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ABSTRACT -- 

The Gib ra l t a r  porphyry copper-molybdenum depos i t  i s  unique 

within t h e  Canadian Cord i l l e r a  because it occuss within t h e  reg iona l ly  

metamorphosed Granite Mountain p lu ton .  

G ib ra l t a r  Mines i s  loca ted  ,on t h e  western s lope  of Granite 

Mountain 362 km nor th  of Vancouver, B.C. and 60 km north of Williams Lake, 

B.C. There are f o u r  mineable zones within t h i s  porphyry copper-molybdenum 

depos i t :  G ib ra l t a r  East ,  G i b r a l t a r  West, Pollyanna and Granite Lake. 

Open p i t  reserves  i n  June 1972 were 326,500,000 metric tons which averaged 

0.37 percent Cu and 0.016 percent MoS2 a t  a 0 .25  percent cu t -o f f .  
t .  

The Granite Mountain p lu ton  which has been dated a t  204 m y 

in t rudes  volcanic  rocks of t h e  Cache Creek group and is one of  s eve ra l  

Mesozoic i n t r u s i o n s  which occur along t h e  e a s t  s i d e  of the  Fraser River 

f a u l t  system between Williams Lake and Prince George, B .C .  A t  t h e  margin 

I 

of t h e  pluton a sheared and c h l o r i t i z e d  d i o r i t e  occurs pe r iphe ra l ly  t o  a 

saussu r i t i zed  and c a t a c l a s t i c a l l y  f o l i a t e d  quar tz  d i o r i t e  which forms t h e  

main phase of t h e  pluton. 

with t h a t  of t h e  greenschist  f a c i e s .  

The mineralogy of t h e  main phase is compatible 

Pre-mineral i n t r u s i v e  phases within t h e  main s a u s s u r i t i z e d  qua r t z  

d i o r i t e  phase a r e :  (1) l eucoc ra t i c  po rphyr i t i c  quar tz  d i o r i t e  (2) quar tz -  

f e ldspa r  porphyry and (3) apl i te  which form a core t o  the  pluton. A 

c h l o r i t i z e d  microdior i te  dyke is  post-mineral. 



The f o u r  mineable zones occur p e r i p h e r a l l y  t o  l a t e r  i n t r u s i v e  

l e u c o c r a t i c  and porphyry phases and i n d i c a t e  an e l l i p t i c a l l y  shaped 

su lph ide-bear ing stockwork which i s  4 km long and 1.6 ‘km wide. The 

stockwork which comprises f o u r  ages o f  ve in  development has been imposed 

on and mod i f ied  by con t inu ing  deformat ion w i t h i n  the  saussu r i t i zed  main 

quar tz  d i o r i t e  phase. 

ve in  stage f i l l e d  l a t e  tens iona l  f rac tu res .  

E a r l i e r  ve in  stages have been fo lded  w h i l e  t h e  l a s t  

INTRODUCTION 

The occurrence o f  a porphyry copper depos i t  w i t h i n  a r e g i o n a l l y  

metamorphosed and f o l i a t e d  quar tz  d i o r i t e  i s  unique w i t h i n  t h e  Canadian 

C o r d i l l e r a .  

emplacement o f  t he  zoned Gran i te  Mountain p lu ton  which was metamorphosed 

and deformed w h i l e  a ve in  system was i n i t i a t e d .  

deformat ion,  m i n e r a l i z a t i o n  and hydrothermal a1 t e r a t i o n .  

This  paper w i l l  descr ibe a continuum o f  events which s t a r t e d  

The l a t t e r  was f u r t h e r  

LOCATION 

The copper orebodies o f  G i b r a l t a r  Mines L td .  are l oca ted  on the  

western s lope o f  Gran i te  Mountain i n  Centra l  B r i t i s h  Columbia,NTS 93B/9W 

(F igure  1 ) . 
i s  by 20 km o f  paved road from McLeese Lake, which i s  45 km n o r t h  o f  

Wi l l iams Lake on Highway 97. 

122O 16’  W respec t i ve l y .  

The p roper t y  i s  about 362 km nor theas t  of Vancouver. Access 

L a t i t u d e  and long i tude  are 52O 30’ N and 

The area i n  and around the  mine s i t e  has a moderate topographic 

r e l i e f  w i t h  e leva t i ons  ranging between 1068 m and 1251 m. 

Gran i te  Mountain a t  1399 m i s  one o f  the  h ighes t  po in ts  i n  the  area. 

The peak of 
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Ambient a i r  

t o  a summer maximum of  

approximately 51 cm of  

temperature ranges from a winter minimum of -34Oc 

35OC. 

which about 17 cm f a l l s  a s  snow. Maximum snow . 

Annual p r e c i p i t a t i o n  a t  t h e  minesite i s  

depth i s  about 1 m ., most of  which f a l l s  i n ' l a t e  February. 

HISTORY, OWNERSHIP AND PRODUCTION -- 
The G i b r a l t a r  and Pollyanna p rope r t i e s  were f o r  t h e  most p a r t  

explored sepa ra t e ly  u n t i l  1969. 
1 

The o r i g i n a l  G ib ra l t a r  property was discovered i n  1927 and 

was known as t h e  H i l l  property (Lay, 1929 ) .  In 1957, Kimaclo Mines Ltd. 

drove a 36 metre a d i t  i n t o  t h e  &met  shear  zone, now known as Gibra l t a r  

West. h r i n g  i%8,  t h e  proper ty  was sold t o  Major Mines Ltd. which allowed 

t h e  property t o  lapse.  

and optioned i t  t o  Keevil Mines Ltd. u n t i l  1964, when G i b r a l t a r  Mines Ltd. 

acquired it from Hilton. 

G ib ra l t a r  and, i n  pa r tne r sh ip  with Mitsubishi Mining Co., del inea ted  t h e  

Gib ra l t a r  West zone before te rmina t ing  t h e i r  option i n  1967. 

I 

John Hilton restaked t h e  property on January 1, 1962 

Cominco Ltd. then optioned t h e  proper ty  from 

The property 

was f i n a l l y  optioned i n  1969 by Canex Placer Limited and Duval Corporation, 

who were exploring t h e  adjacent Pollyanna property.  The G i b r a l t a r  East zone 

was then developed ' along t h e  border o f  t h e  Gib ra l t a r  and Pollyanna 

claims. 

Pollyanna, which was o r i g i n a l l y  known as the  Rainbow Group, was 

discovered i n  1910 and prospected again i n  1925. 

as t h e  Copper King i n  1949 when a shipment of 454 kg of 10.5 percent copper 

was made. Kimaclo Mines he ld  t h e  property between 1954 and 1956. Restaked 

i n  1963 by Robert Glen, the proper ty  was optioned u n t i l  1964 by Keevil 

The showings were res taked  
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Mines L td .  Duval Corporat ion L td .  then opt ioned the  proper ty  and was 

j o i n e d  i n  1967 by Canex Placer  L imi ted ,  which acquired the  Duval i n t e r e s t  

i n  1969. 

