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G I R W T A R  I4L!\lES LTD. (1i.  P .I,, ) 
( L a t i t u d e  53.O 3 1 ' ~ .  , Long i tude  1 2 2 0  1 7 ' I J . ,  E l e v a t i o n  3630 f e e t  a t  o f f i c e  s i t e )  

LOCATION, ACCESS AND CLIMATE 

The G i b r a l t a r  Nine i s  l o c a t e d  approx ima te lv  100 m i l e s  s o u t h  of P r i n c e  George, 
B.C. on t h e  ~ r c s t e r l y  s l o p e  of  G r a n i t e  Mountain and n e a r  YcLeese Lake. 
(See F i g u r e  1 - G i b r a l t a r  Nincs - L o c a t i o n  Nap). 

Access i s  by way of a 10 m i l e  l o n g  paved highway t h a t  j o i n s  Ilighway 9 7  near 
t h e  n o r t h  end of McLeese Lake ,  

The ambien t  a i r  t e m p e r a t u r e  r a n g e s  from a w i n t e r  minimum of minus 30° Fahr- 
e n h e i t  t o  a summer maximum of 950  F a h r e n h e i t .  

The a n n u a l  p r e c i p i t a t i o n  a t  t h e  m i n e s i t e  i s  a p p r o x i m a t e l y  20 i n c h e s  of which 
a p p r o x i n a t e l y  6 .6  i n c h e s  f a l l s  as  snow. The maximum snow cove r  of a p p r o x i m a t e l y  
3 f e e t  occurs  i n  J.ate Februa ry .  

HISTORY AND OIJ'NERSWIP 

The G i b r a l t a r  and P o l l y a n n a  p r o p e r t i e s  were f o r  t h e  most p a r t ,  e x p l o r e d  
s e p a r a t e l y  u n t i l  1969,  a t  which time t h e y  r e c e i v e d  a combined e x p l o r a t i o n  
program, 

Gib ral. t a r  I? r o p e r  t y  

Thc G i b r a l t a r  p r o p e r t y  was d i s c o v e r e d  i n  1 9 2 7  and was l m o m  as t h e  H i l l  
p r o p e r t y .  ( I3 .C.Y.M.  Repor t  19?8) .  I n  1957 Kimaclo Yi.ncs Ltc!. ( V . P . L . )  d r o v e  
a 110 f o o t  a d i t  i n t o  a m i n e r a l i z e d  ' 'shear" t h a t  was t o  b e  knovm l a t e r  as the  
G i b r a l t a r  Tirest b u t  which a t  t h a t  time was c a l l e d  t h e  "Sunset  Showings". 
During 1958 t h e  p r o p e r t y  vas s o l d  t o  " a j o r  ?-fines L t d .  (N.P.L.)  who a11!014~ed t h e  
p r o p e r t y  t o  IaDse. The D r o n e r t v  was r e s t a k e d  hv J .  1T.ilton on .January 1, 1?62 
who o p t i o n e d  i t  t o  E e e v i l  V i n e s ,  who a l lowed  t h e i r  o p t i o n  t o  lapse i n  1 9 6 4 .  
G i b r a l t a r  Vines L t d .  (3J.P.L.) t h e n  acqu i red .  t h e  p r o p e r t y  from E i l t o n .  Cominco 
then o p t i o n e d  t h e  p r o p e r t y  from G i b r a l t a r  and i n  p a r t n e r s h i p  w i t h  " 2 i t s u h i s h i  
o u t l i n e d  t h e  G i b r a l t a r  Vest zone. They t e r m i n a t e d  t!ieir o p t i o n  i n  1967. T h e  
p r o p e r t y  vas t h e n  o p t i o n e d  t o  Canex-?hival .rdio were e x p l o r i n g  the a d j a c e n t  
Pollyanna p r o p e r t y .  

P o l  l y  anna 

The P o l l y a n n a  was d i s c o v e r e d  i n  1910 and a t  t h a t  t i m e ,  was known as t h e  
Rainbow group.  A f t e r  minor tq70rk t h e  p r o n e r t y  was a l l o ~ ~ r e d  t o  l a p s e .  I t  h a s  
been k n o m  as t h e  I ' o l lymna  s i n c e  19?S when,  ap,ain,  minor  work. vas done. I n  
1949 the showings were s t a k e d  as t h e  Copper King and a shinmcnt  of 1 ,000 113s 
a t  10.5 p e r c e n t  copper  vas m a d e .  



2 

Kimaclo Mines restaked t h e  showing i n  1954 and allowed i t  t o  lapse i n  1956. 
M r .  Robert  Glen s t a k e d  t h i s  p r o p e r t y  i n  1363 and o p t i o n e d  i t  t o  K e c v i l  “ f i n i n g  Co. 
who dropped t h e  o p t i o n  i n  1964.  Duval- C o r p o r a t i o n  L t d .  t h e n  o p t i o n e d  t h e  
p r o p e r t y .  I n  1967 Canex-Aerial  E x p l o r a t i o n  p a r t i c i p a t e d  w j  t h  Duval on an e q u a l  
bas i s  t o  e x p l o r e  t h e  claims. 

La te r ,  Canex bough t  Duva l ’ s  i n t e r e s t  and by 1970 h e l d  more t h a n  70% of t h e  
i s s u e d  s h a r e s  o f  G i b r a l t a r  ? f ines  L t d .  ( X . P . L . ) .  

GEOLOGY 

1. R e g i o n a l  Geology 

P l e a s e  r e f e r  t o  t h e  accompanying s k e t c h  of t h e  r e g i o n a l  geology - ( F i g u r e  2 
- G e n e r a l i z e d  Reg iona l  Geology) .  

In  t h e  v i c i n i t y  of G r a n i t e  Youn ta in ,  the  o l d e s t  r o c k s  are r e g i o n a l l y  
metamorphosed s e d i m e n t a r y  and v o l c a n i c  r o c k s  of t h e  Cache Creek grouD of  
Permian age ( T i p p e r ,  1959) .  

B a t h o l i t h i c  i n t r u s f v e s  of J u r a s s i c - C r e t a c e o u s  ape i n t r u d e  t h e  Cache Creek 
group i n  t h e  G r a n i t e  Yountain area. An i n t e r m i t t e n t  n o r t h - s o u t h  t r e n d i n e  l i n e  
of  b a t h o l i t h i c  r o c k s  o u t c r o p  from P r i n c e  C-eorge on t h e  n o r t h  t o  as f a r  s o u t h  as 
McLeese L a k e .  These r o c k s  occur  a l o n g  t h e  eas t  s i d e  of t h e  F r a s e r  River f a u l t  
system. The b a t h o l i t h s  a re  cornnosed o f  g r a n o d i o r i t e ,  a u a r t z  d i o r i t e ,  d i o r i t e  
and g n i e s s i c  v a r i e t i e s  o f  t h e  above r o c k s .  I n  t h e  immediate v i c i n i t y  o f  G r a n i t e  
Mountain,  a r e g i o n a l l y  f o l i a t e d  and metamornhosed q u a r t z  d i o r i t e  o c c u r s  which 
has  a c h l o r i t e  r i c h  d i o r i t e  margin ap,p.inst r o c k s  of t h e  Cache Creek group.  
Calcareous members of t h e  l a t t e r  show, local . l -y ,  some s k a r n  development  a d j a c e n t  
t o  t h e  d i o r i t e  c o n t a c t .  It  is  w i t h i n  t h e  r e g i o n a l l y  metamornhosed and f o l i a t e d  
q u a r t z  d i o r i t e  t h a t  t h e  G i b r a l t a r - P o l l y a n n a  copper-molyhdenum d e p o s i t s  o c c u r .  

2.  Geology of t h e  G i b r a l t a r  Copper D e p o s i t s  

P l e a s e  r e f e r  t o  t h e  accompanying s k e t c h  o f  t h e  G r a n i t e  Yountain Geology 
(F igure  3 - G e n e r a l i z e d  Geology G i b r a l t a r  Area) . 

T h e  f o u r  copper/molybdenum o r e b o d i e s  o f  G i b r a l t a r  Vines are  known as 
G i h r n l t a r  E a s t ,  G i b r a l t a r  Vest, P o l l v a n n a  and G r a n i t e  Lake. T h e i r  l o c a t i o n s  
are shown on F i g u r e  3. The d i s t a n c e  between t h e  west end o f  t h e  G i b r a l t a r  East  
p i t  and t h e  ea s t  end of  t h e  G r a n i t e  Lake p i t  i s  abou t  2 1 / 2  m i l e s .  The d i s t a n c e  
from t h e  n o r t h  s i d e  o f  t h e  P o l l y a n n a  zone t o  t h e  s o u t h  s i d e  of t h e  G r a n i t e  T A c e  
p i t  i s  a b o u t  1 m i l e .  These f o u r  p i t s  l i e  e n t i r e l y  w i t h i n  t h e  q -ua r t z  d i o r i t e  of 
t h e  Grani te  Mountain Dluton ( F i g u r e  3 ) .  

