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PROCEEDINGS, SYblPOSIUV ON GEOCHEMICAL PROSPECTINC;, 
OTTANA, APRIL, 1 9 6 6  

The Symposium on  G e o c h e m i c a l  P r o s p e c t i n g ,  s p o n s o r e d  
by t h e  N a t i o n a l  A d v i s o r y  C o m m i t t e e  on R e s e a r c h  i n  t h e  G e o l o g i c a l  
S c i e n c e s  a n d  h o s t e d  by t h e  G e o l o g i c a l  S u r v e y  o f  C a n a d a ,  a t t r a c t e d  
more  t h a n  t w o  h u n d r e d  a n d  f i f t y  s c i e n t i s t s  t o  O t t a w a  f o r  a  m e e t -  
i n g  whose  v i g o u r  r e f l e c t e d  t h e  i n t e r e s t  i n  t h i s  f i e l d .  The  
c o n t r i b u t i o n s  t o  t h e  Sympos ium,  w h i c h  was h e l d  f r o m  A p r i l  20  - 
2 2 ,  1 9 6 6 ,  w e r e  v i r t u a l l y  e n t i r e l y  c o n c e r n e d  w i t h  t h e  a p p l i c a t i o n  
o f  g e o c h e m i c a l  m e t h o d s  t o  e x p l o r a t i o n  f o r  m e t a l l i c  m i n e r a l  d e -  
p o s i t s .  T h i s  v o l u m e  c o n t a i n s  t h e  p a p e r s  o f  t h o s e  a u t h o r s  who 
d e s i r e d  p u b l i c a t i o n  a n d  s u b m i t t e d  m a n u s c r i p t s  p r i o r  t o  S e p t e m b e r  
1, 1 9 6 6 .  A b s t r a c t s  a r e  g i v e n  f o r  a l l  o t h e r  p a p e r s  p r e s e n t e d  a t  
t h e  Sympos ium.  

F o r  t h o s e  p r e s e n t  a t  t h e  s e s s i o n s  i t  was n o t  d i f f i c u l t  
t o  d e t e c t  t h a t  g e o c h e m i c a l  p r o s p e c t i n g  i s  m o v i n g  f r o m  i t s  i n f a n c y  
i n t o  a  p e r i o d  o f  g r e a t e r  s o p h i s t i c a t i o n  a n d  b r o a d e r  a n d  more  
s u c c e s s f u l  a p p l i c a t i o n .  T h i s  a p p r o a c h i n g  m a t u r i t y  m a n i f e s t e d  
i t s e l f  i n  t h e  u n u s u a l l y  w i d e  r a n e e  o f  t o p i c s ,  b o t h  f a c t u a l  a n d  
i n t r o s p e c t i v e ,  t h a t  w e r e  i n t r o d u c e d .  A f r e q u e n t l y  v o i c e d  f e e l i n g  
was t h a t  g e o c h e m i c a l  m e t h o d s  h a v e  t o o  o f t e n  b e e n  a p p l i e d  a s  a  
r a t h e r  s i m p l e ,  d i r e c t  way o f  f i n d i n g  o r e .  U n u s u a l  c o n c e n t r a t i o n s  
o f  e l e m e n t s  h a v e  been  s o u g h t  i n  s u r f i c i a l  m a t e r i a l s  i n  t h e  e x p e c -  
t a t i o n  t h a t  s u c h  c o n c e n t r a t i o n s  i n v a r i a b l y  o v e r l i e  o r e  b o d i e s .  
I n  many c a s e s ,  o f  c o u r s e ,  t h i s  d o e s  h a p p e n .  But i n  many o t h e r s ,  
u n u s u a l  c o n c e n t r a t i o n s  o f  e l e m e n t s  a t  t h e  s u r f a c e  a r e  u n r e l a t e d  
t o  g e o c h e m i c a l  f e a t u r e s  i n  t h e  u n d e r l y i n g  b e d r o c k .  The p r e s e n c e  
o f  o r e  b o d i e s  i s  o f t e n  e x p r e s s e d  by  o n l y  s u b t l e  c h a n g e s ,  i f  a n y ,  
i n  t h e  c o m p o s i t i o n  o f  t h e  o v e r l y i n g  s u r f i c i a l  m a t e r i a l s .  

T h e r e  i s  a  v e r y  a p p a r e n t  n e e d  f o r  t h e  a p p l i e d  g e o -  
c h e m i s t  t o  r e c e i v e  more s u p p o r t  f r o m  b a s i c  g e o c h e m i c a l  s t u d i e s ,  
i n  o r d e r  t h a t  h e  c a n  more  e f f i c i e n t l y  p l a n  h i s  work  a n d  more  
s u c c e s s f u l l y  i n t e r p r e t  h i s  d a t a .  Knowledge  o f  t h e  b e h a v i o u r  o f  
e l e m e n t s  i n  t h e  s o i l s ,  s e d i m e n t s ,  w a t e r s ,  a n d  p l a n t s  t h a t  f o r m  
o u r  i m m e d i a t e  l a n d s c a p e  a r e  i n  many r e s p e c t s  l e s s  w e l l  known t h a n  
t h e  b e h a v i o u r  o f  t h e s e  same e l e m e n t s  d e e p  w i t h i n  t h e  c r u s t .  But 
i t  i s  e q u a l l y  a p p a r c n t  t h a t  t h e  k n o w l e d g e  o f  t h e  P l e i s t o c e n e  
g e o l o g i s t ,  t h e  h y d r o l o g i s t ,  p e d o l o g i s t  and  o t h e r s  h a s  n o t  b e e n  
f u l l y  u s e d  by t h e  a p p l i e d  g e o c h e m i s t .  

The t r e n d  t o w a r d s  a u t o m a t i o n  w h i c h  a l l  s c i e n c e  i s  
u n d e r g o i n g  i s  a  p a r t i c u l a r  boon  t o  g e o c h e m i c a l  p r o s p e c t i n g .  The 
v a l u e  o f  t h e  g r e a t e r  p r o d u c t i v i t y  o f  t h e  n e w e r  a n a l y t i c a l  m e t h o d s  
i s ,  o f  c o u r s e ,  o b v i o u s .  H o w e v e r ,  a u t o m a t i o n  w i l l  be  e q u a l l y  
s i g n i f i c a n t  i n  a l l o w i n g  t h e  a p p l i e d  g e o c h e m i s t  t o  s p e n d  a  much 
g r e a t e r  p r o p o r t i o n  o f  h i s  t i m e  on i n t e r p r e t a t i o n  o f  d a t a  a n d  on 



t h e  p r o p e r  i n t e g r a t i o n  o f  h i s  m e t h o d s  w i t h  o t h e r  e x p l o r a t i o n  
t e c h n i q u e s .  Few a r e  t h o s e  i n  a n y  b r a n c h  o f  g e o c h e m i s t r y  who 
h a v e  n o t ,  i n  t h e  p a s t ,  s p e n t  much o f  t h e i r  t i m e  on a n a l y t i c a l  
c o n c e r n s  o r  p l o t t i n g  d a t a  o n t o  maps o r  c h a r t s .  The  d i r e c t  f l o w  
of  a n a l y t i c a l  i n f o r m a t i o n  f r o m  a u t o m a t e d  i n s t r u m e n t s  t o  t h e  
c o m p u t e r  f o r  b a s i c  s t a t i s t i c a l  i n t e r p r e t a t i o n  a n d  p l o t t i n g  i s  
a l r e a d y  b e i n g  d o n e ;  i n  a  few y e a r s  i t  c o u l d  h e  a l m o s t  u n i v e r s a l .  

One v e r y  p r a c t i c a l  p r o b l e m  f a c i n g  t h e  a p p l i e d  g e o -  
c h e m i s t  l i e s  i n  l e a r n i n g  o f  t h e  s u c c e s s e s  a n d  f a i l u r e s  o f  o t h e r s  
O n l y  r e l a t i v e l y  few o f  t h e  a p p l i c a t i o n s  o f  g e o c h e m i c a l  p r o s p e c t -  
i n g  become known t o  a  w i d e  a u d i e n c e .  T h i s  s e e m i n g  p a u c i t y  o f  
p u b l i c a t i o n s  i s  more  a p p a r e n t  t h a n  r e a l ,  f o r  g e o c h e m i c a l  c a s e  
h i s t o r i e s  a r e  s c a t t e r e d  t h r o u g h o u t  t h e  l i t e r a t u r e  b u t  a r e  n o t  
e a s i l y  a c c e s s i b l e .  G e o p h y s i c i s t s  h a v e  b e e n  more  s u c c e s s f u l  i n  
b r i n g i n g  c a s e  h i s t o r i e s  t o g e t h e r  i n t o  v o l u m e s  w h e r e  t h e y  c a n  b e  
more  r e a d i l y  c o n s u l t e d .  

T h e  s u c c e s s  o f  t h i s  sympos ium was  a c h i e v e d  o n l y  
t h r o u g h  t h e  a c t i v e  s u p p o r t  o f  a  l a r g e  n u m b e r  o f  p e r s o n s ,  mos t  
p a r t i c u l a r l y  t h o s e  who p r e s e n t e d  p a p e r s  a n d  c h a i r e d  t h e  v a r i o u s  
s e s s i o n s .  We a r e  much i n d e b t e d  t o  t h o s e  who came f r o m  o t h e r  
c o u n t r i e s  t o  s h a r e  t h e i r  k n o w l e d g e  w i t h  u s .  The m e e t i n g  was 
f i r s t  s u g g e s t e d  b y  Dr. P. E .  G r e n i e r  o f  t h e  N a t i o n a l  A d v i s o r y  
C o m m i t t e e .  Dr. R.W. B o y l e  s e r v e d  a s  C h a i r m a n  o f  t h e  P r o g r a m  
C o m m i t t e e ,  Mrs. A . V .  Leech  a s  G e n e r a l  S e c r e t a r y  a n d  Dr. D . F .  
S a n g s t e r  a s  C h a i r m a n  o f  t h e  E x h i b i t s  C o m m i t t e e .  

€.M. Cameron ,  
E d i t o r  a n d  C h a i r m a n ,  O r g a n i s i n g  
C o m m i t t e e .  

O t t a w a ,  S e p t e m b e r ,  1 9 6 6 .  
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GEOGRAPHY A N D  G E O L O G Y  

The C l e a r y  H i l l  a r e a  i s  l o c a t e d  i n  t h e  Yukon-Tanana  
Upland  a b o u t  t w e n t y  m i l e s  n o r t h  o f  F a i r b a n k s ,  A l a s k a .  Rock t y p e s  
u n d e r l y i n g  t h e  a r e a  b e l o n g  t o  t h e  Yukon g r o u p  o f  P r e c a m b r i a n  o r  
e a r l y  P a l e o z o i c  a g e  a n d  y o u n g e r  i n t r u s i v e s .  Q u a r t z - m i c a  s c h i s t  
a n d  m i c a c e o u s  q u a r t z i t e  c o m p r i s e  t h e  g r e a t e r  p a r t  o f  t h e  l o c a l  
s e q u e n c e .  The p r i n c i p a l  p e a k  i n  t h e  a r e a  ( P e d r o  Dome, 2600 f e e t )  
i s  a  q u a r t z - d i o r i t e  p l u t o n  o f  C r e t a c e o u s  a g e .  F r e e - m i l l i n g  g o l d  
q u a r t z  v e i n s  a r e  t h e  m o s t  i m p o r t a n t  o r e  d e p o s i t s  a n d  t h e y  a r e  
g e n e t i c a l l y  r e l a t e d  t o  q u a r t z - p o r p h y r y  s t o c k s  a n d  p o r p h y r i t i c  
d i k e s  o f  l a t e  C r e t a c e o u s  o r  E a r l y  T e r t i a r y  a g e .  

Two c y c l e s  o f  d e f o r m a t i o n  a r e  i n  e v i d e n c e .  The o l d e r  
p r o d u c e d  o v e r t u r n e d  t o  r e c u m b e n t  n o r t h w e s t  t r e n d i n g  f o l d s  w i t h  
o v e r t u r n i n g  t o  t h e  n o r t h e a s t .  The  y o u n g e r  c y c l e  f o r m e d  i s o c l i n a l  
f o l d s  t r e n d i n g  n o r t h e a s t  w i t h  o v e r t u r n i n g  t o  t h e  n o r t h w e s t .  

The p r i n c i p a l  s t r u c t u r a l  f e a t u r e  i s  t h e  C l e a r y  H i l l  
A n t i c l i n e .  A m a j o r  f a u l t  more  t h a n  e i g h t  m i l e s  l o n g  a n d  o n e  
h u n d r e d  f e e t  wide  f o l l o w s  t h e  c r e s t  o f  t h i s  a n t i c l i n e  a n d  s t r i k e s  
n o r t h  s e v e n t y  d e g r e e s  e a s t .  

The l o d e  g o l d  d e p o s i t s  a t  C l e a r y  Hill  o c c u r  i n  s t e e p -  
l y  d i p p i n g  d i s c o r d a n t  f i s s u r e  v e i n s  l o c a l i z e d  n e a r  t h e  c r e s t  o f  
t h e  C l e a r y  A n t i c l i n e .  The v e i n s  c o n t a i n  s t i b n i t e ,  g a l e n a ,  a n d  
j a n i e s o n i t e  i n  v a r i a b l e  a m o u n t s  f r o m  o n e  t o  f i v e  p e r c e n t ,  a n d  
t r a c e  q u a n t i t i e s  o f  z i n c  and c o p p e r .  

The t o p o g r a p h y  i s  m a t u r e  w i t h  we l l - r o u n d e d  r i d g e t o p s  
a n d  n a r r o w  v a l l e y  f l o o r s .  H i l l s i d e  e r o s i o n  i s  d o m i n a t e d  by f r o s t  
a c t i o n  a n d  d o w n s l o p e  c r e e p .  T h i s  r e s u l t s  i n  t h e  m i x i n g  a n d  m u l t i -  
l a y e r i n g  o f  s t o n e  s t r i p e s ,  s o i l ,  and  o t h e r  m a t e r i a l s .  

O v e r l y i n g  t h e  a r e a  o f  l o d e  m i n e r a l i z a t i o n  i s  a  l a y e r  
o f  r e s i d u a l  s u b - a r c t i c  brown f o r e s t  s o i l .  The v e g e t a t i o n  c o v e r  
i s  t y p i c a l  s u b - a r c t i c  b o r e a l  f o r e s t  o f  t h e  t y p e  f o u n d  c l o s e  t o  
t r e e  l i n e .  L e s s  t h a n  o n e  p e r c e n t  o f  t h e  a r e a  b e d r o c k  i s  e x p o s e d .  

A s s o c i a t e  P r o f e s s o r  o f  M i n i n g  E x t e n s i o n ,  U n i v e r s i t y  o f  A l a s k a ,  
Col  l e g e ,  A l a s k a  



MINING HISTORY A N D  PAST EXPLORATIONS 

P l a c e r  g o l d  d e p o s i t s  a r e  w i d e l y  d i s t r i b u t e d  i n  t h e  
s t r e a m  v a l l e y s  o f  t h e  C l e a r y  H i l l  a r e a  a n d  m i n i n g  a c t i v i t y  d a t e s  
f r o m  1 9 0 2 .  Lode m i n i n g  commenced i n  1 9 1 0 .  The  d i s t r i c t  i s  one  
o f  t h e  m o s t  p r o s p e c t e d  i n  A l a s k a .  The  g e o l o g i c  a n o m a l y  i n  t h i s  
a r e a  was  known i n  t h e  e a r l y  1 9 0 0 ' s  a n d  i t  was r e p o r t e d  i n  t h e  
l i t e r a t u r e  o f  t h e  U n i t e d  S t a t e s  G e o l o g i c a l  S u r v e y  a s  e a r l y  a s  
1 9 1 2 .  

Very  l i t t l e  g e o p h y s i c a l  e x p l o r a t i o n  h a s  b e e n  a t t e m p t e d  
i n  t h e  a r e a .  T h i s  i s  p r i n c i p a l l y  d u e  t o  t h e  n a r r o w  a n d  e r r a t i c  
n a t u r e  o f  t h e  v e i n s  a n d  t h e  p r e s e n c e  o f  g r a p h i t i c  s c h i s t .  

GEOCHEMICAL EXPLORATION A N D  DISCOVERY 

The K e y s t o n e  g o l d  v e i n  was d i s c o v e r e d  a s  t h e  r e s u l t  
o f  g e o c h e m i c a l  s o i l  e x p l o r a t i o n  by  t h r e e  F a i r b a n k s  p r o s p e c t o r s .  
The  men u s e d  a  g e n e r a l  g e o c h e m i c a l  e x p l o r a t i o n  t e c h n i q u e  f o r  
c o p p e r ,  l e a d ,  a n d  z i n c  d e v e l o p e d  a t  t h e  U n i v e r s i t y  o f  A l a s k a .  
T h e y  l e a r n e d  t h e  m e t h o d  by a t t e n d i n g  a  two-week  c o u r s e  i n  g e o -  
c h e m i c a l  p r o s p e c t i n g  f u n d a m e n t a l s .  

The  a r e a  s e l e c t e d  by t h e  p r o s p e c t o r s  f o r  s o i l  samp- 
l i n g  was  b e t w e e n  t w o  f o r m e r l y  p r o d u c t i v e  b u t  p r e s e n t l y  i n a c t i v e  
g o l d  p r o p e r t i e s .  ( C l e a r y  H i l l  a n d  H i  Yu M i n e s ) .  S a m p l e s  w e r e  
t a k e n  w i t h  a  s m a l l  d i a m e t e r  s o i l  a u g e r  f r o m  t h e  "C"  s o i l  h o r i z o n  
j u s t  a b o v e  t h e  u p p e r - m o s t  s t o n e  s t r i p e  l a y e r .  S a m p l i n g  d e p t h  
was  v a r i a b l e  b u t  a v e r a g e d  t h i r t y - t h r e e  i n c h e s .  The h o r i z o n  h a d  
a n  a v e r a g e  pH o f  5 . 9 .  The  o t h e r  s o i l  h o r i z o n s  w e r e  a s  f o l l o w s :  
A a n d  Aoo, t h r e e  i n c h e s  t h i c k ,  pH 4 . 6 ;  A ,  f i v e  i n c h e s  t h i c k ,  
p 8  4 . 8 ;  a n d  B,  t w e l v e  i n c h e s  t h i c k ,  pH 5 . 2  A t w e n t y - f i v e  f o o t  
s a m p l e  i n t e r v a l  was  u s e d  b u t  l i n e  s p a c i n g  v a r i e d  f r o m  f i f t y  t o  
s e v e r a l  h u n d r e d  f e e t .  

A n a l y s i s  was  d o n e  on  t h e  s p o t  by  U n i v e r s i t y  o f  A l a s k a  
Method One, M o d i f i e d .  T h i s  p r o c e d u r e  c o n s i s t s  o f  h a n d  s o r t i n g  
o n e - q u a r t e r  o f  a  g ram o f  f i n e  w e t  s o i l  a n d  p l a c i n g  i t  i n  a  
t w e n t y - f  i v e  m i l l i l i t e r  g r a d u a t e d  t e s t  t u b e .  P u r e  s o d i u m  c h l o r i d e  
a n d  m e t a l - f r e e  w a t e r  a r e  a d d e d  a n d  t h e  t o t a l  s o l u b l e  c o p p e r ,  
l e a d ,  a n d  z i n c  is  e x t r a c t e d  by s h a k i n g  w i t h  m e a s u r e d  a m o u n t s  o f  
d i t h i z o n e  s o l u t i o n .  I n  t h i s  m e t h o d ,  a  s a t u r a t e d  s o l u t i o n  o f  
d i t h i z o n e  d i s s o l v e d  i n  u n l e a d e d  w h i t e  g a s o l i n e  i s  p r e p a r e d .  The 
w h i t e  g a s o l i n e  u s e d  c o n s i s t s  o f  p e n t a n e  a n d  h e x a n e  a n d  i t  i s  r e -  
f i n e d  P O  t h e  s p e c i f i c a t i o n s  a s  s e t  f o r t h  by t h e  A m e r i c a n  S o c i e t y  
o f  T e s t i n g  M a t e r i a l s  D i s t i l l a t i o n  S t a n d a r d  Number E i g h t y - S i x .  
T h e  p r o d u c t  i s  m a r k e t e d  a s  h i g h  q u a l i t y  p r e s s u r e  a p p l i a n c e  f u e l  
a n d  i s  r e a d i l y  a v a i l a b l e  i n  A l a s k a .  However ,  o n l y  t h o s e  b r a n d s  
w h i c h  a r e  a d d i t i v e - f r e e  s h o u l d  b e  u s e d .  The method  i s  d e s c r i b e d  
i n  d e t a i l  a t  t h e  e n d  o f  t h i s  p a p e r .  



The t h r e e  p r o s p e c t o r s  d e t e c t e d  a  p r o m i s i n g  g e o c h e m i c a l  
s o i l  a n o m a l y ,  a s  a  r e s u l t  o f  t h e i r  w o r k .  The a n o m a l o u s  r e a d i n g s  
r a n g e d  f r o m  t w i c e  t o  more  t h a n  s i x t y  t i m e s  b a c k g r o u n d .  T h e  
l e n g t h  o f  t h e  a n o m a l y  e x c e e d e d  t w o  t h o u s a n d  f e e t ;  h o w e v e r ,  t h e  
maximum w i d t h  was o n l y  t w o  h u n d r e d  f e e t  a n d  a t  o n e  p l a c e  i t  was 
o n l y  t w e n t y - f i v e  f e e t  w i d e .  

One l i n e  o f  s o i l  s a m p l e s  w a s  t a k e n  i n  a n  o l d  b u l l -  
d o z e r  t r e n c h  a n d  t h i s  showed a n  a n o m a l o u s  r e a d i n g .  S u b s e q u e n t  
t r e n c h i n g  o f  t h e  a n o m a l y  r e v e a l e d  a  h i g h - g r a d e  g o l d  q u a r t z  v e i n  
a v e r a g i n g  t w o  f e e t  i n  w i d t h  a n d  more t h a n  t w o  t h o u s a n d  f e e t  i n  
l e n g t h .  The  v e i n  was l o c a t e d  o n e  f o o t  b e l o w  t h e  b o t t o m  o f  t h e  
a b a n d o n e d  b u l l d o z e r  t r e n c h .  
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THE UNIVERSITY OF ALASKA'S GEOCHEMICAL PROSPECTING METHOD U1 

A s  M o d i f i e d  
F o r  H a n d - S o r t e d  h e t  S o i l  S a m p l e s  

by Leo Mark A n t h o n y  

SUPPLIES 

1 1 6 - 0 2  s q u i r t  t y p e  r e s i n  d e m i n e r a l i z e r  ( f o r  m e t a l - f r e e  
w a t e r )  

t e s t  t u b e s .  p y r e x  b r a n d  g l a s s  s t o p p e r e d  w i t h  p o l y -  
e t h y l e n e ,  25  m l .  c a p a c i t y ,  g r a d u a t e d  i n  0 . 2  m l .  o r  
0 . 5  m l .  ( f o r  t e s t i n g  s a m p l e s ) .  

32  o r  1 6 - 0 2  b o t t l e ,  p o l y e t h y l e n e  w i t h  p o l y e t h y l e n e  
c a p  [ f o r  p r e p a r a t i o n  o f  s a t u r a t e d  d y e  s o l u t i o n ) .  

16 o r  8 - 0 2  p o l y e t h y l e n e  w a s h i n g  o r  d r o p p i n g  b o t t l e  
( f o r  d y e  s o l u t i o n ) .  

8 o r  4 - 0 2  b o t t l e ,  p o l y e t h y l e n e  w i t h  p o l y e t h y l e n e  
i n s e r t  d r o p p e r  a n d  s c r e w  c a p  ( f o r  s o d i u m  c h l o r i d e ) .  

2 - 0 2  b o t t l e s ,  p o l y e t h y l e n e  w i t h  p o l y e t h y l e n e  i n s e r t  
d r o p p e r s  a n d  s c r e w  c a p s  ( f o r  b a s i c  a n d  a c i d i c  pH 
a d j u s t e r s ) .  

1 p o r c e l a i n  s p a t u l a ,  C o o r s  No. 1 w i t h  4 gram s c o o p .  

1 p H y d r i o n  p a p e r ,  pH 1-11 ( f o r  c h e c k i n g  pH) 

1 s m a l l  p a c k a g e  f a c i a l  t i s s u e s  ( f o r  c l e a n i n g  s p a t u l a ) .  

l l b .  s o d i u m  c h l o r i d e ,  A .  R . ,  f i n e  c r y s t a l .  

1, O Z  ammonium h y d r o x i d e ,  A . R .  

1, o z  h y d r o c h l o r i c  a c i d ,  A .  R .  

S gm. d i t h i z o n e .  

1 g a l .  B l a z o  o r  w h i t e  g a s o l i n e  i n  u n o p e n e d  c o n t a i n e r .  



PKtPAKATlOS O F  T E S T I N G  MATERIALS 

U v e  S o l u t i o n  

1 .  Use t h e  C o o r s  # l  s p o o n  t o  p l a c e  one  s p o o n f u l  o f  
d i t h i z o n e  i n  3 2  o r  1 6 - 0 2  p o l y e t h y l e n c  b o t t l e .  

2 .  F i l l  b o t t l e  1 f u l l  o f  B l a z o  o r  w h i t e  g a s o l i n e .  

3 .  Cap b o t t l e  a n d  s h a k e  i t  v i g o r o u s l y  f o r  IS m i n u t e s  
e i t h e r  c o n t i n u o u s l y  o r  i n t e r m i t t e n t l y .  S o l u t i o n  
s h o u l d  t u r n  e m e r a l d  g r e e n .  

Al low one  o r  t w o  m i n u t e s  f o r  e x c e s s  d y e  c r y s t a l s  t o  
s e t t l e  t o  b o t t o m  o f  m i x i n g  b o t t l e .  I f  t h i s  d o e s  n o t  
h a p p e n ,  a d d  a n o t h e r  s p o o n f u l  o f  d i t h i z o n e  a n d  s h a k e  
t h e  s o l u t i o n  a n o t h e r  1 5  m i n u t e s .  When e x c e s s  d y e  
c r y s t a l s  s e t t l e  o u t  o f  t h e  s o l u t i o n ,  i t  c a n  be  c o n -  
s i d e r e d  s a t u r a t e d .  

D e c a n t  t h e  d y e  s o l u t i o n  i n t o  a  16 o r  8 - 0 2  w a s h i n g  
b o t t l e ,  c a r e f u l l y  r e t a i n i n g  t h e  u n d i s s o l v e d  d y e  
c r y s t a l s .  The d e c a n t e d  s o l u t i o n  i s  t h e n  r e a d y  t o  u s e .  

A d d i t i o n a l  d y e  s o l u t i o n  c a n  be p r e p a r e d  b y  a d d i n g  
more d i t h i z o n e  a n d  g a s o l i n e  t o  t h e  m a x i n g  b o t t l e .  
I f  a d d i t i o n a l  s o l u t i o n  i s  n o t  n e e d e d  i m m e d i a t e l y ,  
t h e  m i x i n g  b o t t l e  s h o u l d  b e  washed  w i t h  s m a l l  a m o u n t s  
( 1 0 - 2 0  m l . )  o f  u n l e a d e d  g a s o l i n e  t o  remove  e x c e s s  d y e  
c r y s t a l s  f r o m  t h e  b o t t l e .  T h i s  p r e v e n t s  o x i d a t i o n  o f  
t h e  d y e  c r y s t a l s .  

M e t a l - F r e e  W a t e r  

1. C o l l e c t  f r e s h  c l e a r  s t r e a m  o r  s p r i n g  w a t e r  o f  low 
h e a v y  m e t a l  c o n t e n t  i n  t h e  d e m i n e r a l i z e r  b o t t l e  a n d  
i n s e r t  t h e  r e s i n  d e m i n e r a l i z e r  c a p .  

2 .  I n v e r t  b o t t l e  a n d  s q u e e z e  i t  t o  f o r c e  o u t  m e t a l  f r e e  
w a t e r  a s  n e e d e d .  

B a s i c  ptl A d j u s t e r  

1. Wash a  2 - 0 2  p o l y e t h y l e n e  d r o p p i n g  b o t t l e  3 t i m e s  w i t h  
m e t a l - f r e e  w a t e r .  

2 .  P o u r  a b o u t  1 1  o z  o f  m e t a l - f r e e  w a t e r  i n t o  b o t t l e  a n d  
a d d  a b o u t  1 o z  o f  ammonium h y d r o x i d e ,  A . R .  S h a k e  
w e l l  a n d  l a b e l .  



A c i d i c  pH A d j u s t e r  

1. Wash a  2 - 0 2 .  p o l y e t h y l e n e  d r o p p i n g  b o t t l e  3 t i m e s  w i t h  
m e t a l - f r e e  w a t e r .  

2 .  P o u r  a b o u t  14 o z  o f  m e t a l - f r e e  w a t e r  i n t o  t h e  b o t t l e  
a n d  a d d  a b o u t  1 o z  o f  h y d r o c h l o r i c  a c i d ,  A . R .  S h a k e  
w e l l  a n d  l a b e l .  

Sodium C h l o r i d e  

1 .  Remove c a p  a n d  i n s e r t  d r o p p e r  f r o m  8 o r  4 o z .  p o l y -  
e t h y l e n e  b o t t l e  and  s h a v e  t h e  d r o p p e r  o p e n i n g  t o  
make i t  a b o u t  1 / 8  i n .  i n  d i a m e t e r .  

2 .  S h a k e  t h e  s o d i u m  c h l o r i d e  t o  b r e a k  u p  a n y  l u m p s .  

3 .  F i l l  t h e  p o l y e t h y l e n e  b o t t l e  w i t h  s o d i u m  c h l o r i d e  
a n d  r e p l a c e  i n s e r t  d r o p p e r  a n d  c a p .  

C H E C K -  OUT PROCEDURE 

1 .  I tash a  25-m1 t c s t  t u b e  t h r e c  t i m e s  w i t h  m e t a l - f r e e  
w a t e r .  

2 .  T a k e  a  10 m1 m e t a l - f r e e  w a t e r  s a m p l e .  

3 .  Add a b o u t  h gram o f  s o d i u m  c h l o r i d e .  

4 .  C a r e f u l l y  a d d  1  m 1  o f  e x t r a c t i n g  d y e  s o l u t i o n .  

5 .  S t o p p e r  t e s t  t u b e  a n d  s h a k e  i t  v i g o r o u s l y  f o r  o n e  
m i n u t e .  

6 .  O b s e r v e  t h c  c o l o r  o f  t h e  d y e  s o l u t i o n .  I f  t h e  l a y e r  
i s  u n c h a n g e d  o r  a  l i g h t  g r e e n ,  h e a v y  m e t a l s  a r e  
a b s e n t  o r  p r e s e n t  i n  low c o n c e n t r a t i o n .  The g e o -  
c h e m i c a l  k i t  i s  r e a d y  f o r  f i e l d  u s e .  

I f  t h e  d y e  s o l u t i o n  t u r n s  b r o w n ,  y e l l o w ,  v i o l e t ,  b l u e ,  
p i n k ,  o r  a n y  o f  t h e  i n - b e t w e e n  s h a d e s ,  t h e  k i t  i s  
e i t h e r  c o n t a m i n a t c d  o r  t h e  d y e  s o l u t i o n  h a s  o x i d i z e d .  

h'ash t h e  t e s t  t u b e  t h o r o u g h l y  w i t h  d e t e r g e n t  a n d  
w a t e r ,  u s i n g  a  n y l o n  b r u s h .  Then  r e p e a t  c h e c k - o u t  
p r o c e d u r e .  



I F  THE DITHIZONE SOLUTION I S  SUSPECTED TO BE OXIDIZED, TEST I T  B Y :  

1. Wash a  2 5  m l .  t e s t  t u b e  t h r e e  t i m e s  w i t h  m e t a l - f r e e  
w a t e r .  

2 .  P l a c e  a b o u t  5  m l .  o f  d i t h i z o n e  s o l u t i o n  i n  t e s t  t u b e .  

3 .  Add a b o u t  5 m l .  o f  m e t a l - f r e e  w a t e r .  

4 .  Add t w o  t o  t h r e e  d r o p s  o f  b a s i c  p11 a d j u s t e r  

5 .  S t o p p e r  t h e  t e s t  t u b e  a n d  s h a k e  i t  v i g o r o u s l y  f o r  1 5  
s e c o n d s .  ( 7 0  s t r o k e s ) .  

6 .  A l l o w  t h e  c o n t e n t s  o f  t h e  c y l i n d e r  t o  s e p a r a t e .  I f  
t h e  s o l v e n t  l a y e r  i s  g r e e n ,  r e p e a t  s t e p s  4 a n d  5 .  

7 .  I f  t h e  s o l v e n t  l a y e r  i s  c o l o r l e s s ,  t h e  s o l u t i o n  i s  
f r e e  o f  o x i d a t i o n  a n d  s u i t a b l e  f o r  t e s t i n g .  I f  t h e  
s o l v e n t  l a y e r  i s  y e l l o w  t o  b r o w n ,  o x i d a t i o n  h a s  
t a k e n  p l a c e  a n d  t h e  s o l u t i o n  s h o u l d  b e  d i s c a r d e d .  
A p i n k - c o l o r e d  s o l v e n t  l a y e r  i n d i c a t e s  c o n t a m i n a t i o n  
f r o m  e i t h e r  w a t e r  o r  t e s t - t u b e .  

Any b o t t l e  w h i c h  h a s  h e l d  a n  o x i d i z e d  d i t h i z o n e  s o l u -  
t i o n  s h o u l d  b e  w a s h e d  w i t h  u n l e a d e d  g a s o l i n e  t o  r e -  
move t h e  p r o d u c t s  o f  o x i d a t i o n .  T h e n  a  new d i t h i z o n e  
s o l u t i o n  s h o u l d  b e  p r e p a r e d  f o r  t e s t i n g .  

T o  a v o i d  o x i d a t i o n  o f  d i t h i z o n e  s o l u t i o n ,  i t  i s  
r e c o m m e n d e d  t h a t  f r e s h  s o l u t i o n s  b e  p r e p a r e d  d a i l y .  
U n u s e d  s o l u t i o n s  s h o u l d  b e  d i s c a r d e d  a n d  t h e  b o t t l e s  
t h o r o u g h l y  w a s h e d  w i t h  u n l e a d e d  g a s o l i n e .  

TESTING PROCEDURE 

1. T a k e  a  h a n d f u l  o f  s o i l  f r o m  t h e  s a m p l i n g  t o o l ,  s o r t  
o u t  a n d  d i s c a r d  v e g e t a t i o n ,  g r a i n s  o f  s a n d  a n d  c o a r s e  
l u m p s  o f  m a t e r i a l .  S e l e c t  o n l y  f i n e  c l a y - l i k e  s o i l  
f o r  s a m p l i n g .  

P l a c e  o n e  s c o o p  ( 1  g m . )  o f  f i n e  s o i l  i n  a  c l e a n  2 5  m1 
t e s t  t u b e .  C l e a n  s c o o p  w i t h  f a c i a l  t i s s u e  b e f o r e  
r e u s e .  

P o u r  a b o u t  f gm. o f  s o d i u m  c h l o r i d e  i n t o  t h e  t e s t  
t u b e .  ( I f  n e c e s s a r y ,  t h e  a gm. s p o o n  may b e  u s e d  t o  
m e a s u r e  t h e  s o d i u m  c h l o r i d e .  ) 

Wash down t h e  s o i l  a n d  t h e  s o d i u m  c h l o r i d e  f r o m  t h e  
i n s i d e  w a l l  t o  t h e  b o t t o m  o f  t h e  t e s t  t u b e  w i t h  
m e t a l - f r e e  w a t e r ,  f i l l i n g  t h e  t e s t  t u b e  t o  t h e  5 m1 
m a r k .  



TESTING PROCEDURE ( C o n t  I d )  

5 .  Cap t h e  t e s t  t u b e  a n d  s h a k e  i t  v i g o r o u s l y  a  f e w  t i m e s .  
T h e n  m o i s t e n  a  s t r i p  o f  p H y d r i o n  p a p e r  w i t h  t h e  s o l u -  
t i o n  a n d  c h e c k  t h e  pH a g a i n s t  t h e  s c a l e  on t h e  
p H y d r i o n  d i s p e n s e r .  F o r  n o r m a l  work  t h e  pH s h o u l d  
b e  b e t w e e n  5 - 6 .  I f  t h e  pH i s  t o o  l o w ,  a d d  o n e  d r o p  
o f  b a s i c  a d j u s t e r .  I f  t o o  h i g h ,  a d d  o n e  d r o p  o f  
a c i d i c  a d j u s t e r .  R e p e a t  i f  n e c e s s a r y .  

( I n  a  s u b - a r c t i c  brown f o r e s t  s o i l  e n v i r o n m e n t ,  
common t o  mos t  o f  A l a s k a ,  t h e  pH o f  t h e  "C" l a y e r  i s  
u s u a l l y  i n  t h e  5 - 6  r a n g e  a n d  c o r r e c t i o n s ,  when n e e d e d ,  
a r e  u s u a l l y  s l i g h t . )  

I t  i s  o n l y  n e c e s s a r y  t o  c h e c k  t w o  o r  t h r e e  s a m p l e s  
f o r  pil when s a m p l e s  a r e  t e s t e d  i n  new a r e a s .  

6 .  C a r e f u l l y  a d d  l m 1  o f  d i t h i z o n e  s o l u t i o n ,  s t o p p e r  t h e  
t e s t  t u b e  a n d  s h a k e  i t  v i g o r o u s l y  f o r  15 s e c o n d s  ( 7 0  
s t r o k e s ) .  

7 .  A l l o w  t h e  l a y e r s  t o  s e p a r a t e  a n d  o b s e r v e  t h e  c o l o r  o f  
t h e  s o l v e n t  l a y e r .  I f  t h e  c o l o r  i s  f a i n t  t o  s t r o n g  
g r e e n ,  l i t t l e  o r  n o  h e a v y  m e t a l  o r  m e t a l s  a r e  p r e s e n t .  
F o r  a n y  o t h e r  c o l o r ,  r e p e a t  s t e p  6 .  

8. The t o t a l  m 1  o f  d i t h i z o n e  s o l u t i o n  a d d e d  t o  r e a c h  t h e  
f i r s t  d e t e c t a b l e  g r e e n  ( e n d  p o i n t )  s e r v e s  a s  a n  i n d e x  
v a l u e  o f  t h e  h e a v y  m e t a l s  p r e s e n t  i n  t h e  s a m p l e .  

I d e n t i f i c a t i o n  of  Heavy  M e t a l s  

F i r s t  I n d i c a t e d  C o l o r  M e t a l  

V i o l e t  Z i n c  o r  o t h e r  
P i n k  Lead o r  o t h e r  
Y e l l o w - g r e e n  t o  brown O x i d a t  i o n  
O l i v e - g r e e n  t o  brown C o p p e r  

When a n  o l i v e - g r e e n  c o l o r  i s  o b t a i n e d ,  t o  a v o i d  c o n -  
f u s i n g  i t  w i t h  t h e  g r e e n  e n d  p o i n t ,  a d d  f m 1  o f  t h e  
d i t h i z o n e  s o l u t i o n  t o  t h e  t e s t  t u b e  a n d  s h a k e  i t  
g e n t l y ,  h o l d i n g  t h e  t e s t  t u b e  t o  s t r o n g  l i g h t .  The  
o l i v e - g r e e n  c o l o r  w i l l  c h a n g e  s l o w l y  t o  v i o l e t  a s  t h e  
f r e s h  s o l u t i o n  m i x e s  w i t h  t h e  o l d .  T h i s  i n d i c a t e s  a  
h i g h  c o p p e r  c o n t e n t .  The c o l o r  may t h e n  t u r n  b a c k  t o  
o l i v e - g r e e n ;  b u t  a s  t h e  s a m p l e  i s  d i l u t e d  i t  w i l l  g o  
t h r o u g h  a  v i o l e t  o r  p i n k  c o l o r  p h a s e .  

S p e c i f i c  c o p p e r  work  may b e  d o n e  i n  t h e  pH r a n g e  o f  
2-3. 



I n  t h e  g e n e r a l  pH r a n g e  ( 5 - 6 )  h i g h  c o p p e r ,  l e a d  o r  
z i n c  r e a d i n g s  a r e  s o m e t i m e s  i d e n t i f i e d  by d i s t i n c t -  
i v e l y  c o l o r e d  p i g m e n t s  p r o d u c e d  d u r i n g  d i l u t i o n .  
T h e s e  p i g m e n t s  s e t t l e  a t  t h e  i n t e r f a c e  b e t w e e n  t h e  
a q u e o u s  and  t h e  s o l v e n t  l a y e r s .  

P i g m e n t  C o l o r  M e t a l  

Red o r  p i n k  
Brown 
B l a c k  o r  v i o l e t  

Lead 
C o p p e r  
Z i n c  

O t h e r  T e s t s  

I t  i s  recommended t h a t  s e v e r a l  m e t a l  r i c h  s o i l  s a m p l e s  
be c o l l e c t e d  f o r  t e s t i n g  w i t h  m e t a l  i o n  t e s t  p a p e r s .  
T h e s e  r a p i d  s p o t  t e s t s  w i l l  i d e n t i f y  t h e  s p e c i f i c  
t r a c e  m e t a l s  p r e s e n t  i n  t h e  s a m p l e s .  

R E C O V E R Y  A N D  PURIFICATION OF SOLVENTS 

I n  r e m o t e  a r e a s  i t  may b e  n e c e s s a r y  t o  p u r i f y  a n d  r e -  
c o v e r  u s e d  s o l v e n t s .  The method  d e s c r i b e d  h e r e  w i l l  
work f o r  a n y  o r g a n i c  s o l v e n t ,  b u t  t h e y  mus t  n o t  b e  
m i x e d .  

S u p p l i e s  

2 3 2  oz. p o l y e t h y l e n e  b o t t l e s  w i t h  s c r e w  c a p s .  
1  p o l y e t h y l e n e  f u n n e l .  
1  p k g .  f i l t e r  p a p e r ,  Whatman # 2 0  o r  s i m i l a r .  
4 oz d e c o l o r i z i n g  c h a r c o a l .  

R e c o v e r y  P r o c e d u r e  

P l a c e  a b o u t  16 oz o f  u s e d  g a s o l i n e  s o l v e n t ,  o x i d i z e d  
s o l v e n t  a n d / o r  c o n t a m i n a t e d  s o l v e n t  i n  a  3 2  oz p o l y -  
e t h y l e n e  b o t t  l e .  C a r e f u l l y  s e p a r a t e  t h e  g a s o l i n e  
f r o m  a n y  w a t e r  o r  s o i l  by d e c a n t i n g  i t  i n t o  t h e  o t h e r  
5 2  oz b o t t l e .  Some s o i l  may r e m a i n  w i t h  t h e  g a s o l i n e  
I f  s o ,  a d d  5 0 - 1 0 0  m1 o f  c l e a r  w a t e r  a n d  s h a k e  i t  
v i g o r o u s l y  f o r  a b o u t  a  m i n u t e .  Al low t h e  l a y e r s  t o  
s e p a r a t e  and  c a r e f u l l y  d e c a n t  t h e  g a s o l i n e .  

Add a b o u t  o n e  h e a p i n g  t a b l e s p o o n  ( t w o  o r  t h r e e  
p o c k e t - k n i f e  b l a d e s  f u l l )  o f  d e c o l o r i z i n g  c h a r c o a l  
t o  t h e  c o l l e c t i n g  b o t t l e .  

S e c u r e  b o t t l e  c a p  a n d  s h a k e  t h e  b o t t l e  v i g o r o u s l y  f o r  
a b o u t  t c n  m i n u t e s .  



A l l o w  c h a r c o a l  t o  s e t t l e  a n d  o b s e r v e  w h e t h e r  t h e  
g a s o l i n e  a p p e a r s  c o l o r l e s s .  I f  i s  i s  c o l o r e d ,  a d d  
a b o u t  o n e  more h e a p i n g  t a b l e s p o o n  o f  c h a r c o a l  and  
r e p e a t  s t e p  3. R e p e a t  u n t i l  t h e  g a s o l i n e  i s  c o l o r l e s s .  

To c o n s e r v e  c h a r c o a l ,  a l l o w  m i x t u r e  t o  s t a n d  f o r  s e v -  
e r a l  h o u r s  o r  o v e r n i g h t .  T h i s  a l l o w s  t h e  c h a r c o a l  t o  
a b s o r b  more  o f  t h e  m e t a l  i m p u r i t i e s .  

F o l d  a  p i e c e  o f  f i l t e r  p a p e r  i n t o  a  c o n e - s h a p e d  f i l t e r ,  
p l a c e  i t  i n  t h e  f u n n e l  a n d  p l a c e  t h e  f u n n e l  i n  a  3 2  o z  
p o l y e t h y l e n e  b o t t l e  o r  o t h e r  s u i t a b l e  c o n t a i n e r .  F i l -  
t e r  t h e  c h a r c o a l  o u t  o f  t h e  g a s o l i n e  by s l o w l y  p o u r i n g  
t h e  m i x t u r e  i n t o  t h e  f u n n e l .  

The c o l o r l e s s  g a s o l i n e  m u s t  b e  a b s o l u t e l y  f r e e  o f  
c h a r c o a l .  I f  n e c e s s a r y ,  u s e  a  new f i l t e r  p a p e r  and  
r e p e a t  t h e  p r o c e s s  o f  f i l t e r i n g .  

Remove m o s t  o f  t h e  u s e d  c h a r c o a l  f r o m  t h e  c o l l e c t i n g  
b o t t l e  by  w a s h i n g  i t  o u t  w i t h  s m a l l  a m o u n t s  o f  g a s o -  
l i n e .  

I f  f r e s h  c h a r c o a l  i s  a d d e d  t o  t h e  c o l l e c t i n g  b o t t l e  
a s  t h e  u s e d  s o l v e n t  i s  a d d e d ,  mos t  o f  t h e  i m p u r i t i e s  
w i l l  be  r e m o v e d .  T h i s  s a v e s  t i m e  i n  r e c o v e r i n g  s p e n t  
s o l v e n t s .  



A METHOD OF DETERMINING TRACES OF MERCURY 
I N  GEOLOGIC MATERIALS 

L.M. Azzaria* 

INTRODUCTION 

The mercury halo method of mineral exploration is 
presently receiving a great deal of attention. Interest in this 
method is due to the fact that it has been demonstrated that soils 
and rocks in the vicinity of many base and precious metal deposits 
contain anomalous quantities of mercury (Ozerova, 1959; Ozerova, 
1962; Hawkes and Williston, 1962; James and Webb, 1964; Williston, 
1964; Berc6, 1965; Sutherland Brown, 1966). Another reason for 
the increasing interest in this method of prospecting is the 
development of reliable techniques for the determination of the 
nanogram (1 n a n 0 ~ r a m = l 0 - ~  grams) quantities of mercury present 
in geologic materials. 

There are several methods used for determining low 
mercury content.of geologic materials. The more sensitive methods 
depend on the absorption by mercury vapour of ultraviolet light 
in the 2537 Angstrom range. There are several instruments of this 
type. First are the well known instruments that operate on a 
single beam system. In these instruments the gaseous sample is 
passed between an ultraviolet lamp and a device that is sensitive 
to this radiation. These instruments, however, suffer from inter- 
ference by organic matter, water, and sulphides in geologic 
samples. However, they have been successfully used in geochemical 
prospecting by selecting samples that are reasonably free from 
interfering substances (Sutherland Brown, 1966). Second are the 
more recently developed sophisticated instruments that are based 
on double beam systems (Hawkes and Williston, 1962; Williston, 
1964; James and Webb, 1964; Vaughn and McCarthy, 1964; Clews and 
Walker, 1964; Williston and Morris, 1965; Williston, 1965). In 
the present work an instrument developed by Williston and Morris 
(1965) was used. In this mercury vapour meter the sample is 
heated to vaporize the mercury. The resulting gases are then 
split into two equal portions and the mercury removed from one of 
them. Then the difference in absorption of ultraviolet radiation 
by the two portions is measured. In this arrangement, the effect 
of the interfering gases cancels due to its presence in equal 
amounts in the two portions. In the method of Vaughn and McCarthy 
(1964) the mercury of a gaseous sample is collected on gold foil 
while the interfering gases are exha~sted. Next the gold is 
heated to volatilize the mercury which is drawn into another 
double beam instrument. In the present work the method of Vaughn 
and McCarthy for collecting mercury on gold was used. The work 
was begun in 1964 and was carried out independently of the in- 
vestigation of Vaughn and McCarthy. 

Department of Geological Sciences, McGill University, Montreal, 
Canada. 



Figure 1. The goId wool collector and emitter of traces of mercury. 
a: The space produced all around the bulb due to the 
packing of the gold wool. 



The present work deals with (1) the properties of 
gold wool as a collector and emitter of traces of mercury, and 
(2) the application of these properties to the determination of 
traces of mercury in geologic materials containing interfering 
substances. These substances not only interfere with instruments 
using single beam systems but, in some cases, interfere with 
instruments using double beam systems. In the present work the 
sample is heated to vaporize all the mercury which is collected 
on gold wool while the interfering substances are exhausted. 
Next the gold is heated to volatilize the mercury which is 
measured with a mercury vapour meter (Williston and Morris, 1965). 
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THE COLLECTOR AND EMITTER OF TRACES OF MERCURY 

Traces of mercury vapour were collected on gold wool 
which was usually held at room temperature. The mercury vapour 
was charged on the gold wool by releasing the mercury into a 
stream of air that was passed through the wool. When the charging 
was completed, the gold was heated rapidly to a temperature ranging 
from 800 to 850°c. to release the collected mercury. Then the 
released mercury was passed through the mercury vapour meter which 
expresses the mercury content in volts. The gold was next allowed 
to cool to room temperature and thus was ready for a new cycle of 
collection and emission of mercury. 

The gold wool was placed in a quartz bulb (Figure 1). 
The wool was made from gold wire whose composition was 99.99% Au, 
and whose diameter was 0.003 inches. Three hundred feet of wire 
were usually used in a given collector. This has a theoretical 
surface of 34 square inches. The gold wire was first shaped in 
the form of wool and then was packed in position in the bulb by 
means of glass rods. 

The gold was charged with mercury while air was being 
passed through it at the rate of 2 liters/minute. The bulb was 
placed in an upright position during charging. By connecting 
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the bulb directly to the mercury vapour meter during charging, 
it was demonstrated that there was complete collection of mercury 
vapour when flow rates ranging from 2 to 8 liters/minute were 
used. Any mercury that escaped collection on the gold would give 
a voltage reading on the instrument. 

The charged gold wool was heated with an induction 
furnace (Leco, model 521-500) to release the mercury. An example 
of the temperature of one of the gold wool collectors as it was 
heated in the furnace is shown in Figure 2. The temperature was 
measured with an optical pyrometer (Leeds and Northrup No.8622). 
The induction furnace was set so that a gold collector would 
always be heated at the same desired rate. 

After a number of collection and emission cycles, 
the gold wool packed inside the bulb and produced a gold-free 
space between the wool and the inside surface of the bulb 
(Figure 1, a). However, at the same time the wool slid down on 
the inner shoulder of the bulb and produced an effective seal 
preventing the escape of mercury vapour before it had amalgamated 
with the gold. Using the shape of bulb shown in Figure 1, sealing 
of space 5 would not take place if the bulb were not in an upright 
position. 

The sensitivity of the mercury vapour meter used in 
the present work is in the order of l nanogram. However. another 
model developed by Williston (1964) has a sensitivity of 0.001 
nanogram. 

Untreated room air was used to carry the mercury 
vapour through the gold wool and the mercury vapour meter. This 
air contained a measurable quantity of mercury. Table 1 shows 
the mercury content of the laboratory air during certain inter- 
vals of time of the work. 

TABLE I 

MERCURY CONTENT OF LABORATORY AIR (Room 432A, Hearst Mining 
Building) PUMPED THROUGH A GOLD WOOL COLLECTOR. 

Pumping Rate Volume Pumped Mercury Content 
Date (liters/Minute) (liters) (nanograms/100 liters) 

April 4,65 2 200 8 
April 9,65 2 180 10 
April 19,65 6 4 20 9 
Clay 3.65 6 570 8 
May 4.65 6 450 3 
May 10,65 6 396 8 
May 10- 

May 11.65 2 1160 6 
May 12,65 2 110 12 
May 13- 

May 14,65 2 1200 6 
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Figure 4. The change in the height of the voltage peaks with mercury content. 



Figure 5. Comparison between the height of the voltage peaks of two calibration 
curves. 
b: The mercury is charged and emitted from gold wool. - 
a: The mercury i s  injected directly into the mercury vapour meter. - 



COLLECTION AND EMISSION OF TRACES OF MERCURY 

A gold wool collector was held at room temperature 
and charged with a standard mercury vapour sample. Next, the 
gold was heated in the usual way to volatilize the mercury. This 
procedure was repeated with another standard sample. The results 
of the two runs are shown in Figure 3. Here the vapour was 
flowing through the absorption cells of the mercury vapour meter 
at the rate of 1 liter/minute. It took 14 seconds to obtain a 
meter signal from mercury released in the induction furnace. 
Therefore, Figure 3 shows that it took 53-54 seconds to begin to 
release the mercury from the gold, and it took another 34-37 
seconds to reach a voltage peak. 

The standard mercury vapour samples were obtained by 
taking known volumes of air saturated with mercury at known temper- 
atures. The mercury content of a sample was then calculated from 
the perfect gas law. Figure 4 shows a plot of voltage peaks with 
mercury content of the runs of Figure 3, as well as of additional 
runs using the same flow rate. The points of Figure 4 fall close 
to a straight line and this was used as the calibration curve. 

Figure 5 compares the calibration curve shown in 
Figure 4 and a curve produced by injecting mercury vapour directly 
into the mercury vapour meter (Figure 5, a). The same absorption 
cell flow rate was used in both series of-runs. Curve 5 shows 
higher peaks than curve due to the presence of more mercury 
vapour in the absorption cell of the meter at a given time. Thus 
it seems possible to make the method that uses gold for collection 
and emission more sensitive. This may be done by releasing the 
mercury from the gold at a faster rate, and by passing the mercu- 
ry through the absorption cell at a slower rate. 

Gold wool was held at different temperatures ranging 
from 24'~. to 325'~. and was studied in terms of collection and 
emission of mercury vapour. The gold collector was brought to a 
given temperature and was charged with a known quantity of mercu- 
ry vapour ranging from 70 - 210 nanograms. The collector was 
held at that temperature for 5 minutes after it was charged. 
Next, it was heated in the induction furnace and its mercury 
content measured. At the same time, the same quantity of room 
air that was passed through the collector being charged, was also 
passed through a second collector. This was done in order to 
find the quantity of mercury contributed by room air. This was 
measured and applied as a blank correction which, however, was 
usually negligible. The results of these experiments are shown 
in Table 2. 
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NWOCRAMS MERCURY 
Figure 6. Two calibration curves using the same gold wool collector. Curve 

a obtained while the collector was less used than in the case of - 
curve b. 



TABLE 2 

COLLECTION OF M E R C U R Y  O N  G O L D  WOOL AT 
DIFFERENT TEMPERATURES 

T e m p e r a t u r e  
0 
C. 

Ilg R e c o v e r e d  
X 1 0 0  

tfg C h a r g e d  

I t  was o b s e r v e d  t h a t  t h e  s l o p e  o f  t h e  c a l i b r a t i o n  
c u r v e s ,  u s i n g  g o l d ,  c h a n g e d  g r a d u a l l y  a s  a  r e s u l t  o f  t h e  c o n -  
t i n u o u s  u s e  o f  t h e  g o l d  f o r  c o l l e c t i o n  a n d  e m i s s i o n  o f  m e r c u r y .  
F i g u r e  6 c o m p a r e s  t w o  p e a k  v o l t a g e  c u r v e s  p r o d u c e d  by a  c o l l e c t o r  
- e m i t t e r  i n  t w o  s t a t e s  o f  u s e .  C u r v e  c o n s i s t s  o f  v o l t a g e  
p e a k s  f o r  t h e  s a m e  c o l l e c t o r  - e m i t t e r  a s  i n  c u r v e  a b u t  many 
c o l l e c t i o n  a n d  e m i s s i o n  c y c l e s  l a t e r .  I t  was  a l s o  o b s e r v e d  t h a t ,  
u n d e r  t h e  c o n d i t i o n s  o f  t h e  p r e s e n t  w o r k ,  m e r c u r y  b e g i n s  t o  
v a p o r i z e  f r o m  a  u s e d  c o l l e c t o r  s e v e r a l  s e c o n d s  l a t e r ,  c o m p a r e d  t o  
a  new o n e .  I t  was f u r t h e r  o b s e r v e d  t h a t  t h e  t i m e  f r o m  t h e  b e -  
g i n n i n g  o f  v o l a t i l i z a t i o n  u n t i l  a  v o l t a g e  p e a k  i s  r e a c h e d  i s  
s e v e r a l  s e c o n d s  l o n g e r  i n  t h e  c a s e  o f  a  u s e d  c o l l e c t o r  c o m p a r e d  
t o  a  new o n e .  

T h e  d e c r e a s e  i n  s l o p e  o f  t h e  c a l i b r a t i o n  c u r v e  i s  
d i r e c t l y  p r o p o r t i o n a l  t o  t h e  n u m b e r  o f  c o l l e c t i o n  a n d  e m i s s i o n  
c y c l e s  a s  w e l l  a s  t o  t h e  a m o u n t  c h a r g e d  i n  a  g i v e n  c y c l e .  The  
g r e a t e r  t h e  a m o u n t  c h a r g e d  i n  a  g i v e n  c y c l e ,  t h e  g r e a t e r  t h e  
d e c r e a s e  i n  s l o p e .  I t  t b o k  c l o s e  t o  5 0  c y c l e s  t o  p r o d u c e  a n y  
n o t i c e a b l e  c h a n g e  i n  s l o p e  o f  t h e  c a l i b r a t i o n  c u r v e  o f  a  new 
c o l l e c t o r  i f  c h a r g e s  o f  l e s s  t h a n  5 0 0  n a n o g r a m s  w e r e  u s e d .  T h e r e  
f o r e ,  t h e  s l o p e  o f  t h e  c u r v e  was c h e c k e d  r e g u l a r l y  w i t h  s t a n d a r d  
s a m p l e s .  

I t  was o b s e r v e d  t h a t  n o t  a l l  t h e  m e r c u r y  c h a r g e d  o n  
a  c o l l e c t o r ,  h e l d  a t  room t e m p e r a t u r e  d u r i n g  c h a r g i n g ,  i s  v o l a -  
t i l i z e d  on  h e a t i n g  t h e  f i r s t  t i m e .  T h i s  i s  a l s o  i n d i c a t e d  i n  
F i g u r e  3 by  t h e  way i n  w h i c h  t h e  v o l t a g e  d r o p s  t o  n e a r  z e r o  a f t e r  
r e a c h i n g  a  p e a k .  T h r e e  t o  s i x  p e r  c e n t  o f  t h e  m e r c u r y  w a s  r e l e a s e d  
a s  a  r e s u l t  o f  a  s e c o n d  h e a t i n g  c y c l e .  However ,  m e r c u r y  v o l a -  
t i l i z e d  b y  a  s e c o n d  h e a t i n g  c y c l e ,  f r o m  a  c o l l e c t o r  h e l d  a t  
t e m p e r a t u r e s  r a n g i n g  f r o m  215-255°C.  d u r i n g  c h a r g i n g ,  was f o u n d  
t o  b e  l e s s  t h a n  2 %  o f  t h e  t o t a l  m e r c u r y  c h a r g e d .  T h i s  s m a l l  p e r -  
c e n t a g e  o f  m e r c u r y  was u s u a l l y  n e g l e c t e d  i n  r o u t i n g  r u n s ,  b u t  
when i t  r e p r e s e n t e d  a  l a r g e  q u a n t i t y  o f  m e r c u r y  t h e  c o l l e c t o r  was  
c l e a n e d  b y  r e h e a t i n g  b e f o r e  i t  was  r e c h a r g e d .  



Figure 7 .  Simplified diagram of apparatus for collecting mercury 
from sulphides. 
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Gold  c o l l e c t o r s  w e r e  p l a c e d  i n  a i r  s a t u r a t e d  w i t h  
m e r c u r y  a t  room t e m p e r a t u r e  f o r  p e r i o d s  u p  t o  1 5  h o u r s .  They  
w e r e  p l a c e d  i n  s e a l e d  c o n t a i n e r s  c o n t a i n i n g  e x c e s s  l i q u i d  m e r c u -  
r y .  The c o n c e n t r a t i o n  o f  m e r c u r y  i n  t h e  c o n t a i n e r s  r a n g e d  f r o m  
1 7  t o  2 3  n a n o g r a m s / c . c .  The  s u r f a c e  o f  t h e  c o l l e c t o r s  v a r i e d  
f r o m  40 t o  45  s q u a r e  i n c h e s .  P r e l i m i n a r y  t e s t s  s u g g e s t e d  t h a t  
t h e  g o l d  was a m a l g a m a t i n g  w i t h  m e r c u r y  a t  t h e  r a t e  o f  1 0 0 0  
n a n o g r a m s / h o u r  i n  t h e  b e g i n n i n g ,  a n d  g r a d u a l l y  d e c r e a s i n g  t o  1 5 0  
n a n o g r a m s / h o u r  a f t e r  1 5  h o u r s .  

DETERMINING MERCURY IN SULPHIDES 

I t  s e e m s  t h a t  t h e  a c c u m u l a t i o n  o f  more  d a t a  on t h e  
m e r c u r y  c o n t e n t  o f  s u l p h i d e s ,  a n d  on t h e  mode o f  o c c u r e n c e  o f  
m e r c u r y  i n  s u l p h i d e s ,  would  h e l p  i n  i n t e r p r e t i n g  m e r c u r y  h a l o s  
r e l a t e d  t o  s u l p h i d e  d e p o s i t s .  T h e r e f o r e  a n  a t t e m p t  was made t o  
d e t e r m i n e  t h e  m e r c u r y  c o n t e n t  o f  s u l p h i d e  m i n e r a l s .  

The  f i r s t  a t t e m p t  was made b y  h e a t i n g  t h e  s a m p l e s  t o  
a p p r o x i m a t e l y  8 0 0 ~ ~ .  i n  t h e  i n d u c t i o n  f u r n a c c ,  a n d  d e t e r m i n i n g  
t h e  m e r c u r y  w i t h  t h e  m e r c u r y  v a p o u r  m e t e r  ( W i l l i s t o n  a n d  M o r r i s ,  
1 9 6 5 ) .  The r e s u l t s  w e r e  u n r e l i a b l e .  N e x t ,  s u l p h i d e  s a m p l e s ,  
w e i g h i n g  0 . 0 1 - 0 . 1 0  g r a m s ,  w e r e  c o v e r e d  w i t h  1 . 3  g r a m s  o f  4 0  mesh 
i r o n  f i l i n g s ,  a n d  w e r e  h e a t e d  t o  a p p r o x i m a t e l y  800°C.  i n  t h e  
i n d u c t i o n  f u r n a c e ,  a n d  t h e  m e r c u r y  d e t e r m i n e d  w i t h  t h e  same m e t e r .  
The  r e s u l t s  w e r e  a l s o  u n r e l i a b l e .  F i n e r  i r o n  f i l i n g s  w e r e  n o t  
u s e d  d u e  t o  t h e i r  h i g h  m e r c u r y  c o n t e n t .  I n  f u r t h e r  a t t e m p t s ,  t h e  
s a m p l e s  w e r e  c o v e r e d  w i t h  l a r g e r  q u a n t i t i e s  o f  i r o n  f i l i n g s ,  u p  
t o  6 . 5  g r a m s ,  b u t  s t i l l  n o  r e p r o d u c i b l e  r e s u l t s  w e r e  o b t a i n e d .  

bInO2, 1 2 - 2 0  mesh i n  s i z e ,  was  a l s o  u s e d  i n  a n  a t t e m p t  
t o  t r a p  t h e  i n t e r f e r i n g  s u b s t a n c e s  t h a t  w e r e  r e l e a s e d  when t h e  
s u l p h i d e s  w e r e  h e a t e d .  T h e  a t t e m p t  f a i l e d  b e c a u s e  t h e  %{no2 
t r a p p e d  t h e  m e r c u r y  v a p o u r .  

N e x t ,  t h e  a r r a n g e m e n t  shown i n  F i g u r e  7  was a t t e m p t e d .  
T h i s  makes  u s e  o f  a  g o l d  wool  c o l l e c t o r  ( F i g u r e  1 ) .  The  s a m p l e ,  
w e i g h i n g  0 . 1 - 0 . 5  g r a m s ,  was  t r a n s f e r r e d  t o  a  p o r c e l a i n  b o a t  a n d  
p l a c e d  i n  t h e  r e s i s t a n c e  f u r n a c e  f o r  2 - 5  m i n u t e s .  The  f u r n a c e  
was h e l d  a t  9 0 0 ~ ~ .  a n d  t h e  t e m p e r a t u r e  was  m e a s u r e d  w i t h  a  c h r o m e 1  
a l u m e l  t h e r m o c o u p l e .  W h i l e  t h e  s a m p l e  w a s  b e i n g  h e a t e d ,  room a i r  
was a s p i r a t e d  t h r o u g h  t h e  s y s t e m  a t  t h e  r a t e  o f  1 - 2  l i t e r s / m i n u t e .  
T h u s ,  t h e  m e r c u r y  o f  t h e  s a m p l e  was c o l l e c t e d  on  t h e  g o l d  wool  
w h i l e  t h e  s u l p h u r  o x i d e s  w e r e  e x h a u s t e d .  I n  t h e  c a s e  o f  s a m p l e s  
o f  g a l e n a  a n d  s p h a l e r i t e ,  m i n o r  l e a d  a n d  z i n c  o x i d e s  d e p o s i t e d  
a l o n g  t h e  t u b e  j o i n i n g  t h e  f u r n a c e  t o  t h e  c o l l e c t o r .  When t h e  
s a m p l e  h e a t i n g  was c o m p l e t e d ,  t h e  g o l d  c o l l e c t o r  was h e a t e d  i n  
t h e  i n d u c t i o n  f u r n a c e  a n d  t h e  m e r c u r y  c o n t e n t  d e t e r m i n e d  w i t h  t h e  
m e r c u r y  v a p o u r  m e t e r .  The  m e r c u r y  c o n t e n t  was t h e n  e x p r e s s e d  p e r  
b i l l i o n  [ p . p . b . ) .  The  r e s u l t s  o f  d e t e r m i n i n g  t h e  m e r c u r y  c o n t e n t  
o f  some s u l p h i d e  s p e c i m e n s  i s  shown i n  T a b l e  3 .  I t  t o o k  4 - 7  
m i n u t e s  t o  d e t e r m i n e  t h e  m e r c u r y  c o n t e n t  o f  a  w e i g h e d  s u l p h i d e  
s a m p l e .  



TABLE 3  

MERCURY CONTENT OF SULPHIDE SPECIMENS 

M i n e r a l  M e r c u r y  C o n t e n t  A v e r a ~ e  o f  % D e v .  
( p . n . b . )  f r o m  A r i t h .  Mean 

G a l e n a  1  2 9 ,  2 4 ,  3 2 ,  3 7 ,  2 5  1 4  

G a l e n a  2 9 0 ,  8 5 ,  7 5 ,  7 5 ,  1 1 5  1 4  

G a l e n a  3  1 3 5 ,  1 5 0 ,  1 2 0  7  

G a l e n a  4  4 2 0 ,  4 7 0 ,  4 8 5  6 

S p h a l e r i t e ,  5 2 5 0 ,  1 0 1 0 0 ,  9 9 0 0 ,  
l i g h t  b r o w n  4 0 0 0 ,  4 3 0 0  

S p h a l e r i t e ,  1 0 0 ,  9 5 ,  2 5 ,  4 0  
d a r k  b r o w n  2 5 ,  6 5  

C h a l c o p y r i t e  1 2 8 0 ,  4 7 0 ,  2 3 0 ,  1 9 0  3  0 

C h a l c o p y r i t e  2  S O ,  7 5 ,  6 5  R 

B o r n i t e  2 8 5 0 ,  2 3 2 0 ,  3 1 5 0  4 

DE'TERMISING FIERCURY IN OTHER GEOLOGIC MATERIALS 

T h e  p r o p e r t i e s  o f  g o l d  wood a s  a  c o l l e c t o r  a n d  e m i t -  
t e r  o f  m e r c u r y  w e r e  o u t l i n e d  a b o v e .  T h e  p r o p e r t i e s  o f f e r  d e f i n i t e  
p o s s i b i l i t i e s  f o r  d e t e r m i n i n g  t r a c e s  o f  m e r c u r y  i n  v a r i o u s  ma- 
t e r i a l s ,  s u c h  a s  v e g e t a t i o n ,  o r g a n i c  s o i l s ,  w a t e r  a n d  c a s e s ,  t h a t  
c o n t a i n  i n t e r f e r i n g  s u b s t a n c e s .  

To u s e  t h i s  t e c h n i q u e ,  t h e  s a m p l e  m u s t  b e  h e a t e d  i n  
s u c h  a  way t h a t  e l e m e n t a l  m e r c u r y  v a p o u r  i s  p r o d u c e d .  T h i s  c a n  
t h e n  b e  c o l l e c t e d  on t h e  g o l d  w o o l  a n d  t h e  i n t e r f e r i n g  s u b s t a n c c s  
e x h a u s t e d .  T h e r e  a r e  c a s e s  w h e r e  i t  i s  s u s p e c t e d  t h a t  s o m e  i n t e r -  
f e r i n g  s u b s t a n c e s ,  s u c h  a s  t a r s ,  c o n d e n s e  o n  t h e  g o l d  a n d  t h u s  
l e s s e n  i t s  e f f e c t  a s  a n  a m a l g a m  b y  a l l o w i n g  s o m e  m e r c u r y  t o  
e s c a p e  d e t e c t i o n  ( V a u g h n  a n d  M c C a r t h v ,  1 9 6 4 ,  p .  1 2 6 ) .  I n  s u c h  
c a s e s ,  a s  w e l l  a s  i n  c a s e s  w h e r e  w a t e r  v a p o u r  may c o n d e n s e  o n  
t h e  g o l d ,  t h e  g o l d  may b e  k e p t  a t  a  s u i t a b l e  t e m p e r a t u r e  b e t w e e n  
2 5  a n d  2 5 0 ° C .  d u r i n g  t h e  c o l l e c t i o n  o f  m e r c u r y .  T h i s  w o u l d  
e l i m i n a t e  o r  m i n i m i z e  t h e  c o n d e n s a t i o n .  

A f t e r  t h e  m e r c u r y  h a s  b e e n  c o l l e c t e d  on  t h e  g o l d ,  i t  
may b e  v o l a t i l i z e d  a n d  m e a s u r e d  i n  a  l o w  c o s t  p o r t a b l e  s i n g l e  
beam m e r c u r y  v a p o u r  m e t e r .  T h i s  o f f e r s  t h e  p o s s i b i l i t y  o f  m o d i -  
f y i n g  s u c h  low c o s t  i n s t r u m e n t s  f o r  f i e l d  u s e  w h e r e  s a m p l e s  
c o n t a i n i n g  i n t e r f e r i n g  s u b s t a n c e s  a r e  e n c o u n t e r e d .  



REFERENCES 

B e r c 6 ,  H . ,  1 9 6 5 ,  The  u s e  o f  n e r c u r y  i n  g e o c h e m i c a l  p r o s p e c t i n 0  
f o r  m e r c u r y :  E c o n .  C e o l . ,  v .  6 0 ,  p .  1 5 1 6 - 1 5 2 8 .  

C l e w s ,  D.R., and  I i ' a l k e r ,  J . L . ,  1 9 6 4 ,  R e c e n t  t r e n d s  i n  q e o c h e m i c a l  
prospect in^: N o r t h e r n  M i n e r ,  A n n u a l  R e v i e w  Number,  Nov. 2 6 ,  
p .  1 8 - 2 2 .  

I l awkes ,  H . E . ,  a n d  \ \ r i l l i s t o n ,  S . H . ,  1 9 6 2 ,  b l e r c u r y  v a p o u r  a s  a  
g u i d e  t o  l e a d - z i n c - s i l v e r  d e p o s i t s :  Min.  Cong.  J o u r . ,  D e c . ,  
p .  3 0 - 3 2 .  

J a m e s ,  C . H . ,  a n d  \ (ebb ,  J . S . ,  1 9 6 4 ,  S e n s i t i v e  m e r c u r y  v a p o u r  m e t e r  
f o r  u s e  i n  g e o c h e m i c a l  p r o s p e c t i n g :  T r a n s .  I n s t .  Min.  M e t . ,  
v .  7 3 ,  p t .  9 ,  p .  6 3 3 - 6 1 1 .  

O z e r o v a ,  N . A . ,  1 9 5 9 ,  The  u s e  o f  p r i m a r y  d i s p e r s i o n  h a l o s  o f  
m e r c u r y  i n  t h e  s e a r c h  f o r  l e a d - z i n c  d e p o s i t s :  C e o c h e m . ,  No. 7 ,  
p .  7 9 3 - 8 0 2 .  

O z e r o v a ,  N . A . ,  1 9 6 2 ,  P r i m a r y  d i s p e r s i o n  h a l o s  o f  m e r c u r y :  P r o c .  
o f  I n s t i t u t e  o f  G e o l o ~ y  o f  O r e  D e p o s i t s ,  P e t r o R r a p h y ,  M i n e r a l o ~ y ,  
a n d  G e o c h e m i s t r y ,  No. 7 2 ,  Q u e s t i o n s  o f  C e o c h e m i s t r y ,  p t .  4 .  

S u t h e r l a n d  Brown,  A . ,  1 9 6 6 ,  Some m e r c u r y  s o i l  p r o f i l e s  i n  B r i t i s h  
C o l u m b i a :  W e s t e r n  M i n e r ,  F e b . ,  p .  3 9 - 4 4 .  

Vaughn ,  W.W., a n d  M c C a r t h y ,  J . H . ,  1 9 6 4 ,  An i n s t r u m e n t a l  t e c h n i q u e  
f o r  t h e  d e t e r m i n a t i o n  o f  s u b m i c r o p r a m  c o n c e n t r a t i o n s  o f  m e r c u r y  
i n  s o i l s ,  r o c k s ,  a n d  g a s :  U .S .  G e o l .  S u r v .  P r o f .  P a p e r  501-D,  
p .  1 2 3 - 1 2 7 .  

W i l l i s t o n ,  S.M., 1 9 6 4 ,  The  m e r c u r y  h a l o  method  o f  e x p l o r a t i o n :  
Eng.  Min. J o u r . ,  v .  1 6 5 ,  n o .  5 ,  p .  9 8 - 1 0 1 .  

W i l l i s t o n ,  S . I I . ,  1 9 6 5 ,  U l t r a v i o l e t  r a d i a t i o n  a b s o r p t i o n  a n a l y s i s  
a p p a r a t u s  f o r  t h e  d e t e c t i o n  o f  m e r c u r y  v a p o u r  i n  a  g a s :  U.S. 
P a t e n t  3 ,  1 7 8 ,  5 7 2 .  

W i l l i s t o n ,  S . I1 . ,  a n d  M o r r i s ,  M.H., 1 9 6 5 ,  Method a n d  a p p a r a t u s  f o r  
m e a s u r e m e n t  o f  m e r c u r y  v a p o u r :  U.S. P a t e n t  3 ,  1 7 3 ,  0 1 6 .  



TllE EDUCATION 01: THE APPLIED GEOCHE3IIST: 

KILL TIIE UKIVERSITY MEET l l IS S tED? 

H a r o l d  Bloom* 

T h i s  m e e t i n g  m a r k s  a  v e r y  s p e c i a l  o c c a s i o n  f o r  Geo- 
c h e m i c a l  P r o s p e c t i n g  i n  N o r t h  A m e r i c a .  I b e l i e v e  i t  i s  o n e  o f  
t h e  f i r s t  s y m p o s i a  t h a t  h a s  n o t  b e e n  a  s m a l l  p a r t  o f  a n o t h e r ,  
much l a r g e r ,  m e e t i n g .  I n d e e d ,  t h i s  c o u l d  be  a  t i m e  o f  a p p r a i s -  
i n g  t h e  s t a t u s  o f  G e o c h e m i c a l  P r o s p e c t i n g  a s  i t  i s  t o d a y ,  a n d  f o r  
a s s e s s i n g  i t s  g r o w t h  p o t e n t i a l .  We c o u l d  a s k ,  'lllow h c a l t h y  i s  i t  
now?I1 and  "llow w i l l  i t  f a r e  i n  t h e  y e a r s  t o  come?" 

I t  i s  q u i t e  a p p a r e n t  t h a t  s i n c e  i t s  l a u n c h i n g  i n  t h c  
U n i t e d  S t a t e s  some 1 8  y e a r s  a g o ,  t h e  momentum h a s  p i c k e d  up u n t i l  
i n  r e c e n t  y e a r s  we s e e  A p p l i e d  G e o c h e m i s t r y  on a  new t h r e s h o l d .  
L i k e  t h e  f a s t  g r o w i n g  a d o l e s c e n t  s u d d e n l y  f a c e d  w i t h  p l a n n i n g  a  
s o u n d  c a r e e r  f o r  h i s  f u t u r e ,  we t o o ,  n e e d  t o  t a k e  s t o c k  o f  w h e r e  
we a r c  g o i n g .  

L e t  u s  f i r s t  l o o k  a t  some o f  t h e  p r o b l e m s  t h a t  b e s e t  
u s  t o d a y ,  s i m p l y  t o  s e e  w h e r e  we s t a n d :  ( 1 )  We s e e  a n  i n c r e a s i n g  
demand f o r  c o m p e t e n t ,  t r a i n e d  g e o c h e m i s t s  w h i c h  we a r e  n o t  a b l e  
t o  s u p p l y .  ( 2 )  We a r e  a w a r e  o f  t h e  l a r g e  n u m b e r s  o f  g e o c h e m i c a l  
p r o s p e c t i n g  p r o j e c t s  b e i n g  c a r r i e d  o u t ,  t h e  r e s u l t s  o f  many o f  
w h i c h  h a v e  b c e n  d e s c r i b e d  a s  l e s s  t h a n  s a t i s f a c t o r y .  ( 3 )  Ne a r e  
b e i n g  f a c e d  w i t h  i n c r e a s i n g l y  d i f f i c u l t  r e s e a r c h  p r o b l e m s  t h a t  
n e e d  t o  be  s o l v e d  t o  i n s u r e  o u r  s o u n d  g r o w t h  a n d ,  ( 4 )  f i n a l l y ,  
d u e  t o  t h e  w o r l d - w i d e  i m p a c t  o f  t h e  n e c d  f o r  d e v e l o p m e n t  o f  t h e  
m i n e r a l  r e s o u r c e s  o f  new n a t i o n s ,  W C  a r e  r e c e i v i n g  f r o m  U n i t e d  
N a t i o n s ,  A . I . D .  a n d  m i n i n g  c o m p a n i e s ,  a  c o n t i n u a l  f l o w  o f  p e o p l e  
f o r  t r a i n i n g  p u r p o s e s .  

T h i s  s t a t e  o f  a f f a i r s  i s  c e r t a i n l y  o n e  t o  t a k e  s t o c k  
o f .  We n e e d  t o  c l e a n  up  some o f  t h e s e  p r e s e n t  d a y  p r o b l e m s ,  b u t  
w h e r e  d o  we s t a r t ?  

STATUS O F  EDUCATIONAL PllACTICES 

A l a r g e  p a r t  o f  t h e  d e v e l o p m e n t  i n  a p p l i e d  g e o c h e m i s -  
t r y  h a s  come a b o u t  i n  s p i t e  o f  a  h a n d s - o f f  a t t i t u d e  on t h e  p a r t  
o f  N o r t h  A m e r i c a n  c o l l e g e s .  A v e r y  w o r t h w h i l e  s t a r t i n g  p o i n t  t o  
r e l i e v e  t h e  s h o r t a g e s ,  I  b e l i e v e ,  i s  t o  s e e  what  c a n  be  d o n e  on 
t h e  c o l l e g e  l e v e l  t o  a t t r a c t  a n d  t r a i n  g r a d u a t e  s t u d e n t s .  

* C o l o r a d o  S c h o o l  o f  N i n e s ,  G o l d e n ,  C o l o r a d o .  



We h a v e  b e e n  g u i l t y  i n  t h e  p a s t  o f  o v e r s e l l i n g  g e o -  
c h e m i s t r y  by r e f e r r i n g  t o  i t s  u t t e r  s i m p l i c i t y .  Ke h a v e  p r o -  
c l a i m e d  t h a t  s t u d e n t s  w i t h  a  h i g h  s c h o o l  e d u c a t i o n  c a n  r u n  f i e l d  
t e s t s  a n d  t h a t  a l m o s t  a n y o n e  c a n  c o n d u c t  t h e  f i e l d  p r o g r a m s .  khy 
t h e r e f o r e ,  s h o u l d  we h a v e  c x p c c t e d  more  t h a n  j u s t  a  c a s u a l  r e f -  
e r e n c e  t o  t h e  r o l e  o f  e d u c a t i o n ?  

I n  t h e  U n i t e d  S t a t e s ,  we h a v e  s e e n  t h e  e d u c a t i o n a l  
r o l e  f i r s t  h a n d l e d  by t h e  G e o l o g i c a l  S u r v e y  who, f o r  many y e a r s ,  
t r a i n e d  g r o u p s  o f  p e o p l e  on a  two-week  p r o g r a m .  B e c a u s e  i t  i s  a  
r e s e a r c h  o r g a n i z a t i o n ,  i t  n o  l o n g e r  e n g a g e s  i n  t h i s  r o l e  e x c e p t  
on s p e c i a l  o c c a s i o n .  The C o l o r a d o  S c h o o l  o f  P l ines  t o o k  o v e r  t h e  
two-week  p r o g r a m ,  a n d  w i t h  t h e  a s s i s t a n c e  o f  o n e  o r  t w o  members  
o f  t h e  U . S . G . S . ,  h a s  g i v e n  t h e  c o u r s e  a n n u a l l y  f o r  t h e  p a s t  S 
y e a r s .  Over  6 0  p e o p l e ,  c o m p r i s e d  o f  g e o l o g i s t s ,  m i n i n g  e n g i n e e r s  
a n d  c o l l e g e  i n s t r u c t o r s  h a v e  t a k e n  t h e  c o u r s e .  O t h e r  c o l l e g c s  
a r o u n d  t h e  c o u n t r y ,  U t a h ,  Penn S t a t e ,  t o  name a  f e w ,  o f f e r  o n e  
o r  two s e m e s t e r  c o u r s e s  i n  a p p l i e d  g e o c h e m i s t r y .  The U n i v e r s i t y  
o f  C a l i f o r n i a ,  B e r k e l e y ,  and  o t h e r s ,  h a v e  i n s t r u c t e d  P e a c e  C o r p s  
p e r s o n n e l  i n  g e o c h e m i c a l  t e c h n i q u e s .  P r o s p e c t o r ' s  c o u r s e s  a t  
t h e  U n i v e r s i t y  o f  A l a s k a  h a v e  b e e n  h e l d  f o r  many y e a r s .  

The G e o l o g i c a l  S u r v e y  o f  Canada  h a s  p l a y e d  t h e  key 
r o l e  o f  e d u c a t o r  i n  C a n a d a ,  a l o n g  w i t h  P r o v i n c i a l  S u r v e y s .  Num- 
e r o u s  c o l l e g e s  h a v e  b e e n  o f f e r i n g  one  a n d  t w o  s e m e s t e r  c o u r s e s  
a s  p a r t  o f  a  b r o a d e r  p r o g r a m  i n  p u r e  g c o c h e m i s t r y ,  o r  e x p l o r a t i o n  
g e o l o g y .  A l l  o f  t h e s e  e f f o r t s  m u s t  be c o n s i d e r e d  a s  s t o p - g a p  
a t t e m p t s ,  i m p r o v i s e d  t o  c o p e  w i t h  a  c o n t i n u a l  s h o r t a g e ,  b u t  n o n e  
a r e  p l a n n e d  d e g r e e  p r o g r a m s .  

I t  would  b e  i n t e r e s t i n g  f o r  u s  t o  r e v i e w  t h e  d e v i o u s  
e d u c a t i o n a l  r o u t e s  mos t  o f  u s  h a v e  t a k e n  t o  now f i n d  o u r s e l v e s  
i n  g c o c h e m i c a l  e x p l o r a t i o n .  S h o u l d  t h i s  r e m a i n  t h c  p a t t e r n  o f  
t h e  f u t u r e  r e c r u i t m e n t  p r o g r a m  t o o ?  

The p r o b l e m s  o f  e d u c a t i o n  s h o u l d  b e  l e f t  t o  t h e  
c o l l e g e s  a n d  t h e  o p p o r t u n i t y  s h o u l d  be  g i v e n  t h e r e  t o  t r a i n  a  
s t u d e n t  i n  some d e p t h  i n  a p p l i c d  g e o c h e m i c a l  t h c o r y  a n d  p r a c t i c e .  
T h i s  c a n n o t ,  h o w e v e r ,  b e  on t h e  b a s i s  o f  a  o n e  o r  t w o  s e m c s t e r  
c o u r s e  i n  t e c h n i q u e s .  I t  i s  t h e  speaker's e x p e r i c n c e  t h a t  
c o u r s e s  e x t e n d i n g  o v e r  a t  l e a s t  one  y e a r  a n d  p r e f c r a b l y  l o n g e r  
a r e  n e c e s s a r y  t o  d c v e l o p  a  f i r m  i n t e r e s t  i n  a n  i n d i v i d u a l .  A 
s m r o n g  b a c k g r o u n d  i n  g e o l o g y  i s  a  r e q u i s i t e  f o r  t h i s  t y p e  o f  
t r a i n i n g .  tie mus t  n o t  o n l y  s a t i s f y  t h e  s t a n d a r d s  o f  a n y  g e o l o g y  
d e p a r t m e n t  r e g a r d i n g  h i s  a b i l i t y  i n  t h e  f i e l d ,  b u t  m u s t  b e  g i v e n  
t h e  o p p o r t u n i t y  t o  d e v e l o p  a g e o c h e m i c a l  t h e s i s  on a  s o u n d  g e o -  
l o g i c a l  b a s e .  

I know o f  n o  e f f o r t  i n  a n y  o f  t h e s e  c o u n t r i e s  t h a t  
a p p r o a c h e s  t h e  p r o g r a m  c a r r i e d  o u t  a t  t h e  R o y a l  S c h o o l  o f  M i n e s ,  
London ,  u n d e r  P r o f e s s o r  J .  S .  k e b b .  H e r e ,  f o r  many y e a r s ,  a  
p r o g r a m  l e a d i n g  t o  a  Ph .  D .  i n  A p p l i e d  G e o c h e m i s t r y  h a s  b e e n  
g i v e n .  Many o f  t h e i r  g r a d u a t e s  a r e  p r e s e n t  i n  t h i s  a u d i e n c e ,  
t o d a y ,  a n d  a r e  p a r t i c i p a t i n g  a s  s p e a k e r s  on t h i s  p r o g r a m .  T h e i r  



c o n t r i b u t i o n s  t o  b o t h  r c s e a r c h  a n d  p r a c t i c e  o f  g e o c h c m i c a l  e x p l o r -  
a t i o n  i n  C a n a d a  a n d  e l s c w h c r e  a r c  a  f i n e  e x a m p l e  o f  w h a t  s u c h  a  
p r o g r a m  c a n  J o .  

K h i l c  i t  i s  q u i t e  i m p o s s i b l c  t o  d u p l i c a t e  t h e  s e t u p  
o f  t h e  K . S . V . ,  we h e r e  c a n  s t r i v c  f o r  g r e a t e r  c o o p e r a t i o n  among 
t h e  c o l l c g e s ,  g e o l o g i c a l  s u r v c y s  a n d  t h e  m i n i n g  i n d u s t r y .  T h c  
l a t t e r  c o u l d  e x e r t  a  p o w e r f u l  i n f l u e n c e  i n  t h i s  r c g a r d .  by c x -  
t e n d i n g  f i n a n c i a l  a i d  i n  t h e  f o r m  o f  fellowships a n d  s c h o l a r s h i p s  
e a r m a r k e d  f o r  a p p l i e d  g c o c h e m i c a l  s t u d i c s ,  t h e y  c o u l d  h e l p  t h e  
o v e r a l l  p r o g r a m  a n d  m o s t  o f  a l l ,  t h e m s e l v c s .  

To s u m r n a r i z c ,  I w o u l d  s u b m i t  t h a t  a p l a n n c d  e d u c n t i o n -  
a 1  p r o g r a m  i n  a p p l i e d  g e o c h c m i s t r y ,  p r i n c i p a l l y  o n  t h c  g r a d u a t c  
l e v e l ,  w i l l  d o  much t o w a r d  a l l e v i a t i n g  some  o f  t h e  p r o b l e m s  s e t  
f o r t h  h e r e  t o d a y .  I n c r c a s c J  n u m b e r s  o f  p r o p e r l y  t r a i n e d  g e o -  
c h e m i s t s  c a n  b e  o f  s e r v i c e  i n  many a r e a s  - t e a c h i n g ,  r e s e a r c h ,  
f i e l d  p r a c t i c e  - a n d  i n  s o  d o i n g  p r o v i d e  a  b a s i s  f o r  a  s o u n d  a n d  
c o n t i n u e d  a d v a n c e m e n t  i n  t h e  y e a r s  a h e a d .  T h e  c h a i r m a n  o f  t h i s  
S y m p o s i u m ,  u r .  K .  K .  B o y l e ,  i n  a  r c c c n t  a r t i c l e  t h a t  a p p e a r c d  i n  
c c o n o m i c  C e o l o g y  r c g a r d i n g  a  g c o c h e m i c a l  r c s e a r c h  p r o b l e m  s t a t e d ,  
" K i t h  r e s p e c t  t o  l a t e r  f o r m a t i o l i s  i t  may b e  t r u c  t h a t  m i ' n e r a l i z c d  
z o n e s  a r c  n o t  r e f l e c t e d  t h r o u g h  t h i c k  s e q u e n c e s  o f  l a t e r  r o c k s  
s u c h  a s  T c r t i a r y  f l o w s  o r  s e d i m e n t s  o r  t h r o u g h  t h i c k  g l a c i a l  
t i l l s  o r  c l a y s ,  a l t h o u g h  1  h a v e  r e a s o n  t o  b e l i e v e  t h a t  i t  w i l l  b e  
o n l y  a  m a t t c r  o f  t i m e  a n d  r e s c a r c h  b c f o r e  s u c h  a r c a s  a r c  a l s o  
a m e n a b l e  t o  g c o c h e m i c a l  e x p l o r a t i o n  t e c h n i q u e s " .  T h i s  s t a t e m e n t  
c a r r i e s  my b e s t  w i s h e s  f o r  s u c c e s s ,  b u t  I w o u l d  p c r s o n a l l y  f c e l  
b e t t c r  i f  t h e  u n i v e r s i t i e s  c o u l d  b e c o m e  a  p a r t  o f  t h i s  r e s e a r c h  
e f f o r t .  
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G e o c h e m i s t r y  i s  l i t e r a l l y  s p e a k i n g  t h e  c h e m i s t r y  o f  
t h e  e a r t h .  More s p e c i f i c a l l y ,  i t  i s  t h e  s c i e n c e  t h a t  d e a l s  w i t h  
t h e  m i g r a t i o n ,  c o n c e n t r a t i o n ,  a n d  d i s p e r s i o n  o f  t h e  e l e m e n t s  and  
t h e i r  i s o t o p e s  i n  t h e  l i t h o s p h e r e ,  p e d o s p l ~ e r e ,  h y d r o s p h e r e ,  
a t m o s p h e r e ,  a n d  b i o s p h e r e  o f  t h e  e a r t h .  A s  i n  a l l  s c i e n c e s ,  
t h e r e  i s  a  p u r e  o r  f u n d a m e n t a l  a s p e c t  a n d  a n  a p p l i e d  a s p e c t .  The 
l a t t e r  i s  e n t i r e l y  d e p e n d e n t  upon  t h e  f o r m e r ,  a  f e a t u r e  t h a t  i s  
o f t e n  n e g l e c t e d .  Among t h e  a p p l i e d  a s p e c t s  o f  g e o c h e m i s t r y  t h e  
m o s t  i m p o r t a n t  i s  p r o b a b l y  g e o c h e m i c a l  p o s p e c t i n g ,  b u t  t h e r e  a r e  
o t h e r s  t h a t  a r e  a s s u m i n g  e v e r  i n c r e a s i n g  i m p o r t a n c e .  I n c l u d e d  i n  
t h e s e  a r e  t h e  m o u n t i n g  p r o b l e m s  o f  p o l l u t i o n  o f  t h e  v a r i o u s  
s p h e r e s  o f  t h e  e a r t h  a s  t h e  p o p u l a t i o n  o f  t h e . g l o b e  i n c r e a s e s  
a n d  i n d u s t r i a l i z a t i o n  p r o c e e d s ;  t h e  e l u c i d a t i o n  o f  t h e  r o l e  o f  
n u t r i e n t  a n d  t r a c e  e l e m e n t s  i n  t h e  h e a l t h  o f  t h e  human s p e c i e s ;  
a n d  t h e  p r o b l e m s  o f  r a d i o a c t i v e  c o n t a m i n a t i o n .  I n  t h i s  p a p e r  
o n l y  g e o c h e m i c a l  p r o s p e c t i n g  w i l l  b e  c o n s i d e r e d .  

I t  i s  d i f f i c u l t  t o  p i n p o i n t  t h e  a c t u a l  b e g i n n i n g  o f  
g e o c h e m i c a l  p r o s p e c t i n g  m e t h o d s  s i n c e  t h e s e  h a v e  grown w i t h  a d -  
v a n c e s  i n  t h e  c h e m i c a l  a n d  g e o l o g i c a l  k n o w l e d g e  o f  t h e  e a r t h .  
B o t h  c h e m i s t r y  a n d  g e o l o g y  h a v e  l o n g  h i s t o r i e s  t h a t  s t r e t c h  f a r  
b a c k  i n t o  a c t i q u i t y ,  a n d  a s  m i g h t  b e  e x p e c t e d ,  s u g g e s t i o n s  a s  t o  
how c h e m i s t r y  c a n  b e  a p p l i e d  i n  t h e  s e a r c h  f o r  c o n c e n t r a t i o n s  o f  
t h e  e l e m e n t s  h a v e  b e e n  a d v a n c e d  s i n c e  e a r l y  t i m e s .  One c a n  s e e  
i n  A g r i c o l a 8 s  w r i t i n g s ,  p a r t i c u l a r l y  i n  h i s  "De O r t u  e t  C a u s i s  
S u b t e r r a n e o r u m "  a n d  "De Re M e t a l  l i c a " ,  f r e q u e n t  r e f e r e n c e s  t o  
t h e  i m p o r t a n c e  o f  t h e  u s e  o f  s p r i n g s  a n d  n a t u r a l  w a t e r s  i n  p r o s -  
p e c t i n g  f o r  v e i n s .  

I n  "De Re M e t a l l i c a "  A g r i c o l a  s a y s ,  "Now I w i l l  d i s -  
c u s s  t h a t  k i n d  o f  m i n e r a l s  f o r  w h i c h  i t  i s  n o t  n e c e s s a r y  t o  d i g ,  
b e c a u s e  t h e  f o r c e  o f  t h e  w a t e r  c a r r i e s  t h e m  o u t  o f  t h e  v e i n s .  Of 
t h e s e  t h e r e  a r e  t w o  k i n d s ,  m i n e r a l s  - a n d  t h e i r  f r a g m e n t s  - a n d  
j u i c e s .  When t h e r e  a r e  s p r i n g s  a t  t h e  o u t c r o p  o f  t h e  v e i n s  f r o m  
w h i c h ,  a s  I h a v e  a l r e a d y  s a i d ,  t h e  a b o v e - m e n t i o n e d  p r o d u c t s  a r e  
e m i t t e d ,  t h e  m i n e r  s h o u l d  c o n s i d e r  t h e s e  f i r s t ,  t o  s e e  w h e t h e r  
t h e r e  a r e  m e t a l s  o r  gems mixed  w i t h  t h e  s a n d ,  o r  w h e t h e r  t h e  
w a t e r s  d i s c h a r g e d  a r e  f i l l e d  w i t h  j u i c e s .  In  c a s e  m e t a l s  o r  gems 
h a v e  s e t t l e d  i n  t h e  p o o l  o f  t h e  s p r i n g ,  n o t  o n l y  s h o u l d  t h e  s a n d  
f r o m  it b e  w a s h e d ,  b u t  a l s o  t h a t  f r o m  t h e  s t r e a m s  w h i c h  f l o w  f r o m  
t h e s e  s p r i n g s ,  a n d  e v e n  t h e  r i v e r  i t s e l f  i n t o  w h i c h  t h e y  a g a i n  
d i s c h a r g e .  I f  t h e  s p r i n g s  d i s c h a r g e  w a t e r  c o n t a i n i n g  some j u i c e ,  
t h i s  a l s o  s h o u l d  b e  c o l l e c t e d ;  t h e  f u r t h e r  s u c h  a  s t r e a m  h a s  
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f l o w e d  f r o m  t h e  s o u r c e ,  t h e  more i t  r e c c i v c s  p l a i n  w a t e r  a n d  t h e  
more d i l u t e d  d o e s  i t  bccome,  a n d  s o  much t h e  more  d e f i c i e n t  i n  
s t r e n g t h .  I f  t h e  s t r e a m  r e c e i v e s  n o  w a t e r  o f  a n y  k i n d ,  o r  s c a r -  
c e l y  a n y ,  n o t  o n l y  t h e  r i v e r s ,  b u t  l i k e w i s e  t h e  l a k e s  w h i c h  r e -  
c e i v e  t h e s e  w a t e r s ,  a r e  o f  t h e  same n a t u r e  a s  t h e  s p r i n g s ,  a n d  
s e r v e  t h e  same u s c s . "  And f u r t h e r ,  "The w a t e r s  o f  s p r i n g s  t a s t e  
a c c o r d i n g  t o  t h e  j u i c e  t h e y  c o n t a i n ,  and  t h e y  d i f f e r  g r e a t l y  i n  
t h i s  r e s p e c t .  T h e r e  a r e  s i x  k i n d s  o f  t h e s e  t a s t e s  w h i c h  t h e  
w o r k c r  e s p e c i a l l y  o b s e r v e s  a n d  e x a m i n e s ;  t h e r e  i s  t h e  s a l t y  k i n d ,  
w h i c h  s h o w s  t h a t  s a l t  may be o b t a i n e d  by e v a p o r a t i o n ;  t h e  n i t r o u s ,  
w h i c h  i n d i c a t e s  s o d a ;  t h e  a l u m i n o u s  k i n d ,  w h i c h  i n d i c a t e s  a l u m ;  
t h e  v i t r i o l i n e ,  w h i c h  i n d i c a t e s  v i t r i o l  ; t h e  s u l p h u r o u s  k i n d ,  
w h i c h  i n d i c a t e s  s u l p h u r ;  a n d  a s  f o r  t h e  b i t u m i n o u s  j u i c e ,  o u t  
o f  w h i c h  b i t u m e n  i s  m e l t e d  down. t h e  c o l o u r  i t s e l f  p r o c l a i m s  i t  
t o  t h e  w o r k e r  who i s  e v a p o r a t i n g  i t "  ( i n  I l o o v e r  a n d  H o o v e r ,  1 9 1 2 ) .  

