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The p r o c e s s  of i n c o r p o r a t i o n  of t h e  A s s o c i a t i o n  i s  
n e a r i n g  comple t ion .  You w i l l  s h o r t l y  be r e c e v i n g  a  copy 
of t h e  document of i n c o r p o r a t i o n  which w i l l  become t h e  
C o n s t i t u t i o n  of t h e  A s s o c i a t i o n  and w i l l  be s u b m i t t e d  f o r  
approval  t o  t h e  Annual General Meeting i n  Apr i l  1977.  This  
document i s  based i n  most e s s e n t i a l s  upon our  c u r r e n t  con- 
s t i t u t i o n ,  i n c o r p o r a t i n g  minor changes t o  meet t h e  l e g a l  
r e q u i r e m e n t s  of i n c o r p o r a t i o n .  The o p p o r t u n i t y  has a l s o  
been taken  t o  make some changes t h a t  we hope may b e n e f i t  
t h e  A s s o c i a t i o n .  In p a r t i c u l a r ,  t h e  r e g u l a t i o n s  r e g a r d i n g  
admiss ion  t o  A f f i l i a t e  s t a t u s  have been s i m p l i f i e d  and 
should  e n a b l e  p o t e n t i a l  members i n  remote a r e a s  t o  more 
e a s i l y  j o i n  t h e  A s s o c i a t i o n .  

A m a t t e r  of c o n s i d e r a b l e  i n t e r e s t  t o  f u l l - t i m e  s t u d e n t s  
a r e  n e g o t i a t i o n s  now underway t o  a r r a n g e  f o r  them t o  r e c e i v e  
t h e  J o u r n a l  of Geochemical E x p l o r a t i o n  a t  a  d i s c o u n t e d  p r i c e .  
I f  p r e s e n t  p l a n s  m a t e r i a l i z e ,  i t  i s  p r o b a b l e  t h a t  t h e  scheme 
w i l l  have t o  be i n t r o d u c e d  f o r  a  t r i a l  p e r i o d  i n  North 
America b e f o r e  i t  can be ex tended t o  o t h e r  a r e a s  of t h e  wor ld .  

Th i s  i s  t h e  f o u r t h  - -  and f i n a l  - -  N e w s l e t t e r  t h a t  w i l l  
be i s s u e d  d u r i n g  t h e  1976-1977 A s s o c i a t i o n  y e a r .  I t  i s  worth 
r e c a l l i n g  t h a t  t h e  purpose  of a  N e w s l e t t e r  i s  t o  l i t e r a l l y  
g i v e  news t o  t h e  membership and t o  m a i n t a i n  c o n t a c t  between 
them and t h e  e x e c u t i v e .  The N e w s l e t t e r  i s  c o m ~ o s e d  l a r g e l y  
by t h e  P r e s i d e n t  and t h e  S e c r e t a r y  from m a t e r i a l  a v a i l a b l e  
t o  them o r  which t h e y  d i r e c t l y  s o l i c i t .  I n  my f i r s t  News- 
l e t t e r  a s  P r e s i d e n t  I  made a  p l e a  f o r  ,you t o  submit  m a t e r i a l  
f o r  i n c l u s i o n  i n  t h e s e  pages .  The r e s p o n s e  has been l e s s  
than  overwhelming,  b u t  a  number of people  around t h e  world 
have promised t o  submi t  r e p o r t s  of n a t i o n a l  a c t i v i t i e s  i n  
t h e i r  own c o u n t r i e s  (we should  s e e  e v i d e n c e  of t h i s  i n  f u -  
t u r e  i s s u e s ) .  I w i l l  now r e p e a t  my appeal  t o  you t o  con- 
t r i b u t e  t o  t h e  A s s o c i a t i o n  through s u b m i t t i n g  news from 
your  l o c a l  a r e a ,  t e c h n i c a l  r e p o r t s ,  and a n y t h i n g  e l s e  of 
geochemical  i n t e r e s t .  For example,  many ~ e o p l e  i n  govern-  
ment p o s i t i o n s  w r i t e  s h o r t  a c c o u n t s  of geochemcial  a c t i v i t i e s  
t h a t  a r e  p u b l i s h e d  i n  government annual  r e p o r t s  o r  i n f o r -  
mat ions  c i r c u l a r s  and a r e  rare1.v seen  beyond t h e - l o c a l  a r e a ;  
send us t h e  t i t l e  and r e f e r e n c e  ( o r  a  few-hundred word 
summary) f o r  p u b l i c a t i o n  i n  t h e  N e w s l e t t e r .  
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The c h a r a c t e r  o f  t h e  A s s o c i a t i o n  depends  e n t i r e l y  u p o n  t h e  d e g r e e  o f  
y o u r  p a r t i c i p a t i o n  i n  i t s  a f f a i r s .  The m o s t  d i r e c t  i n f l u e n c e  y o u  c a n  e x e r '  
i s  t o  r e c o r d  y o u r  v o t e  f o r  O r d i n a r y  C o u n c i l l o r s  ( a  b a l l o t  s h e e t  f o r  t h e  
1 9 7 7 - 1 9 7 9  e l e c t i o n  i s  i n c l u d e d  i n  t h i s  N e w s l e t t e r ) .  Remember, The C o u n c i l  
i s  t h e  g o v e r n i n g  b o d y  o f  t h e  A s s o c i a t i o n  and  t h e  e x e c u t i v e  i s  e l e c t e d  b y  
t h e  C o u n c i l l o r s .  So t a k e  t h e  t i m e  t o  c o m p l e t e  y o u r  b a l l o t  f o r m  and  r e t u r n  
i t  t o  t h e  T o r o n t o  o f f i c e  o f  t h e  A s s o c i a t i o n .  