Rocks of t h e  G r a n i t e  Yountain p l u t o n  i n  t h e  v i c i n i t y  of t h e  G i b r a l t a r  copper  
d e p o s i t .  

Quartz D i o r i t e  

T h e  q u x t z  d i o r i t e  of t h e  Grani.tc Mountain p l u t o n  i s  e x t r e m e l y  un i fo rm i n  
i t s  in ine ra l  a s semblage ,  b u t  shows a v a r i a b l e  d e g r e e  of c a t a c l a s t i c  d e f o r m a t i o n  
and a l t e r a t i o n .  
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. . FIGURE 2 

GENERALIZED 

REGIONAL GEOLOGY 

I I S C A L E  : i"a4.8 m t i e r ( a p p r o r . )  
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This r o c k  i s  composed o f  q u a r t z  (2S-3OZ) , " p l a g i o c l a s e "  which i s  p r e s e n t l y  
a m i x t u r e  o f  a l b i t e - e p i d o t e - z i o s  I t e -muscovi te  ( 5 0 - 5 5 X )  , c h l o r i t e  ( 2 O X )  which 
o r i g j n a l - l y  was b i o t i t e  w i t h  minor  hornbI.entle and d i s s e m i n a t e d  m a g n e t i t e  
(1% o r  less) .  
2-4 m o m .  The g r a i n  size v a r i e s  and t o  t h e  n o r t h  i n  t h e  v i c i n i t y  o f  t h e  t a i l i n g  
pond, may b e  as much as 10 m.m.  

The rock  i s  e q u i g r a n u l a r  and genera1l.y h a s  a g r a i n  s i z e  of 

Throup,hout t h e  G r a n i t e  v o u n t a i n  p l u t o n  t h e  q u a r t z  d i o r i t e  h a s  been  r e g i o n a l l y  
f o l i a t e d  and a1 tered.  ? l i n e r a l o g i c a l  and t e x t u r a l  chanpes a c c o r d i n g  t o  t h e  
deg ree  of  c a t a c l a s  t i c  de fo rma t ion  were deve loped .  Iflien t h e  f o l i a t i o n  i s  
weakly developed  t h e  m i n e r a l  a s s o c i a t i o n  i s  q u a r t z - a l b i t e - m u s c o v i t e - c h l o r i t e ,  
e p i d o t e ,  z o i s i t e - m a E n e t i t e .  As t h e  i n t e n s i t y  o f  €01- i a t ion  i n c r e a s e s  t h e  
q u a r t z  d i o r i t e  eventual1.y becomes s c h i s t  l i k e .  The m i n e r a l  assemblage  i s  
q u a r t z - o l i g o c l a s e - c h l o r i t e - m u s c o v i t e  2 m a g n e t i t e .  E p i d o t e  c o n t e n t  d e c r e a s e s  
as  t h e  i n t e n s i t y  of t h e  f o l i a t i o n  i n c r e a s e s .  

Local- ly  , " s h e a r  zones"  w i t h i n  t h e  above rock  c o n t a i n  an assemblage  of  q u a r t z -  
f e l d s p a r -  ( o l i g o c l - a s e ? )  - g a r n e t - c h l o r i t e .  

Rocks I n t r u s i v e  i n t o  t h e  Quar t z  D i o r i t e  

Wi th in  t h e  s a u s s u r i t i z e d  and f o l i a t e d  q u a r t z  d i o r i t e  of t h e  G r a n i t e  Younta in  
p l u t o n ,  there  are t h r e e  p re -mine ra l  and one p o s t - m i n e r a l  i n t r u s i v e  r o c k s .  
These are: 

1. White q u a r t z  D i o r i t e  

A r o c k  which e x h i b i t s  b o t h  a s h a r p  and a g r a d a t i o n a l  c o n t a c t  a g a i n s t  
the  s a u s s u r i t i z e d  q u a r t z  d i o r i t e  i s  a l e u c o c r a t i c  p r  p h y r i t i c  q u a r t z  
d i o r i t e .  T h i s  rock  i s  cornnosed of Q u a r t z  (30%) and s a u s s u r i t i z e d  Dlagio-  
clase w i t h  a l b i t i c  r i m s  (45Z)  i n  g r a i n s  whic!i r ange  from 1 t o  5 m.m. The 
remain ing  25% of t h e  rock  i s  a f i n e  g r a i n e d  inosiac o f  q u a r t z  and a l b i t i c  
p l a g i o c l a s e  w i t h  a b o u t  1-2% c h l o r i t e .  T h i s  r o c k  i s  n o n d i r e c t i o n a l  t o  
modera t e ly  w e l l  f o l i a t e d  and i s  s a u s s u r i t i z e d .  

2 .  Quar t z -Fe l spa r  Porphyry  

A nore d e f i n i t e  pophvry o c c u r s  i n  t h e  same areas as t h e  l e u c o c r a t i c  
phase .  The quar tz - -€edsDar  porphyry  c r o s s c u t s  t h e  s a i i s s u r i t i z e d  q u a r t z  
d i o r i t e  and a p p a r e n t l y  c r o s s c u t s  t h e  l e u c o c r a t i c  phase .  T h i s  l a t t e r  
r e l a t i o n s h i p  h a s  n o t  been  conc l .u s ive ly  demons t r a t ed .  The porphyrh  i s  
composed o f  3-5 m.m.  p h e n o c r y s t s  of q u a r t z ,  (30X) and a l b i t i c  p l a g i o c l a s e  
(10%) i n  a w h i t e  a p h a n i t i c  matrix which i s  cornnosed of q -ua r t z ,  a l b i t i c  
p l a g i o c l a s e  and some c a r b o n a t e ,  muscov i t e  and z o i s i t e .  T h i s  r o c k  i s  
n o t  a l t e r e d .  

3.  A l p i t e  

Another  i n t r u s i v e  phase i s  a p l i t e  wh ich ,  t y p i c a l l y ,  i s  v e r y  f i n e  g r a i n e d  
and h a s  a sugary  t ex tu re .  T h i s  rock i s  n o t  a l te red .  

4 .  I Iornbl  - d e  D a c i t e  

There  has been o n l y  one  p o s t  m i n e r a l i z a t i o n  r o c k  encoun te red  to d a t e  
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and t h a t  r o c k  is a v e r y  f i n e  g r a i n e d  c h l o r i t i z e d  ho rnb lende  d a c i t e  which is 
known o n l y  i n  t he  G i b r a l t a r  East zone. 

STRUCTURAL ELEMENTS OF ??E GWVITE MOUNTAIN PLUTON I N  THE VICINITY AT ?'HE 
GIBRALTAR COPPER DEPOSIT. 

The r ecogn ized  e l e m e n t s  of s t r u c t u r e  i n  o r d e r  of t h e i r  age  i s  i n d i c a t e d  
by t h e  f i e l d  r e l a t i o n s h i p s .  S t a r t i n g  w i t h  t h e  a p p a r e n t  o l d e s t  t h e y  are: 

(1) S1:  Pr imary  Igneous  Flow F o l i a t i o n .  Th i s  i s  n o t  r ecogn ized  i n  t h e  mine 
area e x c e p t  a t  G r a n i t e  Lake.  Where s e e n  s t r i k e  i s  90-100 Az w i t h  d i p s  from 
25O s o u t h  t o  80° s o u t h .  

(2)  S2: P e n e t r a t i v e  Secondary F o l i a t i o n  w i t h  r e l a t e d  biotite ( = c h l o r i t e )  and 
ho rnb lende  f o l i a t i o n  i n  i t s  weakest e x p r e s s i o n .  This f o l i a t i o n  a v e r a g e s  
a p p r o x i m a t e l y  l l O o  Az i n  s t r i k e  w i t h  an  ave rage  d i p  o f  approx ima te ly  300 
s o u t h e r l y .  I n  t h e  G i b r a l t a r  East p i t  i t  has averaged 1 3 5 O  Az i n  s t r i k e  and 
400 t o  4 5 O  s o u t h w e s t e r l y  i n  d i p .  ( T h i s  i s  t h e  f o l i a t i o n  referred t o  i n  t h e  
s e c t i o n  on r e g i o n a l  geology and i n  g e n e r a l  when r e f e r r i n g  t o  f o l i a t i o n ) .  

(3)  White  q u a r t z  d i o r i t e  i n t r u s i v e .  
c e n t r a l  t o  the m i n e r a l i z e d  zones .  
a g a i n s t  t h e  s a u s s u r i t i z e d  q u a r t z  d i o r i t e ,  S i z e ,  s h a p e s  and a t t i t u d e  of the 
i n d i v i d u a l  b o d i e s  of t h i s  r o c k  are as y e t  unknown. 