T h e s e  a r e  r e m a r k a b l e  s t a t e m e n t s  a b o u t  h y d r o g e o c h e m i c a l  
m e t h o d s  w r i t t e n  a s  f a r  b a c k  a s  t h e  m i d d l e  o f  t h e  1 6 t h  c e n t u r y .  
O t h e r  e x c e r p t s  f r o m  A g r i c o l a ' s  "De Re M e t a l l i c a "  a r e  n o  l e s s  
s t a r t l i n g  when we m o d c r n s  t h i n k  we a r e  d i s c u s s i n g  new m e t h o d s  
b a s e d  on t h e r m a l  e f f e c t s  d u e  t o  o x i d a t i o n  o f  o r e  d e p o s i t s  a n d  
o t h e r s  b a s e d  on b i o g e o c h e m i c a l  p r i n c i p l e s .  F o r  i n s t a n c e  A g r i c o l a  
s a y s ,  " F u r t h e r ,  we s e a r c h  f o r  t h e  v e i n s  by o b s e r v i n g  t h e  h o a r -  
f r o s t s ,  w h i c h  w h i t e n  a l l  h e r b a g e  e x c e p t  t h a t  g r o w i n g  o v e r  t h e  
v e i n s ,  b e c a u s e  t h e  v e i n s  e m i t  a  warm a n d  d r y  e x h a l a t i o n  w h i c h  
h i n d e r s  t h e  f r e e z i n g  o f  t h e  m o i s t u r e ,  f o r  w h i c h  r e a s o n  s u c h  p l a n t s  
a p p e a r  r a t h e r  wet  t h a n  w h i t e n e d  by t h e  f r o s t .  . . . . . . T h e r e f o r e  
i n  p l a c e s  w h e r e  t h e  g r a s s  h a s  a  d a m p n e s s  t h a t  i s  n o t  c o n g e a l e d  
i n t o  f r o s t ,  t h e r e  i s  a  v e i n  b e n e a t h ;  a l s o  i f  t h c  e x h a l a t i o n  b e  
e x c e s s i v e l y  h o t ,  t h e  s o i l  w i l l  p r o d u c e  o n l y  s m a l l  a n d  p a l e -  
c o l o u r e d  p l a n t s .  L a s t l y  t h e r e  a r e  t r e e s  whose  f o l i a g e  i n  s p r i n g -  
t i m e  h a s  a  b l u i s h  o r  l e a d e n  t i n t ,  t h e  u p p e r  b r a n c h e s  more e s p e c -  
i a l l y  b e i n g  t i n g e d  w i t h  b l a c k  o r  w i t h  a n y  o t h e r  u n n a t u r a l  c o l o u r ,  
t h e  t r u n k s  c l e f t  i n  t w o ,  a n d  t h e  b r a n c h e s  b l a c k  o r  d i s c o l o u r e d . "  
And f i n a l l y ,  " L i k e w i s e  a l o n g  a  c o u r s e  w h e r e  a  v e i n  e x t e n d s ,  t h e r e  
g r o w s  a  c e r t a i n  h e r b  o r  f u n g u s  w h i c h  i s  a b s e n t  f r o m  t h e  a d j a c e n t  
s p a c e ,  o r  s o m e t i m e s  e v e n  f r o m  t h e  n e i g h b o u r h o o d  o f  t h e  v e i n s .  By 
t h e s e  s i g n s  o f  N a t u r e  a  v e i n  c a n  b e  d i s c o v e r e d . "  

C e r t a i n l y  t h e s e  s t a t e m e n t s  a r e  a  c l e a r  e x p o s i t i o n  o f  
t h e  r o l e  o f  i n d i c a t o r  p l a n t s  a n d  what  we m o d e r n s  c a l l  c h l o r o t i c  
o r  t o x i c  e f f e c t s  d u e  t o  a n  e x c e s s  o f  t r a c e  e l e m e n t s  i n  s o i l s  o v e r -  
l y i n g  m i n e r a l i z e d  z o n e s .  

B o t a n i c a l  a s s o c i a t i o n s  w i t h  o r e s  h a v e  b e e n  n o t i c e d  f o r  
a  v e r y  l o n g  t i m e ,  a t  l e a s t  a s  e a r l y  a s  t h e  8 t h  o r  9 t h  c e n t u r y  
A . D .  The  e a r l y  C h i n e s e ,  a c c o r d i n g  t o  P r o f e s s o r  Needham ( 1 9 5 9 ) ,  
o b s e r v e d  t h a t  c e r t a i n  s p e c i e s  o f  p l a n t s  o c c u r  n e a r  s i l v e r ,  g o l d ,  
c o p p e r ,  a n d  t i n  d e p o s i t s ,  a n d  t h a t  a  c o r r e l a t i o n  c x i s t e d  b e -  
t w e e n  t h e  a p p e a r a n c e  o f  p l a n t s  a n d  u n d e r l y i n g  o r e s .  The  e a r l y  
C h i n e s e  w e r e  a l s o  a w a r e  t h a t  p l a n t s  c o n t a i n e d  t h e  m e t a l s  a n d  i n  
some c a s e s  e x t r a c t e d  m e r c u r y  f r o m  c e r t a i n  s p e c i e s .  



The f i r s t  s u c c e s s f u l  " g e o c l ~ e m i c a l  p r o s p e c t o r "  a p p e a r s  
t o  h a v e  b e e n  C i o v a n n i  d e  C a s t r o ,  a  G e n o e s c  g e n t l e m a n  who l i v e d  i n  
t h e  m i d d l e  o f  t h e  1 5 t h  c e n t u r y .  He went  t o  S y r i a  a n d  f o r  some 
t i m e  was e n g a g e d  i n  m a n u f a c t u r i n g  a l u m  f r o m  t h e  a l u n i t e  m i n e s  
n e a r  E d e s s a  i n  t h a t  c o u n t r y .  \\'hilt t h e r e  h e  o b s e r v e d  a  p a r t i c u -  
l a r  t y p e  o f  h o l l y  p l a n t  t h a t  c h a r a c t e r i s t i c a l l y  g rew n e a r  t h e  
v e i n s .  On r e t u r n i n g  t o  I t a l y  h e  f o u n d  s i m i l a r  p l a n t s  g r o w i n g  i n  
t h e  h i l l s  a t  T o l f a ,  n e a r  Rome. K h i l e  p r o s p e c t i n g  a r o u n d  h e  s o o n  
f o u n d  a l u n i t e  f l o a t  a n d  l a t e r  t h e  v e i n s  f r o m  w h i c h  i t  came.  T h i s  
l e d  t o  a n  i m p o r t a n t  a l u m  i n d u s t r y  a t  T o l f a ,  and  f o r  h i s  e f f o r t s  
P i u s  I 1  g r a n t e d  C a s t r o  a  g e n e r o u s  a n n u i t y  a n d  e r e c t e d  a  s t a t u e  
i n  h i s  h o n o u r .  

T h e s e  t h e n  a r e  some of t h e  e a r l y  a t t e m p t s  t o  u s e  
c h e m i c a l  a n d  b i o c h e m i c a l  m e t h o d s  i n  p r o s p e c t i p g  f o r  o r e s .  Num- 
e r o u s  o t h e r  e x a m p l e s  c o u l d  be m e n t i o n e d  f r o m  t h e  w r i t i n g s  o f  t h e  
g e o l o g i s t s  a n d  c h e m i s t s  o f  t h e  1 7 t h ,  1 8 t h ,  a n d  1 9 t h  c e n t u r i e s ,  
b u t  l a c k  o f  s p a c e  p r o h i b i t s  p u r s u i n g  f u r t h e r  d e t a i l s  o f  t h e  
e a r l y  e f f o r t s  h e r e .  

T u r n i n g  t o  t h e  2 0 t h  c e n t u r y  a n d  t h e  d e v e l o p m e n t  o f  
modern  g e o c h e m i c a l  p r o s p e c t i n g  we n o t e  t h a t  m o s t  o f  t h e  r e s e a r c h  
a n d  t h e  a p p l i c a t i o n  o f  t h e  v a r i o u s  m e t h o d s  b e g a n  i n  t h e  t h i r t i e s ,  
m a i n l y  i n  t h e  U .  S . S .  R .  a n d  S c a n d i n a v i a n  c o u n t r i e s .  A .  E .  F e r s m a n ,  
t h e  g r e a t  R u s s i a n  g e o c h e m i s t ,  a n d  N . I .  S o f r o n o v  w e r e  t h e  f i r s t  t o  
s t r e s s  t h e  i m p o r t a n c e  o f  p r i m a r y  a n d  s e c o n d a r y  d i s p e r s i o n  h a l o e s  
a s s o c i a t e d  w i t h  o r e  d e p o s i t s ,  a n d  t h e y  w e r e  f o l l o w e d  i n  t h e  l a t e  
t h i r t i e s  a n d  e a r l y  f o r t i e s  by E . A .  S e r g e e v ,  V . I .  N i k o l a e v ,  
S.D. M i l l e r ,  A.P. S o l o v o v ,  1 . 1 .  C i n z b u r g ,  a n d  n u m e r o u s  o t h e r  
S o v i e t  g e o c h e m i s t s  who w o r k e d  o u t  t h e  d e t a i l s  o f  t h e  v a r i o u s  g e o -  
c h e m i c a l  p r o s p e c t i n g  m e t h o d s  u t i l i z i n g  t r a c e  e l e m e n t s  a n d  h e a v y  
m i n e r a l s .  By 1 9 5 0  g e o c h e m i c a l  m a p p i n g  on d e t a i l e d  a n d  r e c o n -  
n a i s s a n c e  s c a l e s  was i n  f u l l  s w i n g  i n  v a r i o u s  p a r t s  o f  t h e  
U .  S .  S. R .  B i o g e o c h e m i c a l  r e s e a r c h  a n d  b i o g e o c h e m i c a l  p r o s p e c t i n g ,  
u t i l i z i n g  p l a n t  a n a l y s e s  a n d  i n d i c a t o r  p l a n t s ,  b e g a n  w i t h  V . I .  
V e r n a d s k y  a n d  A.P. V i n o g r a d o v  a s  e a r l y  a s  1 9 3 6  i n  t h e  S o v i e t  
U n i o n ,  a n d  t h e s e  s u b j e c t s  h a v e  b e e n  p u r s u e d  a s s i d u o u s l y  e v e r  s i n c e  
i n  t h e  U.S.S.  K .  by S o v i e t  g e o c h e m i s t s ,  p a r t i c u l a r l y  D .  P. M a l i u g a .  

I n  S c a n d i n a v i a n  c o u n t r i e s  t h e  f u n d a m e n t a l  g e o c h e m i c a l  
r e s e a r c h e s  o f  V . M .  C o l d s c h m i d t  s t i m u l a t e d  e f f o r t s  t o  a p p l y  t h e  
r e s u l t s  t o  g e o c h e m i c a l  p r o s p e c t i n g .  I n  1 9 3 6  e x p e r i m e n t s  by  
S .  P a l m q v i s t  a n d  N .  B r u n d i n  of  t h e  S w e d i s h  P r o s p e c t i n g  Company on 
t r a c e  e l e m e n t s  ( S n ,  \$, Pb,  Zn) i n  p l a n t  a s h  w e r e  c o n d u c t e d  i n  t h e  
v i c i n i t y  o f  m i n e r a l  d e p o s i t s  i n  C o r n w a l l  a n d  Wales  w i t h  p o s i t i v e  
r e s u l t s .  F o r  s e v e r a l  y e a r s  t h e r e a f t e r  t h e  S w e d i s h  P r o s p e c t i n g  
Company c a r r i e d  o u t  n u m e r o u s  s u r v e y s  u t i l i z i n g  p l a n t  a n a l y s e s  i n  
c o n j u n c t i o n  w i t h  g e o p h y s i c a l  work  f o r  m i n i n g  c o m p a n i e s .  Most  o f  
t h i s  work  was o f  a  c o n f i d e n t i a l  n a t u r e  a n d  h a s  n o t  b e e n  p u b l i s h e d .  

C e o c h e m i c a l  p r o s p e c t i n g  m e t h o d s  w e r e  n o t  c o n s i d e r e d  
i n  t h e  U n i t e d  S t a t e s ,  E n g l a n d ,  F r a n c e ,  C a n a d a  a n d  o t h e r  c o u n t r i e s  
u n t i l  a f t e r  1 9 4 5 .  H .  I lawkes a n d  B .  L a k i n  o f  t h e  U l i t e d  S t a t e s  



C e o l o g i c a l  S u r v e y  b e g a n  e x p e r i m e n t a l  w o r k  u t i l i z i n g  p e d o g e o c h e m i -  
c a l  m e t h o d s  i n  1 9 4 7  a n d  t h i s  h a s  b e e n  f o l l o w e d  by r e s e a r c h  i n  
h y d r o g e o c h e m i c a l ,  s t r e a m  s e d i m e n t ,  a n d  l i t h o g e o c h e m i c a l  p r o s p e c t -  
i n g  m e t h o d s  by many o t h e r  g e o c h e m i s t s  o f  t h e  S u r v e y .  b i o ~ e o c h e m i -  
c a l  m e t h o d s  h a v e  a l s o  b e e n  t h e  s u b j e c t  o f  much r e s e a r c h ,  e s p e c i a l -  
l y  by I l e l e n  C a n n o n  a n d  h e r  c o l l e a g u e s .  I n  t h e  U n i t e d  Kingdom t h e  
e s t a b l i s h m e n t  i n  1 9 5 3  o f  t h e  G e o c h e m i c a l  P r o s p e c t i n g  R e s e a r c h  
L e n t e r  a t  t h e  I m p e r i a l  C o l l e g e  o f  S c i e n c e  a n d  T e c h n o l o g y ,  L o n d o n ,  
u n d e r  t h e  a b l e  d i r e c t i o n  o f  P r o f e s s o r  J . S .  U e b b ,  l e d  t o  a n  i n -  
c r e a s e  i n  r e s e a r c h  i n  g e o c h e m i c a l  p r o s p e c t i n g  m e t h o d s  i n  t h e  
U n i t e d  Kingdom a n d  v a r i o u s  p a r t s  o f  t h e  B r i t i s h  C o m m o n w c a l t h ,  
p a r t i c u l a r l y  i n  A f r i c a  a n d  t h e  F a r  E a s t .  I n  F r a n c e  a n  a c t i v e  
g r o u p  o f  g e o c h e m i s t s  h a v e  b e e n  e n g a g e d  i n  r e s e a r c h  a n d  d e v c l o p -  
men t  o f  g e o c h e m i c a l  p r o s p e c t i n g  m e t h o d s  a t  t h e  B u r e a u  d e  K e c h e r -  
c h e s  G e o l o g i q u e s  e t  M i n i s r e s  (B.K.G.M.) a n d  a t  t h e  C o m m i s s a r i a t  2 
L ' E n e r g i e  A t o m i q u e  s i n c e  1 9 5 5 .  N u m e r o u s  o t h e r  r e s e a r c h  i n s t i t u t c s  
t h r o u g h o u t  t h e  w o r l d  s u c h  a s  t h e  G e o l o g i c a l  S u r v e y  o f  F i n l a n d ;  
t h e  G e o l o g i c a l  S u r v e y  o f  S w e d e n ;  t h e  G e o l o g i c a l  S u r v e y  o f  I n d i a ;  
t h e  G e o l o g i c a l  S u r v e y  o f  S o r w a y ,  T r o n d h e i m ;  a n d  t h e  b u r e a u  o f  
M i n e r a l  K e s o u r c e s ,  C a n b e r r a ,  A u s t r a l i a  a r e  now a c t  i v c l y  e n g a g e d  
i n  d e v e l o p i n g  g e o c h e m i c a l  m e t h o d s  s u i t a b l e  f o r  t h e  p a r t i c u l a r  
t e r r a i n s  a n d  c l i m a t e s  i n  w h i c h  t h e y  a r e  r e s i d e n t .  

I n  C a n a d a  r e s e a r c h  i n  g e o c h e m i c a l  p r o s p e c t i n g ,  p a r -  
t i c u l a r l y  b i o g e o c h e m i c a l  p r o s p e c t  i n g ,  b e g a n  a t  t h e  U n i v e r s i t y  o f  
b r i t i s h  C o l u m b i a  i n  1 9 4 5  u n d e r  t h e  a b l e  l e a d e r s h i p  o f  P r o f e s s o r  
H . V .  l t a r r e n  a n d  R .E .  D e l a v a u l t .  L a t e r  P r o f e s s o r  J .  R i d d e l l  b e g a n  
a  s e r i e s  o f  g e o c h e m i c a l  p r o s p e c t i n g  i n v e s t i g a t i o n s  a t  b l c G i l l  
U n i v e r s i t y .  A l a r g e  s c a l e  g e o c h e m i c a l  s u r v e y  u s i n g  s t r e a m  s e d i -  
m e n t s  w a s  c a r r i e d  o u t  i n  n o r t h e r n  New B r u n s w i c k  i n  1 9 5 4  f o r  a  
p r i v a t e  c o m p a n y  by 1I.E. I l a w k e s ,  1 1 .  B l o o m ,  J . E .  R i d d e l l ,  a n d  
J . S .  Uebb .  T h i s  s u r v e y  h a s  b e e n  f o l l o w e d  by  n u m e r o u s  o t h c r s  by  
p r i v a t e  c o m p a n i e s  t h r o u g h o u t  t h e  l e n g t h  a n d  b r e a d t h  o f  C a n a d a .  

T h e  G e o l o g i c a l  S u r v e y  o f  C a n a d a  b e g a n  r e s e a r c h  i n  
t h e  g e o c h e m i s t r y  o f  p r i m a r y  h a l o e s  a r o u n d  g o l d  d e p o s i t s  i n  t h e  
Y e l l o w k n i f e  a r e a  i n  1 9 4 9 ,  a n d  t h i s  w a s  f o l l o w e d  i n  1 9 5 4  a n d  1 9 5 5  
by  g e o c h e m i c a l  s u r v e y s  o f  s t r e a m  a n d  s p r i n g  w a t e r s  a n d  s o i l s  i n  
t h e  Keno l l i l l  a r e a ,  Y u k o n .  R e c o n n a i s s a n c e  s u r v e y s  o f  s t r e a m  
w a t e r  a n d  s e d i m e n t  w e r e  b e g u n  i n  Nova S c o t i a  i n  1 9 5 6 ,  a n d  t h e s e  
w e r e  c o n t i n u e d  i n  1 9 5 7  a n d  s u b s e q u e n t  y e a r s  i n  b o t h  Nova S c o t d a  
a n d  New b r u n s w i c k .  I n  r e c e n t  y e a r s  g e o c h e m i c a l  p r o s p e c t i n g  r e -  
s e a r c h  a n d  s u r v e y s  h a v e  b e e n  p u r s u e d  a l o n g  many l i n e s  a n d  i n  many 
p a r t s  o f  C a n a d a .  A r e c o n n a i s s a n c e  b e d r o c k  s u r v e y  h a s  b e e n  
c a r r i e d  o u t  i n  N o r t h w e s t e r n  O n t a r i o ,  s u r v e y s  o f  r e e f - b e a r i n g  
l i m e s t o n e s  a n d  d o l o m i t e s  h a v e  b e e n  d o n e  i n  N e s t e r n  C a n a d a ,  a n  
i n v e s t i g a t i o n  o f  u r a n i u m  p r o s p e c t i n g  by  w a t e r  a n a l y s e s  i n  t h e  
s o u t h e r n  p a r t  o f  t h e  C a n a d i a n  S h i e l d  h a s  b e e n  p u r s u e d ,  m e t h o d s  
u s i n g  g a s  c h r o m a t o g r a p h y  f o r  o u t l i n i n g  o i l  p o o l s  a n d  g a s  f i e l d s  
h a v e  b c e n  t r i e d ,  d e t a i l e d  a n d  r e c o n n a i s s a n c e  b i o g c o c h e m i c a l  s u r -  
v e y s  h a v e  b e e n  d o n e ,  a n d  s t r e a m  s e d i m e n t  a n d  w a t e r  s u r v e y s  o v e r  
b r o a d  a r e a s  i n  w h i c h  a s  many a s  1 5  e l e m e n t s  h a v e  b c e n  d e t e r m i n e d  
i n  e a c h  s a m p l e  h a v e  b e e n  c a r r i e d  o u t  by  h e l i c o p t e r  a n d  c o n v e n t i o n -  
a l  m e t h o d s  i n  t h e  Yukon a n d  New B r u n s w i c k .  D u r i n g  t h e s e  s u r v e y s  



a  l a b o r a t o r y  q u a n t o g r a p h  , f i e l d  s p e c t r o g r a p h s ,  and  f i e l d  p r e p a r a -  
t i o n  and  f i e l d  c o l o r i m e t r i c  l a b o r a t o r i e s  h a v e  b e e n  e x t e n s i v e l y  
e m p l o y e d .  

L o o k i n g  b a c k  a t  t h e  p h e n o m e n a l  a d v a n c e s  made i n  g e o -  
c h e m i c a l  p r o s p e c t i n g  t h e  f o l l o w i n g  s i g n i f i c a n t  l a n d m a r k s  i n  
c h e m i c a l  a n d  g e o l o g i c a l  k n o w l e d g e  seem t o  t h i s  w r i t e r  t o  b e  t h e  
mos t  i m p o r t a n t .  

1. R e c o g n i t  i o n  o f  p r i m a r y  a n d  s e c o n d a r y  d i s p e r s i o n  
h a l o e s  a n d  t r a i n s  t h a t  a r e  a s s o c i a t e d  w i t h  a l l  m i n e r a l  d e p o s i t s .  
l l a l o e s  a n d  t r a i n s  h a v e  been  known f o r  a  v e r y  l o n g  t i m e .  T h e i r  
i m p o r t a n c e ,  h o w e v e r ,  i n  a  g e o c h e m i c a l  p r o s p e c t i n g  s e n s e  was f i r s t  
e m p h a s i z e d  by Fersman i n  t h e  e a r l y  1 9 3 0 ' s .  

2 .  D e v e l o p m e n t  o f  a c c u r a t e  and  r a p i d  a n a l y t i c a l  
m e t h o d s  u t i l i z i n g  t h e  s p e c t r o g r a p h  and  t h e  v a r i o u s  s p e c i f i c  
s e n s i t i v e  c o l o r i m e t r i c  r e a g e n t s ,  e s p e c i a l l y  d i t h i z o n e .  K i r c h h o f f  
a n d  Bunsen f o u n d e d  t h e  s c i e n c e  o f  o p t i c a l  s p e c t r o s c o p i c  a n a l y s i s  
i n  1 8 5 9 ,  a n d  A s s a r  H a d d i n g  f i r s t  e m p l o y e d  x - r a y  s p e c t r o g r a p h y  i n  
c h e m i c a l  a n a l y s i s  i n  1 9 2 2 .  Both m e t h o d s  h a v e  g i v e n  i m m e a s u r a b l e  
s e r v i c e  i n  g e o c h e m i c a l  p r o s p e c t i n g .  D i t h i z o n e  was f i r s t  p r e p a r e d  
i n  1 8 7 8  by Emil  F i s c h e r  who n o t e d  t h a t  i t s  r e a c t i o n s  w i t h  h e a v y  
m e t a l s  g a v e  b r i l l i a n t l y  c o l o u r e d  p r o d u c t s .  No a n a l y t i c a l  u s e ,  
h o w e v e r ,  was made o f  i t  u n t i l  1 9 2 5  when H e l l m u t  F i s c h e r  demon- 
s t r a t e d  i t s  p a r t i c u l a r  u s e  i n  e s t i m a t i n g  t h e  a m o u n t s  o f  v a r i o u s  
t r a c e  m e t a l s  i n  s u b s t a n c e s .  S i n c e  t h e n  d i t h i z o n e  a n d  many o t h e r  
s i m i l a r  o r g a n i c  compounds  h a v e  been w i d e l y  u s e d  i n  g e o c h e m i s t r y  
a n d  g e o c h e m i c a l  p r o s p e c t i n g .  A c t u a l l y ,  d i t h i z o n e  m e t h o d s  a p p r o a c h  
t h e  l i m i t s  o b t a i n a b l e  by s p e c t r o g r a p h y  a n d  i n  some c a s e s  s u r p a s s  
t h e m .  

3 .  D e v e l o p m e n t  o f  p o l y e t h y l e n e  l a b o r a t o r y  w a r e  o f  
a l l  t y p e s .  T h i s  p e r m i t t e d  g r e a t e r  f r e e d o m  i n  f i e l d  a n a l y s i s  a n d  
r e d u c e d  t h e  i n c i d e n c e  o f  c o n t a m i n a t i o n .  The i n t r o d u c t i o n  o f  
r e s i n s  f o r  t h e  p r o d u c t i o n  o f  m e t a l  f r e e  w a t e r  f o r  u s e  i n  t r a c e  
a n a l y s i s  r e q u i r e s  n o  comment .  

4 .  D e v e l o p m e n t  o f  g a s  c h r o m a t o g r a p h y .  T h i s  i s  p r o b -  
a b l y  t h e  mos t  s i g n i f i c a n t  d e v e l o p m e n t  w i t h  r e g a r d  t o  r a p i d  a n a l y -  
s i s  o f  t r a c e s  o f  h y d r o c a r b o n s  i n  p e t r o l e u m  p r o s p e c t i n g  u s i n g  s o i l s  
and  w a t e r s .  

PROSPECT 

I l a v i n g  l o o k e d  a t  t h e  p a s t  and  i t s  a c c o m p l i s h m e n t s  we 
now l o o k  a t  t h e  f u t u r e  a n d  e s p e c i a l l y  a t  some o f  t h e  p r o b l e m s  
t h a t  demand s o l u t i o n  i n  o r d e r  t h a t  we c a n  b e t t e r  o u t l i n e  o r e  d e -  
p o s i t s  i n  e x t e n t  a n d  d e p t h .  

To  t h i s  w r i t e r  t h e r e  a r e  s e v e n  f u n d a m e n t a l  p r o b l e m s  
on which  we must  f o c u s .  T h e s e  c a n  b e  c o n v e n i e n t l y  t a b u l a t e d  a s  
f o l l o w s :  

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



2 .  D e v e l o p m e n t  o f  m e t h o d s  f o r  d i s c o v e r i n g  l a r g e  low g r a d e  
d e p o s i t s .  

3 .  D e v e l o p m e n t  o f  m e t h o d s  f o r  d i s c o v e r i n g  d e e p l y  b u r i e d  
d e p o s i t s .  

4 .  F u r t h e r  d e v e l o p m e n t  o f  m e t h o d s  t o  o u t l i n e  p r i m a r y  h a l o e s .  

5 .  E l u c i d a t i o n  a n d  f o r m u l a t i o n  o f  t e c h n i q u e s  t o  r e l a t e  t h e  
s i z e  a n d  t r a c e  e l e m e n t  i n t e n s i t y  o f  h a l o e s  a n d  d i s p e r s i o n  
t r a i n s  t o  g r a d e  o f  d e p o s i t s .  

6 .  D e v e l o p m e n t  a n d  r e f i n e m e n t  o f  b i o g e o c h e m i c a l  m e t h o d s ,  
e x p e c i a l l y  t h o s e  b a s e d  on i n d i c a t o r  p l a n t s ,  c h  l o r o t i c  o r  
t o x i c  e f f e c t s ,  a n d  m i c r o b i o l o g i c a l  t e c h n i q u e s .  

7 .  D e l i n e a t i o n  o f  t h e  n a t u r e  a n d  e x t e n t  o f  g e o c h e m i c a l  a n d  
b i o g e o c h e m i c a l  h a l o e s  a s s o c i a t e d  w i t h  o i l  a n d  g a s  f i e l d s .  

1. G e o c h e m i c a l  p r o v i n c e s :  

A l l  g e o l o g i s t s  a r e  f a m i l i a r  w i t h  t h e  f a c t  t h a t  m o s t  
t y p e s  o f  m i n e r a l  d e p o s i t s  a r e  c l u s t e r e d  i n  c e r t a i n  a r e a s  o f  t h e  
e a r t h ' s  c r u s t .  Some o f  t h e s e  a r e  i n  h i g h l y  f o l d e d  t e r r a n e g ,  
o t h e r s  a r e  i n  r e l a t i v e l y  u n d i s t u r b e d  r o c k s .  We t e n d  t o  c a l l  
t h e s e  c l u s t e r s  " m e t a l l o g e n i c  p r o v i n c e s " ,  w h i c h  i n  my o p i n i o n  i s  
a  m i s n o m e r .  F o r  i n s t a n c e  we o f t e n  h e a r  o f  a  g o l d  p r o v i n c e ,  a s  
i n  c e r t a i n  g r e e n s t o n e  b e l t s  o f  t h e  C a n a d i a n  S h i e l d .  I n  r e a l i t y  
t h e s e  d e p o s i t s  a r e  g r e a t  c o n c e n t r a t i o n s  o f  s i l i c a  i n  t h e  f o r m  
o f  q u a r t z ,  o r  o f  c a l c i u m ,  i r o n ,  m a g n e s i u m ,  a n d  c a r b o n  d i o x i d e  i n  
t h e  f o r m  o f  c a r b o n a t e s .  Gold  i s  o n l y  a n  i n c i d e n t a l  m e t a l ,  p r e s -  
e n t  g e n e r a l l y  i n  a  c o n c e n t r a t i o n  o f  l e s s  t h a n  15 ppm ( 0 . 5  o z / t o n ) .  
O r  a g a i n  we may t a k e  a n o t h e r  e x a m p l e  f r o m  t h e  l e a d ,  z i n c ,  c o p p e r ,  
a n d  n i c k e l  p r o v i n c e s .  T h e s e  a r e  i n  r e a l i t y  s u l p h u r  p r o v i n c e s  i n  
m o s t  c a s e s .  The  p o i n t  i s  t h a t  t h e s e  p r o v i n c e s  a r e  n o t  m e t a l l o -  
g e n i c  p r o v i n c e s  b u t  r a t h e r  g e o c h e m i c a l  p r o v i n c e s  i n  w h i c h  a  
v a r i e t y  o f  n o n - m e t a l s  a n d  m e t a l s  a r e  c o n c e n t r a t e d .  S u r e l y  t h e  
c o n c e n t r a t i o n  o f  s i l i c a  i n  t h e  c a s e  o f  t h e  g o l d  d e p o s i t s  a n d  
s u l p h u r  i n  t h e  c a s e  o f  t h e  s u l p h i d e  d e p o s i t s  i s  a s  i m p o r t a n t  
g e o c h e m i c a l l y  a s  t h e  m e t a l s  s i n c e  a l l  o f  t h e s e  s o  c a l l e d  " d r o s s  
o r  g a n g u e  e l e m e n t s "  g e n e r a l l y  o c c u r  i n  much g r e a t e r  a b u n d a n c e  
t h a n  t h e  v a l u a b l e  m e t a l s  a n d  n o n - m e t a l s .  I f  we a r e  t o  u n d e r s t a n d  
t h e s e  s o  c a l l e d  p r o v i n c e s  we mus t  s t a t e  t h e  f a c t s  c l e a r l y ,  a n d  
t h e  f a c t s  a r e  t h a t  t h e  c l u s t e r s  o f  d e p o s i t s  r e p r e s e n t  a  c h e m i c a l  
c o n c e n t r a t i o n ,  g e n e r a l l y  o f  a  number  o f  m e t a l s  a n d  n o n - m e t a l s ,  
f a r  i n  e x c e s s  o f  t h a t  n o r m a l l y  f o u n d  i n  o r d i n a r y  r o c k s  a n d  o t h e r  
e a r t h  m a t e r i a l s .  The  r e a s o n  f o r  s t r e s s i n g  t h e  t e r m i n o l o g y  " g e o -  
c h e m i c a l  p r o v i n c e s "  i s  I t h i n k  s e l f  e v i d e n t  s i n c e  many o f  t h e  
g a n g u e  e l e m e n t s  a r e  e x c e l l e n t  i n d i c a t o r s  o f  t h e  more  v a l u a b l e  
m e t a l l i c  e l e m e n t s .  I n e e d  o n l y  m e n t i o n  h e r e  t h a t  a r s e n i c  p r o v -  
i n c e s  a r e  o f t e n  g o l d  p r o v i n c e s ,  b o r o n  a n d  f l u o r i n e  p r o v i n c e s  o f t e n  
mark t i n  p r o v i n c e s ,  a n d  m a n g a n e s e  may i n d i c a t e  b a r i u m  and  s i l v e r  
p r o v i n c e s .  



We c o u l d  s p e n d  a  l o t  o f  t i m e  a r g u i n g  t h e  v a r i o u s  
p o i n t s  why t h e r e  a r e  t i n  b e l t s ,  c e n t r e s  o f  n i c k e l  c o n c e n t r a t i o n s ,  
l e a d - z i n c  b e l t s ,  c o p p e r  b e l t s ,  e t c . ,  b u t  t h i s  would  a v a i l  u s  
n o t h i n g  f r o m  t h e  p r a c t i c a l  v i e w p o i n t  o f  g e o c h e m i c a l  p r o s p e c t i n g .  
What we want  t o  know i s  - by a p p l y i n g  g e o c h e m i c a l  t e c h n i q u e s  t o  
w a t e r s ,  s t r e a m  s e d i m e n t s ,  s o i l s ,  b i o l o g i c a l  m a t e r i a l s ,  a n d  r o c k s ,  
c a n  we o u t l i n e  g e o c h e m i c a l  p r o v i n c e s  i n  w h i c h  we may e x p e c t  t o  
f i n d  d e p o s i t s  o f  a  c e r t a i n  t y p e ?  A t  t h e  p r e s e n t  s t a t e  o f  o u r  
k n o w l e d g e  we c a n  I t h i n k  a n s w e r  i n  t h e  a f f i r m a t i v e  f o r  w a t e r s  a n d  
s t r e a m  s e d i m e n t s  i n  c e r t a i n  g e o l o g i c a l  t e r r a n e s .  F o r  s o i l s  a n d  
b i o l o g i c a l  m a t e r i a l s  t h e  a n s w e r  i s  l e s s  d e f i n i t e ,  a n d  f o r  r o c k s  
u n c e r t a i n .  

Work i n  a  number  o f  c o u n t r i e s  on t h e  c h e m i c a l  c o n s t i -  
t u t i o n  o f  s u r f a c e  a n d  u n d e r g r o u n d  w a t e r s  s u g g e s t s  t h a t  t h e s e  r e -  
f l e c t  g e o c h e m i c a l  p r o v i n c e s ,  p a r t i c u l a r l y  t h o s e  i n  w h i c h  z i n c  a n d  
u r a n i u m  d e p o s i t s  o c c u r .  Few o t h e r  e l e m e n t s  h a v e  b e e n  u t i l i z e d  i n  
w a t e r  a n a l y s e s  o v e r  b r o a d  a r e a s ,  a n d  h e n c e  o u r  k n o w l e d g e  i s  c o n -  
s i d e r a b l y  r e s t r i c t e d .  F u r t h e r  r e s e a r c h  i s ,  t h e r e f o r e ,  d e s i r a b l e  
t o  a s c e r t a i n  t h e  u s e f u l n e s s  o f  w a t e r  a n a l y s e s  i n  o u t l i n i n g  g e o -  
c h e m i c a l  p r o v i n c e s  f o r  t h e  o t h e r  e l e m e n t s  o f  t h e  p e r i o d i c  t a b l e .  
I n  t h i s  work  t h e  new method  o f  a t o m i c  a b s o r p t i o n  s p e c t r o s c o p y  
w i l l  u n d o u b t e d l y  p l a y  a  l a r g e  p a r t  b e c a u s e  o f  i t s  g r e a t  s e n s i -  
t i v i t y .  

A n a l y s i s  o f  s t r e a m  s e d i m e n t s  h a s  p r o v e d  m o s t  e f f e c t i v e  
i n  o u t l i n i n g  g e o c h e m i c a l  p r o v i n c e s  r i c h  i n  c o p p e r ,  l e a d ,  a n d  z i n c  
d e p o s i t s .  T h i s  I t h i n k  i s  r e c o g n i z e d  by  many, b u t  h e r e  a g a i n  
m o s t  s u r v e y s  a r e  c o n c e r n e d  o n l y  w i t h  t h e  t h r e e  e l e m e n t s .  I t  
w o u l d  seem t h a t  s u r v e y s  i n  w h i c h  t h e  o t h e r  e l e m e n t s  o f  t h e  p e r i -  
o d i c  t a b l e  a r e  d e t e r m i n e d  would  a l s o  b e  e f f e c t i v e  i n  o u t l i n i n g  
t h e i r  g e o c h e m i c a l  p r o v i n c e s .  C e r t a i n l y  t h i s  s e e m s  t o  b e  t r u e  f o r  
s i l v e r ,  a r s e n i c ,  a n t i m o n y ,  a n d  m a n g a n e s e  j u d g i n g  f r o m  t h e  s u r v e y s  
d o n e  by t h e  G e o l o g i c a l  S u r v e y  i n  e a s t e r n  a n d  w e s t e r n  C a n a d a .  

S o i l s  a n d  b i o l o g i c a l  m a t e r i a l s  a r e  u s e f u l  i n  geochem-  
i c a l  s u r v e y s  on a  l o c a l  b a s i s ,  b u t  t h e i r  e f f e c t i v e n e s s  i n  o u t l i n -  
i n g  g e o c h e m i c a l  p r o v i n c e s  i s  a s  y e t  i n d e f i n i t e .  U n t i l  r e s e a r c h  
on t h e s e  m a t e r i a l s  i s  d o n e  o v e r  b r o a d  a r e a s ,  a n d  t h e  r e s u l t s  
t r e a t e d  s t a t i s t i c a l l y ,  a n  u n e q u i v o c a l  a n s w e r  c a n n o t  b e  g i v e n .  

The e f f e c t i v e n e s s  o f  r o c k  a n a l y s e s  i n  o u t l i n i n g  g e o -  
c h e m i c a l  p r o v i n c e s  i s  e v e n  more i n d e f i n i t e .  I n  a  g r o s s  way c e r -  
t a i n  c l u s t e r s  o f  g r a n i t i c  i n t r u s i v e s  e x c e e d  t h e  norm i n  t h e i r  
c o n t e n t s  o f  t i n  o r  molybdenum,  a n d  t h e s e  h a v e  a s s o c i a t e d  t i n  o r  
molybdenum d e p o s i t s .  L i k e w i s e ,  c e r t a i n  b a s i c  i n t r u s i v e s  w i t h  
h i g h e r  t h a n  a v e r a g e  c o n t e n t s  o f  n i c k e l  a n d  p l a t i n u m  m e t a l s  may 
h a v e  a s s o c i a t e d  n i c k e l - p l a t i n u m  d e p o s i t s .  T h e s e  r e l a t i o n s h i p s  
a l s o  e x t e n d  t o  c e r t a i n  s h a l e s  e n r i c h e d  i n  c o p p e r  s u c h  a s  t h e  
K u p f e r s c h i e f e r ,  t h e  c o p p e r  s h a l e s  o f  Z a m b i a ,  a n d  t h o s e  i n  M i c h i -  
g a n  a t  W h i t e  P i n e .  C e r t a i n  c a r b o n a t e  r o c k s  w i t h  a b n o r m a l  a m o u n t s  
o f  l e a d  a n d  z i n c  may a l s o  c o n t a i n  w i t h i n  t h e m  d e p o s i t s  o f  t h e s e  
t w o  m e t a l s .  F o r  a  v a r i e t y  o f  o t h e r  m e t a l s  a n d  n o n - m e t a l s ,  m a i n l y  
t h o s e  o c c u r r i n g  i n  v e i n s  a n d  m a s s i v e  s u l p h i d e  d e p o s i t s ,  s u c h  a s  
s i l v e r ,  g o l d ,  u r a n i u m ,  l e a d ,  z i n c ,  a n d  c o p p e r ,  t h e  r e l a t i o n s h i p s  



b e t w e e n  t h e  c o n t e n t s  o f  m e t a l s  i n  t h e  d e p o s i t s  a n d  t h o s e  i n  t h e i r  
e n c l o s i n g  c o u n t r y  r o c k s  i s  o b s c u r e  t o  s a y  t h e  l e a s t .  From my own 
r e s e a r c h  on t h e  g e o c h e m i s t r y  o f  g o l d ,  s i l v e r ,  l e a d ,  a n d  z i n c  I 
h a v e  t o  s a y  t h a t  t h e  c o n t e n t s  o f  t h e s e  m e t a l s  i n  t h e  n o r m a l  
c o u n t r y  r o c k s  d o  n o t  s e e m  t o  r e f l e c t  t h e  p r e s e n c e  o f  d e p o s i t s  o f  
t h e s e  m e t a l s  i n  t h e  b e l t s  w h e r e  I h a v e  s t u d i e d  t h e m .  T h e r e  a r e  
n e i t h e r  a b o v e  n o r m a l  a m o u n t s  o f  t h e  m e t a l s  i n  t h e  r o c k s  s u c h  a s  
s h o u l d  o c c u r  i f  t h e  m e t a l s  w e r e  i n t r o d u c e d  f r o m  o u t s i d e ,  n o r  b e -  
low n o r m a l  d e p l e t i o n s  o f  t h e  m e t a l s  s u c h  a s  m i g h t  o b t a i n  i f  t h e  
m e t a l  w e r e  s e c r e t e d  f r o m  t h e  r o c k s .  T h i s  i s  a n  e n i g m a  w h i c h  o n l y  
f u r t h e r  g e o c h e m i c a l  r e s e a r c h  w i l l  s o l v e .  P e r h a p s  t h e  m e t a l  c o n -  
t e n t s  o f  r o c k s  c o n t a i n i n g  d e p o s i t s  d i f f e r  o n l y  by i n f i n i t i s i m a l l y  
s m a l l e r  o r  l a r g e r  a m o u n t s  f r o m  t h o s e  t h a t  a r e  b a r r e n ,  a n d  t h e s e  
d i f f e r e n c e s  may a p p e a r  o n l y  a f t e r  s o p h i s t i c a t e d  s t a t i s t i c a l  t r e a t -  
ment  o f  t h e  a n a l y t i c a l  r e s u l t s .  

2 .  D e v e l o p m e n t  o f  m e t h o d s  f o r  d i s c o v e r i n g  l a r g e  l o w - g r a d e  
d e p o s i t s  : 

A s  t h e  demand f o r  m e t a l s  a n d  n o n - m e t a l s  i n c r e a s e s  a n d  
a s  t h e  r i c h  h i g h - g r a d e  d e p o s i t s  a r e  e x h a u s t e d ,  i t  w i l l  be n e c e s -  
s a r y  t o  t u r n  t o  s o u r c e s  t h a t  a r e  o n l y  s l i g h t l y  e n r i c h e d  i n  t h e  
e l e m e n t s  we w i s h  t o  e x t r a c t .  T h e s e  s o u r c e s  i n c l u d e  t h e  b l a c k  
s h a l e s  a n d  s c h i s t s  t h a t  a r e  g r e a t  r e s e r v o i r s  o f  s u l p h u r ,  t h e  b a s e  
m e t a l s ,  u r a n i u m ,  a n d  o t h e r  e l e m e n t s ;  l a r g e  g r a n i t i c  m a s s e s  s l i g h t -  
l y  e n r i c h e d  i n  c o p p e r ,  molybdenum,  u r a n i u m ,  t h o r i u m ,  t i n ,  l i t h i u m ,  
a n d  o t h e r  e l e m e n t s  commonly f o u n d  i n  a c i d i c  r o c k s ;  b a s i c  m a s s e s  
o f  r o c k  e n r i c h e d  i n  n i c k e l ,  c h r o m i u m ,  a n d  p l a t i n u m ;  c a r b o n a t e  
r o c k s  c o n t a i n i n g  d i s s e m i n a t i o n s  o f  l e a d  a n d  z i n c  m i n e r a l s ;  t h e  
l a t e r i t e s  a n d  o t h e r  p r o d u c t s  o f  w e a t h e r i n g ;  t h e  s e d i m e n t s  o f  t h e  
s e a ;  u n d e r g r o u n d  w a t e r s ;  a n d  i n  c e r t a i n  c a s e s  t h e  s e a .  The  e c o n -  
o m i c s  o f  w i n n i n g  e l e m e n t s  f r o m  t h e s e  s o u r c e s  d e p e n d s  n o t  o n l y  on 
t e c h n o l o g i c a l  p r o g r e s s  i n  m i n i n g  and  p r o c e s s i n g  t h e  m a t e r i a l s  b u t  
a l s o  on t h e i r  g r a d e .  I t  i s  a  m a t t e r  o f  s i m p l e  e c o n o m i c s  t o  u n d e r -  
s t a n d  t h a t  a  b l a c k  s c h i s t  b e l t  c o n t a i n i n g  200 ppm c o p p e r  c a n  be  
more  e c o n o m i c a l l y  e x p l o i t e d  t h a n  o n e  c o n t a i n i n g  o n l y  1 0 0  ppm o f  
t h e  m e t a l .  

F o r t u n a t e l y ,  a l l  o f  t h e  g e o c h e m i c a l  p r o s p e c t i n g  m e t h -  
o d s  a r e  p a r t i c u l a r l y  w e l l  a d a p t e d  t o  t h e  d i s c o v e r y  o f  l a r g e  low 
g r a d e  s o u r c e s  s i n c e  t h e  t a r g e t s  a r e  b r o a d .  Most o f  t h e  m e t h o d s  
a r e  d i r e c t  a n d ,  w i t h  p r o p e r  s a m p l i n g  i n t e r v a l s ,  s h o u l d  g i v e  e s t i -  
m a t e s  o f  t h e  g r a d e  a f t e r  s t a t i s t i c a l  t r e a t m e n t  o f  t h e  a n a l y t i c a l  
r e s u l t s .  

L i t t l e  r e s e a r c h  h a s  b e e n  d o n e  on m e t h o d s  o f  o u t l i n i n g  
l a r g e  low g r a d e  d e p o s i t s  a l t h o u g h  some work h a s  been  d o n e  on 
u r a n i u m  a n d  b e r y l l i u m - b e a r i n g  g r a n i t e s  a n d  on m a n g a n e s e - b e a r i n g  
o c e a n i c  s e d i m e n t s .  T h o u g h t  s h o u l d  be g i v e n  now t o  i n t e g r a t e d  
g e o l o g i c a l ,  g e o c h e m i c a l ,  a n d  g e o p h y s i c a l  m e t h o d s  f o r  d e f i n i n g  
m e t a l - r i c h  z o n e s  i n  b l a c k  s c h i s t s ,  i n  g a b b r o i c  a n d  g r a n i t i c  
m a s s e s ,  i n  w e a t h e r e d  p r o d u c t s ,  a n d  t o  t h e  d i s c o v e r y  o f  u n d e r g r o u n d  
w a t e r s  s l i g h t l y  e n r i c h e d  i n  m e t a l s  l i k e  l i t h i u m ,  r u b i d i u m ,  c e s i u m ,  
r a r e  e a r t h s ,  u r a n i u m ,  e t c .  



3 .  I J c v e l o p m e n t  o f  m e t h o d s  f o r  d i s c o v e r i n g  d e e p l y  b u r i e d  d e p o s i t s :  

Clost o f  t h e  s u c c e s s e s  i n  d i s c o v e r i n g  d e p o s i t s  by g e o -  
c h e m i c a l  a n d  g e o p h y s i c a l  m e t h o d s  h a v e  been  i n  g e o l o g i c a l  s i t u a -  
t i o n s  w h e r e  t h e  m i n e r a l  c o n c e n t r a t i o n s  e i t h e r  i n t e r s e c t  t h e  s u r -  
f a c e  o r  l i e  a t  d e p t h s  o f  o n l y  a  h u n d r e d  f e e t  o r  s o .  S i n c e  i t  
s e e m s  p r o b a b l e  t h a t  a s  many d e p o s i t s  l i e  d e e p l y  b u r i e d  a s  h a v e  
now b e e n  r e v e a l e d ,  i t  i s  i m p e r a t i v e  t o  d e v e l o p  m e t h o d s  t h a t  h a v e  
a  d e e p  p e n e t r a t i o n .  A s  f a r  a s  g e o c h e m i c a l  m e t h o d s  a r e  c o n c e r n e d  
t h e  p r o b l e m  c a n  b e  r e s o l v e d  i n t o  t w o  g e n e r a l  c a t e g o r i e s .  

l .  D e v e l o p m e n t  o f  m e t h o d s  f o r  t h e  d i s c o v e r y  o f  d e p o s i t s  
b e n e a t h  d e e p  s u r f i c i a l  d e p o s i t s  s u c h  a s  g l a c i a l  m a t e r -  
i a l s ,  r e s i d u a l  o u t w a s h ,  a n d  T e r t i a r y  and  R e c e n t  s e d i -  
m e n t s  o r  v o l c a n i c  r o c k s .  

2 .  D e v e l o p m e n t  o f  m e t h o d s  f o r  t h e  d i s c o v e r y  o f  d e p o s i t s  
t h a t  l i e  a t  d e p t h  i n  t h e  r o c k s .  

With r e s p e c t  t o  t h e  f i r s t ,  t h r e e  g e o c h e m i c a l  p r o s p e c t -  
i n g  m e t h o d s  - a n a l y s i s  o f  o v e r l y i n g  m a t e r i a l s ,  h y d r o g e o c h e m i s t r y ,  
a n d  b i o g e o c h e m i s t r y  - would  seem t o  o f f e r  t h e  b e s t  h o p e  o f  
s u c c e s s .  

A n a l y s i s  o f  t h e  n e a r  s u r f a c e  h o r i z o n s  o f  t h i c k  s e q u e n -  
c e s  o f  c l a y s ,  t i l l s ,  o v e r l y i n g  s e d i m e n t s ,  e t c .  may n o t  b e  e f f e c -  
t i v e  i n  mos t  a r e a s  s i n c e  t h e s e  m a t e r i a l s  may h a v e  l i t t l e  i f  a n y  
p h y s i c a l  o r  c h e m i c a l  c o n t a c t  w i t h  u n d e r l y i n g  m i n e r a l  d e p o s i t s  a n d  
i n  many c a s e s  may b e  e n t i r e l y  f o r e i g n  t o  t h e  d e p o s i t s  o r  t h e i r  
d i s p e r s i o n  h a l o e s .  I n  t h e s e  c a s e s  d e e p  d r i l l i n g  t o  o b t a i n  s a m p l e s  
o f  t h e  o v e r b u r d e n  n e a r  t h e  b e d r o c k  i s  t h e  o n l y  f e a s i b l e  m e t h o d .  
T h i s  i s  o f  c o u r s e  c o s t l y ,  b u t  i f  t h e  d r i l l i n g  i s  g u i d e d  by good  
g e o l o g i c a l  a n d  g e o p h y s i c a l  w o r k ,  t h e  c o s t s  c a n  b e  c o n s i d e r a b l y  
r e d u c e d .  The p r e l i m i n a r y  s t a g e s  o f  s u c h  a  p r o g r a m  s h o u l d  i n c l u d e  
t h e  p r o j e c t i o n  o f  known f a v o u r a b l e  s t r u c t u r e s  i n t o  h e a v i l y  o v e r -  
b u r d e n e d  t e r r a i n ,  g e o m o r p h o l o g i c a l  s t u d i e s  t o  d e t e r m i n e  t h e  t o p o -  
g r a p h i c  e x p r e s s i o n  o f  s h e a r  z o n e s ,  f a u l t s ,  f r a c t u r e s  a n d  f o l d s ,  
a n d  g e o p h y s i c a l  s t u d i e s .  I n  t h e  i n i t i a l  s t a g e s ,  d e e p  s a m p l i n g  
s h o u l d  b e  r e s t r i c t e d  t o  p r o j e c t e d  s t r u c t u r e s  a n d  g e o p h y s i c a l  
a n o m a l i e s .  I m a g i n a t i o n  a n d  o p t i m i s m  i n  t h e  work a r e  v i t a l l y  
i m p o r t a n t .  

G r o u n d w a t e r  p e r c o l a t e s  t h r o u g h  t h e  d e e p  o v e r b u r d e n  o f  
many t e r r a i n s  a n d  a p p e a r s  a s  s p r i n g s  i n  low a r e a s  o r  w e l l s  up  i n  
d e e p  d r a w s  o r  a t  t h e  b o t t o m s  o f  l a k e s .  S a m p l i n g  o f  t h e  w a t e r s  
a t  t h e s e  e f f l u e n t  p o i n t s ,  f o l l o w e d  by p l o t t i n g  on a  d e t a i l e d  map 
may i n d i c a t e  t h e  m i n e r a l i z e d  z o n e s .  I n  some c a s e s  i t  may b e  
n e c e s s a r y  t o  d r i l l  d e e p  h o l e s  on  a  g r i d  o r  a l o n g  p r o j e c t e d  
s t r u c t u r e s  t o  s a m p l e  t h e  g r o u n d w a t e r s .  Knowing t h e  m e t a l  c o n t e n t  
o f  t h e  g r o u n d w a t e r  a n d  t h e  d i r e c t i o n  o f  f l o w ,  w h i c h  c a n  b e  o b t a i n -  
e d  i n  some c a s e s  by  i n j e c t i n g  a  r a d i o t r a c e r  o r  a  d y e ,  it s h o u l d  b e  
p o s s i b l e  t o  t r a c e  m e t a l  a n o m a l i e s  i n  t h e  g r o u n d w a t e r  s y s t e m  t o  
t h e i r  s o u r c e .  



The r o o t s  o f  t r e e s  a n d  c e r t a i n  p l a n t s  o f t e n  p e n e t r a t e  
d e e p l y  a n d  may a c t u a l l y  s a m p l e  d e e p  l a y e r s  o f  o v e r b u r d e n  i n  c o n -  
t a c t  w i t h  d e p o s i t s .  In  o t h e r  c a s e s  t h e  r o o t s  may s a m p l e  t h e  
g r o u n d w a t e r  i n  c o n t a c t  w i t h  d e p o s i t s  c o v e r e d  by t h i c k  l a y e r s  o f  
o v e r b u r d e n .  S a m p l i n g  o f  p l a n t s  a n d  t r e e s  u n d e r  s u c h  c o n d i t i o n s  
may b e  u s e f u l  i n  o u t l i n i n g  m i n e r a l i z e d  z o n e s .  Some r e s e a r c h  
a l o n g  t h e s e  l i n e s  h a s  b e e n  d o n e ,  b u t  much more i s  r e q u i r e d  t o  
a s s e s s  a d e q u a t e l y  t h e  e f f e c t i v e n e s s  o f  t h e  m e t h o d .  

Deep s e a t e d  d e p o s i t s  t h a t  d o  n o t  r e a c h  t h e  s u r f a c e  
w i l l  a l w a y s  b e  d i f f i c u l t  t o  d e t e c t ,  b u t  i n  c e r t a i n  c a s e s  g e o -  
c h e m i c a l  m e t h o d s  may be e f f e c t i v e  i f  p r o p e r l y  i n t e g r a t e d  w i t h  
g e o l o g i c a l  a n d  g e o p h y s i c a l  w o r k .  R e s e a r c h  on t w o  m e t h o d s  would  
seem t o  o f f e r  t h e  m o s t  p r o m i s e  - l i t h o g e o c h e m i c a l  s u r v e y s  
( a n a l y s i s  o f  r o c k  a n d  d r i l l  c o r e  s a m p l e s )  t o  o u t l i n e  p r i m a r y  
d i s p e r s i o n  o r  l e a k a g e  h a l o e s  a s s o c i a t e d  w i t h  b u r i e d  d e p o s i t s ,  a n d  
h y d r o g e o c h e m i c a l  s u r v e y s  o f  t h e  g r o u n d w a t e r  s y s t e m .  

When c a r r y i n g  o u t  l i t h o g e o c h e m i c a l  s u r v e y s  u s i n g  
e i t h e r  r o c k  s a m p l e s  o r  d r i l l  c o r e s ,  t h e  f o l l o w i n g  p o i n t s  s h o u l d  
b e  k e p t  i n  mind .  I n  a d d i t i o n  t o  a n a l y z i n g  t h e  r o c k  a n d  c o r e  
s a m p l e s  o f  t h e  m a s s i v e  r o c k s ,  a l l  s h e a r  z o n e s ,  f r a c t u r e s ,  c o n -  
t o r t e d  z o n e s ,  a n d  a l t e r e d  z o n e s  s h o u l d ,  l i k e w i s e ,  b e  s a m p l e d  a n d  
a n a l y z e d  f o r  t h e i r  m e t a l  c o n t e n t  o r  f o r  i n d i c a t o r  e l e m e n t s  s u c h  
a s  m e r c u r y ,  a r s e n i c ,  a n d  a n t i m o n y .  A d e t a i l e d  map s h o w i n g  a l l  
o f  t h e s e  g e o l o g i c a l  f e a t u r e s ,  a s  w e l l  a s  a n y  s m a l l  v e i n s ,  n o  
m a t t e r  what  s i z e ,  s h o u l d  b e  p l o t t e d  a n d  t h e  m e t a l  o r  i n d i c a t o r  
e l e m e n t  c o n t e n t s  o f  t h e  s a m p l e s  e n t e r e d  a t  t h e  a p p r o p r i a t e  s i t e s .  
When d r i l l i n g  i s  d o n e ,  s e c t i o n s  w i t h  a l l  o f  t h i s  d e t a i l  s h o u l d  
a l s o  b e  p r e p a r e d .  O n l y  i n  t h i s  way i s  i t  p o s s i b l e  t o  o b s e r v e  
p a t t e r n s  i n  t h e  p r i m a r y  m e t a l  o r  i n d i c a t o r  e l e m e n t  d i s p e r s i o n  i n  
t h e  r o c k s ,  a n d  f r o m  t h e s e  p a t t e r n s  t o  p r e d i c t  t h e  l o c u s  o f  l a r g e  
d e p o s i t s .  I t  s h o u l d  b e  c o n s t a n t l y  b o r n e  i n  mind t h a t  mos t  l a r g e  
d e p o s i t s  h a v e  a  h a l o  o f  s m a l l e r  s a t e l l i t e s  d e v e l o p e d  i n  s u b s i d i a r y  
o r  p a r a l l e l  f r a c t u r e s ,  f a u l t s ,  f o l d s ,  a n d  o t h e r  s t r u c t u r e s .  T r a c e  
e l e m e n t  work  on s m a l l  s h e a r  z o n e s ,  f r a c t u r e s ,  a n d  f a u l t s  i n c r e a s e s  
o u r  a b i l i t y  t o  d i f f e r e n t i a t e  s m a l l e r  a n d  s m a l l e r  s a t e l l i t e s .  I t  
may w e l l  be  t h a t  t h e  d a t a ,  when p l o t t e d  a n d  c o n t o u r e d ,  w i l l  show 
a n  i n c r e a s e  i n  t h e  m e t a l  o r  i n d i c a t o r  e l e m e n t  c o n t e n t  i n  a  c e r -  
t a i n  d i r e c t i o n ,  o r  t h a t  t h e  n u m b e r  o f  m e t a l - b e a r i n g  f r a c t u r e s ,  
c r e n u l a t i o n s ,  a n d  o t h e r  d i s c o n t i n u i t i e s  i n  t h e  r o c k s  i n c r e a s e s  
t o w a r d  some f a v o u r a b l e  g e o l o g i c  s t r u c t u r e  o r  z o n e  c o n t a i n i n g  t h e  
s o u g h t  - a f t e r  d e p o s i t .  

G r o u n d w a t e r s ,  c i r c u l a t i n g  a l o n g  f a u l t s  o r  t h r o u g h  
p o r o u s  z o n e s ,  f r e q u e n t l y  come i n t o  c o n t a c t  w i t h  d e p o s i t s ,  p i c k  u p  
t r a c e s  o f  t h e  e l e m e n t s  i n  t h e  d e p o s i t s .  a n d  h e n c e  a r e  i d e a l  f o r  
s a m p l i n g  a n d  t r a c i n g  t h e  e l e m e n t s  t o  t h e i r  s o u r c e .  The s a m p l i n g  
p a r t  o f  t h e  t e c h n i q u e  i s  a  s i m p l e  m a t t e r ,  e s p e c i a l l y  w h c r e  
s p r i n g s  a r e  p r e s e n t ,  w h e r e  a  g r i d  o f  d r i l l  h o l e s  i s  a v a i l a b l e ,  o r  
w h e r e  t h e  w a t e r s  f l o w  f r o m  f a u l t s  o r  f r a c t u r e s  i n t o  u n d c r g r o u n d  
w o r k i n g s .  The d i f f i c u l t  p a r t  i s  i n  t r a c i n g  t h e  d i s p e r s i o n  t r a i n  
i n  t h e  g r o u n d w a t e r  s y s t e m .  To  s o l v e  t h i s  p r o b l e m  a  k n o w l e d g e  o f  
t h e  h y d r o l o g i c  g r a d i e n t  i s  i m p e r a t i v e ,  a n d  t h i s  c a n  be  o b t a i n e d  



o n l y  a f t e r  a  t h o r o u g h  s t u d y  o f  t h e  t o p o g r a p h y  a n d  g e o l o g i c  
s t r u c t u r e .  C e r t a i n  g e o p h y s i c a l  m e t h o d s  may be  u s e f u l  i n  some 
c a s e s ,  a n d  r a d i o t r a c e r s  a n d  d y e s  may a s s i s t  w h e r e  a  s u f f i c i e n t  
number  o f  d r i l l  h o l e s  a r c  a v a i l a b l e .  A l l  o f  t h e s e  t e c h n i q u e s  
a r e  r e l a t i v e l y  u n d e v e l o p e d  a n d  r e q u i r e  c o n s i d e r a b l e  r c s e a r c h  
b e f o r e  t h e y  c a n  b e  p l a c e d  on a  p r a c t i c a l  b a s i s .  

4 .  D e v e l o p m e n t  o f  m e t h o d s  t o  o u t l i n e  p r i m a r y  h a l o e s :  

The  f o r m  a n d  i n t e n s i t y  o f  s e c o n d a r y  d i s p e r s i o n  h a l o e s  
i n  g l a c i a l  o v e r b u r d e n  s o i l s ,  w a t e r s ,  s t r e a m  s e d i m e n t s ,  a n d  v e g e -  
t a t i o n  h a s  r e c e i v e d  much a t t e n t i o n ,  a n d  o u r  k n o w l e d g e  o f  t h e s e  
i s  i n c r e a s i n g  r a p i d l y .  The  same c a n n o t  b e  s a i d  f o r  p r i m a r y  h a l o e s  
p r o b a b l y  b e c a u s e  t h e  phenomena  i n v o l v c d  a r c  much more  c o m p l e x .  

I t  i s  e v i d e n t  t h a t  e a c h  t y p e  o f  m i n e r a l  d e p o s i t  h a s  
i t s  own c h a r a c t e r i s t i c  p r i m a r y  h a l o ,  a  f e a t u r e  t h a t  d e p e n d s  on a  
n u m b e r  o f  g e o l o g i c a l  a n d  c h e m i c a l  f a c t o r s ,  i n c l u d i n g  p r i m a r i l y  
t h e  t y p e  o f  h o s t  r o c k ,  t h e  d e g r e e  o f  f r a c t u r i n g  o f  t h e  h o s t  r o c k s ,  
a n d  t h e  p o r o s i t y  a n d  p e r m a b i l i t y  o f  t h e  h o s t  r o c k s .  A s  c a n  b e  
s e e n  t h e  p a r a m e t e r s  a r e  m u l t i p l e ,  a n d  a  k n o w l e d g e  o f  t h e  p r i m a r y  
h a l o e s  i n  o n e  g e o l o g i c a l  s e t t i n g  may n o t  a p p l y  w i t h o u t  m o d i f i c a -  
t i o n  t o  a n o t h e r .  

To  e s t a b l i s h  a  b a s i s  f o r  p r a c t i c a l  p r o s p e c t i n g  u t i l -  
i z i n g  p r i m a r y  h a l o e s  t h e  f o l l o w i n g  r e s e a r c h  i s  d e s i r a b l e :  

1. D e t e r m i n e  i n  a s  many g e o l o g i c a l  s i t u a t i o n s  a s  p o s s i b l e  
t h e  s h a p e  a n d  e x t e n t  o f  t h e  c h a r a c t e r i s t i c  p r i m a r y  
t r a c e  e l e m e n t  h a l o e s  a s s o c i a t e d  w i t h  s p e c i f i c  t y p e s  
o f  m i n e r a l  d e p o s i t s ,  v i z .  l e a d - z i n c  d e p o s i t s  i n  c a r -  
b o n a t e  r o c k s ;  m a s s i v e  s u l p h i d e  d e p o s i t s  i n  v o l c a n i c  
t e r r a n e s ;  l a y e r e d  d e p o s i t s  i n  s e d i m e n t a r y  r o c k s ;  g o l d  
d e p o s i t s  i n  s e d i m e n t a r y  a n d  i n  v o l c a n i c  r o c k s ;  pegma- 
t i t e s ;  e t c .  

2 .  D e t e r m i n e  t h e  l a t e r a l  a n d  v e r t i c a l  e x t e n t  o f  l e a k a g e  
h a l o e s  o r  t r a i n s  o f  t h e  p r i m a r y  e l e m e n t a l  c o n s t i t u -  
e n t s  o f  d e p o s i t s  a l o n g  f a u l t s ,  f r a c t u r e s ,  o r  p o r o u s  
z o n e s .  P a r t i c u l a r l y  i m p o r t a n t  i n  t h i s  r e s e a r c h  i s  
t h e  d e t e r m i n a t i o n  o f  t h e  d i s t a n c e s  t h r o u g h  w h i c h  t h e  
more  v o l a t i l e  c o n s t i t u e n t s  s u c h  a s  t r a c e s  o f  m e r c u r y ,  
a r s e n i c ,  a n d  a n t i m o n y  h a v e  m i g r a t e d  l a t e r a l l y  a n d  
v e r t i c a l l y  f r o m  t h e  m a i n  f o c u s  o f  m i n e r a l i z a t i o n .  

5. E l u c i d a t i o n  a n d  f o r m u l a t i o n  o f  t e c h n i q u e s  t o  r e l a t e  t h e  s i z e  
a n d  t r a c e  e l e m e n t  i n t e n s i t y  o f  h a l o e s  a n d  d i s p e r s i o n  t r a i n s  
t o  g r a d e  o f  d e p o s i t s :  

E v e r y o n e  who f i n d s  a  g e o c h e m i c a l  a n o m a l y  e i t h e r  o f  a  
p r i m a r y  o r  s e c o n d a r y  n a t u r e  a s k s  h i m s e l f  t h e  q u e s t i o n s  - I s  t h e  
a n o m a l y  r e l a t e d  t o  a  d e p o s i t  o f  o r e  g r a d e ,  i s  i t  c a u s e d  by d i s -  
s e m i n a t e d  m i n e r a l s  n o t  o f  o r e  g r a d e ,  o r  i s  it t h e  r e s u l t  o f  a n  
e n r i c h i n g  c h e m i c a l  p r o c e s s  e n t i r e l y  u n r e l a t e d  t o  p r i m a r y  m i n e r a l -  
i z a t i o n  p r o c e s s e s ?  



T h e s e  t h r e e  q u e s t i o n s  c a n  o n l y  be  a n s w e r e d  by d e t a i l e d  
s t u d i e s  o f  c a s e  h i s t o r i e s  o v e r  t h e  y e a r s .  I n  t h i s  work a  Lnowl-  
e d g e  o f  t h e  o v e r a l l  g r a d e  a n d  c o n s t i t u t i o n  o f  t h e  d e p o s i t s ,  t h e  
t y p e s  o f  e n c l o s i n g  r o c k s ,  t h e  d e p t h  o f  o v e r b u r d e n ,  w e a t h e r i n g  
c h a r a c t e r i s t i c s ,  t h e  c h e m i s t r y  o f  t h e  o v e r l y i n g  s o i l s  a n d  o t h e r  
t y p e s  o f  o v e r b u r d e n ,  t h e  c h e m i s t r y  o f  t h e  g r o u n d w a t e r s  a n d  s t r e a m  
s e d i m e n t s ,  a n d  t h e  c h e m i s t r y  o f  t h e  u p t a k e  o f  t h e  c o n s t i t u e n t  
e l e m e n t s  i n  t h e  d e p o s i t s  by v e g e t a t i o n  a r e  i m p e r a t i v e .  S i n c e  s o  
many i n t e r a c t i n g  v a r i a b l e s  a r e  i n v o l v e d  it i s  o b v i o u s  t h a t  s t a -  
t i s t i c a l  s t u d i e s  a n d  c o m p u t e r  p r o g r a m s  w i l l  h a v e  t o  b e  e m p l o y e d  
b e f o r e  p r e c i s e  r e l a t i o n s h i p s  a p p e a r .  

6 .  D e v e l o p m e n t  a n d  r e f i n e m e n t  o f  b i o g e o c h e m i c a l  m e t h o d s  : 

G e o c h e m i c a l  m e t h o d s  u t i l i z i n g  t h e  a n a l y s i s  o f  p l a n t  
a s h  h a v e  b e e n  e x t a n t  f o r  a  number  o f  y e a r s  a n d  h a v e  p r o v e n  s u c -  
c e s s f u l  i n  a  n u m b e r  o f  c a s e s .  I t  i s  now i m p e r a t i v e  t o  e x p a n d  
r e s e a r c h  i n  b i o g e o c h e m i c a l  m e t h o d s  a n d  e x p e r i m e n t  w i t h  i n d i c a t o r  
p l a n t s  a s  w e l l  a s  i n v e s t i g a t e  t h e  t o x i c  a n d  d w a r f i n g  e f f e c t s  t h a t  
m e t a l s  a n d  n o n - m e t a l s  h a v e  on p l a n t s  i n  t h e  v i c i n i t y  o f  o r e  d e -  
p o s i t s .  I n  t h i s  w o r k  t h e  s e r v i c e s  o f  t r a i n e d  b o t a n i s t s ,  e s p e c -  
i a l l y  p l a n t  p h y s i o l o g i s t s ,  w i l l  b e  r e q u i r e d ,  s i n c e  t h e  work  i s  
h i g h l y  s p e c i a l i z e d .  The r e s u l t s  t o  b e  o b t a i n e d  f r o m  d e t a i l e d  
s t u d i e s  o f  t h e  d i s t r i b u t i o n  a n d  p o p u l a t i o n  o f  i n d i c a t o r  p l a n t s  
a n d  g r o w t h  s t i m u l a t i n g ,  t o x i c ,  a n d  d w a r f i n g  e f f e c t s  p r o m i s e s  t o  
be  v e r y  f r a i t f u l  i n d e e d  f o r  g e o c h e m i c a l  p r o s p e c t i n g ,  j u d g i n g  
f r o m  t h e  s m a l l  a m o u n t  o f  r e s e a r c h  t h a t  h a s  b e e n  d o n e  u p  t o  t h e  
p r e s e n t  i n  t h i s  f i e l d .  A n o t h e r  i n t e r e s t i n g  a p p r o a c h  i s  t h a t  o f  
u t i l i z i n g  m i c r o b i o l o g i c a l  t e c h n i q u e s .  Work o f  t h i s  t y p e ,  p a r t i c u -  
l a r l y  on b a c t e r i a  t h a t  f l o u r i s h  i n  t h e  s o i l s  a n d  r o c k s  i n  t h e  
v i c i n i t y  o f  o i l  f i e l d s ,  h a s  b e e n  d o n e  i n  U.S.S.R.  L i t t l e ,  i f  a n y ,  
r e s e a r c h  o f  t h i s  t y p e  h a s  b e e n  c a r r i e d  o u t  on s o i l s  a n d  r o c k s  i n  
t h e  v i c i n i t y  o f  s u l p h i d e  d e p o s i t s ,  y e t  we know f r o m  some p u b l i s h e d  
s t u d i e s  t h a t  s u l p h u r  a n d  o t h e r  t y p e s  o f  b a c t e r i a  a n d  a l g a e  f r e -  
q u e n t  s u c h  a n  e n v i r o n m e n t .  S t u d i e s  b a s e d  on p o p u l a t i o n  c o u n t s  
o f  s u c h  b a c t e r i a  i n  t h e  s o i l s  a n d  r o c k s  i n  t h e  v i c i n i t y  o f  s u l -  
p h i d e  a n d  o t h e r  t y p e s  o f  d e p o s i t s  c o u l d  b e  r e w a r d i n g .  

7 .  D e l i n e a t i o n  o f  t h e  n a t u r e  a n d  e x t e n t  o f  g e o c h e m i c a l  a n d  
b i o g e o c h e m i c a l  h a l o e s  a s s o c i a t e d  w i t h  o i l  and  g a s  f i e l d s :  

D e s p i t e  i t s  o b v i o u s  i m p o r t a n c e ,  g e o c h e m i c a l  p r o s p e c -  
t i n g  f o r  a c c u m u l a t i o n s  o f  p e t r o l e u m  a n d  n a t u r a l  g a s  h a s  n o t  b e e n  
e x t e n s i v e l y  e m p l o y e d .  T h i s  s i t u a t i o n  h a s  b e e n  f u r t h e r  c o m p l i c a t e d  
by a  number  o f  c o n t r o v e r s i e s  t h a t  have '  a r i s e n  t h r o u g h  t h e  y e a r s  
w i t h  r e s p e c t  t o  t h e  e f f e c t i v e n e s s  o f  t h e  m e t h o d s .  The o n l y  way 
t o  r e s o l v e  t h e s e  d i f f e r e n c e s  i s  by f u r t h e r  r e s e a r c h .  

I t  i s  e v i d e n t  f r o m  o u r  p r e s e n t  k n o w l e d g e  t h a t  many 
o i l  a n d  g a s  f i e l d s  a r e  m a r k e d  by m a c r o - s e e p s  a l o n g  f a u l t s  o r  
t h r o u g h  p o r o u s  z o n e s .  I t  i s  l o g i c a l  t o  s u p p o s e  f r o m  t h i s  d a t a  
t h a t  t h e r e  a r e  a l s o  m i c r o - s e e p s  w h i c h  s h o u l d  be d e t e c t a b l e  by 
t h e  modern  m e t h o d s  o f  h y d r o c a r b o n  a n a l y s e s ,  e s p e c i a l l y  g a s  
c h r o m a t o g r a p h y .  



T h e  d i s t r i b u t i o n  o f  m i c r o - s e e p s  i n  t h e  r o c k s  a n d  
o v e r b u r d e n  c o n s t i t u t e s  t h e  d i s p e r s i o n  h a l o e s  o f  t h e  n a t u r a l  
h y d r o c a r b o n s  f r o m  o i l  o r  g a s  a c c u m u l a t i o n s .  U n f o r t u n a t e l y  o u r  
k n o w l e d g e  o f  t h e s e  h a l o e s ,  e s p e c i a l l y  t h e i r  a r e a 1  a n d  s p a t i a l  
d i s t r i b u t i o n  a n d  t h e i r  i n t e n s i t y  w i t h  r e s p e c t  t o  d i s t a n c e  f r o m  
o i l  a n d  g a s  a c c u m u l a t i o n s  i s  n o t  w e l l  known a n d  r e q u i r e s  v e r y  
c a r e f u l  d e t a i l e d  s t u d y  a s  a  b a s i s  f o r  g e o c h e m i c a l  p r o s p e c t i n g .  
A f e w  w e l l  d e f i n e d  o i l  a n d  g a s  f i e l d s  s h o u l d  b e  s e l e c t e d  a n d  t h e  
d i s t r i b u t i o n  o f  t h e  h y d r o c a r b o n s  i n  t h e  r o c k s ,  w a t e r s ,  a n d  o v e r -  
b u r d e n  s t u d i e d  i n  t h e  m i n u t e s t  d e t a i l  t o  d e t e r m i n e  t h e i r  p r i m a r y  
a n d  s e c o n d a r y  d i s p e r s i o n  c h a r a c t e r i s t i c s .  Work a l r e a d y  d o n e  
a l o n g  t h i s  l i n e  i n  a  n u m b e r  o f  c o u n t r i e s  s u g g e s t s  t h a t  t h e  h a l o e s  
a r e  q u i t e  d i s t i n c t  a n d  h a v e  a  h i g h  c o n t r a s t  i n  s o m e  c a s e s ,  a n d  
t h a t  t h e  d i s p e r s i o n  o f  t h e  g a s e o u s  h y d r o c a r b o n s  i s  d e t e c t a b l e  
many t h o u s a n d s  o f  f e e t  a b o v e  l a r g e  g a s  a n d  o i l  f i e l d s .  C e r t a i n  
t r a c e  e l e m e n t s  may a l s o  b e  e n r i c h e d  i n  t h e s e  h a l o e s ,  a l t h o u g h  
r e l a t i v e l y  l i t t l e  i s  known a b o u t  t h e i r  p r e c i s e  d i s t r i b u t i o n .  
T h e s e  f i n d i n g s  s h o u l d  s p u r  on p e t r o l e u m  g e o c h e m i s t s  t o  s e e k  f u r -  
t h e r  k n o w l e d g e  a b o u t  t h e  g a s e o u s  a n d  t r a c e  e l e m e n t  h a l o e s  a n d  
t h e i r  e f f e c t i v e  u s e  i n  p r o s p e c t i n g .  

A n o t h e r  i n t e r e s t i n g  a p p r o a c h  i n  p e t r o l e u m  p r o s p e c t i n g  
i s  b a s e d  on  p o p u l a t i o n  c o u n t s  o f  m i c r o - f l o r a  a n d  f a u n a  w h i c h  
o x i d i z e  h y d r o c a r b o n s ,  p a r t i c u l a r l y  p r o p a n e ,  d u r i n g  t h e i r  m e t a b o l i c  
p r o c e s s e s .  Where  s o i l s ,  r o c k s ,  a n d  g r o u n d w a t e r s  a r e  e n r i c h e d  i n  
h y d r o c a r b o n s ,  c e r t a i n  s t r a i n s  o f  b a c t e r i a  a n d  p e r h a p s  o t h e r  f o r m s  
o f  l o w l y  l i f e  f l o u r i s h ,  a n d  t h e i r  d e n s i t y  o f  p o p u l a t i o n  i s  a p p a r -  
e n t l y  p r o p o r t i o n a l  t o  t h e  c o n t e n t  o f  h y d r o c a r b o n s  p r e s e n t .  By 
u t i l i z i n g  s p e c i a l i z e d  b a c t e r i a l  c o u n t i n g  t e c h n i q u e s  i t  i s  
p o s s i b l e ,  a s  a  n u m b e r  o f  g e o c h e m i s t s  i n  U . S . S . R .  h a v e  s h o w n ,  t o  
p l o t  c o n t o u r  maps  s h o w i n g  t h e  d i s t r i b u t i o n  o f  t h e  b a c t e r i a  a n d ,  
h e n c e ,  h y d r o c a r b o n s .  Some o f  t h e s e  c o n t o u r  m a p s  s h o w  p e a k s  a n d  
h a l o e s  t h a t  m a r k  a c c u m u l a t i o n s  o f  o i l  a n d  g a s  a t  d e p t h .  T h i s  
p r o m i s i n g  b i o g e o c h e m i c a l  e x p l o r a t i o n  m e t h o d  i s  w o r t h y  o f  c o n -  
s i d e r a b l e  r e s e a r c h  i n  c o n  j u n c t i o n  w i t h  g a s  a n a l y s i s ,  w a t e r  
a n a l y s i s ,  a n d  t r a c e  e l e m e n t  s t u d i e s .  

CONCLUSIONS 

P r o s p e c t i n g  m e t h o d s  u s i n g  c h e m i c a l  a n d  b i o l o g i c a l  
t e c h n i q u e s  h a v e  b e e n  a p p l i e d  s i n c e  e a r l y  t i m e s ,  a n d  t o d a y  a r e  
a s s u m i n g  a n  e v e r  i n c r e a s i n g  i m p o r t a n c e  i n  t h e  s e a r c h  f o r  m i n e r a l  
d e p o s i t s .  T h e i r  e f f e c t i v e n e s s  h a s  b e e n  p r o v e n  i n  many g e o l o g i c a l  
t e r r a n e s  a n d  u n d e r  a  v a r i e t y  o f  c l i m a t i c  c o n d i t i o n s .  I n  t h e  p a s t  
f e w  y e a r s  t h e y  h a v e  d i r e c t l y  o r  i n d i r e c t l y  l e d  t o  t h e  d i s c o v e r y  
o f  a  v a r i e t y  o f  m i n e r a l  d e p o s i t s  i n  a  n u m b e r  o f  c o u n t r i e s .  

To i m p r o v e  t h e  e f f e c t i v e n e s s  o f  t h e  m e t h o d s  f u r t h e r  
d e t a i l e d  r e s e a r c h  on  t h e  n a t u r e  a n d  m o r p h o l o g y  o f  p r i m a r y  a n d  
s e c o n d a r y  h a l o e s  i s  i m p e r a t i v e .  The  m e t h o d s  now a v a i l a b l e  s h o u l d  
b e  s h a r p e n e d  f o r  d e t e c t i o n  o f  l a r g e  low g r a d e  d e p o s i t s  a n d  f o r  
d e p o s i t s  b u r i e d  by c o n s i d e r a b l e  t h i c k n e s s e s  o f  o v e r b u r d e n  o r  l y i n g  
d e e p  i n  t h e  r o c k s .  F i n a l l y ,  m o r e  d e t a i l e d  r e s e a r c h  i n  g e o c h e m i c a l  



p r o s p e c t i n g  m e t h o d s  f o r  d e t e c t i n g  a c c u m u l a t i o n s  o f  o i l  a n d  n a t u r a l  
g a s  i s  w a r r a n t e d .  
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0 .  B r o t z e n ,  A .  D a n i e l s s o n ,  J o h n  Ek a n d  B .  N a i r i s . '  

F o r  many y e a r s  t h e  G e o l o g i c a l  S u r v e y  o f  Sweden (SGU) 
h a s  b e e n  a c t i v e  i n  p r o s p e c t i n g  f o r  o r e  d e p o s i t s  i n  t h e  n o r t h e r n -  
mos t  p a r t s  o f  t h e  c o u n t r y  ( c f .  L i n d b e r g s o n .  1 9 6 3 ) .  T h i s  a c t i v i t y  
e m b r a c e s  a l l  p h a s e s  o f  p r o s p e c t i n g  a n d  r a n g e s  f r o m  r e g i o n a l  g e o -  
l o g i c a l  s u r v e y s  a n d  a i r b o r n e  g e o p h y s i c s  t o  d e t a i l e d  g e o l o g i c a l  
a n d  g e o p h y s i c a l  i n v e s t i g a t i o n s  a n d  i t  a l s o  i n c l u d e s  t h e  f i n a l  
d r i l l i n g .  S i n c e  1 9 6 3  g e o c h e m i c a l  work h a s  b e e n  a  r e g u l a r  p a r t  o f  
t h i s  a c t i v i t y .  B e f o r e  t h i s ,  c o n s i d e r a b l e  e x p e r i m e n t a l  work  on 
s o i l s  a n d  p l a n t  m a t e r i a l  n e a r  known m i n e r a l i z a t i o n  was c a r r i e d  
o u t  by B .  Dahlman,  K .  F r e d r i k s s o n  ( 1 9 6 6 ) ,  S .  L a n d e r g r e n  ( 1 9 5 7 )  
a n d  P.H. L u n d e g 3 r d h  ( 1 9 5 6 ) ,  b u t  t h e  f o l l o w i n g  r e p o r t  c o n f i n e s  
i t s e l f  t o  t h e  m a i n  a s p e c t s  o f  t h e  p r e s e n t  w o r k .  

The p r e s e n t  work may p e r h a p s  b e  b e s t  i n d i c a t e d  by 
q u o t i n g  some f i g u r e s .  L a s t  y e a r  ( J u n e  1 9 6 5  - J u n e  1 9 6 6 )  a p p r o x i -  
m a t e l y  1 5 , 0 0 0  s e d i m e n t  s a m p l e s  a n d  3 , 0 0 0  s o i l  s a m p l e s  w e r e  
c o l l e c t e d .  I n  a d d i t i o n  a b o u t  1 , 0 0 0  r o c k  s a m p l e s  f r o m  d r i l l - c o r e s  
w e r e  a n a l y z e d  f o r  t r a c e  e l e m e n t s  i n  a  s t u d y  o f  p r i m a r y  d i s p e r s i o n s .  
A f e w  h u n d r e d  s a m p l e s  o f  p l a n t  m a t e r i a l  w e r e  a l s o  c o l l e c t e d  f o r  
e x p e r i m e n t a l  s t u d i e s .  I n  t h e  p r e s e n t  ( 1 9 6 6 )  f i e l d  s e a s o n  t h e  
n u m b e r  o f  s t r e a m  s e d i m e n t s  w i l l  b e  a b o u t  t h e  s a m e ,  w h e r e a s  t h e  
s o i l  s a m p l e s  w i l l  i n c r e a s e  t o  a b o u t  8 , 0 0 0 .  The n u m b e r  o f  r o c k -  
s a m p l e s  w i l l  a l s o  i n c r e a s e ,  t h e  f i n a l  f i g u r e  d e p e n d i n g  on t h e  
c a p a c i t y  o f  t h e  a n a l y t i c a l  l a b .  Our  b i o s a m p l i n g  h a s  n o t  y e t  
p a s s e d  t h e  e x p e r i m e n t a l  s t a g e  a n d  w i l l  t h e r e f o r e  r e m a i n  l i m i t e d .  

The g e o c h e m i c a l  s t a f f  o f  t h e  S u r v e y  i s  composed  o f  
t h r e e  g e o c h e m i s t s  a n d  t w o  t e c h n i c i a n s .  T h e i r  work  c o m p r i s e s  t h e  
l a y - o u t  o f  g e o c h e m i c a l  p r o s p e c t i n g  p r o j e c t s ,  s u p e r v i s i o n  o f  f i e l d  
work  a n d  t h e  r e c o r d i n g  a n d  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s ,  m a i n l y  
i n  s u p p o r t  o f  m i n e r a l o g i c a l  a n d  P l e i s t o c e n e  g e o l o g y  w o r k .  D u r i n g  
t h e  f i e l d  s e a s o n  a b o u t  25 men a r e  t e m p o r a r i l y  h i r e d  f o r  t h e  
s a m p l i n g  o p e r a t i o n s ;  mos t  o f  t h e s e  a r e  h i g h  s c h o o l  s t u d e n t s  o r  i n -  
e x p e r i e n c e d  g e o l o g y  s t u d e n t s  f r o m  t h e  u n i v e r s i t i e s .  

The a n a l y t i c a l  w o r k ,  a s  w e l l  a s  t h e  s a m p l e  p r e p a r a -  
t i o n ,  i s  d o n e  by t h e  l a b o r a t o r y  s t a f f  o f  t h e  S u r v e y .  R o u t i n e  
a n a l y s i s  i s  made by  a  q u a n t o m e t e r  u s i n g  t h e  t a p e  m e t h o d .  F o r  
t h i s  t e c h n i q u e  t h e  d i f f e r e n t  t y p e s  o f  s a m p l e s  r e q u i r e  d i f f e r e n t  
p r e t r e a t m e n t :  s o i l s  a r e  s i e v e d  t o  m i n u s  1 0 0  m i c r o n s ,  s t r e a m  
s e d i m e n t s  a r e  f i n e l y  g r o u n d  i n  a  s w i n g  m i l l  a f t e r  i n i t i a l  s i e v i n g  
t o  m i n u s  2 m m ,  r o c k s  r e q u i r e  a  s i m i l a r  g r i n d i n g  a n d  s p e c i a l  b u f -  
f e r i n g .  When e x t r a  s e n s i t i v i t y  i s  n e e d e d ,  c h e m i c a l  p r e t r e a t m e n t  
( s u l f i d e - i s o f o r m a t i o n )  may be  e m p l o y e d .  

G e o l o g i c a l  S u r v e y  o f  Sweden ,  S t o c k h o l m ,  Sweden .  



I n  s t u d i e s  o f  p r i m a r y  d i s p e r s i o n s  r o c k s  a r e  g e n e r a l l y  
a n a l y z e d  f o r  2 0 - 2 5  e l e m e n t s ,  b u t  i n  r o u t i n e  work  w i t h  s o i l s  and  
s t r e a m  s e d i m e n t s  o n l y  t h e  f o l l o w i n g  e l e m e n t s  a r e  r e c o r d e d :  Cu, 
Zn,  Pb, N i ,  Co. M O ,  W ,  S n ,  B i ,  A s ,  Ca ,  T i  and  Fe.  Of t h e s e  Ca. 
T i  a n d  Fe a r e  r e q u i r e d  f o r  b a c k g r o u n d  c o r r e c t i o n s  b u t  t h e y  a l s o  
i n d i c a t e  t h e  g e n e r a l  n a t u r e  o f  t h e  a n a l y z e d  s a m p l e .  F o r  M O ,  W ,  
S n ,  B i  a n d  As t h e  s e n s i t i v i t y  o b t a i n e d  r e s t r i c t s  t h e  u s e f u l n e s s  
t o  s t r o n g l y  a n o m a l o u s  s a m p l e s .  

B e f o r e  t h e s e  p r o c e d u r e s  h a d  been  d e v e l o p e d  a n d  a d e -  
q u a t e l y  t e s t e d  ( B r o t z e n  a n d  D a n i e l s s o n ,  1 9 6 3 ) .  f i e l d  a n a l y s i s  
was made a t  t h e  c a m p - s i t e ,  u s i n g  s e m i q u a n t i t a t i v e  s p o t - t e s t s  f o r  
Cu, N i  a n d  Zn on s o l u t i o n s  o b t a i n e d  a f t e r  20  h o u r s  c o l d  l e a c h i n g  
i n  s t r o n g  n i t r i c  a c i d .  With t h e  p r e s e n t  a n a l y t i c a l  f a c i l i t i e s  
t h i s  work  a p p e a r s  s u p e r f l u o u s .  To m a i n t a i n  r e a s o n a b l e  c o n t r o l  
o f  t h e  s o i l - s a m p l i n g  p r o j e c t s  t h e  c u r r e n t  p r o d u c t i o n  ( 1 0 0  
s a m p l e s / d a y )  o f  t h e  l a b o r a t o r y  m a t c h e s  a p p r o x i m a t e l y  t h e  r a t e  o f  
s o i l - s a m p l i n g ,  s o  t h a t  t h e  s a m p l i n g  t e a m s  r e c e i v e  t h e  a n a l y t i c a l  
d a t a  t w o  w e e k s  a f t e r  c o l l e c t i n g  t h e  s a m p l e s .  A n a l y s i s  o f  t h e  
s t r e a m  s e d i m e n t s ,  on t h e  o t h e r  h a n d ,  i s  p o s t p o n e d  t i l l  a f t e r  t h e  
f i e l d  s e a s o n ,  s i n c e  a n a l y t i c a l  c o n t r o l  i s  n o t  e s s e n t i a l  i n  s u c h  
s a m p l i n g  p r o g r a m s .  The f o l l o w - u p  o f  a n o m a l o u s  s t r e a m - s e c t i o n s  
i s  d o n e  m o s t  c o n v e n i e n t l y  i n  a  f o l l o w i n g  y e a r ,  when a  c o m p l e t e  
p i c t u r e  o f  a l l  t h e  s t r e a m  work p e r m i t s  a  b e t t e r  s e l e c t i o n  o f  
p r o m i s i n g  t a r g e t s  a n d  t h e r e f o r e  a  b e t t e r  p l a n n i n g  o f  t h e  work .  

R e g a r d i n g  t h e  g e n e r a l  p l a n n i n g  a n d  l a y - o u t  o f  g e o -  
c h e m i c a l  p r o s p e c t i n g  w o r k ,  p r o c e d u r e s  v a r y  a c c o r d i n g  t o  t h e  
n a t u r e  o f  t h e  p r o j e c t s .  Most  s t r e a m  s e d i m e n t  s u r v e y s  c o v e r  a r e a s  
w h e r e  t r a c e s  o f  m i n e r a l i z a t i o n ,  e s p e c i a l l y  g l a c i a l l y  t r a n s p o r t e d  
o r e - b o u l d e r s ,  a r e  known t o  o c c u r ,  o r  w h e r e  t h e  g e o l o g i c a l  c o n -  
d i t i o n s  a r e ,  i n  a  g e n e r a l  way,  t h o u g h t  t o  be  f a v o u r a b l e  f o r  
m i n e r a l i z a t i o n .  T h e s e  a r e a s  a r e  a l s o  s e l e c t e d  t o  f i t  i n t o  t h e  
p l a n s  o f  g e o l o g i c a l  work g o i n g  on i n  t h e  d i s t r i c t ,  w h i c h  makes 
p o s s i b l e  c l o s e  c o n t a c t  w i t h  t h e  g e o l o g i s t  i n  c h a r g e .  Q u i t e  g e n e r -  
a l l y  s t r e a m  s u r v e y s  a r e  e m p l o y e d  a s  a  means  o f  r e g i o n a l  r e c o n -  
n a i s s a n c e  a t  m o d e r a t e  c o s t  a n d  w i t h  a n  a c c e p t e d  i n c o m p l e t e  
c o v e r a g e .  

The d e t a i l e d  p r o c e d u r e s  o f  s t r e a m  s u r v e y s  f o l l o w  a  
f e w  s i m p l e  r u l e s .  S a m p l e s  a r e  t a k e n  o f  t h e  a c t i v e  s e d i m e n t s ,  a t  
i n t e r v a l s  o f  2 0 0 - 3 0 0  m ,  a n d  a l l  s t r e a m s  i n  t h e  a r e a  a r e  s a m p l e d  
a n d  f o l l o w e d  i n t o  t h e i r  s m a l l e s t  b r a n c h e s .  N o t e s  a r e  t a k e n  
r e g a r d i n g  t h e  w i d t h  a n d  f l o w - r a t e  o f  t h e  s t r e a m ,  a n d  t h e  n a t u r e  
o f  t h e  s e d i m e n t .  No g e o l o g i c a l  n o t e s  a r e  t a k e n .  Though s i l t y ,  
i n o r g a n i c  s a m p l e s  a r e  p r e f e r r e d ,  n o  r e s t r i c t i o n s  a r e  i m p o s e d  i n  
t h i s  r e s p e c t .  I t  i s  t h o u g h t  b e t t e r  t o  h a v e  a  s a m p l e  o f  low 
q u a l i t y ,  r i c h  i n  o r g a n i c  mud, f r o m  t h e  swampy s t r e a m ,  o r  a  v e r y  
c o a r s e  g r a i n e d  s a m p l e  f r o m  a  m o u n t a i n  r a p i d ,  t h a n  n o  s a m p l e  a t  
a l l .  

The g i v e n  s a m p l i n g  i n t e r v a l  r e s u l t s  i n  a  mean d e n s i t y  
o f  a b o u t  7 s a m p l e s  p e r  s q u a r e  k i l o m e t e r ,  b u t  t h i s  f i g u r e  v a r i e s  
g r e a t l y  w i t h  t h e  t o p o g r a p h y .  S t r e a m  a n o m a l i e s  o f t e n  p e r s i s t  f o r  



a b o u t  1  k i l o m e t e r ,  w h i c h  means  t h a t  more t h a n  t w o  c o n s e c u t i v e  
s a m p l e s  a r e  a n o m a l o u s ,  w h i c h  m i n i m i z e s  t h e  n e e d  f o r  r e s a m p l i n g  
t o  e l i m i n a t e  s p u r i o u s  r e s u l t s .  

P r o j e c t s  o f  s o i l  s a m p l i n g ,  on t h e  o t h e r  h a n d ,  r e q u i r e  
d e t a i l e d  p l a n n i n g  i n  c l o s e  c o l l a b o r a t i o n  w i t h  t h e  g e o l o g i s t  i n  
c h a r g e  o f  t h e  a r e a .  Due t o  t h e  h i g h e r  c o s t s  s o i l  s u r v e y s  u s u a l l y  
c o v e r  a n  a r e a  o f  a  few s q u a r e  k i l o m e t e r s ,  w h i c h  o c c a s i o n a l l y  may 
i n c r e a s e  t o  t h e  o r d e r  o f  t e n .  They  o f t e n  mark a  s t a g e  i n  p r o s -  
p e c t i n g  when t h e  d e t a i l e d  g e o l o g i c a l  a n d  g e o p h y s i c a l  i n v e s t i -  
g a t i o n s  h a v e  b e e n  c o m p l e t e d  a n d  t h c y  a r e  t h e n  u s e d  t o  s e l e c t  
d r i l l i n g  o b j e c t s .  Such  s u r v e y s  a r e  o f t e n  made on t h e  r e q u e s t  
o f  t h e  g e o l o g i s t  i n  c h a r g e  o f  a  p r o j e c t ,  o r  a l t e r n a t i v e l y  t h e y  
r e p r e s e n t  f o l l o w - u p  work  r e l a t e d  t o  a  s t r e a m  a n o m a l y .  R e l a t i v e l y  
o p e n  g r i d  s u r v e y s  a r e  a l s o  e m p l o y e d  a s  a  method  f o r  l o c a l  r e c o n -  
n a i s s a n c e  i n  a r e a s  w h e r e  t h e  b e d r o c k  g e o l o g y  r e m a i n s  i n c o m p l e t e l y  
known d u e  t o  e x t e n s i v e  o v e r b u r d e n  a n d  w h e r e  t h e  g e o p h y s i c a l  i n d i -  
c a t i o n s .  a r e  weak o r  d i f f i c u l t  t o  i n t e r p r e t .  

The d e t a i l e d  p l a n n i n g  o f  s o i l  s u r v e y s  i s  p r e c e d e d  by 
a  r a p i d  a s s e s s m e n t  o f  t h e  P l e i s t o c e n e  g e o l o g y  o f  t h e  a r e a .  T h i s  
i s  b a s e d  on a n  i n s p e c t i o n  o f  a i r  p h o t o g r a p h s  a n d  ( o r )  b r i e f  f i e l d  
t r i p s .  S p e c i a l  a t t e n t i o n  i s  g i v e n  t o  e v i d e n c e  o f  t h e  d i r e c t i o n  
o f  g l a c i a l  t r a n s p o r t  and  w h e t h e r  t h i s  was s i m p l e  o r  c o m p l e x .  
O t h e r  i m p o r t a n t  o b s e r v a t i o n s  c o n c e r n  t h e  p r e s e n c e  a n d  t h i c k n e s s  
o f  m o r a i n e ,  t h e  d e t a i l s  o f  t h e  s o i l  p r o f i l e  a n d  t h e  e x t e n t  o f  
l a t e -  o r  p o s t g l a c i a l  s a n d s  o r  c l a y s ,  w h i c h  d o  n o t ,  g e n e r a l l y ,  
j u s t i f y  g e o c h e m i c a l  s o i l  s a m p l i n g  o f  t h e  p r e s e n t  t y p e .  I n  c o m p l e x  
a r e a s  s p e c i a l  P l e i s t o c e n e  r e s e a r c h  h a s  t o  b e  c a r r i e d  o u t  c o n c u r -  
r e n t l y  w i t h  t h e  s o i l  s a m p l i n g .  

The u s u a l  s a m p l i n g  p a t t e r n  i s  a r e c t a n g u l a r  g r i d  w i t h  
f i x e d  i n t e r v a l s  o f  t h e  o r d e r  o f  5 0  m ,  a l t h o u g h  t h i s  may v a r y  by 
a  f a c t o r  o f  t w o  a c c o r d i n g  t o  c o n d i t i o n s .  I n  s p e c i a l  c a s e s ,  
h o w e v e r ,  t r a v e r s e  l i n e s  may b e  s e p a r a t e d  by a s  much a s  5 0 0  m ,  b u t  
a p p l i c a t i o n  o f  t h i s  t y p e  o f  r e c o n n a i s s a n c e  work  i s  o f t e n  l i m i t e d  
by t h e  c o n d i t i o n s  o f  P l e i s t o c e n e  g e o l o g y .  An e x a m p l e  o f  s u c h  
l i m i t a t i o n s  i s  g i v e n  b e l o w .  R e g a r d i n g ,  f i n a l l y ,  t h e  d e p t h  o f  
s a m p l i n g ,  t h i s  i s  d e t e r m i n e d  by t h e  s o i l  p r o f i l e .  Q u i t e  g e n e r a l l y  
p o d s o l  p r o f i l e s  p r e v a i l ,  a n d  s a m p l e  o f  t h e  B -  a n d  C - h o r i z o n s  a r e  
a c c e p t e d  f o r  a n a l y s i s ,  w h e r e a s  s a m p l e s  f r o m  t h e  A - h o r i z o n  a r e  
r e j e c t e d .  T h i s  i m p l i e s  a  n o r m a l  s a m p l i n g  d e p t h  o f  5 0 - 7 0  cm. 
I n  swampy a r e a s  s a m p l e s  a r e  t a k e n  f r o m  t h e  t o p  m i n e r a l  s o i l s  
b e l o w  t h e  p e a t .  I n  r o u t i n e  w o r k ,  s a m p l i n g  o f  swamps t o  a  d e p t h  
o f  2 . 5  m i s  e a s i l y  a c c o m p l i s h e d .  I t  i s  f o r t u n a t e  t h a t  p e a t  b o g s  
d o  n o t  e x c e e d  t h i s  d e p t h  v e r y  o f t e n  i n  t h e  n o r t h e r n  p r o s p e c t i n g  
a r e a s .  