L im i ted  h e l d  more than 70% o f  t h e  issued shares o f  G i b r a l t a r  Mines L td .  

A produc t ion  dec i s ion  was made i n  November o f  t h a t  year  and the  mine opened 

i n  June 1972. 

36,000 tonnes per  day. 

By 1970, when t h e  Gran i te  Lake zone was discovered, Canex Placer  

The concentrator  i s  c u r r e n t l y  opera t ing  a t  a r a t e  o f  about 

fl 
Ore reserves a t  December 31, 1971, us ing  a c u t + o f f  grade o f  

0.25 percent  copper, webe: 

Zone Shor t  Tons 

G i  b r a l  t a r  East 150,000,000 

Gran i te  Lake 120,000,000 

Pol lyanna 81,000,000 

G i  b r a l  t a r  West 9,000,000 

TOTAL 360,000,000 

- Copper (%) 

0.372 

0.373 

0.360 

0.400 

0.371 (p lus  0.016% M o S ~ )  

! 

(326,500,000 tonnes) 

Overa l l  s t r i p  r a t i o  i s  2.15 : 1. Dur ing the  e a r l y  years o f  t he  mine operat ion,  

about 50,000,000 tonnes o f  0.44% Cu w i l l  be a v a i l a b l e  a t  a s t r i p  r a t i o  o f  about 

1.45 : 1 . To December 31 , 1974 a t o t a l  o f  35,686,251 tonnes have been m i l l e d .  

Not inc luded i n  the  t o t a l  reserves i s  12,700,000 tonnes o f  o re  i n  t h e  Gran i te  

Lake orebody, which i s  h e l d  by Cuisson Lake Mines L td .  

REGIONAL GEOLOGY 

The p rec i se  na ture  o f  t he  s e t t i n g  o f  the  Gran i te  Mountain p lu ton ,  
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within which the Gibraltar copper-molybdenum deposits occur, i s  obscured 

by glacial d r i f t ,  a1 1 uv ium and Miocene plateau basal t s .  

pluton i s  situated near the boundary between two major longitudinal elements 

of the Intermontane Tectonic be l t ,  t h a t  i s ,  the Pinchi geanticline and the 

Quesnel t rough (Figure 2 ) .  

vol cani c rocks and f l  aggy 1 imestone and younger Mesozoi c vol cani c and classic 

The Granite Mountain 
> 

The Quesnel t rough i s  underlain by Triassic 

rocks. 

northwestward about  16 km east  of the Granite Mountain p l u t o n .  

A major f a u l t  bordering the Triassic components of  the t rough s t r ikes  

Jura,ssic 

volcanic and sedimentary rocks occur t o  the west of  the main fault-bounded 

trough i n  a bel t  t h a t  may also be bordered on the west by a fau l t .  Further 

west on the Pinchi geanticline, these rocks also overlap the Cache Creek Group and 

probably also the Granite Mountain p l u t o n .  The basal conglomerates of this  

Lower Jurassic sequence on Dragon Mountain contain granitic cobbles, petro- 

graphically similar t o  rocks comprising the Granite Mountain p l u t o n .  

In the vicinity o f  Granite Mountain, the oldest rocks ape regionally 

metamorphosed sedimentary and volcanic rocks of the Cache Creek Group o f  

Permian age (Tipper, 1959) .  

Sutherl and Brown (1 958, 1967 and 1974) , Eas twood ( 1970) , Humphrey (1 968) , 

The Granite Mountain area has been described by 

and Drummond, Tennant and Young (1973). 

discussed by Rotherham, Drummond and Tennant (1972) and Drummond (1972) ,  

while the geophysical aspects have been covered by Cannon, Thornton and 

Rotherham (1 972) .  

The general G i b r a l t a r  Mine area was 

Bathol i thic intrusives of Triassic t o  Cretaceous age intrude the 

Cache Creek Group i n  the Granite Mountain area. 

trending l ine of batholithic rocks outcrop from Prince George on the nor th  

An intermittent north-south 
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t o  a s  far  south as McLeese Lake. 

t h e  Fraser River f a u l t  system. 

quar tz  d i o r i t e ,  d i o r i t e  and gne i s s i c  v a r i e t i e s  of t h e  above rocks. 

immediate v i c i n i t y  of Granite Mountain, a regio’nally f o l i a t e d  and meta- 

These rocks occur along the  e a s t  s i d e  of 

The ba tho l i th s  are composed of granodior i te ,  

In t h e  

morphosed quartz d i o r i t e  with a c h l o r i t e - r i c h  d i o r i t e  margin c u t s  rocks of 

t h e  Cache Creek Group (Figure 3 ) .  Calcareous members of t h e  l a t t e r  show some 

loca l  skarn development adjacent t o  t h e  d i o r i t e  contact.  The G i b r a l t a r  

copper-molybdenum depos i t s  occur within the  reg iona l ly  metamorphosed and 
I 

f o l i a t e d  quar tz  d i o r i t e  (Figure 3 ) .  

The Late Mesozoic and e a r l i e s t  Te r t i a ry  appear t o  have been times 

of erosion but i n  t h e  Eocene Epoch a c i d i c  and bas i c  volcanic rocks p lus  

some sedimentary rocks accumulated. 

Lake and a r e  t i l t e d  and f au l t ed .  

These u n i t s  now outcrop west of McLeese 

Their ea s t e rn  boundary appears t o  coincide 

with a major no r the r ly  s t r i k i n g  f a u l t  zone followed by t h e  Fraser River. 

The youngest rocks i n  the  area a r e  Miocene o l i v i n e  b a s a l t  flows t h a t  cap 

the pla teaus  on both sides of  t h e  Fraser River. 

l y ing  and appear t o  be unfaulted.  

McLeese Lakes and diamond-drill core shows t h a t  they a l s o  f i l l  t h e  va l l ey  of  

Cuisson Lake t o  a depth of about 92 m overlying Granite Mountain p lu ton ic  

rocks . 

These f lood  b a s a l t s  a r e  f l a t  

They form b u t t e s  west of Cuisson and 

r 

PETROLOGY OF THE MAIN PHASES OF THE GRANITE MOUNTAIN PLUTON - 

The quar tz  d i o r i t e  of t h e  Granite Mountain pluton is  extremely 

uniform i n  i t s  mineral assemblage, but shows a va r i ab le  degree of c a t a c l a s t i c  

deformation. 
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Saussuri t i z e d  Quar tz  D i o r i t e  ( i s o t r o p i c )  

This  rock i s  composed o f  quar tz  (25-30%) , " p l  ag ioc l  asel' , which 

i s  normal ly  a m ix tu re  o f  a1 b i  te -ep ido te-zo is i  te-muscovi t e  (50-55%) , 

and c h l o r i t e  (20%, which o r i g i n a l l y  was b i o t i t e  w i t h  minor horn- 

blende and disseminated magnet i te (1% o r  l e v ) .  Where l e a s t  

a l t e red ,  the  composi t ion o f  t he  p lag ioc lase  i s  shown t o  be An35. 