T h i s  i s  l a r g e l y  conf ined  t o  be  t h e  area 
I t  h a s  b o t h  g r a d a t i o n a l  and s h a r p  contacts 

( 4 )  
d e p o s i t s .  Again  size, s h a p e s  and a t t i t u d e  of  t h e  i n d i v i d u a l  o c c u r r e n c e s  i s  
unknown, A s  s e e n  i n  diamond d r i l l  c o r e  i t  a p p e a r s  t o  c u t  t h e  l e u c o c r a t i c  
q u a r t z  d i o r i t e .  

Quar t z ,  f e l s p a r  porphyry  i n t r u s i v e  i n t o  t h e  area c e n t r a l  t o  t h e  minera l  

(5) 
are seldom more t h a n  2 i n c h e s  i n  t h i c k n e s s  o r  15 f e e t  l o n g .  A t t i t u d e s  are 
i r r e g u l a r .  

A p l i t e  i n t r u s i o n  which o c c u r s  3s rare ,  s c a t t e r e d  v e r y  small  dykes .  These 

They a p p e a r  t o  b e  randomly d i s t r i b u t e d .  

(6) 
TIic f r a c t u r e s  are  g e n e r a l l y  p a r a l l - e l  t o  S2,  above ,  b u t  i n  some i n s t a n c e s  may 
be obse rved  t o  c u t  a c r o s s  S 2  a t  ang le s  up t o  4 5 O .  
occup ied  by m i n e r a l i z e d  v e i n  s t a g e s  Vi and 172 (see below).  

K1: Major F r a c t u r e  S tockwork. This s tockwork  is  v e r y  e x t e n s i v e l y  deve loped .  

T h i s  s tockwork  i s  now 

(7)  M i n e r a l i z e d  Vein Systems Vi occupying  f o r  t h e  most p a r t  K 1 .  This is 
b a s i c a l l y  a f r a c t u r e  f i l l i n g .  

(8) Again t h i s  
is  b a s i c a l l y  a f r a c t u r e  f i l l i n g .  I t  has been  obse rved  t o  c u t  V i  i n  core and 
i n  hand spec imens  b u t  n o t  v i c e  versa. 

M i n e r a l i z e d  Vein Systems V2 occupying  f o r  t h e  most p a r t  K 1 .  

(9) Vein Systems V3a and 
a v e r a g e  o r i e n t a t i o n  of S 2 .  They r ange  up t o  1 f o o t  o r  more i n  t h i c k n e s s  and ,  
commonly, c a n  b e  traced a l o n g  s t r i k e  f o r  500 i e e t  o r  more. They are  obse rved  
t o  c u t  S2, K 1 ,  V1 and V2. 

These are ma jo r  v e i n  sys t ems  paral-le1 t o  the 
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(10; A f o l d  sys tem i n v o l v i n g  S 1 , A I J  V I ,  V 2 ,  V3a and V3b, I n d i v i d u a l  f o l d s  
r a n g e  from a f r a c t i o n  of one  i n c h  t o  a s  much a s  150 f e e t  o r  b e t t e r  i n  wid th .  
I n t e n s i t y  a t  i n d i v i d u a l  members r a n g e s  from t i g h t  c rumples  i n  small members 
t o  g e n t l e  open s t r u c t u r e s  i n  t h e  l a r g e r  i n d i v i d u a l s .  Fold a x e s  i n  t h e  
G i b r a l t a r  E a s t  p i t  s t r i k e  a t  a p p r o x i m a t e l y  1350 and p lunge  a t  a n  a v e r a g e  of  
200 t o  t h e  s o u t h e a s t ,  

(11) 
k i n k T a n d s  b u t  a l s o  p r e s e n t  as  weak m i n e r a l  o r i e n t a t i o n  of new c h l o r i t e ,  
They may be  contemporaneous w i t h  t h e  f o l d i n g  above .  

S3: F o l i a t i o n  imposed on S2 commonly r e l a t e d  t o  s l i p  s u r f a c e s  a n d / o r  

(12) V 4 :  T h i s  i s  a v e i n  and v e i n l e t  sys tem.  I n d i v i d u a l s  a r e  i r r e g u l a r  i n  shape  
and have  l i m i t e d  c o n t i n u i t y  d e s p i t e  w i d t h s  of  1 t o  2 f e e t  o r  more.  They a re  
o r i e n t e d  i n  a x e s  of t h e  above  f o l d s  and i n  gash  v e i n s  r e l a t e d  t o  V i ,  V 2  and V 3  
(a  and b ) .  They may be  s e e n  t o  c u t  t h e s e  v e i n  sys t ems  o r ,  c o n v e r s e l y ,  g r a d e  
i n t o  them. 

(13)  A dyke sys tem (hornb lende  d a c i t e )  . Only a few i n d i v i d u a l s  have  been s e e n  
and t h e n  o n l y  i n  t h e  G i b r a l t a r  East  p i t .  They a re  up t o  18 i n c h e s  i n  w i d t h  
and appea r  t o  b e  l e n s o i d  w i t h  a b o u t  50 f e e t  b e i n g  t h e  maximum dimens ion  noted  
t o  d a t e .  S t r i k e  i s  i r r e g u l a r  bu t  d i p s  a r e  a l l  c l o s e  t o  v e r t i c a l .  

(14)  J o i n t s ,  T h e r e  a number of j o i n t  sets p r e s e n t .  The most p e r s i s t e n t  
of t h e s e  a s  shown by mapping t h e  G i b r a l t a r  East  p i t  i s  one  t h a t  s t r i k e s  
20° Az t o  40° Az and d i p s  650 t o  80° t o  t h e  n o r t h w e s t ,  

(15)  F a u l t s .  A number of f a u l t  sys t ems  e x i s t  i n  t h e  mine a r e a .  Mapping and 
p h o t o - i n t e r p r e t a t i o n  i n d i c a t e  t h e  a t t i t u d e s  o f  t h e  main f a u l t  sys t ems  t o  be :  
300 Az t o  400 Az d i p  700 t o  800 w e s t e r l y ;  3400 Az t o  350° Az d i p  s t e e p ;  
300° Az t o  320° Az, d i p  s t e e p ;  00 Az t o  20° A z ,  d i p  s t e e p .  Red h e m a t i t e  is  
f r e q u e n t l y ,  though n o t  n e c e s s a r i l y  a lways ,  p r e s e n t  i n  and a d j a c e n t  t o  f a u l t  
and s h e a r  zones .  

MINERALIZATION AND HYDROTHERWL ALTERATION 

As o u t l i n e d  i n  t h e  s e c t i o n  on  s t r u c t u r e :  

T h e r e  a re  a t  l e a s t  f o u r  s t a g e s  of v e i n i n g  r ecogn ized  w i t h i n  t h e  G i b r a l t a r  
d e p o s i t s ,  The d i v i s i o n  of v e i n s  i n t o  s t a g e s  i s  dependent  on  t h e i r  r e l a t i v e  
a g e  r e l a t i o n s  which means t h a t  t h e  f i r s t  l i s t e d  i n  c r o s s c u t  by t h e  n e x t  
l i s t e d  f e a t u r e .  The f o u r  s t a g e s  a r e  summarized below. 

i - Q u a r t z - p y r i t e  2 c h a l c o p y r i t e  WITH a s e r i c i t i c  enve lope .  
(Ser ic i te  enve lope  a s semblage  i s  q u a r t z ,  s e r i c i t e ,  p y r i t e  
2 c h a l c o p y r i t e  w i t h  a l l  s a u s s u r i t i z e d  f e l d s p a r  b e i n g  m a d e  o v e r  
t o  s e r i c i t e - c l a y  (? )  m i x t u r e )  : 

v1 - 

ii - Quar t  z-chlor i t e - p y r  it e-cha lcopyr  i t  e-magnet i t e  carbonat e WITH 
a c h l o r i t i c  enve lope  ( C h l o r i t e  enve lope  a s semblage  is  q u a r t z ,  
c h l o r i t e ,  p y r i t e ,  f c h a l c o p y r i t e  w i t h  a pronounced Lbsence o f  
e p i d o t e  i n  t h e  s a u s s u r i t i z e d  f e l d s p a r )  , 
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i - Q u a r t z - c h l o r i t e - p y r i t e  2 m a g n e t i t e  v2 - 
ii - Q u a r t  z - ch lo r  i te-pyr  i t  e-cha lcopyr  i t e=ep ido  t e magnet i t  e 

iii - Quartz-chlorite-pyrite-epidote f m a g n e t i t e  

i v  - Q u a r t z - c h l o r i t e - b o r n i t e  ? p y r i t e  ( r e s t r i c t e d  t o  porphyry  area 
between Po l lyanna  and G r a n i t e  Lake zone,  (a11 w i t h  k c a r b o n a t e ) .  

v3 - a - Quar t z  p y r i t e  c h a l c o p y r i t e  m a g n e t i t e  c a r b o n a t e  

- b - Quar t z  pyrite-chalcopyrite-molybdenite f m a g n e t i t e  c a r b o n a t e  

v4 - Q u a r t z - f i n e  g r a i n e d - c h l o r i t e  p a r t i c l e s  - p y r i t e  f c h a l c o p y r i t e .  