Our e x p e r i e n c e  o f  b i o g e o c h e m i s t r y  a n d  t h e  s a m p l i n g  o f  
d r i l l - c o r e s  f o r  p r i m a r y  d i s p e r s i o n s  i s  t o o  l i m i t e d  t o  a l l o w  
a d o p t i o n  o f  s t a n d a r d i z e d  s a m p l i n g  p a t t e r n s .  I n  i n v e s t i g a t i o n s  o f  
d r i l l  c o r e s  f r o m  known o r e - d e p o s i t s ,  w h i c h  a r e  b e i n g  u n d e r t a k e n  a s  
a  p r e l i m i n a r y  s t e p  i n  t h e  a p p l i c a t i o n  o f  s u c h  work t o  a c t u a l  p r o s -  
p e c t i n g ,  t h r e e  d i f f e r e n t  s a m p l i n g  i n t e r v a l s  a r e  now b e i n g  u s e d .  



Ten s a m p l e s  on e a c h  s i d e  o f  t h e  o r e - b o d y  a r e  t a k e n  a t  i n t e r v a l s  
o f  3 . 0  m ;  b e y o n d  t h i s  f o l l o w  t e n  s a m p l e s  a t  i n t e r v a l s  o f  1 0  m ,  
a n d  a t  s t i l l  g r e a t e r  d i s t a n c e  f r o m  t h e  o r e ,  i n t e r v a l s  a r e  i n -  
c r e a s e d  t o  3 0  m.  E a c h  s a m p l e  i s  a  c o m p o s i t e  o f  t h r e e  o r  f i v e  
1 0  cm l o n g  s e c t i o n s  o f  t h e  s p l i t  c o r e  t a k e n  a t  r e g u l a r  i n t e r v a l s  
o f  1 . 0 ,  2 . 0  a n d  6 . 0  m r e s p e c t i v e l y .  I f  m i n e r a l i z a t i o n  o c c u r s  a t  
more t h a n  o n e  d e p t h  i n  t h e  h o l e ,  t h e  p a t t e r n  h a s  t o  be  c h a n g e d  
a c c o r d i n g l y .  L i k e w i s e ,  when s t r o n g  c h a n g e s  o c c u r  i n  t h e  l i t h o -  
l o g y  o f  t h e  c o r e  i t  i s  n e c e s s a r y  t h a t  e a c h  c o m p o s i t e  s a m p l e  r e -  
p r e s e n t s  o n l y  a  s i n g l e  r o c k - u n i t .  The i l l u s t r a t i o n s  o f  p r i m a r y  
d i s p e r s i o n  p a t t e r n s  shown b e l o w  r e p r e s e n t  a  much c l o s e r  s a m p l i n g ,  
a n d  i t  i s  e x p e r i e n c e  f r o m  t h i s  work  w h i c h  f o r m s  t h e  b a s i s  f o r  t h e  
p r e s e n t  s a m p l i n g  p r o c e d u r e .  I t  i s  h o p e d  t h a t  s i m i l a r  p r o c e d u r e s  
c a n  e v e n t u a l l y  be  a p p l i e d  t o  a c t u a l  p r o s p e c t i n g  i n  t h e  d r i l l i n g  
f o r  b l i n d  o r e - b o d i e s  a n d  l e a d  t o  a  b e t t e r  u t i l i z a t i o n  o f  a l r e a d y  
a v a i l a b l e  d r i l l - c o r e s .  I t  i s  a  t i m e - h o n o u r e d  a n d  e s t a b l i s h e d  
p r a c t i c e  o f  S w e d i s h  p r o s p e c t i n g  p a r t i e s  t o  f i l e  a l l  d r i l l - c o r e s ,  
w h i c h  i s  d o n e  a t  a n  i n s i g n i f i c a n t  f r a c t i o n  o f  t h e  money r e q u i r e d  
f o r  t h e  a c t u a l  d r i l l i n g .  I t  s e e m s  r e a s o n a b l e  t o  e x p e c t  t h a t  
modern  g e o c h e m i c a l  t e c h n i q u e s  may p r o v e  some o f  t h e  a b a n d o n e d ,  
s u b e c o n o m i c  m i n e r a l i z a t i o n  e n c o u n t e r e d  i n  e a r l i e r  d r i l l i n g  o p e r -  
a t i o n s  d o  d e v e l o p  i n t o  c o m m e r c i a l  o r e - b o d i e s  i n  d e p t h  o r  l a t e r a l l y .  

The i n f o r m a t i o n  g i v e n  a b o v e  c l e a r l y  s h o w s  t h a t  t h e  
b u l k  o f  t h e  g e o c h e m i c a l  p r o s p e c t i n g  a t  t h e  SGU r e p r e s e n t s  s t a n d a r d  
o p e r a t i o n s  w h i c h  c o n t a i n  v e r y  l i t t l e  r e s e a r c h  a n d  d o  n o t  m e r i t  
f u r t h e r  comment b e f o r e  a  more c o m p l e t e  r e g i o n a l  p i c t u r e  h a s  
e v o l v e d .  I n  w o r k i n g  o u t  t h e  r o u t i n e  p r o c e d u r e s , - a n d  a l s o  when 
f a c i n g  s p e c i a l  p r o b l e m s  o f  i n t e r p r e t a t i o n ,  o r  when l o c a l  c o n d i -  
t i o n s  a r e  met  w h i c h  c a n  l e a d  t o  a  b e t t e r  u n d e r s t a n d i n g  o f  f u n d a -  
m e n t a l  a s p e c t s ,  o r i e n t a t i o n  s u r v e y s  a n d  s p e c i a l  i n v e s t i g a t i o n s  
a r e  made,  w h i c h  may b e  o f  g r e a t e r  i n t e r e s t .  T h r e e  e x a m p l e s  o f  
s u c h  work w i l l  t h e r e f o r e  b e  g i v e n .  They r e l a t e  t o  t h e  s t u d y  o f  
s t r e a m  s e d i m e n t s ,  t o  t h e  m e t a l  d i s t r i b u t i o n  i n  t i l l  a n d  t o  t h e  
m e t a l  d i s t r i b u t i o n s  i n  t h e  w a l l - r o c k s  a r o u n d  t w o  p y r i t i c  o r e -  
b o d i e s .  

A s u r v e y  o f  s t r e a m  s e d i m e n t s  h a s  b e e n  made i n  a n  a r e a  
a r o u n d  t h e  s u l f  i d e  d e p o s i t s  o f  S t e k e n j  o k k  i n  t h e  C a l e d o n i a n  moun- 
t a i n s  o f  Sweden .  T h r e e  m a j o r  a n o m a l i e s  w e r e  f o u n d ,  t w o  o f  w h i c h  
w e r e  c l e a r l y  r e l a t e d  t o  t h e  known d e p o s i t s ,  w h e r e a s  t h e  t h i r d  
r e p r e s e n t s  a n  unknown s o u r c e .  

The  S t e k e n j o k k  a r e a ,  a t  6 5 ' ~ ,  1 4 ' 3 0 ~ .  a n d  a n  e l e v a t i o n  
o f  7 0 0 - 1 1 0 0  m ,  l i e s  a b o v e  t h e  l o c a l  t r e e - l i m i t ,  a n d  h a s  t u n d r a -  
l i k e  v e g e t a t i o n  a n d  a s u b - a r c t i c  c l i m a t e .  No p e r m a f r o s t  o c c u r s  
a n d  t h e  f i e l d - s e a s o n  l a s t s  a b o u t  t w o  m o n t h s  o f  t h e  y e a r .  Land-  
f o r m s  a r e  o p e n  a n d  r o u n d e d ,  s l o p e s  a r e  m o d e r a t e .  P o d s o l  p r o f i l e s  
p r e v a i l  e x c e p t  i n  swamps.  G l a c i a l  t r a n s p o r t  h a s  b e e n  e x t r e m e l y  
c o m p l e x ,  s e e  S v e n s s o n  ( 1 9 5 9 ) .  The  b e d r o c k  i s  p r e d o m i n a n t l y  made 
up  o f  p e l i t e s  o f  t h e  g r e e n s c h i s t  f a c i e s ,  w i t h  i n t e r c a l a t e d  g r a p h -  
i t i c  b e d s  a n d  b a s i c  a n d  k e r a t o p h y r i c  f l o w s  a n d  t u f f i t e s .  
M e t a g a b b r o  a n d  l i m e s t o n e  o c c u r  l o c a l l y .  A l l  r o c k s  w e r e  s t r o n g l y  
d e f o r m e d  d u r i n g  t h e  C a l e d o n i a n  o r o g e n y .  M i n e r a l i z a t i o n  c o m p r i s e s  



t w o  m a j o r  p y r i t i c  o r e - b o d i e s ,  w i t h  c h a l c o p y r i t e ,  s p h a l e r i t e  a n d  
t r a c e s  o f  g a l e n a ,  a n d  a  g r e a t  number  o f  m i n o r  s u l f i d e  o c c u r e n c e s .  

The s t r e a m s  i n  t h e  a r e a  a r e  n u m e r o u s  b u t  s m a l l ,  a n d  
o n l y  t w o  o f  t h e m  r e a c h  20  m i n  w i d t h .  They  a r e  g e n e r a l l y  s h a l l o w ,  
s w i f t  - f  l o w i n g  c l e a r  w a t e r s .  S t r e a m  s e d i m e n t s  a r e  m o s t l y  g r a v e l l y  
s a n d s ,  s h o w i n g  o n l y  weak d i s c o l o r a t i o n .  The f r e q u e n c y  d i s t r i b u -  
t i o n  o f  m e t a l  c o n t e n t s ,  a s  d e t e r m i n e d  c o l o r i m e t r i c a l l y  a f t e r  
l e a c h i n g  3 0  m i n .  i n  1 : l  H C l  a t  10o°C,  on f r a c t i o n s  m i n u s  3 0 0  
m i c r o n ,  i s  shown i n  F i g .  1  and  2 .  The m e t a l  a n o m a l i e s  i n  t h e  a r e a  
a r e  o f  t w o  g e n e t i c a l l y  d i f f e r e n t  t y p e s .  A t  o n e  e x t r e m e .  a  c l a s t i c  
o r i g i n  c a n  b e  c l e a r l y  e s t a b l i s h e d  by t h e  o c c u r r e n c e  o f  s u l f i d e  
g r a i n s  a s  s e e n  i n  t h e  m i c r o s c o p e .  A t  t h e  o t h e r  e x t r e m e ,  n o  o r e -  
g r a i n s  c a n  be  o b s e r v e d  a n d  t h e  a n o m a l y  mus t  be  f o r m e d  by a  c h e m i -  
c a l  d i s s o l u t i o n - p r e c i p i t a t i o n  p r o c e s s .  The  f i r s t  t y p e  r e p r e s e n t s  
a  c a s e  w h e r e  t h e  ( s u b ) o u t c r o p  o f  t h e  o r e  i s  n e a r  t h e  s t r e a m  whose  
c o u r s e  more o r  l e s s  c o i n c i d e s  w i t h  t h e  p r e d o m i n a n t  d i r e c t i o n  o f  
g l a c i a l  t r a n s p o r t .  The o t h e r  t y p e  a g a i n  s i g n i f i e s  a  g r e a t e r  
d i s t a n c e  t o  t h e  s o u r c e  a n d  a  b u i l d i n g  u p  o f  t h e  a n o m a l y  t h r o u g h  
s e e p a g e  p r o c e s s e s .  

I n  a n  e a r l i e r  s t u d y  ( B r o t z e n ,  1 9 6 6 )  t h e  r e l a t i o n s h i p  
b e t w e e n  t h e  h e a v y  m e t a l s  a n d  i r o n  a n d  m a n g a n e s e  was i n v e s t i g a t e d ,  
a n d  t h e  same c l o s e  c o r r e l a t i o n  f o u n d  t h e n  b e t w e e n  z i n c ,  i n  p a r -  
t i c u l a r ,  a n d  i r o n ,  c o u l d  be  e s t a b l i s h e d  i n  t h e  p r e s e n t  s a m p l e s  
( F i g .  4 ) .  The p r e s e n t  i n v e s t i g a t i o n  a l s o  showed t h a t  t h i s  c o r -  
r e l a t i o n  i s  g r e a t e r  f o r  t o t a l  ( e x t r a c t a b l e )  i r o n  t h a n  f o r  t h e  
c o n t e n t  o f  e i t h e r  f e r r i c  o r  f e r r o u s  i r o n  a l o n e .  

The r o l e  o f  pH, g r a i n  s i z e ,  v o l u m e  w e i g h t  a n d  c o n t e n t  
o f  o r g a n i c  m a t t e r  w e r e  f u r t h e r  i n v e s t i g a t e d  i n  t h e  p r e s e n t  s t u d y . .  
The  v a r i a t i o n  o f  Zn a n d  Cu w i t h  pH i n  s a m p l e s  o f  t w o  d i f f e r e n t '  
i r o n  c o n t e n t s  i s  i l l u s t r a t e d  i n  F i g .  5 .  The pH was d e t e r m i n e d  
e l e c t r i c a l l y  on s u s p e n s i o n s  o f  t h e  s a m p l e s  i n  d i s t i l l e d  w a t e r .  
Cu i s  s e e n  t o  be e s s e n t i a l l y  i n s e n s i t i v e  t o  v a r i a t i o n s  i n  pH 
w i t h i n  t h e  o b s e r v e d  r a n g e ,  w h e r e a s  2n shown a  c e r t a i n  t e n d e n c y  
t o  be  h i g h e r  i n  s a m p l e s  w i t h  a  h i g h e r  pll. I t  s h o u l d  be  n o t e d ,  
h o w e v e r ,  t h a t  t h e  h i g h e r  s a m p l e s  a l s o  show a  h i g h e r  F e - c o n t e n t ,  
a n d  t h i s  r a t h e r  t h a n  a  d i r e c t  e f f e c t  o f  t h e  pl i ,  may be  t h e  d e -  
c i d i n g  f a c t o r  i n  t h e  f i x a t i o n  o f  z i n c .  A t  l e a s t  i t  may b e  s u g -  
g e s t e d  t h a t  c o n s i d e r a t i o n  o f  t h e  Zn:Fe r a t i o  i n  s t r e a m  s e d i m e n t s  
o f  t h i s  t y p e  l a r g e l y  e l i m i n a t e s  t h e  n e e d  f o r  s e p a r a t e  d e t e r m i n -  
a t i o n s  o f  pH. T h i s  r a t i o  a p p e a r s  t o  be  a  b e t t e r  p a r a m e t e r  f o r  
p r o s p e c t i n g  t h a n  t h e  z i n c  c o n t e n t  a l o n e .  I n  f a c t  many z i n c  
a n o m a l i e s  h a v e ,  i n  o u r  w o r k ,  p r o v e d  t o  be  f a l s e ,  a n d  r e l a t e d  n o t  
t o  m i n e r a l i z a t i o n  b u t  t o  l o c a l l y  s t r o n g  i r o n  p r e c i p i t a t i o n  i n  
t h e  s t r e a m  s e d i m e n t s .  I n  t h i s  c o n n e c t i o n  i t  may a l s o  b e  p o i n t e d  
o u t  t h a t  a c t u a l  d e t e r m i n a t i o n  o f  t h e  f o r m s  i n  w h i c h  t h e  m e t a l s  
o c c u r  i n  t h e  s e d i m e n t s  i s  n e c e s s a r y  b e f o r e  g e o c h e m i c a l l y  v a l i d  
Eh a n d  pH d i a g r a m s  c a n  be c o n s t r u c t e d .  



Some o f  t h e  o t h e r  r e s u l t s  a r e  s u m m a r i z e d  i n  F i g .  6 .  
H e r e  t h e  b o t t o m  row g i v e s  t h e  n u m b e r i n g  o f  t h e  s a m p l e s .  The n e x t  
row shows  t h e  w e i g h t  p e r c e n t a g e  o f  f o u r  s i z e - f r a c t i o n s ,  n a m e l y  
0 . 6 - 0 . 3 ;  0 . 3 - 0 . 1 5 ;  0 . 1 5 - 0 . 0 6  and  m i n u s  0 . 0 6  m m ,  w i t h  t h e  c o a r s e  
f r a c t i o n  t o  t h e  l e f t .  I t  i s  s e e n  t h a t  t h e  s e d i m e n t s  a r e  o f  
d i f f e r e n t  t y p e s ,  some b e i n g  d o m i n a n t l y  c o a r s e - g r a i n e d  ( e . g .  5 6 4 ,  
5 8 5 ) ,  w h i l e  i n  o t h e r s  t h e  f i n e  f r a c t i o n s  a r e  p r e d o m i n a n t  ( e . g .  
5 2 2  a n d  5 8 4 ) .  The n e x t  row shows  t h e  v o l u m e - w e i g h t  ( d r y )  o f  t h e  
i n d i v i d u a l  f r a c t i o n s ,  e x p r e s s e d  i n  g r a m s  p e r  c u b i c  cm. A t e n d e n -  
c y  f o r  l o w e r  v o l u m e - w e i g h t s  i n  t h e  f i n e  f r a c t i o n s  i s  o b v i o u s .  
The  f o l l o w i n g  row s h o w s  t h e  c o n t e n t  o f  o r g a n i c  m a t t e r  d e t e r m i n e d  
s p e c t r o p h o t o m e t r i c a l l y  a s  t h e  e x t i n c t i o n  a t  5 0 0 0  A i n  t h e  a c i d  
e x t r a c t  f r o m  t h e  i n d i v i d u a l  s i z e  f r a c t i o n s .  A t  t h i s  w a v e - l e n g t h  
t h e  c o n t r i b u t i o n  f r o m  FeC13 t o  t h e  e x t i n c t i o n  o f  t h e  s o l u t i o n s  
i s  n e g l i g i b l e  ( F i g .  7 ) .  C o m p a r i s o n  w i t h  t h e  l o w e r  r o w s  shows  
t h a t  a  h i g h  c o n t e n t  o f  o r g a n i c  m a t t e r  t e n d s  t o  l o w e r  t h e  v o l u m e -  
w e i g h t  o f  t h e  s a m p l e ,  a n d  t h a t  o r g a n i c  m a t t e r  i s  g e n e r a l l y  c o n -  
c e n t r a t e d  i n  t h e  f i n e r  f r a c t i o n s .  The f o l l o w i n g  f o u r  r o w s  show 
t h e  c o n t e n t s  o f  Fe ,  P b ,  Cu a n d  Zn on a  w e i g h t  t o  v o l u m e  b a s i s .  
T o g e t h e r  w i t h  t h e  l o w e r  r o w s  t h e y  d e m o n s t r a t e  t h a t  t h e  m e t a l  c o n -  
t e n t s  i n  t h e s e  s a m p l e s  a r e  r a t h e r  i n s e n s i t i v e  t o  v a r i a t i o n s  i n  
g r a i n  s i z e ,  v o l u m e - w e i g h t  a n d  t h e  c o n t e n t  o f  o r g a n i c  m a t t e r .  
The  f i r s t  o f  t h e s e  o b s e r v a t i o n s  i n d i c a t e s  t h a t  i t  i s  n o t  n e c e s -  
s a r y  t o  s e l e c t  some v e r y  f i n e  f r a c t i o n ,  s u c h  a s  m i n u s  8 0  m e s h ,  
f o r  a n a l y s i s ,  w h i c h  w o u l d  r e q u i r e  t e d i o u s  s i e v i n g  a n d  l a r g e  
s a m p l e s  o f  c o a r s e - g r a i n e d  s e d i m e n t s .  I t  i s  a l s o  o f  some t h e o -  
r e t i c a l  i n t e r e s t ,  b e c a u s e  i t  shows  t h a t  t h e  f i x a t i o n  o f  t h e  m e t a l s  
i s  n o t  s t r i c t l y  a  s u r f a c e  e f f e c t ,  o r  t h a t  t h e  i n f l u e n c e  o f  t h e  
f a r  g r e a t e r  s u r f a c e  o f  t h e  f i n e r  f r a c t i o n s  i s  a l m o s t  e x a c t l y  
c o u n t e r a c t e d  by some o t h e r  f a c t o r .  T h i s  f a c t o r  may b e  t h e  
r e s t i n g - t i m e  o f  t h e  i n d i v i d u a l  p a r t i c l e s .  O b v i o u s l y  t h e  c o a r s e r  
p a r t i c l e s  on t h e  a v e r a g e  w i l l  s t a y  l o n g e r  i n  t h e  m e t a l - b e a r i n g  
e n v i r o n m e n t ,  a n d  t h u s  be  a b l e  t o  c o l l e c t  more o f  t h e  d i s s o l v e d  
m e t a l s  t h a n  t h e  s m a l l e r  o n e s ,  w h i c h  a r e  s o o n e r  s w e p t  a l o n g  w i t h  
t h e  s t r e a m .  T h i s  a g a i n  i s  a n  i n v e r s e  f u n c t i o n  o f  t h e  t o t a l  s u r -  
f a c e  o f  t h e  i n d i v i d u a l  p a r t i c l e  ( S t o k e ' s  l a w ) .  

The r e l a t i v e  c o n s t a n c y  o f  t h e  m e t a l  c o n t e n t s  i n  t h e  
d i f f e r e n t  s i z e  f r a c t i o n s  o f  o n e  a n d  t h e  same s a m p l e ,  i f  e x p r e s s e d  
on a  w e i g h t - t o - v o l u m e  b a s i s ,  s h o w s  t h a t  t h i s  i s  a  b e t t e r  f o r m  t h a n  
t h e  n o r m a l  w e i g h t - t o - w e i g h t  b a s i s ,  c o n s i d e r i n g  t h e  l o w e r  d e n s i t y  
o f  t h e  f i n e r  f r a c t i o n s .  T h i s  a c t u a l l y  s p e a k s  i n  f a v o u r  o f  
s c o o p i n g  t h e  s a m p l e s  f o r  a n a l y s i s ,  r a t h e r  t h a n  w e i g h i n g  t h e m .  
The i n s e n s i t i v i t y  o f  t h e  m e t a l  c o n t e n t s  t o  v a r i a t i o n s  o f  o r g a n i c  
m a t t e r  i n  t h e  s a m p l e s  f r o m  o u r  a r e a  s t r o n g l y  d i f f e r s  f r o m  t h e  
f i n d i n g s  o f  C o v e t t  ( 1 9 6 0 )  f o r  t r o p i c a l  s t r e a m s .  

The s a m p l e s  r e p r e s e n t e d  i n  F i g .  6 a r e  t a k e n  o u t  o f  
a  t o t a l  c r o p  o f  a b o u t  6 0 0  s a m p l e s .  To i l l u s t r a t e  t h e  d o w n - s t r e a m  
v a r i a t i o n  i n  a  s i n g l e  a n o m a l y ,  r e l a t e d  t o  t h e  m a i n  S t e k e n j o k k  o r e ,  
F i g s .  8  a n d  9 a r e  g i v e n .  They show t h e  v a r i a t i o n  i n  C u - c o n t e n t  
a n d  t h e  Zn:Fe  r a t i o  i n  t h e  same s i z e - f r a c t i o n s  a s  b e f o r e ,  a n d  
a g a i n  i n d i c a t e  t h a t  n o t h i n g  i s  g a i n e d  by s e l e c t i n g  t h e  f i n e r  
f r a c t i o n s  f o r  a n a l y s i s .  I t  i s  a l s o  s e e n  t h a t  t h e  C u - c o n t e n t s  



decrease faster in the down-stream direction than does the 
Zn:Fe ratio. 

So far this represents early colorimetric data col- 
lected by the geochemist. Fig. 10 represents some quantometer 
data from the same anomaly, although these samples were collected 
two years later, and the curves now represent total metal con- 
tents. This time the size-fractions, from left to right are 
20-6 mm, 6-2 mm; 2-0.5 mm; 0.5-0.2 mm; 0.2-0.06 mm and minus 0.06 
mm. (In some samples the coarsest of these fractions was miss- 
ing.) It may be noted that the metal contents thus determined 
are comparable to those found earlier in spite of the difference 
in the time of collecting, and also that the general shape of the 
anomaly remains the same. The similarity in the variations with 
grain-size of Fe and Zn in some of the samples likewise is strik- 
ing, whereas Ca, which is one of the controls of pH, shows a 
variation of its own. These data also show that even the grain- 
sizes above 0.5 mm and up to 2 mm may be taken for analysis. 

Whereas the anomaly described is partly of the 
clastic type, Fig. 11 shows the corresponding data for a strictly 
chemical anomaly. It is seen that the chemical features are 
essentially the same in the two anomalies. Here, as in many 
other cases, microscopic evidence proves to be of great diagnos- 
tic value. 

The special investigation of the distribution of ore 
metals in till over a known ore body was undertaken because a 
fairly extensive geochemical orientation survey had largely 
failed to reflect even the known occurences of ore in a central 
part of the foremost sulfide-mining district of Sweden. Further- 
more, this corresponds to earlier negative experience in the same 
district by a private mining company (Brotzen, loc. cit.). It 
therefore appeared desirable to find the cause of this failure, 
especially after it was known that stream sediment surveys worked 
quite well in the same area. 

The geology and ores of the area in question, the 
Mallnas district, have been described in considerable detail by 
Gavelin (1939). Also the Pleistoeene deposits have received close 
attention, and boulder-trains of sulfide ores played a significant 
role in early discoveries of a number of ore deposits. Multiple 
moraines, with clear-cut contacts have been described repeatedly, 
as by Hogbom (1937)' Granlund (1943) and Lundqvist (1943). The 
salient Pleistocene features are two marked directions of glacial 
transport, namely one from WNW (older) and one from NW (younger). 
Most of the area was above the postglacial sea-level, and late- 
and postglacial sediments are restricted to the recent lakes and 
stream-channels, and their immediate surroundings. Other topo- 
graphic depressions are occupied by large peat bogs. The country 
is dominated by extensive forests of fir, pine and birch on 
typical podsolic soils. 



The test-site covers a small, newly discovered 
sulfide-deposit. Norra Norrliden, with about 1.5% Cu and 5-10% 
Zn. Its situation and extent are well known from drillholes, 
which also give a fairly good picture of the sub-surface configu- 
ration of the bedrock. Topographically the site is on the north- 
ern slope of a WNW-trending valley, and the surface of the bed- 
rock slopes in the same SSW-direction as does the side of the 
recent valley (Fig. 12). 

For a closer investigation of the overburden four 
testpits were sunk to a depth of 3.0-3.5 m. They revealed 
practically homogenous moraine, but in one of the pits there 
appeared, near the bottom, a change into a more clayey and 
pebble-rich moraine with a slightly pressed appearance. 'Samples 
were taken representing continuous 0.5 m sections in all the 
pits, except where this particular change was noted, where a 
closer sampling was made at the critical part of the section. 
All the samples were then submitted for geochemical and grain 
size analysis, and the petrographic composition of the gravel 
fraction was further investigated. 

Some of the results have been summarized in Fig. 12, 
which shows a section through the till at Norra Norrliden with 
a tenfold vertical exaggeration. The true situation of the ore 
and the test-pits are indicated on this scale, and so are the 
sampled sections of the pits. The testpits, with 5-fold exagger- 
ation, are again represented as cumulative diagrams of the size 
distribution in the samples, and on their left sides the relative 
proportions of three critical size-fractions, namely 20-2 mm, 
0.2-0.02 mm and minus 0.006 mm are indicated. On the right side 
the relative proportions of three critical rock types, namely 
granites, porphyrites and metavolcanics are indicated in the same 
fashion. The Cu and Zn contents of the samples are also given in 
the diagrams. 

A number of features seen in this diagram, and cor- 
roborated by a statistical evaluation of the complete data, 
appear significant. Two types of till are present in the section. 
The upper one is characterized by a high proportion of granitic 
rocks, and a convex (upward) curve in the cumulative diagrams. 
This corresponds to a large proportion of the grain sizes between 
0.2-0.002 mm and a small proportion of the gravel size fraction 
(20-2mm). A low content of Cu and In may also be noted. The 
lower till, on the other hand, has a low proportion of granite 
and a high proportion of metavolcanics. The curve of the cumu- 
lative diagram is concave, which corresponds to higher pro- 
portions of the gravel- and clay-sized fractions. The metal 
contents in the lower till are often two to four times as high as 
those of the upper one. 



These features are easily understood in the light of 
regional geology and what is known about the glacial transport. 
The local bedrock is made up of metavolcanics, present in the 
lower till. The granites of the upper till, in contrast, occur 
at a distance of more than 10 kilometers in the direction of the 
later glacial transport ( N W ) .  Therefore the upper till contains 
far-transported material, the gravel-sized fractions having been 
largely milled to fine sizes. The clay-fraction is nevertheless 
small, reflecting the mineralogical composition of the granitic 
source-material, This also explains the low metal-content of 
the upper till, and its inability to reflect mineralization in 
the local bedrock. 

It is interesting to note, however, that there is no 
clear-cut contact between the two types of till, and also that 
there is no perfect correlation between the different distinctive 
features. This may be demonstrated by the fact that all transi- 
tions occur between till which is predominantly granitic, and 
till made up of metavolcanic material. Another example is seen 
in the third sample (from the top) of the second pit (from the 
left). Here the size-distribution of the material is typical of 
the upper till, whereas the petrographic composition of the 
gravel fraction is more characteristic of the lower till. Even 
more striking are the conditions in the lower part of the fourth 
pit. Here the deepest sample clearly represents the upper type, 
as can be seen from the convex cumulative curve, the high pro- 
portion of granitic rocks and the low metal-contents. Never- 
theless it is overlain by a section of the "lower" till, as is 
evident from the concave curve, the lower proportion of granites 
and the higher contents of Cu and Zn in the next sample. In this 
case the complete array of our criteria obviously contradict the 
actual stratigraphic situation. Furthermore, the next sample 
(third from the bottom) shows some influence from the local bed- 
rock in its higher Zn content. 

All these apparent irregularities show that there has 
been no normal superposition of a younger till carrying far- 
transported material upon a bed of older till of local derivation, 
as has been observed in many places elsewhere in the district. 
The conditions instead indicate an irregular mixing of the two 
deposits and even an injection of wedges or lenses of the lower 
bed of till into the upper one (in the fourth pit). This appears 
to be related to the topographic situation of the test-site, 
which occupies a lee-side position in relation to the latest 
direction of glacial transport. 

From the standpoint of geochemical prospecting, this 
study leads to the following conclusions: 

1) Close attention must be given to Pleistocene deposits before 
launching large soil-sampling projects in areas with glacial 
soils. This pertains especially to areas where more than one 
direction of glacial transport has prevailed. 



2) Topography plays an important and special role in the for- 
mation of secondary dispersions in glacial soils, and in certain 
respects differs from that in residual soils. 

3) The fixing of a general threshold value, such as two- or 
three times the normal background, as an aid to distinguishing 
local geochemical anomalies may be misleading. In the present 
case the known ore-body would certainly have escaped discovery. 
Likewise, the application of regional continuous trend-surfaces 
appears inadvisable, because local domains with their own back- 
ground values are not easily treated in this way. A promising 
technique involves the comparison of two rolling averages, one 
representing a small number (5-10) and the other a larger number 
(30-100) of sample-points. 

4) An effective and inexpensive technique for the deep sampling 
of till is greatly needed. 

5) The wider application of biogeochemistry should be further 
investigated, in the hope that the plants h,ave done the deep 
sampling for us. Bio-samples were also collected in this study. 

The last example of geochemical prospecting by the 
SGU deals with a study of the primary dispersion of trace ele- 
ments in the wallrocks around two known ore-bodies. Some of the 
background for this special work was indicated above. Here it 
may be added that this work, which was considered earlier at the 
planning stage of the present geochemical group, has received 
considerable encouragement from positive reports by geochemists 
in the USSR (Yanishevsky, 1965). 

These reports demonstrate that the ore-elements ar- 
range themselves in a fairly regular pattern around the ores, and 
this has, in a number of cases, led to the discovery of blind 
ore-bodies at considerable depths (up to 300 m). Examples given 
refer mainly to steeply dipping deposits. The two cases des- 
cribed here instead represent flat-lying deposits of solid py- 
ritic ore with chalco-pyrite and sphalerite. One is the main 
Stekenjokk ore, which is a pencil-shaped body of more than 2 
kilometers length occupying a complex structural position in 
strongly deformed Caledonian rocks, and itself also showing clear 
evidence of deformation. The other is the Rudtjebicken ore in 
the Adak district (Gavelin. 1948), which represents a concordant 
flat-lying body in a cupola-shaped Precambrian rock sequence. 
Geological criteria regarding the age-relations show that mineral- 
ization in the Adak area, where also cross-cutting vein deposits 
occur, is definitely epigenetic, and probably post-dates the 
major folding. In the present study it was found that marked 
differences exist in the distribution of trace-elements around 
these two ores. 

A longitudal section, with a two-fold vertical exag- 
geration, through the ore-body at Stekenjokk is seen in Fig. 13. 
and illustrates the rock types and the variation of some of the 



elements genetically related to the ore. CO is, however, a 
lithogene element shown for reference. The introduction of ore- 
elements into the wallrocks does not reach far from the ore-body 
at shallow depths, and it is interesting to note that the dis- 
persion extends further in the black, apparently impermeable, 
shale in hole 59002, than in the meta-keratophyre of hole 60002. 
In the deeper hole, however, the dispersion of ore-elements 
reaches about 80 m above the ore, which corresponds very closely 
to the visible hydrothermal alteration of these rocks. The 
direct prospecting value of trace element studies, therefore, in 
this case appears to be limited. It may be noted, however, that 
the As-halo found near the ore is absent around a subeconomic Cu 
mineralization, which occurs well above the ore, and which other- 
wise shows a similar picture of the trace elements. This differ- 
ence, if consistent in the area, may be helpful in the evaluation 
of exploratory drilling. The As-halo at Stekenjokk furthermore 
is noteworthy because the As content of the ore itself is rather 
low and only around 0.1 %. 

A more hopeful picture was obtained at Rudtjebacken. 
A longitudal section through this deposit, without vertical 
exaggeration, is seen in Fig. 14. The Rudtjebacken deposit does 
not actually reach the surface of the bedrock, but its position 
is clearly marked in the continuation of the ore-bearing strata, 
as seen in Bh 3. This strata-bound projection of the ore was 
most certainly very extensive before erosion. Such strata-bound 
dispersion therefore should reveal similar ore at a considerable 
distance both horizontally and vertically. Also in the other 
drillholes a greater dispersion of the ore-metals is found than 
was the case at Stekenjokk. Most striking is the great vertical 
extent of the As-halo, which reaches the surface even from the 
ore at the 250 m level. Here again the ore itself is low in 
arsenic, but a nearby deposit has portions of solid arsenopyrite. 
At present it is not known whether the high As content at the 
surface reflects the localized mineralization of the orebody, or 
if it is associated with the entire area of mineralization, which 
is of the stratabound type and includes large portions of sub- 
economic mineralization. Actually the entire Skellefte district, 
of which the Adak area may constitute an outlying part, is a 
markedly As-rich metallogenic province. If therefore the great 
vertical extension of the As-halo around ore-bodies is repeated 
elsewhere this might provide a most powerful tool in prospecting 
for blind ore-bodies. 

The present study of primary dispersion is only a 
beginning, and it shows very clearly that considerable variation 
occurs in the distribution of trace-elements in the wallrocks of 
ore-bodies, even if rather similar ores are involved. Much 
remains to be learned and continued research in this field is 
obviously necessary before our knowledge will permit any useful 
application, but interesting aspects already emerge. Above all 
there is the behaviour of arsenic, which inspires further investi- 
gations, primarly in the Adak area. It also calls for special 
work to improve our analytical methods for this element. 
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Figure 3. 
Sulfide grains, (bright) 
Fe-Ti oxides (gray) and 
silicates (dark), in heavy 
fraction (+ 2.96) of stream 
sediment from the clastic 
anomaly caused by the 
Stekenjokk ore. Polished 
section of size-fraction 
100-200 microns. 

Figure 2. 
Frequency distribution of 
ferrous and total (hot HCl- 
extractable) iron in 530 
stream sediments from the 
Stekenjokk area. Determi- 
nations by orthophenantro- 
line, total iron after reduc- 
tion with ascorbic acid. 



Figure 4. Content of Zn versus Fe in stream eediments from the Stekenjokk area. 
Colorimetric data. 





Figure 6. Weight proportion, volume 
weight (D), content of organic matter (Ext), 
Fe, Cu, Zn and F% in the size classes 
0.6-0.3; 0.3-0.15; 0.15-0.06 and minus 
0.06 mm of some stream sediments from 
the Stekenjokk area. 

Figure 7 .  Extinction curves of acid 
extracts of three stream sediments (A, B, 
and C) and of a solution of ferric chloride 
in 1:16 HCl (D) corresponding to a Fe con- 
tent of 1% in the samples. 
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Figure 10. Metal contents in different size classes of stream sediments constituting 

the clastic anomaly caused by the Stekenjokk ore, cf. Fig. 8. Spectro- 
graphic determinations. Size classes for each sampling station are, 
from the left, 20-6; 6-2; 2-0.5; 0.5-0.2; 0.2-0.06 and minus 0.06 mm. 
Note the faster downstream (from left to right) decrease in Cu as  com- 
pared to Zn, and also the general similarity in the variation with grain 
size of Cu, Zn and Fe at some sampling stations. The orebody i s  
situated upstream between stations 1910 and 1911. 
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Figure 11. Metal contents in stream sediments constituting a hydromorphic anomaly 
caused by an unidentified source. Size classes are the same as  in Fig. 10. 
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APPENDIX 

Hg-dispersions at Norrliden, Stekenjokk and Rudtjebacken 

by 0. Brotzen, S G U  and John L. Walker, Barringer Research Ltd, 
Toronto. 

The appendix is a direct outcome o f  contacts es- 
tablished at the Ottawa symposium. Until then the SGU had not 
been active in Hg-research, but in view o f  the excellent analyti- 
cal facilities available in Canada, it was suggested that the 
samples described in t h e  preceeding text might represent suitable 
case-material for such work. T h e  data obtained in the ensuing 
joint study therefore deserve to be put on record. 

The analytical results from Norra Norrliden are pre- 
sented in Table 1, t h e  columns o f  which correspond directly to 
the pits represented in Fig. 1 2  above. T h e  mercury data were 
obtained on the minus 6 micron fraction, whereas the Zn- and Cu- 
values, given for comparison, represent averages for all size- 
fractions, and are the same as given in Fig. 12. 

Table 1 

Trace Metal Content o f  Samples from Norra Norrliden 

P P ~  P P ~  P P ~  ppm ppm ppb P P ~  P P ~  P P ~  P P ~  P P ~  P P ~  

11 5 0  13 

6 37 9 

5 3 0  3 5 30 11 5 2 9  108 

5 3 7  5 6 4 3  15 5 2 8  2 3 

6 27  15 1 0  3 5 6 5 38 15 6 35 8 8  

9 33 11 1 0  3 7 6 9 5 7  2 9  1 3  5 3  1 1  

1 0  5 7  3 7  1 0  4 3  8 8 73 8 2  1 9  6 0  35 

36 9 7  25 1 0  6 3  3 3  5 3 5  9 

15 70 31 

13 70 2 8  



T h e  f o l l o w i n g  f a c t s  may b e  n o t e d :  

1 )  T h e  m e r c u r y - c o n t e n t  i n  t h e  t i l l  i s  l o w .  

2 )  The m e r c u r y  d a t a  p a r a l l e l  t h e  e a r l i e r  d e t e r m i n a t i o n s  o f  Cu 
a n d  Zn, a n d  t h e r e b y  c o r r o b o r a t e  t h e  s i g n i f i c a n c e  o f  t h e  g e o -  
c h e m i c a l  d i f f e r e n c e  b e t w e e n  t h e  u p p e r  a n d  t h e  l o w e r  t i l l  i n  s p i t e  
o f  t h e  low c o n t r a s t .  

3 )  No l e a k a g e - h a l o  o c c u r s  d i r e c t l y  a b o v e  t h e  o r e  ( i . e .  i n  t h e  
f i r s t  p i t  f r o m  t h e  l e f t ) .  

4 )  The  m a r k e d  Hg-anomaly  i n  t h e  u p p e r  p a r t  o f  t h e  f o u r t h  p i t  
( f r o m  t h e  l e f t )  i s  n o t  r e f l e c t e d  i n  t h e  o t h e r  m e t a l s ,  a n d  h a s  
n o  o b v i o u s  e x p l a n a t i o n .  

F o r  S t e k e n j o k k  t h e  c o r e  6 0 0 0 2 ,  w h i c h  i s  r e p r e s e n t e d  
i n  F i g .  1 3  was a n a l y z e d ,  a n d  t h e  r e s u l t s  a r e  g i v e n  i n  T a b l e  2 .  

T a b l e  2  

T r a c e  M e t a l  C o n t e n t  o f  S t e k e n j o k k  Dri l l  C o r e  

D e p t h  Cu Zn Hg D e p t h  Cu Zn Hg 

m PPm PPm p p b  m p  pm p  pm p p b  

2 0  1 6  220 3  3 1 6 5  5 9  5  0  8  

3  6  1 5  7  0  1 6  1 6  8  1 6  <SO 9 

4  2  1 1 0  1 3 0  1 6  1 7  1 2 1 0  < 5 0  S  

4  8  6 3  1 3 0  6  1 7 4  30 <SO 4  

6 0  12 6  0  6  1 7 7  24 <SO 4  

8  0  1 6  6  0  1 6  1 7 9  

9 S  4 3  1 1 0  9 0  1 8  0  2 4 0  <SO 

1 1 0  3 1  1 1 0  1 0  1 8 1  

1 2 0  32  1 3 0  1 9  1 8  2 4 6 0  <SO 

1 3 2  1 9  5  0  1 0  1 8 3  

1 4 5  4 3  1 2 0  S  1 8 4  4  < 5 0  

1 5  0  35 1 0 0  1 2  1 8 5  

1 S  3  7 1  1 4 0  1 8  1 8 6  
1 4  

87  2 9 0 0  

1 5  7  S  2  9  0  6  1 8 7  

1 6 0  1 0 4  S  0  1 6  1 8 8  % .  >SO00 

1 6  2  3 0  <SO 9  

2 6 0  1 3 0 ?  g 8  



Each  a n a l y z e d  s e c t i o n  i s  a c o m p o s i t e  o f  t h r e e  o r  
more s a m p l e s .  I t  i s  s e e n  t h a t  t h e  l i m i t e d  d i s p e r s i o n  o f  t h e  o r e -  
e l e m e n t s  f o u n d  a r o u n d  t h e  S t e k e n j o k k  d e p  i t  a t  a  d e p t h  o f  1 8 8  m 
a l s o  c h a r a c t e r i z e s  t h e  b e h a v i o u r  o f  m e r c u r y .  

The  r e s u l t s  f o r  t h e  d e e p e s t  h o l e  a t  R u d t j e b a c k e n  a r e  
g i v e n  i n  T a b l e  3. H e r e  t h e  o r e  i s  s i t u a t e d  a t  a  d e p t h  o f  2 5 9  m .  

T a b l e  3 

T r a c e  M e t a l  C o n t e n t  o f  R u d t j e b a c k e n  D r i l l  C o r e  

D e p t h  Cu Z n  A s  Hg D e p t h  Cu Zn A s  Hg 

m ppm ppm ppm p p b  m ppm ppm P P ~  P P ~  

4 5  6 0  1 0  4 4  2  3 5  5 9  9 0  1 5  1 2  

A l s o  i n  t h i s  d e p o s i t  t h e  d i s p e r s i o n  o f  Hg i s  o f  t h e  
same t y p e  a s  t h a t  o f  Cu a n d  I n .  



A f a c t  w h i c h  p e r h a p s  d e s e r v e s  s p e c i a l  m e n t i o n  i s  t h a t  
b o t h  S t e k e n j o k k  a n d  R u d j e b a c k e n  w e r e  d r i l l e d  l o n g  b e f o r e  t h e  
s t a r t  o f  m i n i n g  o p e r a t i o n s .  T h i s  may b e  o f  i m p o r t a n c e  i n  r e g a r d  
t o  p o s s i b l e  c o n t a m i n a t i o n  f r o m  t h e  u s e  o f  m e r c u r y  f u l m i n a t e  i n  
b l a s t i n g  c a p s ,  a s  p o i n t e d  o u t  by  K u r b a n a y e v  a n d  I s k o v  ( 1 9 6 4 . )  
T h e  o n l y  b l a s t i n g  a t  t h e s e  s i t e s  t h a t  c a n  b e  s u s p e c t e d  m i g h t  h a v e  
o c c u r r e d  d u r i n g  t h e  i n i t i a l  p e n e t r a t i o n  o f  b o u l d e r y  o v e r b u r d e n .  
T h e s e  c o r e s  t h e r e f o r e  r e p r e s e n t  l a r g e l y  u n d i s t u r b e d  c o n d i t i o n s ,  
a n d  t h e  same a l s o  a p p l i e s  t o  t h e  t i l l  s a m p l e s  f r o m  N o r r a  
N o r r l i d e n .  





INVESTIGATION 01: M E R C U R Y  DISPERSION IIALOESAROUND MINERAL DEPOSITS 
I N  CEbiTKAL BRIT1 SH COLUlrlBIA 

A .  S u t h e r l a n d  Brown* 

D u r i n g  r o u t i n e  g e o l o g i c a l  e x a m i n a t i o n  o f  m i n e s  a n d  
p r o s p e c t s  i n  n o r t h - c e n t r a l  B r i t i s h  C o l u m b i a  i n  19G5, t h e  w r i t e r  
c o l l e c t e d  s o i l  s a m p l e s  a n d  a n a l y s e d  t h e m  i n  t h e  f i e l d  f o r  m e r c u r y .  
S a m p l e s  w e r e  t a k e n  a l o n g  c u t  l i n e s  o r  a c c e s s  r o a d s  g e n e r a l l y  f r o m  
t h e  t o p  o f  u n m o d i f i e d  s o i l .  An a t t e m p t  was made t o  e x t e n d  s a m p l e  
p o i n t s  w e l l  b e y o n d  t h e  l i m i t s  o f  known m i n e r a l i z a t i o n .  S a m p l e s  
w e r e  a i r - d r i e d ,  s i e v e d  t o  - 4 0  mesh.  a n d  a n a l y s e d  by  L e m a i r e  S - l  
d e t e c t o r .  C a r e  was t a k e n  t o  a v o i d  o r g a n i c  s a m p l e s  a n d  c o n t a m i n a -  
t i o n .  S a m p l e s  r u n  i n  t h e  f i e l d  w e r e  c h e c k e d  i n  p a r t  by more  
s o p h i s t i c a t e d  i n s t r u m e n t s  a n d  a l l  s a m p l e s  g r e a t e r  t h a n  1 p . p . m .  
a n d  some l e s s  w e r e  a n a l y s e d  i n  V i c t o r i a  by t h e  A n a l y t i c a l  a n d  
11ssay B r a n c h  o f  t h e  D e p a r t m e n t  o f  Clines a n d  P e t r o l e u m  R e s o u r c e s  
w i t h  g e n e r a l l y  good a g r e e m e n t .  The  v a l u e s  u s e d  i n  t h e  g r a p h s  
a r e  t h o s e  r e c o r d e d  i n  t h e  f i e l d  by t h e  w r i t e r .  

The p r o f i l e s  a r e  c h i e f l y  o f  m e r c u r y  o r  molybdenum 
p r o s p e c t s  ( F i g u r e  1  s h o w s  t h e  g e o g r a p h i c  l o c a t i o n s ) .  T h e s e  a r e  
b e l i e v e d  t o  r e p r e s e n t  e x t r e m e  t y p e s  a t  w h i c h  m e r c u r y h a l o e s  m i g h t  
be  e x p e c t e d :  t h e  o n e  t y p e  b e i n g  low t e m p e r a t u r e  and  m e r c u r y - r i c h ;  
t h e  o t h e r  h i g h  t e m p e r a t u r e ,  d i s s e m i n a t e d ,  a n d  m e r c u r y - p o o r .  I n  
a d d i t i o n ,  o n e  c o p p e r  a n d  o n e  s i l v e r - l e a d - z i n c  p r o s p e c t  w e r e  e x -  
a m i n e d .  O n l y  summary d e s c r i p t i o n s  o f  t h e  g e o l o g y  o f  t h e s e  d e -  
p o s i t s  a r e  g i v e n .  G r e a t e r  d e t a i l s  o f  m e r c u , r y  d e p o s i t s  c a n  be  
f o u n d  i n  Memoir 2 5 2  ( A r m s t r o n g ,  1 9 4 9 )  a n d  i n  t h e  A n n u a l  R e p o r t  
o f  t h e  M i n i s t e r  o f  M i n e s  a n d  P e t r o l e u m  R e s o u r c e s  f o r  1 9 6 5 .  

M E R C U R Y  DEPOSITS 

The m e r c u r y  p r o f i l e s  a r e  f r o m  l o c a l i t i e s  a l o n g  t h e  
P i n c h i  f a u l t  z o n e  f r o m  F o r t  S t .  J a m e s  t o  Kwanika C r e e k .  A l a r g e  
n u m b e r  o f  m e r c u r y  p r o s p e c t s  a r e  s i t u a t e d  a l o n g  t h e  c o u r s e  o f  t h i s  
m a j o r  f a u l t  z o n e .  The g e o l o g y  may be  s u m m a r i z e d  a s  f o l l o w s .  

The b l o c k  w e s t  o f  t h e  f a u l t  i s  f o r m e d  o f  P e r m i a n  
l i m e s t o n e  a n d  c l i e r t  ( C a c h e  G r e e k  C r o u p )  and t h e  b l o c k  t o  t h e  
e a s t  by u p p e r  T r i a s s i c  b a s i c  v o l c a n i c  r o c k s  ( T a k l a  G r o u p )  i n -  
t r u d e d  by J u r a - C r e t a c e o u s  a c i d i c  p l u t o n i c  r o c k s  i n  t h e  n o r t h  and 
u l t r a m a f i c  b o d i e s  i n  t h e  s o u t h .  F i g u r e s  2A t o  C show,  r e s p c c t i v e -  
l y ,  p r o f i l e s  a c r o s s  t h e  f a u l t  z o n e  i n  t h e  v i c i n i t y  o f  t h e  P i n c h i  
m i n e ,  a c r o s s  t h e  f a u l t  z o n e  a l o n g  t h e  r o a d  f r o m  F o r t  S t .  J a m e s ,  
a n d  a l o n g  t h e  f a u l t  z o n c  f r o m  Kwanika t o  Kenny C r e e k s .  I n  g e n e r a l  
t h e  b a c k g r o u n d  v a r i e s  f r o m  0 . 0 2  p . p . m .  t o  a b o u t  0.08 p . p . m . ,  
r a r e l y  t o  0 . 2  p . p . m . ,  a n d  t h e  a n o m a l o u s  p e a k s  r a n g e  f r o m  p . p . m .  

D e p a r t m e n t  o f  M i n e s  a n d  P e t r o l e u m  R e s o u r c e s ,  
V i c t o r i a ,  B . C .  



0.5 1 2 MILES 

Figure 2A. Mercury content profile, Pinchi Lake; sample locations plotted 
normal to main Pinchi Fault. 



0 3 6 9 12 MILES 

Figure 2B. Mercury content, traverse along Pinchi fault, Kwanika Creek to 
Kenny Creek. 



Figure 2C. Mercury content, traverse of highway, Fort St. James - Pinchi Turnoff. 



t o  a b o u t  2 0 0  p . p . m .  T h e  p r e f e r r e d  m a t e r i a l s  s a m p l e d  w c r e  t i l l s  
o r  o u t w a s h  s a n d s  a n d  c o a r s e  s i l t s ,  o r  r a r e l y  r e g o l i t h ,  b u t  n e a r  
P i n c h i  L a k e  g l a c i a l  l a k e  c l a y s  a n d  f i n e  s i l t s  w e r e  common. T h e  
r e s u l t s  s u g g e s t  t h a t  t r u e  c l a y s  may b e  f a i r l y  i m p e r v i o u s  t o  
m e r c u r y  v a p o u r  a s  t h e  h i g h e s t  v a l u e  r e c o r d e d  i n  c l a y  s a m p l e s  w a s  
0 . 4 5  p . p . m .  C o n t a m i n a t i o n  f r o m  t h e  s u r f a c e  n e a r  t h e  P i n c h i  a n d  
B r a l o r n e  T a k l a  m i n e s  w a s  j u d g e d  t o  b e  r e l a t i v e l y  s l i g h t  a s  s a m p l e s  
c o l l e c t e d  a t  2 -  t o  l - f o o t  d e p t h s  s h o w e d  n o  c o n s i s t e n t  d i f f e r e n c e .  

I r l O L Y C U E N U b I  D E P O S I T S  

P r o f i l e s  r u n  on  m o l y b d e n u m  m i n e s  a n d  p r o s p e c t s  i n -  
c l u d e d  E n d a k o ,  G l a c i e r  G u l c h ,  L u c k y  S h i p ,  a n d  H u b e r  g r o u p s .  T h e  
g e o l o g y  o f  t h e s e  p r o p e r t i e s  d o e s  n o t  h a v e  t h e  u n i t y  o f  t h e  mer- 
c u r y  o n e s ,  e x c e p t  t h a t  a l l  a r e  r e l a t i v e l y  s p a r s e l y  m i n e r a l i z e d .  
T h e  L u c k y  S h i p  p r o s p e c t  i s  i n  a  c o m p l e x ,  s m a l l  r h y o l i t c  p o r p h y r y  
p l u g  t h a t  i n t r u d e s  J u r a - C r e t a c e o u s  p o r p h y r i t i - c  a n d e s i t e s  a n d  
v o l c a n i c  s e d i m e n t s  ( I l a z e l t o n  G r o u p ) .  An a n n u l a r  v e i n  s t o c k w o r k  
a n d  s i l i c i f i e d  z o n e  p e r i p h e r a l  t o  o n c  p h a s e  o f  t h e  p l u g  c o n t a i n s  
m o l y b d e n i t e  w i t h  f e w  o t h e r  m e t a l l i c  m i n e r a l s .  T h e  p r o f i l c  
( F i g u r e  3A) e x t e n d s  a l o n g  t h e  a c c e s s  r o a d  f r o m  t h e  N a n i k a  R i v e r  
b r i d g e  a n d  b a c k  down a c r o s s  c u t  l i n c s  t o  t h e  r i v e r  f l a t .  M o s t  
o f  t h e  s a m p l e s  w c r e  g l a c i a l  t i l l .  U a c k g r o u n d  r a n g e d  f r o m  0 . 0 1  
t o  0 . 0 3  p . p . m .  a n d  t h e  p e a k s  t o  0 . 1 2 5  p . p . m .  

T h e  E n d a k o  m i n e  i s  i n  a  q u a r t z  m o n z o n i t e ,  o n e  o f  
many p h a s e s  o f  t h e  J u r a s s i c  T o p l e y  b a t h o l i t h .  M o l y b d e n i t e  i s  
c o n t a i n e d  p r i n c i p a l l y  i n  v e i n s  t h a t  s t r i k e  a b o u t  e a s t - w c s t  a n d  
d i p  45 d e g r e e s  s o u t h .  T h e r e  a r e  f e w  o t h e r  m e t a l l i c  m i n e r a l s .  
T h e  p r o f i l e s  ( F i g u r e  3 B )  e x t e n d  f r o m  H i g h w a y  No. 1 6  a c r o s s  t h e  
o r e b o d y  n e a r l y  t o  F r a n ~ o i s  L a k e .  T h e  m a t e r i a l s  s a m p l c d  w c r c  
e n t i r e l y  g l a c i a l  t i l l s .  T h e  b a c k g r o u n d  r a n g e d  f r o m  0 . 0 1 5  t o  
0 . 0 2 5  p . p . m .  a n d  t h c  p e a k s  o v e r  t h c  o r e b o d y  t o  a b o u t  0 . 0 8  p . p . m .  

The  G l a c i e r  G u l c h  p r o s p e c t  c o n s i s t s  o f  a  f l a t  s h e e t -  
l i k e  b o d y  o f  g r a n o d i o r i t e  c u t t i n g  h o r n f e l s i c  J u r a s s i c  v o l c a n i c  
a n d  s e d i m e n t a r y  r o c k s  ( I l a z e l t o n  G r o u p ) .  A f l a t  v e i n  s y s t e m  a n d  
s t o c k w o r k  w i t h  m o l y b d e n i t e ,  p y r i t c ,  a n d  p y r r h o t i t e  e x t c n d s  o v e r  
a  w i d e  a r e a  a n d  c o n s i d e r a b l e  v e r t i c a l  r a n g e .  Some g o l d - b i s m u t h  
s h o w i n g s  o c c u r  i n  t h e  s a m e  v e i n  s y s t e m  b u t  r e m o t c  f r o m  t h e  m o l y b -  
denum m i n e r a l i z a t i o n .  T h e  p r o f i l e  ( F i g u r e  3 C )  e x t e n d s  f r o m  t h e  
o r e b o d y  t o  t h e  e a s t  f o r  2  m i l e s .  T h e  m a t e r i a l s  s a m p l e d  w e r e  n o t  
i d e a l ,  b e i n g  f i n c  t a l u s  i n  t h e  w e s t  a n d  t i l l  i n  t h e  e a s t .  B a c k -  
g r o u n d  v a r i e d  f r o m  0 . 0 2  t o  0 . 0 3  p . p . m .  a n d  t h e  v a l u c s  o v e r  t h e  
o r e b o d y  w e r e  o f  t h i s  r a n g e  h u t  o v e r  t h e  g o l d - b i s m u t h  s h o w i n g s  o f  
t h e  s a m e  v e i n  s y s t e m  t h c y  r e a c h e d  0 . 1 7 5  p . p . m .  

T h e  g e o l o g y  o f  t h e  t l u b c r  g r o u p  c o n s i s t s  o f  t w o  a d -  
j a c e n t  s m a l l  p l u g s  o f  a l a s k i t e  a n d  g r a n i t c  p o r p h y r y  i n t r u d i n g  
h o r n f e l s i c  J u r a s s i c  v o l c a n i c  s e d i m e n t a r y  r o c k s  ( W a z e l t o n  G r o u p ) .  
B e t w e e n  t h e  p l u g s  i n  p a r t i c u l a r ,  a  s t o c k w o r k  o f  f r a c t u r e s  a n d  
q u a r t z  v e i n l e t s  c o n t a i n  p y r i t e ,  m o l y b d e n i t e ,  a n d  m i n o r  c h a l c o p y -  
r i t e .  T h e  p r o f i l e  ( F i g u r e  3 D )  e x t e n d s  f r o m  l l i g h w a y  No. 16 a c r o s s  



Figure S A  - Lucky Ship 
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Figure 3. Mercury content profile. 
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Figure 3 D  - Huber  C r o u p  
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Figure 3C - Glacier Gulch ! 
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Figure 4. Mercury content profile, Silver Queen Au-Pb-Zn property, Owen Lake. 
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Backgrounds a t  Deposits 

Selected Metals 

Property Reference 

Mercury 
1. Nivloc, Nev. ................ Williston 
2. Cerro Gordo, Calif. ........ Williston 
3. Cordero, Calif. ................. Williston 
4. Karaotek, U.S.S.R. ............ Ozerova 
5. Pinchi, B.C. ... Sutherland Brown 
6. Bralorne Takla, 

B.C. ................ Sutherland Brown 
7. Centennial. 

B.C. .............. Sutherland Brown 

Gold -Silver 
8. Cornstock, Nev. ........... Williston 
9. Dixie Comstock, Nev. .... Williston 

Lead-Zinc 
10. Bawdwin, 

Burma ....... James and Webb 
11. Eire .................. James and Webb 
12.  Gregory, Derb., 

U.K. -............. James and Webb 
13. Owen Lake, 

B.C. ................ Sutherland Brown 

Copper 
14 .  Ruwenzori . . . . .  James and Webb 
15. Baluba ............... James and Webb 
16. Northwest Group, 

B.C. ........... Sutherland Brown 

Molybdenum 
17. Endako, B.C. Sutherland Brown 
18. Lucky Ship, 

B.C. ................ Sutherland Brown 
19. Glacier Gulch, 

B.C. ................ Sutherland Brown 
20. Huber, B.C. Sutherland Brown 
21. Serb Creek, 

B.C. ......... Sutherland Brown 



Figure 5. Mercury halo peaks and backgrounds at deposits of selected metals. 
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N o r t h w e s t  g r o u p ,  b u t  i t  was n o t  s u f f i c i e n t l y  l o n g  t o  e x t e n d  b e -  
yond t h e  a r e a  o f  s c a t t e r e d  m i n e r a l i z a t i o n .  A l s o  a  p r o f i l e  was 
r u n  a t  a n o t h e r  molybdenum p r o s p c c t ,  S e r b  C r c e k ,  b u t  h e r e  a l l  
m a t e r i a l s  w e r e  e i t h e r  h i g h l y  o r g a n i c  s o i l  o r  l o o s e  t a l u s ,  s o  a n  
i n c o n c l u s i v e  p r o f i l e  r e s u l t e d .  The r a n g e  o f  t h e s e  r e s u l t s  a r e  
shown w i t h  t h e  o t h e r s  on F i g u r e  5 .  

CONCLUSIONS 

S e c o n d a r y  d i s p e r s i o n  h a l o e s  o f  m e r c u r y  w e r e  d e t e c t e d  
a t  a l l  t h e  p r o p e r t i e s  w h i c h  w e r c  e x a m i n e d ,  a l t h o u g h  t h e  o r d e r  o f  
a n o m a l y  p e a k s  v a r i e d  g r e a t l y  f r o m  m e r c u r y  d e p o s i t s  t o  molybdenum 
d e p o s i t s .  F i g u r e  5 shows  t h e  b a c k g r o u n d  v a r i a t i o n  a n d  a n o m a l y  
p e a k s  f o r  some m e r c u r y ,  g o l d - s i l v e r ,  l e a d - z i n c ,  c o p p e r ,  a n d  
rnolybdcnum d e p o s i t s .  The  e x a m p l e s  i n c l u d e  a l l  t h o s e  r u n  by t h e  
w r i t e r  and many f r o m  t h e  l i t e r a t u r e  i n  w h i c h  a b s o l u t e  v a l u e s  a r e  
g i v e n .  I t  i s  c l e a r  t h a t  i n  mos t  l o c a l i t i e s  b a c k g r o u n d  r a n g e s  
f r o m  0 . 0 1  t o  0 . 1  p . p . m .  b u t  i n  some o t h e r s  i s  much h i g h e r .  I n  
some o f  t h c  l a t t e r ,  t h e  p r o f i l e s  may n o t  h a v e  e x t e n d e d  f a r  e n o u g h  
f r o m  t h e  o r e  z o n e  t o  t r u l y  r e c o r d  b a c k g r o u n d  j u d g e d  by t h e  h o r i -  
z o n t a  l d i m e n s i o n s  shown.  t lowevcr  i n  s t i l l  o t h e r s ,  b a c k g r o u n d  
o v c r  w h o l e  r c g i o n s  may b e  s o  h i g h  ( f o r  c x a m p l c ,  t h e  C r i m e a n  
I l i g l l l a n d s ,  C u l k i n ,  1 9 6 2 )  t h a t  molybdenum p e a k s  would n o t  b c  
n o t i c e d .  I t  i s  a l s o  c l e a r  t h a t  t h e  p c a k s  f o r  t h e  v a r i o u s  g r o u p s  
f o l l o w  t h c  t h c o r e t i c a l  s e q u c n c e  r e l a t e d  t o  t e m p e r a t u r e  o f  d e p o s i -  
t i o n .  
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THE ATOMIC ABSORPTION SPECTROMETER IN THE 
CEOCHEMICAL LABORATORY 

INTRODUCTION 

A p p l i e d  g e o c h e m i c a l  s t u d i e s  o f  r o c k s ,  s o i l s ,  v e g e t a -  
t i o n  a n d  w a t e r s  h a v e  b e e n  made p o s s i b l e  by t h e  a p p l i c a t i o n  o f  
r a p i d  s e m i - q u a n t i t a t i v e  a n a l y t i c a l  p r o c e d u r e s ,  e i t h e r  c o l o r i m e t -  
r i c  o r  s p e c t r o g r a p h i c ,  w h i c h  a r e  a i m e d  a t  p r o d u c t i v i t y  r a t h e r  t h a n  
a c c u r a c y .  Calorimetric m e t h o d s  a r e  u s e d  f o r  m e t a l  d e t e r m i n a t i o n s  
a f t e r  s a m p l e s  h a v e  b e e n  t r e a t e d  by a n y  o f  a  v a r i e t y  o f  e x t r a c t i o n  
p r o c e d u r e s  w h i c h  may s e l e c t i v e l y  remove  o n l y  o n e  f o r m  o r  g r o u p  o f  
f o r m s  o f  t h e  m e t a l s  c o n t a i n e d  i n  t h e  s a m p l e s ,  f r o m  v e r y  l o o s e l y  
b o n d e d  m e t a l s  t o  t h o s e  i n c o r p o r a t e d  i n  t h e  c r y s t a l  l a t t i c e s  o f  
m i n e r a l s .  F o r  mos t  e l e m e n t s ,  s i m p l e  b u f f e r i n g  a n d  c o m p l e x i n g  
p r o c e d u r e s  w i l l  c o n t r o l  pH a n d  i n t e r f e r e n c e s  b u t  some m e t a l s  r e -  
q u i r e  t e d i o u s  s e p a r a t i o n s .  The m a i n  a d v a n t a g e  o f  t h e  c o l o r i m e t -  
r i c  p r o c e d u r e s  i s  t h a t  t h e y  c a n  b e  a p p l i e d  i n  t h e  f i e l d  a t  t h e  
p o i n t  o f  s a m p l e  c o l l e c t i o n  o r  i n  a  f i e l d  l a b o r a t o r y .  A d i s a d v a n -  
t a g e  i s  t h a t  e a c h  m e t a l  r e q u i r e s  i t s  own p a r t i c u l a r  s e t  o f  o p e r a t -  
i n g  c o n d i t i o n s ,  m a k i n g  m u l t i - e l e m e n t  d e t e r m i n a t i o n s  r a t h e r  l a b o r -  
i o u s .  S p e c t r o g r a p h y  i s  p r o b a b l y  t h e  m o s t  r a p i d  a n d  e f f i c i e n t  
m e t h o d  f o r  c a r r y i n g  o u t  t o t a l  m u l t i - e l e m e n t  d e t e r m i n a t i o n s  on g e o -  
c h e m i c a l  s a m p l e s . ,  t h e  d i s a d v a n t a g e s  b e i n g  h i g h  i n i t i a l  c o s t  a n d  
l i m i t e d  p o r t a b i l i t y .  S p e c t r o g r a p h i c  a n a l y s e s  a r e  u s u a l l y  made i n  
c e n t r a l l y  l o c a t e d  l a b o r a t o r i e s ,  a l t h o u g h  somc m o b i l e  u n i t s  f o r  
f i e l d  u s e  h a v e  b e e n  b u i l t .  

I n  r e c e n t  y e a r s  a  new a n a l y t i c a l  p r o c e d u r e  w h i c h  i s  
c l o s e l y  r e l a t e d  t o  s p e c t r o g r a p h y  h a s  b e e n  d e v e l o p e d .  I t  i s  
a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t r y .  T h i s  method  h a s  m o s t  o f  t h e  
a d v a n t a g e s  o f  b o t h  c o l o r i m e t r y  a n d  s p e c t r o g r a p h y  w i t h  v e r y  f e w  
d i s a d v a n t a g e s .  A t o m i c  a b s o r p t i o n  i s  a p p l i e d  t o  s o l u t i o n  e x t r a c t s  
o f  s a m p l e s  a n d  i s  e x t r e m e l y  r a p i d ,  s e n s i t i v e ,  p r e c i s e  a n d  f r e e  
f r o m  i n t e r f e r e n c e s .  The  method  h a s  g a i n e d  w i d e  a c c e p t a n c e  i n  a l l  
b r a n c h e s  o f  a n a l y t i c a l  i n o r g a n i c  c h e m i s t r y .  

THE TWEORY OF ATOMIC ABSORPTION 

Many g e o l o g i s t s  a n d  c h e m i s t s  a r e  a l r e a d y  f a m i l i a r  
w i t h  e m i s s i o n  s p e c t r o g r a p h y  s o  t h e  d i f f e r c n c e  b e t w e e n  e m i s s i o n  
s p e c t r o g r a p h y  a n d  a t o m i c  a b s o r p t i o n  w i l l  be e x p l a i n e d  i n  s i m p l e  
t e r m s .  E m i s s i o n  s p e c t r o g r a p h y  i s  b a s e d  on t h e  f a c t  t h a t  when a  
s u b s t a n c e  i s  v o l a t i l i s e d  i n  an a r c  o r  s p a r k  d i s c h a r g e  some o f  t h e  
e l e c t r o n s  i n  t h e  m e t a l  a t o m s  r e c e i v e  h e a t  e n e r g y  a n d  jump t o  
h i g h e r  e n e r g y  l e v e l s .  l h e n  t h e s e  e l e c t r o n s  f a l l  b a c k  t o  l o w e r  

* C o n s u l t i n g  G e o l o g i s t ,  1 2 6 6  G r o s v c n o r  S t . ,  O a k v i l l e ,  O n t a r i o .  



e n e r g y  l e v e l s  t h e y  e m i t  l i g h t  e n e r g y  o f  s p e c i f i c  w a v e l e n g t h s  
w h i c h  a r e  c h a r a c t e r i s t i c  o f  t h e  e l e m e n t s  p r e s e n t .  The l i g h t  i s  
s p r e a d  o u t  by a  p r i s m  o r  g r a t i n g  t o  i s o l a t e  t h e  s p e c i f i c  wave-  
l e n g t h s  and  t h e s e  a r e  m e a s u r e d  e i t h e r  p h o t o g r a p h i c a l l y  o r  e l e c -  
t r o n i c a l l y  t o  g i v e  a  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  t h e  e l e m e n t s  
o f  i n t e r e s t .  O n l y  1 %  t o  5 %  o f  t h e  a t o m s  a n d  i o n s  i n  t h e  a r c  o r  
s p a r k  a r e  e x c i t e d  t o  e m i t  l i g h t  w h e r e a s  t h e  g r e a t e r  p r o p o r t i o n  r e -  
main  i n  t h e  s o  c a l l e d  " g r o u n d  s t a t e "  c o n d i t i o n .  I t  h a s  now b e e n  
f o u n d  t h a t  t h e s e  g r o u n d  s t a t e  a t o m s  a r e  c a p a b l e  o f  a b s o r b i n g  l i g h t  
o f  t h e  same w a v e l e n g t h  a s  t h a t  e m i t t e d  by t h e  e x c i t e d  a t o m s  a n d  
t h i s  i s  t h e  b a s i s  o f  a t o m i c  a b s o r p t i o n  a n a l y s i s .  The m a t e r i a l  t o  
b e  a n a l y s e d  m u s t  b e  i n  t h e  a t o m i c  s t a t e  a n d  t h i s  i s  r e a d i l y  
a c h i e v e d  by s p r a y i n g  t h e  s a m p l e  s o l u t i o n  i n t o  a  f l a m e  r a t h e r  t h a n  
i n t o  a n  a r c  o r  s p a r k .  A l i g h t  beam a t  o n e  o f  t h e  c h a r a c t e r i s t i c  
w a v e l e n g t h s  o f  t h e  e l e m e n t  t o  b e  a n a l y s e d  i s  d i r e c t e d  t h r o u g h  t h e  
f l a m e ,  i n t o  a  m o n o c h r o m e t e r  a n d  o n t o  a  d e t e c t o r  w h i c h  m e a s u r e s  
t h e  i n t e n s i t y  o f  t h e  beam. The  amount  o f  l i g h t  a b s o r b e d  by  t h e  
f l a m e  when a  s a m p l e  i s  b e i n g  a s p i r a t e d  i s  p r o p o r t i o n a l  t o  t h e  
c o n c e n t r a t i o n  o f  t h e  e l e m e n t  i n  t h e  s a m p l e .  A t o m i c  a b s o r p t i o n  i s  
f r e e  f r o m  i n t e r f e r e n c e s  b e c a u s e  o n l y  t h e  w a v e l e n g t h  e m i t t e d  by  
t h e  s o u r c e  i s  m e a s u r e d  a n d  n o  e l e m e n t  o t h e r  t h a n  t h a t  b e i n g  a n a -  
l y s e d  w i l l  a b s o r b  t h i s  l i g h t .  I t  i s  more s e n s i t i v e  t h a n  e m i s s i o n  
s p e c t r o g r a p h y  b e c a u s e  up  t o  95% o f  t h e  a t o m s  a r e  b e i n g  p u t  t o  
work  i n s t e a d  o f  o n l y  u p  t o  5 % .  

ATOMIC ABSORPTION INSTRUMENTS 

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

The  h o l l o w  c a t h o d e  lamp h a s  a  c a t h o d e  o f  t h e  m e t a l  t o  b e  d e t e r -  
mined  a n d  e m i t s  i t s  c h a r a c t e r i s t i c  w a v e l e n g t h s .  I t  c a n  b e  e i t h e r  
s i n g l e  e l e m e n t  o r  m u l t i - e l e m e n t  a n d  c o s t s  b e t w e e n  $90 a n d  $ 2 5 0 .  
Some i n s t r u m e n t s  h o l d  up  t o  6 l a m p s  w i t h  o n e  i n  t h e  o p e r a t i n g  
p o s i t i o n  a n d  t h e  o t h e r s  on s t a n d - b y  w h e r e  t h e y  a r e  p r e - w a r m e d  t o  
e l i m i n a t e  d e l a y s  d u e  t o  warm-up r e q u i r e m e n t s .  A m u l t i - e l e m e n t  
Cu-Pb-Zn-Ag lamp h a s  b e e n  i n  d a i l y  u s e  i n  my own l a b o r a t o r y  f o r  
t h e  p a s t  12 m o n t h s .  

The c h o p p e r  i s  e i t h e r  a  m e c h a n i c a l  r o t a t i n g  d i s c  o r  a n  e l e c t r o n i -  
c a l l y  p u l s e d  p o w e r  s u p p l y  f o r  t h e  h o l l o w  c a t h o d e  lamp.  I t  s u p p l i e s  
a  m o d u l a t e d  l i g h t  beam c o m p a t i b l e  w i t h  t h e  AC a m p l i f i e r  a n d  p r e -  
v e n t s  t h e  d e t e c t o r  f r o m  p i c k i n g  u p  l i g h t  g i v e n  o f f  by t h e  f l a m e  
a n d  t h e  a t o m i s e d  s a m p l e .  

The b u r n e r  a t o m i s e s  t h e  a s p i r a t e d  s a m p l e  s o l u t i o n  t o  p r o d u c e  
g r o u n d  s t a t e  a t o m s  o f  t h e  e l e m e n t s .  I t  i s  p r o b a b l y  t h e  mos t  i m -  
p o r t a n t  c o m p o n e n t  o f  t h e  i n s t r u m e n t  s i n c e  t h i s  i s  w h e r e  t h e  
a t o m i c  a b s o r p t i o n  t a k e s  p l a c e .  Two t y p e s  o f  b u r n e r s  a r e  a v a i l a b l e ,  
t h e  T o t a l  C o n s u m p t i o n  o r  T u r b u l e n t  Flow B u r n e r  a n d  t h e  P r e - M i x  o r  
L a m i n a r  Flow B u r n e r .  Most  i n s t r u m e n t s  a r e  d e s i g n e d  t o  accommo- 
d a t e  o n l y  o n e  t y p e  o f  b u r n e r  a l t h o u g h  t h e  t r e n d  i s  t o w a r d  t h e  u s e  



o f  e i t h e r  b u r n e r  s y s t e m  i n  a  s i n g l e  i n s t r u m e n t .  I n  t h e  T o t a l  
C o n s u m p t i o n  B u r n e r  t h e  s a m p l e  i s  a s p i r a t e d  d i r e c t l y  i n t o  t h e  
f l a m e  t o g e t h e r  w i t h  t h e  f u e l  and  s u p p o r t  g a s e s ,  u s u a l l y  h y d r o g e n  
a n d  a i r  o r  a c e t y l c n c  a n d  o x y g e n .  A l l  o f  t h e  s a m p l e  i s  u t i l i s e d  
i n  t h e  f l a m e .  In  t h e  P r e - M i x  b u r n c r  t h e  s a m p l e  s o l u t i o n  i s  m i x e d  
w i t h  t h e  f u e l  a n d  s u p p o r t  g a s e s  i n  a  c h a m b e r  b e f o r c  e n t e r i n g  t h e  
f l a m e .  O n l y  a b o u t  5 %  o f  t h e  m i x t u r e  i s  b u r n t ,  t h e  r e m a i n d e r  g o e s  
t o  w a s t e .  The g a s e s  c a n  b e  a c e t y l e n e - a i r ,  p r o p a n e - a i r  o r  a c e t y -  
l e n e - n i t r o u s  o x i d e .  A s  a  g e n e r a l  r u l c  t h e  T o t a l  C o n s u m p t i o n  
B u r n e r  w i l l  n o t  a c c e p t  c o a l - g a s ,  c i t y - g a s  o r  p r o p a n e  b e c a u s e  t h e  
b u r n i n g  v e l o c i t y  o f  t h e s e  f u e l s  w i l l  n o t  s u p p l y  a  l a r g e  f l a m e  
a n d  t h e  P r e - M i x  B u r n e r  w i l l  n o t  a c c e p t  o x y g e n  b e c a u s e  t h e  r e -  
a c t i o n  i s  t o o  v i o l e n t  a n d  t h e  f l a m e  w i l l  b e  blown o u t .  

F lame t e m p e r a t u r e  i s  i m p o r t a n t  a s  i t  m u s t  be  s u f -  
f i c i e n t  t o  e x c e e d  t h e  d i s s o c i a t i o n  e n e r g i e s  o f  t h o s e  m o l e c u l e s  
c o n t a i n i n g  t h e  m e t a l s  t o  b e  a n a l y s e d .  The f o l l o w i n g  t a b l e  g i v e s  
t h e  mean t e m p e r a t u r e s  f o u n d  i n  f l a m e s  commonly e m p l o y e d  i n  a t o m i c  
a b s o r p t i o n :  

TABLE 1 

Mean F lame T e m p e r a t u r e s  i n  A t o m i c  A b s o r p t i o n  

A i r - c o a l  g a s  
A i r - p r o p a n e  
A i r - h y d r o g e n  
O x y g e n - h y d r o g e n  
N i t r o u s  o x i d e - h y d r o g e n  
A i r - a c e t y l e n e  
O x y g e n - a c e t y l e n e  
X i t r o u s  o x i d e - a c e t y l e n e  

R e f r a c t o r y - f o r m i n g  e l e m e n t s  s u c h  a s  A l .  Be, S i ,  M O ,  T i ,  Sn r e -  
q u i r e  o x y g e n - a c e t y l e n e  o r  n i t r o u s  o x i d e - a c e t y l e n e  f l a m e s .  

The  m o n o c h r o m e t e r  i s o l a t e s  t h e  a b s o r p t i o n  s e n s i t i v e  l i n e s  e m i t t e d  
by t h e  h o l l o w  c a t h o d e  l a m p ,  p r e f e r a b l y  u s i n g  a  h i g h  r e s o l u t i o n  
g r a t i n g  r a t h e r  t h a n  a  p r i s m .  

The d e t e c t o r  i s  a  p h o t o m u l t i p l i e r  w h i c h  i n d i c a t e s  v a r i a t i o n s  i n  
a b s o r p t i o n  o f  t h e  l i g h t  f r o m  t h e  h o l l o w  c a t h o d e  lamp a s  i t  p a s s e s  
t h r o u g h  t h e  f l a m e .  The d e t e c t o r  s i g n a l  i s  a m p l i f i e d  a n d  t h e  
r e a d o u t  i s  p r o v i d e d  on a  m e t e r  o r  p e r m a n e n t l y  r e c o r d e d  on a  c h a r t .  

A t o m i c  a b s o r p t i o n  i n s t r u m e n t s  a r e  a v a i l a b l e  f r o m  5 
m a n u f a c t u r e r s :  J a r r e l l - A s h ,  P e r k i n - E l m e r ,  A z t e c  I n s t r u m e n t s ,  Beck-  
man a n d  E e l .  They  f a l l  i n t o  3 d i f f e r e n t  p r i c e  r a n g e s  a c c o r d i n g  t o  
v e r s a t i l i t y .  The l e a s t  e x p e n s i v e  i s  $ 3 . 0 0 0 - $ 4 , 0 0 0  f o r  u s e  i n  
r o u t i n e  a n a l y s e s  w h i c h  d o  n o t  r e q u i r e  e x t r e m e  s e n s i t i v i t y .  The 
more  s e n s i t i v e  a n d  v e r s a t i l e  i n s t r u m e n t s  f o r  r e s e a r c h  f a l l  i n t o  
t h e  m i d d l e  r a n g e  o f  $ 7 , 0 0 0 - $ 9 , 0 0 0 .  The m o s t  e x p e n s i v e  i s  a  m u l t i -  
c h a n n e l  i n s t r u m e n t  a v a i l a b l e  o n l y  f r o m  J a r r e l  l - A s h  a n d  s e l l i n g  



f o r  a p p r o x i m a t e l y  $ 2 0 , 0 0 0 .  T h i s  m a c h i n e  w i l l  a n a l y s e  u p  t o  1 2  e l e -  
m e n t s  s i m u l t a n e o u s l y .  S p e c i a l  f e a t u r e s  w o r t h  n o t i n g  a r e  t h e  
m u l t i - p a s s  s y s t e m s  f o u n d  i n  t h e  J a r r e l l - A s h  a n d  Beckman i n s t r u -  
m e n t s .  To i n c r e a s e  s e n s i t i v i t y  J a r r e l l - A s h  p a s s e s  t h e  l i g h t  
beam t h r o u g h  t h e  f l a m e  5 t i m e s  a n d  Beckman 3  t i m e s .  P e r k i n - E l m e r  
u s e  a  d o u b l e  beam s y s t e m  w h e r e  o n e  beam b y - p a s s e s  t h e  f l a m e  i n  
o r d e r  t o  c o m p e n s a t e  f o r  v a r i a t i o n s  i n  a b s o r p t i o n  d u e  t o  d e l a y  i n  
w a r m - u p  o f  t h e  h o l l o w  c a t h o d e  l a m p .  J a r r e l l - A s h  a n d  Beckman 
e a c h  o f f e r  b o t h  T o t a l  C o n s u m p t i o n  a n d  L a m i n a r  F l o w  B u r n e r s  w h e r e a s  
t h e  o t h e r  m a n u f a c t u r e r s  o f f e r  o n l y  t h e  l a t t e r  t y p e .  D i g i t a l  r e a d -  
o u t  s y s t e m s  a r e  a v a i l a b l e  f r o m  J a r r e l l - A s h  a n d  P e r k i n - E l m e r  a t  
a d d i t i o n a l  c o s t .  

INSTRUMENT OPERATION 

I n  a  l a b o r a t o r y  o p e r a t i o n  t h e  s o l i d  s a m p l e s  ( p u l v e r -  
i s e d  r o c k  o r  s i e v e d  s o i l )  a r e  e x t r a c t e d  by a n y  s u i t a b l c  p r o c c d u r c  
a n d  t h e  s o l u t i o n  made u p  t o  v o l u m e .  T h e  a n a l y s i s  c a n  p r o c e e d  
i m m e d i a t e l y  i f  t h e  i n s t r u m e n t  e l e c t r o n i c s  h a v e  b e e n  warmed  u p .  
T h e  m e t e r  o r  r e c o r d e r  i s  s e t  a t  0 %  a b s o r p t i o n  w h i l s t  a  b l a n k  
s o l u t i o n  i s  a s p i r a t e d  i n t o  t h e  f l a m e .  At t h i s  s t a g e  m o s t  o f  t h e  
l i g h t  o f  a  s p e c i f i c  w a v e l e n g t h  ( e . g .  2139A f o r  Zn o r  3247A f o r  
Cu)  f r o m  t h e  c a t h o d e  i s  p a s s i n g  t h r o u g h  t h e  f l a m e  w i t h  v e r y  l i t t l e  
l o s s  d u e  t o  s c a t t e r i n g .  I f  a l l  a d j u s t m e n t s  a r e  c o r r e c t  a  s t r o n g  
s o l u t i o n  o f  t h e  m e t a l  t o  b e  d e t c r m i n e d  w i l l  s w i n g  t h e  m c t e r  t o  a  
r e a d i n g  o f  1 0 0 %  a b s o r p t i o n .  I n  f a c t ,  a  s o l u t i o n  w i t h  a s  l i t t l e  
a s  5 ppm. Zn c a n  g i v e  a l m o s t  a  1 0 0 %  r e a d i n g .  N e x t  t h e  s a m p l e  
s o l u t i o n s  a r e  a s p i r a t e d  a n d  t h e  p e r c e n t  a b s o r p t i o n  r e a d  o n  t h e  
m e t e r  o r  r e c o r d e d  on  a  c h a r t  a s  i n d i v i d u a l  p c a k s .  A  s e t  o f  s t a n d -  
a r d s  a r e  r u n  b e f o r e  a n d  a f t e r  e a c h  b a t c h  o f  5 0  s a m p l c s .  S t a n d a r d  
c u r v e s  c a n  b e  p l o t t e d  w i t h  a b s o r p t i o n  a g a i n s t  m e t a l  c o n c e n t r a t i o n  
a n d  t h e  unknown v a l u e s  r e a d  f r o m  t h e  c u r v c s .  T o  e l i m i n a t e  t e d i o u s  
g r a p h i c a l  c o m p u t a t i o n s  i t  i s  much e a s i e r  t o  r e c o r d  t h e  r e s u l t s  o n  
a c h a r t  a n d  p r e p a r e  s c a l e s  c a l i b r a t e d  d i r e c t l y  i n  ppm. f r o m  t h e  
s t a n d a r d s .  h s e n s i t i v i t y  o f  1  ppm. t o  2  ppm. c a n  b e  a c h i c v e d  f o r  
m o s t  o f  t h e  m e t a l s  r e q u i r c d  i n  g e o c h e m i c a l  p r o s p e c t i n g  i f  t h e  
s a m p l e s  a r e  e x t r a c t e d  w i t h  a n  a c i d .  I f  s a m p l c s  a r e  s u b j c c t e d  t o  
a  f u s i o n  t h e  s e n s i t i v i t y  w i l l  b e  5 ppm. t o  1 0  ppm. f o r  t h e  com- 
mon m e t a l s .  Two h u n d r e d  a n d  f i f t y  m e a s u r e m e n t s  p e r  h o u r  on  s o l u -  
t i o n s  c a n  b e  m a i n t a i n e d  t h r o u g h o u t  a  n o r m a l  d a y .  

ATOMIC ABSORPTION. PRESENT AND FUTURE 

Due t o  i t s  s i m p l i c i t y ,  a c c u r a c y  a n d  s p e c d  a t o m i c  a b -  
s o r p t  i o n  i s  r a p i d l y  r e p l a c i n g  many o f  t h e  w e t - c h e m i c a l  a n a l y t i c a l  
p r o c e d u r e s  u s e d  f o r  r o c k  a n a l y s i s ,  t h c  a s s a y  o f  o r e  s a r n p l c s ,  g e o -  
c h e m i c a l  e x p l o r a t i o n  a n a l y s i s  a n d  a g r i c u l t u r a l  a n a l y s i s .  I n  g e o -  
c h e m i c a l  p r o s p e c t i n g  i t  i s  p a r t i c u l a r l y  u s e f u l  f o r  t b o s c  s u r v c y s  
i n  w h i c h  m u l t i - e l e m e n t  d e t e r m i n a t i o n s  a r e  r e q u i r e d .  T i m c - c o n s u m -  
i n g  c o l o r i m e t r i c  a n a l y s e s  a r e  n o  l o n g e r  n e c e s s a r y  f o r  m e t a l s  w h i c h  
a r e  d i f f i c u l t  t o  a n a l y s e ,  w i t h  a  c o n s e q u c n t  r e d u c t i o n  i n  c o s t s .  
F o r  e x a m p l e  i t  i s  now p o s s i b l e  t o  a n a l y s e  f o r  t h e  6 e l e m e n t s  Cu,  



P b ,  Zn ,  Ag,  N i  a n d  CO f o r  a s  l i t t l e  a s  5 2 . 4 0  w h e r e a s  by t h e  c o l o r -  
i m e t r i c  m e t h o d s  t h e  c o s t  w o u l d  b e  a t  l e a s t  5 7 . 0 0 .  F u r t h e r  c o s t  
r e d u c t i o n s  s h o u l d  b e  p o s s i b l e  w i t h  t h e  i n t r o d u c t i o n  o f  m u l t i -  
c h a n n e l  i n s t r u m e n t s  w i t h  a u t o m a t i c  r e a d - o u t  s u i t a b l e  f o r  c o m p u t e r  
p r o c e s s i n g  o f  t h e  r e s u l t s .  l i i t h i n  t h e  n e x t  f c w  y c a r s  t h c  1 0 - 1 2  
e l e m e n t  g c o c h c m i c a l  s u r v e y  s h o u l d  b e  q u i t e  common. 



GEOCHEMICAL DISPERSION IN GLACIAL OVERBURDEN OVER THE 
TYNAGH IIiORTHGATE) BASE METAL DEPOSIT. WEST-CENTRAL EIRE 
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INTRODUCTION 

T h i s  p a p e r  i s  b a s e d  u p o n  t h e  r e s u l t s  o b t a i n e d  d u r i n g  
a  s t u d y  o f  g e o c h e m i c a l  d i s p e r s i o n  p a t t e r n s  i n  t h e  g l a c i a l  o v e r e r -  
b u r d e n  o v e r l y i n g  t h e  Tynagh  l e a d - z i n c - s i l v e r - c o p p e r  d e p o s i t  i n  
Co. G a l w a y ,  I r e l a n d .  The  i n v e s t i g a t i o n  was g r e a t l y  f a c i l i t a t e d  
by  I r i s h  Base  M e t a l s  L t d .  who g r a n t e d  p e r m i s s i o n  f o r  s a m p l i n g  t o  
b e  c a r r i e d  o u t  d u r i n g  p r e - o p e n c a s t  s t r i p p i n g  o p e r a t i o n s ,  t h u s  
e n a b l i n g  a  t h r e e  d i m e n s i o n a l  p a t t e r n  t o  be  o b t a i n e d  o v e r  ; h e  o r e -  
body i t s e l f .  

The d i v e r s e  n a t u r e  o f  t h e  g l a c i a l  m a t e r i a l ,  t o g e t h e r  
w i t h  t h e  g e n e r a l  l a c k  o f  k n o w l e d g e  c o n c e r n i n g  t h e  m e c h a n i s m s  
i n v o l v e d  i n  i t s  d e p o s i t i o n ,  makes  g e o c h e m i c a l  i n v e s t i g a t i o n s  o f  
t h i s  t y p e  c o n s i d e r a b l y  more c o m p l e x  t h a n  t h o s e  i n  r e s i d u a l  s o i l s .  
A t  o n e  t i m e  many g e o l o g i s t s  f e a r e d  t h a t  g e o c h e m i c a l  t e c h n i q u e s  o f  
m i n e r a l  e x p l o r a t i o n  m i g h t  p r o v e  u s e l e s s  i n  t e r r a i n s  c o v e r e d  by  
g l a c i a l  d e p o s i t s .  However ,  a  s l o w l y  i n c r e a s i n g  number  o f  c a s e  
h i s t o r i e s  f r o m  d i f f e r e n t  p a r t s  o f  t h e  w o r l d  a r e  s h o w i n g  t h a t  
t h i s  i s  n o t  n e c e s s a r i l y  t h e  c a s e .  

THE TYNAGH ORE-DEPOSIT A N D  ITS SETTING 

The g e o l o g y  o f  t h e  c e n t r a l  p l a i n  o f  I r e l a n d ,  i n  w h i c h  
t h e  Tynagh  d e p o s i t  o c c u r s ,  c o n s i s t s  m o s t l y  o f  s h a l l o w  d i p p i n g  
Lower C a r b o n i f e r o u s  ( M i s s i s s i p p i a n )  l i m e s t o n e s  a n d  d o l o m i t e s  
w i t h  s c a t t e r e d  i n l i e r s  o f  S i l u r i a n  and  D e v o n i a n  s h a l e s  a n d  s a n d -  
s t o n e s .  The  d e p o s i t  i t s e l f  i s  l o c a t e d  on t h e  n o r t h  s i d e  o f  a n  
e s s e n t i a l l y  e a s t - w e s t  f a u l t  w h i c h  b r i n g s  b l i s s i s s i p p i a n  c a r b o n a t e s  
down a g a i n s t  U e v o n i a n  s a n d s t o n e s ,  conglomerates a n d  s h a l e s .  

The g e o l o g y  o f  t h e  d e p o s i t  h a s  b e e n  d i s c u s s e d  by 
D e r r y  e t  a l .  ( 1 9 6 5 ) ,  who d e s c r i b e d  t h e  o r e - b o d y  a s  o c c u r r i n g  i n  
t w o  p a r t s ,  i . e .  " a  b o a t - s h a p e d  m a s s  o f  r e s i d u a l  o r  s e c o n d a r y  o r e  
c o v e r i n g  p r i m a r y  s u l p h i d e  o r e  i n  l i m e s t o n e  o f  Lower C a r b o n i f e r o u s  
a g e " .  A t y p i c a l  s e c t i o n  a c r o s s  t h e  body  ( F i g .  1 )  s h o w s  t h a t  t h e  
s e c o n d a r y  o r e  i s  w i d e s t  a t  t h e  s u b o u t c r o p ,  a n d  n a r r o w s  w i t h  d e p t h  

A p p l i e d  G e o c h e m i c a l  R e s e a r c h  G r o u p ,  R o y a l  S c h o o l  o f  M i n e s ,  
London;  p r e s e n t  a d d r e s s :  ClcPhar G e o p h y s i c s  L t d . ,  Don M i l l s ,  
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Figure 1. Cross-section through Tynagh ore body, line 85W. After Derry et al. (1965) 



The p r i m a r y  o r e  o c c u r s  i n  a  r e e f  f a c i e s  o f  t h e  l i m e -  
s t o n e  w h e r e  i t  f i n g e r s  i n t o  muddy l i m e s t o n e ,  a n d  D e r r y  and  h i s  
c o - a u t h o r s  b e l i e v e  t h a t  t h e  d e p o s i t  was p r o b a b l y  f o r m e d  by  s o l -  
f a t a r i c  s o l u t i o n s  d u r i n g  l o c a l  v u l c a n i c i t y ,  a l t h o u g h  some l a t e r  
r e d i s t r i b u t i o n  may a l s o  h a v e  t a k e n  p l a c e .  

Of p a r t i c u l a r  i n t e r e s t  i s  t h e  n a t u r e  o f  t h e  s e c o n d a r y  
o r e ,  w h i c h  t a k e s  t h e  f o r m  o f  a  b l a c k  mud c o n t a i n i n g  f i n e  s u l p h -  
i d e s  a v e r a g i n g  a p p r o x i m a t e l y  1 6 %  l e a d  a n d  z i n c ,  a l t h o u g h  s h a r p l y  
d e f i n e d  a r e a s  o f  s e c o n d a r y  o x i d e  o r e s  o c c u r  w i t h i n  t h e  b l a c k  
m a t e r i a l .  D e r r y  a n d  h i s  c o - a u t h o r s  b e l i e v e  t h e  b l a c k  s u l p h i d e -  
mud o r e  t o  h a v e  r e s u l t e d  f r o m  t h e  s u p e r g e n e  s o l u t i o n  o f  t h e  c a l -  
c i u m  c a r b o n a t e  f r o m  t h e  m i n e r a l i s e d  l i m e s t o n e ,  c a u s i n g  t h e  r e -  
l e a s e  o f  s u l p h i d e s  a n d  muddy c o m p o n e n t s  i n  some p a r t s  a n d  m e t a l  
o x i d e s  i n  o t h e r s .  T h e s e  t h e n  s e t t l e d  i n  o r  w e r e  w a s h e d  i n t o  a  
d e e p e n i n g ,  f a u l t - c o n t r o l l e d  g u l l y .  

D u r i n g  Q u a t e r n a r y  t i m e ,  t h e  w h o l e  d e p o s i t  was  c o v e r e d  
by a  v a r y i n g  t h i c k n e s s  o f  g l a c i a l  m a t e r i a l .  T h r e e  m a j o r  g l a c i a -  
t i o n s  o c c u r r e d  i n  I r e l a n d  d u r i n g  t h e  Q u a t e r n a r y  p e r i o d .  D e p o s i t s  
o f  t h e  e a r l i e s t ,  t h e  E l s t e r ,  h a v e  b e e n  f o u n d  o n l y  i n  a  few l o c a l -  
i t i e s  i n  t h e  s o u t h  o f  t h e  c o u n t r y .  The  s e c o n d ,  t h e  S a a l e ,  c o v e r e d  
t h e  e n t i r e  c o u n t r y  e x c e p t  f o r  a  few u p l a n d  a r e a s  i n  t h e  s o u t h ,  
w h i l e  t h e  l a s t ,  t h e  Y e i c h s e l ,  r e d i s t r i b u t e d  m o s t  o f  t h e  e a r l i e r  
g l a c i a l  d e p o s i t s  n o r t h  o f  t h e  T i p p e r a r y  e n d - m o r a i n e ,  i t s  s o u t h e r n  
l i m i t .  A s u b s i d i a r y  c e n t r e  e x i s t e d  i n  C o r k  d u r i n g  t h i s  t i m e .  

B o u l d e r  t r a i n s  o c c u r r i n g  n o r t h  o f  t h e  T i p p e r a r y  e n d -  
m o r a i n e  a r e  o f t e n  compound s i n c e  t h e y  w e r e  f o r m e d  d u r i n g  b o t h  t h e  
S a a l e  a n d  C e i c h s e l  C l a c i a t i o n s ,  a n d  p e r h a p s  e v e n  d u r i n g  t h e  E l s t e r .  
I n  t h e  c a s e  o f  t h e  Tynagh  b o u l d e r  t r a i n ,  i t  i s  t h o u g h t  t h a t  t h e  
i c e  moved e s s e n t i a l l y  s o u t h w a r d s  d u r i n g  t h e  S a a l e  a n d  e a s t w a r d s  
d u r i n g  t h e  k e i c h s e l  g l a c i a t i o n .  I n  t h e  c a s e  o f  t h e  Galway g r a n -  
i t e ,  on t h e  o t h e r  h a n d ,  t h e  i c e  movcd e s s e n t i a l l y  e a s t w a r d s  d u r -  
i n g  t h e  S a a l e  p e r i o d  and  s o u t h e a s t w a r d s  and s o u t h w a r d s  d u r i n g  t h e  
k e i c h s e l ,  a l t h o u g h  t h e  p a t t e r n  o f  movements  i s  more o b s c u r e  d u e  
t o  t h e  g r e a t e r  a r e a  c o v e r e d  by t h i s  f a n  ( F i g .  2 ) .  

The s u r f a c e  g e o l o g y  i n  t h e  i m m e d i a t e  v i c i n i t y  o f  t h e  
o r e - b o d y  c o n s i s t s  e n t i r e l y  o f  h e i c h s e l  g l a c i a l  d e p o s i t s ,  e x c e p t  
i n  a  few p l a c e s  o v e r  t h e  Old Red S a n d s t o n e  i n l i e r  w h e r e  t h e  b e d -  
r o c k  i s  e x p o s e d .  E a s t - w e s t  d r u m l i n o i d  h i l l s ,  i n c l u d i n g  o n e  o v e r -  
l y i n g  t h e  Tynagh  d e p o s i t ,  w e r e  f o r m e d  d u r i n g  t h e  a d v a n c e  s t a g e  o f  
t h e  h e i c h s e l  i c e .  The r e m a i n i n g  s m a l l e r  d r i f t  h i l l s  a r e  o f  e r -  
r a t i c  o r i e n t a t i o n  a n d  a r e  t h o u g h t  t o  b e  kames f o r m e d  d u r i n g  t h e  
r e t r e a t  s t a g e  o f  t h e  i c e .  A f e w  e a s t - w e s t  t r e n d i n g  e s k e r s  a l s o  
O C C U  r . 

