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ABSTRACT 

A s o u t h w e s t - f a c i n g ,  m o d e r a t e l y  d i p p i n g  sequence of a n d e s i t i c  to  

r h y o l i t i c  v o l c a n i c  and v o l c a n i c l a s t i c  rocks of t h e  lower Middle  J u r a s s i c  

H a z e l t o n  Group h o s t s  t h e  s t r a t e ;>ound  p r e c i o u s - b a s e  metal d e p o s i t s  of t h e  

B ig  M i s s o u r i  p r o p e r t y .  P y r i t e ,  s p h a l e r i t e ,  g a l e n a  and c h a l c o p y r i t e  w i t h  

s i g n i f i c a n t  g o l d  and s i l v e r  occur  i n  si l iceous c h e r t y  t u f f  l a y e r s  w i t h i n  a 

s i l i c e o u s  and s e r i c i t i c  a n d e s i t e  flow, t u f f  and agg lomera te  u n i t .  The 

a n d e s i t e s  o v e r l i e  a mixed v o l c a n i c l a s t i c  and r h y o l i t e  f r a g m e n t a l  s equence  

c h a r a c t e r i z e d  by r a p i d  < a c i e s  v a r i a t i o n  r e l a t e d  t o  s y n v o l c a n i c  f a u l t i n g .  

Three  m i n e r a l i z e d  h o r i z o n s ,  each  c o n s i s t i n g  of s e v e r a l  c h e r t y  t u f f  

l a y e r s  w i t h  f i n e  d i s s e m i n a t e d  t o  semi-massive s u l p h i d e  l e n s e s ,  are 

r e c o g n i z e d ,  Gold and s i l v e r  m i n e r a l s  e l e c t r u m ,  a r g e n t i t e ,  n a t i v e  s i l v e r  

and t e t r a h e d r i t e  o c c u r  as s m a l l  g r a i n s  on g r a i n  b o u n d a r i e s  and f r a c t u r e s  i n  

t h e  s u l p h i d e s  and w i t h i n  q u a r t z  gangue.  Wallrock a l t e r a t i o n ,  s u l p h i d e  

m i n e r a l o g y ,  p r e c i o u s - b a s e  metal r a t i o s  and s t y l e  or h a b i t  of m i n e r a l i z a t i o n  

a r e  v a r i a b l e  f o r  d e p o s i t s  a t  t h e  t h r e e  s t r a t i g r a p h i c  l e v e l s .  

P r e c i o u s - b a s e  metal c h e r t y  t u f f  m i n e r a l i z a t i o n  and s i l i c a  and s e r i c i t e  

a l t e r a t i o n  of t h e  a n d e s i t e  a r e  i n t e r p r e t e d  to  have formed on or n e a r  t h e  

s e a f l o o r  as t h e  r e s u l t  o f  submarine e x h a l a t i v e  a c t i v i t y ,  C h e r t y  l a y e r s  and 

s u l p h i d e  l e n s e s  were d e p o s i t e d  d u r i n g  p e r i o d s  of q u i e s c e n c e .  D i s t r i b u t i o n  . 

of s u l p h i d e  m i n e r a l i z a t i o n  is s t r a t i g r a p h i c a l l y  c o n t r o l l e d  and is  

a s s o c i a t e d  w i t h  f o o t w a l l  q u a r t z - s u l p h i d e  s t r i n g e r  zones ( v e n t s )  

Favourable t o p o g r a p h i c  t r a p s  on t h e  s e a f l o o r  nea r  t h e s e  v e n t s  r e s u l t e d  i n  

l o c a l  m r e  s u l p h i d e - r i c h  a c c u m u l a t i o n s  of chemica l  s e d i m e n t .  Both of t h e s e  

f e z t u r e s  a r e  possibly r e l a t e d  t o  s y n v o l c a n i c  f a u l t s  t h a t  c o n t r o l l e d  
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d i s t r ibu t ion  of l i tho logies  lower i n  th.e volcanic sequence. Further 

exploration u t i l i z e s  s t ra t igraphic  and s t ruc tura l  control of the 

mineralization and the var ia t ions tha t  may occur w i t h i n  mineral deposits 

formed o n  or near the seafloor.  



- 3 -  

INTRODUCTION 

The B ig  M i s s o u r i  p r o p e r t y  :is l o c a t e d  i n  n o r t h w e s t e r n  B r i t i s h  Co lumbia ,  

2 5  kilometers n o r t h  of t h e  town of Stewart ( F i g u r e  1 ) .  S e v e r a l  o t h e r  

i m p o r t a n t  m i n e r a l  propert ies  can be found  i n  t h e  immedia te  v i c i n i t y ,  

i n c l u d i n g  t h e  Granduc  c o p p e r - i r o n  d e p o s i t ,  Scot t ie  Gold Mine and t h e  

B r i t i s h  S i lbak  P r e m i e r  g o l d - s i l v e r - z i n c - l e a d - c o p p e r  d e p o s i t .  The Granduc  

mine  r o a d  p r o v i d e s  acces,s to  t h e  p r o p e r t y  f rom t h e  town of Stewart. 

E l e v a t i o n s  r a n g e  from 760  m ( 2 , 5 0 0  f e e t )  t o  1,060 rn ( 3 , 5 0 0  f e e t ) .  

D i s c o v e r e d  by prospectors i n  1904,  t h e  Big  M i s s o u r i  p r o p e r t y  was p u t  

i n t o  p r o d u c t i o n  be tween  1938 and 1942  by  t h e  Buena V i s t a  Mining Company, a 

s u b s i d i a r y  o f  Cominco L td .  Dur ing  t h i s  p e r i o d  8 2 2 , 0 0 0  t o n s  o f  ore g r a d i n g  

0 .0775 oz /T  gold (746,.000 t o n n e s  a t  2 .66  g Au/tonne)  w i t h  minor  amounts  of 

s i l v e r ,  l e a d  and z i n c  were p roduced  froin a n  unde rg round  o p e r a t i o n .  Grove ,  

1971 h a s  an  e x c e l l e n t  summary of t h e  min ing  h i s t o r y  of t h e  Stewart area and 

t h e  r e a d e r  is r e f e r r e d  t o  h i s  r epor t  f o r  d e t a i l s .  

S u b s e q u e n t  t o  mine c l o s u r e  i n  1942 ,  t h e r e  have  been  s e v e r a l  at tempts 

by v a r i o u s  mining compan ies  t o  r e - e v a l u a t e  m i n e r a l  p o t e n t i a l  o f  t h e  area.  

However ,  t h i s  was hampered by s u b d i v i s i o n  of t h e  p r o p e r t y  i n t o  small  claim . 

b l o c k s .  I n  1973, T o u r n i g a n  Mining  Explorations L t d .  began a c q u i r i n g  t h e  

v a r i o u s  c l a im b l o c k s  t h a t  fo rm t h e  p r o p e r t y  and i n  1979 o p t i o n e d  t h e  g round  

t o  Westmin R e s o u r c e s  L i m i t e d  ( f o r m e r l y  Wes te rn  Mines  L i m i t e d ) .  S i n c e  1979 

t h e  majority of work h a s  b e e n  c o n c e n t r a t e d  o n  t h e  o p e n - p i t  min ing  p o t e n t i a l  

of t h e  p r o p e r t y .  G e o l o g i c a l  r e s e r v e s  now c u r r e n t l y  s t a n d  a t  1 , 9 0 0 , 0 0 0  

m e t r i c  t o n s  g r a d i n g  2 . 4 6  gms/ tonne  A u  and 27.7 gms/ tonne  Ag w i t h  minor  

z i n c ,  l e a d  and copper. 
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REGIONAL GEOLOGIC SETTING 

The Big M i s s o u r i  p r e c i o u s - b a s e  metal d e p o s i t  is c o n t a i n e d  w i t h i n  a 

b e l t  o f  deformed v o l c a n i c ,  s e d i m e n t a r y  and metamorphic rocks  known a s  t h e  

S t e w a r t  Complex t h a t  l i e s  be tween t h e  Coast C r y s t a l l i n e  B e l t  t o  t h e  w e s t  

and t h e  Bowser B a s i n  t o  t h e  e a s t  (Grove ,  1 9 7 1 ) .  The Complex e x t e n d i n g  from 

Alice A r m  a t  i t s  s o u t h e r n  end to  t h e  I s k u t  River  a t  i t s  n o r t h e r n  end is one 

o f  t h e  major m i n e r a l  be l t s  i n  B r i t i s h  Columbia ( F i g u r e  2 ) .  