The rock i s  equi -granular  and genera l l y  has a g r a i n  s i z e  o f  2-4 mm 

(F igure  44 a ) .  

much as 10 mm near the  t a i l i n g s  pond about 1 1 / 2  mi les  n o r t h  o f  

The g r a i n  s i z e  var ies  t o  the  n o r t h  and may be as 

the mine. 

Saussur i t i zed  Quar tz  D i o r i t e  (weak f o l i a t i o n )  

I n  those areas o f  the  p lu ton  where deformat ion has been a l i t t l e  

more in tense,  t he  rock e x h i b i t s  a weak f o l i a t i o n .  

the  saussu r i t i zed  "p lag ioc lase"  i s  the  same as i n  the  above, b u t  

there  i s  a recognizable al ignment o f  muscovite, c h l o r i t e  and a few 

quar tz  fragments a long the  f o l i a t i o n  planes (F igure 4/ b ) .  

I n  t h i n  sec t ion ,  

C h l o r i t i z e d  Quar tz  D i o r i t e  ( s t rong  f o l i a t i o n )  

With f u r t h e r  deformat ion,  the  f o l i a t i o n  becomes much more no tab le  

as more d e f i n i t e  s l i p  surfaces develop (F igure 4/ c ) .  

conta ins l e s s  ep ido te  macroscopica l ly ,  b u t  the  degree o f  saussur- 

i t i z a t i o n  i s  t he  same as i n  the  above-described rocks.  The f o l i a t i o n  

This  rock 

i s  de f ined by t he  al ignment o f  "p lag ioc lase" ,  c h l o r i t e  and muscovite. 

The c a t a c l a s t i c  na ture  o f  the  developed f o l i a t i o n  i s  suggested by the  

presence o f  
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Saurruritized Quartz Diorite. 

(Non- directional) 
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- 
Sourruritized Quortz C .site. 

(Weak foliotion) (S2 ) 
1 b) 
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Chloritized Quartz Diorite. 

(Strong foliotion ) (S2 ) 
( e )  
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Chlorite Laminated "Quortz Diorite." 

( d )  ( S 2  w i t h  F j )  

r 

.Contorted Chlorite Lominoted. 
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Quartz Dioritd'(folded S2) 

. 
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FIGURE4 : Phc Btographs of Main Pha ise , Gronite Mountain 

plutonfc rocks showing the variation in rock type 

with degree of deformation. 
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r o t a t e d  and crushed quar tz  g ra ins  and by carbonate depos i t i on  i n -  

the  area between the  pu l led-apar t  po r t i ons  o f  broken quar tz  g ra ins .  

Ch lo r i  te-Laminated "Quar tz  D i o r i t e "  

Wi th  s t i l l  f u r t h e r  deformation, the  f o l i a t i o n  planes come c lose r  

together  so t h a t  the  o r i g i n a l  quar tz  d i o r i t e  has become a s c h i s t  

which has been named a ch lo r i t e - l am ina ted  quar tz  d i o r i t e .  

minera l  assemblage i s  quartz-a1 b i  t e  t o  o l  i gocl  ase-ch lo r i  t e -  

muscovite-magnetite (F igure  41 d ) .  

a c h l o r i  te-muscovi te-schi  s t .  

The 
I 

A v a r i a t i o n  o f  t h i s  rock i s  

i 

Loca l l y ,  when the  sch is tose  zone occurs between bands o f  l ess  

i n t e n s e l y  f o l i a t e d  quar tz  d i o r i t e ,  the  sch is tose  zone can be 

extremely d i s t o r t e d  on a small scale,  as i s  shown i n  F igure 4/ e. 

LATER INTRUSIVE PHASES OF THE GRANITE MOUNTAIN PLUTON 

Wi th in  the  saussu r i t i zed  and f o l i a t e d  quar t z  d i o r i t e  o f  t he  

Gran i te  Mountain p lu ton ,  there  are  th ree  pre-mineral  and one post-mineral  

i n t r u s i v e  phases. 

A rock which e x h i b i t s  bo th  a sharp and a gradat iona l  con tac t  

aga ins t  t he  saussur i  t i z e d  quar tz  d i o r i t e  i s  a l e u c o c r a t i c  p o r p h y r i t i c  quar tz  

d i o r i t e .  

w i t h  a l b i t i c  r ims (45%) i n  g ra ins  which range from 1 t o  5 m. The remaining 

25% o f  the  rock  i s  a f ine-grained mosaic o f  quar tz  and a lb i t i c  p lag ioc lase  

w i t h  about 1-2% c h l o r i t e .  

This rock i s  composed o f  quar tz  (30%) and saussu r i t i zed  p lag ioc lase  



A more d e f i n i t e  porphyry occurs i n  t h e  same a re2  as the 

l eucoc ra t i c  phase. The quartz-2eldspar porphyry c ross -cu ts  t he  

saussu r i t i zed  quar tz  d i o r i t e  and apparently c ross -cu ts  t h e  l eucoc ra t i c  

phase. This l a t t e r  r e l a t i o n s h i p  'has not  been Conclusively demonstrated. 

The porphyry is  composed of 3-5 mm phenocrysts of quar tz  (30%) and a l b i t i c  

p l ag ioc la se  (10%) i n  a white aphan i t i c  matrix composed of quar tz ,  a l b i t i c  

p l ag ioc la se  and some carbonate,  muscoVite and z o i s i t e .  Both the  porphyry 

and t h e  l eucoc ra t i c  phase are pre-minera l iza t ion .  

definite 
I i n t r u s i v e  phase i s  a p l i t e  which t y p i c a l l y  i s  very f i n e  A . ,Is 

grained and has a sugary t e x t u r e . ,  The a p l i t e  i s  pre-minera l iza t ion .  