D u r i n g  p o s t - g l a c i a l  t i m e s  t w o  b a s i n  p c a t  b o g s  d e -  
v e l o p e d  t o  t h e  n o r t h  and s o u t h - e a s t  o f  t h e  Tynagh  d e p o s i t .  T h e r e  
i s  e v i d e n c e  t h a t  t h e s e  grew o u t  o f  l a k e s  o r  f e n s  s i n c e  l a c u s t r i n e  
d e p o s i t s ,  c o n t a i n i n g  f r e s h - w a t e r  l a m e l l i b r a n c h s ,  h a v e  b e e n  f o u n d  
i n  p l a c e s  b e n e a t h  t h e  p e a t .  
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A t  t h e  t i m e  o f  t h e s e  i n v e s t i g a t i o n s ,  9 0 %  o f  t h e  l a n d  
o u t s i d e  t h e  bog a r e a s  was p a s t u r e ,  and  1 0 %  o f  t h e  f i e l d s  w e r e  
c u l t i v a t e d  ( m a i n l y  f o r  r o o t  c r o p s  a n d  c e r e a l s ) .  

The d r i f t  o v e r  t h e  o r e - b o d y  i t s e l f  was f o u n d  t o  be  
composed  e n t i r e l y  o f  u n s t r a t i f i e d  b o u l d e r  c l a y  o r  t i l l ,  v a r y i n g  
i n  t h i c k n e s s  f r o m  1 0  t o  50  f e e t ,  and  d e r i v e d  l a r g e l y  f r o m  l i m c -  
s t o n e .  The t o p  8  t o  1 0  f e e t  was a  l i g h t  g r e y - b r o w n  c o l o u r ,  and  
b e l o w  t h i s  was commonly medium t o  d a r k  g r e y .  The t i l l  was a l l  
o f  t h e  same a g e  and  l i t h o l o g i c  c o m p o s i t i o n ,  t h e  c o l o u r s  c o r r e s -  
p o n d i n g  w i t h  t h e  o x i d i z e d  a n d  u n o x i d i z e d  p o r t i o n s ,  r e l a t e d  t o  
t h e  p o s i t i o n  o f  t h e  w a t e r - t a b l e .  S o i l s  now o c c u r  a t  t h e  s u r f a c e  
o f  t h e  t i l l  t h r o u g h o u t  t h e  a r e a .  

TECHNIQUES EMPLOYED 

S o i l  a n d  t i l l  s a m p l e s  w e r e  c o l l e c t e d  f r o m  s u r f a c e s  
c x p o s c d  d u r i n g  t h e  s t r i p p i n g  o p e r a t i o n s  by  means  o f  a  t r o w e l ,  
a  s h a l l o w  p i t  b e i n g  d u g  i n  o r d e r  t o  a v o i d  a n y  c o n t a m i n a t i o n  f r o m  
t h e  e a r t h  moving  e q u i p m e n t .  O u t s i d e  t h e  mine  a r e a ,  s a m p l e s  w e r e  
c o l l e c t e d  by a u g e r .  F r a g m e n t s  l a r g e r  t h a n  1  i n c h  i n  d i a m e t e r  
w e r e  d i s c a r d e d  i n  t h e  f i e l d .  

A l l  s a m p l e s  w e r e  a i r  d r i e d  a t  t e m p e r a t u r e s  be low 
1 0 0 ~ ~ .  S o i l ,  t i l l  a n d  o r e  s a m p l e s  w e r e  s i e v e d  t o  m i n u s  80-mesh  
f o l l o w i n g  a  l i g h t  c r u s h i n g  t o  b r e a k  up  a g g r e g a t e s .  P e a t s  w e r e  
g r o u n d  i n  a  p e s t l e  and m o r t a r  a n d  t h e n  s i e v e d  t o  m i n u s  8 0 - m e s h .  

F o r  a n a l y s i s  o f  c o p p e r ,  l c a d  and  z i n c ,  a  3 : l  m i x t u r e  
o f  n i t r i c  a n d  p e r c h l o r i c  a c i d s  was a d d e d  t o  1 0 0  mg. o f  s a m p l e  
a n d  e v a p o r a t e d  t o  d r y n e s s .  T h i s  d e s t r o y e d  v i r t u a l l y  a l l  t h e  
o r g a n i c  m a t t e r .  The r e s i d u e  was t h e n  l e a c h e d  i n  0.5M IIC1, f r o m  
w h i c h  s o l u t i o n  c o p p e r  was  d e t e r m i n e d  by d i q u i n o l y l ,  and  l c a d  a n d  
z i n c  by d i t h i z o n e  (G.P .R.C. ,  1 9 6 4 ,  1 9 6 2 a ,  1 9 6 2 b ) .  M e r c u r y  was 
d e t e r m i n e d  by a n  a t o m i c  a b s o r p t i o n  t e c h n i q u e  on a  t w i n - c e l l  
a p p a r a t u s  d e v e l o p e d  by t h e  A p p l i e d  G e o c h e m i s t r y  R e s e a r c h  G r o u p  
a t  I m p e r i a l  C o l l e g e ,  London ( J a m e s  and  Kebb,  1 9 6 4 ) .  

RESULTS 

l n v e s t i g a t i o n  o f  t h e  t i l l  

S i z e  a n a l y s i s  o f  t i l l s  f o l l o w i n g  wet  d i s p e r s i o n  
showed t h a t  a p p r o x i m a t e l y  7 0 %  o f  b o t h  o x i d i z e d  a n d  u n o x i d i z e d  
t i l l  m a t e r i a l  was m i n u s  8 0 - m e s h  i n  s i z e ,  c l a y  s i z e  p a r t i c l e s  
f o r m i n g  a p p r o x i m a t e l y  2 8 %  o f  t h e  s a m p l e  i n  e a c h  c a s e .  Each o f  
t h e  m e t a l s  a n a l y s e d ,  i . e .  c o p p e r ,  z i n c ,  l e a d  a n d  m e r c u r y  was 
f o u n d  t o  c o n c e n t r a t e  t o  v a r y i n g  d e g r e e s  i n  t h e  c l a y  f r a c t i o n .  
T h i s  f e a t u r e  may b e  r e l a t e d  o n l y  i n  p a r t  t o  s o r p t i o n  e f f e c t s ,  
h o w e v e r .  C l a y  s i z e  m a t e r i a l  f o r m s  a b o u t  3 0 %  o f  t h e  b l a c k  mud o r e  
i t s e l f ,  w h i l e  a  f u r t h e r  4 0 %  o f  t h e  o r e  m a t e r i a l  c o n s i s t s  o f  s i l t  
s i z e  f r a g m e n t s .  T h e s e  l a t t c r  p a r t i c l e s  may b e  e x p e c t e d  t o  a t  
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l e a s t  p a r t i a l l y  b r e a k  down t o  c l a y  s i z e  p a r t i c l e s  on  w e a t h c r i n ~ .  

Dry  s i e v i n g  o f  s i m i l a r ,  b u t  u n d i s p e r s e d  t i l l s ,  d e m o n -  
s t r a t e d  t h a t  o n l y  m i n o r  v a r i a t i o n s  o f  m e t a l  c o n t e n t  o c c u r  i n  t h e  
u n d i s p e r s e d  s i z e  f r a c t i o n s  s m a l l e r  t h a n  2 0 - m e s h .  T h i s  i s  a l m o s t  
c e r t a i n l y  d u e  t o  t h e  f a c t  t h a t  c l a y  a n d  s i l t  s i z e  p a r t i c l e s  f o r m  
l a r g e r  a c c r e t i o n s .  T h u s  t h e  m i n u s  8 0 - m e s h  f r a c t i o n  u s e d  d u r i n g  
r o u t i n e  i n v e s t i g a t i o n s  w e r e  r e p r e s e n t a t i v e  o f  t h c  s a m p l c s  a s  a  
w h o l e .  

T h e  r e s u l t s  o b t a i n e d  f o r  t h e  pll o f  t h e  m i n u s  8 0 - m e s h  
m a t e r i a l  f r o m  t w o  p r o f i l e s  t h r o u g h  s o i l  a n d  t i l l  t o  o r e ,  s h o w e d  
t h a t  i n  a l l  o f  t h e  t i l l  s a m p l c s  t h e  pH v a l u e s  f e l l  w i t h i n  t h e  
r a n g e  8 . 3  t o  8 . 5 .  T h e  o r e  o c c u r r i n g  i m m e d i a t e l y  u n d e r  t h e  b a s e  
o f  t h e  t i l l  w a s  s l i g h t l y  l e s s  a l k a l i n e  ( p l l  7 . 8 5  t o  7 . 9 )  a n d  h a d  
p r e s u m a b l y  b e e n  m o d i f i e d  by  t h e  a l k a l i n e  e n v i r o n m e n t  a b o v e ,  s i n c e  
t h e  pH o f  s a m p l e s  o f  s e c o n d a r y  o r e  n o t  i n  c o n t a c t  w i t h  t h e  t i l l  
was  f o u n d  t o  r a n g e  b e t w e e n  3 . 9  a n d  6 . 3 .  I t  i s  s i g n i f i c a n t  t h a t  
s a m p l e s  f r o m  t h e  b a s e  o f  t h e  t i l l  s h o w e d  n o  s i g n s  o f  h a v i n g  b e e n  
n e u t r a l i z e d  by  a c i d  s o l u t i o n s  m o v i n g  u p w a r d s  f r o m  t h c  u n d e r l y i n g  
o r e .  

F i g u r e  3  a ,  b  a n d  c  i l l u s t r a t e s  t h e  r e s u l t s  o b t a i n e d  
f o r  s a m p l e s  c o l l e c t e d  f r o m  a  t y p i c a l  g c o c h e m i c a l  c r o s s - s e c t i o n  
a c r o s s  t h e  c e n t r e  o f  t h e  o r e - b o d y .  I n  t h i s  s e c t i o n ,  t h e  r c s u l t s  
f o r  t h e  m e t a l  c o n t e n t s  o f  t h e  t i l l  r a n g c d  f r o m  1 0  t o  1 5 0  ppm f o r  
c o p p e r ,  2 2 0  t o  4 6 0 0  ppm f o r  z i n c  a n d  1 7 0  t o  3 7 0 0  ppm f o r  l e a d .  
H e r e ,  a s  i n  t h e  o t h e r  s e c t i o n s ,  t h e  o u t s t a n d i n g  f c a t u r c  o f  i n t e r e s t  
i s  t h e  e r r a t i c  d i s t r i b u t i o n  o f  h i g h  a n d  low m e t a l  v a l u e s .  T h e  
d i s t r i b u t i o n  o f  t h e  h i g h  v a l u e s  f o r  e a c h  m e t a l  a p p e a r s  t o  b e  
q u i t e  i n d e p e n d e n t  o f  t h e  o x i d a t i o n  s t a t e  o f  t h c  t i l l ,  a n d  t h c r e  
i s  n o  g e n e r a l  i n c r e a s e  i n  m e t a l  v a l u e s  t o w a r d s  t h e  b a s e  o f  t h e  
o v e r b u r d e n .  

T h e  m e t a l  c o n t e n t s  o f  t h e  s o i l s  o v e r l y i n g  t h e  t i l l  i n  
t h e  s e c t i o n  r a n g e  f r o m  4 0  t o  1 3 0  ppm c o p p e r ,  2 1 0 0  t o  6 5 0 0  ppm 
z i n c  a n d  8 4 0  t o  3 8 0 0  ppm l e a d ,  b u t  t h e r e  a p p e a r s  t o  b e  n o  d i r c c t  
c o r r e l a t i o n  b e t w e e n  t h c  v a l u e s  i n  t h e  s o i l  a n d  t h o s e  i n  t h e  u n d c r -  
l y i n g  t i l l .  I t  w i l l  b e  n o t i c e d  t h a t  w h i l e  t h e  h i g h e r  v a l u e s  a r e  
o f  a  s i m i l a r  m a g n i t u d e  i n  b o t h  t h e  t i l l  a n d  t h e  s o i l ,  i n  t h e  c a s e  
o f  t h e  l o w e r  v a l u e s ,  t h o s e  i n  t h e  t i l l  a r e  s o m e w h a t  l o w e r  t h a n  
t h o s e  i n  t h e  s o i l .  

Due t o  t h e  t h i c k n e s s  o f  t h e  t i l l ,  c o m p l c t e  p r o f i l e s  
f r o m  s u r f a c e  t o  o r e  w c r e  d i f f i c u l t  t o  o b t a i n .  t l o w c v e r ,  t h r e c  
c h a n n e l  s a m p l e  c r o s s - s e c t i o n s  a c r o s s  t h e  o r c - b o d y  w c r c  e v c n t u a l l y  
s a m p l e d .  T h e s e  a l s o  s h o w e d  t h a t  t h e  m e t a l  v a l u c s  w i t h i n  t h e  t i l l  
a r e  v c r y  e r r a t i c  - e . g .  i n  o n e ,  61K ( F i g .  4 a ,  b a n d  c )  t h e  r e -  
s u l t s  r a n g e d  f r o m  < 5 t o  1 3 0  ppm f o r  c o p p e r ,  1 2 0  t o  6 4 0 0  ppm f o r  
z i n c  a n d  6 0  t o  2 5 0 0  ppm f o r  l e a d .  O n c c  a g a i n  t h e  m c t a l  v a l u e s  i n  
t h e  s o i l  w e r e  g c n c r a l l y  h i g h e r  t h a n  t h o s e  i n  t h e  u n d e r l y i n g  t i l l ,  
a n d  a s  i n  t h e  e a r l i e r  s e c t i o n s  n o  c o n s i s t c n t  i n c r e a s e  i n  m c t a l  
v a l u e s  t o w a r d s  t h e  b a s e  o f  t h e  t i l l  w a s  o b s e r v e d ,  a l t h o u g h  i n  s e v -  
e r a l  p r o f i l e s ,  t h e  o r e  w a s  many t i m e s  r i c h e r  i n  m e t a l  t h a n  t h c  t i l l  
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Table 1. :.lercur8y con tec t s  i n  channel sample p r o f i l e  , solum- t i l l -  
ore  Line 81W. 75N. 

iriERCURY 
C0HTrnT 

PPB H g  

390 

490 
510 
420 
200 

290 
500 
800 
490 
420 
340 
19 3 
460 
600 

1800 0 

Table 2. biercury con tec t s  i n  channel sample p r o f i l e ,  solum-ti l l-  
o re  Line 73,  3OW. 

DESCRIPTION 

Brolv~n loa::. ( B  hor izon)  

Grey-brown t i l l ,  mainly L1 fragments 
II , a l i t t l e  sandier  
II , some Fe+++ b lebs  
I t  , some yellow 1st. 

1ic.d.-dk. grey till ,  L1 & L2 fragments 
I) , some bn. 1st. 
II , L2 boulders  
II , so~se  sst. pebbles 
II 9 II 

II 9 11 

,I , mainly L1 f rags .  
II , r a r e  Fe+++ b lebs  
11 3 II 

Black mud nixed viith oxides 

DEPTH, FEET 

0.70-1.00 

1.00-2.35 
2 -3.5-4-00 
4.50-5.70 
5.70-7.60 

7.60-8.70 
8 -70-9 -75 
9.75-10.85 

10.85-11.95 
11.95-13 -00 
13.00-14.10 
14.10-15.30 
15.30-16.60 
l 6  660-17 -40 

17 -40-18 -90 

i!ORIZOti 

So lum 

Oxidized 
t i l l  

Unoxidized 
t i l l  

Ore 

MERCURY 
CONTENT 

PPE Hg 

610 
l900 

350 
440 
560 
27:: 
890 

70G 
45 0 
760 
600 
890 

9500 

DESCRIPTIOH 

Brown loam, A horizon 
Brown loam, b horizon 

Grey-brown t i l l ,  :.,airily L1 f r a ~ r r ~ e n t s  
( I  y l) 

II , s t i cky  
11 , L1 and L2 fragments 
II 9 II 

bled.-dk. grey t i l l ,  II 

II Y !l 

!I I $ I  

II 9 11 

II 7 II 

Rubbly b a r i t i f e r o u s  oranxe oxides,  
t r ace  .?f Cu s t a in ing .  

DEPTH, FEET 

G.00-0.75 
0.75-1.70 

1.70-2.90 
2.90-4.35 
4.35-5 -70 
5.70-7.20 
7 20-9 25 

9.25-10.60 
10.60-12.10 
12.10-13.60 
13 60-14 -90 
14.30-16.00 

16 .GO-16.40 

HORIZON 

Solum 

Oxidized 
t i l l  

Unoxidized 
t i l l  

Ore 
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o v e r l y i n g  i t  

C o l d  e x t r a c t a b l e  a n a l y s e s  f o r  z i n c  [G.P.R.C. ,  1 9 6 2 c )  
w e r e  c a r r i e d  o u t  on a  number  o f  s a m p l e s  o f  b o t h  t i l l  and s o i l .  
The r e s u l t s  o b t a i n e d  i n d i c a t e d  t h a t  i n  t h e  m a j o r i t y  o f  s u c h  
s a m p l e s ,  b e t w e e n  1 0  a n d  2 0 i  o f  t h e  t o t a l  m e t a l  was r e a d i l y  
s o l u b l e .  T h i s  f i g u r e  m i g h t  s u g g e s t  t h a t  a  r e l a t i v e l y  h i g h  p r o -  
p o r t i o n  o f  t h e  m e t a l  i s  h e l d  i n  e x c h a n g e  p o s i t i o n s  on  s o i l  
c o l l o i d s  w e r e  i t  n o t  f o r  t h e  f a c t  t h a t  v i r t u a l l y  o f  t h e  z i n c  
p r e s e n t  i n  t h e  b l a c k  mud o r e  was f o u n d  t o  b e  r e a d i l y  e x t r a c t a b l e  
by t h i s  m e t h o d ,  e v e n  t h o u g h  t h e  111etal i s  t h o u g h t  t o  be  p r e s e n t  
m o s t l y  i n  t h e  f o r m  o f  s u l p h i d e s .  

C o l d  e x t r a c t a b l e  a n a l y s i s  f o r  c o p p e r  ( C . P . K . C . ,  
1 9 6 2 c )  p r o v e d  u n s u c c e s s f u l  s i n c e  t h e  c a l c i u m  c a r b o n a t e  m a t r i x  o f  
t h e  s a m p l e  d i d  n o t  a l l o w  t h e  b u f f e r  t o  c o n t r o l  t h e  pH o f  t h e  
r e a c t i o n ,  a n d  m a j o r  i n t e r f e r e n c e s  w e r e  e n c o u n t e r e d .  

The m e r c u r y  c o n t e n t s  o f  t i l l  s a m p l e s  f r o m  t w o  c h a n n e l  
p r o f i l e s  c o l l e c t e d  o v e r  o r e  w e r e  f o u n d  t o  r a n g e  f r o m  1 9 0  t o  8 9 0  
p p b .  I n  o n e  p r o f i l e  a  s t r o n g  c o n c e n t r a t i o n  o f  m e r c u r y  was o b s e r v -  
e d  i n  t h e  B h o r i z o n  o f  t h e  s o i l  r e l a t i v e  t o  t h e  u n d e r l y i n g  t i l l ,  
w h i l e  i n  t h e  o t h e r  t h e  s o i l  c o n t a i n e d  somewhat  l e s s  m e r c u r y  t h a n  
t h e  u n d e r l y i n g  t i l l .  The o r e s  a t  t h e  b a s e  o f  t h e  t i l l  c o n t a i n  
9 , 5 0 0  a n d  1 8 , 0 0 0  p p b  m e r c u r y ,  a l t h o u g h  t h e  t i l l  o v e r l y i n g  t h e  
h i g h e r  v a l u e  c o n t a i n e d  s l i g h t l y  l e s s  m e r c u r y  t h a n  t h e  t i l l  o v e r -  
l y i n g  t h e  l o w e r  v a l u e  ( T a b l e s  1 a n d  2 ) .  T h e r e  a r e  n o  s i g n i f i c a n t  
d i f f e r e n c e s  b e t w e e n  t h e  m e r c u r y  c o n t e n t s  o f  t h e  o x i d i z e d  a n d  u n -  
o x i d i z e d  t i l l s  i n  t h e  p r o f i l e s ,  n o r  i s  t h e r e  a  g e n e r a l  i n c r e a s e  
t o w a r d s  t h e  b a s e .  

I n v e s t i g a t i o n  o f  S o i l  

F i g u r e  5 s h o w s  t h e  t y p i c a l  s o i l  p r o f i l e s  e n c o u n t e r e d  
i n  t h e  f i e l d  a r e a s  i n  w e s t - c e n t r a l  E i r e .  On c a l c a r e o u s  t e r r a i n  
t h e  g r e y - b r o w n  p o d z o l i c / b r o w n  e a r t h / r e n d z i n a  a s s o c i a t i o n  i s  p r e -  
v a l e n t .  

G r e y - b r o w n  p o d z o l i c  s o i l s  a r e  c h a r a c t c r i z e d  by a  p r o -  
n o u n c e d  i n c r e a s e  o f  t h e  c l a y  f r a c t i o n  i n  t h e  B h o r i z o n ,  w h i l e  i n  
t h e  brown e a r t h s ,  and  r e n d z i n a s ,  w h i c h  d o  n o t  h a v e  a  t r u e  B h o r i -  
z o n ,  t h e  c l a y  f r a c t i o n  i s  c o n s t a n t  t h r o u g h o u t  t h e  s o l u m .  In  a  
few p l a c e s  s u c h  a s  on t h e  h i l l y  Old Red S a n d s t o n e  i n l i e r  s o u t h  o f  
t h e  d e p o s i t ,  w h e r e  t h e  t i l l  was  p r e d o m i n a n t l y  s i l i c e o u s ,  a c i d  
brown e a r t h s  o c c u r ,  t o g e t h e r  w i t h  brown p o d z o l i c s .  

I n  t h e  p o o r l y  d r a i n e d  a r e a s  g l e y s o l i c  s o i l s  a r e  
common. T h e s e  a r e  m a i n l y  g r o u n d  w a t e r  g l e y s  d u e  t o  h i g h  w a t e r -  
t a b l e  c o n d i t i o n s  r e f l e c t i n g  l o c a l  i m p e r m e a b i l i t y  o f  t h e  t i l l .  
H o w e v e r ,  s u r f a c e  w a t e r  g l e y s  d u e  t o  p e r i o d i c  f l o o d i n g  o f  s t r e a m s  
a l s o  o c c u r .  



I n  a r e a s  o f  s e v e r e  g l e y i n g ,  o r g a n i c  m a t t e r  a c c u m u l a t e s  
i n  t h e  A h o r i z o n  d u e  t o  t h e  a b s e n c c  o f  w e a t h e r i n g  o f  t h c  o r g a n i c  
c o m p o u n d s  i n  r e d u c i n g  c o n d i t i o n s .  T h i s  g i v e s  r i s e  t o  t h e  p e a t y  
g l e y s ,  i n  w h i c h  t h c  s u r f a c e  v e g e t a t i o n  i s  g r a s s ,  m o s s ,  r e e d  a n d  
s e d g e ,  r a t h e r  t h a n  t h e  t r u e  p e a t  v e g e t a t i o n .  

I n  t h e  g r e y - b r o w n  p o d z o l i c  p r o f i l e s  s t u d i e s ,  a  v e r y  
s l i g h t  i n c r e a s e  i n  t h e  c o n t e n t  o f  c o p p e r ,  z i n c ,  l e a d  a n d  m e r c u r y  
o c c u r r e d  i n  t h e  B h o r i z o n ,  r e l a t i v e  t o  t h e  r e s t  o f  t h e  p r o f i l e .  
I n  t h e  b rown  c a r t h s  c o p p e r ,  z i n c ,  l e a d  a n d  m c r c u r y  e i t h e r  i n -  
c r e a s e  s l i g h t l y  t o w a r d s  t h c  b a s e  o f  t h e  s o l u m  o r  a r e  m o r e  o r  l e s s  
c o n s t a n t .  I n  m o s t  c a s e s  t h e  e n r i c h m e n t  f a c t o r  b e t w e e n  t h e  s o l u m  
a n d  t h e  t i l l  i s  a p p r o x i m a t e l y  l e s s  t h a n  t w o f o l d .  

S i n c e  t h e  d e g r e e  o f  v a r i a t i o n  o f  m e t a l  c o n t e n t s  
w i t h i n  t h e  s o l u m  i s  g e n e r a l l y  l e s s  t h a n  t w o f o l d  f o r  c o p p e r ,  l e a d  
a n d  z i n c ,  i t  i s  o n l y  o f  m i n o r  i m p o r t a n c e  w h i c h  d e p t h  o f  s o i l  i s  
c o l l e c t e d  f o r  r o u t i n e  s o i l  s a m p l e s .  I n  o r d e r  t o  a v o i d  a n y  s u r -  
f a c e  c o n t a m i n a t i o n  s u c h  a s  d r i l l  h o l e  s l u d g e  o r  c r o p  s p r a y s ,  how- 
e v e r ,  a  d e p t h  o f  9 t o  1 2  i n c h e s  w a s  s e l e c t c d ,  1 2  i n c h e s  g e n e r a l l y  
b e i n g  t h e  d e p t h  o f  t h e  s h a l l o w e s t  s o l u m  i n  t h e  a r e a .  From t h e  
e v i d e n c e  a v a i l a b l e  i t  a p p e a r s  t h a t  t h e  s a m p l i n g  d e p t h  m i g h t  b e  
m o r e  c r i t i c a l  f o r  m e r c u r y .  

A s  m e n t i o n e d  e a r l i e r ,  t h e  r a n g e  o f  m e t a l  v a l u e s  i n  t h e  
s o i l  w a s  g e n e r a l l y  s o m e w h a t  h i g h e r  t h a n  i n  t h e  u n d e r l y i n g  t i l l  
f r o m  w h i c h  t h e  s o i l  w a s  d e r i v e d .  T h e  r e a s o n  f o r  t h i s  r e l a t i v e  
e n r i c h m e n t  o f  m e t a l s  i n  t h e  s o i l s  may n o t  b e  h a r d  t o  f i n d .  S e v -  
e r a l  a u t h o r i t i e s  h a v e  d e m o n s t r a t e d  t h a t  a  c a r b o n a t c  r o c k  w i l l  
y i e l d  a  s m a l l  a111ount o f  s o i l  c o m p a r e d  w i t h  a  s i l i c e o u s  o n e .  I t  
c a n  b e  shown t h a t  t h e  min imum a m o u n t  o f  c a l c a r e o u s  t i l l  r e q u i r e d  
t o  f o r m  2 f e e t  o f  s o i l  w o u l d  b e  a p p r o x i m a t e l y  1 0  f e e t .  I f  t h e  
d e g r a d e d  t i l l  o r i g i n a l l y  c o n t a i n e d  a n  a v e r a g e  c o n t e n t  o f  1 0 0 0  ppm 
m e t a l ,  t h e  c o n t e n t  i n  t h e  d e r i v e d  s o i l  s h o u l d  b e  5 0 0 0  ppm i f  a l l  
t h e  m e t a l  r e m a i n e d  i n  t h e  s y s t e m .  T h u s ,  s i n c e  i t  h a s  b e e n  shown 
t h a t  t h e  m e t a l  c o n t e n t  o f  t h e  s o i l  i s  o n l y  t w i c e  o r  l e s s  t h a n  
t h a t  o f  t h e  u n d e r l y i n g  t i l l ,  i t  i s  n e c e s s a r y  t o  e x p l a i n  why t h e  
s o i l  i s  l e s s  r i c h  i n  m e t a l  t h a n  i t  t h e o r e t i c a l l y  s h o u l d  b e ,  r a t h e r  
t h a n  f i n d i n g  m e t h o d s  by  w h i c h  t h e  s o i l  i s  b e i n g  e n r i c h e d  f r o m  t h e  
u n d e r l y i n g  t i l l  u n d e r  p r e s e n t  d a y  c o n d i t i o n s .  

A l t h o u g h  t h e  pH o f  t h e  f r e e l y  d r a i n e d  s o i l s  a t  T y n a g h  
i s  u s u a l l y  s l i g h t l y  a l k a l i n e  ( i n  t h e  r a n g e  7 t o  8 pH u n i t s ) ,  a n d  
t e n d s  t o  i n h i b i t  t h e  m i g r a t i o n  o f  m e t a l s ,  t h e r e  i s  n o  d o u b t  t h a t  
s o m e  m e t a l  i s  r e m o v e d  a s  c o m p l e x e s  by  d o w n w a r d  p e r c o l a t i n g  r a i n  
w a t e r  a n d  c a r r i e d  a w a y  i n  t h e  d r a i n a g e .  Some o f  t h e  m e t a l  w i l l  
b e  t a k e n  u p  by  p l a n t s  a n d  p o s s i b l y  s u b s e q u e n t l y  by a n i m a l s .  O v e r  
t h e  c e n t u r i e s  c r o p s  h a v e  b e e n  r e m o v e d  f r o m  t h e  f i e l d s  i n  c o n s i d e r -  
a b l e  q u a n t i t i e s  a n d  t h i s  n o  d o u b t  w o u l d  a c c o u n t  f o r  s o m e  o f  t h e  
m e t a l s  r e m o v e d  f r o m  t h e  f i e l d s .  F u r t h e r m o r e ,  a s  t h e  v e g e t a t i o n  
a t  T y n a g h  i s  g e n e r a l l y  g r a m i n e o u s  ( t r e e s  b e i n g  r a r e  e x c e p t  i n  
h e d g e r o w s ) ,  t h e  r o o t s  o f  t h e  g r a s s e s  a n d  o t h e r  p l a n t s  a r e  u n l i k e l y  
t o  e x t e n d  i n t o  t h e  C h o r i z o n ,  s o  t h a t  t h i s  v e g e t a t i o n  w i l l  n o t  
r e p l a c e  t h e  m e t a l s  i n  t h e  s o l u m  a t  t h e  e x p e n s e  o f  t h e  u n d e r l y i n g  
C h o r i z o n  t o  a n y  g r e a t  e x t e n t .  
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Fa.6a. DKIRIBUTOW OF LEAD (WER SOIL O M  ( MW5 W - MESH MATERUL) 

I n  c o n t r a s t  t o  t h e  f r e e l y  d r a i n e d  s o i l s ,  u n d e r  c c r -  
t a i n  c o n d i t i o n s  c o p p e r ,  z i n c ,  l e a d  a n d  m e r c u r y  a r e  h i g h l y  c o n c e n -  
t r a d e d  i n  p e a t s  n e a r  a n o m a l o u s  m c t a l  s o u r c e s .  Fo.r e x a m p l e  v a l u e s  
o f  1 9 0 0  ppm c o p p e r ,  7 7 , 5 0 0  ppm z i n c ,  4 2 0 0  ppm l e a d  and  4 2 0 0  ppb  
m e r c u r y  w e r e  e n c o u n t e r e d  i n  p e a t s  i n  t h e  i m m e d i a t e  v i c i n i t y  o f  
t h e  Tynagh  d e p o s i t .  T h e s e  d a t a  i n d i c a t e  t h a t  w h e r e  l a r g e  a m o u n t s  
o f  m e t a l  a r e  a v a i l a b l e ,  t h e  d e g r e e  o f  e n r i c h m e n t  i n  p c a t s  i s  
c o n s i d e r a b l y  g r e a t e r  t h a n  i n  f r e e l y - d r a i n e d  s o i l s  i n  t h e  c a s e  o f  
c o p p e r ,  z i n c  a n d  m e r c u r y ,  b u t  s i m i l a r  i n  t h e  c a s e  o f  l e a d .  

I n  some a n o m a l o u s  a r e a s  t h e r e  was s l i g h t  e v i d e n c e  
t h a t  l e a d  a n d  m e r c u r y  may c o n c e n t r a t e  i n  t h e  s u r f a c e  l a y e r s  o f  
p e a t s  r e l a t i v e  t o  t h e  u n d e r l y i n g  o r g a n i c  m a t e r i a l .  

I n  r o u t i n e  i n v e s t i g a t i o n s  p e a t s  w e r e  s a m p l e d  i n  t h e  
same way a s  f r e e l y - d r a i n e d  s o i l s ,  i . e .  a t  9  t o  12 i n c h e s .  Gen- 
e r a l l y  s p e a k i n g  i t  was f o u n d  t h a t  t h e  p r e s e n c e  o r  a b s e n c e  o f  
p e a t  d i d  n o t  a p p r e c i a b l y  a f f e c t  t h e  o v e r a l l  c o n f i g u r a t i o n  o f  m e t a l  



FIG. 64 DISTRIBUTION OF ZINC OVER SOIL ORlD ( M I N U S  W - M W  MATERIAL) 

d i s t r i b u t i o n  i n  t h e  c a s e  o f  c o p p e r ,  l e a d  a n d  z i n c ,  t h e  o n l y  
e f f e c t  b e i n g  t o  e n c h a n c e  t h e  a n o m a l o u s  v a l u e s .  I n  some b a c k g r o u n d  
a r e a s ,  h o w e v e r ,  t h e  m e r c u r y  c o n t e n t  o f  p e a t s  i s  f o u n d  t o  b e  h i g h e r  
t h a n  t h a t  i n  f r e e l y - d r a i n e d  s o i l s .  I t  i s  t h o u g h t  t h a t  t h i s  may 
be  d u e  t o  a t m o s p h e r i c  p r e c i p i t a t i o n  o f  t h e  m e t a l  a n d  s u b s e q u e n t  
c h e l a t i o n  by o r g a n i c  m a t t e r .  

S o i l  G r i d  Around  t h e  T y n a g h  D e p o s i t  

S o i l s  w e r e  c o l l e c t e d  a t  9 t o  12 i n c h  d e p t h s  a t  200  
f o o t  i n t e r v a l s  a l o n g  n o r t h - s o u t h  l i n e s  8 0 0  f c e t  a p a r t .  The  t r a -  
v e r s e  l i n e s  w e r e  l a i d  o u t  p e r p e n d i c u l a r  t o  t h e  l a s t  d i r e c t i o n  o f  
a d v a n c i n g  g l a c i a t i o n .  

T h r e s h o l d  v a l u e s  (mean + 2  X s t a n d a r d  d e v i a t i o n )  w e r c  
c a l c u l a t e d  on  l o g a r i t h m i c a l l y  t r a n s f o r m e d  d a t a  f o r  1 0 0  s a m p l e s  
c o l l e c t e d  o v e r  a n  a r e a  o f  2 0 0  s q u a r c  m i l e s  a r o u n d  Tynagh  w i t h i n  
w h i c h  t h e  d e p o s i t  i s  t h e  o n l y  known o r e  o c c u r r e n c e  ( T a b l e  3 ) .  
C o n t o u r  v a l u e s  w e r e  a l s o  c a l c u l a t e d  on t h e  b a s i s  o f  t h e  s t a n d a r d  
d e v i a t i o n s  o f  t h e  same d a t a .  
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S t r o n g  e a s t - w e s t  t r e n d i n g  a n o m a l i e s ,  ( F i g u r e s  6 a ,  b. 
c ,  d )  w h i c h  w e r e  v e r y  s i m i l a r  i n  t h e  c a s e s  o f  l e a d  a n d  c o p p e r ,  
w e r e  d e t e c t e d  f o r  e a c h  o f  t h e  e l e m e n t s .  T h e  a n o m a l i e s  b e g i n  a t  
t h e  w e s t e r n  e n d  o f  t h e  d e p o s i t ,  a n d  c o n t i n u e  w i t h o u t  n o t i c e a b l e  
b r o a d e n i n g  f o r  a  d i s t a n c e  o f  m o r e  t h a n  a  m i l e  a n d  a  h a l f .  T h e y  
c o u l d ,  u n d o u b t e d l y ,  h a v e  b e e n  t r a c e d  c o n s i d e r a b l y  f u r t h e r .  

The r e s u l t s  f o r  b o t h  c o p p e r  a n d  z i n c  show o c c a s i o n a l  
e r r a t i c  a n o m a l o u s  p o i n t s  o u t s i d e  t h e  m a i n  a n o m a l i e s .  I n  t h e  c a s e  
o f  l e a d  n o  s u c h  p o i n t s  o c c u r  o t h e r  t h a n  i n  t h e  c a s e  o f  a n  u n -  
e x a r n i n c d  a n o m a l y  t o  t h e  s o u t h  o f  t h e  d e p o s i t .  A f u r t h e r  s o u r c e  
o f  a n o m a l o u s  m e t a l  on  L i n c  3 7  a p p e a r s  t o  b e  i n d i c a t e d  b y  t h e  
l e a d ,  z i n c  a n d  c o p p e r  r c s u l t s .  T h i s  p r e s u m e d  s o u r c e  g i v e s  r i s e  
t o  a n o m a l i e s  f o r  e a c h  o f  t h e s e  m e t a l s  w h i c h  c o a l c s c e  f u r t h e r  e a s t  
w i t h  t h e  a n o m a l y  f r o m  t h e  m a i n  s o u r c e .  

T h e  z i n c  r e s u l t s  a r e ,  a t  f i r s t ,  s l i g h t l y  c o n f u s i n g  
a n d  r e q u i r e  c o m m e n t .  T h e  m a i n  a n o m a l y  i s  c o n s i d e r a b l y  l o n g e r  



t h a n  t h a t  o f  c o p p e r ,  l e a d  and  m c r c u r y .  S i n c e  t h e r e  i s  n o  p o s -  
s i b l e  t o p o g r a p h i c a l  c x p l a n a t i o n ,  t h i s  i s  i n t e r p r e t e d  a s  b e i n g  
d u e  t o  a n o t h e r  s o u r c e  o f  z i n c  l y i n g  t o  t h e  w e s t  o f  t h e  s a m p l e d  
a r e a .  I t  w i l l  b e  s e e n  t h a t  t h e  v a l u e s  r i s e  w e s t i c n r d s  f r o m  t h e  
d e p o s i t .  'The s p r e a d  o f  h i g h  v a l u e s  n e a r  t h e  Tynagh  d e p o s i t  i s .  
d u e  t o  t h e  c o n c e n t r a t i o n  o f  z i n c  i n  t h e  p e a t s .  T h e r e  i s  a n o t h e r  
l a r g e  z i n c  a n o m a l y  t o  t h e  s o u t h ,  a s  y e t  u n c x a m i n e d .  

The m e r c u r y  r c s u l t s  a r e  s i m i l a r  t o  t h o s e  o f  c o p p e r  
a n d  l e a d .  H o w e v e r ,  t h e r e  a r e  n u m e r o u s  s m a l l ,  o n e - s a m p l e  a n o m a l i e s  
t h r o u g h o u t  t h e  a r e a ,  some a s s o c i a t e d  w i t h  o r g a n i c  s o i l s .  

DISCUSSIOS OF RESULTS 

From t h e  r e s u l t s  o b t a i n e d  d u r i n g  t h e  p r e s e n t  s t u d y  i t  
i s  p o s s i b l e  t o  d r a w  c e r t a i n  c o n c l u s i o n s  r e g a r d i n g  t h e  m e c h a n i s m s  
r e s p o n s i b l e  f o r  t h e  f o r m a t i o n  o f  t h e  a n o m a l o u s  p a t t e r n s  within 



t h e  t i l l .  B a s i c a l l y ,  t w o  p r o c e s s e s  o f  f o r m a t i o n  a r e  p o s s i b l e ,  
i . e .  s y n g e n e t i c  d i s p e r s i o n ,  i n  w h i c h  t h e  a n o m a l o u s  m a t e r i a l  w o u l d  
b e  l a i d  down w i t h i n  t h e  t i l l  a t  t h e  t i m e  o f  i t s  f o r m a t i o n  b y  t h e  
g l a c i a l  e r o s i o n  o f  t h e  o r e - b o d y ,  a n d  e p i g e n e t i c  d i s p e r s i o n  i n  
w h i c h  t h e  a n o m a l o u s  m e t a l  i s  i n t r o d u c e d  i n t o  t h e  t i l l  a f t e r  i t  
h a s  b e e n  d e p o s i t e d  e i t h e r  by u p w a r d  d i f f u s i o n ,  b i o c h e m i c a l  a c t i v -  
i t y  o r  t r a n s p o r t a t i o n  by  g r o u n d  w a t e r .  

Mos t  o f  t h e  e v i d e n c e  o b t a i n e d  i n  t h i s  s t u d y  s u g g e s t s  
t h a t  t h e  f o r m e r  p r o c e s s  was  a l a o s t  e n t i r e l y  r e s p o n s i b l e  f o r  t h e  
f o r m a t i o n  o f  t h e  T y n a g h  t i l l  a n d  s o i l  a n o m a l i e s .  T h e  c o m p l e t e l y  
r a n d o m  o c c u r r e n c e  o f  m e t a l  v a l u e s  t h r o u g h o u t  t h e  t i l l  i s  e x a c t l y  
t h e  t y p e  o f  p a t t e r n  t o  b e  e x p e c t e d  o f  a  d i s t r i b u t i o n  r e s u l t i n g  
f r o m  s u c h  a  m e c h a n i s m .  

F u r t h e r  e v i d e n c e  o f  t h e  g l a c i a l  o r i g i n  o f  t h e  a n o m a l y  
i s  t o  b e  f o u n d  i n  t h e  c o n f i g u r a t i o n  o f  t h e  d i s t r i b u t i o n  p a t t e r n s  
o f  m e t a l s  i n  t h e  s o i l s  a r o u n d  t y n a g h .  T h e  n a r r o w  e l o n g a t e d  
p a t t e r n  s t r e t c h i n g  a w a y  f r o m  t h e  o r e - b o d y  i n  t h e  d i r e c t i o n  o f  t h e  
l a s t  i c e - m o v e m e n t ,  a n d  e x t e n d i n g  f o r  a  c o n s i d e r a b l e  d i s t a n c e  b e -  
y o n d  t h e  m i n e r a l i z a t i o n  i t s e l f ,  i s  s t r i k i n g  e v i d e n c e  o f  t h e  g l a -  
c i a l  o r i g i n  o f  t h e  a n o m a l y .  

I t  w o u l d  i n d e e d  b e  e x t r e m e l y  d i f f i c u l t  t o  e x p l a i n  t h e  
o b s e r v e d  d i s t r i b u t i o n  o f  m e t a l s  on  t h e  b a s i s  o f  e p i g e n c t i c  
d i s p e r s i o n .  I f  t h e  a n o m a l y  h a d  b e e n  f o r m e d  by  t h e s e  p r o c e s s e s ,  
i t  i s  r e a s o n a b l e  t o  a s s u m e  t h a t  t h e  d i s t r i b u t i o n  o f  t h e  m e t a l  i n  
t h e  t i l l  w o u l d  h a v e  s h o w n  a g r a d a t i o n a l  v a r i a t i o n  f r o m  t h e  b a s e  
u p w a r d s .  F u r t h e r m o r e ,  t h e  m a i n  s o i l  a n o m a l y  w o u l d  b e  e x p e c t e d  
t o  b e  c o n f i n e d  t o  t h e  a r e a  m o r e  o r  l e s s  d i r e c t l y  o v e r  t h e  o r e  ( i n  
t h e  c ~ s 2  o f  d i f f u s i o n  o r  b i o c h ; . m i c ~ J  transportation) o r  t o  z p o i n t  
? : h e r e  a t r a n s p o r t i n g  m e d i u m ,  s u c h  a s  g r o u n d  w a t e r ,  c o m e s  t o  t h e  
s u - f a c e .  T h e  f a c t  t h r t  some  p e a t s  i n  t h e  v i c i n i t y  o f  t h e  o r c  
a r e  e n r i c h e d  i n  c e r t a i n  n l c t ~ l s  m i g h t  b e  t a k c n  a s  i n d i c a t i n g  t h a t  
some  d i s p e r s i o n  f r o m  t h e  o r e - b o d y  h a s  t a k c n  p l a c e  i n  t h e  g r o u n d  
x a t e r  t lowever . :  o t h e r  c v i d c n c e  i n c l i c a t e s  t h h t  t h e  s o u r c e  o f  t h i s  
m e t a l  i s  m o r c  L i t c l y  t o  b e  t h e  e n r i c h e d  t i l l  a n d  i t s  o v e r l y i n g  
s o i l .  

S i i l c c  t h e  s o i l s  o f  t h e  a r e a  a r c  m o s t l y  d e r i v e d  f r o m  
t h e  u n d e r l y i n g  t i l l . .  a r e l a t i v e l y  c l o s c  r e l a t i o n s h i p  b c t w c c n  t h e  
o v a r a l l  p a t t c x n  o f  d i s t r i b u t i o n  o f  m e t a l s  i n  t h e  s o i l  a n d  t i l l  
i s  t o  be  e x p c c t c d ,  2 n d  i s  i n  f a c t  f o u n d  T h c r e  i s ,  h o w z v e r ,  
s t r o n g  c v i d c n c e  t o  s u g ~ e s t  t h a t  some  a n o m a l o u s  m e t a l  h a s  b e e n  r e -  
moved f r o m  b o t h  t h e  t i l l  a n d  s o i l  a s  a  r e s u ! t  o f  w e a t h e r i n g .  
G r o u n d  w a t , ? r  i s  r e g a r d e d  a s  b e j n g  t h e  m o s t  l i k e l y  a g e n t  o f  s u c h  
a  p r o c z s s ,  a n d  ~ : v i d e n c e  o f  i t s  e f f e c t s  c a n  b;. f o u n d  i n  t h e  p e a t  
b o g s  c l  o sc  t o  t h e  m i n c i a l i z a t i o n  w11i.ch stiov: a  c o n s i c l e r a b l e  e n -  
r i c h m e n t  i n  c o p p e r ,  z i n c  a n d  l n e r c u r y  relative t o  b a c k g r o u i ~ d  p e n t s ,  
b u t  n o t  o f  l e a d .  S i n c c  l c a 3  i.s t i l e  l e a s t  m o b i l e  o f  t h e s e  s l e -  
m e n t s .  t i i i s  d i s t i n c t i o n  b e t w e e n  m e t a l s  i s  i n  I . c c p i n g  w i t h  t h e  
h y p o t h e s i s  o f  d i s p c r s i o n  by g r o u n d  w n t c r  m o v e m e n t .  

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



o r i g i n  f o r  t h e  a n o m a l y ,  i s  t h a t  t h e  w i d e  a n g l e  o f  d i s p e r s i o n  o f  
t h e  b o u l d e r  f a n  f r o m  T y n a g h  ( a b o u t  8 0 °  - F i g .  Z b ) ,  i s  a t  v a r i a n c e  
w i t h  t h e  n a r r o w  p a t t e r n  o f  t h e  g e o c h e m i c a l  a n o m a l y .  T h i s  s u g g e s t s  
t h a t  t h e  t w o  w e r e  n o t  f o r m e d  c o n t e m p o r a n e o u s l y .  

An e x p l a n a t i o n  o f  t h i s  may b e  t h a t  t h e  s o u t h w a r d  S a a l e  
g l a c i a t i o n  h a r d l y  a t t a c k e d  t h e  s o f t  o r e - b o d y  w h i c h  w a s  p r o t e c t e d  
by t h e  b u t t r e s s  o f  t h e  s a n d s t o n e  h i l l  t o  t h e  s o u t h ,  a l t h o u g h  t h e  
m i n e r a l i z e d  s a n d s t o n e  w a s  h e a v i l y  e r o d e d  d u r i n g  t h i s  t i m e .  At 
t h e  e n d  o f  t h e  g l a c i a t i o n ,  c o p p e r - s t a i n e d  s a n d s t o n e  b o u l d e r s  w e r e  
l e f t  l y i n g  on  t o p  o f  t h e  s a n d s t o n e  h i l l .  I n  t h e  i n t r a - g l a c i a l  
p e r i o d  t h e s e  b o u l d e r s  moved n o r t h w a r d s  o f f  t h e  h i l l  b y  c r y o t u r b a -  
t i o n  a n d  s o l i f l u c t i o n  a n d  c a m e  t o  r e s t  on  t o p  o f  t h e  o r e - b o d y  
n o r t h  o f  t h e  f a u l t .  T h e  s u b s e q u e n t  U e i c h s e l  g l a c i a t i o n ,  m o v i n g  
a l m o s t  d u e  e a s t w a r d s ,  a c t e d  i n  t h e  o p t i m u m  d i r e c t i o n  t o  e r o d e  
t h e  u n p r o t e c t e d  o r e - b o d y ,  a n d  t h e  s u r f a c e  b o u l d e r s  w e r e  i n c o r p o r -  
a t e d  i n t o  t h e  K e i c h s e l  t i l l .  

h i t h i n  t h e  f a n  i t s e l f  s u l p h i d e  o r e  b o u l d e r s ,  d e r i v e d  
f r o m  t h e  b l a c k  mud, a r e  f a r  r a r e r  t h a n  t h e  c o p p e r - s t a i n e d  s a n d -  
s t o n e  b o u l d e r s .  A l t h o u g h  t h i s  i s  n o  d o u b t  p a r t l y  d u e  t o  t h e i r  
s o f t n e s s ,  s u l p h i d e  b o u l d e r s  w o u l d  a l s o  h a v e  a t t r a c t e d  m o r e  
a t t e n t i o n  f r o m  t h e  f a r m e r s  c l e a r i n g  t h e  f i e l d s ,  a n d  b u i l d i n g  
w a l l s ,  a n d  many o f  t h e s e  may h a v e  b e e n  t a k e n  t o  t h e  l o c a l  s m e l t e r  
a t  t h e  O l d  T y n a g h  V e i n .  T h e  a b u n d a n c e  o f  s u l p h i d e  b o u l d e r s  w i t h -  
i n  t h e  s t r i p p e d  a r e a  s u g g e s t s  t h a t  t h e r e  w e r e  o r i g i n a l l y  f a r  m o r e  
on  t h e  s u r f a c e  w i t h i n  t h e  f a n  a r e a .  

CONCLUSIONS 

T h e  p r e s e n t  s t u d y  h a s  shown t h a t  g e o c h e m i c a l  m e t h o d s  
o f  p r o s p e c t i n g  a r e  c a p a b l e  o f  b e i n g  s u c c e s s f u l l y  a p p l i e d  i n  a r e a s  
o f  g l a c i a l  t e r r a i n .  D i s t i n c t  s y n g e n e t i c  a n o m a l i e s  h a v e  b e e n  d e -  
t e c t e d  f o r  c o p p e r ,  l e a d ,  z i n c  a n d  m e r c u r y  i n  t h e  g l a c i a l  t i l l s  
o v e r l y i n g ,  a n d  a d j a c e n t  t o  t h e  T y n a g h  d e p o s i t .  T h e s e  a n o m a l i e s  
h a v e  b e e n  e x t e n d e d  e a s t w a r d s  by  i c e  m o v e m e n t  a n d  f o r m  a  n a r r o w  
p a t t e r n  e x t e n d i n g  f o r  a  c o n s i d e r a b l e  d i s t a n c e  f r o m  t h e  s u b - o u t c r o p  
o f  t h e  m i n e r a l i z e d  z o n e .  A s  a  r e s u l t  o f  t h i s  p h e n o m e n o n ,  g r e a t  
c a r e  m u s t  b e  t a k e n  i n  t h e  i n t e r p r e t a t i o n  o f  a n o m a l i e s  i n  g l a c i a l  
a r c a s ,  s i n c e  o n l y  a  s m a l l  p o r t i o n  o f  a  g i v e n  a n o m a l y  may o v e r l i e  
t h e  o r e  f r o m  w h i c h  i t  i s  d e r i v e d .  I n  a l l  s u c h  c a s e s  t h e  k e y  t o  
i n t e r p r e t a t i o n  i s  a  t h o r o u g h  u n d e r s t a n d i n g  o f  t h e  g l a c i a l  h i s t o r y  
o f  t h e  a r e a  b e i n g  p r o s p e c t e d .  

A f u r t h e r  p o i n t  o f  g r e a t  i n t e r e s t  i s  t h a t ,  n o t w i t h -  
s t a n d i n g  t h e  p r e s e n c e  o f  e r r a t i c s ,  w h i c h  c a n  b e  shown t o  h a v e  
t r a v e l l e d  v e r y  c o n s i d e r a b l e  d i s t a n c e s ,  t h e  b u l k  o f  t h e  m a t r i x  o f  
t h e  t i l l  i s  r e l a t i v e l y  l o c a l  i n  o r i g i n  a n d  h a s  p r o b a b l y  o n l y  
t r a v e l l e d  d i s t a n c e s  o f  a  f e w  h u n d r e d s  o f  y a r d s  o r  l e s s .  

C e o c h e m i c a l  a n o m a l i e s  i n  t h e  t i l l  c a n  b e  c l e a r l y  d e -  
f i n e d  by  t h e  a n a l y s i s  o f  t h e  m i n u s  8 0 - m e s h  f r a c t i o n  o f  s o i l  
s a m p l e s  c o l l e c t e d  f r o m  r e l a t i v e l y  s h a l l o w  d e p t h s .  I n  t h e  T y n a g h  
a r c a ,  s a m p l i n g  a t  200  f e e t  i n t e r v a l s  a l o n g  l i n e s  s p a c e d  a t  8 0 0  
f e e t  g a v e  a d e q u a t e  c o v e r a g e  t o  d e t e c t  t h e  a n o m a l i e s  a s s o c i a t e d  
w i t h  t h e  o r e - b o d y .  
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A BRIEF SURVEY OF PROGRESS MADE I N  

BIOGEOCHEMICAL PROSPECTING RESEARCH 

AT TIIE GEOLOGICAL SURVEY 

OF CANADA 1962-65 

J.A.C. Fortescue and E . H . 1 t 1 .  Hornbrook* 

INTRODUCTION 

Methods of prospecting based on plants are generally 
divided into two groups, geobotanical methods and biogeochemical 
methods. Geobotanical methods involve relationships between the 
presence of a mineral deposit within a given landscape and the 
occurrence of morphological variations in common plants, or the 
presence or absence of indicator plant species. Riogeochemical 
methods of prospecting involve a direct relationship between the 
chemical composition of a mineral deposit and that of plants or 
vegetable materials which are found in the vicinity of the de- 
posit. Both methods are generally applied in areas where the 
bedrock surface is covered with overburden (for a general account 
of these methods see Cannon, 1360 and Malyuga, 1364). 

Compared with the better known geophysical methods, 
geochemical prospecting methods are in an early stage of develop- 
ment in Canada today. This is especially true of plant prospect- 
ing methods. In Russia and the United States, especially in areas 
where residual soils occur, geobotanical and biogeochemical 
methods have been used extensively, not only in the search for 
mineral deposits but also in prospectine, for water and in geo- 
logical mapping (Chikishev, 1965). In this paper we are concerned 
only with the use of plants for the location of metal mineral 
deposits. 

To date there have been very few reports of geobotan- 
ical prospecting in Canada. An exception was an observation made 
by Shacklette (1964) who noted variations in the colour and form 
of flowers of common fireweed Epilobium angustifolium near uran- 
ium deposits at Port Radium in the Northwest Territories. 

Biogeochemical prospecting has been shown to be feas- 
ible in many parts of Canada, largely as a result of research 
carried out during the past twenty years by Dr. t1.V. Warren, Dr. 
R.E. Delavault and their numerous co-workers at the University of 
British Columbia. These researchers have demonstrated that, under 
certain landscape conditions, positive biogeochemical results can 
be obtained over mineral deposits containing any of at least 
twelve elements, including copper, zinc, lead, arsenic molybdenum 
and mercury (see references at end of paper). 

+ Geological Survey of Canada, Ottawa. 



The b i o g e o c h e m i c a l  p r o s p e c t i n g  r e s e a r c h  p r o g r a m  a t  t h e  
G e o l o g i c a l  S u r v e y  o f  C a n a d a  

The  n e e d  f o r  s y s t e m a t i c  r e s e a r c h  i n  p l a n t  p r o s p e c t i n g  
m e t h o d s  i n  C a n a d a  was r e c o g n i z e d  some y e a r s  a g o  by  D r .  R .  W .  
B o y l e .  He s u g g e s t e d  t h a t  t h e  r e s e a r c h  p r o g r a m  t o  b e  d e s c r i b e d  
h e r e  s h o u l d  b e  commenced by t h e  S u r v e y  a n d  i t  was h e  who s u g g e s t e d  
t h a t  g r e e n h o u s e  f a c i l i t i e s  f o r  p l . a n t  p r o s p e c t i n g  r e s e a r c h  s h o u l d  
b e  p r o v i d e d  on t h e  r o o f  o f  t h e  new h e a d q u a r t e r s  b u i l d i n r  o f  t h e  
G e o l o g i c a l  S u r v e y  o f  C a n a d a  when i t  was c o n s t r u c t e d  i n  1 9 5 9 .  

A p l a n t  p r o s p e c t i n g  m e t h o d s  r e s e a r c h  p r o g r a m  was  
commenced by t h e  s e n i o r  w r i t e r  i n  November 1 9 6 2 .  He was j o i n e d  
by  Mr. H o r n b r o o k  i n  A u g u s t  1 9 6 4 .  I n  a d d i t i o n  t o  t h e s e  t w o  f u l l  
t i m e  s t a f f  t h e  p r o g r a m  h a s  i n c l u d e d  t h e  a c t i v i t i e s  o f  t h r e e  sum- 
mer s t u d e n t s  d u r i n g  t h e  summer o f  1 9 6 3 ,  t h r e e  d u r i n g  1 9 6 4  a n d  
f o u r  d u r i n g  1 9 6 5 .  F o r  s i x  m o n t h s  d u r i n g  1 9 6 4  t h e  g r e e n h o u s e  was 
o p e r a t e d  by  Mrs. T .  Dawes,  a n d  d u r i n g  t h e  summer o f  1 9 6 5  a  s t a r t  
was made i n  t h e  f i e l d  o f  g e o b o t a n y  b y  a  g r a d u a t e  s t u d e n t  f r o m  
M a c M a s t e r  U n i v e r s i t y ,  Miss L .  U s i k .  The  f i r s t ,  o r i e n t a t i o n ,  
p h a s e  o f  t h e  p r o g r a m  i s  d e s i g n e d  t o  l a s t  f i v e  y e a r s  a n d  l a r g e l y  
i n v o l v e s  t h e  s e t t i n g  up  o f  l a b o r a t o r y  f a c i l i t i e s  a n d  f i e l d ,  
l a b o r a t o r y  a n d  d a t a  p r o c e s s i n g  m e t h o d s .  The  s e c o n d  f i v e  y e a r  
p h a s e  o f  t h e  p r o g r a m ,  commencing  i n  1 9 6 7 ,  w i l l  i n v o l v e  s y s t e m a t i c  
s t u d i e s  o f  t h e  g e o b o t a n y  a n d  b i o g e o c h e m i s t r y  o f  a r e a s  i n  w h i c h  
known,  b u t  u n d i s t u r b e d ,  m i n e r a l  d e p o s i t s  o c c u r .  

G e n e r a l  o b j e c t i v e s  o f  t h e  p l a n t  p r o s p e c t i n g  m e t h o d s  r e s e a r c h  
p r o g r a m  

Our  r e s e a r c h  p r o g r a m  i s  a i m e d  a t  t h e  p r o v i s i o n  o f  
d a t a  on t h e  s c o p e  a n d  l i m i t a t i o n s  o f  b i o g e o c h e m i c a l  a n d  g e o b o t a n -  
i c a l  p r o s p e c t i n g  m e t h o d s  u n d e r  C a n a d i a n  c o n d i t i o n s .  T h i s  i s  a  
v a s t  u n e x p l o r e d  f i e l d  o f  r e s e a r c h  w h i c h  h a s  o n l y  b e g u n  t o  b e  
e x p l o r e d  by  D r .  W a r r e n  a n d  h i s  c o - w o r k e r s .  When o n e  c o n s i d e r s  
t h e  n u m b e r  o f  d i f f e r e n t  k i n d s  o f  m i n e r a l  d e p o s i t s  a n d  t h e  d i v e r s e  
l a n d s c a p e  t y p e s  w h i c h  o c c u r  i n  C a n a d a ,  t h e  m a g n i t u d e  o f  t h e  
p r o b l e m  o f  f i n d i n g  w h i c h  p l a n t  s p e c i e s ,  o r  c h e m i c a l  e l e m e n t s  i n  
p a r t i c u l a r  o r g a n s  o f  common p l a n t s ,  a r e  o f  v a l u e  i n  p r o s p e c t i n g ,  
b e c o m e s  a p p a r e n t .  Added t o  t h i s ,  t h e r e  i s  a n  a l m o s t  c o m p l e t e  
l a c k  o f  s y s t e m a t i c  d a t a  o n  t h e  d i s t r i b u t i o n  a n d  a m o u n t  o f  m i n o r  
c h e m i c a l  e l e m e n t s  i n  C a n a d i a n  e c o s y s t e m s .  N e a r l y  a l l  l i v i n g  
o r g a n i s m s  a r e  f o u n d  a t  o r  n e a r  t h e  s u r f a c e  o f  t h e  e a r t h  i n  w h a t  
t h e  e c o l o g i s t s  c a l l  t h e  " e c o s y s t e m f t .  T h e  t e r m  " e c o s y s t e m "  was 
d e f i n e d  by  T a n s l e y  t o  i n c l u d e  b o t h  t h e  "b iome"  a n d  t h e  h a b i t a t  i n  
w h i c h  t h e  b i o m e  l i v e s .  T h e  t f b i o m e "  i s  t h e  w h o l e  c o m p l e x  o f  m i c r o -  
o r g a n i s m s ,  p l a n t s  a n d  a n i m a l s  w h i c h  l i v e  t o g e t h e r  a s  a  s o c i o l o g i -  
c a l  u n i t .  T h u s  we h a v e  t o  e s t a b l i s h  n o r m a l  v a l u e s  f o r  t h e  d i s t r i -  
b u t i o n  o f  m i n o r  e l e m e n t s  i n  d e f i n e d  r o c k ,  s o i l  a n d  v e g e t a t i o n  
s y s t e m s  b e f o r e  we c a n  d i s t i n g u i s h  a b n o r m a l i t i e s  r e s u l t i n g  f r o m  
t h e  i n f l u e n c e  o f  m i n e r a l  d e p o s i t s .  



The general objective of the plant prospecting 
methods research program is to carry out a number of systematic 
studies of the plant ecology and the rock, soil, and plant geo- 
chemistry of landscapes in the vicinity of known, but undisturbed, 
mineral deposits. Special efforts will be made to carry out soil 
and plant investigations of a given area at "an instant in time" 
with the sampling program and the chemical analysis program both 
being as comprehensive as is practical. One advantage of working 
near drilled but undisturbed mineral deposits is that the results 
of the plant prospecting research program can often be directly 
compared with those of geological, geophysical and geochemical 
methods which have been used to discover the deposit. 

OUTLINE OF PROGRESS - 1962-65 

In this short paper it is not possible to describe 
in detail all the experience gained during the past three years. 
We have therefore confined our remarks to (1) a description of 
the moveable laboratory unit, (2) an outline of collecting, chem- 
ical and statistical analysis methods used on vegetable material, 
(3) a description of some preliminary results of greenhouse 
studies, (4) a description of an investigation carried out in a 
peat bog away from known mineral deposits and (5) the preliminary 
results from two experiments carried out near known, undisturbed 
deposits. It should be stressed that the methods and results 
described here are largely preliminary and the field investiga- 
tions do not represent examples of the type of more systematic 
studies which we shall carry out later on. 

Laboratory facilities 

In order to establish methods to carry out systematic 
studies of the minor element content of associated rocks, soils 
and plants, and to make systematic descriptions of landscapes 
from which the samples were collected, methods for the gathering 
of data of all kinds has had to be carefully organized. The pro- 
ject plan requires that laboratories be available in the field 
to handle processing of large numbers of mineral and vegetable 
samples of different kinds and that each sample should be analysed 
chemically for a relatively large number of minor elements. In 
addition, the analytical methods used must be simple enough to be 
carried out by summer students (who usually have little previous 
analytical training). The descriptive results from the field 
observations and the results from the chemical laboratories should 
be prepared in a form in which they may be readily interpreted, 
so that further sampling at the same "instant in time" can be 
planned on the basis of results obtained. 

Much progress has been made towards the solution of 
these problems. The problem of laboratory space was solved by 
the design and construction of'a llmoveable laboratory unit" con- 
sisting of two specially designed house trailer laboratories. 
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T h e s e  t r a i l e r s  a r e  d e s i g n e d  t o  b e  u s e d  t h e  y e a r  r o u n d ,  i n  t h e  
f i e l d  i n  t h e  summer t i m e  a n d  i n  a  h e a t e d  g a r a g e  a t  h e a d q u a r t e r s  
d u r i n g  t h e  w i n t e r  m o n t h s  ( P l a t e  I & 1 1 ) .  The  s a m p l e  d r y i n g  a n d  
s u b s a m p l i n g  o f  v e g e t a b l e  m a t e r i a l  a n d  t h e  p r e p a r a t i o n  o f  h e r b -  
a r i u m  s a m p l e s  f o r  g e o b o t a n i c a l  i n v e s t i g a t i o n s  i s  c a r r i e d  o u t  i n  
o n e  t r a i l e r .  The  s e c o n d  t r a i l e r  i s  u s e d  f o r  a s h i n g  a n d  c h e m i c a l  
a n a l y s i s  o f  t h e  d i f f e r e n t  k i n d s  o f  s a m p l e s .  E x p e r i e n c e  h a s  shown 
t h a t ,  u s i n g  t w o  o p e r a t o r s ,  t h e  s p e c t r o c h e m i c a l  m e t h o d ,  a s  s e t  u p  
a t  p r e s e n t ,  w i l l  d e t e r m i n e  s e m i q u a n t i t a t i v e l y  o n  a  r o u t i n e  b a s i s  
n i n e  e l e m e n t s  a n d  a  r e f e r e n c e  s t a n d a r d  i n  t h i r t y  s a m p l e s  o f  v e g e -  
t a b l e  m a t e r i a l  d u r i n g  e a c h  d a y .  T h e  r e s u l t s  f r o m  t h e  s p e c t r o -  
g r a p h i c  method  a r e  o b t a i n e d  by  v i s u a l  c o m p a r i s o n  o f  t h e  s p e c t r u m  
o f  t h e  unknown s a m p l e s  w i t h  t h a t  o f  a  m a s t e r  f i l m  made w i t h  a  s e t  
o f  s y n t h e t i c  p l a n t  a s h  b a s e  s t a n d a r d s .  The r e s u l t s  a s  r e a d  o f f  
a r e  r e c o r d e d  d i r e c t l y  on s p e c i a l  f o r m s  w h i c h  a l l o w s  t h e  d a t a  t o  
b e  l a t e r  p u n c h e d  on  I.B.W. c a r d s  a n d  t h e  c a r d s  p r o c e s s e d  by  a  
s p e c i a l  c o m p u t e r  p r o g r a m m e  w h i c h  p r o v i d e s  a  p r i n t o u t  o f  t h e  r e -  
s u l t s .  Each  b a t c h  o f  f i f t e e n  s a m p l e s  g e n e r a t e s  t e n  p a g e s  o f  
p r i n t o u t ,  o n e  p a g e  f o r  e a c h  e l e m e n t  ( F i g .  1 ) .  On e a c h  p a g e  r e -  
s u l t s  a r e  shown a s  a  h i s t o g r a m  a n d  a s  a n  a r r a y  a s  p a r t s  p e r  
m i l l i o n  on  a n  a s h  a n d  a n  o v e n  d r y  w e i g h t  b a s i s .  S i m p l e  s t a t i s t i -  
c a l  m e a s u r e s  ( f o r  e x a m p l e  s t a n d a r d  d e v i a t i o n  a n d  mean v a l u e s )  a r e  
p r i n t e d  o u t  f o r  e a c h  c o l u m n  o f  d a t a .  E x p e r i e n c e  h a s  shown t h a t  
i t  t a k e s  h a l f  a  man d a y  t o  p l o t  a n d  r e c o r d  t h e  s t a t i s t i c a l  
m e a s u r e s  f o r  a  b a t c h  o f  s a m p l e s ,  a  j o b  w h i c h  t h e  c o m p u t e r  a c h i e v e s  
i n  two a n d  a  h a l f  m i n u t e s !  

So f a r  b o t h  l a b o r a t o r i e s  h a v e  b e e n  t e s t e d  o u t  s e p a -  
r a t e l y  on  a  r o u t i n e  b a s i s .  The s a m p l e  p r e p a r a t i o n  t r a i l e r  was  
u s e d  i n  t h e  $ loose  R i v e r  a r e a  o f  n o r t h e r n  O n t a r i o  l a s t  summer 
w h i l e  t h e  s p e c t r o g r a p h i c  t r a i l e r  was i n  O t t a w a .  B o t h  t r a i l e r s  
w i l l  b e  u s e d  i n  t h e  f i e l d  d u r i n g  t h e  summer o f  1 9 6 6 .  D e t a i l s  o f  
a  m o v e a b l e  s p e c t r o g r a p h i c  t r a i l e r  s i m i l a r  t o  t h e  o n e  d e s c r i b e d  
h e r e  w i l l  b e  g i v e n  i n  a  p u b l i c a t i o n  by Holman a n d  Durham ( 1 9 6 6 ) .  

S p a c e  d o e s  n o i  a l ! o ~ !  F o r  a  c o m p l e t e  d e s c r i p t i o n  o f  
t h e  f i e l d  and  i a b o - r a t o r y  m e t h o d s  w h i c h  h a v e  h e ? n  d e v e l o p e d  f o r  
t h e  p l o n t  p r o s p e c t i n g  r c s c a r c h  p i ,ogrnm.  P e r h a p s  t h e  mos t  i m p o r -  
t a n t  i n n o v a t i o n  i s  t h e  o r g a n i z a t i o n  o f  t h e  f i c t d  a n d  l a b o r a t o r y  
York on t h e  b a s i s  o f  " s j t e  s e t s "  o f  d a t a .  The f i e i d  s a m p l i n g  
a n d  l a b o r a t o r y  p r o c e s s i n g  i s  c a - < r i e d  o u t  on s i t e  s e t s  of m a t e r i a l ,  
e a c h  o f  w h i c h  c o n t a i n s  n o t  more  t h a n  f i f t e e n  s a m p l e s .  The n u m b e r  
f i f t e e n  was o r i g i n a l l y  a r r i v e d  ? t  b y  s u b % r z . c % i n g  o n e  f r o m  t h e  
t o t a l  number  o f  e x p o s u r e s  w h i c h  c a n  b e  p l a c e d  on  a  s i n g l e  s p e c t r o -  
g r a p h i c  f i l m .  The  f i f t e e a  s x m p l e s  i . i ~ c l u d e d  w + . t h i n  a s + . t e  s e t  a r e  
g e n e r a l l v  d e r i v e d  f r o m  f i f t $ : e n  s t a t i q n s  i o c a t e d  a t  r e g u l a r  i n t c r -  
v a l s  a l o n g  a l i n e :  o r  f r o m  f i f t z e n  pain.::; w i t h i n  9 s a m p l e  p l o t .  
I n  e i t h e r  c a s e  5. number  o f  h a r c h e s  o f  l i k e  m a t e r i a l  a r e  c o l l e c t e d  
w i t h i n  e a c h  s i t e  s e t .  F o r  e; :ample.  i n  2 a c h  o f  t h e  t w e i v e  p l o t s  
( s i t e  s e t s )  l o c a r e d  i n  t h e  !locsa R i v e r  a r e a  i n  1 3 6 5  t h e  f o l l o w i n g  
b a t c h e s  o f  d i f f e r e n t  m a t e r i a l s  v:ore c o l ~ c c t e d :  



B a t c h  n u m b e r  Number o f  s a m p l e s  

TREES C u r r e n t  n e e d l e s  
C u r r e n t  t w i g s  
S e c o n d  y e a r  n e e d l e s  
S e c o n d  y e a r  t w i g s  
T h i r d  y e a r  n e e d l e s  
T h i r d  y e a r  t w i g s  
U p p e r  b a r k  
M i d d l e  b a r k  
Lower b a r k  

SOIL Humus 
B h o r i z o n  
C h o r i z o n  1 2  

T o t a l  1 2  

I n  t h e  f i e l d  i t  was f o u n d  t h a t  i t  t o o k  a  t h r e e  man c r e w  t w o  d a y s  
t o  c o m p l e t e  t h e  c o l l e c t i o n  o f  t h e  1 8 0  s a m p l e s  i n c l u d e d  w i t h i n  a  
s i t e  s e t .  Usif ig  t h e  s a m p l e  p r e p a r a t i o n  t r a i l e r  t h e  same c r e w  
w o u l d  t a k e  t w o  more  d a y s  t o  p r e p a r e  a i r  d r y  s u b s a m p l e s  o f  t h e  
m a t e r i a l  r e a d v  f o r  o v e n  d r y i n g  p r i o r  t o  a s h i n g .  I n  t h e  l a b o r a -  
t o r y  it was f o u n d  t h a t  t w o  men c o u l d  a s h  a n d  s p e c t r o g r a p h  t w o  
b a t c h e s  o f  s a m p l e s  p e r  d a y  on a  r o u t i n e  b a s i s .  I n  t h i s  way i t  
was  p o s s i b l e  t o  b a l a n c e  t h e  s a m p l e  c o l l e c t i o n  a n d  p r e p a r a t i o n  
t i m e  w i t h  t h e  t i m e  t a k e n  f o r  c h e m i c a l  a n a l y s i s  o f  s a m p l e s  a n d ,  
a l l o w i n g  f o r  t r a n s p o r t  o f  t h e  s a m p l e r s  t o  a n d  f r o m  t h e  f i e l d ,  i t  
w o u l d  b e  p o s s i b l e  t o  c o m p l e t e  t h e  c o l l e c t i o n ,  p r o c e s s i n g  a n d  r e -  
c o r d i n g  o f  a l l  r e s u l t s  f r o m  a  s i t e  s e t  d u r i n g  s i x  man d a y s  o f  
e a c h  t w o  man c r e w .  I t  s h o u l d  b e  s t r e s s e d  t h a t  t h e s e  m e t h o d s  a n d  
l a b o r a t o r y  f a c i l i t i e s  h a v e  b e e n  d e s i g n e d  a n d  s e t  u p  s p e c i f i c a l l y  
f o r  r e s e a r c h  i n  b i o g e o c h e m i c a l  p r o s p e c t i n g  m e t h o d s .  I n  a n y  a p p l i -  
c a t i o n  o f  t h e  f i n d i n g s  o f  o u r  r e s e a r c h  t o  p r a c t i c a l  p r o s p e c t i n g  
by  a  m i n i n g  company t h e r e  w o u l d ,  o f  c o u r s e ,  b e  n o  n e e d  f o r  s u c h  
e l a b o r a t e  s a m p l i n g ,  a n a l y t i c a l  o r  c o m p u t a t i o n a l  m e t h o d s .  

A f t e r  s u b s a m p l i n g  o f  e a c h  f i e l d  b a t c h  ( f o r  e x a m p l e  
t h e  d i v i d i n g  u p  o f  f o l i a g e  m a t e r i a l  i n t o  c u r r e n t  g r o w t h ,  n e e d l e s  
a n d  t w i g s ;  s e c o n d  y e a r  g r o w t h  o f  n e e d l e s  a n d  t w i g s ;  a n d  t h i r d  
y e a r  g r o w t h  o f  n e e d l e s  a n d  t w i g s )  t h e  b a t c h e s  a r e  o v e n  d r i e d  
o v e r n i g h t  a t  80°C. Ten gram p o r t i o n s  o f  e a c h  o v e n  d r y  s a m p l e  a r e  
p l a c e d  i n  5 0  m 1  p y r e x  b e a k e r s  a n d  d r y  a s h e d  i n  a  m u f f l e  f u r n a c e .  
The  m u f f l e  f u r n a c e  t e m p e r a t u r e  i s  r e g u l a t e d  d u r i n g  t h e  a s h i n g  
c y c l e  by  a  cam o p e r a t e d  t h e r m o s t a t .  T h i s  a l l o w s  t h e  t e m p e r a t u r e  
t o  r i s e  s l o w l y  t o  4350C a n d  t h e n  r e m a i n  c o n s t a n t  u n t i l  t h e  e n d  o f  
a n  8  h o u r  c y c l e .  I n  t h e  c a s e  o f  m o s t  s a m p l e s  t h i s  p r o d u c e s  a  
c l e a n  w h i t e  a s h ,  a  1 0  mgm p o r t i o n  o f  w h i c h  i s  t h e n  p l a c e d  o n  a  
s u g a r  i m p r e g n a t e d  1" d i a m e t e r  g r a p h i t e  p l a t r o d e .  A few d r o p s  o f  
s u g a r  s o l u t i o n  ( c o n t a i n i n g  a  s m a l l  a m o u n t  o f  i n d i u m  a s  a n  i n t e r n a l  
s t a n d a r d )  i s  u s e d  t o  f i x  t h e  a s h  t o  t h e  s u r f a c e  o f  t h e  p l a t r o d e .  
A f t e r  d r y i n g ,  t h e  p l a t r o d e  i s  r o t a t e d  a t  1 0  rpm f o r  2 0  s e c o n d s  
a n d  s p a r k e d  u s i n g  a  f l a t  g r a p h i t e  u p p e r  e l e c t r o d e .  The  l i g h t  
e m i t t e d  i s  p a s s e d  t h r o u g h  a  1 . 5  m e t r e  J a r r e l l - A s h  s p e c t r o g r a p h  



Plate m. Method used for planting out willow cuttings. Left to right: Pan with gravel 
layer and bottom watering tube; pan with six peat pots in position on gravel; 
pm with peat surrounding the peat pots; and pan with willow cuttings planted 
out in the peat pots. 

Plate IV. General view of the greenhouse showing willow cutting experiment in progress. 



z.sd t h e  s p . s z t ~ o g r a m  ~ - c o ~ i i e d  o n  f f ~ l m .  ~ ? F i e i .  p ~ ~ c e s s i n g  t h e  f i l m  
i s  ma.i:ched ~ ; s u a l l y  aga in ; :  a s 'cands.i-d f i i m  a s  d e s c r i b e d  a b o v e  
T h i s  m e t h e a  d e t s c t s  C u j  Pb,  Zn, N i ,  T i ,  Ba, S r ,  a n d  Wn i n  h i m s s e  
a i l  a s h  s a m p i e s  a n d  C r l  f a ,  it10, a n d  Ag i ~ :  mhny s a m p : e s .  T h e  d e -  
t e c t i o ?  :"ini-c f c r  m o s t  e l e m e n t s  j..ai p l a n t  a s h  i s  a r o u n d  1 0  I- m ,  > D  a; i n d i c z e e d  f r g m  t h e  s . L a n d a r d ,  R ~ s u l t s  a r e  r e a d  a t  o n l y  sl..; 
i n i : e i - v a l s  p e r  i c g  cycL1.e ( f o r  e x a m p l e  10.. ::.7, 5 ,  2 5 ,  37 ,  a n d  
75 p p m ) .  An s x p e r i . e n c e d  a p e r e t o r  czn r e p e a t  i - e s u l t s  f c r  t h e  same 
e l e m e r ~ t  i n  t h -  s a m e  unkilown s a r n p l e  p i u s  o r  m i n u s  o n e  o f  t h e s ~  
i n t e r v a l s .  T h i s  p r e c i s i - o n  i s ,  a t  t h e  moment ,  c o n s i d e r e d  a d e q u k t e  
f ~ r  t h e  p r o j e c t ,  C c n s i d e . : e b ? , e  b i a s  Ls i n t r o d u c e d  i n  r e s u i t s  f o r  
some b a t c h e s  o ~ i n g  ?c .  t h e  f a c t  t h a t  t h e  m ~ t r i . :  o f  t h e  s y n t h e t i c  
p ? . a n t  a s h  b a s e  i s  d i f f e r e n t  f r ~ m  t h a t  o f  b a t c h e s  o f  unkno-rns 
Xe a r e  a b i e  tc .  u s e  b i a s e d  r e s u l t s  o f  t h i s  k i n d  b e c a u s e ,  a s  :!<.l1 
b e  shown l a t e r  o n ,  t h e  r e s u l . : s  e i t h  a b a t c h  a r e  r e l a t i v e  t o  on-  
a n o t h e r .  !!hen E t o m i c  a b s o r p t i o n  a p p a r a t u s  i s  a d d e d  t o  t h e  i a b o r z -  
.2oi-y ( i n  t h e  n e a r  f u t u r e )  i t  i s  p l a n n e d  t o  c a r y y  o u t  f r e q u e n . t  
accu::acy c h e c k s  on  t h e  s p e c t r o g r a p h i c  d a t a :  I t  i s  a l s o  p i a n n e d  
t o  u s e  t h i s  i n s t r u m e n t  .:o c a r r y  o u t  c h e c k s  o f  t h i s  k i n d  a n d  o t h e r  
moys s p e c i a l i z e d  a n a l y s e s  o f  p l a n t  r ~ ~ a t e r i a l  when -;he l a b o r a t o r i e s  
a r e  a i  h e a d q u z r S e ~ s  d u z f n g  t h e  w i n i z r  m o n t h s ,  

B e t o r e   he m o v e a b l e  laboi-a . ;oi-y u z i t  i s  f u l l , /  o p c r -  
a t i ~ n a l  s e v e r a l  p r c j b l a m s  s c i l l  r e m a i i t  .cc: b e  s o l v e d .  We n e e d  t o  
s e . t  u p  m e t h o d s  f o r  r o u t i n e  m i n o r  e l e m e n t  z.naL;rsis o f  s o i i  e x -  
t r a c t s ,  s o i l s  a n d  r o c k s  z n d  we n e e d  t o  i n s t a l l  a n d  s e t  u p  r h e  
a t o m i c  a b s u r p c i o n  a p p a r a t u s .  i t  i s  h o p e d  t h a t  t h e  : - a b o r a t o r i e s  
w i l i  b e  f u l l y  o p e r a t i o n a l  f o c  t h e  summer c f  1 9 6 7 .  

Cre.?nh.>us:?  e x p z r i m e n t s  

it g r s e n h o u s e  i s  p o ; e n t f a i l y  a  .:.eyjr impo_.;;ar,t p a r t  o f  
a  b i o g e o c h e m T c a l  a n d  g: :obot ;nical  p r o s p e c t i n g  m e t h o d s  r e s e a r c h  
u n i t  b e c a u s z  i r  p ~ o v i d e s  a c o n t r o i i e d  e n v i r , > n m e : l r  i n  w h i c h  n l a n t s  
c a n  b e  grown f o i '  d e t a i l e d  s t l ~ d y .  Up t o  n o y  l i t t l e  p r o g r e s s  h a s  
b e e n  made i n  . Jur  g r e e n h o u s e  c w i n g  t c  i - c k  o f  s t a f f  ?c t e n d  y e a r  
r o u n d  e x p e r i m e n t s .  T h e  f e z s i b i l i t y  o f  grJ?! ing f o r e s t  p l e n t s  i n  
t h e  h a u s e  d u r i n g  t h e  summe:: s e a s o n  wz; e s t a b i i s h e d  d u r i n g  r h e  
summers  o f  1 9 6 3  s n d  1 9 6 4  when p - e l i m i n a r y  e x p e r i m e n t s  i n v o l v i n g  
? ~ i l i o ~  - u t . c i n g s  a a d  b i r c h  c r e e s  we::e c a r r i e d  o u t .  

T h e  vtillo!:! c u . t t i n g s  ::.ere ~ b - t a i n e d  fi-am t h *  Peiawavrs. 
F o r e s t  E x p e r i m e n t a i  S t a t i o n ' ( b y  k i n d  p e r m i s s i o n  o f  .:ne t h e n  
D i z e s t o r  Ui-. C .  P l a c e ) .  The  c u c f i a g s  ?!ere f i i ' s t  p i a r L t e d  au. t  si.:: 
a t  a  t i m e  i n  p i a s t i c  w a s h i n g  b o w l s  u s i n g  t h e  p r o c e d u r e  shown o n  
P l a t e  1 1 1 .  A f t e r  t h e  c u t t i z g s  h a d  r o o t e d  i n  t h e  p e a t  p o i s  c o n -  
t a i n i ~ ~ g  s o i l  f o r  f o u r  w e e k s  e h e  p e a t  p o t s  w e r e  t r a n s f e r r e d ,  i n  
fot!;s t h i s  t i m e ,  t c  c o n t z i n e r s  c o n t a i n i n g  s a n d  ( P l a t e  I V ) .  S o l u -  
tLo,.,s c o n . c a i n i n g  s m a l l  a o l o u n t s  3f o n e  o r  more  o f  f a u r  m i n o r  e l e -  
m e n t s  { l e a d ,  n i c k e l ,  c o b a l t  o r  s i l v e r )  a t  o n e  o f  f o u r  l e v e l s  o f  
c o i ~ c e n + r a ; i o n  v e r e  a d d - d  t o  e h c h  p a n .  I n  some c a s e s  - h e  ?!hole 
t r e a t m e n t  was a d d e d  a t  ; r i c e  a n d  i n  o t h z r  c a s e s  t r e a t m e n t s  u k r e  
a d d z d  w e e k l y  o v e r  a  t e n  x e e 2  p e r i o d .  A s e c c a d ,  s m a l i e r ,  s e t  o f  
v i l l o w  e x p e r i m e n t s ,  i n v o l v i n g  s i n g l e  p l a n t s ,  was c a r ~ i e d  o u t  t o  



d i s c o v e r  i f  i r  was f e a s i b l e  t o  u s e  a r t i f ! . c i a i  mf :c rures  o f  n o n -  
r a d i o ~ c t i v t  l e a d  a n d  s t r o n t i u m  i s o t o p e s  a s  t r a c e r s .  B o t h  s e r i e s  
o f  e x p e - i m e n t s  g;.ve p o s i t i v e  r e s u l t s .  ' n  t h e  f i r s t  c a s e  i t  was 
shown t h a t  a l t h o u g h  o n e  t r e a . ~ m e n t  i n c l u d i n g  a l l  f o u r  e i e m e n t s  a t  
t h e  h u n d r e d  ppm i e v e l  k i l l e d  t h e  p l a n t s  i n  a  f e v  d a y s  a s i n g l e  
t r e a t m e m  o f  o n e  e l e m e n t  ( a s  n i t z ~ i e )  a t  t h i s  c o n c e n t : : : a t i o n  l e v e l  
c o u l d  b e  a d d e d  5 i t h o ~ : t  hai.m t o  t h e  p l a n t s .  Gf t h e  f o u r  e l e m e n t s ,  
coba:: g a v e  t h e  mos t  r e l i ~ b l e  Y e s u l t s  5n t h e  up.;ake e x p e r i m e n t s .  
klass s p e c t r o g r a p h i c  a n z l y s e s  o f  t h e  a s h  a n d  s o : l s  i n  vrhich t h e  
i s o t o p e  e x p e r i m e n t s  w e r e  c a r . 2 i z d  o u t  i n d i c a t e d  t h a t  a r t i f i c l a l  
m!.-Lures o f  n o n - ] r a d i o a c t i v e  i s o t o p e s  c o u l d  b e  u s e d  a s  t r a c e r s  o n  
t h e  s c z . l e  a t  w h i c h  t h e  e . :pe: iments  w e r e  c a r r i e d  o u t , '  

k s e c o n d  s ? t  o r  g ~ e e n h z u s e  e x p e r i m e n t s  i : . v o i v e d  t h e  
d e v e l o p m e n t  o f  a  t e c h r . i q u e  f o r  b r i n g i n g  s m a l l  p l a i ~ : s  a n d  t h e  
n a t u r a l  s o i l  i n  e h i c h  t h e y  a r e  f o u n d  i n t o  t h e  g::.?enhouse f o r  
d e t a i l e d  s t u d y .  T h i s  p r o c e d u r e  u z s  c z r r i e d  o u t  a s  f o l l o w s .  A 
c i r c u l a r  i r e n c h  was f i r s t  dug  a r o b i ~ d  a sma:l t ; , e e  g r o w i n g  i n  t h e  
f o r e s t .  The s o d  containing .:he t r e z  was . t h e n  tv immed t o  f i t  e x -  
a c t l y  a f o u r  g a l i o i ~  p l a s c ' c  g a r b a g e  c a n .  By m e a n s  o f  a  h o t t o m -  
l e s s  c a n  ( o f  t h e  same t y p e  a s  u s e d  i n  t h e  g r e e n h o u s e )  t h e  s o d  
c o n t a i n i n g  i h a  p l ~ n t  *::?S t i - a r ~ s f e r r z d  t o  a  c l e a n  c a n  i n  w h i c h  a  
two i n c h  l a y e r  o f  p z a  g r a v e l  h a d  b e e a  p l a c e d  a t  t h e  b o t t o m .  T h e  
p l a n t  s o i l  a n d  c a n  we-e t h e n  moved in.20 t h e  g r e e a h o u s e  w h e r e  h o l e s  
w e r e  c u t  a t  t h e  b o t t o m  o f  t h e  c a n  t o  a l l 0 2 1  b o t t o m  w a t e r i n g  o f  t h e  
p l a n t  f r o m  a  p l a s . 2 ; ~  p c n  i n  w h i c h  t h e  c a n  was p l a c e d .  I n  o n e  
e ; : p e r i m e n t  o f  t h i s  k i n d  i t  was f o u n d  t h a t  a  s m a l l  a m o u n t  o f  ~ o ~ ~  
a d d e d  t o  t h e  w a t e r  i n  ,;he p a n  was d e t e c t a b l e  i n  t h e  d i f f e r e n t  
p a r t s  o f  t h e  s o i l  a n d  i n  t h e  d i f f e r e n t  o r g a n s  o f  a  t r e e  g r o v ~ i n g  
i n  i t  a f t e r  o n l y  ,::hree m o n t h s  i n  t h e  g r e e n h o b s e .  

As a  r e s u l t  o f  t h e  expe : : i esce  w h i c h  h a s  b e e n  o b t a i n e d  
d u ~ i n g  t h e s e  t r i a l s  we f e e l  c o n f i d e n t  t h a t  m e a n i n g f u l  e x p e r i m e n t s  
a l o n g  t h e s e  l i n e s  c a n  b e  car : , : ied o u t  i n  t h e  g r e e n h o u s e  l a t e r  o n  
a s  r e q u i r e d .  

F i e l d  i n v e s t i g a t i o n s  away f r s m  m i n e ~ a l  d e p o s i t s  

Two e x p e r i m e n t a l  i n v e s t i g a t i o n s  o f  t h i s  k i n d  h a v e  
b e e n  c a r r i e d  o u t  t o  d a t e ,  o n e  i n  t h e  Moose R i v e r  a r e a  i n  1 9 6 5  
( M a c L a r e n ,  1 9 6 6 )  a n d  t h e  o t h e r  i n  t h e  Mer B l e u e  p e a t  b o g  d u r i n g  
t h e  summer o f  1 9 6 3 .  We s h a l l  d e a l  h e ~ e  o n l y  w i t h  i m p o r t a n t  
a s p e c t s  o f  t h e  Me;: B i e u e  i n v e s t i g a t i o n .  The  Mer B l e u e  i s  a  t y p i -  
c a l  p e a t  bog  o f  t h e  t y p e  f o u n d  i n  e a s t e r n  O n t z r i o  (Graham a n d  
T i b b e t t s ,  1 9 6 1 ) .  The o b j e c t  o f  o u r  i n v e s t i g a t i o n  ,::as t h e  e s -  
t a b l i s h m e n t  o f  m e t h o d s  f o ;  t h e  s y s t e m a t i c  s t u d y  o f  t h e  b i o g e o -  
c h e m i s t r y  o f  p e a t  b o g s  a l o n g  t h e  l i n e s  p i o n e e r e d  f o r  p r o s p e c t i n g  

 he w r i t e r s  would  l i k e  t o  t n a n k  D r .  R . R .  \ V a n l e s s  f o r  h i s  h e l p  
i n  t h i s  e x p e r i m e n t  a n d  f o i ,  m a s s  s p e c t r o g r a p h i c  a n a l y s e s  made o n  
t h e  s a m p l e s  s u p p l i e d  by u s  a t  r h e  e n d  o f  t h e  g r o w i n g  s e a s o n .  
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Figure 2. Results obtained from the Mer Bleue investigation I. At the top of the 
figure the vertical distribution of nine chemical elements in samples 
collected at intervals of two feet down a hole are  shown. The results 
plotted at the top profile are on an ash weight basis and those below onr 
an oven dry weight basis. Note the sifiilarity of th6 vertical distribution 
patterns. The results in the two profiIes near the bottom of the slide 
show vertical distribution patterns for the titanium content of the peat 
samples as  determined on a quantitative or  semi-quantitative basis. Jn 
this case the vertical distribution patterns a re  very similar. 
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Figure 3. The vertical distribution of nine minor elements and six major elements 
(expressed as  oxides) in thirteen holes spaced at two hundred foot intervals 
along a traverse across the middle arm of the Mer Bleue peat bog near 
Ottawa, Ontario. The indium was used as  a reference standard during the 
determination of the minor elements by the semi-quantitative spectro- 
chemical method described in the text. 
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. . . . . . . . . . . . . .  GYTTJA ..." 



purposes by Salmi (1950) in Finland. Sample cores were collected 
by means of a three inch Shelby tube sampler from sample points 
located at 200 ft intervals across the middle and south arms of 
the bog. Samples for chemical analysis were collected at 2 foot 
intervals down each hole. After extrusion from the sampler each 
core was tied in plastic sheet for transport to the laboratory. 
In the laboratory the cores were unwrapped and allowed to become 
air dry. When air dry a channel sample from the whole length of 
each core was collected and oven dried at llOOc. Ten gram por- 
tions of the oven dry material were ashed and spectrographed as 
described above. A second portion of the ash was analyzed for 
major elements by a quantitative spectrochemical method due to 
Cameron and Horton (1966). In this way ten elements (An, Cu, Mn. 
Ni, Ba, Sr, Cr. Pb, Ti, Ag) were determined semiquantitatively 
and six elements (Si, Al, Fe, Ca, Mg, Ti) by a quantitative 
method. 

Some of the results are shown in Figure 2. The top 
part of the figure shows the vertical distribution patterns for 
nine minor elements in a single hole plotted on an ash weight 
basis at the top of figure and on an oven dry weight below. It 
is evident that either base for the results yields similar dis- 
tribution patterns. For the sake of convenience we chose to 
express all results on the ash weight basis during this investi- 
gation. Only one element, titanium, was determined both quanti- 
tatively and semiquantitatively. The lower part of the figure 
shows both sets of results for the vertical distribution patterns 
for the titanium content of the ash of samples collected at thir- 
teen points located on a traverse across the bog. It is evident 
that the vertical distribution patterns are remarkably similar 
although, as was discussed above, the indicated titanium content 
on the semiquantitative scale is subject to considerable bias. 
From the practical point of view of interpreting vertical dis- 
tribution patterns, the results obtained from th.e rapid method 
are of almost equal value to those found by the quantitative 
method. Similar accuracy checks are now planned for other minor 
elements determined semiquantitatively. 

On Figure 3 the results for the vertical distribution 
of fourteen elements (or oxides) in each of the thirteen holes 
have been brought together. Although detailed interpretation of 
the vertical distribution patterns for all elements cannot be 
carried out from this small figure two general observations can 
be made. The first is that each element has a distinctive verti- 
cal distribution pattern within the bog which is repeated from 
hole to hole across the traverse, and the second is that, in the 
case of zinc, relatively high values were found at the surface 
and near the bottom of the holes with low values in between. 
Detailed interpretation of these results will be made later. The 
main purpose of Figure 3 is to illustrate our approach to the 
study of the minor element content of peat bogs. In future other 
studies along these lines will be carried out in bogs located 
above mineral deposits. 
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Field investigations near mineral deposits 

At two days notice during May 1964 we were invited 
to collect soil and plant samples in the vicinity of a large 
undisturbed mineral deposit which had just been discovered by the 
Texas Gulf Sulphur Company near Timmins, Ontario. Our first trip 
to the property ended ten days later when 500 samples of vegetable 
material and soils were flown out of the property by helicopter. 
The forests in the area from which the samples were collected 
were then being cut over so that it was impossible to collect 
more samples above this interesting deposit. Later, a number of 
control soil samples were collected around the cut-over area. 
Preliminary chemical analysis of the vegetable and mineral matter 
collected above the orebody gave negative results. This focussed 
our interest on the chemical composition of the underlying over- 
burden. Subsequently, a number of samples of overburden, donated 
to us by the company, were analysed for total copper, zinc, 
nickel and lead. These results (Fortescue and Hughes, 1965) 
indicated anomalous concentration of zinc and copper in the Lower 
Till material directly overlying the bedrock, with background 
concentrations in material collected nearer the surface. 

In order to follow up these preliminary findings a 
small scale overburden sampling program was carried out by the 
Geological Survey of Canada during the winter of 1964-65. In 
Figure 4 the location of some of the holes which were drilled are 
shown in relation to the presence of the suboutcrop area of the 
orebody. At the left hand bottom corner of the figure a general- 
ized section of the overburden in the vicinity of the holes is 
shown together with histogram showing the content of total copper, 
zinc, nickel and lead in the samples taken from the four holes. 
(Samples were taken by 2 "  Shelby tube at five foot intervals in 
the clay till and varved clay material and by means of a hardwall 
sampler in the lower till material.) It should be noted that the 
chemical results (which were obtained by colorimetric analysis 
following total extraction by an HF/HC104 mixture) are plotted on 
a logarithmic scale unlike the results on Figure 5 which are 
plotted on an arithmetic scale. The chemical results on Figure 4 
focus attention on the copper and zinc content of the Lower Till 
material. Strong zinc and weaker copper anomalies occur in the 
Lower Till material in holes I, I1 and I11 but not in hole IV. 
In contrast, the levels of concentration of all four elements in 
the varved clays and clay till material lying above the Lower 
Till are relatively low and constant. In comparing these results 
with those obtained from vegetation and mineral soil collected 
directly above the deposit (Fig. S) the absence of significant 
anomalies in the surficial material is at once apparent. The 
only relatively high results here were on organic soil and 
sphagnum moss where, in the case of zinc and lead, some positive 
values were found in samples collected from the aspen poplar com- 
munity compared with those collected from the open sphagnum bog 
community. Such variations are to be expected under normal con- 
ditions and probably are not related to the presence of the 
underlying mineral deposit. 
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Figure 6. A prism of landscape showing the components of the vegetation and soil 
sampled at  an undisturbed mineral deposit near Silver-mine, Cape Breton 
Island. Values for lead in the ash of the vegetable material a re  plotted 
above a cross-section of the landscape from which the samples were 
collected. Note that the word "ore" was used to indicate the presence of 
mineralization and has no economic significance. 



The Texas Gulf Sulphur Company property near Timmins 
afforded us an excellent opportunity to study the geochemistry 
of the different components of a prism of landscape overlying an 
extensive ore deposit. In this case we were able to trace the 
copper and zinc into the Lower Till material but no farther up 
the prism. Because of the insulating effect of the varved clays 
and the overlying clay till significant amounts of copper and 
zinc did not migrate into the mineral soil or into vegetation. 
We conclude that under the local landscape conditions which ob- 
tain in the Timmins area the sampling of Lower Till is the most 
reliable method of geochemical prospecting. The main advantage 
of Lower Till geochemistry as a complement to geophysical methods 
under these conditions is that the Lower Till anomalies are 
slightly larger than the extent of the suboutcropping mineral- 
ization and that the results from the till give positive proof 
of the presence of specific metals within the material above 
bedrock. 

Let us now turn briefly to an area in which biogeo- 
chemical prospecting gives positive results. In August 1963 a 
sampling program was carried out in the vicinity of a drilled, 
but undisturbed, mineral deposit at Silvermine on Cape Breton 
Island (Weeks, 1954, p. 104). In this area there are very few 
outcrops although the relatively coarse grained overburden is 
seldom more than a few tens of feet thick (Fig. 6). A section 
across the mineral deposit is shown on Figure 6 where it will be 
noted that a Black Spruce (Picea mariana) community occurs on the 
lower, poorly drained ground, and a Balsam Fir (Abies balsamea) 
community further up the hill. 