A n d e s i t i c  t o  r h y o l i t i c  t u f f s ,  a g g l o m e r a t e s  and f l o w s ,  w i t h  lesser 

v o l c a n i c  b r e c c i a  and conglome'rate ,  l i t h i c  wacke and s i l t s t o n e  b e l o n g i n g  t o  

t h e  E a r l y  to  Middle J u r a s s i c  H a z e l t o n  Group, u n d e r l i e  t h e  Big M i s s o u r i  

p r o p e r t y .  They g e n e r a l l y  s t r i k e  s o u t h e a s t  and d i p  s t e e p l y  to m o d e r a t e l y  

s o u t h w e s t .  The rocks ,a re  weakly s c h i s t o s e  and have undergone several  

p e r i o d s  of f a u l t i n g .  C h e r t  pebble  conglomera te  and s i l t s t o n e  of t h e  Middle  
s- pi!'; q &  

to L a t e  J u r a s s i c  Bowser Group unconformably o v e r l i e  rocks of t h e  H a z e l t o n  Cn &1.s 
7 

Group. The Texas Creek g r a n o d i o r i t e  p l u t o n  o f  p r o b a b l e  Middle  J u r a s s i c  age  

i n t r u d e s  t h e  Haze l ton  Group and t h e i r  metamorphic d e r i v a t i v e s .  P r o b a b l e  

T e r t i a r y  g r a n o d i o r i t e ,  q u a r t z  monzoni te  and lamprophyre dykes c u t  rocks o f  

t h e  H a z e l t o n  Group and t h e  Texas C r e e k  g r a n o d i o r i t e  p l u t o n .  

(hl??ii \ 
i 

M i n e r a l  o 'ccur rences  i n  t h e  a r e a  c o n s i s t  of q u a r t z  v e i n s ,  s tockwork 

v e i n  rep lacement  zones and l e n s e s ,  l e n s e s  of e x h a l a t i v e  s t r a t a b o u n d  mass ive  

s u l p h i d e  and s t r a t a b o u n d  h o r i z o n s  of d i s s e m i n a t e d  and s t r i n g e r  s u l p h i d e  

m i n e r a l i z a t i o n .  

. .  ~ , .  
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GEOLOGY OF THE BIG MISSOURI PROPERTY 

The s t r a t i g r a p h y  of t h e  Bi.5 Missour i  P r o p e r t y  h a s  been s u b d i v i d e d  i n t o  

10 u n i t s ;  U n i t s  1 t o  7 belong t o  t h e  H a z e l t o n  Group w i t h  1 to 4 c o m p r i s i n g  

t h e  lower sequence  or c y c l e  of vo lcanism and u n i t s  5 t o  7 t h e  Upper, Uni t  8 

is t h e  Bowser Group which unconformably o v e r l i e s  rocks of t h e  Haze l ton  

Group, and u n i t s  9 and 1 0  are l a t e  i n t r u s i v e  rocks, ( F i g u r e  3 ,  Table  1 ) .  

Rocks of t h e  H a z e l t o n  Grpup form a southwes t  f a c i n g ,  modera te ly  d i p p i n g  

h o m o c l i n a l  sequence  whereas  t h o s e  of t h e  Bowser Group have a v a r i a b l e  

a t t i t u d e .  Ro b a s e  to t h e  Haze l ton  Group is r e c o g n i z e d  w i t h i n  t h e  p r o p e r t y  

a r e a .  All s i g n i f i c a n t  m e t a l  o c c u r r e n c e s  a r e  w i t h i n  U n i t  5 o f  t h e  Upper 

Sequence. An east-west s e c t i o n  through t h e  s o u t h e r n  p a r t  o f  t h e  p r o p e r t y  

i s  shown i n  F i g u r e  4 .  

B a s a l  u n i t s  consist of d a r k  g r e y  h e t e r o l i t h i c  a n d e s i t i c  to d a c i t i c  

f l o w s ,  t u f f  and agglomera te  which e x h i b i t  weak to  m d e r a t e  welding ( u n i t  

1 ) .  Northwest  a long  s t r i k e ,  t h e  u n l t  i n t e r f i n g e r s  wi th  a d a r k  g r e y ,  

h e t e r o g e n o u s  ash  t u f f  sequence c o n t a i n i n g  g l a s s  s h a r d s ,  r h y o l i t i c  welded 

t u f f  and pumice f r a g m e n t s  ( U n i t  2 ) .  The t u f f  matr ix  g r a d e s  from s t r o n g l y  

c a r b o n a c e o u s  2t t h e  s o u t h  to  weakly carbonaceous  f u r t h e r  n o r t h  n e a r e r  t h e  

D i l s w o r t h  r h y o l i t e  u n i t .  G r a d a t i o n a l  t o  and o v e r l y i n g  t h i s  sequence  is t h e  

D i l s w o r t h  r h y o l i t e  ( U n i t  3) c o n s i s t i n g  o f  c o a r s e  r h y o l i t e  f r a g m e n t a l  t h a t  

f i n e s  and becomes t h i n n e r  t o  t h e  s o u t h e a s t .  M a t r i x  t o  t h e  r h y o l i t e  

agglomera te  is commonly l imey,  and l o c a l l y  t h i n  beds of f o s s i l i f e r o u s  

l imestone are p r e s e n t .  Mat r ix  t o  t h e  f r a g m e n t s  is q u a r t z - s e r i c i t e  r i c h  i n  

M .  

I 

1'1 

t h e  n o r t h  and g r a d e s  s o u t h  i n t o  h i g h l y  c a r b o n a c e o u s  t u f f ,  ( P l a t e s  1 A  and 

1 B ) .  



e. Cherty Tuff, Andesite and Rhyolite; silica rich beds with bleached 
or unbleached andesite fragments, occasional chert fragments, may 
be calcareous or carbonaceous, disseminated to semi-massive 
sulphides. 3 

/ ,..----, 
f. Rhyolite( Lapillistone\) and Agglomerate; grey to tan, sericitic, 

variable . -- " r 7  

Andesite - R h y o l i t e f L ~ ~ ~ l ~ t ~ ,  Agglomerate and Tuff; green, 

Basaltic Andesit r " L a p i l l i s t o ~ A g g l o m e r a t e  and Tuff. 

9. 
\, 

/ mainly andesite. ---...___i-- 
... 

~ ,. 

h. f /----* 

4 MAIiDoN ANDESITE VOLCANICLASTIC W I T  

a. Agglomerate, Volcanic Conglomerate and Tuff: mixed maroon and 
green. 

b. Siltstone and Volcanic Wacke; maroon. 
jfihd 

/ 

c. 

d. Andesite Volcanic Breccia and Volcaniclastic: mixed green and 

Andesite-Cherty Tuff: green, minor chert and/or &per fragments. 

maroon. 

3 DILSFK)KEt REZOLITE UNIT 

a. Rhyolite' Agglomerate to Tuff: tan vesicular, lateral gradation 
from coarse to fine, coarse agglomerate is pyritic with calcareous 
interfragment matrix. 

b. Fine Lapilli Tuff in carbonaceous siltstone of Unit 2. 

c. Rhyolite-Andesite Mixed Lapilli Tuff; feldspar detritus, minor 
carbon and limonite spots. 

2 LO+EX SILTSTONE W I T  

a. Carbonaceous Tuffaceous Siltstone; black, siliceous, poorly 
stratified, rhyolific (unit 3) welded tuff and pumice fragments. 

b. Carbonate Marker Horizon in Siltstone. 

c. Carbonaceous Tuffaceous Siltstone and Wacke; dark grey, 
heterolithic andesite and rhyolite detritus. 

1 IOWER ANDESITE UNIT 

Andesite Flows, Lapilli Tuff and Agglomerate; dark grey, heterolithic, 
coarse feldspar phenocrysts. 
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Following t h e  Di l swor th  r h y o l i t e  are h e t e r o l i t h i c  maroon and g r e e n  

a n d e s i t e  b r e c c i a ,  conglomera te  and e p i c l a s t i c  u n i t s  ( U n i t  4 ) .  They o u t c s o p  

on  t h e  n o r t h  and s o u t h  ends  of t h e  p r o p e r t y  ( F i g u r e  3 ) .  Between t h e  areas 

of  maroon v o l c a n i c s  a t  t h i s  s t r a t i g r a p h i c  i n t e r v a l  are dark  to medium g r e e n  

b a s a l t i c  a n d e s i t e  f l o w s ,  t u f f  and agglomera te  (Uni t  5c). Maroon a n d e s i t i c  

rocks i n  t h e  s o u t h e a s t  are more ep ic las t ic ,  w i t h  we l l  d e f i n e d  s e d i m e n t a r y  

s t r u c t u r e s ,  t h a n  t h o s e  f u r t h e r  nor thwes t  near M t .  Di l swor th  ( P l a t e s  I C  and 

1 D ) .  

Maroon and g r e e n  v o l c a n i c  rocks a re  g r a d a t i o n a l  t o  and i n t e r f i n g e r  

wi th  g r e e n  a n d e s i t e  f l o w s ,  t u f f  and agglomerate  ( U n i t  5a)  t h a t  form a t h i c k  

(approximate ly  500 me te r s )  r e l a t i v e l y  

m i n e r a l i z e d  h o r i z o n s .  They are 

-and have a weak  t o  m d e r a t e  f o l i a t i o n  ( P l a t e s  1E and 1 F ) .  