The v e r y  b e s t  w i s h e s  f o r  s u c e s s f u l  e x p l o r a t i o n  g e o c h e m i s t r y  i n  1977 .  

G .J .S .  G o v e t t ,  P r e s i d e n t  

.................... 

THRESHOLD - -  FACT O R  F ICTION ? 

The f i n a l  s e s s i o n  o f  t h e  6 t h  I n t e r n a t i o n a l  G e o c h e m i c a l  E x p l o r a t i o n  
Sympos ium i n  A u s t r a l i a  o n  t h e  a f t e r n o o n  o f  24  A u g u s t  1 9 7 6  was d e v o t e d  
t o  a  w o r k s h o p  f o r m a t  t o  d e b a t e  t h e  q u e s t i o n  " T h r e s h o l d  - -  F a c t  o r  F i c t i o n ? " .  
The C h a i r m a n  f o r  t h e  w o r k s h o p  was P r o f e s s o r  G.J .S .  G o v e t t  who i n t r o d u c e d  
t h e  f o u r s t a g e - s e t t i n g  s p e a k e r s  - -  A . L .  M a t h e r ,  N.L. M a r s h a l l ,  D . H .  M a c k e n z i e ,  
and M . A .  C h a f f e e  - -  and  t h e r e a f t e r  a t t e m p t e d  t h e  d u a l  r o l e  o f  p r o v o k i n g  
d i s c u s s i o n  a n d  m a i n t a i n i n g  o r d e r .  U s e f u l  d i s c u s s i o n  r a n g e d  w i d e l y  o v e r  
t h e  p r o b l e m s  o f  i n t e r p r e t i n g  g e o c h e m i c a l  d a t a ,  b u t  n o  c l e a r - c u t  c o n c l u s i o n  
r e g a r d i n g  t h e  v a l i d i t y  o f  t h e  c o n c e p t  o f  t h r e s h o l d  emerged .  A l t h o u g h  
P r o f e s s o r  G o v e t t  c o n c l u d e d  t h e  s e s s i o n  b y  s t a t i n g  t h a t  h e  b e l i e v e d  t h a t  
t h e  b e s t  a p p r o a c h  t o  a  c o n c e n s u s  was t h a t  " . . . t h r e s h o l d  i s  a  r e a l  number ,  
d e r i v e d  b y  a n y  t e c h n i q u e ,  t h a t  l e a d s  t h e  g e o c h e m i s t  t o  b e l i e v e  t h a t  he 
can  r e c o g n i z e  an a n o m a l o u s  s a m p l e  t h a t  h e  h o p e s  i s  i n d i c a t i v e  o f  m i n e r a -  
l i s a t i o n " ,  t h e r e  w e r e  many s h a k i n g  heads  o f  d i s s e n t  i n  t h e  a u d i e n c e .  

To  p r e s e r v e  i n f o r m a l i t y  a n d  t o  e n c o u r a g e  a  f r e e  d i s c u s s i o n ,  no  
r e c o r d  o f  t h e  p r o c e e d i n g s  was t a k e n .  However ,  a n d  e d i t e d  v e r s i o n  of  t h e  
f o r m a l  p r e s e n t a t i o n s  i s  g i v e n  b e l o w .  

P l e a s e  b e  a d v i s e d  t h a t  t h e  f o l l o w i n g  r e m a r k s  a n d  p r e s e n t a t i o n s  b y  
t h e  w o r k s h o p  p a r t i c i p a n t s  h a v e  n o t  n e c e s s a r i l y  b e e n  p r e p a r e d  o r  e d i t e d  
t o  t h e  s t a n d a r d s  o f  s c i e n t i f i c  j o u r n a l  p r e s e n t a t i o n s  b u t  a r e  i n c l u d e d  
t o  k e e p  t h e  A E G  members i n f o r m e d  o f  c u r r e n t  t h o u g h t s  a n d  i d e a s .  

ANALYTICAL STATISTICS b y  A .L .  MATHER ( G e o c h e m i c a l  & M i n e r a l o g i c a l  
L a b o r a t o r i e s  P t y .  L t d . )  

The t h r e s h o l d  o f  a n y  e l e m e n t  may be  d e f i n e d  a s  t h a t  c o n c e n t r a t i o n  
w h i c h ,  if exceeded,may b e  c o n s i d e r e d  s i g n i f i c a n t  i n  t e r m s  o f  m i n e r a l -  
i s a t i o n .  Numerous m e t h o d s  h a v e  b e e n  d e v i s e d  t o  a r r i v e  a t  t h i s  v a l u e  *,-- , 
b y  s t a t i s t i c a l  and  o t h e r  m e t h o d s .  However ,  b e f o r e  d a t a  c a n  b e  t r e a t e d  
s t a t i s t i c a l l y  t o  p r o v i d e  a  v a l i d  t h r e s h o l d  one  m u s t  e x a m i n e  c a r e f u l l y  
t h e  means b y  w h i c h  t h e  d a t a  has  b e e n  o b t a i n e d  a n d  a l s o  c r i t i c a l l y  e x a m i n e  
t h e  m a t e r i a l  c o l l e c t e d  i n  t h e  g e o c h e m i c a l  s u r v e y .  
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The principal objective of geochemical surveys is to detect and 
determine metal transported either physically or chemically from a mineral- 