Unlike the vegetation results plotted on Figure 5 
the Silvermine results are shown on a logarithmic scale. For 
reasons discussed above these results are plotted as "indicated 
ppmf8 and should not be considered absolute values. In spite of 
this, the results show strong positive indications for lead in 
humus and to a lesser extent in the upper bark material (col- 
lected 2/3 of the height up the tree). As might be expected from 
a non-essential element such as lead, the results were erratic in 
the current years growth of needles or twigs. Another point of 
interest is that the general level of concentration of lead in 
the samples of lower bark taken from balsam fir trees is apparent- 
ly slightly higher than that found in the black spruce. The sig- 
nificance of this observation is not at once apparent. More work 
is planned for this area during the summer of 1966 when these 
preliminary results will be supplemented by a more intensive in- 
vestigation. 

A second object of Figure 6 is to draw attention 
again to the need to study systematically the geochemistry of 
the various components of a prism of landscape in the vicinity 
of a mineral deposit in order to interpret the results of plant 
prospecting methods research. As we have seen in the case of 
the Silvermine results and, particularly, in the case of the work 



at the Texas Gulf Sulphur deposit, it is only when the geochemis- 
try of the different components of the landscape is studied 
systematically that the most effective geochemical method for use 
in a given area can be discovered. 

SUMMARY 

This paper has been no more than an outline of the 
progress which has been made with the plant prospecting methods 
research programme since 1962. The progress made so far may 
conveniently be summarized under the following seven headings:- 

1) There is a need in Canada at the present time for similar 
systematic studies of the geochemistry of the'different components 
of landscapes in which known, undisturbed, mineral deposits occur 
in order that the relative effectiveness of different geochemical 
prospecting methods can be assessed under different mineralization 
and landscape conditions. 

2) These studies must be done in sufficient detail and with suf- 
ficient intensity to explain the results obtained in terms of 
geochemical principles. The studies must be done sufficiently 
thoroughly to explain results or not at all. Partial results are 
misleading. 

3) We have shown that it is possible to design and construct labo- 
ratories which may be used at the field for the rapid preparation 
and chemical analysis of vegetable material for a number of minor 
elements. This enables studies of specific ecosystems to be 
carried out at an "instant in timefq which is essential if detailed 
comparisons of results obtained from plants growing in different 
areas are to be made. 

4) The methods set up for the systematic collection and treatment 
of morphological and chemical data have indicated that, quite 
apart from the writeups of specific plant prospecting methods 
projects, our files may be used as a basis for a geochemical 
census of Canadian ecosystems. In this form the data will be of 
interest to plant ecologists and foresters as well as those en- 
gaged in general interpretation of geochemical prospecting results. 

5) Preliminary greenhouse experiments have provided valuable ex- 
perience in the use of chemical elements, artificial mixtures of 
non-radioactive isotopes and radioactive elements as tracers, or 
for tests of the uptake of elements by plants under controlled 
conditions. 

6) The Yer Bleue investigation has been valuable experience in 
the layout and setting up of biogeochemical prospecting methods 
in bog areas. In particular the analytical program associated 
with this project has demonstrated the scope and limits of the 
methods we have so far developed. 



7) The two investigations carried out in the vicinity of drilled, 
but undisturbed, mineral deposits have provided valuable experi- 
ence in the methods for approaching problems of this kind. In 
both cases it was possible to find a simple logical explanation 
of our results, in one case negative and in the other positive. 
We believe that both negative and positive experience of this 
kind are of equal value to those engaged in setting up geochemical 
prospecting projects at this time. 

In the future we plan to publish the results of pro- 
gress made in the plant prospecting methods research program in 
the form of a series of progress reports so that the interested 
reader may follow our projects as they are completed. 

In conclusion we thank the Texas Gulf Sulphur Company, 
Phelps Dodge Corporation, Kennco Explorations (Canada) Limited and 
the International Nickel Company of Canada for their cooperation 
in the search for drilled, but undisturbed, mineral deposits where 
geobotanical and biogeochemical research could be carried out. 
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THE DISTRIBUTION A N D  BEHAVIOUR OF METALS IN STREAM SEDIMENTS 
A N D  WATERS OF THE K E N O  HILL A R E A ,  Y U K O N  TERRITORY 

C.F.  C l e e s o n C  

C e o c h e m i c a l  r e c o n n a i s s a n c e  i s  a t t r a c t i v e  f r o m  t h e  
p o i n t  o f  v i e w  o f  r a p i d l y  a n d  c h e a p l y  e v a l u a t i n g  t h e  e c o n o m i c a l  
p o t e q t i a l  o f  a n  a r e a  a n d  o f  o u t l i n i n g  new a n d  e x t e n d i n g  o l d  
b o u n d a r i e s  o f  m e t a l l o g e n i c  d i s t r i c t s .  A l s o ,  t h e s e  t e c h n i q u e s  
h a v e  t h e  a d v a n t a g e  o f  a l l o w i n g  o n e  t o  s t u d y  r e g i o n a l  c h e m i c a l  
v a r i a t i o n s  r e l a t e d  t o  c h a n g e  i n  r o c k  t y p e s ,  s t r u c t u r e ,  m i n e r a l o g y ,  
e t c .  

T h e  G e o l o g i c a l  S u r v e y  o f  C a n a d a  s t a r t e d  i t s  r e s e a r c h  
i n  a p p l i e d  g e o c h e m i c a l  t e c h n i q u e s  i n  1 9 5 3  when B o y l e  ( 1 9 5 5 )  
c a r r i e d  o u t  d e t a i l e d  w a t e r  a n d  s o i l  s u r v e y s  i n  t h e  Keno H i l l  
A r e a ,  Y.T.  He f o l l o w e d  t h i s  p r o j e c t  w i t h  a  r e c o n n a i s s a n c e  w a t e r  
a n d  s t r e a m  s e d i m e n t  s u r v e y  i n  p a r t  o f  Nova S c o t i a  i n  1 9 5 6  ( B o y l e  
e t  a 1  1 9 5 8 ) .  t h e  f o l l o w i n g  y e a r  Holman ( 1 9 5 3 )  e x p a n d e d  t h e  s t r e a m  
s e d i m e n t  work  t o  c o v e r  m o s t  o f  Nova S c o t i a  a n d  i n  1 9 5 9  S m i t h  
( 1 9 6 0 )  e x t e n d e d  t h i s  work  i n t o  New B r u n s w i c k .  H y d r o g e o c h e m i c a l  
s t u d i e s  on u r a n i u m  i n  t h e  B a n c r o f t  a r e a  w e r e  d o n e  by  C h a m b e r l a i n  
( 1 9 6 4 )  i n  1 9 6 1 ,  a n d  i n  1 9 6 3  T a u c h i d  ( 1 3 6 4 )  s t u d i e d  molybdenum 
d i s t r i b u t i o n  i n  s t r e a m  s e d i m e n t s  a n d  s o i l s  o v e r  a  g r a n i t i c  b o d y  
i n  B a t h u r s t  A r e a ,  New B r u n s w i c k .  I n  1964  t h e  C e o l o ~ i c a l  S u r v e y  
o f  C a n a d a  c a r r i e d  o u t  i t s  f i r s t  h e l i c o p t e r - s u p p o r t e d  r e g i o n a l  g e o -  
c h e m i c a l - h e a v y  m i n e r a l  s u r v e y .  T h e  p l a n n i n g ,  e x e c u t i o n  a n d  d i s -  
c u s s i o n  o f  t h e  p r e l i m i n a r y  r e s u l t s  o f  t h i s  work f o r m  t h e  b a s i s  
o f  t h i s  p a p e r .  

DESCRIPTION OF THE K E N O  HILL A R E A  

L o c a t  i o n  -- 
T h e  a r e a  s u r v e y e d  i s  l o c a t e d  a b o u t  200  m i l e s  n o r t h  

o f  W h i t e h o r s e ,  Y . T . ,  i t  c o n s i s t s  o f  a  b l o c k  o f  g r o u n d  m e a s u r i n g  
a b o u t  6 0  m i l e s  by 3 4  m i l e s  a n d  c e n t e r e d  a r o u n d  Keno H i l l ,  Yukon 
T e r r i t o r y .  

G e o l o g y  

F o u r - m i l e  g e p l o g i c a l  m a p p i n g  o f  t h e  r e g i o n  h a s  b e e n  
d o n e  by  B o s t o c k  ( 1 9 4 7 ,  1 9 6 4 1 ,  G r e e n  a n d  R o d d i c k  ( 1 9 6 2 1 ,  a n d  more  
d e t a i l e d  s t u d i e s  ( 1 " : l m i . )  h a v e  b e e n  c a r r i e d  o u t  by  G r e e n  ( 1 9 5 7 ,  
1 9 5 8 ) ,  K i n d l e  ( 1 9 6 2 ) ,  b l c T a g g a r t  ( 1 9 6 9 ) ,  B o y l e  ( 1 9 6 5 )  and  P o o l e  
( 1 9 6 5 ) .  

" G e o l o g i c a l  S u r v e y  o f  C a n a d a ,  O t t a w a ;  p r e s e n t  a d d r e s s :  S o c i G t 6  
Q u g b e c o i s e  d l E x p l o r a t i o n  M i n i s r e , 2 3 8 3  Chemin S t e .  F o y ,  Q u e b e c ,  
C a n a d a .  



The  a r e a  s t u d i e d  i s  u n d e r l a i n  by a  s e r i e s  o f  m e t a -  
m o r p h o s e d  s e d i m e n t a r y  r o c k s ,  m a i n l y  q u a r t z i t e s ,  p h y l l i t e s ,  s l a t e s  
a n d  c h l o r i t e ,  s c r i c i t e  and  g r a p h i t e  s c h i s t s ,  a s  w e l l  a s  g r i t s  
a n d  m i n o r  l i m e s t o n e .  T h e  a g e  o f  t h e s e  r o c k s  i s  u n c e r t a i n  b u t  
a p p e a r s  t o  r a n g e  f r o m  P r e c a m b r i a n  t o  u p p e r  M e s o z o i c  ( P o o l e ,  
1 9 6 5 ;  T e m p e l m a n - K l u i t ,  1 9 6 6 ) .  A d o l o m i t e  a n d  l i m e s t o n e  u n i t  o u t -  
c r o p s  i n  t h e  n o r t h e a s t  p a r t  o f  t h c  a r c a .  F o s s i l s  f r o m  t h e s e  
r o c k s  r a n g e  i n  a g e  f r o m  l a t e  C a m b r i a n  t o  l a t e  S i l u r i a n  o r  e a r l y  
D e v o n i a n  ( G r e e n  and  R o d d i c k ,  1 9 6 2 ) .  Claf ic  i g n e o u s  s i l l s  a n d  
l c n s e s  now a l t e r e d  t o    re ens tones a r e  i n t e r l a y e r e d  w i t h  t h e  
m e t a m o r p h o s e d  s e d i m e n t s .  Q u a r t z - f e l d s p a r  p o r p h y r y  s i l l s  a n d  
l a m p r o p h y r e  d y k e s  a r e  p r e s e n t  l o c a l l y .  G r a n i t i c  s t o c k s  c u t  t h e  
m e t a m o r p h o s e d  s e d i m e n t s  e a s t  and  n o r t h  o f  Mayo L a k e ,  n o r t h w e s t  
o f  Hanson L a k e ,  s o u t h  o f  D u b l i n  G u l c h  a n d  i n  t h e  v i c i n i t y  o f  
Mount Ha l d a n e .  

S k a r n  z o n e s  c o n t a i n i n g  s c h e e l i t e  o c c u r  i n  t h e  v i c i n i t y  
o f  some o f  t h e s e  g r a n i t i c  m a s s e s  p a r t i c u l a r l y  a r o u n d  D u b l i n  
G u l c h ,  Mount H a l d a n e ,  a n d  e a s t  o f  Mayo L a k e .  

Most  o f  t h e  l e a d - s i l v e r  o r e  d e p o s i t s  i n  t h e  Keno- 
G a l e n a  H i l l  a r e a  o c c u r  a l o n g  n o r t h e a s t e r l y  s t r i k i n p  v e i n  f a u l t s  
i n  t h i c k - b e d d e d  q u a r t z i t e  a n d  o c c a s i o n a l l y  i n  g r e e n s t o n e  ( B o y l e  
1 9 6 5 ) .  In t h e  D u b l i n  G u l c h  a r e a  q u a r t z - a r s e n o p y r i t e - g o l d  v e i n s  
w i t h  a g e n e r a l  n o r t h e a s t  s t r i k e  a r e  p r e s e n t  n e a r  t h e  c o n t a c t s  o f  
t h e  g r a n i t i c  s t o c k s .  A l s o ,  e a s t e r l y  s t r i k i n g  v e i n  f a u l t s  a r e  
m i n e r a l i z e d  w i t h  s i d e r i t e ,  j a m e s o n i t e ,  b o u l a n g e r i t e ,  p y r i t e .  
a r s e n o p y r i t e ,  g a l e n a ,  t e t r a h e d r i t e  a n d  c h a l c o p y r i t e .  Two 
c a s s i t e r i t e - t o u r m a l i n e  v e i n s  o c c u r  on t h e  r i g h t  l i m i t  o f  D u b l i n  
Gulch  n e a r  i t s  mouth ( B o y l e ,  1 9 6 5 ;  P o o l e ,  1 9 6 5 ) .  N o r t h e r l y  
s t r i k i n g  l e a d - z i n c - s i l v e r  v e i n s  a r e  p r e s e n t  i n  D a v i d s o n  Range  
( C o c k f i e l d ,  1 9 2 2 ;  Aho, 1 9 6 4 ) .  I n  a d d i t i o n  p l a c e r   old h a s  b e e n  
r e c o v e r e d  f r o m  D u b l i n  G u l c h ,  H a g g a r t  C r e e k ,  a n d  Duncan C r e e k  
s i n c e  1 8 9 8 .  

The  a r e a  h a s  u n d e r g o n e  s e v e r a l  s t a g e s  o f  g l a c i a t i o n  
( V e r n o n  a n d  H u g h e s ,  1 9 6 6 )  a n d  t h i c k  g l a c i a l  d e p o s i t s  o c c u p y  t h e  
m a j o r  v a l l e y s  a n d  h i l l  s l o p e s  b e l o w  3000 f e e t .  P e r m a f r o s t  i s  
p r e s e n t  t h r o u g h o u t  t h e  r e g i o n .  

C l i m a t e  a n d  R a i n f a l l -  

The  r e g i o n  h a s  a  s u b - a r t i c  c l i m a t e .  THe a v e r a g e  
a n n u a l  p r e c i p i t a t i o n  i s  r e p o r t e d  t o  b e  a b o u t  12 i n c h e s  b u t  i n  1 9 6 4  
t h e  summer was wet  a n d  o v e r  a  p e r i o d  o f  3 m o n t h s  a  t o t a l  o f  1 0  
i n c h e s  o f  r a i n  was r e c o r d e d .  

PURPOSE 

The programme was d e s i g n e d  s o  t h a t  t h e  f i e l d  work  
would  b e  c o m p l e t e d  i n  o n e  s e a s o n .  T h e  c h i e f  a i m s  o f  t h e  s t u d y  
i n c  l u d e d  : 



( 1 )  T h e  s y s t e m a t i c  s a m p l i n g  o f  s t r e a m  and  s p r i n g  s e d i m e n t s  a n d  
s t r e a m  a n d  s p r i n g  w a t e r s  f r o m  a n  a r e a  o f  a b o u t  1 9 0 0  s q u a r e  
m i l e s .  

( 2 )  T e s t i n g  a t  t h e  s i t e  f o r  c o l d  e x t r a c t a b l e  h e a v y  m e t a l s  i n  t h e  
w a t e r s  a n d  s e d i m e n t s  a n d  r e c o r d i n g  a l l  p e r t i n e n t  d a t a  on t h e  
e n v i r o n m e n t  i n  c o d e d  f o r m  on s p e c i a l  f i e l d  c a r d s .  

( 3 )  C o l l e c t i n g  h e a v y  m i n e r a l  s a m p l e s  b y  p a n n i n g  t h e  s t r e a m  
g r a v e l s .  

( 4 )  C o l l e c t i n g  r o c k  s a m p l e s  f o r  t r a c e  e l e m e n t  s t u d i e s .  

( 5 )  S t r e a m  s e d i m e n t s  f r o m  p h a s e  o n e  t o  b e  a n a l y s e d  f o r  t r a c e  
e l e m e n t s .  

( 6 )  W a t e r  s a m p l e s  f r o m  p h a s e  o n e  t o  b e  a n a l y s e d  c o m p l e t e l y  f o r  
a n i o n s  a n d  c a t i o n s .  

( 7 )  C o m p i l a t i o n  a n d  p u b l i c a t i o n  o f  t h e  d a t a  i n  t h e  f o r m  o f  g e o -  
c h e m i c a l  maps .  

( 8 )  C o m p u t e r  a n a l y s i s  o f  t h e  d a t a .  

E x c e p t  f o r  t h e  r o c k  a n a l y s e s ,  p h a s e s  1  t o  6  h a v e  b e e n  
c o m p l e t e d .  G e o c h e m i c a l  maps s h o w i n g  t h e  h e a v y  m e t a l  c o n t e n t  o f  
s t r e a m  a n d  s p r i n g  w a t e r s  and  s e d i m e n t s  ( G l e e s o n  e t  a l ,  1 9 6 5 )  and  
t h e  l e a d  c o n t e n t  o f  s t r e a m  s e d i m e n t s  ( G l e e s o n ,  1 9 6 6 )  h a v e  b e e n  
p u b l i s h e d .  More o f  t h e s e  maps a r e  b e i n g  p r e p a r e d  a n d  s h o u l d  be  
p u b l i s h e d  s h o r t l y .  C o m p u t e r  a n a l y s i s  o f  t h e  d a t a  i s  y e t  t o  b e  
c o m p l e t e d .  

F I E L D  METHODS 

To c o v e r  t h e  a r e a  i n  t h e  t i m e  a l l o t t e d  t h e  u s e  o f  
h e l i c o p t e r s  was  e s s e n t i a l .  Two B e l l  S u p e r  G2A h e l i c o p t e r s  w e r e  
l e a s e d  f r o m  A s s o c i a t e d  H e l i c o p t e r s ,  E d m o n t o n ,  f o r  t h i s  w o r k .  The 
g e o c h e m i c a l  f i e l d  p a r t y  c o n s i s t e d  o f  7 two-men c r e w s ,  a  c o o k  a n d  
a  h e l p e r ,  p l u s  t h e  2 h e l i c o p t e r  p i l o t s  a n d  a  m e c h a n i c .  The 
h e l i c o p t e r s  w e r e  u s e d  a s  t a x i s  t o  f e r r y  t h e  men t o  t h e  h e a d s  o f  
t h e  c r e e k s  and  a t  t h e  e n d  o f  t h e  d a y  t o  p i c k  t h e m  u p .  About  100 
h o u r s  o f  f l y i n g  was r e q u i r e d  t o  c o v e r  t h e  a r e a .  

A f t e r  b e i n g  s e t  o u t  t h e  c r e w s  t r a v e r s e d  t h e  c r e e k s  on 
f o o t ,  t o o k  s a m p l e s  o f  s t r e a m  s e d i m e n t s ,  t e s t e d  t h e  w a t e r  and s e d i -  
m e n t s  f o r  c o l d  e x t r a c t a b l e  h e a v y  m e t a l s ,  m e a s u r e d  t h e  p l l ,  and 
t e m p e r a t u r e  o f  t h e  w a t e r ,  a n d  e n t e r e d  a l l  p e r t i n e n t  d a t a  a b o u t  
t h e  s a m p l e  s i t e  i n  c o d e d  f o r m  on s p e c i a l l y  d e s i e n e d  f i e l d  c a r d s  
( G l e e s o n  a n d  T u p p e r ,  1 9 6 6 ) .  

G e n e r a l l y  a  s t r e a m  s e d i m e n t  s a m p l e  o f  t h e  f i n e s t  
m a t e r i a l  a v a i l a b l e  was  t a k e n  f r o m  t h e  a c t i v e  c h a n n e l  a t  i n t e r v a l s  
o f  1 5 0 0  f e e t  a l o n g  a l l  c r e e k s .  Two w a t e r  s a m p l e s  w e r e  t a k e n  f r o m  



e a c h  c r e e k  f o r  SO4 a n d  C l  a n i o n  a n a l y s i s .  L a r g e  s a m p l e s  ( 1  l i t e r )  
o f  w a t e r  w e r e  t a k e n  f r o m  s p r i n g s  t h r o u g h o u t  t h e  a r e a  a n d  com- 
p l e t e  a n a l y s e s  w e r e  d o n e  on t h e s e  f o r  a n i o n  a n d  c a t i o n s .  From 
t h e  g r a v e l s  o f  e a c h  c r e e k  t h e  c r e w s  p a n n e d  o n e  o r  t w o  h e a v y  
m i n e r a l  s a m p l e s .  A t o t a l  o f  5 9 0 0  s t r e a m  s e d i m e n t s  w e r e  t e s t e d  
a n d  s a m p l e d ,  5 7 0 0  s t r e a m  w a t e r s  w e r e  t e s t e d  Ln t h e  f i e l d  a n d  
a b o u t  7 0 0  a n a l y z e d  i n  t h e  l a b o r a t o z y ,  1 5 0  s p r i n g  w a t e r s  a n d  s e d i -  
m e n t s  w e r e  c o l l e c t e d  a n d  5 5 0  h e a v y  m i n e r a l  s a m p l e s  w e r e  o b t a i n e d .  

LABORATORY PROCEDURES 

A l l  s e d i m e n t  s a m p l e s  w e r e  d r i e d ,  s i e v e d  t o  m i n u s  8 0  
mesh a n d  s h i p p e d  t o  t h e  g e o c h e m i c a l  l a b o r a t o r i e s  o f  t h e  G e o l o g i c a l  
S u r v e y  o f  C a n a d a ,  O t t a w a ,  w h e r e  c o i o r i m e t r i c  a n a l y s e s  f o r  Cu, P b ,  
Z n ,  As ,  S b ,  K a n d  M O  a n d  s p e c t r o g r a p h i c  a n a l y s e s  f o r  N i ,  C O ,  Ag, 
S n ,  B i ,  B ,  Au, Cu,  a n d  M O  w e r e  d o n e .  T h e  p a n n e d  c o n c e n t r a t e s  
w e r e  a l s o  s e n t  t o  O t t a w s  f o r  h e a v y  l i q u i d  s e p a r a t i o n s .  The  h e a v y  
l i q u i d  c o n c e n t r a t e s  w e r e  e x a m i n e d  u n d e r  a  b i n o c u l a r  m i c r o s c o p e ,  
c h e c k e d  f o r  f l u o r e s c e n c e ,  r a d i o a c t i v i t y ,  a n d  s u b j e c t e d  t o  s e m i -  
q u a n t i t a t i v e  s p e c t r o g r a p h i c  a n a l y s i s .  

EXPENDITURES 

F i e l d  e x p e n d i t u r e s  f o r  t h i s  o p e r a t i o n  a m o u n t e d  t o  
a b o u t  $ 8 2 , 0 0 0 ;  o f  t h i s ,  $ 4 0 , 0 0 0  was s p e n t  on h e l i c o p t e r  c h a r t e r ,  
$ 2 3 , 0 0 0  on  s a l a r i e s ,  5 6 , 5 0 0  on t r a n s p o r t a t i o n  t o  a n d  f r o m  t h e  
f i e l d ,  $ 5 , 0 0 0  on f o o d ,  a b o u t  $ 4 , 0 0 0  on f r i e i g h t ,  $ 1 , 5 0 0  on 
v e h i c l e  r e p a i r  a n d  g a s ,  a n d  $ 2 , 0 0 0  f o r  camp s u p p l i e s ,  f i e l d  c h e m i -  
c a l s ,  r e n t a l  o f  e q u i p m e n t  e t c .  Hence  t h e  f i e l d  c o s t  a m o u n t e d  t o  
a b o u t  $ 4 3 . 0 0  p e r  s q u a r e  m i l e .  T h i s  f i g u i - e  d o e s  n o t  i n c l u d e  t h e  
c o s t  o f  l a b o r a t o r y  a n a l y s i s .  

RESULTS 

To d a t e  a  s e r i e s  o f  14 maps h a v e  b e e n  p u b l i s h e d  on a 
s c a l e  o f  1  m i l e  t o  t h e  i n c h  s h o w i n g  t h e  d i s t r i b u t i o n  o f  c o l d  
e x t r a c t a b l e  h e a v y  m e t a l s  i n  w a t e r s  a n d  s t r e a m  s e d i m e n t s  ( C l e e s o n  
e t  a l ,  1 9 6 5 ) .  R e c e n t l y  a  map s h o w i n g  t h e  d i s t r i b u t i o n  o f  l e a d  
i n  t h e  s t r e a m  s e d i m e n t  was r e l e a s e d  ( G l e e s o n ,  1 9 6 5 )  a n d  1 1  more  
m e t a l  maps a r e  p r e s e n t l y  b e i n g  c o m p i l e d  f o r  p u b l i c a t i o n .  

The r e s u l t s  o f  t h e  c o l d  e x t r a c t a b l e  f i e l d  t e s t s  
showed t h a t  r e c o n n a i s s a n c e  s e d i m e n t  a n d . h y d r o c h e m i c a 1  s u r v e y s  a r e  
p r a c t i c a l  a n d  u s e f u l  e x p l o r a t i o n  t o o l s  f o r  t h i s  a r e a .  Wi th  t h e s e  
m e t h o d s  m o s t  o f  t h e  known l e a d - z i n c - s i l v e r  d e p o s i t s  w e r e  d e t e c t e d .  
I n  a d d i t i o n ,  n u m e r o u s  a n o m a l i e s  w e r e  f o u n d  i n  a r e a s  t h a t  h a v c  
h a r d l y  b e e n  e x p l o r e d .  Anomalous  t r a i n s  v a r i e d  f r o m  l e s s  t h a t  o n e  
m i l e  t o  o v e r  t e n  m i l e s  i n  l e n g t h .  
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T h e  w a t e r  a n d  s t r e a m  a n o m a l i e s  w e r e  g e n e r a l l y  c o i n c i -  
d e n t  b u t  c e r t a i n  e x c e p t i o n s  d i d  o c c u r  i n  t h e  v i c i n i t y  o f  s o m e  
v e r y  a c i d  s p r i n g s  w h e r e  t h e  c u t - o f f  o f  t h e  s e d i m e n t  a n o m a l y  w a s  
d i s p l a c e d  s e v e r a l  t h o u s a n d  f e e t  d o w n s t r e a m  f r o m  t h e  w a t e r  
a n o m a l y .  T h i s  e f f e c t  w a s  p r o b a b l y  d u e  t o  t h e  h i g h  a c i d i t y  o f  
t h e  w a t e r ;  w h e r e  t h e  w a t e r  pH i s  low t h e  m e t a l s  t e n d  t o  s t a y  i n  
s o l u t i o n  a n d  n o  s e d i m e n t  a n o m a l y  w a s  d e t e c t e d .  A f t e r  t h e  s e d i -  
m e n t s  w e r e  a n a l y z e d  i n  t h e  l a b o r a t o r i e s  i t  w a s  f o u n d  t h a t  m o s t  
o f  t h e  a n o m a l i e s  f o u n d  w i t h  t h e  f i e l d  t e s t s  w e r e  d u e  t o  z i n c .  

The  a r e a  w a s  d i v i d e d  i n t o  2 8  m i l e  s q u a r e s  a n d  w i t h  t h e  
a i d  o f  a  c o m p u t e r  t h e  a r i t h m e t i c  m e a n s  o f  t h e  c o l d  e x t r a c t a b l e  
h e a v y  m e t a l s  v a l u e s  o f  t h e  s e d i m e n t  a n d  w a t e r  s a m p l e s  w i t h i n  
e a c h  s q u a r e  w a s  c a l c u l a t e d .  T h e s e  v a l u e s  w e r e  t h e n  c o n t o u r e d  
a n d  r e g i o n a l  t r e n d  maps  c o n s t r u c t e d  ( F i g u r e s  2 a n d  3 ) .  

T h e  g e n e r a l  p a t t e r n  o f  r e g i o n a l  t r e n d  l i n e s  o n  t h e  
s e d i m e n t  map ( F i g u r e  2 )  r e v e a l s  h i g h s  o v e r  t h e  p r o d u c i n g  a r e a s  
i n  a d d i t i o n  t o  h i g h s  o v e r  t h e  p h y l l i t i c  a n d  q u a r t z i t i c  r o c k s  t o  
t h e  n o r t h ,  c e n t r a l  a n d  e a s t e r n  p a r t s  o f  t h e  a r e a .  An i s o l a t e d  
h i g h  o c c u r s  o v e r  Mount  I l a l d a n e  w h e r e  a g a i n  m a s s i v e  q u a r t z i t e  a n d  
p h y l l i t e  a r e  p r e s e n t  i n  a d d i t i o n  t o  s e v e r a l  s m a l l  P h - Z n - A g  s h o w -  
i n g s .  T h e r e  i s  a  m a r k e d  d e c r e a s e  i n  t h e  r e g i o n a l  t r e n d  t o  t h e  
w e s t  ( D u b l i n  G u l c h  A r e a ) .  T h i s  c h a n g e  r e f l e c t s  t h e  low t r a c e  
e l e m e n t  c o n t e n t  o f  z i n c  i n  t h e  r o c k s  i n  t h e  w e s t e r n  s e c t o r  o f  
t h e  a r e a .  E v e n  t h e  known m i n e r a l  d e p o s i t s  o f  t h e  D u b l i n  G u l c h  
a r e a  c o n t a i n  r e l a t i v e l y  l i t t l e  z i n c ;  e s s e n t i a l l y  t h e  v e i n s  a r e  
r i c h  i n  P b ,  A s ,  S b ,  a n d  Au. A n o t h e r  p r o m i n e n t  low o c c u r s  i n  t h e  
n o r t h  c e n t r a l  p a r t  o f  t h e  a r e a .  T h e  r o c k s  h e r e  a r e  r e p o r t e d l y  
s i m i l a r  t o  t h o s e  n o r t h  o f  D u b l i n  C u l c h .  To t h e  s o u t h e a s t  a  l ow 
i s  p r e s e n t  o v e r  t h e  Mayo L a k e  g r a n i t e  s t o c k .  T h e  v a l u e s  o v e r  a  
b a n d  o f  d o l o m i t i c  r o c k  i n  t h e  n o r t h e a s t  a r e  f a i r l y  h i g h .  T h i s  i s  
p a r t i c u l a r l y  i n t e r e s t i n g  b e c a u s e  t h i s  a r e a  i s  a l s o  h i g h  i n  l e a d  
( G l e e s o n ,  1 9 6 6 ) .  

A s u r p r i s i n g l y  s i m i l a r  p i c t u r e  i s  shown b y  t h e  r e g i o n -  
a l  t r e n d s  o f  t h e  w a t e r  map ( F i g u r e  3 ) .  A g a i n  t h e r e  i s  a  s t r o n g  
t r e n d  o f  h i g h s  t o  t h e  e a s t  a n d  l o w s  t o  t h e  w e s t  a n d  n o r t h  c e n t r a l  
p a r t s  o f  t h e  a r e a .  T h e  Mayo Lake  g r a n i t e  i s  o v e r l a i n  b y  a  low 
a n d  t h e  q u a r t z i t e s  a n d  p h y l l i t e s  a r e  g e n e r a l l y  c o v e r e d  b y  h i ~ h s .  
T h e  b a n d  o f  d o l o m i t e  i n  t h e  n o r t h  e a s t  i s  b e t t e r  d e f i n e d  b y  t h e  
w a t e r  r e s u l t s  t h a n  by  t h e  s e d i m e n t  r e g i o n a l  t r e n d s .  I l i g h s  o c c u r  
o v e r  Mount  H a l d a n e  a n d  t h e r e  i s  a l s o  a  m o d e r a t e  i n c r e a s e  o v e r  t h e  
P b - S b - A s  s h o w i n g s  i n  t h e  D u b l i n  C u l c h  a r e a .  

A s  i n f o r m a t i o n  b e c o m e s  a v a i l a b l e  s i m i l a r  m a p s  w i l l  b e  
d r a w n  f o r  a l l  e l e m e n t s .  H o w e v e r ,  by  u s i n g  t h e  r e s u l t s  o f  o n l y  a  
c o l d - e x t r a t i o n  f i e l d  t e s t ,  s t r o n g  t r e n d s  a n d  r e g i o n a l  r e l a t i o n -  
s h i p s  t o  r o c k  t y p e s  c a n  b e  shown a n d  f a v o r a h l e  a r e a s  f o r  p r o s p e c t -  
i n g  q u i c k l y  d e l i n e a t e d .  
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SOME OBSERVATIONS O N  THE DISTRIBUTION OF PIETALS IN 
SKAMPS I S  EASTERN CAKADA 

C . F .  G l e e s o n *  a n d  J . A .  C o o p e * *  

INTRODUCTION 

T h e  b e h a v i o u r  o f  t r a c e  m e t a l s  i n  swamp e n v i r o n m e n t s  
h a s  b e e n  s t u d i e d  by n u m e r o u s  o b s e r v e r s  i n  d i f f e r e n t  p a r t s  o f  t h e  
w o r l d .  L o v e r i n g  ( 1 9 2 7 ) ,  F o r r e s t e r  ( 1 9 4 2 )  a n d  E c k e l  ( 1 9 4 9 )  h a v e  
d e s c r i b e d  n a t i v e  c o p p e r  i n  p e a t s  i n  M o n t a n a  a n d  C o l o r a d o  w h i c h  
h a s  b e e n  p r e c i p i t a t e d  f r o m  c o p p e r - b e a r i n g  w a t e r s  d r a i n i n g  a r e a s  
o f  c o p p e r  m i n e r a l i z a t i o n .  \ $ e b b  a n d  Tooms ( 1 9 5 9 )  h a v e  s t u d i e d  
c o n c e n t r a t i o n s  o f  c o p p e r  i n  d a m b o s  i n  t h e  C o p p e r b e l t  a r e a  o f  
Z a m b i a .  T h e y  c o n c l u d e  t h a t ,  a w a y  f r o m  t h e  m a i n  p o i n t s  o f  g r o u n d -  
w a t e r  s e e p a g e ,  c o p p e r  t e n d s  t o  c o n c e n t r a t e  i n  s u r f a c e  h o r i z o n s .  
C a n n o n  ( 1 9 5 5 )  h a s  r e p o r t e d  a b n o r m a l  c o n c e n t r a t i o n s  o f  z i n c  i n  
p e a t y  d e p o s i t s  o v e r l y i n g  t h e  z i n c  b e a r i n g  L o c k p o r t  d o l o m i t e  i n  
New Y o r k .  

I n  Yukon T e r r i t o r y ,  B o y l e  ( 1 3 5 7 )  f o u n d  t h a t  z i n c  
c a r r i e d  i n t o  b o g  a r e a s  by  s u r f a c e  w a t e r s  w a s  c o n c e n t r a t e d  i n  a b -  
n o r m a l  a m o u n t s  i n  t h e  p e a t s .  E r m e n g e n  ( 1 9 5 7 )  a l s o  n o t e d  t h a t  t h e  
p e a t  b o g s  i n  t h e  C h i b o u g a m a u  a r e a  o f  Q u e b e c  c o n c e n t r a t e d  z i n c .  
Ho lman  ( 1 9 5 9 )  r e p o r t e d  o n  a  c o p p e r - r i c h  swamp n e a r  S a c k v i l l e ,  
New B r u n s w i c k  t h a t  h a s  c o n c e n t r a t c d  c o p p e r  f r o m  s p r i n g  w a t e r s  
e m e r g i n g  f r o m  a  c u p r i f e r o u s  P e n n s y l v a n i a n  s a n d s t o n e .  F u r t h e r  
n o r t h  i n  New B r u n s w i c k  Hawkes  a n d  S a l m o n  ( 1 9 6 0 )  h a v e  d e s c r i b e d  
c o n c e n t r a t i o n s  o f  i r o n  i n  l i v e  a n d  d e c o m p o s i n g  o r g a n i c  m a t t e r  i n  
a  swamp o v e r l y i n g  a  c o p p e r  b e a r i n g  i r o n  s u l p h i d e  d e p o s i t  i n  t h e  
B a t h u r s t  a r e a .  

I n  h i s  s t u d i e s  o f  t h e  t r a c e - e l e m e n t  d i s t r i b u t i o n  i n  
S c o t t i s h  p e a t s ,  M i t c h e l l  ( 1 9 5 4 )  c o l l e c t e d  p r o f i l e  s a m p l e s  i n  
swamps  o v e r l y i n g  r o c k s  c o n t a i n i n g  b a c k g r o u n d  q u a n t i t i e s  o f  m e t a l s .  
M i t c h e l l  f o u n d  t h e  q u a n t i t i e s  o f  c o p p e r ,  z i n c ,  l e a d  a n d  n i c k e l  i n  
t h e  p e a t s  t e n d e d  t o  i n c r e a s e  w i t h  d e p t h .  

S a l m i  ( 1 9 5 0 )  c o l l e c t e d  s u r f a c e  s a m p l e s  f r o m  5 0  swamps  
t h r o u g h o u t  F i n l a n d  a n d  d i s c o v e r e d  t h a t  t h e  b o g s  s i t u a t e d  i n  t h e  
v i c i n i t y  o f  s u l p h i d e  o r e ' b o d  i e s  c o n t a i n e d  m o r e  c o p p e r ,  z i n c  a n d  
n i c k e l  t h a n  t h e  b o g s  i n  a r e a s  o f  n o  known s u l p h i d e  m i n e r a l i z a t i o n .  

G e o l o g i c a l  S u r v e y  o f  C a n a d a ,  O t t a w a ;  p r e s e n t  a d d r e s s :  S o c i 6 t 6  
Q u 6 b e c o i s e  d l E x p l o r a t  i o n  M i n i s r e ,  2 3 8 3  C h e m i n  S t e .  F o y ,  S t e .  
F o y ,  Q u e b e c .  

**Newmont  M i n i n g  C o r p o r a t i o n  o f  C a n a d a ,  L t d . ,  1 6 1 0 - 2 5  K i n g  S t .  W . ,  
T o r o n t o ,  O n t a r i o .  
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) \ i t e r  morc  d c t a  i l e d  s t u d i e s  o f  t r a c e - c l e m e n t  d i s t r i b u t i o n  i n  
swamps i n  t h e  O t a n m a k i  a n d  V i h a n t i  d i s t r i c t s ,  S a l m i  ( 1 9 5 5 ,  1 9 5 6 )  
f o u n d  t h a t  t h e  x o s t  i m p o r t a n t  e l c m e n t s  c o n t a i n e d  i n  t h e  v a n a d i u m -  
b c n r i n g  t i t a n i f e r o u s  i r o n  o r e  a n d  c o p p e r - z i n c  t i c p o s i t s  u n d e r l y i n g  
t h e  swamps  w e r e  p r e s e n t  i n  a n o m a l o u s  n m o u n t s  i n  t h e  p c a t s .  T lax i -  
nlun c o n c c n t r n t i o n s  o c c u r r c d  o v c r  o r  d o w n - d r a i n a g e  o f  t h e  s u b o u t c r o p  
o f  t h c  o r e b o d i e s  i n  a r e a s  v h c r c  t h c  p e a t  i s  u n d e r l a i n  by u p  t o  
4 0  f e e t  o f  s a n d  a n d  t i l l .  I r o n ,  m a n g a n e s e ,  m o l y b d e n u m  a n d  l e a d  
t e n d e d  t o  b e  c o n c e n t r a t e d  i n  t h e  u p p e r  l a y e r s  o f  t h e  p c a t ,  w h i l e  
n i c k c l ,  v a n a d i u m ,  t i t a n i u m  a n d  c a d m i u m  w e r e  p r e s e n t  i n  t h e  g r e a t -  
e s t  c o n c e n t r a t i o n  n e a r  t h e  b a s e  o f  t h e  p e a t .  I n  Xorway  H v a t u m  
( 1 9 6 4 )  h a s  shown t h a t  P b ,  Zn a n d  l~lo c o n c e n t r a t e d  i n  t h e  u p p e r  
l a y e r s  o f  p c a t  a n d  C O ,  Cu a n d  ;$In a r e  g e n e r a l l y  f o u n d  i n  maximum 
c o n c e n t r a t i o n s  a t  t h e  t o p  a n d  b o t t o m  o f  t h e  p e a t  b o g s  t h a t  h e  
s a ~ i ~ p l e d .  

T h e  p r e s e n t  p a p e r  d e s c r i b e s  r e s u l t s  o b t a i n e d  f r o m  
g e o c h e m i c a l  i n v e s t i g a t i o n s  i n  p o o r l y  d r a i n e d  a r e a s  n e a r  K e n o r a ,  
U n t a r i o ,  A a ~ o s ,  Q u e b c c  a n d  D a n i e l ' s  I l a r b o u r ,  N e w f o u n d l a n d .  T h e  
p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  swamps a n d  t h e  v e r t i c a l  d i s t r i -  
b u t i o n  o f  t r a c e - e l e m e n t s  i n  t h e  swamp p r o f i l e s  i n  t h e s e  t h r e e  
a r c a s  a r e  e s s e n t i a l l y  s i m i l a r .  

BLACKY B A Y  A R E A .  ONTARIO 

B l a c k y  Bay i s  l o c a t e d  o n  t h e  s o u t h  s h o r e  o f  Crow 
L a k e ,  7 0  m i l e s  s o u t h e a s t  o f  K e n o r a ,  O n t a r i o ,  a n d  6 m i l e s  e a s t  
o f  L a k e  o f  t h e  h o o d s  ( F i g .  1 ) .  B u r w a s h  ( 1 9 3 3 )  d e s c r i b e d  t h e  a r e a  
a s  a d i s s e c t e d  p e n e p l a i n  w i t h  g e n t l y  r o l l i n g  h i l l s  r i s i n g  2 0 0  t o  
3 0 0  f e e t  a b o v e  t h e  l e v e l  o f  Crow L a k e .  

I n  t h e  v i c i n i t y  o f  G l a c k y  Bay t h e  o l d e s t  r o c k s  a r e  
a n d e s i t i c  l a v a s  a n d  a m p h i b o l i t c s .  T h e s e  v o l c a n i c s  a r e  o v e r l a i n  
by a  s e r i e s  o f  c l a s t i c  s e d i m e n t s  i n c l u d i n g  g r e y w a c k e ,  s p o t t e d  
s l a t c s  a n d  c o n g l o m c r a t e .  T h e s e ,  i n  t u r n ,  a r e  o v e r l a i n  b y  f r a g -  
m e n t a l  v o l c a n i c s ,  t u f f s  a n 3  r h y o l i t c .  A l l  t h e  r o c k s  a r e  o f  P r e -  
c a m b r i a n  a g e .  

A b o d y  o f  g r a n i t e  i n t r u d e s  t h e  a r e a  i m m e d i a t e l y  t o  t h e  
s o u t h ,  a n d  t h c  c o n t a c t  m e t a m o r p h i c  e f f e c t s  a s s o c i a t e d  w i t h  t h i s  
i n t r u s i o n  a r e  b e l i e v c d  t o  b e  r e s p o n s i b l e  f o r  t h e  d e v e l o p m e n t  o f  
a m p h i b o l i t e s  i n  t h c  o l d e r  v o l c a n i c  s e r i e s .  U i o r i t c  s i l l s  a n d  
d y k e s ,  p o r p h y r i t i c  d i o r i t e  s i l l s  a n d  g l o m e r o p o r p h y r y  s i l l s  p o s t -  
d a t e  t h e  g r a n i t e  a n d  c u t  t h e  v o l c a n i c  a n d  s e d i m e n t a r y  r o c k s .  

The  r o c k s  o f  B l a c k y  Bay f o r m  p a r t  o f  t h e  s o u t h  l i m b  
o f  a n  e a s t - w e s t  t r e n d i n g  s y n c l i n e .  D i p s  a r e  v e r y  s t e e p  n o r t h e r l y  
o r  v e r t i c a l .  One m a j o r  f a u l t  t r e n d s  n o r t h - n o r t h e a s t e r l y  a n d  
n u m e r o u s  s h e a r s  p a r a l l e l  t h e  r c g i o n a l  t r e n d  o f  t h e  r o c k s .  C a l c i t e  
h a s  b c c n  deposited a l o n g  o n e  o f  t h e  l a r g e r  s h e a r s  b u t  m i n e r a l s  o f  
e c o n o m i c  s i g n i f i c a n c e  a r e  unknown i n  t h e  a r e a .  
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D u r i n g  t h e  P l e i s t o c e n e  e p o c h ,  t h e  Crow L a k e  a r e a  w a s  
h e a v i l y  g l a c i a t e d  a n d  f l o o d e d  b y  t h e  w a t e r s  o f  L a k e  A g a s s i z .  B u r -  
w a s h  ( 1 9 3 3 )  c o r r e l a t e s  s u r f i c i a l  s a n d s  a n d  g r a v e l s  p r e s e n t  i n  t h e  
a r e a  w i t h  d e p o s i t s  f o r m e d  a l o n g  b e a c h e s  a n d  i n  s h a l l o w  b a y s  o f  
t h i s  o n c e - e x t e n s i v e  l a k e .  O v e r l y i n g  t h e s e  c o a r s e  d e p o s i t s  a r e  
l a y e r s  o f  s i l t  a n d  g l a c i a l  c l a y .  S i n c e  t h e  g l a c i a l  e p o c h ,  p e a t  
h a s  f o r m e d  o n  t h e  s u r f i c i a l  d e p o s i t s  i n  s h a l l o w  b a s i n s  o f  Crow 
L a k e  a n d  a t  many l e v e l s  a b o v e  t h e  l a k e .  

T h e  B l a c k y  Bay b o g  o c c u r s  a t  t h e  e a s t  e n d  o f  B l a c k y  
Bay a n d  m e a s u r e s  a p p r o x i m a t e l y  3 , 0 0 0  f e e t  b y  1 , 0 0 0  f e e t .  T h e  
g r e a t e r  p a r t  o f  t h e  b o g  i s  c o v e r e d  by  c o n i f e r o u s  f o r e s t ,  b u t  t h e  
p o r t i o n  b o r d e r i n g  t h e  s t r e a m  a n d  t h e  l a k e  i s  m o r e  o p e n  a n d  swampy .  
T h e  b o g  i s  b o r d e r e d  o n  t h e  n o r t h  a n d  s o u t h  b y  low h i l l s  r i s i n g  
1 0 0  t o  1 5 0  f e e t  a b o v e  t h e  b o g  s u r f a c e .  

C o m p o s i t i o n  a n d  S t r u c t u r e  o f  t h e  G l a c k y  Bay B o g  

T h e  s t r u c t u r e  o f  t h e  B l a c k y  Bay b o g  i s  i l l u s t r a t e d  i n  
F i g .  2 .  T h e  p e a t  c a n  b e  d i v i d e d  i n t o  f i v e  t y p e s :  ( a )  c a l c a r e o u s  
g y t t j a ,  ( b )  g y t t j a ,  ( c )  f i b r o u s  c a r e x  ( s e d g e )  p e a t ,  ( d )  f i b r o u s  
s p h a g n u m  p e a t ,  ( e )  woody p e a t .  T h e  maximum t h i c k n e s s  o f  p e a t  i s  
2 8  f e e t  a n d  t h e  a v e r a g e  t h i c k n e s s  1 5  f c e t .  

I m m e d i a t e l y  b e n e a t h  t h e  p e a t  i s  a  b l u i s h - g r e y  s t i c k y  
c l a y  o n e  t o  f i v e  f e e t  i n  t h i c k n e s s .  T h i s  c l a y  i s  u s u a l l y  c o m p a c t  
b u t  l o c a l l y  i t  g r a d e s  i n t o  a  v e r y  w a t e r y  g r e y  c l a y ,  t h e  t h i c k n e s s  
o f  w h i c h  v a r i e s  f r o m  5 t o  2 0  f e e t .  A l a y e r  o f  m o r e  c o m p a c t  g r e y  
s t i c k y  c l a y  u n d e r l i e s  t h e  b l u e - g r e y  a n d  w a t e r y  c l a y  a n d  a l s o  
v a r i e s  i n  t h i c k n e s s  b e t w e e n  f i v e  a n d  t w e n t y  f c e t .  U n d e r  t h e  g r e y  
c l a y  i s  a  c o n t i n u o u s  h o r i z o n  o f  c o m p a c t  a n d  s t i c k y  r e d  c l a y  w h i c h  
i s  o n e  t o  f i v e  f e e t  i n  t h i c k n e s s .  B e n e a t h  t h i s  i s  a t h i c k  l a y e r  
( 6  t o  3 0  f e e t )  o f  s t i c k y  c o m p a c t  g r e y  c l a y .  T h e  l a t t e r  g r a d e s  
i n t o  s i l t y  a n d  s a n d y  f r a c t i o n s  5  t o  2 0  f e e t  t h i c k ,  a n d  t h c s e  i n  
t u r n  a r e  b o t t o m e d  by  g l a c i a l  t i l l  c o m p o s e d  o f  c o a r s e  s a n d  a n d  
b o u l d e r s .  T h e  t i l l  r e s t s  on  b e d r o c k  o f  d i o r i t e  a n d  i n t e r b e d d e d  
t u f f ,  g r e y w a c k e  a n d  s l a t e .  

T h e  c l a y s  a r e  p r o b a b l y  o f  g l a c i o - l a c u s t r i n c  o r i g i n  
l a i d  <!own when t h c  a r c a  was  o c c u p i e d  by  L a k c  A g a s s i z .  S - r a y  
d i f f r a c t i o n  i n v e s t i g a t i o n s  h a v e  i n d i c a t e d  t h a t  t h e s e  c l a y s  a r e  
c o m p o s e d  e s s e n t i a l l y  o f  r o c k - f l o u r .  Q u a r t z ,  f e l d s p a r ,  b i o t i t e ,  
c h l o r i t e  a n d  a m p h i b o l c  h a v c  b e e n  i d e n t i f i e d ,  t o g e t h e r  w i t h  v a r i o u s  
m i c a c e o u s  m i n c r a  1 s .  

1 ; c t e r m i n a t i o n s  o f  pH on swamp p r o f i l e  s a m p l e s  h a v c  
i n d i c a t e d  t h a t  t h c  t o p  l a y c r s  o f  p c a t  i n  t l i c  b o g  a r c  s l i g h t l y  
a c i d  ( p l l  5 . 5  - b . 6 )  a n d  t h a t ,  wit!l i n c r e a s i n l :  d e p t h ,  t h e  pll 
g r a d u a l l y  r i s e s .  'The u n d c r l y i n g  c l : ~ y s  a r e  c o n s i s t e : i t  l y  a l k a l i n e ,  
w i t h  v a l u e s  v a r y i n g  f r o m  pH 7 . 0  - 7 . 1  i 1 : m c d i a t c l y  b e n e a t h  t h e  
p c a t s  t o  pll 8 . 0  i n  t h e  b o t t o m  s a n d y  l n y c r  ( F i g .  3 ) .  
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G e n e r a l l y ,  a s  t h e  d e g r e e  o f  h u m i f i c a t i o n  i n c r e a s e s  
s o  d o e s  t h e  p l i .  L a s z y n s k i  e t  a l .  ( 1 9 5 4 )  a n d  S a l n i  ( 1 9 5 5 )  h a v e  
s t u d i e d  t h e  r a t e  o f  d e c o m p o s i t i o n  o f  o r g a n i c  m a t t e r  a n d  c o n c l u d e d  
t h a t ,  d u r i n g  d e c o m p o s i t i o n  t h e  pH i n c r e a s e s  b e c a u s e  o f  l i b e r a t i o n  
o f  b a s e s  a n d  d e c o m p o s i t i o n  o f  o r g a n i c  a c i d s .  I n c r e a s i n g  pll  w i t h  
d e p t h  i s  common i n  many swamp e n v i r o n m e n t s  a n d  S a l m i  ( 1 3 5 8 )  h a s  
f o u n d  t h a t  t h e r e  i s  o f t e n  a  d i s t i n c t  c o r r e l a t i o n  b e t w e e n  t h e  pH 
o f  p e a t s  a n d  t h e  u n d e r l y i n g  r o c k  t y p e s .  

T r a c e - E l e m e n t  D i s t r i b u t i o n  

S a m p l e s  o f  p e a t  w e r e  o b t a i n e d  u s i n g  a  I i i l l e r  P e a t  
B o r e r  a t  i n t e r v a l s  o f  5  f e e t  f r o m  t h e  s u r f a c e .  T h e  d e c p c r  
s a m p l i n g  o f  t h e , g l a c i a l  d e p o s i t s  w a s  d o n e  w i t h  a  m o d e l  E -27  
M o b i l e  D r i l l  m o u n t e d  o n  a n  1.1-7 B o m b a r d i e r  S luskeg  T r a c t o r .  I\ 

t o t a l  o f  1 4  d r i l l  h o l e s  w e r e  c o m p l e t e d  w i t h  t h e  p o w e r  d r i l l  a n d  
i n  m o s t  i n s t a n c e s  s a m p l e s  w e r e  c o l l e c t e d  a t  5 f o o t  i n t e r v a l s  i n  
e a c h  h o l e ,  t o  d e p t h s  u p  t o  6 5  f e e t .  

T h e  p e a t  a n d  c l a y  s a m p l e s  w e r e  a n a l y s e d  f o r  c o p p e r ,  
z i n c  a n d  l e a d  u s i n g  t h e  m e t h o d  o f  Bloom a n d  Crowe  ( 1 9 5 3 ) .  N i c k e l  
d e t e r m i n a t i o n s  w e r e  made u s i n g  t h e  m e t h o d  d e s c r i b e d  by b l o o m  
( 1 9 5 7 ) .  

Z i n c  ( F i g .  4 )  

I n  a l l  p r o f i l e s  t h e r e  i s  a  t e n d e n c y  f o r  z i n c  v a l u e s  
t o  g r a d u a l l y  i n c r e a s e  f r o m  s u r f a c e  t o  t h e  b o t t o m  o f  t h e  p e a t .  
T h e  s u r f a c e  p e a t s  c o n t a i n  2 0  - 4 0  ppm Zn w h i l e  t h e  l o w e r  l a y e r s  
a b o v e  t h e  c l a y  c o n t a i n  6 0  - 1 0 0  ppm Zn.  Maximum z i n c  v a l u e s  a r e  
r e c o r d e d  i n  t h e  u p p e r  l a y e r s  o f  c l a y  b e n e a t h  t h e  p e a t s  w h e r e  
v a l u e s  r a n g e  f r o m  1 4 0  t o  2 2 0  ppm Zn. Be low t h i s  u p p e r  l a y e r  t h e  
z i n c  c o n t e n t  d e c r e a s e s  a n d  i s  u s u a l l y  a  minimum ( 6 1  t o  8 0  ppm Z n )  
i n  t h e  s a n d y  h o r i z o n s  a t  t h e  b a s e  o f  t h e  p r o f i l e s .  

T h i s  g e n e r a l  d i s t r i b u t i o n  i s  r e p e a t e d  t h r o u g h o u t  a l l  
s e c t i o n s  o f  t h e  swamp.  I r r e g u l a r i t i e s  i n  t h e  g e n e r a l  p a t t e r n  4 0  
o c c u r ,  h o w e v e r ,  b u t  t h e y  a r e  v e r y  l o c a l  a n d  i n f r e q u e n t .  ( F i g .  5 )  

C o p p e r  a n d  N i c k e l  ( F i g .  6 )  

T h e  v e r t i c a l  d i s t r i b u t i o n  o f  c o p p e r  a n d  n i c k e l  f o l l o w s  
t h e  s a m e  p a t t e r n  a s  d e s c r i b e d  f o r  z i n c .  S u r f a c e  c o p p e r  v a l u e s  a r e  
0  t o  2 0  ppm Cu a n  i n  t h e  l o w e r  p e a t  h o r i z o n s  t h e  c o n t e n t  r a n g e s  
b e t w e e n  4 0  a n d  6 0  ppm Cu. T h e  u p p e r  l a y e r s  o f  c l a y  b e n e a t h  t h e  
p e a t  u s u a l l y  c o n t a i n  t h e  g r e a t e s t  a m o u n t  o f  c o p p e r  ( 8 0  t o  1 5 0  ppm 
C u ) .  T h e  c l a y s  a n d  c o a r s e r  s e d i m e n t s  l o w e r  i n  t h e  p r o f i l e s  c o n -  
t a i n  o n l y  4 0  t o  6 0  ppm Cu. 

T h e  n i c k e l  c o n t e n t  o f  t h e  u p p e r  p c a t s  f a l l s  w i t h i n  t h e  
r a n g e  0  t o  2 0  ppm N i ,  w h i l e  t h e  d e e p e r ,  m o r e  d e c o m p o s e d ,  p e a t s  
c o n t a i n  2 0  t o  4 0  ppm N i .  C o n t e n t s  o f  6 0  t o  8 0  ppm N i  c h a r a c t e r -  
i z e  t h e  u p p e r  c l a y s  w i t h  v a l u e s  d r o p p i n g  o f f  i n  t h e  d e e p e r  h o r i -  
z o n s  t o  20  t o  4 0  ppm N i .  



Lead -- 

The c o n t e n t  o f  l e a d  i n  t h e  p r o f i l e s  i s  v e r y  s m a l l  a n d  
s e l d o m  o c c u r s  i n  c o n c e n t r a t i o n s  g r e a t e r  t h a n  10 ppm Pb. The 
l i m i t e d  s e n s i t i v i t y  o f  t h e  a n a l y t i c a l  method  u s e d  d i d  n o t  a l l o w  
s i g n i f i c a n t  d i f f e r e n t i a t i o n  o f  t h e  l e a d  c o n t e n t  o f  t h e  d i f f e r e n t  
swamp h o r i z o n s .  

HARRICANAW RIVER A R E A ,  Q U E B E C  

The S a w y e r  Bog i s  l o c a t e d  n e a r  t h e  n o r t h e r n  b o u n d a r y  
o f  M a i z e r e t s  t o w n s h i p  o n e  m i l e  e a s t  o f  t h e  H a r r i c a n a w  R i v e r  a n d  
3 5  t o  4 0  m i l e s  n o r t h  o f  Amos, Q u e b e c  ( F i g .  1 ) .  I n  t h e  v i c i n i t y  
o f  t h e  t l a r r i c a n a w  R i v e r  t h e  t o p o g r a p h y  i s  g e n t l y  u n d u l a t i n g  a n d  
swampy c o n d i t i o n s  a r c  c h a r a c t e r i s t i c .  

The g e o l o g y  o f  t h e  a r e a  h a s  b e e n  d e s c r i b e d  by b i l s o n  
( 1 9 3 7 ) ,  a n d  i n  more d e t a i l  by T i p h a n e  ( 1 9 5 3 ) .  Lake B a r l o w - O j i b w a y  
i n u n d a t e d  t h e  a r e a  i n  P l e i s t o c e n e  t i m e  a n d  t h i c k  a c c u m u l a t i o n s  
( 2 0  - 200 f e e t )  o f  g l a c i a l  c l a y  a n d  s i l t  w e r e  d e p o s i t e d  w h i c h  
e f f e c t i v e l y  mask l a r g e  a r e a s  o f  t h e  P r e c a m b r i a n  b e d r o c k .  Most  o f  
t h e  a r e a  i s  u n d e r l a i n  by a l t e r e d  i n t e r m e d i a t e  t o  b a s i c  v o l c a n i c s .  
M i n o r  a m o u n t s  o f  p e r i d o t i t e  a n d  a  few f e l d s p a r  p o r p h y r y  a n d  d i a -  
b a s e  d y k e s  a r e  p r e s e n t .  L a r g e  g r a n i t i c  b o d i e s  o c c u r  i n  t h e  n o r t h -  
e a s t e r n  a n d  s o u t h e r n  p a r t s  o f  t h e  a r e a .  

D i s s e m i n a t e d  p y r i t e  a n d  p y r r h o t i t e  a r e  p r e s e n t  i n  
mos t  o f  t h e  v o l c a n i c  r o c k s  a n d  s l a t e s  i n  t h e  H a r r i c a n a w  R i v e r  
r e g i o n .  T i p h a n e  ( 1 9 5 9 )  r e c o r d s  t h e  p r e s e n c e  o f  p y r i t e  w i t h  
g a l e n a  i n  a  s h e a r  z o n e  a l o n g  t h e  C o i g n y  R i v e r  t o  t h e  s o u t h ,  b u t  
n o  l l ~ i n e r a l i z a t i o n  o f  e c o n o m i c  s i g n i f i c a n c e  h a s  b e e n  f o u n d  i n  t h e  
v i c i n i t y  o f  t h e  S a w y e r  b o g .  

Tnc S a w y e r  bog i s  a b o u t  o n e  h a l f  m i l e  l o n g  a n d  b e -  
t w e e n  1 , 0 0 0  and  1 , 2 0 0  f e e t  i n  w i d t h .  I t  i s  an o p e n ,  w e t ,  n e v a  
t y p e  o f  bog t h a t  d r a i n s  n o r t h w a r d s  a l o n g  a s l o w - m o v i n g  s t r e a m .  
i k i d e l y  s p a c e d  and s t u n t e d  b l a c k  s p r u c e  and  l a r c h  t r e e s  grow i n  
t h e  swamp, t h e  l a t t e r  b e i n g  c h a r a c t e r i s t i c  o f  t h e  w e t t e r  c e n t r a l  
s e c t i o n s .  h d e n s e  s h r u b  c o v e r  r e a c h i n g  o n e  t o  t h r e e  f e e t  i n  
h e i g h t  e x t e n d s  o v e r  n i n e t y  p e r c e n t  o f  t h e  bog s u r f a c e .  

The p e a t  l a y e r  v a r i e s  b e t w e e n  5 a n d  10 f e e t  i n  t h i c k -  
n e s s .  Two t y p e s  o f  p e a t  - sphagnum a n d  c a r e x  v a r i e t i e s  - o c c u r ,  
t h e  c a r c x  b e i n g  d o m i n a n t .  Sphagnum p e a t  i s  i n t e r m i x c d  w i t h  c a r e x  
i n  t h e  t o p  6 t o  12 i n c h e s  o f  t h e  swamp p r o f i l e s .  A b l u e - g r e y  c l a y  
u n d e r l i e s  t h e  p e a t y  h o r i z o n s  i n  t h e  b o g .  

X - r a y  d i f f r a c t i o n  i n v e s t i g a t i o n s  on t h e  h l u c - g r e y  c l a y  
h a v e  i n d i c a t e d  t h a t  n o  t r u e  c l a y  m i n e r a l s  e x i s t .  The c l a y  i s  c s -  
s e n t i a l l y  f i n e l y  g r o u n d  r o c k  f l o u r  composed  p r e d o m i n a n t l y  o f  
q u a r t z  a n d  f e l d s p a r  w i t h  l e s s e r  amount  S o f  c h  l o r i t c ,  a ~ n p h i  b o l e  
a n d  m i c a .  





T h e  pH o f  t h e  u p p c r  l a y e r s  o f  p e a t  i s  m o r e  a c i d  
(pH 4 . 5  t o  5 . 2 )  t h a n  t h a t  o f  t h e  l o w e r ,  m o r e  d e c o m p o s e d  l a y e r s  
(p t l  5 . 6  t o  0 . 7 ) .  I n  t u r n ,  t h e  pH o f  t h e  c l a y ,  r a n g i n g  f r o m  5 . 7  
t o  7 . 1  i s  u s u a l l y  h i g h e r  t h a n  t h a t  o f  t h e  p e a t s .  T h i s  p a r a l l e l s  
t h e  p11 r e l a t i o n s h i p s  i n  t h e  U l a c k y  Bay b o g .  

T r a c e - E l e m e n t  D i s t r i b u t i o n  

The  m o d e l  0 - 2 7  I ' l o b i l e  U r i l l  w a s  n o t  u s e d  i n  t h e  i n -  
v e s t i g a t i o n  o f  t h e  S a w y e r  b o g  a n d  s a m p l e s  o f  o n l y  t h e  u p p e r  b l u e -  
c l a y  l a y e r  i m m e d i a t e l y  b e n e a t h  t h c  p e a t s  w e r e  o b t a i n a b l e  u s i n g  
t h e  t l i l l e r  P e a t  B o r e r .  A c c o r d i n g  t o  B r o o k s  ( p e r s .  c o m m . )  t h e r e  
i s  a n  e s t i m a t e d  1 0 0  t o  2 0 0  f e e t  o f  o v e r b u r d e n  u n d c r  t h e  b o g .  

T h e  d i s t r i b u t i o n  o f  c o p p e r ,  z i n c  a n d  n i c k e l  i s  i n  t h e  
p e a t  a n d  b l u c - g r e y  c l a y  o f  t h e  S a w y e r  b o g  c l o s c l y  r c s c m b l e s  t h e  
d i s t r i b u t i o n  d e s c r i b e d  i n  t h e  U l a c k y  Lay b o g .  P r o f i l e s  a r e  i l l u s -  
t r a t e d  i n  F i g .  7 .  T h e  c o n t r a s t  b e t w e e n  t h e  l o w e r  v a l u e s  i n  t h e  
s u r f a c c  p e a t s  a n d  t h e  h i g h e r  v a l u e s  i n  t h e  b l u c - g r e y  c l a y  i s  q u i t e  
n a r k c d  f o r  b o t h  z i n c  a n d  n i c k e l .  T h e  t o p  l a y c r s  o f  t h e  p e a t  
u s u a l l y  c o n t a i n  2 0  - 6 0  ppm Zn a n d  2 0  ppm N i  w h e r c a s  t h e  c l a y  
c o n t a i n s  1 4 0  ppm Zn a n d  G O  ppm X i .  T h e  c o n t r a s t  f o r  t h e  c o p p e r  
i s  n o t  s o  m a r k e d  v a r y i n g  f r o m  2 0  ppm Cu a t  s u r f a c e  t o  30 ppm Cu 
a t  d e p t h .  

L l a n i e l ' s  t l a r b o u r  A r e a ,  N e w f o u n d l a n d  

D a n i e l ' s  l l a r b o u r  i s  a  s m a l l  f i s h i n g  p o r t  on  t h e  w c s t -  
e r n  c o a s t  o f  t h e  I s l a n d  o f  N e w f o u n d l a n d  approximately 7 0  m i l e s  
n o r t h  o f  Uonne Bay ( F i g .  1 ) .  I n l a n d ,  a  b r o a d  c o a s t a l  p l a i n  o f  l o w  
r e l i e f  i s  u n d e r l a i n  by a  t h i c k  s e q u e n c e  o f  c a l c a r e o u s  a n d ,  t o  a  
l e s s e r  e x t e n t ,  a r e n a c e o u s  a n d  a r g i l l a c e o u s  r o c k s  o f  m i o g c o s y n -  
c l i n a l  o r i g i n .  T h e  s t r a t a  a r e  g e n t l y  f o l d e d  a l o n g  e a s t - w c s t  
a x e s  a n d  r a n g e  i n  a g e  f r o m  L o w e r  C a m b r i a n  t o  M i d d l e  O r d o v i c i a n .  
T h e  r o c k s  a r e  d i s p l a c e d  b y  s e v e r a l  m a j o r  n o r t h - e a s t e r l y  a n d  n o r t h -  
n o r t h e a s t e r l y  h i g h  a n g l e  f a u l t s .  T h c s e  h a v e  b e e n  i n t e r p r e t e d  by  
S c h u c h e r t  a n d  b u n b a r  ( 1 9 3 4 )  a s  t h r u s t  f a u l t s  a l t h o u g h  N c l s o n  ( 1 9 5 5 )  
c o n s i d e r s  t h e m  t o  b e  h i g h  a n g l c  r e v e r s e  a n d  n o r m a l  f a u l t s .  

A l l  s t r a t a  a r e  m o r c  o r  l e s s  d o l o m i t i c .  T h e  m o r e  c o n -  
s i s t e n t l y  d o l o m i t i c  m e m b e r s  b e l o n g  t o  t h e  l lawke Bay F o r m a t i o n  
( C a m b r i a n )  a n d  t h e  S t .  C e o r g e  S e r i c s  ( O r d o v i c i a n ) ,  w h i l e  n o r e  l i m y  
b e d s  a r e  g e n e r a l l y  f o u n d  i n  t h c  T a b l e  Head  S e r i e s  ( O r d o v i c i a n ) .  
T h i s  c l a s s i f i c a t i o n  i s  c o m p l i c a t e d ,  h o w c v e r ,  by  i r r e g u l a r ,  l o c a l  
d o l o m i t i z a t i o n  o f  a l l  c a l c a r e o u s  r o c k s  i n c l u d i n g  s o m e  o f  t h e  m o r e  
c o n s i s t e n t l y  l i m y  b e d s  o f  t h e  T a b l e  Head S e r i e s .  

V a r i a t i o n s  i n  r e l i e f  i n  t h e  a r e a  u n d c r l a i n  by  t h e  
C a m b r o - O r d o v i c i a n  r o c k s  a r e  s m a l  l ,  maximum e l e v a t i o n s  r e a c h i n g  
a b o u t  5 0 0  f e e t  a b o v e  s e a - l e v e l .  F o r  t h c  m o s t  p a r t  t h e  c o u n t r y  
i s  p o o r l y  d r a i n e d  a n d  a p p r o x i m a t e l y  5 0 2  o f  t h e  a r e a  i s  c o v e r e d  b y  
w e t  s w a m p s  a n d  p e a t  b o g s .  N u m e r o u s  s w a l l o w  h o l e s  a r e  p r e s e n t  i n  
t h e  c a r b o n a t e  r o c k s  a n d  s o m e  o f  t h e  l a r g e r  s t r e a m s ,  i n  a d d i t i o n  
t o  t h e  i m p e d e d  w a t e r s  i n  t h e  swampy a r e a s ,  d i s a p p e a r  u n d e r g r o u n d  



t h r o u g h  t h c s c  o p e n i n g s .  A t h i c k  g r o w t h  o f  p u l p w o o d  t i m b e r  c h a r a c -  
t e r i z e s  t h c  b c t t c r  d r a i n e d  s e c t i o n s .  

No l a r g e  g l a c i a l  l a k e  e x t c n d c d  o v e r  t h e  D a n i e l ' s  
r b o u r  a r e a  d u r i n g  P l e i s t o c e n e  t i m e  a n d  c o n s e q u e n t l y  n o  e x t e n -  
V C  a c c u m u l a t i o n s  o f  g l a c i o - l a c u s t r i n e  d c p o s i t s  a r e  p r e s e n t .  
e  w c s t e r n  c o a s t a l  s e c t i o n s  o f  N e w f o u n d l a n d  w e r e  s e v c r e l y  g l a c i -  

a t e d  by i c e  s l a s s c s  moving  w e s t w a r d s  f r o m  m o u n t a i n o u s  a r e a s  t o  t h e  
e a s t .  d u r i n g  t h e  r e t r e a t  o f  t h e  i c c ,  i r r e g u l a r  a n d  o f t c n  t h i c k  
a c c u m u l a t i o n s  o f  g l a c i a l  t i l l  w c r c  d e p o s i t e d  o v e r  t h e  w h o l e  o f  
t h e  c o a s t a l  p l a i n  a n d  s m a l l  l a k e s  f o r m e d  i n  d e p r e s s i o n s .  X i t h  
t h e  o n s e t  o f  p e a t  g r o w t h  t h e s e  s m a l l  l a k c s  h a v c  d e v c l o p c d  i n t o  
t h c  swamps and  p e a t  b o g s  o f  t h e  p r c s e n t  d a y .  

I n  1 9 6 3  t h e  N e w f o u n d l a n d  Z i n c  C o r p o r a t i o n  d i s c o v e r e d  
s p h a l e r i t e  mineralization i n  S t .  G c o r g e  S e r i e s  d o l o m i t e s  f i v e  
m i l e s  e a s t  o f  D a n i e l ' s  I l a r b o u r .  G l a c i a l l y  t r a n s p o r t c d  b o u l d e r s  
c o n t a i n i n g  s p h a l e r i t c  a r e  p r e s e n t  i n  a  t r a i n  extending t w o  m i l c s  
w e s t w a r d s  f r o m  t h e  b c d r o c k  o c c u r r c n c e s .  A l t h o u g h  g e o c h c m i c a  l 
s a m p l i n g  o f  t h e  b e t t e r  d r a i n e d  o v e r b u r d e n  had i n d i c a t e d  t h e  p r c -  
s c n c e  o f  m i n e r a l i z a t i o n  i n  t h e  b e d r o c k  a n d  g l a c i a l  t i l l ,  s a m p l e s  
f r o m  p e a t  b o g s  a n d  swampy a r e a s  g a v c  i r r e g u l a r  a n d  o f t c n  n e g a t i v e  
r e s u l t s .  

h a t u r e  a n d  C o m p o s i t i o n  o f  Swamps 

A s e r i e s  o f  o r i e n t a t i o n  p r o f i l e s  w e r e  s a m p l e d  a l o n g  
t h e  m a r g i n s  o f  swamps s i t u a t e d  c l o s e  t o  m i n e r a l i z a t i o n .  T h i s  
s a m p l i n g  i n d i c a t e d  t h a t  t h e  u p p e r  p e a t y  a n d  o r g a n i c  mud h o r i z o n s  
a r e  u n d e r l a i n  by a  v a r i a b l e  t h i c k n e s s  o f  c o m p a c t  g r e y  c l a y .  A 
maximum o f  t h r e e  f e e t  o f  g r e y  c l a y  was s a m p l e d  w i t h  a  h a n d  a u g e r  
t o  a  t o t a l  d e p t h  o f  f o u r  f e e t  f r o m  s u r f a c c .  T h e  t h i c k n e s s  o f  t h e  
u p p e r  o r g a n i c  l a y e r s  i n c r e a s e s  t o w a r d s  t h e  c e n t r e  o f  t h e  swampy 
a r e a s  a n d  may e x c e e d  1 5  f e e t  on t h e  l a r g e r  p e a t  b o g s .  

U n l i k e  t h e  s u r v e y s  c a r r i e d  o u t  i n  t h e  B l a c k y  Bay bog 
a n d  t h e  S a w y e r  bog  n o  d e t a i l e d  s t u d i e s  w e r e  made o f  t h e  n a t u r e  
o f  t h e  p e a t  a n d  t h e  c o m p o s i t i o n  o f  t h e  c l a y s .  The  swampy a r e a s  
n e a r  D a n i e l ' s  H a r b o u r  c l o s e l y  r e s e m b l e  t h o s e  i n  Q u e b e c  a n d  
O n t a r i o ,  t h e  c e n t r a l  s e c t i o n s  b e i n g  t r e e l e s s  a n d  o f  t h e  n e v a  t y p e ,  
a n d  t h e  m a r g i n a l  s e c t i o n  s u p p o r t i n g  t r e e s ,  t h e  m o s t  t y p i c a l  
s p e c i e s  b e i n g  b l a c k  s p r u c e .  D u r i n g  more e x t e n s i v e  s u r v e y s  i n  
N e w f o u n d l a n d  i t  was n o t e d  t h a t  t h e  c o l o u r  o f  t h e  c l a y  l a y e r  i n  
t h e  swamp p r o f i l e s  v a r i e d  w i t h  t h e  b e d r o c k  t y p e  i n  t h e  i m m e d i a t e  
v i c i n i t y .  I n  d o l o m i t i c  a r c a s  t h e  c l a y  i s  g r e y  w h e r e a s  i n  l i m e -  
s t o n e  a r e a s  t h e  c l a y  i s  b l u i s h - g r e y .  T h e s e  c o l o u r s  r e f l e c t  
c o l o u r  v a r i a t i o n s  i n  t h e  t w o  t y p e s  o f  r o c k .  I t  i s  v e r y  l i k e l y ,  
t h e r e f o r e ,  t h a t  t h e  swamp c l a y s  i n  N e w f o u n d l a n d  h a v e  b e e n  f o r m e d  
by c o m m i n u t i o n  o f  t h e  b e d r o c k  by g l a c i a l  i c e .  

D c t e r m i n a t i o n s  o f  pH on w a t e r s  i n  t h e  s u r f a c e  e n v i r o n -  
ment  r e v e a l e d  a  r a n g e  o f  6 . 5  t o  7 . 5 .  No pH m e a s u r e m e n t s  w e r e  made 
on p r o f i l e  s a m p l c s  c o l l e c t e d  i n  t h e  swamps.  



T r a c e - E l c m c n t  D i s t r i b u t i o n  

T h e  m a j o r i t y  o f  o r i e n t a t i o n  s a m p l e s  w e r e  c o l l e c t e d  
i n  swamps  l y i n g  1 6 0 0  t o  4 5 0 0  f c e t  s o u t h  o f  t h c  h i g h c s t  g r a d e  
s p h a l e r i t e  s h o w i n g s .  S p h a  l e r i t e  i n  b e d r o c k  a n d  b o u l d e r s  h a d  b e e n  
r e c o g n i z c d  i n  t w o  a r e a s  i m m e d i a t e l y  h o r d c r i n g  t h c s e  swamps  d u r i n g  
g e o l o g i c a l  i n v e s t i g a t i o n s .  S a m p l c s  w e r e  a n a l y s e d  f o r  t o t a l  a n d  
c o l d - e x t r a c t a b l e  z i n c  u s i n g  t c c h n i q u c s  developed a t  t h e  Gcochem-  
i c a l  P r o s p e c t i n g  R e s e a r c h  C e n t r e ,  I n p c r i a l  C o l  l e g c ,  London  ( 1 9 6 2 a ;  
1 9 6 2 b ) .  

P r o f i l e s  w e r e  s a m p l e d  i n  a  swamp l y i n g  a p p r o x i m a t e l y  
o n e  m i l e  e a s t  o f  t h e  m a i n  s h o w i n g s  i n  a n  a r e a  w h c r e  n o  known 
a l i n e r a l i z a t i o n  o c c u r r c d  a n d  w h c r c  r o u t i n e  s o i l  s a m p l i n g  h a d  n o t  
i n d i c a t e d  a n o m a l o u s  v a l u c s .  A n a l y s i s  o f  a t y p i c a l  p r o f i l e  f r o m  
t h i s  swamp g a v e  t h e  r e s u l t s  i n  T a b l e  1 .  

TAIILE 1  

VERTICAL DISTRIBUTION O F  ZINC I N  I%ACKGROUSI) SICACIP PROFILE, 
DANIEL'S HARHOUK A R E A ,  NEAFOUXDLASD 

D e p t h  
( i n s .  ) 

b e s c r i p t  i o n  
( P r o f i l c  4 8 )  

c x  Zn+ Zn+ c x  Zn 

PPm W Zn 

P e a t ,  o r g a n i c  mud 
O r g a n i c  mud 
Brown o r g a n i c  c l a y  
G r e y  c l a y  
C r c y  c l a y  
G r e y  c l a y  
C r c y  c l a y  
G r e y  c l a y  

+ c x  Zn - c o l d  e x t r a c t a b l e  z i n c ;  Zn - t o t a l  z i n c  

D i s t i n c t l y  a n o m a l o u s  t o t a l  z i n c  v a l u c s  w c r e  d e t e c t e d  
i n  p r o f i l e s  n c a r  t h e  s m a l l e r  m i n c r n l i z c d  a r e a s ,  t h e  h i g h e s t  v a l u e s  
o c c u r r i n g  i n  s a m p l e s  c l o s e  t o  known m i n e r a l i z a t i o n .  T h e  d i s t r i b u -  
t i o n  o f  z i n c  i n  t y p i c a l  a n o m a l o u s  p r o f i l e s  i s  g i v e n  i n  T a b l e  2 .  



VERTICAL UISTRIDU'SIOS OF ZISC I K  AI\;OIII,\I.OUS Sl'lAFlP PIIOFILES, 
UIINI E L ' S  II'IBROUR AREA, SEIVFOUNDLASD 

D e p t h  D c s c r i p t  i o n  
( i n s .  ) ( P r o f i l e  1 )  

c x  Zn+ Zn+ c x  Zn 

E PPm n  

0  - 6  P e a t ,  r o o t s ,  l i t t l e  1 0 . 8  8 0  1 3 .  2  
o r g a n i c  c l a y  

6 - 1 2  b l a c k  o r g a n i c  n ~ u d  7 . 6  1 9 0  4 . 0 5  
1 2  - 1 8  B l a c k  o r g a n i c  mud S .  8  3 1 0  2 . 9  
1 8  - 2 4  G r e y  c l a y ,  r o c k  3 3 . 6  1 , 2 8 0  2 . 9  

f r a g m e n t s  
2 4  - 3 0  G r c y  c l a y  9 . 2  6 1 0  1 . 5  
5 0  - 3 6  G r e y  c l a y ,  r o c k  9 . 2  6 6 0  1 . 4  

f r a g m e n t s  

D e p t h  
( i n s .  ) 

D e s c r i p t i o n  
( P r o f i l e  7 )  

c x  Zn+ Zn+ c x  Zn 
ppnl PIE Zn 

0  - 6 P c a t  a n d  r o o t s  2 . 6  2 0  1 4 . 0  
6 - 1 2  Crown o r g a n i c  c l a y  6 . 8  1 8 0  3 . 9  

1 2  - 1 8  G r e y  c l a y  5 . 2  5 6 0  1 . 4  
1 8  - 2 4  R u b b l y  g r e y  c l a y  3 . 6  2 6 0  1 . 4  
2 4  - 3 0  K u b b l y  g r e y  c l a y  3 . 2  1 4 0  2 . 3  
3 0  - 3 6  R u b b l y  g r e y  c l a y  1 . 2  1 4 0  0 . 9  

+ c x  Zn - c o l d  e x t r a c t a b l e  z i n c ;  Zn - t o t a l  z i n c  

P r o f i l e  4 6  i n  T a b l c  1 r e f l e c t s  b a c k g r o u n d  v a l u e s  i n  
a r e a s  o f  b a r r e n  b e d r o c k .  T h e  d i s t r i b u t i o n  o f  z i n c  i n  t h e  X e w -  
f o u n d l a n d  p r o f i l e s  p a r a l l e l s  t h e  b e h a v i o u r  o f  c o p p c r ,  l c n d  a n d  
z i n c  i n  t h e  b a c k g r o u n d  a r e a s  a t  l i l a c k y  Eay a n d  n e a r  t h e  t l a r r i c a n a w  
R i v e r .  T h e  f o l l o w i n g  t e n d e n c i c s  a r e  i l l u s t r a t e d :  

( i )  T o t a l  z i n c  v a l u e s  i n c r c a s c  w i t h  d c p t h  t o  t h e  
l e v e l  o f  t h e  u p p c r  g r e y  c l a y  l a y e r .  h c l o w  t h e  t o p  o f  t h e  g r c y  
c l a y  l a y c r  v a l u e s  t c n d  t o  d e c r e a s e .  T h e  c o n t r a s t  h c t w c c n  t h c  
m e t a l  c o n t e n t  o f  t h c  s u r f a c e  p e a t  s a m p l e s ,  t h c  u p p e r  g r c y  c l a y  
l a y e r  a n d  t h e  l o w e r  c l a y  l a y e r s  i s  iilorc a l a r k c d  i n  t h e  c l o r c  a n o m a l -  
o u s  p r o f i l e s .  

( i i )  T h e  c x  Z n / Z n  r a t i o  i s  h i g h c s t  i n  s n n p l c s  c o l -  
l e c t e d  w i t h i n  s i x  i n c h e s  o f  s u r f a c e  a n d  s h o w s  a  t c n d e n c y  t o  d e -  
c r e a s e  w i t h  g r e a t e r  d e p t h .  A g a i n ,  t h i s  t r e n d  i s  m o r e  o b v i o u s  i n  
t h e  m o r e  a n o m a l o u s  p r o f i l e s .  

T h e  t o t a l  z i n c  c o n t e n t  o f  t h c  t o p  o f  t h e  E r c y  c l a y  
l a y e r  i n  t h e  p r o f i l e s  s a m p l e d  d u r i n g  t h e  o r i e n t a t i o n  s u r v e y  i s  
s h o w n  i n  F i g u r e  8 .  



LEGEND 

Sample l o c a t i o n .  T o t a l  Zn c o n t e n t  o f  . p p  r e  c a y  i n  p p . .  . . . l 2 4 0  
No g r s y  c l a y  encountered. V a l u e  

i n  p s a t  shown.. . . . . . . . . . . . . . . . . . . . . . . .  (1700) -  
Boundary of  nEva swamp.. . . . . . . . . . . . . . . . . .  ,-,/ 
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FIVE MILLS EAST OF DANIEL'S HARBOUR NEWFOUNDLAND 

Figure 8 



DISCUSSION 

The p r e v i o u s  s e c t i o n s  h a v e  i l l u s t r a t e d  t h a t  c e r t a i n  
t r a c e - e l e m e n t s  t e n d  t o  become r e g u l a r l y  d i s t r i b u t e d  i n  swamp p r o -  
f i l e s  i n  g l a c i a t e d  r e g i o n s .  The same r e l a t i v e  d i s t r i b u t i o n  i s  
p r e s e n t  i n  b o t h  b a c k g r o u n d  a n d  a n o m a l o u s  a r e a s .  F i e l d  a n d  l a b o r -  
a t o r y  o b s e r v a t i o n s  h a v e  s u g g e s t e d  a  p o s s i b l e  e x p l a n a t i o n  o f  t h e  
d i s t r i b u t i o n .  

The d e e p e r  d r i l l i n g  i n  t h e  B l a c k y  Bay e r e a  i n t e r s e c t e d  
t h e  c o a r s e  g l a c i a l  t i l l  u n d e r l y i n g  t h e  c l a y  h o r i z o n s  i n  t h e  p r o -  
f i l e s .  Khen t h i s  t i l l  was  p e n e t r a t e d  an a r t e s i a n  f l o w  o f  w a t e r  
r e s u l t e d  i n d i c a t i n g  t h a t  t h e  c l a y  l a y e r s  a b o v e  t h e  t i l l  a r e  t o o  
i m p e r m e a b l e  t o  a l l o w  w a t e r s  a n d  s o l u t i o n s  t o  r i s e  t h r o u g h  t h e m .  
I t  i s  v e r y  u n l i k e l y ,  t h e r e f o r e ,  t h a t  t h e  m e t a l s  p r e s e n t  i n  t h e  
p r o f i l e s  d e s c r i b e d  h a v e  b e e n  d e r i v e d  f r o m  upward  moving  g r o u n d -  
w a t e r s .  

The p r o x i m i t y  o f  t h e  h i g h l y  a n o m a l o u s  z i n c  v a l u e s  i n  
t h e  u p p e r  c l a y s  t o  known m i n e r a l i z a t i o n  i n  t h e  N e w f o u n d l a n d  f i e l d  
a r e a  i n d i c a t e s  t h a t  t h e  m e t a l  i n  t h e  p e a t s  a n d  c l a y s  h a s  b e e n  
l o c a l l y  d e r i v e d ,  p r e s u m a b l y  by l a t e r a l  movement .  

The i n c r e a s e  i n  m e t a l  c o n t e n t  i n  t h e  p e a t y  h o r i z o n s  
i s  p a r a l l e l e d  by t h e  i n c r e a s e  i n  t h e  h u m i f i c a t i o n  o f  t h e  p e a t  
w i t h  d e p t h .  S a l m i  ( 1 9 5 5 )  n o t e s  t h a t  t h e  b a s e - e x c h a n g e  c a p a c i t y  
o f  h u m i f i e d  p e a t  a t  a  pH o f  6 . 0  i s  8 t i m e s  g r e a t e r  t h a n  t h a t  o f  
c l a y  d u e  t o  t h e  f o r m a t i o n  o f  o r g a n i c  c o m p l e x e s  w h i c h  h a v e  a  
s t r o n g  a f f i n i t y  f o r  m e t a l s .  T h i s  a f f i n i t y  i s  s o  s t r o n g  t h a t ,  
a c c o r d i n g  t o  C o r w i n  ( 1 9 5 0 ) ,  t h e  c o m p l e x e s  a r e  c a p a b l e  o f  r e m o v i n g  
c o p p e r  f r o m  b r a s s .  Once f o r m e d ,  t h e s e  c o m p l e x e s  a r e  u s u a l l y  v e r y  
s t a b l e  a n d  r e q u i r e  a  v i g o r o u s  e x t r a c t i o n  t e c h n i q u e  b e f o r e  t h e  
b o n d e d  m e t a l  c a n  be  r e m o v e d .  

I t  i s  v e r y  l i k e l y  t h a t  t h e  m e t a l s  i n  t h e  p e a t s  h a v e  
b e e n  d e r i v e d  f r o m  t h e  l a k e  a n d  swamp w a t e r s  w i t h  w h i c h  t h e y  a r e  
s a t u r a t e d .  The e n v i r o n m e n t a l  pll c o n d i t i o n s  i n  t h e  p e a t s  i n  t h e  
t h r e e  b o g s  d e s c r i b e d  r a n g e  f r o m  5 . 5  t o  7 . 5 .  A c c o r d i n g  t o  Hawkes 
( 1 9 5 7 )  o n l y  z i n c  i s  l i k e l y  t o  b e  f r e e l y  s o l u b l e  u n d e r  t h e s e  c o n -  
d i t i o n s ,  a l t h o u g h  i n  t h e  n a t u r a l  e n v i r o n m e n t  i t  i s  v e r y  p o s s i b l e  
t h a t  i o n s  o f  c o p p e r  a n d  n i c k e l  w i l l  b e  p r e s e n t  a b o v e  t h e  l a b o r a -  
t o r y - d e t e r m i n e d  pH o f  h y d r o l y s i s  o f  5 . 3  f o r  c o p p e r  a n d  6 . 7  f o r  
n i c k e l .  B a l o n d e  a n d  K a m s b e r g s  ( 1 9 5 7 ) ,  a f t e r  e x p e r i m e n t i n g  w i t h  
s a n d y  a n d  p e a t y  s o i l s ,  c o n c d u d e d  t h a t  t h e  a b s o r p t i o n  o f  c o p p e r ,  
m a n g a n e s e  a n d  z i n c  i s  p r e d o m i n a n t l y  a  f u n c t i o n  o f  pli. They  f o u n d  
t h a t  n o n e  o f  t h e  t r a c e  e l e m e n t s  w e r e  a d s o r b e d  a t  a  pH o f  ! e s s  
t h a n  4 . 0 ,  b u t  a s  t h e  pli r i s e s  a b o v e  5 . S  c o p p e r  and  z i n c  w e r e  i n -  
c r e a s i n g l y  a b s o r b e d  by t h e  p e a t  a n d  s a n d y  s o i l s .  

The a b o v e  o b s e r v a t i o n s  s u g g e s t ,  t h e r e f o r e ,  t h a t  t h e  
m e t a l  c o n t e n t  o f  t h e  p e a t s  i n  t h e  swamp e n v i r o n m e n t  i s  r e l a t e d  t o  
t h e i r  d e g r e e  o f  h u m i f i c a t i o n  a n d  t h e  pll .  



The  g r e a t e r  c o n c e n t r a t i o n  o f  m e t a l  i n  t h e  c l a y  u n d e r  
t h e  p c a t  t h a n  i n  t h e  c l a y s  a n d  s a n d s  l o w e r  i n  t h e  p r o f i l e s  c a n  b e  
p a r t i a l l y  e x p l a i n e d  by  a d s o r p t i o n  o f  m e t a l  i n  t h e  swamp w a t e r s  
o n t o  t h e  f i n e l y  g r o u n d  r o c k  p a r t i c l e s .  Much o f  t h e  c o p p e r ,  z i n c  
a n d  n i c k e l  w a s  p r o b a b l y  p r e s e n t  i n  t h e  c o m m i n u t e d  s e d i m e n t s  a t  
t h e  t i m e  o f  d e p o s i t i o n  b u t  a d d i t i o n a l  m e t a l  h a s  b e e n  a c q u i r e d  
f r o m  t h e  l a k e  w a t e r s .  T h e  u p p e r  c l a y  l a y e r s  h a v e  b e e n  i n  c o n t a c t  
w i t h  t h e  l a k e  a n d  swamp w a t e r s  c o n t a i n i n g  s m a l l  q u a n t i t i e s  o f  
m e t a l  f o r  a  l o n g  p e r i o d  a l l o w i n g  a  maximum c o n c e n t r a t i o n  b y  
a d s o r p t i o n .  The  c a p a c i t y  f o r  m e t a l  r e t e n t i o n  h a s  b e e n  i n c r e a s e d  
by i t s  g r e a t e r  o r g a n i c  c o n t e n t  r e s u l t i n g  f r o m  t h e  g r o w t h  o f  p l a n t  
o r g a n i s m s  d u r i n g  t h e  e a r l y  s t a g e s  o f  p a l u d i f i c a t i o n  o f  t h e  s w a m p s .  
I n  t h e  A e w f o u n d l a n d  a r e a ,  z i n c - r i c h  m a t e r i a l  d e r i v e d  f r o m  n e a r b y  
a n o m a l o u s  s o u r c e s  h a s  u n d o u b t e d l y  c o n t r i b u t e d  t o  t h e  m e t a l  c o n t e n t  
o f  t h e  u p p c r  c l a y  l a y e r .  T h e  low p r o p o r t i o n  o f  c x  I n  i n  t h i s  
h o r i z o n  ( s e e  T a b l e s  1  a n d  2 )  s u g g e s t s  t h a t  t h i s  z i n c  i s  s t r o n g l y  
b o n d e d  t o  t h e  c l a y  s i z e  m a t e r i a l  o r  e l s e  i s  p r e s e n t  i n  d e t r i t a l  
1 : l i n e r a l s .  

GEOCHEIIICAL PROSPECTING APPLICATIONS 

T h e  r e l a t i v e  d i s t r i b u t i o n  o f  z i n c  i n  t h e  u p p e r  c l a y  
l a y e r  o f  t h e  swamp p r o f i l e s  i n  t h e  D a n i e l ' s  H a r b o u r  d i s t r i c t  
c l e a r l y  i n d i c a t e s  t h a t  s e l e c t i v e  s a m p l i n g  o f  t h i s  m a t e r i a l  c a n  b e  
u s e d  t o  o u t l i n e  n e a r b y  m i n c r a l i z a t i o n .  S p h a l e r i t c  i s  c o n t a i n e d  
i n  b e d r o c k  s u b o u t c r o p p i n g  i n  m a r g i n a l  f r e e l y  d r a i n e d  a r e a s  a n d  i n  
b o u l d e r s  t r a n s p o r t e d  by  g l a c i a l  i c e .  

The  r e s u l t s  d e s c r i b e d  f r o m  t h e  B l a c k y  b a y  a n d  S a w y e r  
b o g s  i n  t h e  C a n a d i a n  S h i e l d  i l l u s t r a t e  t h a t  t r a c e  e l e m e n t s  i n  
t h e s e  a r e a s  t e n d  t o  b e h a v e  i n  a  s i m i l a r  m a n n e r  a l t h o u g h  p r e s e n t  
o n l y  i n  b a c k g r o u n d  c o n c e n t r a t i o n s .  T h i s  s i m i l a r  b e h a v i o u r  i n  
w i d e l y  s p a c e d  a r e a s  o f  Q u e b e c ,  O n t a r i o  a n d  N e w f o u n d l a n d ,  c l e a r l y  
s u g g e s t s  t h a t ,  when f a v o u r a b l e  c o n d i t i o n s  p r e v a i l ,  swamp s a m p l i n g  
61ay b e  o f  v a l u e  i n  r e c o n n a i s s a n c e  e x p l o r a t i o n  s u r v e y s  f o r  b a s e  
n ~ c t a l  d e p o s i t s  i n  g l a c i a t e d  r e g i o n s  o f  E a s t e r n  C a n a d a  a n d  t h e  
C a n a d i a n  S h i e l d .  

T h e  r e s u l t s  o b t a i n e d  by S a l m i  a n d  H i t c h e l l ,  d e s c r i b e d  
i n  t h e  i n t r o d u c t o r y  s e c t i o n s  o f  t h i s  p a p e r ,  s u g g e s t  t h a t  t h e  s a m e  
t e c h n i q u e  may b e  a p p l i c a b l e  i n  s o m e  E u r o p e a n  a r e a s .  I t o w e v e r ,  a s  
S a l m i ' s  s t u d i e s  i n d i c a t e ,  s u r f a c e  s a m p l i n g  may b e  m o r e  s a t i s -  
f a c t o r y  f o r  p r o s p e c t i n g  f o r  i r o n  a n d  m a n g a n e s e  d e p o s i t s .  

A p a r t  f r o m  t h e  a g e  o f  t h e  b e d r o c k ,  o n e  v e r y  i m p o r t a n t  
J i C E e r e n c c  b c t w e c n  t h e  N e w f o u n d l a n d  a r e a  a n d  t h e  a l a c k y  Bay a n d  
S a w y e r  b o g  n r c a s  i s  t h e  p r e s e n c e  i n  t h e  l a t t e r  t w o  d i s t r i c t s  o f  
c o n s i d e r a b l e  t h i c k n e s s e s  o f  g l a c i o - l a c u s t r i n e  d e p o s i t s  w h i c h  
l o c a l l y  L e e p l y  I ~ u r y  t h e  u n d e r l y i n g  P r e c a m b r i a n  r o c k s .  S a l m i  
( 1 9 5 5 ,  1 9 5 6 ,  1 9 5 8 )  h a s  shown t h a t  c h e m i c a l  a n a l y s i s  o f  p c a t  b o g  
m a t e r i a l  c a n  b e  u s e d  t o  o u t l i n e  b a s e  m e t a l  a n d  i r o n  d e p o s i t s  w h i c h  
o c c u r  b e n e a t h  t h e  s w a m p s .  Mos t  o f  t h e  swamps  w h i c h  S a l m i  s a m p l e d  
a r e  u n d e r l a i n  by 3 t o  4 0  f e e t  o f  g l a c i a l  t i l l  a n d  s a n d  w i t h  some  
l c n s c s  o f  c l a y ,  a n d  t h e  m e c h a n i s m  by  w h i c h  t h e  a n o m a l o u s  



q u a n t i t i e s  o f  m e t a l s  e n t c r e d  t h e  p e a t y  h o r i z o n s  i s  c a p i l l a r y  
a c t i o n  r e s u l t i n g  f r o a ~  e v a p o r a t i o n  a n d  t r a n s p i r a t i o n  o f  l a r g e  
q u a n t i t i e s  o f  m o i s t u r e  f r o m  t h e  b o g  s u r f a c e .  I t  i s  c o n c c i v a b l e ,  
h o w e v e r ,  t h a t  s e c o n d a r y  d i s p e r s i o n  o f  m c t a l  f r o m  a n  o r c b o d y  
c o m p l e t e l y  b u r i e d  by  t h i c k  a n d  e x t e n s i v e  s e q u e n c e s  o f  g l a c i o -  
l a c u s t r i n e  c l a y s  s i m i l a r  t o  t h o s e  p r e s e n t  i n  t h e  Ulac1.y Bay a n d  
H a r r i c a n a w  K i v c r  a r e a s ,  w o u l d  b e  i m p e d e d  by  t h e  i m p e r v i o u s  n a t u r e  
o f  t h i s  c o v e r .  I n  e n v i r o n m e n t s  s i m i l a r  t o  t h e  D a n i e l ' s  H a r b o u r  
a r e a ,  w h e r e  swamps  a r e  i n t e r s p e r c d  w i t h  a r c a s  o f  f r e e l y - d r a i n e d  
o v e r b u r d e n  a n d  b e d r o c k ,  l a t e r a l  movemen t  o f  m e t a l  b e a r i n g  
m a t e r i a l s  c a n  o c c u r ,  p r o v i d i n g  o p t i m u m  c o n d i t i o n s  f o r  t h e  d e v e l o p -  
m e n t  o f  g e o c h e m i c a l  a n o m a l i e s  i n  swamp p r o f i l e s .  