The l eucoc ra t i c  rocks appear t o  be common northwest of Granite 

Lake i n  t h e  a r e a  between t h e  t h r e e  main orebodies (Figure 3 ) .  Unfortunately, 

this zone o r  core i s  spa r se  i n  outcrop and d r i l l  h o l e s ' a r e  widely spaced so 

t h a t  t h e  l eucoc ra t i c  rocks cannot be ou t l ined  with complete assurance a t  

present .  Within t h i s  core  zone most of t h e  rocks are l eucoc ra t i c  and 

quar tzose ,  and have been cut by quar tz  stockwork t h a t  i s  commonly barren o r  

almost barren,  o f  primary su lphides .  

with t h e  l eucoc ra t i c  phase and both are cu t  by extensive barren o r  low sulphide 

Some main phase rocks are in t e r f inge red  

bear ing  quar tz  stockwork. The contacts between t h e  l eucoc ra t i c  and main phase 

appear t o  be p a r a l l e l  t o  t h e  f o l i a t i o n  which is  abnormally f l a t  i n  t he  c e n t r a l  

p a r t  of t h e  core zone. Some of the  d r i l l  holes i n  t h e  c e n t r a l  core  show not 

only much qua r t z  f e l d s p a r  porphyry, bu t  a l s o  gradations between t h i s  type and 

t r u l y  l eucoc ra t i c  qua r t z  d i o r i t e .  

sharp and i n t r u s i v e .  

t h a t  c o n s t i t u t e s  one of t h e  few dyke types present  i n  t h e  a rea .  

Other contac ts  between these two types a r e  

The quartz f e l d s p a r  porphyry i n  t u rn  grades . in to  a p l i t e  

Hence, t h e r e  



, - w- 

is an apparent ly  complete gradation from l eucoc ra t i c  qua r t z  d i o r i t e  of 

t h e  c e n t r a l  core t o  qua r t z  f e ldspa r  porphyry a9d outward t o  t h i n  a p l i t e  

dykes. This t r a n s i t i o n  i n  space is evident a l s o  p e t r o l o g i c a l l y .  The 

l e u c o c r a t i c  v a r i e t y  has a semi-porphyrit ic na tu re  with a framework of 

chunky p lag ioc la se  up t o  5 mm long and equant g ra ins  of qua r t z  and rare 

masses o f  c h l o r i t e  a f t e r  b i o t i t e  o r  hornblende c r y s t a l s  of about t h e  

same s i z e .  

and a l k a l i  f e ldspa r .  

p a r t i c u l a r l y  a t  p l ag ioc la se  g ra in  boundaries and f r a c t u r e s ,  p o i k i l o b l a s t i c  

A spa r se  matrix c o n s i s t s  of a p l i t i c  fine quar t z ,  p lag ioc lase ,  

Al te ra t ion ,  minerals commonly inc lude  much s e r i c i t e ,  

carbonate g ra ins  i n  matrix,  and c l i n o z o i s i t e  d i sseqina ted  i n  p l ag ioc la se  

and c h l o r i t e .  
I 

One post-ore dyke was found i n  t h e  Gibraltar East p i t .  It is a 

microdiorite dyke about 60 cm wide that  strikes N 200 E and-dips about 

75' west. Microscopically, the rock has an i n s e r t a l  h o l o c r y s t a l l i n e  t e x t u r e  

and is composed of about 60 percent t h i n  andesine l a t h s ,  25 percent  c h l o r i t e  

I" 

after hornblende, 5 percent quar tz ,  and 10 percent porphyroblas t ic  ep idote .  

CHEMI CAL ANALY S IS 

Two specimens were c o l l e c t e d  about 31 m apart near  t h e  western 

rim of t h e  Granite Lake p i t .  Specimen 73-AB24 i s  r ep resen ta t ive  of t h e  

main phase and 73-AB-25 is r e l a t i v e l y  leucocra t ic .  Table 1 - 
shows chemical analyses f o r  t hese  two specimens as 

well as Nockolds' (1954) average t o n a l i t e  (quartz d i o r i t e )  and g ranod io r i t e .  

A comparison ind ica t e s  t h a t  t h e  specimens are between Nockolds' averages. 
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TABLE I 

CHEMICAL ANALYSES 

-- - 

Si02 

A1203 

MgO 

CaO 

Na20 

K2° 
Ti  O2 

hh0 

FeO 

Fe203 

+I$O 

c02 

pzo5 

-H20 

S 

GRANITE MOUNTAIN PLUTON 

7 3-AB- 2 4 73-AB- 2 5 Average Average 
Quartz Dior i te  Granodiorite 

- .  -- 

68.0 70.5 66.15 66.88 

15.16 14.75 15.56 15.66 

1.51 1.39 

3.99 3.03 

3.93 4.02 

1.99 2.38 

1.94 1.57 

4*65 3.56 

3.90 3.84 

1.42 3.07 

0.45 

0.076 

1.76 

1.91 

1.24 

0.16 

0.07 

0.18 

0.01 

0.37 0.62 

0.075 0.08 

1.54 3.42 

1.61 1.36 

1.00 0.69 

0.04 - 
0.055 - 
0.18 0.21 

0.01 - 

0.57 ' 

0.07 

2.59 

1.33 

0.65 

- 

0.21 

- 

Main phase - Grani te  Mountain pluton from 2,000 feet  west of 

Granite Lake. Analysis - P.F.  Ralph, Analytical  Laboratory, B.C. 

Department of Mines and Petroleum Resources. 

Leucocratic phase - Grani te  Mountain pluton,  31 m northwest of 

73-AB-24. Analysis - P.F. Ralph, Analytical  Laboratory, 
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B.C. Department o f  Mines and Petroleum Resources. 

3) Nockol ds I average tona l  i t e  (quar tz  d i o r i t e )  . 

4) Nockol d$ ' average g ranod io r i t e .  

- AGE 
' 

The age o f  t h e  Gran i te  Mountain p l u t o n  i n d i c a t e d  by s t r a t i g r a p h i c  

r e l a t i o n s h i p s  i s  as f o l l ows :  t he  p l u t o n  cu ts  La te  Paleozoic Cache Creek 

rocks; and boulders s i m i l a r  t o  i t  ioccur i n  basal  conglomerates o f  Lower 

Jurass ic  age. Specimans 73-AB-24 and 73-AB-25 c o l l e c t e d  west o f  Gran i te  

Lake were the  f reshes t  found i n  the  p lu ton  and prov ided clean, una l te red  

hornblende separates i n  bo th  cases and i n  73-AB-24, b i o t i t e  wi th  very minor 

i n t e r l e a v e d  c h l o r i t e .  These separates were sent  t o  the  Department o f  

Geological  Sciences a t  the  U n i v e r s i t y  o f  B r i t i s h  Columbia and were analysed 

under the  d i r e c t i o n  o f  J .  Harakal . 
and 203 - 6 m y or a T r i a s s i c  age. 

very minor i n te r l eaved  c h l o r i t e  gave 82 - 2.5 m y and 84 

+ 
The c lean hornblendes gave a 204 - 6 m y 

B i o t i t e  from 73-AB-25 which contained 
+ 

+ 
2.5 m y ages i n  

two ana lys i s  which may suggest a l a t e  Cretaceous age b u t  t h i s  age i s  a l so  

associated w i t h  metamorphism and i n t r u s i o n  i n  the  general Intermontane Belt. 

The 204 m y age would seem t o  be the  most l i k e l y .  