'ised area. Ideally the geochemical sample should be analysed in such 
a way that metal derived from the mineralised rock is selectively ex- 
tracted and determined while the same metal derived from unmineralised 
rock is at least only partially extracted. However, in many geochemical 
surveys being conducted at the present time, the composition of soils 
or sediments is not taken into consideration,  he material, after perhaps 
being screened through 80 mesh, is digested more often than not in con- 
centrated perchloric acid at 190 degrees Centigrade ~ r i o r  to analysis 
by atomic absorption. This attack breaks down most of the silicates and 
dissolves most of the oxide minerals leaving only a few refractory mine- 
rals unattacked. Thus total or near total metal values are obtained for 
subsequent data processing and determination of threshold. 

Let us look at the composition of stream sediment samples more closely. 
Metal from both mineralised and non-mineralised rock may be transported 

(a) as grains of unweathered sulphides or other ore minerals 
(b) as grains of oxidised sulphides or altered ore minerals 
(c) coprecipitated from solution with iron or manganese hydrous 

oxides 
(d) adsorbed onto clays 
(e) adsorbed or combined with organic matter or organo-clay 

complexes 
(f) within grains of rock forming minerals 
(g) within weathering products of rock forming minerals 

(a) and (b) are components directly related to mineralisation while (c) 
(d) and (e) may be derived from both mineralised and unmineralised rock; 
(f) and (g) are components not related to mineralisation. 

Thus, we may have in all geochemical soil and sediments samples a 
mineralised component, a non-mineralised component and an intermediate 
component in which the mineralised and non-mineralised components may 
contribute. The relative dominance of these various components will 
vary according to the climatic and geological environment. I 

In an arid environment with occasional sheetwash conditions dis- 
persion will be essentially physical with the main anomalous component 
being secondary minerals such as malachite, smithsonite and cerussite or 
even gossan fragments. The non-mineralised or backgroung component is 
largely related to the metal content of the country rock. 

Most of you are aware of the distribution of the elements in the 
various rock types, but to illustrate the probelms inherent in total ex- 
traction of (f) and (g) I have selected a few rock types and minerals 
particularly enriched in certain elements. 

Average or max. 
Metal/element Rock type or mineral content ppm 

Arsenic 

Barium 

Shales 
Haemati te 

Av 13 
Max 500 

Phosphorites Max 150 

Plagioclase Max 5000 
Shale Av 580 
Limestones Av 100 
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Be ry l  1  i  u m  

Copper  

N i cke l  

Lead 

T i n  

Uranium 

M a g n e t i t e  
Neph. S y e n i t e  
G r a n i t e s  

M a g n e t i t e  
B a s a l t  
S h a l e s  

S e r p e n t i n e  
M a g n e t i t e  

P l a g i o c l a s e  
M a g n e t i t e  
S h a l e s  

Sphene  
B i o t i t e  
M a g n e t i t e  

Z i r c o n  
A p a t i t e  
S p h e n e  

Z inc  M a g n e t i t e  

Max 7 
Max 220 
Max 20 

Max 400 
Av 8 7  
Av 45 

Max 1 0 , 0 0 0  
Max 5 , 0 0 0  

Max 100  
Max 500 
Av 20 

Max 10% 
Max 5 , 0 0 0  
Max 500 

Max 1 0 , 0 0 0  
Max 5 , 0 0  
Max 3 ,000  

Max 4 ,000  

You w i l l  no d o u b t  r e c o g n i s e  some o f  t h e  r o c k s  o r  m i n e r a l s  e n c o u n t e r e d  
i n  s u r v e y s  t h a t  have c o n t r i b u t e d  t o  h i g h  background  and have  made t h e  
d e t e r m i n a t i o n  o f  t h r e e s h o l d  d i f f i c u l t .  O b v i o u s l y  t h e s e  a r e  n o t  t h e  day-  
t o - d a y  m e t a l  v a l u e s  e n c o u n t e r e d  i n  r o u t i n e  s u r v e y s  b u t  t h e y  do e m p h a s i s e  
t h e  p rob l em o f  h igh  backg ro und  c a p a b l e  o f  masking low a n o m a l i e s .  M a g n e t i t e ,  
a s  you w i l l  n o t e ,  can  have  a  h i g h  m e t a l  c o n t e n t  and h e t e r o g e n e o u s  d i s -  
t r i b u t i o n  of t h i s  and o t h e r  heavy  m i n e r a l s  i n  t h e  s t r e a m  s e d i m e n t s  would 
c a u s e  l a r g e  f l u c t u a t i o n s  i n  t h e  background  v a l u e s  i n  s e d i m e n t s  f rom 
s u c h  a r e a s .  