T h e  r e s u l t s  d e s c r i b e d  i n  t h i s  p a p c r  w e r e  o b t a i n e d  
d u r i n g  t w o  i n d e p e n d e n t  g e o c h e m i c a l  s u r v e y s .  T h e  U l a c k y  Bay a n d  
S a w y e r  b o g  i n v e s t i g a t i o n s  w e r e  p a r t  o f  a  r e s e a r c h  s t u d y  by  C . F . G .  
f o r  a  P h . D  d e g r e e  a t  M c C i l l  U n i v e r s i t y ,  M o n t r e a l  ( 1 9 6 0 ) .  T h a n k s  
a r e  e x t e n d e d  t o  Dr. J . E .  R i d d e l l  who o r i g i n a l l y  p r o p o s e d  t h i s  
s t u d y  a n d  t o  K c n n c o  E x p l o r a t i o n s  ( C a n a d a )  L t d .  who s u b s e q u e n t l y  
f i n a n c e d  i t .  

T h e  N e w f o u n d l a n d  i n v e s t i g a t i o n s  w e r e  p a r t  o f  a  m i n e r a l  
e x p l o r a t i o n  p r o g r a m m e  c a r r i e d  o u t  b y  Newmont M i n i n g  C o r p o r a t i o n  o f  
C a n a d a  i n  1 9 6 4 .  T h e  a u t h o r s  t h a n k  I . e i t c h  G o l d  F l i n e s  L i m i t e d  a n d  
t h e  N e w f o u n d l a n d  Z i n c  C o r p o r a t i o n  L i m i t c d  f o r  p e r m i s s i o n  t o  t a k e  
s a m p l e s  o n  t h e i r  D a n i e l ' s  M a r b o u r  p r o p e r t y  a n d  p u b l i s h  t h e  r e -  
s u l t s .  G r a t e f u l  a c k n o w l e d g m e n t s  a r c  a l s o  c x t c n d e d  t o  B r i t i s h  
N e w f o u n d l a n d  E x p l o r a t i o n  L i m i t e d  w h o s e  p r o p e r t y  Newmont h e l d  
u n d e r  l e a s e  d u r i n g  t h e i r  N e w f o u n d l a n d  e x p l o r a t i o n  p r o g r a m m e  a n d  
t o  Newmont M i n i n g  C o r p o r a t i o n  o f  C a n a d a  f o r  t h e i r  c o - o p e r a t i o n  i n  
t h c  p r e s e n t a t i o n  o f  t h e s e  g e o c h e m i c a l  r e s u l t s .  
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LA PROSPECTION GEOCHIMIQUE 

DETAILLEE DE L'URANIUM 

A .  GRIMBERT - R .  LORIOD* 

E n t r e  l a  p r o s p e c t  i o n  s t r a t d g i q u e  d e  1  ' U r a n i u m  
d e s t i n 6 e  2 r e p E r e r  l e s  r 6 g i o n s  f a v o r a b l e s  e t  l a  p r o s p e c t i o n  
t a c t i q u e  q u i  d o i t  p r d c i s e r  l a  s i t u a t i o n  e x a c t e  du g i s e m e n t ,  e s t  
a p p a r u e  l a  n E c e s s i t E  d ' u n e  p h a s e  i n t e r m d d i a i r e  : l a  p r o s p e c t i o n  
d g t a i l l b e ,  p e r m e t t a n t  d e  c h o i s i r  l e s  s e c t e u r s  l e s  p l u s  i n t d r e s -  
s a n t s  a u  s e i n  d ' u n e  z o n e  f a v o r a b l e .  

A l o r s  q u e  l e s  d i s p e r s i o n s  g d o c h i i i q u e s  d a n s  l e  r d s e a u  
d e  d r a i n a g e  c o n v i e n n e n t  p o u r  l a  p r o s p e c t i o n  s t r a t e g i q u e  ( 1  ou 2 
g c h a n t i l l o n s  d ' e a u x  e t  d ' a l l u v i o n s  a u  k m 2 ) ,  e t  q u e  l e s  d i s p e r -  
s i o n s  g d o c h i m i q u e s  d a n s  l e s  s o l s  s o n t  u t i l i s d e s  p o u r  l e s  r e c h e r -  
c h e ~  t a c t i q u e s  ( 4 0 0  B 2 5 0 0  B c h a n t i l l o n s  a u  k m 2 ) ,  l e s  d i s p e r s i o n s  
g g o c h i m i q u e s  d a n s  l e s  e a u x  s o u t e r r a i n e s  n o u s  o n t  p a r u  a d a p t d e s  
B l a  p r o s p e c t i o n  d d t a i l l d e  ( 2 0  2 3 0  d c h a n t i l l o n s  au  km2) e t  p a r -  
f a i t e m e n t  c a p a b l e  d ' a p p o r t e r  d e s  r e n s e i g n e m e n t s  s u r  l a  p r B s e n c e  
d e s  m i n d r a l i s a t i o n s  q u ' e l l e s  l e s s i v e n t  d a n s  l e u r  p a r c o u r s  s o u -  
t e r r a i n .  

I 1  d t a i t  n d c e s s a i r e  d ' e f f e c t u e r  u n e  e n q u t t e  p r d l i m i -  
n a i r e  p o u r  p r d c i s e r  l e  mode o p 6 r a t o i r e  e t  d v a l u e r  l e s  p o s s i b i l i -  
tBs d e s  e a u x  s o u t e r r a i n e s  d c h a n t i l l o n n 6 e s  a u x  s o u r c e s ,  a u x  
s u i n t e m e n t s  e t  d a n s  l e s  p u i t s .  

On a  c h o i s i  p o u r  c e s  e s s a i s  u n e  r 6 g i o n  g r a n i t i q u e  
d u  M a s s i f  C e n t r a l  f r a n f a i s ,  r i c h e  e n  m i n 6 r a l i s a t i o n s  u r a n i f s r e s  
f i l o n i e n n e s .  C ' e s t  u n e  r E g i o n  a c c i d e n t g e ,  au  c l i m a t  o c d a n i q u e ,  
a v e c  d e s  v a l l E e s  n o m b r e u s e s  d r a i n a n t  d e s  p r B c i p i t a t i o n s  a t m o s p h 6 -  
r i q u e s  d e  1  0 0 0  m m  e n v i r o n  r E p a r t i e s  s u r  p r e s q u e  t o u t e  l l a n n & e .  

On a  r e t e n u  comrne d l B m e n t s  5 d o s e r :  

a )  Dans l e s  e a u x :  

- l ' u r a n i u m ,  s t a b l e  e n  s o l u t i o n  d a n s  u n e  
gamme B t e n d u e  d e  pH. 

- l e  r a d o n ,  g a z  s o l u b l e  d a n s  l ' e a u  q u e l l e  
q u e  s o i t  s a  c o m p o s i t i o n ,  a y a n t  u n e  p d r i o d e  
d e  d d s i n t d g r a t i o n  d e  3 , 8  j o u r s .  

b )  Dans l e s  " d B p 6 t s "  d e  s o u r c e :  

- l ' u r a n i u m ,  f a c i l e m e n t  f i x 6  p a r  l e s  m a t i s r e s  
a r g i l o - o r g a n i q u e s  f r d q u e n t e s  a u  v o i s i n a g e  
d e s  s o u r c e s .  

S e c t i o n  d e  G d o c h i m i e ,  D e p a r t m e n t  d e s  P r o s p e c t i o n s  e t  R e c h e r c h e s  
M i n i s r e s .  C e n t r e  d ' E t u d c s  N u c l e a i r e s .  F o n t e n a y - a u x - R o s e s ,  
S e i n e s ,  F r a n c e .  



La r a d i o a c t i v i t g  m a x i m a l e  d e  c h a q u e  p o i n t  d e  
p r 6 l S v e m e n t  a  6 t E  m e s u r g e  B l ' a i d e  d ' u n  s c i n t i l l o m 2 t r e  muni  d ' u n  
c r i s t a l  d e  1  X 1 , s  p o u c e .  

Le t r a v a i l  d e  t e r r a i n  a  c o m p o r t 6  l e s  o p 6 r a t i o n s  s u i -  
v a n t e s  q u i  o n t  k t 6  r g a l i s b e s  s u r  t o u s  l e s  p o i n t s  d ' e a u  ( s o u r c e s ,  
s u i t e m e n t s ,  m a r e s ,  m a r g c a g e s )  d o n t  l a  d e n s i t 6  e s t  d e  3 0  a u  km2 
e n v  i r o n  : 

1°/- C o l l e c t e  d e s  k c h a n t i l l o n s  
- 5 0  m l .  d ' e a u  d a n s  d e s  s a c h e t s  e n  p o l y E t h y l 2 n e  

p o u r  l e  d o s a g e  d e  l ' u r a n i u m .  

- 30 m l .  d ' e a u  d a n s  un t u b e  B e s s a i s  b o u c h 6  
h e r m g t i q u e m e n t  p o u r  l e  d o s a g e  du  r a d o n .  Ce 
p r 6 1 6 v e m e n t  d o i t  d t r e  e f f e c t u g  1 l a  s o u r c e  
g g o l o g i q u e  q u i  p e u t  B t r e  rep i5rCe  B l ' a i d e  du  
s c i n t i l l o m 2 t r e  g r t c e  a u  d d g a g e m e n t  d e  r a d o n  
q u ' e l l e  p r o d u i t .  

- 1 0 0  B 1 5 0  g .  d e  d s p a t  d e  s o u r c e  d a n s  un  s a c h e t  
e n  p a p i e r  f o r t ,  p o u r  l - e s  d o s a g e s  d ' u r a n i u m .  

2O/-  M e s u r e  d e  l a  r a d i o a c t i v i t g  

La r a d i o a c t i v i t g  rnax imale  r e t e n u e  e s t  c e l l e  q u i  
c o r r e s p o n d  a u  maximum d e  l ' a c c u m u l a t i o n  d u  d 6 p a t  a c t i f  e n g e n d r 6  
p a r  l e  Rn; e s s e n t i e l l e m e n t  l e  RaC p u i s s a n t  B m e t t e u r  d e  

L e s  t e c h n i q u e s  d ' a n a l y s e s  o n t  6 t 6  c e l l e s  c o u r a m m e n t  
u t i l i s g e s  1 b o r d  d e  c a m i o n s - l a b o r a t o i r e s :  

- p o u r  l ' u r a n i u m ,  l a  f l u o r i m d t r i e ,  a p r s s  s g p a -  
r a t i o n  c h r o m a t o g r a p h i q u e  d e s  C 1 6 m e n t s  a c c o m p a -  
g n a t e u r s ,  a  6 t 6  r e t e n u e .  

C e t t e  m d t h o d e  p o s s s d e  l e s  c a r a c t s r i s t i q u e s  s u i v a n t e s :  

- d a n s  l e s  e a u x :  s e n s i b i l i t 6  = 0 , l  x/1 
f i d S l i t 6  = + 2 0 %  p o u r  1  x/1 
r e n d e m e n t  = 4 8  d o s a g e s  p a r  

homme/ j o u r .  

Les  r 6 s u l t a t s  s o n t  e x p r i m e s  e n  ppm d u  r 6 s i d u  s e c  c a l -  
c u 1 6  1 p a r t i r  d e  l a  c o n d u c t i v i t 6  d e  l ' e a u .  

- d a n s  l e s  s o l s ,  l e s  a l l u v i o n s ,  l e s  d E p 6 t s  d e  
s o u r c e s  = 

s e n s i b i l i t 6  = 0 , l  ppm 
f i d d l i t 6  - + 1 5 %  p o u r  5 ppm 
r e n d e r n e n t  = 9 0  d o s a g e s  p a r  

homme/ j o u r .  



Les r 6 s u l t a t s  s o n t  e x p r i m s s  e n  ppm d 'U m 6 t a l  m i s  e n  
s o l u t i o n  p a r  u n e  a t t a q u e  n i t r i q u e  2 . 5  N .  

p o u r  l e  r a d o n ,  d o s a g e  p a r  s c i n t i l l o m 6 t r i e  a 2 l ' a i d e  
d ' u n  b a l l o n  s c i n t i l l a n t  e n d u i t  d e  s u l f u r e  d e  z i n c  a c t i v 6  2 
l ' a r g e n t  d a n s  l e q u e l  on a  r C c u p E r 6  p a r  b a r b o t a g e  l e s  g a t  d i s s o u s  
d a n s  l ' d c h a n t i l l o n  d ' e a u .  

s e n s i b i l i t 6  = 1 0 - l 0  C i / L  
f i d 6 l i t 6  . = f 2 0 %  
r e n d e m e n t  = 50 d o s a g e s  p a r  

homme e t  p a r  j o u r  
( a v e c  2 e n s e m b l e s  
d e  c o m p t a g e )  . 

Les r s s u l t a t s  s o n t  e x p r i m e s  e n  Emanes c o r r e s p o n d a n t  
5 1 0 - l 0  c i / l .  

L ' i n t e r p r k t a t i o n  d e s  r s s u l t a t s  a  E t 6  f a i t e  a p r a s  
r e p o r t  d e s  r 6 s u l t a t s  s u r  4 p l a n s  a u  1 / 1 0  0 0 0  c o m p o r t a n t  r e s p e c t i -  
v e m e n t  : 

- l e s  t e n e u r s  e n  U d e s  e a u x  
- l e s  t e n e u r s  e n  Rn d e s  e a u x  
- l e s  t e n e u r s  e n  U d e s  d6pi3t.s d e  s o u r c e  
- l e s  r a d i o a c t i v i t d s  m a x i m a l e s  d e s  s o u r c e s .  

A f i n  d e  p o u v o i r  c o m p a r e r  e n t r e  e u x ,  d ' u n e  f a s o n  a u s s i  
o b j e c t i v e  q u e  p o s s i b l e ,  c e s  q u a t r e  d o c u m e n t s ,  n o u s  a v o n s  p o u r  
c h a c u n e  d e s  p o p u l a t i o n s  s t a t i s t i q u e s  c o r r e s p o n d a n t e s  c a l c u l d  u n e  
v a l e u r  t y p i q u e  e t  un i n d i c e  d e  d i s p e r s i o n  q u i  n o u s  o n t  p e r m i s  
d 1 6 t a b l i r  d e s  6 c h e l l e s  d ' a n o m a l i e s  r 6 e l l e m e n t  c o m p a r a b l e s .  Nous 
a v o n s  p r i s  comme v a l e u r  t y p i q u e  l a  m 6 d i a n e  ( p )  q u i  n ' e s t  p r a t i -  
q u e m e n t  p a s  i n f l u e n c c e  p a r  l e s  v a l e u r s  t rss  6 l e v i e s  e t  comme 
i n d i c e  d e  d i s p e r s i o n  l a  moyenne d e s  6 c a r t s  ( E )  p a r  r a p p o r t  1 l a  
m 6 d i a n e .  Les  v a l e u r s  o b t e n u e s  s o n t  l e s  s u i v a n t e s :  

R n  U e a u x  U d 6 p a t s  
1 0 - ~ O c i / l  ppm r E s i d u  s e c  PPm 

m 6 d i a n e  ( p  ) 1 7 0  2  0  

moyenne d e s  d c a r t s  ( E )  1 4 2  2 2 

L e s  d i f f 6 r e n t e s  c o u p u r e s  ( C )  d e s  6 c h e l l e s  d ' a n o m a l i e s  
o n t  6 t 6  o b t e n u e s  5 p a r t i r  d e  l a  r e l a t i o n :  

d a n s  l a q u e l l e  on a  d o n n 6  5 k u n e  s u i t e  d e  v a l e u r s  i d e n t i q u e s ,  
d ' u n e  p o p u l a t i o n  5 l ' a u t r e .  



L' 6 t u d e  d e s  r 6 s u  l t a t s  o b t e n u s  s u r  p l u s i e u r s  m i l l i e r s  
d ' 6 c h a n t i l l o n s  a  p e r m i s  d e  f a i r e  l e s  o b s e r v a t i o n s  s u i v a n t e s :  

R e p r o d u c t i b i l i t g  d e s  r 6 s u l t a t s .  

E l l e  a  6 t 6  6 t u d i 6 e  p o u r  1 3 9  p o i n t s  d ' e a u  6 c h a n t i l l o n d s  
2 2 6 p o q u e s  d e  l ' a n n 6 e .  Les c o e f f i c i e n t s  d e  c o r r d l a t i o n  
( c a l c u l 6 s  p a r  l a  m 6 t h o d e  g r a p h i q u e  d e  M .  CRAMER) o n t  m o n t r d  q u e  
l a  r e p r o d u c t  i b i l i t 6  e s t  m 6 d i o c r e  p o u r  Rn ( 0 , 6 )  ; s a t  i s f a i s a n t e  
p o u r  1 ' U  d e s  d 6 p 6 t s  d e  s o u r c e  ( 0 , s ) ;  b o n n e  p o u r  l e s  t e n e u r s  e n  
U du r 6 s i d u  s e c  d e s  e a u x  ( 0 , 9 ) .  

La m a u v a i s e  r e p r o d u c t i b i l i t 6  d e s  t e n e u r s  e n  Rn r 6 s u l -  
t e  p r i n c i p a l e m e n t  d e  l a  r a p i d i t 6  a v e c  l a q u e l l e  c e  g a z  s 1 6 c h a p p e  
d e  l ' e a u  au  c o n t a c t  d e  l ' a i r .  I 1  e n  r 6 s u l t e  d e  g r a n d e s  d i f f i -  
c u l t 6 s  p o u r  1 1 e x 6 c u t i o n  d e s  p r 6 l Z v e m e n t s  q u i  2 q u e l q u e s  d 6 c i m S -  
t r e s  d ' i n t e r v a l l e  p e u v e n t  f o u r n i r  d e s  r 6 s u l t a t s  t r Z s  d i f f g r e n t s .  

C o m o a r a i s o n  d e s  r 6 s u l t a t s  e n t r e  e u x  

I 1  e x i s t e  u n e  b o n n e  c o r r 6 l a t i o n  ( 0 , 7 3 )  e n t r e  l a  
t e n e u r  e n  Rn e t  l a  r a d i o a c t i v i t 6  m a x i m a l e  d e s  s o u r c e s .  I 1  s e m b l e  
q u e  l a  r a d i o a c t i v i t 6  d u e  a u x  p r o d u i t s  d e  f i l i a t i o n  du  Rn (RaC) 
s o i t  p l u s  s i g n i f i c a t i v e  c a r  e l l e  t r a d u i t  l e  d 6 b i t  e n  Rn d e  l a  
s o u r c e  e t  non  p a s  s e u l e m e n t  l a  t e n e u r  e n  Rn d e  l ' e a u .  

La m e s u r e  d e  l a  r a d i o a c t i v i t d  n e  p r C s e n t e  p a s  l e  
d 6 f a u t  d e  r e p r o d u c t i b i l i t g  d e s  t e n e u r s  e n  Rn dO a u  d 6 g a z a g e  r a -  
p i d e  d e  l ' e a u .  Mais  e l l e  e s t  r e n d u e  l o c a l e m e n t  i m p o s s i b l e  p a r  
l ' a b s e n c e  du  m a t 6 r i a u  f i x a t e u r  du d i p a t  a c t i f .  

La c o r r d l a t i o n  e n t r e  l a  t e n e u r  e n  Rn e t  l a  t e n e u r  e n  
U du r 6 s i d u  s e c  d e s  e a u x  e s t  m a u v a i s e . -  Le c o e f f i c i e n t  d e  c o r r 6 -  
l a t i o n  v a r i e  d e  0 0 , 3  2 0 , s  s u i v a n t  l a  n a t u r e  d e s  p o i n t s  d ' e a u  
r e t e n u s  p o u r  1 1 6 t a b l i s s e m e n t  du  d i a g r a m m e .  C e p e n d a n t  on c o n s t a t e  
u n e  c o n c o r d a n c e  g d o g r a p h i q u e  a s s e z  b o n n e  c n t r e  l e s  a n o m a l i e s  d e  
c h a q u e  t y p e ,  a v e c  t o u t e f o i s  un l 6 g e r  d 6 c a l a g e  d e s  u n e s  p a r  r a p -  
p o r t  a u x  a u t r e s .  

La c o r r 6 l a t i o n  e n t r e  l a  t e n e u r  e n  U d e s  d E p 6 t s  d e  
s o u r c e s  e t  l a  t e n e u r  e n  U du r d s i d u  s e c  d e s  e a u x  n ' e s t  p a s  s a t i s -  
f a i s a n t e .  Ces  t e n e u r s  s o n t  p a r f o i s  trZs d i f f g r e n t e s  e t  i l  c o n -  
v i e n d r a  d  ' S l u c i d e r  c e  p r o b l Z m e .  

C o n c o r d a n c e  a v e c  l e s  m i n 6 r a l i s a t i o n s  c o n n u e s .  

A t o u t e s  l e s  m i n d r a l i s a t i o n s  c o n n u e s  c o r r e s p o n d e n t  
d e s  a n o m a l i e s  e n  U ,  Rn e t  r a d i o a c t i v i t e  d a n s  l e s  s o u r c e s  s i t u 6 e s  
2 p r o x i m i t 6  ( q u e l q u e s  c e n t a i n e s  d e  m s t r e s ) ,  q u ' e l l e s  s o i e n t  d i -  
r e c t e m e n t  e n  r e l a t i o n  a v e c  l e s  s t r u c t u r e s  m i n 6 r a l i s 6 e s  ou  q u ' e l l e s  
p r o v i e n n e n t  d e  l a  n a p p e  c i r c u l a n t  au  v o i s i n a g e  d e  l a  s u r f a c e .  



L e s  v a l e u r s  d e s  a n o m a l i e s  p e u v e n t  d t r e  d i f f 6 r e n t e s  
s u i v a n t  I ' b l B m e n t  m e s u r 6  p a r  s u i t e  d e s  c a r a c t s r e s  p a r t i c u l i e r s  
du p o i n t  d ' e a u  6 c h a n t i l l o n n 6 ,  m a i s  l e s  a n o m a l i e s  u r a n i f k r e s  s o n t  
g B n 6 r a l e m e n t  l e s  p l u s  s a t i s f a i s a n t e s .  P a r  e x e m p l e  u n e  p e t i t e  
s o u r c e  s i t u 6 e  3 p r o x i m i t 6  i m m 6 d i a t  d ' u n  g i s e m e n t  c o n n u  d o n n e  u n e  
t r s s  f o r t e  a n o m a l i e  e n  Rn ( 2  500 b m a n e s )  a v e c  u n e  r a d i o a c t i v i t 6  
r e l a t i v e m e n t  f a i b l e  ( 3 0 0  p R / h ) ,  a l o r s  q u e  l a  t e n e u r  e n  U e s t  
i n t e r m g d i a i r e  (80  ppm U d a n s  l e  r 6 s i d u  s e c ) .  Ce d 6 s a c c o r d  e n t r e  
l e s  r b s u l t a t s  p e u t  s ' e x p l i q u e r  d a n s  l e  c a s  p r e s e n t  p a r  l l a b . . s e n c e  
t o t a l e  d e  m a t g r i a u x  p r o p i c e s  B l a  f i x a t i o n  du  RaC d ' o i i  l e  p e u  
d 1 a c t i v i t 6 ,  a l o r s  q u e  l e  t r S s  f a i b l e  d 6 b i t  d e  l a  s o u r c e  e n t r a 4 n e  
u n e  t e n e u r  e n  Rn a n o r m a l e m e n t  b l e v b e  d a n s  l ' e a u .  

Une B t u d e  d e  c h a q u e  a n o m a l i e  e s t  d o n c  n g c e s s a i r e  
a v a n t  d e  p o r t e r  un j u g e m e n t  s u r  s o n  i n t 6 r C t .  

A l ' i s s u e  d e  c e t t e  e n q u E t e ,  on p e u t  d o n c  c o n c l u r e  q u e  
d a n s  l e s  t e r r a i n s  c r i s t a l l i n s :  

- 1 1 6 c h a n t i l l o n n a g e  d e s  s o u r c e s  a u  s t a d e  d e  l a  
v r o s v e c t i o n  d i t a i l l 6 e  d e  1 ' U r a n i u m  v r B s e n t e  un r E e l  i n t 6 r d t .  

c o n d i t i o n  d e  p r b l e v e r  t o u t e s  l e s  i o u r c e s :  

- l e s  p r C l 6 v e m e n t s  d ' e a u x  p o u r  l e  d o s a g e  d e  l ' u r a -  
n i u m  e t  l a  m e s u r e  d e  l a  r a d i o a c t i v i t 6  m a x i m a l e  d e s  s o u r c e s  s o n t  
s u f f i s a n t s .  

- l e s  d o s a g e s  d e  Rn n e  s e r o n t  p l u s  u t i l i s B s  q u e  
d a n s  c e r t a i n s  c a s  p a r t i c u l i e r s  ( a b s e n c e  d e  m a t b r i a u x  f i x a t e u r s  
d e  d 6 p 6 t  a c t i f )  e t  p o u r  un s t a d e  p l u s  a v a n c i  d e s  r e c h e r c h e s  
l o r s q u e  l ' e a u  f e r a  d 6 f a u t .  

On p e u t  B g a l e m e n t  e s p g r e r ,  p a r ' l ' s t u d e  d e s  s o u r c e s ,  
o b t e n i r  d e s  r e n s e i g n e m e n t s  q u a l i t a t i f s  s u r  l 1 i n t B r 6 t  d e s  i n d i c e s  
q u i  e x i s t e n t  3 p r o x i m i t b  e t  u l t B r i e u r e m e n t  r e p B r e r  d e s  g i s e m e n t s  
n ' a f f l e u r a n t  p a s ,  m a i s  q u i  o n t  B t 6  l e s s i v 6 s  p a r  l e s  e a u x  s o u -  
t e r r a i n e s .  
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Eh AND pH IN GEOCHEMICAL PROSPECTING 

John A. Hansuld* 

INTRODUCTION 

The three tasks of geochemistry may be summarized thus: 

1. To establish the abundance relationships of the 
elements. 

2. To study the distributions and migration of the 
elements. 

3. To detect the laws governing the observed abundances, 
distributions and migration of the elements. 

Most of the work in exploration geochemistry to date 
has been concerned only with tasks one and two. Although petrolo- 
gists have been studying the behavior of elements under high 
temperature and pressure conditions for years, as yet there has 
been very little serious attempt to quantitatively define the 
laws and principles governing the migration of elements in the 
surface or near-surface environment. Most of these environments 
represent aqueous chemical systems in which the environment and 
reactions involved may be characterized almost entirely by oxi- 
dation potential (Eh) and pH. It is possible, if reasonable 
assumptions are made, to evaluate the effect of changing environ- 
mental conditions on the migration of individual metals within 
the framework of Eh and pH as graphically portrayed by Eh-pH 
diagrams. Two areas of application are considered: 

1. the oxidation of primary sulfides in the outcropping 
or sub-outcropping environment, and 

2. the mobility of metals in different secondary dispersion 
media. 

PURPOSE AND SCOPE 

The purpose of this paper is to discuss the concept 
of Eh and pH and demonstrate, with the aid of some simple dia- 
grams, some applications to geochemical prospecting. The scope 
of the paper is rather general with emphasis on practical appli- 
cation rather than chemical theory. Diagrams and examples are 
purposely kept simple in order not to confuse or discourage the 
novice. 

American Metal Climax, Inc., l845 Sherman St., Denver 3, 
Colorado. 



This paper is quite similar to that presented pre- 
viously (Hansuld, 1966). The text is revised in places, a number 
of diagrams changed and the bibliography made more selective. 

Eh-pH BACKGROUND 

To illustrate the techniques involved and provide a 
background for those not familiar with Eh and Ph, we might first 
very briefly define the terms, describe their measurement and 
indicate the method of Eh-pH diagram construction. 

Eh is a measure of the oxidizing or reducing tendency, 
or more explicitly, potential of a system. Because oxidation or 
reduction involves a transfer of electrons, it is fundamentally 
an electrical property measureable in volts or millivolts. Eh 
potentials as opposed to simply E or measured potentials represent 
specific potentials in that they are measured against or compared 
to the standard hydrogen half cell; thus they are said to be 
referenced to the hydrogen scale - -  hence the term Eh. The more 
positive the potential, the more oxidizing it is relative to the 
hydrogen half cell. However, a negative Eh value does not necces- 
sarily mean a reducing potential, only that it is reducing rela- 
tive to the standard hydrogen half cell. Because Eh potentials 
are relative values and most measurements of natural systems on 
the hydrogen scale are positive, that is oxidizing, Eh is usually 
referred to simply as oxidation potential. 

The oxidation potential of an aqueous system is de- 
termined experimentally by measuring the voltage between an inert 
electrode such as platinum, and a reference standard hydrogen 
electrode. In actual practice, a secondary standard half cell 
such as a calomel electrode is used as a reference electrode in 
place of the primary standard hydrogen electrode. It then becomes 
necessary to add the Eh of the reference electrode (.241 volts for 
a saturated calomel electrode at 2S°C) to the measured potential 
E to get the Eh value. Therefore, Eh is in effect a calculated 
potential obtained by adding the Eh of the reference electrode 
to the measured potential E as shown at the top of Figure 1. 
This simple calculation is unfortunately omitted or made incor- 
rectly in many cases, even though readings are reported as Eh. 
This results in some confusion when comparing data from different 
sources, especially when the method of measurement is not given. 
Contrary to common belief, there is as yet no instrument on the 
market whose scale is designed to read Eh directly, although one 
could easily be made. 

pH 
pH is a numerical expression of the relative acidity 

or alkalinity of an aqueous system. Acids and bases all owe their 
acidity or alkalinity to the single property of production of hy- 
drogen or hydroxyl ions. pH refers to the concentration of these 
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Figure 1. Eh and pH. 
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Figure2. Eh-pHdiagrams. 



Figure 3. Weathering environment. After Sato (1960a). 
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Figure 4. Geochemical environments in t e rms  of Eh and pH. After Baas Becking 
et  al. (1960); weathering and depth environments after Sato (1960a). 



ions and is defined as the negative logarithm (to the base ten) 
of the hydrogen ion activity (thermodynamic concentration). From 
this is derived the pH scale where the neutral point is defined 
as the circumstance when the activity of hydrogen ion equals that 
of hydroxyl ion. For dilute aqueous solutions at 2S°C and 1 
atmosphere, this means a pH of 7. Because pH is a logarithmic 
function, one pH unit represents a ten-fold change. This point 
is commonly not fully appreciated in comparing ptl values. Rela- 
tive intensities between different ptl units are illustrated 
graphically in Figure 1. 

Measurement of pH is a fairly routine procedure. It 
is easily accomplished electronically by measuring with a high 
resistance potentiometric instrument, the voltage developed 
between a specially designed glass electrode and reference 
electrode. The Modern pH meter is nothing more than a vacuum 
tube voltmeter with scale calibrated to read directly in pH units 

When equipped with a suitable electrode pair, a pH 
meter can be used to measure oxidation potential. However, cal- 
culations must be made to convert pH scale readings into E and 
then Eh values. It is misleading to refer to a pH meter as an 
Eh-ptl meter. 

Eh-pH Diagrams 

Many chemical reactions involve either or both elec- 
trons and hydrogen or hydroxyl ions. Therefore, plots of Eh 
versus pll provide a convenient means of describing and comparing 
reactions between various species under a given set of conditions. 
Plots of some simple reactions involving Eh, pH or both are shown 
on Figure 2. Changes in concentrations of dissolved species are 
indicated by means of dashed lines, thus adding a third variable-- 
ionic concentration--to the diagrams. 

The range of values that must be considered in con- 
structing Eh-pH diagrams is determined by the limits observed in 
nature. The overall limits of aqueous environments, of course, 
are defined hy the stability limits of water. These are given 
by two sloping lines at the top and bottom of the diagram in 
Figure 3. Iiowever, these limits are rarely met in nature and on 
the basis of field measurements and theoretical considerations 
Sato ( 1 9 6 0 a )  defined a weathering environment (as shown on Figure 
3) representinq the probable ranqes of Eh and pH values found in 
most secondary geochemical dispersion media. 

The natural limits of a number of geochemical environ- 
ments as determined from field measurements by Baas Becking et al. 
(1960) are shown on Figure 4. Of particular interest is the wide 
range of Eh-ptl conditions observed in soils and peat bogs. This 
clearly demonstrates the need for making measurements on a speci- 
fic environment under study. 



Figure 5. Oxidation reaction potentials of some simple sulphides. After Sato (1960b); 
molybdenite after Hansuld ( 1960). 



APPLICATIONS 

Geochemical exploration is principally concerned with 
movement of a particular metal or metals from its source to a 
given sample point. Two basic types of movement are recognized-- 
physical and chemical. 

The first problem is to decide to what extent each of 
these is responsible for the dispersion of the particular metal 
of interest. Physical movement is relatively straightforward and 
involves a consideration of various geomorphic erosional processes. 
Chemical movement on the other hand, requires a geochemical study 
of the outcropping or sub-outcropping environment to determine if 
the metal sulphide is oxidizing or not, and the various dispersion 
media to determine if the metal is mobile in these media. There- 
fore, the study may be considered in two steps: 1) oxidation 
of the primary sulphides and 2) mobility of metal ions. 

1) Oxidation of Sulphides 

Oxidation of sulphides is prerequisite to the chemical 
dispersion of the metals they contain. The extent of oxidation 
can sometimes be ascertained by visual inspection of outcrops; 
however it is possible to approach the problem more quantitative- 
ly within the framework of Eh and pH. Oxidation reaction poten- 
tials of a number of simple sulphides for a metal ion concentra- 
tion of l ~ - ~ m o l a r  are plotted in Figure 5 .  Note that most of 
these potentials become pH-dependent in higher pH regions where 
hydrolysis controls metal ion activities. These potentials, with 
the exception of that for molybdenite, are calculated from em- 
pirical data by Sato (1960b). The molybdenite potential, deter- 
mined by Hansuld (1960), is tentatively considered to be mainly 
a function of the molybdate to acid molybdate ratio as determined 
by pH. The potential of native gold is included for comparative 
purposes. 

The concentration of 1 0 - ~  is chosen arbitrarily to 
represent the minimum concentration of most metals in geologic 
materials. Therefore these potentials represent, for a given 
temperature and pressure, the minimum potential at which the 
particular sulphide begins to be actively oxidized. That is, in 
order for the sulphide to be oxidized, its environment must possess 
an oxidation potential equal to or greater than that of the sul- 
phide at a given pll. For example, a potential between those of 
galena and chalcocite at pH S would indicate that in such an 
environment, galena and sphalerite, with potentials below that of 
the environment, would actively oxidize, whereas chalcocite, 
covellite, molybdenite and argentite with potentials above that 
of the environment would be thermodynamically stable. These 
"stable" sulphides would not liberate metal ions so that movement 
of metals away from the source area can only be by mechanical 
processes. 



Figure 6.  Eh - pH plots. Aillik molybdenite showing, Aillik Bay, Labrador. 
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Figure 7 .  Eh - pH plot of peat bog environments, Mattagami area, Quebec. 
Measured and predicted environments plotted from measurements by 
Gleeson (1960); peat bog limits after Baas Becking et  al. (1960); 
sulphide potentials calculated from data by Sato (1960b). 



The significance and application of sulphide reaction 
potentials to geochemical exploration was first demonstrated by 
Hansuld (1960) in investigating a soil anomaly over the Aillik 
molybdenite showing in Labrador. Eh and pH measurements of the 
soil beneath psat bog and stream sediments were made in the field 
and the oxidation reaction potential of molybdenite was deter- 
mined experimentally in the laboratory. These data are plotted 
on Figure 6. Note that molybdenite remains stable in the peat 
bog environment but is actively oxidized in the stream environ- 
ment. Therefore, dispersion of molybdenum in soil is essentially 
a mechanical process and requires a detailed study of the geo- 
morphic history of the area. Recognition of this fact was neces- 
sary in properly assessing the success and limitations of the 
geochemical surveys. 

Another example is illustrated by data taken from a 
geochemical study by Gleeson (1960) in the Mattagami area, Quebec. 
Oxidation potential and pH measurements were made on surface and 
near surface humus and clays in a number of peat bogs. A typical 
plot of the measured field data is shown on Figure 7. Unfortu- 
nately, only pH was measured below depths of 15 ft; however, the 
decrease in oxidation potential measured over the first ten to 
fifteen feet is fairly uniform and by extrapolating these values, 
the Eh of clays and sand to bedrock can be predicted. The mea- 
sured pH and predicted Eh values define the Eh-pH environment of 
clay-sand at depth. Also plotted are oxidation reaction po- 
tential~ for galena and sphalerite in equilibrium with their 
respective metal ions at concentrations found by Gleeson in these 
deeper layers. Both potentials lie above the clay-sand environ- 
ment and therefore are "stable" at these metal concentrations. 
This accounts for the surprising freshness at the bedrock inter- 
face of the sulphides, which, in most places, are found to be 
covered by only a thin oxide skin. The clay-sand depth environ- 
ment simply is not oxidizing enough to provide sufficient metal 
ions for chemical dispersion and therefore is not emenable to 
conventional geochemical prospecting methods. The Eh-pH data 
offer an explanation of why conventional geochemical prospecting 
has proven relatively unsuccessful in the Mattagami district and 
other areas in the Canadian Shield covered by similar terrain, 
such as the Texas Gulf Sulphur Kidd Township deposit. 

2) Mobility of Metal Ions 

Assuming a sulphide is oxidizing, this brings us to 
the second step of the study--mobility of metal ions. 

The behavior of a particular element or metal in a 
given dispersion medium is largely controlled by stability re- 
lations among its various oxidation products. Recognition of 
these products and their stability relations is therefore a pre- 
requisite to a proper understanding of the observed data. 
Because most secondary dispersion media represent aqueous chemical 
systems stability relations are best expressed as functions of 





Eh and pH. Thus by plotting the measured Eh-pH field of a par- 
ticular environment on a stability diagram of the metal under 
study it is possible to make some prediction as to the mobiIity 
of the metal in that environment. 

Some examples are shown by the accompanying diagrams. 
Because of the dearth of thermodynamic and empirical data, only 
the simpler chemical species of the metal are considered. There- 
fore, the stability diagrams given are obviously gross oversimpli- 
fication~ of most natural systems. In many cases, they are mix- 
tures of theoretical and experimental data and in this respect 
their construction is somewhat arbitrary. However, because the 
emphasis throughout this discussion is on practical utility rather 
than theoretical exactness, these rather arbitrary presentations 
should not prove unduly upsetting to the pure scientist. but in- 
stead only serve to stimulate further experimentation to provide 
the necessary fundamental data. 

Figure 8 shows some stability relations in a simple 
chalcocite-water system together with plots of soil and stream 
water environments typical of the porphyry copper deposits o f  the 
southwestern United States. The solubility of cupric ion de- 
creases with increasing pH and to a lesser extend decreasing Eh. 
For example, at a pH of 6 the solubility of copper is less than 
3 ppb. The decreasing solubility is depicted schematically by 
the arrow at the top of the diagram. Note that the copper formed 
in the oxidation of chalcocite is soluble only under strongly acid 
and highly oxidizing conditions. At higher pH's the oxidized 
copper is precipitated in situ as the metastable copper hydroxide. 
The acid character of the soils overlying mineralized bedrock 
implies that it should be leached of most of its oxidized copper. 
This explains the low copper values commonly found in soils di- 
rectly over known mineralization in the southwestern United States 
Similarly, the alkaline surface drainage waters, with very limited 
copper solubility, account for the negligible amount of copper 
usually found in the main drainage systems. Most of the oxidized 
copper has been carried vertically downward in solution by acid 
mine waters to eventually form supergene copper sulphides. 

Figure 9 shows some stability relations in a molybde- 
nite-water system. Of particular interest in this diagram is the 
boundary at pH 6 between acid molybdate and molybdate anions. 
The acid molybdate anion is relatively insoluble in contrast to 
the molybdate anion. The relative mobilities are depicted sche- 
matically by the arrows at the top of the diagram. Looking again 
at the soil and stream environments of the southwest we see that 
in the soil environment oxidized molybdenum occurs predominantly 
as the immobile acid molybdate anion and in the stream environ- 
ment as the relatively mobile molybdate anion. 

Molybdenum, because of its close association with 
porphyry copper type deposits, is commonly used as a pathfinder 
element in the geochemical search for these deposits. The basis 
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for this approach is best explained in terms of Eh and pH. A 
comparison of stability relations of the two metals as illustrated 
in Figures 8 and 9 indicates that where one metal is relatively 
mobile, the other is immobile. Molybdenum remains essentially 
fixed in acid soils where it occurs as the relatively immobile 
acid molybdate, whereas copper is fairly soluble and is leached 
away. On the other hand, in alkaline surface drainage waters, 
where copper solubility is extremely limited, molybdenum occurs 
as the relatively mobile molybdate anion. Therefore, molybdenum 
in acid soils can be used to define drill targets and in alkaline 
drainage waters as a reconnaissance tool to locate areas of copper 
mineralization. In general, it may be said that behavior of mo- 
lybdenum in the secondary geochemical cycle is inverse to that 
of copper. 

The importance of recognizing the relative mobilities 
of copper and molybdenum is well illustrated in a soil survey from 
the La Muda area, Puerto Rico. Figure 10 shows the distribution 
patterns of anomalous copper and molybdenum reported by Bergey 
(1962). The differences in these patterns are consistent with 
the observed differences in soil pH reported by Hansuld and 
Parker (1962). Particularly interesting is the high copper, weak 
molybdenum zone at the west end of the survey area. Soils there 
are slightly alkaline in contrast to the acid soils to the east. 
Although not shown on the diagram, the three small molybdenum 
anomalies in the central section of the survey all occur in soils 
locally more acid than soils in the adjacent areas. It is worth 
mentioning that the best copper mineralization was not found under 
the best copper anomaly. 

CONCLUDING REMARKS 

In closing, it should be emphasized that the appli- 
cation of Eh and pH to geochemical exploration is still very much 
in its infancy. Many assumptions must be made resulting in gross 
over-simplifications. However, if used within their limitations, 
they provide a convenient means of tackling the third task of 
geochemistry-to detect the laws governing the observed abundances, 
distribution and migration of the elements. As more use is made 
of Eh and pH to quantify reactions and environments, geochemical 
prospecting will become less of an art and more of a science. 

I wish to express my sincere gratitude to American 
Metal Climax, Inc. in whose employment this paper was prepared 
and presented at the Symposium. 

Although the id,eas expressed are solely those of the 
writer some data are taken from other sources as credited in the 
text. These data broaden the scope of the paper and appreciation 
is extended to those making this data available, either personally 



or in published form; however, the writer alone assumes full 
responsibility for any errors or misinterpretations. 
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FIELD LABORATORIES FOR OPERATION BATHURST, 
A COMBINED CHEblICAL A N D  SPECTROGRAPHIC ANALYTICAL PROGRAM 

J . J .  Lynch a n d  C . C .  Durham* 

O p e r a t i o n  B a t h u r s t  was a  g e o c h e m i c a l  p r o g r a m  c a r r i e d  
o u t  by t h e  G e o l o g i c a l  S u r v e y  o f  Canada  i n  t h e  summer o f  1 9 6 5  t o  
d i s c o v e r  t h e  d i s t r i b u t i o n  o f  c e r t a i n  t r a c e  e l e m e n t s  i n  t h e  s t r e a m  
a n d  s p r i n g  w a t e r s  a n d  s e d i m e n t s  o f  t h e  B a t h u r s t - J a q u e t  R i v e r  
d i s t r i c t  o f  New B r u n s w i c k .  The  t o t a l  a r e a  c o v e r e d  was a p p r o x i -  
m a t e 1  y 1 , 2 0 0  s q u a r e  m i l e s .  

I n  o r d e r  t o  c a r r y  o u t  t h e  f i e l d  p o r t i o n  o f  t h e  p r o -  
g r a m ,  s i x  two-man f i e l d  p a r t i e s  w e r e  e a c h  a l l o t t e d  a  map s h e e t ,  
o r  a  p o r t i o n  o f  a  map s h e e t ,  f o r  s a m p l i n g .  The p a r t i e s  t r a v e r s e d  
e a c h  r i v e r  a n d  s t r e a m  by f o o t ,  s a m p l i n g  a t  1 , 5 0 0  f o o t  i n t e r v a l s .  
A t  e a c h  s a m p l i n g  p o i n t  a  number  o f  t e s t s  w e r e  p e r f o r m e d  on  b o t h  
t h e  w a t e r  a n d  t h e  s e d i m e n t .  T h e s e  i n c l u d e d  t e m p e r a t u r e ,  pH a n d  
t o t a l  h e a v y  m e t a l  m e a s u r e m e n t s  o f  t h e  w a t e r  ( U o y l e  e t  a l .  1 9 5 5 )  
a s  w e l l  a s  t h e  d e t e r m i n a t i o n  o f  t h e  c o l d  e x t r a c t a b l e  t o t a l  h e a v y  
m c t a l  c o n t e n t  o f  t h e  s e d i m e n t  ( S m i t h ,  1 9 6 3 ) .  Where p o s s i b l e ,  
s a m p l e s  o f  w a t e r  a n d  a  h e a v y  m i n e r a l  c o n c e n t r a t e  w e r e  c o l l e c t e d  
a t  a  p o i n t  r e p r e s e n t a t i v e  o f  e a c h  s t r e a m  o r  r i v e r  t r a v e r s e d .  I n  
a d d i t i o n  t o  c o l l e c t i n g  s a m p l e s  and  p e r f o r m i n g  t e s t s ,  e a c h  p a r t y  
r e c o r d e d  a  number  o f  o b s e r v a t i o n s  c o n c e r n i n g  r o c k  t y p e s ,  compo- 
s i t i o n  o f  s e d i m e n t  a n d  p r e c i p i t a t e  s t a i n .  

p o s s i  
f o  r 111 

To s p e e d  p l o t t i n g  o f  t h e  r e s u l t s  a n d  t o  a l l o w  f o r  
b l e  r e s a m p l i n g  o f  some a r e a s ,  i t  was f o u n d  e s s e n t i a l  t o  p e r -  
a l l  t h e  s e d i m e n t  a n a l y s e s  i n  l a b o r a t o r i e s  s i t u a t e d  w i t h i n  

t h e  ~ 3 1 i l p l i n g  a r c a .  T h e s e  a n a l y s e s  u t i l i z e d  t h e  f a c i l i t i e s  o f  
t h r e e  s c p a r a t e  l a b o r a t o r i e s :  s a m p l e  p r e p a r a t i o n ,  c h e m i c a l  a n d  
s p e c t  r o g r a p h  i c .  

A t  intervals o f  o n e  t o  s e v e n  d a y s  t h e  f i e l d  p a r t i e s  
s u b ~ n i t t c d  t h e i r  s e d i m e n t  s a m p l e s  f o r  a n a l y s i s .  . No a t t e m p t  was 
nlaJc t o  a n a l y s e  e i t h e r  t h e  w a t e r  o r  h e a v y  m i n e r a l  c o n c e n t r a t e s .  
Upon s u b m i s s i o n ,  t h e  s e d i m e n t s  w e r e  f i r s t  p r o c e s s e d  i n  t h e  s a m p l e  
p r e p a r a t i o n  l a b o r a t o r y  h o u s e d  i n  a  s m a l l  a b a n d o n e d  f a r m  b u i l d i n g  
w i t h  a  f l o o r  a r c a  o f  a b o u t  2 0 0  s q u a r e  f e e t .  

S i n c e  t h e  s i z e  o f  t h e  a n a l y t i c a l  p r o g r a m  p r o h i b i t e d  
t h e  u s e  o f  m o b i l e  c h e m i c a l  l a b o r a t o r i e s ,  t h e  c h e m i c a l  a n a l y s e s  
o f  t h e  s t r e a m  s e d i m e n t s  w e r e  p e r f o r m e d  i n  t h e  s c i e n c e  l a b o r a t o r y  
o f  t h e  Plgr. C . A .  Le B l a n c  High  S c h o o l  i n  B a t h u r s t .  The room w h i c h  
h o u s e d  t h i s  l a b o r a t o r y  was a p p r o x i m a t e l y  25  f e e t  l o n g  by 1 8  f e e t  
w i d c .  I t  was e q u i p p e d  w i t h  o n e  fume h o o d  a n d  i t s  f u r n i t u r e  c o n -  
s i s t e d  o f  t e n  b e n c h e s  e a c h  w i t h  a b o u t  1 0  s q u a r e  f e e t  o f  w o r k i n g  
a r e a .  A l t h o u g h  t h e  f u r n i t u r e  a n d  p l u m b i n g  f a c i l i t i e s  w e r e  q u i t e  
s u i t a b l  e ,  t h e  e l e c t r i c a l  s e r v i c e s  w e r e  i n a d e q u a t e  a n d  t e m p o r a r y  
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c i r c u i t s  w e r e  i n s t a l l e d  a r o u n d  t h e  p e r i m e t e r  o f  t h e  room i n  o r d e r  
t o  a c c o m m o d a t e  e q u i p m e n t  d r a w i n g  l a r g e  a m o u n t s  o f  c u r r e n t .  T h i s  
e q u i p m e n t  i n c l u d e d  a f u r n a c e ,  h o t  p l a t e s ,  s t i l l s ,  c e n t r i f u g e s ,  
r e f r i g e r a t o r ,  o v e n s  a n d  a  h o t  w a t e r  b a t h .  

The  a n a l y s e s  c a r r i e d  o u t  i n  t h i s  l a b o r a t o r y  w e r e  
p e r f o r m e d  by s i x  u n i v e r s i t y  s t u d e n t s  h i r e d  f o r  t h e  summer m o n t h s  
I f  s e a s o n a l  e m p l o y e e s  a r e  u t i l i z e d  a t  l e a s t  t w o  w e e k s  m u s t  b e  
s e t  a s i d e  a t  t h e  b e g i n n i n g  o f  t h e  p r o g r a m  f o r  t r a i n i n g  p u r p o s e s .  
F a i l u r e  t o  a d h e r e  t o  t h i s  p r a c t i c e  i s  l i k e l y  t o  l e a d  t o  low p r o -  
d u c t i o n  a n d  e r r o n e o u s  r e s u l t s .  

A n a l y s e s  w e r e  c a r r i e d  o u t  i n  b a t c h e s  o f  f i f t y  a n d  
u s u a l l y  t w o  b a t c h e s  p e r  d a y  w e r e  p r o c e s s e d .  Each b a t c h  c o n s i s t e d  
o f  f o r t y - e i g h t  u n k n o w n s ,  o n e  c o n t r o l ,  a n d  o n e  b l a n k .  The c o n t r o l  
s a m p l e s  w e r e  more  o r  l e s s  s i m i l a r  i n  c o m p o s i t i o n  t o  t h e  unknowns  
a n d  t h e y  s h o u l d  c o v e r  a  s u i t a b l e  r a n g e  o f  v a l u e s .  I n  a d d i t i o n  
t h e y  s h o u l d  b e  a n a l y s e d  by  d i f f e r e n t  m e t h o d s  a n d  by d i f f e r e n t  
a n a l y s t s  i n  o r d e r  t o  a s s i g n  s p e c i f i c  v a l u e s  f o r  t h e  d i f f e r e n t  
e l e m e n t s .  I f ,  u p o n  c o m p l e t i o n  o f  a  b a t c h ,  t h e  v a l u e s  f o r  t h e  
c o n t r o l  s a m p l e  v a r y  by more  t h a n  t h e  e r r o r  i n h e r e n t  i n  t h e  m e t h o d  
( u s u a l l y  '25% o f  t h e  a m o u n t  p r e s e n t )  t h e  s o u r c e  o f  t h e  d e v i a t i o n  
m u s t  b e  a s c e r t a i n e d  a n d  a l l  t h e  a n a l y s e s  o f  t h e  b a t c h  r e p e a t e d .  
S i m i l a r l y ,  h i g h  v a l u e s  f o r  b l a n k  d e t e r m i n a t i o n s  m u s t  b e  i n v e s t i -  
g a t e d .  

The  s e d i m e n t  s a m p l e s  w e r e  d r i e d  i n  t h e i r  e n v e l o p e s  
f o r  a p p r o x i m a t e l y  36 t o  4 8  h o u r s  a t  65O C  i n  a  g a s  h e a t e d  o v e n .  
A f t e r  d r y i n g  t h e y  w e r e  s i z e d  by s i e v i n g  t h r o u g h  a n  80 mesh s t a i n -  
l e s s  s t e e l  s c r e e n .  The  p l u s  80 mesh f r a c t i o n  was d i s c a r d e d .  

About  1 5  g r a m s  o f  t h e  s i e v e d  p o r t i o n  w e r e  g r o u n d  i n  
a  c e r a m i c  b a l l  m i l l  f o r  2 5  m i n u t e s .  T h i s  p r o d u c e d  a  p o w d e r  w h i c h  
w a s  a t  l e a s t  m i n u s  1 5 0  mesh .  A l t h o u g h  t h e  m i n u s  8 0  mesh f r a c t i o n  
i s  q u i t e  s u i t a b l e  f o r  c h e m i c a l  a n a l y s i s ,  t h e  f i n e r  g r a i n c d  s a m p l e  
i s  p r e p a r e d  f o r  s p e c t r o g r a p h i c  w o r k .  

A f t e r  g r i n d i n g .  e a c h  s a m p l e  was s p l i t  a n d  p l a c e d  i n  
t w o  p l a s t i c  v i a l s .  One v i a l  was f o r w a r d e d  t o  t h e  c h e m i c a l  l a b o r -  
a t o r y  a n d  t h e  o t h e r  t o  t h e  s p e c t r o g r a p h i c  l a b o r a t o r y .  I n  t h c  
c o u r s e  o f  a n  e i g h t  h o u r  d a y  o n e  man c o u l d  s i e v e ,  g r i n d ,  a n d  b o t t l e  
o n e  h u n d r e d  s a m p l e s .  

C l a s s i c a l  m e t h o d s  o f  s i l i c a t e  a n a l y s i s  r e q u i r e  com- 
p l e t e  s a m p l e  d i s s o l u t i o n .  F o r  some g e o c h e m i c a l  p u r p o s e s ,  s u c h  
a s  p r o s p e c t i n g ,  t h i s  a p p r o a c h  i s  u n n e c e s s a r y  a n d  h e n c e  many decom-  
p o s i t i o n  p r o c e d u r e s  r e n d e r  s o l u b l e  o n l y  a  p o r t i o n  o f  t h c  t o t a l  
m e t a l  p r e s e n t .  S i n c e  e f f o r t s  w e r e  made i n  t h i s  p r o g r a m  t o  o b t a i n  
v a l u e s  a p p r o x i m a t i n g  t h e  a b s o l u t e  a b u n d a n c e s  o f  t h e  v a r i o u s  e l c -  
m e n t s ,  more c o m p l e t e  s a m p l e  e x t r a c t i o n s  w e r e  r e q u i r e d  t h a n  c o n -  
c e i v a b l y  w o u l d  b e  e m p l o y e d  i f  t h i s  w e r e  p u r e l y  a  p r o s p e c t i n g  
v e n t u r e .  



The a n a l y t i c a l  m e t h o d s  e m p l o y e d  i n  t h e  g e o c h e m i c a l  
l a b o r a t o r i e s  w e r e  d e s i g n e d  s o  t h a t  l a r g e  n u m b e r s  o f  s a m p l e s  
c o u l d  be p r o c e s s e d  i n  a  s h o r t  p e r i o d  o f  t i m e  u s i n g  s e a s o n a l  
p e r s o n n e l .  I l ence  many o f  t h e  s t e p s  i n c l u d e d  i n  more  p r e c i s e  a n d  
a c c u r a t e  m e t h o d s  w e r e  m o d i f i e d .  Two s t e p s  t h a t  w e r e  m o d i f i e d  
w e r e  s a m p l e  d e c o m p o s i t i o n  a n d  r e m o v a l  o f  i n t e r f e r e n c e s .  

S i n c e  v e r y  few c o l o r i m e t r i c  r e a g e n t s  a r e  s p e c i f i c  
f o r  o n e  e l e m e n t ,  t h e  e f f e c t s  o f  i n t e r f e r i n g  e l e m e n t s  mus t  b e  
r e m o v e d .  T h i s  c a n  b e  a c c o m p l i s h e d  i n  a  number  o f  w a y s .  S e p a r a -  
t i o n s  b y  s o l v e n t  e x t r a c t i o n ,  p r e c i p i t a t i o n ,  e t c .  a r e  t h e  b e s t  
b u t  a r e  a l s o  t h e  mos t  t i m e  c o n s u m i n g  m e t h o d s  o f  r e m o v i n g  i n t e r -  
f e r e n c e s .  Hence  i n  g e o c h e m i c a l  a n a l y s i s ,  s e p a r a t i o n  i s  a v o i d e d  
u n l e s s  n o  o t h e r  means  a r e  a v a i l a b l e .  \ ( h e n e v e r  p o s s i b l e ,  i n t e r -  
f e r e n c e s  a r e  e l i m i n a t e d  by pH a d j u s t m e n t ,  c o m p l e x - f o r m i n g  a g e n t s  
o r  o x i d a t i o n  o r  r e d u c t i o n  t o  o t h e r  v a l e n c e  s t a t e s .  

The e l e m e n t s  d e t e r m i n e d  i n  t h e  c h e m i c a l  l a b o r a t o r y  
w e r e  z i n c ,  c o p p e r ,  l e a d ,  a r s e n i c ,  a n t i m o n y ,  molybdenum a n d  t u n g -  
s t e n .  T h r e e  d i f f e r e n t  p r o c e d u r e s  w e r e  u s e d  t o  d e c o m p o s e  s a m p l e s .  
T h u s ,  t h e  s i x  s e a s o n a l  e m p l o y e e s  w e r e  d i v i d e d  i n t o  two-man t e a m s ,  
e a c h  o f  w h i c h  was c o n c e r n e d  w i t h  t h e  d e t e r m i n a t i o n  o f  t h o s e  e l e -  
m e n t s  c o n n e c t e d  w i t h  a  s p c c i f i c  d e c o m p o s i t i o n  p r o c e d u r e ,  

Z i n c ,  c o p p e r  a n d  l e a d  w e r e  d e t e r m i n e d  u s i n g  t h e  
m e t h o d s  o u t l i n e d  by G i l b e r t  ( 1 9 5 9 ) .  A f u s i o n  w i t h  p o t a s s i u m  
p y r o s u l p h a t e  was e m p l o y e d .  The z i n c  m e t h o d  was s l i g h t l y  m o d i f i e d  
by t h e  a d d i t i o n  o f  s o d i u m  f l u o r i d e  t o  t h e  a c e t a t e  b u f f e r  i n  o r d e r  
t o  s u p p r e s s  a n y  i n t e r f e r e n c e s  d u e  t o  a l u m i n u m ;  t h i s  m o d i f i c a t i o n  
i s  d e s c r i b e d  by S t a n t o n  ( 1 9 6 2 ) .  

The a r s e n i c  c o n t e n t  o f  t h e  s e d i m e n t s  was d e t e r m i n e d  
u s i n g  t h e  method  o f  Lynch and  M i h a i l o v  ( 1 9 6 3 ) .  One m a j o r  m o d i f i -  
c a t i o n  was i n c l u d e d  w h i c h  r e s u l t e d  i n  a g r e a t  s a v i n g  o f  t i m e .  I n -  
s t e a d  o f  f u s i n g  t h e  s a m p l e  w i t h  p o t a s s i u m  h y d r o x i d e  i n  a n i c k e l  
c r u c i b l e ,  t h e  s a m p l e  was h e a t e d  w i t h  ammonium c h l o r i d e  i n  a  t e s t  
t u b e .  Upon l c a c h i n g  t h e  r e s i d u e  w i t h  G n o r m a l  h y d r o c h l o r i c  a c i d  
a  s o l u t i o n  was a v a i l a b l e  f o r  b o t h  t h e  a r s e n i c  a n d  a n t i m o n y  t e s t s .  
In  a d d i t i o n  t o  t h e  a b o v e  m o d i f i c a t i o n ,  o n e  m i l l i l i t e r  o f  5 %  
p o t a s s i u m  i o d i d e  s o l u t i o n  was a d d e d  i n  t h e  a r s e n i c  p r o c e d u r e  i n  
o r d e r  t o  h a s t e n  t h e  r e d u c t i o n  o f  p e n t a v a l e n t  a r s e n i c  t o  t r i v a l e n t  
a r s e n i c  w i t h  s t a n n o u s  c h l o r i d e .  

The a n t i m o n y  method  u s e d  was e s s e n t i a l l y  t h a t  o u t -  
l i n e d  by S t a n t o n  a n d  blci)onald ( 1 9 6 2 ) .  

blolybdenum and  t u n g s t e n  w e r e  d e t e r m i n e d  u s i n g  t h e  
m e t h o d s  o f  N o r t h  ( 1 9 5 6 )  w i t h  o n l y  m i n o r  c h a n g e s  t o  s p e e d  a n a l y s i s .  
T h e s e  i n c l u d e d  f u s i n g  t h e  s a m p l e s  i n  b a t c h e s  o f  s i x t e e n  i n  a n  
e l e c t r i c  f u r n a c e  a t  8 0 0 ~ ~  f o r  10 m i n u t e s ,  c e n t r i f u g i n g  t h e  s a m p l e  
s o l u t i o n s  i n  o r d e r  t o  h a s t e n  c l a r i f i c a t i o n  and  e m p l o y i n g  z i n c  
d i t h i o l  r a t h e r  t h a n  d i t h i o l ,  s i n c e  t h e  f o r m e r  i s  much more s t a b l e .  



By e m p l o y i n g  t h e  m e t h o d s  d e s c r i b e d ,  s i x  a n a l y s t s  
w e r e  c a p a b l e  o f  a n a l y s i n g  n i n e t y - s i x  s a m p l e s  p e r  d a y .  Each  d a y  
t h e  r e s u l t s  f r o m  t h e  p r e v i o u s  d a y  w e r e  c h e c k e d  a n d  c o m p i l e d .  
R e p o r t s  w e r e  s u b m i t t e d  t o  t h e  c h i e f  f i e l d  o f f i c e r  o n c e  a  week 
f o r  d i s t r i b u t i o n  t o  t h e  s a m p l i n g  p a r t i e s .  The r e s u l t s  f o r  t h e  
v a r i o u s  e l e m e n t s  w e r e  t h e n  p l o t t e d  on a p p r o p r i a t e  maps.  
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I t  i s  n o t  a l w a y s  f e a s i b l e  t o  h o u s e ' c h e m i c a l  l a b o r a -  
t o r i e s  i n  m o b i l e  u n i t s .  The  c o m p l e x i t i e s  o f  a n a l y s i s  a n d  b u l k  
o f  t h e  e q u i p m e n t  g o v e r n s  t h e  u s e f u l n e s s  o f  m o b i l e  c h e m i c a l  l a b o r a -  
t o r i e s .  A s p e c t r o g r a p h  a n d  i t s  a n c i l l a r y  e q u i p m e n t ,  on t h e  o t h e r  
h a n d ,  l e n d s  i t s e l f  r e a d i l y  t o  t r u c k  o r  t r a i l e r  m o u n t i n g .  C a n n e y ,  
Myers  a n d  Ward ( 1 9 5 7 )  d i d  i n  f a c t  d e m o n s t r a t e  t h a t  s p e c t r o g r a p h s ,  
s u i t a b l y  m o d i f i e d ,  c o u l d  b e  moved a n d  l o c a t e d  n e a r  s a m p l i n g  a r e a s .  

I n  1 9 6 1  R . H . C .  Holman,  t h e n  o f  The G e o l o g i c a l  S u r v e y  
o f  C a n a d a ,  d e s i g n e d  a n d  s u p e r v i s e d  t h e  c o n s t r u c t i o n  o f  a  m o b i l e  
s p e c t r o g r a p h i c  l a b o r a t o r y  i n  w h i c h  t h e  s p e c t  r o g r a p h  a n d  a c c o m p a n y -  
i n g  e q u i p m e n t  w e r e  c o m p l e t e l y  h o u s e d  i n  a  t r a i l e r .  The t r a i l e r  
i s  24 f e e t  l o n g ,  8  f e e t  w i d e ,  a n d  7  f e e t  h i g h  - p r o v i d i n g  1 9 0  
s q u a r e  f e e t  o f  f l o o r  s p a c e .  The  s h e l l  i s  p a r t i t i o n e d  i n t o  f o u r  
c o m p a r t m e n t s :  w e i g h i n g  room, s p e c t r o g r a p h  room,  d a r k r o o m ,  a n d  
densit ornet er-comparator room.  

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

The  s p e c t r o g r a p h  room i s  c o n n e c t e d  t o  t h e  w e i g h i n g  
c o m p a r t m e n t  by a  s l i d i n g  d o o r .  The s p e c t r o g r a p h ,  w h i c h  i s  l o c a t e d  
on t h e  r i g h t - h a n d  s i d e  o f  t h e  room i s  a  1 . 5  m e t r e  J a r r e l l - A s h  w i d e  
a n g l e  m o d e l .  I t  h a s  a  g r a t i n g  o f  1 5 , 0 0 0  l i n e s  p e r  i n c h ,  g i v i n g  a 
r e c i p r o c a l  l i n e a r  d i s p e r s i o n  o f  5 . 4  A n g s t r o m s  p c r  m i l l i m c t e r  i n  
t h e  s e c o n d  o r d e r  a n d  a  r a n g e  o f  2 1 0 0  t o  4800  A n g s t r o m s .  The  
c a m e r a  p h o t o g r a p h s  20  i n c h e s  o f  s p e c t r u m  on 35 m m  f i l m .  The 
s p e c t r o g r a p h  i s  p e r m a n e n t l y  s u p p o r t e d  by means  o f  r u b b e r  s h o c k  
a b s o r b e r s  m o u n t e d  on  a  h e a v y  wooden t a b l e  f i t t e d  w i t h  c a s t e r s  i n  
o r d e r  t o  f a c i l i t a t e  e a s y  movement .  

The  s o u r c e  u n i t  a n d  a  s m a l l  r e f r i g e r a t o r  a r e  s i t u a t e d  
on t h e  o p p o s i t e  s i d e  o f  t h e  room.  The s o u r c e  u n i t  i s  c o n n e c t e d  
t o  t h e  a r c  s t a n d  by o v e r h e a d  c a b l e s .  I n  a d d i t i o n ,  t h e r e  i s  b e n c h  
s p a c e  t o  p r o v i d e  f o r  a  s m a l l  m u f f l e  f u r n a c e ,  h o t  p l a t e ,  a n d  i n f r s -  
r e d  l a m p s .  An a i r  c o n d i t i o n e r  i s  m o u n t e d  i n  t h e  c c i l i n g  o f  t h i s  
room. 



The  d a r k r o o m  i s  e q u i p p e d  w i t h  s t a i n l e s s  s t e e l  b e n c h  
t o p s  a n d  s i n k s  a n d  c o n t a i n s  a  f i l m  p r o c e s s o r ,  f i l m  w a s h e r ,  a n d  
f i l m  d r y e r .  A w a t e r  c o o l e r ,  mounted  o v e r  t h e  t r a i l e r  h i t c h ,  p r o -  
v i d e s  c o l d  w a t e r  f o r  t h e  f i l m  p r o c e s s o r .  

A t a b l e  m o u n t e d  d e n s i t o m e t e r - c o m p a r a t o r  i s  l o c a t e d  
i n  a  s m a l l  6  X 4  f o o t  room a d j a c e n t  t o  t h e  d a r k r o o m .  The  com- 
p a r a t o r  i s  m o u n t e d  o n  a  L - s h a p e d  b e n c h  w h i c h  a l s o  p r o v i d e s  l i m i t e d  
s p a c e  f o r  c o m p i l a t i o n  o f  r e s u l t s  a n d  w r i t i n g  o f  r e p o r t s .  

I n  o r d e r  t h a t  f i e l d  l a b o r a t o r i e s  be  u t i l i z e d  t o  t h e  
f u l l e s t  e x t e n t ,  t h e i r  t r a n s p o r t a t i o n  t o  t h e  f i e l d  s i t e  a n d  s u b s e -  
q u e n t  a s s e m b l y  m u s t  b e  p e r f o r m e d  w i t h  d i s p a t c h .  F o r  O p e r a t i o n  
B a t h u r s t ,  a  t o t a l  o f  s i x  d a y s  w e r e  r e q u i r e d  t o  move t h e  s p e c t r o -  
g r a p h i c  l a b o r a t o r y  f r o m  O t t a w a  t o  t h e  f i e l d  a r e a  a n d  t o  r e a d y  i t  
f o r  a n a l y s i s .  

The s p e c t r o g r a p h i c  method  u s e d  i n  t h i s  p r o j e c t  i s  
e s s e n t i a l l y  t h a t  o u t l i n e d  by  M y e r s ,  l l a v e n s ,  a n d  Ounton  ( 1 9 6 1 ) .  A 
t e n  m i l l i g r a m  s a m p l e  was  mixed  w i t h  t w e n t y  m i l l i g r a m s  o f  g r a p h i t e  
a n d  t r a n s f e r r e d  t o  a  c a r b o n  e l e c t r o d e .  T w e n t y  m i l l i g r a m s  o f  a 
b u f f e r  m i x t u r e  w e r e  a d d e d  t o  c a p  t h e  c h a r g e .  The b u f f e r  m i x t u r e  
c o n s i s t e d  o f  o n e  p a r t  c a l c i u m  c a r b o n a t e  a n d  f o u r  p a r t s  g r a p h i t e .  

I n  o r d e r  t o  p r o m o t e  s m o o t h  b u r n i n g  o f  t h e  s t r e a m  
e d i m e n t  s a m p l e ,  a  t w o  s t e p  o x i d a t i o n  p r o c e d u r e  was e m p l o y e d .  
. f t e r  b e i n g  l o a d e d  i n t o  t h e  e l e c t r o d e ,  t h e  s a m p l e s  w e r e  a s h e d  
t 4 5 0 ' ~  f o r  o n e  h o u r  i n  a  s m a l l  m u f f l e  f u r n a c e .  Upon c o o l i n g ,  

2 d r o p s  o f  a  s a t u r a t e d  s o l u t i o n  o f  m a g n e s i u m  n i t r a t e  i n  a b s o l u t e  
e t h y l  a l c o h o l  w e r e  a d d e d  t o  e a c h  e l e c t r o d e .  The  e l e c t r o d e s  w e r e  
t h e n  h e a t e d  u n d e r  i n f r a r e d  l a m p s  f o r  a t  l e a s t  f i v e  m i n u t e s .  

U s i n g  t h e  s a m p l e  e l e c t r o d e  a s  t h e  a n o d e  t h e  s a m p l e e s  
w e r e  t h e n  a r c e d  t o  c o m p l e t i o n  u n d e r  t h e  c o n d i t i o n s  l i s t e d  i n  
T a b l e  1. 

TABLE 1 

CONDITIONS FOR SPECTROGRAPHIC ANALYSIS 

E l e c t r o d e s  
Gap 
E x c i t a t i o n  
S l i t  
S l i t  h e i g h t  
L i g h t  i n t e n s i t y  

E x p o s u r e  t i m e  
E m u l s i o n  
D e v e l o p e r  

- 3 / 1 6  c a r b o n .  
- 5 m m .  
- D . C .  a r c .  1 5  a m p e r e s .  220  v o l t s .  
- 1 5  m i c r o n s .  
- Imm. 
- 6 %  n e u t r a l  d e n s i t y  f i l t e r  

2 7 %  r o t a t i n g  l i g h t  a t t e n u a t o r  
- c o m p l e t e  s a m p l e  c o n s u m p t i o n .  
- Kodak S p e c t r u m  A n a l y s i s  F i l m  No.1 
- Kodak D-19 



A f t e r  d e v e l o p i n g  t h e  e x p o s e d  f i l m ,  t h e  r e s u l t i n g  
s p e c t r a  w e r e  c o m p a r e d  v i s u a l l y  w i t h  t h e  s p e c t r a  o f  a  s t a n d a r d  
f i l m .  The  s t a n d a r d  f i l m  was p r e p a r e d  by  a r c i n g  s y n t h e t i c  m i x t u r e s  
c o n t a i n i n g  known a m o u n t s  o f  t h e  v a r i o u s  t r a c e  e l e m e n t s  i n  t h e  
r a n g e  0 . 5  p a r t  p e r  m i l l i o n  t o  1 0 , 0 0 0  p a r t s  p e r  m i l l i o n .  

T a b l e  2  s h o w s  t h e  e l e m e n t s  d e t e r m i n e d ,  t h e  l o w e r  
l imi t s  o f  d e t e c t i o n  a n d  t h e  w a r e l e n g t h s  o f  t h e  a n a l y t i c a l  l i n e s  
u s e d .  

TABLE 2  

ELEMENTS DETERMINED IN SPECTROGRAPHIC ANALYSIS 

E l e m e n t  

T i n  
S i l v e r  
N i c k e l  
C o b a l t  
Chromium 
B a r i u m  
M a n g a n e s e  

D e t e c t i o n  l i m i t  
( P P ~ )  

W a v e l e n g t h  
(A) 

By e m p l o y i n g  t h e  m e t h o d s  a n d  e q u i p m e n t  d e s c r i b e d ,  
t h r e e  o p e r a t o r s  w e r e  c a p a b l e  o f  a n a l y z i n g  75 s a m p l e s  p e r  d a y .  
A l l  a n a l y s e s  w e r e  c h e c k e d  a n d  c o m p i l e d  on a  d a y  t o  d a y  b a s i s ,  
a n d  a t  t h e  e n d  o f  e a c h  week r e p o r t s  w e r e  s u b m i t t e d  t o  t h e  h e a d  
of .  f i e l d  work f o r  d i s t r i b u t i o n  t o  t h e  f i e l d  p a r t i e s .  The  r e s u l t s  
w e r e  t h e n  p l o t t e d  on  t h e  a p p r o p r i a t e  maps .  

D u r i n g  t h e  m o n t h s  o f  J u n e ,  J u l y  a n d  A u g u s t ,  3 , 5 5 0  
s a m p l e s  w e r e  p r o c e s s e d  i n  t h e  t h r e e  l a b o r a t o r i e s .  In  a l l ,  a  
t o t a l  o f  4 9 , 7 0 0  a n a l y s e s  w e r e  p e r f o r m e d  by a  s t a f f  o f  n i n e  s e a s o n -  
a l  e m p l o y e e s  a n d  t w o  s t a f f  members .  A t  t h e  t e r m i n a t i o n  o f  t h e  
summer ,  a l l  a n a l y t i c a l  work  was c o m p l e t e d ,  a n d  a l l  o f  t h e  e l e m e n t s  
a n a l y z e d  w e r e  p l o t t e d  on maps .  
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AUTOMATIC DATA PLOTTING A N D  MATHEMATICAL A N D  
STATISTICAL INTERPRETATION OF GEOCHEMICAL DATA 

I a n  N i c h o l ,  R . G .  G a r r e t t  and  J . S .  Webb* 

INTRODUCTION 

R e g i o n a l  g e o c h e m i c a l  s u r v e y s  a i m e d  a t  d e l i n e a t i n g  
a r e a s  o f  f a v o u r a b l e  m i n e r a l  p o t e n t i a l  a s  w e l l  a s  p r o v i d i n g  & f o r -  
m a t i o n  r e l a t i n g  t o  t h e  f u n d a m e n t a l  g e o l o g y  o f  t h e  a r e a  y i e l d  c o n -  
s i d e r a b l e  v o l u m e s  o f  a n a l y t i c a l  d a t a  p r e s e n t i n g  f o r m i d a b l e  p r o b -  
l e m s  o f  d a t a  h a n d l i n g ,  p r e s e n t a t i o n  a n d  i n t e r p r e t a t i o n .  

H i t h e r t o ,  d a t a  h a n d l i n g  a n d  p l o t t i n g  h a v e  b e e n  
c a r r i e d  o u t  by l a b o r i o u s  m a n u a l  m e t h o d s ,  w i t h  t h e  d a t a  b e i n g  
p r e s e n t e d  a s  a  s e r i e s  o f  s i n g l e  e l e m e n t  maps and  i n t e r p r e t e d  
s u b j e c t i v e l y .  Due t o  t h e  d i f f i c u l t y  o f  a s s i m i l a t i n g  more t h a n  
a  few v a r i a b l e s  s i m u l t a n e o u s l y ,  i t  i s  p r o b a b l e  t h a t  o n l y  t h e  
more  o b v i o u s  f e a t u r e s  h a v e  b e e n  r e c o g n i z e d  a n d  s u b t l e  t h o u g h  
s i g n i f i c a n t  f e a t u r e s  o f  t h e  d a t a  h a v e  r e m a i n e d  u n d e t e c t e d .  

T h i s  c o n t r i b u t i o n  s e t s  o u t  t o  i n t r o d u c e  m e t h o d s  o f  
a u t o m a t i c  p l o t t i n g  a n d  o b j e c t i v e  i n t e r p r e t a t i o n  o f  g e o c h e m i c a l  
d a t a  u s i n g  m a t h e m a t i c a l  a n d  s t a t i s t i c a l  p r o c e d u r e s  c u r r e n t l y  
b e i n g  e m p l o y e d  a t  t h e  A p p l i e d  G e o c h e m i s t r y  R e s e a r c h  Group  a t  
I m p e r i a l  C o l l e g e .  The t e c h n i q u e s  a r e  e x e m p l i f i e d  s o l e l y  by p r o b -  
l e m s  t o  w h i c h  t h e y  h a v e  b e e n  a p p l i e d .  D e t a i l e d  c o n s i d e r a t i o n  o f  
t h e i r  s i g n i f i c a n c e  a n d  t h e i r  a p p l i c a t i o n  t o  r e g i o n a l  g e o c h e m i c a l  
p r o b l e m s  i n  g e n e r a l  w i l l  b e  d i s c u s s e d  i n  a  l a t e r  p a p e r .  

DATA PLOTT1N.G 

P r e l i m i n a r y  s t u d i e s  o f  a u t o m a t i c  d a t a  p l o t t i n g  h a v e  
b e e n  c a r r i e d  o u t  u s i n g  a  S t r o m b e r g - C a r l s o n  4 0 2 0  ( F i g u r e  1 ) .  The  
S-C 4 0 2 0  c o n s i s t s  o f  a  t a p e  r e a d i n g  a n d  d e c o d i n g  s y s t e m ,  a  c a t h -  
o d e  r a y .  t u b e  a n d  a  35mm c a m e r a .  A c o m p u t e r  p r o g r a m m e ,  r u n  on 
I m p e r i a l  C o l l e g e ' s  I . B . M .  7 0 9 0 / 1 4 0 1  c o m p u t e r ,  c o n v e r t s  t h e  o r i g -  
i n a l  d a t a  i n t o  a  p l o t t i n g  f o r m a t  a n d  w r i t e s  a  t a p e  o f  p l o t t i n g  
i n s t r u c t i o n s .  The t a p e  i s  r e a d  by t h e  S-C 4 0 2 0  w h i c h  c o n v e r t s  
t h e  i n p u t  i n t o  c h a r a c t e r s  w h i c h  a r e  p r o j e c t e d  on t h e  c a t h o d e  r a y  
t u b e .  The  p l o t s  on t h e  t u b e  a r e  t h e n  p h o t o g r a p h e d  by t h e  3Smm 
c a m e r a .  S i m u l t a n e o u s l y ,  t h e  S-C 4 0 2 0  p r o d u c e s  a n  8 i n .  X 8 i n .  
r e p r o d u c t i o n  o f  t h e  p l o t  on p h o t o s e n s i t i v e  p a p e r  ( F i g u r e  2 ) .  
J o b s  n o r m a l l y  t a k i n g  a  n u m b e r  o f  h o u r s  t o  c o m p l e t e  by h a n d  c a n  
b e  c a r r i e d  o u t  i n  a  m a t t e r  o f  s e c o n d s .  A p r o t o t y p e  e x a m p l e  o f  
a  s y m b o l  map f r o m  t h e  S-C 4 0 2 0  w i t h  t h e  d r a i n a g e  s u p e r i m p o s e d  
i s  i l l u s t r a t e d  i n  F i g u r e  3. 

A p p l i e d  G e o c h e m i s t r y  R e s e a r c h  G r o u p ,  I m p e r i a l  C o l l e g e  of  
S c i e n c e  a n d  T e c h n o l o g y ,  U n i v e r s i t y  o f  London .  
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Figure 2. Flow Diagram for automated data plotting using the Stromberg- 
Carlson 4020. 
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Figure 3. Prototype example of automatic plotting of geochemical data using the 
Stromberg-Carlson 4020 with the drainage superimposed. 
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B e f o r e  p a s s i n g  on t o  a  c o n s i d e r a t i o n  o f  v a r i o u s  
m e t h o d s  o f  i n t e r p r e t a t i o n  i n  some d e t a i l ,  i t  i s  n e c e s s a r y  t o  
d i g r e s s  b r i e f l y  t o  d e s c r i b e  t h e  g e o l o g i c a l  b a c k g r o u n d  o f  t h e  
d a t a  u s e d  i n  t h i s  p a p e r .  A p rogramme o f  r e g i o n a l  d r a i n a g e  
r e c o n n a i s s a n c e  was i n i t i a t e d  i n  S i e r r a  Leone  i n  1 9 6 0  o v e r  m i n e r a l -  
i z e d  s c h i s t  b e l t s  s u r r o u n d e d  by  g r a n i t e  g n e i s s e s  ( F i g u r e  4 ) .  T h e  
g e o l o g y  o f  t h e  d i f f e r e n t  s c h i s t  b e l t s  i s  s i m i l a r  i n  many r e s p e c t s  
b u t  t h e  m e t a l l o g e n i c  a s s o c i a t i o n s  d i f f e r .  A l t h o u g h  t h e  d a t a  a r e  
c o m p l e x ,  d i f f e r e n c e s  i n  t h e  f u n d a m e n t a l  g e o c h e m i s t r y  o f  t h e  s c h i s t  
b e l t s  a r e  a l s o  a p p a r e n t  ( C a r r e t t ,  1 9 6 6 ) .  F o r  i n s t a n c e ,  C r .  Mn 
a n d  N i  a r e  p r e s e n t  i n  g r e a t e r  a m o u n t s  i n  s t r e a m  s e d i m e n t s  o v e r  
a  g i v e n  b e d r o c k  t y p e  i n  t h e  s c h i s t  b e l t s  o f  t h e  S .E .  t h a n  t h o s e  
i n  t h e  c e n t r a l  p a r t  o f  t h e  a r e a  ( F i g u r e  5 ) .  S u b s e q u e n t  r e c o n -  
n a i s s a n c e  o f  1 5 , 0 0 0  s q .  m i .  o f  t h e  s u r r o u n d i n g  g n e i s s e s ,  b a s e d  
on some 200 s a m p l e  s i t e s ,  i n d i c a t e d  t h e  e x i s t e n c e  o f  a  p r o n o u n c e d  
t r o u g h  i n  t h e  d i s t r i b u t i o n  o f  a  number  o f  e l e m e n t s  p a s s i n g  t h r o u g h  
t h e  c e n t r a l  s c h i s t  b e l t ,  w i t h  h i g h e r  m e t a l  c o n t e n t s  t o  t h e  N.W.  
a n d  S .E .  ( F i g u r e s  6  a n d  7 ) .  The  c e n t r a l  low and  S . E .  h i g h  r e g i o n  
c o r r e s p o n d s  w i t h  t h e  g e o c h e m i c a l  d i f f e r e n c e s  n o t e d  b e t w e e n  t h e  
i n d i v i d u a l  s c h i s t  b e l t s  ( F i g u r e s  S ,  6  a n d  7 ) .  I n  t h e  c a s e  o f  
m a n g a n e s e ,  t h e  d i f f e r e n c e s  i n  t h e  mean m e t a l  c o n t e n t  a c r o s s  t h e  
a r e a  a r e  r e l a t i v e l y  c l e a r  c u t ,  b u t  i n  t h e  c a s e  o f  n i c k e l  t h e y  a r e  
much l e s s  d i s t i n c t .  

The  p r e c i s e  r e q u i r e m e n t s  o f  i n t e r p r e t a t i o n  p o s e d  b y  
t h e  d a t a  c o n s i d e r e d  h e r e  a r e  ( a )  t o  d i s t i n g u i s h  f o c a l  p o i n t s  o f  
i n t e r e s t  w i t h i n  a n  a r e a  o f  g r a d u a l l y  c h a n g i n g  g e o c h e m i s t r y  o v e r  
t h e  B a s e m e n t  g n e i s s e s  a s  a  w h o l e ,  and  ( b )  t o  r e c o g n i z e d  s i g n i f i -  
c a n t  a n o m a l i e s  i n d i c a t i n g  m i n e r a l i z a t i o n  i n  a r e a s  o f  s t r o n g l y  
c o n t r a s t i n g  g e o l o g y ,  a s  i n  t h e  s c h i s t  b e l t s  w h e r e  t h e  b a c k g r o u n d  
g e o c h e m i c a l  p a t t e r n s  a r e  e x t r e m e l y  c o m p l e x .  The a p p l i c a t i o n s  o f  
t r e n d  s u r f a c e ,  r o l l i n g  mean and f a c t o r / v e c t o r  a n a l y s i s  t o  t h e s e  
p r o b l e m s  a r e  e x a m i n e d  b e l o w .  

A .  T r e n d  S u r f a c e  A n a l y s i s  

P o l y n o m i a l  t r e n d  s u r f a c e  a n a l y s i s  i s  a  p r o c e d u r e  
w h e r e b y  s y s t e m a t i c  r e g i o n a l  v a r i a t i o n s  may b e  s e p a r a t e d  f r o m  t h e  
l o c a l  v a r i a t i o n s  a n d  e r r o r s .  T h e  p r e c i s e  f o r m  o f  t h e  c a l c u l a t e d  
s u r f a c e  i s  t h a t  f o r  w h i c h  t h e  sums  o f  s q u a r e s  o f  t h e  r e s i d u a l s  
h a s  a minimum v a l u e .  

Most  a p p l i c a t i o n s  o f  t h e  t e c h n i q u e  i n  t h e  g e o l o g i c a l  
s c i e n c e s  h a v e  b e e n  i n  t h e  f i e l d s  o f  g e o p h y s i c s  a n d  p e t r o l o g y  
( G r a n t ,  1 9 5 7 ;  K r u m b e i n ,  1 9 5 9 ;  W h i t t e n ,  1 9 5 9 ) .  h o w e v e r ,  t h e  t e c h -  
n i q u e  h a s  b e e n  u s e d  t o  a i d  i n  i n t e r p r e t i n g  d a t a  o b t a i n e d  i n  a  g e o -  
c h e m i c a l  s o i l  s u r v e y  i n  U t a h  by C o n n o r  a n d  M e i s c h  ( 1 9 6 4 ) .  

The  c o m p u t a t i o n s  i n v o l v e d  i n  d e t e r m i n i n g  t r e n d  s u r -  
f a c e s  a r e  n o t  f e a s i b l e  w i t h o u t  t h e  a i d  o f  a n  e l e c t r o n i c  d i g i t a l  
c o m p u t e r .  I n  t h e  p r e s e n t  s t u d y  t h e  programme p u b l i s h e d  by W h i t t e n  
( 1 9 6 3 ) s  was u s e d  on t h e  I m p e r i a l  C o l l e g e  I.B.M. 7 0 9 0 / 1 4 0 1  c o m p u t e r .  



Figure 6. Mn contents, ppm, in -80 mesh fractions, of s t ream sediment over 
Basement Complex. 



Figure 7 .  Ni content, ppm, in -80 mesh fractions, of stream sediment over 
Basement Complex. 



C o m p u t a t i o n  was c a r r i e d  o u t  on  t h e  l o g a r i t h m i c  t r a n s f o r m  o f  t h e  
d a t a .  The c u b i c  t r e n d  s u r f a c e  c o m p u t e d  f o r  n i c k e l  ( F i g u r e  8). 
w i t h  a  f i t  o f  2 2 % ,  d i s p l a y s  more c l e a r l y  t h e  r e g i o n a l  f e a t u r e s  
i n  t h e  m e t a l  d i s t r i b u t i o n  t h a n  i s  a p p a r e n t  f r o m  a  v i s u a l  i n s p e c -  
t i o n  o f  t h e  d a t a .  

To a t t e m p t  a  m e a n i n g f u l  i n t e r p r e t a t i o n  o f  t h e  r e s i d -  
u a l s  i t  i s  n e c e s s a r y  t o  q u a n t i s e  t h e  e r r o r s  i n c u r r e d  i n  s a m p l i n g  
a n d  a n a l y s i s  and a l l o w  f o r  t h e m  a c c o r d i n g l y .  The c o m b i n e d  e r r o r s  
w e r e  e s t i m a t e d  a s  t h e  mean v a r i a n c e  o f  t h e  t r i p l i c a t e  s a m p l e s  
c o l l e c t e d  a t  e a c h  o f  t h e  2 0 0  o r  s o  s a m p l e  s i t e s .  The  a s s o c i a t e d  
s t a n d a r d  d e v i a t i o n  was t h e n  u s e d  t o  e s t a b l i s h  t h r e s h o l d  l e v e l s  
a r b i t r a r i l y  p l a c e d  a t  t h e  + 2  s i g m a  l e v e l s  a b o u t  t h e  t r e n d  s u r f a c e .  
By t h i s  method  i t  h a s  b e e n  p o s s i b l e  t o  i d e n t i f y  l o c a l  a r e a s  w h e r e  
t h e  d a t a  d i f f e r s  s i g n i f i c a n t l y  f r o m  t h e  r e g i o n a l  t r e n d .  

T r e n d  s u r f a c e  a n a l y s i s  h a s  t w o  m a i n  d i s a d v a n t a g e s  
i n  t h e  p r e s e n t  c o n t e x t .  F i r s t l y ,  t h e  model  o f  t h e  r e g i o n a l  t r e n d  
i f  f o r m e d  u s i n g  a  p o l y n o m i a l  f u n c t i o n  a s s u m e s  a  p r i o r i  t h a t  t h e  
a r e a 1  d i s t r i b u t i o n  o f  t h e  d a t a  f o l l o w s  a  p o l y n o m i a l  p a t t e r n .  
S e c o n d l y ,  t h e  s u r f a c e  g e n e r a t e d  i s  p r o n e  t o  d i s t o r t i o n s  a r o u n d  
t h e  e d g e  o f  t h e  a r e a  a s  i t  i s  t h e  n a t u r e  o f  t h e  s u r f a c e s  t o  i n -  
c r e a s e  t h e i r  g r a d i e n t  t o w a r d s  t h e  b o u n J a r i e s .  

8 .  R o l l i n g  Mean A n a l y s i s  

The a d v a n t a g e  o f  r o l l i n g  mean a n a l y s i s  o v e r  p o l y -  
n o m i n a l  t r e n d  s u r f a c e  a n a l y s i s  l i e s  i n  t h e  f a c t  t h a t  i t  d o e s  n o t  
a s s u m e  a n  a  p r i o r i  s h a p e  f o r  t h e  s u r f a c e .  The f i r s t  a p p l i c a t i o n s  
o f  r o l l i n g  means t o  g e o l o g i c a l  p r o b l e m s  w e r e  t h e  f i e l d  o f  s e d i -  
m e n t a r y  p e t r o l o g y  ( P e l l e t  i e r ,  1 9 5 8 ;  P o t t e r ,  1 9 5 5 ;  and  S c h l e e ,  
1 9 5 7 ) .  w h e r e  t h e  t e c h n i q u e  was  u s e d  s u c c e s s f u l l y  i n  e l u c i d a t i n g  
t r e n d s  i n  p a l a e o c u r r e n t  d a t a .  The  a p p l i c a t i o n  o f  r o l  l i n g  m e a n s  
h a s  b e e n  much e x t e n d e d  by K r i g e  a n d  U e c k e r m a n n ,  1 9 6 3 ,  i n  t h e i r  
work on d e t e r m i n i n g  t r e n d s  i n  t h e  d i s t r i b u t i o n  o f  g o l d  a s s a y  d a t a  
f r o m  t h e  W i t w a t e r s r a n d .  C o n n o r  and M e i s c h ,  1 9 6 4 ,  u s e d  t h e  t e c h -  
n i q u e  t o  o b t a i n  some p r e l i m i n a r y  " s m o o t h i n g "  i n  some o f  t h e i r  
s t u d i e s  o f  c o p p e r  d i s t r i b u t i o n  i n  a l l u v i a l  s o i l s ,  w h e r e  i t  was  
f o u n d  u s e f u l  i n  r e d u c i n g  e f f e c t s  d u e  t o  s a m p l i n g  e r r o r s  a n d  m i n o r  
l o c a l  f l u c t u a t i o n s .  

The  c a l c u l a t i o n  o f  r o l l i n g  mean v a l u e s  i s  a  l o n g  
a n d  t e d i o u s  t a s k ,  and  f o r  t h i s  r e a s o n  a  c o m p u t e r  p rogramme h a s  
b e e n  w r i t t e n  t o  c a r r y  o u t  t h e  c o m p u t a t i o n .  The  programme w r i t t e n  
i n  F o r t r a n  IV moves a  s e a r c h  a r e a  a c r o s s  a  'map '  o f  t h e  d a t a  
s t o r e d  i n  t h e  c o m p u t e r ,  c a l c u l a t i n g  t h e  g e o m e t r i c  mean a n d  s t a n -  
d a r d  d e v i a t i o n  o f  t h e  v a l u e s  w i t h i n  e a c h  s e a r c h  a r e a .  The  new 
c o - o r d i n a t e s  o f  t h e  means  a r e  t h e  a r i t h m e t i c  mean o f  t h e  c o -  
o r d i n a t e s  o f  t h e  s a m p l e s  w i t h i n  t h e  s e a r c h  a r e a s .  The u s e  o f  
r o l l i n g  mean a n a l y s i s  d o e s  n o t  a l l o w  r e s i d u a l s  t o  b e  c o m p u t e d  a s  
i n  t r e n d  s u r f a c e  a n a l y s i s ,  b e c a u s e  t h e  s u r f a c e  g e n e r a t e d  h a s  n o  
s i m p l e  m a t h e m a t i c a l  e x p r e s s i o n .  A r e a s  o f  h i g h  r e s i d u a l s ,  i f  t h e y  
a r e  e r r a t i c  r a t h e r  t h a n  a  m i n o r  t r e n d ,  w i l l  c a u s e  t h e  s t a n d a r d  
d e v i a t i o n  o f  t h e  r o l l i n g  means  t o  i n c r e a s e .  I n  t h i s  way a r e a s  
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o f  h i g h  g e o c h e m i c a l  r e l i e f  r e l a t e d  t o  c o m p l e x  g e o l o g y ,  m i n e r a l i s a -  
t i o n  o r  s e c o n d a r y  e n v i r o n m e n t  w i l l  be  r e f l e c t e d  by  h i g h  s t a n d a r d  
d e v i a t i o n .  A c c o r d i n g  t o  t h e  d e g r e e  o f  s m o o t h i n g  r e q u i r e d ,  t h e  
o v e r l a p  o f  s e a r c h  a r e a s  i s  a d j u s t e d .  I n  t h e  p r e s e n t  e x e r c i s e  a n  
o v e r l a p  o f  8 0 %  was s e l e c t e d .  

The s h a p e  o f  t h e  s m o o t h e d  s u r f a c e s  p r o v i d e d  b y  t h e  
r o l l i n g  means  w i t h  a  f i t  o f  2 8 %  i s  i n  g e n e r a l  a g r e e m e n t  w i t h  
t h o s e  o f  t h e  c o r r e s p o n d i n g  t r e n d  s u r f a c e  ( F i g u r e  9 ) .  V a r i a t i o n s  
t h a t  d o  e x i s t  i n  d e t a i l  a r e  d u e  t o  t h e  l i m i t e d  a d j u s t m e n t  p e r -  
m i t t e d  by t h e  t e c h n i q u e  o f  p o l y n o m i a l  s u r f a c e  f i t t i n g  w h i c h  f i t s  
a  r e l a t i v e l y  s i m p l e  s u r f a c e  t o  t h e  e n t i r e  d a t a ,  w h e r e a s  r o l l i n g  
mean a n a l y s i s  s m o o t h s  t h e  d a t a  i n  s m a l l  i n c r e m e n t s  o f  a r e a  a c r o s s  
t h e  map. 

C .  F a c t o r  A n a l y s i s  

The  t e c h n i q u e s  d e s c r i b e d  u p  t o  t h i s  p o i n t  h a v e  o n l y  
d e a l t  w i t h  t h e  p r o b l e m  o f  i n t e r p r e t a t i o n  o f  d a t a  r e l a t e d  t o  a  
s i n g l e  e l e m e n t .  A common r e q u i r e m e n t  o f  t h e  g e o c h e m i s t  i n  t h e  
i n t e r p r e t a t i o n  o f  d a t a  i s  t o  t r e a t  i n  h i s  mind s e v e r a l  e l e m e n t s  
s i m u l t a n e o u s l y .  I n  a n  a t t e m p t  t o  remove  t h e  s u b j e c t i v e  e l e m e n t  
f r o m  i n t e r p r e t a t i o n  o f  p r o b l e m s  o f  t h i s  n a t u r e  t h e  a p p l i c a t i o n  
o f  f a c t o r / v e c t o r  a n a l y s i s  h a s  b e e n  i n v e s t i g a t e d .  

I n  t h e  s c h i s t  b e l t s  o f  S i e r r a  L e o n e ,  t h e  g e o l o g y  i s  
c o m p l e x  a n d  h a s  c o n s i d e r a b l e  v a r i a t i o n  i n  c o m p o s i t i o n ,  f r o m  u l t r a -  
b a s i c  t h r o u g h  b a s i c  t o  a c i d  i g n e o u s  v a r i e t i e s  a n d  v a r i o u s  m e t a -  
s e d i m e n t s  i n c l u d i n g  a l m o s t  p u r e  q u a r t z i t e s .  The  p a t t e r n s  i n  t h e  
a s s o c i a t e d  s t r e a m  s e d i m e n t s  a r e  c o r r e s p o n d i n g l y  c o m p l e x ,  a l t h o u g h  
s e d i m e n t s  d e r i v e d  f r o m  s p e c i f i c  r o c k  t y p e s  d o  h a v e  c h a r a c t e r i s t i c  
t r a c e  m e t a l  c o m p o s i t i o n s .  I n  a  c o m p l e x  e n v i r o n m e n t  s u c h  a s  t h i s  
i t  may b e  e x c e e d i n g l y  d i f f i c u l t  t o  e s t a b l i s h  t h e  p r o v e n a n c e  o f  
t h e  t r a c e  m e t a l  p a t t e r n  o f  a n y  p a r t i c u l a r  s a m p l e .  

F a c t o r  a n a l y s i s  s e t s  o u t  t o  d e t e r m i n e  t h e  u n d e r l y i n g  
c a u s a l  f a c t o r s  e f f e c t i n g  t h e  d i s t r i b u t i o n  o f  a  s e t  o f  d a t a .  I t  
i s  p o s s i b l e  t o  d e t e r m i n e  t h e  number  o f  e n d  members  n e e d e d  t o  
a c c o u n t  f o r  t h e  c o m p o s i t i o n a l  v a r i a t i o n  o b s e r v e d ,  t o  i d e n t i f y  t h e  
e n d  members  a n d  t o  c a l c u l a t e  i n  e a c h  s a m p l e  t h e  p r o p o r t i o  a t -  
t r i b u t a b l e  t o  e a c h  e n d  member.  

H o w e v e r ,  t h e  c o m p o s i t i o n  o f  a l l  t h e  s a m p l e s  c a n n o t  
b e  e x p r e s s e d  c o m p l e t e l y  i n  t e r m s  o f  t h e s e  e n d  members .  The  e x -  
t e n t  t o  w h i c h  t h e  f i t  s u c c e e d s  i s  known a s  t h e  c o m m u n a l i t y ,  w h i c h  
may v a r y  f r o m  z e r o  t o  u n i t y ,  u n i t y  b e i n g  a  p e r f e c t  f i t .  T h e  f a c -  
t o r s  w i l l  be  r e l a t e d  t o  t h e  d o m i n a n t  e n d  members  c o n t r i b u t i n g  t o  
t h e  f o r m a t i o n  o f  t h e  d a t a .  From a  m i n e r a l  e x p l o r a t i o n  v i e w p o i n t ,  
i t  i s  t h e  c o m m u n a l i t y  map t h a t  h o l d s  t h e  i m p o r t a n t  i n f o r m a t i o n  i n  
t h a t  i t  q u a n t i s e s  t h e  e x t e n t  t o  w h i c h  t h e  c o m p o s i t i o n  o f  i n d i v i d -  
u a l  s a m p l e s  d e v i a t e s  f r o m  t h e  v a r i o u s  b a c k g r o u n d  p o p u l a t i o n s .  