MINERALIZATION AND HYDROTHERMAL ALTERATION __ - 

There are  a t  l e a s t  f o u r  stages o f  ve in ing  recognized within the  

G i b r a l t a r  deposi ts .  The grouping o f  veins i n t o  stages i s  dependent on t h e i r  
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relative age relations, which means that the first listed is cross-cut by 

the next listed feature. The four stages are summarized below. 

Stage 2: 

(V,) 

Stage 3: 

(V,> 

Stage 4 :  

cv4 1 

quartz-pyrite + chalcopyrite WITH a sericite envelope 
.111, 

(sericite envelope assemblage is quartz, sericite, pyrite 

+ chalcopyrite, with all the saussuritized feldspar being 

made over to sericite-clay (?) mixture); 

quartz-chlorite-pyrite-chalcopyrite-magnetite + carbonate 

WITH a chloritic envelope (chlorite envelope assemblage 

is quartz, chlorite, pyrite + chalcopyrite, with a 

pronounced absence of epidote in the saussnitized feldspar); 

- 

- ,  

- 

quartz-chlorite-pyrite + magnetite; 

quartz-chlorite-pyrite-chalcopyrite-epidote + magnetite; 

quartz-chlorite-pyrite-epidote + magnetite; ,, 

quartz-chlorite-pyrite-chalco?yrite + magnetite; 

quartz-chalcopyrite-bornite + pyrite (restricted t o  

porphyry area between the Pollyanna and Granite Lake zones) 

(all with + carbonate); 

- 
- 

- 

- 

- 

quartz-molybdenite-chalcopyrite-pyrite + magnetite + 

carbonate; 
.111. L 

massive white 
&i@!l&quartz - blebs of fine-grained chlorite - chalcopyrite 
blebs. 

h 

Veins with sericitic and chloritic envelopes are definitely cross- 
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cu t  by Stage 2 ve ins  which do not have envelopes. To .da te ,  a vein with 

a s e r i c i t i c  envelope has n o t b e e n  found t o  cross-cut a ve in  with a c h l o r i t i c  

envelope. Consequently, those  ve ins  w i t h  e i t h e r  type of  envelope are 

considered t o  be i n  Stage 1 (v ) *  1 

Hydrothermal a l t e r a t i o n  i n  t h e  form of t h e  ser ic i t ic  and 

c h l o r i t i c  envelopes i s  s i m i l a r l y  seen t o  be p a r a l l e l  t o  as well as c ross -  

c u t t i n g  t h e  f o l i a t i o n  i n  t h e  hos t  quar tz  d i o r i t e .  

A second hydrothermal a l t e r a t i o n  f e a t u r e  was observed i n  a pe t ro-  

graphic study (Simpson, 1970) of t h e  s a u s s u r i t i z e d  p lag ioc lase  across  t h e  

Pollyanna and Gib ra l t a r  East zones. I t  was noted t h a t  t h e  amount of s e r i c i t e  

r e l a t i v e  t o  ep idote  i n  t h e  saussu r i t i zed  p l ag ioc la se  could be co r re l a t ed  

reasonably well t o  t h e  copper grade. 

potassium assoc ia t ed  with a sulphide zone is a t y p i c a l  chemical f e a t u r e  of 

A pervasive increase  i n  ser ic i te  o r  

a porphyry copper 

MINER4L ZONING 

s t ockwork . 

Within 

t o  t h e  exposed or 

long from west t o  

t h e  pluton, t h e  d e t a i l e d  cons idera t ion  must be r e s t r i c t e d  

mined area .  The a rea  encompassing t h e  p i t s  i s  about 4 km 

e a s t  and from nor th  t o  south about 1.6 km wide. Porphyr i t ic  

rocks a r e  found most commonly i n  t h e  cen t r e  of t h e  main mineralized zones 

(Figure 3). 

zone is per iphe ra l  t o  the  area i n  which l eucoc ra t i c  po rphyr i t i c  rocks are 

most commonly found. 

Induced po la r i za t ion  surveys (Figure 5 )  show t h a t  t h e  sulphide 

The p a t t e r n  e s s e n t i a l l y  shows a low Induced Po la r i za t ion  

(about 1 Percent Frequency Effec t )  surrounded by a h igher - I  P rim . .  :.(5 . t o  10 P F E ) .  
. - t  . .  
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The rough e l l i p t i c a l  shape ind ica t e s  t h a t ,  i n  p a r t ,  t h e  sulphide zone is  

guided by t h e  regional f o l i a t i o n .  

* 

The e f f e c t  of t h e  d i p  of t h e  regional f o l i a t i o n  can be seen i n  

Figure 6 .  

t h e  ove ra l l  d ip  of t h e  minera l iza t ion  i s  about 30° 

Although t h e  individual veins p a r a l l e l  and cross-cut t h e  f o l i a t i o n ,  

t o  t h e  south. 

Figure G i s  

and t h e  Granite 

a north-south sec t ion  through t h e  Pollyanna zone on t h e  north 

Lake zone on t h e  south and i l l u s t r a t e s  t h e  mineral 'zoning t h a t  

is present .  S t a r t i n g  on t h e  nor th ,  t h e  south-dipping p y r i t e  zone contains 

p y r i t e  and minor chalcopyr i te  and corresponds t o  an I P response of 6 t o  10 

percent frequency e f f e c t .  The Pollyanna p i t  is  located inward from the  p y r i t e  

zone. as t h e  cha lcopyr i t e /py r i t e  r a t i o  increases  toward the 'co ' re .  The I P 

response decreases across t h e  Pollyanna p i t .  On passing i n t o  t h e  low-sulphide 

porphyry-bearing core area, t h e  mineral assemblage changes t o  cha lcopyr i te  and 

b o r n i t e  with only t r a c e  amounts of  p y r i t e .  

about 1 t o  2 P F E .  

I P response i n  t h e  core  a rea  i s  

The same sequence is  repeated i n  reverse  across  t h e  Granite 

Lake p i t ,  except t h a t  t h e  p y r i t e  zone and t h e  I P response a r e  more pronounced 

t o  t h e  south of  t h e  Granite Lake p i t  because t h e  p y r i t e  zone now l ies  c lose  t o  

t h e  sa r f ace .  

SUPERGENE ZONE _I 

Secondary enrichment is  economically important and occurs t o  
-. 

varying degrees i n  a l l  of t h e  Gib ra l t a r  depos i t s .  

s t rong  l imonite zone above t h e  supergene copper zone which is i r r e g u l a r  i n  

development and th ickness .  