Within t h e  sequence,  s e p a r a t i n g  t h e  i n d i v i d u a l  f l o w s ,  t u f f  and agglomera te  

l a y e r s ,  a r e  t h i n  ( u p  t o  5 m )  c h e r t y  t u f f  h o r i z o n s .  These c h e r t y  t u f f  

h o r i z o n s  are s i l i c a  r i c h  beds  c o n t a i n i n g  s e r i c i t i z e d  and s i l i c i f i e d  

( b l e a c h e d )  a n d e s i t e  fragments, o c c a s i o n a l  rounded c h e r t  f r a g m e n t s ,  var iable  

amounts of c a r b o n a t e  and s u l p h i d e  m i n e r a l s  ( P l a t e  2 A ) .  The f o o t w a l l  

a n d e s i t e  is commonly b r e c c i a t e d  and f i l l e d  wi th  q u a r t z  and/or c a r b o n a t e ,  

w h i l e  t h e  hangingwal l  g r e y ,  s i l i c i f i e d  and 

s e r i c i t i c  due t o  of  t h e  t h r e e  

m i n e r a l i z e d  h o r i z o n s ,  c h e r t y  t u f f  bands a r e  carbonaceous  and g e n e r a l l y  8 t o  

10  m a p a r t ;  bands i n  t h e  Middle Horizon are g e n e r a l l y  20 t o  25  m a p a r t  and 

have abundant c a r b o n a t e ;  w h i l e  t h o s e  i n  t h e  uppermost h o r i z o n  a're t h e  

t h i c k e s t  and c o n t a i n  minor a m o u n t s  of carbon and/or c a r b o n a t e .  
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Over ly ing  t h e  a n d e s i t e s  i s  a t h i n  maf ic  v o l c a n i c  u n i t  c o n s i s t i n g  o f  

d a r k  g r e e n  t o  b l a c k  c a l c a r e o u s  b a s a l t i c ( ? )  t u f f  and b r e c c i a  ( U n i t  6 ) .  The 

uppermost u n i t ,  a s i l t s t o n e  U n i t  ( U n i t  7 )  consists o f  b l a c k ,  carbonaceous ,  

t u f f a c e o u s  s i l t s t o n e ,  a r g i l l a c e o u s  limestone and v o l c a n i c  wacke t h a t  is 

g r a d a t i o n a l  t o  v o l c a n i c  rocks of U n i t  6 .  These are  exposed a long  t h e  

S i l t s t o n e ,  s a n d s t o n e  and c h e r t  pebble  conglomera te  of t h e  Middle to  

L a t e  J u r a s s i c  BOwser Grpup ( U n i t  8)  unconformably o v e r l i e  rocks o f  t h e  

Haze l ton  Group and c r o p  o u t  on t h e  east s i d e  of t h e  p r o p e r t y  ( F i g u r e  3 ) .  

The c o n t a c t  between rocks of t h e  E a z e l t o n  and Bowser Groups is commonly a 

f a u l t .  

L 

Cretaceous t o  T e r t i a r y ( ? )  g r a n i t i c  dykes o f  t h e  P o r t l a n d  C a n a l  dyke 

swarm (Uni t  9 ) ,  a n d e s i t e  dykes  ( U n i t  10) and abundant  qua r t z ,  

q u a r t z - c a r b o n a t e  and c a r b o n a t e  v e i n s  c u t  t h e  v o l c a n i c - s e d i m e n t a r y  sequence. 

F a u l t i n g  i s  t h e  m a i n  form of s t r u c t u r a l  d e f o r m a t i o n  on t h e  p r o p e r t y .  

The dominant f a u l t  s y s t e m s  t r e n d  n o r t h  and n o r t h e e s t  and c o n t r o l  t h e  

o r i e n t a t i o n  of creek v a l l e y s  and smaller r i d g e s  t h r o u g h o u t  t h e  a r e a .  mese 

f a u l t s  have near v e r t i c a l  d i s p l a c e m e n t s  and l o c a l l y  j u x t a p o s e  t h e  

m i n e r a l i z e d  c h e r t y  t u f f - b l e a c h e d  a n d e s i t e  h o r i z o n s .  Some of t h e  l a r g e r  

f a u l t s  such a s  t h e  one a l o n g  S l l v e r  Creek ( F i g u r e  4 )  appear  to d i p  

m o d e r a t e l y  w e s t  and t o  have r e v e r s e  m v e m e n t .  L o c a l l y ,  v e r y  open f o l d s  

have been developed by a s l i g h t  warping of t h e  s t r a t a .  Drag f o l d i n g  is 

a l s o  common i n  t h e  v i c i n i t y  o f  t h e  major f a u l t s .  
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A dominant n o r t h w e s t  f o l i a t i o n ,  c h a r a c t e r i s t i c  o f  Mesozoic rocks i n  

w e s t e r n  B r i t i s h  Columbia and p a r a l l e l  to t h e  general t r e n d  of t h e  Coast  

P l u t o n i c  Complex is p r e s e n t .  It is nost p r e v a l e n t  i n  a l t e r e d  rocks and 

t h i n  bedded u n i t s .  Metamorphic g r a d e  is lower g r e e n s c h i s t .  No c a t a c l a s t i c  

r o c k s  as r e p o r t e d  by Grove ( 1 9 7 1 ) ,  are  recognized .  I 

DEPOSITIONAL HISTORY 

F a c i e s  r e l a t i o n s h i p s  of many of t h e  l i t h o l o g i e s  w i t h i n  t h e  v o l c a n i c  

rocks s u g g e s t  t h a t  s y n - d e p o s i t i o n a l  f a u l t i n g  c o n t r o l l e d  d i s t r i b u t i o n .  

h e t e r o l i t h i c  n a t u r e  and maroon c o l o u r i n g  of much o f  t h e  v o l c a n i c  m a t e r i a l  

w i t h i n  Uni t  4 s u g g e s t s  a t r a n s p o r t e d  o r i g i n  of t h i s  d e b r i s  from emergent  

v o l c a n i c  areas i n t o  t h e  s h a l l o w  water  f l a n k i n g  b a s i n .  L a c k  of h e t e r o l i t h i c  

and maroon f ragments  i n  o v e r l y i n g  a n d e s i t e s  o f  U n i t  5 s u g g e s t s  t h a t  t h e  

b a s i n  t h e n  subs ided  r a p i d l y ,  t h e  s u b s i d e n c e  c o i n c i d i n g  w i t h  a renewed c y c l e  

of volcanism.  

The 

The maroon and g r e e n  v o l c a n i c  and e p i c l a s t i c  rock f a c i e s  boundary 

i n  t h e  s o u t h  also c o r r e s p o n d s  w i t h  a f a c i e s  boundary deeper  i n  t h e  

s t r a t i g r a p h y  where d a r k  g r e y  carbonaceous  and a r g i l l a c e o u s  r h y o l i t i c  t u f f  

of U n i t  2 i n t e r f i n g e r s  w i t h  ashf low u n i t s  o f  U n i t  1 .  The f i n e - g r a i n e d ,  

a r g i l l a c e o u s  and carbonaceous  n a t u r e  of t h e  r h y o l i t i c  t u f f  near F e t t e r  Lake 

Y 

beeh g r a d e s  n o r t h w e s t  a long  s t r i k e  i n t o  less  a r g i l l a c e o u s ,  pumiceous and 

s e r i c i t i c  t u f f .  I 
t h e  time of d e p o s i t i o n .  It is sugges ted  t h a t  similar s t r u c t u r a l  

, t ~ ~ b  hbfi  
These v a r i a t i o n s  r e f l e c t  s m a l l  b a s i n s  t h a t  y+rd p r e s e n t  a t  

I 
I . .  



and t o p o g r a p h i c  f e a t u r e s  may also have c o n t r o l l e d  d i s t r i b u t i o n  of 
h t r l ' z d ,  f 7 

s u l p h i d e - b e a r i n g  c h e r t y  t u f f d i n  t h e  o v e r l y i n g  a n d e s i t e s  o f  U n i t  5 ,  

REGIONAL STRATIGRAPHIC CORRELATION 

Comparison of t h e  s t r a t i g r a p h y  o f  t h e  Big Missouri p r o p e r t y  wi th  t h a t  

o f  Grove (1971) i s  d i f f i c u l t .  I n  g e n e r a l ,  h i s  rocks mapped as Uni t  H2 