The  c o n c e p t  o f  f a c t o r  a n a l y s i s  was i n t r o d u c e d  b y  
S p e a r m a n  ( 1 9 0 4 )  a s  a  t o o l  i n  p s y c h o m e t r i c  r e s e a r c h .  T h e  f i r s t  
p u b l i s h e d  u s e  o f  f a c t o r  a n a l y s i s  i n  g e o l o g y  was b y  Krumbein  
( 1 9 5 7 ) ,  f o l l o w e d  by  I m b r i e  a n d  P u r d y  ( 1 9 6 2 ) .  who u s e d  t h e  m e t h o d  
t o  i n v e s t i g a t e  t h e  c l a s s i f i c a t i o n  o f  r e c e n t  Bahamian c a r b o n a t e  
s e d i m e n t s .  Krumbein  a n d  I m b r i e  ( 1 9 6 3 ) ,  a n d  H a r b a u g h  a n d  Demirmen 
( 1 9 6 4 ) ,  d e m o n s t r a t e d  t h e  r o l e  f a c t o r  a n a l y s i s  c a n  p l a y  w i t h  r e f -  
e r e n c e  t o  t h e  i n t e r p r e t a t i o n  a n d  t h e  c l a r i f i c a t i o n  o f  s i m p l e  r e -  
l a t i o n s  i n  c o m p l e x  d a t a  o f  P e r m i a n  s t r a t i g r a p h y  i n  K a n s a s .  T h e  
m o s t  s i g n i f i c a n t  a p p l i c a t i o n  o f  t h e  t e c h n i q u e  t o  d a t e  i n  t h e  g e o -  
l o g i c a l  s c i e n c e s  was a  h e a v y  m i n e r a l  p r o v e n a n c e  s t u d y  i 6  t h e  
G u l f  o f  C a l i f o r n i a  a n d  o n  t h e  O r i n o c o - G u a y a n a  s h e l f  by I m b r i e  
a n d  Van A n d e l ,  1 9 6 4 .  The  s t u d y  d e m o n s t r a t e d  t h e  e x i s t e n c e  o f  
a p p a r e n t l y  s i m p l e  r e l a t i o n s  i n  c o m p l e x  d a t a  c o r r e s p o n d i n g  t o  
z o n e s  o f  l i t t o r a l  t r a n s p o r t .  

I n  t h e  p r e s e n t  s t u d y  t h e  t e c h n i q u e  was a p p l i e d  t o  
a n  a r e a  o f  some 30 s q .  m i .  i n  o n e  o f  t h e  s c h i s t  b e l t s  u n d e r l a i n  b y  
u l t r a b a s i c  s c h i s t s  a n d  m e t a s e d i m e n t s  s u r r o u n d e d  b y  g r a n i t i c  
g n e i s s e s .  T h i r t e e n  v a r i a b l e s  w e r e  u s e d  ( A s ,  C O ,  C r ,  Cu, Ca,  Mn, 
M O ,  N i ,  Pb ,  S n ,  T i ,  V a n d  Zn)  f o r  t h e  c o m p u t a t i o n  w h i c h  was  p e r -  
f o r m e d  i n  Q mode u s i n g  t h e  c o m p u t e r  p rogramme p u b l i s h e d  b y  Manson 
a n d  I m b r i e ,  1 9 6 4 .  The d a t a  w a s  l o g a r i t h m i c a l l y  t r a n s f o r m e d  a n d  
r e e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  h i g h e s t  a n d  l o w e s t  v a l u e s  f o r  
e a c h  v a r i a b l e  p r i o r  t o  c o m p u t a t i o n ,  w h i c h  e m p l o y s  t h e  V a r i m a x  
m e t h o d  o f  f a c t o r  s e l e c t i o n  a n d  i s  f o l l o w e d  by  o b l i q u e  r o t a t i o n .  
As t h e  f a c t o r s  a r e  p u r e l y  m a t h e m a t i c a l  a n d  h a v e  n o  g e o l o g i c a l  
r e a l i t y  t h e  r e s u l t s  h a v e  b e e n  e x p r e s s e d  i n  t e r m s  o f  a  n u m b e r  o f  
v e c t o r  s a m p l e s .  The  s a m p l e s  a r e  t h o s e  w h i c h  a r e  t h e  c l o s e s t  i n  
n a t u r e  t o  t h e  a x e s  o f  t h e  o b l i q u e  f a c t o r  m a t r i x .  

I t  was f o u n d  t h a t  8 9 %  o f  t h e  v a r i a b i l i t y  c o u l d  b e  
e x p l a i n e d  i n  t e r m s  o f  t h r e e  e n d  members  o r  f a c t o r s  ( F i g u r e  1 0 ) .  
From a  s t u d y  o f  t h e s e  f a c t o r s  a n d  t h e i r  a s s o c i a t e d  v e c t o r s ,  i t  
a p p e a r s  t h a t  t h e  f i r s t  f a c t o r  w h i c h  a c c o u n t s  f o r  7 6 %  o f  t h e  v a r i -  
a b i l i t y  i s  r e l a t e d  t o  t h e  g r a n i t e  g n e i s s e s  s u r r o u n d i n g  t h e  s c h i s t  
b e l t .  The  s e c o n d  f a c t o r  a c c o u n t s  f o r  a  f u r t h e r  8 %  o f  t h e  v a r i -  
a b i l i t y  a n d  i s  r e l a t e d  t o  t h e  u l t r a b a s i c  r o c k s ,  w h i l s t  t h e  t h i r d  
f a c t o r  a c c o u n t s  f o r  a  f u r t h e r  5 %  a n d  may b e  a s s o c i a t e d  w i t h  a  
p a r t i c u l a r  f a c i e s  o f  t h e  g r a n i t e .  I n  a d d i t i o n  t h e  c o m m u n a l i t y  
was p l o t t e d  a s  a n  a i d  t o  i n t e r p r e t a t i o n .  The s a m p l e s  w i t h  t h e  
l o w e s t  c o m m u n a l i t y  a r e  o f  t h e  g r e a t e s t  i n t e r e s t ,  a s  i t  i s  t h e s e  
t h a t  c a n n o t  b e  e x p l a i n e d  i n  t e r m s  o f  t h e  c h o s e n  a n d  known f a c t o r s  
The  s a m p l e s  i n  q u e s t i o n  - t h e r e f o r e  c o n t a i n  i n f o r m a t i o n  d e r i v e d  
f r o m  o t h e r  c a u s a l  f a c t o r s  c o m p l i c a t i n g  t h e  s i m p l e  m o d e l  e v o l v e d .  
From a  p r o s p e c t i n g  p o i n t  o f  v i e w  i t  would  b e  h o p e d  t h a t  a t  l e a s t  
o n e  o f  t h e s e  c o m p l i c a t i n g  f a c t o r s  i s  r e l a t e d  t o  m i n e r a l i z a t i o n .  

1. H a n d l i n g  a n d  p l o t t i n g  o f  m u l t i - e l e m e n t  r e g i o n a l  g e o c h e m i c a l  
d a t a  c a n  be  c a r r i e d  o u t  more  e f f i c i e n t l y  by t h e  u s e  o f  com- 
p u t e r  t e c h n i q u e s ,  l i n k e d  w i t h  a u t o m a t i c  p l o t t i n g  u s i n g  a  
S t r o m b e r g - C a r l s o n  4 0 2 0 .  
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2 .  I n  a r e a s  o f  s i m p l e  g e o c h e m i s t r y ,  e x e m p l i f i e d  by t h e  b a s e m e n t  
g r a n i t e  a r e a  o f  S i e r r a  L e o n e ,  t r e n d  s u r f a c e  a n a l y s i s  e n a b l e d  
t h e  r e p r e s e n t a t i o n  o f  t h e  m a j o r  r e g i o n a l  t r e n d s  a s  t h e  t r e n d  
s u r f a c e  a n d  t h e  l o c a l  o r  m i n o r  f e a t u r e s  s u p e r i m p o s e d  u p o n  
t h e s e  t r e n d s  a s  t h e  r e s i d u a l s .  

3 .  Due t o  l i m i t a t i o n s  o f  t r e n d  s u r f a c e  t e c h n i q u e s  i m p o s e d  by 
t h e  p a r t i c u l a r  m a t h e m a t i c a l  p r o p e r t i e s  o f  t h e  f i t t e d  s u r f a c e ,  
r o l l i n g  means  w e r e  i n v e s t i g a t e d  a s  a n  a l t e r n a t i v e  means  o f  
a s s e s s i n g  t h e  r e g i o n a l  t r e n d s  i n  d a t a .  The s u r f a c e  c o m p u t e d  
by t h e  r o l l i n g  mean m e t h o d  i s  more  r e a l i s t i c ,  i n  t e r m s  o f  t h e  
o r i g i n a l  d a t a ,  t h a n  t h e  c o r r e s p o n d i n g  t r e n d  s u r f a c e .  A r e a s  
o f  h i g h  g e o c h e m i c a l  r e l i e f  p o s s i b l y  r e l a t e d  t o  a r e a s  i n c l u d -  
i n g  m i n e r a l i z a t i o n  a r e  i d e n t i f i e d  on t h e  s t a n d a r d  d e v i a t i o n  
map. 

4 .  I n  a r e a s  o f  c o m p l e x  g e o l o g y ,  t h e  a p p l i c a b i l i t y  o f  f a c t o r -  
v e c t o r  a n a l y s i s  h a s  b e e n  d e m o n s t r a t e d  a s  a  means  o f  i d e n t i f y -  
i n g  a n d  q u a n t i s i n g  t h e  v a r i o u s  c a u s a l  f a c t o r s  c o n t r i b u t i n g  
t o  a  s e t  o f  d a t a .  I n  t h i s  way i t  h a s  p r o v e d  p o s s i b l e  t o  
i s o l a t e  a r e a s  o f  i n t e r e s t  u n r e l a t e d  t o  t h e  s t a t i s t i c a l l y  
d o m i n a n t  c o n t r o l s ,  t h e  s o u r c e  o f  w h i c h  i n  some c a s e s  may b e  
m i n e r a l i z a t i o n .  

A c k n o w l e d g m e n t s  

The m a j o r i t y  o f  t h e  work  d e s c r i b e d  was c a r r i e d  o u t  
d u r i n g  a  r e s e a r c h  programme s p o n s o r e d  by  t h e  S i e r r a  Leone Geo- 
l o g i c a l  S u r v e y  t o  whom t h e  a u t h o r s  w i s h  t o  e x p r e s s  t h e i r  g r a t i t u d e  
f o r  t h e  s u p p o r t  a f f o r d e d .  The  a u t o m a t i c  p l o t t i n g  e x e r c i s e s  w e r e  
c a r r i e d  o u t  on t h e  S-C 4 0 2 0  a t  A.W.R.E. A l d e r m a s t o n ,  w h e r e  t h e  
i n t e r e s t  a n d  a s s i s t a n c e  o f  Dr. J . G . T .  J o n e s ,  who w r o t e  t h e  p r o -  
gramme f o r  s y m b o l  p l o t t i n g ,  i s  g r a t e f u l l y  a c k n o w l e d g e d .  The  
g u i d a n c e  o f  Dr. D . J .  F a r l i e  on s t a t i s t i c a l  m a t t e r s  i s  much 
a p p r e c i a t e d ,  a s  a r e  d i s c u s s i o n s  w i t h  Mr. C . J .  D i x o n .  
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No. 3 8 9 - 1 3 5 .  C o n t r a c t  N o n r .  1 2 2 8 ( 2 6 )  O f f .  o f  
N a v a l  R e s .  G e o g r a p h y  B r a n c h ,  N o r t h w e s t e r n  U n i v e r s i t y ,  
E v a n s t o n ,  I l l i n o i s .  



GEOCHEMICAL INVESTIGATIONS OF THE THUNDER BAY 
SILVER A R E A  

R . V .  O j a *  

INTRODUCTION 

Two i m p o r t a n t  b e l t s  o f  s i l v e r  m i n e r a l i z a t i o n  e x i s t  i n  
t h e  T h u n d e r  Bay a r e a  o f  N o r t h w e s t e r n  O n t a r i o .  One b e l t  i n c l u d e s  
a  s t r i n g  o f  d i a b a s i c  i s l a n d s  i n  Lake S u p e r i o r  e x t e n d i n g  f r o m  
V i c t o r i a  a n d  S p a r  I s l a n d s  n e a r  t h e  I n t e r n a t i o n a l  B o u n d a r y  a t  
P i g e o n  R i v e r  n o r t h e a s t w a r d  f o r  5 0  m i l e s  b e y o n d  o n c e - f a m o u s  S i l v e r  
I s l e t .  The o t h e r  b e l t  i s  r o u g h l y  t w o  m i l e s  w i d e  a n d  l i e s  on t h e  
m a i n l a n d  20  m i l e s  n o r t h w e s t  o f  t h e  i s l a n d  b e l t ,  a n d  e x t e n d s  f r o m  
t h e  a r e a  n o r t h e a s t  o f  t h e  c i t y  o f  P o r t  A r t h u r ,  O n t a r i o ,  some 8 0  
m i l e s  s o u t h w e s t w a r d  t o  t h e  v i c i n i t y  o f  W h i t e f i s h  a n d  Arrow L a k e s  
( F i g .  l ) .  A f t e r  a  s h o r t  v i s i t  t o  t h e s e  s i l v e r  b e l t s  i n  1 9 1 1 ,  
Bowen r e f e r r e d  t o  t h e  m a i n l a n d  b e l t  a s  t h e  " b l a c k  s l a t e s  b e l t "  
a n d  t h e  i s l a n d  b e l t  a s  t h e  " g r a y  a r g i l l i t e s  b e l t " .  

A l t h o u g h  s i l v e r  w a s  f i r s t  d i s c o v e r e d  on S p a r  I s l a n d  
i n  1 8 4 6 ,  t h e  a r e a  was n o t  p r o s p e c t e d  a c t i v e l y  u n t i l  t h e  T h u n d e r  
Bay a n d  S h u n i a h  d e p o s i t s  w e r e  d i s c o v e r e d  i n  1 8 6 6  a n d  1 8 6 7  r e s p e c t -  
i v e l y ,  f o l l o w e d  by t h e  d i s c o v e r y  o f  t h e  f a b u l o u s  S i l v e r  I s l e t  
d e p o s i t  i n  1 8 8 6 .  T h e s e  f i n d s ,  o f  c o u r s e ,  p r e c i p i t a t e d  a  r u s h  o f  
p r o s p e c t i n g  a n d  e x p l o r a t i o n  r e s u l t i n g  i n  t h e  d e v e l o p m e n t  o f  
h u n d r e d s  o f  p r o s p e c t s  m o s t l y  on  t h e  more a c c e s s i b l e  m a i n l a n d  
b l a c k  s l a t e s  b e l t ,  c u l m i n a t i n g  i n  t h e  d e v e l o p m e n t  o f  n i n e  p r o -  
d u c i n g  m i n e s  ( T a b l e  1 ) .  

TABLE 1 

SILVER MINES OF THE THUNDER BAY A R E A  

MINE 

S i l v e r  I s l e t  
B e a v e r  
S i l v e r  M o u n t a i n  
B a d g e r  a n d  P o r c u p i n e ,  
R a b b i t  M o u n t a i n  
S h u n i a h  
J a r v i s  M i n i n g  Co. 
T h u n d e r  Bay 
3A a n d  Beck 

VALUE OF O R E  
PRODUCED 

Wendigo  G e o p h y s i c s  L i m i t e d ,  P o r t  A r t h u r ,  O n t a r i o .  





TABLE OF FORbIATIONS 

U i a b a s e  s i l l s  a n d  d i k e s  

kEIvEENAWAN i n t r u s i v e  c o n t a c t  

S i b l e y  F o r m a t i o n  ( s e d i m e n t s )  

U n c o n f o r m i t y  

Rove F o r m a t i o n  
1 0 0 0 '  +- 

ANIblIKIE Unconf o r m i t y  

G u n f l i n t  F o r m a t i o n  
5 0 0  ' + 

U n c o n f o r m i t y  

G r a n i t e ,  g r a n i t e  g n e i s s ,  
m i g m a t i t e ,  g r a n o d i o r i t e ,  
p e g m a t i t e  a n d  r e l a t e d  r o c k s  

I n t r u s i v e  C o n t a c t  

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

P r o d u c t i o n  i n  t h e  a r e a  c e a s e d  w i t h  t h e  d e c l i n e  o f  t h e  
p r i c e  o f  s i l v e r  i n  1 8 9 2 ,  a n d  d e s p i t e  s p o r a d i c  a t t e m p t s ,  t h e  a r e a  
was n e v e r  a g a i n  a c t i v e l y  r e v i t a l i z e d .  F o l l o w i n g  t h e  n u m e r o u s  
h i g h - g r a d e  d i s c o v e r i e s  a t  C o b a l t ,  O n t a r i o ,  v e r y  l i t t l e  c o n s i d e r -  
a t i o n  h a s  b e e n  a c c o r d e d  t h e  T h u n d e r  Bay a r e a .  O v e r  t h e  p a s t  f e w  
y e a r s ,  h o w e v e r ,  i n t e r e s t  i n  t h e  m a i n l a n d  b e l t  h a s  b e e n  r e k i n d l e d  
by s e v e r a l  m i n i n g  g r o u p s ,  a n d  a  l i m i t e d  amount  o f  i n v e s t i g a t i o n  
a n d  d e v e l o p m e n t  h a s  b e e n  c o n d u c t e d .  T h i s  p a p e r  d e a l s  p r i m a r i l y  
w i t h  t h c  m a i n l a n d  b e l t  w h e r e ,  b e c a u s e  o f  i t s  r e l a t i v e  e a s e  o f  
a c c c s s ,  mos t  o f  t h e  i n v e s t i g a t i o n  d e s c r i b e d  h e r e i n  h a s  b e e n  c o n -  
c e n t r a t e d .  

G E N E R A L  G E O L O G Y  

A l l  t h e  c o n s o l i d a t e d  r o c k s  i n  t h e  a r e a  a r e  P r e c a m b r i a n  
i n  a g e .  The e a r l y  P r e c a m b r i a n  f o r m a t i o n s ,  some 2 , 4 0 0  m i l l i o n  
y e a r s  i n  a g e  (Lowdcn,  e t  a l ,  1 9 6 3 ) ,  c o n t a i n  t h e  u s u a l  a s s e m b l a g e s  
o f  v o l c a n i c  a n d  s e d i m e n t a r y  g n e i s s e s ,  s c h i s t s ,  m i g m a t i t e s  a n d  
g r a n i t i c  a n d  r e l a t e d  i n t r u s i v e s .  U n c o n f o r m a b l y  o v e r l y i n g  t h e s e  
a r e  t h e  G u n f l i n t  a n d  Rove F o r m a t i o n s  o f  t h e  A n i m i k i e  S e r i e s  w h i c h  



a r c  o v c r l a i n  i n  t u r n ,  a p p a r e n t l y  u n c o n f o r m a b l y  (b iooehouse .  1960  
1'. l S ) ,  by t h e  S i b l e ) .  s e d i l n e n t s  o f  t h e  hcwecnawan S e r i e s .  A l l  
t h c s e  f o r m a t i o n s  w e r e  i n v a d c d  by hewccnawan d i a b a s e  i n  t h c  f o r m  
o f  s i l l s  a n d  d l k c s .  S t  r o n t i u m - r u b i d u m  a n a l y s e s  o f  t h e  Love 
a r g i l l i t c s  a n d  hcwecaawan d i a b a s e  i n d i c a t e  a n  a g e  o f  a b o u t  1 , 0 0 0  
1 ~ i 1  l i o n  y c a r s .  P l c i s t o c e n c  a n d  lkccent  d e p o s i t s  o f  t i l l ,  g r a v e l ,  
S ~ I I U ,  c l a y  a n d  t a l u s  c o v c r  most  o f  t h e  a r c a  e x c e p t ,  o f  c o u r s c .  
t h e  I iumerous p r e c i p i t o u s  s l o p e s  o f  t h e  d i a b a s e  s i l l s .  

Thc c o n t a c t  o f  t h e  e a r l y  P r e c a m b r i a n  f o r m a t  i o n s  
a g a i n s t  t h c  g e n t l y  s o u t h e a s t  d i p p i n g  A n i m i k i e  s e r i e s  l i e s  a p p r o x -  
i l l l a t e l y  f i v e  m i l e s  n o r t h  o f ,  and  p a r a l l e l s  t h e  s t r i k e  o f  t h e  
m a i n l a n d  s i l v e r  b e l t .  Doth t h e  Rove a n d  u n d e r l y i n g  G u n f l i n t  
F o r m a t i o n s  wcdgc o u t  n o r t h w e s t w a r d  and  t h i c k e n  s o u t h e a s t w a r d  t o  
e s t i n l a t c d  t h i c h n e s s c s  o f  2 0 0 0  and  5 0 0  f e e t  r e s p e c t i v e l y .  A h i l e  
t h e  Gunf l i n t  f o r m a t i o n  i n c l u d e s  a  l a r g e  n u m b e r  o f  t h i n  c a r b o n a t e ,  
a r g i l l i t e ,  a n d  c o n g l o m c r a t e  members  a n d  t h i c k  t a c o n i t e  mcmbers ,  
t h e  Kove i s  composed  a l m o s t  e n t i r e l y  o f  t h i n - b e d d e d ,  f i s s i l e ,  
b l a c k  a r g i l l i t e .  The a r g i l l i t e s  c o n t a i n  s p o r a d i c  p y r i t e  o r  mar-  
c a s i t e  c l u s t c r s  r a n g i n g  t o  t h r e e  i n c h e s  i n  d i a m c t e r  a s  w e l l  a s  
c a r b o r i a c e o u s  c o n c r e t i o n s ,  o r  " w i t c h e s '  c a l d r o n s " ,  r a n g i n g  t o  
s e v e r a l  f e e t  i n  d i a m e t e r .  

The mos t  i m p o r t a n t  t o p o g r a p h i c  f e a t u r e s  a r c  t h e  
n u m e r o u s  b u t t e s ,  m e s a s  a n d  c u e s t a s  c a p p e d  by h i g h l ' y  r e s i s t a n t  
d i a b a s e  r a n g i n g  t o  200  f e e t  i n  t h i c k n e s s .  O n l y  o n e  m a j o r  s i l l  
i s  known t o  e x i s t  d e s p i t e  t h e  f a c t  t h a t  d i a b a s e  o c c u r s  a t  a l l  
elevations r a n g i n g  f r o m  l a k e  l e v e l  ( 6 0 2 '  A . S . L . )  t o  an e l e v a t i o n  
o f  1 , 2 0 0  f e e t  a b o v e  s e a  l e v e l .  T h i s  v a r i a t i o n  i n  e l e v a t i o n  i s  
t h c  r e s u l t  o f  p r e d o m i n a n t l y  v e r t i c a l  movement a l o n g  n u m e r o u s  
s t e e p l y  d i p p i n g ,  n o r m a l  f a u l t s  s t r i k i n g  g e n e r a l l y  a b o u t  N 70' E .  
A c o m p l i m e n t a r y  s e t  o f  f a u l t s  s t r i k e s  r o u g h l y  a t  r i g h t  a n g l e s  t o  
t h e  m a i n  s e t  o f  f a u l t s ,  b u t  movement a l o n g  t h e s e  f a u l t s  was 
g e n e r a l l y  i n  t h e  o r d e r  o f  some t e n s  o f  f e e t  o f  l a t e r a l  o r  v e r t i -  
c a l  d i s p l a c e m e n t  r e s u l t i n g  i n  o n l y  s m a l l  v a r i a t i o n s  i n  t o p o g r a p h i c  
r e l i e f .  

I t  i s  w i t h i n  t h e  t w o  s e t s  o f  f a u l t  z o n e s  t h a t  t h c  
i m p o r t a n t  s i l v e r - b e a r i n g  v e i n s  o c c u r  i n  t h e  T h u n d e r  bay a r c a .  
Some v e i n s ,  h o w e v e r ,  u n d o u b t e d l y  o c c u r  i n  t e n s i o n  o r  s h e a r  f r a c -  
t u r e s  p a r a l l e l  t o  e i t h e r  s e t  o f  f a u l t s  a n d ,  t h e r e f o r e ,  w i l l  n o t  
d i s p l a y  a n y  d i s p l a c e m e n t  o r  c o n s e q u e n t  t o p o g r a p h i c  f e a t u r e s .  

The S i l v e r  V e i n s  

The v e i n  m i n e r a l i z a t i o n  c o n s i s t s  o f  a n  a s s e m b l a g e  
o f  g a n g u e  m i n e r a l s  w h i c h  i n c l u d e  w h i t e ,  a m e t h y s t i n e ,  a n d  smokey 
q u a r t z ,  c a l c i t e ,  b a r i t e ,  a n d  g r e e n  and  p u r p l e  f l u o r i t e .  Thc o r c  
m i n e r a l s  i n c l u d e  p y r i t e ,  p y r r h o t i t e ,  g a l e n a ,  c h a l c o p y r i t e ,  a b u n -  
d a n t  s p h a l e r i t e ,  a r g e n t i t e  a n d  p r o b a b l y  some n a t i v e  s i l v e r .  
N h i l e  s i l v e r  v a l u e s  a r e  c o n f i n e d ,  f o r  t h e  mos t  p a r t ,  t o  q u a r t z -  
c a r b o n a t e  v e i n s ,  i m p o r t a n t  v a l u e s  a l s o  o c c u r  i n  m i n u t e ,  h a i r l i n e  
f r a c t u r e s  i n  w a l l  r o c k s  a s  w e l l  a s  i n  t h e  f i n e  b e d d i n g  p l a n e s  i n  
t h e  f i s s i l e  a r g i l l i t e  a d j a c e n t  t o  t h e  v e i n s .  I n  b o t h  t h e  m a i n -  
l a n d  a n d  i s l a n d  b e l t s ,  t h e  s i l v e r  m i n e r a l i z a t i o n  i s  g e n e r a l l y  



c o n f i n e d  t o  r i c h  o r c  s h o o t s  a n J  l c n s e s  w i t h i n  t h c  f a u l t  z o n e s .  
On t l l c  n ~ a i n l a ~ ~ d  b e l t ,  b o t h  s e t s  o f  f a u l t s  a p p e a r  t o  h a v e  b e e n  
e q u a l l y  h o s p i t a b l c  t o  v e i n  f o r m a t i o n .  I n s u f f i c i c l ~ t  d c t a i l  i n f o r -  
m a t i o n  i s  a v a i l a b l c  f r o m  a n y  o f  t h c  p r o p e r t i e s  t o  i n d i c a t e  z o n i n g  
o r  p r e f e r e n t i a l  d i s t r i b u t i o n  o f  s i l v e r  v n l u c s  w i t h i n  t h e  o r e  d e -  
p o s i t s  o f  e i t h c r  b e l t .  A l t h o u g h  m o s t  o f  t h e  r n i n c s  a r e  l c s s  t h a n  
1 4 0 0  f e e t  d e e p ,  a n J  a r e ,  o n  t h c  w h o l c ,  c o n f i n e d  t o  t n c  Rove 
a r g i l l i t e s ,  t h c r e  i s  l i t t l c  e v i d e n c e  t o  p r o v e  t h a t  t h e  s i l v c r  i s  
n e c e s s a r i l y  c o n f i n c J  t o  v c i n s  o c c u r r i n g  o n l y  ~n t h e  R o v e .  un  t h c  
c o n t r a r y ,  s e v e r a l  a r g e n t i f e r o u s  v c i n s  a r c  known t o  o c c u r  i n  t h e  
G u n f l i n t  f o r m a t  i o n ,  a n d  l n d e c d ,  i n  t h c  l o w c r  p o r t i o n s  o i  t h c  
d h u n i a h  r r ~ i n e  v e i n s  c x t c n d e d  i n t o  t h e  u n d e r  l y  i n s  h c c v a t  i n  b a s c -  
m e n t  c o m p l e x .  L c r y  l i t t l c  s i l v e r ,  h o w c v e r ,  a p p e a r s  t o  h s v c  b c e n  
d e p o s i t c d  i n  t h c  g c n c r a l  l y  n a r r o w  p o r t  i o n s  o f  v e i n s  c x t e n d i n g  
i n t o  t h c  o v e r l y i n g  J i a b a s c  c a p p i n g .  

T h e r e  r e m a i n s  a  p o s s i b i l i t y  i n  t h e  m a i n l a n d  b e l t ,  
h o w e v e r ,  t h a t  t h e  g r a p h i t i c  a r g i l l i t c s  o f f c r o d  a  m o r c  h o s p i t i h l e  
e n v i r o n m e n t ,  e i t h e r  c h e m i c a l l y  o r  s t r u c t u r a l l y ,  f o r  t h c  d c p o s i -  
t i o n  o f  s i l v e r  t h a n  t h e  b a s c n l c n t  c o n ~ p l c x ,  t h c  G u n f l i n t  f o r m a t i o n s  
o r  t h e  d i a b a s e  s i l l s .  

An a p p r a i s a l  o f  t h e  r e s u l t s  o f  a l l  r c n s o n a b l y  s i m p l c  
a n d  c h e a p  g e o p h y s i c a l  t c c l i n i q u e s  i n d i c a t c c l  t l ~ c i r  i n a b i l i t y  t o  
d e t e c t  s i l v e r  m i n e r a l i z a t i o n ,  a n d  l e a d  t o  t h e  c o n s i d e r a t i o n  o f  
g e o c h e m i c a l  i n v e s t i g a t i o n .  I t  w a s  a s s u n e d  t h a t  s i l v e r  o c c u r r i n g  
i n  t h e  n e a r - s u r f a c e  p o r t i o n s  o f  a f a u l t  z o n c  s h o u l d  b c  p r c s c n t  
a l s o  i n  d e t e c t a b l e  a m o u n t s  i n  t h c  o v e r b u r d e n .  A s u r v c y  o f  f i c l d  
a n d  l a b o r a t o r y  t e c h n i q u e s  f o r  s i l v e r  a n a l y s i s  p r o v c d  t h c m  t o  b e  
l e n g t h y ,  r a t h c r  c o m p l i c a t e d ,  a n d  c o n s c q u c n t l y  e x y e n s i v c .  d c c a u s c  
z i n c  h a s  b e e n  n o t e d  i n  a s s o c i a t i o n  w i t h  s i l v e r  i n  c v e r y  d e p o s i t ,  
a n d  b e c a u s e  o f  t h e  s i m p l e  t e c h n i q u e s  i n v o l v e d  i n  i t s  detection, 
b o t h  i n  t h e  f i e l d  a n d  i n  t h e  l a b o r a t o r y ,  t r i a l  t c s t s  f o r  z i n c  
w e r e  made o n  b o t h  h u m u s  a n d  s o i l  f r o m  known a n d  s u s p e c t  d e p o s i t s .  
T h e s e  t e s t s  w e r e  v e r y  r e w a k d i n g ,  a n d  f u l l - s c a l e  g e o c h c m i c a l  s u r -  
v e y s  w e r e  c o n d u c t e d  on  t w o  a d j a c e n t  p r o p e r t i e s  c o v e r i n g  a n  a r c a  
o f  2 0  c l a i m s  o r  a p p r o x i m a t e l y  800 a c r e s .  

T h e  b u l k  o f  t h e  a n a l y s e s  w e r e  ~ n a d c  w i t 1 1  a  f i e l d  k i t  
p r o d u c e d  by  M c P h a r  G e o p h y s i c s  L i m i t c d .  E a c h  s a m p l e  i s  t r c a t e d  i n  
a  small d i s p o s a b l e  s h a k i n g  b o t t l e .  A p r c d c t e r m i n c d  q u a n t i t y ,  
i . e .  o n e ,  t w o  o r  t h r e e  m i l l i l i t r e s  o f  d i t h i t o n c  i s  a d d e d  t o  e a c h  
s a m p l e  a l o n g  w i t h  s o l v e n t  a n d  b u f f e r  a n d  t h e  r e s u l t i n g  c o l o u r ,  
w i t h i n  t h e  r a n g e  f r o m  g r e e n  t o  r e d .  i n d i c a t e s  t h e  q u a n t i t y  o f  
h e a v y  m e t a l s  p r e s e n t .  T h e  M c P h a r  k i t  i s  d e s i g n e d  f o r  w o r k  i n  
t h e  r a n g e  f r o m  n i l  t o  l 2 0 0  p a r t s  p e r  m i l l i o n  h e a v y  m e t a l s .  

A n o t h e r  k i t  e m p l o y i n g  l a r g e r  s h a k i n g  b o t t l e s  i n  w h i c h  
t h e  s a m p l e  i s  t i t r a t e d  t o  a  g r e y  o r  i n c i p i e n t  g r e e n  e n d - p o i n t  w a s  
a l s o  t r i e d .  T h i s  t i t r a t i o n  m e t h o d  i s  p r e f e r r e d  b y  some  t e c h n i -  
c i a n s  b e c a u s e  i t  i s  e a s i e r  a n d  q u i c k e r  t o  p l a c e  t h c  s a m p l e  i n  
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t h e  s h a k i n g  t u b e  a n d  p r o d u c e s  more a c c u r a t e  r e s u l t s  t h a n  t h e  
McPhar  k i t .  C o l o u r i m e t r i c  a n d  t i t r a t i o n  t e c h n i q u c s  w e r e  e m p l o y e d  
b o t h  i n  t h e  f i e l d  a n d  i n  t h e  l a b o r a t o r y .  

Once r e c o n n a i s s a n c e  f i e l d  t e s t i n g  o u t l i n e s  a n  anoma- 
l o u s  a r e a ,  i t  i s  more e f f i c i e n t  t o  a n a l y s e  s a m p l e s  f r o m  a  g r i d d e d  
s u r v e y  a r e a  i n  a  f i e l d  o r  p e r m a n e n t  l a b o r a t o r y .  Two men c a n  
c o l l e c t  a n d  l a b e l  a b o u t  1 0 0  s a m p l e s  p e r  d a y ,  w h i l e  a  two-man l a b  
c r e w  c a n  a n a l y s e  t h e  same number  p e r  d a y .  

The f i r s t  c o m p l e t e  s u r v e y  work  was p e r f o r m e d  on t h e  
S i l v e r  P r o p e r t y  a l o n g  l i n e s  p r e v i o u s l y  u s e d  f o r  s e l f  p o t e n t i a l  
a n d  e l e c t r o m a g n e t i c  s u r v e y s .  Both t h e  humus a n d  s o i l  s a m p l e s  r e -  
f l e c t e d  known m i n e r a l i z a t i o n  u n e r r i n g l y  ( F i g u r e s  2 a n d  3 ) .  A 
c o m p a r i s o n  o f  t h e  humus a n d  s o i l  maps shows  t h a t  humus s a m p l i n g  
i s  more s e n s i t i v e  f o r  t o t a l  m e t a l s  d e t e c t i o n .  t h a n  i s  s o i l  samp-  
l i n g .  I n  f a c t ,  a b o u t  t w i c e  a s  many a n o m a l i e s  w e r e  o b t a i n e d  
t h r o u g h  humus s a m p l i n g  t h a n  f r o m  s o i l  s a m p l i n g .  B e c a u s e  humus 
r e p r e s e n t s  d e c a y e d  v e g e t a b l e  m a t t e r ,  a  s i n g l e  humus s a m p l c  r e p r e -  
s e n t s  t h e  h e a v y  m e t a l  c o n t e n t  o f  p r e - e x i s t i n g  v e g e t a t i o n  g r o w i n g  
i n  t h e  a r e a  s u r r o u n d i n g  t h e  s a m p l e  s i t e .  T h r o u g h  t h e  a b i l i t y  o f  
v e g e t a t i o n  t o  c o l l e c t  a n d  c o n c e n t r a t c  h e a v y  m e t a l s  f r o m  t h e  e n -  
t i r e  a r e a  p r o b e d  by t h e  r o o t  s y s t e m ,  a  s i n g l e  humus s a m p l e ,  t h e r e  
f o r e ,  r e p r e s e n t s  t h e  i n t r e g a t e d  h e a v y  m e t a l  c o n t e n t  o f  a n  a r c a  
p o s s i b l y  up  t o  f i f t y  f e e t  i n  d i a m e t e r ,  and  a d e p t h  e q u a l  t o  t h a t  
t o  w h i c h  t h e  p l a n t  r o o t s  may p e n e t r a t e .  The s a m p l i n g  o f  humus i s  
r e c o m m e n d e d ,  t h e r e f o r e ,  f o r  r e c o n n a i s s a n c e  work  b e c a u s e  o f  t h e  
e a s e  o f  c o l l e c t i n g  s a m p l e s  a n d  b e c a u s e  o f  i t s  h i g h e r  h e a v y  m e t a l  
c o n t e n t  o v e r  m i n e r a l  o c c u r r e n c e s .  

I t  i s  a s s u m e d  t h a t  s o i l  s a m p l i n g  i s  more a c c u r a t e  
f o r  p i n - p o i n t i n g  m i n e r a l i z a t i o n  t h a n  humus s a m p l i n g ,  b e c a u s e  
g e n e r a l l y ,  t h e  a r e a  o f  t h e  s o i l  a n a o m a l y  was f o u n d  t o  b e  s m a l l e r  
t h a n  t h a t  o f  t h e  c o r r e s p o n d i n g  humus a n a o m a l y .  F o l l o w i n g  a d -  
d i t i o n a l  d e v e l o p m e n t  o f  t h e  s u r v e y e d  p r o p e r t i e s ,  more k n o w l e d g e  
w i l l  b e  g a i n e d  o f  t h e  r e l a t i v e  i m p o r t a n c e  o f  t h e  humus v e r s u s  
s o i l  s a m p l i n g .  I t  w i l l  b e  i n t e r e s t i n g  t o  l e a r n  a l s o  i f  a  g c o -  
c h e m i c a l  a n o m a l y  o c c u r s  o v e r  a  f a u l t  o r  v e i n  w h e r e  t h e  m i n e r a l i -  
z a t i o n  o c c u r s  a t  some d e p t h  b e l o w  t h e  r o c k  s u r f a c e .  As mos t  v c i n  
m a t e r i a l s  h a v e  b e e n  s t r e s s e d  a n d  f r a c t u r e d ,  o n c  m i g h t  a s s u m e  t h a t  
l l cavy  m e t a l - b e a r i n g  s o l u t i o n s  f r o m  d e e p  o r e  s h o o t s  may p e r m e a t e  
t h r o u g h  t h e  v e i n s  and  may r e f l e c t  t h e i r  p r e s e n c e  i n  s o i l  a n d  
humus s a m p l e s .  

A l i m i t e d  amount  o f  s t r e a m  s e d i m e n t  s a m p l i n g  h a s  b e e n  
a t t e m p t e d  i n  t h e  a r e a  a r o u n d  B e a v e r  a n d  R a b b i t  M o u n t a i n s .  A l t h o u g h  
p o s i t i v e  r e s u l t s  w e r e  o b t a i n e d ,  l i t t l e  e f f o r t  was made t o  c o m p l e t e  
a  g e o c h e m i c a l  s u r v e y  o f  a v a i l a b l e  s t r e a m s .  

S p e c i a l  I n v c s t i g a t i o n  

D u r i n g  t h e  d e v e l o p m e n t  p r o g r a m  o f  t h c  R a b b i t  M o u n t a i n  
P r o p e r t y ,  a  number  o f  s o i l  a n d  humus s a m p l c s  w c r c  c h c c k e d  i n  
c o m m e r c i a l  l a b o r a t o r i e s  f o r  z i n c  c o n t e n t  by h o t  e x t r a c t i o n  a n d  
s p c c t r o g r a p h i c a l l y  f o r  s i l v e r  c o n t e n t .  Thc h o t  e x t r a c t i o n s  f o r  
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z i n c  f r o m  b o t h  s o i l  a n d  humus s a m p l e s  r e t u r n e d  v a l u e s  w h i c h  were  
a b o u t  5 0  t o  60  p e r c e n t  o f  t h o s e  o b t a i n e d  by t h e  :.lcPhar c o l d  c x -  
t r a c t i o n  L i t  ( T a b l e  2 ) .  S i l v e r  v a l u c s  i n  t h e  c e n t r c s  o f  t h e  
a n o m a l i e s  a v e r a g e  f r o m  2 t o  5 ppm, b u t  s c a t t e r e d  v a l u c s  r a n g e J  
t o  a  h i g h  o f  50  ppm. b t h i l e  e a c h  t e c h n i q u e  r e s u l t e d  i n  a  d i f f e r e n t  
s e t  o f  v a l u e s ,  a l l  t e c h n i q u e s  r c s u l t e d  i n  s i m i l a r l y  s h a p e d ,  s u p e r -  
i m p o s e d  a n o m a l i e s .  

I t  i s  e v i d e n t  f r o m  t h e  f o r e g o i n g  t h a t  c o n s i d e r a b l e  
r e s e a r c h  o f  t h e  m a i n l a n d  b e l t  a l o n e  i s  r e q u i r e d  t o  u n r a v e l  some 
o f  t h e  s t r u c t u r a l  a n d  g e o c h e m i c a l  p r o b l e m s  r e l a t i n g  t o  t h e  d e p o -  
s i t i o n  o f  s i l v e r .  k h e t h e r  s i l v e r  m i n e r a l i z a t i o n  i s  c o n f i n e d  
p r i m a r i l y  t o  t h e  Rove a r g i l l i t e s  i s  n o t  known n o r  a r e  t h e  s t r u c -  
t u r a l  a n d  g e o c h e m i c a l  r e q u i r e m e n t s  f o r  s i l v e r  d e p o s i t i o n  known 
w i t h  a n y  d e g r e e  o f  c e r t a i n t y .  G e o p h y s i c a l  t e c h n i q u e s  t e s t e d  t o  
d a t e  a p p e a r  t o  b e  i n a d e q u a t e  t o  d e t e c t  t h e  s i l v e r - b e a r i n g  v e i n s  
i n  t h e  m a i n l a n d  a r e a  o f  h i g h l y  c o n d u c t i v e ,  f l a t l y i n g  a r g i l l a c e o u s  
s e d i m e n t s .  M a g n e t i c  s u r v e y s ,  n o  m a t t e r  how s e n s i t i v e ,  d o  n o t  
r e v e a l  f a u l t  z o n e s  a n y  b e t t e r  t h a n  v i s u a l  i n v e s t i g a t i o n  o f  a e r i a l  
p h o t o g r a p h s .  The o n l y  h o p e  o f  o r e  d e t e c t i o n ,  a t  p r e s e n t ,  l i e s  
i n  t h e  f i e l d  o f  g e o c h e m i s t r y ,  b u t  t h e  r e s u l t s  t o  d a t e  i n d i c a t e  
t h e  n e c e s s i t y  o f  a  c a u t i o u s  a p p r o a c h  t o  t h e  f i n a l  a n a l y s i s  o f  
g e o c h e m i c a l  s u r v e y s .  G e o c h e m i s t r y ,  h o w e v e r ,  h a s  p r o v e d  t o  be  
m o s t  p o s i t i v e  a n d  d e f i n i t i v e  t e c h n i q u e  i n  t h e  s e a r c h  f o r  a d -  
d i t i o n a l  o r e  d e p o s i t s  on t h e  m a i n l a n d  b e l t  o f  t h e  T h u n d e r  bay 
s i l v e r  a r e a  a n d  w i l l ,  n o  d o u b t ,  e v e n t u a l l y  l e a d  t o  t h e  d e v e l o p -  
ment  o f  o r e  d e p o s i t s  i n  d e b r i s - f i l l e d  f a u l t  v a l l e y s  a n d  o v e r -  
b u r d e n - c o v e r e d  f l a t l a n d s  w h e r e  a  n e g l i g i b l e  amount  o f  e x p l o r a t i o n  
h a s  b e e n  c o n d u c t e d  i n  t h c  p a s t .  

Bowen, N . L . ;  1 9 1 1 ,  S i l v e r  i n  t h e  T h u n d c r  Bay D i s t r i c t ;  
O n t a r i o  D e p a r t m e n t  o f  M i n e s ,  V o l .  X X  P a r t  1 ,  
p .  1 1 3 - 1 3 2 .  

Goodwin ,  t1.i-1. ; 1 9 6 0 ,  Cunf l i n t  I r o n  F o r m a t i o n  o f  t h e  P , ' h i t c f i s h  
Lake A r e a ;  O n t a r i o  D e p a r t n l e n t  o f  : . l i n e s ,  V o l .  LXIX, 
P a r t  7 .  

I n g a l l ,  E . D . ;  1 8 8 7 ,  G e o l o g y  a n d  N a t u r a l  l l i s t o r i c a l  S u r v e y  o f  
C a n a d a ;  P a r t  I I .  

h o o r h o u s e ,  h . \ < . ;  1 9 6 0 ,  G u n f l i n t  I r o n  I iangc i n  t h c  V i c i n i t y  o f  
P o r t  A r t h u r ;  O n t a r i o  D e p a r t m e n t  o f  > l i n e s ,  V o l .  LXIX, 
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A TRACE ELEMENT STUDY OF PODZOL S O I L S ,  BATllURST DISTRICT,  
NEW B R U N S W I C K  
--p 

E . K .  P r e s a n t '  

INTRODUCTION 

The  s t u d y  d e s c r i b e d  i n  t h i s  p a p e r  w a s  p a r t  o f  a n  
e x t e n s i v e  g e o l o g i c a l  a n d  g e o c h e m i c a l  s u r v e y  o f  t h e  B a t h u r s t -  
N e w c a s t l e  a r e a  by  t h e  G e o l o g i c a l  S u r v c y  o f  C a n a d a .  F i e l d  w o r k  
f o r  t h e  t r a c e  e l e m e n t  s t u d y  w a s  c o m p l e t e d  i n  1 9 6 1 .  

S p e c i a l  t h a n k s  a r e  d u e  t o  D r .  R . W .  B o y l e  who i n i t i -  
a t e d  t h e  s t u d y ,  s u p e r v i s e d  t h e  f i e l d  w o r k ,  a n d  p r o v i d e d  much 
h e l p f u l  a d v i c e  d u r i n g  t h e  p r o j e c t .  T h e  a d v i c e  a n d  a s s i s t a n c e  
o f  D r .  W .  T u p p e r ,  C a r l e t o n  U n i v e r s i t y ,  i s  a l s o  g r a t e f u l l y  
a c k n o w l e d g e d .  

T h e  l a r g e  n u m b e r  o f  c h e m i c a l  a n d  m i n e r a l o g i c a l  a n a l -  
y s e s  d o n e  on  t h e s e  s o i l s  w o u l d  h a v e  b e e n  i m p o s s i b l e  w i t h o u t  t h e  
a s s i s t a n c e  o f  p e r s o n n e l  f r o m  l a b o r a t o r i e s  o f  t h e  G e o l o g i c a l  
S u r v e y ,  M i n e s  B r a n c h  a n d  C a r l e t o n  U n i v e r s i t y .  T h e i r  a s s i s t a n c e  
i s  g r a t e f u l l y  a c k n o w 1 , e d g e d .  

GEOLOGY A N D  SOILS  OF THE BA'THURST DISTRICT 

Good d e s c r i p t i o n s  o f  t h e  g e n e r a l  g e o l o g y  o f  t h e  
d i s t r i c t  a r e  g i v e n  by  S k i n n e r  ( 1 9 5 3 ) ,  S m i t h  ( 1 9 5 7 )  a n d  H o y l e  a n d  
D a v i e s  ( 1 9 6 4 ) .  

T h e  c e n t r a l  p a r t  o f  t h e  a r e a  i s  u n d e r l a i n  h y  h i g h l y  
f o l d e d  O r d o v i c i a n  v o l c a n i c  a n d  s e d i m e n t a r y  r o c k s  t h a t  a r e  i n -  
t r u d e d  b y  g a b b r o  a n d  d i o r i t e  s i l l s  a n d  d i k e s ,  a n d  by  g r a n i t i c  
s t o c k s  a n d  m a s s e s .  T h e s e  r o c k s  a r e  h o s t  t o  t h e  m a s s i v e  l c a d -  
z i n c - c o p p e r  s u l p h i d e  b o d i e s  t h a t  o c c u r  i n  t h e  B a t h u r s t  d i s t r i c t .  
N o r t h  o f  t h e  O r d o v i c i a n  r o c k s  i s  a  S i l u r i a n - D e v o n i a n  b e l t  o f  
v o l c a n i c  a n d  s e d i m e n t a r y  r o c k s  i n t r u d e d  l o c a l l y  by d i k e s ,  s i l l s  
a n d  s t o c k s  o f  g a b b r o ,  d i o r i t e ,  q u a r t z - f e l d s p a r  p o r p h y r y  a n d  
a p l i t e .  A n u m b e r  o f  s m a l l  l e a d - z i n c - c o p p e r  s u l p h i d e  l e n s c s  a n d  
v e i n s  o c c u r  i n  t h e s e  r o c k s .  S o u t h  o f  t h e  O r d o v i c i a n  f o l d e d  b e l t  
t h e  s u r f a c e  b e d r o c k  c o n s i s t s  o f  f l a t - l y i n g  r e d  P e n n s y l v a n i a n  
c o n g l o m e r a t e s  a n d  s a n d s t o n e s .  

D e s c r i p t i o n s  o f  t h e  s u r f i c i a l  g e o l o g y  a n d  g l a c i a t i o n  
o f  t h e  r e g i o n  a r e  g i v e n  by  C h a l m e r s  ( 1 8 8 6 )  a n d  A l c o c k  ( 1 9 4 1 ) .  
G l a c i a t i o n  i s  p r e s u m e d  t o  h a v e  b e e n  o f  l i m i t e d  e x t e n t ,  b c c a u s e  
m o s t  t i l l  s t o n e s  h a v e  moved v e r y  l i t t l e  d i s t a n c e  f r o m  t h e i r  
s o u r c e  a r e a s .  Mos t  o f  t h e  r e g i o n  h a s  o n l y  t h i n  g r o u n d  m o r a i n e  
ma te r i a l s  o v e r  b e d r o c k .  

* D e p a r t m e n t  o f  S o i l  S c i e n c e ,  O n t a r i o  A g r i c u l t u r a l  C o l l e g e ,  
G u e l p h ,  O n t a r i o .  



T Y P I C A L  P O D Z O L  P R O F I L E  
Figure 1. Schematic drawing of typical Podzol soil profile, Bathurst area.  
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Figure 2. Sketch map showing soil profile locations, Bathurst district, 
New Brunswick. 
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Figure 3. Mean copper distribution. 
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Figure 4. Mean lead distribution. 



The w e l l - d r a i n e d  s o i l s  i n  t h e  b a t h u r s t  d i s t r i c t  b e -  
l o n g  t o  t h e  P o d z o l  G r e a t  G r o u p .  A s c h e m a t i c  d i a g r a m  o f  a  t y p i c a l  
P o d z o l  s o i l  i n  t h e  d i s t r i c t  i s  shown i n  F i g u r e  1. 

FIELD A N D  LABORATORY WORK 

F i g u r e  2 shows  t h e  l o c a t i o n  o f  t h e  s o i l  p r o f i l e  s i t e s  
i n  t h e  B a t h u r s t  d i s t r i c t .  O n l y  r e s u l t s  f r o m  w e l l - d r a i n e d  s i t e s  
a r e  d i s c u s s e d  i n  t h i s  p a p e r .  A l t o g e t h e r ,  t h e r e  w e r e  7 1  w e l l -  
d r a i n e d  s i t e s ,  1 8  o f  w h i c h  l i e  a b o v e  s u l p h i d e  d e p o s i t s .  

A l l  s o i l  p r o f i l e  h o r i z o n s  w e r e  a n a l y z e d  f o r  pH a n d  
t o t a l  l e a d ,  z i n c  a n d  c o p p e r .  H o r i z o n s  o f  2 0  p r o f i l e s  w e r e  
a n a l y z e d  f o r  t o t a l  i r o n ,  m a n g a n e s e ,  a r s e n i c ,  a n t i m o n y ,  s i l v e r  
and  t i n .  O r g a n i c  c a r b o n  was d e t e r m i n e d  i n  9 p r o f i l e s .  

A d d i t i o n a l  s t u d i e s  w e r e  d o n e  o n  t h e  s o i l  h o r i z o n s  
f r o m  6 s i t e s  t o  a t t e m p t  t o  d e t e r m i n e  t h e  a s s o c i a t i o n  o f  t h e  
t r a c e  e l e m e n t s  w i t h  v a r i o u s  s o i l  f r a c t i o n s .  The f r a c t i o n s  t h a t  
w e r e  s t u d i e d  w e r e  t h e  w a t e r - s o l u b l e ,  d i l u t e  H C 1 - s o l u b l e ,  o r g a n i c  
m a t t e r ,  f r e e  i r o n  o x i d e ,  c o a r s e  s i l t  a n d  s a n d  f r a c t i o n s .  

D e t a i l e d  d e s c r i p t i o n s  o f  t h e  s o i l  p r o f i l e s  a n d  o f  t h e  
p r o c e d u r e s  u s e d  f o r  c h e m i c a l  a n d  p h y s i c a l  d e t e r m i n a t i o n s  a r e  
g i v e n  by P r e s a n t  ( i n  p r e s s ) .  

RESULTS OF THE INVESTIGATIONS 

The mean v a l u e s  f o r  t h e  d i f f e r e n t  t r a c e  e l e m e n t s  i n  
we1 l - d r a i n e d  s o i l  p r o f i l e s  a b o v e  " n o r m a l "  n o n - m i n e r a l i z e d  r o c k ,  
and  a b o v e  s u l p h i d e  d e p o s i t s  a r e  c o m p a r e d  g r a p h i c a l l y  i n  F i g u r e s  3  
t o  1 2 .  The number  o f  p r o f i l e s  i n v o l v e d  i n  e a c h  g r a p h  i s  b r a c k e t e d  
u n d e r  t h e  g r a p h .  

Mean c o p p e r  v a l u e s  f o r  t h e  Ae h o r i z o n s  a r e  s l i g h t l y  
l o w e r  t h a n  t h o s e  o f  a d j a c e n t  h o r i z o n s  i n  b o t h  g r a p h s  ( F i g u r e  3 ) .  
O t h e r w i s e ,  a  r e l a t i v e l y  g r a d u a l  i n c r e a s e  i n  c o p p e r  c o n t e n t  w i t h  
d e p t h  i s  i n d i c a t e d .  D e t a i l e d  s t u d i e s  showed t h a t  c o p p e r  was 
a s s o c i a t e d  w i t h  o r g a n i c  m a t t e r  i n  some L - H  h o r i z o n s ,  a n d  w i t h  
t h e  f r e e  i r o n  o x i d e s  i n  some B h o r i z o n s .  R e s u l t s  o f  t h e s e  d e -  
t a i l e d  s t u d i e s  a r e  d i s c u s s e d  more f u l l y  by P r e s a n t  ( i n  p r e s s ) .  

Lead a c c u m u l a t i o n s  seem t o  h a v e  o c c u r r e d  i n  t h e  L-H, 
B ,  and  C h o r i z o n s  ( F i g u r e  4 ) .  T h e s e  a c c u m u l a t i o n s  a r e  mos t  
marked  i n  t h e  L - H  h o r i z o n s  o f  " n o r m a l "  p r o f i l e s ,  w h e r e a s  a b o v e  
s u l p h i d e  d e p o s i t s ,  t h e  h i g h e s t  v a l u e s  a r e  i n  t h e  B and  C h o r i z o n s .  

D e t a i l e d  s t u d i e s  i n d i c a t e d  t h a t  l e a d  was d e f i n i t e l y  
bound w i t h  t h e  o r g a n i c  m a t t e r  f r a c t i o n  i n  t h e  L - H  h o r i z o n s .  In  
some h o r i z o n s  i t  was a s s o c i a t e d  w i t h  t h e  f r e e  i r o n  o x i d e s  o f  t h e  
B h o r i z o n s ;  i n  t h e  B h o r i z o n s  a b o v e  t h e  B r u n s w i c k  No. 6 d e p o s i t ,  
i t  was i d e n t i f i e d  i n  b e u d a n t i t e  ( P b F e 3  ( A s 0 4 )  (SO4) 
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Figure 5. Mean zinc distribution. 
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Figure 6. Mean iron distribution. 
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Figure 7. Mean manganese distribution. 
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Figure 8. Mean arsenic distribution. 
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Figure 9. Mean antimony distribution. 
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Figure 10. Mean si lver  distribution. 



C o n s i d e r a b l e  w a t e r - s o l u b l e  l e a d  was a l s o  p r e s e n t  i n  a l l  s o i l  
h o r i z o n s  o v e r  t h i s  d e p o s i t .  

The d i s t r i b u t i o n  p a t t e r n  o f  z i n c  i n  t h e s e  s o i l s  
r e s e m b l e s  t h a t  o f  c o p p e r ,  e x c e p t  t h a t  t h e r e  s e e m s  t o  be  a  g r e a t e r  
t e n d e n c y  f o r  z i n c  t o  a c c u m u l a t e  i n  t h e  L - H  h o r i z o n s  ( F i g u r e  5 ) .  
I n  t h e  d e t a i l e d  s t u d i e s ,  z i n c  was  r e a d i l y  l e a c h e d  f r o m  t h e  L - H  
h o r i z o n s  by d i l u t e  tlC1. I t  was a l s o  removed  i n  many o f  t h e  
o r g a n i c  m a t t e r  a n d  f r e e  . i r o n  f r a c t i o n s .  i t a t e r - s o l u b l e  z i n c  was  
d i s s o l v e d  f r o m  a l l  s o i l  h o r i z o n s  a b o v e  t h e  B r u n s w i c k  No. 6 d e -  
p o s i t .  Above t h i s  a n d  o t h e r  s u l p h i d e  d e p o s i t s ,  z i n c  was p r e s e n t  
i n  t h e  s i l t  and  s a n d  f r a c t i o n s  o f  t h e  l o w e r  h o r i z o n s ,  i n  s u l p h i d e  
f o r m .  

The d i s t r i b u t i o n  p a t t e r n  a n d  mean c o n t e n t s  o f  i r o n  
a r e  a l m o s t  i d e n t i c a l  i n  b o t h  g r a p h s  ( F i g u r e  6 ) .  The o n l y  d i f f e r -  
e n c e  i s  a  s l i g h t l y  h i g h e r  mean i r o n  c o n t e n t  i n  t h e  U h o r i z o n s  o f  
s o i l s  a b o v e  s u l p h i d e s .  The low mean i r o n  v a l u e  o f  t h e  A h o r i z o n s  
o f  t h e s e  s o i l s  may be  a n  i n d i c a t i o n  o f  t h e  amount  o f  l e a c h i n g  
t h a t  h a s  o c c u r r e d .  D e t a i l e d  s t u d i e s  i n d i c a t e d  t h a t  up  t o  1 . 5 %  
o f  t h e  t o t a l  i r o n  i n  t h e  B h o r i z o n s  was  p r e s e n t  i n  f r e e  i r o n  
o x i d e  f o r m .  Some o f  t h i s  f r e e  i r o n  may h a v e  o r i g i n a t e d  i n  t h e  A 
h o r i z o n s .  

Mean v a l u e s  f o r  m a n g a n e s e  a r e  r e l a t i v e l y  h i g h  i n  t h e  
L - H  h o r i z o n s  o f  a l l  p r o f i l e s ,  a n d  i n  t h e  Ae h o r i z o n s  o f  t h e  p r o -  
f i l e s  a b o v e  s u l p h i d e  d e p o s i t s  ( F i g u r e  7 ) .  Much o f  t h i s  m a n g a n e s e  
may b e  bound t o  o r g a n i c  m a t t e r  i n  c h e l a t e d  f o r m .  The  r e l a t i v e l y  
low mean m a n g a n e s e  v a l u e s  i n  t h e  B h o r i z o n s  a b o v e  s u l p h i d e  d e -  
p o s i t s ,  may r e f l e c t  t h e  h i g h  m o b i l i t y  o f  t h i s  e l e m e n t  u n d e r  more  
a c i d i c  c o n d i t i o n s .  

The mean a r s e n i c  d i s t r i b u t i o n  a b o v e  " n o r m a l "  r o c k s  
d i f f e r s  f r o m  t h a t  o v e r  s u l p h i d e  d e p o s i t s  i n  h a v i n g  r e l a t i v e l y  
l o w e r  A h o r i z o n  v a l u e s ,  a n d  c o n c e n t r a t i o n s  o f  a r s e n i c  i n  t h e  B1 
h o r i z o n s  ( F i g u r e  8 ) .  D e t a i l e d  s t u d i e s  i n d i c a t e d  t h a t  a r s e n i c  
was bound  t o  f r e e  i r o n  o x i d e s  o f  t h e  B h o r i z o n s  i n  a l l  p r o f i l e s ,  
a n d  o f  t h e  C h o r i z o n s  i n  p r o f i l e s  a b o v e  s u l p h i d e  d e p o s i t s .  X - r a y  
s t u d i e s  showed t h a t  a r s e n i c  was p r e s e n t  a s  t h e , s u l p h a t e - a r s e n a t e ;  
b e u d a n t i t e ,  i n  t h e  B h o r i z o n  a b o v e  t h e  B r u n s w i c k  No. 6 d e p o s i t .  

Mean a n t i m o n y  v a l u e s  a r e  s i m i l a r  i n  a l l  h o r i z o n s  o v e r  
" n o r m a l "  r o c k s  ( F i g u r e  9 ) .  Above s u l p h i d e s ,  t h e r e  i s  a  s h a r p  
jump i n  t h e  mean a n t i m o n y  c o n t e n t s  o f  t h e  l o w e r  h o r i z o n s .  D e t a i l e d  
s t u d i e s  i n d i c a t e d  t h a t  a n t i m o n y  was bound  t o  t h e  f r e e  i r o n  o x i d e s  
o f  t h e  U h o r i z o n s .  

S i l v e r  v a l u e s  a r e  h i g h  i n  L-H h o r i z o n s ,  e s p e c i a l l y  i n  
s o i l s  f r o m  n o n - m i n e r a l i z e d  a r e a s  ( F i g u r e  1 0 ) .  I t  i s  p r o b a b l y  
~ o u n d  c h i e f l y  t o  t h e  humus i n  c h e l a t e d  f o r m  i n  t h e s e  s u r f a c e  
h o r i z o n s .  The h i g h e r  mean c o n t e n t s  o f  s i l v e r  i n  t h e  l o w e r  h o r i z o n s  
o f  s o i l s  o v e r  s u l p h i d e  d e p o s i t s  r e f l e c t  t h e  c o n t r i b u t i o n  o f  t h i s  
e l e m e n t  by t h e  u n d e r l y i n g  b e d r o c k  s u l p h i d e s .  
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Figure 11. Mean tin distribution. 
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Figure 12. Mean cadmium distribution. 



C o n c e n t r a t i o n s  o f  t i n  o c c u r  i n  t h c  Ae h o r i z o n s  o f  a l l  
p r o f i l e s  ( F i g u r e  1 1 ) .  The  e l e m e n t  may o c c u r  h e r e  i n  r e s i s t a n t  
o x i d e  f o r m .  The r e l a t i v e l y  s h a r p  mean t i n  i n c r e a s e  i n  C h o r i z o n s  
a b o v c  s u l p h i d e s  i s  p r o b a b l y  d u e  t o  i t s  o c c u r r e n c e  i n  s u l p h i d e s  
a n d  o x i d e s .  

O n l y  3 s o i l  p r o f i l e s  showed m e a s u r a b l e  a m o u n t s  o f  
cadmium by t h e  s p e c t o g r a p h i c  a n a l y s i s  method  t h a t  was u s e d  
( F i g u r e  1 2 ) .  T h e s e  p r o f i l e s  w e r e  a l l  a b o v e  t h e  G i g a d o o  d e p o s i t .  

SUMMARY A N D  CONCLUSIONS 

T r a c e  e l e m e n t  c o n t e n t s  a r e  u p  t o  1 0 0  t i m e s  h i g h e r  i n  
s o i l s  a b o v e  s u l p h i d e  d e p o s i t s  t h a n  i n  s o i l s  a b o v e  n o n - m i n e r a l i z e d  
r o c k s .  A r s e n i c ,  c o p p e r  a n d  z i n c  a r e  t h e  e l e m e n t s  m o s t  e n r i c h e d  
a b o v e  s u l p h i d e s ;  i r o n  a n d  m a n g a n e s e  show t h e  l e a s t  e n r i c h m e n t .  

M a j o r  c o n c e n t r a t i o n s  o f  l e a d  and  s i l v e r  o c c u r  i n  t h e  
L - H  h o r i z o n s  o f  mos t  p r o f i l e s ;  m i n o r  c o n c e n t r a t i o n s  o f  m a n g a n e s e ,  
z i n c  a n d  c o p p e r  a r e  p r e s e n t  i n  many L-H h o r i z o n s .  L e a d ,  z i n c  a n d  
c o p p e r  a r e  bound t o  t h e  o r g a n i c  m a t t e r  f r a c t i o n s  i n  a l l  h o r i z o n s ,  
p r o b a b l y  a s  c h e l a t e  c o m p l e x e s .  

i l i g h c r  t i n  c o n t e n t  o c c u r s  i n  t h e  Ae h o r i z o n s  a n d  may 
be  d u e  t o  i t s  c o n c e n t r a t i o n  i n  r c s i s t a n t  o x i d e  f o r m .  The  l o w e s t  
p r o f i l e  v a l u e s  f o r  mos t  e l e m c n t s  a r e  i n  t h c  Ac h o r i z o n s ,  w h e r e  
a c i d ,  l e a c h i n g  c o n d i t i o n s  h a v e  p r e s u m a b l y  c a u s e d  m i n c r a l  b r e a k -  
down a n d  l e a c h i n g  o f  e l e m e n t s .  

T r a c e  c l e m e n t  c o n t c n t s  o f  C h o r i z o n s  a b o v e  s u l p h i d e  
d e p o s i t s  a r e  u s u a l l y  i n t e r m e d i a t e  b c t v e c n  t h o s e  o f  t h e  A a n d  L 
h o r i z o n s .  A n t i m o n y ,  i r o n  and  l n a n g a n c s c  a r e  e x c e p t i o n s  t o  t h i s  
t r e n d .  Ant imony a n d  i r o n  c o n t c n t s  a r e  h i g h e s t ,  and  m a n g a n c s e  
c o n t e n t s  l o w e s t ,  i n  t h e  h o r i z o n s  a b o v c  s u l p h i d e s .  

In  b l  h o r i z o n s  ; ~ b o v c  " n o r m a l "  r o c k s ,  a r s e n i c ,  i r o n ,  
a n t i m o n y  and  l c a d  a r c  c n r i c h c d .  l ~ c t n i l e d  s t u d i e s  i n d i c a t e d  t h a t  
t h c s c  e l e m e n t s ,  a s  w c l l  a s  c o p p e r  nnu z i n c ,  w e r c  bound  t o  t h c  
f r e e  i r o n  o x i d e s  i n  p r o f i l e s  a h o v c  iroth s u l p h i d e  d c p o s i t s  a n d  
" l lo rmal"  r o c k s .  

In C h o r i z o n s  o v e r  s u l p h i d e  l i c p o s i t s ,  a l l  t h e  e l e m e n t s  
s t u d i e d  a t t a i n  n~aximum v a l : ~ c s  e x c c p t  f o r  i r o n  a n d  a n t i m o n y .  'Th is  
i s  b c c a u s c  t h e  s o i l  l n a t c r i n l s  o f  t h e  i: h o r i z o n s  c o l l t n i n  m i n e r a l  
f r a g m e n t s  and  i o n s  d c r i v c d  f r o m  t h e  underlying s u l p h i d c  b o d i e s .  

In t h c  s o i l s  o v e r  n o n - m i n c r n l i z c d  r o c l . ,  o n l y  z i n c ,  
c o p p c r  and  ~t lclnganesc a t t a i n  p c a k  p r o f i l e  v n l i ~ c s  i n  t h c  C h o r i z o n s .  
T h i s  i s  p r o b a b l y  b c c a u s e  n o n e  o f  t h c s c  c l c n c n t s  i s  l l a r k c d l y  
a s s o c i a t e d  w i t 1 1  t h e  humus o r  f r c c  i r o n  o x i d e  f r a c t i o n s ,  h c n c e  
t h e y  a r e  more 1no1,ile a n d  morc e a s i l y  leacl let1 f r o m  t l i c  ?i a n d  ii 
h o r i z o n s  w h e r e  a c t i v e  weathering i s  k r e n t c s t .  
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GEOCHEMICAL DISPERSION PATTERNS IN SOILS 

at 

MOUNT PLEASANT MINES, CHARLOTTE COUNTY, NEW BRUNSWICK 

J.E. Riddell* 

INTRODUCTION 

This paper has been prepared from data collected over 
a period of 12 years, by several sampling and analytical groups. 
The basic data reflects slight differences in analytical pro- 
cedure and also differences in sampling techniques. This factor 
renders it difficult to make fine interpretations of the distri- 
bution of metals in soils. Another complication lies in the 
widespread distribution of metallization in the bedrock which has 
resulted from the permeation of the mountain mass by mineralizing 
agents moving along multiple fracture and joint systems in suc- 
cessive waves of mineralizing activity. These repeated mineral- 
ization~ have produced zonal and interlocking patterns in the 
country rock both in the development of alteration and in the 
distribution of the metals. 

Compounding the problem of interpretation is the geo- 
morphic history of the area which has resulted in the development 
of alluvial and colluvial soils from glacially disturbed soils 
which had previously been subject to the normal processes of mass 
wasting in pre-glacial time. Although the valley floor at Hatch 
Brook is covered to depths of up to 50 feet by glacial till con- 
taining large erratics of Devonian granite and Carboniferous con- 
glomerates that have been transported from terranes which lie to 
the northwest of the area, the upper slopes of the mountain have 
only a thin. very uniform soil cover, which appears to be largely 
residual in character although an occasional erratic is found. 

Mount Pleasant is a ridge trending magnetic north, 
which rises to 1175' above sea level. The local relief above the 
valley of Hatch Brook is between 600' and 850'. The west flank 
of the mountain is steep, with an abrupt decrease in slope where 
it merges into the valley bottom of Hatch Brook. 

The western flank of the mountain has a well de- 
veloped dendritic micro-drainage pattern which has formed with 
its main elements down the 'fall-line' of the mountain slope. 
The drainage pattern of the northern and eastern flanks is 
assymetrical with the main elements of the drainage being skew 
to the general slope. This skewness has apparently developed 
because of pre-existing bedrock controlling structures, etched 
out by pre-glacial streams, which have survived the masking 
effects of glaciation. 

* Consulting Geologist, 30 Driveway, Ottawa, Ontario. 



The streams entering Hatch Brook on tlie west side of 
Mount Pleasant show the characteristics of barbed tributaries. 
This suggests that immediately following glaciation, during the 
period of marine submergence of the Macdougall Lake area which 
lies about five miles southeast of the mountain, Hatch Brook 
flowed towards the southeast. With the re-elevation of the 
coastal areas of New Brunswick the flow in Hatch Brook first 
ceased and then reversed to flow northwest to the Piskehegan, 
which was the direction of pre-glacial drainage. 

Because of this reversal of drainage, the trend of 
the lower parts of the tributaries to Hatch Brook and their re- 
lated metal dispersion trains sweep towards the south rather than 
northward in the present direction of flow of the main creek. 

B E D R O C K  G E O L O G Y  

Mount Pleasant is underlain by altered volcanics and 
acidic intrusives of mid-Carboniferous age. Hatch Brook Valley 
is underlain by strongly folded greywackes and carbonaceous 
pelites which were regionally metamorphosed in Early Paleozoic 
time. The valley east of Mount Pleasant is underlain by red 
feldspar-quartz porphyritic rhyolites and pyroclastics. The main 
structural trends of faults and fracture zones are northwesterly 
and northeasterly. The volcanic formations of the mountain have 
a complex structure and have been strongly fractured and intense- 
ly metasomatized by the processes of silicification, chloritiza- 
tion, fluoritization and epidotitization. Locally topaz greisen 
is developed. 

Tin mineralization is widespread and usually, although 
not invariably, associated with zinc and other base metals. 
Arsenic is a common associated metal. Molybdenum and tungsten 
accompany the tin mineralization but are most strongly concen- 
trated in zones where tin values are low. 

SAMPLING 

The area surveyed is approximately two square miles 
in extent. B horizon soils were collected at intervals of 100 
feet on east-west lines spaced 400 feet apart. In the central 
section of the area additional samples were collected at 100 foot 
intervals along north-south lines spaced 400 feet apart. 

A total of over 2,500 samples has been collected and 
most of these have been analyzed for tin, molybdenum, copper, lead 
and zinc. Tungsten values were not determined. Standard methods 
of semi-quantitative colorimetric analyses were used throughout. 
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Figure 1. Distribution of tin in soil, Mount Pleasant Mines Ltd., 
Charlotte County, N. B. 



INTERPRETATION OF THE SOIL SURVEY DATA 

As an introductory comment I would like to point out 
that the soils over the major part of the area covered by the 
survey must be considered as containing anomalous amounts of 
metal when compared with the known regional backgrounds in south- 
western New Brunswick. Because of this I have arbitrarily se- 
lected fairly high values of metal in the soils to define the 
areas which must be given primary consideration when using the 
metal patterns from an exploration view-point. I shall deal with 
the five metals individually for they each show distinctive pat- 
terns in which different controlling factors have been dominant. 

TIN (Figure 1) 

Soils containing anomalous amounts of tin (i.e more 
than 250 ppm) are distributed along the full length of the crest 
of the mountain with two areas of major concentration, one in the 
North area where the present underground workings have been opened 
and one in the Fire Tower area where stripping and limited drill- 
ing have defined strong tin bearing structures. Between these 
two areas are local zones of tin concentration which are elongated 
in the direction of glaciation, i.e. from northwest to southeast. 

On the western flank of the mountain the tin anomalies 
are elongated at right angles to the contours and field examina- 
tion of these areas shows that most of them are coincident with 
intermittent drainage channels or low ground which could have 
been occupied by drainageways in former times. Despite this 
coincidence of tin highs and drainages the major tributary streams 
to Hatch Brook (shown in Figure l), do not contain the major 
anomalies although the streams head in close proximity to known 
tin lodes. 

On the east flank of the mountain, and also on the 
south flank, most of the elongate tin anomalies lie parallel to 
the direction of glacial movement and to the direction of the 
drainage channels. These channels angle across the contours and 
appear to be controlled by strong structural trends in the bed- 
rock although glaciation may have played some part in developing 
the present pattern. 

In the northwestern quadrant of the map there is a 
west-northwesterly striking anomaly which at the southeast end is 
controlled by topography and drainage channels but at the north- 
west end, which lies on the crest of a small hill with shallow 
overburden, is certainly not related to drainage. The geology of 
this northwestern area is favourable for tin mineralization but 
no prospecting has been carried out up to the present time and 
therefore the source of tin has not been located. 



Interpretation 

In interpreting distribution of tin in soils, the 
most important consideration has been that 95% of the tin at 
Mount Pleasant is in the form of cassiterite, almost all of which 
lies in a size range of -72 mesh to +ZOO mesh. Cassiterite is 
a resistate mineral and therefore cassiterite dispersion has been 
controlled by physical factors. The geochemical test used for 
analysis does not distinguish between total tin and cold extract- 
able tin hence any tin which has dispersed in solution from the 
breakdown of stannite or other complex tin sulphides was not 
identified. 

In pre-glacial time residual soils were developed 
over the area, and eluvial placers formed over the outcrops of 
tin mineralization. Downslope movement from the eluvial concen- 
trations resulted in the formation of colluvial placers on slopes 
and alluvial deposits in drainage channels. From the main zones 
of tin mineralization in the North area and the Fire Tower area, 
the main dispersion was to the northwest. 

Uurinq glaciation, ice movement was from northwest 
to southeast and this resulted in movement of the pre-glacial 
dispersed tin concentrations back towards the bedrock source. 
The result of pre-glacial and glacial migration of tin was to 
form the present pattern of tin anomalies along the crest of the 
Mountain with the main concentrations very close to original 
source of bedrock mineralization. These anomalies are still 
strong and coherent partly because of the absence of any large 
amount of admixed till in the soils although far-travelled er- 
r a t i c ~  are present at the highest elevations. 

In post-glacial time bedrock weathering has been 
slight, with the exception that ice-wedging and frost-heaving 
have contributed large amounts of angular float to the thin soils 
of the upper slopes. During this period a well-developed micro- 
drainage pattern has formed and tin has dispersed down-slope and 
down drainage to form the flanking anomalies. 

In a number of areas containing tin lodes the soils 
contain less than 250 ppm tin. This is probably due to the faet 
that these intersections are on single tin bearing structures, 
whereas the main lodes of the North area and Fire Tower area are 
in strongly fractured zones in porphyries and pyroclastics which 
contain widespread tin mineralization. Therefore, the pre-glacial 
placers developed in the North and Fire Tower areas were larger 
and stronger than those developed on isolated structures. 

ZINC (Fi~ure 2) 

I have shown the distribution of zinc in soils using 
a value of 500 ppm as the lower limit of locally anomalous values. 
Zinc is closely associated with much of the bedrock tin mineral- 
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Figure 2. Distribution of zinc in soil, Mount Pleasant Mines Ltd., 
Charlotte County, N. B. 



ization and is the most abundant heavy metal present in the 
mineralized zones apart from iron and arsenic. 

In the exogenic geochemical cycle, zinc is chemically 
mobile. This is in strong contrast to tin and lead which show a 
marked lack of chemical mobility under conditions of weathering 
in the temperate zones. 

The pattern of zinc distribution in soils in Figure 
2 illustrates this mobility clearly. The soils along the crest 
of the mountain are generally low in zinc, and in the vicinity 
of the Fire Tower zinc is virtually absent, despite the widespread 
distribution of zinc in rock in the vicinity of the Fire Tower 
proper, where drill holes have cut zinc-rich zones averaging 
several per cent over hundreds of feet. Indium and cadmium ac- 
company the zinc in the iron-rich sphalerite. 

On both blanks of the mountain there are large areas 
of zinc-rich soils which show not only the effects of Zn disper- 
sion by surficial drainage but also by underground waters emerging 
from springs and seeps at the base of the western slope along the 
main contact of Carboniferous volcanics of the mountain with the 
Ordovician meta-sediments which lie to the west. A similar 
pattern is evident along the northeast side of the mountain al- 
though the bedrock structure controlling the spring line has not 
been identified. 

The general distribution of zinc in soil along the 
flanks of the mountain suggests that there is somewhat more zinc 
weathering from the bedrock of the North area than there is in 
the Fire Tower area. This is also suggested by the rather weak 
zinc dispersion pattern developed on the south slope of the moun- 
tain. 

Interpretation 

My interpretation of the zinc pattern is that it has 
developed in and on glacial soils during post-glacial time. There 
is little evidence of a pre-glacial or glacial dispersion pattern. 
Practically the sole control of the present zinc distribution in 
superficial materials is the movement of underground and surface 
waters. Because Mount Pleasant is a topographic high with 
strongly and deeply fractured bedrock, most of the drainage from 
the upper slopes of the mountain is underground apart from periods 
of spring run-off and heavy rain, therefore the strongest zinc 
anomalies are related to'springs and seeps. 

COPPER (Figure 3) 

The distribution of copper values in the soils 
strongly suggests that the main source of copper in bedrock lies 
in the southern half of the mountain mass. In order to accentuate 
this distribution I have shown the 200 ppm isopleth as the lower 
limit of anomalous copper. 
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Figure 3. Distribution of copper in soil, Mount Pleasant Mines Ltd., 
Charlotte County, N. B. 



Here again as in the case of zinc, there is a strong 
control of the copper distribution by the present surface and 
underground drainage pattern. The main area of concentration of 
copper values lies along the spring line on the southwest flank 
of the mountain. There is a strong continuation of this anomalous 
area in the up-slope direction. This up-slope prolongation is 
not so clearly shown by zinc. 

The copper distribution in the soils of the North 
area appears to be partly controlled by drainage, but along the 
crest of the mountain the soil values reflect the presence of 
nearby bedrock mineralization. 

However, in the area north of the Fire Tower, where 
copper mineralization grades are three to four times as high as 
in the North area, there is no corresponding geochemical high 
although drainage anomalies point directly to this bedrock 
source. 

Copper values in bedrock in the North area appear to 
be closely related to the higher grade portions of the tin-rich 
zones. For the most part copper values are in the order of a to 

per cent. In one ore shoot however, copper values are better 
than 3 per cent. 

Interpretation 

My interpretation of the copper pattern is that the 
gross control of copper in soils is the distribution of copper 
in bedrock but that in detail the control is largely one of 
recent drainage dispersion from the mineralized areas. There is 
a possibility that the effect of glaciation is a factor but this 
point is not established. More information will be available on 
the effect of glaciation when the area immediately southwest of 
the Fire Tower is prospected for the source of the large amount 
of soil copper on the southwestern slope and along the lower 
spring line. 

MOLYBDENUM (Figure 4) 

The distribution of molybdenum in the soils forms an 
interesting pattern. For the purpose of this paper I have se- 
lected the 20 pprn molybdenum isopleth as the lower limit of the 
anomalous areas. Most of the background soils in the area of the 
survey run from 5 pprn to 15 ppm, and the data available on region- 
al sampling suggests a regional background of between 0 - 10 ppm. 
Within the anomalous areas most of the values are in the order of 
50 - 150 ppm, the highest values, with one exception, being 400 
ppm. The one exception is a seep sample in the North Area of 
3000 ppm. 

It is obvious from Figure 4 that the main source of 
molybdenum lies near the crest of the mountain from a line about 
1000 feet south of the Fire Tower to a line about 3000 feet north 
of the Fire Tower. The molybdenum anomalies are distrihuted in 
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ring patterns about the highest ground with lateral distributary 
patterns from the flanks in the direction of the present drain- 
age and towards the southeast in the down-glaciation direction. 

In so far as the drainage anomalies are concerned, 
several of these show an interrupted pattern with high values 
near the upper section of the channel and in the low ground, but 
with lower values in the central section. 

The strong concentration of zinc and copper along the 
spring line of the western side of the mountain is not present 
in the molybdenum pattern. Yet the source of the molybdenum is 
in the same general area as the copper and zinc, and it is cer- 
tainly dispersed in most of the surface drainage channels: 

In the Fire Tower area the central portion of the 
anomalous soil pattern is coincident with an extensive zone of 
silicification and fluoritization. Drilling in this area has 
yielded long intersections of low-grade molybdenite-wolframite- 
cassiterite-sphalerite mineralization in which the relative con- 
centrations of these minerals show zoning with respect to each 
other and also with respect to the bedrock alteration pattern and 
structures. The strongest molybdenite concentrations are asso- 
ciated with the zones of silicification where they are most in- 
tensely fractured. The main tin values are in transgressive, 
northerly trending, fracture zones with the best tin and base 
metal values lying outside the area of strongest silicification. 
The wolframite-cassiterite ratio varies laterally and to depth 
with more wolframite in the peripheral area, at least on the 
southwest and southeast sides. 

The general distribution of the silicified zone, 
shown in Fig. 4 as the stippled area, has been established by 
surface stripping, trenching, and drilling. Towards the west 
there is a large lobe of silicification, extending down the west- 
ern side of the mountain, which is fairly well defined by 
scattered outcrops. Northeastward from the edge of the stippled 
area, where there is apparently a large source of molybdenum, 
outcrop is sparse but there are scattered showings of both silici- 
fied and chloritized bedrock. 

Observations of bedrock in the exposed parts of the 
silicified zone show that the molybdenite is weathering with the 
formation of molybdic ochre. This ochre however does not appear 
to be widely distributed in the chloritic rocks which lie adjacent 
to, and down-hill from, the silicified zones. 

Interpretation 

For any full interpretation of the molybdenum pattern 
in soils more information about the distribution of molybdenum in 
bedrock is required. However, one can recognize certain obvious 
elements such as the strong down-glaciation pattern developed 
south of the Fire Tower, the very definite correlation of molyb- 
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denum in the soils of the upper part of the mountain with strong 
zones of alteration and bedrock molybdenite mineralization, and 
the peculiar encirclement of the higher portions of the terrain 
by molybdenum soil anomalies. Another important point is the 
absence of strong molybdenum concentrations along the spring 
line. 

Taking these factors into consideration and with due 
regard for the patterns of the other metals in the soils I now 
consider that the molybdenum pattern developed as follows: 

During pre-glacial weathering a strong dispersion 
pattern developed as a dispersion halo, on and below the outcrops 
of mineralization. The soils from this aureole were dispersed in 
the down-drainage direction but without any reconcentration as 
was the case with the heavy resistate tin mineral. During glaci- 
ation these residual and derived soils were smeared out in the 
down-glaciation direction towards the southeast. 

In post-glacial time active weathering of the molyb- 
denite has taken place with the formation of new dispersion 
aureoles in the near vicinity of the mineralized outcrops. How- 
ever. very little molybdenum is moving down drainage in chemical 
solution at the present time, almost all movement taking place in 
the form of physical suspensions of fine particles. This move- 
ment only occurs during periods of active surface flow, with the 
probability that the bulk of this finely divided material is 
carried down over the steeper slopes to be deposited on the flood 
plains of the lower reaches of the creeks as the velocity of the 
waters decreases. This interpretation would explain the absence 
of molybdenum concentrations at the spring line and the inter- 
rupted pattern evident in some of the creeks. 

There are other explanations such as changed eH-pH 
conditions which may equally well explain this type of distri- 
bution. 

LEAD (Figure 5) 

The dispersion pattern of lead, as defined by the 100 
ppm lead isopleth, shows a dominant north-northwesterly trend 
that aligns closely with the trend of late-stage shatter zones 
in the bedrock. On the north and east slopes of the mountain 
these zones are in topographic lows which may or may not contain 
surficial drainage channels. The most southwesterly of these 
zones passes through a saddle in the north trending crestal ridge 
north of the Fire Tower. South of the Fire Tower the lead pattern 
coincides closely with the molybdenum pattern showing the charac- 
teristic strong anomaly at the southern limit of the surveyed 
area. 



On the west flank of the mountain strong lead 
anomalies extend down slope along drainage channels. However 
these anomalies tend to die out where the streams enter the 
valley bottom. There is no spring line anomaly along the south- 
west flank such as is present in the case of zinc and copper. 
On the northeast slope there is an elongate anomaly in the near 
vicinity of the assumed zinc spring line anomaly but not coinci- 
dent with it, nor parallel with it. The lead anomaly closely 
parallels a topographic low. 

The central lead anomaly parallels the North adit and 
has an overall length of better than 8000' with widths of up to 
750'. Almost all the underground workings lie within this zone 
and ore reserve calculations indicate that the various shoots 
grade about 0.14% - 0.20% lead. There is much finely dissemi- 
nated galena along the length of the adit. 

In the Fire Tower area the tin bearing ore shoots of 
the No. 7 lode system grade about 0.7% lead with local concen- 
trations of 10% or more. These lodes lie within the limits of 
a very broad anomaly centred northeast of the Fire Tower. 

Most of the exploration drilling shows broad zones 
of disseminated lead values however these are only one tenth as 
high as the values in zinc. 

Interpretation 

The lead distribution in the soils reflects mineral- 
ized structures lying more or less parallel to the direction of 
the glaciation. These structures have controlled the orientation 
of topographic lows and some of the drainage channels both sur- 
face and underground. During glaciation lead-rich residual and 
alluvial soils were moved in the down glaciation direction but 
this movement is difficult to define because of the parallelism 
of structure and ice-movement. 

In post-glacial time galena has continued to weather 
and lead dispersion is acitvely taking place from the bedrock 
centres of mineralization into the overlying soils. Lead migra- 
tion from these areas appea.rs to be controlled primarily by the 
physical movement of contaminated particles down slope and down 
drainage. The absence of lead from the spring-line area of the 
sourh-western flank suggests that lead has limited chemical 
mobility under the existing weathering regime. 

CONCLUSION 

In conclusion I suggest that the data presented in 
this paper point up the necessity of evaluating the geomorphic 
and geological history of an area before attempting a unique 
interpretation of the relationship of soil anomalies to bedrock 
mineralization. Of particular importance in glaciated areas of 



moderate topographic relief is the matter of distinguishing 
between pre-glacial, glacial and post-glacial dispersion both 
chemical and physical. Working with this particular type of 
mineralization, where the concentrations of various economic 
metals in bedrock are not coincident, in an area where both 
physical dispersion and chemical dispersion are active, leads me 
to believe that it is essential, after outlining the general 
areas of interest by routine soil and drainage surveys, to 
follow and outline geochemical patterns in the field with micro- 
drainage maps in one hand and appropriate soil sampling and test 
kit in the other. It is not possible to produce satisfactory 
interpretations in the office without detailed reference to 
local field conditions. 



Figure 1. 
A bird's-eye view looking southwest- 
erly across the prospect area. The 
small canyon hidden in the shadow is 
Big Pine Creek, a tributary to the 
South Fork of the Payette River which 
flows westerly through the main 
canyon. The prospect area i s  elong- 
ate northeasterly and is cut by both 
drainages but i s  centred on the sharp 
ridge between them. 

Figure 2. A photo taken from the south side of the river looking northeasterly along 
the axis of the dike swarm. It shows the characteristics of the slopes and 
an indication of the attitude of the dikes, 



GEOCHEMICAL CASE HISTORY AT THE LITTLE FALLS MOLYRDENITE 
PROSPECT, BOISE COUNTY, IDAHO 

O . H .  R o s t a d f  

The  L i t t l e  F a l l s  m o l b d e n i t e  p r o s p e c t  i s  a l o n g  t h e  
S o u t h  F o r k  o f  t h e  P a y e t t e  R i v e r  a b o u t  4 0  a i r l i n e  m i l e s  n o r t h e a s t  
o f  B o i s e .  I d a h o .  The  n e a r e s t  l o c a l i t y  t h a t  i s  shown on mos t  maps 
i s  Lowman, 1 1  m i l e s  t o  t h e  e a s t .  

A l t i t u d e  a t  t h e  p r o s p e c t  r a n g e s  f r o m  3 4 0 0  f t .  t o  
4 2 0 0  f t .  a b o v e  s e a  l e v e l .  S l o p e s  a r e  s t e e p  w i t h  many o v e r  3 5  . 
The  s o u t h - f a c i n g  s l o p e s  a r e  n a t u r a l l y  d r y  a n d  m o s t  m a r k e d l y  s o  
w h e r e  s t e e p  s l o p e s  a t  l o w e r  a l t i t u d e s  a r e  u n d e r l a i n  by  b a t h o l i t h i c  
r o c k s .  S o i l  i s  t h i n  a n d  h a s  a  p o o r l y  d e v e l o p e d  p r o f i l e .  V e g e t a -  
t i o n  i s  l i m i t e d  t o  g r a s s ,  s a g e b r u s h  a n d  a  f e w - s c a t t e r e d  p i n e  
t r e e s  . 

The  m i n e r a l i z a t i o n  i s  c o n t a i n e d  i n  a  swarm of T e r t i a r y  
d i k e s  w h i c h  t r e n d s  a b o u t  N30E. T h e s e  d y k e s  r a n g e  i n  c o m p o s i t i o n  
f r o m  o l i v i n e  d i a b a s e  t o  r h  o l i t e .  T h e y  c u t  t h e  I d a h o  b a t h o l i t h  
a n d  g e n e r a l l y  d i p  a b o u t  70' t o  t h e  s o u t h e a s t .  No s e d i m e n t a r y  
o r  m e t a m o r p h i c  r o c k s  a r e  p r e s e n t .  About  t w o  m i l e s  t o  t h e  s o u t h -  
w e s t ,  t h e  d i k e  swarm e n t e r s  t h e  B o i s e  B a s i n ,  a n  a r e a  n o t e d  f o r  
i t s  p r o d u c t i o n  o f  g o l d  f r o m  p l a c e r s  i n  t h e  1 8 0 0 s .  

T h e  p r o s p e c t  a r e a  i s  w i t h i n  a  p y r i t i z e d  z o n e  a b o u t  
3 . 0 0 0  f t .  t o  4 , 0 0 0  f t .  w i d e  b y  2 2 , 0 0 0  f t .  l o n g .  The m o s t  i n t e n s e  
p y r i t i z a t i o n  i s  c o n f i n e d  t o  a  z o n e  a b o u t  2 , 0 0 0  f t .  w i d e  by 1 0 , 0 0 0  
f t .  l o n g .  O x i d a t i o n  o f  t h e  p y r i t e  h a s  p r o d u c e d  s u f f i c i e n t  i r o n  
o x i d e s  t o  g i v e  t h e  a r e a  a  n o t i c e a b l e  c o l o r  a n o m a l y .  M o l y b d e n i t e  
h a s  b e e n  n o t e d  o v e r  a n  a r e a  1 , 0 0 0  f t .  w i d e  by  3 , 0 0 0  f t .  l o n g  w i t h -  
i n  t h e  m o s t  h i g h l y  p y r i t i z e d  z o n e .  

M o l y b d e n i t e  m i n e r a l i z a t i o n  i s  p r e s e n t  i n  q u a r t z  mon- 
z o n i t e  o f  t h e  I d a h o  b a t h o l i t h ,  e a r l y  l a m p r o p h y r e  d i k e s  a n d  t w o  
t y p e s  o f  r h y o l i t e  d i k e s  b u t  it p r e f e r e n t i a l l y  o c c u r s  i n  h a i r - l i n e  
f r a c t u r e s  i n  f i n e - g r a i n e d  r h y o l i t e  d i k e s  o f  p o r c e l a n e o u s  a p p e a r -  
a n c e .  Some m o l y b d e n i t e  i s  a s s o c i a t e d  w i t h  n a r r o w  v e i n l e t s  o f  
q u a r t z .  h a i r - l i n e  t o  1 / 4  i n .  w i d e .  M i n o r  f l u o r i t e  a n d  t r a c e s  o f  
c h a l c o p y r i t e  a l s o  o c c u r .  

The  p r o s p e c t  was  d i s c o v e r e d  i n  1 9 6 1  by Congdon a n d  
C a r e y ,  a  D e n v e r - b a s e d  s y n d i c a t e  w h i c h  s p e c i a l i z e s  i n  e x p l o r a t i o n  
f o r  m i n e r a l s .  A f t e r  Congdon a n d  C a r e y  s e c u r e d  t h e i r  l a n d  p o s i -  
t i o n  by  s t a k i n g ,  a n d  p r i o r  t o  t h e i r  d r i l l i n g .  A m e r i c a n  M e t a l  
C l i m a x  r a n  a  g e o c h e m i c a l  s o i l  s u r v e y  o v e r  t h e  a n o m a l o u s  z o n e ,  
s a m p l e d  t h e  r o a d  c u t s  a n d  t o o k  s t r e a m  s e d i m e n t  a n d  w a t e r  s a m p l e s  
f r o m  t h e  d r a i n a g e s .  

A m e r i c a n  M e t a l  C l i m a x ,  I n c . ,  1 4 8 5  Sherman S t . ,  D e n v e r  3 ,  
C o l o r a d o  8 0 2 0 3 ,  U.S.A. 
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Figure 3. Little Falls molybdenite prospect, Boise County, Idaho. 



S o i l  s a m p l e s  w e r e  t a k e n  a t  1 0 0 - f t  s l o p e  d i s t a n c e s  
a l o n g  c r o s s  l i n e s  s p a c e d  200 f t .  a p a r t .  T h e  s a m p l e s  w e r e  c o l -  
l e c t e d  f r o m  t h e  B h o r i z o n  a t  a  d e p t h  o f  6  t o  1 2  i n .  a n d  s i e v e d  
t h r o u g h  a  35-mesh  s c r e e n .  The - 3 5  mesh f r a c t i o n s  w e r e  a n a l y z e d  
f o r  molybdenum a n d  c o p p e r  by t h i o c y a n a t e  a n d  b i q u i n o l i n e  c o l o r i -  
m e t r i c  m e t h o d s  r e s p e c t i v e l y ,  u s i n g  f u s i o n  e x t r a c t i o n s .  Some o f  
t h e  p l u s  3 5  mesh f r a c t i o n s  f r o m  t h e  s o i l  s a m p l e s  a n d  a l l  o f  t h e  
s u r f a c e  r o c k  s a m p l e s  w e r e  a l s o  r u n  by  t h e  same m e t h o d .  

F i g u r e  3  shows  t h e  molybdenum s o i l  a n o m a l y .  S o i l  
s a m p l e s  f r o m  t h e  l i g h t  s h a d e d  a r e a  c o n t a i n  1 6 0  t o  3 2 0  p a r t s  p e r  
m i l l i o n  m o l y b e d e n u m ,  w h e r e a s  s a m p l e s  f r o m  t h e  d a r k  s h a d e d  a r e a  
c o n t a i n  o v e r  3 2 0  ppm molybdenum.  I n d i v i d u a l  s a m p l e s  i n  t h e  c e n -  
t r a l  a r e a  r a n  a s  h i g h  a s  1 4 0 0  ppm molybdenum.  B a c k g r o u n d  f o r  
s o i l  s a m p l e s  i n  t h e  p r o s p e c t  a r e a  i s  20  p a r t s  p e r  m i l l i o n  f o r  
b o t h  molybdenum a n d  c o p p e r .  R e g i o n a l  b a c k g r o u n d  f o r  molybdenum 
i s  much l o w e r .  The pH o f  t h e  s o i l  i s  b e t w e e n  5 . 1  a n d  7 . 5  a n d  
a v e r a g e s  6 . 6 .  

S o i l  s a m p l e s  i n  t h e  c e n t r a l  a r e a  c o n t a i n  on a n  a v e r -  
a g e  a b o u t  2 . 5  t i m e s  a s  much molybdenum a s  i s  p r e s e n t  i n  t h e  
i m m e d i a t e l y  u n d e r l y i n g  b e d r o c k .  Drill  c o r e  f r o m  t h e  s u l f i d e  
z o n e  i n  h o l e s  4 a n d  5 ,  w h i c h  u n d e r c u t  t h e  h i g h e s t  p a r t s  o f  t h e  
s o i l  a n o m a l y ,  c o n t a i n  o n l y  a b o u t  h a l f  a s  much molybdenum a s  t h e  
s u r f a c e  b e d r o c k  s a m p l e s .  

One o f  t h e  r e a s o n s  f o r  t h e  g r e a t e r  molybdenum c o n t e n t  
o f  t h e  s o i l  s a m p l e s  i s  t h a t  d e t e r m i n a t i o n s  w e r e  made on t h e  - 3 5  
mesh f r a c t i o n  a n d  n o t  on  t h e  w h o l e  s o i l  s a m p l e s .  The  +35 mesh 
f r a c t i o n s  f r o m  s l i g h t l y  more  t h a n  1 0 %  o f  t h e  s o i l  s a m p l e s  w e r e  
a n a l y z e d  f o r  c o m p a r i s o n .  I t  was f o u n d  t h a t  t h e  - 3 5  mesh f r a c t i o n s  
c o n t a i n  on a n  a v e r a g e  2 . 8  t i m e s  a s  much molybdenum a s  t h e  c o r r e s -  
p o n d i n g  +35 mesh f r a c t i o n s .  The m o l y b d e n i t e  p r e f e r e n t i a l l y  
o c c u r s  i n  h a i r - l i n e  f r a c t u r e s ;  t h u s ,  a s  t h e  r o c k  b r e a k s  a p a r t ,  
molybdenum m i n e r a l s  a r e  e a s i l y  l i b e r a t e d  t o  t h e  f i n e  f r a c t i o n s  
o f  t h e  s o i l .  

A n o t h e r  r e a s o n  f o r  t h e  h i g h e r  molybdenum c o n t e n t  i n  
s o i l  v e r s u s  r o c k  may b e  t i e d  i n  w i t h  t h e  c h a r a c t e r  o f  i r o n  
o x i d e s  p r e s e n t ;  h o w e v e r ,  AMAX h a s  n o t  i n v e s t i g a t e d  t h i s  a s p e c t .  