Ve ins  w i t h  s e r i c i t i c  and c h l o r i t i c  enve lopes  a re  d e f i n i t e l y  c r o s s c u t  by 
V2 v e i n s  which do n o t  have  enve lopes .  
enve lope  h a s  n o t  been found t o  c r o s s c u t  a v e i n  w i t h  a c h l o r i t i c  enve lope .  
Consequent ly ,  t h o s e  v e i n s  w i t h  e i t h e r  t y p e  of enve lope  a re  c o n s i d e r e d  t o  be 
i n  S t a g e  1. 

To d a t e ,  a v e i n  w i t h  a s e r i c i t i c  

Ve in ing  c a n  be  p a r a l l e l  t o  t h e  f o l i a t i o n  i n  t h e  h o s t  q u a r t z  d i o r i t e  o r  i t  
c a n  c r o s s c u t  t h e  f o l i a t i o n .  

Hydrothermal  a l t e r a t i o n  i n  t h e  form o f  t h e  s e r i c i t i c  and c h l o r i t i c  enve lopes  
is  s i m i l a r l y  s e e n  t o  be p a r a l l e l  t o ,  a s  w e l l  a s  c r o s s c u t t i n g  t h e  f o l i a t i o n  i n  
t h e  h o s t  q u a r t z  d i o r i t e .  

A second hydro the rma l  a l t e r a t i o n  f e a t u r e  w a s  obse rved  i n  a p e t r o g r a p h i c  
s t u d y  (Simpson, 1970)  of t h e  s a u s s u r i t i z e d  p l a g i o c l a s e  a c r o s s  t h e  P o l l y a n n a  
and G i b r a l t a r  E a s t  zones .  It  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  e p i d o t e  i n  t h e  s a u s s u r i t i z e d  p l a g i o c l a s e  cou ld  be  c o r r e l a t e d  r e a s o n a b l y  well 
t o  t h e  coppe r  g r a d e .  

MINERAL ZONING 

An o b v i o u s  g r o s s  zoning  o f  m i n e r a l i z a t i o n  e x i s t s  as  f a r  as economic copper  
m i n e r a l i z a t i o n  i s  concerned  . 

T h e r e  i s  l i t t l e  m i n e r a l i z a t i o n  of  any  kind i n  t h e  c o r e  zone.  Immedia te ly  
o u t s i d e  of and f o r  some d i s t a n c e  copper  m i n e r a l s  c h i e f l y  c h a l c o p y r i t e  i n  t h e  
p r imary  zone,  a r e  p r e s e n t  i n  economic amounts .  It  is  w i t h i n  t h i s  p o r t i o n  
of t h e  m i n e r a l i z e d  zone t h a t  t h e  o r e b o d i e s  o c c u r .  Beyond t h a t ,  m i n e r a l i z a t i o n  
i s  c h i e f l y  p y r i t e  a l t h o u g h ,  g e n e r a l l y ,  minor t o  t race  amounts of copper  
m i n e r a l i z a t i o n  a re  p r e s e n t .  

SUPERGENE ZONE 

The supe rgene  zone c o n s i s t s  o f  t h e  f o l l o w i n g  2 d i v i s i o n s .  

Leached zone 

Over a l m o s t  a l l  of  t h e  m i n e r a l i z e d  zones  t h e r e  e x i s t s  a zone t h a t  i s  whol ly  

I 
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o r  i n  p a r t ,  l eached  of  pr imary  s u l f i d e  m i n e r a l i z a t i o n .  I t  i s  c h a r a c t e r i z e d  
by abundant  l i m o n i t e  and t h e  absence  of  economic copper  m i n e r a l i z a t i o n .  I t  
i s  i r r e g u l a r  i n  development  and t h i c k n e s s .  I n  t h e  G i b r a l t a r  East p i t  where 
i t  c a n  r e a d i l y  be  s e e n  i t  a v e r a g e s  somewhat l e s s  t h a t  100 f e e t .  

Enrichment  Zone 

. Supergene  copper  m i n e r a l s  occur  t o  d e p t h s  of  a l e a s t  600 f e e t  t o  700 f e e t  
i n  l o c a l ,  i s o l a t e d  i n s t a n c e s ,  b u t  t h e  v a s t  b u l k  of supe rgene  copper  m i n e r a l -  
i z a t i o n  o c c u r s  from t h e  bot tom of t h e  l e a c h e d  zone t o  a d e p t h  of  from 
200 f e e t  t o  400 f e e t .  

T h i s  supe rgene  m i n e r a l i z a t i o n  h a s  c r e a t e d  a b l a n k e t  of  s econdary  enr ichment  
ove r  t h e  coppe r  b e a r i n g  p o r t i o n  of t h e  m i n e r a l i z e d  zone.  The d e g r e e  of  
enr ichment  h a s  n o t  been c l o s e l y  a s c e r t a i n e d .  The major  e f f e c t  i s  t h a t  i t  h a s  
added t o  t h e  tonnage  a v a i l a b l e  f o r  m i l l i n g .  

C h a l c o c i t e  forms  a t  l eas t  85% a t  t h e  secondary  copper  m i n e r a l i z a t i o n  and 
i s  p r e s e n t  m a i n l y  a s  c o a t i n g s  on t h e  pr imary  s u l f i d e s  p y r i t e  and c h a l c o p y r i t e .  
C u p r i t e  makes up 10% p l u s  of  t h e  remainder  of  t h e  secondary  m i n e r a l i z a t i o n .  
T h i s  i s  fo l lowed  by a small amount of  m a l a c h i t e ,  minor amounts of a z u r i t e  and 
native p l u s  t r a c e  amounts of  c o v e l l i t e  and c h r y s o c o l l a .  

The above  2 zones  a re  i l l u s t r a t e d  on  F i g u r e  4 .  (Geology C r o s s  S e c t i o n  
46415 E) which accompanies  t h i s  r e p o r t .  

INTERPRETATIVE SUMMARY OF THE GEOLOGY OF THE GIBRALTAR COPPER DEPOSIT 

The f o l l o w i n g  i s  a n  a b b r e v i a t e d  i n t e r p r e t a t i o n  of t h e  f o r e g o i n g .  I t  e x p l a i n s  
o n e  h y p o t h s i s  r e g a r d i n g  t h e  development  a t  t h e  d e p o s i t s .  The v a r i o u s  
g e o l o g i c a l  e v e n t s ,  a c c o r d i n g  t o  t h i s  i n t e r p r e t a t i o n  are:  

1. 

2. 

3.  

4 .  

The G r a n i t e  Mountain p l u t o n  i n t r u d e d  Cache Creek. group r o c k s  d u r i n g  
J u r a s s i c - C r e t a c e o u s  t i m e .  

Deformat ion  of t h e  g e n e r a l  area h a s  produced s i m u l t a n e o u s  development  o f  
(a )  r e g i o n a l  f o l i a t i o n ,  and (b) r e g i o n a l  g r e e n s c h i s t  f a c i e s  t y p e  of 
metamorphic  a s semblages  w i t h i n  t h e  q u a r t z  d i o r i t e  of  t h e  G r a n i t e  
Mountain p l u t o n .  

Dur ing  c o n t i n u e d  d e f o r m a t i o n ,  q u a r t z - f e l d s p a r  prophyry  i n t r u d e d  t h e  
p l u t o n  which formed a s t r u c t u r a l l y  more competent  c o r e .  

Dur ing  f u r t h e r  d e f o r m a t i o n ,  a f r a c t u r e  p a t t e r n  deve loped  around t h e  
s t r u c t u r a l l y  more competent  c o r e .  T h i s  f r a c t u r e  sys tem which i s  imposed 
on, and p a r t l y  c o n t r o l l e d  by,  t h e  r e g i o n a l  f o l i a t i o n ;  c o n t a i n s  a wide b u t  
r e g i o n a l l y  r e s t r i c t e d  s u l p h i d e  zone.  Wi th in  t h e  s u l p h i d e  zone,  a 
c h a l c o p y r i t e - s e c o n d a r y  c h a l c o c i t e  molybden i t e  zone o c c u r s  between t h e  
low s u l p h i d e  c o r e  and a p y r i t i c  h a l o .  
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5 .  A t  some l a t e r  t i m e ,  movements on t h e  F r a s e r  River f a u l t  system have u p l i f t e d  
t h e  G r a n i t e  Mountain p l u t o n .  R e l a t i v e l y  down dropped areas  were f i l l e d  by 
T e r t i a r y  v o l c a n i s m .  Weather ing under  a r i d  c o n d i t i o n s  caused a l e a c h e d  zone 
and a n  u n d e r l y i n g  zone of secondary  en r i chmen t .  