There is a leached weak t o  

The Gibra l t a r  East orebody has a leached cap extending 15 t o  20 m 



a: 300ft. 1 rt. sopomtion 

surf oca. POLLYANNA 

! Z O N E  /RE ZONE /PYRITE HA 

rni to / / 
L ~ho~copyrito ~hoicopyrito (L Pyrite/ t Chalcopyrite 

elovatior 

1 K n .  
J 

1 E G E N D  

i?+. 
P l u s  0.25% Toto1 Coppor 

Ovorburdon 

/ Inducod Polorirotion Profilo 

I Diamond Drill Holo 

:- 

S E C T I O N  5 2 6 0 0 E  

THROUGH GRANITE L A K E  A N D  
POLLYANNA ORE Z O N E S .  



. 
I 

19-16 

deep as a subdued r e f l e c t i o n  of t he  bedrock sur face .  An enriched zone 

extends 30 t o  6 0  m below t h e  leached cap and is  r e l a t e d ,  i n  p a r t ,  t o  zones 

of in t ense  f r a c t u r i n g  o r  f a u l t i n g  and presumably, ground-water flow. Most 

of t h e  enrichment c o n s i s t s  of cha lcoc i t e  which coa ts  and rep laces  p y r i t e  

and cha lcopyr i te .  Malachite and a z u r i t e  a r e  found only nea r  t h e  upper 

su r face  of t h e  enriched zone. Cuprite is most commonly found i n  t h e  upper 

p a r t  of t h e  zone and e spec ia l ly  within f a u l t  zones. 

Epoch, g l a c i a l  i c e  moving from t h e  southeast  out of t h e  Cariboo Mountains 

During t h e  P le i s tocene  

overrode t h e  area and bedrock was a c t i v e l y  eroded and shaped. Therefore, 

t h e  c lose  r e l a t i o n s h i p  between t h e  # shape of t h e  enriched an t  leached zones 

t o  t h e  present  su r f ace  ind ica t e s  t h a t  t h e  oxidation and leaching continued 

after the Pieistocene, altlwugii itiucii uf t he  process may Gate fro111 the 

Ter t i a ry .  

STRUCTURE 

To allow an i n t e r p r e t a t i o n  of t h e  s t r u c t u r e  within not only t h e  

Granite Mountain pluton but a l s o  t h e  Gib ra l t a r  depos i t s ,  t h e  following 

s t r u c t u r a l  elements are herewith defined. 

The Granite Mountain pluton had an o r i g i n a l  igneous f o l i a t i o n  

here in  defined as S,. This f o l i a t i o n  i s  noted macroscopically i n  loca les  
A 

where l a t e r  deformation is  minimal. SI grades imperceptibly 

p a r a l l e l  second f o l i a t i o n  (S,) t h a t  r e s u l t s  from pene t r a t ive  

i n t o  a sub- 

deformation. 

Microscopic evidence suggests p a r t i a l  pa ra l l e l i sm of S2 t o  SI. It  is thought 

t h a t  S2 has developed i n  t h e  pluton by being guided i n  most p a r t  by t h e  

o r i g i n a l  igneous f o l i a t i o n .  



Within t h e  Gib ra l t a r  East p i t ,  t h e  i n t e n s i t y  o f  f o l i a t i o n  has been 

a = b i t r a r i l y  defined a s  follows : 

F1, t h e  lowest order ,  has a not iceable  o r i e n t a t i o n  of mafic minerals and 

poss ib ly  p lag ioc lase  l a t h s  and i s  normally primary igneous flow f o l i a t i o n ;  

F has a modest f o l i a t i o n ;  F3, pronounced f o l i a t i o n ;  F4, i n t ense  f o l i a t i o n ;  
2 

and Fs i s ,  i n  f a c t ,  a p h y l l o n i t i c  s c h i s t .  These macroscopic i n t e n s i t y  values 

are cons i s t en t ly  r e l a t e d  t o  various microscopic t e x t u r a l  c r i t e r i a .  

F1, as described above, has an alignment of l a r g e  inequant gra ins  without 

cataclasis. 
i 

F2 has sixairled quar tz  iiith s l i g h t  s h a t t e r i n g ,  mitior arid wiciely spaced 

t r a i n s  o f  new s e r i c i t e ,  and mosaic r e c r y s t a l l i z e d  quar tz .  B i o t i t e  ( c h l o r i t e ) ,  

with cleavage c lose  t o  t h e  o r i e n t a t i o n  of S 2 ,  is  d i s t o r t e d  and drawn out.  

F commonly has a v a r i a b l e  t e x t u r e  r e s u l t i n g  frgm channeling of deformation 3 
and movement along S planes between which c a t a c l a s i s  is  s u b s t a n t i a l l y  less. 2 

Movement planes a r e  r a r e l y  g r e a t e r  than 5 mil l imeters  apa r t .  

ment planes quartz is sha t t e red  and mosaic quar tz  common, mafic minerals a r e  

converted t o  c h l o r i t e  and s u b s t a n t i a l l y  s t rung  out.  Feldspar i s  l a rge ly  

converted t o  s e r i c i t e  but is coherent. On movement planes f e ldspa r s  a r e  

converted t o  t r a i n s  of sericite and f i n e  quar tz ;  mafic minerals t o  t r a i n s  

r i c h  i n  c h l o r i t e ;  and quar tz  t o  t r a i n s  of f i n e  mosaic quar tz .  

porphyroblasts a r e  commonly present .  

Between move- 

Dolomite 

F has a more uniform f l a s e r - l i k e  t ex tu re ,  with movement planes wrapping 4 



around augen o f  r e c r y s t a l l i z e d  quar tz  t h a t  a r e  commonly t h r e e  times 

as long as th i ck .  Plagioclase i s  l a r g e l y  destroyed o r ,  i f  present ,  occurs 

as minor small gra ins  o f  a l b i t e .  In con t r a s t ,  dolomite porphyroblasts a r e  

s i g n i f i c a n t  . Mafic g ra ins  have been completel; t r a n s f  xmed t o  c h l o r i t e -  

r i c h  sch l i e ren .  In addi t ion ,  kink bands forming S3 a r e  a common fea tu re .  

F has a f a i r l y  uniform, f i n e  s c h i s t o s e  t e x t u r e  and is  charac te r ized  by 5 

carbonat e, ch lor i t .  s - s e r i c i t e ,  and quar tz  . 

The vein system as described i n  t h i s  paper w i l l  be defined by 

t h e  symbols VI f o r  t h e  o ldes t  vein s t a g e  through V2, V 

youngest . 
t o  V4 f o r  t h e  3 

St ruc tu re  and Metamorphism 

S t r u c t u r a l  elements within t h e  pluton, e i t h e r  i n  t h e  v i c i n i t y  

o f  t h e  copper depos i t s  o r  severa l  kilometres away from the  mineralized 

a rea ,  show both r e l a t i v e l y  non-foliated quar tz  d i o r i t e  and f o l i a t e d  t o  

s c h i s t - l i k e  quartz d i o r i t e  i n  juxapos i t ion .  

when observed s t r i k e s  'westerly and d ips  s t e e p l y  southward (approximately 

N 70Ow/60* S).  