S t r e a m  s e d i m e n t  a n d  w a t e r  s a m p l e s  h a v e  b e e n  t a k e n  
r e p e a t e d l y  f r o m  t h r e e  s t a t i o n s  i n  B i g  P i n e  C r e e k  and  t w o  s t a t i o n s  
i n  t h e  S o u t h  F o r k  o f  t h e  P a y e t t e .  The pli o f  t h e  w a t e r  r a n g e s  
f r o m  6 . 7  t o  8 . 1  a n d  a v e r a g e s  7 . 4 .  Most o f  t h e s e  s a m p l e s  f a i l e d  
t o  show a n y  molybdenum v a l u e s .  I n  1 9 6 5  a  s e r i e s  o f  s a m p l e s  was 
t a k e n  f r o m  l a t e  s p r i n g  t o  f a l l  t o  o b t a i n  i n f o r m a t i o n  on s e a s o n a l  
v a r i a t i o n s .  F o u r  s e t s  o f  w a t e r  s a m p l e s  t a k e n  f r o m  B i g  P i n e  
C r e e k  i n  t h i s  s e r i e s  g a v e  r e s u l t s  w h i c h  m i g h t  b e  c o n s i d e r e d  
a n o m a l o u s ;  o n e  was o b t a i n e d  e a r l y  i n  t h e  s e a s o n  w h i l e  s p r i n g  r u n -  
o f f  was  s t i l l  i n  p r o g r e s s  a n d  t h e  o t h e r  t h r e e  w e r e  c o l l e c t e d  a f t e r  
some h e a v y  r a i n s .  



Some molybdenum i s  b e i n g  moved by  w a t e r  a s  s a m p l e s  
o f  t h e  w a t e r  d i s c h a r g i n g  f r o m  t h e  c o l l a r  o f  d r i l l  h o l e  6 a v e r -  
a g e s  250 p p b  M O ,  e x c l u d i n g  o n e  d e t e r m i n a t i o n  w h i c h  was  2500  p p b .  
I n  a d d i t i o n ,  i l s e m a n n i t e  h a s  b e e n  n o t e d  s e v e r a l  t i m e s  i n  o n e  
s m a l l  s p o t  a l o n g  t h e  m a i n  r o a d  c u t .  T h e  i l s e m a n n i t e  w a s  o n l y  
n o t e d  a f t e r  a p p r o x i m a t e l y  t w o  w e e k s  o f  d r y  w e a t h e r .  No i l s e -  
m a n n i t e  i s  p r e s e n t  a f t e r  a  r a i n f a l l  w h i c h  s u g g e s t s  t h a t  i t  i s  
c a r r i e d  away i n  s o l u t i o n .  

A p o s s i b l e  e x p l a n a t i o n  f o r  t h e  g e n e r a l  a b s e n c e  o f  
molybdenum i n  t h e  w a t e r  s a m p l e s  may b e  t h a t  t h e  o n l y  t i m e  w a t e r  
p e r c o l a t e s  t h r o u g h  t h e  f r a c t u r e d  m o l y b d e n u m - b e a r i n g  r o c k  on  t h e  
r i d g e  i s  d u r i n g  t h e  s p r i n g  t h a w  o r  a f t e r  a h e a v y  r a i n .  

The  S o u t h  F o r k  o f  t h e  P a y e t t e  e v i d e n t a l l y  c a r r i e s  s o  
much w a t e r  t h a t  a n y  c o n t r i b u t i o n  t o  i t  f r o m  t h i s  p r o s p e c t  i s  n o t  
g e n e r a l l y  d e t e c t e d  by o r d i n a r y  p r o c e d u r e s .  

The  s t r e a m  s e d i m e n t  s a m p l e s  w e r e  u n i f o r m l y  n i l  i n  
molybdenum.  T h i s  s e e m s  r e a s o n a b l e  b e c a u s e  t h e r e  d o e s  n o t  a p p e a r  
t o  b e  a n y  m a t e r i a l  m o v i n g  o f f  t h e  p r o s p e c t  s l o p e s  t o  B i g  P i n e  
C r e e k  a n d  a n y  m a t e r i a l  b e i n g  e r o d e d  f r o m  t h e  m i n e r a l i z e d  r o c k  
w h e r e  i t  i s  c u t  by  t h e  r i v e r  i s  p r o b a b l y  s o  l i t t l e  a s  t o  b e  l o s t  
i n  t h e  m a s s  o f  s e d i m e n t  f r o m  u n m i n e r a l i z e d  a r e a s .  

T h e  w r i t e r  g r a t e f u l l y  a c k n o w l e d g e s  p e r m i s s i o n  f r o m  
Congdon a n d  C a r e y  a n d  A m e r i c a n  M e t a l  C l i m a x ,  I n c .  t o  p u b l i s h  
t h e  a b o v e  i n f o r m a t i o n .  



SOME PROBLEMS IN APPLIED GEOCHEMISTRY 

Harry V. Warren, Robert E. Delavault and 
Christine t l .  Cross* 

INTRODUCTION 

To those who were involved some twenty years ago in 
the introduction of geochemistry, the general acceptance at the 
present time of this relatively new addition to the science of 
mine finding is highly gratifying. 

Unfortunately, because of the seemingly obvious sim- 
plicity of some of the general ideas associated with geochemistry, 
many persons become involved in investigations before acqui+ing 
a sufficient background of essential data, without which the 
chances of fulfilling a successful program are considerably 
lessened. 

It should be remembered that some of the best known 
workers in the field of applied geochemistry developed their 
techniques for use in the U.S.A., the U.S.S.R., Africa, and 
Australia. These techniques, although excellent for the purposes 
for which they were developed, are not always equally applicable 
elsewhere. By way of example, there are many soil sampling tech- 
niques that are particularly useful in areas where soils are 
residual and mature. It just happens that many Canadian soils 
are transported and most are, geologically speaking, young, often 
even where they may be morphologically mature. Again, some of 
the highly rewarding geobotanical studies reported from several 
countries are not likely to prove equally rewarding in Canada. 
Botanical colleagues inform us that we have not had time to 
develop soils with a distinctive plant ecology. 

Fortunately it has been our experience that most tech- 
niques can be used profitably if their limitations are appreciated 
and taken into account. Unfortunately, from time to time one 
hears of geochemical surveys that are termed failures. Failures 
are discouraging to all concerned; some are doubtless unavoidable, 
but many could be averted. It is with the hope that some unneces- 
sary failures can be avoided in the future that we propose to 
discuss briefly a few illustrative examples involving some geo- 
chemical problems we have ourselves encountered. 

In the midst of so much talent and originality, we 
trust that the points we raise will at least stir up some con- 
troversy; on this occasion we make no pretence of introducing any 
new or radical ideas. 

Department of Geology, University of British Columbia. 
Vancouver 8, B.C. 



SOIL SAMPLING - PEDOGEOCHEMISTRY 

I n  a n y  s o i l  s a m p l i n g  p r o g r a m  i t  i s  w e l l  t o  r e m e m b e r  
t h a t  t h e  o r g a n i c  a n d  c l a y  c o m p o n e n t s  o f  a  s o i l  c a n  g r e a t l y  a f f e c t  
i t s  m e t a l  c o n t e n t .  F u r t h e r m o r e ,  i n  s o  f a r  a s  t h e  o r g a n i c  a n d  
c l a y  f r a c t i o n s  o f  a  s o i l  v a r y  f r o m  h o r i z o n  t o  h o r i z o n ,  i t  i s  
e s s e n t i a l  t o  p a y  c l o s e  a t t e n t i o n  t o  t h e  s o i l  h o r i z o n  o r  h o r i z o n s  
t o  b e  s a m p l e d .  

I d e a l l y  i t  w o u l d  b e  h e l p f u l  t o  s a m p l e  a l l  h o r i z o n s  o f  
t h e  s o i l  p r o f i l e  a t  e a c h  s a m p l e  s i t e .  M a n i f e s t l y ,  c o n s i d e r a t i o n s  
o f  t i m e  a n d  c o s t  r u l e  o u t  s u c h  a  p r o c e d u r e .  Many s o i l  s a m p l e r s  
s c r e e n  t h e i r  s a m p l e s ,  a n d  t h i s  c e r t a i n l y  may a s s i s t  t h e  o p e r a t i o n :  
i t  i s  a  moot p o i n t  a s  t o  w h e t h e r  s c r e e n i n g  p r o d u c e s  d a t a  w o r t h  
t h e  e x t r a  c o s t .  

I n  t h e  e x a m p l e s  t h a t  f o l l o w ,  a l l  r e s u l t s  a r e  r e p o r t e d  
i n  ppm. o f  s u l p h u r i c  a c i d  e x t r a c t a b l e  m e t a l .  No p a r t i c u l a r  h o r i -  
zon  1s b e i n g  t o u t e d ,  t h e  a u t h o r s  m e r e l y  w i s h i n g  t o  e m p h a s i z e  how 
v a r i a t i o n s  o f  a s  l i t t l e  a s  o n e  i n c h  i n  t h e  s e l e c t i o n  o f  t h e  h o r i -  
zon t o  s a m p l e  c a n ,  i n  a n  e x t r e m e  c a s e ,  make t h e  d i f f e r e n c e  b e -  
t w e e n  s u c c e s s  a n d  f a i l u r e  i n  t h e  s p o t t i n g  o f  a n  a n o m a l y .  

A .  S o i l  a s s o c i a t e d  w i t h  Lead Z i n c  M i n e r a l i z a t i o n ,  
West  K o o t e n a y ,  B.C. 

I n  t h i s  p a r t i c u l a r  e x a m p l e  t h e  A h o r i z o n  was a b o u t  
o n e  f o o t  t h i c k  a n d  t h e  B h o r i z o n  a p p r o x i m a t e l y  e i g h t  i n c h e s .  

C  U Zn Pb 
A h o r i z o n  24  2 1 0 0  5 6 0  
B h o r i z o n  1 2  2 4 0  1 2  

B .  S o i l s  a s s o c i a t e d  w i t h  Lead Z i n c  b l i n e r a l i z a t i o n ,  
E a s t  K o o t e n a y ,  B . C .  

I n  t h i s  e x a m p l e  a  g r e a t  f a u l t  r e l a t e d  t o ,  b u t  n o t  
i t s e l f  c o n t a i n i n g  t h e  o r e  b o d y ,  h a d  b e e n  mapped f o r  t h o u s a n d s  o f  
f e e t .  O v e r  t h i s  f a u l t  t h e  s o i l  p r o f i l e  c o n s i s t s  o f  t h r e e  i n c h e s  
o f  d a r k  f l u f f y  humus - t h e  L - H  h o r i z o n ,  t w o  i n c h e s  o f  b r o w n  l o a m -  
l i k e  m a t e r i a l  - t h e  Ah h o r i z o n  - a n d  m o r e  t h a n  t e n  i n c h e s  o f  
l i g h t  b rown loamy m a t e r i a l  - a  B h o r i z o n .  

L - H  h o r i z o n  1 6 0  7 9 0 0  2000  
Ah h o r i z o n  3 2  2 8 0 0  2 4 0 0  
B h o r i z o n  2 0  1 4 0 0  1 4 0 0  

O b v i o u s l y  o n e  w o u l d  h a v e  l i t t l e  d i f f i c u l t y  i n  s u s -  
p e c t i n g  t h e  p r e s e n c e  o f  n e a r b y  l e a d  z i n c  m i n e r a l i z a t i o n .  

However ,  l e s s  t h a n  o n e  h u n d r e d  f e e t  away - a t  r i g h t  
a n g l e s  t o  t h e  f a u l t  - a n d  f o r  a  f u r t h e r  d i s t a n c e  o f  a t  l e a s t  
s e v e r a l  h u n d r e d  f e e t ,  n o  s u c h  s o i l  p r o f i l e  c o u l d  b e  f o u n d .  



Indeed, less than one hundred feet from the fault the soil had 
an entirely different profile. At the top was one inch of black 
material with some leaf litter - L-H and Ah ? - , then one inch 
of light ash grey loamy material - the Ae horizon, and lastly 
about eight inches of light brown loamlike soil - the B horizon. 

L-H Ah horizon 6 7 4 500 

: e horizon 6 4 5 0 Trace 
horizon 6 4 00 2 

In this instance, had a sampler taken material from 
the B horizon he might have been excused for not becoming overly 
enthusiastic; he could never have been forgiven had he passed on, 
because the mineralization involved was that of the Sullivan Mine. 

Incidgntally, at this second site the biogeochemical 
results clearly pointed to lead-zinc mineralization, but this, 
as the story-teller would say, is another story. 

The point we wish to make is that a mere hundred feet 
from the fault it is possible to take a sample after removing the 
forest litter, a normal procedure, and have this sample report 
lead, a trace! Surely this shows how a soil sampling program 
that is carried out in routine fashion, and without geological 
co-ordination, may well prove to be less than satisfactory. 

The above examples dealt with soils formed in a rela- 
tively dry climate with a rainfall of less than 30 inches. Let 
us now turn to an example taken from Vancouver Island in a 
district with more than 80 inches of rain per year. Here we have 
Western Mines with a lead-zinc ore that also carries a little 
copper. Above, and close to mineralization, a soil profile was 
examined and found to consist of three inches of L-H, then one 
foot of an A, , followed by one foot of B horizon. 

L-H horizon 2 0 370 7 2 
horizon 3 2 320 140 te horizon 4 0 410 180 

Some three hundred feet away from the above profile, 
and in a position believed to be similarly related to ore, the 
profile is decidedly different. Here there are two inches of 
L-H, followed by four inches of At, , then two feet of Ae , and 
then three inches of B material. 

Cu Z n Pb 
L-H horizon 9 6 5 20 19 
Ah horizon 8 500 5 6 
A, horizon 3 260 10 
B horizon 2 4 290 Not detected 



Obviously some care will be required in setting up 
a soil sampling program in this area if the results are to be 
meaningful. Unfortunately, we did not determine the soil frac- 
tions in the above two instances. However, it would appcar that 
an abundance of clay minerals may be responsible for retaining 
quantities of heavy minerals adequate to indicate buried mineral- 
ization. The ability of organic material to hold metal is also 
shown in the above profiles. 

It would be possible to give many more illustrations 
and doubtless most readers could provide others from their own 
experiences. However, all that must be emphasized is that it 
is wise to have soil sampling programs carried out under the 
direction of a geologist, and also to make a series of orientation 
profiles before embarking on a wholesale sampling program which 
must, of necessity, deal with one particular soil horizon, which- 
ever one may prove most efficacious under the particular circum- 
stances involved. 

When discussing this problem we cannot help remember- 
ing an instance when a post mortem was being held after drilling 
a barren hole as a result of following up an apparently potent 
geochemical soil anomaly. It eventually transpired that the soil 
sampler had unwittingly passed from a series of A, horizon samples 
to one involving largely humus: he had followed orders and had 
taken his samples at uniform depths below the surface but, un- 
fortunately for all concerned, the depth of the Ah horizon had 
varied significantly throughout the traverse! 

It probably is not necessary to make determinations 
on organic matter in all samples, but it is well to keep in mind 
that organic matter can accumulate large amounts of some metals 
where conditions are suitable. 

WATER SAMPLING - HYDROGEOCHEMISTRY 
In discussing water samples with experts, it is not 

necessary to point out that a one, two, or even three litre sample 
can, only under very special circumstances, be considered as re- 
presentative of the run-off from any appreciably sized area. 

There are many ways by which it is practical to de- 
termine the trace metal content of water. It is possible to 
report with a reasonable degree of confidence on water with a 
content in the range of from one to five parts per thousand 
million of such elements as copper, zinc, lead, molybdenum, and 
uranium. 

As far as generally available knowledge is concerned, 
comparatively little attention has been paid to the problems in- 
volved in obtaining even relatively representative samples of 
metals present in run-off water from specific drainage areas. 



The trace element content of water is of concern not 
only to exploration geologists, but also to epidemiologists. 
Unfortunately, many epidemiologists have sampled water supplies 
and not found useful correlations between trace elements and 
disease patterns. As far as can be told from reading some of 
these papers, many water samples are taken without a full appreci- 
ation of the problems involved in obtaining representative ma- 
terial. We suspect that a few geologists also underestimate the 
difficulties inherent in water sampling. 

In northern latitudes, with which we have been pri- 
marily concerned, our climate provides seasonal variations in 
temperature and rainfall. These fluctuations result in water 
tables that change position greatly throughout the year. The 
water in any stream, at any given time, consists of a meld of 
surface run off, usually relatively pure, and of ground water. 
Ground water, when it has been involved in those interactions 
that take place when the zone of oxidation and the water table 
are suitably related to one another, can become highly charged 
with metal ions! Eh and pH are primary controls in holding or 
releasing chelated and/or adsorbed metals from the zone of 
oxidation. In general, it is safe to say that ground waters are 
more apt to be highly charged with metal ions at those times when 
the water table is passing up or down through the zone of oxida- 
tion than they are when the water table is well above or well 
below the zone of oxidation. 

It is possible in British Columbia to sample a creek 
for weeks on end and obtain analyses of less than one part per 
thousand million, and then one day find the same creek reporting 
five, ten, or even many more parts per million. We well remember 
reporting negative results from a fair sized creek, and returning 
to it many months later to find it turning our dithizone purple. 
Purple Creek, as it was named, led to the discovery of interesting 
and heretofore unsuspected mineralization which, alas, has not as 
yet proved to be economically rewarding. 

Until an effective and efficient method of sampling 
over adequate periods of time can be devised, we are of the 
opinion that water sampling cannot be considered an uncondition- 
ally reliable tool. Were the problems of sampling to be effect- 
ively solved, we suggest that water testing might be found to be 
an effective prospecting tool, particularly when used in con- 
junction with stream sediments. 

VEGETATION SAMPLING - BIOGEOCHEMISTRY 
We have, over the years, extolled the dangers and the 

virtues of biogeochemistry: we have no wish to repeat our state- 
ments. However, "brush" sampling as it is referred to by some, 
requires some knowledge and experience. 



be have one relatively new discovery to report, namely 
that Douglas Fir seems to have the ability to concentrate arsenic 
to a remarkable extent. This ahility to collect arsenic may be 
used in the search for base metal or gold bearing ores which 
contain as little as one per cent arsenic, and possibly even less. 
In an area of known gold-arsenopyrite mineralization we estab- 
lished that the soil carried from 8 to 38 ppm., depending on its 
proximity to the ore and the soil horizon that was sampled. The 
ash of all but two of the ten species of trees growing on this 
soil ran less than 4 ppm. of arsenic: the ash of fresh Douglas 
Fir ~ r o w t h  ran 560 ppm. A great deal of work has been done since 
that discovery. We now know that Douglas Fir is quite capable of 
reporting strongly anomalous amounts of arsenic at distances of 
from three to four hundred feet down hill from a buried outcrop 
that contains as little as one per cent of arsenic. 

Most elements report particularly well in a few 
species of trees or lesser plants. Fireweed, alder, soopolallie, 
and lupin are especially useful for reporting molybdenum. In the 
fullness of time we hope that it will be possible to specify par- 
ticular species of trees and lesser plants peculiarly suited for 
finding anomalies of each element. 

In 1965, while establishing background values in an 
area for which we had limited knowledge, we determined the copper, 
zinc, lead, and molybdenum content of the ash of twelve species 
of lesser plants that were growing profusely. The results we 
obtained serve to illustrate how different species of plants pick 
up varying amounts of each element. 

Table 1 

The Copper, Zinc, Lead, and Molybdenum 
Content of the Ash of Young Growth. 
Some Lesser Plants in the Watson Bar 

Area of B.C. 
( in ppm. 1 

Common Name Scientific Name Cu. In. Pb. MO. 

Rosy Pussytoes Antennaria rosea 100 610 16 4 9 
Indian Paintbrush Castilleja rhexifolia 81 260 10 63 
Blue Jacob's Ladder Polemonium pulchemium 85 310 2 8 7 1 
Locoweed Oxytropis monticola 74 200 15 150 
Mountain Phacelia Phacelia sericea 39 150 10 24 
Lupin Lupinus latifolium 100 220 11 8 6 
Hair Leaved Sandwort Arenaria capillaris 79 780 3 7 6 3 
Spotted Saxifrage Saxifraga bronchialis 150 200 48 9 2  
Stonecrop Sedum lanceolatum 110 7 1 4 5 4 
Yarrow Achilleamillefolium 100 260 46 76 

var. lanulosa 
Globe anemone Anemone multifida 120 500 18 120 
Field chickweed Cerastium arvense 78 400 20 120 



It can be seen that there are wide variations in the 
selectivity of these species for different elements. 

Before lesser plants such as the above can be used 
effectively in biogeochemical studies, similar collections from 
many different areas will have to be analyzed and the results 
compared. In the above collection we were most interested to 
note that Locoweed picked up more molybdenum than Lupin, which 
we had heretofore considered one of the most potent gatherers 
of this element. Countless other questions are raised by a set 
of results like that above. What is the cause, or reason, for 
Hair Leaved Sandwort picking up eleven times as much zinc as 
S tonecrop? 

In previous publications we have warned that in com- 
paring the metal content of different organs of various trees, 
it is also necessary to remember that the metal content of plant 
material varies from season to season, and from year to year. 
Recently, we encountered a text book illustration of just such 
variations. Some of this data has already been published (Warren. 
Delavault, and Cross, 1966), but it is worth repeating, because 
it may not have been read by all who should be interested. The 
mine was Copper Mountain. and the collection of trees came from 
the vicinity of known mineralization on a claim called nHelen 
Gardnert'. The results are given in Table 2. 

Table 2 

The Copper Content of the Ash of Organs of Varied Age 
in Trees at Copper Mountain, B.C. 

( in ppm.) 

Most Recent Growth Previous Year's Growth 
Tips Stems Needles 

Douglas Fir 18 0 
(Pseudotsuga menziesii) 

Lodgepole Pine 
(Pinus contorta) 

White Spruce 
(Picea glauca) 

Stems Leaves 

Willow 370 180 680 
(Salix sp.) 

Alder 350 300 500 
(Alnus sitchensis) 



In the examples given above it can readily be seen 
that second year stems point to a clear cut copper anomaly. The 
second year needles, and the most recent growth, at thTs time 
and place, would have been of much less help. Incidentally, the 
lesser plants provided little assistance in pointing to any copper 
anomaly. 

MEN AGAINST MACHINES 

The Twentieth Century has seen some remarkable changes 
in the art and science of mine finding if viewed through the eyes 
of geological engineers and geologists. In the earlier decades of 
the century it was common to find that many were willing to as- 
sume the mantle of mine geologist. Mine examinations and prospect 
evaluations were frequently made by mining engineers and "practi- 
cal operators". Times changed, and a division of labour became 
accepted practice; the geologist and geological engineer assumed 
the responsibility for finding ore, and the mining engineer for 
removing it from the earth's crust. Ideally the miners and geo- 
logists co-operated, but, unfortunately, there were some who did 
not, and we had some regrettable examples of mining engineers 
attempting to control geological work, leading in some cases to 
inefficiencies only matched by those admittedly more rare instan- 
ces where geologists usurped the role of mining engineers. 

But while, in their own eyes at least, the geological 
engineers and geologists were coming into'their own, their dif- 
ficulties also were increasing; greater and greater demands were 
being made for the discovery of new ore bodies. These demands 
necessitated the use of new tools and in retrospect it seems in- 
evitable that geology would turn for help to her sister sciences, 
to physics, to chemistry, to biology, and also to mathematics and 
every phase of engineering. Ry the middle of the century geo- 
physics, geochemistry, and biology had all heen accepted and 
become integral parts of most large and integrated mining compa- 
nies. Unfortunately, the complexity of all this new assemblage 
of knowledge brought its own set of problems. No one man, even 
the best of geologists, could hope to master all the basic disci- 
plines involved. Obviously, co-operation was indicated. However, 
was the geophysical survey, or the geochemical survey, to be 
carried out by men who were geologists primarily but with special 
training in physics and chemistry, or by physicists and chemists 
with some knowledge of geology? It would be our opinion that the 
best results have been achieved where there has been harmonious 
co-operation between teams of specialists, each of whom was able 
to evaluate competently the special knowledge and problems of his 
associates. 

This brings us to the point where we would like to 
express our belief that geology, and not chemistry, should be in 
control of geochemistry, and the geochemical exploration should 
be looked upon as an aid to geological exploration and not 



the dominant or controlling motivation. Let us turn now to geo- 
chemistry, with which this presentation is particularly concerned. 

During the past few years many new tools, and new 
machines, have been placed in the hands of geochemists. First 
thoughts would be that nothing but good could result from these 
new weapons being made available to those whose aim is bringing 
to light new wealth. Nobody would wish to be so brash as to 
suggest that being able to detect one part of mercury in ten or 
in one hundred million parts of soil or dry plant is not a use- 
ful thing to be able to do; moreover, it is doubly useful if 
results of this degree of sensitivity can be carried out by pro- 
duction line methods. Few would be willing to deny that new 
vistas are being opened up by its being possible to enlist the 
help of computers to store, process, and regurgitate a wealth of 
data in a way undreamed of only a short time ago. 

Alas, however, we feel called upon to issue a note 
of warning, even at the risk of being labelled as conservative, 
old-fashioned, and reactionary. 

Some years ago our attention was drawn to a slogan 
seen in a doctor's office. It ran as follows:- "Get your happi- 
ness out of your work or you won't know what real happiness is". 
It would be well for all engaged in mine finding to think about 
this slogan for a little while. Many of us chose Reology and 
geochemistry because we felt that it would be fun to have a part 
in finding new mines. A few of us had the added idea that it 
might be financially profitable. IVe never anticipated that our 
chosen work could be made into an unmitigated bore, bereft of all 
the job of personal involvment and the thrill of discovery. Is 
it possible - we have no doubt that it is desirable - to make 
these new aids our servants, and not our masters? 

We must ask ourselves if we would willingly choose to 
spend a precious summer collecting water or soil samples by the 
thousand, or snipping tree samples by the bushel, with the pros- 
pect of never knowing what our samples had been found to contain? 
Many companies, for reasons of efficiency or security, never 
divulge the results they obtain to those in the lower echelons. 
From the company's point of view, they feel that they cannot act 
differently. Most of us are not skilled poker players, and if 
we run a lahoratory in the field, or actually test in the field, 
which of us could be counted on to hide our emotions from keen 
observers after encountering a si~nificant anomaly? What field , 

man amongst us cannot recall claim-staking based on the indiscre- 
tions of a cook, a packer, or a junior assistant? The packer may 
have disappeared, but the helicoptcr pilot and his assistant have 
replaced him. Actually we are passing through difficult times in 
this period of affluence; many will not accept a Jull routine job 
when other more interesting, and sometimes better paying oppor- 
tunities are available. 



It is not only the possible boredom of the collector 
that presents a problem. The geochemist who is responsible for 
the assembling of samples seldom analyses, or has himself ever 
analyzed against time, a multitude of samples. Today, backed up 
by an efficient laboratory, the geochemist has a grave tendency 
to place his reliance on the number of results he can get on a 
map; he has analyses made with a premium on quantity rather than 
quality. This is not to suggest that most of the great analyti- 
cal laboratories are not doing excellent work, most of them are. 
What we are suggesting is that, armed with analyses in quantities 
of which he could hardly have conceived a few years ago, the geo- 
chemist is apt to relegate geology to a position less than it 
deserves, and this, we feel, is dangerous. 

Nor can we envy those who spend all their days in 
laboratories doing hundreds of routine determinations, having 
little or no conception of the significance of their work. Rou- 
tine work is necessary, but we have found that, where practical, 
it makes life more rewarding if the worker feels that he or she 
is a part of some plan, and not an infinitesimally small compo- 
nent in a big machine. 

We are sure that we do not know all the answers to 
the problems we have raised, but we are confident that no ma- 
chines can produce results better than the data with which they 
are fed. 

Perhaps what we are trying to say, and asking others 
to think about, is that, although we want to make use of every 
new tool available to us, we must, in some way, devise our 
programs of mineral exploration so that more of those engaged in 
these programs will find more human satisfaction, and not become 
mere robots measuring their satisfactions solely in terms of 
their emoluments. 

For reasons that we have already discussed, we feel 
that by far the greater number of water samples taken in British 
Columbia have represented wasted effort. Likewise many of the 
soil samples have not fully justified their expenditure. lt'e have 
been loath to set up arbitrary standards; too often these stan- 
dards are accepted as gospel. Any good geochemical program 
depends on setting up a project and treating each case on its 
merits. Only by charging our machines with the best and most 
significant data capable of being produced by the ingenuity of 
man, can we achieve the results for which we are all so earnestly 
seeking. 

At this juncture, there may be those who are asking 
themselves why these academically involved geochemists are dis- 
cussing aspects of their work that might more naturally be con- 
sidered to be in the realm of operating companies. Our justifi- 
cation, if any be needed, is that over the years we have seen the 
supply of geological engineers, and to some extent geologists, 
diminish to the point where the supply does not begin to meet the 
demand. As for geochemists, we have been unable even to make an 
award for the one modest but, by the University, eagerly accepted 



s c h o l a r s h i p  a v a i l a b l e  t o  u s .  T h i s  i s  n o t  t h e  p l a c e  t o  d i s c u s s  
t h e  many r e a s o n s  w h i c h  we b e l i e v e  a r e  r e s p o n s i b l e  f o r  t h i s  r e -  
g r e t t a b l e  s t a t e  o f  a f f a i r s ,  b u t  o n e  r e a s o n  we m u s t  g i v e .  I f  g e o -  
l o g i c a l  a n d  g e o c h e m i c a l  summer work c a n n o t  b e  made t o  p r o v i d e  a  
c h a l l e n g e ,  m e n t a l  a n d  p h y s i c a l ,  a n d  a  t h r i l l  i n  t h e  s e n s e  t h a t  a  
man i s  p i t t e d  a g a i n s t  t h e  f o r c e s  o f  n a t u r e ,  i f  g e o l o g y ,  a n d  h e r e  
we i n c l u d e  g e o c h e m i s t r y ,  f a i l s  t o  a t t r a c t  t h o s e  k i n d s  o f  men a n d  
women t h a t  i t  h a s  i n  t h e  p a s t ,  t h e n  t h e  f u t u r e  f o r  a l l  o f  u s  i s  
g loomy.  We l i v e  i n  a n  a f f l u e n t  s o c i e t y ,  a n d  t h e r e  i s  a  w i d e  
c h o i c e  o f  o p p o r t u n i t y  o p e n  t o  y o u n g  p e o p l e  t o d a y .  We m u s t  p u t  
t h e  b e t t e r  f a c e  o f  g e o l o g y  b e f o r e  t h e  p u b l i c ,  a n d  t h e  b e t t e r  f a c e  
o f  g e o l o g y  i s  n o t  b o r e d o m ,  m o n o t o n y ,  a n d  f r u s t r a t i o n .  

Once  a g a i n ,  t o  sum u p ,  we s a y  b y  a l l  means  make u s e  
o f  a l l  t h a t  m o d e r n  i n g e n u i t y  a n d  s c i e n c e  h a v e  t o  o f f e r  u s ,  b u t  
l e t  u s  p u t  o u r  h e a d s  t o g e t h e r  a n d  f i n d  ways  a n d  means  t o  h a r n e s s  
t h o s e  b a s i c  q u a l i t i e s  o f  man w h i c h ,  i n  t h e  p a s t ,  h a v e  d o n e  s o  
much t o  a i d  i n  h i s  d e v e l o p m e n t ,  h i s  c u r i o s i t y ,  h i s  i n v e n t i v e n e s s ,  
a n d  h i s  e a g e r n e s s  t o  w r e s t l e  w i t h  n a t u r e .  G e o l o g y  a n d  G e o c h e m i s -  
t r y  h a v e  r e a l  d r a w i n g  p o w e r s  b e c a u s e  t h e y  d o  a f f o r d  a  l i n k  b e t w e e n  
man a n d  t h e  e a r t h  o n  w h i c h  h e  l i v e s .  I f  we r e m o v e  a l l  t h e  human 
a s p e c t s  a n d  o v e r - c o m p u t e r i z e  o u r  s c i e n c e ,  we d o  s o  a t  o u r  p e r i l .  
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h a v e  o v e r  t h e  p a s t  t w e n t y  y e a r s  s u p p o r t e d  o u r  g e o c h e m i c a l  i n -  
v e s t i g a t i o n s .  

Amongst  t h o s e  who h a v e  s u p p o r t e d  u s  a r e ,  t h e  G e o l o g i -  
c a l  S u r v e y  o f  C a n a d a ,  t h e  D e f e n c e  R e s e a r c h  B o a r d  o f  C a n a d a  ( G r a n t  
7 5 1 0 - 1 6 ) .  t h e  G e o l o g i c a l  S o c i e t y  o f  A m e r i c a ,  t h e  D e p a r t m e n t  o f  
N a t i o n a l  H e a l t h  a n d  W e l f a r e  w i t h  t h e  c o - o p e r a t i o n  o f  t h e  B r i t i s h  
C o l u m b i a  D e p a r t m e n t  o f  H e a l t h  S e r v i c e  a n d  H o s p i t a l  I n s u r a n c e ,  t h e  
M u l t i p l e  S c l e r o s i s  S o c i e t y  o f  C a n a d a ,  t h e  N a t i o n a l  R e s e a r c h  Coun-  
c i l  o f  C a n a d a  ( G r a n t  No. A . 1 8 0 5 ) .  Amex E x p l o r a t i o n  I n c . ,  t h e  
C o n s o l i d a t e d  M i n i n g  a n d  S m e l t i n g  Co. o f  C a n a d a  L t d . ,  a n d  m o s t  
p a r t i c u l a r  b y  Kennco  E x p l o r a t i o n s  ( W e s t e r n )  L t d .  Many o t h e r  
c o m p a n i e s  a n d  i n d i v i d u a l s ,  t o o  n u m e r o u s  t o  r e c o r d ,  h a v e  a s s i s f e d  
u s  i n  many w a y s .  To a l l  t h e  a b o v e  we e x p r e s s  o u r  t h a n k s .  
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STUDY O F  H E A V Y  MINERALS IN GLACIAL SOILS 

N . H .  B r u n d i n *  

The  d i s t r i b u t i o n  o f  h e a v y  m i n e r a l s  i n  t i l l  n e a r  
t w e l v e  S w e d i s h  o r e  d e p o s i t s  i s  u n d e r  a c t i v e  i n v e s t i g a t i o n .  

P i t s  w e r e  l a i d  o u t  " d o w n s t r e a m "  f r o m  t h e  d e p o s i t s ,  
i . e .  i n  t h e  d i r e c t i o n  o f  g l a c i a l  t r a n s p o r t ,  a n d  i n  p r o f i l e s  
a p p r o x i m a t e l y  p e r p e n d i c u l a r  t o  t h i s  d i r e c t i o n .  The h e a v y  m i n e r -  
a l s  w e r e  c o n c e n t r a t e d  on a  s h a k i n g  t a b l e  a n d  f u r t h e r  i n v e s t i g a t e d .  

Some p r e l i m i n a r y  r e s u l t s  r e g a r d i n g  t h e  o c c u r r e n c e  o f  
o r e  m i n e r a l s  i n  t i l l  h a v e  b e e n  o b t a i n e d ,  a n d  some g e n e r a l  c o n c l u -  
s i o n s  w i l l  b e  p r e s e n t e d .  The  c o n t e n t  o f  h e a v y  m i n e r a l s  i n c r e a s e s  
w i t h  d e p t h  e v e n  i n  a p p a r e n t l y  u n s o r t e d  t i l l  d e p o s i t s .  The  p r e s -  
e n c e  o f  o r e  i n  a  n u m b e r  o f  t h e  i n v e s t i g a t e d  c a s e s  i s  c l e a r l y  i n d i -  
c a t e d  by  t h e  d i s t r i b u t i o n  o f  h e a v y  m i n e r a l s .  A s  a  s p e c i f i c  
e x a m p l e ,  t h e  s i g n i f i c a n c e  i n  p r o s p e c t i n g  o f  t h e  o c c u r r e n c e  o f  
m a n g a n e s e  m i n e r a l s  i n  t i l l  w i l l  b e  c i t e d .  

~ r a n g e s b e r g s b o l a g e t ,  Box 2 8 ,  L i n d e s b e r g ,  Sweden 

HYDROUS MANGANESE-IRON OXIDE SCAVENGING: ITS EFFECT ON 
STREAM SEDIMENT SURVEYS 

F.C.  C a n n e y *  

A p p r a i s a l  o f  a  l a r g e  body  o f  d a t a  b a s e d  on t h e  a n a l y -  
s e s  o f  s e v e r a l  t h o u s a n d  a c t i v e  s t r e a m  s e d i m e n t  s a m p l e s  f r o m  Maine  
h a s  r e v e a l e d  a  s t r o n g  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  t h e  c o l d -  
e x t r a c t a b l e  h e a v y  m e t a l  (cxHM) and  m a n g a n e s e  c o n t e n t s  o f  s t r e a m  
s e d i m e n t s  f r o m  u n m i n e r a l i z e d  t e r r a n e .  The r e l a t i o n s h i p  i s  e x -  
p o n e n t i a l  w i t h  t h e  f o r m u l a  ppm cxHm = a  (ppm ~ n ) ~  w h e r e  a  a n d  b  
a r e  c o n s t a n t s .  T h i s  c o r r e l a t i o n  r e f l e c t s  t h e  p r e f e r e n t i a l  
s c a v e n g i n g  a n d  a c c u m u l a t i o n  o f  s i g n i f i c a n t  a m o u n t s  o f  z i n c  by 
h y d r o u s  m a n g a n e s e - i r o n  o x i d e s ,  commonly o c c u r r i n g  a s  c o a t i n g s  
a n d  c r u s t s  on b e d  m a t e r i a l  i n  many s t r e a m  c o u r s e s  i n  g l a c i a t e d  
a r e a s .  I n  s u c h  a r e a s ,  c a l c u l a t i o n  a n d  u s e  o f  a  s i n g l e  t h r e s h o l d  
v a l u e  i n  t h e  c o n v e n t i o n a l  way w i l l  p r o d u c e  many a n o m a l i e s  u n r e -  
l a t e d  t o  m i n e r a l  d e p o s i t s .  S a m p l e s  f r o m  s t r e a m s  d r a i n i n g  m i n e r a l  
i z e d  a r e a s ,  h o w e v e r ,  g e n e r a l l y  h a v e  r a t i o s  h i g h e r  t h a n  p r e d i c t e d  
by  t h e  a b o v e  e q u a t i o n ,  o f t e n  c o n s i d e r a b l y  s o .  On t h i s  b a s i s  t h e  
IIM-Mn r a t i o  o f f e r s  p r o m i s e  a s  a  y a r d s t i c k  b y  w h i c h  t h e  s i g n i f i -  
c a n c e  o f  h e a v y - m e t a l  s t r e a m - s e d i m e n t  a n o m a l i e s  i n  g l a c i a t e d  t e r -  
r a n e s  c a n  b e  e v a l u a t e d .  

U n i t e d  S t a t e s  G e o l o g i c a l  S u r v e y ,  F e d e r a l  C e n t e r ,  D e n v e r ,  
C o l o r a d o ,  U .  S .A.  



GEOCHEMICAL PROSPECTING RESEARCH B Y  THE UNITED STATES 
GEOLOGICAL SURVEY 

F.C. C a n n e y  a n d  R .  L .  E r i c k s o n f  

G e o c h e m i c a l  p r o s p e c t i n g  r e s e a r c h  by  t h e  U.S. Geo- 
l o g i c a l  S u r v e y ,  b o t h  i n  f i e l d  a n d  l a b o r a t o r y  p r o g r a m s ,  i s  
d e v o t e d  t o  t h e  e x a m i n a t i o n  o f  p r i n c i p l e s  o f  g e o c h e m i s t r y  t h a t  
may h a v e  p o t e n t i a l  f o r  m i n e r a l  e x p l o r a t i o n .  The p r o g r a m  c o n s i s t s  
o f  a p p l i e d  r e s e a r c h  p r o j e c t s  a i m e d  a t  d e v e l o p i n g  new m e t h o d s ,  
i n s t r u m e n t s ,  a n d  t e c h n i q u e s  t o  h e l p  f i n d  c o n c e a l e d  m i n e r a l  r e -  
s o u r c e s ,  w i t h  c o n s i d e r a b l e  e m p h a s i s  on  d e v e l o p m e n t  o f  a n a l y t i c a l  
m e t h o d s  t h a t  c a n  b e  t a k e n  t o  t h e  f i e l d  t o  d i r e c t l y  g u i d e  g e o -  
c h e m i c a l  s a m p l i n g  a n d  make r e s u l t s  i m m e d i a t e l y  a v a i l a b l e .  A few 
p r o j e c t s  a r e  g e o c h e m i c a l  r e c o n n a i s s a n c e  s u r v e y s  f o r  g r o u n d  f a v o u r -  
a b l e  f o r  t h e  o c c u r r e n c e  o f  m i n a b l e  o r e .  And s t i l l  o t h e r s  ( g e o -  
c h e m i s t r y  o f  g o l d ;  g e o c h e m i s t r y  o f  m e r c u r y )  h a v e  t h e  o b j e c t i v e  of  
a c c u m u l a t i n g  b a s i c  g e o c h e m i c a l  b a c k g r o u n d  d a t a  t o  p r o v i d e  a  s o u n d  
t h e o r e t i c a l  a n d  e x p e r i m e n t a l  b a s i s  f o r  t h e  a p p l i e d  r e s e a r c h  p r o -  
g r a m s .  

The p r i n c i p a l  a p p l i e d  g e o c h e m i c a l  s t u d i e s  i n c l u d e . 1 )  
p r o j e c t s  a i m e d  a t  t h e  d i f f i c u l t  t a s k  o f  p r o s p e c t i n g  i n  t h e  B a s i n  
a n d  Range P r o v i n c e  o f  t h e  W e s t e r n  U n i t e d  S t a t e s  w h e r e  much g r o u n d  
f a v o u r a b l e  f o r  t h e  o c c u r r e n c e  o f  m i n e r a l s  i s  c o n c e a l e d  by a  r e l a -  
t i v e l y  t h i n  ( l e s s  t h a n  2 0 0  f e e t )  c o v e r  o f  p e d i m e n t ,  g r a v e l s ;  2 )  
t h e  d e v e l o p m e n t  a n d  s t u d y  o f  t e c h n i q u e s  o f  g e o c h e m i c a l  r e c o n n a i s -  
s a n c e  i n  g l a c i a t e d  a r e a s  b a s e d  on w a t e r  a n d  s t r e a m  s e d i m e n t s  
w h e r e  c o n s i d e r a b l e  e m p h a s i s  i s  now b e i n g  g i v e n  t o  t e c h n i q u e s  o f  
a n o m a l y  a p p r a i s a l ;  3 )  t h e  d e t e r m i n a t i o n  o f  a c c e s s o r y - s u l p h i d e  
d i s t r i b u t i o n  p a t t e r n s  i n  r e l a t i o n  t o  v e i n  d e p o s i t s  i n  some i n t r u s -  
i v e  r o c k s  i n  t h e  F r o n t  Range o f  C o l o r a d o ;  4 )  s t u d i e s  on t h e  d i s -  
t r i b u t i o n  o f  m i n o r  e l e m e n t s  i n  b a r r e n  a n d  p r o d u c t i v e  s t o c k s  o f  t h e  
W e s t e r n  U n i t e d  S t a t e s ;  a n d  5 )  r e s e a r c h  on t h e  p r e p a r a t i o n  a n d  
i n t e r p r e t a t i o n  o f  g e o c h e m i c a l  maps b a s e d  on a n a l y s i s  o f  s t r e a m -  
s e d i m e n t  s a m p l e s .  

C h e m i c a l  r e s e a r c h  h a s  r e c e n t l y  y i e l d e d  v e r y  s e n s i t i v e  
w e t  m e t h o d s  f o r  d e t e r m i n i n g  g o l d ,  s i l v e r ,  a n d  m e r c u r y  t h a t  c a n  b e  
p e r f o r m e d  r e l a t i v e l y  e a s i l y  i n  m o b i l e  l a b o r a t o r i e s  o p e r a t i n g  c l o s e  
t o  t h e  f i e l d  a r e a s .  C u r r e n t l y  p l a n s  a r e  w e l l  a d v a n c e d  t o  s t u d y  
t h e  i n t e g r a t i o n  o f  a t o m i c  a b s o r p t i o n  i n s t r u m e n t a t i o n  f o r  c o l l e c t -  
i n g  d a t a  i n  a p p l i e d  g e o c h e m i c a l  p r o s p e c t i n g  p r o g r a m s .  

U n i t e d  S t a t e s  G e o l o g i c a l  S u r v e y ,  F e d e r a l  C e n t e r ,  D e n v e r ,  
C o l o r a d o ,  U .  S.A. 



GEOCHEMICAL PROSPECTING PROCEDURES, THEORY A N D  PRACTICE 

D . R .  C l e w s *  

The  d i s p e r s i o n  p a t t e r n s  a n d  m e c h a n i s m s  a s  w e l l  a s  t h e  
mode o f  o c c u r r e n c e  o f  m e t a l s  i n  t h e  g e o c h e m i c a l  c y c l e  a r e  d e -  
s c r i b e d .  T h e s e  i n c l u d e  t h e  c l a s t i c  a g e n c i e s  o f  w i n d ,  r a i n ,  
g r a v i t y ,  e t c .  a s  w e l l  a s  s a l i n e  . a g e n c i e s .  The  s o l u b i l i t y  o f  
m e t a l s  i n  n a t u r a l  w a t e r s  i s  c o n s i d e r e d  a s  w e l l  a s  t r a n s p o r t  a n d  
p r e c i p i t a t i o n  i n  t h i s  medium. D i s p e r s i o n  p a t t e r n s  r e l a t e d  t o  
d r a i n a g e s  a n d  s o i l s  a r e  d e s c r i b e d .  

G e o c h e m i c a l  p r o s p e c t i n g  m e t h o d s  a n d  a n a l y t i c a l  t e c h -  
n i q u e s  f o r  r e g i o n a l  a p p r a i s a l s  a s  w e l l  a s  d e t a i l e d  i n v e s t i g a t i o n s  
a r e  l i s t e d .  

E x a m p l e s  o f  t h e  m e c h a n i s m  b y  w h i c h  f a l s e  a n o m a l i e s  
a r e  f o r m e d  i n  s o i l s  a r e  d e t a i l e d .  Some o f  t h e  m a j o r  t y p e s  o f  
f a l s e  a n o m a l i e s  a r e  l i s t e d  a n d  e x a m p l e s  o f  t h e  c r i t e r i a  u s e d  f o r  
d i f f e r e n t i a t i n g  b e t w e e n  f a l s e  a n d  t r u e  a n o m a l i e s  a r e  g i v e n .  

G e o c h e m i c a l  p r o s p e c t i n g  t e c h n i q u e s  i n  C a n a d a  a r e  
d i s c u s s e d .  T h e s e  i n c l u d e  t h o s e  d e s i g n e d  f o r  r e s i d u a l  o r  p a r t l y  
r e s i d u a l  s o i l  c o v e r e d  a r e a s  a s  w e l l  a s  t h e  t o t a l l y  t r a n s p o r t e d  
s o i l  c o v e r e d  S h i e l d  a r e a s .  

+ B a r r i n g e r  R e s e a r c h  L i m i t e d ,  304  C a r l i n g v i e w  D r i v e ,  R e x d a l e ,  
T o r o n t o ,  O n t a r i o .  

STREAM SEDIMENT SAMPLING DURING TRAVERSE MAPPING* 

S t r e a m  s e d i m e n t s  w e r e  s a m p l e d  d u r i n g  t r a v e r s e  m a p p i n g  
on a  s c a l e  o f  1 i n c h  e q u a l  1 m i l e  by m o s t  f i e l d  p a r t i e s  o f  t h e  
G e o l o g i c a l  E x p l o r a t i o n  S e r v i c e ,  D e p a r t m e n t  o f  N a t u r a l  R e s o u r c e s ,  
Q u e b e c .  S e d i m e n t  s a m p l e s  w e r e  t a k e n  f r o m  a l l  s t r e a m s  i n t e r s e c t e d  
by t r a v e r s e s .  I n  t h i s  way a n  i r r e g u l a r  s a m p l i n g  g r i d  w i t h  a n  
a v e r a g e  d e n s i t y  b e t w e e n  1 a n d  2 s a m p l e s  p e r  s q u a r e  m i l e  was o b -  
t a i n e d .  The  s a m p l e s  w e r e  a n a l y z e d  f o r  Cu, Zn,  Pb,  M O ,  a n d  i n  
c e r t a i n  c a s e s ,  f o r  N i  by t h e  L a b o r a t o r i e s  S e r v i c e .  

The r e l a t i v e l y  s m a l l  number  o f  s a m p l e s  ( b e t w e e n  1 5 0  
a n d  350 p e r  m a p - a r e a )  d o e s  n o t  a l l o w  a n  e x a c t  a n a l y s i s  o f  t h e  
f r e q u e n c y  d i s t r i b u t i o n  o f  t h e  t r a g e  e l e m e n t  c o n t e n t s .  B a c k g r o u n d  
v a l u e s  c a n  b e  i n t e r p r e t e d  a s  l o g - n o r m a l l y  d i s t r i b u t e d .  Anomalous  

P u b l i s h e d  by p e r m i s s i o n  o f  t h e  D e p u t y  M i n i s t e r ,  D e p a r t m e n t  
o f  N a t u r a l  R e s o u r c e s ,  Q u e b e c .  

+ *  G e o l o g i c a l  E x p l o r a t i o n  S e r v i c e ,  D e p a r t m e n t  o f  N a t u r a l  
R e s o u r c e s ,  Q u e b e c ,  Q u e b e c .  



p o p u l a t i o n s  c a n  b e  i n t e r p r e t e d  a s  l o g - n o r m a l  l y  d i s t r i b u t e d  a n d  
p a r t l y  o v e r l a p p i n g  t h e  b a c k g r o u n d  p o p u l a t i o n .  Anomalous  v a l u e s  
o c c u r  i n  c e r t a i n  c a s e s  i n  t e c t o n i c a l l y  d e f i n e d  z o n e s ,  c o i n c i d i n g  
w i t h  known o r  p r e s u m e d  z o n e s  o f  m i n e r a l i z a t i o n .  P r o c e d u r e s  a n d  
r e s u l t s  a r e  d e m o n s t r a t e d  by  a n  e x a m p l e  f r o m  t h e  L a b r a d o r  T r o u g h .  

GEOCHEMICAL PROSPECTING, CASE HISTORIES A N D  
EXPLORATION ARCHITECTURE 

J . A .  C .  F o r t e s c u e *  

The  a p p l i c a t i o n  o f  g e o c h e m i c a l  p r o s p e c t i n g  m e t h o d s  
i n  Canada  h a s  f r e q u e n t l y  b e e n  c r i t i c i s e d  b e c a u s e  r e s u l t s  o b t a i n e d  
by a  g i v e n  method  i n  o n e  a r e a  a r e  c o n s i d e r a b l y  more r e l i a b l e  t h a n  
r e s u l t s  o b t a i n e d  by  t h e  a p p l i c a t i o n  o f  t h e  same method  i n  a  
s e c o n d  a r e a .  I n  t h i s  p a p e r  t h e  r o l e  t h a t  c a s e  h i s t o r i e s  c a n  p l a y  
i n  r e c o r d i n g  t h e  s c o p e  a n d  l i m i t a t i o n s  o f  g e o c h e m i c a l  m e t h o d s  i n  
Canada  i s  d i s c u s s e d .  The  n e e d  f o r  a  s i m p l e ,  b u t  g e n e r a l l y  
a c c e p t e d ,  t e r m i n o l o g y  f o r  t h e  d e s c r i p t i o n  o f  g e o l o g i c a l ,  g e o -  
p h y s i c a l  a n d  g e o c h e m i c a l  c o m p o n e n t s  o f  a n  e x p l o r a t i o n  p r o g r a m  
i s  s t r e s s e d  a n d  o n e  s e t  o f  t e r m i n o l o g y  f o r  t h i s  p u r p o s e  i s  d e -  
s c r i b e d  u n d e r  t h e  h e a d i n g  o f  " E x p l o r a t i o n  A r c h i t e c t u r e " .  

G e o l o g i c a l  S u r v e y  o f  C a n a d a ,  O t t a w a ,  O n t a r i o  

' I E R C U R Y  DISPERSION HALOES AS PROSPECTING INDICATORS AT TtlE 
BASE-METAL DEPOSITS, WEST SHASTA DISTRICT, CALIFORNIA 

G . M .  F r i e d r i c h *  a n d  H . E .  Hawkes*' 

C e o c h e m i c a l  work i n  t h e  West S h a s t a  d i s t r i c t .  C a l i -  
f o r n i a ,  h a s  d e m o n s t r a t e d  t h a t  m e r c u r y  a n o m a l i e s  o c c u r  i n  s o i l s  
o v e r  b l i n d  b u t  known o r e b o d i e s  o f  t h e  E a r l y  B i r d  b l ine ,  t h e  Key- 
s t o n e  Mine ,  a n d  t h e  Mammoth b l ine .  The l e n t i c u l a r  a n d  f l a t - l y i n g  
o r e b o d i e s ,  c o n s i s t i n g  o f  m a s s i v e  p y r i t e ,  s m a l l e r  a m o u n t s  o f  
c h a l c o p y r i t e  a n d  s p h a l e r i t e ,  a n d  m i n o r  a m o u n t s  o f  g a l e n a ,  t e t r a -  
h e d r i t e ,  p y r r h o t i t e ,  a n d  m a g n e t i t e ,  a r e  o v e r l a i n  by  u n m i n e r a l i z e d  
r h y o l i t e  a n d  t u f f  h o r i z o n s .  The  o r e  o c c u r s  a t  a  d e p t h  o f  a b o u t  
200  f e e t .  The  m e r c u r y  c o n t e n t  o f  t h e  s o i l  s a m p l e s  t a k e n  a b o v e  
t h e  o r e b o d i e s  i s  f a r  a b o v e  t h e  b a c k g r o u n d  v a l u e .  They  c o n t a i n  up  
t o  3 4 0  ppb  ( p a r t s  p e r  b i l l i o n )  m e r c u r y .  The b a c k g r o u n d  r a n g e  i s  
f r o m  20  t o  60  p p b  Hg. 

* I n s t i t u t e  o f  M i n e r a l o g y ,  T e c h n i s c h e  H o c h s c h u l e  A a c h e n ,  
5 1  A a c h e n ,  Germany.  

* *  D e p a r t m e n t  o f  G e o l o g y ,  I m p e r i a l  C o l l e g e  of  S c i e n c e  and  
T e c h n o l o g y ,  U n i v e r s i t y  o f  London ,  London S .  W .  7 ,  E n g l a n d .  



CODING SYSTEM A N D  FIELD C A R D  FOR GEOCHEMICAL SURVEYS OF STREAMS 

C . F .  G l e e s o n *  a n d  W . M .  T u p p e r f *  

The  c a r d ,  c o n s i s t i n g  o f  t w o  s h e e t s  s e p a r a t e d  by  a  
t h i n  c a r b o n ,  was u s e d  t o  r e c o r d  d a t a  f o r  f o u r  s a m p l e s  o r  s t a t i o n s  
One c o p y  i s  r e t a i n e d  i n  t h e  f i e l d ,  t h e  o t h e r  s e n t  t o  t h e  c o m p u t e r  
c e n t r e  w h e r e  t h e  c o d e d  d a t a  a r e  p u n c h e d  on IBU c o m p u t e r  c a r d s .  
The c a r d ,  p a r t s  o f  w h i c h  a r e  c o l o u r  t o n e d  f o r  e a s y  r e f e r e n c e ,  
was d e s i g n e d  f o r  a n  80 d i g i t  s y s t e m .  

Some d a t a ,  s u c h  a s  s t r e a m  w i d t h  a n d  d e p t h ,  s e d i m e n t  
c o m p o s i t i o n ,  pl l ,  t e m p e r a t u r e  a n d  m e t a l  c o n t e n t  i s  r e c o r d e d  on t h e  
c a r d  i n  i t s  e x a c t  f o r m .  A mnemonic s y s t e m  ( l e t t e r s )  i s  u s e d  f o r  
r o c k  n a m e s .  The r e m a i n d e r  o f  t h e  d a t a  a r e  c o d e d ,  u s i n g  n u m b e r s ;  
t h u s ,  t h e  f l o w  r a t e  o f  w a t e r  was c o d e d  a s  0 = n o t  f l o w i n g ,  
1 = s l o w ,  2 = m o d e r a t e ,  a n d  3 = f a s t .  

C o d i n g  o f  t h e  f i e l d  d a t a  a n d  t h e  f i e l d  c a r d s  o f f e r s  
s e v e r a l  a d v a n t a g e s ;  a l l  d a t a  a n d  o b s e r v a t i o n s  a r e  r e d u c e d  t o  a  
"common d e n o m i n a t o r " ,  n o  o b s e r v a t i o n s  a r e  o m i t t e d  o r  f o r g o t t e n ,  
a n d  n o t e - t a k i n g  t i m e  i s  c o n s i d e r a b l y  r e d u c e d  o v e r  c o n v e n t i o n a l  
m e t h o d s .  G r e a t e r  a d v a n t a g e s  a c c r u e  when t h e  c o d e d  d a t a  c a n  b e  
m e c h a n i c a l l y  p r o c e s s e d .  

G e o l o g i c a l  S u r v e y  o f  C a n a d a ;  p r e s e n t  a d d r e s s :  
S o c i C t B  Q u B b e c o i s  d q E x p l o r a t i o n  M i n i s r e ,  S t e .  F o y ,  Q u S b e c .  

* *  D e p a r t m e n t  o f  G e o l o g y ,  C a r l e t o n  U n i v e r s i t y ,  O t t a w a .  

CEOCHEMICAL PROSPECTING FOR MOLYBDENIJM-A CASE HISTORY IN THE 
MOUNT STE-CECILE A R E A ,  FRONTENAC COUNTY, Q U E B E C  

R . W .  K e l l y *  and  R .  A s s a d * *  

Two z o n e s  o f  v e i n  t y p e  molybdenum m i n e r a l i z a t i o n  a r c  
known i n  t h e  a r e a .  

S o i l ,  v e g e t a t i o n ,  a n d  s t r e a m  s e d i m e n t  s a m p l c s  w e r e  
a n a l y s e d  f o r  molybdenum.  T h i s  e l e m e n t  i s  d i s t r i b u t e d  i n  t h e  
s a m p l e s  a s  t w o  n e a r  l o g - n o r m a l  p o p u l a t i o n s  o f  w h i c h  t h e  o n e  w i t h  
t h e  h i g h e s t  modal  v a l u e  i s  c o n s i d e r e d  a s  a n o m a l o u s .  

One o f  t h e  m i n e r a l i z e d  z o n e s  was n o t  r e v e a l e d  by  t h e  
s t r e a m  s e d i m e n t  s u r v e y .  The o t h e r  z o n e  g a v e  a n o m a l o u s  r e s u l t s  
a n d  w o u l d  h a v e  b e e n  f o u n d  w i t h  a  g r e a t e r  s a m p l i n g  i n t e r v a l  t h a n  

D e p a r t m e n t  o f  G e o l o g y ,  L a v a 1  U n i v e r s i t y ,  QuCbec,  QuCbec. 

* *  M i n e r a l  D e p o s i t s  S e r v i c e ,  D e p a r t m e n t  o f  N a t u r a l  R e s o u r c e s ,  
QuBbec,  QuBbec.  



t h e  5 0 0  f o o t  s p a c i n g  u s e d .  The s o i l  a n d  v e g e t a t i o n  s u r v e y  r e -  
v e a l e d  t h e  m o l y b d e n i t e - b e a r i n g  v e i n s ,  b u t  a  c l o s e  s p a c i n g  s a m p l i n g  
p a t t e r n  i s  r e q u i r e d .  

Humus r i c h  s a m p l e s  c o l l e c t e d  i n  swamp a r e a s  w e r e  e n -  
r i c h e d  i n  molybdenum.  W i n t e r  s a m p l i n g  g a v e  r e s u l t s  s i m i l a r  t o  
t h o s e  o b t a i n e d  d u r i n g  t h e  c o u r s e  o f  t h e  summer s a m p l i n g .  S a m p l e s  
c o l l e c t e d  d u r i n g  p e r i o d s  o f  h e a v y  r a i n  d i d  n o t  show m a r k e d  
d i f f e r e n c e s  i n  t h e i r  molybdenum c o n t e n t .  

THE ANALYSIS OF L A R G E  NUMBERS OF GEOCHEMICAL SAMPLES 

The  p r o p e r  way o f  b a g g i n g ,  d r y i n g ,  and  s i e v i n g  t h e  
s a m p l e s  i s  d i s c u s s e d ,  s h o w i n g  t w o  s l i d e s  t o  d e s c r i b e  t h e  mechan-  
i c s  i n v o l v e d  i n  t h e  a b s o r p t i o n  o f  m e t a l  i o n s ,  a s  w e l l  a s  t h e  
c e m e n t a t i o n  c a u s e d  by  t h e  d r y i n g  p r o c e d u r e .  

T h e  " c o l d "  a n d  " h o t "  r e s u l t s  on t h e  same s a m p l e  a r e  
d i s c u s s e d ,  u s i n g  o n e  s l i d e  t o  i l l u s t r a t e  t h e  t w o  t y p e s  o f  d i g e s -  
t i o n  a n d  t h e i r  e f f e c t  on  t h e  s a m p l e  m a t e r i a l .  

S p e c i a l  e q u i p m e n t  u s e d  i n  h a n d l i n g  l a r g e  n u m b e r s  o f  
s a m p l e s  p e r  d a y  ( 1 . 0 0 0 )  i s  shown on  f i v e  s l i d e s .  I t s  u s e  i s  
d e s c r i b e d ,  a n d  i n s t r u c t i o n s  a r e  g i v e n  on how t o  make a n d  w h e r e  
t o  buy  t h e  e q u i p m e n t .  

The  i m p o r t a n c e  o f  c e r t a i n  minimum s t a n d a r d s  i n  t h e  
m a n u f a c t u r e  o f  g e o c h e m i c a l  s o l u t i o n s  f o r  f i e l d  o r  l a b o r a t o r y  u s e  
i s  d e m o n s t r a t e d ,  u s i n g  t h r e e  s l i d e s .  

F i n a l l y ,  a  s h o r t  summary o f  o n e  of t h e  m o s t  i m p o r t a n t  
g e o c h e m i c a l  f i e l d  t e s t s ,  t h e  THM ( t o t a l  h e a v y  m e t a l s )  t e s t ,  a n d  
t h e  d i f f e r e n t  ways  it  c a n  b e  h a n d l e d  s a f e l y  i n  t h e  f i e l d ,  i s  
g i v e n .  

2 T h o r n c l i f f e  P a r k  D r i v e ,  U n i t  4 5 ,  L e a s i d e .  O n t a r i o .  



FOUR CEOCIIEI.11 C A L  EXPLORATIOW CASE-HI STORIES 
FROM EASTERN C A K A U A  

F o u r  e x a m p l e s  o f  r e s t r i c t e d  g e o c l ~ e m i c a l  e x p l o r a t i o n  
p r o g r a m s  f r o m  E a s t e r n  Canada  a r e  d e s c r i b e d :  a  r e c o n n a i s s a n c e  
s t r e a m  s e d i r n c n t  s u r v e y  f r o m  t h c  Lake S u p c r i o r  N o r t h  S h o r e ,  a  
p r e l i m i n a r y  s o i l  s a m p l i n g  p r o g r a m  n c a r  M a n i t o u w a d g e ,  O n t a r i o ,  
and  two d e t a i l e d  s o i l  g e o c h e m i s t r y  s u r v e y s  f r o m  New B r u n s w i c k .  

( 1  ) P r e l i m i n a r y  s t r e a m  s e d i m e n t  r e c o n n a i s s a n c e  a l o n g  
t h e  P r a i r i e  K i v e r ,  O n t a r i o ,  l o c a t e d  a n o m a l o u s  d r a i n a g e  f r o m  8 1  
C r e e k .  Z i n c  a n d  c o p p e r  c o n t e n t s  i n  e x c e s s  o f  1 0 0 0  p . p . m .  i n  
s t r e a m  s i l t s  w e r e  e n c o u n t e r e d  a s  t h e  a n o m a l y  was t r a c e d  t o  a  
s o u r c e  i n  a  m i n e r a l i z e d  g r a p h i t i c  a r g i l l i t e  h o r i z o n  w i t h  low 
z i n c  a n d  c o p p e r  v a l u e s .  I t  i s  c o n c l u d e d  f r o m  t h i s  a n d  o t h e r  
l o c a l  e x a m p l e s  t h a t  s t r e a m  g e o c h e m i s t r y  i s  a  u s e f u l  a n d  v a l i d  
t e c h n i q u e  i n  t h i s  p o r t i o n  o f  t h e  p r e - C a m b r i a n  s h i e l d .  

( 2 )  A p r e l i m i n a r y  s o i l  s u r v e y  was c a r r i e d  o u t  on t h e  
Lun-Echo  P r o p e r t y  n e a r  M a n i t o u w a d g e ,  O n t a r i o ,  i n  1 9 6 2 .  A n a l y s i s  
o f  t h e  C x - T o t a l  Heavy M e t a l  c o n t e n t  o f  s o i l s  f r o m  t h e  "C" h o r i z o n  
g a v e  s e v e r a l  a n o m a l i e s  i n  e x c e s s  o f  3 0 0  p . p . m .  TIICI o v e r  a  b a c k -  
g r o u n d  o f  1 0 - 5 0  p . p . m .  The s t r o n g e s t  a n o m a l y  c o i n c i d e d  w i t h  a  
known o r e  z o n e  a n d  t h r e e  o t h e r s  w e r e  c o r r e l a t e d  w i t h  m i n o r  min-  
e r a l i z a t i o n .  One r a t h e r  v a g u e  a n o m a l o u s  a r e a  c o u l d  n o t  b e  e x -  
p l a i n e d .  

The c l o s e  s p a t i a l  t i e s  b e t w e e n  THM a n o m a l i e s  a n d  
known a n d  l o c a t e d  m i n e r a l i z a t i o n  s u g g e s t  t h a t  g e o c h e m i c a l  s o i l  
s a m p l i n g  m e t h o d s  c a n  be e f f e c t i v e l y  u s e d  i n  g l a c i a t e d  a r e a s  o f  
t h i s  t y p e .  

( 3  A t t e n t i o n  was drawn t o  t h e  T r i b a g  p r o p e r t y  i n  New 
B r u n s w i c k  by a n  a n o m a l o u s  s t r e a m  s e d i m e n t .  An e n s u i n g  Cx-TIIM 
s u r v e y  o u t l i n e d  a r e a s  o f  a n o m a l o u s  m e t a l  i n  s o i l s ,  b u t  l a c k e d  
e n o u g h  p r e c i s i o n  t o  c o n t r o l  d r i l l i n g .  A more d e t a i l e d  s u r v e y  o f  
t o t a l  l e a d  c o n t e n t  i n  s o i l  g a v e  a n o m a l i e s  w h i c h  w e r e  s a t i s f a c t -  
o r i l y  a s s i g n e d  t o  d r i l l e d  l e a d - z i n c  m i n e r a l i z a t i o n ,  o r  t o  d r a i n -  
a g e  c o n t r o l l e d  by c r o s s - c u t t i n g  j o i n t i n g .  

I t  was c o n c l u d e d  t h a t  l e a d  v a l u e s  p r o v i d e d  t h e  
c l o s e s t  g u i d e  t o  b e d r o c k  m i n e r a l . i z a t i o n  i n  t h i s  a r e a ,  a l t h o u g h  
c o m p l i c a t i o n s  a r o s e  f r o m  s u r f a c e  r u n - o f f  f e a t u r e s .  

( 4 )  S o i l  g e o c h e m i c a l  s u r v e y s  f o r  Cx-TIIM, a n d  t o t a l  z i n c  
c o p p e r  a n d  l e a d  on t h e  S t r a t m a t  p r o p e r t y  i n  New B r u n s w i c k  h a v e  
o u t l i n e d  t h e  g e n e r a l  l o c a t i o n  o f  t h i n  s e d i m e n t a r y  h o r i z o n s  w h i c h  
h o s t  t h e  m i n e r a l i z a t i o n .  C o p p e r  a n d  l e a d  a n o m a l i e s  a r e  much more 
d i a g n o s t i c  t h a n  z i n c  o r  THM, b u t  d o  n o t  a l w a y s  s e p a r a t e  o r e  z o n e s  
f r o m  m o d e s t  m i n e r a l i z a t i o n .  I r r e g u l a r  swampy d r a i n a g e  a l o n g  
s t r i k e  c o m p l i c a t e d  t h e  a n o m a l y  p a t t e r n .  

*Cominco ,  L t d . ,  Box 2 6 0 0 ,  K i m b e r l y ,  B . C .  



S o i l  s a m p l i n g  p r o v i d e d  a  good g u i d e  t o  m i n e r a l i z a t i o n  
a n d  was u s e f u l  i n  a p p r a i s i n g  g e o p h y s i c a l  s u r v e y s  i n  t h e  S t r a t m a t  
S r c a ,  a l t h o u g h  n o n - o r e  m i n e r a l i z a t i o n  c a n  a l s o  y i e l d  a t t r a c t i v e  
a r i o m a l i e s .  

The f o u r  s u r v e y s  d e s c r i b e d  r e p r e s e n t  t e c h n i c a l  
s u c c c s s e s  i n  a p p l i e d  g e o c h e m i s t r y .  H o w e v e r ,  c o n c l u s i o n s  f r o m  
t h c m  a r e  o n l y  a p p l i c a b l e  t o  t h e  g e n e r a l  a r e a s  u n d e r  c o n s i d e r a -  
t i o n  and  w i d e  e x t r a p o l a t i o n  i s  u n w i s e ,  a s  s i m i l a r  p r o g r a m s  h a v e  
b e e n  much l e s s  e f f e c t i v e  i n  o t h e r  r e g i o n s .  

GEOCHEMICAL CONTROL O F  COPPER DEPOSITION ON GRAND MANAN ISLAND, 
BAY O F  FUNDY, NEW BRUNSWICK 

G . E .  P a j a r i  and  L.T.  T r e m b a t h *  

The w e s t  h a l f  o f  Grand  Manan I s l a n d  c o n s i s t s  o f  a  
s e r i e s  o f  t h o l e i i t i c  v o l c a n i c s  a n d  r e l a t e d  s i l l s  o v e r l y i n g  f l a t  
r e d  T r i a s s i c  s a n d s t o n e s  a n d  s i l t s t o n e s .  The  maximum t h i c k n e s s  
o f  t h e  i g n e o u s  s e r i e s  i s  a p p r o x i m a t e l y  500  f e e t .  

The s e d i r n e n t s  i m m e d i a t e l y  u n d e r l y i n g  t h e  v o l c a n i c s  
c o n t a i n  a  h i g h e r  c o n c e n t r a t i o n  o f  c o p p e r  t h a n  t h e  s e d i m e n t s  
l o w e r  i n  t h e  s e c t i o n .  A s i m p l e  model  o f  c o p p e r  p r e c i p i t a t i o n  
f r o m  g r o u n d w a t e r  moving  f r o m  t h e  v o l c a n i c s  i n t o  t h e  s e d i m e n t s  i s  
p r o p o s e d  by t h e  w r i t e r s .  The  p h y s i c o c h e m i c a l  c o n d i t i o n s  o f  t h i s  
p r o c e s s  a r e  d e s c r i b e d  a n d  i n t e r p r e t e d .  

D e p a r t m e n t  o f  G e o l o g y ,  U n i v e r s i t y  o f  New B r u n s w i c k ,  
F r e d e r i c t o n .  New B r u n s w i c k .  

GEOCHEMISTRY IN THE SELWAY-BITTERROOT WILDERNESS AREA, 
CENTRAL IDAHO 

P . L .  S i e m s *  

A g e o l o g i c a l ,  g e o c h e m i c a l .  a n d  g e o p h y s i c a l  s u r v e y  
o f  an a r e a  o f  2 , 4 0 0  s q u a r e  m i l e s  w i t h i n  t h e  I d a h o  b a t h o l i t h  a n d  
s u r r o u n d i n g  m e t a m o r p h i c  r o c k s  was commenced i n  1 9 6 5 .  The  p r i m a r y  
o b j e c t i v e  o f  t h e  9 - y e a r  p r o g r a m  i s  t o  e v a l u a t e  t h e  m i n e r a l  p o t e n -  
t i a l  o f  t h e  w i l d e r n e s s  a r e a .  

Knowledge  o f  g e o l o g y  a n d  p o s s i b l e  m i n e r a l  d e p o s i t s  o f  
t h e  a r e a  i s  l i m i t e d  b e c a u s e  of  d i f f i c u l t  a c c e s s i b i l i t y .  D e p o s i t s  

* I d a h o  B u r e a u  o f  M i n e s  a n d  G e o l o g y ;  p r e s e n t  a d d r e s s :  
C o l l e g e  o f  M i n e s ,  D e p a r t m e n t  o f  G e o l o g y  a n d  G e o g r a p h y ,  
U n i v e r s i t y  o f  I d a h o ,  Moscow, I d a h o ,  U .  S.A. 



o u t s i d e  t h e  w i l d e r n e s s ,  b u t  s t i l l  s p a t i a l l y  r e l a t e d  t o  t h e  m a r -  
g i n s  o f  t h e  I d a h o  b a t h o l i t h ,  h a v e  c o l l e ~ t i v e ~ ~  p r o d u c e d  t u n g s t e n ,  
c o b a l t ,  a n t i m o n y ,  m e r c u r y ,  g o l d ,  a n d  m o n a z i t e .  

G e o c h e m i c a l  r e c o n n a i s s a n c e  i s  b a s e d  on s t r e a m  s e d i -  
m e n t ,  s o i l ,  w a t e r ,  a n d  r o c k  s a m p l i n g .  Calorimetric a n a l y t i c a l  
p r o c e d u r e s  f o r  molybdenum,  b e r y l l i u m ,  c o b a l t ,  t u n g s t e n ,  a n d  c o l d -  
e x t r a c t a b l e  a n d  t o t a l  c o p p e r  a n d  z i n c  a r e  p l a n n e d .  

Low b a c k g r o u n d  v a l u e s  o f  0 . 5  ppm h e a v y  m e t a l s  by 
B l o o m ' s  c i t r a t e - e x t r a c t a b l e  p r o c e d u r e ,  a n d  l e s s  t h a n  l ppm cxCu 
by  Canney  a n d  H a w k i n s '  p r o c e d u r e ,  a r e  i n d i c a t e d  f o r  a c t i v e  s e d i -  
ment  c o l l e c t e d  f r o m  g r a n i t e  a n d  s c h i s t  t e r r a i n s .  S l i g h t l y  h i g h e r  
b a c k g r o u n d  v a l u e s  o f  1  ppm h e a v y  m e t a l s  a n d  2 ppm cxCu r e p r e s e n t  
a  q u a r t z i t e ,  h o r n b l e n d i t e ,  a n d  m e t a m o r p h o s e d  c a l c - s i l i c a t e  r o c k  
t e r r a n e .  

H E A V Y  MINERALS AS PROSPECTING GUIDES, CASPE, P.Q. 

W . A .  S i m s *  

D u r i n g  t h e  summers  o f  1964  a n d  1 9 6 5 ,  t h e  h e a v y  
m i n e r a l s  f r o m  R e c e n t  s t r e a m  s e d i m e n t s  w e r e  c o l l e c t e d  i n  t h e  
r e g i o n  o f  G a s p 6  C o p p e r  M i n e s ,  G a s p k ,  Q u e b e c .  

C h e m i c a l  a n d  m i n e r a l o g i c a l  a n a l y s e s  o f  t h e s e  s a m p l e s  
may p r o v i d e  u s e f u l  p r o s p e c t i n g  d a t a  f o r  c o p p e r . d e p o s i t s  a s s o c i -  
a t e d  w i t h  s k a r n .  

T h i s  a p p l i e d  r e s e a r c h  p r o j e c t  i s  b e i n g  s p o n s o r e d  by 
t h e  M i n i s t Z r e  d e s  R i c h e s s e s  N a t u r e l l e s ,  o f  t h e  P r o v i n c e  o f  Q u e b e c .  

* Mount A l l i s o n  U n i v e r s i t y ,  S a c k v i l l e ,  New B r u n s w i c k  

DETECTION OF ANOMALOUS CONCENTRATIONS OF O R E  METALS IN 
PRECAMBRIAK COUNTRY R O C K  - - .p----- -- 

J.K. S m i t h *  

In  n u m e r o u s  a r e a s  i n  w h i c h  P r e c a m b r i a n  c o u n t r y  - r o c k  
i n  S a s k a t c h e w a n  h a s  b e e n  s a m p l e d  on a r e c o n n a i s s a n c e  b a s i s  ( 4  t o  
2 0  s p e c i m e n s  p e r  s q u a r e  m i l e ) ,  c o n c e n t r a t i o n s  o f  N i ,  Cu, a n d  I n  
e x c e e d i n g  200  p a r t s  p e r  m i l l i o n  a r e  r a r e ,  r a n g i n g  f r o m  l e s s  t h a n  
o n e  o u t  o f  o n e  h u n d r e d  s p e c i m e n s  t o  a b o u t  o n e  o u t  o f  f i f t e e n  
s p e c i m e n s  i n  d i f f e r e n t  a r e a s .  A l t h o u g h  c o n t o u r i n g  o f  t h e  m e t a l  
c o n c e n t r a t i o n s  i n  some c a s e s  r e v e a l s  t r e n d s  on w h i c h  t h e  h i g h  

G e o l o g y  D i v i s i o n ,  S a s k a t c h e w a n  R e s e a r c h  C o u n c i l ,  U n i v e r s i t y  
Campus,  S a s k a t o o n ,  S a s k a t c h e w a n .  



c o n c e n t r a t i o n s  l i e ,  t h e i r  s i g n i f i c a n c e  i s  n o t  i m m e d i a t e l y  a p p a r -  
e n t .  The  p u r p o s e  o f  t h i s  p a p e r  i s  t o  i l l u s t r a t e  t h e  n a t u r e  a n d  
p o s s i b l e  s i g n i f i c a n c e  o f  some a n o m a l o u s l y  h i g h  o r e - m e t a l  c o n c e n -  
t r a t i o n s  f o u n d  by r e c o n n a i s s a n c e  s a m p l i n g  o f  b e d r o c k .  

From a n  a r e a  u n d e r l a i n  by  g r a n o d i o r i t  i c  i n t r u s i v e  
c o m p l e x e s  s u r r o u n d e d  b y  A m i s k - t y p e  b a s i c  v o l c a n i c  r o c k s  w h e r e  1 6  
s p e c i m e n s  p e r  s q u a r e  m i l e  w e r e  t a k e n ,  1 0 0  o u t  o f  some 1 , 6 0 0  
s p e c i m e n s  ( o r  o n e  o u t  o f  1 6 )  c o n t a i n  more  t h a n  200 ppm o f  c o p p e r .  
I n  t h e  b a s i c  v o l c a n i c  r o c k s  t h e m s e l v e s ,  t h e  r a t i o  i s  o n e  o u t  o f  
n i n e ,  a n d  i t  i s  h i g h e s t  i n  u n i t s  w h i c h  a r e  c l o s e s t  t o  t h e  E r a n o -  
d i o r i t i c  i n t r u s i o n s .  The h i g h e s t  r a t i o  o f  a l l  ( o n e  o u t  o f  f i v e  
s p e c i m e n s  c o n t a i n i n g  more  t h a n  200  ppm o f  c o p p e r )  i s  i n  a  r e l a -  
t i v e l y  s m a l l  u n i t  w h i c h  i s  t h e  h o s t  o f  t h r e e  known c o p p e r  o r e -  
b o d i e s .  The r a t i o  i s  t h e  same among 3 7 0  s p e c i m e n s  p e r  s q u a r e  
m i l e  c o l l e c t e d  n e a r  t h e  C o r o n a t i o n  m i n e ,  a n d  t h e  s p e c i m e n s  w i t h  
more t h a n  200  ppm o f  c o p p e r  a r e  c o n c e n t r a t e d  a l o n g  a  b e l t  on 
s t r i k e  w i t h  t h e  o r e b o d y .  

The  same r e c o n n a i s s a n c e  s a m p l i n g  d e t e c t e d  many hi ,ph 
c o n c e n t r a t i o n s  o f  n i c k e l  i n  m e t a - p a b b r o  s i l l s ,  and  s u g g e s t e d  a  
z o n a l  d i s t r i b u t i o n  o f  n i c k e l  i n  some o f  t h e m .  D e t a i l c d  s a m p l i n j ?  
o f  o n e  s i l l  d i s c l o s e d  a  m a r k e d  i n c r e a s e  i n  n i c k e l  c o n c e n t r a t i o n s  
t o w a r d  t h e  c o n t a c t  w i t h  u l t r a b a s i c  r o c k s ,  a n d  c h e m i c a l  a n a l y s e s  
d e m o n s t r a t e  t h a t  t h e  s i l l  i t s e l f  i s  u l t r a b a s i c  g a b b r o .  

R e c o n n a i s s a n c e  s a m p l i n g  ( 2 0  s p e c i m e n s  p e r  s q u a r e  
m i l e )  o f  a  s e c o n d  a r e a  n e a r  Hanson  L a k e ,  S a s k a t c h e w a n ,  s u g g e s t e d  
c l u s t e r i n g  o f  h i g h  c o n c e n t r a t i o n s  o f  c o p p e r  n e a r  t h e  c o n t a c t  o f  
a  g r a n i t i c  b o d y  a n d  o f  n i c k e l  a n d  z i n c  i n  m e t a s o m a t i z e d  v o l c a n i c  
a n d  s e d i m e n t a r y  r o c k s .  D e t a i l e d  m a p p i n g  a n d  s a m p l i n g  ( 4 0 0  s p e c i -  
mens p e r  s q u a r e  m i l e )  d i s c l o s e d  many w e l l - d e f i n e d  a n o m a l i e s  i n  
t h e  d i s t r i b u t i o n s  o f  a l l  t h r e e  m e t a l s ,  t h e  m o s t  marked  o f  w h i c h  
s u r r o u n d s  t h e  o n l y  known s h o w i n g  o f  c o p p e r - z i n c  s u l p h i d e s  i n  t h e  
a r e a .  Most o f  t h e  few s c a t t e r e d  h i g h  c o n c e n t r a t i o n s  o f  n i c k e l ,  
c o p p e r ,  a n d  z i n c  f o u n d  by  t h e  r e c o n n a i s s a n c e  s a m p l i n g  a r e  n c i g h -  
b o u r e d  by many s p e c i m e n s  c o n t a i n i n g  a s  much a s  s e v e r a l  t e n t h s  
o f  o n e  p e r  c e n t  o f  t h e  o r e - m e t a l s .  P r e l i m i n a r y  m i n e r a l o g i c a l  
s t u d i e s  s u g g e s t  t h a t  c o n c e n t r a t i o n s  g r e a t e r  t h a n  2 0 0  ppm o f  c o p p e r  
a n d  z i n c  s i g n i f y  t h e  p r e s e n c e  o f  c h a l c o p y r i t e  a n d  s p h a l e r i t e  i n  
t h e  s p e c i m e n s ,  b u t  t h a t  much o r  a l l  o f  t h e  n i c k e l  may b e  i n  
s i l i c a t e  m i n e r a l s .  

I t  i s  c o n c l u d e d  t h a t  r e c o n n a i s s a n c e  s a m p l i n g  o f  P r e -  
c a m b r i a n  c o u n t r y - r o c k  f o r  g e o c h e m i c a  l s t u d i e s  c a n  r e v e a l  i n f o r -  
m a t i o n  o f  g e o l o g i c  a n d  e c o n o m i c  v a l u e ,  e v e n  t h o u g h  n o  w e l l - d e f i n e d  
" a n o m a l i e s "  a r e  o b v i o u s .  D e t a i l e d  s a m p l i n g  o f  b e d r o c k  d i s c l o s e s  
many w e l l - d e f i n e d  a n o m a l i e s ,  some o f  w h i c h  d e l i n e a t e  z o n e s  o f  
d i s s e m i n a t e d  o r e - s u l p h  i d e s  w h i c h  n o r m a l l y  e s c a p e  d e t e c t i o n  by  
d e t a i l e d  g e o l o g i c a l  m a p p i n g  a n d  b y  g e o p h y s i c a l  s u r v e y s .  



GRANITE STUDIES RELATED TO O R E  FORMATION IN THE EASTERN 
TOWNSHIPS, Q U E B E C  

R .  Van I n g e n f  

T h r e e  D e v o n i a n  g r a n i t e  m a s s e s  w e r e  mapped a n d  s a m p l e s  
c o l l e c t e d  by s t r a t i f i e d  random s a m p l i n g  m e t h o d s .  

No o r e  d e p o s i t s  a r e  a s s o c i a t e d  w i t h  t h e  mesozon-a1 
K i n s l o w  g r a n o d i o r i t e  m a s s ,  o u t e r  p o r t i o n s  o f  w h i c h  a r e  b a s i f i e d .  

b l o l y b d e n i t e - q u a r t z  s t o c k w o r k s ,  o c c u r r i n g  i n  h o r n f e l s i c  
s i l t s t o n e s  o f  S i l u r i a n  a g e ,  a r e  s p a t i a l l y  r e l a t e d  t o  b i o t i t e  
l e u c o - q u a r t z  m o n z o n i t e  a t  b o t h  e n d s  o f  t h e  e p i z o n a l  S t .  C g c i l e  
q u a r t z - m o n z o n i t e - g r a n o d  i o r i t e  s t o c k .  

S t r a t a b o u n d  Cu-Zn s u l p h i d e  d e p o s i t s ,  o c c u r r i n g  i n  
s h e a r e d  O r d o v i c i a n  v o l c a n i c s ,  a r e  s p a t i a l l y  r e l a t e d  t o  m u s c o v i t e -  
b i o t i t e  l e u c o - q u a r t z  m o n z o n i t e  w h i c h  c r o p s  o u t  i n  a  c r e s c e n t  
s h a p e d  a r e a  t h a t  makes  u p  t h e  w e s t c r n  p a r t  o f  t h e  e p i z o n a l  Weedon 
g r a n o d i o r i t e .  

Both t h e  e p i z o n a l  m a s s e s  a r e  c h a r a c t e r i z e d  by b i m o d a l  
d i s t r i b u t i o n s  o f  S i 0 2  v a l u e s  and  s i g n i f i c a n t  d i f f e r e n c e s  i n  
m i n e r a l o g i c a l  c o m p o s i t i o n s ,  p r o b a b l y  r e l a t e d  t o  d i f f e r e n c e s  i n  
t h e  c o m p o s i t i o n  o f  c r u s t a l  r o c k s  t h a t  w e r e  f u s e d .  

T h e  molybdenum c o n t e n t s  o f  a l l  t h r e e  g r a n i t e  m a s s e s  
i s  p r o b a b l y  n o r m a l .  F o r  e x a m p l e ,  55 s a m p l e s  o f  g r a n i t e  a n d  6 
of d y k e s  f r o m  S t .  C E c i l e  c o n t a i n e d  f r o m  1  t o  3  ppm M O ,  w i t h  a  
mean o f  1 . 7  ppm M O .  M O  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  S i 0 2 .  

T h e  b a s e  m e t a l  c o n t e n t s  o f  t h e  g r a n i t e s  a r e  somewhat  
l o w e r  t h a n  c o m p a r a b l e  d a t a  f r o m  S a n d e l l  a n d  C o l d i c h ,  1 9 4 3 .  

l Kennco E x p l o r a t i o n s ,  ( C a n a d a )  L i m i t e d ,  25 King  S t r e e t  N e s t ,  
Room 1 2 3 0 ,  T o r o n t o  1 ,  O n t a r i o .  



Mean Median  Range  S t d .  E r .  Mean No. S p e c i m e n s  

h i n s  low 6 4 . 3  6 5 . 0  5 1 . 3 - 7 4 . 2  1 . 8  
Ueedon 7 1 . 9  7 3 . 8  6 6 . 7 - 7 5 . 0  0 . 8  
S t .  C 6 c i l e  7 2 . 0  7 1 . 0  6 8 . 2 - 7 6 . 3  

Cu ppm 

l ~ i n s l o w  6 . 6  6  2 - 2 6  
Weedon 6 . 4  3  1  - 28 
S t .  C 6 c i l e  7 . 4  5  2 - 4 5  

Y i n s l o w  4 6 . 1  5 0  9 -  82 
Weedon 3 8 . 5  3 3  9 - 6 3  
S t .  C 6 c i l e  3 0 . 0  28 1 0 - 6 0  

Pb ppm 

Winslow 2 . 2  1  1- 8  0 . 3  3  3 
h'eedon 7 . 3  7  1 - 1 5  0 . 7  4  1  
S t .  C B c i l e  8 . 7  6  2-  25 5  3 

The S t .  C 6 c i l e  l e u c o - q u a r t z  m o n z o n i t e  p h a s e  h a s  a  
mean Cu c o n t e n t  o f  5 . 9  ppm, e x c l u d i n g  a n o m a l o u s  v a l u e s  o f  1 7 0  
and 1 9 0  ppm Cu, w h i c h  i s  s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  1 . 6  ppm 
Cu c o n t e n t  o f  t h e  l e u c o - q u a r t z  m o n z o n i t e  p h a s e  o f  t h e  Weedon 
g r a n i t e .  However ,  a n o m a l o u s l y  h i g h  Cu and  I n  v a l u e s  come f r o m  
t h i s  p h a s e  w h e r e  i t  h a s  a s s i m i l a t e d  h o s t  r o c k s  o f  t h e  Weedon 
d e p o s i t  w h i c h  t e r m i n a t e s  a t  d e p t h  i n  g r a n i t e .  

I f  t h e  o r e  d e p o s i t s  a r e  c o g e n e t i c  w i t h  t h e  g r a n i t e ,  
a s  i n f e r r e d  f r o m  e v i d e n c e  t h a t  s u l p h i d e s  r e p l a c e  g r a n i t e  and  
c o n t a c t  m e t a s o m a t i c  m i n e r a l s ,  t h e  d e u t e r i c  a l t e r a t i o n  h y p o t h e s i s  
p o s t u l a t e d  by E a r l  I n g e r s o n  may a c c o u n t  f o r  t h e i r  o r i g i n .  b u t  
b o t h  t h e  Cu-Zn a n d  M O  d e p o s i t s  a r e  c u t  by  d y k e s  h a v i n g  cornpo- 
s i t i o n s  t h a t  c a n  b e  c o r r e l a t e d  w i t h  t h o s e  o f  t h e  g r a n i t e  p h a s e s ,  
a n d  t h e  Weedon d e p o s i t  may b e  a  " c o n t a c t  m e t a m o r p h o s e d "  d e p o s i t .  
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J . L .  W a l k e r *  

P r i m a r y  g e o c h e m i c a l  d i s p e r s i o n  i n v o l v e s  t h e  d i s t r i -  
b u t i o n  o f  e l e m e n t s  i n  i g n e o u s  a n d  m e t a m o r p h i c  r o c k s  a t  r e l a t i v e l y  
h i g h  t e m p e r a t u r e s  a n d  p r e s s u r e s  c h a r a c t e r i s t i c  o f  d e e p - s e a t e d  
c o n d i t i o n s .  The  r e s u l t a n t  d i s t r i b u t i o n  p a t t e r n s  o f  e l e m e n t s  
p e r m i t  a n  e x a m i n a t i o n  o f  t h e  c h e m i c a l  v a r i a t i o n s  i n  t h e  r o c k  w h i c h  
h a v e  r e s u l t e d  f r o m  p r i m a r y  d i s p c r s i o n  p r o c e s s e s .  T h e s e  p a t t e r n s  
c a n  b e  s t u d i e d  t o d a y  i n  r o c k s  b e l o w  t h c  z o n e  o f  w e a t h e r i n g  a n d  
p r o v i d c  v a l u a b l e  a d d i t i o n a l  d a t a  a s  t o  t h e  g e o l o g i c a l  h i s t o r y  o f  
t h c  a r e a .  In  p a r t i c u l a r ,  h o w e v e r ,  t r a c e  e l e m e n t  d i s t r i b u t i o n  
p a t t e r n s  c a n  b e  a n  i n v a l u a b l e  g u i d e  t o  m i n e r a l  d e p o s i t s .  

I n  t h e  U . S . S . R .  p r i m a r y  d i s p e r s i o n  s t u d i e s  h a v e  
p l a y e d  a n  i m p o r t a n t  r o l e  i n  e x p l o r a t i o n  f o r  b l i n d  o r e b o d i e s  o f  
h y d r o t h e r m a l  a n d / o r  m e t a m o r p h i c  o r i g i n  f o r  some t i m e .  R e s e a r c h  
i n v e s t i g a t i o n s  h a v e  b e e n  u n d e r t a k e n  i n  o t h e r  p a r t s  o f  t h e  w o r l d  
by b o t h  U n i v e r s i t i e s  a n d  ? l i n i n g  C o m p a n i e s .  Much o f  t h i s  r e s e a r c h ,  
h o w e v e r ,  h a s  b e c n  c o n f i n e d  t o  c e r t a i n  a s p e c t s  o f  t h e  o v e r a l l  c o n -  
c e p t .  N e v e r t h e l e s s ,  t h e s e  i n v c s t i g a t i o n s  h a v e  p r o v e d  t h e  a p p l i c a -  
b i l i t y  o f  " r o c k "  g e o c h c m i s t r y  a s  a n  a i d  t o  p e o l o p i c a l  m a p p i n g ,  
a n d  a s  a n  a n c i l l a r y  g u i d e  t o  m i n c r a l  d e p o s i t s .  A s  a  r e s u l t  o f  
t h e s e  i n v e s t i g a t i o n s ,  p r i m a r y  d i s p e r s i o n  s t u d i e s  a r e  b e c o m i n g  
a n  i n t e g r a l  p a r t  o f  g e o l o g i c a l  e x p l o r a t i o n  a n d  d e v e l o p m e n t  p r o -  
g r a m s .  

P r i m a r y  d i s p e r s i o n  s t u d i c s  i n  c e r t a i n  f o r m s  h a v e  b e e n  
f u n d a m e n t a l  t o  t h e  s t u d y  o f  g e o l o g y .  I n i t i a l l y ,  m i n e r a l  a s s e m b -  
l a g e s  a n d  m i n e r a l  d i s t r i b u t i o n  p a t t e r n s  w c r e  t h e  o n l y  p a r a m e t e r s  
u s e d .  A s  c h e m i c a l  a n a l y s e s  h a v e  a d v a n c e d ,  t h e  c h e m i c a l  compo- 
s i t i o n  o f  t h e  m a j o r  e l c m e n t  c o n s t i t u e n t s  o f  r o c k s  a n d  m i n e r a l s  
h a s  become a  common means  o f  e l u c i d a t i n g  g e o l o ~ i c a l  p r o c e s s e s .  
I n  m i n e r a l  c x p l o r a t  i o n  a l s o ,  t h e  c h e m i c a l  c o m p o s i t i o n  o f  m a j o r  
c o n s t i t u e n t s  i s  u s c d  i n  t h e  a s s a y i n g  o f  r o c k s  f o r  t h e i r  o r e  
m e t a l  c o n t e n t .  

By t h c  e x a m i n a t i o n  o f  t h e  t r a c e  e l e m e n t  c o n s t i t u e n t s  
o f  r o c k s  a n d  m i n e r a l s ,  " r o c k "  g e o c h e m i s t r y  h a s  b r o a d e n e d  t h e  c o n -  
c e p t  o f  p r i m a r y  d i s p e r s i o n  i n  p r o v i d i n g  m e a s u r e m e n t s  o f  p a r a m e t e r s  
w h i c h  a r e  s u b m i c r o s c o p i c .  T h i s  h a s  b e e n  p o s s i b l e  w i t h  t h e  d e -  
v e l o p m e n t  o f  g e o c h e m i c a l  a n a l y t i c a l  t e c h n i q u e s ,  w h i c h  h a v e  p r o -  
v i d e d  r a p i d  a n d  q u a n t i t a t i v e  a n a l y s e s  o f  t r a c e  q u a n t i t i e s  o f  
m e t a l s .  

F o u r  o f  t h e  p r i n c i p a l  a s p e c t s  o f  i n v e s t i g a t i o n  i n  
w h i c h  p r i m a r y  d i s p e r s i o n  s t u d i e s  h a v e  b e e n  u n d e r t a k e n  a r e  a s  
f o l l o # s :  

b a r r i n g e r  R e s e a r c h  L i m i t e d ,  3 0 4  C a r l i n g v i e w  D r i v e ,  R e x d a l e ,  
T o r o n t o ,  O n t a r i o .  



( a )  d e l i m i t i n g  g e o c h e m i c a l  p r o v i n c e s  by  c o m p a r i n g  t h e  a h u n d a n c c  
o f  t r a c e  e l e m e n t s  i n  i g n e o u s  r o c k s ,  and  t o  a  l e s s e r  e x t e n t  i n  
s e d i m e n t a r y  r o c k s ,  i n  a  p a r t i c u l a r  a r e a  t o  t h e i r  a v e r a g e  c o n c e n -  
t r a t i o n  i n  t h e  e a r t h ' s  c r u s t  a s  a  w h o l e ;  
( b )  a i d i n g  g e o l o g i c a l  m a p p i n g  o f  f o l d e d  s t r a t a  by e s t a b l i s h i n g  
m a r k e r  h o r i z o n s  b a s e d  on t h e i r  c h a r a c t e r i s t i c  t r a c e  e l e m e n t  
a s s e m b l a g e s ,  r a t i o s ,  a n d / o r  a b s o l u t e  v a l u e s ;  
( c )  d i s c o v e r i n g  b l i n d  o r e b o d i e s  b y  d e t e c t i n g  a n o m a l o u s  c o n c e n -  
t r a t i o n s  o f  m e t a l  i n  r o c k s  o v e r l y i n g  t h e  d e p o s i t ;  
( d )  d e t e r m i n i n ~  h y d r o t h e r m a l  a n d / o r  r n c t a m o r p h i c  p a t t e r n s  a r o u n d  
o r e b o d i e s  by  m e a s u r i n g  t h c  t r a c e  e l e m e n t  c o n t e n t  o f  r o c k s  a n d  
m i n e r a l s  i n  o r d c r  t o  e s t a b l i s h  c h e m i c a l  g r a d i e n t s  i n  d c p t h ,  
a l o n g  s t r i k e ,  a n d  a r o u n d  t h e  d e p o s i t ,  w h e r e b y  p r o s p e c t  d r i l l i n g  
a n d / o r  mine  d e v e l o p m e n t  c a n  b e  d i r e c t e d  t o w a r d s  t h e  maximum c o n -  
c e n t r a t i o n  o f  o r e  m e t a l s .  

P r i m a r y  d i s p e r s i o n  s t u d i e s  a r e  p r o v i n g  t o  b e  a  v a l -  
u a b l e  a n c i l l a r y  g u i d e  t o  t h e  d i s c o v e r y  o f  o r e  d e p o s i t s .  The 
a p p l i c a b i l i t y  o f  t h i s  a p p r o a c h  t o  e x p l o r a t i o n  i n  N o r t h  A m e r i c a  
a s  w e l l  a s  i n  o t h e r  p a r t s  o f  t h e  w o r l d  h a s  a l r e a d y  b e e n  p r o v e n .  
J u s t  a s  i n  t h e  s u r f a c e  e n v i r o n m e n t ,  w h e r e  g e o c h e m i c a l  t e c h n i q u e s  
h a v e  p r o v i d e d  a d d i t i o n a l  a n d  o f t e n  p r i m a r y  d a t a  i n  t h e  d i s c o v e r y  
o f  m i n e r a l  d e p o s i t s ,  s o ,  i n  t h e  p r o s p e c t  d r i l l i n g  and  d e v e l o p -  
ment  s t a g e s  o f  e x p l o r a t i o n ,  p r i m a r y  g e o c h e m i c a l  d i s p e r s i o n  c a n  
p r e v i d e  i n v a l u a b l e  and a t  t i m e s  u n i q u e  d a t a  c o n c e r n i n g  t h e  n a t u r e  
o f  t h e  m i n e r a l i z a t i o n  a n d  t h e  d i r e c t i o n  i n  w h i c h  t o  g o  i n  s e a r c h  
o f  o r e .  
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