6. Recent  g l a c i a l  a c t i v i t y  h a s  d e p o s i t e d  t i l l  and g r a v e l  ove r  t h e  e n t i r e  
area of t h e  G i b r a l t a r  Poll-yanna copper molybdenum d e p o s i t s .  

ORE RESERVES 

The t o t a l  o r e  reserve f o r  t h e  f o u r  p i t s  a t  t h e  commencement cf m i l l i n g  i n  
March 1972 were 358 m i l l i o n  t o n s  g r a d i n g  .367 p e r c e n t  coppe r  and .016 p e r c e n t  
molybden i t e .  

. 
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PROPERTY OPERATION 

. 

The s u r f a c e  l a y o u t  of t h e  G i b r a l t a r  Mines o p e r a t i o n  i s  shown i n  F i g u r e  5 
( m i n e s i t e ) .  Under t h e  d i r e c t i o n  of a Wine Manager and an A s s i s t a n t  Mine Manager, 
t h e  o p e r a t i n g  crew is  c l a s s i f i e d  i n t o  s i x  d e p a r t m e n t s  w i t h  p e r s o n n e l  d i s t r i b u t i o n  
as o u t l i n e d  below i n  T a b l e  No. I .  

TABLE NO. I 

DEPARTMENT 

Adminis t r a  t i o n  
Account ing 
Employee R e l a t i o n s  
E n g i n e e r i n g  6 Geology 
Mine 
M i l l  

P l a n t :  

Crus  h e r  M a  i n  t enanc e 
E l e c t r i c a l  Maintenance 
Machine Shop Xa in tenance  
M i l l  Maintenance 
P i t  Shop Maintenance 
P l a n t  Maintenance 
Sur f  ace Maintenance 

T o t a l  P l a n t  
- 

TOTAL 

STAFF 

3 
26 
1 0  
23 
1 3  
26 

26 

127 

HOURLY 

1 4  
1 

1 6 5  
62 

1 2  
22  
35 
1 9  
52 
1 9  
38 

197 

- 

439 

TOTAL 

3 
4 0  
11 
23 

178 
88 

223 

566 

MINING OPERATION 

T h e  t o t a l  area encompassing o r e b o d i c s ,  dumps and p l a n t s i t e  o n  t h e  G i b r a l t a r  
Mines L t d .  (N.P.L.) p r o p e r t y  c o v e r s  a p p r o x i m a t e l y  4300 acres .  

As mentioned under  t h e  s e c t i o n  on Geology, t h e  coppe r  d e p o s i t  c o m p r i s e s  
f o u r  s e p a r a t e  and d i s t i n c t  o r e b o d i e s .  
from S t a g e  I th rough  t o  t h e  u l t i m a t e  S t a g e  111. 
o n  compute r i zed  p i t  d e s i g n s  and s c h e d u l e s  t h u s  a l l o w i n g  max imiza t ion  of t h e  
d i s c o u n t e d  c a s h  f low.  

Each orebody i s  t o  be mined s e q u e n t i a l l y ,  
T h i s  s equence  h a s  been based 

The computer ized p i t  d e s i g n s  were smoothed, a l l o w i n g  f o r  t h e  i n c o r p o r a t i o n  
of h a u l a g e  ramps, power s u p p l y  and pumping equipment ,  e tc .  



. 
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-f 

Hole  Diameter ( i n c h e s )  Burden ( f e e t )  Spac ing  ( f e e t )  
- 

9 7/8 1 9  21  
1 2  1 / 4  23 25 

The f o l l o w i n g  d e s i g n  p a r a m e t e r s  were u s e d :  

a 

t 

Copper P r i c e  - 50C N . S . R .  
High-grade c u t o f f  - 0 .25% CU 
Minimum s i z e  p i t  d e s i g n  - 30 m i l l .  t o n s  (High g r a d e  o r e )  

S a f e t y  berm a t  b a s e  of overbuden - up t o  1 0 0  f e e t  depending o n  ove rburden  t h i c k n e s s  
Working f a c e  s l o p e  - 67' 
Bench i n t e r v a l  h e i g h t  - 4 5  f e e t  
S a f e t y  berms i n  r o c k  
Haulage r o a d s  w i d t h s  (2- lane)  - 80 f e e t  t o  100 f e e t  

Minimum p i t  w a l l  c u r v a t u r e  - r a d i u s  n o t  l e s s  t h a n  60 f e e t  

Overburden bank s l o p e  - 450  

- 45  f e e t  wide e v e r y  o t h e r  bench 

Haulage r o a d s  g r a d i e n t s  - '  up t o  10% 

P i t  P r o d u c t i o n  

A s  of t h e  1st J a n u a r y ,  1974,  t h e  G i b r a l t a r  E a s t  p i t  S t a g e  I ,  was n e a r i n g  
c o m p l e t i o n ,  hav ing  o n l y  f o u r  more benches  t o  b e  mined (making a t o t a l  o f  
13 benches i n  a l l ) .  The G r a n i t e  Lake p i t  S t a g e  I was i n i t i a t e d  i n  t h e  l a t t e r  
p a r t  o f  1973  and a t  p r e s e n t  s t r i p p i n g  i s  p r o c e e d i n g  p r i o r  t o  f u l l  o r e  
p r o d u c t i o n  i n  t h e  m i d d l e  of  1974,  when G i b r a l t a r  E a s t  w i l l  be  phased o u t .  

D r i l l i n g  p a t t e r n s  v a r y  a c c o r d i n g  t o  r o c k  t y p e ,  g e o l o g i c a l  s t r u c t u r e  and 
d r i l l  h o l e  d i a m e t e r ,  b u t  c a n  be summarized as  f o l l o w s :  

The f o l l o w i n g  f i g u r e s  summarize p i t  p r o d u c t i o n  s t a t i s t i c s  from s t a r t - u p  
( A p r i l  1971)  u n t i l  December 1973.  

1. P r e - P r o d u c t i o n  Phase  ( A p r i l  1971  - March 1972)  

Overburden - 3 ,225 ,000  t o n s  (removed by c o n t r a c t o r s )  
Overburden - 1 , 4 0 8 , 0 0 0  t o n s  (removed by G i b r a l t a r )  
Waste Rock - 4 ,156 ,000  t o n s  
S t o c k p i l e d  High Grade - 328,000 t o n s  @ 0.41% cu 
S t o c k p i l e d  Low Grade - 1 , 1 1 5 , 0 0 0  t o n s  
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2. P r o d u c t i o n  Phase  (March 1972 th rough  December 1973) 

Overburden - 2,881,000 t o n s  (removed by c o n t r a c t o r s )  
Overburden - 4,179,000 t o n s  (removed by G i b r a l t a r )  
Waste Rock - 12 ,634 ,000  t o n s  
S t o c k p i l e d  High Grade - 635,000 t o n s  @ 0.49% Cu 
S t o c k p i l e d  Low Grade - 8,356,000 t o n s  
M i l l  Feed - 26,800,000 t o n s  C! 0.47% Cu 

T o t a l  Mined 52,604,000 t o n s  

3 .  P r o d u c t i o n  f o r  Year end ing  3 1 s t  December 1973 

Overburden - 21,181,000 t o n s  
Waste Rock - 8 ,013 ,000  t o n s  
S t o c k p i l e d  Low Grade - 3,908,000 t o n s  
M i l l  Feed - 15,225,000 t o n s  @ 0.48% Cu 

T o t a l  Mined 29,327,000 t o n s  

P i t  Equipment : - 

C u r r e n t  p i t  equipment and r e s p e c t i v e  per formances  appea r  i n  T a b l e  No. 11. 
( P i t  P r o d u c t i o n  Equipment) .  

Main tenance  F a c i l i t i e s : -  

The maintenance shop i s  housed in a t o t a l l y  enclosed s t r u c t u r e  c o v e r i n g  
some 51,500 s q u a r e  feet  and i s  l o c a t e d  on  t h e  main p l a n t  s i t e ,  some 1000 
y a r d s  from t h e  e n t r a n c e  t o  t h e  G i b r a l t a r  East p i t .  
f o r  t h e  c o m p l e t e  r a n g e  o f  r e p a i r  and m a i n t e n a n c e  of t h e  p i t  p r o d u c t i o n  equipment ,  
s u r f a c e  equipment and t h e  f l e e t  of mine s e r v i c e  v e h i c l e s .  
a machine shop,  t h r e e  weld ing  bays ,  t e n  main tenance  bays ,  s even  g a s  s e r v i c e  bays ,  
two t i r e  b a y s ,  one steam bay,  a n  e l ec t r i ca l  shop and t o o l  c r i b .  