( H a z e l t o n  Group) are u n d e r l a i n  by a n d e s i t e s  o f  Uni t  5n H i s  n i t s  M1, M2 

and M3 ( m y l o n i t i c  rocks) i n c l u d e  r o c k s  of U n i t s  1 t h r o u g h  4 and a l t e r e d  and 

m i n e r a l i z e d  rocks o f  Uni t  54 H i s  U n i t  B4 ( B e t t y  C r e e k  C p i c l a s t i c  member) 

c o n s i s t i n g  o f  maroon and g r e e n  v o l c a n i c  s a n d s t o n e  and conglomera te  

c o r r e l a t e s  w i t h  U n i t  4k H l s  n i t  B1 ( s i l t s t o n e  of t h e  Bowser Group) 

l o c a t e d  on t h e  west s i d e  of t h e  Big M i s s o u r i  Ridge west of Hog Lake, 

[% ;s, ) 

(-th:r PA$)@) 

(jhh, IT? 
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corre la tes  w i t h  s i l t s t o n e  o f  Uni t  over l ies  v o l c a n i c  

rocks of U n i t s  5 and 6/, a p a r t  of t h e  Bowser Group which 

unconformably o v e r l i e s  t h e  R a z e l t o n  Group.  by )ti) '/@- 
The Monitor Lake R h y o l i t e  u n i t  (Grove,  1971) h a s  n o t  been  v i s i t e d h b u t  

h e f i  
it is s u g g e s t e d n t h a t  it may be correlated wi th  t h e  Di l swor th  R h y o l i t e  o f  

U n i t  3 and t h e r e f o r e  p a r t  of t h e  H a z e l t o n  Group. B o t h  have a s s o c i a t e d  

c a r b o n a t e  rocks and show a s p a t i a l  d i s t r i b u t i o n  o f  t h e  maroon and g r e e n  

v o l c a n i c  r o c k s  of U n i t  4 o f  t h i s  repor t ;  Uni t  B4 a f t e r  Grove (1971). 

1 

Rocks of t h e  Bowser Group a r e  c h a r a c t e r i z e d  by a b a s a l  c h e r t  p e b b l e  

c o n g l o m e r a t e  i n  t h e  Bowser Bas in  f u r t h e r  e a s t .  Cher t  p e b b l e  conglomera te  

is observed  on t h e  Big Missouri  p r o p e r t y ,  however, a n  unconformable 

r e l a t i o n s h i p  is n o t  d i r e c t l y  o b s e r v e d .  The c o n t a c t  wi th  t h e  v o l c a n i c  r o c k s  
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is u s u a l l y  covered by overburden  or i s  a f a u l t .  It  is s u g g e s t e d  t h a t  t h e  

widespread  d i s c o r d a n c e  of t h e  Bowser Group wi th  rocks of t h e  H a z e l t o n  Group 

may i n d i c a t e  a zone of detachment  a long  t h e  unconformity.  

STRATABOUND PRECIOUS-BASE METAL MINERALIZATION , 

I n  g e n e r a l ,  s t r a t a b o u n d  semi-massive to  massive l e n s e s ,  pods and 

s t r i n g e r  zones of p y r i t e ,  s p h a l e r i t e ,  g a l e n a  and c h a l c o p y r i t e  wi th  

a p p r e c i a b l e  amounts  of g o l d  and s i l v e r  occur  w i t h i n  and a t  t h e  c o n t a c t  of 

t h i n  c h e r t y  t u f f  beds  ( P l a t e  2Cl. A n d e s i t e  i n  t h e  f o o t w a l l  o f  t h e s e  beds  

is s i l i c i f i e d  w i t h  abundant  s e r i c i t e ,  c h l o r i t e  and f i n e  d i s s e m i n a t e d  

pyri te .  A l t e r e d  a n d e s i t e  termed b leached  a n d e s i t e  is a l s o  c u t  by numerous 

q u a r t z - s u l p h i d e  v e i n s  w i t h  or w i t h o u t  c h l o r i t e  and/or c a r b o n a t e  ( P l a t e  

2E). Close to  t h e  c h e r t y  t u f f ,  t h e  f o o t w a l l  c o n s i s t s  of a l te red  a n d e s i t e  

f r a g m e n t s  i n  a q u a r t z - s u l p h i d e  m a t r i x  ( P l a t e  2D). These q u a r t z  s t r i n g e r  

and s i l i c i f i e d  b r e c c i a  a re  d i s c o r d a n t  i n  d e t a i l ,  bu t  g r o s s l y  s t r a t a b o u n d .  

A n d e s i t e  u n i t s  o v e r l y i n g  t h e  c h e r t y  t u f f  

s e r i c i t i z e d  and s i l i c i f i e d  ( b l e a c h e d ) / I n  t h e  immediate h a n g i n g w a l l ,  

abundant  s p h a l e r i t e  and g a l e n a  are  commonly p r e s e n t  i n  wel l  d e v e l o p e d  

q u a r t z  s t r i n g e r  zones.  F u r t h e r  i n  t h e  h a n g i n g w a l l ,  t h e  r e l a t i v e  amount o f  

a l t e r a t i o n  and d i s s e m i n a t e d  p y r i t e  a r e  less i n t e n s e  and o n l y  minor amounts 

of q u a r t z - s u l p h i d e  v e i n s  a r e  p r e s e n t .  P l a t e  3 shows a t y p i c a l  s e c t i o n  

t h r o u g h  a c h e r t y  t u f f  bed. 

Three s t r a t a b o u n d  m i n e r a l i z e d  h o r i z o n s  c o n s i s t i n g  of s e v e r ’ a l  c h e r t y  

t u f f  bands have been recognized  based on g e o l o g i c  c o r r e l a t i o n  of t h e  h o s t  

u n i t s .  The Lower Horizon is r e a d i l y  i d e n t i f i e d  by t h e  p r e s e n c e  o f  abundant  

b l a c k  carbon i n  t h e  c h e r t y  t u f f .  Abundant c a r b o n a t e  r e a d i l y  i d e n t i f i e s  t h e  h 
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Middle Horizon.  F i n a l l y ,  t h e  Upper Horizon c o n t a i n s  o n l y  minor amounts of  

c a r b o n  and c a r b o n a t e  i n  t h e  h o s t  rocks and t h e  a n d e s i t e  is more i n t e n s e l y  

s e r i c i t i z e d .  In  a l l  t h r e e  m i n e r a l i z e d  h o r i z o n s ,  t h e  t h i c k n e s s  of t h e  

h o r i z o n  is g r e a t e s t  i n  t h e  c e n t r e  of  t h e  m i n e r a l i z e d  zones,  d e c r e a s i n g  

l a t e r a l l y  outward.  Semi-massive t o  massive s u l p h i d e  is c o n f i n e d  t o  small 

d i s c o n t i n u o u s  pods and l e n s e s  a t  t h e  base  of t h e  t h i c k e s t  p a r t s  of t h e  

c h e r t y  t u f f  beds.  It should  be noted t h a t  t h e  c h e r t y  t u f f  beds occur 

throughout  t h e  a n d e s i t e  Bequence as i n t e r f l o w  u n i t s  w i t h  only t h r e e  

h o r i z o n s  c o n t a i n i n g  s i g n i f i c a n t  m i n e r a l i z a t i o n .  

b 

Mineralogy of t h e  s u l p h i d e s  is q u i t e  simple w i t h  p y r i t e  and s p h a l e r i t e  

making up 70  - 80% of t h e  s u l p h i d e  m i n e r a l s .  Galena and c h a l c o p y r i t e  are  

l o c a l l y  abundant .  Most of t h e  c h a l c o p y r i t e  is p r e s e n t  as b l e b s  w i t h i n  or 

i n t e r g r o w n  w i t h  t h e  s p h a l e r i t e .  E lec t rum,  n a t i v e  s i l v e r ,  a r g e n t i t e  and 

minor amounts of f r e i b e r g i t e  account  f o r  n e a r l y  a l l  t h e  gold and s i l v e r .  

TWO d i s t i n c t  p r e c i o u s - b a s e  metal r e l a t i o n s h i p s  a r e  i n d i c a t e d .  N a t i v e  

s i l v e r  and a r g e n t i t e  have a s t r o n g  a s s o c i a t i o n  w i t h  galena and 

c h a l c o p y r i t e .  E l e c t r u m  on t h e  o t h e r  hand, h a s  a p r e f e r e n c e  for 

spha ler i te .  These r e l a t i o n s h i p s  appear  t o  be de termined  more by c h e m i s t r y  

t h a n  p a r a g e n e s i s  (Holbek, 19'83). 

I n  a d d i t i o n  t o  s t r a t a b o u n d  m i n e r a l i z a t i o n ,  t h e r e  a r e  numerous l a t e  

c r o s s c u t t i n g  q u a r t z  v e i n s  c o n t a i n i n g  coarse-gra ined  p y r i t e ,  s p h a l e r i t e  and 

g a l e n a .  F i g u r e  3 s h o w s  t h e  l o c a t i o n  of t h e  v a r i o u s  m i n e r a l i z e d  zones and 

showings on t h e  p r o p e r t y .  