The primary f o l i a t i o n  (Sl) 

4 

When t h e  primary f o l i a t i o n  was subjected to a pene t r a t ive  

deformation, S2 formed which has a general  a t t i t u d e  of  approximately N 70oW/ 

30's but  which i s  N 48OW/44OSW i n  t h e  G i b r a l t a r  East p i t  a rea .  Depending 

on t h e  l o c a l  s t r e s s  d i s t r i b u t i o n ,  t h e  S2 planes ac ted  as loci fo r  r e l i e v i n g  

the stress and caused t h e  rock t o  develop f o l i a t i o n  planes some of which took 

up r e l a t i v e l y  more deformation and thus  r e l i eved  s t r e s s  on t h e  in te rvening  

rock. The e f f e c t  of t h i s  was t o  develop, i n  essence p l a t e s  of quar tz  d i o r i t e  

which show varying degrees of f o l i a t i o n .  Where'thc loca l  stress was more 

continuous, t h e  i n i t i a l  S2f rac tures  has been t h e  locus f o r  chemical and 
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s t r u c t u r a l  changes o f  vary ing  widths and degrees o f  f o l i a t i o n  from F1 t o  

F5. 
c h l o r i t i c  shear zone t h a t  the  assembl age o f  qua r t z -ch lo r i  te-muscovi t e -  

ga rne t -py r i t e  was noted i n  an area o f  weakly saussu r i t i zed  quar tz  d i o r i t e .  

For example, i t  was w i t h i n  a r e l a t i v e l y  r e s t r i c t e d  p o r t i o n  o f  a s t rong  

Wi th in  the  western h a l f  o f  the  East G i b r a l t a r  p i t  f o l d i n g  o f  S2 

f o l i a t i o n  i s  comrnony in tens i t y  va r ies  f rom 3 t o  5. 

minor f o l d s  s t r i k e s  S 31°E and plunge 18OSW on the  average (F igure  7) .  A 

weak g i r d l e  o f  p l o t s  o f  S2 i s  shown i n  F igure  7 which g ives an average o f  

N 48OW/44OSW and which i s  v i r t u a l l y  normal t o  the  plunge o f  the  f o l d  axes. 

Fo ld  axes o f  these 

The a f f e c t  o f  reg iona l  metamorphism on the  Gran i te  Mountain p lu ton  

can be summarized as fo l l ows :  

1. The e n t i r e  Gran i te  Mountain quar tz  d i o r i t e  p l u t o n  has been 

saussur i  t i z e d .  

2. 

3. 

W i th in  the  p l u t o n  there  a re  minera log ica l  and t e x t u r a l  changes 

associated w i t h  the  i n t e n s i t y  o f  c a t a c l a s t i c  deformation. 

Where the  f o l i a t i o n  i s  weakly developed, the  minera l  assoc ia t ion  

i s  quartz-a1 b i  te-muscovi t e - c h l o r i  te -ep ido te-zo is i  te-magneti t e .  

As the  i n t e n s i t y  o f  deformat ion increases, the  quar tz  d i o r i t e  

becomes s t r o n g l y  f o l i a t e d  and even tua l l y  s c h i s t - l i k e .  The 

minera l  assemblage i s  quartz-oligoclase-chlorite-rnuscovite- 

magnet i te.  
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20 POLES TO S2FOLlATlON EASTERN PART OF PIT ..... 
17AXES OF F3FOLDlNG OF S2FOLIATION ._._ ._..-._.-.-. + 
CONTOURS OF POLES TO s2-5,10,15& 25 %....---'-~ 

CONTOURS OF FOLD AXES - 20 1c 40% __._..____-- ---- 
GIRDLE OF POLES TO S2 .__.___._...- ...---..-.. -- 
POLE TO GIRDLE ___._..__ ~ ___.. ~ ...______..___.._______ 0' ' 

0 AVERAGE PLUNGE OF FOLDS _____________..._._...___ 

FIGURE 7 Gibroltor East pit, stereoproiection of structural 

elements related to S2foliation. 

(After-  A. Sutherland Brown (1974)) 



5 .  Epidote becomes much l e s s  abundant as t h e  i n t e n s i t y  of the  

f o l i a t i o n  increases .  

6. The above mineral assemblages and t h e  t e x t u r a l  v a r i a t i o n s  a r e  

ind ica t ive  o f  a s u i t e  o r  rocks compatible with t h e  greenschis t  

f a c i e s  of regional metamorphism. 

7. 
, 

The ga rne t - ch lo r i t e  assemblage represents  upper greenschist  

f a c i e s  metamorphism and ind ica t e s  t h a t  t h e r e  must have been 

a l oca l  increase  i n  water pressure  along t h a t  por t ion  of  t h e  
I 

shear zone. 

(b) St ruc tu re  and Veining 

The mutual r e l a t i o n s h i p  between t h e  s t r u c t u r a l  elements has been 

developed pr imar i ly  from a study of the  Gib ra l t a r  East p i t  (Figux-e 8) 

and i n  p a r t  from t h e  Granite Lake p i t  (Figure 9).  

Mountain pluton t h a t  a r e  l i t t l e  deformed (no d i r e c t i o n a l  t e x t u r e  o r  possess SI) 

show chemical changes cons i s t en t  with s a u s s u r i t i z a t i o n .  

o f  t h e  main phase rocks, t h e r e  i s  a d e f i n i t e  c o r r e l a t i o n  between abundancy 

o f  c h l o r i t e  and degree of f o l i a t i o n  as it i s  those a rea  of  minor fo lds  o r  kink 

f o l d s  t h a t  a r e  predominantly devoid of  epidote.  

o r  open, epidote and c h l o r i t e  are present .  

Specimens of t h e  Granite 

From t h e  petrology 

Where t h e  fo lds  are more gen t l e  

The i n t e r r e l a t i o n  of  metamorphism t o  veining can be seen i n  t h e  

G i b r a l t a r  East and Granite Lake p i t s .  The veins with s e r i c i t i c  o r  c h l o r i t i c  
intensi le less commonly with 

, envelopes (V,) e i t h e r  p a r a l l e l  S2 ( ~ f o l i a t i o n  F; t o  F ~ )  orAcross-cut 
A 
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FIGURE ' -. Foliated ring intense S2 foliation (F4). 
crenulati,.. -_ w2 _- -,- ... 
crenulated with S2, drusy V2 vein with minor decollement and 
chalcopyrite (nearly white). After A. Sutherland Brown (1974) 
p. 317. 