The shop i n c l u d e s  f a c i l i t i e s  

The b u i l d i n g  i n c l u d e s  

Warehouse F a c i l i t i e s  : - 

The mine warehouse i s  immedia te ly  a d j a c e n t  t o  t h e  maintenance shop and 
c o v e r s  a n  area of a p p r o x i m a t e l y  1 4 , 0 0 0  s q u a r e  f e e t .  
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Tab le  No. 11 

P i t  P r o d u c t i o n  Equipment 

F u n c t i o n  Type of Un i t  No. of Scheduled 
U n i t s  p e r  s h i f t  

S h i f t s  pe r  
o p e r a t i n g  day 

U n i t  
p e r f  o man ce 

Blast hole 
d r i l l i n g  

Ro ta ry  d r i l l s  
Electr ic  45R 
Bu cy rus  -E r i e  
Elec t r ic  4>f 
Marion 

2 

1 

2 

1 

3 721 f e e t  of 9 7/8 
i n .  d i a m e t e r  h o l e s  
701 f e e t  of  1 2  1 / 4  
i n .  d i a m e t e r  ho le s  

3 

Loading  14 c u b i c  y a r d  shovels 
E l e c t r i c  2100B P&H 
E l e c t r i c  191-M Marion 

3 
1 

2 
1 

3 
3 

12,200 t o n s  p e r  s h i f t  
12,300 t o n s  p e r  s h i f t  

Haulage  D i e s e 1 -e l e  c t r i c  t r u c k s  
l@OT U n i t  Rig 23 18 3 2,050 t o n s  p e r  s h i f t  

Dump Nain t enance  Track Dozers  
Shovel  Clean-up D-9 C a t e r p i l l a r  

D-8 C a t e r p i l l a r  
T i r e d  Dozers  
824 Caterpi l lar  

1 
4 

1 
4 

3 
3 

1 1 3 

Ro ad Main t en an ce Road g r a d e r  
1 6 E  Caterp i l la r  
14E Cate rp i l l a r  

1 
1 

1 
1 

3 
3 

Water ing  t r u c k  1 

1 

1 When r e q u i r e d  

Sanding  t r u c k  1 When r e q u i r e d  



1 3  

GIBRALTAR MILLING OPERATIONS 

SUMMARY 

The G i b r a l t a r  c o n c e n t r a t o r  commenced o p e r a t i o n  i n  March 1972.  The m i l l  was 
des igned  f o r  30,000 t o n s  p e r  clay bu t  w i t h i n  a s h o r t  p e r i o d  w a s  c o n t i n u a l l y  
exceed ing  40,000 t o n s  p e r  day .  The c r u s h i n g ,  m i l l i n g ,  and t a i l i n g  d i s p o s a l  
o p e r a t i o n s  a r e  c o n v e n t i o n a l  b u t  w i t h  some n o t a b l e  e x c e p t i o n s :  

1. Only two s t a g e s  of c r u s h i n g  a r e  b e i n g  used .  T h r e e  s t a g e s  a re  
common f o r  many l a r g e  tonnage  o p e r a t i o n s .  

2; The Work Index  v a r i e s  between 8 . 5  and 1 0 . 0  which p e r m i t s  a 
c o a r s e  m i l l  f eed  of  40% + 3 / 4  i n c h  t o  be a c c e p t a b l e .  

3 .  A c o a r s e  f l o t a t i o n  f eed  of 30% + 6 5  mesh c a n  b e  used  w h i l e  
s t i l l  o b t a i n i n g  good r e c o v e r y .  

4 .  The centere lhe  method of  t a i l i n g  dam c o n s t r u c t i o n  i s  used s u c h  
t h a t  a n t i c i p a t e d  seismic l o a d i n g  i n  t h i s  area w i l l  n o t  c a u s e  a 
dam f a i l u r e .  

M i l l  h eads  a re  .37% c o p p e r ,  c o n c e n t r a t e  g rade  28% copper ,  and t o t a l  copper  
r e c o v e r y  i s  above 85% o n  t h e  c l e a n  o r e s .  The c r u s h i n g  and m i l l i n g  o p e r a t e s  
are seven  d a y s  p e r  week on a t h r e e  s h i f t  b a s i s .  

PRIMARY CRUSHING 

A 54 i n c h  by 74 i n c h  A l l i s  Chalmers  c r u s h e r  is  used t o  c r u s h  t h e  mine 
r u n  o r e  t o  minus 7 i n c h e s .  Ore is  hauled  from t h e  v a r i o u s  p i t  l o c a t i o n s  o n  
a 7 d a y ,  3 s h i f t  b a s i s .  Dump p o i n t s  a r e  provided  on  e i t h e r  s i d e  of  t h e  
c r u s h e r  such  t h a t  one  t r u c k  c a n  be  dumping w h i l e  a n o t h e r  i s  backing  i n t o  p o s i t i o n .  

The p r imary  c r u s h e r  o p e r a t o r  i s  l o c a t e d  i n  a c o n t r o l  room o v e r l o o k i n g  
t h e  dump p o c k e t .  H e  c o n t r o l s  t h e  dumping of t h e  t r u c k s  t h r o u g h  a sys tem of 
t r a f f i c  and s i g n a l  l i g h t s .  The o p e r a t o r  a r e a  h a s  r a d i o  and t e l e p h o n e  
communicat ion w i t h  t h e  p i t  and secondary  c r u s h i n g  p l a n t .  

A 600 H.P. e l ec t r i c  motor  r u n n i n g  a t  1180 R.P.M. i s  connected  v i a  V b e l t  
d r i v e  t o  t h e  c r u s h e r  d r i v e  s h a f t .  A Wich i t a  a i r  c l u t c h  i s  mounted o n  t h e  

c r u s h e r  d r i v e  s h a f t  t o  p e r m i t  t h e  motor t o  r u n  c o n t i n u o u s l y  w h i l e  t h e  
c r u s h e r  i s  d i sengaged  . 

The c r u s h e r  d i s c h a r g e  d r o p s  o n t o  a s h o r t  84 i n c h  wide v a r i a b l e  speed b e l t  
conveyor  and t h e n  o n t o  a 72 i n c h  conveyor  which f e e d s  two 8 f e e t  by 20 f e e t  
p r imary  s c r e e n s .  
go ing  t o  a 36,000 t o n  l i v e  s t o r a g e  s t o c k p i l e  and t h e  u n d e r s i z e  t o  a 20,000 
t o n  l i v e  s torage f i n e  ore  s t o c k p i l e .  Dozers can be used  on b o t h  s t o c k p i l e s  
such  t h a t  t o t a l  c o a r s e  and f i n e  o r e  s t o r a g e  i s  approx ima te ly  150,000 t o n s .  

These  s c r e e n s  make a 1 1 / 2  i n c h  s p l i t  w i t h  t h e  o v e r s i z e  
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T a b l e  I 

Pr imary  Crusher  

SECONDARY 

O p e r a t i n g  P e r s o n n e l  - 1 man p e r  s h i f t / 7  d a y s  p e r  week 
Crushing  c a p a c i t y  - 3000 t o n s  p e r  hour 
Man t l e  L i f e  - 3.0 m i l l i o n  t o n s  
Concave L i f e  - 5.5 m i l l i o n  t o n s  

CRUSHING 

Ore is  drawn from t h e  c o a r s e  o r e  s t o c k p i l e  by s i x  Nico h y d r a s t r o k e  f e e d e r s  
and f e d  t o  f o u r  1 3  i n c h  by 84 i n c h  A l l i s  Chalmers c r u s h e r s .  Two 48 i n c h  
conveyors  a r e  s i d e  by s i d e  b u t  i n  s e p a r a t e  t u n n e l s  u n d e r n e a t h  t h e  c o a r s e  o r e  
s t o c k p i l e ,  Each conveyor  f e e d s  two c r u s h e r s  b u t  e i t h e r  c r u s h e r  c a n  be  c l o s e d  
o f f  s u c h  t h a t  c r u s h e r  ma in tenance  c a n  be done i n d e p e n d e n t l y .  

Each of t h e  secondary  c r u s h e r s  i s  d r i v e n  by a 350 HOP.  motor v ia  V b e l t  
d r i v e  b u t  w i t h  no c l u t c h ,  Metal d e t e c t o r s  on  t h e  c r u s h e r  f eed  b e l t s  p r o v i d e  
p r o t e c t i o n  from tramp s t e e l .  