A t  t h e  o t h e r  end o f  t h e  c l i m a t i c  s p e c t r u m  a  wet  e n v i r o n m e n t  w i t h  a  t o p -  
o g r a p h y  of medium r e l i e f  would u n d o u b t e d l y  p r o d u c e  s t r e a m  s e d i m e n t s  where  
c h e m i c a l  d i s p e r s i o n  would be  d o m i n a n t .  Metal  would be  a b s o r b e d  and p r e -  
c i p i t a t e d  i n  t h e  i n t e r m e d i a t e  component .  I n  t h e  a n a l y s i s  of  t h i s  t y p e  of 
s t r e a m  s e d i m e n t ,  i t  ha s  been a  l o n g  e s t a b l i s h e d  p r a c t i c e  t o  u s e  c o l d  ex -  
t r a c t i o n  methods  which n o t  o n l y  a r e  c o n v e n i e n t  o n - t h e - s p o t  a n a l y t i c a l  
t e c h n i q u e s  b u t  commonly s e l e c t i v e l y  e x t r a c t  p a r t  o f  t h e  m i n e r a l i s e d  
component  t o  t h e  v i r t u a l  e x c l u s i o n  o f  t h e  n o n - m i n e r a l i s e d  m a t e r i a l .  With 
t h i s  t y p e  o f  s e l e c t i v e  e x t r a c t i o n  background  i s  v e r y  low and t h e  c o n t r a s t  
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 f  t o t a l  e x t r a c t i o n  had been c a r r i e d  o u t .  
S e l e c t i v e  e x t r a c t i o n  t h e n ,  h a s  been  a d o p t e d  by many many e x p l o r a t i o n  g r o u p s  
- p a r t i c u l a r l y  i n  wet  c l i m a t i c  c o n d i t i o n s - a n d  t h e y  have  e n j o y e d  c o n s i d e r a b l e  
s u c c e s s .  T h i s ,  however ,  i s  n o t  t h e  c a s e  w i t h  s u r v e y s  i n  a r i d  a r e a s  i n  
A u s t r a l i a  whe re ,  i n  t h e  p a s t ,  a t t e m p t s  t o  u s e  s t a n d a r d  c o l d  e x t r a c t i o n  
me thods  have  g e n e r a l l y  met w i t h  f a i l u r e .  C o n s e q u e n t l y ,  i n  most  s u r v e y s  
i n  t h e s e  a r e a s ,  t o  my knowledge ,  h i g h  m e t a l  e x t r a c t i o n  t e c h n i q u e s  ( i . e .  ,/-> 
p e r c h l o r i c  o r  aqua  r e g i a )  a r e  c u r r e n t l y  used  i n  t h e  a n a l y s i s  o f  t h e s e  
s a m p l e s .  
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C o n s i d e r  a  h y p o t h e t i c a l  c a s e  i n  an  a r i d  a r e a  w h e r e  a  s u p e r g e n e  l a y e r  
, o f  b a s e  m e t a l  c a r b o n a t e s  o v e r l i e  s u l p h i d e s ,  a n d  a  s m a l l  p o r t i o n  o f  t h e s e  

c a r b o n a t e s  h a v e  b e e n  p h y s i c a l l y  c o m m i n u t e d  a n d  d i s p e r s e d  i n t o  a  l a r g e  
d r a i n a g e  b a s i n .  A l t h o u g h  t h e  p r i m a r y  m i n e r a l i s a t i o n  may b e  l a r g e ,  t h e r e  
i s  n o  l e a c h i n g  ( u n l i k e  i n  a  w e t  e n v i r o n m e n t )  t o  a l l o w  t r a n s f e r  o f  a p p r e c i -  
a b l e  a m o u n t s  o f  m e t a l  t o  t h e  d r a i n a g e ;  a n d  t h e  l i m i t e d  e x p o s u r e  o f  m i n -  
e r a l i s a t i o n  i s  i n s u f f i c i e n t  t o  s u p p l y  s i g n i f i c a n t  a m o u n t s  o f  m e t a l  t o  t h e  
d r a i n a g e .  I n  t h e s e  c i r c u m s t a n c e s ,  a  n o n - m i n e r a l i s e d  c o m p o n e n t  o f  m o d e r a t e  
m e t a l  c o n t e n t  c a n  c o m p l e t e l y  mask  v a l u e s  c o n t r i b u t e d  b y  t h e s e  d e t r i t a l  g r a i n s  
o f  b a s e  m e t a l  c a r b o n a t e s .  I n  o t h e r  w o r d s ,  v a l u e s  o f  s a y  1 0  o r  20  ppm 
Cu c o n t r i b u t e d  b y  m a l a c h i t e  g r a i n s  c o u l d  b e  c o m p l e t e l y  o b s c u r e d  b y  a  c o p p e r  
b a c k g r o u n d  o f  50 ppm Cu. C e r t a i n l y  a  v a r i a t i o n  o f  2 0  ppm o v e r  a n d  a b o v e  
a  t h r e s h o l d  o f  50 ppm w o u l d  n o t  n o r m a l l y  b e  r e c o g n i s e d  as  s i g n i f i c a n t l y  
a n o m a 1 o u s ; i f  an  a n o m a l y  o f  2 0  ppm c o u l d  b e  i d e n t i f i e d  a s  s u c h  i t  w o u l d  b e  
i m p o r t a n t .  