... 
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LOWER HORIZON 

Although rock t y p e s  a r e  v a r i e d ,  t h e  h o r i z o n  i s  i d e n t i f i e d  by t h e  

p r e s e n c e  of abundant  c a r b o n  i n  t h e  v a r i o u s  rock t y p e s .  The Dago zone i s  

t h e  mst s i g n i f i c a n t  m i n e r a l i z e d  a r e a  w i t h i n  t h e  Lower Horizon.  (Symbol DA 

F i g u r e  3 ) .  

Daao Zone 

Located a t  t h e  s o u t h  end o f  t h e  p r o p e r t y ,  t h e  Dago zone is one of 

t h e  main near  s u r f a c e  zones.  Green p l a g i o c l a s e - a m p h i b o l e  a n d e s i t e  

agglomera te  and l a p i l l i  t u f f  p redominate  w i t h  lesser  b leached  a n d e s i t e  

f r a g m e n t a l  and c h e r t y  t u f f .  The t h r e e  c h e r t y  t u f f  beds t h a t  make up 

t h e  Dago zone are 1-5 m t h i c k  and s e p a r a t e d  by 6 - 8 m of a n d e s i t e  

commonly wi th  q u a r t z - s u l p h i d e  s t r ingers .  Bleaching  of t h e  a n d e s i t e  

r e s u l t i n g  from p e r v a s i v e  s e r i c i t i z a t i o n  and s i l i c i f i c a t i o n  v a r i e s  from 

w e a k  t o  i n t e n s e ,  t h e  l a t t e r  wi th  both  agglomera te  f r a g m e n t s  and t u f f  

m a t r i x  a l t e r e d .  Pyrite commonly psuedomorphs amphibole.  Q u a r t z  

and/or c a r b o n a t e  v e i n i n g  is i n t e n s e  w i t h  several  d i f f e r e n t  

a g e s ,  w i t h  mst c o n t a i n i n g  l i t t l e  or no p r e c i o u s  metal v a l u e s .  

The g e n t l e  to  moderate  d i p p i n g  sequence  o f  rocks h a s  been c u t  by 

n o r t h - n o r t h w e s t  and n o r t h e a s t  t r e n d i n g  f a u l t s  which form o b v i o u s  

t o p o g r a p h i c  l i n e a m e n t s .  They a re  s t e e p  d i p p i n g  and have modera te  t o  

s teep p lunging  s l i c k e n s i d e s .  
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C o r r e l a t i o n  of t h e  l i t h o l o g i e s  between d r i l l  h o l e s ,  underground 

workings  and s u r f a c e  outcrops i n d i c a t e s  t h a t  t h e  m i n e r a l i z e d  zone is 

on t h e  n o r t h w e s t  l i m b  of 2 s h a l l o w  a m p l i t u d e ,  a n t i c l i n a l  s t r u c t u r e .  

The f o l d  axis t r e n d s  n o r t h e a s t ,  p l u n g e s  15 t o  2 2  d e g r e e s  southwes t  and 

h a s  a 20 t o  30 d e g r e e  d i p p i n g  n o r t h w e s t  l imb.  North-northwest  

t r e n d i n g  f a u l t s  a r e ' i n  t h e  A-C jo in t  p l a n e  o f  t h e  f o l d  and t h e  

n o r t h e a s t  t r e n d i n g  f a u l t s  p a r a l l e l  t h e  ax ia l  p l a n e .  

The Dago zone ' c o n s i s t s  of t h r e e  m i n e r a l i z e d  beds l a b e l l e d  D, E ,  

and F ( F i g u r e  5 ) .  These c o n s i s t  of c r u d e l y  lamina ted  carbonaceous  

c h e r t y  t u f f  b e d s ,  g r e y  mot t led  q u a r t z  s t r i n g e r  zones and/or 

c a r b o n a c e o u s ,  s i l iceous and serci t ic  a n d e s i t e .  Base o f  t h e  

m i n e r a l i z e d  s t r a t i g r a p h y  is i d e n t i f i e d  by a c o a r s e  f e l d s p a r  amphibole 

p o r p h y r i t i c  . a n d e s i t e  c o n t a i n i n g  up t o  5 mm l o n g ,  s u b h e d r a l  f e l d s p a  

and up t o  1 0  nun s u b h e d r z l  amphibole  c r y s t a l s .  
hi +k 

The "D" bed is t h e  t h i c k e s t ,  most e x t e n s i v e  a n d e b e s t  g r a d e  of t h e  

t h r e e  beds.  It c o n s i s t s  of an upper and lower c h e r t y  t u f f  bed 

a p p r o x i m a t e l y  8 m a p a r t  s e p a r a t e d  by a n d e s i t e  c o n t a i n i n g  abundant  

q u a r t z  s t r i n g e r s .  Numerous v e i n s  and v e i n l e t s  of r e m o b i l i z e d  c h e r t y  

t u f f  m a t e r i a l  ( g r e y  m o t t l e d  q u a r t z )  crosscut t h e  zone making it 

d i f f i c u l t  to i d e n t i f y  t h e  o r i g i n a l  beds.  T o t a l  s u l p h i d e  c o n t e n t  

w i t h i n  t h e  zone r a r e l y  exceeds  155 and is g e n e r a l l y  5 t o  1 0 % .  

Disseminated  pyr i te  is u b i q u i t o u s  i n  t h e  m i n e r a l i z e d  zone forming 5 t o  

10% of t h e  rock. Higher g r a d e  g o l d  and s i l v e r . v a l u e s  are a s s o c i a t e d  

wi th  s t e e l  g r e y  g a l e n a  and s p h a l e r i t e  i n t e r g r o n t h s  which a r e  p r e s e n t  

as p a t c h e s  and/or i n  d i s c o n t i n u o u s  small s t r i n g e r s .  Gold occurs  a s  
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d i s c r e t e  g r a i n s  of electrumf along f r d t u r e s  and g r a i n  boundar ies  of  

s u l p h i d e s  and i n  t h e  gangue matri  J R e l a t i v e l y  coarse g r a i n e d  

e l e c t r u m  is found i n  both p y r i t e  and s p h a l e r i t e  ( P l a t e s  4A and 4B). 

S i l v e r  m i n e r a l s  where p r e s e n t  c o n s i s t  of a r g e n t i t e ,  n a t i v e  s i l v e r  and 

f r e i b e r g i t e  which occur a s  complex i n t e r g r o w t h s  with g a l e n a ,  s i d e r i t e  

and c h a l c o p y r i t e  a long narrow f r a c t u r e s ,  as rims on  t h e  g a l e n a  and 

c h a l c o p y r i t e  or as i n t e r s t i t i a l  f i l l i n g s  i n  t h e  gangue m i n e r a l s  

( P l a t e  4E), (Holbeck,  1983). 

F i g u r e s  6A and 6B show a p o s t f a u l t  and p r e f a u l t  t o p o g r a p h i c  

c o n t o u r  plan of  t h e  base of t h e  lower c h e r t y  t u f f  bed of  "D" zone. 

The o v e r a l l  s h a l l o w  d i p  and plunge of t h e  bed is e v i d e n t  ( F i g u r e  6A). 

Contoured a s s a y  v a l u e s  i n d i c a t e  a l i n e a r  southwes t  t r e n d i n g  zone p r i o r  

t o  d e f o r m a t i o n  ( F i g u r e  63). T h i s  d i s t r i b u t i o n  is b e l i e v e d  t o  re f lec t  

s y n - d e p o s i t i o n a l  b a s i n  f e a t u r e s .  

Located approximate ly  10 m s t r a t i g r a p h i c a l l y  above t h e  top of "D" 

bed is t h e  "E" bed. It c o n s i s t s  of weakly developed c h e r t y  t u f f  

i n t e r c a l a t e d  w i t h  w e l l  s i l i c i f i e d  carbonaceous  bleached a n d e s i t e .  The 

zone is g e n e r a l l y  t h i n  ( 1  - 2 m ) ,  d i s c o n t i n u o u s  and of low g r a d e  

((0.05 oz.  Au e q u i v . / t . )  

The uppermost m i n e r a l i z e d  bed ,  "F",  i s  located approximate ly  8 m 

above t h e  top of t h e  "E" bed. It c o n s i s t s  of  a s i n g l e  v e r y  si l iceous 

c h e r t y  t u f f  bed u n d e r l a i n  by an a l t e r e d  a n d e s i t e  wi th  i n t e n s e  

q u a r t z - s u l p h i d e  s t r i n g e r s .  A s  a r e s u l t  of  t h e  combined e f f e c t s  of 

f a u l t i n g  and e r o s i o n ,  t h e  F zone is o n l y  observed  i n  t w o  f a u l t  

b l o c k s .  The zone i s  4 - 5 m t h i c k  and is c h a r a c t e r i z e d  by h igh  s i l v e r  ' . I .  
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t o  g o l d  r a t i o s .  Microscopic s t u d i e s  (Ho lbeck ,  1983) r e v e a l  t h a t  t h e  

s i l v e r  m i n e r a l s  c o n s i s t  of n a t i v e  s i l v e r  and a r g e n t i t e  t h a t  i s  

i n t e r g r o w n  w i t h  g a l e n a ,  c h d c o p y r i t e  and s i d e r i t e  a l o n g  f r a c t u r e  

f i l l i n g s .  E l e c t r u m  is p r e s e n t  as coarse g r a i n s  a l o n g  

s p h a l e r i t e - g a l e n a  g r a i n  b o u n d a r i e s .  

