwork development is about 3.25 by 8 
k m . W i t h i n th is area and situated around the core are thx-ee 
m a i n orebodies called G i b r a l t a r Eas t , Po l lyanna , and Grani te 
L a k e zones (see F i g . 17) . 

Sequence of Stockwork Veins 
The fo l lowing mineral ized veins crosscut or local ly paral le l 

the fo l iat ion and are l isted i n chronological sequence based 
on crosscutting relationships. 

Stage 1 
(a) Quartz -pyr i te ± . chalcopyrite w i t h a sericite en

velope. (Sericite envelope assemblage is quartz , 
sericite, pyr i te =fc chalcopyrite w i t h a l l saussurit ized 
feldspar being made over to sericite-clay (?) 
mixture . ) 

(b) Quar tz - chlor i te - pyr i te - chalcopyrite - magne
t ite ± carbonate w i t h a ch lor i t i c envelope. 
(Chlor i te envelope assemblage is quartz, chlorite , 
pyr i te ± chalcopyrite w i t h a pronounced absence 
of epidote in the- saussurit ized feldspar.) 

Stage 2 
(a) Quar tz - chlor i te - pyr i te =t magnetite. 
(b) Quar tz - chlor i te - p y r i t e - chalcopyrite - epidote 

± magnetite. 
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(c) Quar tz - chlor i te - pyr i te - epidote zt magnetite. 

(d) Quartz - chlor i te - pyr i te - chalcopyrite zh magne
t i te . 

(e) Quartz - chalcopyrite - bornite ±z pyr i t e (restricted 
to p o r p h y r y area between P o l l y a n n a and Grani te 
L a k e zone) (al l w i t h ± carbonate) , 

Stage 3 
Quartz - molybdenite - chalcopyrite - pyr i te ± magne
t ite ± : carbonate. 

Stage k 
L a r g e l y barren quartz w i t h f ine-grained chlorite blebs 
or chalcopyrite blebs. 

Ser i c i t i c and ch lor i t i c envelopes w h i c h are associated w i t h 
Stage 1 veins are def initely of hydro thermal or ig in . 

A second hydro thermal feature is only observed m i c r o 
scopically. Under regional metamorphism of the greenschist 
facies, plagioclase i n the or ig ina l quartz dior ite has been 
reconstituted to a m i x t u r e of albite-epidote-zoisite-sericite 
(minor ) . A suite of rock samples across the Po l l yanna and 
G i b r a l t a r E a s t zones indicated that the sericite-epidote rat io 
i n the saussurit ized feldspar increased d irect ly w i t h copper 
values across the minera l ized zones. 

Relationship of Structure, Mineral Zoning, and Induced 
Polarization Response 

The G i b r a l t a r E a s t zone, P o l l y a n n a zone, and Grani te 
L a k e zone are s ituated along the inner side of a band of 
h igher induced po lar izat ion response. M i n e r a l sequence out
w a r d f r o m a porphyry -bear ing barren core is as fol lows: 

(1) M i n o r chalcopyrite , m i n o r bornite, ± : pyr i t e (low su l 
phide area ) . 

(2) Pyr i te - cha l copyr i te or chalcopyri te -pyr i te . 

(3) P v r i t e - m i n o r chalcopyrite . The latter is generally as
sociated w i t h numerous sericite envelopes such that 
the outer zone m a y equally we l l be termed a p y r i t e -
sericite zone. Molybdenite -bearing veins are scattered 
throughout the zones, but local ly may be more con
centrated, w i t h an increase i n copper values. 

Super gene Zone 
Throughout the entire mineral ized area, there is a leached 

zone above the supergene copper zone but i t is i r regular i n 

development and thickness. A weak to strong development 
of i imonite is characterist ic of th is zone. 

Supergene copper minerals include chalcocite w i t h minor 
amounts o f ' n a t i v e copper, azurite , malachite , cuprite, and 
traces of coveilite. A l l are found throughout the whole zone. 

S u m m a r y 

(1) The Grani te M o u n t a i n pluton intruded Cache Creek 
Group rocks dur ing Jura-Cretaceous t ime. 

(2) Deformat ion of the general area has produced s i m u l 
taneous development of (a) regional fo l iat ion and (b) 
regional greenschist facies type of metamorphic assem
blages w i t h i n the quartz diorite of the Grani te Mounta in 
pluton. 

(3) D u r i n g continued deformation, quartz-feldspar porphyry 
intruded the pluton and formed a s tructura l ly more 
competent core. 

(4) D u r i n g further deformation, a fracture pattern de
veloped around the more competent core. Th i s fracture 
system w h i c h is imposed on, and part ly controlled by, 
the regional fo l iat ion contains a wide but regional ly 
restricted sulphide zone. Th i s zone is possibly related 
to a buried intrusive. W i t h i n the sulphide zone, a cha l -
copyrite-secondary chaicocite-molybdenite zone occurs 
between the low-sulphide core and a pyr i t i c halo. 

(5) A t some later t ime, movements on the F r a s e r R i v e r 
fault system dif ferential ly uplifted the Grani te M o u n 
tain pluton. Relat ive ly downdropped areas were f i l led by 
Ter t ia ry volcanic rocks. Weather ing under semi -ar id 
conditions caused a leached zone and an under ly ing zone 
of secondary enrichment. 

(6) Pleistocene glacial ac t iv i ty deposited t i l l and gravel over 
the entire area of the G i b r a l t a r - P o l l y a n n a copper-
molybdenum deposit. 

— _ _ - . . — t N O -
D A Y 7 

T H E H I G H L A N D V A L L E Y P O R P H Y R Y C O P P E R D I S T 
R I C T : B y W . J . M c M i l l a n . 

L O C A T I O N : L a t . 50° 20' to 30' — L o n g . 120° 53' to 121° OS' 
— The H i g h l a n d Va l l ey is 40 k m southeast of Cache 
Creek and 54 k m southwest of Kamloops . 
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