Some t i m e  ago  we d e c i d e d  t o  l o o k  m o r e  c l o s e l y  a t  t h i s  p r o b l e m  f r o m  
t h e  b a s i c  p r e m i s e  t h a t  m o s t  m i n e r a l s  h a v e  d i s s i m i l a r  s o l u b i l i t i e s  a n d  t h a t  
t h e s e  s o l u b i l i t i e s  v a r y  w i t h  t y p e  o f  a c i d ,  s t r e n g t h  o f  a c i d ,  t e m p e r a t u r e  
o f  d i g e s t i o n  a n d  p e r i o d  o f  d i g e s t i o n .  I n i t i a l  t e s t s  o f  s a m p l e s  f r o m  w e t  
a n d  d r y  a r e a s  h a v e  shown e x t r a c t i o n  c u r v e s  o f  many s h a p e s  a n d  i n f l e c t i o n s  
T h e s e  i n i t i a l  d i g e s t i o n s  h a v e  p r o d u c e d  c u r v e s  w i t h  p e a k  e x t r a c t i o n  o f  
m e t a l  a f t e r  c e r t a i n  p e r i o d s  o f  d i g e s t i o n  s u g g e s t i n g  t h e  m e t a l  i s  b e i n g  
r e l e a s e d  f r o m  s p e c i f i c  c o m p o u n d s .  O t h e r  m e t a l s  s u c h  a s  Fe  a n d  Mn a r e  b e i n g  
d e t e r m i n e d  s i m u l t a n e o u s l y  a f f o r d i n g  i n f o r m a t i o n  c o n c e r n i n g  h y d r o u s  o x i d e  
a s s o c i a t i o n .  

W i t h  t h e s e  f u n d a m e n t a l  d a t a  we h o p e  t o  b e  a b l e  t o  r e c o g n i s e  t h e  p r e s e n c e  
o f  t h e  m i n e r a l  c o m p o n e n t  b y  t h e  s h a p e  o f  t h e  s o l u t i o n  c u r v e s ,  t h e  e x t r a c t a n t  
u s e d ,  t h e  t e m p e r a t u r e  o f  e x t r a c t i o n  a n d  b y  t h e  a s s o c i a t e d  c u r v e s  o f  o t h e r  
e l e m e n t s  d e t e r m i n e d  a t  t h e  same t i m e .  W i t h  m o r e  c e r t a i n t y  o f  t h e  n a t u r e  
o f  t h e  b a s e  m e t a l  a s s o c i a t i o n  i n  t h e  s e d i m e n t  m o r e  e m p h a s i s  w i l l  b e  p l a c e d  
o n  i n t e r e l e m e n t  r a t i o s  s u c h  a s  b a s e  m e t a 1 , i r o n  a n d  manganese  r a t i o s  r a t h e r  
t h a n  r e l a t i n g  b a s e  m e t a l s  ( a n d  o t h e r  p a t h f i n d e r  e l e m e n t s )  t o  a  v e r y  v a r -  
i a b l e  - 8 0  mesh c o m p o n e n t  r e p r e s e n t i n g  a  l o a d  o f  a  s t r e a m  a l s o  o f  v a r i a b l e  
m i n e r a l  c o m p o s i t i o n .  

O t h e r  a p p l i c a t i o n s  w h e r e  s e l e c t i v e  e x t r a c t i o n  h a s  b e e n  o r  c o u l d  r e -  
c e i v e  a t t e n t i o n  a r e  : -  

1) The  s e l e c t i v e  e x t r a c t i o n  o f  n i c k e l  s u l p h i d e s  f r o m  s e r p e n t i n i t e s .  
H e r e  s u l p h i d e  n i c k e l  v a l u e s  o f  o n l y  a  f e w  ppm c a n  b e  d e t e c t e d  a g a i n s t  a  
n o n - m i n e r a l i s e d  c o m p o n e n t  o f  s e v e r a l  t h o u s a n d  ppm. 

2 )  P a r t i a l l y  s e l e c t i v e  e x t r a c t i o n  o f  t i n  as  c a s s i t e r i t e  f r o m  a  m a t r i x  
c o n t a i n i n g  t i n  i n  b i o t i t e  a n d  o t h e r  r o c k  m i n e r a l s .  H e r e  s a m p l e s  a r e  
h e a t e d  w i t h  ammonium i o d i d e  a n d  t h e  f r e e  c a s s i t e r i t e  r a t h e r  t h a n  t h e  t i n  
i n  l a t t i c e  p o s i t i o n s  w i t h i n  t h e  b i o t i t e ,  r e a c t s  t o  f o r m  t i n  i o d i d e  w h i c h  
i s  s e p a r a t e d  b y  s u b l i m a t i o n .  