P r e l i m i n a r y  g e o l o g i c a l  r e s e r v e  estimates i n d i c a t e  t h e  p r e s e n c e  of 

7 4 0 , 0 0 0  s h o r t  t o n s  g r a d i n g  0 . 1 0 3  02. Au e q u i v a l e n t / t o n l  w i t h i n  t h e  

Dago zone  ( 6 7 1 , 0 0 0  t o n n e s  @ 3 . 5 3  g Au e q u i v a l e n t / t o n n e )  . 

Au e q u i v a l e n t  b a s e d  o n  1 o z / t  Au = 4 2  oz/t 

MIDDLE HORIZON 

B e s t  e x e m p l i f i e d  by t h e  S 1  zone ( L e t t e r  Sl, F i g u r e  7) I t h e  h o r i z o n  i s  

c h a r a c t e r i z e d  by t h e  p r e s e n c e  of abundan t  c a r b o n a t e  i n  t h e  v a r i o u s  r o c k  

types. A t o t a l  of s i x  m i n e r a l i z e d  z o n e s  ( i d e n t i f i e d  by a s o l i d  c i r c l e  i n  

F i g u r e  3 )  are r e c o g n i z e d  o v e r  a d i s t a n c e  of 2 .5  km. It is t h i s  h o r i z o n  

which h o s t s  t h e  m i n e r a l i z a t i o n  which was mined unde rg round  ( F i g u r e  4 ) .  

S 1  Zone 

T n r e e  

2 0  n a p a r t  

i n d  i v  i d u a l  

d i s t i n c t ,  s o u t h w e s t  d i p p i n g  c h e r t y  t u f f  beds a p p r o x i m a t e l y  

m a k e  up t h e  Middle H o r i z o n  ( F i g u r e  7 ) .  These  b e d s  s e p a r a t e  

g r e e n  p l a g i o c l a s e - a m p h i b o l e  p o r p h y r i t i c  a n d e s i t e  f r a g m e n t a l  

u n i t s .  S e r i c i t e  and s i l i c a  a l t e r a t i o n  i s  only weak ly  d e v e l o p e d  

r e s u l t i n g  i n  t h e  m a t r i x  be ing  more a l t e r e d  t h a n  the f r a g m e n t s .  

t u f f  b e d s  a r e  g e n e r a l l y  1 - 2 m t h i c k  and c o n t a i n  c a r b o n a t e ,  a n d e s i t e  

fragments, l a m i n a t e d  c h e r t  f r a g m e n t s  and s u l p h i d e  m i n e r a l i z a t i o n .  An 

C h e r t y  

~ 
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i n t e n s e  f o o t w a l l  b r e c c i a  is developed b e n e a t h  each of t h e  c h e r t y  t u f f  

beds.  T h i s  c o n s i s t s  of medium g r e e n ,  s i l i c i f i e d  a n d e s i t e  f ragments  

suspended i n  a q u a r t z - s u l p h i d e  m a t r i x .  The b r e c c i a  g r a d e s  upward i n t o  

c h e r t y  t u f f  and downward i n t o  a wel l  deve loped  s t r i n g e r  zone which 

d e c r e a s e s  i n  i n t e n s i t y  w i t h  d e p t h .  

The sequence  s t r i k e s  s o u t h e a s t  and d i p s  20 - 30 d e g r e e s  

southwes t .  P r e l i m i n a r y  w o r k  completed t o  d a t e  i n d i c a t e s  a g e n t l e  

warping of t h e  sequence  around n o r t h e a s t  t r e n d i n g  axes .  S e v e r a l  

s t e e p l y  d i p p i n g  nor th-nor thwes t  and n o r t h e a s t  t r e n d i n g  f a u l t s  

j u x t a p o s e  t h e  s t r a t a .  

M i n e r a l i z a t i o n  c o n s i s t s  of p y r i t e ,  spha le r i t e ,  g a l e n a  and 

c h a l c o p y r i t e  t h a t  o c c u r  as d i s s e m i n a t i o n s ,  l e n s e s ,  pods and s t r i n g e r s  

w i t h i n  t h e  c h e r t y  t u f f ,  footwall b r e c c i a  and f o o t w a l l  and hangingwal l  

s t r i n g e r  zones.  L o c a l l y  a t  t h e  base  of t h e  c h e r t y  t u f f  bed,  w e a k l y  

l a m i n a t e d ,  semi-massive to mass ive  s u l p h i d e  may be found.  mere is 

a g e n e r a l  d e c r e a s e  i n  s u l p h i d e  c o n t e n t  of t h e  c h e r t y  t u f f - f o o t w a l l  

b r e c c i a  zone upward w i t h i n  t h e  Middle Horizon.  

Gold and s i l v e r  occur  o n l y  as electrum which is s t r o n g l y  
E)ec.bnur. 

a s s o c i a t e d  w i t h  s p h a l e r i t e .  

s u i p h i d e  ' g r a i n  b o u n d a r i e s  ( P l a t e  4B). 

c l o s e l y  a s s o c i a t e d ,  o f t e n  i n t e r g r o w n  i n  p l y c r y s t a l l i n e  a g g r e g a t e s  

a long  v e i n l e t s .  Mul t ip le  phase  c r y s t a l l i z a t i o n  i s  demonst ra ted  by 

overgrowth t e x t u r e s  ( P l a t e  4G). O c c l u s i o m f  l a r g e  amounts of gangue 

w i t h i n  t h e  s u l p h i d e s  is common (Holbek, 1 9 8 3 ) .  S p h a l e r i t e ' . o f t e n  

I 6 a l s o  o c c u r s  w i t h i n  g a l e n a  and a long  

All of t h e  s u l p h i d e s  a r e  

hfl ~~~~~ 

d-? D 
c o n t a i n s  u p  t o  1 2 %  exsolved  c h a l c ~ o p y r i t e .  * .  . 
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P r e l i m i n a r y  g e o l o g i c a l  r e s e r v e  estimates i n d i c a t e  200 ,000  s h o r t  

t o n s  g r a d i n g  0.093 02 Au e q u i v a l e n t / t o n  w i t h i n  t h e  S 1  zone (181 ,000  

t o n n e s  @ 3.2 g Au e q u i v . / t a n n e )  . 

UPPER HORIZON 

B e s t  i l l u s t r a t e d  by t h e  P r o v i n c e  zone,  t h e  'Upper Hor i zon  zone is 

c h a r a c t e r i z e d  by a g e n e r a l  lack o f  c a r b o n  or carbonate and a w e l l  deve loped  

c h l o r i t e  footwall ( L e t t e r s  PA; F i g u r e  3 ) .  

P r o v i n c e  Zone 

Located a t  t h e  s o u t h  end o f  t h e  p r o p e r t y ,  t h e  P r o v i n c e  zone 

c o n s i s t s  of t h i c k  ( u p  to  7 m )  b e d s  of mixed c h e r t y  t u f f  and a l t e r e d  

a n d e s i t e .  The f o o t w a l l  c o n s i s t s  of g r e e n  f e l d s p a r - a m p h i b o l e  

p o r p h y r i t i c  a n d e s i t e  l a p i l l i  t u f f .  Where more c h l o r i t i c ,  t h e  f o o t w a l l  

a n d e s i t e  h a s  a banded appea rance .  Q u a r t z ,  q u a r t z - c a r b o n a t e  and 

c a r b o n a t e  v e i n s  a r e  m o d e r a t e l y  w e l l  deve loped  i n  t h e  f o o t w a l l .  C h e r t y  

t u f f  c o n t a i n s  i n t e n s e l y  s e r i c i t i z e d  and s i l i c i f i e d  a n d e s i t e  f r a g m e n t s ,  

r e c r y s t a l l i z e d  c h e r t  and s u l p h i d e  m i n e r a l s .  From a s h a r p  f o o t w a l l  

c o n t a c t ,  t h e  amount of a l t e r e d  a n d e s i t e  d e c r e a s e s  and t h e  amount of 

r e c r y s t a l l i z e d  c h e r t y  m a t e r i a l  i n c r e a s e s  toward an almost pure 

s i l i ceous  t o p .  A n d e s i t e  i n  t h e  hang ingwa l l  is i n t e n s e l y  b l e a c h e d  

( s e r i c i t i z e d  and s i l i c i f i e d ) .  
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The m i n e r a l i z e d  h o r i z o n  d i p s  s h a l l o w l y  t o  m o d e r a t e l y  southwes t  

and h a s  been crosscut by s e v e r a l  n o r t h  and n o r t h e a s t  t r e n d i n g  f a u l t s  