The c r u s h e r s  each  have  a 6 f o o t  by 1 4  f o o t  s c r e e n  under  them t o  make a 
1 1 / 2  i n c h  s e p a r a t i o n .  The p l u s  1 1 / 2  i n c h  p roduc t  r e c y c l e s  back  t o  t h e  
c o a r s e  o r e  s t o c k p i l e  s u c h  a s  t o  e n a b l e  c l o s e d  c i r c u i t  c r u s h i n g .  The minus  
1 1 / 2  i n c h  p roduc t  j o i n s  t h e  p r imary  s c r e e n  u n d e r s i z e  and i s  conveyed t o  
t h e  f i n e  o r e  s t o c k p i l e ,  

The 60 i n c h  b e l t  f e e d i n g  t h e  f i n e  o r e  b i n  is  equipped w i t h  a Compudyne 
b e l t  s c a l e  which r e c o r d s  t o t a l  tonnage  and h o u r l y  r a t e .  The secondary  
c r u s h e r s  a re  c a p a b l e  of p roduc ing  450 t o n s  p e r  hour e a c h ,  Combined w i t h  
t h e  1 , 0 0 0  t o n s  p e r  hour  of p r imary  s c r e e n  u n d e r s i z e  t h e  t o t a l  c r u s h i n g  c a p a c i t y  
i s  a p p r o x i m a t e l y  2800 t o n s  p e r  hour .  

The secondary  c r u s h i n g  p l a n t  and a l l  a s s o c i a t e d  conveyors  and e q u i p n e n t  
are  c o n t r o l l e d  from a c e n t r a l  c o n t r o l  room i n  t h e  secondary  c r u s h i n g  b u i l d i n g .  
The c r u s h i n g  r a t e  i s  l i m i t e d  by t h e  amperage draw on t h e  secondary  c r u s h e r  
moto r s .  The f e e d e r s  under  t h e  c o a r s e  o r e  s t o c k p i l e  a r e  a d j u s t a b l e  i n  t h e i r  
f e e d  r a t e  s u c h  t h a t  t h e  c r u s h e r  motor amperage c a n  be k e p t  a t  a maximum. 

Dust c o l l e c t i o n  sys t ems  a r e  l o c a t e d  a t  t h e  p r imary  c r u s h e r  area,  secondary  
c r u s h i n g  p l a n t ,  and f i n e  o r e  s t o r a g e  area,  The d u s t  c o l l e c t i o n  s l u r r y  water 
is pumped t o  t h e  c o n c e n t r a t o r  t o  p e r m i t  r e c o v e r y  o f  any  copper  m i n e r a l s .  

T a b l e  11 

Secondary  C r u s h i n g  

O p e r a t i n g  p e r s o n n e l  - 2 men p e r  s h i f t / - /  d a y s  p e r  week 
Secondary Crush ing  s e t t i n g  - 3 / 4  i n c h  c l o s e  s i d e  
Man t l e  L i f e  - 1 . 5  m i l l i o n  t o n s  
Concave L i f e  - 3.0 m i l l i o n  t o n s  



GRINDING CIRCUITS 

T h r e e  p r imary  g r i n d i n g  c i r c u i t s  a re  used f o r  p r e p a r i n g  t h e  c rushed  r o c k  
f o r  roughe r  f l o t a t i o n .  Each c i r c u i t  h a s  a 1 3 . 5  f o o t  by 20 f o o t  rod m i l l  and 
a 13 .5  f o o t  by 20 f o o t  b a l l  m i l l .  The rod m i l l s  r e c e i v e  t h e i r  o r e  from a 
b e l t  conveyor  sys t em l o c a t e d  under  t h e  f i n e  o r e  s t o c k p i l e .  The A l l i s  
Chalmers  g r i n d i n g  m i l l s  a r e  equipped w i t h  2500 H.P. mo to r s  coupled  th rough  
Wich i t a  a i r  c l u t c h e s .  

The b a l l  m i l l s  e ach  o p e r a t e  i n  c l o s e d  c i r c u i t  w i t h  s i x  30 i n c h  Krebs 
c y c l o n e s .  Two s i z e s  of  c y c l o n e  pumps a re  used - A l l i s  C h a l m e r s  20 x 18 SRL 
and 16 x 14 SRL. 

Dry o r e  f e e d  r a t e  c a n  b e  c o n t r o l l e d  a u t o m a t i c a l l y  t o  v a r y  t h e  f eed  r a t e  
a s  t h e  g r i n d i n g  c h a r a c t e r i s t i c s  change .  The sys tem u t i l i z e s  a n  Au tomet r i c s  
p a r t i c l e  s i z e  a n a l y z e r  and o t h e r  r e l a t e d  equipment t o  m a i n t a i n  t h e  d e s i r e d  
g r i n d  w h i l e  v a r y i n g  tonnage  a c c o r d i n g l y .  I f  t h e  o p e r a t o r  w i s h e s  t o  m a i n t a i n  
a c o n s t a n t  tonnage  t h i s  c a n  a l s o  be done .  A Compudyne b e l t  s c a l e  i s  used  
on each  rod m i l l  f eed  b e l t  t o  measure  tonnage .  The cross conveyors  under  
t h e  f i n e  o r e  b i n  a r e  v a r i a b l e  speed t o  p e r m i t  c o n t r o l l e d  tonnage  v a r i a t i o n s .  

The a v e r a g e  m i l l  t h roughpu t  i s  41,500 t o n s  p e r  day  a t  a Bond Work Index  
of 9 .3 .  Cyclone o v e r f l o w  s i z i n g  i s  30% + 65 mesh a t  52% s o l i d s .  

I n c r e a s i n g  t h e  rod m i l l  speed from 69 t o  73% c r i t i c a l  h a s  shown a tonnage  
inc rease .  An i n c r e a s e  from 78 t o  81% c r i t i c a l  i s  b e i n g  e v a l u a t e d  o n  a 
b a l l  m i l l .  

T a b l e  111 

Rod M i l l s  B a l l  M i l l s  Rod and B a l l  Mill S t a t i s t i c s  

Size - 1 3 . 5  f e e t  x 20 f e e t  
Hor sepower Installed - 2500 
Horsepower Drawn - 1900 6 2100 
Speed % C r i t i c a l  - 69 & 73 
Grind i n g  Mcd i a  - 4 i n c h  Rods 
G r i n d i n g  Media Consumption - 
L i n e r s  - Mn L i f t e r  & N i  Hard 

. 52 l b / T  

S h e l l  P l a t e ,  Cr-No 
Ends 

COPPER FLOTATION 

13.5 f e e t  x 20 f e e t  
2500 
2350 
78 
2 i n c h  B a l l s  
.53 l b / T  

N i  Hard Double 
Wave S h e l l  
N i  Hard Ends 

The c y c l o n e  o v e r f l o w  from each  g r i n d i n g  c i r c u i t  f l o w s  by g r a v i t y  t o  a 
s i n g l e  bank of  s i x t e e n  Denver 600 13. f l o t a t i o n  machines .  The f i r s t  e i g h t  
ce l l s  produce  t h e  roughe r  c o n c e n t r a t e  and t h e  l a s t  e i g h t  t h e  scavenge r  
c o n c e n t r a t e .  The scavenge r  c o n c e n t r a t e  r e c y c l e s  t o  t h e  head of  t h e  r o u g h e r s  
f o r  a d d i t i o n a l  f l o t a t i o n .  
mesh i n  a 9 1 / 2  f o o t  by 14 f o o t  A l l i s  Chal rners  b a l l  m i l l  powered by a 
600 1I .P .  motor .  
used t o  p e r m i t  c l o s e d  c i r c u i t  g r i n d i n g  a t  t h e  r e g r i n d  m i l l .  

T h e  roughe r  c o n c e n t r a t e  i s  reground t o  75% - 325 

A Krebs c y c l o p a k  c o n s i s t i n g  of e i g h t  1 5  i n c h  c y c l o n e s  i s  
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The reground p roduc t  f l o w s  by g r a v i t y  t o  1 6  Denver 300V f l o t a t i o n  machines  
f o r  t h e  f i r s t  s t a g e  of c l e a n i n g .  The f i r s t  c l e a n e r  t a i l  a t  15% s o l i d s  j o i n s  
t h e  roughe r  scavenger  t a i l  and f l o w s  t o  t h e  t a i l i n g  pond. The f i r s t  
c l e a n e r  c o n c e n t r a t e  i s  pumped t o  t h e  second and t h i r d  c l e a n e r s  e a c h  having  
e i g h t  No. 30 Denver f l o t a t i o n  machines .  