3 )  M e r c u r y  compounds  c a n  b e  s e l e c t i v e l y  a n d  p r o g r e s s i v e l y  v o l a t i s e d  
, -%. e a c h  f r a c t i o n  r e p r e s e n t i n g  t h e  v a p o u r ,  a n d  l i q u i d  p h a s e s ,  a n d  v a r i o u s  com- 

' p o u n d s  o f  m e r c u r y  c a n  b e  i d e n t i f i e d  a n d  d e t e r m i n e d .  H e r e  t h e  m o r e  s t a b l e  /" 
compounds  o f  m e r c u r y  c a n  b e  s e l e c t i v e l y  s e p a r a t e d  f r o m  t h e  m o r e  v o l a t i l e  
f o r m s  a n d  t h e s e  v a l u e s  c a n  p r o v i d e  a  d i s p e r s i o n  p a t t e r n  m o r e  c l o s e l y  r e -  
l a t e d  t o  m i n e r a l i s a t i o n .  
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4) This approach may also be used for uranium. For routine analysis 
of geochemical samples optimum extraction of uraninite of secondary 
uranium minerals to the exclusion of uranium-bearing resistate minerals 
is readily obtained. 

SELECTIVE EXTRACTION THEN IS A MEANS OF BEING ABLE TO EMPHASISE THE 
MINERAL COMPONENT OF GEOCHEMICAL SAMPLES TO THE EXCLUSION IN PART, AT 
LEAST, OF THE NON-MINERALISED COMPONENT. I N  SO DOING ONE CAN REDUCE AND 
SMOOTH OUT THE BACKGROUND VALUES AND CONSIDERABLY INCREASE THE CONTRAST 
BETWEEN THRESHOLD AND ANOMALY. 

Investigations along these lines have been actively pursued by 
Professor Rose and his colleagues at Pennsylvania State University. At 
this symposium Dr. von Moort of the University of T a s m a n ~ a  has demonstrated 
the selective and sequential extraction of base metals in the various com- 
ponents of soils. I hope his approach to the problem and his preliminary 
findings will be recognised as a considerable step towards the adoption 
of more meaningful analysis and, in its turn, enable threshold values to 
be calculated on a more rational basis. 

Looking to the future I can see that the laboratory geochemist will 
be required to develop many more techniques to provide the exploration 
geochemist with data that has,at least, been selectively treated to provide 
values more related to mineralisation and to take the word threshold from 
the positon of fiction to that of fact. 

EMPIRICAL ASSESSMENT OF ANOMALIES I N  TROPICAL TERRAIN by D.H. MACKENZIE 
(c.R.A. Exploration Pty. Ltd.) 

Among the terms which from long usage come rather glibly off the 
tongues of most of us who use geochemistry in exploration are words like 
"threshold" - the subject of today's workshop - "drainage train", "anomaly", 
"background " and so forth. The aim of this presentation is to demonstrate 
empirically that the experience of CRA with drainage sampling in tropical 
terrains is that the drainage value for any catchment approximates to 
the average soil value of that catchment. 

As a consequence, the position of a soil anomaly within a catchment 
is immaterial and drainage train length is thus less important than size 
of catchment area in relation to the size of target. The corollary is 
that threshold ceases to be a significance. 

First I wish to briefly present credentials for these statements. 
CRAE first used geochemistry to search for low grade disseminated copper 
deposits along the East Queensland seaboard in 1960. Many areas from 
Cairns in the north to Maryborough in the south - a distance of 1200 Km - 
were explored. In 1964 interest swung northwards to New Guinea and its 
adjacent island groups, especially the Solomon Island chain. In later years 
geochemically-based exploration for porphyry copper deposits was carried 
out in New Britain, New Ireland and north and east coastal areas of New / - * r  
Guinea and Papua, the New Hebrides and part of the New Guinea mainland 
we11 into the 1970's. The evidence presented today is a summation of much 
of this extended ore search programme in which mine porphyry deposits or 
occurrences were tested by diamond drilling. One deposit, Panguna, is 
now an operating profitable mine. 
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My remarks, therefore, refer to field interpretation of geochemical 
exploration results as used in porphyry copper search in dissected terrains 
such as P.N.G., the Solomon Islands or North Queensland. All values are 
for the -80 mesh fraction. The first two examples chosen are the Panguna 
deposit on Bougainville in the Solomon chain and subeconomic porphryry 
copper occurrence at Kulu River in New Britain. 

The first example - and the best because ample reliable data are 
available - is the Panguna copper deposit ( ~ i g u r e  1, below). 

I 

PANGUNA: CATCHMENT/SOIL/DRAINAGE 

High soil levels of about 1000 pPm Cu from the halo in the headwaters 
contribute strongly to the value of 660 ppm in the drainage i m m e d i a t ~ l y  
upstream and North West from the Panguna body. A drainage contribution 
from the orebody soils marginally raises the values to 670 ppm below 
the junction with the stream draining the deposit. A value of 300 ppm 
12 km downstream is diluted by the contribution of 80 ppm from the Jaba 
River (approximate background for the basement volcanic rocks); the 
value o f  150 ppm below the Jaba confluence is still outstanding at a 
distance of214 km below the orebody where the catchment area is no less 
than 130 km . A weak anomaly can be recognised and signs of mineralised 
float have been recorded in the Jaba River 2 8  km downstream. 