( F i g u r e  8). North t r e n d i n g  f a u l t s  are steep d i p p i n g  and have m d e r a t e  

t o  near v e r t i c a l  s l i c k e n s i d e s ,  w h i l e  t h e  n o r t h e a s t  t r e n d i n g  f a u l t s  are 

m o d e r a t e l y  d i p p i n g  and e x h i b i t  b o t h  l a t e r a l  and ver t ica l  

d i s p l a c e m e n t s .  G e n t l e  d r a g  f o l d i n g  of t h e  m i n e r a l i z e d  h o r i z o n s  i n  t h e  

v i c i n i t y  of t h e  l a r g e r  f a u l t s  is common. ' 

P y r i t e ,  s p h a l e r i t e ,  g a l e n a  and lesser c h a l c o p y r i t e  occur as 

p a t c h e s ,  t h i n  l e n s e s  and d i s s e m i n a t e d  g r a i n s  w i t h i n  t h e  b leached  

a n d e s i t e - c h e r t y  t u f f .  There is a d e c r e a s e  upwards i n  t h e  amount o f  

p r e c i o u s - b a s e  m e t a l  s u l p h i d e  p r e s e n t  wi th  most of t h e  s u l p h i d e s  being 

c o n c e n t r a t e d  i n  t h e  mixed b leached  a n d e s i t e - c h e r t y  t u f f  zone. I n  t h e  

f o o t w a l l ,  g o l d  and s i l v e r  v a l u e s  a s s o c i a t e d  w i t h  b a s e  metals a r e  

c o n f i n e d  to  nar row ( g e n e r a l l y  less  t h a n  20 cin t h i c k  q u a r t z  veins&. 

I n  a d d i t i o n  to t h e  i n d i c a t e d  v e r t i c a l  zoning i n  m i n e r a l  c o n t e n t ,  a 

l a t e r a l  z o n a t i o n  is e v i d e n t .  Gold d e c r e a s e s  w h i l e  s i l v e r  and t h e  base  

metal c o n t e n t  o f  t h e  h o r i z o n  i n c r e a s e  from east t o  west across t h e  

zone. Assays from t h e  e a s t  s i d e  g i v e  v a l u e s  of 1 . 0  g A u / t  and 1 0  g 

Ag/t per each 1 %  PbtZn whrle  t h o s e  on t h e  west s i d e  g i v e  v a l u e s  Of 0 .1  

g A u / t  and 13.6 g Ag/t per each 1% fb tZ9.  

) 

( ) '  

Gold i s  p r e s e n t  i n  t h e  P r o v i n c e  zone as d i s c r e t e  g r a i n s  o f  

electrum along s u l p h i d e  g r a i n  b o u n d a r i e s  and a s  v a r i a b l e  s ized  g r a i n s  

w i t h i n  t h e  gangue ( P l a t e  4D). S i l v e r  m i n e r a l s  p-6 n a t l v e  s i l v e r ,  

a r g e n t i t e  and r a r e  f r e i b e r g i t e  and a r e  i n t e r g r o w n  w i t h  g a l e n a  and/or 

c h a l c o p y r i t e .  F r e i b e r g i t e  forms " c a u l i f l o w e r "  l i k e  overgrowths  on  

; i l L  h d l  

, I .  . 
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r e s e r v e  e s t i m a t e s  for t h e  P r o v i n c e  zone i n d i c a t e  3 1 0 , 0 0 0  t o n n e s  

g r a d i n g  2.5 g Au equiva ler$ / tonne .  

ALTERATION AND GEOCHEMICAI, FEATURES 

A l t e r a t i o n  o f  t h e  a n d e s i t e  w a l l r o c k s  is c e n t e r e d  about  t h e  

s u l p h i d e - b e a r i n g  c h e r t y  * t u f f  h o r i z o n s .  It c o n s i s t s  mainly of t h e  

development  of c h l o r i t e ,  s e r i c i t e ,  q u a r t z ,  carbonate and s u l p h i d e  

m i n e r a l s .  Beneath t h e  c h e r t y  t u f f  h o r i z o n s  sericite-carbonate-albite 

a l t e r a t i o n  o f  p l a g i o c l a s e  and c h l o r i t i z a t i o n  of amphibole g r a d e s  up i n t o  

more i n t e n s e  s e r i c i t i z a t i o n ,  c h l o r i t i z a t i o n  and s i l i c i f i c a t i o n  o f  t h e  

a n d e s i t e .  C h l o r i t i z a t i o n  i s  t h e  dominant f o o t w a l l  a l t e r a t i o n .  The 

immediate f o o t w a l l  of t h e  c h e r t y  t u f f  h o r i z o n s  is e x t e n s i v e l y  v e i n e d  w i t h  

i r r e g u l a r  q u a r t z  + c a r b o n a t e  - + s u l p h i d e  s t r i n g e r s .  - 
A l t e r a t i o n  of t h e  hangingwal l  t o  t h e  c h e r t y  t u f f  h o r i z o n s  is dominated 

by s i l i c i f i c a t i o n  and s e r i c i t i z a t i o n  which v a r i e s  from p e r v a s i v e  to  pa tchy .  

Q u a r t z - p y r i t e - c a r b o n  v e i n l e t s  are n u m e r o u s ,  as are blue-grey m o t t l e d  

q u a r t z - c a r b o n a t e  v e i n s .  Where h a n g i n g w a l l  a l t e r a t i o n  is less  i n t e n s e  

q u a r t z - c h l o r i t e - c a r b o n a t e  v e i n s  are p r e s e n t  and may have e n v e l o p e s  o f  

c h l o r i t e - s e r i c i t e  a l t e r a t i o n .  

I n t e n s i t y  of w a l l r o c k  a l t e r a t i o n  about t h e  zones is v a r i a b l e .  I n t e n s e  

s e r i c i t i z a t i o n  and s i l i c i f i c a t i o n  is b e s t  deve loped  i n  t h e  Dago and 

P r o v i n c e  zones and l e a s t  wel l  deve loped  i n  t h e  S-1 zone. The S-1 zone 

c o n t a i n s  t h e  most c a r b o n a t e  and t h e  a l t e r a t l o n  i s  predominant ly  

c h l o r i t e - q u a r t z .  These  d i f f e r e n c e s  a r e  thought  t o  r e f l e c t  t h e  d u r a t l o n  o f  

t h e  q u i e s c e n c e  and d e g r e e  of s e a w a t e r  i n t e r a c t i o n .  
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Gal ley  ( 1 9 8 1 )  a n a l y z e d  20 rock samples f rom t h e  a n d e s i t e  ( U n i t  5 )  

s e q u e n c e  i n c l u d i n g  rocks from t h e  m i n e r a l i z e d  zones .  A l a r g e  r a n g e  i n  
\ 

major e l e m e n t  c o m p o s i t i o n s  was f o u n d .  The u n a l t e r e d  a n d e s i t e s  c o n t a i n  53 

t o  56% S i 0 2 ,  w i t h  a l t e r e d  a n d e s i t e  h a v i n g  up t o  80% S i 0 2 .  A p l o t  of the 

major e l e m e n t s  a g a i n s t  % S i 0 2  ( F i g u r e  9 )  i l l u s t r a t e s  t h e  e f f e c t s  of 

a l t e r a t i o n .  I n  t h e  s i l i c a - r i c h  rocks all t h e  major e l e m e n t s  a re  d e c r e a s e d  

i n  abundance  r e f l e c t i n g  t h e  l a c k  of s i l i c a t e  m i n e r a l s .  

I n  g e n e r a l ,  w i t h  i n c r e a s i n g  a l t e r a t i o n ,  as  i n d i c a t e d  by i n c r e a s i n g  

S i02  c o n t e n t ,  CaO, M g O ,  T i 0 2 ,  MnO and FeO t o t a l  d e c r e a s e  i n  abundance .  

Alumina a v e r a g e s  15 t o  18% 'for a n d e s i t e s  w i t h  up t o  60% S i 0 2  and d e c r e a s e s  

i n  rocks  h a v i n g  more t h a n  60% S i 0 2 .  The % K20 increeses f o r  S i 0 2  c o n t e n t s  

up t o  57% t h e n  d e c r e a s e s  as  t h e  r o c k s  become more s i l i c e o u s ,  

r e l a t i v e l y  small and .  shows v a r i a b l e  d e p l e t i o n  a t  m o d e r a t e  to  h i g h  S i 0 2  

The % Na20 is .. 

c o n t e n t s .  