M I B C  and A.F. 65 a re  used j o i n t l y  a s  t h e  f r o t h i n g  a g e n t  i n  t h e  r o u g h e r s  
w h i l e  sodium i s o p r o p y l  x a n t h a t e  is  t h e  c o l l e c t o r .  F r o t h e r  and c o l l e c t o r  a r e  
added a t  t h e  g r i n d i n g  c i r c u i t  and s t a g e  added i n  t h e  r o u g h e r s .  L i m e  i s  
used  t o  g i v e  a p r imary  f l o a t  pH of  1 0 . 0 .  

A d d i t i o n a l  A . F .  65 and z a n t h a t e  a r e  used  i n  t h e  copper  c l e a n e r s  a s  r e q u i r e d .  
The pH i n  t h e  c l e a n e r  f l o a t  i s  i n c r e a s e d  t o  1 1 . 5 .  

Head g r a d e  a v e r a g e  .40% Cu w i t h  a .04% o x i d e  copper  c o n t e n t .  Copper 
r e c o v e r y  i s  q u i t e  v a r i a b l e  depending  upon t h e  o x i d e  copper  c o n t e n t .  The 
c l e a n e r  o r e s  p e r m i t  r e c o v e r i e s  of  88% t o t a l  copper  b u t  i n c r e a s i n g  o x i d e  
c o n t e n t  w i l l  lower  t h e  r e c o v e r y  t o  80% t o t a l  coppe r .  A roughe r  c o n c e n t r a t e  
of 1 2  t o  15% i s  normal and i s  upgraded t o  28% Cu a f t e r  t h r e e  s t a g e s  of 
c l e a n i n g .  

MOLYBDENITE RECOVERY 

The copper  t h i r d  c l e a n e r  c o n c e n t r a t e  i s  pumped t o  a n  80 f o o t  t h i c k e n e r .  
Ammonium s u l f i d e  i s  added t o  t h e  t h i c k e n e r  f e e d  t o  s t r i p  t h e  r e a g e n t  c o a t i n g  
o f f  t h e  copper  m i n e r a l s .  The t h i c k e n e r  under f low i s  pumped t o  a c o n d i t i o n e r  
t a n k  where sodium hydrosu l f  i d e  and a d d i t i o n a l  ammonium s u l f i d e  a r e  added . 
F u e l  o i l  i s  added a t  t h i s  p o i n t  t o  a c t  a s  t h e  moly c o l l e c t o r .  

T h i s  s l u r r y  i s  pumped t o  t h e  moly r o u g h e r s  where t h e  i n i t i a l  copper  - moly 
s e p a r a t i o n  o c c u r s .  The r e a g e n t s  added i n  t h e  t h i c k e n e r  and c o n d i t i o n e r  have 
e f f e c t i v e l y  d e p r e s s e d  t h e  copper  and promoted t h e  moly. Ten s t a g e s  of c l e a n i n g  
are  used  t o  upgrade  t h e  molybden i t e  w i t h  s t a g e  a d d i n g  of sodium h y d r o s u l f i d e ,  
c y a n i d e ,  f u e l  oil, and sodium s i l i c a t e .  A r e g r i n d  is  used between the f i r s t  
and second c l e a n e r s  t o  l i b e r a t e  gangue m i n e r a l s .  

T a b l e  I V  

Assays  Reagents  

MoS2 m i l l  f e e d  - .016% (NH4)2S - 9 l b .  p e r  t o n  of copper  c o n  
MoS2 copper  con  - .75% NaHS - 18 l b .  p e r  t o n  of  copper  con  
MoS2 moly t a i l  - .08% F u e l  o i l  - 3 l b .  p e r  t o n  o f  copper  con  
MoS2 Moly con  - .88% MoS2 N a C N  - 2.5 l b .  p e r  t o n  of copper  con 
Cu i n  moly con - .7% Na2Si03 - l e s s  t h a n  1 l b .  p e r  t o n  

FILTERING AND DRYING 

The moly c i r c u i t  t a i l 9  i s  now t h e  f i n a l  copper  con  and i s  pumped t o  a n  
80 f e e t  t h i c k e n e r .  Th ickene r  unde r f low a t  65% s o l i d s  i s  pumped t o  a 1 6  f o o t  
by 1 6  f o o t  s t o c k  t a n k  and t h e n  t o  one  o r  b o t h  of two 8 f o o t  6 i n c h e s  DOL 
1 0  d i s c  f i l t e r s .  F i l t e r  cake  a t  107: m o i s t u r e  i s  conveyed t o  a LH r o t a r y  
d r y e r  where i t  is  reduced t o  an 8% m o i s t u r e  c o n t e n t .  
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A f t e r  l e a v i n g  t h e  c o n c e n t r a t e  d r y e r  t h e  c o n c e n t r a t e  i s  conveyed t o  a 
s t o r a g e  shed  w i t h  a 3000 t o n  c a p a c i t y ,  

The moly c o n c e n t r a t e  is  t h i c k e n e d  t o  40% s o l i d s  and  f i l t e r e d  by a 4 f o o t  
DOL f i l t e r .  The f i l t e r  c a k e  i s  t h e n  s e n t  t o  a J o y  Holo F l i t c  d r y e r  where 
t h e  m o i s t u r e  i s  reduced  t o  5%. The d r i e d  c o n c e n t r a t e  is  s t o r e d  i n  a 75 t o n  
c a p a c i t y  s i l o .  The moly c o n c e n t r a t e  is t h e n  p u t  i n t o  33 g a l l o n  drums and 
s h i p p e d .  

TAILING DISPOSAL 

The f i n a l  t a i l i n g  c o n s i s t i n g  o f  roughe r  and f i r s t  c l e a n e r  t a i l  f l o w  by 
g r a v i t y  t h r o u g h  a 36 i n c h  s t e e l  l i n e  t o  t h e  t a i l i n g  impoundment area.  The 
l i n e  i s  s l o p e d  a t  .5% t o  p r e v e n t  s a n d i n g  b u t  n o t  so s t e e p  a s  t o  c a u s e  wear 
problems.  A ser ies  o f  d r o p t a n k s  a re  used t o  compensate f o r  v e r t i c a l  d r o p .  

The p i p e l i n e  e x t e n d s  f o r  a p p r o x i m a t e l y  4 miles t o  t h e  d i s p o s a l  area which 
h a s  been  c l e a r e d  and grubbed .  A g l a c i a l  t i l l  s t a r t e r  dam w a s  c o n s t r u c t e d  
p r i o r  t o  m i l l  s t a r t u p  and h a s  s e r v e d  a s  t h e  f o u n d a t i o n  f o r  t h e  sand  dam which 
h a s  been c o n s t r u c t e d  on t o p  o f  i t .  The  +ZOO mesh f r a c t i o n  of t h e  t a i l i n g s  i s  
r e c o v e r e d  v i a  30 i n c h  Krebs  c y c l o n e s  s u c h  t h a t  dam h e i g h t  c a n  be  i n c r e a s e d  by 
u s i n g  t h e  t a i l i n g  sand .  T h e  c e n t e r - l i n e  method of dam c o n s t r u c t i o n  is b e i n g  
used  and i s  des igned  and b u i l t  t o  w i t h s t a n d  any  seismic l o a d i n g  which might  
o c c u r  i n  t h e  area.  F i n g e r  d r a i n s  a r e  c o n s t r u c t e d  under  t h e  sand p o r t i o n  o f  
t h e  dam t o  a i d  i n  d r a i n a g e  and m a i n t a i n  a s u i t a b l e  p h r e a t i c  l i n e .  

The c y c l o n e s  a r e  mounted o n  s t ee l  towers  w i t h  s k i d s  on  t h e  bottom which 
a l l o w s  a b u l l d o z e r  t o  d r a g  them t o  t h e  n e c e s s a r y  l o c a t i o n s .  

The reclaim b a r g e  i s  l o c a t e d  a p p r o x i m a t e l y  8000 f e e t  ups t r eam from t h e  
main dam and r e c y c l e s  t h e  t a i l i n g  water back t o  t h e  c o n c e n t r a t o r .  Adequate 
room i s  p rov ided  f o r  i n  t h e  t a i l i n g  d i s p o s a l  area t o  s t o r e  t h e  s p r i n g  r u n o f f ,  
T h i s  water i s  t h e n  used i n  t h e  m i l l  and p e r m i t s  a minimum amount o f  f r e s h  
water t o  b e  r e q u i r e d .  

A s e e p a g e  dam and pumphouse a re  l o c a t e d  below t h e  main dam t o  c o l l e c t  any  
s e e p a g e  o r  s p i l l s .  T h i s  dam and a u t o m a t i c  pumping sys t em e n s u r e  t h a t  t i l e  
d i s p o s a l  area i s  a c l o s e d  sys t em.  



. 

L . .  

a-c 