This drainage train is a classic one for Papua-New Guinea. However, 
the relationship of soil and drainage values to catchment area is even 
more instructive. Sufficient work has been done around Panguna to obtain 
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-- 
a v e r a g e  s o i l  v a l u e s  f o r  t h e  v a r i o u s  c a t c h m e n t s  a n d  r e l a t e  t h e s e  t o  
d r a i n a g e  v a l u e s .  S o i l s  o y e r  t h e  o r e b o d y  a v e r a g e  5000  ppm Cu o v e r  1 .2  Km 

2  

a n d  t h e r e  i s  a b o u t  0 . 8  km o f  a s h  c o v e r  a t  200 pprn Cu. S m a l l  c r e e k s  
d r a i n i n g  d i r e c t l y  o f f  t h e  o r e b o d y  g a v e  d r a i n a g e  v a l u e s  o f  3000 - 6000 ppm 
Cu c o m p a r a p l e  t o  t h e  s o i l s  t h e y  d r a i n .  S u r r o u n d i n g  t h e  o r e b o d y  i s  a  
h a l o  1 8  km a v e r a g i n g  400 pprn Cu i n  s o i l s  w h i c h  a l l o y s  f o r  a  c o n s i d e r a b l e  
amoun t  o f  a s h  c o v e r .  T h e r e f o r e ,  f o r  t h e  t o t a l  20 km c a t c h m e n t  t h e  a v e r a g e  
s o i l  v a l u e  i s  660 pprn. The d r a i n a g e  v a l u e  f r o m  t h e  same a r e a  i s  670 ppm. 
T h i s  may b e  s u m m a r i z e d :  

UPPER KAVERONG CATCHMENT: SOIL/DRAINAGE RELATIONSHIP 

Orebody  1 . 2  5000  

Ash on o r e b o d y  0 . 8  200 

Rema inde r  i n c l  . 1 8 . 0  400  
ash  a r e a s  

2  . ' .  T o t a l  a r e a  20 km a t  a v e r a g e  s o i l  660 ppm Cu 

D r a i n a g e  v a l u e  a t  o u t l e t  670  ppm Cu 

I n  t h e  l o w e s t  r e a c h e s  o f  t h e  K a v e r o n e  t h e  d r a i n a g e  v a l u e  o f  300  
ppm Cu c o r r e s p o n d s  t o  a n  a d d i t i o n a l  3 0  Km o f  c a t c h m e n t  a t  100  ppm s o i l  
l e v e l  f o r  a  w e i g h t e d  a v e r a g e  t o t a l  c a t c h m e n t  s o i l  v a l u y  o f  320 pprn. 
B e l o w  t h e  J a b a - K a v e r o n g  c o n f l u e n c e  an  a d d i t i o n a l  8 0  km a t  8 0  pprn f r o m  
The u p e e r  Jaba  c a t c h m e n t  g i v e s  an a v e r a g e  s o i l  v a l u e  o f  170  ppm f o r  
1 3 0  km w h e r e a s  t h e  d r a i n a g e  v a l u e  h e r e  i s  150  ppm. 

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

The s e c o n d  e x a m p l e  i s 2 f r o m  c e n t r a l  New B r i t a i n .  A t  K u l u  R i v e r  ( F i g u r e  
2 ,  Page 1 0 )  an a r e a  0 . 4  km w i t h  an  a v e r a g e  1 7 0 0  ppm Cu i n  s o i l s  o v e r -  
l i e s  p r i m a r y  m i n e r a l i s a t i o n  o f  0 . 1 %  Cu g r a d e  e s t a b l i s h e d  b y  d i a m o n d  
d r i l l i n g .  T5e anoma lous  a r e a  d r a i n ~ ~ i n t o  t w o  c a t c h m e n t s .  I n  one c a t c h -  
m e n t  0 . 2  km o f  1700  pprn and  2 . 8  km o f  460 pprn i n  s o i l s  g i v e s  an a v e r a g e  
540  pem. E x t e n s i o n  o f  t h i s  t r e a t m e n t  t o  t h e  l a r g e r  c a t c h m e n t s  shows 
44  km a v y r a g i n g  95 ppm i n  s o i l  w i t h  a  d r a i n a g e  o u t l e t  v a l u e  o f  90 ppm 
a n d  70  km w i t h  an e s t i m a t e d  7 4  ppm i n  s o i l  s u b t e n d e d  b y  a  60  ppm d r a i n a g e  
v a l u e .  V a r i a t i o n s  f r o m  t h e  c a l c u l a t e d  f i g u r e  p r o b a b l y  r e f l e c t  some 
i n a c c u r a c y  i n  e s t i m a t i o n  o f  a v e r a g e  s o i l  v a l u e s  i n  t h e  l a r g e r  c a t c h m e n t s  
b u t  t h e  o r d e r  o f  m a g n i t u d e  i s  r i g h t .  