A c o m p a r i s o n  of a l t e r a t i o n  a t  Big M i s s o u r i  to t h a t  of s t r a t a b o u n d  

b a s e - p r e c i o u s  metal d e p o s i t s  i n  younger  rocks s u g g e s t s  some s imi la r i tes .  

f a y n e  e t  a1 (1980)  d e s c r i b e # ?  a l t e r a t i o n  and d e f o r m a t i o n  of Lower Cretaceous 

a n d e s i t i c  r o c k s  a t  t h e  B r i t a n n i a  mine  to  quartz-sericite-chlorite schists 

w i t h  a n  i n c r e a s e  i n  S i 0 2 ,  K20 and R20, a loss of CaO, FeO t o t a l  and MnO, 

and r e l a t i v e l y  c o n s t a n t  A 1 2 0 3  and  T i o 2  c o n t e n t s .  Those  rocks showing t h e  

g r e a t e s t  c h e m i c a l  c h a n g e  h a v e  d e v e l o p e d  t h e  s t r o n g e s t  s c h i s t o s i t y .  

S i m i l a r i l y  a t  Big M i s s o u r i  t h e  more s e r i c i t i c  a l t e r e d  a n d e s i t e s  i n  ' P r o v i n c e  

and Dago zones  have  t h e  s t r o n g e s t  s c h i s t o s i t y .  

I n  t h e  Miocene Green  Tuf f  r e g i o n  of J a p a n ,  S h i r o z u  ( 1 9 7 4 )  has  

d e v e l o p e d  a z o n a l  model of z l t e r a t i o n  a b o u t  K u r o k o  p l y m e t a l l i c  m a s s i v e  . .  * .  , 
1 .  

s u l p h i d e  d e p o s i t s  ( F i g u r e  1 0 ) .  A l t e r a t i o n  about t h e s e  d e p o s i t s  is 

- _  
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c h a r a c t e r i z e d  by an  i n c r e a s e  i n  MgO d u e  to  a d d i t i o n  of Fe-Mg c h l o r i t e .  

T h i s  f e a t u r e  is well i l l u s t r a t e d  i n  a n  A~z03-Mg0-CaO+Na20+Kz0 d i a g r a m  

( F i g u r e  1 1 ) .  The a l t e r a t i o n  t i ’end  for Big Missouri is a l so  p l o t t e d  and 

i l l u s t r a t e s  a lack o f  MgO e n r i c h m e n t  and t h e  t r e n d  towards  s e r i c i t e  as  t h e  

p redominan t  s i l i c a t e  m i n e r a l .  Both Big Missouri and t h e  Kuroko d e p o s i t s  

show a loss of Na20 and  CaO w i t h  i n c r e a s i n g  i n t e n s i t y  of a l t e r a t i o n  and a 

g e n e r a l  i n c r e a s e  i n  S i 0 2  and K20. 

M i s s o u r i  s u g g e s t s  s i g n i f i c a n t  d i f f e r e n c e s  between t h e s e  d e p o s i t s  and t h e  

The l a c k  o f  &QO e n r i c h m e n t  a t  Big 

young p l y m e t a l l i c  m a s s i v e  s u l p h i d e  d e p o s i t s ,  p e r h a p s  r e f l e c t i n g  t h e  d e g r e e  

i n  which MgSOq b e a r i n g  s e a w a t e r  is i n c l u d e d  i n  t h e  a l t e r a t i o n  process. 

GENESIS OF THE PRECIOUS-BASE METAL DEPOSITS 

The p r e s e n c e  of b o t h  p r e c i o u s - b a s e  metal b e a r i n g  c h e r t y  t u f f  h o r i z o n s  

and b a r r e n  i n t e r f  l o w  c h e r t  beds  s u g g e s t s  v a r i a b l e  h y d r o t h e r m a l  processes. 

B a r r e n  i n t e r f l o w  c h e r t y  b e d s  may r e p r e s e n t  d i s t a l  s i l iceous a c c u m u l a t i o n s  

o c c u r r i n g  l a t e r a l l y  from t h e  mtlin p r e c i o u s - b a s e  metal b e a r i n g  c h e r t y  t u f f .  

A l t e r n a t i v e l y  t h e  b a r r e n  i n t e r f l o w  c h e r t y  beds  may form from local 

h y d r o t h e r m a l  s y s t e m s  deve loped  i n  r e s p o n s e  t o  c o o l i n g  o f  i n d i v i d u a l  

v o l c a n i c  u n i t s .  Leaching  of m e t a l s  i n  t h i s  local h y d r o t h e r m a l  s y s t e m  is  

o n l y  weakly  d e v e l o p e d  r e s u l t i n g  i n  o n l y  s l i g h t l y  anomalous p r e c i o u s  and 

base metal  c o n t e n t s .  
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P r e c i o u s - b a s e  m e t a l  m i n e r a l i z a t i o n  i n  t h e  Big  M i s s o u r i  d e p o s i t  

d e v e l o p e d  as  t h e  r e s u l t  o f  p r e c i p i t a t i o n  f rom h y d r o t h e r m a l  f l u i d s  a t  or 

n e a r  t h e  s e a w a t e r - r o c k  i n t e r f a c e .  The v a r i o u s  m i n e r a l i z e d  z o n e s  a re  

c o n s i d e r e d  to  be r e l a t e d  t o  a l a r g e  h y d r o t h e r m a l  s y s t e m  t h a t  was a c t i v e  

t h r o u g h o u t  t h e  e x t r u s i o n  of t h e  a n d e s i t e s  of U n i t  5. C h e r t y  t u f f  and t h e  

a s s o c i a t e d  s t r i n g e r  m i n e r a l i z a t i o n  d e v e l o p e d  as t h e  r e s u l t  of e p i s o d i c  

e x h a l a t i o n  of h y d r o t h e r m a l  f l u i d s  d u r i n g  periods of q u i e s c e n c e  i n  t h e  

v o l c a n i c  a c t i v i t y .  The v a r i a t i o n  i n  a l t e r a t i o n  and s u l p h i d e  m i n e r a l i z a t i o n  

ref lects  t h e  d e p o s i t i o n a l  e n v i r o n m e n t  a t  t h e  p o i n t  of e x h a l a t i o n .  

A s t r u c t u r a l l y  c o n t r o l l e d  res t r ic ted  b a s i n ,  d e v e l o p e d  e a r l y  i n  t h e  

v o l c a n i c  h i s t o r y ,  c o n t r o l l e d  t h e  d e p o s i t i o n  of t h e  s u b m a r i n e  a n d e s i t e  u n i t s  

which h o s t  t h e  m i n e r a l i z a t i o n .  It may a l s o  have  c r e a t e d  an  area of c r u s t a l  

weakness  t h r o u g h  which h y d r o t h e r m a l  f l u i d s  could m i g r a t e .  On r e a c h i n g  the 

n e a r  s u r f a c e  u n c o n s o l i d a t e d  rock z o n e ,  t h e  upward moving f l u i d s  m i g r a t e d  

l a t e r a l l y  and p r e c i p i t a t e d  s i l i c a ,  s u l p h i d e  and c a r b o n a t e  i n  t h e  

i n t e r s t i c e s  be tween f r a g m e n t s  c r e a t i n g  f o o t w a l l  breccia zones .  S i l i c e o u s  

and s u l p h i d i c  c h e m i c a l  s e d i m e n t  or c h e r t y  t u f f  b e d s  were d e p o s i t e d  when t h e  

f l u i d s  r e a c h e d  t h e  s e a w a t e r - r o c k  i n t e r f a c e .  T h i c k n e s s  and e x t e n t  of t h e  

c h e r t y  t u f f  zone  was d e p e n d e n t  upon t h e  d u r a t i o n  of t h e  v o l c a n i c  

q u i e s c e n c e  , t h e  volume of f l u i d s  and t h e  a v a i l a b i l i t y  of p a l e o t o p o g r  a p h i c  

t r a p s .  Renewed e r u p t i v e  a c t i v i t y  b l a n k e t e d  c h e r t y  t u f f  h o r i z o n s .  F l u i d  

c i r c u l a t i o n  c o n t i n u e d  r e s u l t i n g  i n  s i l i c i f i c a t i o n  and s e r i c i t i z a t i o n  o f  t h e  

newly  d e p o s i t e d  a n d e s i t e  u n i t .  S i l i c a ,  c a r b o n a t e  and s u l p h i d e s  were e i t h e r  

r e m o b i l i z e d  from t h e  c h e r t y  t u f f  b e d s  i n t o  t h e  o v e r l y i n g  newly '  a e p o s i t e d  
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a n d e s i t e  o r  p r e c i p i t a t e d  from ongoing e x h a l a t i v e  a c t i v i t y .  Numerous v e i n s  

wi th  q u a r t z ,  c a l c i t e ,  potassium f e l d s p a r ,  c h l o r i t e  and su lph ide  m i n e r a l s  

a re  ev idence  of t h e  c i r c u l a t i o n ”  of t h e  f l u i d s .  Elsewhere,  l a r g e r  
w 

a l t e r a t i o n  zones formed with e x t e n s i v e  b leaching  of t h e  a n d e s i t e  and 

fo rma t ion  of d isseminated  p y r i t e  and sulphide s t r i n g e r s .  
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