.I veins with pyrite (white) 

. .  
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S2. The i n i t i a l  s tages  o f  t h e  stockwork developed around t h e  low sulphide 

a rea  between the  th ree  p i t s  and was guided by t h e  e x i s t i n g  s t r u c t u r e .  The 

ser ic i te  i n  t h e  envelopes was a l s o  deformed which ind ica t e s  t h a t  a f t e r  

emplacement of V1, t h e  S2 planes were t h e  si te’of e i t h e r  renewed o r  continuous 

deformation. 

e i t h e r  cross-cut o r  p a r a l l e l  S 2 .  In a reas  of very in t ense  deformation, t h e  

Vl v e i n l e t s  may only be apparent a s  t r a i n s  of p y r i t e  (and cha lcopyr i te )  

Depending on t h e  d i s t r i b u t i o n  o f  s t r e s s  from t h e  in t rus ion ,  V1 

i n  quar tz ,  muscovite and c h l o r i t e  s c h i s t .  

folded by S3. 

Figure 10 shows both V1 and S, 

Copper-bearing veins without envelopes (V,) cut  those  with 

envelopes (VI) and e i t h e r  p a r a l l e l  o r  cross-cut S2. A continuation of t h e  

deformation must have occurred because V2 and S2 have been folded. The V2 

type  is  commonly drusy. 

The ribboned s t ruc tu red  molybdenite-bearing veins (V,) cross-cut 

VI and V2 and have l o c a l l y  been folded which ind ica t e s  f u r t h e r  r e l i e f  of 

stress through continued deformation. 

V i s  a la te  phenomenon (Figure 11) and occurs i n  the  axial 

These gash veins (V,) were formed i n  response t o  
4 

planes of folded S,. 

remobilization i n t o  low pressure  areas i n  e i t h e r  f o l d s  about S3 o r  along 

l a t e  tens ion  j o i n t s .  

G ib ra l t a r  East p i t  which shows a p a r t i a l  g i r d l e  and appears t o  have an a x i a l  

plane r e l a t i o n s h i p  t o  folded S2 (Figure 11). The l a te  V4 veins tend t o  have 

t h e  same 

Figure 1 2  i s  a s t e reopro jec t ion  of poles t o  S i n  t h e  3 

s p a t i a l  r e l a t i o n s h i p  and a r e  p a r a l l e l  t o  S3 which suggests t h a t  

both were formed a t  t h e  end of t h e  deformational and mineralizing process.  



I 

. 

, .  
FIGURE , , Sharp synclinal keel in folded :oliation, East pit (3365 bench). 

Note variable intensity of foliation, dark 1'1 vein folded with foliation, 
boudinaged V4 vein with chalcopyrite below coin. 
Brown (1974) p. 312. 

A f t e r - A .  Sutherland 
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GURE t2 Gibraltar East pit, stereoprojection of structural 

elements, Sifoliation and V4 veins. 

(After A..Sutherland Brown ( 1 9 7 4 ) )  



The charac te r  of t hese  V 

copper depos i t s  i n  t h a t  within t h e  copper a reas  they contain blebs of 

cha lcopyr i te  while ou t s ide  of t h e  copper depos i t , they  * contain predominantly 

massive white q u a r t z .  

type veins appears t o  change outward from t h e  4 

A summary o f t h e  r e l a t i o n s h i p  i n  space and time between t h e  

s t r u c t u r a l  development and minera l iza t ion  can be r a t iona l i zed  on t h e  

b a s i s  of t h e  foregoing. 

continuing couple with t h e  %pperll p l a t e s  moving upward and northward, as i n  

Primary igneous f o l i a t i o n  S1 was i n t e n s i f i e d  b y  a 

a deck o f  cards.  Af te r  i n i t i a l  formation of S2, t h e  VI f r a c t u r e  stockwork 

formed p a r a l l e l  and movement was channeled along these  planes u n t i l  f i l l e d  

and "frozentt. However, general movement continued on S,,  i n t ens i fy ing  it ,  

eventually forming t h e  s t r i k e  f a u l t s  with coinciding crumpling of S 2 ,  and 
L 

l a t e r  f i l l i n g  with V2 and Vg. 

f o l i a t i o n  developed and sec re t iona l  mobilization from e a r l i e r  veins and wall  

rocks moved i n t o  t h e  low pressure  s i tes  (V4). 

During t h e  process of fo ld ing  S2, t h e  S3 

/ 

From t h e  above we e s t a b l i s h  t h a t  i n t r u s i o n  of t h e  l eucoc ra t i c  

phases, being less deformed than t h e  main phase were emplaced a f t e r  deformation 

had been i n i t i a t e d .  Furthermore, t h e  minera l iza t ion  occurs over a period la ter  

than in t rus ion  of t h e  f e l s i c  phases but t h a t  overlapped deformation of t h e  

Granite Mountain pluton with t h e  youngest veins (V4] f i l l i n g  t h e  S3 f o l i a t i o n  

t h a t  developed during major folding of S2 and VI veins.  

folded in a minor way. 

V2 6 V3 are only 

Therefore, we conclude t h a t  G i b r a l t a r  depos i t  

i l l u s t r a t e s  a continuum between intrusion, deformation, metamorphism and 

minera l iza t ion .  



19-23 

(c 1 Syn t hes  i s  

A synthes is  

mapping and pe t ro log ic  
. I  

has been made from the  da t a  ava i l ab le .  

study i n d i c a t e  t h e  ex is tence  of a modest zoning 

Geologic 

of t h e  Granite Mountain pluton from a mafic r i e h  d i o r i t e  e x t e r i o r  t o  a 

more f e l s i c  quartz d i o r i t e  core. A cons i s t en t  fo l i a t i ' on  occurs t r ansve r se  

t o  t h e  o r i e n t a t i o n  of t h e  long 'dimension of t h e  pluton which i s  no t  observed 

i n  t h e  wall rocks remote from the  pluton. Study of the  r e l a t i o n s h i p  between 

primary igenous f o l i a t i o n ,  t h e  secondary deformational f o l i a t i o n ,  and ve in  

formation ind ica t e s  a continuum of movement of similar o r i e n t a t i o n .  The 

r e l a t i o n s h i p  between t h e  second f o l i a t i o n  (S2), t h i r d  f o l i a t i o n  (Sg), and t h e  

s t r u c t u r a l  r e l a t i o n s h i p  of t h e  fou r  ve in  s e t s  i nd ica t e s  t h e  minera l iza t ion  was 

\ 

an i n t e g r a l  p a r t  of t h i s  process.  

a p p ~ a ~  t o  have h e i i  in t raded  as ii tangua-shayecl p lu ton  rooted t o  i h e  south 

and probably steepening downward. 

formed a domal core  with p-eripheral bodies charac te r ized  by quartz-sulphide 

stockworks. 

a continuous process. 

The Granite Mountain p lu ton  would thus  

- - - - p - -  

A cen t r a l  tongue of l eucoc ra t i c  na tu re  

Emplacement, deformation and minera l iza t ion  appear t o  have been 
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