A t  t h e  Moonmera p r o s p e c t  n e a r  Rockhampton  i n  Q u e e n s l a n d  a  s i m i l a g  
p a t t e r n  c a n  b e  d e m o n s t r a t e d .  ( F i g u r e  3,  Page 1 0  ) An a r e a  o f  2 .6  km 
c a r r i e s  s o i l  v a l u e s  a b o v e  1 0 0 0  ppm Cu a v e r a g e  1 2 5 0  pprn. One t r i b u t a r y  
h a s  a  s o i l  a v e r a g e  o f  260  pprn and  a  d r a i n a g e  v a l u e  o f  275 pprn. A s e c o n d  
t r i b u t a r y  a v e r a g e s  156  ppm f o r  s o i l  and has  a  d r p i n a g e  v a l u e  o f  132  pprn. 
A  l i t t l e  d o w n s t r e a m  t h e  t o t a l  c a t c h m e n t  o f  21 km w i t h  an a v e r a g e  s o i l  v a l u e  
o f  1 8 4  ppm has  a  c o r r e s p o n d i n g  d r a i n a g e  v a l u e  o f  1 7 5  ppm. 
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T h e s e  t h r e e  e x a m p l e s  a r e  i l l u s t r a t i v e  o f  w h a t  c a n  b e  a p p l i e d  t o  
m o s t  o t h e r  p o r p h y r y  c o p p e r  s i t u a t i o n s  e s p e c i a l l y  t h o s e  i n  t r o p i c a l  
t e r r a i n s .  

As a  c o n s e q u e n c e  o f  a p p l i c a t i o n  o f  t h e  m e h t o d ,  o n c e  t h e  s i z e  a n d  
s t y l e  o f  t h e  t a r g e t  b e i n g  s o u g h t  h a s  b e e n  d e f i n e d  t h r e s h o l d  becomes r e -  
d u n d a n t  and  i n t e r e s t  f o c u s s e s  o n  t h e  e x c e s s  v a l u e  o f  t h e  d r a i n a g e  o v e r  
b a c k g r o u n d .  F o r  e x a m p l e  i$ t h e  t a r g e t  c a n  b e  d e f i n e d  b y  t h e  l o c a l  g e o -  
l o g i c a l  p a r a m e t e r s  a s  1  km a t  3 0 0 0  ppm Cu, t h e  b a c k g r o u n d  i n  s o i l  i s  
o f  t h e  o r d e r  o f  1 0 0  ppm o r  145  i n  e x c e s s  o f  t h e  b a c k g r o u n d  w i l l  s a t i s f y .  
Any l o w e r  e x c e s s  v a l u e  means a  s m a l l e r  o r  m o r e  o b s c u r e d  t a r g e t  o r  a  h i g h e r  
b a c k g r o u n d .  The  c a l c u l a t i o n  f o r  t h i s  a n d  a n o t h e r  e x a m p l e  i s  as  f o l l o w s :  

CALCULATION OF EXCESS VALUE OF DRAINAGE ANOMALY 

1 .  T a r g e t  r e q u i r e d  s a y  1  km2 x  3000  ppm = 3 0 0 0  

B a c k g r o u n d  2  
s a y  19  km x  1 0 0 p p m =  1 9 0 0  

B a c k g r o u n d  

4900  = 245  ppm 
2 0  

= 1 0 0  ppm 

Anoma ly  r e q u i r e d  = 245  ppm 
- 

E x c e s s  v a l u e  o v e r  b a c k g r o u n d  = 145  ppm f o r  20  km2 c a t c h m e n t  

2 .  T a r g e t  r e q u i r e d  s a y  0 . 0 1  km' x 30 ,000  ppm = 3 0 0  

B a c k g r o u n d  2  s a y  1 9 . 9 9  km x  1 0 0  ppm = 1 9 9 9  

- 2 3 0 0  - - 1 1 5  ppm 
20  

B a c k g r o u n d  = 1 0 0  ppm 

A n o m a l y  r e q u i r e d  = 1 1 5 p p m  

E x c e s s  v a l u e  o v e r  = 1 5  ppm f o r  2 0  km2 c a t c h m e n t  
b a c k g r o u n d  

S i m i l a r l y  t h e  h o l l o w e d  " d r a i n a g e  t r a i n "  becomes much l e s s  s i g n i f i -  
c a n t  t h a n  t h e  c a t c h m e n t  a r e a  s a m p l e d  a n d  t h e  p o s i t i o n  a n d  a r e a  o f  t h e  
a n o m a l y  w i t h i n  t h e  c a t c h m e n t .  S a m p l i n g  d e n s i t y  m u s t ,  t h e r e f o r e ,  r e l a t e  
t o  c a t c h m e n t  a r e a ,  n o t  i n t e r v a l s  a l o n g  a  t r a i n .  

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

) c a b l e  t o  a n y  s i z e  o f  t a r g e t ,  p r o v i d e d  t h a t  t r a n s p o r t  f r o m  s o i l s  t o  
s t r e a m s  i s  m e c h a n i c a l  a s  i n  t h e  e x a m p l e s  q u o t e d .  
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Many C R A E  g e o l o g i s t s  o v e r  many y e a r s  h a v e  c o n t r i b u t e d  t o  t h e  
d e v e l o p m e n t  o f  t h i s  e m p i r i c a l  a p p r o a c h .  However ,  one  s p e c i f i c  acknow-  
l e d g e m e n t  i s  n e c e s s a r y .  I t  was C.L .  K n i g h t  who p r e d i c t e d  t h a t  t h i s  
a p p r o a c h  w o u l d  w o r k  and  s t i m u l a t e d  i t s  d e v e l o p m e n t .  

FIG. 2 
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FIG. 3 
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MOONMERA: CATCHMENT/ SOIL/ DRAINAGE 










































